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Introduction 

Hays and Russell (the “Cities”) seek approval to transfer water from thirty water rights 

they own on the R9 Ranch in Edwards County to Schoenchen and then on to Hays and Russell 

for municipal use.  

Hays purchased the Ranch, including its appurtenant groundwater rights, in January 1995 

then sold an undivided interest in the Ranch to Russell. The Cities purchased the Ranch because 

their existing sources do not meet their current or long-term needs.  

Nearly 7,000 acres in size, the R9 Ranch sits along the south side of the Arkansas River 

in southwestern Edwards County approximately 5 miles southwest of Kinsley. The Ranch is in 

the Middle Arkansas River subbasin except a few acres that cross over into the far western edge 

of the Rattlesnake Creek subbasin. The 30 water rights on the Ranch authorize irrigation from 57 

wells, with a total appropriation of 8,039 acre-feet. The Cities are requesting authorization to 

transfer 7,625.5 acre-feet. 

In support of this Transfer Application, the Cities provide the following information as 

required by K.A.R. 5-50-2. 

(a) The names and mailing addresses of the applicants: 

City of Hays, Kansas 
c/o Toby Dougherty, City Manager 
P.O. Box 490 
Hays, KS 67601 
(785) 628-7320 
tdougherty@haysusa.com 
 
City of Russell, Kansas 
c/o Jon Quinday, City Manager 
133 W. 8th Street 
Russell, KS 67665 
(785) 483-6311 
quinday@russellcity.org   
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Please provide copies of any and all pleadings and correspondence to:  
 
John T. Bird  
Todd Powell 
GLASSMAN, BIRD,  
BROWN, AND POWELL, LLP  
200 West Thirteenth Street 
Hays, KS 67601-0727 
785-625-6919 
jtbird@haysamerica.com 
Attorneys for the City of Hays 
 
David M. Traster 
Daniel J. Buller 
FOULSTON SIEFKIN LLP 
1551 N. Waterfront Parkway, Suite 100 
Wichita, KS 67206-4466 
316-291-9725 
dtraster@foulston.com 
dbuller@foulston.com 
Attorneys for the City of Hays 
 
Kenneth L. Cole 
Woelk & Cole 
4 S. Kansas St. 
P.O. Box 431 
Russell, KS 67665-0431  
(785) 483-3611 
cole_ken@hotmail.com 
Attorney for the City of Russell 

(b) The maximum quantity of water proposed to be transferred in a calendar year and 
the proposed maximum diversion rate: 

The maximum annual quantities to be transferred and the maximum rates of diversion 

from each of the water rights on the Ranch are set out in Table 1. The table provides the current 

maximum rates of diversion for each water right. The rates are the sum of the authorized rates for 

all of the wells authorized by each water right. In some cases the combined rate may be more 

than is needed for the new municipal wells. 
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Table 1 
DWR 
Water 

Right File 
No. Circle1 

Quantity 
Requested in 

Acre-Feet 

Rate in 
Gallons 

Per Minute 

 

File No. Circle 

Quantity 
Requested in 

Acre-Feet 

Rate in 
Gallons 

Per Minute 
21,729 7, 8, 9, 10 870.8 2900.0  22,333 39 57.5 520.0 
21,730 1 203.8 795.0  22,334 27 162.9 890.0 
21,731 2 222.9 1075.0  22,335 26 171.4 1000.0 
21,731 3, 4, 5 768.1 2490.0  22,338 28 141.1 950.0 
21,732 6, 11, 12 688.0 2380.0  22,339 27 142.6 680.0 
21,733 13 219.5 915.0  22,340 31 140.4 950.0 
21,734 16 226.4 861.0  22,341 30 190.4 920.0 
21,734 18 148.0 777.8  22,342 36 100.8 630.0 
21,734 14, 15, 17 522.5 3161.2  22,343 35 146.2 810.0 
21,841 8A 195.0 890.0  22,345 38 184.6 820.0 
21,842 11A 195.0 900.0  22,346 37 146.1 600.0 
22,325 19 216.0 1000.0  27,760 32 142.6 800.0 
22,326 20 196.7 1000.0  27,760 33 141.5 970.0 
22,327 21 175.1 950.0  29,816 10A 97.5 800.0 
22,329 24 150.5 570.0  29,816 9A 90.0 750.0 
22,330 25 152.6 620.0  30,083 36 43.9 1000.0 
22,331 22 209.0 1000.0  30,084 24 0.0 0.0 
22,332 23 166.3 980.0  Totals 7,625.50 36,355 

The rates and quantities to be changed from irrigation to municipal use are set out in a 

series of applications to change the points of diversion, type of use, and places of use for the 

above water rights and the cover letter transmitting them filed with the Chief Engineer on June 

26, 2015 (the “Change Applications”).2 

Safe Yield 

The Ranch will serve as a long-term and primary source of water. For that reason, the 

Cities cannot afford to withdraw more water from the Ranch than is recharged from precipitation 

and aquifer underflow. The Cities have requested a combined annual total of 7,625.5 acre-feet of 

water from the 30 water rights on the Ranch. The Cities request that the Hearing Panel approve 

the transfer of the individual quantities requested for each of the water rights but with limitations 

                                                 
1 See Ex. 1, map showing the circle numbers and water right file numbers on the R9 Ranch. 
2 Exs. 2–32. For additional explanation regarding the calculations used to arrive at these rates 
and quantities, see Paragraph 13 of each of the Change Applications as well as Part V.G. (p. 26) 
of the Change Application Cover Letter.  
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based on the average sustainable yield using an objective method of determining the quantities 

that can be safely withdrawn under any given circumstance.  

(c) The location of the proposed point or points of diversion: 

The location and supplemental information about the proposed points of diversion are set 

out in paragraphs 7–10 of each of the Change Applications,3 Part V.D. (p. 23) of the Change 

Application Cover Letter, and in Exs. D–M attached to the Cover Letter.4 

(d) The location of the proposed point or points of use: 

The initial place of use will be the City of Hays and its immediate vicinity and the City of 

Russell and its immediate vicinity as discussed in the Change Applications and the Cover 

Letter.5  

In December 2014, the Cities entered into an Interlocal Cooperation Agreement, which 

states that Hays will finance the permitting and construction of the pipeline from the Ranch to 

Schoenchen and that Russell will have the right to purchase Ranch water from Hays.6 For 

purposes of this Transfer Application, it is assumed that Russell will exercise the right to 

purchase water from Hays and, accordingly, approval of the Transfer Application will provide a 

long-term water supply to both of the applicants.  

In addition, Hays has been in contact with other municipal users regarding their potential 

use of transferred water but has not sought or obtained commitments to purchase water. Victoria, 

                                                 
3 Exs. 3–32. 
4 Ex. 2. 
5 See paragraph 5 of the Change Applications; the maps of Hays and Russell attached to each of 
the Change Applications; and Part V.C. (p. 23) of the Cover Letter. 
6 Ex. 33. As stated in the Interlocal Cooperation Agreement, Glassman, Bird, Brown, and 
Powell, Hays, KS, and Foulston Siefkin LLP, Wichita, KS, represent the City of Hays. They 
have filed this Transfer Application on behalf of both Cities pursuant to the terms of the 
Interlocal Cooperation Agreement but do not represent the City of Russell. The Russell City 
Attorney, Kenneth Cole, is monitoring these proceedings for Russell.  
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La Crosse, Ellis, and Ellis County have all written letters of support.7 However, there are 

numerous water users and suppliers in the region who are in need of water that will benefit from 

approval of this Transfer Application. For example, the City of Victoria is less than twelve miles 

from Hays and, like Hays and Russell, is in the midst of a longstanding struggle for adequate 

water as recently noted by several media outlets.8 

(e) The proposed use made of the water: 

Municipal use. 

(f) Any economically and technologically feasible alternative source or sources of 
supply available to the applicants and to any other present or future users of the 
water proposed to be transferred. The water transfer application shall specify why 
this source of supply was selected over the alternative sources available: 

After years of searching for alternative sources of water, it is now clear that the R9 Ranch 

is the only supply that will meet the Cities’ long-term water needs with a realistic price tag. 

There simply are no other environmentally, economically, or technologically feasible water 

supply alternatives available. See Appendix A for a partial list of alternatives explored by the 

Cities during their decades-long search.9 

The Cities own the Ranch and are the only “present or future users of the water proposed 

to be transferred.” There are no other reasonably foreseeable future users of the water on the R9 

Ranch.  

                                                 
7 Exs. 34–37. 
8 See Mike Corn, Not Even a Trickle: Water Struggles Continue for Victoria Couple, Hays Daily 
News, Oct. 11, 2015, Ex. 38; Tim Unruh, Shunned at Victoria: McCarters Coming Up Dry in 
Quest for Safe Water, Oct. 11, 2015, Ex. 39; Anna Auld, Victoria Resident Disputes City Over 
Clean Water, KWCH, Sept. 24, 2015, Ex. 40.    
9 The second section of K.A.R. 5-50-2(f) is not applicable because there are no other 
economically and technologically feasible alternative sources available to either of the Cities. 
Therefore, this Transfer Application is “complete” without information regarding the reasons 
other sources were not selected. Nevertheless, the Cities have provided descriptions of some of 
the alternative sources they have evaluated over the years. 
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(g) The proposed plan of design, construction, and operation of any works or facilities 
used in conjunction with carrying the water from the point or points of diversion to 
the proposed point or points of use. The proposed plan shall be in sufficient detail to 
enable all parties to understand the impacts of the proposed water transfer: 

As discussed in the Change Application Cover Letter,10 the Cities have not prepared 

detailed plans and specifications at this time.11 The proposed plan is set out in the Change 

Applications;12 the Cover Letter and Exs. D–M attached to the Cover Letter; and documents 

prepared by Burns & McDonnell attached as Exhibits.13 

(h) The estimated date for completion of the infrastructure and initial operation 
thereof: 

The Cities are not presently able to predict how long it will take to complete the transfer 

infrastructure. There are a number of prerequisites that must be completed before the Cities can 

begin initial operations, including, for example: 

 Final approval of the Change Applications with quantities and on terms that are 
acceptable to the Cities; 

 Final approval of this Transfer Application with quantities and on terms that are 
acceptable to the Cities; 

 Design of an affordable collection and transmission system; 

 Permits and approvals for road, railroad, pipeline, and stream crossings;14 

 The Cities plan to construct the pipeline in the public right-of-way but some 
additional easements and rights-of-way will be required; 

 The design of the Phase 1 municipal wells, the collection system, the pipeline, and 
related infrastructure;15 

                                                 
10 Ex. 2. 
11 Ex. 2 at Part V.D. 
12 Exs. 3–32.  
13 Exs. 1, 41, 41.1, 41.2, 41.3, 41.4, and 57. 
14 See paragraph (u), below. 
15 The Cities plan to construct the water-transfer project in phases. See the Cover Letter, Ex. 2, at 
Part IV, (p. 7) for a discussion of the planned phases. 
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 Approval of the wells, collection system, pumping station, and pipeline by 
KDHE; 

 Project financing; and 

 Bidding and construction of the project. 

(i) That the benefits to the state if the transfer is approved outweigh the benefits to the 
state if the transfer is not approved: 

Based on the language of the Transfer Act, the Cities are not required to demonstrate that 

the benefits to the state of approving the transfer outweigh the benefits to the state of 

disapproval.  

The Cities understand that this Transfer Application must be approved by the Hearing 

Panel; the Transfer Act provides that: “No person shall make a water transfer in this state unless 

and until the transfer is approved pursuant to the provisions of this act.”16 The Cities further 

understand that their proposed transfer of more than 2,000 acre-feet of water per year farther than 

35 miles meets the definition of a “water transfer,”17 which triggers the Act and requires that the 

transfer be approved by the Panel.18 

However, based on the plain language of the Act, K.S.A. 82a-1502(a)(1)’s statewide 

“benefits comparison” is only required when the transfer would cause a reduction in the “present 

or . . . reasonably foreseeable future beneficial uses of water” in the basin of origin. In other 

words, the comparison is only triggered when the State has a choice to allocate a particular 

source of water between competing users.19 Because the Cities own the water rights from which 

                                                 
16 K.S.A. 82a-1502(a). 
17 K.S.A. 82a-1501(a)(1). 
18 K.S.A. 82a-1504(b). 
19 Note that the Water Transfer Act was passed in 1983 and amended in 1993 to stop Wichita and 
other communities in central Kansas from obtaining water rights for water stored in Milford 
Reservoir, which was and still remains unallocated. The State was in a position to determine, as a 
matter of public policy, whether that unallocated water should be made available to central 
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they seek this transfer, there are no present or future users in the area of origin with a realistic 

expectation that any water on the Ranch will ever be available to them. Thus, the threshold 

requirement is not met, and no K.S.A. 82a-1502(a) benefits comparison is required in this case.  

(j) That the proposed transfer will not impair water reservation rights, vested rights, 
appropriation rights, or prior applications for permits to appropriate water: 

Approval of the Transfer Application will not cause impairment. There are few water 

rights either south or north of the Ranch. The water rights on the Ranch have priority dates from 

1974–1977, making them among the most senior water rights in the area.20 In fact, since the 

water rights were approved in the mid-1970s, irrigation use on the R9 Ranch has never caused 

impairment, impairment complaints, or impairment concerns.  

Moreover, no proposed point of diversion will be placed within one-half mile of any 

existing lawfully permitted well.21 The amount of water the Cities are requesting to transfer will 

not exceed the quantity of water actually consumed. In addition, the Cities intend to develop the 

Ranch wellfield to reduce their vulnerability to drought and to operate it in a manner that will not 

exceed the long-term safe yield of the aquifer. There is no reason to believe that water rights of 

any kind will be impaired by the transfer.  

(k) Any current beneficial use of the water that is proposed to be transferred, including 
minimum desirable streamflow requirements: 

Current Use.  

The water rights are currently authorized for irrigation and will be changed to municipal 

use pursuant to the Change Applications that have been filed and are under consideration by the 

                                                                                                                                                             
Kansas or reserved for future use in the Kansas River Basin. Because Hays and Russell own 
existing water rights, the state is not in the same position with respect to the water rights on the 
Ranch as it was with respect to unallocated storage in Milford Reservoir. 
20 See Ex. 41.3 (Map of the R9 Ranch and surrounding water rights showing dates of priority.). 
21 Cover Letter, Ex. 2, at PDF p. 27 and Exhibit I.   
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Chief Engineer.22 The current status of the wells and the authorized places of use for the water 

rights on the Ranch are shown on the attached map.23 

Minimum desirable streamflow requirements.  

Minimum desirable streamflow requirements are not an issue. The most junior water 

right on the R9 Ranch, File 30,084, has a July 1, 1977 priority date.24 Therefore, none of the 

water rights are subject to minimum desirable streamflow requirements.  

(l) Any reasonably foreseeable future beneficial use of the water: 

The only reasonably foreseeable beneficial use of the water rights on the Ranch is 

municipal unless this Transfer Application is denied, in which case the Cities will continue using 

the water rights for irrigation.25  

Approval of this Transfer Application will not reduce the amount of water required to 

meet the “present or any reasonably foreseeable future beneficial use” of water in the source area 

since it is not “reasonably foreseeable” that the water rights owned by the Cities will ever be 

available to anyone in the area from which the water is to be taken. The requirements set out in 

K.S.A. 82a-1502(a)(1) and K.A.R. 5-50-2(i) are inapplicable. 

(m) The economic, environmental, public health and welfare, and other impacts of 
approving or denying the transfer of water: 

Economic Impacts 

Approval of the Transfer Application on terms acceptable to the Cities will create direct 

economic benefits for families in Hays, Russell, and the region as well as for the numerous 

public and private institutions that call Hays and Russell home. The Cities’ existing water 

                                                 
22 Exs. 2–32. 
23 Ex. 41.4. 
24 See Ex. 32, at PDF p. 8. 
25 Ex. 2, at PDF pp. 3–4. 
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sources do not meet their present needs,26 and everyone has sacrificed in some way during the 

decades-long struggle to find a sufficient water supply. Without adequate water, the Cities will 

wither, along with the significant economic benefit they provide to the entire State.  

The City of Hays, Kansas 

Incorporated in 1885 with an approximate 2014 population of 21,510, the City of Hays is 

the largest city in northwest Kansas and the county seat of Ellis County.27 Hays currently has 181 

full-time and 56 part-time city employees, including 33 sworn police officers and 24 full-time 

fire department employees providing continuous protection to Hays residents.28  

Hays Unified School District No. 489 has an estimated 3,067 enrolled students served by 

five elementary schools, two middle schools, and one high school.29 A branch of North Central 

Kansas Technical College is located in Hays and offers education in nursing, business, computer 

technology, business management, automotive mechanics, and residential electricity.30 Fort Hays 

State University has a combined campus and online enrollment of approximately 13,825 

students.31 In 2014, the university generated approximately $108.8 million in direct expenditures 

in Hays.32  

Hays is also home to the Kansas State University, Agricultural Research Center – Hays, 

with 9 faculty researchers and 24 full-time support staff.33 The facility manages over 2,400 acres 

                                                 
26 Id. at PDF pp. 8–23. 
27 Excerpt from 2015 Official Statement for Hays bond issue, at PDF p. 1 (2015), Ex. 42.   
28 Id. 
29 Id. at PDF p. 2.  
30 Id. 
31 Id. 
32 Id. 
33 http://www.wkarc.org/research-centers/hays.html. 
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of cropland and over 5,100 acres of rangeland in addition to a 268-acre campus that includes a 

900-head feedlot and a modern feedmill.34 

Hays has extensive medical resources serving its residents and the region, including the 

Hays Medical Center, one of the top rural medical centers in the United States. The Hays 

Medical Center provides health services to a population of more than 130,000, employs more 

than 1,200, and is home to DeBakey Heart Institute of Kansas.35 Hays is also home to the Hays 

Pathology Lab, the Hearing Center, Fort Hays State University’s Nurse Education Program, the 

Home Healthcare Services of Western Kansas, two nursing homes, Developmental Services of 

Northwest Kansas, and the High Plains Mental Health Center.  

Hays is located on Interstate 70, a major east-west transportation route. It has daily 

freight service provided by several motor freight lines and the Union Pacific Railroad.36 The 

Hays Regional Airport is located three miles southeast of town, covers 545 acres, and is 1,999 

feet above mean sea level.37 The Airport has two concrete runways. The longest is 6,501 feet by 

100 feet. The other runway is 4,501 feet by 75 feet.38 The Airport has commercial service 

supplied by United Express.39 

Hays sponsors numerous indoor and outdoor activities, with 22 city parks, 300 acres of 

land with an 18-hole municipal golf course, picnic areas, ballfields, a sports complex, a jogging 

and fitness trail, a municipal swimming pool, and an aquatic park.40  

                                                 
34 Excerpt from 2015 Official Statement for Hays bond issue, at PDF p. 1 (2015), Ex. 42.  
35 Id. at PDF p. 1.   
36 Id. 
37 http://www.airnav.com/airport/KHYS 
38 Id.  
39 http://www.flyhays.com/Home.aspx. 
40 Excerpt from 2015 Official Statement for Hays bond issue, at PDF p. 1 (2015), Ex. 42.  
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Hays also hosts numerous cultural activities, including several historical and scientific 

museums; an arts council, which provides music, dance, theater, fine arts, and literature 

activities; and performances and exhibits sponsored by Fort Hays State University.41 Hays is 

home to the Sternberg Museum of Natural History, which utilizes research, publications, 

collections, interpretive exhibits, and educational programs to advance an appreciation and 

understanding of Earth’s natural history.  

Hays is home to no less than 24 churches, more than 50 restaurants, 15 hotels, 10 car 

dealerships, 10 apartment complexes, and the Big Creek Crossing retail mall, which includes 

more than 25 retailers. The Hays Daily News, the Hays Post, the Ellis Review, and Fort Hays 

State University Tiger Media Network provide local and national newspaper and news media 

coverage.42 These are just a small fraction of the organizations that exist in Hays. 

Hays and Russell are centers of extensive governmental activity as well. Adequate water 

will create direct benefits to federal, state, and local governments. Properties owned or leased by 

public entities in Ellis County are appraised at over $237 million.43  

                                                 
41 Id. 
42 Id. See also http://tmn.fhsu.edu/.  
43 List of publicly owned and leased property in Ellis County, Ex. 42.1.   
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Figure 1. Publicly owned or leased real property in and around Hays. 
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Figure 2. Publicly owned or leased real property in Ellis County. 
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City of Russell, Kansas 

Incorporated in 1872, with an approximate 2014 population of 4,375, the City of Russell 

serves as the Russell County seat.44  

Russell owns and operates its own electric, water, and sewer systems and provides solid 

waste collection and disposal services.45 Russell is served by two major highways: I-70 and US-

281 and offers rail service from Union Pacific Railroad.46 The Russell Municipal Airport is a 

general aviation airport located two miles southeast of the city. It is 1,863 feet above mean sea 

level and has a 5,000-foot by 75-foot concrete runway.47 Russell’s police department consists of 

nine full-time and one part-time personnel, providing dispatch services for all of Russell 

County.48 

Russell Unified School District No. 407 employs 173 people and provides public 

education to approximately 865 students through two elementary schools, one middle school, 

and one senior high school.49 Russell has several vocational and technical junior colleges and 

universities within 100 miles, including North Central Kansas Technical College in Beloit; 

Barton County Community College in Great Bend; Fort Hays State University and North Central 

Kansas Vo-Tech, both in Hays.50  

The Russell Regional Hospital is a full-service facility employing approximately 180 

people and serves both Russell and the surrounding rural areas.51  

                                                 
44 Excerpt from 2015 Official Statement for Russell bond issue, at PDF p. 1 (2015), Ex. 43.   
45 Id. 
46 Id. at PDF p. 4. 
47 http://www.airnav.com/airport/KRSL. 
48 Excerpt from 2015 Official Statement for Russell bond issue, at PDF p. 1 (2015), Ex. 43. 
49 Id.  
50 Id. 
51 Id. at PDF p. 5. 
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Russell’s public recreation facilities include: 160 acres of city parks; a 9-hole municipal 

golf course; a public swimming pool; numerous ball parks and playing fields; and a municipal 

library.52 Russell has more than 10 restaurants, 9 churches, 25 retail stores, and 8 hotels. 

Russell is also home to wheat gluten and ethanol manufacturing facilities located in the 

city’s industrial park. Russell County is one of the leading petroleum-producing counties in the 

State.53 

As noted above, adequate water will create direct benefits to federal, state, and local 

governments. Properties owned or leased by public entities in Russell County are appraised at 

nearly $50 million.54  

                                                 
52 Id. 
53 Id. 
54 List of publicly owned and leased property in Russell County, Ex. 43.1.  
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Figure 3. Publicly owned or leased real property in and around Russell. 
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Figure 4. Publicly owned or leased property in Russell County. 
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State-Wide Economic Impacts 

In 2014, Hays asked the Docking Institute of Public Affairs55 at Fort Hays State 

University to evaluate the economic impact that Hays and Russell have on the surrounding 

regions and the Kansas economy as a whole. The 2014 Docking Economic Report uses well-

established input-output models and economic location theory to measure the economic 

productivity and the impact of Hays and Russell by evaluating the Cities’ land, labor, capital, and 

entrepreneurial resources compared with the larger region and statewide.56 The report was 

intended to “aid government officials in determining whether the economic benefits of the region 

warrant administrative approval and the public resources needed to tap [the Ranch as an] 

alternate water source.”57  

The 2014 Docking Economic Report concludes that the “City of Hays is the economic 

center of a regional economy in northwestern Kansas that is important to the State of Kansas” 

and that Hays and Russell are “particularly important for stimulating and maintaining the health 

of the overall Kansas economy.”58  

This is not surprising for many reasons, including the enormous amount of state-owned 

infrastructure in Hays, including Fort Hays State University, the Kansas State Experiment 

Station, the State Highway Patrol Headquarters, branch offices of the Kansas Department of 

Transportation, the Kansas Department of Health and Environment, the Kansas Department of 

Wildlife, Parks and Tourism, the Division of Motor Vehicles, and the Department for Children 

                                                 
55 The primary mission of the Docking Institute “is to facilitate effective public policy decision 
making among governmental and non-profit entities.” https://www.fhsu.edu/docking. 
56 See Docking Institute, Economic Impact of the Hays and Russell Region On the Kansas 
Economy, at 5–9 (Dec. 2014) (discussing methodology and data), Ex. 44.  
57 Id. at 5. 
58 Id. at 4. 
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and Families.59 Kansas and the Federal government have placed their offices at the intersection 

of two busy highways—U.S. 183 and I-70, the transportation center for northwest Kansas.60 

Thousands of individuals live in Hays as a direct result of employment by the State and the 

federal government.  

Hays and Russell’s gross revenue product is currently about $1.8 billion and growing.61 

Using “trade pull factors,” the 2014 Docking Economic Report measured the “retail trade 

dominance” of Ellis County and Hays compared to the surrounding counties.  

A value of 1 indicates that non-resident purchases [in the City] are equal to 
resident purchases outside of the area of residence. A value that is less than 1 
indicates that non-resident purchases are less than resident purchases made 
outside the area of residence. And, a value that is greater than 1 indicates the non-
resident purchases are greater than resident purchases made outside the area of 
residence.62  

“For Hays the 2013 [trade pull factor] is 1.85 which shows that non-resident retail 

purchases in Hays are much larger than the retail purchases made outside of Hays by Hays 

residents.”63 In fact, Hays’ trade pull factor is the second highest of all Kansas cities with more 

than 10,000 residents. And Ellis County’s 1.70 trade pull factor is the highest of all counties in 

Kansas with populations greater than 25,000.64  

The Report concludes that “loss of any vital resource [by the Hays and Russell area], the 

most vulnerable to which the area is susceptible being water, would cause a serious loss of 

                                                 
59 List of properties owned by the State and Federal Governments, Exs. 42.1, 43.1, and Figures 
1–4, supra. 
60 Excerpt from 2015 Official Statement for Hays bond issue, at PDF p. 2 (2015), Ex. 42.  
61 Docking Institute, Economic Impact of the Hays and Russell Region On the Kansas Economy, 
at PDF p. 4 (Dec. 2014), Ex. 44.  
62 Id. at PDF p. 9. 
63 Id. 
64 Id. at PDF pp. 15–16. 
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population and industry and would have a significant negative effect on the entire Kansas 

economy.”65  

As the economic and social hub of the region, the population of Hays expands on a daily 

basis and in response to special events. According to a 2010 Population Report by the Docking 

Institute: 

 There are 27,284 people in Hays on an average day, including Hays residents, 
non-Hays residents who travel to Hays for any reason from the nine-county region 
and those non-Hays residents who stay in local hotels/motels on an average day. 

 There were 32,916 people in Hays on the day when the State 2-1A Football 
Championship was hosted in 2009. In all 6,742 people attended this event, 
including 1,110 Hays residents, 30 people who stayed in motels/hotels, 130 
people who stayed with friends/family in Hays, and 5,472 people who came to 
Hays for the day. 

 There were 29,983 people in Hays on the peak attendance day of the Hays City 
Shootout in 2009. In all, 4,838 people attended this event, including 2,139 Hays 
residents, 241 people who stayed in motels/hotels, 174 people who stayed with 
friends/family in Hays, and 2,284 people who came to Hays for the day. 

 There were 37,192 people in Hays on the peak attendance day of the 3-2-1A State 
Wrestling Tournament in 2010. In all, 12,097 people attended this event, 
including 830 Hays residents, 5,456 people who stayed in motels/hotels, 237 
people who stayed with friends/family in Hays, and 5,574 people who came to 
Hays for the day. 

 There were 35,614 people in Hays on the peak attendance day of the 1A State 
Basketball Tournament in 2010. In all, 9,476 people attended this event, including 
1,146 Hays residents, 1,172 people who stayed in motels/hotels, 150 people who 
stayed with friends/family in Hays, and 7,008 people who came to Hays for the 
day. 

 There were 32,319 people in Hays on the peak attendance day of the Special 
Olympics Basketball & Cheerleading Tournament in 2010. In all, 7,855 people 
attended this event, including 1,461 Hays residents, 4,285 people who stayed in 
motels/hotels, 332 people who stayed with friends/family in Hays, and 1,777 
people who came to Hays for the day. 

 On an average day, 5,512 people travel to Hays from the nine-county region for 
any reason. 

                                                 
65 Id. at PDF p. 14. 
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 On an average day, 3,580 people travel to Hays from the nine-county region for 
shopping or retail trade. 

 On an average day, 699 people travel to Hays from the nine-county region to see a 
doctor, dentist, hospital, or other health service provider. 

 On an average day, 1,605 people travel to Hays from the nine-county region to 
work. 

 On an average day, 619 people travel from the nine-county region to attend school 
in Hays. 

 On an average day, 1,359 visitors stay in hotels and motels in Hays.66 

Hays’ water supply problems have already adversely affected its growth. As Joe Airstrup, 

Ph.D., of the Docking Institute explained in a 2002 report to the Division of Water Resources: 

The availability of water has been and will be a key component of population 
growth for the cities of Hays and Russell. Chart Number 1 [below] shows that the 
drought in the early 1990’s and the resulting restriction of water supplies are 
directly associated with the population of Hays dropping below its linear 
projection. For Russell, being able to purchase water from the [Public wholesale 
water supply District No. 15] is a key element of its effort to rebound 
economically through luring value-added agricultural industries.67 

 

                                                 
66 Docking Institute, Estimation of Average Daily Population and Peak Population Levels 
During Special Events in Hays, Kansas, at PDF pp. 7–8 (May 2010), Ex. 45.   
67 Docking Institute, Memo Regarding Planning Horizon, Projections of Population and 
Industrial Growth in Hays, Industrial Demand in Russell, and the Potential for Partnership with 
other Water Districts and Incorporated Cities, at pp. 1–2 (Jan. 9, 2002), Ex. 46.  
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Economic growth in Hays and Russell benefits the entire state. Dr. Airstrup’s 2002 

Report further elaborated on the benefits of obtaining a long-term water source for the Cities 

through the Public Wholesale Water Supply District No. 15: 

Economic growth in these cities benefits the state as a whole. When cities like 
Hays and Russell are thriving, tax revenues collected by the state increase and the 
large investments the state has made for infrastructure to support these 
communities pay dividends. Indeed, this is the reason that the policies of other 
state agencies like the Kansas Department of Commerce and Housing and federal 
agencies like Economic Development Administration have specifically focused 
on economic development in small to medium sized Kansas communities. The 
District seeks a relatively small quantities of water when compared to irrigation 
water rights and yet this appropriation will have a large and direct impact on 
economic development in Hays, Russell, and the surrounding communities. This 
growth will, in turn, benefit the state as a whole.68  

                                                 
68 Id. at 2 (emphasis added).    
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Moreover, the potential “third-party effects,” i.e., the economic impacts of the water 

transfer on the area directly surrounding the Ranch, primarily Edwards County, will be minimal, 

and the statewide detrimental impacts of the transfer will be negligible. Studies have long shown 

“that direct and indirect economic impacts of water transfers on the area of origin are generally 

small from the perspective of a state’s economy,”69 which was confirmed for the Cities’ 

proposed water transfer in this case. In 1996, Eric D. Madden70 performed an in-depth evaluation 

of the potential hydrologic and economic third-party effects in Edwards County that would result 

from a transfer to Hays and Russell.71  

Mr. Madden found that “Edwards County would probably not experience any significant 

economic impacts from the proposed water transfer immediately.”72 Retiring the Ranch from 

agricultural production would result in a 0.17% decrease in Edwards County’s total personal 

income, and a 1.6% reduction in its total agricultural acreage.73 Further, because the Ranch does 

not utilize any farm management, crop, or commercial soil services from within Edwards 

County; and purchases all of its seeds, fertilizers, natural gas, pesticides, chemicals, and 

irrigation parts and services from outside Edwards County, loss of such commercial activity 

                                                 
69 Bonnie G. Colby, Economic Impacts of Water Law—State Law and Water Market 
Development in the Southwest, 28 Nat. Resources J. 721, 737 (Fall 1988). 
70 Mr. Madden submitted the report in partial fulfillment of the requirements for his Bachelors in 
Environmental Studies degree from the University of Kansas. The report was approved on June 
5, 1996, by Stanford L. Loeb, who is now Acting Director of KU’s Environmental Studies 
Program. Mr. Madden went on to graduate with honors from the University of Kansas (B.A. in 
English and Environmental Policy, with honors) and from the KU School of Law, where he was 
Order of the Coif and Editor-in-Chief, of the Kansas Law Review. He is currently a partner at 
Reid Collins & Tsai LLP, in Dallas, Texas. See http://www.rctlegal.com/person/eric-d-madden/.  
71 Eric D. Madden, An Evaluation of Potential Hydrologic and Economic Third Party Effects in 
Edwards County, Kansas, Resulting from the Hays-Russell Water Transfer Proposal (June 5, 
1996), Ex. 47.  
72 Id. at PDF p. 42. 
73 Id. at PDF pp. 37–38. 
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would have no effect on the local economy.74 Mr. Madden provided the following summary of 

the potential economic impacts of the water transfer, which assumes that no further economic 

development will occur on the Ranch after it is taken out of agricultural production:75  

 

An adequate water supply for Hays and Russell has far greater economic value than 

continuing to use the water on the Ranch for irrigation. As of August 2015, over 83% of all water 

use in Kansas was for irrigation.76 In Groundwater Management District No. 5, where Edwards 

County is located, irrigation use makes up an even larger percentage of total water use, 

accounting for 98% of all metered water.77 In 2001, the Docking Institute issued a report 

                                                 
74 Id. at PDF p. 37. 
75 Id. at PDF p. 43. 
76 Kansas Dep’t of Ag., Fact Sheet, Water Use Data Collection and Use (Aug. 2015), Ex. 48.   
77 Kansas Dep’t of Ag., Excerpt from Kansas Irrigation Water Use 2012 Report, at PDF p. 5 
(2012), Ex. 49.   
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measuring “the economic impact of an acre-foot of water on the economy of Southwest 

Kansas.”78 The report concluded that, in 1998 dollars, “the direct impact” of “an acre foot of 

Ogallala Aquifer water used for irrigation” was “about $18 per acre foot.”79  

In contrast, the direct economic impact of an acre-foot of water for municipal use was 

about $460 in 2001 dollars.80 

Not only do the ongoing water-supply problems in Hays and Russell pose significant 

threats to the statewide economy, but any negative economic impact of the proposed water 

transfer will be negligible.  

Hays and Russell have already experienced serious population and industry impacts 

because of their longstanding struggle with inadequate water supplies. These impacts include 

severe water-use restrictions incorporated into the Cities’ rate ordinances and water conservation 

plans.81 For example, already in the mid-1980s, Hays’ water supply concerns and resulting 

conservation measures led it to ask the Division of Water Resources to initiate proceedings to 

designate an intensive groundwater use control area (“IGUCA”) in the City to address the use of 

private water wells for outside discretionary activities.82 In July 1985, the Chief Engineer granted 

Hays’ request, requiring registration of all domestic wells and reserving the right to ban the use 

                                                 
78 Docking Institute, The Value of Ogallala Aquifer Water in Southwest Kansas, at PDF p. 4 
(2001), Ex. 50. 
79 Id. at PDF p. 44. 
80 Id.  
81 Including, for example, prohibitions on new connections to the potable water system, benefit 
car washes, washing houses, new lawns, and outdoor water use during the daylight hours. See 
Letter from Toby Dougherty, City Manager of Hays, to David Barfield (Mar. 28, 2014), Ex. 51.  
82 In re the Designation of an Intensive Groundwater Use Control Area in Hays, Kansas, and the 
Immediate Area (July 25, 1985), Ex. 52.  
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of such wells for watering outdoor vegetation from 12:00 p.m.–7:00 p.m. daily from June 1 

through September 30 of each year.83  

But the Cities’ exemplary conservation efforts, which have been partially documented in 

the media,84 have come at great cost to the Cities and the region.  

[T]he availability of water has been a key component of population growth in 
Western Kansas. Western Kansas counties that used a significant amount of water 
from the Ogallala had a rate of population change between 1980 and 1990 that 
was 10% greater than in counties where water was scarce. Likewise, water rich 
counties had a rate of population change that was 4% greater than others between 
1990 and 2000.85 

The City of Russell and its citizens have responded to warnings about their water supply 

and have significantly reduced water consumption. The industrial sector was able to reduce water 

consumption by 63% over 10 years.86 The residential/commercial sector was able to reduce their 

water consumption by 30% over the same time period.87 In fact, in 2013, Russell’s total water 

consumption dropped by 22 percent over the previous five years, with more than one-third of its 

residents using rain barrels to collect and reuse rainwater.88  

                                                 
83 Id. at PDF p. 8. 
84 Rick Montgomery, Capturing Every Drop: Russell, Kan., Learns to Live with Drought, The 
Kansas City Star (June 1, 2014), 
http://www.kansascity.com/news/state/kansas/article446882/Capturing-every-drop-Russell-Kan.-
learns-to-live-with-drought.html. See also Kansas Community Launches Educational Campaign 
to Help Promote Water Conservation, AM Conservation Group (Jan. 20, 2014), 
http://www.amconservationgroup.com/blog/kansas-community-launches-educational-campaign-
to-help-promote-water-conservation; Associated Press, Russell seeks to conserve water (July 11, 
2012), http://cjonline.com/news/2012-07-11/russell-seeks-conserve-water.  
85 Docking Institute, Memo Regarding Planning Horizon, Projections of Population and 
Industrial Growth in Hays, Industrial Demand in Russell, and the Potential for Partnership with 
other Water Districts and Incorporated Cities, at pp. 1–2 (Jan. 9, 2002), Ex. 46.  
86 Bartlett & West, Inc., Water Supply Study for the City of Russell, Kansas, at PDF p. 9 (Dec. 
2014), Ex. 53.  
87 Id. 
88 Montgomery, supra note 84. 
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Russell’s governing body recognizes the importance and scarcity of water in this region. 

In addition to investing in infrastructure, Russell looked to its neighbors to the west and their 

conservation efforts. In 2013, the City of Russell began offering free low-flow showerheads to its 

customers and implemented a new water-conservation program in middle school science 

classes.89 In 2014, Russell implemented a water-conservation rebate program, which promoted 

the purchase and proper installation of high-efficiency toilets.90 

Hays has also taken significant steps to reduce water consumption over the years. As 

noted by a former Hays City Manager, Hannes Zacharias, in 1994, Hays is one of the “stingiest 

water users in the state, per capita.”91 In March 1991, the Ellis County Coalition for Economic 

Development published the “Hays Water Survey,” to implement conservation measures that 

would help address Hays’ long-term “problem of an adequate supply of potable water.”92 By 

1994, Hays routinely rationed water during the spring and summer; distributed limited-flow 

showerheads to water customers; offered incentives for high-efficiency toilets; and implemented 

an effluent reuse plan that ensured that low quality water was used where possible;93 prohibited 

                                                 
89 http://www.amconservationgroup.com/blog/kansas-community-launches-educational- 
campaign-to-help-promote-water-conservation. 
90 Montgomery, supra note 84. 
91 Mike Berry, Hays Covets Supply of Water to the South, Wichita Eagle (Sept. 10, 1994), Ex. 
54.  
92 Ellis County Coalition for Economic Development, Hays Water Survey, at PDF p. 3 (Mar. 
1991), Ex. 55. 
93 Beginning in the early 1990’s, Hays began using treated effluent from its municipal sewage 
treatment plant for irrigation. The initial investment included a holding basin; pump station; and 
10-inch, 1.5-mile pipeline to the Fort Hays Municipal Golf Course. Over the years, several 
baseball, softball, and soccer fields were added to the system. In the mid 1990’s, the City began 
irrigating Larks Park (home of Fort Hays State University baseball and the Hays Larks) with 
effluent.   

In 2011, this system was expanded when the Bickle/Schmidt Sports Complex was constructed. 
The pipeline was extended one mile to the west to serve that complex. A pond at the Fort Hays 
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washing cars and watering lawns between noon and 7:00 p.m.; among other water-use 

restrictions on City residents. As a result, Hays decreased water use by 47% between 1988 and 

1994.94  

Hays’ aggressive water conservation program has expanded since 1994. Hays is the only 

city in Kansas to adopt the green plumbing code and implement landscaping requirements that 

significantly limit the amount of irrigated area and type of vegetation compared to landscaping 

routinely grown and irrigated in other Kansas communities. To keep consumption rates low, 

Hays has enacted stringent water-conservation measures, mandated the use of water-saving 

devices, and implemented a program that pays part of homeowners’ cost to purchase and install 

these devices. Hays budgets over $200,000 annually to fund water-conservation programs 

including: toilet, urinal, and washing machine rebates; a low-flow showerhead giveaway 

program; commercial/industrial retrofits; and the only cash-for-grass program east of the Rocky 

Mountains and north of Texas that pays homeowners to remove irrigated cool-season turf and 

replace with more water efficient landscaping. As a result, Hays’ average gallons per capita per 

day water usage is significantly less than comparable Kansas cities, as discussed at length in Part 

B.6 (pp. 13–23) of the cover letter accompanying the Cities’ Change Applications. 

In addition, both Hays and Russell have water-rate ordinances with increasing block 

structures.95 While the first gallon of water is relatively inexpensive, as consumption increases, 

                                                                                                                                                             
Municipal Golf Course was enlarged to create a reservoir effluent and a second pumping station 
was installed. The golf course and sports complex are now irrigation from this reservoir.   

As of 2015, Hays irrigates 145 acres with treated effluent, which averages 20% of the total 
effluent produced on an annual basis. 
94 Madden, supra note 71, at PDF p. 14.  
95 Public Wholesale Water Supply District No. 15, Water Conservation Plan, at PDF p. 3 (Jan. 
2002), Ex. 56. 
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so does the incremental rate. This approach has dramatically decreased the per capita water use 

by residents. 

Hays and Russell residents have embraced these conservation efforts and take pride in 

their accomplishments, but carrying the banner as the statewide leaders in conservation has 

created a widely held perception that the Cities lack water. They are at the effective limits of 

conservation for this part of the country. If the Cities push even harder by adopting some of the 

draconian tactics used by cities like Las Vegas and Phoenix, it would thrust them even further 

from their peer communities in Kansas, which would further repel private and commercial 

investment.  

Hays is the economic engine of Northwest Kansas; its continued growth and economic 

viability are crucial to the entire state. This is only possible if Hays has access to a water supply 

consistent with the reasonable expectations of citizens in other Kansas communities. 

Environmental Impacts 

With the exception of above-ground structural facilities, such as a pump station and 

wellhouses on the Ranch, all areas disturbed during construction will be returned to their original 

condition. The planning and design of the pipeline and related structures will avoid 

environmentally sensitive areas and minimize intrusion into the natural setting.  

The Cities have already begun the process of converting the Ranch back to native grass. 

Twenty-seven of the circles on the Ranch are already converted, and the remaining circles are on 

track for conversion to grass by 2017.96  

                                                 
96 See Farmer Nat’l Co. map showing conversion of Ranch back to grassland, Ex. 57.  
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Public Health and Welfare Impacts 

Approving the proposed transfer will have obvious and significant positive impacts on 

the public health and welfare of the Cities, their surrounding areas, and on the state as a whole—

and minimal negative impacts.  

Kansas law does not directly define the phrase “public health and welfare.” Use of the 

phrase throughout state and federal law indicate that the term has broad applicability and general 

meaning,97 but, at a minimum, the term refers to conditions that directly impact human, animal, 

and plant health.98 

An adequate water supply is an essential element of the state’s public health and welfare. 

In 2013, Governor Brownback “issued a call to action to his Administration to develop a 50-year 

Vision for the Future of Water in Kansas.”99 In a joint effort, the Kansas Department of 

Agriculture–Division of Water Resources and the Kansas Water Office formed a “Water Vision 

Team” that developed and published a document titled A Long-Term Vision for the Future of 

Water Supply in Kansas, which was “based upon input from the citizens of Kansas.”100 “The 

Vision attempts to make clear that water is necessary for human health and welfare as well as 

                                                 
97 See Bradley M. Taub, Why Bother Calling Patents Property?, 6 J. Marshall Rev. Intell. Prop. 
L. 151, 172 (Fall 2006) (discussing, in the context of patent law, the broad meaning given to the 
term “public health and welfare”) (citations omitted). 
98 See, e.g., Massachusetts v. EPA, 549 U.S. 497, 559 (2007) (distinguishing the “public health 
and welfare problems” related to “air pollution,” in the “lower stratosphere,” from “other 
greenhouse gases in the upper reaches of the atmosphere,” and concluding that the EPA’s 
regulation of gases in the “upper reaches of the atmosphere . . . is not akin to regulating the 
concentration of some substance that is polluting the air”) (emphasis added).  
99 A Long-Term Vision for the Future of Water Supply in Kansas, at 4 (Jan. 2015), Ex. 58.  
100 Id. at 1. 
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environmental stewardship and our economic well-being.”101 And the Vision specifically sought 

to “allow for the transfer of water supplies between basins where feasible and cost effective.”102 

(n) Any and all measures the applicant has taken to preserve the quality and remediate 
any contamination of water currently available for use by the applicant: 

There have been no known opportunities to utilize contaminated water in the City of 

Russell. 

In March 2001, a groundwater extraction well was installed near east 17th and 

Montgomery Streets in Hays. This well feeds into a packed tower air stripper and then into the 

public water supply. Remediated water has been used in Hays since that time. 

(o) The provisions of a revised management program adopted by a groundwater 
management district that are applicable to the proposed transfer whenever any of 
the proposed points of diversion are located within a groundwater management 
district: 

The R9 Ranch is within the boundaries of the Big Bend Groundwater Management 

District No. 5. GMD5 regulations are found at K.A.R. 5-25-1 et seq. 

(p) Whether or not the applicant, and any entity to be supplied water by the applicant, 
have adopted and implemented conservation plans and practices that fulfill the 
following requirements: 

(1) Are consistent with guidelines developed and maintained by the Kansas water office, 
pursuant to K.S.A. 74-2608 and its amendments: 

Both Hays and Russell have adopted and implemented water conservation plans that have 

been reviewed and approved by the Kansas Water Office, which are attached.103 

(2) Have been in effect for not less than 12 consecutive months immediately before the 
filing of this water Transfer Application: 

The adopted conservation plans have been in effect for many years in both communities. 

                                                 
101 Id. at 9. 
102 Id. at 43. 
103 Exs. 59–60.  
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(3) Provide for a rate structure that encourages efficient use of water and results in 
conservation and wise, responsible use of water, if the transfer is for use by a public 
water supply system: 

Both Hays and Russell have rate structures that encourage conservation.104 See also, all 

Hays and Russell ordinances related to water supply and conservation.105 

(q) The effectiveness of conservation plans and practices that have been adopted and 
implemented by the applicant and any other entities to be supplied water by the 
applicant: 

See paragraph (m) above. 

(r) If applicable, population projections for any public water supply system that will be 
supplied by the water transfer, and the basis for those projections: 

Population projections are not applicable for this Transfer Application.106 The Kansas 

Water Appropriation Act states that “[a]ppropriation rights in excess of the reasonable needs of 

the appropriators shall not be allowed.”107 DWR’s 20-year planning horizon is designed around 

the “reasonable needs” of municipal users.108 Indeed, DWR—and Kansas courts—have long 

recognized that “reasonableness” is fact and situation specific.  

Approval of this Transfer Application at the maximum quantity of water available from 

the R9 Ranch is necessary for a stable long-term water supply for the Cities and surrounding 

areas. This project is expected to have a design life of at least 50 years and to be productive for 

                                                 
104 Exs. 61–64. 
105 Exs. 65–66. 
106 The transfer regulations state that a complete application requires population projections for 
any public water supply system that will be supplied by the water transfer “if applicable.” K.A.R. 
5-50-2(r). There is no other mention of “population” in the transfer act, K.S.A. 82a-1501 through 
82a-1508, or in the transfer regulations, K.A.R. 5-50-1–K.A.R. 5-50-8. Thus there is no guidance 
to determine whether population projections are “applicable.” For this, and the other reasons set 
out in the paragraph (r) of this Transfer Application, the Cities respectfully request that the Chief 
Engineer waive the requirement that the Cities provide population projections in order to deem 
this Transfer Application complete.   
107 K.S.A. 82a-707(e). 
108 This is likely because DWR recognizes that the approach is useful in some, but not all, 
circumstances. 
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even longer. Individual components and the project as a whole will be maintained, repaired, and 

replaced as needed so that, once approved, water will be supplied to the Cities and the region in 

perpetuity.  

Twenty-year population projections are speculative109 and projecting population growth 

for longer periods is even less reliable. Projections of populations that will be served and 

benefited from this transfer are further complicated because the identity of all of the public water 

suppliers that will use water over the life of the project are unknown. There are numerous 

potential users in the region including other cities, new and existing industries, new and existing 

rural water districts, and other public water suppliers.110 The existing population that could be 

served is unknown, making future projections impossible.  

DWR’s 20-year approach is appropriate for most municipal users across the State, 

principally because most users are close to sufficient quantities of water to meet their short, 

medium, and long-term needs. For example, most communities in western Kansas overlie the 

Ogallala Aquifer, which means that irrigation rights are generally available nearby and can be 

acquired and converted to municipal use.111 

In eastern Kansas, a range of possible options are available, including relatively abundant 

surface water in multiple reservoirs, sufficient precipitation, the acquisition of existing rights, the 

KWO’s Water Marketing Program, Water Assurance Districts, and PWWSDs.112  

                                                 
109 See, e.g., K.A.R. 5-8-6 (b) requiring a 10-year review of projected water needs for municipal 
use that are based on 20-year projections. See also Instructions for Completing Applications for 
Permits to Appropriate Water (Rev. June 29, 2009), Ex. 67, and Municipal (Public Water 
Supply) Application Supplemental Information Sheet (Rev. Aug. 15, 2002), Ex. 68.   
110 There are several existing Rural Water Districts in Trego, Ellis, Russell, and Rush Counties 
that are potential water customers. Exs. 69–72. In addition, the availability of water could spawn 
additional Rural Water Districts or other public water suppliers.  
111 See Ex. 2, Cover Letter, Ex. A. 
112 See Ex. 73. 
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In stark contrast, Hays and Russell and other suppliers in the area must look far afield to 

find a reliable source of water. The Cities have considered numerous alternative water sources 

but extensive hydrology and engineering studies have shown these alternatives are 

unworkable.113  

Moreover, the policy bases for the traditional 20-year limit either no longer exist at all or 

have significantly eroded—particularly in Groundwater Management District No. 5. The prior 

appropriation doctrine as adopted in Kansas in 1945, has four key tenets. 

 Priority of right—first in time is first in right;114  

 All water may be appropriated, so long as it is used for beneficial purposes;115  

 Water rights in excess of reasonable needs are not allowed;116 and  

 Water rights that are no longer put to beneficial use must be relinquished to allow 
reappropriation by others.117  

Two key developments have eroded the impact of these doctrines as they relate to the 

traditional 20-year planning horizon for determining reasonable quantities for municipal use. 

First, DWR has closed many areas of the State, including the Ranch and surrounding areas, to 

new appropriations.118 Put simply, no new water rights will ever be approved in the area around 

the Ranch. 

Second, in 2010, the legislature revised K.S.A. 82a-718, fundamentally altering a “basic 

premise” of the Kansas version of the prior appropriation doctrine, eliminating use-it or lose-it 

                                                 
113 See generally Appendix A. 
114 See, e.g., K.S.A. 82a-706, K.S.A. 82a-706b, K.S.A. 82a-706e, K.S.A. 82a-707(b), K.S.A. 
82a-707(c), K.S.A. 82a-708b, and K.S.A. 82a-716. 
115 K.S.A. 82a-703 and K.S.A. 82a-718(a). 
116 K.S.A. 82a-707(e). 
117 K.S.A. 82a-718(a); Hawley v. Kan. Dep’t of Agric., 281 Kan. 603, 617–18, 132 P3d 870, 881 
(2006). 
118 K.A.R. 5-25-4. 
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forfeiture of groundwater rights in areas closed to new appropriations.119 These legislative 

developments have rendered the traditional 20-year horizon virtually obsolete with respect to the 

Cities’ water rights on the Ranch because forfeiture of existing water rights no longer makes that 

water available for appropriation by others. 

A significant portion of the infrastructure that will be needed to transport water from the 

Ranch to Hays and Russell will be financed by bonds. In order to obtain financing, the bond 

market will require a water supply that is adequate to meet the Cities’ needs for the entire life of 

the project. Supplies that are adequate for only 10 or 20 years will be an effective denial of this 

Transfer Application. 

A longer planning horizon in this case is a practical necessity, is consistent with the 

overall purposes of Kansas water law and its underlying policies, and is in line with the Cities’ 

reasonable needs. For these and other reasons, DWR’s traditional 20-year planning horizon is not 

appropriate for the Cities’ water-transfer project.  

The Cities request an Order approving the Transfer Application with a quantity that will 

float upwards as needs change and demand increases. These standards must be clear, objective, 

and not subject to the political or discretionary preferences of future Chief Engineers or 

Secretaries of Agriculture. They should be based on actual and projected population changes, the 

reasonable needs of additional users, and other measurable indices. 

(s) The projected water needs of the applicant and of any other entities to be supplied 
water by the applicant, and the basis for those projections: 

For the reasons set out in the preceding section, the projected water needs are not 

quantifiable at this time. The Cities request that the Panel approve the transfer of the entire 

                                                 
119 K.S.A. 82a-718(e). See also Hawley, 281 Kan. at 630 (characterizing the use-it or lose-it 
doctrine as the “basic premise” of the Kansas Water Appropriation Act). 
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quantity available from the Ranch after the application of the consumptive use regulations, 

subject to an Order, as described above, that allows the quantity to float upwards as needs change 

and demands increase. 

(t) Plans for any environmental mitigation made necessary by the proposed water 
transfer: 

No such plans are necessary. 

(u) A list of other federal, state and local permits necessary to complete the proposed 
water transfer and the projected dates they will be obtained: 

This water-transfer project will consist of several phases extending across multiple years. 

It is not realistic at this early stage to list the projected dates for permits that will not be needed 

for some time. Moreover, the proposed plan describes several alternative pipeline routes. Thus, 

the precise number and locations of the numerous crossing permits that will be required cannot 

be realistically predicted until the detailed planning of the pipeline route is complete. The 

following list of permits are those the Cities may need to obtain to complete the project. The 

Cities will supplement this list as more information becomes available.  

 Railroad line crossing permits or easements from Union Pacific, the Missouri 
Pacific, and the ATSF railroads.  

 County road crossing permits, right-of-way use permits, and county floodplain 
permits from relevant counties, potentially including, but not limited to, Edwards, 
Pawnee, Rush, Ellis, and Russell Counties.  

 State highway crossing and right-of-way use permits from the Kansas Department 
of Transportation.  

 River and stream crossing permits from the United States Army Corps of 
Engineers and DWR. 

 Notice of intent permits for stormwater control pursuant to National Pollutant 
Discharge Elimination System requirements from the state of Kansas, including a 
stormwater pollution prevention plan. 

 Oil and gas pipeline crossing permits. 
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 Public water supply permits for the wellfield as well as for raw water collection 
from the Kansas Department of Health and Environment. 

 Building and Electrical permits for planned structures in the wellfield. 

 Prairie Chicken Mitigation/Exchange with the United States Fish and Wildlife 
Service; the Kansas Department of Wildlife, Parks and Tourism; and the Western 
Association of Fish and Wildlife Agencies. 

(v) The current per capita per day usage of any public water supply user to be supplied 
water by the applicant, and the current average per capita per day usage of other 
similar users in a region of the state that is climatically similar. If the applicant’s per 
capita per day usage exceeds the regional average, the applicant shall show why its 
per capita per day usage is reasonable: 

See response to Paragraph (s), supra. Per capita use by existing water suppliers is 

available in a series of annual reports prepared by the DWR.120  

(w) The projected per capita per day usage of any public water supply user to be 
supplied water by the applicant: 

See response to Paragraph (s). 

(x) A copy of the contingently approved application for change in the place of use, the 
type of use and the point of diversion: 

The Change Applications were filed with the Chief Engineer on June 26, 2015, and are 

currently under consideration.  

(y) Pursuant to K.A.R. 28-16-28b and K.A.R. 28-16-28d, the impacts of the proposed 
transfer on the water quality and designated uses of any stream that may be affected 
by the proposed transfer: 

This Transfer Application seeks approval for a transfer of groundwater. No long-term 

impacts on surface water are anticipated. There will be stream crossings as described in 

paragraph (u) above but impacts on water quality, if any, are expected to be minimal and 

temporary.  

                                                 
120 Exs. 74–89.   
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Appendix A 

This Appendix summarizes the Cities’ efforts to find alternative sources of water and 
places the Cities’ extensive efforts to resolve their longstanding water-supply deficits in context. 
It is not a complete statement of their joint or several efforts, nor does it detail all of the Cities’ 
efforts to evaluate each alternative. Only a few key documents for each alternative are provided 
at this time. 

Evaluations of prospective sources run the gamut from the extensive efforts by multiple 
engineering firms to evaluate the “East Russell County Option” to a cursory review of a proposal 
to purchase Arkansas River surface water from Kearney County in Southwest Kansas.  

A complete evaluation of a water supply alternative is a time-consuming, expensive, and 
complex process that requires, at a minimum, development of a conceptual design, analysis of 
standard criteria, and comparison to other alternatives. But the initial decision to conduct a 
complete evaluation of a particular source is generally intuitive, and many prospective sources 
do not justify the time and resources required for a complete analysis.  

Thus, while all of the options discussed below were given the consideration warranted, 
not all of them have the same level of documentation. While numerous considerations are 
evaluated, the most important factors include the following: 

(1) Reliability. A prospective source must be able to supply the projected net quantity. This 
includes evaluating: 

a. safe yield, i.e., the net projected quantity must be available during a long-term and 
severe drought without causing significant ecological impacts;  

b. need, i.e., the source must be able to supply average-day and maximum-day 
demands, either individually or in combination with other sources; and 

c. quality issues, i.e., pollution and water quality variability. 

(2) Water rights. Water must be physically available and diversion must be legally 
permissible. This includes evaluating:  

a. the extent to which the source has been developed by other users and the relative 
priority of other uses compared to the priority of prospective water rights; and 

b. other legal considerations, principally the Kansas Water Transfer Act. 

(3) Project characteristics. Factors that affect both the total cost and cost per unit of water, 
include:  

a. proximity to the Cities; 

b. the extent that existing infrastructure can be used; 

c. the ability to develop the project in stages so that costs can be closely matched to 
demand; 

d. the type and extent of required treatment, for example; 

i. surface water and groundwater have different treatment requirements, 
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ii. finished water must comply with Safe Drinking Water Act requirements,121  

iii. aesthetics (taste and odor) must be acceptable to the consumer, 

iv. common contaminants like chlorides, nitrates, and pesticides may require 
special treatment, and 

e. the presence of endangered species, wetlands, or historically important property. 

(4) Project Costs. Estimation, evaluation, and comparison of total project costs, including: 

a. raw water, water right, or storage acquisition; 

b. land and right-of-way purchase; 

c. permitting and environmental mitigation; 

d. planning, design, and construction; 

e. operation, maintenance, and replacement; 

f. energy and utilities; 

g. financing; and 

h. technical, legal, and other professional services.  

Smoky Hill River 

The City of Hays’ Smoky Hill River wellfield authorizes withdrawal of up to 2,800 acre-
feet of water from the alluvium pursuant to three certified water appropriation rights, Files 1,248, 
5,757, and 33,296. The quantity has been reduced by a 1984 IGUCA.  

Russell’s water rights at Pfeiffer, Files 1,267, 1,861, 17,586 and 17,587, permit the 
diversion of up to 1,086 acre-feet of surface water and 961 acre-feet of groundwater and are also 
limited by the 1984 IGUCA. Russell also has 2,700 acre-feet of storage in Cedar Bluff, File 
7,628, which yields a maximum of 2,000 acre-feet of water that Russell can have released each 
year. 

For decades, Hays has explored the idea of expanding and optimizing its Smoky Hill 
River wellfield near Schoenchen to improve the reliability and quantity of water available from 
that limited water source.  

In July of 1977, Black and Veatch submitted a Water Supply Memorandum to Hays that 
examined existing and anticipated water requirements and recommended a plan to expand the 
City’s total water supply to meet current and immediate future water requirements including 
adding additional wells in the Smoky Hill River alluvium both east and west of then-existing 
wells.122  

On July 19, 1979, the City filed five applications for new water rights in the Smoky Hill 
wellfield: Files 33,292, 33,293, 33,294, 33,295, and 33,296. The applications requested permits 
to drill 18 new wells to divert an additional 1,400 acre-feet at an additional 6,300 gpm. This 

                                                 
121 42 U.S.C. 300f, et seq. and K.S.A. 65-161, et seq.  
122 Black & Veatch, Water Supply Memorandum, at PDF p. 11 (July 5, 1977), Ex. 90. 
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would have increased the total diversion from the Smoky Hill wellfield to 3,900 acre-feet per 
year at a rate of 9,900 gpm.  

After discussion with DWR, the City withdrew all but one of the applications because of 
impairment and other concerns. On January 30, 1981, the Chief Engineer issued a single permit, 
File 33,296, for two new wells with a combined capacity of up to 300 acre-feet per year.123 

On May 21, 1984, the Chief Engineer issued an order establishing an IGUCA in the 
Smoky Hill River alluvium stating that for 1985 and until modified by the Chief Engineer, all 
non-irrigation water rights within the boundaries of the IGUCA are restricted to 90% of the 
maximum usage in 1981, 1982, or 1983.124 

Irrigation use was restricted to the lower of 15 acre-inches per acre on the maximum 
number of authorized acres irrigated during any calendar year from 1977 through 1982 or the 
authorized quantity.125  

In 1989, Hays obtained authorization from the U.S. Army Corps of Engineers for the 
“one-time construction of three temporary instream dams to hold water in an attempt to recharge 
the aquifer.”126 The one-time construction was limited to “emergency water storage,” and the 
City was required to remove the dams “immediately following the recharge of the . . . wellfield 
or the elimination of [the] emergency water situation.”127 The dams were not constructed, 
presumably because they were not intended to provide a long-term, sustainable water supply and 
could have impaired downstream water rights.  

In 1995, Ground Water Associates investigated the Smoky Hill River wellfield and 
recommended that Hays rehabilitate, relocate, and replace certain wells. The investigation 
included drilling 32 test holes, installing five test wells, and conducting aquifer tests. The report 
proposed locations for two wells southwest of the wellfield as it existed at the time, which would 
expand the field one-half mile upstream.128  

A 2002 report by Tom Brikowski, Ph.D., Geology, of the University of Texas, evaluated 
the sustainable yield from Hays’ Smoky Hill River wellfield. Dr. Brikowski concluded that, 
based on Hays’ average water use in 2002, the wellfield will routinely require groundwater 
overdrafting during the summers and that dry periods “may deplete the aquifer sufficiently that 
limited extraction (e.g., 1,000 acre-ft/yr) is possible until the drought ends.”129  

                                                 
123 Approval of Application for File No. 33,296, Ex. 91. 
124 In re Designation of an Intensive Groundwater Use Control Area in Trego, Ellis, Rush and 
Russell Cnties, Kan. (Kan. Dep’t of Ag., Div. of Water Res. May 31, 1984), Ex. 92.  
125 Id. 
126 Dep’t of the Army Permit (Mar. 26, 1990), and accompanying documents, at PDF pp. 3–10 
(permit); PDF p. 11–12 (letter regarding permit), Ex. 93.  
127 Id. at PDF p. 6. 
128 Burns & McDonnell, Phase II Report, at PDF p. 2 (June 15, 2004), Ex. 94.   
129 Tom Brikowski, Final Report: Sustainable Yield from the Smoky Hill River Wellfield, 
Schoenchen, KS, at PDF p. 4 (Nov. 15, 2002), Ex. 95. 
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Dr. Brikowski concluded that the wellfield has “minimum storage capability to rely on in 
times of limited stream flow.”130 He recommended expanding the wellfield to help “drought 
proof” it. Later, Burns & McDonnell concluded that even if the City adopted Dr. Brikowski’s 
recommendations it would only extend the wellfield’s safe yield to meet Hays’ water needs 
“until about 2011.”131  

In 2003, Burns & McDonnell submitted an evaluation of the options to improve the 
Smoky Hill River wellfield to allow Hays to pump its full water right without significant 
interference with third-party wells and to expand the wellfield’s ability to produce during 
droughts.132 

Burns and McDonnell concluded that Hays should be able to pump its full water right as 
long as there is flow in the River.133 However, during extended dry periods, additional water 
storage is required.134  

Burns & McDonnell agreed that expansion of the wellfield would help the City withstand 
droughts, as noted in Dr. Brikowski’s report. “However this expansion, a move of a relatively 
long distance, presents potential regulatory hurdles. Additionally multiple wells may need to be 
relocated to capture the water available in storage.”135 Moreover, “[e]ven if new [water] rights 
were available, they would be subject to minimum desirable streamflow restrictions,” which 
“would potentially result in a new well/water right being unavailable during critical drought 
periods.”136  

Burns & McDonnell further cautioned against overpumping the wellfield, noting that 
doing so may result in “accelerated deterioration of the wells, well screens, surrounding gravel 
pack and aquifer materials, and potential water quality deterioration because of aeration of the 
aquifer materials.”137 The report recommended that Hays move forward with further 
investigation and testing of expanding the wellfield.138 The City chose to upgrade the 
wellfield,139 

In June 2004, Burns & McDonnell issued its follow-up “Phase II Report” for the Smoky 
Hill River wellfield expansion project.140 Phase II included field investigations to identify new 
well sites and “form an opinion of the probable cost of the wellfield improvements.”141 The 

                                                 
130 Id. 
131 Burns & McDonnell, Status Report on Wilson Lake and Kanopolis Water Supply Evaluation, 
at PDF p. 1 (Feb. 14, 2003), Ex. 96. 
132 Burns & McDonnell, Summary Report, (June 3, 2003), Ex. 97.   
133 Id. at PDF p. 1.   
134 Id. 
135 Id. at PDF p. 2. 
136 Burns & McDonnell, Interim Report, at PDF p. 15 (Apr. 1, 2003), Ex. 97.   
137 Id. at PDF p. 19.   
138 Burns & McDonnell, Summary Report, at PDF p. 3 (June 3, 2003), Ex. 97.   
139 Burns & McDonnell, Phase II Report, at PDF p. 3 (June 15, 2004), Ex. 94.   
140 Id.   
141 Id. at PDF p. 1. 
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report presented several options including installation of new wells in different locations without 
requesting additional water rights.142  

The Report recommended relocating five existing wells and redrilling one well that was 
in poor condition.143 In addition, the City requested additional work for a “capital improvement 
package,” replacing the “east chlorination facility and equipment, evaluation and replacement or 
modification of raw water transmission lines within the existing wellfield and upgrades to the 
[monitoring and reporting] system.”144 The wellfield modifications would increase the average 
well spacing, which would reduce potential drawdown interference.145  

On October 7, 2004, Hays proceeded with the recommended plan that began with a series 
of applications to change the points of diversion for the wells in the Smoky Hill Wellfield.146 In 
response to concerns expressed by “other water users,” DWR required Hays to perform further 
“hydrologic analyses in order to determine the potential impacts to other water users, evaluate 
impacts to water levels, and estimate the amount of stream depletions in the vicinity of the 
wellfield.”147 In response, Burns & McDonnell submitted a report concluding that the City’s 
proposed wellfield enhancement would not impact the Smoky Hill River.148 

A public hearing was held in May of 2006.149 Then-Chief Engineer, David Pope, who 
presided at the hearing, issued an Order on October 3, 2006, approving the change applications 
in part and imposing terms and conditions.150 The project was completed in 2009. 

Even with the improvements to the Smoky Hill wellfield, Hays is unable to withdraw its 
full allocation of water during periods of low streamflow. There are other challenges as well. 
Russell’s wellfield is downstream from the Hays wellfield and recharge at Pfeifer is largely 
dependent on stream flow in the River. Flow in the Smoky Hill River, including releases from 
Russell’s storage right in Cedar Bluff, must make it past the Hays wellfield to replenish the 
Russell wellfield.  

A recent Bartlett & West, Inc. study concluded that the Smoky Hill River alluvium is not 
a viable source for Russell noting the existence of the IGUCA, minimum desirable streamflow 
requirements, and the need for treatment.151 

Groundwater from the Smoky Hill River alluvium is not an economically or 
technologically feasible alternative source of supply that is available to the Cities. The R9 Ranch 
was selected over this alternative for a number of reasons but mainly because this source is being 

                                                 
142 Id. at PDF p. 2. 
143 Id. at PDF p. 3. 
144 Id. at PDF p. 7. 
145 Id. at PDF p. 8. 
146 Initial Order, at ¶ 1 (Kan. Dep’t of Ag., Div. of Water Res. Oct. 3, 2006), Ex. 98.  
147 Burns & McDonnell, Supplemental Modeling Report, at PDF p. 1 (Sept. 30, 2005), Ex. 99.   
148 Id. at PDF p. 14. 
149 Initial Order, at ¶ 19 (Kan. Dep’t of Ag., Div. of Water Res. Oct. 3, 2006), Ex. 98. 
150 Id. at 34-35. 
151 Bartlett & West, Inc., Water Supply Study for the City of Russell, Kansas, at pp. 23–24 
(December 2014). Ex. 53.  
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utilized at its full capacity and often beyond. It is not a reliable source of additional water for 
either Hays or Russell. In fact, approval of the transfer is likely to increase the health of the 
Smoky Hill River between Cedar Bluff and the Kanopolis Reservoir in Ellsworth County. 

Dakota Aquifer 

The Dakota aquifer underlies most of the Smoky Hill-Saline River Basin, but “there is 
great variability in aquifer yield and quality.”152 In 1987, the need for additional water supplies 
led the City of Hays to begin looking for locations to drill wells in the Dakota formation even 
though it was known that the water was going to be high in chlorides and other minerals. 
Samples were taken at four locations just north of Hays and eight locations to the south.153  

As a result of initial testing, on May 15, 1992, Hays filed six Applications for new water 
appropriation rights for six new wells that would divert up to 860 acre-feet from the Dakota 
formation southwest of town: Files 40,702; 40,703; 40,704; 40,705; 40,706 and 40,707.154  

On July 1, 1992, the Chief Engineer approved all six Applications and issued Permits that 
contained a number of specific limitations.155 The Permits require Hays to install and maintain an 
observation well network to monitor water levels in the aquifer, to collect water level data from 
an observation well network, and to submit a written summary of the data with each annual 
water use report. 

The City commissioned the Kansas Geological Society to perform a safe yield study.156 
The study found that the City’s wells were located in a confined system with little freshwater 
recharge. The study suggested that excessive pumping would deplete the aquifer and/or degrade 
the water quality. Ultimately, the study did not determine a safe yield, but indicated it would be 
significantly less than original projections.157  

As a result of the study and the need to blend the mineralized Dakota water with existing 
water sources, Hays embarked on a pumping program to perfect its Dakota Aquifer water right.  

DWR proposed Certificates of Appropriation at the City’s request. Upon review, the City 
requested that DWR refrain from issuing the draft certificates because not all of the water rights 
have been fully perfected. 

                                                 
152 U.S. Army Corps of Engineers and the Kansas Water Office, Wilson Lake Water Supply Study 
Draft Environmental Report, at PDF p. 22 (Aug. 2010), Ex. 100.  
153 Dakota Water Supply Analysis, Ex. 101; Test Hole Drilling Report, (Sept., 16, 1987), Ex. 
102; Test Hole Drilling Report, (Mar. 4, 1988), Ex. 103.  
154 Applications for Files 40,702; 40,703; 40,704; 40,705; 40,706 and 40,707, Exs. 104–109. 
155 Exs. 110–115. 
156 Kansas Geological Survey, An Evaluation of the Long-term Effect of Water Resources 
Development on the Dakota Aquifer in the Vicinity of the Hays Well Field, Ex. 116. See also 
Letter from Bucher, Willis & Ratliff to Laverne Squier regarding recharge concerns for wells in 
the Dakota wellfield and corresponding Black & Veatch memorandum (July 21, 1992), Ex. 117.  
157 Kansas Geological Survey, An Evaluation of the Long-term Effect of Water Resources 
Development on the Dakota Aquifer in the Vicinity of the Hays Well Field, Vol. 1: 
Hydrogeologic Setting, Ex. 118; Vol. 2: Numerical Modeling, Ex. 119.  
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Water use from this source has not been significant. The following table summarizes the 
water withdrawn from the six Dakota wells. Some instances of “0.00” are the result of rounding 
small quantities.  

File No. 40,702 40,703 40,704 40,705 40,706 40,707 Total Annual 
Use 

Year AF Used AF Used AF Used AF Used AF Used AF Used 

1992 0.00 0.00 0.00 0.00 2.91 3.04 5.95 

1993 19.64 17.37 16.10 19.39 17.75 17.44 107.69 

1994 13.90 0.00 18.86 17.70 16.16 0.69 67.31 

1995 12.66 11.31 11.14 14.63 14.62 15.38 79.74 

1996 12.12 15.35 13.37 16.99 13.54 16.20 87.57 

1997 10.33 7.24 5.86 7.44 10.53 7.78 49.18 

1998 12.43 13.19 13.69 12.13 12.13 10.92 74.49 

1999 13.87 5.48 13.90 17.77 11.34 15.46 77.82 

2000 11.08 13.21 13.34 15.31 14.05 12.56 79.55 

2001 75.00 7.57 8.84 8.77 6.59 8.80 115.57 

2002 119.59 0.00 0.00 0.61 0.00 0.00 120.20 

2003 0.00 0.00 0.00 0.01 117.57 0.03 117.61 

2004 0.18 0.02 0.01 95.87 0.01 0.01 96.10 

2005 15.11 32.74 12.24 13.94 20.30 11.04 105.37 

2006 0.95 0.00 128.68 1.14 2.07 0.01 132.85 

2007 0.00 0.00 0.00 0.00 0.00 14.58 14.58 

2008 21.97 0.00 0.00 0.00 54.83 0.00 76.80 

2009 11.98 0.00 0.00 0.12 102.54 1.41 116.05 

2010 0.00 0.00 0.00 0.00 0.00 78.23 78.23 

2011 37.20 65.35 0.00 0.01 0.04 6.24 108.84 

2012 0.00 31.15 0.00 0.01 0.00 0.00 31.16 

2013 0.00 0.74 0.00 0.01 0.00 150.80 151.55 

2014 0.01 0.00 0.00 125.01 0.59 0.89 126.50 

Average Annual Use 16.87 9.60 11.13 15.95 18.16 16.15 87.86 

Additional water from the Dakota formation is not an economically or technologically 
feasible alternative source of supply available to the Cities for a number of reasons, including:  

 It is a non-renewable source;  

 It has significant water quality issues that would require extensive treatment; and 

 Well spacing requirements for a new long-term supply would require numerous 
small-quantity wells spread across a vast area. 
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South Russell Project 

The South Russell Project was developed by the Cities working through the PWWSD 
#15 staff in the late 1990s. It was initially thought that there was significant potential for a 
wellfield in Eastern Russell County, along the Smoky Hill River alluvium. Several contractors 
and engineering firms have investigated this option. The initial thought was that the area could 
produce in excess of 7,000 acre-feet of water annually.158 Early studies estimated that the plan 
would cost around $20.8 million in year-2000 dollars.159 

This option was also viewed as a stepping stone to Kanopolis. When it became clear that 
Kanopolis was not a viable option, the South Russell project became less attractive as well. 

In 2001, PWWSD #15 hired Ground Water Associates to review the initial plans. That 
review concluded that the yield was not as high as originally thought and questioned the ability 
of the area to provide water during a drought because the alluvium would be subject to the same 
drought factors as Hays’ and Russell’s current wellfields.160  

Ground Water Associates concluded that the project could add another 1,000 acre-feet of 
supply, but noted that water from the project will have to be treated or blended to produce a 
potable supply and that the project would not provide “a drought proof supply since both the 
vertical and horizontal wells will be subject to the minimum desirable streamflow 
requirements.161 Put simply, during droughts, when the Cities’ water needs were greatest, the 
South Russell Project could not be relied on to provide a significant quantity.  

A 2001 report from the Kansas Geological survey supported this conclusion, noting that 
the bulk of the water would come from the Smoky Hill River, that the discharge from that source 
“varies substantially” in the area of the planned wellfield, and that the flow of the river would be 
insufficient to meet previously projected production values during dry periods.162 This was a 
critical finding because the Smoky Hill River is subject to minimum desirable streamflow 
requirements,163 and the water rights from the proposed project would be junior to other earlier 
rights on the River.164  

                                                 
158 Ground Water Associates, Inc., Report on South Russell Water Project, at PDF p. 1 (Sept. 24, 
2001) (noting that the South Russell would have an initial production capacity of about 2 million 
gallons per day that would eventually expand to 7 million gallons per day, i.e., about 7,800 acre-
feet per year), Ex. 120. 
159 Water Supply Contract between Hays and PWWSD #15, at PDF p. 3 (Nov. 1, 2000), Ex. 121 
(Nov. 1, 2000). 
160 Ground Water Associates, Inc., Report on South Russell Water Project, at PDF pp. 1–3 (Sept. 
24, 2001). 
161 Id. at PDF p. 1. 
162 Letter from Donald Whittemore of the Kansas Geological Survey to David Traster (Aug. 3, 
2001), Ex. 122. 
163 K.S.A. 82a-703c. 
164 Letter from Donald Whittemore of the Kansas Geological Survey to David Traster, at PDF p. 
2 (Aug. 3, 2001), Ex. 122. 
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The Kansas Water Office stated: “It is difficult to justify a project of this scope and cost 
that does not address the drought vulnerability of Hays and Russell.”165 This option was not 
desirable as water would only be readily available when Hays and Russell’s existing sources 
were also viable. The high cost of treatment was also a factor as the water would need to be 
desalinated.166 As the plan progressed, it became clear that the South Russell Project was not a 
viable long-term option.  

In April 2002, Ground Water Associates provided a second report detailing groundwater 
quality issues.167 The report concluded that reverse osmosis treatment would be required for the 
majority of water available from the proposed project, with a smaller quantity that could be 
treated with standard methods to reduce hardness, iron, and manganese.168  

After extensive efforts and considerable expense to explore and develop the South 
Russell Project, the Cities concluded that, unlike the Ranch, the project did not offer a feasible 
long-term solution to their water problems. Poor water quality, limited quantity, high expense, 
and the important fact that the project would not provide a drought-proof source of water 
eliminated this alternative.  

Wilson Lake 

Wilson Lake was constructed in 1964 and is managed by the U.S. Army Corps of 
Engineers (“USACE”) for flood control, irrigation, navigation, recreation, fish and wildlife, and 
water quality purposes. “Wilson Lake has long been considered a potential water supply source 
[for the Cities], especially for Russell[,] because of its relatively close proximity compared to 
other reservoir sources.”169 However, there are at least three major problems with Wilson Lake: 
(1) water quality and (2) the cost to acquire storage from the USACE and (3) the fact that Wilson 
is not authorized for municipal and industrial storage.  

In order to utilize water from Wilson Lake, the USACE will need to complete a 
reallocation study. That effort was started several years ago but was never completed and there 
are no indications that it will be completed. To go forward, the study will have to be completed, 
and it will have to conclude that 30,000 acre-feet of storage can and should be reallocated to 
municipal industrial use. That storage will then have to be reallocated by Congress, which is 
likely to face opposition on several fronts. If finally reallocated, the Cities will have to purchase 
that storage from the Corps, which could be problematic because of cost and competition from 
other prospective purchasers.  

                                                 
165 Letter from Al LeDoux, Director of the Kansas Water Office, to Dave Traster (Aug. 6, 2001), 
Ex. 123. 
166 Letter from Donald Whittemore of the Kansas Geological Survey to David Traster (Aug. 3, 
2001), Ex. 122. 
167 Ground Water Associates, Ground Water Investigation (Apr. 30, 2002), Ex. 124.  
168 Id. at PDF p. 2. 
169 Bartlett and West, Water Supply Alternative Review, at PDF p. 13 (May 2003) Ex. 125.  
169 Id.  
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Federal law requires municipalities to pay for water supplies. Congress has established a 
national policy, making states and local interests responsible for developing municipal water 
supplies.170 

The USACE has the authority to reallocate storage in existing storage space to M&I use. 
Between 1958 and 1979, the price for reallocated storage was based on the original cost of 
construction of the federal reservoir.171 In 1979, the Corps began charging municipalities the 
highest of (1) the benefits or revenues foregone, (2) replacement cost, or (3) the “updated cost of 
storage.”172 The “updated cost of storage” is an attempt to “duplicate the cost of the project, as 
originally constructed, at today’s prices.”173 Purchasers must also pay construction and 
operational costs associated with reallocation, including costs to revise the “water control plan” 
and environmental mitigation costs.174  

In 1967, Wilson and Company prepared a Report for the City of Russell analyzing a 
number of alternative sources, including water from the Saline River Valley.175 Water quality is a 
major issue. Because the Saline River has cut down into the Dakota formation, there are 
significant water quality issues in both surface and groundwater.176 The opening paragraph of the 
section discussing the Saline River states: 

The water being stored in Wilson Reservoir is of rather poor quality at the present 
time because it contains excessive amounts of chlorides. The concentrations vary 
over the reservoir area but all appear to be too high to merit consideration of the 
source for a municipal water supply.177 

In spite of known quality issues, on August 22, 1991, Hays and Russell filed an 
application for a water appropriation right to divert up to 8,000 acre-feet of water annually from 
Wilson Lake for municipal purposes.178 The application remains viable until at least December 
31, 2016.179  

In 1993, Black & Veatch prepared a brief report regarding the development of a water 
supply from Wilson Lake that would serve both communities.180 The report states that treatment 
to remove high levels of minerals would be required, discusses options for disposal of brine from 

                                                 
170 43 U.S.C. 390b(a). 
171 U.S. Army Corps of Engineers Water Supply Handbook, Dec. 1988, at p. 4-4. 
http://www.iwr.usace.army.mil/Portals/70/docs/iwrreports/96ps4.pdf. 
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175 Wilson and Company, Water Supply Study for the City of Russell (Mar. 1967), Ex. 126. 
176 Id. at PDF p. 13. 
177 Id. at PDF p. 61. 
178 Ex. 127.  
179 See Letter from Lane Letourneau to David Traster (Feb. 21, 2012), Ex. 128. 
180 Black and Veatch, Memorandum regarding Wilson Lake (Aug. 26, 1993), Ex. 129.  
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the treatment process, and summarizes the needed infrastructure. It does not address the cost to 
purchase storage from the USACE.181  

In 1997, USACE studied the feasibility of reallocating 30,000 acre-feet of storage space 
in Wilson Lake to municipal and industrial use.182  

Based on a Wilson Lake 2 percent net yield of 80 c.f.s. as confirmed in the yield 
study and a Wilson reservoir simulation model developed for this report, we 
determined that approximately 30,000 acre feet of storage would be required to 
provide the cities of Hays and Russell 8,000 acre-feet per year at the pipeline.183 

The study compared the costs to acquire storage in Wilson Lake plus infrastructure and 
treatment of 8,000 acre-feet of Wilson Lake water with the cost of piping 5,500 acre-feet of 
water from the Ranch plus 2,500 acre-feet from Kanopolis Lake.184 The 1997 comparison 
indicated that Wilson Lake was less costly. At that time, the “updated cost of storage” was 
estimated to be $4.75 million but the actual updated cost of storage would be determined during 
the fiscal year that a contract is actually approved.185 Based on an ENR Construction Cost Index 
of 5,825 in 1997 and 10,092 in 2015, the cost to acquire storage in Wilson Lake would be almost 
$8.25 million.   

In 2002, the Cities, acting through PWWSD #15, requested proposals for an evaluation of 
Lake Wilson and Kanopolis Reservoir as public water supply sources, ultimately selecting Burns 
& McDonnell to perform the study.186 That firm’s 40-page report evaluated three potential water 
sources for the Cities: Kanopolis Reservoir, Wilson Lake, and a new wellfield south of Russell 
running east for approximately 20 miles.187  

The study concluded that the new wellfield should not be pursued because the Cities do 
not own the water rights and may be unable to obtain them, and no safe yield information 
regarding this “potential water source” was available to evaluate it.188  

The study estimated costs to develop Wilson Lake ($84 million) and Kanopolis ($75 
million) in 2002 dollars; however, the report did not include a price for acquiring the water rights 
from Kanopolis because the Cities would be required to purchase water from the Kansas Water 
Office under its water marketing program. The study concluded that both Wilson and Kanopolis 
would make acceptable water supply alternatives.189 
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However, it eventually became clear that Wilson Lake was not a feasible long-term water 
supply for the Cities for several reasons. As stated in a 2003 “Water Supply Alternative Review” 
by Bartlett and West: 

The biggest technical limiting factor for tapping [Wilson Lake] has been the raw 
water quality. Relative to other reservoirs, the water within Wilson Lake is much 
more mineralized, particularly regarding natural occurring salts that enter the 
impoundment. Dissolved monovalent salts are not typically removed in 
conventional treatment processes. Therefore, in order to use the water for 
municipal use, the water must in effect be treated twice, once as a surface water 
supply and secondly through a desalinization process, nor most commonly 
Reverse Osmosis (RO). A byproduct of the RO process is a concentrated bring 
that under [2003] KDHE policies requires disposal into a Class I injection well.190 

A 2003 report by the Kansas Water Office and USACE outlined potential water supplies 
for the Eastern Smoky Hill-Saline Basin, which included the Cities of Hays and Russell. Wilson 
Lake was eliminated as a potential water source “due to water quality issues (i.e., high salinity 
requires desalination of water and disposal of brine, both increase cost).”191 

Wilson Lake was also much more expensive than the Ranch because of its poor water 
quality and the cost to acquire storage. In a 2005 design report, Burns & McDonnell estimated 
that the costs to treat and deliver Wilson Lake water would be about $94 million in 2005 
dollars.192 

All things being equal, infrastructure costs for the Wilson Lake option are roughly equal 
to the Ranch costs. But all things are not equal. The Cities already own the water rights on the 
Ranch but would have to purchase storage in Wilson Lake at an estimated $8.2 million in 2015 
dollars in additional cost. That can only happen if Congress reallocates the storage in the Lake. 
And the operation and maintenance costs for a reverse osmosis plant and a deep brine disposal 
well make the cost disparity even larger. In the end, the uncertainty, high cost, and extremely 
poor water quality have eliminated Wilson as a viable long-term water supply alternative for the 
Cities. 

Ogallala Aquifer 

According to a 2010 study by the U.S. Army Corps of Engineers, the Ogallala aquifer 
accounts for approximately 134,000 square miles of the High Plains aquifer and is the dominant 
source of water in western Kansas. Groundwater Management Districts are involved in the 
management of most of this aquifer.  

The Smoky Hill-Saline River Basin overlaps portions of the aquifer managed by GMD1 
(western Kansas) and GMD4 (northwestern Kansas). The aquifer is severely depleted within 

                                                 
190 Bartlett and West, Water Supply Alternative Review, at PDF p. 13 (May 2003) Ex. 125. 
191 Kansas Water Office for U.S. Army Corps of Engineers, Planning Assistance to States 
Program Eastern Smoky Hill-Saline Basin Public Water Supply System, PDF p. 10 (Sept. 2003), 
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GMD1, which has been closed to all new water appropriations.193 Small groundwater 
appropriations may be obtained in some locations in GMD4, but such appropriations, which are 
under 15 acre-feet per year, do not provide viable long-term water solutions for the Cities.194 

The Cities’ independent investigation of the Ogallala supports the USACE’s conclusion 
that it is not a viable water supply for the Cities. Saturated thicknesses and recharge are minimal 
and its useable lifetime is already “below minimum threshold” in most of Gove, Trego, and 
Graham Counties—the closest three counties to Hays and Russell that overlay the aquifer.195 

Trego County 

An April 18, 1985 letter from Bob Vincent, then with Layne-Western, to Ken Carter 
suggested that Hays look at the Ogallala formation in northeast Trego County. This suggestion 
was based on a review of published material rather than actual field work.196 

Following up on this suggestion, in January 1987, Black & Veatch and Clarke Well & 
Equip drilled six test wells in the northern portion of Township 12S Range 21W, northwest of 
Ellis near the Trego-Ellis County line. The wells were approximately 22 miles from Hays. Two 
of the wells had saturated thicknesses of 34 feet and an estimated potential yield of 250 gpm. The 
report concluded a dependable source of water might be available in this area.197 

Consistent with the 1987 testing, a September 1989 report included a potential option for 
two 250 gpm wells, 25 miles of 16-inch pipeline, and a 1,000 gpm pump station at an initial cost 
of $11,000,000 or about $14,000 per acre-foot.198 If additional sources could be located in the 
area, the cost per acre-foot would come down as the wellfield expanded.199 This option was not 
pursued for a number of reasons, including the high cost per acre-foot, other sources that would 
reduce the per-acre-foot cost were never located, new water rights would be needed, the Transfer 
Act200 would be triggered, the total quantity was limited, and the aquifer is not recharged.201 

                                                 
193 K.A.R. 5-21-4(a). 
194 See U.S. Army Corps of Engineers and the Kansas Water Office, Wilson Lake Water Supply 
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Graham County 

In August of 1989, Bob Vincent, by then with Ground Water Associates, Inc., wrote to 
Les Lampe, the Director of Water Resources Engineering for Black and Veatch, informing him 
of the availability of about 2,000 acre-feet of irrigation water from the Ogallala formation in 
Graham County.202  

A September 1989 Report ranked this near the bottom of several options studied.203 
While there were water rights available for sale in north-central Graham County, total hardness 
levels were considered borderline and would likely require treatment.204  

The 1989 report estimated costs at $21,000,000 for 70 miles of 20-inch pipe, $600,000 
for 11 new municipal wells, $400,000 for three new booster stations, and approximately 
$4,000,000 for treatment plant expansions for a total cost of $26,000,000.205 The costs to acquire 
water rights and rights-of-way, legal fees, and engineering costs were not included for any of the 
options considered in that study.206 

This option was considered and rejected for the same reasons the Trego County option 
was not pursued.207  

In a May 13, 1997 letter report, Black and Veatch concluded that the option did not 
appear to be cost-effective because of the cost to purchase 5,500 acre-feet of existing water 
rights, coupled with the cost of the infrastructure to bring the water to Hays.208  

Ogallala water is not an economically or technologically feasible alternative source of 
supply that is available to the Cities. The R9 Ranch was selected over this alternative for a 
number of reasons, including the following: 

 Quantities in the Ogallala are limited and not being replenished. 

 Saturated thickness is minimal in areas closest to Hays and Russell. 

 The aquifer’s useable lifetime is already below minimum thresholds. 

 Obtaining water from the Ogallala to the west would require the Cities to acquire 
existing water appropriation rights from irrigators already using this source even 
though the Cities already own water rights in Edwards County. 

 There is no contiguous concentration of senior appropriation rights comparable to 
the R9 Ranch so water rights from multiple owners would have to be acquired.  
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 To obtain a source comparable to the Ranch, the Cities would likely be forced to 
use their condemnation powers making the cost to acquire the necessary water 
rights unpredictable.  

 The distances to significant quantities of Ogallala water approach and in most 
cases exceed the distance to the Ranch. The distances are even greater for Russell 
than for Hays.  

 While there are no recent estimates of infrastructure costs, total costs are not 
likely to be substantially lower than going to the Ranch.  

Kanopolis Reservoir 

 Operated by the U.S. Army Corps of Engineers (“USACE”), Kanopolis Lake was 
completed in 1948 on the Smoky Hill River downstream of Ellsworth and about 75 miles east of 
Hays and 45 miles east of Russell. Kanopolis Reservoir was initially authorized for flood control, 
irrigation, and recreation purposes. Some storage was later allocated to include water supply.209  

In 1997, the Cities asked Black & Veatch to study the feasibility of developing Kanopolis 
Reservoir as a water supply.210 The Black & Veatch report compared the R9 Ranch, Wilson 
Reservoir, Kanopolis Reservoir, and groundwater rights in Graham County as potential water 
sources for the Cities.211 Kanopolis Reservoir was the most distant alternative considered and 
would have required the greatest capital investment.212  

A 2003 report by the Kansas Water Office and the USACE proposed piping raw water 
from Kanopolis Reservoir to a treatment plant operated by Hays, Russell, or a public wholesale 
water supply district, as well as other potential alternatives for providing water to the Eastern 
Smoky Hill and Saline basins.213 This proposed solution was a regional system, dependent upon 
numerous potential participants intended to achieve the “operational economies of scale over 
multiple small systems.”214 The report listed 34 cities and 22 rural watershed districts as potential 
participants.215 It recommended that potential participants form a regional public wholesale water 
supply district and limit the water-supply contracts to “20-year increments.”216 The report 
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acknowledged the significant capital investment that would be required of Hays and Russell to 
pipe water up from Kanopolis. Under the plan, the Cities would need new transmission lines for 
both raw and treated water and additional treatment plants.  

At the outset of the study, the Kansas Water Office made it clear that it would “NOT be 
responsible for pipeline and treatment construction or costs.”217 Moreover, it noted that 
Kanopolis Lake is not drought proof and that its reliability has worsened because of storage loss 
from sedimentation and reduced inflow from the Smoky Hill River since 1950.218  

More recent droughts brought added attention to the lake’s water supply issues, as noted 
by the Kansas Water office and the USACE: 

Specifically of concern are the water releases and lake levels during times of little 
or no inflow, such as in 2006, and the needs of downstream water users. This 
concern is reinforced by data on water appropriations and water uses. In the 101 
miles of river below Kanopolis Dam to the New Cambria gage, which is located 
east of the confluence of the Smoky Hill and Saline rivers, there are nearly 300 
water rights for an authorized quantity totaling 41,123 acre-feet per year (38.5 
MGD) from surface and alluvial groundwater sources. The larger portions of this 
quantity are appropriations for irrigation, and municipal and industrial use, 
including the city of Salina.219 

In 2005, Hays asked Ranson Financial and Burns & McDonnell to evaluate the possible 
acquisition of Post Rock Rural Water District.220 Post Rock has experienced financial difficulties 
and was not making payments on its USDA loans. The report noted that Post Rock has 
easements and infrastructure in Ellis and Russell Counties, including around Wilson and 
Kanopolis Lakes. However, its treatment facility was under an abatement order from KDHE, and 
Post Rock was experiencing a 35% water loss in its distribution system. “[S]ignificant 
distribution system improvements would be required.”221  

While Post Rock’s existing “pipeline easements could be used for a Kanopolis to Hays 
pipeline[,] . . . the easements may not be in the most favorable alignment and thus may increase 
pipeline cost, so they offer little value.”222 Moreover, “a significant capital investment will be 
required in order to achieve compliance with KDHE regulations.”223  
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The report concludes that it would not be in Hays’ best interest to acquire Post Rock, 
even if the USDA loans were forgiven.224  

Big Creek Water Banking 

In the late 1980s–early 1990s, Black & Veatch developed a plan to use treated effluent 
from the Hays wastewater treatment plant as part of a recharge and withdrawal program in the 
Big Creek alluvial aquifer.225 A portion of the wastewater would be used to irrigate golf courses, 
parks, and ballfields with the remaining effluent used to recharge the Big Creek aquifer.226 The 
plan involved several miles of 10–16 inch pipe through which effluent would travel before 
discharging into Big Creek.227 Effluent would also be discharged to a new “recharge basin.”228 
Water would be stored in the alluvium for later withdrawal by new wells that would also induce 
recharge.229 “The City’s initiatives . . . yielded the State’s first formal consideration of the 
concept of Water Banking.”230  

In May 1991, the City presented its operation plan for the water-banking project to 
DWR,231 and in 2006, the City retained Bartlett & West to revisit the plan.232  

The 2006 report expressed several concerns. DWR and KDHE were at odds about how to 
monitor and measure the quantity and quality of water that would be diverted for reuse. DWR 
preferred recharge basins that would provide more “calculable accounting”; KDHE preferred 
discharging the effluent into Big Creek because of “water quality concerns.”233 “This difference 
in institutional preference was not resolved.”234  

Due to a relatively small net quantity of water235 (approximately 500 acre-feet236); poor 
aquifer recharge;237 water quality concerns including for example the existence of “Emerging 
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Pollutants of Concern” like pharmaceuticals, personal care products, and endocrine disruptors;238 
and more economical alternatives,239 the City abandoned the water-banking plan. As noted by 
Midwest Contractor, “[t]he plan will only bring Hays enough water to match levels the city was 
deriving [in 1981]. And as with any progressive City, Hays is looking to grow.”240 

However, beginning in the early 1990’s, Hays began using treated effluent from its 
municipal sewage treatment plant for irrigation of recreational areas. As of 2015, Hays irrigates 
145 acres with treated effluent, which averages 20% of the total effluent produced on an annual 
basis. 

Saline River 

 In 1967, Wilson and Company prepared a Report for the City of Russell analyzing a 
number of alternative sources, including water from the Saline River Valley.241 Water quality is a 
major issue. The Saline River cuts down into the Dakota formation causing water quality issues 
in both surface and groundwater.242 The report’s opening paragraph of the section discussing the 
Saline River states: 

Very little precise data are available regarding groundwater in the alluvial 
deposits of the Saline River, but enough is known in a general form to guide a 
judgment as to the potential supply value of the valley’s aquifers. The wells in the 
river alluvium that have been tested indicate a satisfactory quality of water 
available at some locations. However, the existing wells are low production, 
shallow wells used only for domestic or stock use on farms, and their operation 
does not appreciably affect the normal groundwater migration toward the river 
channel. The sustained large draft that would be necessary for a municipal supply 
would almost certainly draw the brackish river water into the aquifer, even if an 
aquifer could be located that would supply the required demand. Considerations 
of the quantity and quality of groundwater supplies likely to be found in the 
Saline River Valley do not indicate that a feasible municipal supply could be 
developed.243 

In 1974, Hays asked Layne-Western Co., Inc. to provide a hydrology report on the Saline 
River Valley area north of Hays for potential additional water supplies.244 Layne-Western did not 
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find sufficient water quantities of acceptable quality to meet the Cities’ needs and concluded that 
“even the best quality test location will deteriorate from the infiltration of water from the Saline 
River” as the aquifer recharges from that source.245 The report concluded that “[d]ue to the 
excessive distance to this valley area from the City of Hays, it does not appear to warrant 
additional groundwater investigation at this point in time.”246 

Additional water quality testing was conducted in the mid-1980s.247 And it appears that 
some consideration may have been given to obtaining water from the Saline River or its alluvium 
as late as 2001 because Scott Ross, the DWR Water Commissioner at Stockton Field Office, 
faxed a list of water rights to Lavern Squire, Manager of PWWSD #15.248 

A recent Bartlett & West, Inc. report recommended further study of this source as an 
alternative for Russell. The report indicates that Russell could obtain an additional 1,075 acre-
feet of water from new water rights in the Saline River alluvium and the Salt Creek alluvium at a 
projected cost of $7.6 million, or just over $7,000 per acre-foot.249 The report states that “water 
quality shouldn’t be a significant issue for the City of Russell because the newly constructed 
EDR WTP has the technology to treat the water from this aquifer.”250 

In addition to the quality issues, all evidence indicates that there is insufficient quantity 
from this source to meet the Cities’ long-term water needs. DWR’s July 1, 1993, administrative 
policy limits new appropriation rights from the Saline River and its alluvium to 50% of the 
“percent of calculated recharge available” for appropriation.251 DWR increased the limitation to 
75% when it adopted this policy as a regulation in 1994.252  

Groundwater from the Saline River alluvium is not an economically or technologically 
feasible alternative source of supply that is available to the Cities. The R9 Ranch was selected 
over this alternative for a number of reasons but mainly because of significant concerns with 
water quality, insufficient water quantity, and the need for immediate treatment.  

 This source may provide Russell with an alternative but does not address critical 
needs in Hays. Moreover, the Bartlett & West study is preliminary and does not 
address limitations on new water rights that could affect the viability of this 
project. 

 There is no contiguous concentration of senior appropriation rights comparable to 
the R9 Ranch in the Saline River alluvium; water rights from multiple owners 
would have to be acquired.  
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 Obtaining water from this source would require the Cities to acquire existing 
water appropriation rights from irrigators already using this source even though 
the Cities already own water rights in Edwards County. 

 To obtain a source comparable to the Ranch, the Cities would likely be forced to 
use their condemnation powers, making the cost to acquire the necessary water 
rights unpredictable.  

 New water rights would be subject to minimum desirable streamflow 
requirements and could affect baseflow into Wilson Lake. 

 The operation of K.A.R. 5-3-11 would require the acquisition of additional 
quantities of water beyond “safe yield.”  

 Acquiring all of the existing irrigation water rights in the Saline River alluvium in 
Ellis and Russell counties would, at most, yield only approximately 1,400 acre-
feet of water after conversion to Municipal use. The cost of a gathering system, 
treatment, and conveyance to Hays and Russell would be cost prohibitive.  

 Acquiring all of the existing irrigation rights would require in excess of 50 miles 
of collection piping and 15 to 20 miles of raw water transmission in an area with 
mostly bedrock and as many as 20 well houses because of the one-half mile 
limitation on moving points of diversion. 

 Much like the Cities’ water rights in the Smoky Hill River and its alluvium, water 
rights in the Saline River alluvium are vulnerable to drought. 

Cedar Bluff Reservoir 

The headwaters of the Smoky Hill River are located in eastern Colorado.253 The drainage 
basin above the Cedar Bluff Reservoir covers 5,530 square miles.254  

Construction of the Cedar Bluff Reservoir in Trego County was completed in 1951.255 It 
is operated by the U.S. Bureau of Reclamation.256 It was originally authorized for irrigation, 
flood control, and water supply, with incidental benefits for recreation, fish and wildlife, and 
water quality.257 In 1992, Congress reformulated the project as an operating pool for fish, 
wildlife, and recreation, eliminating irrigation.258 The elevation of the top of the conservation 
pool is 2,144.0 above mean sea level but the surface is often below that elevation because of 
reduced inflow.259  
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The construction of the reservoir cut off the flow of water from the west into Ellis and 
Russell Counties impairing water rights held by both Cities in the Smoky Hill River alluvium. 
Numerous proposals and studies about Cedar Bluff serving as a potential water supply for the 
Cities were undertaken over the years, but none of them have resulted in viable projects.  

Both Hays and Russell have wellfields in the Smoky Hill River alluvium that depend 
almost entirely on river flow for recharge. The alluvium is very narrow and has limited saturated 
thickness creating a storage vessel that can hold a limited quantity of water. Without significant 
recharge from the River, the water supply is insufficient to meet the Cities’ current needs.  

Under normal conditions, sustainable yield has been estimated to be roughly 2,000 acre-
feet per year from the Hays wellfield. The recent and unprecedented drought that began in late 
2010 illustrates the vulnerability that extended periods without river flow can have on the 
aquifer. The aquifer was nearly full going into the drought. Withdrawals of approximately 1,000 
acre-feet per year quickly caused declines that triggered water watch conditions in Hays in as 
few as 12 months.  

A 1984 report prepared by the U.S. Department of Interior titled, Cedar Bluff Reservoir 
Water Supply & Operations Study, assessed inflow to the reservoir to determine what water was 
available for irrigation and other uses.260 The study found that inflow was significantly less than 
when the reservoir was constructed and concluded that Cedar Bluff should no longer be used for 
irrigation.  

A 2003 report by the Kansas Water Office and the U.S. Army Corps of Engineers 
outlined potential water supplies for the Eastern Smoky Hill-Saline Basin, which includes Hays 
and Russell.261 Cedar Bluff was eliminated as a potential water source because of its dismal 
“historical record.” “A 1999 yield analysis indicated a very low yield.”262  

In a January 2003 letter to “concerned citizens,” the Kansas Water Office confirmed that 
it had  

completed an analysis that indicates that Cedar Bluff Lake is not a viable option 
for a sustainable, significant, long-term public water supply. This analysis and 
public discussion in 1999 led the Kansas legislature to pass a proviso that 
prohibits the use of Cedar Bluff Lake for public water supply. The Kansas Water 
Office has no intention of violating this legislative direction by selling public 
water supply from Cedar Bluff Lake.263 
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That Cedar Bluff is not a reliable long-term water supply for the Cities is further 
supported by the fact that DWR has established two IGUCAs along the Smoky Hill River, one 
downstream from the Cedar Bluff Reservoir264 and a second upstream from the Reservoir.265  

And as noted in a 2010 Draft Environmental Report by the U.S. Army Corps of 
Engineers and the Kansas Water Office: 

Results of an analysis by [the Kansas Water Office] to determine the water supply 
yield that can be expected during a two percent chance drought . . . indicated 
Cedar Bluff is not suitable for storage of water under the Water Marketing 
Program . . . . In addition, all of the streams and alluvial corridors in the Basin are 
closed or restricted for new water appropriations.266 

The nonviability of Cedar Bluff as a long-term municipal water source is further 
demonstrated by problems with the use of Russell’s storage right in Cedar Bluff Reservoir, DWR 
File 7,628. Russell relies on the Smoky Hill River to deliver this water to Pfeiffer via the 
streambed. Significant losses have generally occurred during requested releases because of 
infiltration, evaporation, and direct pumping by others along the river upstream of the Russell 
wellfield.267 Moreover, releases must make it past the Hays wellfield to reach Pfeiffer. This has 
not been possible during prolonged droughts.  

In an April 28, 2003 letter from the Hays City Attorney, John Bird, to Gov. Sebelius, 
Hays threatened to file an impairment lawsuit against the State if something was not done about 
the impact Cedar Bluff has on the downstream alluvium.268 That letter resulted in an Artificial 
Recharge Pool Operations Agreement,269 which acknowledges the hydraulic connection between 
streamflow in the Smoky Hill River and the adjoining alluvium. The purpose of the agreement is 
to increase artificial recharge for the benefit of all water users in the valley.  

While the Artificial Recharge Pool Operations Agreement has improved management of 
flows in the River during normal conditions, the recent drought has demonstrated that it is 
insufficient to address the Cities’ water needs.  

A recent Bartlett & West, Inc. report reviewed numerous previous studies and concluded 
that Cedar Bluff is not a viable option for additional water for Russell.270 

Cedar Bluff Lake is not an economically or technologically feasible alternative source of 
supply that is available to the Cities. The R9 Ranch was selected over this alternative for all of 
the reasons discussed above. 
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Cedar Bluff Cattle Feeders Water Rights271 

In 2008, Burns & McDonnell evaluated water rights owned by Cedar Bluff Cattle 
Feeders (CBCF), which had expressed an interest in selling land and facilities, including 904 
acre-feet of water rights.272 In 2005, the Kansas Department of Agriculture, DWR, KWO, and 
the City of Hays jointly agreed, in a memorandum of understanding, to evaluate potential 
purchase and retirement of water rights with the goal of reducing water use impacts in the Smoky 
Hill IGUCA.273 By purchasing the CBCF water rights, the Cities hoped to lessen the impact that 
evapotranspiration and upstream water use had on their wellfields.274  

Burns & McDonnell’s report concluded that retiring the CBCF water rights would have a 
“positive yet limited benefit to the City of Hays.”275 Moreover, CBCF’s asking price for the 
property was excessive. A state appraisal valued the property at approximately $1 million and 
the Burns & McDonnell Report valued the water rights alone between $400,000–$468,000, with 
the caveat that these prices were “somewhat inflated . . . considering that a portion of the water 
right is for stock watering and because a high percentage of the property is uncultivated and thus 
not irrigated.”276 The owners were asking $6,000,000.277  

Acquisition of water rights from Cedar Bluff Cattle Feeders is not an economically or 
technologically feasible alternative source of supply that is available to the Cities. The R9 Ranch 
was selected over this alternative because of the high price, small quantity, and limited benefit of 
acquiring these water rights. 

Walnut Creek, Pawnee River, and the Middle Arkansas River 

In a 1967 Report prepared for Russell,278 Wilson and Company discussed the potential 
development of a wellfield in the Arkansas River Valley approximately five miles northwest of 
Great Bend, Kansas, along Walnut Creek. The report concluded that this source should not be 
pursued unless other options were not feasible.279 

In the late 1980s and early 1990s, Black and Veatch studied the “Big Bend” area of the 
Arkansas River looking for potential wellfield sites for Hays.280 At the time, Hays was looking 
for about 3,000 acre-feet.281 Black and Veatch proposed development of wellfields at three 
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alternate locations: the Walnut Creek basin, the Pawnee River basin, and an area southwest of 
Great Bend, Kansas. That project was slated to cost $27 million.282 

In 1993 and early 1994, the City was contacted by Central Kansas Utilities from Great 
Bend with an offer to sell water to Hays at $2.65 per 1,000 gallons or approximately $864 per 
acre-foot.283 This option was not pursued because the water would be subject to price 
increases.284 

Walnut Creek 

The Walnut Creek alluvium, the productive area closest to Hays, is closed to further 
development. And the Creek discharges into the Cheyenne Bottom Wildlife Refuge, an 
environmentally sensitive area285 and important migratory bird stopover.286  

In 1948 and 1954, the Kansas Fish and Game Commission (now the Kansas Department 
of Wildlife, Parks and Tourism) obtained surface-water appropriation rights from Walnut Creek 
and the Arkansas River.287 Water Right File No. 439, priority date October 18, 1948, was 
certified on September 13, 1990, and permits the diversion of 19,175 acre-feet per year of 
Walnut Creek Surface water at 500 cfs.288  

Water Right File No. 2,427, priority date April 9, 1954, was certified on August 15, 2000, 
permitting the diversion of up to 18,185 acre-feet per year of surface water from the Arkansas 
River at 80 cfs.289 

In September 1989, the Chief Engineer adopted Administrative Policy No. 89-10, 
entitled, Availability of surface water and groundwater from Walnut Creek, its tributaries and 
their valley alluviums and other hydraulically connected aquifers.290 The Policy stated that 
applications for new permits to appropriate surface water from Walnut Creek or its tributaries or 
groundwater from aquifers that are hydraulically connected to Walnut Creek or its tributaries 
received on or after that date would be accepted for filing and given a file number but would be 
denied because approval would prejudicially and unreasonably affect the public interest or 
impair use under existing water rights.291 

                                                 
282 Id. at PDF p. 8. 
283 Water Group Subcommittee Meeting, Minutes, at PDF p. 7 (Nov. 1, 1993), Ex. 165.  
284 Id. 
285 Black & Veatch, Memorandum, Development of Big Bend Supply, at PDF p. 1 (Jan. 3, 1990), 
Ex. 164.  
286 John C. Peck, Property Rights in Groundwater—Some Lessons from the Kansas Experience, 
12 KAN. J. L. & PUB. POL’Y 493, 499 (2003). 
287 Id. 
288 Id. at endnote 51. 
289 Id. 
290 Ex. 166.  
291 Id. 



76 
 

As of May 6, 1991, 504 water rights, including 82 vested rights, permitted the diversion 
of up to 71,724.64 acre-feet of surface and groundwater each year from the Walnut Creek 
basin.292  

DWR’s 1989 Report and Policy were precursors to public hearings held in December of 
1990 that resulted in an IGUCA Order issued on January 29, 1992.293 The Walnut Creek IGUCA 
has been amended but remains in place.294  

Pawnee River 

Black and Veatch reported that the next closest area, the Pawnee River alluvium, is also 
closed to new appropriations,295 but that does not appear to have been the case. New permits 
were possible in GMD5 until March 16, 2001, if the ever-changing regulatory criteria could be 
met.296 However, the GMD indicated that new water rights would be difficult to obtain in the 
Pawnee River Basin.297  

Even though the area was not technically closed to new appropriations at the time of the 
Black and Veatch Report, the area was likely over appropriated. And if it was not over 
appropriated then, it is now. On July 8, 1981, the Chief Engineer issued an IGUCA order for the 
Pawnee River Basin from Larned, Kansas, west to the Pawnee County line making the 
requirements for obtaining a new water right more onerous.298 On September 13, 1985, the Chief 
Engineer issued another IGUCA Order further tightening the restrictions.299 

On March 16, 2001, the Chief Engineer closed all of GMD5 to new appropriations.300 
This regulation closed the Pawnee basin in Pawnee County. On October 25, 2002, the Pawnee 
and Buckner drainage basins outside of the GMD were closed to new appropriations of water by 
regulation.301  

On June 18, 2007, the Chief Engineer issued a third Order expanding the IGUCA into 
Hodgeman and Ness Counties to include the Pawnee River, Buckner Creek, and Sawlog Creek 
basins.302 That IGUCA proceeding had been bifurcated with Phase I to focus on whether an 
IGUCA was needed and, if so, Phase II would determine the appropriate controls. The 2007 
Order concluded that controls were needed and ordered that a prehearing conference be held to 
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establish the Phase II process. While Phase II has not begun, and the Chief Engineer who issued 
that Order has retired, the possibility of an IGUCA similar to the Walnut Creek Order remains. 

Middle Arkansas River Basin near Great Bend 

As noted above there have been several proposals to purchase water near Great Bend, 
Kansas. While there are no IGUCAs in place, most of the other reasons apply in this basin with 
equal force.  

The Walnut Creek, Pawnee River, and Middle Arkansas River basins are not 
economically or technologically feasible alternative sources of supply available to the Cities. The 
R9 Ranch was selected over these alternatives for a number of reasons, including: 

 The Walnut Creek IGUCA Order, and its progeny, reduces the quantity of water 
available from valid water rights in a manner that is inconsistent with the prior 
appropriation doctrine and therefore in violation of Kansas law.303 However, the 
time limit for challenging the Order has long since expired. Acquisition of such 
water rights carries an unacceptable level of risk.  

 The open-ended IGUCA Order in the Pawnee Buckner basin places a cloud over 
the water rights in this basin. The Cities do not know whether, how, or when these 
proceedings will resume and the outcome of those proceedings is unpredictable. 

 Even if priority was respected, the Kansas Department of Wildlife, Parks and 
Tourism holds large and very senior water appropriation rights that are supplied 
from all three basins. The Cities would have to acquire vested rights and very 
senior appropriation rights to be assured that sufficient water would be available 
to meet their long-term needs—an unrealistic prospect.  

 The areas are now closed to new appropriations so the Cities would have to 
acquire existing water rights in the basin from irrigators already using these 
sources when the Cities already own water rights in Edwards County.  

 Even if it was reasonable to acquire water rights in these basins, there is no 
contiguous concentration of senior appropriation rights comparable to the R9 
Ranch; water rights from multiple owners would need to be acquired.  

 To obtain a source comparable to the Ranch, the Cities would likely be forced to 
use their condemnation powers making the cost to acquire existing water rights 
unpredictable.  

                                                 
303 K.S.A. 82a-1039 specifically states that nothing in the IGUCA provisions—K.S.A. 82a-1036 
– 82a-1038—”shall be construed as limiting or affecting any duty or power of the chief 
engineer granted pursuant to the Kansas water appropriation act.” (Emphasis added.) No “duty 
or power” is more clearly spelled out in the Kansas water appropriation act than the duty to 
enforce priority of water rights. See, e.g., K.S.A. 82a-706, K.S.A. 82a-706b, K.S.A. 82a-706e, 
K.S.A. 82a-707(b), K.S.A. 82a-707(c), K.S.A. 82a-708b, and K.S.A. 82a-716. 



78 
 

 Taking water from any of these basins could harm Cheyenne Bottoms, which 
would be politically untenable in Hays, Russell, and the surrounding areas.304 

 While there are no recent estimates of infrastructure costs, they are not likely to 
be substantially lower than going to the Ranch. Even if they were lower, there is 
no reason to believe that they would offset the costs to acquire the water rights.  

Waconda Lake 

Waconda Lake, also known as the Glen Elder Reservoir, is a Bureau of Reclamation 
facility located in the Solomon River Basin in Mitchell and Osborne Counties approximately 63 
miles northeast of Hays and 45 miles northeast of Russell. Waconda Lake is a key flood control 
structure in the Kansas River Basin and “provides a high degree of protection to the lower 
Solomon River Valley.”305  

In 1991, Hays filed an application to appropriate 15,000 acre-feet of water from Waconda 
Lake, File 40,406.306 DWR dismissed the application on August 12, 2004.307  

In 2001, the U.S. Army Corps of Engineers performed a high-level feasibility analysis of 
several potential water supply alternatives for the Cities including Waconda Lake.308 It noted a 
significant decrease in inflow to Waconda Lake since the mid-1950s and the significant decrease 
in water supply that Waconda has provided to the Solomon River in the subsequent decades.309 
The Corps concluded that “Waconda Lake water from the Solomon River Basin is considered to 
have limited potential to address the municipal water supply needs of the Smoky Hill River 
Basin.”  

This problem is exacerbated by the highly sought-after status of Waconda Lake water. 
For example, already in 1997, the Kansas Department of Wildlife and Parks pressed to “be at the 
front of the line if water storage becomes available at Waconda Lake. Their purpose: to protect 
recreation interests at the north-central Kansas Lake from other users and a possible lowering of 
water levels.”310  

The Kansas Water Office and the USACE concluded as follows: 

                                                 
304 Obtaining water from any source is generally unpopular with residents in the source area. The 
Cities understand that they would likely encounter opposition from area residents at any new 
source. However, taking water that is needed at Cheyenne Bottoms would likely result in 
opposition from Hays and Russell residents. 
305 U.S. Army Corps of Engineers and the Kansas Water Office, Wilson Lake Water Supply Study 
Draft Environmental Report, at PDF p. 27–28 (Aug. 2010), Ex. 100. 
306 Information from DWR’s WIMAS database (Dec. 12, 2015), Ex. 174.   
307 Id.  
308 U.S. Army Corps of Engineers, Wilson Lake Water Supply Study, at PDF pp. 29–30 (Aug. 
2010), Ex. 100. 
309 Id. at PDF p. 28–29. 
310 Hays Daily News, Glen Elder is Focus of Water Meeting (Nov. 19, 1997), Ex. 175.  
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Since the mid-1950s, the surface water supply in the Solomon River has 
decreased significantly. For example, the 10-year moving average inflow to 
Webster Reservoir has decreased from 81,800 acre-feet in 1955 to 11,700 acre-
feet in 1992 (KWO 2009). Reduced stream flow and runoff into streams in the 
Solomon River Basin have been reflected in lower water levels in Webster 
Reservoir and Kirwin Reservoir. Both of these reservoirs discharge water into 
Waconda. Waconda Reservoir is currently used for municipal water supply (2,000 
acre-feet), and 15,170 acre-feet is currently allocated to the Glen Elder Irrigation 
District (KWO 2009). If access to the water could be obtained through a 
reallocation from irrigation uses, it would then have to be transported long 
distances to a treatment plant in Russell or Hays. In addition, river inflow to the 
reservoir is declining over time. As a result, Waconda Lake water from the 
Solomon River Basin is considered to have limited potential to address the 
municipal water supply needs of the Smoky Hill River Basin.311 

As a practical matter, diverting water to the Cities from Waconda Lake is not 
economically feasible. Because Waconda Lake is a federal body of water, DWR requires a 
contract with the federal government before acting on any application proposing storage or use 
of water from the reservoir.312 Acquisition of storage in Waconda from the Bureau of 
Reclamation would face some of the same obstacles and challenges discussed under the Wilson 
Lake heading above. 

In 1993, the Hays Water Group Subcommittee concluded that Waconda “is a very high 
cost option due to the fact that no intermediate options are available. Thus, to access any of this 
water the entire pipeline must be laid with very little opportunity to add to the City’s water 
supplies in the interim. Phasing this option would be rather difficult.”313 

Even though Waconda was not considered to be a viable source, the application remained 
on file with DWR. In 2002, the PWWSD #15 recommended that the Cities release their 
application for a water appropriation right from Waconda and the Cities concurred.314 

Waconda is not an economically or technologically feasible alternative source of supply 
that is available to the Cities. The R9 Ranch was selected over this alternative for all of the 
reasons discussed above. 

Pikitanoi Water Project 

In the late 1990s, the Kickapoo Tribe of Kansas sought to develop a relationship between 
the Kickapoo Indian Reservation in northeast Kansas and PWWSD #15, among other public 
agencies.315 The Kickapoo tribe proposed an ambitious water-supply plan called the Pikitanoi 

                                                 
311 U.S. Army Corps of Engineers and the Kansas Water Office, Wilson Lake Water Supply Study 
Draft Environmental Report, at PDF p. 28–29 (Aug. 2010), Ex. 100. 
312 Letter from DWR to the Ellis County Coalition (Oct. 17, 1997), Ex. 176.  
313 Hays Water Group Subcommittee Meeting, Minutes, at PDF p. 8 (Nov. 1, 1993), Ex.165.   
314 Letter from PWWSD #15 to the Cities of Hays and Russell (Jan. 31, 2002), Ex. 177.  
315 Memorandum from John Thomas, Chairman of the Kickapoo Tribe in Kansas, to Penny 
Postoak regarding the draft Pikitanoi Rural Water Bill, at PDF p. 1 (Jan. 22, 1999), Ex. 178.   
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Water Project and proposed extending the Pikitanoi “core pipeline from the western boundary of 
the Kickapoo Reservation to western Kansas.”316 It was anticipated that a majority of the project 
would be financed by federal sources.317 This “core pipeline,” was never constructed.  

The plan called for the construction of 304 miles of transmission pipeline to divert water 
from the Missouri River under Tribal reserved water rights318 to serve the Reservation and other 
interested parties.319  

Exploratory discussions were held between PWWSD # 15 and the Kickapoo Tribe 
relating to potentially supplying Ellis and Russell Counties with water. Numerous studies were 
proposed.320 The Kansas Water Office issued a report discussing the project in February 1999, 
which noted that the project would produce 5,086 acre-feet per year, but the KWO’s study did 
not include Hays or Russell, extending only as far east as Riley County.321  

The Kickapoo Tribe asked their congressional delegation to include $500,000 in the U.S. 
Army Corps of Engineers’ FY 2000 budget for a “Pikitanoi Special Study.”322 It appears that 
Congress declined to allocate the requested funds.323  

The project was apparently abandoned. In early 2000, PWWSD #15 advised the Pikitanoi 
Executive Committee that the Cities were withdrawing from the project in favor of “regionalized 
opportunities.”324 In a 2003 letter to the Office of the Governor, the Director of the Kansas Water 
Office noted that the Pikitanoi project was “too expensive.”325 

Southside Ditch Association (1997) 

In 1997, Hays and Russell were contacted by a real estate broker representing a group of 
land owners called the Southside Ditch Association. They owned vested surface-water rights in 

                                                 
316 Memorandum from Mario Gonzalez to Steve Cadue, et al., Alternative Drafts of Proposed 
Pikitanoi Bill for Meeting with State Water Officials at PDF p. 2 (Dec. 4, 1998), Ex. 178.  
317 See Brochure regarding the Pikitanoi Water Project, at PDF p. 47 (noting that “up to 80% of 
the costs for the non-Indian portion could be paid by federal funds”), Ex. 178.  
318 When the United States reserves land for an Indian Reservation, and other uses, it reserves 
enough water to carry out the reservations purpose by implication. Winters v. United States, 207 
U.S. 564 (1908); Arizona v. California, 373 U.S. 546 (1963). Federal reserved water rights are 
distinguished from water reservation rights held by the Kansas Water Office pursuant to K.S.A. 
82a-1303. 
319 Memorandum from Mario Gonzalez to members of the Pikitanoi Executive Committee, at 
PDF pp. 2, 56 (Dec. 4, 1998), Ex. 178.  
320 See, e.g., Memorandum from Mario Gonzalez to Mike Watson regarding Pikitanoi Feasibility 
Study, PDF p. 46 (Jan. 14, 1999), Ex. 178.  
321 Kansas Water Office, The Pikitanoi Report, at PDF pp. 4–5 (Feb. 25, 1999), Ex. 179.  
322 Letter from Fred Thomas, Chairman of the Kickapoo Tribe in Kansas, to numerous 
congresspersons, PDF pp. 131–42 (Aug. 13, 1999), Ex. 178.  
323 Id. at PDF p. 143–44. 
324 Letter from Lavern D. Squier to Jim Cobler, PDF p. 158–59 (Feb. 14, 2000), Ex. 178.   
325 Letter from Clark Duffy to Kathy Greenlee, PDF p. 2 (Feb. 13, 2003), Ex. 180.  
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the Arkansas River west of Lakin, Kansas and were willing to sell 20,000 acre-feet for $2,000.00 
per acre-foot.326 The Cities did not pursue this option because of the high price and the distance. 
It is approximately 120 miles from Lakin to Hays and 166 miles by road. The distance from 
Lakin to Russell is greater.  

Further investigation would have indicated that surface water in the Arkansas River is an 
unreliable source and would be high in chlorides.327 A cursory investigation revealed that water 
from the Arkansas River in Southwest Kansas is neither economically nor technologically 
feasible as an alternative long-term source of supply for the Cities.  

                                                 
326 Letter from Doug Wildin & Associates to Paul Montoia (Mar. 24, 1997), Ex. 181.  
327 Kan. Geological Survey, Ground-Water Recharge in the Upper Arkansas River Corridor in 
Sw. Kan., at 23 (July 2002), Ex. 182. (“The salinity of ground waters in the High Plains aquifer 
has increased substantially during the last half of the 20th Century in the Arkansas River corridor 
as a result of saline recharge derived from the river.”)  
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I. Legal and practical prerequisites to contingent approval of these change 
applications 

Because of the distance from the Ranch and the quantities of water involved, these 
applications can only become effective upon approval of a transfer pursuant to the Kansas Water 
Transfer Act.2 A “complete” transfer application must include copies of the applications to 
change the place of use, the type of use, and the points of diversion that have been approved 
“contingent upon receiving a permit to transfer water.”3  

But this project will require much more than merely changing the characteristics of these 
water rights. Both Cities will invest significant time, resources, and money over several years, 
making vigilant front-end preparation a prerequisite to success. In addition to obtaining 
contingently approved change applications with rates, quantities, and terms acceptable to the 
Cities, numerous additional events must take place before the actual transfer of water from the 
Ranch can begin. These events include, for example: 

 The complete design of required infrastructure, including collection and 
transmission systems; 

 Acquisition of permits and approvals for road, railroad, pipeline, and stream 
crossings; 

 Acquisition of easements and rights-of-way for the transmission pipeline; 

 Securing project financing; and  

 Construction of Phase 1 municipal wells, the collection system, the pipeline, and 
related infrastructure. 

If a DWR order approving these change applications were to become effective 
immediately upon approval of the transfer application, several legal and practical problems 
would arise. Therefore, these and other conditions precedent to the movement of water to Hays 
and Russell must be included as “contingencies” in the Order approving these change 
applications.   

A. Wheatland Elec. Co-op., Inc. v. Polansky  

The irrigation rights on the Ranch are valuable and have even greater value to the Cities 
as municipal water sources. The Cities are committed to transferring water from the Ranch and 
believe that they can do so within the existing regulatory framework, but they cannot begin 
construction of a multi-million dollar project without the appropriate change and transfer orders 
in hand and only when events like those listed above come to fruition. 

                                                 
2 K.S.A. 82a-1501, et seq.  
3 K.A.R. 5-50-7(b)(1)–(3). See also K.A.R. 5-50-2(x)(2)(A)–(C). 
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While the circumstances are very different, the Court of Appeal’s decision in Wheatland 
Elec. Co-op., Inc. v. Polansky4 raises a significant concern for the Cities. In that case, the Court 
affirmed DWR’s decision to reject Wheatland’s attempted withdrawal of its change application 
after the Chief Engineer issued an order that was not to Wheatland’s liking. The Court 
recognized the Chief Engineer’s authority to deny change applications that materially injure 
senior water-right holders and to grant applications on terms, conditions, or with limitations that 
are in the public interest, noting that under the circumstances of that case, “[i]t was not 
unreasonable or arbitrary for the Division not to allow Wheatland to withdraw its change 
application.”5  

Unlike the Cities’ application, Wheatland’s change applications were not contingently 
approved under the Water Transfer Act and were not contingent on any future events. Wheatland 
had already entered into a contract to supply water and treatment services to the City of Garden 
City and constructed its reverse osmosis treatment plant. When Wheatland found DWR’s change 
order unacceptable, withdrawal was both legally and practically problematic.  

While an outright denial of a change application or a new permit does not change the 
status quo, under Wheatland the approval of a change application for less than the requested 
amount, or with terms that are not acceptable to the applicant, has the potential to result in the 
loss of a valuable property interest.  

If an order approving these change applications becomes effective as soon as an order 
approving the transfer is final but Hays determines that it cannot proceed with the project, the 
value of the Ranch would diminish substantially. In that case, the water rights could not be used 
for irrigation and there would be no way to get the water from the Ranch to Hays and Russell for 
municipal use. The water rights would be lost and the value of the Ranch would diminish from 
irrigated cropland to sand hills. That result would be a patently unfair result to the Cities and 
their citizens.   

The Cities respectfully request a written agreement at the outset that any contingent 
approval of these change applications will include a provision allowing the Cities to withdraw 
the changes at any time, including after an order approving the transfer is final.  

II. The Cities’ alternative request for partial changes in the type and place of use 

DWR regulations permit partial changes from irrigation to municipal use.6 Each of the 
Cities’ change applications requests a change of the total quantity available to municipal use. 
However, to the extent that the full amount available for municipal use is not converted,7 the 

                                                 
4 46 Kan. App. 2d 746, 265 P. 3d 1194 (2011), review denied, 2013 Kan. LEXIS 472 (May 20, 2013) (No. 09-
102881-A). 
5 Wheatland, 46 Kan. App. 2d at 753, 265 P.3d at 1201. See also K.S.A. 82a-708b(a), which makes the provisions 
and procedures for considering new applications applicable to change-application proceedings. 
6 K.A.R. 5-5-10. 
7 See, e.g., K.A.R. 5-5-9(a)(6). 
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Cities request that any order approving any of the applications state that any quantity, in whole 
or in part, that is not made available for municipal use is to remain available for irrigation use.8  

If DWR determines that some or all of the water otherwise available for municipal use 
should not be changed, the Cities reserve the right to amend their applications to add new points 
of diversion for irrigation use, to designate revised places for irrigation use,9 and to allocate 
available rate between municipal and irrigation use.10 

III. The necessity for an alternative approach to DWR’s traditional reasonable-quantity 
analysis for municipal use 

This project will provide a long-term supply of water to Hays, Russell, and possibly other 
communities in the region; is expected to have a design life of at least 50 years and to be 
productive for even longer; and financing for the project could require amortization over the 
entire design life of the infrastructure. For any number of reasons, including especially financing 
the project, DWR’s traditional 20-year planning horizon, while workable for most other 
municipal water projects across the state, is not appropriate for the Cities’ water-transfer project. 

The Kansas Water Appropriation Act states that “[a]ppropriation rights in excess of the 
reasonable needs of the appropriators shall not be allowed.”11 And the regulations provide that 
changes in use are limited to the quantity actually consumed in any one year during the 
perfection period and, if necessary, further limited to the reasonable quantity needed for the new 
use.12 DWR’s 20-year planning horizon to establish the “reasonable needs” of municipal users is 
not mandated by DWR regulations. Indeed, DWR13—and Kansas courts14—have long 
recognized that “reasonableness” is fact and situation specific.  

DWR’s 20-year approach is appropriate for most municipal users across the State, 
principally because most users are close to sufficient quantities of water to meet their short, 
medium, and long-term needs.15 For example, most communities in western Kansas overlie the 

                                                 
8 K.A.R. 5-5-10. 
9 K.A.R. 5-5-10(b). 
10 K.A.R. 5-5-10(c). 
11 K.S.A. 82a-707(e). 
12 K.A.R. 5-5-9(a). 
13 While DWR has set quantity limits on various beneficial purposes including irrigation, K.A.R. 5-3-19, 5-3-20, 5-
3-23, and 5-3-24; stockwatering, K.A.R. 5-3-22; and reservoir storage, K.A.R. 5-6-5, the quantities available for 
municipal use remain flexible.   
14 K.S.A. 82a-707(e) prohibits water rights that exceed the appropriator’s “reasonable needs.” The term 
“reasonableness” is not defined by the statute; however, in the context of riparian surface water rights, Kansas courts 
have long held that “reasonable use” requires a factual inquiry, and can only be “determined in the light of total 
supply and total need of all riparian proprietors.” State ex rel. Peterson v. Kan. State Bd. Agric., 158 Kan. 603, 608, 
149 P.2d 604 (1944). The Kansas Supreme Court has also defined “reasonableness,” in a different context, to be that 
which “from the calm sea of level common sense applied to the total situation, is not illegitimate in view of the end 
attained.” Ernest v. Faler, 237 Kan. 125, 131, 697 P.2d 870 (1985) (citing In re Hall, 195 Pac. 975 (Cal. 1920)). 
15 See the Municipal Use Supplemental Sheet found at https://agriculture ks.gov/docs/default-source/dwr-water-
appropriation-forms/1 100 24.pdf?sfvrsn=2 and K.A.R. 5-8-6(b).  
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Ogallala Aquifer, which means that irrigation rights are generally available nearby and can be 
acquired and converted to municipal use.16 

In eastern Kansas, a range of possible options are available, including relatively abundant 
surface water in multiple reservoirs, the acquisition of existing rights, the Water Marketing 
Program, Water Assurance Districts, and PWWSDs.17  

But unlike most other Kansas cities, Hays and Russell must look far afield to find a 
reliable source of water. The Cities have considered numerous alternative water sources, most 
recently Wilson Reservoir and the Smoky Hill River in eastern Russell County. Extensive 
hydrology and engineering studies have shown these alternatives are unworkable or too 
expensive.  

As a practical matter, the Cities cannot afford to build a pipeline from Edwards County if 
it must leave some of the water on the Ranch or risk multiple transfer proceedings. In fact, it is 
unlikely that they can obtain long-term financing for a project for less than the full quantity of 
water available from the Ranch. 

Moreover, the policy bases for the traditional 20-year limit either no longer exist at all or 
have significantly eroded—particularly in Groundwater Management District No. 5. The prior 
appropriation doctrine, adopted in Kansas in 1945,18 has four key tenets. 

 Priority of right—first in time is first in right;19 

 All water may be appropriated, so long as it is used for beneficial purposes;20 

 Water rights in excess of reasonable needs are not allowed;21 and  

 Water that is no longer put to the beneficial use must be relinquished to allow 
reappropriation by others.22  

Two key developments have eroded the impact of these doctrines. First, DWR has closed 
many areas of the State, including the Ranch and surrounding areas, to new appropriations.23  

                                                 
16 See Exhibit A, showing that the Ogallala Aquifer does not extend into either Ellis or Russell Counties. 
http://www kgs ku.edu/Publications/Bulletins/ED10/04 occur html. 
17 See the discussion under the heading “Water use based on access to adequate sources,” infra. 
18 L. 1945, Ch. 390, § 1. 
19 K.S.A. 82a-706, 82a-706b, 82a-706e, 82a-707(b) and (c), 82a-708b, 82a-710, 82a-711, 82a-711a, 82a-715, 82a-
716, and 82a-717a.  
20 K.S.A. 82a-703. 
21 K.S.A. 82a-707(e). 
22 As originally enacted and amended in 1957, K.S.A. 82a-718 permitted termination of water rights for non-use. L. 
1957, Ch. 539, § 23. “Generally, after reverting to the public, the quantity of water forfeited is available to be 
reallocated to satisfy other junior water rights in the hydrological basin in order of priority date.” Michael Toll, 
Comment, Reimagining Western Water Law: Time-Limited Water Right Permits Based on a Comprehensive 
Beneficial Use Doctrine, 82 U. Colo. L. Rev. 595, 626 (Spring 2011) (“The use requirement primarily played a role 
in reclaiming speculative claims from private ownership and returning them to the pool of unowned property, 
making them available for new, bona fide claimants.”). See also David B. Schorr, Appropriation as Agrarianism: 
Distributive Justice in the Creation of Property Rights, 32 Ecology L.Q. 3, 22 (2005).  
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Second, the forfeiture of groundwater rights in closed areas is no longer authorized.24 Because 
the R9 Ranch sits in an area that is closed to new applications, the water rights cannot be lost 
because of non-use and no new water will be made available for use by others if a portion of the 
available water is not converted to municipal use.  

A longer planning horizon in this case is a practical necessity, is consistent with the 
overall purposes of Kansas water law and its underlying policies, and is in line with the Cities’ 
reasonable needs. The Cities request an Order approving the change applications with a quantity 
that will float upwards as needs change and demand increases. These standards must be clear, 
objective, and not subject to the political or discretionary preferences of future Chief Engineers 
or Secretaries of Agriculture. They should be based on actual and projected population changes, 
the reasonable needs of additional users, and other measurable indices. The Cities believe that 
the details of such standards are best developed through a collaborative effort with DWR. 

IV. Project Timing 

The Cities currently plan to construct the water-transfer project in phases. Because the 
north side of the Ranch contains the most productive water rights, the Cities expect to convert 
those rights from irrigation to municipal use in the first phase. The Cities have already started to 
phase out irrigation on the Ranch. Many of the wells on the southwest end of the R9 Ranch have 
been plugged.25  

The specific water rights and the total number of new municipal wells in the first phase 
will not be determined until completion of the design of the new collection and transmission 
system but could include files numbered 21,729; 21,730; 21,731; 21,732; 21,733; 21,734; 
21,841; 21,842; and 29,816. See Section V.D. for a discussion of the Cities’ proposed methods to 
determine the number and location of proposed wells.  

The remaining R-9 Ranch water rights would be held in reserve until the need for water 
in Hays, Russell, and other potential water suppliers in the region justifies the change. Additional 
phases of the project will be completed as this demand increases. 

Because the Cities anticipate a phased development of the water rights on the Ranch for 
municipal use, they request that the changes become effective as the need for municipal water 
increases.  Stated another way, the Cities request that the water rights not converted to municipal 
use in the first phase remain available for irrigation use. 

V. Supplemental information for the Cities’ change applications 

The numbered paragraphs below correspond to the paragraph numbers in DWR’s change 
application form and are incorporated in each of the applications unless otherwise indicated. 

                                                                                                                                                             
23 K.A.R. 5-25-4. 
24 K.S.A. 82a-718(e). 
25 This approach was made possible by the amendment of K.S.A. 82a-718, which removed the threat that these 
water rights could be lost in a forfeiture proceeding. See Section V.F. 
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A. Paragraph 2.  Name of Applicants 

Please direct all correspondence to the lawyers for the City of Hays on all issues related 
to the change applications as follows: 

 
David M. Traster  
Daniel J. Buller 
Foulston Siefkin LLP  
1551 N. Waterfront Parkway, Suite 100  
Wichita, Kansas 67206-4466  
Phone: 316-291-9725 (David); 316-291-9579 (Daniel) 
Fax: 866-347-3138 (David); 866-347-9613 (Daniel) 
dtraster@foulston.com; dbuller@foulston.com 

In addition, please provide copies of all correspondence to: 

Toby Dougherty 
City Manager 
City of Hays 
P.O. Box 490 
Hays, KS 67601 

and 

Jon Quinday 
City Manager 
City of Russell 
133 W. 8th Street 
Russell, Kansas 67665 

B. Paragraph 3. The proposed changes are needed for the following reasons  

1. Existing sources do not meet present needs—the City of Hays 

The City of Hays owns water rights in the Smoky Hill River alluvium south of Hays, in 
the Big Creek alluvium in Hays, in the Dakota formation southwest of Hays, and is currently 
using water from a KDHE Dry Cleaner Trust Fund remediation project.26  

Hays has water rights totaling an annual quantity of approximately 3,73527 acre-feet, 
limited to no more than 3,675 acre-feet, and further limited by the Smoky Hill IGUCA.28 But 
production from the City’s wells is decreasing, and in recent years Hays has been unable to 
produce more than 2,000 to 2,200 acre-feet of water per year because of the significant depletion 

                                                 
26 Water from this source is being diverted under a temporary water appropriation right.  
27 Some of the later water appropriation rights held by the City of Hays include a limitation to a total quantity of 
3,675 acre-feet when combined with other rights and the Smoky Hill water rights are limited by DWR’s IGUCA. 
28 See Exhibit B.   
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used by cities like Las Vegas and Phoenix, it would be thrust even farther away from its peer 
communities in Kansas, further repelling private and commercial investment.  

Hays is the economic engine of Northwest Kansas; its continued growth and economic 
viability are crucial to the entire state. This is only possible if Hays has access to a water supply 
consistent with the reasonable expectations of citizens in other Kansas communities.  

While abundant water does not guarantee that economic development will occur, 
development cannot occur without it. Hays has no interest in reverting to wasteful practices—
conservation is, and will always be, a part of the culture in Hays. Instead, Hays is looking for 
additional water to ensure the long-term viability of the community and the region.  

In order to grow, Hays must change the perception that it is short of water, which cannot 
be done until Hays changes the reality that it is short of water. Additional water resources will 
assure current and prospective businesses that water supplies meet and exceed current and long-
term needs. 

2. Existing sources do not meet present needs—the City of Russell 

The discussion about Hays applies to the City of Russell as well. Russell is located in an 
arid climate where, like Hays, the evaporation rate exceeds the average annual rainfall.  

Russell’s water rights are designated with the following DWR file numbers: RS008; 
1,267; 1,861; 7,628; 17,586; 17,587; and 36,680. These water rights provide Russell with the 
following quantities: 

Cedar Bluff Reservoir  2,000 acre-feet  storage right 
Smoky Hill River  1,086 acre-feet  surface water 
Smoky Hill River    961 acre-feet groundwater 
Fossil Lake     410 acre-feet surface water   
Big Creek    1,767 acre-feet surface water 

While the City of Russell has water rights totaling an annual quantity of approximately 
5,814 acre-feet, it is limited to no more than 1,840 acre-feet per year from all sources combined.  

Moreover, these sources are highly susceptible to drought.  Big Creek is particularly 
unreliable because it frequently runs dry during the summer months.  The Pfeifer well field is 
capable of supplying the water demand for a very short duration but could be permanently 
damaged if demand increases too much.  

Russell has been able to manage its two main water sources effectively, but water use has 
been highly restricted over the last 12 years. Russell has been in a Stage 3 Critical Water Stage 
or Stage 4 Water Emergency for 8 consecutive years.  

The City of Russell and its citizens have responded to the City’s warnings about their 
water supply and have significantly reduced their consumption. The industrial sector was able to 
reduce water consumption by 63% over 10 years. The residential/commercial sector was able to 
reduce their water consumption by 30% over the same time period. The exemplary conservation 
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3. Drought and the prospect of long-term mega-droughts 

Historically, the water shortages in Hays and Russell have been cyclical. But the drought 
that started in 2010 has been extremely hard on the Cities’ water sources and water shortages are 
now part of Hays’ and Russell’s daily life. Though those shortages become extreme during 
droughts, the Cities have entered a “new norm” that will extend beyond the current situation. In 
fact, with changing rainfall patterns and new farming practices it is hard to envision a time when 
the available alluvial aquifers will ever produce the quantities authorized or even sufficient 
quantities to meet the Cities’ existing and future needs.  

A recent Kansas Geological Survey (“KGS”) article that analyzed paleoclimatological 
data concluded that “we should expect decadal droughts on average two times a century in 
western Kansas.”32 More severe droughts will tax existing systems beyond their ability to cope; 
both Cities must take steps to protect their citizens from future droughts.   

4. Reasonable per capita water use 

Extreme conservation, while laudable, is not the standard on the High Plains and is not 
conducive to economic-development efforts. Hays and Russell residents have sacrificed in ways 
that other Kansans have not. The Cities should not have to maintain this strict conservation once 
a new source of water becomes available. Instead, the communities’ reasonable needs must 
balance the virtues of conservation with the reasonable expectations of other Kansas 
communities. Moreover, existing and prospective businesses have a legitimate interest in how 
water is used in their communities. Water use affects lifestyle which, in turn, affects employers’ 
ability to attract new employees and the Cities’ efforts to attract new employers.  

5. Proximity to an adequate source matters 

DWR considers significantly higher per capita water use quantities to be reasonable for 
municipal use in other areas of the State—in fact, in all other areas of the State. A reasonable 
quantity in Hays and Russell should not be different than the reasonable quantities in Dodge 
City,33 Pratt,34 or Larned.35    

As shown in Table 1, every Kansas county with a population in excess of 15,000 in the 
2010 census—except Ellis County—is (a) on or east of U.S. Highway 81, the traditional dividing 
line between eastern and western Kansas; (b) over or near a major aquifer; or (c) both.   

Russell is even more isolated from viable sources. While it has very slightly more annual 
rainfall than Hays, its smaller size makes the economics of a long-distance pipeline more 
problematic. 

                                                 
32 Anthony L. Layzell, A thousand years of drought and climatic variability in Kansas: Implications for water 
resources management, Kansas Geological Survey, 2012, p. 10 (emphasis in original). 
33 Dodge City averaged 199 GPCD during 2007–2011. DWR’s 2011 Municipal Water Use Report (“Report”), p. 
available at: http://agriculture ks.gov/docs/default-source/dwr-water-appropriation-documents/2011_ks_ 
municipal_water_use.pdf ?sfvrsn=2. 
34 Pratt averaged 195 GPCD during 2007-2011. Id., p. 18.  
35 Larned averaged 203 GPCD during 2007-2011. Id., p. 13. 
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DWR publishes an annual report on municipal water use in Kansas. The report divides 
the state into eight separate water-use “regions.”36 Based on average annual precipitation and on 
per capita use, the report compares average use by water utilities in each of these similar 
geographic areas.37 

Region 1 is the western-most tier of counties and Region 8 is the two eastern-most tier.38 
Hays is located in Region 5; Russell is in Region 6.39  

Regions 7 and 8 are subdivided into small, medium, and large utilities with large utilities 
serving more than 10,000 people.40 Hays would fit in the “large” category if Region 5 were so 
divided but would be the only such utility in that group.41 Region 6 is divided into small and 
medium-large cities; Russell is in the medium-large category.42  

a. Water use is inversely proportional to annual precipitation 

The Report asserts that GPCD use is much higher in the west than in the east “primarily 
due to differences in precipitation.”43 Average annual precipitation in Region 1 (the far western 
tier of counties) ranges from below 18 inches to 21 inches.44 Average annual precipitation in 
Region 8 (the two eastern tiers) is roughly double the rainfall in Region 1, ranging from 36 
inches to over 45 inches.45 

The following Table 2 is taken from the 2011 Report.46 The fact that per capita water use 
declines from west to east is the most-apparent conclusion from this data.  

  

                                                 
36 Id., p. 38. 
37 Id., p. 3. 
38 Id., p. 38. 
39 Id.  
40 Id., p. 4.  
41 Id. 
42 Id. 
43 Id., p. 3. 
44 Annual Normal Precipitation, 1971–2000, prepared by the Kansas Department of Agriculture, Administrative 
Services, October 30, 2009. http://agriculture ks.gov/docs/default-source/dwr-water-appropriation-
documents/precip7100_3in.pdf. 
45 Id. There are two small areas, one in northwest Brown County and the other in eastern Doniphan County, that dip 
below 36 inches per year. 
46 2011 Report, p. 4. 
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Table 2 
AVERAGE GPCD USE FOR KANSAS PUBLIC WATER SUPPLIERS 

BY REGION AND SIZE, 2007–2011 

Region 
Year Average 

2007 2008 2009 2010 2011  
1 272 273 228 259 282 263 
2 245 241 199 224 237 229 
3 241 229 195 223 229 223 
4 170 168 156 168 196 172 
5 149 142 139 137 149 143 

6-ML 135 133 131 139 151 138 
6-S 126 121 117 114 134 122 
7-L 135 128 124 134 140 132 
7-M 101 96 94 98 103 98 
7-S 92 89 87 87 93 90 
8-L 130 123 122 125 130 126 
8-M 98 92 89 93 94 93 
8-S 82 81 78 79 81 80 

Kansas 119 115 109 114 122 116 

b. Per capita use by large Kansas utilities is much higher than small 
utilities 

For the period 2007–2011, large water utilities in Region 8 used 135% of the quantities 
used by medium utilities in that Region and 158% of the quantity used by small utilities. In 
Region 7, large utilities needed between 135% and 147% as much water as medium and small 
utilities.  

Table 3 

Region 
Average GPCD from 

Table 1 
Percent of 7-L and 8-L 

7-Large 132 
132 GPCD is 135% of use in 7-Medium and 

147% of use in 7-Small Communities 
7-Medium 98 

7-Small 90 
8-Large 126 

126 GPCD is 136% of use in 8-Medium and 
158% of use in 8-Small Communities 

8-Medium 93 
8-Small 80 

Table 4 summarizes the comparison of water use in Hays from 1993 through 2012 to the 
average use in Regions 5, 6-ML, 7-L, and 8-L for that same period.47 Conservation measures 
enacted by the City of Hays resulted in average water use that is 14.9%–42.7% lower than large 
users in all of the Regions to the east even though that per capita water needs decline as average 
rainfall increases from west to east.   

  

                                                 
47 Data was extracted from several Annual Reports that were provided by DWR.  
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Table 4 

Hays 
GPCD 
1993–
2012 

Region 
5 

Average 
GPCD 
1993–
2012 

Percent 
Below 

Regional 
Average 

Region 
6-ML 

Average 
GPCD 
1993–
2012 

Percent 
Below 
Region 
6- ML 

Average 

Region 
7-L 

Average 
GPCD 
1993–
2012 

Percent 
Below 
Region 

7-L 
Average 

Region 
8-L 

Average 
GPCD 
1993-
2012 

Percent 
Below 
Region 

8-L 
Average 

Highest 112 
151.35 

-26.0% 
148.35 

-24.5% 
141.4 

-20.8% 
131.65 

-14.9% 
Lowest 85 -43.8% -42.7% -39.9% -35.4% 
Average 97 -35.7% -34.4% -31.2% -26.1% 

c. Other than Hays, larger cities in Region 5 need more water than 
smaller cities  

Even though Hays is the only “large” user in Region 5 and “large” utilities need between 
135% and 158% more water than medium and small users, its average use is far lower than the 
average water use in its own Region 5. In fact, as shown in Tables 5, 6, and 7, the average GPCD 
water use in Hays from 2007 through 2011 is lower than any of the Region 5 utilities that would 
be considered “medium” and lower than all but 5 of the 23 “small” providers. 

The following tables show the GPCD for all cities in Region 5 for which 2010 population 
figures were available, sorted by size.48 Average need during 2007–2011 for “medium” sized 
cities was 153.5 GPCD; “small” cities averaged 128.5 GPCD. In Regions 7 and 8, large utilities 
need 135% of the water used by medium utilities and 152% of the water needed by small 
utilities. If Hays had access to plentiful water, it would normally use in the range of 200 GPCD 
instead of just 93 GPCD.49  

  

                                                 
48 See http://factfinder2.census.gov/faces/nav/jsf/pages/community_facts.xhtml#none. Data were not available for 
the Rural Water Districts, the City of Belvidere, or “Hays City Suburban.”  
49 153.5 GPCD used by medium sized utilities in Region 5 times 135% equals 207 GPCD; 128.5 GPCD used by 
small utilities in Region 5 times 152% equals 195 GPCD. 



 
Page 17 
 

Table 5 

 
2010 

Population 
Region 2007 2008 2009 2010 2011 Average 

Hays 20,510 5 96 92 85 91 99 93 

 

Table 6 

Cities with population between 500 and 9,999 

 
2010 

Population 
Region 2007 2008 2009 2010 2011 Average 

Larned 4054 5 211 203 176 200 225 203 

Phillipsburg 2581 5 195 130 121 114 139 140 

Ellis 2062 5 90 93 91 97 101 94 

Plainville 1903 5 134 123 130 146 149 136 

Kinsley 1457 5 119 128 121 118 126 122 

La Crosse 1342 5 127 123 125 139 145 132 

Stockton 1329 5 149 114 98 101 115 115 

Victoria 1214 5 107 107 95 105 110 105 

Coldwater 828 5 178 165 189 208 226 193 

Greensburg 777 5 223 173 242 259 309 241 

Haviland 701 5 169 185 154 154 174 167 

Logan 589 5 172 173 134 167 174 164 

Protection 514 5 176 180 194 175 196 184 

Average Annual GPCD 157.7 145.9 143.8 152.5 168.4 153.5 
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Table 7 

Region 5 Cities with population below 500 

 
2010 

Population 
Region 2007 2008 2009 2010 2011 Average 

Lewis 451 5 117 138 114 136 154 132 

Otis 282 5 204 184 136 152 268 189 

Palco 277 5 140 118 106 126 111 120 

Agra 267 5 103 89 91 101 115 100 

Bison 255 5 0 78 94 89 74 84 

Mullinville 255 5 211 266 206 242 266 238 

Burdett 247 5 151 191 134 169 178 165 

Schoenchen 207 5 0 0 0 0 72 72 

Offerle 199 5 152 101 135 158 183 146 

McCracken 190 5 72 78 77 82 67 75 

Kirwin 171 5 98 90 82 146 125 108 

Rush Center 170 5 110 116 135 140 155 131 

Rozel 156 5 156 161 150 230 238 187 

Woodston 136 5 222 255 250 157 92 195 

Long Island 134 5 196 180 210 193 202 196 

Prairie View 134 5 144 159 123 107 133 133 

Damar 132 5 0 0 0 119 100 110 

Liebenthal 103 5 75 78 66 63 78 72 

Glade 96 5 123 106 99 124 69 104 

Belpre 84 5 110 109 107 130 174 126 

Timken 76 5 125 69 47 59 67 73 

Alexander 65 5 100 78 93 114 99 97 

Speed 37 5 99 89 129 87 109 103 

Average Annual GPCD 117.7 118.8 112.3 127.1 136.0 128.5 

d. Water use depends on access to adequate sources 

One cause of the disparity in water use in Region 5 is distance from the water source. 
Utilities in Region 5 that use the most water are located near sources that are adequate for the 
population served. The following table shows the average GPCD for 2007 through 2011 for the 
12 communities in Region 5 that use the most water. In each case, there is an abundant supply of 
water nearby.  
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Table 8 

City 
Average 

GCPD 2007–
2011 

2010 
Population 

Assumed Source 

Greensburg 241 777 High Plains Aquifer 

Mullinville 238 255 High Plains Aquifer 

Larned 203 4054 High Plains Aquifer and the Arkansas River alluvium 

Long Island 196 134 Prairie Dog Creek alluvium and High Plains Aquifer 

Woodston 195 136 Alluvium of the South Fork of the Solomon River  

Coldwater 193 828 High Plains Aquifer and the Calvary Creek alluvium 

Otis 189 282 Walnut Creek alluvium 

Rozel 187 156 
Alluvia of the Pawnee River and Sawmill Creek and the High Plains 
Aquifer 

Protection 184 514 Alluvia of the Cimarron River and Kiowa Creek 

Haviland 167 701 High Plains Aquifer 

Burdett 165 247 Pawnee River alluvium and possibly the High Plains Aquifer 

Logan 164 589 Alluvium of the North Fork of the Solomon River 

At the other end of the spectrum are the 12 communities in Region 5 that use the least 
amount of water. They are all in Ellis, Phillips, or Rush Counties, where both surface and 
groundwater are scarce.  

Table 9 
City County Average GCPD 2007–2011 2010 Population 

Victoria Ellis 105 1214 

Glade Phillips 104 96 

Speed Phillips 103 37 

Agra Phillips 100 267 

Alexander Rush 97 65 

Ellis Ellis 94 2,062 

Hays Ellis 93 20,510 

Bison Rush 84 255 

McCracken Rush 75 190 

Timken Rush 73 76 

Schoenchen Ellis 72 207 

Liebenthal Rush 72 103 

7. Reasonable per capita water use-City of Hays 

At a minimum, Hays is entitled to plan future water use based on the Region 5 average of 
143 GPCD; but in fairness, the average should be increased because with populations below 500 
are included in the average. When those small communities are excluded from the calculation, 
Hays should be able to plan based on at least 153.5 GPCD.   
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Hays’ estimated cost to produce from current sources 1,000 gallons of water is about 
$1.60. Water transferred from the Ranch will cost more, and could approach $5.00 per 1,000 
gallons. This high cost will undoubtedly deter waste by water consumers in Hays.  

8. Reasonable per capita water use-City of Russell 

Russell’s reported per capita water use falls near the middle of medium-large cities in 
Region 6. But this presents an inaccurate picture of water use in Russell. 

The City of Russell has two principle sources of water: Big Creek surface water and 
groundwater from the Pfeifer well field. Big Creek surface water is transported in a 16-inch line 
from the Big Creek pump station to a surface water treatment plant in Russell 22 miles away. 
Water from each of several wells in the Pfeifer well field flows into a common “collector 
well.”50 Water is then pumped out of the collector well and transported in an 18-inch line to an 
electrodialysis reversal water treatment plant (“EDR plant”) in Russell. Both lines are shown on 
Exhibit C. 

Each of the Pfeifer wells is metered, as is the water withdrawn from the collector well 
and pumped to Russell. There are significant losses from the collector well but that water is not 
lost. All of the wells are located near the Smoky Hill River as shown on Exhibit C. They draw 
water from the alluvium, and losses from the collector well return to the alluvial aquifer.  

The following table shows the actual GPCD for the City of Russell from 2007–2014. 
After removing the quantity of water lost in the collector well, the average water use in Russell 
for this period was just 102.8 GPCD. At the depth of the drought in 2013, usage dipped to 78.6 
GPCD.  

  

                                                 
50 The “collector well” was originally designed as a Ranney collector well. It is now used to collect water from the 
well field and as a pump station.  
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Table 10  
(1000s) 

  2007 2008 2009 2010 2011 2012 2013 2014 
Raw Surface Water from Big 
Creek  

233,585  151,361 233,548 235,666 186,446 119,504  125,836 173,561 

Raw Groundwater from 
Pfeiffer Wells  

71,747  172,019 142,242 162,334 179,291 267,262  119,129 153,728 

Total Raw Water Diverted 305,331  323,380 375,790 398,000 365,737 386,766  244,965 327,288 
                  
Metered Quantity Diverted 
from Pfeiffer Collector Well 

57,002  122,335 97,797 115,894 127,695 180,049  87,758 109,662 

Raw Surface Water from Big 
Creek  

233,585  151,361 233,548 235,666 186,446 119,504  125,836 173,561 

Untreated Water Delivered 
to Russell Treatment Plants 

290,587  273,696 331,345 351,560 314,141 299,553  213,594 283,223 

                
Difference between Pfeifer 
Wells and Quantity from 
Pfeifer Collector Well 

14,745  49,684 44,445 46,440 51,596 87,213  31,371 44,066 

                  
Water Sold to Industrial, 
Stock, and Bulk Customers 

138,500 115,315 144,277 147,069 133,661 138,513 85,176 105,295 

Water Sold to Residential 
and Commercial Customers 

127,625 122,388 123,343 124,806 131,012 119,999 108,382 108,743 

Other Metered Water 18,710 19,189 18,907 19,786 22,150 23,421 17,677 19,944 
Total Metered Water  284,835  256,892 286,527 291,661 286,823 281,933  211,235 233,982 
                  
Total Quantity Not 
Accounted For 

20,496  66,488 89,263 106,339 78,914 104,833  33,730 93,306 

Water Loss in Collector Well 14,745  49,684 44,445 46,440 51,596 87,213  31,371 44,066 
Actual Quantity Not 
Accounted For 

5,752  16,804 44,818 59,899 27,318 17,620  2,359 49,241 

                  
Percent Total Raw Water 
Diverted Not Accounted For 

1.9% 5.2% 11.9% 15.1% 7.5% 4.6% 1.0% 15.0%

Population 4522 4514 4506 4498 4490 4482 4474 4475
Residential, Commercial, 
Other Metered, and 
Unaccounted for Water 152,087  158,381 187,068 204,491 180,480 161,040  128,418 177,928 

GPCD 92.14 96.13 113.74 124.56 110.13 98.44 78.64 108.93

As shown in Table 11, the actual per capita water use places Russell very near the bottom 
of the list for medium to large cities in Region 6ML. 
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At a minimum, Russell is entitled to plan future water use based on the Region 6ML 
average of 138 GPCD excluding any quantity lost to the aquifer in the Pfeifer collector well.51 

C. Paragraph 5. The proposed place of use and other water rights that cover 
this place of use  

Subject to the discussion in Section 1, supra, the Cities request that the places of use for 
these water rights be changed to correspond with the currently authorized places of use for their 
existing municipal rights. Maps showing the Hays and Russell corporate city limits are attached 
to the change applications. 

Water rights owned by the City of Hays: EL 002; 1,248; 5,757; 18,857; 18,858; 
33,296; 33,548; 36,519; 36,520; 36,804; 40,367; 40,368; 40,702; 40,703; 40,704; 40,705; 
40,706; and 40,707. 

Exhibit B provides an overview of the authorized quantities of water for each of the 
City’s existing municipal wells. Many of the wells are not capable of producing the authorized 
quantities.  

Water rights owned by the City of Russell: RS008; 206; 1,267; 1,861; 7,628; 17,586; 
17,587; 36,680; and 20139006. 

R9 Ranch water rights owned by the Cities of Hays and Russell: 21,729; 21,730; 
21,731; 21,732; 21,733; 21,734; 21,841; 21,842; 22,325; 22,326; 22,327; 22,329; 22,330; 
22,331; 22,332; 22,333; 22,334; 22,335; 22,338; 22,339; 22,340; 22,341; 22,342; 22,343; 
22,345; 22,346; 27,760; 29,816; 30,083; and 30,084. 

While these water rights do not presently cover the authorized places of use for Hays and 
Russell, approval of the attached applications, the transfer application, and the construction of a 
collection and distribution system will eventually cause these water rights to completely overlap 
with each of the Cities’ existing municipal rights. 

D. Paragraph 7. The proposed points of diversion 

As discussed above, the Cities’ applications are filed in order to comply with DWR 
regulations requiring contingently approved change applications before a transfer application 
will be deemed complete.52 Moreover, the statute and the regulations require that a transfer 
applicant provide a “proposed plan of design, construction, and operation” of the collection and 
transmission system that is in “sufficient detail to enable all parties to understand the impacts of 
the proposed water transfer.”53 

 While the Cities will comply with the requirement to provide their plans to design, 
construct, and operate the system, neither the statute nor the regulation require a full set of 
detailed plans and specifications at this stage of the proceedings. 

                                                 
51 See Table 2, supra. 
52 K.A.R. 5-50-2(x)(2) and 5-50-7(b). 
53 K.S.A. 82a-1502(c)(6) and K.A.R. 5-50-2(g). 



 
Page 24 
 

Nor does the transfer act require that the Cities specifically identify the precise points of 
diversion.54 Instead, it only requires sufficient detail to enable the parties to determine the 
“impact” of the transfer, which means the “impact” to the State as a whole. The statute states:   

(c) To determine whether the benefits to the state for approving the transfer 
outweigh the benefits to the state for not approving the transfer, the presiding 
officer shall consider all matters pertaining thereto, including specifically: 

.  . . 

(6) the proposed plan of design, construction and operation of any works or 
facilities used in conjunction with carrying the water from the point of diversion, 
which plan shall be in sufficient detail to enable all parties to understand the 
impacts of the proposed water transfer.”55 

Transfer act regulations require the same information in the transfer application.56 In addition, 
“to be complete,” the transfer application must show “the location of the proposed point or points 
of diversion.”57 However, the regulations go on to allow the Chief Engineer to waive the 
requirement that a “complete” application include the precise point of diversion. The regulation 
states:  

Unless this requirement is waived by the chief engineer for good cause, a water 
transfer application shall not be considered complete until one of the following 
has been approved contingent upon receiving a permit to transfer water: . . .  

(b) an application for a change in any or all of the following: 

(1) point of diversion; 

(2) place of use; or 

(3) use made of water filed pursuant to the KWAA . . ..58  

The Cities are preparing studies and preliminary plans. The Cities will be consolidating 
wells but need to make sure that there is sufficient well capacity to divert the full quantity 
available from each water right on the Ranch. Without further investigation and more detailed 
design work, the Cities cannot be certain of either the location or the number of wells needed to 
support the transfer of water from each water right. Because developing detailed construction 
drawings and specifications will be expensive, prospective municipal wells will not be designed 
before receiving permission to transfer water from the Ranch.  

Nevertheless, prospective well locations have been selected based on available 
information. Additional design work will be needed to narrow these preliminary placements to 
the ultimate well locations.59  

                                                 
54 Precision might be required if there was a question about whether the Transfer Act applied. 
55 K.S.A. 82a-1502(c)(6).  
56 K.A.R. 5-50-2(g). 
57 K.A.R. 5-50-2(c).  
58 K.A.R. 5-50-7.  



 
Page 25 
 

The maps attached as Exhibits D and E show the proposed well locations based on the 
information available at this time, the proposed moves of each of the irrigation wells, and those 
portions of the Ranch that are within one-half mile of existing wells owned by others. The Cities 
will not place any new wells within one-half mile of wells owned by others.  

The Cities request that the orders approving changes in points of diversion allow new 
wells to be drilled within a 1,000 foot radius of the proposed points of diversion but not closer 
than one-half mile from permitted wells owned by the Cities’ neighbors.  

In the alternative, the Cities request that the orders granting the change applications 
without specific well locations and instead set out provisions establishing well-location 
methodologies and parameters as provided in the Burns and McDonnell memorandum attached 
as Exhibit F. Stated another way, an alternative to designating specific points of diversion before 
the transfer proceeding is complete is to establish a process and criteria that will be used to 
establish well locations in the future.  

These alternative approaches provide DWR, the Executive Director of the Kansas Water 
Office, the Secretary of Health and Environment, and neighboring landowners with information 
about prospective well locations while delaying the expense required to locate wells with 
precision and the uncertainty of waiting to establish new well locations until after the transfer is 
approved.  

In the alternative, the Cities request a prospective waiver of the requirement that they 
obtain contingently approved orders identifying the number, locations, rates, and quantities of 
the specific authorized points of diversion before their transfer application will be deemed 
complete.60 

E. Paragraphs 8, 9, and 10. Presently authorized points of diversion 

Paragraph 8 of DWR’s change application form, and where applicable paragraphs 9 and 
10, requests the “Authorized Quantity” for each water right. The Cities interpret this as a request 
for quantity that may lawfully be used for irrigation before any changes are made.  

However, DWR’s regulation states that the actual perfected quantities are used to 
determine the extent of “consumptive use from the local source of water supply . . . by the 
original irrigation use”61 during “any one calendar year during the perfection period.”62 

As discussed in the attachments to the change applications, many of the water rights had 
permitted and perfected quantities in excess of 1.5 acre-feet per acre. The certificates 
nevertheless reduced quantities to 1.5 acre-feet per acre without providing the then-owners with 

                                                                                                                                                             
59 We find no regulation that requires that wells drilled pursuant to a change application be placed within 300 feet of 
the approved location. K.A.R. 5-5-6(a) only applies to new applications to appropriate water. That said, the Cities 
assume that DWR imposes a 300-foot limitation in orders approving change applications by using the phrase 
defined in K.A.R. 5-1-1(q) but not otherwise used in the regulations. 
60 See K.A.R. 5-50-2(x)(2)(C) and K.A.R. 5-50-7(b)(1). 
61 K.A.R. 5-5-9(a). 
62 K.A.R. 5-5-9(a)(1). 
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notice or an opportunity for a hearing regarding the reduction of the quantities of their water 
rights.  

For example, the permit for File No. 22,339 was issued on March 19, 1976, granting the 
right to divert up to 198 acre-feet annually at a rate not to exceed 1,000 gallons per minute for 
irrigation use63 on 110 acres in Section 10-T26S-R20W.64 DWR’s Field Inspection Report 
indicates that 218 acre-feet were applied to 110 approved acres so that all of the 198 acre-feet 
authorized by the permit were lawfully perfected.65 But the subsequently issued certificate 
impermissibly limited the quantity to 165 acre-feet based on DWR’s after-the-fact determination 
that 1.5 acre-feet per acre was a reasonable quantity for irrigation use.66   

The actual perfected quantities are used to determine consumptive use. 

F. Paragraph 11. Describe the current condition of and future plans for any 
point(s) of diversion that will no longer be used 

Currently authorized well locations are shown on the maps attached to each application 
and on Exhibits D and E. .  

The Cities are engaged in a phased well-plugging program beginning with the wells on 
the south end of the Ranch, moving north. The Cities expect that all of the irrigation wells on the 
Ranch, including wells associated with water rights that will not be physically converted to 
municipal use during the first phase, will be plugged by the time the transfer is approved. The 
current status of each of the wells on the Ranch is shown on Exhibits G and H.   

 3. Proposed rate 

The proposed rate for each new point of diversion is the sum of the certified rates from 
each of the existing points of diversion that are being consolidated into a single new point of 
diversion, taking into account any overall limitations to those rates. The Cities do not expect new 
municipal wells to produce at a rate equal to the sum of the rates of all of the wells being 
consolidated but cannot establish reasonable rates until the new wells are designed. Actual rates 
of diversion will be based on aquifer characteristics and on well and system design parameters.  

G. Paragraph 13. Describe how consumptive use will not be increased 

The consumptive-use analysis for each water right is attached to each of the change 
applications.  

DWR’s regulation limits the quantity that can be changed to a new type of use to the 
“maximum annual quantity authorized by the water right.”67 The term “maximum annual 
quantity authorized by the water right” is not defined; however, subsection (b) of the same 

                                                 
63 File No. 23,339 Permit, HAYS003317. 
64 File No. 23,339 Application, HAYS003310. 
65 File No. 23,339 FIR, HAYS003302. 
66 Clawson v. Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
67 K.A.R. 5-5-9(a)(4). 
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regulation specifically provides that consumptive use can be based on the historic net 
consumptive use “actually made during the perfection period.”68  
 

As discussed in Section V.E., above, some of the R9 permits “authorized” in excess of 
1.5 acre-feet per acre and in most of those instances, the then-owners perfected the full permitted 
quantity. But when certificates were issued, DWR reduced the permitted quantities to 1.5 acre-
feet per acre even though greater quantities were lawfully perfected and even though there was 
no substantive or procedural justification for those reductions.  

The quantities requested by the Cities are based on the net consumptive use actually and 
lawfully made during any one year during the perfection period, limited by the quantity 
authorized in the permits, not the improper quantity limitation imposed in some of the 
certificates. 

In our July 2014 meeting, Brent Turney stated that if alfalfa was grown during the 
perfection period, the Net Irrigation Requirement (“NIR”) for alfalfa, rather than the NIR for 
corn, would be used to determine consumptive use.69  

Information in the DWR files and in other locations shows that alfalfa was grown on a 
number of circles during the perfection period.70 The relevant documents are attached to the 
applications. The Cities have provided information on consumptive use for the locations where 
alfalfa is known to have been grown. The Cities believe that alfalfa was grown on most, if not all 
of the circles but have not yet found evidence to support that belief for some circles on the 
Ranch. The Cities reserve the right to provide DWR with additional information on crops grown 
during the perfection period. 

H. Paragraph 17. Attach documentation to show the proposed changes will not 
impair existing water rights and relate to the same local source of supply  

The attached map shows the location of proposed municipal wells, the presently 
authorized points of diversion, and neighboring wells. The Cities own all of the irrigation and 
domestic wells within one-half mile of all of the proposed points of diversion. 

Exhibit I shows the location of all permitted wells in the proximity of the R9 Ranch. 
There are no permitted wells within one-half mile of any of the proposed points of diversion. The 
Cities will not move their wells to locations within one-half mile of any permitted well.  See the 
shaded areas on Exhibits D and E.  

Exhibit J shows the locations of all non-permitted wells within one-half mile of the 
proposed locations. Because the Cities have requested the ability to move up to 1,000 feet, 
Exhibit K shows the neighboring wells that are within 3,640 feet of the proposed well locations. 

                                                 
68 See, e.g., K.A.R. 5-5-9(b). 
69 K.A.R. 5-5-12 provides the NIR for corn. 
70 The R-9 Ranch has had several names over the years including “Lucerne Farms.” Alfalfa, also called lucerne, is a 
perennial forage legume in the pea family Fabaceae that normally lives four to eight years but can live more than 20 
years, depending on variety and climate. 
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The names and addresses of the owners of wells shown on Exhibits J and K are attached as 
Exhibit L.  

I. Paragraph 18. Identify the rules and regulations for which you request a 
waiver 

When well locations are consolidated, some new wells will be closer to the Arkansas 
River while others will be farther away. If, for example, the five wells associated with File 
21,731 are consolidated as shown in Exhibit D and E, two of the wells will move closer to the 
River and two will move away from the River. To the extent it is applicable, a waiver of K.A.R. 
5-5-13 may be required.  

We find no regulation that requires that wells drilled pursuant to a change application be 
placed within 300 feet of the approved location. K.A.R. 5-5-6(a) only applies to new applications 
to appropriate water. That said, the Cities assume that DWR imposes a 300-foot limitation in 
orders approving change applications by using the phrase “completed substantially as shown on 
aerial photograph, topographic map, or plat,” defined but not used in DWR’s regulations.71 
While a waiver of a regulation is not required, as discussed in Section V.D., supra, the Cities 
request orders that provide greater flexibility regarding ultimate well placement.  

In Section V.D. the Cities have requested, in the alternative, a prospective waiver of the 
requirement that they obtain contingently approved orders identifying the number, locations, 
rates, and quantities of the specific authorized points of diversion before their transfer application 
will be deemed complete.72 

  

                                                 
71 K.A.R. 5-1-1(q). 
72 See K.A.R. 5-50-2(x)(2)(C) and K.A.R. 5-50-7(b)(1). 
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VI. Conclusion 

The following table sets out the quantity requested for each water right. 

Table 12 

File 
No. Circle73 

Quantity 
Requested 
in Acre-

Feet 

Rate in 
Gallons 

Per 
Minute 

Proposed 
Municipal 

Well 

 

File 
No. Circle 

Quantity 
Requested 
in Acre-

Feet 

Rate in 
Gallons 

Per 
Minute 

Proposed 
Municipal 

Well 
21,729 7, 8, 9, 10 870.8 2900.0 A  22,333 39 57.5 520.0 K 
21,730 1 203.8 795.0 G  22,334 27 162.9 890.0 K 
21,731 2 222.9 1075.0 G  22,335 26 171.4 1000.0 K 
21,731 3, 4, 5 768.1 2490.0 H  22,338 28 141.1 950.0 L 
21,732 6, 11, 12 688.0 2380.0 B  22,339 27 142.6 680.0 L 
21,733 13 219.5 915.0 C  22,340 31 140.4 950.0 M 
21,734 16 226.4 861.0 E  22,341 30 190.4 920.0 M 
21,734 18 148.0 777.8 C  22,342 36 100.8 630.0 M 
21,734 14, 15, 17 522.5 3161.2 D  22,343 35 146.2 810.0 N 
21,841 8A 195.0 890.0 F  22,345 38 184.6 820.0 N 
21,842 11A 195.0 900.0 E  22,346 37 146.1 600.0 N 
22,325 19 216.0 1000.0 I  27,760 32 142.6 800.0 L 
22,326 20 196.7 1000.0 I  27,760 33 141.5 970.0 K 
22,327 21 175.1 950.0 I  29,816 10A 97.5 800.0 E 
22,329 24 150.5 570.0 J  29,816 9A 90.0 750.0 F 
22,330 25 152.6 620.0 J  30,083 36 43.9 1000.0 M 
22,331 22 209.0 1000.0 J  30,084 24 0.0 0.0 J 
22,332 23 166.3 980.0 J  Total Quantity 7625.50 

The following table summarizes the quantity and rate requested for each proposed 
municipal well.  

Table 13 

Proposed 
Municipal 

Well 

Quantity 
Requested 
in Acre-

Feet 

Rate in 
Gallons 

Per 
Minute 

 
Proposed 
Municipal 

Well 

Quantity 
Requested 
in Acre-

Feet 

Rate in 
Gallons 

Per 
Minute 

A 870.8 2900.0  H 768.1 2490.0 
B 688.0 2380.0  I 587.8 2950.0 
C 367.5 1692.8  J 678.4 3170.0 
D 522.5 3161.2  K 533.2 3380.0 
E 518.9 2561.0  L 426.2 2430.0 
F 285.0 1640.0  M 475.5 3500.0 
G 426.7 1870.0  N 476.9 2230.0 
     Total 7625.5   

 

  

                                                 
73 See Exhibit M, a map showing the circle numbers and water right file numbers on the R9 Ranch. 
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The Cities of Hays and Russell respectfully ask DWR to contingently approve the change 
applications on the terms and conditions requested in the applications and this letter. 

C: John T. Bird, Hays City Attorney 
Ken Cole, Russell City Attorney 
Toby Dougherty, City of Hays 
Orrin Peril, GMD5 Manager 

Very truly yours, 

Bernie Kitten, Hays Director of Utilities 
Jeff Lanterman, DWR Stafford Field Office Water Commissioner 
Robert Large, Dept. of Agriculture Attorney 
Brian Meier, Burns and McDonnell 
John Mitchell, KDHE 
Lynn Preheim, GMD5 Attorney 
Jon Quinday, City of Russell 
Tracy Streeter, Kansas Water Office 
Arlyn Unrein, Russell Director of Public Works 
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Exhibit B 

DWR File No. 
(All quantities 
are in acre-feet 

per year) 

Well 
number 

Gross 
quantity  

Limitations 
on quantities 

in DWR 
Permits and 

Orders  

Limitations 
on quantities 

in DWR 
Permits and 

Orders 

Net 
quantities 

after DWR 
ordered 

limitations  

Limitations 
imposed by 
the Smoky 
Hill River 
IGUCA 

Net 
quantities 

after 
IGUCA and 

DWR 
ordered 

limitations  

Net 
quantities 
after all 

limitations 
 

Big Creek Wells   

40,367 C-33 314.00 
314.00 

1,227.55 1,227.55 

 
1,429.46 

3,675 

40,368 C-32 314.00 

EL 002 C-29 1,227.55 102.99 

EL 002 C-30 1,227.55 102.99 

EL 002 C-20 1,227.55 0.00 

EL 002 C-17 1,227.55 

1,021.57 

EL 002 C-21 1,227.55 

EL 002 C-24 1,227.55 

EL 002 C-27 1,227.55 

EL 002 C-28A 1,227.55 

EL 002 C-31 1,227.55 

EL 002 

C-19 

1,227.55 

18,857 10.74 10.74 

18,858 10.74 10.74 

36,519 34.42 34.42 

36,520 9.20 9.20 

36,804 3.81 3.81 

Yuasa Wells* 

33,548 YE-1 61.00 61.00 

33,548 YE-2 72.00 72.00 

Smoky Hill Wells 

1,248 / 5,757 S-8 2,500.00 

2,500.00 2,500.00 2,085.58 

2,285.83 

1,248 / 5,757 S-10 2,500.00 

1,248 / 5,757 S-11 2,500.00 

1,248 / 5,757 S-13 2,500.00 

1,248 / 5,757 S-14 2,500.00 

1,248 / 5,757 S-16 2,500.00 

1,248 / 5,757 S-18 2,500.00 

1,248 / 5,757 S-21 2,500.00 

1,248 / 5,757 S-19 2,500.00 
968.00 

1,248 / 5,757 S-20 2,500.00 

33,296 S-22 155.20 
300.00 300.00 200.25 

33,296 S-23 176.96 

Dakota Wells* 

40,702 D-6 121.00 121.00 

882.00 

40,703 D-3 160.00 160.00 

40,704 D-5 160.00 160.00 

40,705 D-4 160.00 160.00 

40,706 D-1 121.00 121.00 

40,707 D-2 160.00 160.00 

* The Yuasa and Dakota wells are limited to a total annual capacity of 3,675 af/y when combined with other water rights. 
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Memorandum

Date: June 16, 2015 
 
To: Kansas Department of Agriculture – Division of Water Resources 

 
From: Paul McCormick 

Daniel Clement 
 

Subject: R9 Ranch Conversion to Municipal Water Supply 
Methodologies for Well Site Selection and Design  
 

In 1994 the cities of Hays and Russell purchased roughly 6,700 acres of farmland south of 
Kinsley in Edwards County, Kansas, now known as the R9 Ranch. The cities of Hays and 
Russell purchased the Ranch intending to convert existing irrigation water rights to municipal 
water supply. This memo describes the process and methodology the Cities will use to refine the 
proposed well locations set out in the change applications. 
 
The approach and methods discussed below were specifically developed to address the unique 
geographical and physical necessities of each proposed well location, to satisfy regulatory 
standards, and to prevent impairment of other water rights. 
 
I. Regulatory Considerations 

First consideration will be given to the regulatory constraints imposed on changes in points of 
diversion, such as: 

 The new municipal points of diversion will remain in the same source of supply and 
are proposed at no more than one-half mile from the originally authorized irrigation 
well locations. 

 As discussed below, the proposed rates of the new municipal wells will not exceed 
the combined rate of the original irrigation wells and are likely be much lower.  

 The quantities for each new municipal well will not exceed the combined quantity 
authorized by associated change applications. 

 The location of the proposed municipal wells will either maintain or increase well 
spacing between third-party irrigation wells, in addition consideration will be given 
to anticipated changes in pumping patterns. 

 Well spacing between the new municipal wells will be specifically designed to 
minimize interference and aquifer stress.  

 
II. Aquifer Properties 

Using existing data, the Cities anticipate further refining the new municipal well locations by 
locating the highest yielding portions of the aquifer with acceptable water quality. For example, 
groundwater modeling, well logs, bedrock elevations, water level measurements, and water 

dtraster
Rectangular Exhibit Stamp



June 16, 2015  
Page 2 

Memorandum (cont’d) 

quality analyses will be utilized to focus development on areas with the maximum saturated 
thickness and the highest aquifer hydraulic conductivity.  
 
Locating wells in portions of the aquifer with lower levels of impurities will prolong pumping 
and transmission equipment, reduce equipment and pipeline maintenance, and lower treatment 
costs. In general, the water throughout the Ranch is fresh and usable with some areas containing 
elevated nitrates and sulfates. Lab results from several rounds of water quality testing from both 
irrigation and monitoring wells will identify areas with lower nitrate, sulfate, iron, and 
manganese levels.  

 
III. Physical Limitations and Infrastructure Considerations 

Well locations will be further refined by identifying physical and infrastructure limitations such 
as topography, erosion potential, accessibility, and proximity to the collection pipeline. 

 Topography – Well sites will be located in areas of stable ground and avoid both 
topographic highs and lows, which are susceptible to erosion or burial. The Ranch 
is located in an area of sandy soils that are highly susceptible to wind erosion and 
quickly create undulating sand-dune topography. Adequate vegetative cover is 
needed to stabilize the soil. Infrastructure design will consider the geomorphology 
of each proposed well site and surrounding land management practices to mitigate 
erosion. 

 Well Site Access – Access roads will be maintained during seasonal extremes and 
avoid existing sand dune topography.  

 Power Access – Potential well sites will be within a reasonable proximity to power 
distribution lines. 

 Proximity to the Collection Pipeline – Well sites need to be within a reasonable 
proximity to a raw water collection system. 
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IV. Aquifer Testing Program 

Areas identified as viable after consideration of regulatory, aquifer capacity, and infrastructure 
limitations will be further evaluated using physical and geophysical methods that may include: 

 Test holes, collection of geologic samples, and creation of lithological logs; 
 GeoProbe direct push sampling; 
 Geophysical logging; 
 Test well construction; 
 Monitoring well installation; 
 Water quality sampling; and 
 Aquifer pump testing. 

 
 
V. Final Well Design  

Final well placement and design will utilize the information described above. Final well design 
will include the following: 

 Design production rate; 
 Surface completion infrastructure and site footprint; 
 Borehole diameter and depth; 
 Surface casing diameter and length; 
 Screen diameter, length, and placement; 
 Screen material and slot sizing; 
 Gravel pack specifications; and 
 Grouting intervals 

The phasing and selection of final well locations will be closely coordinated with DWR staff in 
conjunction with the completion of change applications. 

 
PAM/DWC 
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Site Name Well Status Water Right Longitude Latitude Township Range Section Feet North Feet West Qual 3 Qual 2 Qual 1
1 Active 21730 ‐99.45506 37.84661 25S 19W 30 2330 3937 NW NE SW

5 Active 21731 ‐99.44736 37.836813 25S 19W 31 3975 1270 NC NE

2A Active 21731 ‐99.45535 37.83976 25S 19W 31 5125 3920 NW NE NW

2B Active 21731 ‐99.45447 37.84132 25S 19W 30 380 3785 SW SE SW

3A Active 21731 ‐99.45461 37.83246 25S 19W 31 2460 3660 NW NE SW

3B Active 21731 ‐99.45503 37.83104 25S 19W 31 1925 3810 CW NE SW

4A Active 21731 ‐99.44313 37.82993 25S 19W 31 1448 187 SE NE SE

4B Active 21731 ‐99.44223 37.83121 25S 19W 32 1931 4960 SW NW SW

6 Active 21732 ‐99.43752 37.83678 25S 19W 32 4026 3966 NC NW

11 Active 21732 ‐99.42885 37.8366 25S 19W 32 4019 1358 NC NE

12 Active 21732 ‐99.43319 37.82971 25S 19W 32 1441 2632 NC S2

13 Active 21733 ‐99.423352 37.829567 25S 19W 33 1356 5021 SW NW SW

14 Active 21734 ‐99.426174 37.821805 26S 19W 5 5394 3640

16 Active 21734 ‐99.418161 37.810491 26S 19W 5 1274 1325 NE SW SE

17 Active 21734 ‐99.41807 37.81747 26S 19W 5 3776 1306

18 Active 21734 ‐99.41549 37.82495 26S 19W 5 6538 525

8A Active 21841 ‐99.3996 37.82206 26S 19W 4 5378 1340 NE NW NE

11A Active 21842 ‐99.408866 37.810535 26S 19W 4 1301 3910 NC SW

20A Active 22326 ‐99.462799 37.821811 26S 20W 1 5373 3779

20B Active 22326 ‐99.460376 37.82121 26S 20W 1 5128 3066

22A Active 22331 ‐99.46676 37.815936 26S 20W 1 3240 4875 NC SW NW

22B Active 22331 ‐99.468785 37.817062 26S 20W 2 3460 235

10A Active 29816 ‐99.409033 37.814461 26S 19W 4 2731 3960 CS NW

9A Active 29816 ‐99.399893 37.818095 26S 19W 4 4056 1320 CN S2 NE

19A Inactive 22325 ‐99.455084 37.825625 26S 20W 1 6673 1535 NE NW NE

32 Inactive 27760 ‐99.481654 37.796366 26S 20W 11 1298 4002 NE SW SW

8 Plugged 21729 ‐99.4368 37.85115 25S 19W 29 3982 3603 NC NW

9 Plugged 21729 ‐99.428547 37.851219 25S 19W 29 3968 1312 NC NE

10 Plugged 21729 ‐99.428857 37.8441 25S 19W 29 1377 1415 NC SE

7A Plugged 21729 ‐99.43703 37.84393 25S 19W 29 1416 4000 NC SW

7B Plugged 21729 ‐99.43854 37.84299 25S 19W 29 1043 4370 NE SW SW

8B Plugged 21729 ‐99.43755 37.85015 25S 19W 29 3607 4167 NE SW NW

15 Plugged 21734 ‐99.42663 37.81366 26S 19W 5 2348 3773 NW NE SW

19B Plugged 22325 ‐99.453255 37.82568 26S 20W 1 6669 996 NW NE NE

21A Plugged 22327 ‐99.455179 37.818406 26S 20W 1 4062 1539 NC NE

21B Plugged 22327 ‐99.457286 37.819214 26S 20W 1 4372 2154

24A Plugged 22329 ‐99.464197 37.810926 26S 20W 1 1380 4090 NC SW

25A Plugged 22330 ‐99.455179 37.811038 26S 20W 1 1397 1515 NC SE

23A Plugged 22332 ‐99.472559 37.811492 26S 20W 2 1407 1330 NC SE

23B Plugged 22332 ‐99.47072 37.811307 26S 20W 2 1342 797 NC E2 SE

39 Plugged 22333 ‐99.478486 37.80927 26S 20W 2 590 3053 SE SE SW

27A Plugged 22334 ‐99.472428 37.803728 26S 20W 11 3960 1335 NC NE

27B Plugged 22334 ‐99.472378 37.805716 26S 20W 11 4680 1320 NC N2 N2

26A Plugged 22335 ‐99.481468 37.803649 26S 20W 11 3970 3945 NC NW

26B Plugged 22335 ‐99.47913 37.80354 26S 20W 11 3920 3270 NC E2 NW

28A Plugged 22338 ‐99.488459 37.800114 26S 20W 10 2705 730
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Site Name Well Status Water Right Longitude Latitude Township Range Section Feet North Feet West Qual 3 Qual 2 Qual 1
28B Plugged 22338 ‐99.489555 37.801341 26S 20W 10 3152 1043

29 Plugged 22339 ‐99.497344 37.799599 26S 20W 10 2535 3300

31 Plugged 22340 ‐99.489807 37.794551 26S 20W 10 690 1136 NW SE SE

30 Plugged 22341 ‐99.498505 37.792555 26S 20W 15 5240 3600 NW NE NW

36B Plugged 22342 ‐99.48489 37.78877 26S 20W 14 3906 4878 NW SW NW

35 Plugged 22343 ‐99.491831 37.78796 26S 20W 15 3565 1670 NE SW NE

38 Plugged 22345 ‐99.490224 37.781395 26S 20W 15 1175 1205 NC SE

37 Plugged 22346 ‐99.498997 37.781998 26S 20W 15 1395 3740 SW NE SW

33 Plugged 27760 ‐99.474345 37.795657 26S 20W 11 1040 1890 NE SW SE

33B Plugged 27760 ‐99.472441 37.796316 26S 20W 11 1280 1340 NE SW SE

36A Plugged 30083 ‐99.483 37.78904 26S 20W 14 3994 4328 E2 W2 NW

24B Plugged 30084 ‐99.459906 37.810203 26S 20W 1 1105 2860 NC S2
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Exhibit L 

1. Gregory C. & Lisa J.T. Ebert, P.O. Box 242, Kinsley, KS 67547 
2. Kevin R. Schultz & Vera M. Rev Trust, 2048 280th Ave., Haviland, KS 67059 
3. Gregory Ebert, P.O. Box 242, Kinsley, KS 67547 
4. Monte L. & Douglas D. Hirsh, 103 Capital, Kinsley, KS 67547 
5. Monte L. & Douglas D. Hirsh, 103 Capital, Kinsley, KS 67547 
6. Tom Hammond, P.O. Box 3278, Viero Beach, FL 32964 
7. Jennifer & Amy Mull, Attn: Glenn Mull, Pawnee Rock, KS 67567 
8. Leroy A. & Steven D. Wetzel, 2167 20th Ave., Offerle, KS 67563 
9. Randy A. & Tammie S. Schmidt, 905 Marsh Kinsley, KS 67547 
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code  Fee $  TR #   Receipt Date   Check # 

.

✔

✔

✔

21,729

✔

21729

21729 Page 1 of 79

mcampbell
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File No. 21,729

4. The presently authorized place of use is: 

Owner of Land — NAME: City of Hays, Kansas

ADDRESS:   P.O. Box 490, 1507 Main Street, Hays, Kansas 67601

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

29-T25S-R19W 31.25 31.25 31.25 31.25 31.25 31.25 31.25 31.25 31.25 31.25 31.25 31.25 31.25 31.25 31.25 31.25 500
                

                

List any other water rights that cover this place of use: None

Owner of Land — NAME: City of Russell, Kansas

ADDRESS:   133 W. 8th Street, Russell, Kansas 67665

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

Same as above
                

                

List any other water rights that cover this place of use: None

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME: City of Hays, Kansas

ADDRESS:   P.O. Box 490, 1507 Main Street, Hays, Kansas 67601

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

List any other water rights that cover this place of use: See paragraph 5 of the cover letter.

Owner of Land — NAME: City of Russell, Kansas

ADDRESS:   133 W. 8th Street, Russell, Kansas 67665

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter.

List any other water rights that cover this place of use: See paragraph 5 of the cover letter.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 

21729

21729 Page 2 of 79



6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

F i l e N o .

X

X

X

21,729

near the center NE
29 25 19

Edwards 3,968 1,312
615 gpm 188 a/f

✔

NE NE SW
29 25 19

Edwards 2,259 2,705
2,900 gpm 870.83 a/f

near the center NW
29 25 19

Edwards 3,982 3,603
275 gpm 86 a/f

✔

NE NE SW
29 25 19

Edwards 2,259 2,705
2,900 gpm 870.83 a/f

NE SW NW
29 25 19

Edwards 3,607 4,167
325 gpm 102 a/f

✔

NE NE SW
29 25 19

Edwards 2,259 2,705
2,900 gpm 870.83 a/f

See paragraph 11 of the cover letter.
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points)

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points)

List all presently authorized point(s) of diversion:
Presently authorized point of diversion: 
One in the Quarter of the Quarter of the Quarter
of Section , Township South, Range (E/W),
in County, Kansas, feet North feet West of Southeast corner of section.
Authorized Rate Authorized Quantity
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 
Proposed point of diversion: (Complete only if change is requested) 
One in the Quarter of the Quarter of the Quarter
of Section , Township South, Range (E/W),
in County, Kansas, feet North feet West of Southeast corner of section.
Proposed Rate Proposed Quantity
This point is: Additional Well Geo Center List other water rights that will use this point .

Presently authorized point of diversion: 
One in the Quarter of the Quarter of the Quarter
of Section , Township South, Range (E/W),
in County, Kansas, feet North feet West of Southeast corner of section.
Authorized Rate Authorized Quantity
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 
Proposed point of diversion: (Complete only if change is requested) 
One in the Quarter of the Quarter of the Quarter
of Section , Township South, Range (E/W),
in County, Kansas, feet North feet West of Southeast corner of section.
Proposed Rate Proposed Quantity
This point is: Additional Well Geo Center List other water rights that will use this point .

Presently authorized point of diversion: 
One in the Quarter of the Quarter of the Quarter
of Section , Township South, Range (E/W),
in County, Kansas, feet North feet West of Southeast corner of section.
Authorized Rate Authorized Quantity
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 
Proposed point of diversion: (Complete only if change is requested) 
One in the Quarter of the Quarter of the Quarter
of Section , Township South, Range (E/W),
in County, Kansas, feet North feet West of Southeast corner of section.
Proposed Rate Proposed Quantity
This point is: Additional Well Geo Center List other water rights that will use this point .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

F i l e N o .

X

X

X

21,729

near the center SW
29 25 19

Edwards 1,416 4,000
360 gpm 74 a/f

✔

NE NE SW
29 25 19

Edwards 2,259 2,705
2,900 gpm 870.83 a/f

NE SW SW
29 25 19

Edwards 1,043 4,370
635 gpm 114 a/f

✔

NE NE SW
29 25 19

Edwards 2,259 2,705
2,900 gpm 870.83 a/f

near the center SE
29 25 19

Edwards 1,377 1,415
720 gpm 188 a/f

✔

NE NE SW
29 25 19

Edwards 2,259 2,705
2,900 gpm 870.83 a/f

See paragraph 11 of the cover letter.
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

21,729
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 145 acre-feet11 and 94 acre-feet12 (239 acre-feet) were applied to 125 approved acres. 

 245 acre-feet were applied to 125 approved acres.13 

While the certificate limits the total quantity to 752 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.14 

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 897 acre-feet actually perfected even though it exceeds the certified quantity. 

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 

The FIRs state that alfalfa was grown on each of these circles during the year of record.15  
According to the Kansas Irrigation Guide, the NIR for the 50% chance rainfall in Edwards 
County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.   

Since alfalfa was grown on the authorized place of use in at least one year during the 
perfection period, it is reasonable to use the NIR for alfalfa, which yields a total quantity of 
870.83 acre-feet consumed.  While this quantity is greater than the quantity set out in the 
certificate, it is less than the 897 perfected acre-feet, the “maximum annual quantity authorized 
by the water right.”16 

An alternative approach 

DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 
irrigation requirement of 1.5 acre-feet per acre.17  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 897 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 645.84 acre-feet, should be available for conversion to municipal use.  
While this quantity is greater than the quantity set out in the certificate, it is less than the 897 
perfected acre-feet, the “maximum annual quantity authorized by the water right.” 

                                                                                                                                                                                                
9 FIR, HAYS000640, Ex. F. 
10 FIR, HAYS000647, Ex. G. 
11 FIR, HAYS000618, Ex. H. 
12 FIR, HAYS000626, Ex. I. 
13 FIR, HAYS000634, Ex. J. 
14 Certificate, HAYS000685-687, Ex. C; Doug Bush Memo dated March 17, 1987, HAYS000679-680, Ex. K; and 
Clawson v. Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
15 FIRs, HAYS000621 (Ex. H), 629 (Ex. I), 637 (Ex. J), 643 (Ex. F), 650 (Ex. G), and 657 (Ex. E). 
16 See K.A.R. 5-5-9(a)(4). 
17 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. L, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush Memo 
dated March 17, 1987, HAYS000679-680, Ex. K. 
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The Applicants request that DWR approve a total of 870.83 acre-feet for municipal use.   
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EXHIBIT

B
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HAYS000685
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EXHIBIT

C



HAYS000686
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HAYS000670
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EXHIBIT

D
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EXHIBIT

F
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EXHIBIT
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I
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 1

✔

✔

✔

21,730

✔
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File No.  21,730 
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

30-T25S-R19W       Lot 2
23 22 34 Lot 3

34.75
Lot 4

2 1     116.75
                  
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

21,730

NW NE SW
30 25 19

Edwards 2,330 3,937
 795 gpm 176 a/f

✔

NW NE SW
30 25 19

Edwards 2,282 3,870
795 gpm 203.77 a/f

21,731
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

21,73021730
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8. Rate and Quantity
The Cities are requesting a total of 203.77 acre-feet and 795 gallons per minute from the 

well associated with this water right, all of which will be diverted from new point of diversion G, 
as shown on Exhibit J.  When combined with existing wells from other water rights, new point of 
diversion G will have a cumulative total of 426.7 acre-feet and 1,870 gallons per minute. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 126.36 acre-feet for municipal use.1  As 
discussed below, 117 approved acres were irrigated during the perfection period; 117 acres 
multiplied by the Edwards County NIR for corn of 1.08 acre-feet per acre equals 126.36 acre-
feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on February 27, 1976, granting the applicant the right to divert up 

to 224 acre-feet annually at a rate of up to 1,250 gallons per minute for irrigation use4 on 117 
acres in Section 30-T25S-R19W,5 or 1.92 acre-feet per acre. The certificate limited the 
authorized rate to 795 gallons per minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Report indicates that 269 acre-feet were applied to 117 acres during 
the year of record.  Since the permit authorized a maximum of 224 acre-feet, the entire quantity 
was perfected.7 

While the certificate limits the total quantity to 176 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.8   

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS000767, Ex. A. 
5 Application, HAYS000758, Ex. B. 
6 February 27, 1976, letter (emphasis added), HAYS000766, Ex. C. 
7 FIR, HAYS000746, Ex. D. 
8 Certificate, HAYS000776, Ex. E; Larry M. Sheets Memo dated July 9, 1987, HAYS000771, Ex. F; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 

21730
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File No.   21,730

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 224 acre-feet actually perfected even though it exceeds the certified quantity. 

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
The FIR states that alfalfa and wheat was grown on this circle during the year of record.9  

According to the Kansas Irrigation Guide, the NIR for the 50% chance rainfall in Edwards 
County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.   

Since alfalfa was grown on the authorized place of use in at least one year during the 
perfection period, it is reasonable to use the NIR for alfalfa, which yields a total quantity of 
203.77 acre-feet consumed.  While this quantity is greater than the quantity set out in the 
certificate, it is less than the 224 perfected acre-feet, the “maximum annual quantity authorized 
by the water right.”10 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.11  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 224 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 161.28 acre-feet, should be available for conversion to municipal use. 
While this quantity is greater than the quantity set out in the certificate, it is less than the 224 
perfected acre-feet, the “maximum annual quantity authorized by the water right.” 

The City requests that DWR approve a total of 203.77 acre-feet for municipal use.   

9 FIR, HAYS000749, Ex. G. 
10 See K.A.R. 5-5-9(a)(4). 
11 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. H (stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated”).  See also, K.A.R. 5-3-24 and Larry M. Sheets 
Memo, dated July 9, 1987, HAYS000771, Ex. F. 
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A
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EXHIBIT

B



HAYS000759
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EXHIBIT

C



HAYS000746
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EXHIBIT

D



HAYS000747
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EXHIBIT

E



HAYS000777
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No.

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

✔

✔

✔

21,731

✔
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File No.  21,731 
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

30-T25S-R19W           Lot 4
30 40     70.00 

31-T25S-R19W 40 33 40 33 33 Lot 1 
29 

Lot 2 
24 38 40 Lot 3 

39.77
Lot 4 

2 7 40 40 40 40 518.77
32-T25S-R19W          12 12      24.00 

36-T25S-R20W             Lot 6 
3    3.00 

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

X

X

21,731

SW SE SW
30 25 19

Edwards 380 3,785
450 gpm 80 a/f

✔

NW NE SW
30 25 19

Edwards 2,282 3,870
1,075 gpm 222.93 a/f

21,730

near the center NE
31 25 19

Edwards 3,975 1,270
605 gpm 162 a/f

✔

SW SW NE
31 25 19

Edwards 3,142 2,099
2,490 gpm 768.07 a/f

NW NE SW
31 25 19

Edwards 2,460 3,660
735 gpm 177 a/f

✔

SW SW NE
31 25 19

Edwards 3,142 2,099
2,490 gpm 768.07 a/f
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

X

X

21,731

near the center W/2 NE of the SE
31 25 19

Edwards 1,925 3,810
525 gpm 126 a/f

✔

SW SW NE
31 25 19

Edwards 3,142 2,099
2,490 gpm 768.07 a/f

SE NE SE
31 25 19

Edwards 1,899 54
380 gpm 87 a/f

✔

SW SW NE
31 25 19

Edwards 3,142 2,099
2,490 gpm 768.07 a/f

SE NE SE
31 25 19

Edwards 1,440 405
245 gpm 56 a/f

✔

SW SW NE
31 25 19

Edwards 3,142 2,099
2,490 gpm 768.07 a/f
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

21,731

NW NE NW
31 25 19

Edwards 5,125 3,920
625 gpm 192 a/f

✔

NW NE SW
30 25 19

Edwards 2,282 3,870
1,075 gpm 222.93 a/f

21,730 & 37,462
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

21,73121731
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File No.   21,731

Proposed Rate and Quantity 
are requesting a total of 991 acre-feet and 3,285 gallons per minute from 

the seven wells associated with this water right, which will be divided among new points of 
diversion G and H, as shown on Exhibit S.  The two existing wells in the southwest quarter of 
section 30 and the northwest quarter of section 31 total 222.93 acre-feet and 1,075 gallons 
per minute to be diverted from new point of diversion G; and the remaining existing wells 
total 768.07 acre-feet and 2,490 gallons per minute to be diverted from new point of 
diversion H.  When combined with existing wells from other water rights, new point of 
diversion G will have a cumulative total of 426.7 acre-feet and 1,870 gallons per minute and 
new point of diversion H will have a total of 768.07 acre-feet and 2,490 gallons per minute. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 614.52 acre-feet for municipal use.1  As 
discussed below, 569 approved acres were irrigated during the perfection period; 569 acres 
multiplied by the Edwards County NIR for corn of 1.08 acre-feet per acre equals 614.52 acre-
feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on February 27, 1976, granting the applicant the right to divert up 

to 1,090 acre-feet annually at a rate of up to 3,900 gallons per minute for irrigation use4 on 621 
acres in Sections 30, 31, and 32-T25S-R19W and Section 36-T25S-R20W,5 or 1.755 acre-feet 
per acre.  The certificate further limited the quantity for the well located in the southwest quarter 
of the southwest quarter of section 30 and the well located in the northwest quarter of the 
northeast quarter of the northwest quarter of section 31 to 192 acre-feet when the wells were 
operated simultaneously.6 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”7   

The Field Inspection Reports indicate that 998.73 of the 1,090 acre-feet authorized by the 
permit were lawfully perfected.  A total of 1,118 acre feet were applied to authorized acres. 

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS001010-11, Ex. A. 
5 Application, HAYS001002, Ex. B. 
6 Certificate, HAYS001034, Ex. C. 
7 February 27, 1976, letter, HAYS001009, Ex. D (emphasis added). 

21731
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File No.   21,731

230 acre-feet8 and 118 acre feet9 (348 acre-feet) were applied to 128 approved acres.

159 acre-feet10 and 223 acre-feet11 (382 acre-feet) were applied to 211 approved
acres.

56 acre-feet12 and 87 acre-feet13 (143 acre-feet) were applied to 122 approved acres.

245 acre-feet were applied to 108 approved acres.14

The permit authorized the perfection of 1,090 acre-feet on 621 acres, or 1.755 acre-
feet per acre, but only 569 authorized acres were irrigated during the perfection
period, resulting in perfection of 998.73 acre feet

While the certificate limits the total quantity to 880 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.15   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 998.73 acre-feet actually perfected even though it exceeds the certified quantity.   

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
According to the Kansas Irrigation Guide, the NIR for the 50% chance rainfall in 

Edwards County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.   

Since alfalfa was grown on the authorized place of use during the year of record,16 it is 
reasonable to use the NIR for alfalfa, which yields a total quantity of 991.01 acre-feet consumed. 
While this quantity is greater than the quantity set out in the certificate, it is less than the 998.73 
perfected acre-feet, the “maximum annual quantity authorized by the water right.”17 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.18  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

8 FIR, HAYS000986, Ex. E, and HAYS000997, Ex. F. 
9 FIR, HAYS000980, Ex. G. 
10 FIR, HAYS000944, Ex. H. 
11 FIR, HAYS000950, Ex. I. 
12 FIR, HAYS000961, Ex. J. 
13 FIR, HAYS000968, Ex. K. 
14 FIR, HAYS000975, Ex. L. 
15 Certificate, HAYS001034-1035, Ex. C; Doug Bush Memo dated March 20, 1995, HAYS001024-1025, Ex. M; 
and Clawson v. Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
16 FIRs, HAYS000947 (Ex. H), 953 (Ex. I), 964 (Ex. J), 971 (Ex. K), 978 (Ex. L), and 1000 (Ex. F).  See also 
1977WUR, HAYS000892, Ex. N, and HAYS004448-4453 (Ex. O). 
17 See K.A.R. 5-5-9(a)(4). 
18 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. P, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush Memo 
dated March 17, 1987, HAYS000679-70, Ex. Q. 

21731
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File No.   21,731

If 28% of the 998.73 acre-feet legally applied during the perfection period percolates 
back to the aquifer, then 72%, or 719.08 acre-feet, should be available for conversion to 
municipal use.  While this quantity is greater than the quantity set out in the certificate, it is less 
than the 998.73 perfected acre-feet, the “maximum annual quantity authorized by the water 
right.” 

The applicants request that DWR approve a total of 991.01 acre-feet for municipal use.   

21731
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21731

21731 Page 12 of 96

EXHIBIT

A



HAYS001011
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HAYS001002
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EXHIBIT

B





HAYS001004
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HAYS001005
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HAYS001035
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HAYS 001036
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HAYS001009
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EXHIBIT

D





HAYS000987
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HAYS000988
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HAYS000989
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HAYS000997
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EXHIBIT

F



HAYS000998
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HAYS000999
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HAYS001000
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HAYS001001
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HAYS000981
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HAYS000982
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HAYS000983
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HAYS0009
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HAYS000984





HAYS000944
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EXHIBIT

H





HAYS000946
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HAYS000947
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HAYS000948
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21731

21731 Page 44 of 96



HAYS000950
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EXHIBIT

I



HAYS000951
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HAYS000952
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HAYS000953
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HAYS000954
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HAYS000955
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HAYS000956
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HAYS000959
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HAYS000960
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HAYS000961
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EXHIBIT

J



HAYS000962
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HAYS000963
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EXHIBIT

K



HAYS000969
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HAYS000970
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EXHIBIT

L



HAYS000976
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HAYS001024
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EXHIBIT

M



HAYS001025
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HAYS000892
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EXHIBIT

N



HAYS004448
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EXHIBIT

O



HAYS004449
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EXHIBIT

P
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HAYS000679
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EXHIBIT

Q



HAYS000680

21731

21731 Page 87 of 96













21731

21731 Page 93 of 96

EXHIBIT

W
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circles 6, 11, & 12.

✔

✔

✔

21,732

✔

21732
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File No.   21,732
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

32-25S-19W 31.25 31.25 38.25 31.25 31.25 31.25 31.25 37.25 38 2 1 33 4 39 35 2 417 
                  

                  
List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

X

X

21,732

near the center NE
32 25 19

Edwards 4,019 1,358
 780 gpm  165 a/f

✔

SE SW NE
32 25 19

Edwards 2,724 1,916
2,380 gpm 687.96 a/f

near the center NW
32 25 19

Edwards 4,026 3,966
715 gpm 188 a/f

✔

SE SW NE
32 25 19

Edwards 2,724 1,916
2,380 gpm 687.96 a/f

near the center S/2
32 25 19

Edwards 1,441 2,632
885 gpm 240 a/f

✔

SE SW NE
32 25 19

Edwards 2,724 1,916
2,380 gpm 687.96 a/f
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.
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File No.   21,732

Proposed Rate and Quantity 
are requesting a total of 687.96 acre-feet and 2,380 gallons per minute from 

the three wells associated with this water right, all of which will be diverted from new point of 
diversion B, as shown on Exhibit L.  New point of diversion B will have a cumulative total of 
687.96 acre-feet and 2,380 gallons per minute.

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 426.6 acre-feet for municipal use.1  As 
discussed below, 395 approved acres were irrigated during the perfection period; 395 acres 
multiplied by the Edwards County NIR for corn of 1.08 acre-feet per acre equals 426.6 acre-
feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on February 27, 1976, granting the applicant the right to divert up 

to 834 acre-feet annually at a rate of up to 2,400 gallons per minute for irrigation use,4 on 417 
acres in Section 32-T25S-R19W,5 or 2.0 acre-feet per acre.  The certificate limited the rate to 
2,380 gallons per minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

DWR’s Field Inspection Reports indicate that 818 of the 834 acre-feet authorized by the 
permit were lawfully perfected. 

265 acre-feet were applied to 110 approved acres in the NE/4 of Section 32 T25S-
R19W.7

243 acre-feet were applied to 125 approved acres in the NW/4 of Section 32 T25S-
R19W.8

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS001328, Ex. A. 
5 Application, HAYS001322, Ex. B. 
6 February 27, 1976, letter (emphasis added), HAYS001327, Ex. C. 
7 FIR, HAYS001300, Ex. D. 
8 FIR, HAYS001308, Ex. E. 
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File No.   21,732

 310 acre-feet were applied to 160 approved acres in the S/2 of Section 32 T25S-
R19W.9 

 The permit authorized perfection of 834 acre-feet on 417 acres, or 2.0 acre-feet per 
acre, but only 395 authorized acres were irrigated during the perfection period 
resulting in perfection of 790 acre-feet. 

While the certificate limits the total quantity to 593 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.10   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 790.00 acre-feet actually perfected even though it exceeds the certified quantity.   

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
According to the Kansas Irrigation Guide, the NIR for the 50% chance rainfall in 

Edwards County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.   

Since alfalfa was grown on the authorized place of use during the year of record,11 it is 
reasonable to use the NIR for alfalfa, which yields a total quantity of 687.96 acre-feet consumed.  
While this quantity is greater than the quantity set out in the certificate, it is less than 790 
perfected acre-feet, the “maximum annual quantity authorized by the water right.”12 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.13  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 790 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 568.80 acre-feet, should be available for conversion to municipal use. 
While this quantity is greater than the quantity set out in the certificate, it is less than 790 
perfected acre-feet, the “maximum annual quantity authorized by the water right.”  

The City requests that DWR approve a total of 687.96 acre-feet for municipal use.   

 

9 FIR, HAYS0001314, Ex. F. 
10 Certificate, HAYS001336, Ex. G; Doug Bush Memo dated March 19, 1987, HAYS001332, Ex. H; and Clawson 
v. Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
11 HAYS001303 (Ex. D), HAYS001311 (Ex. E), HAYS001317 (Ex. F).  See also HAYS004448-4453, Ex. I. 
12 See K.A.R. 5-5-9(a)(4). 
13 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. J, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush Memo 
dated March 19, 1987, HAYS001332, Ex. H. 
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EXHIBIT

A
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HAYS001324
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HAYS001325
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EXHIBIT

C



HAYS001300
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EXHIBIT
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21732

21732 Page 17 of 57



HAYS001302

21732

21732 Page 18 of 57



HAYS001303

21732

21732 Page 19 of 57



HAYS001304

21732

21732 Page 20 of 57



HAYS001305

21732

21732 Page 21 of 57



HAYS001306

21732

21732 Page 22 of 57



HAYS001307

21732

21732 Page 23 of 57



HAYS001308

2 732

21732 Page 24 of 57

EXHIBIT

E
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EXHIBIT

F



HAYS001315
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EXHIBIT

G



HAYS001337
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EXHIBIT

H



HAYS004448
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EXHIBIT

I
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 13.

✔

✔

✔

21,733

✔
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File No.   21,733
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

32-25S-19W             23   23 46 
33-25S-19W         3 37 37 3     80 

                  
List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

21,733

SW NW SW
33 25 19

Edwards 1,356 5,021
 915 gpm 189 a/f

✔

NE SE SW
33 25 19

Edwards 824 3,036
915 219.45 a/f

21,734
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

21,73321733
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File No.   21,733

Proposed Rate and Quantity 
The Cities are requesting a total of 219.45 acre-feet and 915 gpm from the well 

associated with this water right, which will be diverted from new point of diversion C, as shown 
on Exhibit J.  When combined with existing wells from other water rights, new point of diversion 
C will have a cumulative total of 367.49 acre-feet and 1,692.82 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased: 

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the use of up to 136.08 acre-feet from this water right for 
municipal use.1  As discussed below, 126 approved acres were irrigated during the perfection 
period; 126 acres multiplied by the Edwards County NIR for corn of 1.08 acre-feet per acre 
equals 136.08 acre-feet.2   

That same regulation goes on to allow the City to request that the change be based on the 
net consumptive use actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on February 27, 1976, granting the applicant the right to divert up 

to 250 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use,4 on 
126 acres in Sections 32 and 33-T25S-R19W5, or 1.98 acre-feet per acre.  The certificate limited 
the rate to 915 gallons per minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Reports indicate that all of the 250 acre-feet authorized by the 
permit were lawfully perfected. 

294 acre-feet were applied to 126 approved acres.7

While the certificate limits the total quantity to 189 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.8   

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS001491, Ex. A. 
5 Application, HAYS001485, Ex. B. 
6 February 27, 1976, letter (emphasis added), HAYS001490, Ex. C. 
7 FIR, HAYS001477, Ex. D. 
8 Certificate, HAYS001499, Ex. E; Doug Bush Memo dated September 24, 1987, HAYS001494, Ex. F; and 
Clawson v. Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
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Since the perfection period has expired, the “authorized quantity” for this water right is 
the 250 acre-feet actually perfected even though it exceeds the certified quantity.   

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
According to the Kansas Irrigation Guide, the NIR for the 50% chance rainfall in 

Edwards County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.   

Since alfalfa was grown on the authorized place of use during the perfection period,9 it is 
reasonable to use the NIR for alfalfa, which yields a total quantity of 219.45 acre-feet consumed. 
While this quantity is greater than the quantity set out in the certificate, it is less than the 250 
perfected acre-feet, the “maximum annual quantity authorized by the water right.”10 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.11  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 250 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 180.00 acre-feet, should be available for conversion to municipal use. 
While this quantity is greater than the quantity set out in the certificate, it is less than the 250 
perfected acre-feet, the “maximum annual quantity authorized by the water right.”  

The City requests that DWR approve a total of 219.45 acre-feet for municipal use.   

9 American Ag Industries v. Slentz McAlister Trial Exhibits, HAYS004448-4453, Ex. G. 
10 See K.A.R. 5-5-9(a)(4). 
11 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. H, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush Memo 
dated September 24, 1987, HAYS001494, Ex. F. 
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EXHIBIT

A
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HAYS001485

21733

21733 Page 11 of 43

EXHIBIT

B



HAYS001486
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HAYS001490
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EXHIBIT

C



HAYS001477
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EXHIBIT

D



HAYS001478
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EXHIBIT

E





HAYS001494
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EXHIBIT
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EXHIBIT
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HAYS004449
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circles 14, 15, 16, 17, & 18.

✔

✔

✔

21,734

✔
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File No.   21,734
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

33-T25S-R19W            24   18  42 

5-T25S-R19W Lot 1 
68 

Lot 2 
58 

 
37 

 
33 

Lot 3
86 

Lot 4
69 

 
31 

 
34 

 
39 

 
38 

 
6 

 
11 

 
29 

 
37 

 
31 

 
28 635 

                  
List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
 

21734
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

X

X

21,734

Lot 1
5 26 19

Edwards 6,538 525
  935 gpm 310 a/f

✔

NE SE SW
33 25 19

Edwards 824 3,036
777.82 gpm 148.04 a/f

21,733

Lot 3
5 26 19

Edwards 5,394 3,640
1,250 gpm 399  a/f

✔

NE SE NW
5 26 19

Edwards 4,867 3,107
3,161.18 gpm 522.5 a/f

Lot 2
5 26 19

Edwards 3,776 1,306
1,050 gpm 367 a/f

✔

NE SE NW
5 26 19

Edwards 4,867 3,107
3,161.18 gpm 522.5 a/f

21734
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

X

21,734

NW NE SW
5 26 19

Edwards 2,348 3,773
1,500 gpm 218 a/f

✔

NE SE NW
5 26 19

Edwards 4,867 3,107
3,161.18 gpm 522.5 a/f

NE SW SE
5 26 19

Edwards 1,264 1,340
1,035 gpm 334 a/f

✔

NW SE SE
5 26 19

Edwards 1,577 901
861 gpm 226.41 a/f

29,816 & 21,842

21734

21734 Page 4 of 71



File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

21,73421734
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File No.   21,734

Proposed Rate and Quantity 
The Cities are requesting a total of 896.95 acre-feet and 4,800 gpm from the five wells 

associated with this water right, which will be divided among new points of diversion C, D, and 
E, as shown on attached Exhibit N.  The single well moving to new point of diversion C totals 
148.04 acre-feet and 777.82 gpm.  The three existing wells moving to new point of diversion D 
total 522.5 acre-feet and 3,161.18 gpm.  The single well moving to new point of diversion E 
totals 226.41 acre-feet and 861 gpm.   

When combined with existing wells from other water rights, new point of diversion C 
will have a cumulative total of 367.49 acre-feet and 1,692 gpm.  New point of diversion D will 
have a cumulative quantity of 522.5 acre-feet and 3,161.18 gpm.  And when combined with 
existing wells from other water rights, new point of diversion E will have a cumulative total of 
518.92 acre-feet and 2,561 gpm.   

The proposed rate was capped at the overall limitation of 4,800 gpm by dividing the 
maximum rate for each of the five wells by the total rate for all of the wells (5,770 gpm) to 
determine the relative percentage of each well’s rate. The 4,800 gpm rate was then allocated 
using the resulting percentages. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased: 

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the use of up to 725.76 acre-feet from this water right for 
municipal use.1  As discussed below, 672 approved acres were irrigated during the perfection 
period; 672 acres multiplied by the Edwards County NIR for corn of 1.08 acre-feet per acre 
equals 725.76 acre-feet.2   

That same regulation goes on to allow the City to request that the change be based on the 
net consumptive use actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on February 27, 1976, granting the applicant the right to divert up 

to 1,352 acre-feet annually at a rate not to exceed 4,800 gallons per minute for irrigation use4 on 
677 acres in Sections 5 and 33-T26S-R19W.5  The certificate further limited the quantity to 
1,040 acre-feet and a rate of 4,800 gallons per minute.6 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS001884, Ex. A. 
5 Application, HAYS001879, Ex. B. 
6 Certificate, HAYS001608, Ex. C. 
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File No.   21,734

observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”7   

As discussed below, the Field Inspection Reports indicate that a total of 540 acres were 
irrigated during the perfection period.  However, K.A.R. 5-5-9 refers to “the maximum acreage 
legally irrigated under the authority of the water right in any one calendar year during the 
perfection period.”8  The map attached to the application clearly shows that the system was in 
place on all five circles9 and the 1975 and 1977 water use reports10 show that water was used on 
all five circles.11 

The Field Inspection Reports indicate that 515 acres were lawfully irrigated on Circles 
14, 16, 17, and 18: 

399 acre-feet were applied to 170 approved acres in the N/2 of Section 5 and the SE/4
of Section 32-T26S-R19W.12

274 acre-feet were applied to 130 approved acres in the SE/4 of Section 5-T26S-
R19W.13

298 acre-feet were applied to 130 approved acres in the NE/4 of Section 5-T26S-
R19W.14

237 acre-feet were applied to 85 approved acres in the NE/4 of Section 5 and the S/2
of Section 33-T26S-R19W.15

Because all five circles were irrigated in 1977, for change application purposes, the 
maximum acreage legally irrigated during any one calendar year during the perfection period 
must be the 515 acres irrigated plus the total acres irrigated in Circle 15.  This adds an additional 
157 acres to the total.16  Thus, the maximum legally irrigated acres for this water right is 672 
acres. 

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
According to the Kansas Irrigation Guide, the NIR for the 50% chance rainfall in 

Edwards County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.   

7 The cover letter for this permit was not provided by DWR but there was a cover letter with this language.  The 
cover letter is a standard form letter and was included with the permits for the five other water rights issued to the 
owners of the property on the same day, February 27, 1976. HAYS000670, HAYS000766, HAYS001009, 
HAYS001327, and HAYS001490.  Moreover, the same language was used to transmit the permits issued in May of 
1975 (See, e.g.: HAYS02022 and HAYS02101.) and in March of 1976 (See, e.g.: HAYS002210, HAYS 002321, 
HAYS002419.).  Ex. D 
8 K.A.R. 5-5-9(a)(1) (emphasis added).  See also §§ (a)(2)(A) and (B): “the maximum acreage legally irrigated in 
any one calendar year during the perfection period”  (emphasis added). 
9 HAYS001882, Ex. B. 
10 HAYS001765-1766, Ex. E. 
11 While the 1977WUR states that only 105 acres were irrigated, that number is clearly incorrect. 
12 FIR, HAYS001850, Ex. F. 
13 FIR, HAYS001857, Ex. G. 
14 FIR, HAYS001862, Ex. H. 
15 FIR, HAYS0001867, Ex. I. 
16 FIR, HAYS001877, Ex. J. 
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File No.   21,734

Since alfalfa was grown on Circles 14, 16, 17, and 18 in at least one year during the 
perfection period,17 it is reasonable to use the NIR for alfalfa, which yields a total quantity of 
896.95 acre-feet consumed.   

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.18  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 1,040 acre-feet set out in the certificate percolates back to the aquifer, then 
72%, or 748.80 acre-feet, should be available for conversion to municipal use.19  This is less than 
the 1,208 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not implicated.  

The City requests that DWR approve a total of 896.95 acre-feet for municipal use. 

17 Circle 14, HAYS001853, Ex. F; Circles 16, 17, and 18, American Agricultural Industries, Inc. v. Slentz McAlister 
trial exhibits, HAYS004448-4453, Ex. K.  Circle 15 is not included in this calculation because there is no evidence 
that alfalfa was grown on that Circle. 
18 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. L, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24. 
19 DWR calculates the perfected quantity for water rights with multiple places of use based on a single year of record 
even when the total quantity used on multiple places of use is higher if multiple years of record were allowed.  Since 
change applications are also based on use in “any one calendar year” (see footnote 7, supra), this alternative method 
must be based on the quantity actually perfected in a single year. 
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EXHIBIT

C
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EXHIBIT
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EXHIBIT

J
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 8A.

✔

✔

✔

21,841

✔
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File No.  21,841 
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

4-T26S-R19W Lot 1 
86.11 

Lot 2 
86.35               172.46

                  
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

21,841

Lot 1
4 26 19

Edwards 5,378 1,340
890 gpm 195 a/f

✔

NW SE NE
4 26 19

Edwards 4,545 1,311
890 195 a/f

29,816
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

21,84121841
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File No.   21,841

Proposed Rate and Quantity 
The Cities are requesting a total of 195 acre-feet and 890 gpm from the well associated 

with this water right, all of which will be diverted from new point of diversion F, as shown on 
Exhibit H.  When combined with existing wells from other water rights, new point of diversion F 
will have a cumulative total of 285 acre-feet and 1,640 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 140.40 acre-feet from this water right for 
municipal use.1  As discussed below, 130 approved acres were irrigated during the perfection 
period; 130 acres multiplied by the Edwards County NIR for corn of 1.08 acre-feet per acre 
equals 140.40 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on May 29, 1975, granting the applicant the right to divert up to 

255 acre-feet annually at a rate of up to 1,000 gallons per minute for irrigation use4, on 170 acres 
in Section 4-T26S-R19W.5  The certificate limited the rate to 890 gallons per minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Reports indicate that only 195 of the 255 acre-feet authorized by the 
permit were lawfully perfected. 

259 acre-feet were applied to 130 approved acres in the NE/4 of Section 4 T26S-
R19W.7

The permit authorized the perfection of 255 acre-feet on 170 acres, or 1.5 acre-feet
per acre, but only 130 of the authorized acres were irrigated during the perfection
period, resulting in the perfection of 195 acre-feet.

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS002023, Ex. A. 
5 Application, HAYS002016, Ex. B. 
6 May 29, 1975 letter (emphasis added), HAYS002022, Ex. C. 
7 FIR, HAYS002009, Ex. D. 
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File No.   21,841

However, the certificate limits the total quantity to 195 acre-feet the permitted quantity of 
1.5 acre-feet per acre.8 

NIR for Alfalfa – an alternative approach 
According to the Kansas Irrigation Guide, the NIR for the 50% chance rainfall in 

Edwards County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.   

Since alfalfa was grown on the authorized place of use in at least one year during the 
perfection period,9 it is reasonable to use the NIR for alfalfa, which yields a total quantity of 
226.42 acre-feet.  This quantity is greater than the authorized quantity of 1.5 acre-feet per acre.10 

The alternative approach discussed in other applications yields the same quantity as the 
default approach, or 140.40 acre-feet. 

The City requests that DWR approve a total of 195 acre-feet for municipal use.   

8 Certificate, HAYS002031, Ex. E; March 4, 1988 Memo, HAYS002027, Ex. F. 
9 HAYS002012, Ex. D. 
10 See K.A.R 5-5-9(a)(4). 
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EXHIBIT

A
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HAYS002018
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EXHIBIT

C



HAYS002009
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EXHIBIT

D



HAYS002010
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HAYS002027
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 11A.

✔

✔

✔

21,842

✔
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File No.  21,842 
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

4-T26S-R19W         40 40 40 40     160 
                  
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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File No. 

6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion:

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion:

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

infra

X

X

21,842

near the center SW
4 26 19

Edwards 1,301 3,910
900 gpm 195 a/f

■

NW SE SE
5 26 19

Edwards 1,577 901
900 gpm 195 a/f

29,816 & 21,734

See paragraph 11 of the cover letter
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

21,84221842
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File No.   21,842

Proposed Rate and Quantity 
The Cities are requesting a total of 195 acre-feet and 900 gpm from the well associated 

with this water right, which will be diverted from new point of diversion E, as shown on Exhibit 
H.  When combined with existing wells from other water rights, new point of diversion E will 
have a cumulative total of 518.92 acre-feet and 2,561 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 140.40 acre-feet for municipal use.1  As 
discussed below, 130 approved acres were irrigated during the perfection period; 130 acres 
multiplied by the Edwards County NIR for corn of 1.08 acre-feet per acre equals 140.40 acre-
feet.2   

That same regulation goes on to allow the City to request that the change be based on the 
net consumptive use actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on May 29, 1975, granting the applicant the right to divert up to 

240 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4, on 160 
acres in Section 2-T26S-R19W, or 1.5 acre-feet per acre.5  The certificate limited the quantity to 
900 gallons per minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Report indicates that 269 acre-feet were applied to 130 acres during 
the year of record.7  The permit authorized the perfection of 240 acre-feet on 160 acres, or 1.5 
acre-feet per acre, but only 130 of the authorized acres were irrigated during the perfection 
period, resulting in perfection of 195 acre-feet. 

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS002099, Ex. A. 
5 Application, HAYS002095, Ex. B. 
6 May 29, 1975, letter (emphasis added), HAYS002101, Ex. C. 
7 FIR, HAYS002087, Ex. D, and American Ag Industries v. Slentz McAlister Trial Exhibits, HAYS004448-4453, 
Ex. E. 
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NIR for Alfalfa 
Alfalfa was grown on this circle during the perfection period.8  According to the Kansas 

Irrigation Guide, the NIR for the 50% chance rainfall in Edwards County is 13 inches (1.083333 
feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.   

Since alfalfa was grown on the authorized place of use in at least one year during the 
perfection period, it is reasonable to use the NIR for alfalfa, which yields a total quantity of 
226.42 acre-feet.  This quantity is greater than the authorized quantity of 1.5 acre-feet per acre.9 

The alternative approach discussed in other applications yields the same quantity as the 
default approach, or 140.40 acre-feet. 

The City requests that DWR approve a total of 195 acre-feet for municipal use.   

 

8 FIR, HAYS002090, Ex. D. 
9 See K.A.R. 5-5-9(a)(4). 
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A
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EXHIBIT

C



HAYS002087
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EXHIBIT

D



HAYS002088
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EXHIBIT

E



HAYS004449
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 19.

✔

✔

✔

22,325

✔

22325
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mcampbell
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File No.  22,325 
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

31-T25S-R19W           Lot 4
28.5 30.5     59 

1-T26S-R20W Lot 1 
26.5 

Lot 2 
41 

  Lot 3
3.5 

           71 
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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File No. 

6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion:

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion:

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

infra.

X

X

X

X

22,325

Lot 1 SW
1 26 20

Edwards 6,669 996
530 gpm 78 a/f

■

SE NE NW
1 26 20

Edwards 5,034 2,790
1,000 gpm 215.97 a/f

22,326-27

Lot 2
1 26 20

Edwards 6,673 1,535
805 gpm 108 a/f

■

SE NE NW
1 26 20

Edwards 5,034 2,790
1,000 gpm 215.97 a/f

22,326-27

See paragraph 11 of the cover letter.
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,32522325
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File No.   22,325

Proposed Rate and Quantity 
The Cities are requesting a total of 215.97 acre-feet and 1,000 gpm from the wells 

associated with this water right, all of which will be diverted from new point of diversion I, as 
shown on Exhibit K.  When combined with existing wells from other water rights, new point of 
diversion I will have a cumulative total of 587.78 acre-feet and 2,950 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows conversion of 133.92 acre-feet for municipal use.1  As 
discussed below, 124 approved acres were irrigated during the perfection period; 124 acres 
multiplied by the Edwards County NIR for corn of 1.08 acre-feet per acre equals 133.92 acre-
feet.2   

That same regulation goes on to allow the City to request that the change be based on the 
net consumptive use actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

243 acre-feet annually at a rate of up to 1,000 gallons per minute for irrigation use4 on 124 acres 
in Sections 31-T25S-R19W and 1-T26S-R20W5, or 1.96 acre-feet per acre. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Reports indicate that 400 acre-feet were applied to 124 acres during 
the year of record.  Since the permit authorized a maximum of 243 acre-feet, the entire quantity 
was perfected.7 

While the certificate limits the total quantity to 186 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.8   

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS002211, Ex. A. 
5 Application, HAYS002190, Ex. B. 
6 March 19, 1976, letter (emphasis added), HAYS002210, Ex. C. 
7 FIRs, HAYS002168, Ex. D, and HAYS002176, Ex. E. 
8 Certificate, HAYS002218, Ex. F; Doug Bush Memo dated March 30, 1987, HAYS002214, Ex. G; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
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File No.   22,325

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 243 acre-feet actually perfected even though it exceeds the certified quantity. 

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
Alfalfa was grown on this circle during the perfection period.9  According to the Kansas 

Irrigation Guide, the NIR for the 50% chance rainfall in Edwards County is 13 inches (1.083333 
feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.   

Since alfalfa was grown on the authorized place of use in at least one year during the 
perfection period, it is reasonable to use the NIR for alfalfa, which yields a total quantity of 
215.97 acre-feet consumed.  While this quantity is greater than the quantity set out in the 
certificate, it is less than the 243 perfected acre-feet, the “maximum annual quantity authorized 
by the water right.”10 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.11  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 243 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 174.96 acre-feet, should be available for conversion to municipal use. 
While this quantity is greater than the quantity set out in the certificate, it is less than the 243 
perfected acre-feet, the “maximum annual quantity authorized by the water right.”12 

The City requests that DWR approve a total of 215.97 acre-feet for municipal use.   

9 American Agricultural Industries, Inc. v. Slentz McAlister Trial Exhibits, HAYS004448-4453, Ex. H. 
10 See K.A.R. 5-5-9(a)(4). 
11 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. I, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush Memo 
dated March 30, 1987, HAYS002214, Ex. G. 
12 See K.A.R. 5-5-9(a)(4). 
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EXHIBIT

A
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22325

22325 Page 10 of 54



HAYS002190
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EXHIBIT

B
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EXHIBIT

C



HAYS002168
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EXHIBIT

D



HAYS002169
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EXHIBIT

E



HAYS002177
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EXHIBIT

F



HAYS002219
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EXHIBIT

G



HAYS004448
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EXHIBIT

H



HAYS004449
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 20.

✔

✔

✔

22,326

✔

22326
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File No.  22,326 
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

1-T26S-R20W  Lot 2 
17   Lot 3 

72 
Lot 4 

40           129 
                  

                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

infra

X

X

X

X

22,326

Lot 3 SW
1 26 20

Edwards 5,373 3,779
690 gpm 103 a/f

■

SE NE NW
1 26 20

Edwards 5,034 2,790
1,000 gpm 196.71 a/f

22,325 & 22,327

Lot 3
1 26 20

Edwards 5,128 3,066
565 gpm 85 a/f

■

SE NE NW
1 26 20

Edwards 5,034 2,790
1,000 gpm 196.71 a/f

22,325 & 22,327

See paragraph 11 of the cover letter.
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12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,32622326
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File No.   22,326

Proposed Rate and Quantity 
The Cities are requesting a total of 196.71 acre-feet and 1,000 gpm from the wells 

associated with this water right, all of which will be diverted from new point of diversion I, as 
shown on Exhibit K.  When combined with existing wells from other water rights, new point of 
diversion I will have a cumulative total of 587.78 acre-feet and 2,950 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows up to 135.00 acre-feet for municipal use.1  As discussed below, 
125 approved acres irrigated during the perfection period multiplied by the Edwards County NIR 
for corn of 1.08 acre-feet per acre equals 135.00 acre-feet.2 

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit, issued on March 19, 1976, granted the right to divert up to 203 acre-feet 

annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 129 acres in 
Section 1-T26S-R20W.5  The certificate limited the rate to 1,000 gallons per minute when the 
two wells were operated simultaneously. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

DWR’s Field Inspection Report indicates that 196.71 of the 203 acre-feet authorized by 
the permit were lawfully perfected.   

248 acre-feet7 and 203 acre-feet (451 acre-feet) were applied to 125 approved acres in
the N/2 of Section 1-T26S-R20W.

The permit authorized the perfection of 203 acre-feet on 129 acres, or 1.57 acre-feet
per acre.  But only 125 authorized acres were irrigated during the perfection period,
resulting in perfection of 196.71 acre-feet.

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS002322, Ex. A. 
5 Application, HAYS002313, Ex. B. 
6 Mach 19, 1976, letter (emphasis added), HAYS002321, Ex. C. 
7 FIR, HAYS002296, Ex. D, and 2306, Ex. E. It appears that the quantities from the two wells were combined. 
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While the certificate limits the total quantity to 188 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.8   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 196.71 acre-feet actually perfected even though it exceeds the certified quantity.   

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
The record indicates that alfalfa was grown on the authorized place of use in at least one 

year during the perfection period.9  According to the Kansas Irrigation Guide, the NIR for the 
50% chance rainfall in Edwards County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 
feet) inches for alfalfa.   

Since alfalfa was grown on the authorized place of use in at least one year during the 
perfection period, it is reasonable to use the NIR for alfalfa, which yields a total quantity of 
217.71 acre-feet consumed.  This quantity is greater than the “maximum annual quantity 
authorized by the water right”10 and is therefore in excess of the quantity that can be approved. 
The quantity should therefore be limited to 196.71 acre-feet. 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.11  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 196.71 acre-feet legally applied during the perfection period percolates 
back to the aquifer, then 72%, or 141.63 acre-feet, should be available for conversion to 
municipal use.  This is less than the 196.71 acre-feet authorized so the limitation in K.A.R. 5-5-
9(a)(4) is not implicated.  

The Applicants request that DWR approve a total of 196.71 acre-feet for municipal use.   

8 Certificate, HAYS002330, Ex. F; Doug Bush March 27, 1987, Memo, HAYS002325, Ex. G; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
9 FIRs, HAYS002299, Ex. D, and HAYS002309, Ex. E, FSA documents, HAYS004907, Ex. H. 
10 See K.A.R. 5-5-9(a)(4). 
11 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. I, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush March 27, 
1987, Memo, HAYS002325, Ex. G. 
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EXHIBIT

A



HAYS002323
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HAYS002314
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EXHIBIT

C



HAYS002296
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EXHIBIT

D
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EXHIBIT

E



HAYS002307
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EXHIBIT

F
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EXHIBIT

G
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EXHIBIT

H
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 21.

✔

✔

✔

22,327

✔

22327

22327 Page 1 of 44

mcampbell
Rectangular Exhibit Stamp



File No.   22,327
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

1-T26S-R20W Lot 1 
34 

Lot 2 
34 34 34             136 

                  
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

F i l e N o .

X

X

22,327

near the center NE
1 26 20

Edwards 4,062 1,539
490 gpm 103 a/f

✔

SE NE NW
1 26 20

Edwards 5,034 2,790
950 gpm 175.1 a/f

22,325 & 22,326

Lot 2
1 26 20

Edwards 4,372 2,154
475 gpm 100 a/f

✔

SE NE NW
1 26 20

Edwards 5,034 2,790
950 gpm 175.1 a/f

22,325 & 22,326
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,32722327

22327 Page 4 of 44







File No.   22,327

Proposed Rate and Quantity 
The Cities are requesting a total of 175.1 acre-feet and 950 gpm from the well associated 

with this water right, all of which will be diverted from new point of diversion I, as shown on 
Exhibit K.  When combined with existing wells from other water rights, new point of diversion I 
will have a cumulative total of 587.78 acre-feet and 2,950 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period allows the conversion of 145.80 acre-feet to 
municipal use.1  As discussed below, 135 approved acres irrigated during the perfection 
multiplied by the Edwards County NIR for corn of 1.08 acre-feet per acre equals 145.80 acre-
feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

245 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 136 
acres in the NE/4 of Section 1-T26S-R20W, or 1.80 acre-feet per acre.5  The certificate further 
limited the rate of the wells to 950 gallons per minute when operated simultaneously.6 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”7   

DWR’s Field Inspection Reports indicate that 243.20 of the 245 acre-feet authorized by 
the permit were lawfully perfected.   

169 acre-feet8 and 164 acre-feet9 (333 acre-feet) were applied to 135 approved acres
in the NE/4 of Section 1-T265S-R20W.

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS002420, Ex. A. 
5 Application, HAYS002416, Ex. B. 
6 Certificate, HAYS002429, Ex. C. 
7 March 19, 1976, letter (emphasis added), HAYS002419, Ex. D. 
8 FIR, HAYS002398, Ex. E. 
9 FIR, HAYS002406, Ex. F. 
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The permit authorized the perfection of 1.80 acre-feet per acre but only 135 acres
were irrigated during the perfection period, resulting in perfection of 243.20 acre-
feet.10

While the certificate limits the total quantity to 203 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.11   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 243.20 acre-feet actually perfected even though it exceeds the certified quantity.   

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.12  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer. 

If 28% of the 243.20 acre-feet legally applied during the perfection period percolates 
back to the aquifer, then 72%, or 175.1 acre-feet, should be available for conversion to municipal 
use.  While this quantity is greater than the quantity set out in the certificate, it is less than the 
243.20 perfected acre-feet, the “maximum annual quantity authorized by the water right.” 

The Applicants request that DWR approve a total of 175.1 acre-feet for municipal use.   

10 FIRs, HAYS002398, Ex. E, and HAYS002406, Ex. F. 
11 Certificate, HAYS002429, Ex. C; Doug Bush Memo dated March 19, 1987, HAYS002424, Ex. G; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
12 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. H, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush Memo, 
Ex. G.  
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EXHIBIT

C
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 24.

✔

✔

✔

22,329

✔

22329
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mcampbell
Rectangular Exhibit Stamp



File No.   22,329
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

1-T26S-R20W         27 29 36 30     122 
                  
                  

List any other water rights that cover this place of use:   File No. 30,084  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

F i l e N o .

X

22,329

near the center SW
1 26 20

Edwards 1,380 4,090
570 gpm 108 a/f

✔

NE SW SW
1 26 20

Edwards 1,341 4,056
570 gpm 150.48 a/f

22,330-32; 30,084 
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.
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File No.   22,329

Proposed Rate and Quantity 
The Cities are requesting a total of 150.48 acre-feet and 570 gpm from the well 

associated with this water right, which will be diverted from new point of diversion J, as shown 
on Exhibit I. When combined with existing wells from other water rights, new point of diversion 
J will have a cumulative total of 678.44 acre-feet and 3,170 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 131.76 acre-feet to municipal use.1  As 
discussed below, 122 approved acres irrigated during the perfection multiplied by the Edwards 
County NIR for corn of 1.08 acre-feet per acre equals 131.76 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the right to divert up to 220 acre-feet 

annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 122 acres in the 
SW/4 of Section 1-T26S-R20W, or 1.80 acre-feet per acre.5  The certificate limited the rate to 
570 gallons per minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

DWR’s Field Inspection Reports indicate that 209 of the 220 acre-feet authorized by the 
permit were lawfully perfected. 

209 acre-feet were applied to 122 approved acres in the SW/4 of Section 1-T26S-
R20W.7

The certificate limits the total quantity to 108 acre-feet based on the proration of the 
quantity perfected and the quantity perfected under File No. 30,084 and on DWR’s after-the-fact 

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS002500, Ex. A. 
5 Application, HAYS002495, Ex. B. 
6 March 16, 1976, letter (emphasis added), HAYS002499, Ex. C. 
7 FIR, HAYS002484, Ex. D. 
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File No.   22,329

determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use.  DWR did 
not have jurisdiction to make the latter reduction.8   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 209 acre-feet actually perfected even though it exceeds the certified quantity.   

An alternative approach 

DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 
irrigation requirement of 1.5 acre-feet per acre.9  The regulation allows the conversion of 72% of 
the maximum quantity to a new use; in other words, it assumes that 28% of the quantity diverted 
returns to the aquifer.   

If 28% of the 209 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 150.48 acre-feet, should be available for conversion to municipal use. 
This is less than the 209 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not 
implicated.  

The Applicants request that DWR approve a total of 150.48 acre-feet for municipal use.   

8 Certificate, HAYS002508, Ex. E; Larry Sheets Memo dated April 3, 1987, HAYS002503, Ex. F; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
9 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. G, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Larry Sheets Memo 
dated April 3, 1987, HAYS002503, Ex. F. 

22329

22329 Page 8 of 39



HAYS002500

22329

22329 Page 9 of 39

EXHIBIT

A
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EXHIBIT
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EXHIBIT
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EXHIBIT
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EXHIBIT

E



HAYS002509
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 25.

✔

✔

✔

22,330

✔

22330
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File No.   22,330
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

1-T26S-R20W         1   2 31 36 38 30 138 
                  
                  

List any other water rights that cover this place of use:   File No. 30,084  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

F i l e N o .

X

22,330

near the center SE
1 26 20

Edwards 1,376 1,536
620 gpm 117 a/f

✔

NE SW SW
1 26 20

Edwards 1,341 4,056
620 gpm 152.64 a/f

22,329-32; 30,084
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.
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File No.   22,330

Proposed Rate and Quantity 
The Cities are requesting a total of 152.64 acre-feet and 620 gpm from the well 

associated with this water right, all of which will be diverted from new point of diversion J, as 
shown on Exhibit I.  When combined with existing wells from other water rights, new point of 
diversion J will have a cumulative total of 678.44 acre-feet and 3,170 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 136.08 acre-feet to municipal use.1  As 
discussed below, 126 approved acres irrigated during the perfection multiplied by the Edwards 
County NIR for corn of 1.08 acre-feet per acre equals 136.08 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

248 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 138 
acres in Section 1-T26S-R20W, or 1.80 acre-feet per acre.5  The certificate limited the rate to 
620 gallons per minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Reports indicate that 212 of the 248 acre-feet authorized by the 
permit were lawfully perfected. 

212 acre-feet were applied to 126 approved acres in the S/2 of Section 1T26S-
R20W.7

While the certificate limits the total quantity to 117 acre-feet based on the proration of the 
quantity perfected and the quantity perfected under File No. 30,084 and on DWR’s after-the-fact 

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS002592, Ex. A. 
5 Application, HAYS002587, Ex. B. 
6 March 19, 1976, letter (emphasis added), HAYS002591, Ex. C. 
7 FIR, HAYS002576, Ex. D. 
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File No.   22,330

determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use.8  DWR did 
not have jurisdiction to make the latter reduction.9   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 212 acre-feet actually perfected even though it exceeds the certified quantity.   

An alternative approach 

DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 
irrigation requirement of 1.5 acre-feet per acre.10  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 212 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 152.64 acre-feet, should be available for conversion to municipal use. 
This is less than the 212 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not 
implicated.  

The Applicants request that DWR approve a total of 152.64 acre-feet for municipal use.   

8 Certificate, HAYS002600, Ex. E, and Larry Sheets Memo dated April 3, 1987, HAYS002595, Ex. F. 
9 Clawson v. Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
10 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. G, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Larry Sheets Memo 
dated April 3, 1987, HAYS002595, Ex. F. 
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EXHIBIT
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C



HAYS002576
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 22.

✔

✔

✔

22,331

✔
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File No.  22,331 
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

1-T26S-R20W      Lot 4
19 34   5       58 

2-T26S-R20W 17   39         6    62 
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

F i l e N o .

X

X

22,331

near the center SW NW
1 26 20

Edwards 3,240 4,875
645 gpm 90 a/f

✔

NE SW SW
1 26 20

Edwards 1,341 4,056
1,000 gpm 209 a/f

22,329-32; 30,084

Lot 9
2 26 20

Edwards 3,460 235
640 gpm 90 a/f

✔

NE SW SW
1 26 20

Edwards 1,341 4,056
1,000 gpm 209 a/f

22,329-32; 30,084

See paragraph 11 of the cover letter.
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.
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File No.   22,331

Proposed Rate and Quantity 
The Cities are requesting a total of 209 acre-feet and 1,000 gpm from the well associated 

with this water right, all of which will be diverted from new point of diversion J, as shown on 
Exhibit K.  When combined with existing wells from other water rights, new point of diversion J 
will have a cumulative total of 678.44 acre-feet and 3,170 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 130 acre-feet for municipal use.1  As 
discussed below, 120 approved acres irrigated during the perfection period multiplied by the 
Edwards County NIR for corn of 1.08 acre-feet per acre equals 130 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

214 acre-feet annually at a rate of up to 1,000 gallons per minute for irrigation use4, on 120 acres 
in Sections 1 and 2-T26S-R20W, or 1.78 acre-feet per acre.5  The certificate limited the rate to 
1,000 gallons per minute when the two wells were operated simultaneously. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

DWR’s Field Inspection Reports indicate that all of the 214 acre-feet authorized by the 
permit were lawfully perfected. 

201 acre-feet7 and 202 acre-feet8 (403 acre-feet) were applied to 120 approved acres
in Sections 1 and 2-T26S-R20W.

While the certificate limits the total quantity to 180 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.9   

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS002691, Ex. A. 
5 Application, HAYS002681, Ex. B. 
6 March 19, 1976, letter (emphasis added), HAYS002690, Ex. C. 
7 FIR, HAYS002663, Ex. D. 
8 FIR, HAYS002672, Ex. E. 
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Thus, since the perfection period has expired, the “authorized quantity” for this water 
right is the 214 acre-feet actually perfected even though it exceeds the certified quantity.   

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
The Field Inspection Reports state that alfalfa was grown on each of these circles during 

the year of record.10  According to the Kansas Irrigation Guide, the NIR for the 50% chance 
rainfall in Edwards County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 feet) inches 
for alfalfa.   

Since alfalfa was grown on the authorized place of use in at least one year during the 
perfection period, it is reasonable to use the NIR for alfalfa, which yields a total quantity of 
209.00 acre-feet consumed.  While this quantity is greater than the quantity set out in the 
certificate, it is less than the “maximum annual quantity authorized by the water right.”11 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.12  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 214 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 154.08 acre-feet, should be available for conversion to municipal use. 
This is less than the 214 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not 
implicated.  

The Applicants request that DWR approve a total of 209.00 acre-feet for municipal use.   

9 Certificate, HAYS002702, Ex. F; Doug Bush August 29, 1994, Memo, HAYS002695, Ex. G; Larry Sheets 
September 27, 1994 letter, HAYS002699, Ex. H; and Clawson v. Kansas Dept. of Agriculture, Div. of Water 
Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
10 FIRs, HAYS002666, Ex. D, and 2675, Ex. E. 
11 See K.A.R. 5-5-9(a)(4). 
12 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. I, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush Memo 
dated August 29, 1994, Ex. G. 
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EXHIBIT
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EXHIBIT
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EXHIBIT

G
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 23.

✔

✔

✔

22,332

✔
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File No.  22,332 
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

2-T26S-R20W             30 Lot 8 
32 32 31 125 

                  
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

F i l e N o .

X

X

22,332

near the center SE
2 26 20

Edwards 1,407 1,330
655 gpm 111 a/f

✔

NE SW SW
1 26 20

Edwards 1,341 4,056
980 gpm 166.32 a/f

22,329-32; 30,084

near the center E/2 SE
2 26 20

Edwards 1,342 797
460 gpm 77 a/f

✔

NE SW SW
1 26 20

Edwards 1,341 4,056
980 gpm 166.32 a/f

22,329-32; 30,084

See paragraph 11 of the cover letter.
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.
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File No.   22,332

Proposed Rate and Quantity 
The Cities are requesting a total of 166.32 acre-feet and 980 gpm from the well 

associated with this water right, all of which will be diverted from new point of diversion J, as 
shown on Exhibit J. When combined with existing wells from other water rights, new point of 
diversion J will have a cumulative total of 678.44 acre-feet and 3,170 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 135.00 acre-feet for municipal use.1  As 
discussed below, 125 approved acres irrigated during the perfection period multiplied by the 
Edwards County NIR for corn of 1.08 acre-feet per acre equals 135.00 acre-feet.2 

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit, issued on March 19, 1976, granted the right to divert up to 231 acre-feet 

annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 125 acres in the 
SE/4 of Section 2-T26S-R20W, or 1.85 acre-feet per acre.5  The certificate further limited the 
rate of the wells to 980 gallons per minute when operated simultaneously.6 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”7   

The Field Inspection Reports indicate that all of the 231 acre-feet authorized by the 
permit were lawfully perfected. 

205 acre-feet8 and 144 acre-feet9 (349 acre-feet) were applied to 125 approved acres
in the SE/4 of Section 2-T26S-R20W.

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS002782, Ex. A. 
5 Application, HAYS002775, Ex. B. 
6 Certificate, HAYS002790, Ex. C. 
7 March 19, 1976, letter (emphasis added), HAYS002781, Ex. D. 
8 FIR, HAYS002759, Ex. E. 
9 FIR, HAYS002768, Ex. F. 
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File No.   22,332

While the certificate limits the total quantity to 188 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.10   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 231 acre-feet actually perfected even though it exceeds the certified quantity.   

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.11  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 231 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 166.32 acre-feet, should be available for conversion to municipal use. 
This is less than the 231 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not 
implicated.  

The Applicants request that DWR approve a total of 166.32 acre-feet for municipal use.   

10 Certificate, HAYS002790, Ex. C; Doug Bush April 10, 1987, Memo, HAYS002785, Ex. G; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
11 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. H, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush April 10, 
1987, Memo, HAYS002785, Ex. G. 
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HAYS002782
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EXHIBIT

A



HAYS002783
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HAYS002774
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EXHIBIT

B



HAYS002775
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HAYS002776
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HAYS002777
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HAYS002790
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EXHIBIT

C



HAYS002791
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HAYS002781
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EXHIBIT

D



HAYS002759
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EXHIBIT

E



HAYS002760
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HAYS002761
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HAYS002762
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HAYS002763
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HAYS002764
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HAYS002765
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HAYS002766
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HAYS002767
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HAYS002768
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EXHIBIT

F



HAYS002769
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HAYS002770
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HAYS002771

22332

22332 Page 30 of 43



HAYS002772
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HAYS002785
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EXHIBIT

G
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EXHIBIT
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 39.

✔

✔

✔

22,333

✔

22333
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File No.  22,333 
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

2-T26S-R20W            21   8  29 
11-T26S-R20W  2   5            7 

                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

F i l e N o .

X

22,333

SE SE SW
2 26 20

Edwards 590 3,053
520 gpm 50 a/f

✔

NW SW NE
11 26 20

Edwards 3,646 2,143
520 gpm 57.47 a/f

22,333-35; 27,760

 

See paragraph 11 of the cover letter.
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,33322333
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File No.   22,333

Proposed Rate and Quantity 
The Cities are requesting a total of 57.47 acre-feet and 520 gpm from the well associated 

with this water right, all of which will be diverted from new point of diversion K, as shown on 
Exhibit L.  When combined with existing wells from other water rights, new point of diversion K 
will have a cumulative total of 533.2 acre-feet and 3,380 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows up to 35.64 acre-feet for municipal use.1  As discussed below, 
33 approved acres irrigated during the perfection period multiplied by the Edwards County NIR 
for corn of 1.08 acre-feet per acre equals 35.64 acre-feet.2 

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit, issued on March 19, 1976, granted the right to divert up to 63 acre-feet 

annually at a rate not to exceed 840 gallons per minute for irrigation use4 on 36 acres in the 
Sections 2 and 11-T26S-R20W.5 The certificate further limited the rate to 520 gallons per 
minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Report indicates that 57.75 of the 63 acre-feet authorized by the 
permit were lawfully perfected. 

133 acre-feet7 were applied to 33 approved acres in Sections 2 and 11-T26S-R20W.

The permit authorized the perfection of 63 acre-feet on 36 acres, or 1.75 acre-feet per
acre, but only 33 authorized acres were irrigated during the perfection period,
resulting in perfection of 57.75 acre-feet.

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS002951, Ex. A. 
5 Application, HAYS002944, Ex. B. 
6 March 19, 1976, letter (emphasis added), HAYS002950, Ex. C. 
7 FIR, HAYS002937, Ex. D. 

22333

22333 Page 7 of 52



File No.   22,333

While the certificate limits the total quantity to 50 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.8   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 57.75 acre-feet actually perfected even though it exceeds the certified quantity.   

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
Alfalfa was grown on the authorized place of use in at least one year during the 

perfection period.9  According to the Kansas Irrigation Guide, the NIR for the 50% chance 
rainfall in Edwards County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 feet) inches 
for alfalfa.   

Since alfalfa was grown on the authorized place of use in at least one year during the 
perfection period, it is reasonable to use the NIR for alfalfa, which yields a total quantity of 
57.47 acre-feet consumed.  While this quantity is greater than the quantity set out in the 
certificate, it is less than the 57.75 perfected acre-feet, the “maximum annual quantity authorized 
by the water right.”10 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.11  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 57.75 acre-feet legally applied during the perfection period percolates back 
to the aquifer, then 72%, or 41.58 acre-feet, should be available for conversion to municipal use. 
While this quantity is greater than the quantity set out in the certificate, it is less than the 57.75 
perfected acre-feet, the “maximum annual quantity authorized by the water right.” 

The Applicants request that DWR approve a total of 57.47 acre-feet for municipal use.   

8 Certificate, HAYS002959, Ex. E; Larry Sheets March 20, 1987, Memo, HAYS002954, Ex. F; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
9 FIR, HAYS002940, Ex. D.  See also 1981 Water Use Report from File 21,729 , Circle 39, HAYS000605, Ex. G; 
FSA Reports HAYS004449, Ex. H, and 4922, Ex. I. 
10 See K.A.R. 5-5-9(a)(4). 
11 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. J, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Larry Sheets 
March 20, 1987, Memo, HAYS002954, Ex. F. 

22333

22333 Page 8 of 52



HAYS002951

22333

22333 Page 9 of 52

EXHIBIT

A



HAYS002952

22333

22333 Page 10 of 52





HAYS002944

22333

22333 Page 12 of 52



HAYS002945

22333

22333 Page 13 of 52



HAYS002946

22333

22333 Page 14 of 52



HAYS002950

22333

22333 Page 15 of 52

EXHIBIT

C



HAYS002937

22333

22333 Page 16 of 52

EXHIBIT

D



HAYS002938

22333

22333 Page 17 of 52



HAYS002939

22333

22333 Page 18 of 52



HAYS002940

22333

22333 Page 19 of 52



HAYS002941

22333

22333 Page 20 of 52



HAYS002942

22333

22333 Page 21 of 52



HAYS002959

22333

22333 Page 22 of 52

EXHIBIT

E



HAYS002960

22333

22333 Page 23 of 52



HAYS002954

22333

22333 Page 24 of 52

EXHIBIT

F







HAYS004449

22333

22333 Page 27 of 52

EXHIBIT

H



HAYS004450

22333

22333 Page 28 of 52



HAYS004451

22333

22333 Page 29 of 52



HAYS004922

22333

22333 Page 30 of 52

EXHIBIT

I



HAYS004923

22333

22333 Page 31 of 52



HAYS004924

22333

22333 Page 32 of 52



HAYS004925

22333

22333 Page 33 of 52



HAYS004926

22333

22333 Page 34 of 52



HAYS004927

22333

22333 Page 35 of 52



HAYS004928

22333

22333 Page 36 of 52



HAYS004929

22333

22333 Page 37 of 52



HAYS004930

22333

22333 Page 38 of 52



HAYS004931

22333

22333 Page 39 of 52



HAYS004932

22333

22333 Page 40 of 52



HAYS004933

22333

22333 Page 41 of 52



22333

22333 Page 42 of 52

EXHIBIT

J



22333

22333 Page 43 of 52













22333

22333 Page 49 of 52

EXHIBIT

P



22333

22333 Page 50 of 52



22333

22333 Page 51 of 52

EXHIBIT

Q



22333

22333 Page 52 of 52



DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 27.

✔

✔

✔

22,334

✔

22334
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mcampbell
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File No.  22,334 
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

11-T26S-R20W 33 33 33 33             132 
                  

                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

F i l e N o .

X

X

22,334

near the center N/2 NE
11 26 20

Edwards 4,680 1,320
630 gpm 95 a/f

✔

NW SW NE
11 26 20

Edwards 3,646 2,143
890 gpm 162.88 a/f

22,333-35; 27,760

near the center NE
11 26 20

Edwards 3,960 1,335
639 gpm 95 a/f

✔

NW SW NE
11 26 20

Edwards 3,646 2,143
890 gpm 162.88 a/f

22,333-35; 27,760

See paragraph 11 of the cover letter.
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,33422334
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File No.   22,334

 
Proposed Rate and Quantity 
The Cities are requesting a total of 162.88 acre-feet and 890 gpm from the well 

associated with this water right, all of which will be diverted from new point of diversion K, as 
shown on Exhibit K.  When combined with existing wells from other water rights, new point of 
diversion K will have a cumulative total of 533.2 acre-feet and 3,380 gpm. 

13. If changing the place of use and the use made of water, describe how the 
consumptive use will not be increased: 

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows up to 136.08 acre-feet for municipal use.1  As discussed below, 
126 approved acres irrigated during the perfection period multiplied by the Edwards County NIR 
for corn of 1.08 acre-feet per acre equals 136.08 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit, issued on March 19, 1976, granted the right to divert up to 237 acre-feet 

annually at a rate of up to 1,000 gallons per minute for irrigation use4 on 132 acres in Section 11-
T26S-R20W.5  The permit allowed the perfection of 1.80 acre-feet per acre.  The certificate 
further limited the rate of the wells to 890 gallons per minute when operated simultaneously.6 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”7   

The Field Inspection Reports indicate that 226.23 of the 237 acre-feet authorized by the 
permit were lawfully perfected. 

 277 acre-feet8 were applied to 126 approved acres in the NE/4 of Section 11-T26S-
R20W. 

 The permit authorized the perfection of 237 acre-feet on 132 acres, or 1.80 acre-feet 
per acre, but only 126 authorized acres were irrigated during the perfection period, 
resulting in the perfection of 226.23 acre-feet.9 

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS003041, Ex. A. 
5 Application, HAYS003031, Ex. B. 
6 Certificate, HAYS003048, Ex. C. 
7 March 19, 1976, letter (emphasis added), HAYS003040, Ex. D. 
8 FIR, HAYS002937, Ex. E. 

22334
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File No.   22,334

While the certificate limits the total quantity to 190 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.10   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 226.23 acre-feet actually perfected even though it exceeds the certified quantity. 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.11  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 226.23 acre-feet legally applied during the perfection period percolates 
back to the aquifer, then 72%, or 162.88 acre-feet, should be available for conversion to 
municipal use.  This is less than the 226.23 acre-feet authorized so the limitation in K.A.R. 5-5-
9(a)(4) is not implicated.  

The Applicants request that DWR approve a total of 162.88 acre-feet for municipal use.   

9 FIRs HAYS003017, Ex. F, and HAYS003021, Ex. G. 
10 Certificate, HAYS003048, Ex. C; Larry Sheets March 19, 1987, Memo, HAYS003044, Ex. H; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
11 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. I, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Larry Sheets 
March 19, 1987, Memo, HAYS003044, Ex. H. 
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EXHIBIT

A



HAYS003042

22334

22334 Page 10 of 44



HAYS003031

22334

22334 Page 11 of 44

EXHIBIT
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EXHIBIT

D
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 26.

✔

✔

✔

22,335

✔

22335
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File No.   22,335
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

11-T26S-R20W     33 33 33 33         132 
                  
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

X

22,335

near the center NW
11 26 20

Edwards 3,970 3,945
555 gpm 89 a/f

✔

NW SW NE
11 26 20

Edwards 3,646 2,143
1,000 gpm 171.36 a/f

22,333-35; 27,760

near the center E/2 NW
11 26 20

Edwards 3,920 3,270
680 gpm 109 a/f

✔

NW SW NE
11 26 20

Edwards 3,646 2,143
1,000 gpm 171.36 a/f

22,333-35; 27,760

22335
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,33522335
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File No.   22,335

Proposed Rate and Quantity 
The Cities are requesting a total of 171.36 acre-feet and 1,000 gpm from the wells 

associated with this water right, both of which will be diverted from new point of diversion K, as 
shown on Exhibit J.  When combined with existing wells from other water rights, new point of 
diversion K will have a cumulative total of 533.2 acre-feet and 3,380 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 142.56 acre-feet to municipal use.1  As 
discussed below, 132 approved acres irrigated during the perfection multiplied by the Edwards 
County NIR for corn of 1.08 acre-feet per acre equals 142.56 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

238 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 132 
acres in the NW/4 of Section 11-T26S-R20W.5  The certificate limits the rate to 1,000 gallons 
per minute when the wells are operating simultaneously.6   

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”7   

The Field Inspection Reports indicate that all of the 238 acre-feet authorized by the 
permit were lawfully perfected. 

179 acre-feet8 and 218 acre-feet9 (397 acre-feet) were applied to 132 approved acres
in the NW/4 of Section 11T26S-R20W.

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS003133, Ex. A. 
5 Application, HAYS003124, Ex. B. 
6 Certificate, HAYS003141, Ex. C. 
7 March 19, 1976, letter (emphasis added), HAYS003132, Ex. D. 
8 FIR, HAYS003110, Ex. E. 
9 FIR, HAYS003119, Ex. F. 

22335
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File No.   22,335

While the certificate limits the total quantity to 198 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.10   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 238 acre-feet actually perfected even though it exceeds the certified quantity.   

An alternative approach 

DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 
irrigation requirement of 1.5 acre-feet per acre.11  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 238 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 171.36 acre-feet, should be available for conversion to municipal use. 
This is less than the 238 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not 
implicated.  

The Applicants request that DWR approve a total of 171.36 acre-feet for municipal use.   

10 Certificate, HAYS003141, Ex. C; Doug Bush Memo dated March 20, 1987, HAYS003136, Ex. G; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
11 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. H, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush Memo 
dated March 20, 1987, HAYS003136, Ex. G. 

22335
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HAYS003133
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EXHIBIT

A



HAYS003134
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HAYS003125
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HAYS003126
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HAYS003127
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HAYS003141
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EXHIBIT

C



HAYS003142
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HAYS003132
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EXHIBIT

D



HAYS003110
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EXHIBIT

E



HAYS003111
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22335

22335 Page 20 of 43



HAYS003113
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HAYS003114
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HAYS003115
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HAYS003119
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EXHIBIT

F



HAYS003120
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HAYS003121
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HAYS003122
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HAYS003123
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HAYS003136
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EXHIBIT

G
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EXHIBIT
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 28.

✔

✔

✔

22,338

✔

22338
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File No.   22,338
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

10-T26S-R20W Lot 7 
46 

Lot 6 
32           19 10   107 

11-T26S-R20W       2          2 
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
 

 

22338
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

X

22,338

Lot 7 
10 26 20

Edwards 3,152 1,043
950 gpm 89 a/f

✔

SW NE SE
10 26 20

Edwards 1,863 883
950 gpm 141.12 a/f

22,339; 27,760

Lot 7
10 26 20

Edwards 2,705 703
785 gpm 73 a/f

✔

SW NE SE
10 26 20

Edwards 1,863 883
950 gpm 141.12 a/f

22,339; 27,760

22338
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,33822338
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File No.   22,338

 
Proposed Rate and Quantity 
The Cities are requesting a total of 141.12 acre-feet and 950 gpm from the wells 

associated with this water right, all of which will be diverted from new point of diversion L, as 
shown on Exhibit J. When combined with existing wells from other water rights, new point of 
diversion L will have a cumulative total of 426.24 acre-feet and 2,430 gpm. 

13. If changing the place of use and the use made of water, describe how the 
consumptive use will not be increased: 

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 116.64 acre-feet to municipal use.1  As 
discussed below, 108 approved acres irrigated during the perfection multiplied by the Edwards 
County NIR for corn of 1.08 acre-feet per acre equals 116.64 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

196 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 108 
acres in Sections 10 and 11-T26S-R20W.5  The certificate further limited the wells to a rate of 
950 gallons per minute when operated simultaneously.6 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”7   

The Field Inspection Reports indicate that all of the 196 acre-feet authorized by the 
permit were lawfully perfected. 

 167 acre-feet8 and 113.2 acre-feet9 (280.2 acre-feet) were applied to 108 approved 
acres in Sections 10 and 11-T26S-R20W. 

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS003231, Ex. A. 
5 Application, HAYS003222, Ex. B. 
6 Certificate, HAYS003242, Ex. C. 
7 March 19, 1976, letter (emphasis added), HAYS003230, Ex. D. 
8 FIR, HAYS003207, Ex. E. 
9 FIR, HAYS003213, Ex. F. 

22338
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File No.   22,338

While the certificate limits the total quantity to 162 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.10   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 196 acre-feet actually perfected even though it exceeds the certified quantity.   

 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.11  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 196 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 141.12 acre-feet, should be available for conversion to municipal use.  
This is less than the 196 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not 
implicated.  

The Applicants request that DWR approve a total of 141.12 acre-feet for municipal use.   

10 Certificate, HAYS003242, Ex. C; Doug Bush Memo dated August 19, 1994, HAYS003234, Ex. G; and Clawson 
v. Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
11 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. H, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush Memo 
dated August 19, 1994, HAYS003234, Ex. G. 

22338
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EXHIBIT

A



HAYS003232
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HAYS003221
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EXHIBIT

B



HAYS003222
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HAYS003224
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EXHIBIT

C



HAYS003243
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HAYS003230
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EXHIBIT

D



HAYS003207
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EXHIBIT

E



HAYS003208
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HAYS003209
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HAYS003210
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HAYS003213
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EXHIBIT

F



HAYS003214
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EXHIBIT

G



22338

22338 Page 28 of 38

EXHIBIT

H



22338

22338 Page 29 of 38













22338

22338 Page 35 of 38

EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 29.

✔

✔

✔

22,339

✔

22339
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File No.   22,339
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

10-T26S-R20W   Lot 6 
5    5 20 Lot 5 

41.90 15    15   
110 

10-T26S-R20W         8 10        

                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

22,339

Lot 5
10 26 20

Edwards 2,535 3,300
680 gpm 165 a/f

✔

SW NE SE
10 26 20

Edwards 1,863 883
680 gpm 142.56 a/f

22,338; 27,760
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,33922339

22339 Page 4 of 33







File No.   22,339

 
Proposed Rate and Quantity 
The Cities are requesting a total of 142.56 acre-feet and 680 gpm from the well 

associated with this water right, all of which will be diverted from new point of diversion L, as 
shown on Exhibit I. When combined with existing wells from other water rights, new point of 
diversion L will have a cumulative total of 426.24 acre-feet and 2,430 gpm. 

13. If changing the place of use and the use made of water, describe how the 
consumptive use will not be increased: 

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 118.80 acre-feet to municipal use.1  110 
approved acres irrigated during the perfection multiplied by the Edwards County NIR for corn of 
1.08 acre-feet per acre equals 118.80 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

198 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 110 
acres in Section 10-T26S-R20W.5 The certificate further limited the rate to 680 gallons per 
minute.     

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Report indicates that all of the 198 acre-feet authorized by the 
permit were lawfully perfected. 

 218 acre-feet were applied to 110 approved acres in Section 10-T26S-R20W.7 

While the certificate limits the total quantity to 165 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.8   

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS003317, Ex. A. 
5 Application, HAYS003310, Ex. B. 
6 March 19, 1976, letter (emphasis added), HAYS003316, Ex. C. 
7 FIR, HAYS003302, Ex. D. 
8 Certificate, HAYS003326, Ex. E; Larry Sheets Memo dated March 26, 1987, HAYS003320, Ex. F; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
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File No.   22,339

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 198 acre-feet actually perfected even though it exceeds the certified quantity.   

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.9  The regulation allows the conversion of 72% of 
the maximum quantity to a new use; in other words, it assumes that 28% of the quantity diverted 
returns to the aquifer.   

If 28% of the 198 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 142.56 acre-feet, should be available for conversion to municipal use.  
This is less than the 198 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not 
implicated.  

The Applicants request that DWR approve a total of 142.56 acre-feet for municipal use.   

9 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. G, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Larry Sheets Memo 
dated March 26, 1987, HAYS003320, Ex. F. 
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HAYS003317
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EXHIBIT

A



HAYS003318
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HAYS003309
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EXHIBIT

B





HAYS003311
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HAYS003312
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HAYS003316
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EXHIBIT

C



HAYS003302
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EXHIBIT

D



HAYS003303
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HAYS003304
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HAYS003305
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HAYS003326
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EXHIBIT

E



HAYS003327
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HAYS003320
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EXHIBIT

F
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EXHIBIT

G
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EXHIBIT

M
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 31.

✔

✔

✔

22,340

✔
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File No.   22,340
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

10-T26S-R20W             14 10 30 39 93 
11-T26S-R20W            1     1 
15-T26S-R20W 9 5               14 

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

22,340

NW SE SE
10 26 20

Edwards 690 1,136
950 gpm 162 a/f

✔

SW NE NE
15 26 20

Edwards 4,367 1,228
950 gpm 140.4 a/f

22,341-42; 30,083
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.
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File No.   22,340

Proposed Rate and Quantity 
The Cities are requesting a total of 140.4 acre-feet and 950 gpm from the well associated 

with this water right, all of which will be diverted from new point of diversion M, as shown on 
Exhibit I. When combined with existing wells from other water rights, new point of diversion M 
will have a cumulative total of 475.5 acre-feet and 3,500 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 116.64 acre-feet to municipal use.1  108 
approved acres irrigated during the perfection multiplied by the Edwards County NIR for corn of 
1.08 acre-feet per acre equals 116.64 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

195 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 108 
acres in Sections 10, 11, and 15-T20S-R26W.5 The certificate further limited the rate to 950 
gallons per minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Report indicates that all of the 195 acre-feet authorized by the 
permit were lawfully perfected. 

305 acre-feet were applied to 108 approved acres in Sections 10, 11, and 15-T26S-
R20W.7

While the certificate limits the total quantity to 162 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.8   

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS003417, Ex. A. 
5 Application, HAYS003404, Ex. B. 
6 March 19, 1976, letter (emphasis added), HAYS003416, Ex. C. 
7 FIR, HAYS003396, Ex. D. 

22340

22340 Page 7 of 36



File No.   22,340

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 195 acre-feet actually perfected even though it exceeds the certified quantity.   

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.9  The regulation allows the conversion of 72% of 
the maximum quantity to a new use; in other words, it assumes that 28% of the quantity diverted 
returns to the aquifer.   

If 28% of the 195 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 140.40 acre-feet, should be available for conversion to municipal use. 
This is less than the 195 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not 
implicated.  

The Applicants request that DWR approve a total of 140.40 acre-feet for municipal use.   

8 Certificate, HAYS003425, Ex. E; Larry Sheets Memo dated March 25, 1987, HAYS003420, Ex. F; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
9 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. G, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Larry Sheets Memo 
dated March 25, 1987, HAYS003420, Ex. F. 
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HAYS003417
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EXHIBIT

A



HAYS003418
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HAYS003403
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EXHIBIT

B



HAYS003404
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HAYS003405
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HAYS003406

22340

22340 Page 14 of 36



HAYS003416
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EXHIBIT

C



HAYS003396
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EXHIBIT

D



HAYS003397
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HAYS003398
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 30.

✔

✔

✔

22,341

✔

22341
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File No.   22,341
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

10-T26S-R20W           Lot 4
14 34   6  54 

15-T26S-R20W  6   40 Lot 1
23 1 6         76 

                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

22,341

NW NE NW
15 26 20

Edwards 5,240 3,600
920 gpm 188 a/f

✔

SW NE NE
15 26 20

Edwards 4,367 1,228
920 gpm 190.38 a/f

22,340-42; 30,083
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,34122341
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File No.   22,341

Proposed Rate and Quantity 
The Cities are requesting a total of 190.38 acre-feet and 920 gpm from the well 

associated with this water right, all of which will be diverted from new point of diversion M, as 
shown on Exhibit M. When combined with existing wells from other water rights, new point of 
diversion M will have a cumulative total of 475.5 acre-feet and 3,500 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 135.00 acre-feet to municipal use.1  As 
discussed below, 125 approved acres irrigated during the perfection multiplied by the Edwards 
County NIR for corn of 1.08 acre-feet per acre equals 135.00 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

198 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 130 
acres in Sections 10 and 15-T26S-R20W.5 The certificate further limited the rate to 920 gallons 
per minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Reports indicate that 190.38 of the 198.00 acre-feet authorized by 
the permit were lawfully perfected. 

295 acre-feet were applied to 125 approved acres in Sections 10 and 15-T26S-
R20W.7

The permit authorized the perfection of 198 acre-feet per acre on 130 acres or 1.52
acre-feet per acre, but only 125 authorized acres were irrigated during the perfection
period resulting in the perfection of 190.38 acre-feet.8

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS003513, Ex. A. 
5 Application, HAYS003506, Ex. B. 
6 March 19, 1976, letter (emphasis added), HAYS003512, Ex. C. 
7 FIR, HAYS003497, Ex. D. 

22341
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File No.   22,341

While the certificate limits the total quantity to 188 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.9   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 190.38 acre-feet actually perfected even though it exceeds the certified quantity.   

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
The FIR states that alfalfa was grown on this circle during the year of record.10  

According to the Kansas Irrigation Guide, the NIR for the 50% chance rainfall in Edwards 
County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.  It is 
reasonable to use the NIR for alfalfa, which yields a total quantity of 217.71 acre-feet consumed.  
Because this quantity is greater than the authorized quantity of 190.38 acre-feet the request is 
limited to that amount.11 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.12  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 190.38 acre-feet legally applied during the perfection period percolates 
back to the aquifer, then 72%, or 137.08 acre-feet, should be available for conversion to 
municipal use.  This is less than the 190.38 acre-feet authorized so the limitation in K.A.R. 5-5-
9(a)(4) is not implicated.  

The Applicants request that DWR approve a total of 190.38 acre-feet for municipal use.   

8 FIRs, HAYS003497, Ex. D. 
9 Certificate, HAYS003521, Ex. E; Larry Sheets Memo dated March 25, 1987, HAYS003516, Ex. F; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
10HAYS003500, Ex. G.  See also HAYS000600, Ex. H, HAYS000604, Ex. I, and American Agricultural Industries, 
Inc. v. Slentz McAlister, Trial Exhibits, HAYS004943, Ex. J. 
11 See K.A.R. 5-5-9(a)(4). 
12 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. K, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Larry Sheets Memo 
dated March 25, 1987, HAYS003516, Ex. F. 
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EXHIBIT

A
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EXHIBIT

F



HAYS003500
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EXHIBIT
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 36

✔

✔

✔

22,342

✔
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File No.   22,342
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

14-T26S-R20W     21.5 38.5 38.5 21.0         119.5 
15-T26S-R20W 7.5   7.0             14.5 

                  

List any other water rights that cover this place of use:   File No. 30,083  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

22,342

NW SW NW
14 26 20

Edwards 3,906 4,878
630 gpm 75 a/f

✔

SW NE NE
15 26 20

Edwards 4,367 1,228
630 gpm 100.8 a/f

22,340-41; 30,083
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,34222342
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Proposed Rate and Quantity 
The Cities are requesting a total of 100.8 acre-feet and 630 gpm from the well associated 

with this water right, all of which will be diverted from new point of diversion M, as shown on 
Exhibit I. When combined with existing wells from other water rights, new point of diversion M 
will have a cumulative total of 475.5 acre-feet and 3,500 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

Overlaps with 30,083 

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 144.72 acre-feet to municipal use.1  As 
discussed below, 134 approved acres irrigated during the perfection multiplied by the Edwards 
County NIR for corn of 1.08 acre-feet per acre equals 144.72 acre-feet.2  However, only 140 
acre-feet were applied to approved acres during the perfection period.  Thus, the quantity 
available from this water right under the default formula would be limited to 140 acre-feet.     

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

247 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 137 
acres in Sections 14 and 15-T26S-R20W.5 The certificate further limited the rate to 630 gallons 
per minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Reports indicate that 140 of the 247 acre-feet authorized by the 
permit were lawfully perfected. 

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS003627, Ex. A. 
5 Application, HAYS003620, Ex. B. 
6 March 19, 1976, letter (emphasis added), HAYS003626, Ex. C. 
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File No.   22,342

140 acre-feet were applied to 134 approved acres in Sections 14 and 15-T26S-
R20W.7

While the certificate limits the total quantity to 75 acre-feet based on proration between 
this file and File No. 30,083 and DWR’s after-the-fact determination that 1.5 acre-feet per acre 
was a reasonable quantity for irrigation use, DWR did not have jurisdiction to make this 
reduction.8   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 140 acre-feet actually perfected even though it exceeds the certified quantity.   

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.9  The regulation allows the conversion of 72% of 
the maximum quantity to a new use; in other words, it assumes that 28% of the quantity diverted 
returns to the aquifer.   

If 28% of the 140 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 100.80 acre-feet, should be available for conversion to municipal use. 
This is less than the 140 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not 
implicated.  

The Applicants request that DWR approve a total of 100.80 acre-feet for municipal use.   

7 FIR, HAYS003604, Ex. D. 
8 Certificate, HAYS003662, Ex. E; Doug Bush Memo dated January 16, 1992, HAYS003658, Ex. F; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
9 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. G, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush Memo 
dated January 16, 1992, HAYS003658, Ex. F. 

22342

22342 Page 8 of 34



HAYS003627

22342

22342 Page 9 of 34

EXHIBIT

A
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EXHIBIT

B



HAYS003620
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EXHIBIT

C



HAYS003604
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EXHIBIT

D



HAYS003605
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EXHIBIT

E





HAYS003658
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EXHIBIT

F
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 35.

✔

✔

✔

22,343

✔
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File No.   22,343
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

15-T26S-R20W 13 21 39 27    3     3 7   113 
                  
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

22,343

NE SW NE
15 26 20

Edwards 3,565 1,670
810 gpm 169 a/f

✔

SW NW SE
15 26 20

Edwards 1,714 2,450
810 gpm 146.16 a/f

22,345-46
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,34322343
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Proposed Rate and Quantity 
The Cities are requesting a total of 146.16 acre-feet and 810 gpm from the well 

associated with this water right, all of which will be diverted from new point of diversion N, as 
shown on Exhibit I. When combined with existing wells from other water rights, new point of 
diversion N will have a cumulative total of 476.87 acre-feet and 2,230 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 122.04 acre-feet to municipal use.1  113 
approved acres irrigated during the perfection multiplied by the Edwards County NIR for corn of 
1.08 acre-feet per acre equals 122.04 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

203 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 113 
acres in Section 15-T26S-R20W.5 The certificate further limited the rate to 810 gallons per 
minute. 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

The Field Inspection Reports indicate that all of the 203 acre-feet authorized by the 
permit were lawfully perfected. 

260 acre-feet were applied to 113 approved acres in Section 15-T26S-R20W.7

While the certificate limits the total quantity to 169 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.8   

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS003801, Ex. A. 
5 Application, HAYS003793, Ex. B. 
6 March 19, 1976, letter (emphasis added), HAYS003800, Ex. C. 
7 FIR, HAYS003786, Ex. D. 
8 Certificate, HAYS003809, Ex. E; Larry Sheets Memo dated March 25, 1987, HAYS003804, Ex. F; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
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File No.   22,343

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 203 acre-feet actually perfected even though it exceeds the certified quantity.   

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.9  The regulation allows the conversion of 72% of 
the maximum quantity to a new use; in other words, it assumes that 28% of the quantity diverted 
returns to the aquifer.   

If 28% of the 203 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 146.16 acre-feet, should be available for conversion to municipal use. 
This is less than the 203 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not 
implicated.  

The Applicants request that DWR approve a total of 146.16 acre-feet for municipal use.   

9 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. G, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Larry Sheets Memo 
dated March 25, 1987, HAYS003804, Ex. F. 
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EXHIBIT

A
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EXHIBIT
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EXHIBIT

C



HAYS003786
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D
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EXHIBIT
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 38.

✔

✔

✔

22,345

✔
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File No.   22,345
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

15-T26S-R20W             22 24 31 30 107 
                  
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

22,345

near the center SE
15 26 20

Edwards 1,175 1,205
820 gpm 159 a/f

✔

SW NW SE
15 26 20

Edwards 1,714 2,450
820 gpm 184.62 a/f

22,343; 22,346
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,34522345
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File No.   22,345

Proposed Rate and Quantity 
The Cities are requesting a total of 184.62 acre-feet and 820 gpm from the well 

associated with this water right, all of which will be diverted from new point of diversion N, as 
shown on Exhibit I. When combined with existing wells from other water rights, new point of 
diversion N will have a cumulative total of 476.87 acre-feet and 2,230 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 114.48 acre-feet to municipal use.1  106 
approved acres irrigated during the perfection multiplied by the Edwards County NIR for corn of 
1.08 acre-feet per acre equals 114.48 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

209 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 107 
acres in Section 15-T26S-R20W.5 The certificate further limited the rate to 820 gallons per 
minute.6 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”7   

The Field Inspection Reports indicate that 207.05 of the 209 acre-feet authorized by the 
permit were lawfully perfected. 

270 acre-feet were applied to 106 approved acres in the SE/4 of Section 15-T26S-
R20W.8

The permit authorized the perfection of 209 acre-feet per acre on 107 acres or 1.95
acre-feet per acre, but only 106 authorized acres were irrigated during the perfection
period resulting in the perfection of 207.05 acre-feet.9

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS003882, Ex. A. 
5 Application, HAYS003875, Ex. B. 
6 Certificate, HAYS003890, Ex. C. 
7 March 19, 1976, letter (emphasis added), HAYS003881, Ex. D. 
8 FIR, HAYS003868, Ex. E. 

22345

22345 Page 7 of 35



File No.   22,345

While the certificate limits the total quantity to 159 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.10   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 207.05 acre-feet actually perfected even though it exceeds the certified quantity.   

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
The FIR states that alfalfa was grown on this circle during the year of record.11  

According to the Kansas Irrigation Guide, the NIR for the 50% chance rainfall in Edwards 
County is 13 inches (1.083333 feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.  It is 
reasonable to use the NIR for alfalfa, which yields a total quantity of 184.62 acre-feet consumed. 
While this quantity is greater than the quantity set out in the certificate, it is less than the 
“maximum annual quantity authorized by the water right.”12 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.13  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 207.05 acre-feet legally applied during the perfection period percolates 
back to the aquifer, then 72%, or 149.07 acre-feet, should be available for conversion to 
municipal use.  This is less than the 207.05 acre-feet authorized so the limitation in K.A.R. 5-5-
9(a)(4) is not implicated.  

The Applicants request that DWR approve a total of 184.62 acre-feet for municipal use.   

9 FIR, HAYS003868, Ex. E. 
10 Certificate, HAYS003890, Ex. C; Larry Sheets Memo dated March 27, 1987, HAYS003885, Ex. F; and Clawson 
v. Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013).
11 FIRs, HAYS003868, Ex. E. 
12 See K.A.R. 5-5-9(a)(4). 
13 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. G, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Larry Sheets Memo 
dated March 27, 1987, HAYS003885, Ex. F. 
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 37.

✔

✔

✔

22,346

✔
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File No.   22,346
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

15-T26S-R20W         33 33 33 33     132 
                  
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

22,346

SW NE SW
15 26 20

Edwards 1,395 3,740
600 gpm 162 a/f

✔

SW NW SE
15 26 20

Edwards 1,714 2,450
600 gpm 146.09 a/f

22,343; 22,345
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

22,34622346
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File No.   22,346

Proposed Rate and Quantity 
The Cities are requesting a total of 146.09 acre-feet and 600 gpm from the well 

associated with this water right, all of which will be diverted from new point of diversion N, as 
shown on Exhibit I. When combined with existing wells from other water rights, new point of 
diversion N will have a cumulative total of 476.87 acre-feet and 2,230 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 116.64 acre-feet to municipal use.1  108 
approved acres irrigated during the perfection multiplied by the Edwards County NIR for corn of 
1.08 acre-feet per acre equals 116.64 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on March 19, 1976, granting the applicant the right to divert up to 

248 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use4 on 132 
acres in the SE/4 of Section 15-T26S-R20W.5 The certificate further limited the rate to 600 
gallons per minute.6 

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”7   

The Field Inspection Reports indicate that 202.90 of the 248 acre-feet authorized by the 
permit were lawfully perfected. 

232 acre-feet were applied to 108 approved acres in Section 15-T26S-R20W.8

The permit authorized the perfection of 248 acre-feet per acre on 132 acres or 1.88
acre-feet per acre, but only 108 authorized acres were irrigated during the perfection
period,  resulting in the perfection of 202.90 acre-feet.9

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS003982, Ex. A. 
5 Application, HAYS003974, Ex. B. 
6 Certificate, HAYS003989, Ex. C. 
7 March 19, 1976, letter (emphasis added), HAYS003981, Ex. D. 
8 FIR, HAYS003965, Ex. E. 
9 FIRs, HAYS003965, Ex. E. 
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File No.   22,346

While the certificate limits the total quantity to 162 acre-feet based on DWR’s after-the-
fact determination that 1.5 acre-feet per acre was a reasonable quantity for irrigation use, DWR 
did not have jurisdiction to make this reduction.10   

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 202.90 acre-feet actually perfected even though it exceeds the certified quantity.   

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.11  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 202.90 acre-feet legally applied during the perfection period percolates 
back to the aquifer, then 72%, or 146.09 acre-feet, should be available for conversion to 
municipal use.  This is less than the 202.90 acre-feet authorized so the limitation in K.A.R. 5-5-
9(a)(4) is not implicated.  

The Applicants request that DWR approve a total of 146.09 acre-feet for municipal use.   

10 Certificate, HAYS003989, Ex. C; Doug Bush Memo dated October 1, 1987, HAYS003985, Ex. F; and Clawson v. 
Kansas Dept. of Agriculture, Div. of Water Resources, 49 Kan. App. 2d 789, 315 P.3d 896 (2013). 
11 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. G, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24 and Doug Bush Memo 
dated October 1, 1987, HAYS003985, Ex. F. 
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22346

22346 Page 16 of 32

EXHIBIT

D





HAYS003966
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circles 32 and 33.

✔

✔

✔

27,760

✔
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File No.   27,760
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

11-T26S-R20W         40 40 40 40 40 40 40 40 320 
                  
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

X

27,760

NE SW SW
11 26 20

Edwards 1,298 4,002
 970 gpm  233.26 a/f

✔

SW NE SE
10 26 20

Edwards 1,863 883
970 gpm 142.56 a/f

22,338; 22,339

(Battery) NE SW SE
11 26 20

Edwards 1,150 1,615
 800 gpm  196.51 a/f

✔

NW SW NE
11 26 20

Edwards 3,646 2,143
800 gpm 141.49 a/f

22,333-35
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.
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File No.   27,760

Proposed Rate and Quantity 
The Cities are requesting a total of 284.05 acre-feet and 1,770 gpm from the well 

associated with this water right. Of those amounts, 141,49 acre-feet and 970 gpm will be diverted 
to new point of diversion K, and 142.56 acre-feet and 800 gpm will be diverted from new point 
of diversion L, as shown on Exhibit L. 

When combined with existing wells from other water rights, new point of diversion K 
will have a cumulative total of 533.2 acre-feet and 3,380 gpm, and new point of diversion L will 
have a cumulative total of 426.24 acre-feet and 2,430 gpm. 

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased:

This water right is not yet certified.  

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 285.12 acre-feet to municipal use.1  264 
approved acres irrigated during the perfection multiplied by the Edwards County NIR for corn of 
1.08 acre-feet per acre equals 285.12 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on July 6, 1977, granting the applicant the right to divert up to 480 

acre-feet annually from two wells at a rate not to exceed 2,000 gallons per minute for irrigation 
use4 on 320 acres in the S/2 of Section 11-T26S-R20W.5     

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations. If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”6   

However, there was always a third well that was evidently left off the original 
application. An application to change the point of diversion to add the third well was filed on 
March 14, 1986, but it “languished somewhat” in DWR’s office.7  The change application was 

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS004110, Ex. A. 
5 Application, HAYS004104, Ex. B. 
6 July 6, 1977, letter (emphasis added), HAYS004113, Ex. C. 
7 July 11, 1994 Memo, HAYS004121, Ex. D. 
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File No.   27,760

eventually granted on July 21, 1994.8  It approved a “battery of two wells” in the SE/4 of Section 
11, limiting the combined rate to 800 gpm.   

The Field Inspection Reports indicate that 396.00 of the 480 acre-feet authorized by the 
permit were lawfully perfected. 

 The rate at the center pivot in the SW/4 with all three wells pumping is 970 gpm.9  
That center pivot system was operated for 1,306 hours in 1995,10 the year of record11 
resulting in the application of 233.26 acre-feet. 

 The rate at the center pivot in the SE/4 with all three wells pumping is 978 gpm,12 but 
is limited to 800 gpm.  That center pivot system was operated for 1,334 hours in 
1995,13 the year of record,14 resulting in the application of 196.51 acre-feet. 

 The permit authorized the perfection of 480 acre-feet on 320 acres, or 1.5 acre-feet 
per acre, but only 264 authorized acres were irrigated during the perfection period, 
resulting in perfection of 394.51 acre-feet. 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.15  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 394.51 acre-feet legally applied during the perfection period percolates 
back to the aquifer, then 72%, or 284.05 acre-feet, should be available for conversion to 
municipal use; 141.49 acre-feet for the battery of wells in the southeast quarter of section 11, and 
142.56 acre-feet for the single well in the southwest quarter of the same section.  This is less than 
the 396.00 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not implicated.  

The Applicants request that DWR approve a total of 284.05 acre-feet for municipal use.   

 

 

 

 

8 Approval of Application, HAYS004124, Ex. E 
9 FIR, HAYS004077, Ex. F. 
10 July 22, 1994 letter extending the perfection period to December 31, 1995, HAYS004125, Ex. G 
11 1995 WUR, HAYS004057, Ex. H. 
12 FIR, HAYS004087, Ex. I. 
13 1995 WUR, HAYS004057, Ex. H. 
14 July 22, 1994 letter extending the perfection period to December 31, 1995, HAYS004125, Ex. G. 
15 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. J, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24. 
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EXHIBIT

A



HAYS004111
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HAYS004103
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EXHIBIT

B



HAYS004104
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HAYS004113
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EXHIBIT

C



HAYS004121
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EXHIBIT

D



HAYS004122
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HAYS004123
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EXHIBIT

E



HAYS004124
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EXHIBIT

F



HAYS004071
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EXHIBIT

G



HAYS004057
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EXHIBIT

H



HAYS004081
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EXHIBIT

I



HAYS004082
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circles 9A and 10A.

✔

✔

✔

29,816

✔

29816
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File No.   29,816
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

1-T26S-R19W Lot 1 
5 

Lot 2 
5 40 40   40 40 2.5 2.5       175 

                  
                  

List any other water rights that cover this place of use:   None  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

X

29,816

near the center S/2 NE
4 26 19

Edwards 4,056 1,320
750 gpm 90 a/f

✔

NW SE NE
4 26 19

Edwards 4,545 1,311
750 gpm 90 a/f

21,841

near the center S/2 NW
4 26 19

Edwards 2,731 3,960
800 gpm 98 a/f

✔

NW SE SE
5 26 19

Edwards 1,577 901
800 gpm 97.5 a/f

21,842; 21,734
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

29,81629816
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Proposed Rate and Quantity 
The Cities are requesting a total of 187.5 acre-feet and 1,550 gpm from the wells 

associated with this water right. Of those amounts, 97.5 acre-feet and 800 gpm will be diverted 
from new point of diversion E, and 90 acre-feet and 750 gpm will be diverted to new point of 
diversion F, as shown on Exhibit H.  

When combined with existing wells from other water rights, new point of diversion E 
will have a cumulative total of 518.92 acre-feet and 2,561 gpm, and new point of diversion F will 
have 285 acre-feet and 1,640 gpm. 

13. If changing the place of use and the use made of water, describe how the 
consumptive use will not be increased: 

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 135.00 acre-feet to municipal use.1  125 
approved acres irrigated during the perfection multiplied by the Edwards County NIR for corn of 
1.08 acre-feet per acre equals 135.00 acre-feet.2   

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on February 22, 1978, granting the applicant the right to divert up 

to 240 acre-feet annually at a rate not to exceed 1,600 gallons per minute for irrigation use on 
160 acres in Section 4-T26S-R19W.4     

In the cover letter transmitting the permit, DWR made findings of fact stating that “the 
proposed use is for a beneficial purpose and is within reasonable limitations.  If priorities are 
observed and respected, the proposed use will neither impair any use under existing water rights 
nor prejudicially and unreasonably affect the public interest.”5   

The Field Inspection Reports indicate that 187.5 of the 240 acre-feet authorized by the 
permit were lawfully perfected. 

 131 acre-feet were applied to 65 approved acres in the NW/4 of Section 4-T26S-
R19W.6 

 123 acre-feet were applied to 60 approved acres in the NE/4 of Section 4-T26S-
R19W.7 

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS004213, Ex. A. 
5 February 22, 1978, letter (emphasis added), HAYS004212, Ex. B. 
6 FIR, HAYS004194, Ex. C. 

29816

29816 Page 7 of 37



File No.   29,816

 The permit authorized the perfection of 240 acre-feet per acre on 160 acres or 1.5 
acre-feet per acre, but only 125 authorized acres were irrigated during the perfection 
period,  resulting in the perfection of 187.5 acre-feet.8    

Since the perfection period has expired, the “authorized quantity” for this water right is 
the 187.5 acre-feet actually perfected.  The certificate rounded this number up to 188 acre-feet. 

There are at least two alternative approaches to calculating consumptive use. 

NIR for Alfalfa 
Alfalfa was grown on this circle during the perfection period.9  According to the Kansas 

Irrigation Guide, the NIR for the 50% chance rainfall in Edwards County is 13 inches (1.083333 
feet) for corn and 20.9 (1.741666 feet) inches for alfalfa.   

Since alfalfa was grown on the authorized place of use in at least one year during the 
perfection period, it is reasonable to use the NIR for alfalfa, which yields a total quantity of 
217.71 acre-feet consumed.  This quantity is greater than the quantity set out in the certificate 
and greater than the quantity actually perfected.  Because it cannot exceed the “maximum annual 
quantity authorized by the water right,”10 the quantity must be reduced to 187.50 acre-feet. 

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.11  The regulation allows the conversion of 72% 
of the maximum quantity to a new use; in other words, it assumes that 28% of the quantity 
diverted returns to the aquifer.   

If 28% of the 187.50 acre-feet legally applied during the perfection period percolates 
back to the aquifer, then 72%, or 135.00 acre-feet, should be available for conversion to 
municipal use.  This is less than the 187.50 acre-feet authorized so the limitation in K.A.R. 5-5-
9(a)(4) is not implicated.  

Because this exceeds the maximum authorized quantity, the request is limited to 187.50 
acre-feet. 

   

7 FIR, HAYS004200, Ex. D. 
8 FIRs, HAYS004194, Ex. C, and HAYS004200, Ex. D. 
9 American Agricultural Industries, Inc. v. Slentz McAlister Trial Exhibits, HAYS004448-4453, Ex. E. 
10 See K.A.R. 5-5-9(a)(4). 
11 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. F, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24. 
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EXHIBIT

A
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EXHIBIT

B
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EXHIBIT

C



HAYS004195
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EXHIBIT

D



HAYS004201
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EXHIBIT

E



HAYS004449
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 36.

✔

✔

✔

30,083

✔
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File No.   30,083
 

4. The presently authorized place of use is: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

14-T26S-R20W     21.5 38.5 38.5 21         119.5 
15-T26S-R20W 7.5   7.0             14.5 

                  

List any other water rights that cover this place of use:   File No. 22,342  

Owner of Land — NAME:   City of Russell, Kansas   

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 Same as above  
                  
                  

List any other water rights that cover this place of use:   None  

 (If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to: 

Owner of Land — NAME:   City of Hays, Kansas  

 ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

 
  
  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  

Owner of Land — NAME:   City of Russell, Kansas  

 ADDRESS:    133 W. 8th Street, Russell, Kansas 67665  

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

 The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 
 

 

  

  

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.  
 

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

30,083

near the center of E/2 of  the W/2 NW
14 26 20

Edwards 3,994 4,328
1,000 gpm* 126 a/f

✔

SW NE NE
15 26 20

Edwards 4,367 1,228
1,000 gpm 43.92 a/f

22,340-42
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.

30,08330083
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File No.   30,083

 
Proposed Rate and Quantity 
The Cities are requesting a total of 43.92 acre-feet and 1,000 gpm from the well 

associated with this water right, all of which will be diverted from new point of diversion M, as 
shown on Exhibit G. When combined with existing wells from other water rights, new point of 
diversion M will have a cumulative total of 475.5 acre-feet and 3,500 gpm. 

13. If changing the place of use and the use made of water, describe how the 
consumptive use will not be increased: 

The following discussion is subject to paragraph 13 of the cover letter regarding 
consumptive use.  

This file overlaps with File No. 22,342. 

DWR Regulation, K.A.R. 5-5-9(a), provides that the default calculation used to address 
the consumptive use issue allows the conversion of 61 acre-feet to municipal use.1 134 approved 
acres irrigated during the perfection period multiplied by the Edwards County NIR for corn of 
1.08 acre-feet per acre equals 144.72 acre-feet.2 However, as discussed below, only an additional 
61 acre-feet were perfected.   

Moreover, 140 acre-feet should be approved for municipal use under File No. 22,342, 
and since there is a complete overlap in the place of use, only an additional 4.72 acre-feet is 
available for municipal use from this file. 

That same regulation goes on to allow the change to be based on the net consumptive use 
actually made during the perfection period.3   

Quantity authorized and perfected 
The permit was issued on February 7, 1978, granting the applicant the right to divert up 

to 240 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use on 
160 acres in Section 14-T26S-R20W.4 The certificate further limited the diversion rate to 1,085 
gallons per minute when combined with water right number 22,342.5     

The Field Inspection Reports indicate that 61 of the 240 acre-feet authorized by the 
permit were lawfully perfected. 

 234 acre-feet were applied to 134 approved acres in the NW/4 of Section 14-T26S-
R20W, or 1.75 acre-feet per acre.6   

 The permit authorized the perfection of 240 acre-feet per acre on 160 acres, or 1.5 
acre-feet per acre, resulting in the perfection of 201 acre-feet.7 

1 K.A.R. 5-5-9(a) and (a)(1). 
2 K.A.R. 5-5-12, NIR Requirements. 
3 K.A.R. 5-5-9(b).   
4 Permit, HAYS004329, Ex. A. 
5 Certificate, HAYS004345, Ex. B. 
6 FIR, HAYS004308, Ex. C. 
7 Permit, HAYS004329, Ex. A. 
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File No.   30,083

 140 acre-feet were perfected on this circle under File 22,342. Thus only an additional 
61 acre-feet were perfected.    

An alternative approach 
DWR’s use of the NIR of 1.08 feet of water for corn is based on its maximum gross 

irrigation requirement of 1.5 acre-feet per acre.8 The regulation allows the conversion of 72% of 
the maximum quantity to a new use; in other words, it assumes that 28% of the quantity diverted 
returns to the aquifer.   

If 28% of the 61 acre-feet legally applied during the perfection period percolates back to 
the aquifer, then 72%, or 43.92 acre-feet, should be available for conversion to municipal use. 
This is less than the 61 acre-feet authorized so the limitation in K.A.R. 5-5-9(a)(4) is not 
implicated.  

The Applicants request that DWR approve a total of 43.92 acre-feet for municipal use.   

 

8 Administrative Policy No. 86-8, dated Nov. 5, 1986, Ex. D, stating that: “In that area of Kansas located between 
the Range 5 East/Range 6 East Line and the Range 20 West/Range 21 West line, the maximum allowable quantity 
shall not exceed an average of 1.50 acre-feet per acre irrigated.”  See also, K.A.R. 5-3-24. 
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EXHIBIT

A



HAYS004330
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HAYS004345
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EXHIBIT

B



HAYS004346
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HAYS004308
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EXHIBIT

C



HAYS004309
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DWR 1-120 (Revised 06/16/2014) Assisted by:  

Submit To: CHIEF ENGINEER 
Division of Water Resources 
Kansas Department of Agriculture 
1320 Research Park Drive
Manhattan, Kansas 66502
http://agriculture.ks.gov/dwr

APPLICATION FOR APPROVAL TO 
CHANGE THE PLACE OF USE, THE 
POINT OF DIVERSION OR THE USE 
MADE OF THE WATER UNDER AN 

EXISTING WATER RIGHT State of Kansas

Filing Fee Must Accompany the Application
(Please refer to Fee Schedule on signature page of application form.) 

Paragraph Nos. 1, 2, 3, 4 & 8 must be completed.  Complete all other applicable portions.  A topographic map or detailed plat 
showing the authorized and proposed points(s) of diversion and /or place of use must accompany this application. 

1. Application is hereby made for approval of the Chief Engineer to change the

 Place of Use 

(Check one or more) Point of Diversion 

Use Made of Water 

File No. 

2. Name of applicant:

Address:

City, State and Zip:

Phone Number: (     ) E-mail address: 

What is your relationship to the water right;  owner  tenant  agent  other?  If other, please explain. 

Name of water use correspondent: 

Address:     

City, State and Zip:       

Phone Number: (     ) E-mail address: 

3. The change(s) proposed herein are desired for the following reasons (please be specific):

The change(s) (was) (will be) completed by  
(Date) 

For Office Use Only:
F.O.   GMD   Meets K.A.R. 5-5-1 (YES / NO)  Use   Source  G / S  County  By  Date  
Code   Fee $  TR #   Receipt Date    Check # 

Circle 24.

✔

✔

✔

30,084

✔
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File No.   30,084

4. The presently authorized place of use is:

Owner of Land — NAME:   City of Hays, Kansas

ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

1-T26S-R20W  28 29 36 32 31 36 38 30 260 

List any other water rights that cover this place of use:   Files No. 22,329 and 22,330

Owner of Land — NAME:   City of Russell, Kansas  

ADDRESS:    133 W. 8th Street, Russell, Kansas 67665

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES 

NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

Same as above

List any other water rights that cover this place of use:   

(If there are more than two landowners, attach additional sheets as necessary.) 

5. It is proposed that the place of use be changed to:

Owner of Land — NAME:   City of Hays, Kansas

ADDRESS:    P.O. Box 490, 1507 Main Street, Hays, Kansas 67601

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

The City of Hays, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.

Owner of Land — NAME:   City of Russell, Kansas

ADDRESS:    133 W. 8th Street, Russell, Kansas 67665

Sec. Twp. Range 

NE¼ NW¼ SW¼ SE¼ TOTAL 
ACRES NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼ NE¼ NW¼ SW¼ SE¼

The City of Russell, Kansas and its immediate vicinity and other locations as more 
fully described in paragraph 5 of the cover letter. 

List any other water rights that cover this place of use:   See paragraph 5 of the cover letter.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY 
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6. The presently authorized point(s) of diversion (is) (are) .
(Provide description and number of points) 

7. The proposed point(s) of diversion (is) (are) .
(Provide description and number of points) 

List all presently authorized point(s) of diversion:

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

Presently authorized point of diversion: 

One in the Quarter of the Quarter of the  Quarter 
of Section  , Township  South, Range  (E/W), 
in        County, Kansas,   feet North  feet West of Southeast corner of section. 
Authorized Rate    Authorized Quantity 
(DWR use only:  Computer ID No.   GPS  feet North  feet West) 

 This point will not be changed  This point will be changed as follows: 

Proposed point of diversion: (Complete only if change is requested) 

One in the Quarter of the Quarter of the  Quarter 
of Section , Township  South, Range  (E/W), 
in        County, Kansas,         feet North  feet West of Southeast corner of section. 
Proposed Rate   Proposed Quantity 
This point is:  Additional Well     Geo Center   List other water rights that will use this point  .

11. Describe the current condition of and future plans for any point(s) of diversion which will no longer be used.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

9.

8.

10.

File No.

X

30,084

near the center S/2
1 26 20

Edwards 1,105 2,860
 gpm  a/f

✔

NE SW SW
1 26 20

Edwards 1,341 4,056
0 gpm 0 a/f

No. 22,329-32
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File No. 

12. The presently authorized use of water is for  purposes. 

It is proposed that the use be changed to  purposes. 

13.

(Please show any calculations here.) 

14. It is requested that the maximum annual quantity of water be reduced to  (acre-feet or million gallons). 

15. It is requested that the maximum rate of diversion of water be reduced to  gallons per minute (      c.f.s.). 

16. The application must include either a topographic map or detailed plat.  A U.S. Geological Survey Topographic Map, scale
1:24,000, is available through the Kansas Geological Survey, 1930 Constant Avenue, University of Kansas, Lawrence,
Kansas 66047-3726 (www.usgs.gov).  The map should show the location of the presently authorized point(s) of diversion.
Distances North and West of the Southeast corner of the section must be shown.  The presently authorized place of use
should also be shown.  Identify the center of the section, the section lines and the section corners and show the appropriate
section, township, and range numbers on the map.  In addition the following information must also be shown on the map.

a. If a change in the location of the point(s) of diversion is proposed, show:

1) The location of the proposed point(s) of diversion.  Distances North and West of the Southeast corner of the section
must be shown.  Please be certain that the information shown on the map agrees with the information shown in
Paragraph Nos. 9, 10 and 11 of the application.

2) If the source of supply is groundwater, please show the location of existing water wells of any kind, including
domestic wells, within ½ mile of the proposed well or wells.  Identify each well as to its use and furnish name and
mailing address of the property owner or owners.  If there are no wells within ½ mile, please indicate so on the map.

3) If the source of supply is surface water, the names and mailing addresses of all landowner(s) ½ mile downstream
and ½ mile upstream from your property lines must be shown.

b. If a change in the place of use is desired, show the proposed place of use by crosshatching on the map.  Please be
certain that the information shown on the map agrees with the information shown in Paragraph No. 5 of the application.

17. Attach documentation to show the change(s) proposed herein will not impair existing water rights and relates to the same
local source of supply as to which the water right relates.  This information may include statements, plats, geology reports,
well logs, test hole logs, and other information as necessary information to show the above.  Additional comments may be
made below.

18. If the proposed change(s) does not meet all applicable rules and regulations of the Kansas Water Appropriation Act, please
identify the rules and regulations for which you request a waiver.  State the reason why a waiver is needed and why the
request should be granted.  Attach documentation showing that granting the request will not impair existing water rights and
will not prejudicially and unreasonably affect the public interest.

IF MORE SPACE IS NEEDED, ATTACH ADDITIONAL SHEETS AS NECESSARY

If changing the place of use and/or use made of water, describe how the consumptive use will not be increased.
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File No.   30,084

13. If changing the place of use and the use made of water, describe how the
consumptive use will not be increased: 

The permit was issued on February 7, 1978, granting the applicant the right to divert up 
to 240 acre-feet annually at a rate not to exceed 1,000 gallons per minute for irrigation use on 
160 acres in Section 1-T26S-R20W,1 or 1.5 acre-feet per acre.  The quantity was further limited 
so that when combined with Files No. 22,329 and 22,330, no more than 279 acre-feet could be 
applied.  The place of use for this file is now a complete overlap with these two files.  Since both 
Files No. 22,329 and 22,330 were perfected at quantities greater than 1.5 acre-feet per acre, no 
water over and above the quantity available for conversion to municipal use under Files No. 
22,329 and 22,330, is available.    

1 Permit, HAYS004417. 
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INTERLOCAL COOPERATION AGREEMENT 

By and Between 

The City of Hays, Kansas 

and 

The City of Russell, Kansas 

December 23, 2014 

Pursuant to the Kansas Interlocal Cooperation Act 
K.S.A. 12-2901, et seq. 
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ARTICLE 1. 
Recitals 

I. I Hays and Russell are both Kansas municipal corporations authorized to enter into 
Interlocal Cooperation Agreements. 1 

I .2 Both Cities are in immediate need of a new, stable, long-term water source. 

1.3 On January 30, 1995, Hays acquired the R9 Ranch in Edwards County, Kansas, and on 
June 22, 1995, Russell purchased an undivided 18% interest in the Ranch from Hays. 
The Cities now own the R9 Ranch including the R9 Water Rights. Hays now owns an 
undivided 82% of the R9 Ranch, including the R9 Water Rights and Russell now owns 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

1.10 

1.11 

A. 

B. 

" L. 

1.12 

A. 

an undivided 18% of the R9 Ranch, including the R9 Water Rights.2 

The Cities purchased their interests in the R9 Ranch to use the R9 Water Rights to 
supplement the Cities' scarce and diminishing local water supplies. 

Hays has a one-half-percent sales tax in effect for the specific purpose of funding new 
water sources. 

Hays plans to use the revenue from the sales tax to fund the Project and intends to seek 
other sources of revenue for additional financing. 

Russell desires to participate with Hays in long-range planning, including the 
development of the water resources on the R9 Ranch. 

Russell also desires to obtain an agreement that will allow it to purchase water 
produced by the Project, if it wishes. 

The Cities intend to work cooperatively to develop the R9 Ranch as a water supply. 

To develop the Ranch as a water supply, Hays intends to acquire, construct, and equip 
a water supply system including production and pipeline facilities. 

This will require that the Cities convert the R9 Water Rights to municipal use which 
will, among other things: 

advance their economic development efforts; 

facilitate the construction of public improvements; and 

most importantly, meet critical water-supply needs, including the needs of other 
water providers in the region.3 

Developing the Ranch as a water source is a complicated and multi-year process 
involving compliance with various state and federal requirements that will include: 

filing Applications to convert the R9 Water Rights to municipal use and changing 
the points of diversion and places of use; 

1 See KS.A. 12-2903(a)(l) and KS.A. 12-2904(a) and (b). 
2 See KS.A. 82a-70l(g) and 82a-708a. 
3 See KS.A. 12-2904(a). 
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B. filing an Application to transfer water from Edwards County to Ellis and Russell 
counties; 

C. obtaining various licenses and permits; 

D. acquiring easements and rights-of-way; and 

E. financing and constructing infrastructure to gather and transport water from the 
Ranch to the Schoenchen vicinity in Ellis County. 

1.13 The Cities wish to allocate the duties, responsibilities, risks, and benefits of the Project 
as set out in this Agreement. 

1.14 The Cities understand that if the Project goes forward, Hays will pay all Costs of 
Acquisition and Construction and commit significant resources to the Project. For this 
and other reasons, Hays will need cooperation from Russell from time to time over the 
entire course of the Project. 

1.15 Because the Cities own undivided interests in the R9 Water Rights, both Cities will be 
required to, for example, sign Applications to change the characteristics of the R9 
Water Rights.4 It is likely that Russell's cooperation and consent will be needed on 
other issues during the transfer and development processes. 

1.16 As more fully set out in the body of this Agreement, and without limitation, by 
executing this Agreement Russell commits itself to perform at least the following acts 
during the course of the Project: 

A. cooperate with Hays on the Applications; 

B. cooperate with Hays on the Project; 

C. sign documents, including Applications and other documents as needed; and 

D. continue its support of the Project through completion of the Project, or 
abandonment of the same, despite changing political, social, economic, or any 
other variable or fixed conditions that exist now or may arise in the future. 

1.17 Russell benefits by signing this Agreement in at least the following ways. 

A. Russell wi'll have access to a new and long-term source of water; 

B. Russell will incur no up-front Costs of Acquisition and Construction; 

C. Russell will incur no cost if the Project is not col'npleted as anticipated; and 

D. Russell will be held harmless on revenue from the R9 Ranch during the term of 
this Agreement. 

ARTICLE 2. 
Definitions 

2.1 "Agreement" means this Interlocal Cooperation Agreement. 

2.2 "Applications'' means the series of applications referred to in paragraph 5 .1. 

4 See KA.R. 5-5-5. 
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2.3 "Costs of Acquisition and Construction" means all costs and expenses that are 
necessaiy or appropriate in order to allow Hays to place the Project in operation 
including costs and expenses to: ' 

A plan, design, construct, and finance the Project; 

B. obtain all necessary or appropriate orders, approvals, ceriificates, pennits, licenses 
or authorizations that are or may be necessary or useful for the construction, 
operation, maintenance, repair, or replacement of the Project; and 

C. obtain all necessary or appropriate easements and rights-of-way. 

D. Expenses paid by non-recourse grants shall not be included in the Costs of 
Acquisition and Construction; however, all costs associated with securing such 
grants are included in those costs. 

2.4 "DWR" means the Kansas Department of Agriculture, Division of Water Resources. 

2.5 "Hays" means the City of Hays, Kansas. 

2.6 "Local Water Rights" means water appropriation rights, vested rights, and storage 
rights owned by either Hays or Russell with authorized points of diversion in Trego, 
Ellis, or Russell Counties (but excludes water rights, if any, that are or may be jointly 
owned by Hays and Russell). 

2. 7 "Project" means the efforts that are undertaken by Hays to obtain approval of the 
Applications and to construct the following facilities: 

A. the water gathering, supply, and transportation system to be constructed and 
equipped for the purpose of producing water for municipal use from the R9 Water 
Rights; 

B. the pipeline and pump stations to transport water from Edwards County to the 
Schoenchen vicinity in Ellis County; and 

C. all related structures, facilities, and equipment. 

2.8 "Russell" means the City of Russell, Kansas. 

2.9 "R9 Ranch" or "Ranch" means the real estate and improvements located in Edwards 
County owned by Hays and Russell. 

2.10 "R9 Water Rights" means the water appropriation rights appurtenant to the R9 Ranch. 

ARTICLE 3. 
Purposes 

3 .1 This Agreement is made for the following purposes: 

A. to allow and provide for cooperation between Hays and Russell for the 
combination and efficient use of their powers relating to public water supplies; 

B. to secure additional sources of water for Hays and Russell as well as other water 
purchasers; 

C. to obtain approval of the Applications; 

6S: H18 
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D. to construct the Project; and 

E. to pem1it Hays to engage in any lawful act or activity to complete the Project. 

ARTICLE 4. 
The Cities' agreement 

4.1 Hays agrees to pay for any and all activities that it elects to undertake regarding the 
Applications and the Project from funds budgeted for that purpose. 

4.2 The Cities agree that Hays is responsible for administering the joint and cooperative 
undertaking set out in this Agreement. 5 Hays is responsible for all of the actions and 
the Costs of Acquisition and Construction. 

4.3 

4.4 

A. 

B. 

C. 

A. 

B. 

c. 

D. 

Russell agrees to: 

fully cooperate with Hays in support of the Applications and the Project; 

lend its legal and public support to the effort, allowing Hays to make all necessary 
Applications; and 

provide all necessary or appropriate approvals, documents, and infom1ation to 
assist Hays with the Applications and the Project. 

Hays agrees to: 

keep Russell informed of the progress of the Applications and the Project; 

provide Russell with reasonable advance notice of any affirmative action needed 
from Russell; 

give careful consideration to Russell's counsel and advice on key policy decisions 
related to the Project; 

maintain a detailed accounting of the Costs of Acquisition and Construction and, 

1. provide periodic updates as often as they are provided to the Hays City 
Commission, and 

2. make all such records available for review by the Russell City Manager 
and City Attorney or their authorized designees at reasonable times; and 

E. negotiate a future contract with Russell as provided in Article 9. 

ARTICLE 5. 
Authorization to file Change and Transfer Applications 

5.1 This Agreement authorizes Hays to file the following Applications with DWR and 
other public agencies, including: 

A. Applications to change the points of diversion, places of use, and authorized uses 
of the R9 Water Rights pursuant to K.S.A. 82a-708b and relevant DWR 
regulations so that water from the R9 Ranch can be used for municipal and 

5 See KS.A. 12-2904(e)(l) .. 
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ind~strial purposes in Ellis and Russell Counties and in other counties in the 
regron; 

5.2 

B. an Application to transfer water from the R9 Ranch to Ellis and Russell Counties, 
and other counties in the region, pursuant to K.S.A. 82a-l 501, et seq., and 
relevant DWR regulations; and 

C. Applications for all other orders, approvals, certificates, pe1mits, licenses, or 
authorizations that are or may be necessary or useful for the construction, 
operation, maintenance, or repair of the Project. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

This Agreement authorizes Hays to: 

prosecute the Applications to completion; 

defend against challenges to the Applications and the Project; 

file, prosecute, and defend administrative and judicial appeals; 

purchase real and personal property, including easements and rights-of-way; 

file and prosecute eminent domain proceedings; 

otherwise seek to obtain final, non-appealable orders allowing Hays to construct, 
operate, and maintain the Project; 

seek and obtain financing for the Project; 

construct the Project; and 

all other things that are necessary, proper, or advisable to obtain approval of the 
Applications and to finance and construct the Project. 

ARTICLE 6. 
Effective date, duration, and methods of termination 

6.1 The Agreement is effective upon its authorization by both the Hays City Commission 
and the Russell City Council. 

6.2 The Agreement will remain in effect until a certificate of substantial completion is 
issued for the :entire Project, or for all components thereof, unless terminated earlier 
by: 

A. the written agreement of both Cities; 

B. Hays' purchase of Russell's interests in the R9 Ranch; 

C. Russell's purchase of Hays' interests in the R9 Ranch; or 

D. a decision by Hays not to proceed with the Applications or with the Project. 

6.3 Russell is not responsible for any of the Costs of Acquisition and Construction except 
that Russell will be responsible for all costs, fees, and expenses incurred or to be 
incurred (including, but not limited to, legal fees and expenses incurred by Hays) that 

6 See K.S.A. 12-2904(b). 
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are a. conseque.nce ~f a~y unreasonable conduct that unnecessarily delays, obstructs, or 
termmates the Application proceedings or the Project. 

6.4 Unless otherwise agreed in writing, termination or withdrawal: 

A tenninates all further obligations of Hays or Russell under this A o-reement 
including, but not limited to, any obligation to sell or otherwise m~e wate;. 
available to Russell; but 

B. does not terminate or diminish any obligation that either City may have pursuant 
to other written agreements except as provided in such other agreements. 

6.5 Prior to termination of this Agreement, all indebtedness and other financial obligations 
incurred for the purpose of completing the Applications and the Project must be paid 
in full or provision made for their payment in full. 7 

ARTICLE7. 
No separate legal entity created 

7.1 This Agreement does not authorize or create a separate legal or administrative entity, 
nor does it delegate any of the Cities' powers to any party other than the Cities.8 

ARTICLES. 
Manner of financing9 

8.1 The Hays City Commission adopted Resolution No. 2014-001 on February 13, 2014, 
directing the Hays City Manager to expend available funds and to take necessary 
actions to develop the R9 Ranch as a long-term water source. 

8.2 As provided above, Hays agrees to pay for all activities that it elects to undertake 
regarding the Applications and the Project from funds budgeted for that purpose. 

8.3 Unless otherwise agreed in writing, all real and personal property acquired by either 
City pursuant to this Agreement will be owned by the City that paid for it. 10 

8.4 The Cities agree that because Russell has no financial risk, and Hays will have the sole 
right to make all Applications for regulatory approvals, bonding, contracting for 
services, and the like, Hays will make all farming decisions in order to facilitate the 
Applications and the Project, provided that Hays will keep Russell fully informed of 
all such actions. 

8.5 The Cities further agree that during the term of this Agreement, Russell will receive 
18% of any revenues received from the operation of the Ranch, including grazing, 
hunting, and farming revenues. 

7 See K.S.A. 12-2904(d)(l) ai~d (5). 
8 See K.S.A. 12-2904(d)(2) .. 
9 See K.S.A. 12-2904(d)(4). 
IO SeeK.S.A. 12-2904(e)(2). 

66 321 



9 

ARTICLE 12. 
Miscellaneous Provisions 

12.1 The Cities' existing agreements regarding the R9 Ranch will continue in full force and 
effect, except as modified by this Agreement. 

12.2 This Agreement replaces the Cities' previous Letter oflntent. 

12.3 There are no representations, warranties, inducements, promises, or agreements, oral 
or otherwise, between the Cities pertaining to the subject matter hereof that are not 
fully set out in this Agreement. This Agreement constitutes the Cities' full and final 
agreement and supersedes all prior written and oral negotiations, agreements, 
contracts, understandings, memoranda, letters of intent, and confidentiality agreements 
that pertain to the subject matter hereof. 

12.4 This Agreement may be amended or supplemented, in whole or in part, when such 
amendments are approved by both Cities and such amendments or supplements have 
been executed by appropriate officials and approved by the Kansas Attorney General. 

12.5 None of the rights or responsibilities set out in this Agreement may be assigned to 
third parties without the written consent of both Cities. 

12.6 Any notice, request, or other communication required or permitted to be given under 
this Agreement will be deemed effective only if in writing and addressed and delivered 
to the addresses set out in the signature block for each City. Notice will be deemed to 

have been given: 

12.7 

12.8 

12.9 

A on the date of mailing as shown on the Post Office receipt if mailed to a City by 
registered or certified mail, return receipt requested; 

B. if marked for overnight delivery, one (1) day after deposit with a nationally 
recognized overnight courier, freight prepaid; 

C. the date of personal delivery; or 

D. upon the date ofreceipt, if notice is not mailed by registered or certified mail, sent 
by overnight courier, or personally delivered. 

This Agreement is not intended to benefit any third party. 

This Agreement will be construed and enforced in accordance with the laws of the 
State of Kansas without regard to the choice of law provisions thereof, and where 

applicable, the laws of the United States. 

The Cities agree that the rule of contract interpretation referred to ~s ."ej~1sdem 
generis" (Latin for "of the same kind"), which is sometimes ~sed ~o lnmt hsts of 
specific classes of persons, powers, actions, circumsta~ces, or ~hmgs m a corltract, to 
items of the same kind, does not apply to the interpretat10n ofth1s Agreement. 

11 This provision is inserted because there are a number of lists. in the Agreement that could be construed as 
limitations if this doctrine is applied. This provision is intended to give legs to paragraph 5.2.I. 
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12.10 The headings in this Agreement are solely for the purpose of convenient reference and 
do not define, limit, or prescribe the scope or intent of any provision or any part of this 
Agreement. 

12.11 The invalidation of any tem1, condition, or provision of this Agreement by law, 
judgment, or court order will not affect any other provision, which unaffected 
provisions will remain in full force and effect. 

12.12 Neither any failure by a City to enforce or insist on compliance with any right, tenn, 
condition, or provision of this Agreement, nor any consent by a City to any departure 
from any right, term, condition, or provision of this Agreement, is a waiver or release 
of such right, tem1, condition, or provision. A City waives only those rights, terms, 
conditions, or provisions that are specifically waived in writing and signed by the City 
waiving its rights, and any waiver or consent will only be effective in the specific 
instance for which it is given. 

12.13 The Cities have entered into this Agreement because it is fair to both Cities and both 
Cities have been represented by counsel who have each had a hand in the drafting this 
Agreement. The Cities therefore agree that this Agreement must be construed as if 
both Cities were equally responsible for drafting each and all of its provisions. Any 
rule of construction that would require resolving any dispute regarding the meaning of 
any portion ofthis Agreement against the drafter does not apply. 

12.14 Both Cities warrant that they are authorized to enter into this Agreement, that the 
person signing on its behalf is duly authorized to execute this Agreement, and that no 
other approvals or signatures are necessary to bind the City. 

12.15 Use of plurals includes the singular; and use of the singular includes the plural. 

IN WITNESS WHEREOF, the Cities have each caused this Agreement to be executed on its 
behalf by authorized officials. 

CITY OF HAYS: 

ATTEST: 

City Clerk 
(SEAL) 

CITY OF RUSSELL: 

ATTEST: 

City Clerk 
(SEAL) 

3',·.2· ~ .. 66 .0 

;/ 

EBER PHELPS 
Vice Mayor 
Date: /,}-} 3 -Jc/ 

MOND (CURT) MADER 

Mayor Z ___ :,7 / _ / !.J 
ate: / _, v' 
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Not even a trickle: Water struggles continue for Victoria couple

By MIKE CORN mcorn@dailynews.net   Oct 11, 2015

VICTORIA — When the Victoria school district wanted to expand its water use to fully irrigate

the high school’s football field, Kevin McCarter didn’t bat an eye when asked for his

permission as an adjoining landowner.

That was the neighborly thing to do, he thought.

(http://hdnews.mycapture.com//mycapture/remoteimage.asp?backtext=Return%20to%20photo&backurl=&thumbpath=http%3A%2F%2Fbloximages.chicago2.vip.townnews.com%2Fhdnews.net%2Fcontent%2Ftncms%2Fassets%2Fv3%2Feditorial%2F2%2F81%2F2814d8ea-0c09-515e-a311-23dcf305993d%2F56198b6539f7a.image.jpg%3Fresize%3D700%252C464&previewpath=http%3A%2F%2Fbloximages.chicago2.vip.townnews.com%2Fhdnews.net%2Fcontent%2Ftncms%2Fassets%2Fv3%2Feditorial%2F2%2F81%2F2814d8ea-0c09-515e-a311-23dcf305993d%2F56198b6539f7a.image.jpg%3Fresize%3D700%252C464&notes=56198b653b96f.hires.jpg)

MIKE CORN
Kevin McCarter talks about his efforts to obtain a secure supply of water to replace the badly polluted water they’ve been using from private

http://hdnews.mycapture.com//mycapture/remoteimage.asp?backtext=Return%20to%20photo&backurl=&thumbpath=http%3A%2F%2Fbloximages.chicago2.vip.townnews.com%2Fhdnews.net%2Fcontent%2Ftncms%2Fassets%2Fv3%2Feditorial%2F2%2F81%2F2814d8ea-0c09-515e-a311-23dcf305993d%2F56198b6539f7a.image.jpg%3Fresize%3D700%252C464&previewpath=http%3A%2F%2Fbloximages.chicago2.vip.townnews.com%2Fhdnews.net%2Fcontent%2Ftncms%2Fassets%2Fv3%2Feditorial%2F2%2F81%2F2814d8ea-0c09-515e-a311-23dcf305993d%2F56198b6539f7a.image.jpg%3Fresize%3D700%252C464&notes=56198b653b96f.hires.jpg
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Likewise, he hoped it would be the neighborly thing for the city of Victoria to agree to

extending its water line 1,700 feet to his residence when tests started showing his private

water supply had become unsuitable for consumption.

McCarter even agreed to pay all the costs of extending the water line, as well as let the city

annex his farmstead and restored farmhouse into the city, putting the property on Victoria’s

tax rolls.

“We’re 10 months into this,” McCarter said, adding he had agreed to the concerns set out by

the city of Victoria prior to reaching a pre-annexation agreement.

Despite that, when a motion was made at the Victoria City Council meeting in late

September, it didn’t receive a second.

That halted all progress, and the McCarters have since been faced with hauling their drinking

water and showering in water unsuitable for human consumption because of its extremely

high sodium content.

In the wake of that inaction, the issue has attracted considerable publicity. It also has

attracted the attention of the Kansas Department of Health and Environment, which has

voiced concerns about returning such highly polluted water into the residence’s septic system

after it passes through a softening system; the Kansas Corporation Commission, which is

drilling a series of test holes around the McCarter residence to determine why the water is so

polluted; and, on Thursday, Kansas Rep. Sue Boldra, R-Hays, who met with Victoria Mayor

Jerry Kanzenbach to discuss the issue and determine if the state can do anything.

McCarter also has tried to strike a deal with the Post Rock Rural Water District, which gets its

water from Kanopolis Reservoir, to convince that group to extend a water line a mile and a

half — at McCarter’s expense — to provide water to the household.

Post Rock, however, so far, has declined to do so, saying it’s not accepting new water taps

because their system is already stretched to capacity.

• • •
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“We moved here, I think, 10 or 11 years ago,” Kevin McCarter said of he and his wife, Laura.

The limestone house, long the headquarters of the Dreiling Dairy Farm, had sat empty for a

number of years.

The McCarters set their heart and soul into restoring the house, turning it into a showpiece, a

move that might put it on the state and national registry of historic places.

Along the way, they asked Pfanenstiel Waterwell Service to redrill and restore the private

wells, including a 24-inch diameter hand-dug well that supplied high volumes of water.

After living a life of bliss in their dream home, the water turned bad, testing high in salts.

Since then, they’ve been living more of a nightmare, trying to work within the system to obtain

water elsewhere.

The salt content of their water was so high, in fact, it prompted many people to cast a

suspicious eye on nearby oil wells.

“If I were to water a tree,” McCarter said, “it would be dead the next day.”

In fact, he planted 50 trees, and the only two remaining alive are those he couldn’t reach with

a hose.

In the time the pollution became apparent, the McCarter’s have been forced to replace their

water softening system three times, and a new plumbing system is quickly being corroded.

That’s when the McCarter’s tried to convince Post Rock to extend its line, and they agreed to

cover the cost — nearly $40,000.

They’ve also looked at the idea of creating a cistern, the system in use 100 years ago,

hauling in water on a regular basis. But they’ve been unable to find a ready supply of water.

The McCarters also have talked to neighbors about drilling a nearby well and piping water to

their house.
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• • •

As the McCarters turned their attention to being annexed into the city, a series of discussions

started taking place, with the city laying out a list of concerns:

• Access to test results on water.

• Access to letters of rejection from Trego Rural Water District No. 2 and Post Rock.

• Information about drilling a well on adjacent land.

• Information about possible hazardous materials and if McCarter is conducting a business at

the residence.

• The development of a loop-water line to keep chlorine levels adequate, and assurances the

McCarters will maintain the line.

• Bringing the farmstead into compliance with city code, described in a letter from Victoria City

Attorney Don Hoffman as the “most onerous item.”

City code forbids a galvanized roof, and two outbuildings needed to be torn down.

McCarter agreed to everything, even though he had planned to restore an outhouse on the

property.

The city sent its police chief and a city employee out to inspect the property. Police patrols

were a topic of conversation, and concern for hazardous materials was brought up again.

McCarter can only point to a single barrel adjacent to an outbuilding as the focus of the

concern for hazardous materials. That and his painting business and antique light restoration

operation, which is housed in La Crosse, and has a retail outlet in Kansas City.

• • •
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No reason has ever been given as to why the city isn’t willing to extend its water line the

1,700 feet to the McCarters or agree to annex the property.

It has, however, been noted neither Kevin nor Laura McCarter are from Victoria.

“I’m not Catholic,” he acknowledged. “Or German.”

Former Victoria Mayor Curt Unrein said he’s confident there’s nothing to the idea that not

being German has anything to do with the lack of movement on building a line.

Not being from Victoria, he said, might only be a small part of the issue.

“We lived in Wichita,” McCarter said of their days prior to moving to Victoria.

But Laura McCarter’s parents are from Otis, and his had been living in Liberal, before Kevin

McCarter could talk them into moving to La Crosse so he and his father could work together.

What is clear, according to Pfannenstiel the water-driller, is the McCarter’s water is unsuitable

and won’t easily be cleaned up.

“Whenever you have sodium problems,” he said, “it’s not a quick fix. You have to look for

another source.”

• • •

Unrein, who served as mayor the last 14 years before deciding to move aside and let

someone else take the helm, said he doesn’t understand why the city has balked at annexing

the property.

Unrein, who supports moving ahead with the annexation, said he understands the concerns

of the city council, worried that it might set precedent for others who might ask for city water

or want to be annexed.

“Tomorrow never comes,” he said. “If something comes up, deal with it.
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“These people are desperate, and they still have smiles on their faces.”

Unrein said he wouldn’t be able to smile if he was in their situation.

It’s a situation he never faced on the council.

“Eighteen years on the council and never did that happen,” Unrein said. “Never did we have a

motion die for lack of a second.

“It’s not that controversial.”

While Victoria has been in a tight water conservation mode for some time now, he said

residents have responded and reduced water use dramatically. The McCarters, he said, likely

would use no more than 5,000 gallons of water each month.

Unrein also bemoans the attention the controversy has brought to victoria.

He called it Victoria’s “blackest event we’ve had in a long, long time.”

“Certainly in my mind, there’s nothing comparable,” he said. “This has been going on for

months, if not a year.”

Still, he can’t explain it.

“I know these people,” he said of the city council members. “They’re all good people. They’re

all out doing stuff for people. Why can’t we get past this?”

• • •

Unrein and his successor, current mayor Kanzenbach, both are convinced the issue isn’t

dead.

Kanzenbach can’t explain why his fellow council members wouldn’t move forward with the

annexation, but as mayor, he only votes in the event of a tie. That doesn’t happen often with

five council members.
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“They never said anything to me,” he said of why the motion didn’t get seconded.

Kanzenbach favors the annexation, given the McCarter’s will pay the cost of installing the line

and become taxpayers at the same time.

“I’m just looking strictly at the business side of it,” he said.

It wouldn’t set precedent either, he added.

Already, the city provides water to the Coca-Cola distribution plant outside the city, as well as

to another property.

He’s aware of the city’s situation as far as water goes. Its newest well was drilled in the

1980s, and about a third in the 1940s.

But, he said, Victoria residents have cut consumption by almost half, and water levels in the

city’s wells have stabilized.

Kanzenbach also acknowledged the city continues to hook new homes into the city’s water

system from a housing development north of Victoria High School.

But he’s concerned the bad publicity is hurting the McCarters’ cause.

Anytime someone is “critical of either the city or council members, the McCarters suffer,” he

said.

Despite the inaction by the council, Kanzenbach is convinced the issue will be brought up

again.

“It’s not over with yet,” he said.

https://hdnews-dot-net.bloxcms.com/users/profile/Mike%20Corn
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Photos by Tim Unruh / Salina JournalKevin and Laura McCarter are frustrated about their pursuit of a safe water supply at their home on the outskirts of Victoria.
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VICTORIA — A thirsty town has left a

couple living on the outskirts astonished

and cotton-mouthed in a battle to secure a

safe water supply.

With their wells, which are contaminated,

200 yards from city limits, Kevin and Laura

McCarter asked Victoria’s city council

roughly 10 months ago for permission to

hook up to city water, but the request has

been wrought with delays.

The McCarters, who bought their property in 2004, were prepared to pay up to

$40,000 to lay a waterline to their historic limestone home, known to locals as the

old Dreiling Dairy. Rather than provide an answer, the council adopted a pre-

annexation plan, but delayed its decision and submitted a list of demands.

Finally, when the McCarters were expecting approval at the Sept. 21 meeting,

Councilman Leroy Schmidtberger made a motion to provide city water. But it died

for a lack of a second. The other four council members said little or nothing.

“They gave no reason. I was in shock. It’s like What do we do now?” Laura

McCarter said. “This says to me, ‘Nobody move to Victoria, because they don’t have

enough water.’ You don’t want to have a town die like that.”

“There were people in the crowd crying because of the way we were treated,” Kevin

McCarter said.

Not adjacent to the city

Among the issues against the McCarters, said councilman and former Victoria

Mayor Jerry Brungardt is that the McCarters’ property is not adjacent to the city

limits, and to be part of the city would require an “island annexation.”
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The concern is setting a precedent by allowing the McCarters to hook up.

“Where does this end, if you’re a quarter mile out town?” Brungardt said.

The Rev. John Schmiedler, pastor at St. Fidelis Catholic Church, expressed shock at

council members for their inaction. His stance has since softened.

“It’s not so simple as we make things out to be,” Schmiedler said Tuesday. “There

are two sides. I can see both ways.”

“I see good people on both sides trying to make good decisions,” he said. “How do

we get both sides to listen? That’s hard because there is so much history.”

Shouldn’t have moved in

Kevin McCarter said Councilman Kenny Pfeifer suggested at the meeting that the

couple should never have moved into the house.

“I said, ‘Why? We had two good wells and everything was fine,’ ” Kevin said.

The town of 1,200 people, which gets its water from seven wells 3 to 5 miles south

of town, is dealing with intense water restrictions, thanks to a lack of adequate

supply that has gone on for years. If you want a green lawn in the town, it requires

hauling tankfuls of water from outlying wells .

At a town hall meeting in early August, a man suggested the McCarters were

mysterious and wondered about their activities on the edge of town.

“He asked how we could be policed and if the city would have to use drones,” Kevin

said. “There were 112 people there, and only one was against us.”

A lot of support

The couple has received many verbal boosts from townsfolk.
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“We went on a bike ride Monday night and were stopped every half mile. Most of

the town is behind us,” Kevin McCarter said. “One guy said he would trench the

(water) line for us. We have great friends, tons of support.”

A friend of the couple has collected 80 signatures on a petition asking for the

McCarters to be hooked up. Many gallons of bottled water have ended up on their

front porch.

Partly out of protest for the McCarters and also to demonstrate her willingness to

conserve, Ilona Patterson, owner of the Library Bar & Grill in Victoria, has begun

charging diners 25 cents for tap water with their meals, or she is selling bottled

water for 75 cents.

“Everybody is trying to conserve, and I have a lot of waste. For me, it’s saying water

is a very important resource,” Patterson said. “Those people (the McCarters) need

water and the city should give them water to drink and take a bath. If they can

water the football field, they can give them all the water they want.”

Others did get water

While there are examples of others on the outskirts who have been granted city

water, the McCarters wonder why they have so far been denied.

“It’s crazy. I’ve never felt like the city was ever trying to get us water,” said Kevin

McCarter, a painter and owner of Historic Lightworks. He and his father, Larry,

Larry, LaCrosse, are painters who specialize in restoration work. They have done a

number of projects in Victoria’s famed Basilica of St. Fidelis, also known as the

Cathedral of the Plains.

Laura works as a Xray technician at Hays Medical Center.
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“We wanted this house to hopefully be here 100 years after we’re gone,” he said. “

We haven’t slept for 10 months. We lay awake at night wondering ‘What have we

done?’ ”

Never get resolved

Most city council members refer comment to their attorney, Don Hoffman, of Hays,

who predicts that the issue may never get resolved.

“It’s probably not going to be voted in favor of, and it may not even get a motion,”

Hoffman said. “There’s no question that Victoria has serious water problems.”

Councilman Brungardt, who says he has a “cordial” relationship with Kevin

McCarter, said he’s tried to convince the Post Rock and Trego rural water districts

to add the couple to their system, but the McCarters are not in either district’s

territory.

“We’re hoping they can find a way to have treatable water,” Brungardt said.

He balked when asked if the McCarters will ever reach an agreement with the city

of Victoria to tap into its supply.

“I’m not gonna render anything on that. There are too many things up in the air,”

he said. “It’s a son of a gun and we’re on the other end of it. I don’t have any hard

feelings against anybody, but there are people very upset about it.”

There have been accusations of the council conducting secret meetings. Brungardt

said that’s not true.

“Jesus no, you’d be in violation of KOMA (Kansas Open Meetings Act),” he said.

Surprised and appalled
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The McCarters and their attorney, Greg Schwartz, of Hays, continue to explore

ways to secure safe water. Building a cistern to store water is one option, Kevin

said, but it’s cost prohibitive. The McCarters would have to buy their own tank

truck to haul water.

“I am surprised and appalled,” Schwartz said. “We’re still exploring all other

options, putting together requests from the Kansas Open Records Act. We’re trying

to get to the bottom of why they chose not to give these people water.”

Litigation has been considered, Schwartz said. “but it is not imminent at this point

in time.”

Asked if he was prepared to sue the city, Kevin McCarter said “financially, I am not.

Mentally, I am.”

A question of religion

Primarily a Catholic community, Victoria is split on whether the McCarters should

be granted the ability to hook onto city water. Kevin McCarter said it’s been

suggested that being non-Catholic is a barrier.

“I don’t personally believe that’s the case,” he said. Another possible problem is the

McCarters’ newcomer status in the community.

Both Rev. Schmeidler and Hoffman balk at the notion that religion is at play.

Hoffman points to a city decision approximately 20 years ago when a woman living

more than a mile from town, made an attempt to be placed on city water, and was

denied.

“She’s certainly Catholic and the family lived there for more than 100 years,”

Hoffman said.
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Kurt Unrein, a former Victoria mayor, said it’s “certainly possible” that the

McCarters are being discriminated for being newcomers and nonCatholic.

“If it’s going to come down to whether somebody is Catholic or not, we’re talking

the ’40s and ’50s when that crap went on. It’s 2015. I have no reason to believe that

this should weigh in on this decision. Whether they’re Catholic, or even if they’re

atheists, it doesn’t matter,” Unrein said. “For me, it comes down to a sheer point of

humanity. It’s a hardship case; nothing more, nothing less. They have no other

avenue to go to whatsoever. This is their only option.”

Just can’t get a second

Kevin McCarter wonders why the city of Victoria has two ongoing housing

developments.

“If somebody builds within the city, they’ve got to provide them water and sewer.

That’s why you pay extra taxes to live in the city,” Hoffman said.

Unrein praised the current Victoria mayor, Jerry Kanzenbach.

“He has done his due diligence and probably then some in trying to find all the

documents and statutes that surround this situation He has definitely done his

homework,” Unrein said. “It just slays me why (the council) can’t get a second.”

— Reporter Tim Unruh can be reached at 822-1419 or by email at tunruh@salina.com.
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Water from their two domestic wells has caused water lines in the McCarter home to corrode.
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How far would you go for clean water?

"The one thing I just want is water and I'm not asking
anyone to spend a dime."

Kevin McCarter says it's a simple request.

"I believe its 1,700 feet total to come down the road and
down out driveway to our house."

He says their a short distance away from that request...

"We have offered to annex our house in, annex our outbuildings and pay for the line from the city…"

But the city has denied their request. The McCarters originally had their own water wells, but they
became contaminated 10 months ago and have been forced to use bottled water for everything since
then.

"It will irritate your skin it will burn your eyes, it's not fun to shower in, it's just not fun to deal with."

It's full of salts, sulfates and nitrates...and it's keeping them from finishing their dream home, and
starting a family.
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"Because everything we have done is destroyed, we have to re-plumb our whole house at this point."

He says they are too close to the city to get rural water.

Victoria's city attorney says the answer is simple... they are outside city limits.

"For months the city council members for Victoria have been struggling to come up with a decision in
this case, it's a difficult one."

Meetings, calls, attorneys... and the couple has gotten no where with the city.

"The city believes it should serve its residents first."

The couple says what's keeping them from getting not only clean water, but any water at all is a field,
it's about 200 yards from the tree line to their property line.

"It's a simple answer, I mean if we start going 1,800 feet from the city, how far do we go?

McCarter says there is no simple answer when they are out of options.

"We want to pay taxes, we want to be a part of the community…and we just want water."

The couple says they did test the water before buying the house. Their attorney says their neighbors,
who are also not in the city limits, do get city water. The couple says they may have to move if an
agreement isn't reached.

Copyright @ 2015, KWCH-TV. All rights reserved. This material may not be published, broadcast,
rewritten or redistributed.
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Memorandum 

Date: September 24, 2015 
To: Mr. Toby Dougherty 
From: Brian Meier 
Subject: R9 Ranch Conceptual Development Summary 

 
The R9 Ranch was acquired for development as a supplemental water supply resource for the 

Cities of Hays and Russell as well as other potential regional participants. The water rights on the R9 
Ranch are and have always been utilized for irrigation.  A review of the existing water rights and 
irrigation well capacities on the Ranch indicate that the permitted annual quantities and available well 
yields are viable for development as a long-term municipal water resource. 

 

 

This memo generally lists the project elements and required infrastructure associated with 
developing the R9 Ranch as a municipal water supply well field, in addition to general descriptions of 
essential project features at the preliminary planning level. 

Total initial average projected capacity of the R9 Well Field (R9WF) is approximately 4.0 million 
gallons of water per day (MGD) and is planned to be completed in phases.  Further development and 
future capacity will also be considered to meet additional growth and regional demands.  Full 
development of the Ranch involves installation of 10 to 14 public water supply wells, well houses, power 
distribution, raw water collection piping, a water storage tank and a high service pump station (HSPS). 
Figure 1 illustrates a preliminary wellfield layout.  

The largest piece of required infrastructure will be a new 65-mile pipeline, which will tie into the 
existing Hays Smoky Hill River Well Field (SHRWF) pipeline near Schoenchen, KS. The SHRWF is also 
the area where a pipeline connection will be made to deliver water to the City of Russell raw water 
collection system. 

 

Photo 1 - Center pivot system located on the R9 Ranch 
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Memorandum (cont’d) 

Construction of the R9WF will be in phases with a 4.0 MGD average daily production capacity 
utilizing 10 to 14 wells by the third phase. This phased approach and associated infrastructure is described 
in Table 1 below.  Planning and development will consider the entire project, so that infrastructure 
constructed in early phases will incorporate design features to accommodate the future potential 
development capacity of later phases. 

Table 1 - Anticipated Required Infrastructure  

Phase Yield 
MGD 

Wells 
Required 

Transmission 
Pipeline 

Pump 
Stations 

Storage 
Tanks 

Collection 
Piping 

Power 
Distribution 

Civil  
Improvements 

I 2.0 6 - 8 65 Miles 1 1 Yes Yes Yes 

II 1.0 2 - 4 None None None Yes Yes Yes 

III 1.0 2 None None None Yes Yes Yes 

 

 Phase 1 wells will be constructed in the north and eastern portions of the Ranch where 
investigations have identified the area as having the highest potential with respect to both water quantity 
and quality. Phase 2 wells and infrastructure will be constructed in the central area of the Ranch, and 
Phase 3 will be in the southwest portion. 

Wells 

New wells will comply with Kansas Department of Health & Environment (KDHE) Public Water 
Supply (PWS) regulations. Expected lithology includes unconsolidated sands, gravels, and intermittent 
clays obtained from the Arkansas River Alluvium and reworked High Plains/Ogallala aquifer. 

The concept design for the new public water 
supply wells at the Ranch anticipates drilling and 
construction of gravel packed wells completed with 
18-inch diameter screen and casing installed 
concentrically in a 30-inch diameter borehole. 
Groundwater quality samples obtained from 
observation wells on the Ranch, and existing 
irrigation wells indicate the groundwater has 
potential corrosive characteristics.  To protect 
against corrosion and increase expected well life,  
wells will be constructed utilizing PVC casing and 
column pipe as well as stainless steel wire-wrapped 
screen. A stainless steel submersible pump and 
motor combination is recommended to reduce 
required maintenance and increase equipment 
longevity.  

 

 

 

Photo 2 – Typical well construction diagram 
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Memorandum (cont’d) 

Well Houses 

The conceptual design for the well houses is a basic concrete structure sized to accommodate the 
required equipment for operation, maintenance, and control of each well. Concrete well house 
construction provides the required durability for the sandy environment and isolated conditions found at 
the Ranch. The well houses will be secured with a lockable metal door and will enclose items such as:  

• Motor Control Centers 

• Variable Frequency Drives 

• Flow meters 

• Check valves 

• Isolation Valves 

• Testing Tees 

• Sample ports 

• Pressure gages 

• Communication Equipment 

• Air relief valves  

• Supervisory Control and 
Data Acquisition system 
(SCADA) controls 

 

 

 

Three phase, 480-volt power is required to operate the submersible pumps and motors. A variable 
frequency drive (VFD) controller will be used to adjust the speed of the pump motors and provide flow 
control. VFD’s provide many benefits for operation of a well system, including: maximum power 
efficiency, the ability to control drawdown, increased motor life, and decreased power loading on startup. 
Ninnescah Electric Cooperative, whose service area covers a substantial portion of the Ranch, has 
indicated they require VFDs on 35 horsepower and greater motors within their service area. 

SCADA 

SCADA data will be transmitted to a central location on the Ranch that will then relay the data to 
the main water treatment plant (WTP) in Hays. Other SCADA requirements, such as door alarms and leak 
detection, will be examined during the detailed design process. 

 

 

Photo 3 – Example SCADA screen interface 
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Memorandum (cont’d) 

Typical SCADA controls include: 

• Remote Well Start-Stop 

• Flow Rate Indications 

• Water Level Feedback 

• Remote Valve Control 

• Storage Tank Levels 

• Line Pressure Monitoring 

 

 

 

Power Distribution Network 

The Ranch is located in the service areas of two electrical cooperatives, Ninnescah Electric 
Cooperative and Victory Electric. Based on discussion with these electric providers, power for the wells 
will have to be supplied by the respective co-op in the coverage area where the well is physically located. 
Power lines supplying the wells will likely be installed as overhead lines and will generally follow the 
same route as the well site access roads.  

Construction cost, maintenance, and others factors will be considered prior to finalizing electrical 
distribution construction parameters. In addition to the power lines, transformers will be required at each 
well location. Upgrades to the co-op owned substation may be required, dependent on the total electric 
load at the time of development. 

Access Roads 

Access roads will be required to reach each of the well locations. The access roads will likely be 
gravel or graded sand construction and must support vehicles for construction and maintenance of the 
wells, power lines, and pipelines. Road design and construction will be compatible with the intended use 
as well as the highly dynamic and erodible surface conditions that exist at the Ranch. 

Raw Water Collection System 

The raw water collection system on the Ranch will convey the water from the newly constructed 
municipal wells to the storage tank. Pipeline sizes depend on the amount of flow required and the 
resulting pipe hydraulics.  The collection system pipes will likely range from 6 to 12-inches in diameter, 
and be constructed of PVC or ductile iron.  Flow velocity, head loss, material cost and expected material 
lifetime will determine the pipeline materials. Pipelines will likely follow the same alignment as the 
access roads within the Ranch boundaries to simplify maintenance and access. 

 

 

 

Photo 4 – Example SCADA screen interface 
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Memorandum (cont’d) 

Raw Water Storage Tank 

The concept design includes an above ground, 1.0 million gallon storage tank for flow control at 
the Ranch. The tank is anticipated to be constructed of glass-lined bolted steel or pre-cast concrete. 

 

High Service Pump Station 

It is currently projected that a single pump station will be required. The pump station is expected 
to have the following features: 

• Custom-built station with a prefabricated 
below grade enclosure with electrical 
control systems; 

• Four pumps in each station (3 duty 
pumps, one standby); 

• A monorail crane for pump installation 
and removal through hatches placed 
above each pump; 

• Variable frequency drives for each pump; 
• Telemetry system to communicate with 

existing system; 
• Back-up power generator/source and 

appropriate site security measures  
 

 

 

R9WF Monitoring Network 

An existing network of monitoring wells constructed on the Ranch in the mid 1990’s is currently 
being used to monitor water levels and to collect water quality data. It is anticipated that the existing 
monitoring network or a potentially expanded monitoring network will be used to facilitate future data 
collection. 

Raw Water Transmission Pipeline 

The water transmission line for R9WF development is projected to be 20 inches in diameter and 
approximately 65 miles in length. The use of either ductile iron pipe (DIP) or polyvinylchloride (PVC) 
pipe for the R9WF pipeline would be acceptable.  

A water transmission pipeline will also be required to connect the City of Russell to the system. 
This pipeline will run from the Schoenchen area to Russell’s Pfeiffer well field, and is projected to be 10 
to 12 inches in diameter. 

 

 

Photo 5 - Example of a High Service Pump Station  
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Operation & Maintenance (O&M) 

The currently planned operation of the R9WF is based on delivering a constant volume of water 
to supply a percentage of the base-load water requirements of both Hays and Russell. The percentage of 
base-load is expected to fluctuate depending on the condition of other available water resources. The total 
annual quantities produced are expected to increase as demand grows. Supplemental base demand and 
peaking requirements will be satisfied from other existing water supply sources. 

Operation of wells in the R9WF will be rotated based on observed water levels, mechanical 
considerations, and maintenance requirements. This will ensure that all of the wells are operated regularly 
to exercise the mechanical equipment. 

Final Notes & Discussion 

Note that the project elements identified in this memo are general in nature and are intended only 
as an outline of the required infrastructure anticipated with the development of the R9 Ranch as a 
municipal water supply well field. Specific project elements will be sized and designed during the 
engineering phase of the project. 

 
BJM/BJM 

Photo 6 - Example of water transmission line construction and installation 
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Resource Evaluation 
► Water Level Data 

• Quarterly Measurements 
• Examine short and long term trends 
• Better understand aquifer health 

 

2  

R9 Ranch Data Collection 
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R9 Ranch Data Collection 
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R9 Ranch Data Collection 

 



Water Quality & Erosion 
► Well Plugging and Abandonment 

• Removed Equipment to Central Site 
• Plugged Wells (coordinated with KDHE) 
• Removed Concrete Pads 
• Completed Required Reports 

► Seeding Retired Pivots 
• Native Vegetation 
• Prevents blowing sand 
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R9 Ranch Well Plugging & Erosion Protection 
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R9 Ranch Well Plugging 

► Equipment Removal 
• Full Inventory Completed 
• Column Pipe 
• Pumps 
• Gear Drives 
• Meters 
• Shed Structures 
• Burial of Concrete Pads 
• Site Grading Restoration 
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R9 Ranch Well Plugging 
► Well Plugging and Abandonment 

• Cutoff Casing 3 Feet Below Land Surface 
• Chlorinated Sand to Water Level 
• Concrete Grout to Surface 
• Return to Existing Grade 
• Completed KDHE Reports 

 
 
 

 
 

 



► Multiple Phase Approach (3 phases) 
► 20” Transmission Line 
► High Service Pump Station 
► Storage Tank 
► Wells, Well Houses & SCADA 
► Wellfield Collection Piping 
► Monitoring Well Network 
► Power Distribution 
► Access Roads 

8  

R9 Ranch Conceptual 
Development Summary 



Phased Development 

9  

R9 Ranch Conceptual Development 

Phase Yield 
MGD 

Wells 
Required 

Transmission 
Pipeline 

Pump 
Stations 

Storage 
Tanks 

Collection 
Piping 

Power 
Distribution 

Civil  
Improvements 

I 2.0 6 - 8 65 Miles 1 1 Yes Yes Yes 

II 1.0 2 - 4 None None None Yes Yes Yes 

III 1.0 2 None None None Yes Yes Yes 

► Phase I – 2 MGD 
• Eastern Half of the Ranch 
• Eastern areas have better 

water quality 
• Higher producing wells 
• Closer proximity to power 

network and planned storage 
tank 

► Phase II –  1 MGD 
• Moving West/Southwest 

► Phase III – 1 MGD 
• Southwest portion of Ranch 
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Groundwater Wells 

► KDHE construction standards 
► 18 Inch Diameter Casing 

• PVC Solid Casing 
• Stainless Steel Wire Wrap Screen 
• Resistance to Corrosion 

► 30 Inch Borehole 
• Unconsolidated Sands & Gravels 
• Formation Contact 
• Shallow aquifer conditions 

► Stainless steel submersible 
pump and motor combination 

► Adjacent Monitoring Network 

1 1  
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Well Houses 

► Basic Concrete Structure 
• Resistant to Harsh Environment 
• Remote Conditions and 

Maintenance 
► Houses Include: 

• Motor Control Center 
• Flow Meter 
• Check Valves 
• Isolation Valves 
• Sample Ports 
• Pressure Gages 
• Air Relief 
• SCADA controls 

1 2  
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Well Houses – Electrical 

► 480 Volt Supply 
► Variable Frequency Drive (VFD) 

• Control Drawdown 
• Increased Motor Lifetime 
• Decreased Startup Load 
• Power Efficiency 

► Ninnescah Electric Cooperative 
• Supplier for Phase I & II 
• Will require soft start or VFD 

1 3  
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SCADA 

► Utilize centralized location on the 
Ranch for relay to WTP 

► Typical Control Scheme 
• Remote well start/stop 
• Flow indications 
• Leak detection 
• Water Level Feedback 
• Line Pressure 
• Tanks Levels 

1 4  
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Power Distribution 

► Ninnescah Electric 
• Phases I & II 

► Victory Electric 
• Phase III 

► Phase I – Ninnescah Electric 
• Preliminary costs based on OHP 

at $90K / Mile  
• Cities responsible for initial 

construction costs 
• Maintenance of secondary power 
• Upgrade to network between 

substation and HWY 183  
• Future exceedance of 5MW at 

substation 
 1 5  
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Raw Water Collection 

► Convey water from wells to new 
storage tank at north end of 
Ranch 

► PVC or Ductile Iron 
• Consideration for maintenance 
• Resistance to Corrosion 
• Flow Velocities 
• Material Costs 
• Follow Access Roads 
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Access Roads 

► Access to each well house 
► Power Line Maintenance 
► Pipeline Maintenance 
► Graded Sand Construction 

• Maintenance Consideration 
• Erosion Control 
• Weather Conditions 
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Raw Water Storage Tank 

► Above Ground Storage 
► 1 Million Gallon Capacity 
► Provides Flow Buffer 
► Glass Lined Bolted Steel 
► Pre-Cast Concrete 
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Water Transmission Line 

► Approximately 65 miles 
from R9 Ranch to SHRWF 

► Sized for full build out 
• Single HSP under curent 

design 
► PVC or Ductile Iron 

 

1 9  
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R9 Ranch Conceptual Development 

► Approximately 65 miles 
from R9 Ranch to Smoky 
Hill River Well Field 

► Several Preliminary Routes 
Evaluated 
 

Water Transmission Line 
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GENERAL INFORMATION CONCERNING THE CITY 

Location and Size 

The City of Hays is the principal city and county seat of Ellis County. It is the largest city in northwest Kansas, 
located almost midway between Denver and Kansas City and 150 miles northwest of Wichita, Kansas. 1-70 and US
183 run through the City. The City occupies 8.2 square miles of land with an estimated 2014 U. S. Census Bureau 
population of 21,510. 

Government 

The City of Hays was incorporated in 1885 and is a city of the second class. The City operates under a 
commission-manager form of government. The Commission comprises five members selected at-large. Each year 
the Commission will choose one member to act as Mayor. An election for three commissioners is held in 
odd-numbered years and two candidates receiving the highest number of votes receive four-year terms. The 
candidate receiving the third highest number of votes receives a two-year term. 

The Mayor and Commission appoint the City Manager as the chief administrative officer of the City. The 
Commission is responsible for policy determination, and the City Manager is responsible for the administration of 
the municipal government. The present elected officials of the City, along with the expiration dates of their current 
terms of office, are as follows: 

Term 
Name Title Expires 

Eber Phelps Mayor April 2017 
Shaun Musil Vice Mayor April 2017 
James Meier Commissioner April 2019 
Henry Schaller IV Commissioner April 2019 
Lance Jones Commissioner April 2017 

City Employees 

The City currently has 125 full-time and 13 part-time employees. The police department, fire department, 
and service employees for the City each have established employee unions. The Service Employees International 
Union includes water, sewer, and parks department employees. 

Population 

According to the U.S. Census Bureau, the following table shows the historic population of the City. 

Year Population 
2014 21,510 
2013 21,038 
2012 20,993 
2011 20,566 
2010 20,510 
2009 20,360 
2008 20,368 

Police and Fire Protection 

The City has 33 sworn police officers and 23 full-time fire department employees who provide continuous 
full-time protection to City residents. There are two fire stations. 

A-2 
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Education 

Hays Unified School District No. 489 operates five elementary schools, two middle schools, and one high 
school in the City, with a 2014/15 estimated enrollment of 3,067 students. In addition, there are three parochial 
schools in the City. 

Fort Hays State University is located in the City with a combined campus and online enrollment of 
approximately 13,825 students. It has four colleges and a graduate school. The University plays an important role 
in the education and economy of the City. Based on an economic impact study developed by the University, it is 
estimated that the University generated $108.8 million of direct expenditures in the City of Hays in 2014. 

A branch of the North Central Kansas Technical College is located in the City and offers education in nursing, 
business and computer technology, business management, automotive mechanics, and residential electricity. 

Transportation 

The City benefits greatly from its location on Interstate 70, serving as a transportation center for northwest 
Kansas. The Union Pacific Railroad provides daily freight service to the City, and several motor freight lines serve the 
City and the surrounding area. Great Lakes Airline provides daily flights to Kansas City and Denver through the Hays 
Regional Airport. 

Utilities and Communications 

The City owns and operates its own water, sewer, and refuse systems. Midwest Energy, Inc. supplies 
natural gas and electricity to the City. AT&T, Eagle Communications, and Nex-Tech/Rural Telephone provide 
telephone and internet services to the City. Eagle Radio and Hull Broadcasting provide several AM and FM stations. 

Medical Facilities 

Hays Medical Center is located in the City and serves a population of over 130,000. The Center employs 
more than 1,200 and is home to DeBakey Heart Institute of Kansas, making it one of the top ru ral medical centers in 
the United States. 

Other medical and paramedical facilities in the City are the Hays Pathology Lab, the Hearing Center, Fort 
Hays State University's Nurse Education Program, the Home Healthcare Services of Western Kansas, two nursing 
homes, Developmental Services of Northwest Kansas, and the High Plains Mental Health Center. 

Financial Institutions 

One bank is headquartered in the City and as of Spring 2014 reported deposits of approximately $208.9 
million. Seven other banks are branches of institutions headquartered in other cities that do not report branch 
assets. 

Pension and Employee Retirement Plans 

The Issuer participates in the Kansas Public Employees Retirement System ("KPERS") established in 1962, 
as an instrumentality of the State, pursuant to K.S.A. 74-4901 et seq., to provide retirement and related benefits to 
public employees in Kansas. KPERS is governed by a board of trustees consisting of nine members, including four 
members appointed by the Governor subject to confirmation by the State Senate, one appointed by the President 
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ofthe Senate, one appointed by the Speaker ofthe House of Representatives, two elected by members and retirants 
of the retirement system, which must be members of such system, and the State Treasurer. Members of the board 
of trustees serve four-year terms and elect a chairperson annually. The board of trustees appoints an Executive 
Director to serve as the managing officer of KPERS and employs a staff of approximately 95 people. 

As of June 30,2014, KPERS serves over 290,000 members and approximately 1,500 participating employers, 
including the State, school districts, counties, cities, public libraries, hospitals and other governmental units. KPERS 
administers the following three statewide, defined benefit retirement plans for public employees: 

(a) Kansas Public Employees Retirement System; 
(b) Kansas Police and Firemen's Retirement System; and 
(c) Kansas Retirement System for Judges. 

These three plans are separate and distinct with different membership groups, actuarial assumptions, 
experience, contribution rates and benefit options. The Kansas Public Employees Retirement System is the largest 
of the three plans, accounting for more than 95% of the members. The Kansas Public Employees Retirement System 
is further divided into two separate groups, as follows: 

(a) State/School Group - includes members employed by the State, school districts, community 
colleges, vocational-technical schools and educational cooperatives. The State of Kansas makes all employer 
contributions for this group, 85% of which comes from the State General Fund. State legislation enacted in 2003 
made certain pre-1962 Board employees (which are part of a small group of pre-1962 Board and University of Kansas 
Hospital Authority employees known as the IlTIAA Group"), special members of the State/School Group. 

(b) Local Group - all participating cities, counties, library boards, water districts and political 
subdivisions are included in this group. Local employers contribute at a different rate than the State/School Group 
rate. State legislation enacted in 2003 made certain pre-1962 employees of the University of Kansas Hospital 
Authority (which are a part of a small group of pre-1962 Board and University of Kansas Hospital Authority employees 
known as the IlTIAA Group"), special members of the Local Group. 

KPERS is currently a qualified, governmental, § 401(a) defined benefit pension plan, and has received IRS 
determination letters attesting to the plan's qualified status dated October 14, 1999 and March 5, 2001. KPERS is 
also a "contributory" defined benefit plan, meaning that employees make contributions to the plan. This contrasts 
it from noncontributory pension plans, which are funded solely by employer contributions. The Issuer's employees 
currently annually contribute: (a) 4% of their gross salary to the plan if such employees are KPERS Tier 1 members 
(covered employment prior to July 1, 2009), or (b) 6% of their gross salary to the plan if such employees are KPERS 
Tier 2 members (covered employment on or after July 1, 2009). 

In 2012, the Legislature created a new KPERS Tier 3 category (covered employment on or after January 1, 
2015) based on a cash balance plan. Each Tier 3 participant shall have a retirement annuity account to which such 
participant shall contribute 6% of their gross salary to the plan. The employer or State contribution varies based on 
longevity of participant service: (a) 3% for less than 5 years; (b) 4% for at least 5 years but less than 12 years; (c) 5% 
for at least 12 years but less than 24 years; and (d) 6% for 24 or more years. Such account shall receive an interest 
credit of 5.25% per annum, and under certain circumstances, shall receive additional interest credits. Subject to 
certain exceptions, a Tier 3 participant, upon retirement, shall receive a single life annuity benefit. 

Also in 2012, the Legislature adopted a number of other changes to KPERS including: (a) increasing the 
statutory maximum employer contribution annual increase from 0.6% per year (status quo) to 0.9% per year in 2014, 
1.0% in 2015,1.1% in 2016 and 1.2% per year in 2017 and thereafter, (b) providing additional contribution flexibility 
for Tier 1 participants with corresponding benefit adjustments (effective January 1, 2014, subject to approval by the 
IRS), (c) eliminating COLA adjustments for Tier 2 participants with corresponding benefit adjustments (effective 
January 1, 2014), and (d) providing additional flexibility for alternative investments for the plan. 

The Issuer's contribution varies from year to year based upon the annual actuarial valuation and appraisal 
made by KPERS, subject to legislative caps on percentage increases. The Issuer's contribution is 10.33% of the 
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employee's gross salary for calendar year 2014. In addition, the Issuer contributes 0.85% of the employee's gross 
salary for Death and Disability Insurance for covered employees. 

According to the Valuation Report as of December 31,2013 (the "Valuation Report") the KPERS Local Group, 
of which the Issuer is a member, carried an unfunded accrued actuarial liability (tlUAAL") of $1.590 billion at the end 
of 2013. KPERS' actuaries identified that an employer contribution rate of 9.18% of covered payroll would be 
necessary, in addition to statutory contributions by covered employees, to eliminate the UAAL by 2033, the end of 
the actuarial period. The statutory contribution rate of employers is currently equal to the Valuation Report's 
actuarial rate of 9.18%.As a result, members of the Local Group are adequately funding their projected actuarial 
liabilities and the UAAL can be expected to diminish over time. KPERS' actuaries project the required employer 
contribution rate to increase by the maximum statutorily allowed rate, which is currently 0.9% in fiscal year 2014, 
then 1.0% in fiscal year 2015,1.1% in fiscal year 2016 and 1.2% in fiscal year 2017. 

The Issuer has established membership in the Kansas Police and Fire Retirement System (ItKPFRS") for its 
police and fire personnel. KPFRS is a division of and is administered by KPERS. Annual contributions are adjusted 
annually based on actuarial studies, subject to legislative caps on percentage increases. According to the Valuation 
Report, KPFRS carried an UAAL of $803 million at the end of 2013. Commencing with the first payroll period on or 
after July 1, 2013, employees contribute 7.15% of gross compensation, and the Issuer contributes 10.33% of 
employees' gross compensation. Beginning July 1, 2015, employees will continue to contribute 7.15% of gross 
compensation and the Issuer's contribution will decrease to 21.36% of gross compensation. In 2013, the Legislature 
adopted a number of changes to the KPFRS which included (a) raising the cap on maximum KPFRS benefits from 80% 
to 90% of final average salary and (b) permitting certain active KPFRS members to pay a lump sum amount prior to 
or on their retirement date to enhance the individual retirement benefit at their own cost. 

Miscellaneous 

The Hays Recreation Commission sponsors a variety of indoor and outdoor activities throughout the year. 
Recreational facilities include 22 city parks with 300 acres of land that contain an 18-hole municipal golf course, 
picnic areas, ballfields, a sports complex, a jogging and fitness trail, a municipal swimming pool, and an aquatic park. 

Cultural activities include several historical and scientific museums; an arts council which provides music, 
dance, theater, fine arts and literature activities; and performances and exhibits sponsored by Fort Hays State 
University. Hays Daily News and Ellis Review provide newspaper coverage. 

ECONOMIC INFORMATION CONCERNING THE CITY 

Overview of the Economy 

The City of Hays is the largest city in northwest Kansas and serves as a regional center for education, 
healthcare, professional services, shopping, culture, and recreation. This designation as a regional trade center is 
supported by the fact that Ellis County had the highest tltrade pull factor" of all Kansas counties in 2012 according to 
the Kansas Department of Revenue. Trade pull factor is measured by dividing the county sales tax collections per 
capita by the average statewide sales tax per capita. 

Various local government and private entities, including the Ellis County Coalition for Economic 
Development and Midwest Energy, Inc., have joined together in an effort to stimulate additional economic 
development in the area. 

Ellis County is located in one of the most productive agricultural areas in the United States. In 2012, 645 
farms were located on 497,000 acres. Farm crops were valued at over $99 million harvested on 144,477 acres. The 
value of cattle and milk produced was over $33 million. 

A-5 

http:9.18%.As


The Airport Industrial Park and Commerce Park Industrial Park are both located on the east side of Hays 
with easy access to 1-70. 

Major Employers 

The following table lists some of the largest employers within the City and Ellis County. 

Estimated 
Name Product/Business Employment 

Hays Medical Center Health Care 1,235 
Fort Hays State University Education 1,000 
Unified School District No. 489 Education 775 

Ellis County/City of Hays Local Government 427 
Wal-Mart Supercenter Discount Retail Goods 393 
Hess Services Oilfield Supply Manufacturer 287 
EnerSys Battery Manufacturer 267 
Eagle Communications Telecom mu n ications 260 
Development Services of NWK Health and Developmental Assistance 259 
Nex-Tech/Rural Telephone Telecommunications 206 
Dillons Retail Grocery 160 

Source: Ellis County Coalition for Economic Development 

Oil Production-Ellis County 

Number of Oil Production 
Year Wells (number of barrels) 
2014 2,666 3,251,336 
2013 2,608 3,536,915 
2012 2,516 3,563,404 
2011 2,442 3,387,739 
2010 2,373 3,290,808 
2009 2,416 3,059,545 

Source: Kansas Geological Survey website 

The following table shows the per capita personal income for residents of Ellis County and the State during 
the years indicated: 

Ellis State of 
Year County Kansas 
2013 $50,055 $44,417 
2012 46,137 43,916 
2011 44,906 43,015 
2010 39,843 38,977 
2009 38,786 38,301 
2008 42,822 40,466 

Source: Kansas Statistical Abstract, 2013 
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Labor Force 

According to the Kansas Department of Labor, the following table shows the labor force figures for the City 
of Hays and the State of Kansas. 

Ellis Count'i, 
Total Unemployment 

Year Labor Force Employed Unemployed Rate 
2015 {FEB} 17,971 17,409 562 3.1% 
2014 18,201 17,703 498 2.7 
2013 20,297 19,720 577 2.8 
2012 19,571 18,957 614 3.1 
2011 19,501 18,868 633 3.2 
2010 18,711 18,006 705 3.8 
2009 17,939 17,209 730 4.1 

State otKansas 
Total Unemployment 

Year Labor Force Employed Unemployed Rate 
2015 {FEB} 1,493,061 1,426,502 66,559 4.5% 
2014 1,500,353 1,432,359 67,994 4.5 
2013 1,482,931 1,418,394 64,537 4.4 
2012 1,489,320 1,403,866 85,454 5.7 
2011 1,498,872 1,401,055 97,817 6.5 
2010 1,506,229 1,399,805 106,424 7.1 
2009 1,509,447 1,401,704 107,743 7.1 

Building Permits 

The following table shows the total volume and estimated valuation of residential and commercial building 
permits authorized by the City during the years indicated. 

Permits Estimated 
Year Issued* Valuation 
2013 1,087 $35,033,735 
2012 1,816 40,299,204 
2011 919 37,613,392 
2010 640 34,176,087 
2009 490 25,774,350 
2008 512 25,532,916 

*Includes new construction as well as additions, remodeling, roofing and other building permits. 

Source: 2008-2013 Annual Reports of the City 

REMAINDER OF THIS PAGE LEFT BLANK INTENTIONALLY 
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Ellis County Property Owned or Leased by Public Entities

Owner/Occupant Address Appraised Value

ELLIS ARTS & HISTORICAL SOCIETY INC 720 WASHINGTON ST $195,330.00

ELLIS CITY OF 205 WASHINGTON ST $1,504,690.00

ELLIS CITY OF 00000 HWY 40 $592,330.00

ELLIS CITY OF 301 TAYLOR ST $376,850.00

ELLIS CITY OF 911 WASHINGTON ST $204,890.00

ELLIS CITY OF 300 E 8TH ST $186,810.00

ELLIS CITY OF 501 W 6TH ST $185,830.00

ELLIS CITY OF 700 E 10TH ST $156,890.00

ELLIS CITY OF 815 JEFFERSON ST $126,940.00

ELLIS CITY OF 1000 DORRANCE ST $79,660.00

ELLIS CITY OF 104 W 10TH ST $58,100.00

ELLIS CITY OF 1203 SPRUCE ST $53,950.00

ELLIS CITY OF 1303 SPRUCE ST $45,200.00

ELLIS CITY OF 900 DORRANCE ST $39,140.00

ELLIS CITY OF 110 E 9TH ST $19,970.00

ELLIS CITY OF 1005 DORRANCE ST $17,010.00

ELLIS CITY OF 2000 MAPLE ST $13,730.00

ELLIS CITY OF 2001 WALNUT ST $13,730.00

ELLIS CITY OF 820 COTTONWOOD AVE $10,500.00

ELLIS CITY OF 300 W 6TH ST $6,090.00

ELLIS CITY OF 119 W 9TH ST $5,100.00

ELLIS CITY OF 1405 FAUTEUX ST $3,680.00

ELLIS CITY OF 705 JEFFERSON ST $3,350.00

ELLIS CITY OF 500 W 6TH ST $2,990.00

ELLIS CITY OF 00000 E 15TH ST $2,500.00

ELLIS CITY OF 117 W 9TH ST $2,380.00

ELLIS CITY OF 820 1/2 WASHINGTON ST $1,850.00

ELLIS CITY OF 1001 COTTONWOOD AVE $1,270.00

ELLIS CITY OF 00000 CEDAR LANE ST $1,130.00

ELLIS CITY OF 704 MONROE ST $300.00

ELLIS CITY OF 704 MADISON ST $260.00

ELLIS COUNTY BOARD OF COMMISSIONERS 1204 FORT ST $5,441,570.00

ELLIS COUNTY BOARD OF COMMISSIONERS 3001 NEW WAY $1,590,140.00

ELLIS COUNTY BOARD OF COMMISSIONERS 718 MAIN ST $1,568,070.00

ELLIS COUNTY BOARD OF COMMISSIONERS 1344 FAIRGROUND RD $1,465,800.00

ELLIS COUNTY BOARD OF COMMISSIONERS 1515 W 55TH ST $624,300.00

ELLIS COUNTY BOARD OF COMMISSIONERS 1195 280TH AVE $482,680.00

ELLIS COUNTY BOARD OF COMMISSIONERS 601 MAIN ST $373,840.00

ELLIS COUNTY BOARD OF COMMISSIONERS 1870 W 55TH ST $294,270.00

ELLIS COUNTY BOARD OF COMMISSIONERS 1009 CODY AVE $149,840.00

ELLIS COUNTY BOARD OF COMMISSIONERS 00000 E 9TH ST $104,550.00

ELLIS COUNTY BOARD OF COMMISSIONERS 1208 CEDAR ST $97,910.00

ELLIS COUNTY BOARD OF COMMISSIONERS 206 E 2ND ST $93,310.00

ELLIS COUNTY BOARD OF COMMISSIONERS 300 E MAIN ST $85,140.00
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Ellis County Property Owned or Leased by Public Entities

Owner/Occupant Address Appraised Value

ELLIS COUNTY BOARD OF COMMISSIONERS 718 MAIN ST $74,980.00

ELLIS COUNTY BOARD OF COMMISSIONERS 209 W 12TH ST $58,850.00

ELLIS COUNTY BOARD OF COMMISSIONERS 1105 E 22ND ST $55,630.00

ELLIS COUNTY BOARD OF COMMISSIONERS 107 E 7TH ST $36,890.00

ELLIS COUNTY BOARD OF COMMISSIONERS 108 W OAK ST $25,910.00

ELLIS COUNTY BOARD OF COMMISSIONERS 1691 ST JOHN ST $23,060.00

ELLIS COUNTY BOARD OF COMMISSIONERS 864A SAMARA ST $19,960.00

ELLIS COUNTY BOARD OF COMMISSIONERS 00000 240TH AVE $19,510.00

ELLIS COUNTY BOARD OF COMMISSIONERS 00000 MAIN ST $8,250.00

ELLIS COUNTY BOARD OF COMMISSIONERS 2150B SALINE RIVER RD $4,480.00

ELLIS COUNTY BOARD OF COMMISSIONERS 00000 SARRATOV ST $2,230.00

ELLIS COUNTY BOARD OF COMMISSIONERS 00000 SARRATOV ST $2,230.00

ELLIS COUNTY BOARD OF COMMISSIONERS 00000 CHEYENNE ST $1,440.00

ELLIS COUNTY BOARD OF COMMISSIONERS 00000 HWY 40 $1,350.00

ELLIS COUNTY CONSERVATION DISTRICT 2715 CANTERBURY DR $512,250.00

ELLIS COUNTY HISTORICAL SOCIETY 100 W 7TH ST $383,470.00

ELLIS COUNTY HISTORICAL SOCIETY 114 W 7TH ST $63,710.00

ELLIS COUNTY HISTORICAL SOCIETY 1800 FORT ST $6,790.00

ELLIS PUBLIC LIBRARY BOARD OF TRUSTEES 907 WASHINGTON ST $119,210.00

FORT HAYS STATE UNIVERSITY 600 PARK ST $82,124,470.00

FORT HAYS STATE UNIVERSITY 00000 HWY 183 ALT $23,896,060.00

FORT HAYS STATE UNIVERSITY 3000 STERNBERG DR $6,930,410.00

FORT HAYS STATE UNIVERSITY 300 LEWIS DR $2,290,900.00

FORT HAYS STATE UNIVERSITY 1315 230TH AVE $861,740.00

FORT HAYS STATE UNIVERSITY 1423 HWY 183 ALT $563,950.00

FORT HAYS STATE UNIVERSITY 2910 CANTERBURY DR $98,570.00

FORT HAYS STATE UNIVERSITY 00000 GOLF COURSE RD $74,890.00

FORT HAYS STATE UNIVERSITY 00000 GOLF COURSE RD $74,890.00

FORT HAYS STATE UNIVERSITY 00000 STERNBERG DR $74,740.00

FORT HAYS STATE UNIVERSITY 1421 GOLF COURSE RD $71,090.00

FORT HAYS STATE UNIVERSITY 00000 GOLF COURSE RD $52,400.00

FORT HAYS STATE UNIVERSITY 00000 GOLF COURSE RD $52,400.00

FORT HAYS STATE UNIVERSITY 00000 230TH AVE $39,750.00

FORT HAYS STATE UNIVERSITY 00000 210TH AVE $32,020.00

FORT HAYS STATE UNIVERSITY 00000 230TH AVE $31,810.00

FORT HAYS STATE UNIVERSITY 00000 SPRING HILL RD $18,830.00

FORT HAYS STATE UNIVERSITY 00000 SPRING HILL RD $13,930.00

FORT HAYS STATE UNIVERSITY 1453 GOLF COURSE RD $4,520.00

FORT HAYS STATE UNIVERSITY 00000 STERNBERG DR $1,330.00

FORT HAYS STATE UNIVERSITY ENDOWMENT ASSOCIATION 1 TIGER PL $2,829,610.00

HAYS CITY CEMETERY ASSOCIATION 2601 VINE ST $135,270.00

HAYS CITY OF 3950 E 8TH ST $5,325,410.00

HAYS CITY OF 1002 VINE ST $2,502,910.00

HAYS CITY OF 1205 MAIN ST $2,444,030.00



Ellis County Property Owned or Leased by Public Entities

Owner/Occupant Address Appraised Value

HAYS CITY OF 1701 E 13TH ST $2,095,470.00

HAYS CITY OF 00000 280TH AVE $1,701,660.00

HAYS CITY OF 2700 CANAL BLVD $1,598,110.00

HAYS CITY OF 300 MAIN ST $1,506,230.00

HAYS CITY OF 1376 HWY 40 $1,505,640.00

HAYS CITY OF 1105 CANTERBURY DR $1,406,600.00

HAYS CITY OF 1507 MAIN ST $1,178,030.00

HAYS CITY OF 1498 HWY 40 BYP $1,022,530.00

HAYS CITY OF 2700 VINE ST $870,490.00

HAYS CITY OF 2901 GRANT AVE $734,540.00

HAYS CITY OF 101 MAIN ST $664,810.00

HAYS CITY OF 1450 GOLF COURSE RD $520,040.00

HAYS CITY OF 5810 230TH AVE $488,600.00

HAYS CITY OF 401 W 33RD ST $298,900.00

HAYS CITY OF 2050 METRO LN $229,620.00

HAYS CITY OF 1780 W 55TH ST $218,490.00

HAYS CITY OF 1546 HWY 183 ALT $215,520.00

HAYS CITY OF 00000 COMMERCE PKWY $206,450.00

HAYS CITY OF 3950 E 8TH ST $126,390.00

HAYS CITY OF 00000 GOLF COURSE RD $116,500.00

HAYS CITY OF 00000 HOLMES RD $99,340.00

HAYS CITY OF 1314 HARVEST RD $97,040.00

HAYS CITY OF 1650 E 41ST ST $75,950.00

HAYS CITY OF 00000 GOLF COURSE RD $75,730.00

HAYS CITY OF 1335 LAWRENCE DR $70,030.00

HAYS CITY OF 3950 E 8TH ST $64,400.00

HAYS CITY OF 404 PINE ST $60,110.00

HAYS CITY OF 3950 E 8TH ST $59,080.00

HAYS CITY OF 00000 CEDAR ST $58,820.00

HAYS CITY OF 00000 HANEY DR $56,860.00

HAYS CITY OF 404 PINE ST $49,770.00

HAYS CITY OF 1011B HWY 40 BYP $49,160.00

HAYS CITY OF 00000 E 8TH ST $48,990.00

HAYS CITY OF 3950 E 8TH ST $40,090.00

HAYS CITY OF 1605 E 17TH ST $39,300.00

HAYS CITY OF 3300 SKYLINE DR $38,500.00

HAYS CITY OF 00000 INDIAN TRL $37,350.00

HAYS CITY OF 1701 E 26TH ST $37,140.00

HAYS CITY OF 200 W 55TH ST $36,710.00

HAYS CITY OF 4132 COVENANT DR $33,150.00

HAYS CITY OF 00000 AUTUMN LN $30,820.00

HAYS CITY OF 2521 INDIAN TRL $30,750.00

HAYS CITY OF 1243 NOOSE RD $27,050.00

HAYS CITY OF 00000 W 12TH ST $25,460.00



Ellis County Property Owned or Leased by Public Entities
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HAYS CITY OF 4607 HOOVER DR $23,970.00

HAYS CITY OF 2912 WILLOW ST $19,590.00

HAYS CITY OF 00000 W 13TH ST $18,140.00

HAYS CITY OF 00000 E 13TH ST $18,060.00

HAYS CITY OF 00000 VINE ST $14,590.00

HAYS CITY OF 418 250TH AVE $14,000.00

HAYS CITY OF 00000 MAIN ST $11,490.00

HAYS CITY OF 4100 FILLMORE DR $10,190.00

HAYS CITY OF 00000 GENERAL CUSTER RD $9,760.00

HAYS CITY OF 1590 HWY 40 BYP $9,720.00

HAYS CITY OF 213 W 17TH ST $9,690.00

HAYS CITY OF 00000 E 13TH ST $7,130.00

HAYS CITY OF 00000 W 27TH ST $5,600.00

HAYS CITY OF 00000 W 19TH ST $4,640.00

HAYS CITY OF 00000 E 41ST ST $3,790.00

HAYS CITY OF 00000 N FRONT ST $3,000.00

HAYS CITY OF 00000 RESERVATION RD $2,740.00

HAYS CITY OF 2200 COMMERCE PKWY $1,780.00

HAYS CITY OF 00000 W 29TH ST $1,660.00

HAYS CITY OF 00000 E 17TH ST $1,060.00

HAYS CITY OF 00000 W 10TH ST $1,010.00

HAYS CITY OF 00000 ELM ST $960.00

HAYS CITY OF 00000 W 10TH ST $870.00

HAYS CITY OF 00000 SKYLINE DR $780.00

HAYS CITY OF 00000 INDIAN TRL $500.00

HAYS CITY OF 00000 MAIN ST $230.00

HAYS RECREATION COMMISSION 00000 CANTERBURY DR $93,910.00

HUTCHINSON CITY OF 1010 E 43RD ST $674,790.00

KANSAS MILITARY BOARD 200 MAIN ST $413,150.00

KANSAS STATE OF 332 E 8TH ST $303,450.00

KANSAS STATE OF 00000 MAIN ST $195,570.00

KANSAS STATE OF 00000 STERNBERG DR $162,020.00

KANSAS STATE OF 1679 230TH AVE $155,440.00

KANSAS STATE OF 00000 GOLF COURSE RD $14,980.00

KANSAS STATE OF 507 W 8TH ST $3,480.00

KANSAS STATE OF BOARD OF REGENTS FBO KSU 00000 CODELL AVE $34,270.00

KANSAS STATE OF BOARD OF REGENTS FBO KSU 00000 RIVERVIEW RD $11,240.00

KANSAS STATE OF BOARD OF REGENTS FBO KSU 00000 370TH AVE $7,800.00

KANSAS STATE OF BOARD OF REGENTS FBO KSU 00000 CODELL AVE $4,250.00

KANSAS STATE OF BOARD OF REGENTS FBO KSU 00000 ST JOHN-ST ANDREW RD $1,680.00

KANSAS STATE OF DEPT OF HEALTH & ENVIRON 1102 E 8TH ST $15,620.00

KANSAS STATE OF DEPT OF HEALTH & ENVIRON 00000 VINE ST $11,160.00

KANSAS STATE OF DEPT OF TRANSPORTATION 1811 FRONTIER RD $2,651,000.00

KANSAS STATE OF DEPT OF TRANSPORTATION 185 W 55TH ST $24,570.00
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KANSAS STATE OF HIGHWAY COMMISSION 00000 VINE ST $230.00

KANSAS STATE OF HISTORICAL SOCIETY 1450 GOLF COURSE RD $1,006,240.00

KANSAS STATE OF HISTORICAL SOCIETY 00000 HWY 183 ALT $333,240.00

KANSAS STATE OF HISTORICAL SOCIETY 00000 HWY 183 ALT $258,100.00

KANSAS STATE OF HISTORICAL SOCIETY 00000 HWY 183 ALT $258,100.00

KANSAS STATE OF HISTORICAL SOCIETY 00000 HWY 183 ALT $258,100.00

KANSAS STATE OF STATE BOARD OF REGENTS 507 W 6TH ST $11,490.00

KANSAS STATE OF STATE BOARD OF REGENTS 610 PARK ST $6,900.00

KANSAS STATE UNIVERSITY 1220 240TH AVE $2,179,500.00

KANSAS STATE UNIVERSITY 1510A BISON RD $424,640.00

KANSAS STATE UNIVERSITY 1510A BISON RD $424,640.00

KANSAS STATE UNIVERSITY 1510A BISON RD $424,640.00

KANSAS STATE UNIVERSITY 00000 GOLF COURSE RD $64,460.00

KANSAS STATE UNIVERSITY 1618 BISON RD $55,490.00

KANSAS STATE UNIVERSITY 1618 BISON RD $55,490.00

KANSAS STATE UNIVERSITY 00000 230TH AVE $52,820.00

KANSAS STATE UNIVERSITY 1069 240TH AVE $34,980.00

KANSAS STATE UNIVERSITY 00000 250TH AVE $32,590.00

KANSAS STATE UNIVERSITY 00000 RESERVATION RD $20,020.00

KANSAS STATE UNIVERSITY 00000 270TH AVE $11,580.00

KANSAS STATE UNIVERSITY 00000 240TH AVE $8,470.00

KANSAS STATE UNIVERSITY 00000 RESERVATION RD $940.00

KANSAS STATE UNIVERSITY 00000 HWY 40 $70.00

MUNJOR IMPROVEMENT DISTRICT OF ELLIS COUNTY 00000 280TH AVE $29,370.00

NORTH CENTRAL KANSAS ENDOWMENT ASSOCIATION 2205 WHEATLAND AVE $748,780.00

NORTH CENTRAL KANSAS ENDOWMENT ASSOCIATION 2201 WHEATLAND AVE $676,480.00

NORTH CENTRAL KANSAS TECH COLLEGE END ASSN & FNDN 00000 WHEATLAND AVE $655,530.00

NORTH CENTRAL KANSAS TECHNICAL COLLEGE 2205 WHEATLAND AVE $575,030.00

Paul Wertenberger Construction Inc 401 CUSTER DR $6,569,640.00

RURAL WATER DISTRICT NO 1 00000 W OAK ST $19,120.00

RURAL WATER DISTRICT NO 1 00000 SCHOENCHEN RD $3,320.00

RURAL WATER DISTRICT NO 1 CONSOLIDATED 00000 YOCEMENTO AVE $22,300.00

RURAL WATER DISTRICT NO 1 CONSOLIDATED 00000 210TH AVE $1,050.00

RURAL WATER DISTRICT NO 1 CONSOLIDATED 00000 220TH AVE $710.00

RURAL WATER DISTRICT NO 2 00000 HOPEWELL RD $200,030.00

RURAL WATER DISTRICT NO 2 600 W 10TH ST $36,210.00

RURAL WATER DISTRICT NO 3 00000 MUNJOR RD $24,480.00

RURAL WATER DISTRICT NO 3 00000 MUNJOR RD $15,570.00

RURAL WATER DISTRICT NO 5 00000 390TH AVE $200,000.00

RURAL WATER DISTRICT NO 6 00000 FAIRGROUND RD $19,200.00

RURAL WATER DISTRICT NO 6 00000 330TH AVE $9,400.00

RUSSELL CITY OF 00000 SCHOENCHEN RD $9,520.00

SCHOENCHEN CITY OF 00000 FRONT ST $14,400.00

SCHOENCHEN CITY OF 00000 JEFFERSON ST $7,980.00



Ellis County Property Owned or Leased by Public Entities
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UNIFIED SCHOOL DIST 388 1706 MONROE ST $3,235,100.00

UNIFIED SCHOOL DIST 388 100 E 13TH ST $1,522,190.00

UNIFIED SCHOOL DIST 388 407 W 11TH ST $473,860.00

UNIFIED SCHOOL DIST 388 1011 WASHINGTON ST $61,160.00

UNIFIED SCHOOL DIST 388 1706 MONROE ST $17,100.00

UNIFIED SCHOOL DIST 388 00000 COTTONWOOD AVE $8,300.00

UNIFIED SCHOOL DIST 432 1107 10TH ST $4,024,570.00

UNIFIED SCHOOL DIST 432 602 10TH ST $1,643,920.00

UNIFIED SCHOOL DIST 432 00000 10TH ST $52,400.00

UNIFIED SCHOOL DIST 489 2300 E 13TH ST $12,856,670.00

UNIFIED SCHOOL DIST 489 201 W 29TH ST $6,131,500.00

UNIFIED SCHOOL DIST 489 2000 MACARTHUR RD $3,285,550.00

UNIFIED SCHOOL DIST 489 323 W 12TH ST $3,115,990.00

UNIFIED SCHOOL DIST 489 101 E 28TH ST $2,801,750.00

UNIFIED SCHOOL DIST 489 1401 HALL ST $2,166,750.00

UNIFIED SCHOOL DIST 489 1906 ASH ST $2,008,550.00

UNIFIED SCHOOL DIST 489 305 MAIN ST $1,294,660.00

UNIFIED SCHOOL DIST 489 892 MAIN ST $505,620.00

UNIFIED SCHOOL DIST 489 508 MAIN ST $350,490.00

UNIFIED SCHOOL DIST 489 00000 E 13TH ST $18,350.00

UNIFIED SCHOOL DIST 489 00000 E 5TH ST $10,200.00

UNIFIED SCHOOL DIST 489 00000 E 5TH ST $9,630.00

UNITED STATES OF AMERICA 880 COMMERCE PKWY $3,050,010.00

UNITED STATES OF AMERICA 706 FORT ST $741,130.00

UNITED STATES OF AMERICA 00000 GRANTS VILLA RD $1,350.00

VICTORIA CITY OF 204 MARC WAGNER DR $277,570.00

VICTORIA CITY OF 00000 IRON ST $145,480.00

VICTORIA CITY OF 00000 SPRING HILL RD $124,300.00

VICTORIA CITY OF 1005 4TH ST $59,370.00

VICTORIA CITY OF 200 BALL PARK RD $45,890.00

VICTORIA CITY OF 00000 10TH ST $38,660.00

VICTORIA CITY OF 00000 E MAIN ST $34,000.00

VICTORIA CITY OF 00000 E MAIN ST $22,310.00

VICTORIA CITY OF 1007 HICKORY ST $20,000.00

VICTORIA CITY OF 00000 IRON ST $13,400.00

VICTORIA CITY OF 2536 SPRING HILL RD $12,810.00

VICTORIA CITY OF 00000 MAIN ST $8,720.00

VICTORIA CITY OF 00000 MAIN ST $8,300.00

VICTORIA CITY OF 00000 1ST ST $7,600.00

VICTORIA CITY OF 00000 2ND ST $7,270.00

VICTORIA CITY OF 706 MAIN ST $6,800.00

VICTORIA CITY OF 00000 W MAIN ST $6,260.00

VICTORIA CITY OF 00000 8TH ST $5,520.00

VICTORIA CITY OF 00000 E MAIN ST $5,040.00
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VICTORIA CITY OF 00000 CATHEDRAL $3,570.00

VICTORIA CITY OF 00000 2ND ST $1,310.00

VICTORIA CITY OF 1005 HICKORY ST $400.00

VICTORIA CITY OF 00000 HWY 40 $280.00

$237,172,060.00Total Appraised Value
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Russell County Property Owned or Leased by Public Entities

Owner/Occupant Address Appraised Value

BIG CREEK TOWNSHIP 4170 176TH ST, Gorham, KS  67640 $72,140.00

BIG CREEK TOWNSHIP 00000 I-70 RD, Gorham, KS  67640 $1,840.00

BUNKER HILL CITY OF 898 ELM ST, Bunker Hill, KS  67626 $102,910.00

BUNKER HILL CITY OF 508 ELM ST, Bunker Hill, KS  67626 $95,150.00

BUNKER HILL CITY OF 595 ELM ST, Bunker Hill, KS  67626 $34,740.00

BUNKER HILL CITY OF 00000 6TH & ELM, Bunker Hill, KS  67626 $15,570.00

BUNKER HILL CITY OF 00000 LANDLOCKED, Bunker Hill, KS  67626 $6,170.00

BUNKER HILL CITY OF 00000 3RD & WARREN, Bunker Hill, KS  67626 $340.00

BUNKER HILL CITY OF 00000 5TH ST, Bunker Hill, KS  67626 $330.00

BUNKER HILL HIST SOCIETY 614 WASHINGTON ST, Bunker Hill, KS  67626 $41,530.00

BUNKER HILL HIST SOCIETY 264 6TH ST, Bunker Hill, KS  67626 $3,190.00

CEMETERY BUNKER HILL 00000 194TH ST, Bunker Hill, KS  67626 $9,550.00

CEMETERY BUNKER HILL 00000 194TH ST, Bunker Hill, KS  67626 $9,550.00

CEMETERY COLONY 00000 PLYMOUTH RD, Dorrance, KS  67634 $1,760.00

CEMETERY CROSS PLAIN ASSN 00000 190TH ST, Russell, KS  67665 $3,190.00

CEMETERY DORRANCE ASSOC 00000 1ST & TAYLOR, Dorrance, KS  67634 $9,200.00

CEMETERY EBENIZER 00000 184TH ST, Russell, KS  67665 $1,730.00

CEMETERY FAIRPORT ASSOC 00000 FAIRPORT RD, Paradise, KS  67658 $3,760.00

CEMETERY FRIEDEN GEMEINDE 00000 MICHAELIS RD, Russell, KS  67665 $630.00

CEMETERY LURAY 00000 LURAY LN, Luray, KS  67649 $2,490.00

CEMETERY LURAY 00000 LURAY LN, Luray, KS  67649 $2,340.00

CEMETERY MOUNT HERMON 5999 180TH ST, Paradise, KS  67658 $2,270.00

CEMETERY PARADISE ASSOC 00000 LAND RD, Gorham, KS  67640 $1,800.00

CEMETERY PRAIRIE LAWN 00000 175TH ST, Gorham, KS  67640 $2,600.00

CENTER TOWNSHIP 471 7TH ST, Bunker Hill, KS  67626 $57,950.00

CENTER TOWNSHIP 00000 LINCOLN RD, Bunker Hill, KS  67626 $1,970.00

CENTER TOWNSHIP 00000 4 CORNERS RD, Bunker Hill, KS  67626 $1,690.00

DORRANCE CITY OF 523 MAIN ST, Dorrance, KS  67634 $126,250.00

DORRANCE CITY OF 00000 1ST ST, Dorrance, KS  67634 $17,530.00

DORRANCE CITY OF 00000 JELLISON ST, Dorrance, KS  67634 $9,080.00

DORRANCE CITY OF 00000 JELLISON/COLEMAN, Dorrance, KS  67634 $8,430.00

DORRANCE CITY OF 00000 LINCOLN & DANA, Dorrance, KS  67634 $600.00

DORRANCE CITY OF 218 HWY 40, Dorrance, KS  67634 $110.00

DORRANCE HISTORICAL SCTY 511 MAIN ST, Dorrance, KS  67634 $11,860.00

DORRANCE HISTORICAL SCTY 00000 JELLISON ST, Dorrance, KS  67634 $680.00

FAIRFIELD TOWNSHIP 19000 WINTERSET RD, Russell, KS  67665 $22,760.00

FAIRVIEW TOWNSHIP 5530 203RD BLVD, Lucas, KS  67648 $11,430.00

FAIRVIEW TOWNSHIP 116 N WOLF AVE, Lucas, KS  67648 $4,840.00

FORESTRY FISH & GAME COMM 00000 SALT CREEK LN, Bunker Hill, KS  67626 $88,690.00

FORESTRY FISH & GAME COMM 00000 SALT CREEK LN, Bunker Hill, KS  67626 $88,690.00

FORESTRY FISH & GAME COMM 00000 SALT CREEK LN, Bunker Hill, KS  67626 $88,690.00

GORHAM CITY OF 119 2ND ST, Gorham, KS  67640 $158,210.00

GORHAM CITY OF 125 MARKET ST, Gorham, KS  67640 $22,740.00

GORHAM CITY OF 109 2ND ST, Gorham, KS  67640 $13,440.00

GORHAM CITY OF 00000 1ST ST, Gorham, KS  67640 $7,600.00
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GORHAM CITY OF 00000 WEST ST, Gorham, KS  67640 $3,630.00

GORHAM COMM DEVLMT ASSN 00000 3RD ST, Gorham, KS  67640 $900.00

GORHAM FIRE DISTRICT #1 108 MARKET ST, Gorham, KS  67640 $60,640.00

GRANT TOWNSHIP 18507 I-70 RD, Russell, KS  67665 $52,180.00

KANSAS DEPT WILDLIFE & PKS 00000 LANDLOCKED, Russell, KS  67665 $21,300.00

KANSAS DEPT WILDLIFE & PKS 00000 DAM RD, Russell, KS  67665 $20,340.00

KANSAS STATE OF MARK STOCK-LANDON BLDG 225 E WITT AVE, Russell, KS  67665 $215,910.00

KANSAS STATE OF MARK STOCK-LANDON BLDG 00000 195TH BLVD, Bunker Hill, KS  67626 $94,250.00

KANSAS STATE OF MARK STOCK-LANDON BLDG 00000 LANDLOCKED, Bunker Hill, KS  67626 $39,380.00

KANSAS STATE OF MARK STOCK-LANDON BLDG 00000 LANDLOCKED, Bunker Hill, KS  67626 $13,310.00

LINCOLN TOWNSHIP 18201 WINTERSET RD, Russell, KS  67665 $75,340.00

LUCAS AREA CMMNTY THEATER 116 S MAIN ST, Lucas, KS  67648 $210,510.00

LUCAS ARTS & HUMANITIES CL 00000 S MAIN ST, Lucas, KS  67648 $60,840.00

LUCAS ARTS & HUMANITIES CL 211 S MAIN ST, Lucas, KS  67648 $30,500.00

LUCAS ARTS & HUMANITIES CL 213 S MAIN ST, Lucas, KS  67648 $27,510.00

LUCAS ARTS & HUMANITIES CL 215 S MAIN ST, Lucas, KS  67648 $25,260.00

LUCAS ARTS & HUMANITIES CL 126 S FAIRVIEW AVE, Lucas, KS  67648 $20,500.00

LUCAS CITY OF 312 N MAIN ST, Lucas, KS  67648 $155,980.00

LUCAS CITY OF 216 S MAIN ST, Lucas, KS  67648 $64,460.00

LUCAS CITY OF 201 S MAIN ST, Lucas, KS  67648 $42,190.00

LUCAS CITY OF 209 S MAIN ST, Lucas, KS  67648 $36,980.00

LUCAS CITY OF 306 S MAIN ST, Lucas, KS  67648 $20,000.00

LUCAS CITY OF 000 W NORTH HARVEST ST, Lucas, KS  67648 $19,200.00

LUCAS CITY OF 420 W 1ST ST, Lucas, KS  67648 $17,010.00

LUCAS CITY OF 00000 S WOLF AVE, Lucas, KS  67648 $14,800.00

LUCAS CITY OF 00000 FAIRPORT LN, Lucas, KS  67648 $14,610.00

LUCAS CITY OF 119 POWER AVE, Lucas, KS  67648 $7,840.00

LUCAS CITY OF 121 E NORTH HARVEST ST, Lucas, KS  67648 $7,200.00

LUCAS CITY OF 701 W 1ST ST, Lucas, KS  67648 $6,510.00

LUCAS CITY OF 314 PARKVIEW RD, Lucas, KS  67648 $6,400.00

LUCAS CITY OF 00000 N GREELEY AVE, Lucas, KS  67648 $5,460.00

LUCAS CITY OF 306 PARKVIEW RD, Lucas, KS  67648 $4,450.00

LUCAS CITY OF 000 E SOUTH HARVEST ST, Lucas, KS  67648 $2,760.00

LUCAS CITY OF 00000 E JOHNSON AVE, Lucas, KS  67648 $1,440.00

LUCAS CITY OF 00000 S KANSAS AVE, Lucas, KS  67648 $1,280.00

LUCAS CITY OF 00000 HIGH ST, Lucas, KS  67648 $770.00

LUCAS CITY OF 00000 HWY 18, Lucas, KS  67648 $720.00

LUCAS CITY OF 00000 S GREELEY AVE, Lucas, KS  67648 $630.00

LUCAS CITY OF 00000 S GREELEY AVE, Lucas, KS  67648 $540.00

LUCAS CITY OF 00000 W 2ND ST, Lucas, KS  67648 $460.00

LUCAS CITY OF 00000 3RD & WOLF, Lucas, KS  67648 $410.00

LUCAS CITY OF 00000 PARKVIEW RD, Lucas, KS  67648 $270.00

LUCAS CITY OF 00000 W 2ND ST, Lucas, KS  67648 $160.00

LUCAS CITY OF 00000 S WOLF AVE, Lucas, KS  67648 $110.00

LUCAS CITY OF LUCAS AIRPORT 00000 LANDLOCKED, Lucas, KS  67648 $17,920.00
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LUCAS CITY OF LUCAS AIRPORT 00000 HWY 18, Lucas, KS  67648 $9,170.00

LUCAS FIRE DISTRICT #2 217 S MAIN ST, Lucas, KS  67648 $169,160.00

LUCAS GOLDEN AGE CENTER 210 S MAIN ST, Lucas, KS  67648 $40,090.00

LURAY CITY OF 00000 W 5TH ST, Luray, KS  67649 $140,020.00

LURAY CITY OF 108 S MAIN ST, Luray, KS  67649 $130,530.00

LURAY CITY OF 115 S MAIN ST, Luray, KS  67649 $78,840.00

LURAY CITY OF 101 INDUSTRIAL PARK RD, LURAY, KS  67649 $21,480.00

LURAY CITY OF 119 N MAIN ST, Luray, KS  67649 $18,210.00

LURAY CITY OF 102 W 2ND ST, Luray, KS  67649 $15,290.00

LURAY CITY OF 00000 N FAIRVIEW AVE, Luray, KS  67649 $14,330.00

LURAY CITY OF 00000 HWY 18, Luray, KS  67649 $12,820.00

LURAY CITY OF 505 N MAIN ST, Luray, KS  67649 $12,660.00

LURAY CITY OF 00000 PRIVATE RD, Luray, KS  67649 $7,840.00

LURAY CITY OF 00000 194TH ST, Luray, KS  67649 $6,580.00

LURAY CITY OF 19376 LURAY LN, Luray, KS  67649 $1,000.00

LURAY CITY OF 200 N MAIN ST, Luray, KS  67649 $640.00

LURAY HOUSING AUTHORITY 201 N MAIN ST, Luray, KS  67649 $230,920.00

LURAY SENIOR CENTER INC 101 N MAIN ST, Luray, KS  67649 $30,770.00

PARADISE CITY OF 00000 MAIN ST, Paradise, KS  67658 $63,900.00

PARADISE CITY OF 00000 MAIN ST, Paradise, KS  67658 $15,760.00

PARADISE CITY OF 00000 S MAIN ST, PARADISE, KS  67658 $4,770.00

PARADISE CITY OF 00000 4TH ST, Paradise, KS  67658 $2,120.00

PARADISE CITY OF 00000 D AVE, Paradise, KS  67658 $60.00

PARADISE TOWNSHIP 100 2ND ST, Paradise, KS  67658 $11,690.00

PLYMOUTH TOWNSHIP 510 HWY 40, Dorrance, KS  67634 $20,800.00

POST ROCK RURAL WATER DIST 00000 I-70 RD, Dorrance, KS  67634 $307,260.00

POST ROCK RURAL WATER DIST 00000 192ND ST, Bunker Hill, KS  67626 $42,550.00

RURAL WATER DISTRICT #1 00000 LANDLOCKED, Lucas, KS  67648 $113,500.00

RURAL WATER DISTRICT #1 00000 HWY 281, Russell, KS  67665 $65,430.00

RUSSELL ARTS COUNCIL INC 629 N MAIN ST, Russell, KS  67665 $124,780.00

RUSSELL CITY LIBRARY 126 E WISCONSIN ST, Russell, KS  67665 $474,670.00

RUSSELL CITY OF 1056 E 4TH ST, Russell, KS  67665 $2,189,610.00

RUSSELL CITY OF 4243 AIRPORT HANGER ST, Russell, KS  67665 $1,541,740.00

RUSSELL CITY OF 325 N GRANT, Russell, KS  67665 $1,536,420.00

RUSSELL CITY OF 210 S FRONT ST, Russell, KS  67665 $1,422,110.00

RUSSELL CITY OF 213 S FOSSIL ST, Russell, KS  67665 $1,191,380.00

RUSSELL CITY OF 1068 E 15TH ST, Russell, KS  67665 $859,340.00

RUSSELL CITY OF 00000 S FRONT ST, Russell, KS  67665 $452,670.00

RUSSELL CITY OF 337 W 15TH ST, Russell, KS  67665 $452,590.00

RUSSELL CITY OF 301 E 8TH ST, Russell, KS  67665 $429,340.00

RUSSELL CITY OF 701 FAIRWAY DR, Russell, KS  67665 $387,610.00

RUSSELL CITY OF 1250 E 15TH ST, Russell, KS  67665 $353,630.00

RUSSELL CITY OF 322 W 16TH ST, Russell, KS  67665 $333,570.00

RUSSELL CITY OF 4252 186TH ST, Russell, KS  67665 $287,860.00

RUSSELL CITY OF 133 W 8TH ST, Russell, KS  67665 $267,200.00



Russell County Property Owned or Leased by Public Entities

Owner/Occupant Address Appraised Value

RUSSELL CITY OF 820 N MAIN ST, Russell, KS  67665 $253,780.00

RUSSELL CITY OF 1002 E 4TH ST, Russell, KS  67665 $179,560.00

RUSSELL CITY OF 804 N ELM ST, Russell, KS  67665 $168,640.00

RUSSELL CITY OF 333 W 16TH ST, Russell, KS  67665 $134,860.00

RUSSELL CITY OF 00000 HWY 281, Russell, KS  67665 $115,140.00

RUSSELL CITY OF 319 W 16TH ST, Russell, KS  67665 $104,930.00

RUSSELL CITY OF 00000 HWY 281, Russell, KS  67665 $91,000.00

RUSSELL CITY OF 00000 HWY 40, Russell, KS  67665 $85,900.00

RUSSELL CITY OF 0000 E 15TH ST, Russell, KS  67665 $39,260.00

RUSSELL CITY OF 00000 N ELM ST, Russell, KS  67665 $32,420.00

RUSSELL CITY OF 219 E 8TH ST, Russell, KS  67665 $30,880.00

RUSSELL CITY OF 333 E 9TH ST, Russell, KS  67665 $20,410.00

RUSSELL CITY OF 783 S FRONT ST, Russell, KS  67665 $19,460.00

RUSSELL CITY OF 00000 E HWY 40, Russell, KS  67665 $19,050.00

RUSSELL CITY OF 1021 S FRONT ST, Russell, KS  67665 $12,990.00

RUSSELL CITY OF 00000 E STATE ST, Russell, KS  67665 $9,510.00

RUSSELL CITY OF 00000 N MAPLE ST, Russell, KS  67665 $8,590.00

RUSSELL CITY OF 1118 N FOSSIL ST, Russell, KS  67665 $7,820.00

RUSSELL CITY OF 00000 W JEWELL ST, Russell, KS  67665 $6,950.00

RUSSELL CITY OF 00000 E STATE ST, Russell, KS  67665 $5,640.00

RUSSELL CITY OF 00000 184TH BLVD, Russell, KS  67665 $5,600.00

RUSSELL CITY OF 00000 W 16TH ST, Russell, KS  67665 $5,190.00

RUSSELL CITY OF 00000 FAIRWAY DR, Russell, KS  67665 $4,500.00

RUSSELL CITY OF 236 E 9TH ST, Russell, KS  67665 $4,320.00

RUSSELL CITY OF 00000 E WITT AVE, Russell, KS  67665 $4,070.00

RUSSELL CITY OF 00000 E WISCONSIN ST, Russell, KS  67665 $3,790.00

RUSSELL CITY OF 00000 N FOSSIL ST, Russell, KS  67665 $3,680.00

RUSSELL CITY OF 00000 E 12TH ST, Russell, KS  67665 $3,670.00

RUSSELL CITY OF 607 N GRANT ST, Russell, KS  67665 $2,800.00

RUSSELL CITY OF 543 E 5TH ST, Russell, KS  67665 $2,700.00

RUSSELL CITY OF 145 AMY AVE, Russell, KS  67665 $2,580.00

RUSSELL CITY OF 421 E STATE ST, Russell, KS  67665 $2,480.00

RUSSELL CITY OF 611 E 4TH ST, Russell, KS  67665 $2,120.00

RUSSELL CITY OF 1015 N MAIN ST, Russell, KS  67665 $2,030.00

RUSSELL CITY OF 00000 W 16TH ST, Russell, KS  67665 $2,010.00

RUSSELL CITY OF 00000 W IRON ST, Russell, KS  67665 $1,750.00

RUSSELL CITY OF 00000 W 13TH ST, Russell, KS  67665 $1,010.00

RUSSELL CITY OF 00000 E WICHITA AVE, Russell, KS  67665 $800.00

RUSSELL CITY OF 00000 N SEITZ ST, Russell, KS  67665 $620.00

RUSSELL CITY OF 000 E 2ND ST, Russell, KS  67665 $600.00

RUSSELL CITY OF 00000 E 4TH ST, Russell, KS  67665 $430.00

RUSSELL CITY OF 00000 LANDLOCKED, Russell, KS  67665 $400.00

RUSSELL CITY OF 00000 E 3RD ST, Russell, KS  67665 $340.00

RUSSELL CITY OF 00000 E 2ND ST, Russell, KS  67665 $280.00

RUSSELL CITY OF 00000 LANDLOCKED, Russell, KS  67665 $230.00



Russell County Property Owned or Leased by Public Entities

Owner/Occupant Address Appraised Value

RUSSELL CITY OF 00000 E 3RD ST, Russell, KS  67665 $180.00

RUSSELL CITY OF 00000 N ST JOHN ST, Russell, KS  67665 $100.00

RUSSELL CO HISTORICAL SOC 818 N KANSAS ST, Russell, KS  67665 $40,700.00

RUSSELL CO HISTORICAL SOC 503 N KANSAS ST, Russell, KS  67665 $31,090.00

RUSSELL CO HISTORICAL SOC 250 N VAN HOUTEN ST, Russell, KS  67665 $17,250.00

RUSSELL CO HISTORICAL SOC 135 E 8TH ST, Russell, KS  67665 $13,440.00

RUSSELL CO HISTORICAL SOC 461 E STATE ST, Russell, KS  67665 $11,350.00

RUSSELL CO HISTORICAL SOC 100 EDWARD AVE, Russell, KS  67665 $6,090.00

RUSSELL CO RURAL FIRE D #5 850 ELM ST, Bunker Hill, KS  67626 $402,950.00

RUSSELL CO RURAL FIRE D #5 00000 ELM ST, Bunker Hill, KS  67626 $980.00

RUSSELL COMMUNITY THEATER 140 E 5TH ST, Russell, KS  67665 $76,970.00

RUSSELL COMMUNITY THEATER 839 N MAIN ST, Russell, KS  67665 $49,230.00

RUSSELL COMMUNITY THEATER 160 E 9TH ST, Russell, KS  67665 $15,070.00

RUSSELL COUNTY OF 200 S MAIN ST, Russell, KS  67665 $3,993,980.00

RUSSELL COUNTY OF 401 N MAIN ST, Russell, KS  67665 $1,163,220.00

RUSSELL COUNTY OF 702 FAIRWAY DR, Russell, KS  67665 $616,330.00

RUSSELL COUNTY OF 331 N KANSAS ST, Russell, KS  67665 $333,390.00

RUSSELL COUNTY OF 4288 HWY 40, Russell, KS  67665 $261,860.00

RUSSELL COUNTY OF 311 S FOSSIL ST, Russell, KS  67665 $256,580.00

RUSSELL COUNTY OF 1215 W WICHITA AVE, Russell, KS  67665 $139,010.00

RUSSELL COUNTY OF 18536 LAND RD, Russell, KS  67665 $76,170.00

RUSSELL COUNTY OF 331 E WICHITA AVE, Russell, KS  67665 $64,290.00

RUSSELL COUNTY OF 412 HWY 40, Dorrance, KS  67634 $60,760.00

RUSSELL COUNTY OF 108 MARKET ST, Gorham, KS  67640 $39,200.00

RUSSELL COUNTY OF 00000 E STATE ST, Russell, KS  67665 $4,500.00

RUSSELL COUNTY OF 205 S FRONT ST, Russell, KS  67665 $4,460.00

RUSSELL COUNTY OF 317 N KANSAS ST, Russell, KS  67665 $2,160.00

RUSSELL COUNTY OF 00000 MAIN ST, Waldo, KS  67673 $540.00

RUSSELL TOWNSHIP 431 E 12TH ST, Russell, KS  67665 $87,930.00

SEC OF TRANSPORT ST OF KS 00000 194TH ST, Russell, KS  67665 $4,890.00

SMOKY HILLS PUBLIC TV CORP 604 ELM ST, Bunker Hill, KS  67626 $83,940.00

SMOKY HILLS PUBLIC TV CORP 140 6TH ST, Bunker Hill, KS  67626 $11,460.00

SMOKY HILLS PUBLIC TV CORP 19131 WALTERS RD, Russell, KS  67665 $10,190.00

SMOKY HILLS PUBLIC TV CORP 00000 6TH ST, Bunker Hill, KS  67626 $390.00

SMOKY HILLS PUBLIC TV CORP 00000 6TH ST, Bunker Hill, KS  67626 $390.00

STATE HIGHWAY COMMISSION 00000 W WITT AVE, Russell, KS  67665 $9,040.00

UNITED STATES OF AMERCIA 00000 192ND ST, Russell, KS  67665 $64,320.00

UNITED STATES OF AMERCIA 00000 DECKER RD, Russell, KS  67665 $31,200.00

UNITED STATES OF AMERICA 00000 205TH BLVD, Sylvan Grove, KS  67481 $523,050.00

UNITED STATES OF AMERICA 00000 205TH BLVD, Sylvan Grove, KS  67481 $523,050.00

UNITED STATES OF AMERICA 135 W WISCONSIN ST, Russell, KS  67665 $385,680.00

UNITED STATES OF AMERICA 00000 HWY 232, Lucas, KS  67648 $349,560.00

UNITED STATES OF AMERICA 00000 HWY 232, Lucas, KS  67648 $349,560.00

UNITED STATES OF AMERICA 00000 HWY 232, Lucas, KS  67648 $349,560.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Dorrance, KS  67634 $300,770.00



Russell County Property Owned or Leased by Public Entities

Owner/Occupant Address Appraised Value

UNITED STATES OF AMERICA 00000 PRIVATE RD, Lucas, KS  67648 $297,640.00

UNITED STATES OF AMERICA 00000 PRIVATE RD, Lucas, KS  67648 $228,810.00

UNITED STATES OF AMERICA 00000 PRIVATE RD, Lucas, KS  67648 $213,740.00

UNITED STATES OF AMERICA 00000 PRIVATE RD, Dorrance, KS  67634 $213,730.00

UNITED STATES OF AMERICA 00000 PRIVATE RD, Lucas, KS  67648 $200,020.00

UNITED STATES OF AMERICA 00000 196TH BLVD, Bunker Hill, KS  67626 $196,960.00

UNITED STATES OF AMERICA 00000 197TH ST, Bunker Hill, KS  67626 $195,840.00

UNITED STATES OF AMERICA 00000 198TH ST, Bunker Hill, KS  67626 $194,240.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Dorrance, KS  67634 $194,030.00

UNITED STATES OF AMERICA 00000 LAKE WILSON, Lucas, KS  67648 $192,450.00

UNITED STATES OF AMERICA 00000 DAM RD, Russell, KS  67665 $192,060.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $191,160.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Dorrance, KS  67634 $190,270.00

UNITED STATES OF AMERICA 00000 LAND RD, Russell, KS  67665 $187,800.00

UNITED STATES OF AMERICA 00000 199TH ST, Lucas, KS  67648 $187,530.00

UNITED STATES OF AMERICA 00000 MELLARD RD, Luray, KS  67649 $171,870.00

UNITED STATES OF AMERICA 00000 MELLARD RD, Luray, KS  67649 $171,870.00

UNITED STATES OF AMERICA 00000 LAND RD, Bunker Hill, KS  67626 $167,420.00

UNITED STATES OF AMERICA 00000 MELLARD RD, Bunker Hill, KS  67626 $158,400.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Bunker Hill, KS  67626 $152,320.00

UNITED STATES OF AMERICA 00000 DAM RD, Russell, KS  67665 $146,730.00

UNITED STATES OF AMERICA 00000 PRIVATE RD, Lucas, KS  67648 $145,060.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $142,580.00

UNITED STATES OF AMERICA 00000 196TH BLVD, Bunker Hill, KS  67626 $139,080.00

UNITED STATES OF AMERICA 00000 196TH BLVD, Bunker Hill, KS  67626 $139,080.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Bunker Hill, KS  67626 $137,480.00

UNITED STATES OF AMERICA 00000 HWY 232, Dorrance, KS  67634 $132,960.00

UNITED STATES OF AMERICA 00000 HWY 232, Dorrance, KS  67634 $132,960.00

UNITED STATES OF AMERICA 00000 198TH ST, Bunker Hill, KS  67626 $130,830.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $128,160.00

UNITED STATES OF AMERICA 00000 HWY 232, Lucas, KS  67648 $118,060.00

UNITED STATES OF AMERICA 00000 HWY 232, Lucas, KS  67648 $118,060.00

UNITED STATES OF AMERICA 00000 SALT CREEK LN, Bunker Hill, KS  67626 $109,510.00

UNITED STATES OF AMERICA 00000 SALT CREEK LN, Bunker Hill, KS  67626 $109,510.00

UNITED STATES OF AMERICA 00000 LAKE WILSON, Lucas, KS  67648 $102,300.00

UNITED STATES OF AMERICA 00000 205TH BLVD, Sylvan Grove, KS  67481 $99,180.00

UNITED STATES OF AMERICA 00000 205TH BLVD, Sylvan Grove, KS  67481 $99,180.00

UNITED STATES OF AMERICA 00000 PRIVATE RD, Dorrance, KS  67634 $66,650.00

UNITED STATES OF AMERICA 00000 PRIVATE RD, Lucas, KS  67648 $60,480.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $60,360.00

UNITED STATES OF AMERICA 00000 193RD ST, Russell, KS  67665 $58,800.00

UNITED STATES OF AMERICA 00000 197TH ST, Bunker Hill, KS  67626 $52,010.00

UNITED STATES OF AMERICA 00000 PRIVATE RD, Dorrance, KS  67634 $51,030.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Dorrance, KS  67634 $49,160.00

UNITED STATES OF AMERICA 00000 192ND ST, Russell, KS  67665 $44,340.00



Russell County Property Owned or Leased by Public Entities

Owner/Occupant Address Appraised Value

UNITED STATES OF AMERICA 00000 LANDLOCKED, Russell, KS  67665 $33,690.00

UNITED STATES OF AMERICA 00000 DAM RD, Russell, KS  67665 $28,260.00

UNITED STATES OF AMERICA 00000 196TH BLVD, Dorrance, KS  67634 $24,120.00

UNITED STATES OF AMERICA 00000 196TH BLVD, Dorrance, KS  67634 $24,120.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Dorrance, KS  67634 $18,300.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $16,170.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $13,770.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $13,770.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Dorrance, KS  67634 $10,580.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $9,360.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Dorrance, KS  67634 $8,440.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Dorrance, KS  67634 $5,990.00

UNITED STATES OF AMERICA 00000 200TH ST, Lucas, KS  67648 $5,250.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Bunker Hill, KS  67626 $4,730.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Bunker Hill, KS  67626 $3,630.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Dorrance, KS  67634 $3,020.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $2,940.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $2,250.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $2,250.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Dorrance, KS  67634 $2,250.00

UNITED STATES OF AMERICA 00000 LANDLOCKED, Lucas, KS  67648 $2,220.00

USD #299 130 N GREELEY AVE, Lucas, KS  67648 $668,160.00

USD #399 217 MAIN ST, Paradise, KS  67658 $63,580.00

USD #407 565 E STATE ST, Russell, KS  67665 $8,087,280.00

USD #407 400 N ELM ST, Russell, KS  67665 $3,576,160.00

USD #407 348 N MAPLE ST, Russell, KS  67665 $993,210.00

USD #407 1323 N MAIN ST, Russell, KS  67665 $760,710.00

USD #407 802 N MAIN ST, Russell, KS  67665 $190,280.00

USD #407 124 E 8TH ST, Russell, KS  67665 $27,810.00

USD #407 331 N MAPLE ST, Russell, KS  67665 $3,840.00

USD #407 00000 N COPELAND ST, Russell, KS  67665 $2,800.00

USD #407 1405 N MAIN ST, Russell, KS  67665 $2,670.00

WALDO CITY OF 600 MAIN ST, Waldo, KS  67673 $17,150.00

WALDO CITY OF 00000 MAIN ST, Waldo, KS  67673 $5,580.00

WALDO CITY OF 00000 RAILROAD AVE, Waldo, KS  67673 $2,160.00

WALDO-PARADISE FIRE #3 416 MAIN ST, Waldo, KS  67673 $27,960.00

WALDO-PARADISE FIRE #3 114 MAIN ST, Paradise, KS  67658 $18,480.00

WILSON CITY OF 00000 4 CORNERS RD, Wilson, KS  67490 $2,450.00

$49,812,310.00Total Appraised Value
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Executive Summary 
 
 

 The City of Hays is the economic center of a regional economy in 
northwestern Kansas that is important to the State of Kansas. 
 

 Researchers utilized Implan software, which incorporates an Input-
Output model and the most recent empirical economic indicator data 
(2012), to estimate the economic impact of four designated regions 
relevant to Ellis and Russell Counties. 
 

 The Gross Regional Product (GRP) of Ellis County for 2012 was 
$1,549,937,721, with households being the single largest sector after 
exports and imports. 
 

 The Trade/Pull Factor for Ellis County (1.70) indicates that total 
purchases in Ellis County by non-residents are significantly greater 
than purchases outside Ellis County by residents of Ellis County, 
suggesting that many more people count on Ellis County for their 
economic needs than just its residents. 
 

 Employment by the ten largest industries in Ellis County, led by the 
extraction of oil and natural gas, generate 85.3 percent of the GRP 
for Ellis County. 

 
 The GRP for the Primary economic region (Ellis and Russell 

Counties) during 2012 was $1,849,347,653. 
 

 The GRP for the Secondary economic region (8 counties including 
and surrounding the Primary region) during 2012 was 
$2,799,813,340. 

 
 The GRP for the Tertiary economic region (17 counties including and 

surrounding the Secondary region) during 2012 was $6,018,435,460. 
 

 The GRP/capita for all four economic regions during 2012 exceeded 
both the Kansas and the United States GRP/capita, indicating that 
the study area is particularly important for stimulating and maintaining 
the health of the overall Kansas economy.  
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Introduction 

 

What is the economic impact of Hays on the State of Kansas?  Indeed, 

what is the impact of any regional economy on the larger economy of which 

it is a part?  Economic activity depends on four different factors – land, 

labor, capital, and entrepreneurial ability.  Land includes both the quality 

and quantity of the land, as well as its relational location.  Water, minerals, 

and other natural resources are essential factors in the value of land for 

human purposes. Human labor, both physical and mental, is crucial to 

economic activity, and water is essential for the well-being of humans.   

Water is also essential for manufacturing and extractive industries 

(agriculture and petroleum production), which are two major components of 

the western Kansas economy.   

 

In relative terms, land and labor are less mobile than either capital or 

entrepreneurial activity.  Both capital and people with entrepreneurial skills 

tend to quickly move to resource-rich locations and away from resource-

constrained locations.  If the Hays region loses a resource as vital as water, 

capital and entrepreneurial activity will go elsewhere.  However, Hays and 

Russell are co-owners of the water rights to the R9 Ranch in Edwards 

County, Kansas.  This study will aid government officials in determining 

whether the economic benefits of the region warrant administrative 

approval and the public resources needed to tap this alternate water 

source. 
 

We will estimate the Gross Regional Product (GRP) for Ellis County. The 

city of Hays is the county seat of Ellis County and, by far, the largest town 
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in northwest Kansas.  We will standardize this GRP by population (dollars 

of GRP per capita).  We will also estimate the GRP for the Ellis and Russell 

Counties economic region (the Primary economic region) and for both a 

Secondary and a Tertiary economic region. 

 

 

Methodology & Data 

 

Gross Domestic Product (GDP) is generally used as a measure of 

economic activity at the national level.  At the sub-national level, the term 

Gross Regional Product (GRP) is often used.  When a regional economy is 

measured, GRP helps to highlight the role of the region as part of the larger 

statewide economy.  In this study, we consider Ellis County as a regional 

market hub.  We also consider a Primary region consisting of Ellis and 

Russell Counties.  Then we consider two larger regions:  the Secondary 

region consisting of 8 counties, which includes the Primary region and its 

surrounding six counties; Graham, Ness, Osborne, Rooks, Rush, and 

Trego; and a larger Tertiary region that includes 17 counties in 

northwestern Kansas; the 8 counties included in the Secondary region, plus 

the counties of Barton, Ellsworth, Gove, Lincoln, Logan, Norton, Phillips, 

Sheridan, and Thomas.  

 

At the national level, GDP is calculated as the sum of what consumers, 

businesses, and government spend on final goods and services, plus 

investment and net foreign trade. In theory, incomes earned should equal 

what is spent, but due to different data sources, income earned, usually 

referred to as Gross Domestic Income (GDI), does not always equal what 
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is spent (GDP). The difference is referred to as the "statistical 

discrepancy."i  Similarly, at the regional level GRP is calculated as the sum 

of incomes earned by labor and capital and the costs incurred in the 

production of goods and services. That is, it includes the wages and 

salaries that workers earn, the income earned by individual or joint 

entrepreneurs, as well as by corporations, and business taxes such as 

sales, property, and Federal excise taxes—that count as a business 

expense. 

 

The economic model (IMPLAN) used is based on the work of Wassily 

Leontif.  Leontif input-output (I-O) models attempt to identify and quantify 

the interrelationships between the various sectors of an economy.  Input-

Output (I-O) models estimate the inter-industry relationships in a regional 

economy by measuring the distribution of inputs purchased and outputs 

sold by each industry.  Through the use of I-O models, it is possible to 

calculate how the impact of one dollar flows or “ripples” through a regional 

economy.  As this economic activity (measured by the dollar) flows through 

the economy, it causes additional economic activity (expenditures and 

employment).  IMPLAN incorporates the multiplier effect (a quantitative 

measure of the ripple effects) in estimating the GRP for a regional 

economy.  IMPLAN is both an economic modeling software program and 

an economic data set that allows for county-level estimation of regional 

economic activity.  It utilizes up-to-date data and a sophisticated I-O 

economic model. 

 

The federal government, through the Department of Commerce, is the 

primary source of economic data for researchers and other users.  There 
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are other governmental sources (such as, the Treasury Department and 

Federal Reserve) that also collect and disseminate economic data.  The 

processes of collecting, verifying, and publishing these data means that 

there is a time lag involved.  For the present study, we are using the 2012 

data (unless noted), as this is the most recent complete data set available.  

Generally, economic data are not available below the county level.  

Therefore, we use the county as the smallest economic unit. 

 

The concept of a regional economy is based on the work of Johann 

Heinrich von Thünen.  He put forward one of the seminal economic 

theories in the early part of the 19th century.  Von Thünen’s theory is 

variously referred to as von Thünen rings, ring theory, concentric ring 

theory, and location theory.  Von Thünen observed that land more than one 

day’s journey from a safe market had very little economic value. When he 

developed this theory, travel was slow and dangerous.  What he observed 

was that beyond a certain distance from a market town, there was virtually 

no economic activity.  The closer to a market town one goes, the more 

economic activity one finds.  In essence, a market town is surrounded by a 

regional economy.  The boundary between regional economies marks the 

change in the direction of economic flows, or the dominance of one market 

town from another. 

 

Von Thünen’s location theory essentially argues that economic 

development occurs in concentric rings around market towns.  Both 

regional development theory and regional growth theory extend von 

Thünen’s ideas from market towns to market regions.  Trade Pull Factors 

(TPF) are a quantitative measure of retail trade dominance.  A value of 1 
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indicates that non-resident purchases are equal to resident purchases 

outside of the area of residence.  A value that is less than 1 indicates that 

non-resident purchases are less than resident purchases made outside the 

area of residence.  And, a value that is greater than 1 indicates the non-

resident purchases are greater than resident purchases made outside the 

area of residence.  For Hays the 2013 TPF is 1.85ii which shows that non-

resident retail purchases in Hays are much larger than the retail purchases 

made outside of Hays by Hays residents.  Table A1, in the Appendix, 

shows that for cities in Kansas with populations greater than 10,000, Hays 

ranks second in Kansas on the basis of TPF.  The 2013 TPF for Ellis 

County is 1.70.iii  Table A2 shows that for counties in Kansas with 

populations greater than 25,000, Ellis County ranks first on the basis of 

TPF. 

 

 

Analysis & Findings 

 

For the City of Hays, we used Ellis County as the area of analysis, because 

that is the smallest level available with the IMPLAN software model.  Table 

1 shows that the Gross Regional Product for Ellis County is $1.55 billion.  

This is approximately 1.19 percent of the GRP for Kansas ($129.726 

billion). 

 

 
Table 1:  Ellis County GRP, 2012 
 Ellis County 
GRP  $1,549,937,721  
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Table 2 shows the contributions to the GRP by various sectors.  Final 

Demand is an alternative way to measure GRP.  Households are the single 

largest sector when exports and imports are netted out. 

 
 
Table 2:  Ellis County GRP, Components 
Households  $1,133,858,741 
State/Local Government $214,718,234 
Federal Government $57,980,265 
Capital  $490,767,775 
Exports  $1,637,839,533 
Imports  -$1,886,234,945 
Institutional Sales -$98,991,889 
   
Total Final Demand: $1,549,937,714 

 
 

Table 3 shows the employment, labor income and economic output of the 

ten largest industries in Ellis County.  These industries generate 85.3 

percent of the GRP for Ellis County. 
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Table 3:  Ten Largest Industries by Employment, Ellis County 

Description Employment Labor Income Output 

Extraction of oil and natural gas 3,441 $76,932,680 $578,585,700 
Employment and payroll only (state & local govt, education) 2,459 $109,324,600 $130,081,200 
Food services and drinking places 1,683 $27,364,800 $86,144,890 
Private hospitals 1,342 $101,349,900 $191,452,500 
Nursing and residential care facilities 687 $15,203,390 $31,922,250 
Wholesale trade businesses 624 $33,246,450 $113,371,600 
Insurance carriers 592 $10,985,890 $101,838,500 
Retail Stores - General merchandise 538 $14,827,730 $31,926,670 
Community food, housing, and other relief services, 
including rehabilitation services 521 $11,702,300 $22,018,430 
Grain farming 478 $10,294,650 $35,455,420 

Total 12,365 
 
$411,232,390 

 
$1,322,797,160 

 
Table 4 provides several standardized measures to compare Ellis County 

with the expanded regional economies discussed later and with the State of 

Kansas.  The GRP/capita for Kansas is $44,827 and, for the United States, 

it is $49,115.  Both are less than the GRP/capita for Ellis County, which is 

$53,349. 

 
 
Table 4:  Standardized Measures, Ellis County 
 Ellis 
GRP/Capita  $53,349  
Population/Square Mile  32  
Employment/Household  1.93  
Households/Square Mile  15  

 
 

The Primary economic region consists of Ellis and Russell Counties.  The 

cities of Hays and Russell are the county seats, respectively, and are the 

co-owners of the water rights to the R9 Ranch. 

 



12 
 

The Secondary economic region consists of Ellis and Russell Counties and 

the surrounding counties of Graham, Ness, Osborne, Rooks, Rush, and 

Trego. 

 

The Tertiary economic region consists of the counties in the secondary 

economic region plus the counties of Barton, Ellsworth, Gove, Lincoln, 

Logan, Norton, Phillips, Sheridan, and Thomas. 

 
 
 
 
 
Table 5:  Regional GRP, 2012 
 Primary Secondary Tertiary 
GRP  $1,849,347,653   $2,799,813,340   $6,018,435,460  

 
 

Table 5 shows that as the economic region increases in size, the GRP also 

increases.  However, Table 6 shows that the GRP/capita decreases from 

the level measured in Ellis County, indicating that Russell County’s GRP 

per capita is slightly less than Ellis County’s.  Even so, the Primary 

economic region, with a GPR/capita of $51,372, the Secondary economic 

region, with a GRP/capita of $49,223, and the Tertiary economic region, 

with a GRP/capita of $49,46, all exceed the United States level ($49,115) 

and the Kansas level ($44,827) of GRP/capita. 
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Table 6:  Standardized Measures, Regional Economies 
 Ellis    Primary Secondary Tertiary 
GRP/Capita  $53,349   $51,372   $49,223   $49,646  
Population/Square Mile  32   20   8   8  
Employment/Households  1.93   1.79   1.73   1.72  
Households/Square Mile  15   9   4   4  

 
 

Table 6 also shows that the GRP per capita of the Secondary and Tertiary 

economic regions are almost identical in marginal terms.  This supports the 

idea that Hays is the hub, or market center, for the Tertiary economic 

region.  Beyond the boundary of the tertiary economic region, economic 

activities are drawn toward other market hub cities in Colorado, Nebraska, 

or Kansas.  The ten largest industries by employment in the Tertiary 

economic region generate 95.6 percent of the GRP for this region.  This 

means that there is very little economic activity beyond these ten industries.  
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Conclusion 

 
The City of Hays is the economic center of a regional economy in 

northwestern Kansas that is critically important to the State of Kansas.  It 

serves as a resource hub for Kansans residing in the satellite counties.  

This regional economy is more productive (measured by GRP/capita) than 

either Kansas or the United States.  The results of the study suggest that a 

loss of any vital resource, the most vulnerable to which the area is 

susceptible being water, would cause a serious loss of population and 

industry and would have a significant negative effect on the entire Kansas 

economy. 
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Appendix 

 

The following tables are provided to show the relative economic strength of 

the City of Hays and Ellis County based on the Trade Pull Factors (TPF) for 

2013.  Table A1 ranks Kansas cities with populations greater than 10,000 

on the basis of their TPF as calculated by the Kansas Department of 

Revenue.  The City of Hays has the second highest TPF among the top ten 

cities. 

 

 

Table A1:  TPF for Kansas Cities Populations Greater Than 10,000, 2013 

City TPF 
Merriam 3.38 
Hays 1.85 
Great Bend 1.61 
Lenexa 1.59 
Garden City 1.49 
Overland Park 1.47 
Salina 1.45 
McPherson 1.43 
Leawood 1.42 
Topeka 1.33 

Source:  Kansas Department of Revenue 
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Table A2:  TPF for Kansas Counties Populations Greater Than 25,000, 

2013 

County TPF 
Ellis 1.70 
Finney 1.31 
Barton 1.31 
Saline 1.30 
Johnson 1.28 
Sedgwick 1.13 
Ford 1.08 
Shawnee 1.04 
Reno 1.02 
McPherson 0.98 

Source:  Kansas Department of Revenue 

 

 

Table A2 ranks Kansas counties with populations greater than 25,000 on 

the basis of their TPF as calculated by the Kansas Department of Revenue.  

Ellis County has the highest TPF among the top ten counties.  Clearly, Ellis 

County is a major trade center in Kansas. 

 

i BEA News Release June 11, 2014 
ii Kansas Department of Revenue  “A Study of Retail Trade in Cities Across Kansas”  

2013 
iii Kansas Department of Revenue  “County Trade Pull Factors”  2013 
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Executive Summary 

 The City of Hays contracted the Docking Institute of Public Affairs at Fort Hays State University to estimate the number of persons in the 

City of Hays on an average day in addition to the permanent residents of Hays and the total number of persons in the City of Hays during the 

following five sports events: a) the State 2-1A High School Football Championship Game on November 28, 2009, b) the Hays City Shootout during 

December 3 to 5, 2009, c) the 3-2-1A State High School Wrestling Tournament on February 26 and 27, 2010, d) the 1A State Boys and Girls High 

School Basketball Tournament during March 9 to 12, 2010, and e) the Special Olympics Basketball & Cheerleading Tournament during March 18 

to 20, 2010.   

 

 The Docking Institute designed three surveys in order to make the proposed estimates: 1) a telephone survey of residents in the nine-

county region comprising Ellis County (excluding the City of Hays) and eight counties contiguous with Ellis County (Barton, Graham, Ness, 

Osborne, Rooks, Rush, Russell, and Trego Counties), 2) a face-to-face survey of attendees to each one of the five sports events, and 3) a mail 

survey of Hays residents. Using the data from those surveys and the U.S. Census, the Docking Institute estimates: 

 There are 27,284 people in Hays on an average day, including Hays residents, non-Hays residents who travel to Hays for any reason from 

the nine-county region and those non-Hays residents who stay in local hotels/motels on an average day.  

 There were 32,916 people in Hays on the day when the State 2-1A Football Championship was hosted.  

 There were 29,983 people in Hays on the peak attendance day of the Hays City Shootout. 

 There were 37,192 people in Hays on the peak attendance day of the 3-2-1A State Wrestling Tournament. 

 There were 35,614 people in Hays on the peak attendance day of the 1A State Basketball Tournament. 

 There were 32,319 people in Hays on the peak attendance day of the Special Olympics.  

 On an average day, 5,515 people travel to Hays from the nine-county region for any reason.  

 On an average day, 3,580 people travel to Hays from the nine-county region for shopping or retail trade. 

 On an average day, 699 people travel to Hays from the nine-county region to see a doctor, dentist, hospital or other health service 

provider. 
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 On an average day, 1,605 people travel to Hays from the nine-county region to work. 

 On an average day, 619 people travel from the nine-county region to attend school in Hays.  

 On an average day, 1,359 visitors stay in hotels and motels in Hays. 

 A total of 6,742 people attended the State 2-1A Football Championship, including 1,110 Hays residents, 30 people who stayed in 

motels/hotels, 130 people who stayed with friends/family in Hays, and 5,472 people who came to Hays for the day.  

 A total of 4,838 people attended the Hays Shootout, including 2,139 Hays residents, 241 people who stayed in motels/hotels, 174 people 

who stayed with friends/family in Hays, and 2,284 people who came to Hays for the day. 

 A total of 12,097 people attended the 3-2-1A State Wrestling Tournament, including 830 Hays residents, 5,456 people who stayed in 

motels/hotels, 237 people who stayed with friends/family in Hays, and 5,574 people who came to Hays for the day. 

 A total of 9,476 attended the 1A State Basketball Tournament, including 1,146 Hays residents, 1,172 people who stayed in 

motels/hotels, 150 people who stayed with friends/family in Hays, and 7,008 people who came to Hays for the day. 

 A total of 7,855 attended the Special Olympics, including 1,461 Hays residents, 4,285 people who stayed in motels/hotels, 332 people 

who stayed with friends/family in Hays, and 1,777 people who came to Hays for the day. 
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Research Objectives 

 The City of Hays, Kansas regularly draws non-residents from the adjacent rural areas who come to work, shop, visit friends, or conduct 

other activities.  The city also hosts several major events that attract large numbers of people from around the state. These visitors utilize roads, 

police and fire departments, water, sewers and other services, adding to the demand on the infrastructure. In order to adequately provide these 

services and plan for emergencies, in November 2009, the City of Hays contracted the Docking Institute of Public Affairs at Fort Hays State 

University to estimate the average daily population level and peak population levels during some of the major special events. Specifically, the 

city wanted to find out: 1) the number of persons in the City of Hays on an average day in addition to the permanent residents of Hays, and 2) 

the total number of persons in the City of Hays during the following five sports events: a) the State 2-1A High School Football Championship 

Game on November 28, 2009, b) the Hays City Shootout during December 3 to 5, 2009, c) the 3-2-1A State High School Wrestling Tournament on 

February 26 and 27, 2010, d) the 1A State Boys and Girls High School Basketball Tournament during March 9 to 12, 2010 and e) the Special 

Olympics Basketball & Cheerleading Tournament during March 18 to 20, 2010.   

 

Methods 

 The Docking Institute designed mathematical models in order to accomplish those two goals.  The data required for the models were 

collected using three surveys: 1) a telephone survey of random residents in a nine-county region where Ellis County is in the center, 2) a face-to-

face survey of random attendees to each one of the five sports events, and 3) a representative mail survey of Hays residents.  

 

 The regional telephone survey collects data to accomplish the first goal of the research project: estimating the number of people who 

travel to Hays regularly on an average day. To capture the majority of the population who travels to Hays (seat of Ellis County) for work, medical 

and dental services, retail trade and attending school, the Docking Institute surveyed a sample of households in Ellis County (excluding the City 

of Hays) and eight counties contiguous with Ellis County, including Barton, Graham, Ness, Osborne, Rooks, Rush, Russell, and Trego Counties. 

The survey asked if respondents or any household members travel to Hays at least once a year.  For anyone who responded yes, the survey 

continued by asking how often the respondent travels to Hays for any reason, for a shopping trip or a trip to purchase goods and services within 
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Hays, for health services, for work, or for attending school.  The survey then went on to ask the respondent to estimate how often additional 

members of their household traveled to Hays for each of these reasons. This method allowed estimates for how often all household members 

traveled to Hays.  The telephone survey instrument is shown in Appendix 1. From December 14, 2009 to March 1, 2010, the Docking Institute 

randomly called 635 households in the nine-county region (excluding the City of Hays), and received valid answers from 404 households. The 

response rate is 63.6%. At a 95% confidence level, the margin of error for the full sample of 404 is +/- 4.88%, assuming no response bias. A 

margin of error of +/- 4.88% means that there is a 95% probability that findings among the sample vary no more than 4.88% in either direction 

from the value that would be found if the full population of interest could be studied, assuming no response bias.   

 

 Face-to-face surveys of attendees to the five sports events and the mail survey of Hays residents are designed to accomplish the second 

goal: estimating the total number of people in Hays during each of the five sports events. Face-to-face surveys were conducted on the day(s) the 

events were hosted. Attendees of the event were randomly selected and asked if he/she was a Hays resident, stayed/would stay in a hotel or 

motel, stayed/would stay with family/friends in Hays, or just drove in for the day. The face-to-face survey instrument is shown in Appendix 2. 

The Docking Institute surveyed 674 people who attended the State 2-1A High School Football Championship Game on November 28, 2009. The 

margin of error for the full sample of 674 is +/- 3.77%, assuming no response bias. A margin of error of +/- 3.77% means that there is a 95% 

probability that findings among the sample vary no more than 3.77% in either direction from the value that would be found if the full population 

of interest could be studied, assuming no response bias. Five hundred and two (502) people were surveyed at the Hays City Shootout, resulting 

in a margin of error of +/- 4.37%, assuming no response bias. Two hundred and four (204) people were surveyed at the 3-2-1A State High School 

Wrestling Tournament; the margin of error of the full sample of 204 is +/- 6.86%. Six hundred and ninety-five (695) people were surveyed at the 

1A State Boys and Girls High School Basketball Tournament; the margin of error of the full sample of 695 is +/- 3.72%. Four hundred and seventy-

four (474) people were surveyed at the Special Olympics; the margin of error of the full sample of 474 is +/- 4.5%.   

 

 The mail survey of Hays residents was sent to a random sample of 1,500 households in a region containing three census tracts, where 

the City of Hays is centered. The survey first asked each respondent if he/she lives within or outside of the city limit of Hays. It then asked if any 
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member(s) of the respondent’s household attended those five sports events, and if so, how many member(s) attended each event. The survey 

instrument is shown in Appendix 3. Survey questionnaires were mailed out on March 24, 2010. By April 22, 2010, the end of the data collection 

period, one questionnaire was returned as undeliverable, and 797 questionnaires were returned and completed. The response rate is 53.2% 

(797/1499). Among those 797 completed questionnaires, 718 were from households that are within the city limit of Hays. The margin of error of 

the full sample of 718 is +/- 3.66%.  

 

Estimation of Average Daily Population in Hays  

 The regional telephone survey collected data to compute the average number of people each day who travel to Hays for any reason, 

retail trade or shopping, medical and dental services, work, and education. These are some of the major reasons for people to make regular 

trips. The person who was surveyed on the phone answered for every household member whether each travel to Hays for any reason, retail 

trade or shopping, medical and dental services, work, and education, and how often they travel for each reason. Using the survey data, the 

number of people in each household who visit Hays for any reason or one specific reason on each day (V1) is calculated by Equation 1: 

 

 V1 = number of visits per day of household member 1 + number of visits per day of household member 2 

          + number of visits per day of household member 3 + … number of visits per day of household member n                                                 (1) 

 

 For instance, a respondent in the survey indicated that three members in his/her household visit Hays for shopping. He/she visits Hays 

for shopping twice a week. The second household member visits Hays four times a week for shopping, and the third household member visits 

Hays three times a week for shopping. According to Equation 1, mathematically, the number of people in his/her household who visit Hays for 

shopping on each day is (2/7) + (4/7) + (3/7), that is, 1.28 people per day from that household.  

 

 The Docking Institute surveyed 404 households in the nine-county region. After V1 is calculated for each one of those 404 households, 

the number of people per household who visit Hays for any reason or a specific reason on an average day (V2) is calculated by Equation 2: 
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 V2 = sum of V1 / 404                                                                                                                                                                                                           (2)   

 

 For instance, the sum of the number of people in each household who visit Hays for shopping on each day is 56.71. Mathematically, it 

means that in all those 404 households, a total of 56.71 persons visit Hays for shopping on an average day. The average number of people per 

household who visit Hays for shopping on an average day is thus 0.1404 (56.71/404) mathematically.  

 

 After V2 is calculated, the average total number of people who visit Hays from the nine-county region (excluding Hays) for shopping 

each day (V3) can be obtained by Equation 3.  This method is used to calculate the average number of people who visit Hays for each specific 

reason, as well as for any reason. 

 

 V3 = V2*total number of households in the nine-county region (excluding Hays)                                                                                                  (3) 

 

 Using census data, it is estimated that there were 25,507 households in the nine-county region (excluding Hays) in 2009 (see Appendix 4 

for estimation of the total number of households in the nine-county region). The estimated results for V3 are shown in Table 1. On an average 

day, 3,580 people travel to Hays from the nine-county region for shopping or retail trade, 699 people travel to Hays to see a doctor, dentist, 

hospital or other health service provider, 1,605 people travel to Hays to work, and 619 non-residents regularly attend school in Hays. It should 

be noted that a person could make a trip to Hays for multiple purposes. For example, a person could come to Hays to work and do some 

shopping after work. The survey asked respondents how often their household members travel to Hays for any reason. It is estimated that on an 

average day 5,515 people travel to Hays from the nine-county region for any reason.  

 

 Besides those people who travel from adjacent counties for shopping, health service, work, and school, overnight visitors who stay in 

hotels and motels in Hays constitute another big population of non-residents. According to the estimation of Hays Convention and Visitors 
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Bureau, there are 495,852 overnight visitors who stay in hotels and motels in Hays every year. Dividing this number by 365, we estimate that 

about 1,359 visitors stay in hotels and motels in Hays on an average day. 

 

Table 1: Estimated Numbers of People Who Travel to Hays on An Average Day for Various Reasons 

  

Aggregate number of 
people who go to Hays 
per day in the sample 

(sum of V1) 

Number of people 
per household 

going to Hays on an 
average day (V2) 

Number of 
households in the 

nine-county region 
(excluding Hays) 

Total number of 
people who travel to 
Hays on an average 

day (V3) 

Shopping 56.71 0.1404 25,507 3,580 

Health service 11.07 0.0274 25,507 699 

Work 25.42 0.0629 25,507 1,605 

School 9.8 0.0243 25,507 619 

Any reason 87.35 0.2162 25,507 5,515 

 

  Using Census data, it is estimated that there were 20,410 permanent residents living in Hays in 2009 (see Appendix 5 for estimation of 

the number of permanent residents in Hays). The total number of people in Hays on an average day is thus the sum of the number of Hays 

residents (20,410), the number of people who travel to Hays for any reason (5,515), and the number of visitors who stay in local hotels and 

motels (1,359); that is, there are a total of 27,284 people in Hays on an average day.  

 

Estimation of Peak Population Levels during Five Sports Events 

 The estimation of population levels during five sports events are accomplished using data collected from the face-to-face surveys at 

those five events and the mail survey of Hays residents. The estimation involves four steps: (1) estimating the ratios of non-Hays residents to 

Hays residents who attended those five sports events, (2) estimating the total number of Hays residents who attended each of those five events, 

(3) estimating the number of non-Hays residents who attended each of those five events, and (4) estimating the population levels in Hays on 

peak attendance days of five sports events.  
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Step 1: Estimating the Ratio of Non-Hays Residents to Hays Residents at Five Sports Events 

 The face-to-face surveys asked attendees of those events if they are Hays residents or non-Hays residents and, if non-residents, whether 

they are staying in hotels/motels, staying at the homes of friends or family living in Hays, or in town only for the day. Table 2 shows the total 

number of people surveyed at each event and the percentages of Hays residents and non-Hays residents. Six hundred and seventy-four (674) 

people were surveyed at the State 2-1A Football Championship on November 28, 2009, and among those people surveyed, 16.47% were 

permanent residents of Hays, 0.45% were non-Hays residents staying in hotels/motels, 1.93% were staying with friends or family in Hays, and 

81.16% were in town for the day. Among those 474 people who were surveyed at the Special Olympics, 18.6% were Hays residents, 54.55% were 

non-residents staying in hotels/motels, 4.23% were staying with friends/families in Hays, and 22.62% were in Hays for the day.  

 

 Using the percentages shown in Table 2, the ratios of non-Hays residents to Hays residents who attended each event are obtained. As 

shown in Table 3, mathematically, for every Hays resident who attended the State 2-1A Football Championship, 0.03 non-Hays residents stayed 

in hotels/motels, 0.12 non-Hays residents stayed with friends/family in Hays, and 4.93 non-Hays residents came to Hays for the day. For every 

Hays resident who attended the Special Olympics, 2.93 non-Hays residents stayed in hotels/motels, 0.23 non-Hays residents stayed with 

friends/family in Hays, and 1.22 non-Hays residents came to Hays for the day.  

 

Table 2: Percentages of Hays Residents and Non-Hays Residents Surveyed at Five Sports Events 

  

State 2-1A 
Football 

Championship 
(n=674) 

Hays City 
Shootout (n=502) 

3-2-1A State 
Wrestling 

Tournament 
(n=204) 

1A State 
Basketball 

Tournament 
(n=695) 

Special Olympics 
Basketball & 
Cheerleading 
Tournament 

(n=474) 

Hays residents 16.47% 44.22% 6.86% 12.09% 18.60% 

Stay in hotels/motels 0.45% 4.98% 45.10% 12.37% 54.55% 

Stay with friends/family in Hays 1.93% 3.59% 1.96% 1.58% 4.23% 

In town for the day 81.16% 47.21% 46.08% 73.96% 22.62% 
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Table 3: Ratios of Non-Hays Residents to Hays Residents Surveyed at Five Sports Events 

  

State 2-1A 
Football 

Championship 
Hays City 
Shootout  

3-2-1A State 
Wrestling 

Tournament 

1A State 
Basketball 

Tournament 

Special Olympics 
Basketball & 
Cheerleading 
Tournament 

Hays residents 1.00 1.00 1.00 1.00 1.00 

Stay in motels/hotels 0.03 0.11 6.57 1.02 2.93 

Stay with friends/family in Hays 0.12 0.08 0.29 0.13 0.23 

In town for the day 4.93 1.07 6.72 6.12 1.22 

 

 

Step 2: Estimating the Total Number of Hays Residents Who Attended Five Sports Events 

 A total of 718 households within the city limit of Hays completed the mail survey of Hays residents. The survey collected the number of 

people in each household who attended each one of the five sports events, the sum of which generates the total number of people who 

attended each event in those 718 Hays households (V4). As shown in Table 4, among those 718 households, a total of 95 people attended the 

State 2-1A Football Championship, 183 people attended the Hays City Shootout, 71 people attended the 3-2-1A State Wrestling Tournament, 98 

people attended the 1A State Basketball Tournament, and 125 people attended the Special Olympics Basketball & Cheerleading Tournament. 

The number of Hays residents per household who attended each event (V5) can be calculated by Equation 4:  

 

 V5 = V4/718                                                                                                                                                                                                                           (4) 

 

 Mathematically, the numbers of Hays residents per household who attended those five events are thus 0.1323 (95/718), 0.2549 

(183/718), 0.0989 (71/718), 0.1365 (98/718), and 0.1741 (125/718) respectively.  The total number of Hays residents who attended each event 

(V6) can thus be estimated by multiplying the average number attending per household by the total households in Hays as in Equation 5: 
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 V6 = V5*total number of households in Hays                                                                                                                                                                 (5) 

  

 Using Census data, it is estimated that Hays had 8,393 households in 2009 (see Appendix 4 for estimation of the number of households 

in Hays). V6 can thus be estimated using Equation 5. For example, the total number of Hays residents who attended the State 2-1A Football 

Championship is estimated to be 1,110 (0.1323*8,393). Similarly, it is estimated that 2,139 Hays residents attended the Hays City Shootout. A 

total of 830 Hays residents attended the 3-2-1A State Wrestling Tournament, 1,146 Hays residents attended the 1A State Basketball 

Tournament, and 1, 461 Hays residents attended the Special Olympics (see Table 4).  

 

Table 4: Estimated Numbers of Hays Residents Who Attended Five Sports Events 

  

Total number of 
people who 

attended the event 
in the households 

surveyed (V4) 

Number of Hays 
residents per 

household who 
attended the 

event (V5) 

Number of 
households in 
Hays in 2009 

Total number of 
Hays residents 
who attended 
the event (V6) 

State 2-1A Football Championship 95 0.1323 8,393 1,110 

Hays City Shootout 183 0.2549 8,393 2,139 

3-2-1A State Wrestling Tournament 71 0.0989 8,393 830 

1A State Basketball Tournament 98 0.1365 8,393 1,146 

Special Olympics Basketball/Cheerleading Tournament 125 0.1741 8,393 1,461 

 

 

Step3: Estimating the Number of Non-Hays Residents Who Attended Five Sports Events 

 With the total number of Hays residents who attended each event (Table 4) and the ratios of non-Hays residents to Hays residents who 

attended each event (Table 3), the numbers of non-Hays residents who attended each event can be estimated by Equations 6, 7 and 8: 
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 Number of non-Hays residents who stayed in hotels/motels = V6*ratio of non-Hays residents who stayed in hotels/motels to Hays  

                  residents                                                                                                                (6)  

 Number of non-Hays residents who stayed with friends/families in Hays = V6*ratio of non-Hays residents who stayed with  

             friends/families to Hays residents                                               (7)  

 Number of non-Hays residents who came to Hays for the day = V6*ratio of non-Hays residents who came to Hays for the day to Hays  

                    residents                                                                                                               (8)  

 

 Table 5 shows the estimated numbers of Hays and non-Hays residents who attended those five events. A total of 6,742 people attended 

the State 2-1A Football Championship, including 1,110 Hays residents, 30 people who stayed in motels/hotels, 130 people who stayed with 

friends/family in Hays, and 5,472 people who came to Hays for the day. A total of 4,838 people attended the Hays Shootout; 12,097 people 

attended the 3-2-1A State Wrestling Tournament; 9,476 attended 1A State Basketball Tournament; and 7,855 attended the Special Olympics.  

 

Table 5: Estimated Numbers of Hays and non-Hays Residents Who Attended Five Sports Events 

  

State 2-1A 
Football 

Championship 
Hays City 
Shootout 

3-2-1A State 
Wrestling 

Tournament 

1A State 
Basketball 

Tournament 

Special 
Olympics 

Basketball & 
Cheerleading 
Tournament 

Hays residents 1,110 2,139 830 1,146 1,461 

Stay in motels/hotels 30 241 5,456 1,172 4,285 

Stay with friends/family in Hays 130 174 237 150 332 

In town for the day 5,472 2,284 5,574 7,008 1,777 

      Total 6,742 4,838 12,097 9,476 7,855 
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Step 4: Estimating the Population Levels in Hays on Peak Attendance Days of Five Sports Events 

 The number of people in Hays on the peak attendance day of a sports event can be estimated by Equation 9: 

 

 Number of people in Hays on the peak day of an event = number of permanent Hays residents + number of non-Hays residents who  

                                                                                                                  attended the event + number of people who travel to Hays for any reason on  

                                                                                                                  an average day + number of visitors who stay in Hays hotels/motels on an  

                                                                                                                  average day                                                                                                                       (9) 

 

 Table 6 contains the statistics needed for calculating the numbers of people in Hays on peak attendance days of five sports events. The 

estimation of the numbers of people who stayed in motels/hotels during those five events shows that the hotels and motels in Hays were fully 

occupied by the attendees of the 3-2-1A State Wrestling Tournament and the Special Olympics during those two events (see Table 5). Therefore, 

the number of visitors who stay in Hays hotels/motels on an average day is left out of Equation 9 when the numbers of people in Hays during 

peak attendance days of the 3-2-1A State Wrestling Tournament and the Special Olympics were estimated. There were 32,916 people in Hays on 

the day when the State 2-1A Football Championship was hosted. The other four events all lasted for multiple days. The total numbers of people 

in Hays on peak attendance days of those four events were 29,983, 37,192, 35,614, and 32,319 respectively (Table 6 & Figure 1).  
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Table 6: Number of People in Hays on Peak Days of Five Sports Events 

  

Number of 
permanent 

residents in Hays 

Number of non-Hays 
residents who 

attended the event  

Number of people 
who travel to Hays 

for any reason on an 
average day 

Number of visitors 
who stay in 

hotels/motels on 
an average day 

Peak daily number 
of people in Hays 
during the event 

State 2-1A Football 
Championship 20,410 5,632 5,515 1,359 32,916 

Hays City Shootout 20,410 2,699 5,515 1,359 29,983 

3-2-1A State Wrestling 
Tournament 20,410 11,267 5,515 1,359 37,192* 

1A State Basketball 
Tournament 20,410 8,330 5,515 1,359 35,614 
Special Olympics 
Basketball & Cheerleading 
Tournament 20,410 6,394 5,515 1,359 32,319* 

* The number of visitors who stay in Hays hotels/motels on an average day is left out of Equation 9 when this number is calculated, because it is 
estimated that the hotels and motels in Hays were fully occupied by the attendees of the event.  
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Figure 1: Number of People in Hays on Peak Days of Five Sports Events 
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Appendix 1: Regional Telephone Survey Instrument 

 
Hays Population Count 

Nine County Telephone Survey 
 
INTRODUCTION 
 
In order to better serve its visitors and be prepared to handle any major emergencies, the City of 
Hays has asked the Docking Institute to conduct a study to estimate just how many people travel 
to Hays each day for various reasons.  Participation in our study is voluntary, but your identity will 
remain anonymous and your responses will be kept strictly confidential.  We’d like to ask you a few 
brief questions about how members of your household travel to Hays. 
 
SCREENING  
 

1. This survey is intended only for persons living outside Hays city limits.  Can you confirm that 
you do NOT live within the City of Hays? 

 
Do NOT live in Hays 
Do live in Hays.  [“Thank you, but we only want to interview those living outside    

Hays.” Terminate Interview] 
 
1a.   In what county do you live?  [choose from list, if not on list, thank you, bye] 
 Barton 
 Ellis 
 Graham 
 Ness 
 Osborne 
 Rooks 
 Rush 
 Russell 
 Trego 

 
ADULT SECTION  
 

2.  First, we are going to ask you some questions about your travel to Hays.  Do you travel to 
Hays at least once per year? 

 
Yes  [Skip to Q3] 
No 

 
2a.   Is there another adult in the household who travels to Hays at least once 
per year? 
Yes [Skip to Q11] 
No [Skip to Q35] 

Adult 1 
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3. On average, how often do you travel to Hays for any reason?   ______ times 
 
   3a.  1 Per Week 
           2 Per Month 
           3 Per year 
 

4. On average, how often do you travel to Hays for shopping or a trip to purchase goods or 
services from businesses within Hays?  ______ times 

 
4a.  1 Per week 

         2 Per month 
         3 Per year 
 

5. On average, how often do you travel to Hays to see a doctor, dentist, hospital or other 
health service provider?        ______ times 

 
5a.  1 Per week 

        2 Per month 
        3 Per year 
 

6. Do you work in Hays or travel there as part of your job? 
a. Yes 
b. No [Skip to Q8] 

 
7. On average, how often do you travel to Hays for work? 

a. ______ times 
 

7a.  1 Per week 
        2 Per month 
        3 Per year 

 
8. Do you attend school in Hays? 

a. Yes 
b. No [Skip to Q10] 

 
9. On average, how many days per week do you attend school in Hays? 

a. _____ days 
 

 
10. Is there another adult in your household who travels to Hays at least once a year? 

Yes 
No (Skip to Q35) 

 
Adult 2 
 

11. Please try to estimate as best you can, on average, how often this person travels to Hays 
for any reason?   ______ times 

 
   11a.  1 Per Week 
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             2 Per Month 
             3 Per year 
 

12. On average, how often does this person travel to Hays for shopping or a trip to purchase 
goods and services from businesses within Hays?  ______ times 

 
12a.  1 Per week 

           2 Per month 
           3 Per year 
 

13. On average, how often does this person travel to Hays on a trip to see a doctor, dentist, 
hospital or other health service provider?        ______ times 

 
13a.  1 Per week 

           2 Per month 
           3 Per year 
 

14. Does this person work in Hays or travel there as part of their job? 
a. Yes 
b. No [Skip to Q16] 

 
15. On average, how often does this person travel to Hays for work? 

a. ______ times 
 

15a.  1 Per week 
          2 Per month 
          3 Per year 

 
16. Does this person attend school in Hays? 

a. Yes 
b. No [Skip to Q18] 

 
17. On average, how many days per week does this person attend school in Hays? 

a. _____ days 
 

 
18. Is there another adult in the household who travels to Hays at least once a year? 

Yes  
No (Skip to Q35) 

 
 
Adult 3 
 

19. On average, how often does this person travel to Hays for any reason?   ______ times 
 
   19a.  1 Per Week 
             2 Per Month 
             3 Per Year 
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20. On average, how often does this person travel to Hays for shopping trip or a trip to purchase 
goods and services from businesses within Hays?  ______ times 

 
20a.  1 Per week 

           2 Per month 
           3 Per year 
 

21. On average, how often does this person travel to Hays on a trip to see a doctor, dentist, 
hospital or other health service provider?        ______ times 

 
21a.  1 Per week 

           2 Per month 
           3 Per year 
 

22. Does this person work in Hays or travel there as part of their job? 
a. Yes 
b. No [Skip to Q24] 

 
23. On average, how often does this person travel to Hays for work? 

a. ______ times 
 

23a.  1 Per week 
          2 Per month 
          3 Per year 

 
24. Does this person attend school in Hays? 

a. Yes 
b. No [Skip to Q26] 

 
25. On average, how many days per week does this person attend school in Hays? 

a. _____ days 
 

26. Is there another adult in the household who travels to Hays at least once a year? 
Yes 
No (Skip to Q35) 

 
 
Adult 4 
 

27.  On average, how often does this person go to Hays for any reason?   ______ times 
 
   27a.  1 Per Week 
             2 Per Month 
             3 Per year 
 

28. On average, how often does this person travel to Hays for shopping or a trip to purchase 
goods and services from businesses within Hays?  ______ times 

 
28a.  1 Per week 
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           2 Per month 
           3 Per year 
 

29. On average, how often does this person travel to Hays on a trip to see a doctor, dentist, 
hospital or other health service provider?        ______ times 

 
29a.  1 Per week 

           2 Per month 
           3 Per year 
 

30. Does this person work in Hays or travel there as part of their job? 
a. Yes 
b. No [Skip to Q32] 

 
31. On average, how often does this person travel to Hays for work? 

a. ______ times 
 

31a.  1 Per week 
          2 Per month 
          3 Per year 

 
32. Does this person attend school in Hays? 

a. Yes 
b. No [Skip to Q34] 

 
33. On average, how many days per week does this person attend school in Hays? 

a. _____ days 
 

 
34. Is there another adult in the household who travels to Hays at least once a year? 

Yes 
No  

 
CHILDREN SECTION  
 

35. How many children live in your household who travel to Hays at least once a year? 
______ children 
 

[IF Q35 = 0, Skip to Q84] 
 
CHILD 1 
  

36. We are now going to ask you about your oldest child who travels to Hays at least once a 
year.  Is that child 15 years old or older?   

Yes 
No 
 
37. On average, how often does this child go to Hays for any reason?   ______ times 
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   37a.  1 Per Week 
             2 Per Month 
             3 Per year 
 

38. On average how often does this child travel to Hays for shopping trips or to purchase goods 
and services from businesses within Hays? 

_____ times 
  38a.  1 Per week 

             2 Per month 
             3 Per year 

 
39. On average, how often does this child travel to Hays on a trip to see a doctor, dentist, 

hospital or other health service provider?      ______ times 
 

 39a.  1 Per week 
            2 Per month 
            3 Per year 

 
[IF Q36 = No, Skip to Q42] 
 
 
 
40. Does this child work in Hays? 
Yes 
No [Skip to Q42] 

 
41. On average, how many days per week does this child travel to Hays for work? 
______ times 

 
42. Does this child attend school in Hays? 
Yes 
No [Skip to Q44] 

 
43. On average, how many days per week does this child attend school in Hays? 
_____ times 
 

CHILD 2 
 
[If Q35 < 2, Skip to Q84] 

44. Is this second child in your household who travels to Hays at least once a year 15 years old 
or older?   

Yes 
No 
 
45. On average, how often does this child go to Hays for any reason?   ______ times 

 
   45a.  1 Per Week 
             2 Per Month 
             3 Per year 
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46. On average how often does this child travel to Hays for shopping trips or to purchase goods 

and services from businesses within Hays? 
_____ times 

  46a.  1 Per week 
             2 Per month 
             3 Per year 

 
47. On average, how often does this child travel to Hays on a trip to see a doctor, dentist, 

hospital or other health service provider?      ______ times 
 

 47a.  1 Per week 
            2 Per month 
            3 Per year 

 
[IF Q44 = No, Skip to Q50] 
 
48. Does this child work in Hays? 
Yes 
No [Skip to Q50] 

 
49. On average, how many days per week does this child travel to Hays for work? 
______ days 

 
 

50. Does this child attend school in Hays? 
Yes 
No [Skip to Q52] 

 
51. On average, how many days per week does this child attend school in Hays? 
_____ days 
 

CHILD 3 
 
[If Q35 < 3, Skip to Q84] 

52.   Is the third child in this household who travels to Hays at least once a year 15 years old or 
older?   

Yes 
No 
 
53. On average, how often does this child go to Hays for any reason?   ______ times 

 
   53a.  1 Per Week 
             2 Per Month 
             3 Per year 
 

54. On average how often does this child travel to Hays for shopping trips or to purchase goods 
and services from businesses within Hays? 

_____ times 
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  54a.  1 Per week 
             2 Per month 
             3 Per year 

 
55. On average, how often does this child travel to Hays on a trip to see a doctor, dentist, 

hospital or other health service provider?      ______ times 
 

 55a.  1 Per week 
            2 Per month 
            3 Per year 

 
[IF Q52 = No, Skip to Q58] 
 
56. Does this child work in Hays? 
Yes 
No [Skip to Q58] 

 
57. On average, how many days per week does this child travel to Hays for work? 
______ days 

 
58. Does this child attend school in Hays? 
Yes 
No [Skip to Q60] 

 
59. On average, how many days per week does this child attend school in Hays? 
_____ days 
 

CHILD 4 
 
[If Q35 < 4, Skip to Q84] 

60 .  Is the fourth child in your household who travels to Hays at least once a year 15 years old 
or older?   
Yes 
No 

 
61. On average, how often does this child go to Hays for any reason?   ______ times 

 
   61a.  1 Per Week 
             2 Per Month 

3 Per year 
 

62. On average how often does this child travel to Hays for shopping trips or to purchase goods 
and services from businesses within Hays? 

_____ times 
  62a.  1 Per week 

             2 Per month 
3 Per year 
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63. On average, how often does this child travel to Hays on a trip to see a doctor, dentist, 
hospital or other health service provider?      ______ times 

 
 63a.  1 Per week 

            2 Per month 
            3 Per year 

 
[IF Q60 = No, Skip to Q66] 
 
64. Does this child work in Hays? 
Yes 
No [Skip to Q66] 

 
65. On average, how many days per week does this child travel to Hays for work? 
______ days 

 
66. Does this child attend school in Hays? 
Yes 
No [Skip to Q68] 

 
67. On average, how many days per week does this child attend school in Hays? 
_____ days 
 

 
CHILD 5 
 
[If Q35 < 5, Skip to Q84] 

68.  Is the fifth child in your household who travels to Hays at least once a year 15 years old or 
older?   
Yes 
No 
 
69. On average, how often does this child go to Hays for any reason?   ______ times 

 
   69a.  1 Per Week 
             2 Per Month 

3 Per year 
 

70. On average how often does this child travel to Hays for shopping trips or to purchase goods 
and services from businesses within Hays? 

_____ times 
  70a.  1 Per week 

             2 Per month 
3 Per year 

 
71. On average, how often does this child travel to Hays on a trip to see a doctor, dentist, 

hospital or other health service provider?      ______ times 
 

 71a.  1 Per week 
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            2 Per month 
            3 Per year 

 
[IF Q68 = No, Skip to Q74] 
 
72. Does this child work in Hays? 
Yes 
No [Skip to Q74] 

 
73. On average, how many days per week does this child travel to Hays for work? 
______ days 

 
74. Does this child attend school in Hays? 
Yes 
No [Skip to Q76] 

 
75. On average, how many days per week does this child attend school in Hays? 
_____ days 

 
CHILD 6 
 
[If Q35 < 6, Skip to Q84] 

76.  Is the sixth child in your household who travels to Hays at least once a year 15 years old or 
older?   
Yes 
No 

 
77. On average, how often does this child go to Hays for any reason?   ______  times 

 
   77a.  1 Per Week 
             2 Per Month 

3 Per year 
 

78. On average how often does this child travel to Hays for shopping trips or to purchase goods 
and services from businesses within Hays? 

_____ times 
  78a.  1 Per week 

             2 Per month 
3 Per year 

 
79. On average, how often does this child travel to Hays on a trip to see a doctor, dentist, 

hospital or other health service provider?      ______ times 
 

 79a.  1 Per week 
            2 Per month 
            3 Per year 

 
[IF Q76 = No, Skip to Q82] 
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80. Does this child work in Hays? 
Yes 
No [Skip to Q82] 

 
81. On average, how many days per week does this child travel to Hays for work? 
______ days 

 
82. Does this child attend school in Hays? 
Yes 
No [Skip to Q84] 

 
83. On average, how many days per week does this child attend school in Hays? 
_____ days 

 
84. That’s our last question, thank you very much for participating in our study. 
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Appendix 2: Face-to-Face Survey Instrument 

Event:  ______________ 
 
Location:  ____________ 
 
Date:  ______________                  Time Start: _____________                   Time End: _______________ 
 
Hi, my name is ____with the Docking Institute. We are doing a research project for the City of Hays. Can you answer 
one or two questions?  
Q1. Are you a Hays resident? If Yes, thank you, that’s all I need.  If No, go to Q2.  
Q2. Are you staying in a hotel, with a friend or family member, or did you just drive in for the day?  
 

Hays Residents Motel/Hotel With Friends/Family For the Day Other 
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Appendix 3: Mail Survey Instrument 

 

City of Hays 
Sports Event Attendance Survey 

 

Q1. Do you live within or outside the city limit of Hays?   
      I live within the city limit of Hays.                

 
        I live outside of the city limit of Hays.      
 
 
 
Please check Yes if any member(s) of your household attended each event as spectators, players, 
cheerleaders, or game organizers, and if so, indicate how many member(s) attended each.  
    
Q2. Did you or other household member(s) attend the State 2-1A High School Football 

Championship Game at Lewis Field Stadium on November 28, 2009?  
 
                   Yes 

 
                   No, please go to Q3 
 
 
 
 
 
Q3. Did you or other household member(s) attend any game(s) of the Hays City Shootout at Hays 

High and Felton Middle School Gymnasiums during December 3 to 5, 2009?  
 
                   Yes 

 
                   No, please go to Q4 
 
 
 
 
 
Q4. Did you or other household member(s) attend the 3-2-1A State High School Wrestling 

Tournament at Gross Memorial Coliseum on either February 26 or 27, 2010?  
 
                  Yes 

 
                  No, please go to Q5 
 
 
 

Q2a. Including you, how many member(s) in your 
household attended the State 2-1A Football 
Championship Game?  
 
__________________ 
 

Q3a. Including you, how many member(s) in your 
household attended any game(s) of the Hays City 
Shootout?  
 
__________________ 
 

Q4a. Including you, how many member(s) in your 
household attended the 3-2-1A State Wrestling 
Tournament?  
 
__________________ 
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Q5. Did you or other household member(s) attend any game(s) of the 1A State Boys and Girls 

High School Basketball Tournament at Gross Memorial Coliseum during March 9 to12, 2010?  
 
                  Yes 

 
                  No, please go to Q6 
 
 
 
 
 
Q6. Did you or other household member(s) attend any game(s) of the Special Olympics Basketball 

Tournament at Gross Memorial Coliseum during March 18 to 20, 2010?  
 
                  Yes 

 
                  No 
 
 
 
 
 

The City of Hays thanks you for completing this survey. 
Please put this questionnaire in the pre-addressed envelope and drop it in a mail box. 

The postage has been paid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Q5a. Including you, how many member(s) in your 
household attended the 3-2-1A State High School 
Basketball Tournament?  
 
__________________ 
 

Q6a. Including you, how many member(s) in your 
household attended the Special Olympics 
Basketball Tournament?  
 
__________________ 
__________________ 
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Appendix 4: Estimation of the Total Number of Households in the Nine-County Region 

 Census has 2000 population and household information for counties and cities. It also conducts population 

estimates for years between decennial censuses. Assuming the average number of people per household did not 

change from 2000 to 2009, the number of households in year 2009 for a county or city can be estimated using the 

following equation:  

 Number of households = (number of households in 2000/population in 2000)*population estimates in 2009 

 

 As Table 4.1 shows, it is estimated that Hays had 8,393 households in 2009. Ellis County had 11,287 

households in 2009. Therefore, there were 2,894 households in Ellis County excluding the City of Hays. In the nine-

county regions excluding Hays, there were a total of 25,507 households in 2009.  

 

Table 4.1: Estimation of Household Numbers in Hays and Nine Counties  

  Population 2000 Household 2000 
Population 

estimate 2009 

Estimated 
number of 

households in 
year 2009 

City of Hays 20,013 8,230 20,410* 8,393 

Barton County 28,205 11,393 27,464 11,094 

Ellis County 27,507 11,193 27,739 11,287 

Graham County 2,946 1,263 2,435 1,044 

Ness County 3,454 1,516 2,835 1,244 

Osborne County 4,452 1,940 3,849 1,677 

Rooks County 5,685 2,362 4,984 2,071 

Rush County 3,551 1,548 3,143 1,370 

Russell County 7,370 3,207 6,596 2,870 

Trego County 3,319 1,412 2,920 1,242 

Source: www.census.gov 

* Census has 2009 population estimates for counties. The most recent population information for Hays is 2008 
estimate. This number is estimated using Census estimates from 2000 to 2008. The estimation of Hays population in 
2009 is shown in Appendix 5.   
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Appendix 5: Estimation of the Number of Permanent Residents in Hays 

 Census has population estimates for the City of Hays from 2000 to 2008, from which annual percentage 

changes can be calculated for those eight years (see Table 5.1). For example, from 2000 to 2001, the population in 

Hays increased by 41 (20078-20037), or 0.20% (41/20037). The sum of those annual percentage changes in eight 

years divided by 8 generates the average annual percentage change, which is 0.207%. Assuming the population in 

Hays increased by 0.21% from 2008 to 2009, the 2009 population in Hays would be 20410 (20368*1.0021).  

 

Table 5.1 Annual Percentage Population Change 

  Population estimate Annual percentage change 

July 1, 2008 20368 1.45% 

July 1, 2007 20076 0.30% 

July 1, 2006 20015 0.67% 

July 1, 2005 19882 -0.33% 

July 1, 2004 19948 -0.18% 

July 1, 2003 19984 -0.13% 

July 1, 2002 20010 -0.34% 

July 1, 2001 20078 0.20% 

July 1, 2000 20037 /  

Source: www.census.gov 

 

 

 

 

 

 



Memo 

To David L Pope PE 
Chief Engineer 

D1v1s1on of Water Resources 

Kansas Department of Agriculture 
109 S W 9th Street Second Floor 

Topeka Kansas 66612 1283 

From Joseph A A1strup Ph D 
Director Docking Institute of Public Affairs 

Fort Hays State University 

Re Planning Horizon, Projections of Population and Industrial Growth m Hays, 

Industrial Demand m Russell, and the Potential for Partnership with other Water 
Districts and Incorporated Cities 

Date January 9, 2002 

This memo 1s written on behalf of the Public Wholesale Water Supply District No 15 
(hereinafter referred to as the District ) by Joseph A A1strup Ph D Director of the 
Docking Institute of Public Affairs at Fort Hays State University Dr A1strup s vita 1s 
attached to this memo This memo addresses four primary issues First the necessity 
of a planning horizon of more than 20 years for determining the reasonable needs of the 
District Second the projections of population growth for the City of Hays Third the 
future industnal demand for water for the c1t1es of Russell and Hays Fourth the 
potential for partnerships with other rural water districts and incorporated c1t1es in areas 
surrounding the District 

Water 1s Important for Future Growth 

While available abundant water does not guarantee that economic development will 
occur development cannot occur without 1t The building of dams and aqueducts made 
irrigated farming economic development and population growth a reality 1n the 
Southwest states and California The states and the Federal Government subs1d1zed 
development of water storage and delivery systems to assure that water was both 
abundant and affordable (Worster 1992 Reisner 1992)1 

L1kew1se the ava1lab1llty of water has been a key component of population growth in 
Western Kansas Western Kansas counties that used a significant amount of water 
from the Ogallala had a rate of population change between 1980 and 1990 that was 

1 Full citations are set out at the end of this letter All data used for population analyses come from the 
U S Census Bureau www census gov 
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10% greater than in counties where water was scarce (Case 2000 White 1992 1994) 
L1kew1se water rich counties had a rate of population change that was 4% greater than 
others between 1990 and 2000 (Case 2000) 

The availability of water has been and will be a key component of population growth for 
the c1t1es of Hays and Russell Chart Number 1 shows that the drought in the early 
1990 s and the resulting restriction of water supplies are directly associated with the 
population of Hays dropping below its linear project1on2 For Russell being able to 
purchase water from the District 1s a key element of its effort to rebound economically 
through luring value added agricultural industries Many value added agricultural 
industries are moderate to intensive water users Examples of this include the wheat 
gluten plant that opened in the late 1990s and the ethanol plant that will be in full 
operation in 20023 As Russell continues to pursue this type of economic development 
securing water resources will become increasingly important 

Economic growth in these c1t1es benefits the state as a whole When c1t1es like Hays 
and Russell are thriving tax revenues collected by the state increase and the large 
investments the state has made for infrastructure to support these communities pay 
d1v1dends Indeed this 1s the reason that the policies of other state agencies like the 
Kansas Department of Commerce and Housing and federal agencies like Economic 
Development Adm1rnstrat1on have specifically focused on economic development in 
small to medium sized Kansas communities The District seeks relatively small 
quantities of water when compared to 1mgat1on water rights and yet this appropriation 
will have a large and direct impact on economic development in Hays Russell and the 
surrounding commurnt1es4 This growth will in turn benefit the state as a whole 

The project under cons1derat1on has two main goals First to provide a redundant 
source of water for Hays so that 1t may conserve its current supplies of water which are 
more resistant to drought cond1t1ons The second goal 1s equally important It 1s to 
provide Hays and Russell with add1t1onal sources of water for economic growth Hays 
and to a lesser extent Russell needs add1t1onal water resources to assure themselves 
and prospective businesses seeking new locations that there will be adequate water 
supplies to meet their long term needs A project that meets only one of these goals 
makes little sense and does not fulfill the District s obligation to its Members 

2 An interrupted time series analysis controlling for the recession in the mid 1980 s and the drought in 1991 
shows that the only stat1st1cally significant factor affecting the population in Hays 1s the drought This 
analysis 1s shown in the following pages 

3 The wheat gluten plant was temporarily closed during 2001 During this time there was a change in 
ownership and the plant was reopened in assoc1at1on with the ethanol facility 

4 A recent Docking Institute study comm1ss1oned by the Southwest Kansas Groundwater Management 
District showed that the direct economic impact of an acre foot of Ogallala water for irrigation was about 
$18 whereas the direct economic impact for an acre foot for municipal use was about $460 (1998 dollars) 
(Gilson et al 2000) 
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The District's Umque Geographical Location Requires the Use of a Long Term 
Planning Horizon 

In and regions where access to water resources 1s limited and the distances great 1t 1s 
common to use a much longer planning horizon to obtain water resources than 1s used 
m Kansas The Institute believes that the D1v1s1on of Water Resources ( DWR ) 20 
year planning horizon for water rights 1s adequate and appropriate m most of the state 
The Institute does not assert that the DWR has chosen an mappropnate standard 
Instead the Institute asserts that because the distance to adequate water supplies 1s so 
great for Hays the District 1s m a unique pos1t1on among munic1palit1es in Kansas and a 
longer planning horizon 1s warranted Longer planning horizons are the norm m regions 
where water 1s as scarce like 1t 1s m North Central/North Western Kansas5 

$ Texas law requires the use of a 50 year planning horizon and communities use 
a 30 year rather than a 20 year bond schedule to pay for capital expenditures 

$ Oklahoma uses a 50 year planning horizon because that 1s the standard life of a 
water project such as the one bemg considered here 

$ The Denver Water Board uses a 50 year planning horizon with updates to their 
planning documents every five years The Denver Water Board has noted that 
water projects take longer than other types of infrastructure projects to develop 

$ Arizona uses 100-year projections for developers and munic1palit1es to insure 

that there will be sufficient water resources to support planned economic growth 
$ The City of W1ch1ta 1s planning for its water needs 50 years from now with its 

1nnovat1ve water recharge project 

In other contexts planning for the construction of ut1ht1es and other large investments 
such as pipelines manufacturing plants and electrical transm1ss1on Imes commonly use 
30 to 50 year planning horizons 

Large scale public expenditures that entail the construction of lengthy pipelines for the 
transm1ss1on of potable water supplies take significant time to implement These 
projects cannot be earned out m one to two years to alleviate a water crisis or planned 
m 1 to 3 years to react to opportunities for economic development6 For this reason 1t 1s 
critically important that the District be allowed a significantly greater degree of flex1b11ity 
than normally allowed for water planning The District needs the ability to be assured 
that water resources will be available to foster new growth and new economic 
development opportunities 

5 The following information were obtained through personal interviews of government officials in each of 
these states or communities These interviews were conducted by Cathy Drabkm of the Docking Institute 
of Public Affairs 

6 This of course assumes that Hays or Russell would be considered as a prospective location for a new 
plant 1f 1t had to construct new infrastructure to supply adequate water This assumption 1s probably not 
warranted 
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The difficulty of obtaining new water resources m this area of the state 1s demonstrated 
by the experience of Hays over the last decade Hays has been working d1llgently since 
1991 to secure new water resources to alleviate the problems from the last drought and 
to secure the capital to construct this system Securing new sources of water for Hays 
and Russell is difficult and long term planning 1s necessary to insure there are adequate 
supplies 

Population Trends for Hays Over the Next 50 Years 

As was pointed out the drought m the early 1990 s and the resulting conservation 
measures have had a significant impact on growth m the City of Hays The average 
annual percent of population change for the forty years before the drought m 1991 was 
1 81 percent After the drought m 1991 the annual growth rate dropped to 1 09 
percent Overall the average annual population change for the last 50 years has been 
1 66 percent 

An interrupted time series analysis (Campbell and Stanley 1963 Langbein 1980) was 
conducted to assess the stat1st1cal significance of the drought on the population of the 
City of Hays In this analysis the dependent variable 1s the annual population estimates 
for Hays from 1951 to the present The regression equation includes three independent 
variables The first 1s a dummy variable representing the recession m the mid 1980s 
coded 1 for the years between 1984 87 and 0 for all other years This recession 
dummy variable 1s included to control for any population loss caused by this severe 
recession The second independent variable 1s a dummy variable representing the 
effects of the drought for the City of Hays coded 0 for all years between 1951 and 
1990 and 1 for the years 1991 to the present While the drought was over by 1993 its 
effects on the water policies and public perceptions of Hays have continued to the 
present Finally the regression equation includes a time counter (1 through 50) to 
control for the natural progression of population growth through time 

Table Number 1 shows the findings from the analysis Only the coefficient representing 
the effects of the mid 1980s recession 1s stat1st1cally 1ns1gnificant The coefficient 
representing the effects of the drought suggests that Hays has lost 1 882 people that 1t 
would have gamed m the 1990s but for the drought This 1s an important and 
significant finding because 1t means that Hays did not grow to its potential m the 1990s 
despite the fact that the nation s population and economy grew at unprecedented levels 

It 1s not difficult to understand why the population of Hays failed to reach its potential 
The restrictions on municipal water supplies meant that even moderate water users did 
not consider locating m Hays Economic development officials m Hays can cite a 
number of examples of companies seeking locations m Kansas crossing Hays off their 
lists because of concerns about a dependable and abundant supply of water for 
operations and workers For Hays the supply of water 1s an 1d1osyncrat1c factor that 
has m the past and left unresolved will continue to 1mp1nge on population growth and 
could ultimately arrest 1t completely 

The Docking Institute of Public Affairs Memo to David Pope © 2002 Page4 



An important question 1s what will happen to the population of Hays in the future? All 
population projection models use current and past trends to predict the future This 
reliance on short and long term trends can lead to a number of estimation problems 
For example the U S Census Bureau has found that for communities over 50 000 
people population estimates generally have a margin of error of an absolute value of 
5% or less For smaller communities this margin of error balloons to an absolute value 
of 15% (Long 1993 9) These errors can be attributed to coding of adm1nistrat1ve 
records in small communities the greater impact of m1grat1on patterns on smaller 
communities and assumptions made for larger communities that do not apply to smaller 
communities The larger margin of error in short term population estimates become 
magnified in the longer term estimates 

Because of these types of est1mat1on problems Eklund Rajala and Durkes (1999) 
developed an est1mat1on technique that employs water hookups as a check and 
correction for inaccurate U S Census estimates (referred to as Eklund model ) The 
Eklund model compares estimated change in population with actual change in water 
hookups The Institute considers the Eklund model used by DWR to be a significant 
step in the right d1rect1on to correct inaccurate estimates for small communities 

As good as the Eklund model 1s using 1t to project the population of Hays 1s problematic 
because the model does not take mto account what the populat10n of Hays would 
be 1f water supply issues became a moot issue for economic development and 
population growth Put another way because the basis of the Eklund model and U S 
Census estimates are grounded 1n the previous trends of a community 1f the cond1t1ons 
the gave rise these trends change the ab1hty of these models to accurately extrapolate 
the future 1s d1m1nished Thus the linear model used by DWR and the Kansas Water 
Office which uses least squares criteria to project population changes shows that Hays 
will continue to add about 213 people each year making the population in Hays 30 832 
by the year 2050 See Chart Number 2 If the water supply s1tuat1on 1s left unresolved 
this linear model represents a scenario that the Institute considers to be highly likely 

However there are other theoretical population models-beyond a hnear project1on
that may also be used to project the population of Hays If one assumes that water 
supply issues remam a ma1or constramt, a quadratic projection model can be used 
to project the population of Hays The quadratic model uses non linear criteria to fit a 
line to the data and to project that line into the future The non-linear quadratic model 
fitted to the population growth patterns of Hays from 1951 to 2000 predicts that the 
population of Hays will peak in 2007 and then begin a slow descent Using this model 
the population of Hays will shrink to 12 841 by 2050 See Chart Number 3 
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If one assumes that water supply issues become moot in the near future a non linear 
growth model becomes a distinct poss1b11ity This growth model 1s theoretically justified 
because water supply will not restrict or impinge on future population gains allowing the 
historic patterns of population growth in Hays (averaged 1 8% prior to the drought) to 
reestablish itself Based on the population change from 1951 to 2000 the growth 
model estimates that Hays s population will grow by about 1 5% a year which 1s slightly 
lower than the average percent of population change for Hays in the last 50 years 
(1 66%) The growth model projects that population of Hays will be 45 511 in the year 
2050 See Chart Number 4 Significantly at 2% growth-the growth rate projected by 
the District-the population would reach 52 811 1n the year 2050 

Each of these models fits the historic data 7 There 1s however no question that as long 
as a water restrictor plate 1s on the population of Hays will most likely follow the linear 
projection and could even follow a variation of the quadratic projection Without major 
water restrictions the population of Hays could easily follow a growth model given its 
historic performance 

Population Growth of Hays m Comparison to Other Great Plams Cities 

While these types of hypothetical pro1ect1ons are useful and 1nformat1ve the case 
regarding the retarding effects of the limited supply of water for the Hays can also be 
seen by comparing the population growth patterns for Hays with other c1t1es in the Great 
Plains region that have not had a water deficiency in the 1990s Chart Number 5 and 
Chart Number 6 compares the population growth patterns among Dodge City Kearney 
NE Norfolk NE Garden City and Hays All five communities are located in the Great 
Plains and each had populations 1n the 1950s that are roughly comparable But unlike 
Hays the other four communities have an ample supply of water Kearney except for 
the differences in water supply 1s the most comparable to Hays Like Hays Kearney 1s 
located on an interstate highway Both communities have a regional state university 
and both communities are cultural retail medical hubs for their respective regions 

To more clearly see the patterns Chart Number 5 compares the population growth 
patterns of Hays with only those of Dodge City and Kearney While all three c1t1es show 
an overall trend toward population increases the aspect that 1s significant 1s the relative 
differences in the patterns of growth Kearney s population shows the most consistent 
pattern of growth Dodge City went through a period of population stagnation in the 
1960s but with the full development of 1rngation and value added procession plants 1n 
the 1970s and 1980s returned to a healthy rate of population growth Lacking the 
same abundant supply of water as Dodge City and Kearney Hays rate of population 
growth began lagging behind the other two cities in the 1980s with the gap widening 
the most 1n the 1990s when Hays experienced its water crisis 

7 All three models explain over 90 I of the variance m the population data for Hays from 1951 to 2000 
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Chart Number 6 continues this analysis by companng the population growth patterns of 
Hays with those of Garden City and Norfolk Like Dodge City Garden City grew 
dramatically in the 1980s tied to 1rngat1on agnculture and meat packing Norfolk 
located in the North central part of Nebraska experienced a consistent pattern of linear 
growth Up to the 1980s the population growth patterns of Hays parallels Garden 
City s and Norfolk s but s1m1lar to the previous graph the other two c1t1es continue to 
grow while Hays population growth slowed in the 1980s with the gap significantly 
widening in the 1990s 

Population of Hays Potential Growth Patterns 

With an adequate water supply the D1stnct has projected that Hays s population could 
grow by 2% per year over the next 50 years (Community Needs Committee 1998) If 
this pattern of population growth happens the population of Hays 1n the year 2050 will 
exceed 52 000 people The question 1s whether this 1s possible? 

The Institute concludes that 1t 1s reasonable to assume that this type of growth 1s likely 1f 
water supply issues do not cloud the economic future of Hays There are a number of 
reasons that the Institute believes that a 2% growth rate 1s possible First a large 
proportion of the current economic development assets including the time and effort of 
economic development personnel are directed toward securing water resources Once 
water 1s secured these efforts can be diverted to recruitment of new industry and 
expansion and growth act1v1t1es Second before water restrictions in the 1990s Hays 
grew at an annual rate of 1 8% This growth occurred even though Hays only began 
organizing its economic development efforts 1n the mid 1980s In addition this growth 
came about through vanous recessions and times of economic prospenty Finally Hays 
has a number of pos1t1ve factors that make robust growth likely including strong 
leadership quality economic development assets (Fort Hays State University U S I 70 
Highway Hays Medical Center workforce attributes three broadband Internet 
providers) a full stock of economic development incentive packages existing and 
planned infrastructure quality of hfe and geographic location For these reasons and 
others the Institute concludes that a 2% annual population growth rate 1s attainable for 
planning purposes 

To illustrate the point that these population projections are not outlandish Chart 
Number 7 shows the population of four c1t1es on the Great Plains that started the 1950s 
with a population of 20 000 to 25 000 people about Hays current population The four 
c1t1es are Manhattan KS Grand Island NE Bismark ND and Rapid City SD While 
these four cities are not directly comparable to Hays (Bismark 1s the capital of North 
Dakota but lacks a state university Manhattan 1s near Fort Riley Grand Island does not 
have a state university and Rapid City 1s a tounst destination) they are s1m1lar to Hays 
in many other ways Each of these c1t1es 1s isolated from a major metropolitan area 
each 1s a center for trade and culture and each 1s located on or near a major 
transportation route Unlike Hays each of these c1t1es have an ample supply of water to 
support their economic development act1v1ties 
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The current population of these four c1t1es ranges from a high of 59 600 1n Rapid City to 
a low of 43 000 in Grand Island The significant point 1s that other c1t1es in the Great 
Plains which are relatively isolated from a major urban centers have managed to 
achieve 1mpress1ve rates of population growth over the last half century Given this 
reality 1t 1s reasonable to project that with its many and vaned economic development 
assets and with the securing of a plentiful water supply Hays has the potential to grow 
at a s1m1lar rate in the next 50 years 

Quantity of Water Requested 

The quantity of water requested by the appl1cat1on of the D1stnct on file with the DWR 1s 
not sufficient to meet the long term needs of the D1stnct In order to meet these long 
term needs add1t1onal sources of water will need to be obtained 

The average municipal water use for Western Kansas 1s 155 GCPD8 From 1991 to 
2000 Hays has averaged only 103 2 GCPD annually The Eklund projection for Hays 
uses only about 90 GCPD Before 1991 Hays used an average of 142 8 GCPD For 
further information see Chart Number 8 

The conservation plan for Hays was drafted to ration water Hays has plans to amend 
its conservation plan to increase the GCPD average so that 1t can end its rationing 
program Hays will not amend its plan so that water can be wasted At this time a 
dec1s1on has not been made about the quantity that will be included in the plan and the 
KWO has certainly not approved a higher number 

However at a regionally and nationally conservative 125 GCPD for res1dent1al users 
with 2% growth Hays by itself would need more than 7 500 acre feet of water to meet 
its domestic water needs in 2050 As Chart Number 9 shows even at an annual growth 
rate of 1 5% Hays will need 5 900 acre feet of water annually 1n 2050 to meet its 
domestic water needs This 1s more than double its current capacity 

Based on this information alone the Institute concludes that the 7 400 acre feet 
requested does not exceed a reasonable quantity of water for the needs of the D1stnct 
Keep in mind that this analysis has not addressed the need for add1t1onal domestic 
water m Russell nor does 1t take mto account the possible direct sales of water to new 
mdustnes that may develop in Elhs or Russell counties as a result of this new water 
supply nor does 1t take into account the need for water in other communities and Rural 
Water D1stncts in the D1stnct s area who are also potential customers of the D1stnct 

8 Generally some industrial water usage 1s included in municipal water use For the City of Hays all 
current industrial water use 1s included in its GCPD numbers According to the City of Hays about 750 

acre feet annually are currently being used by industrial users in Hays This analysis assumes that 
industrial water use will be not be included m future calculations of domestic water use m Hays 
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Other Sources of Water Demand for the District Industrial Water Use 

There are other sources of potential water demand for the District In the same way that 
Hays and Russell are forced to go long distances for new water resources most 
industries that move into these commumt1es will be unable to secure their own 
independent sources of water Instead these new industries will need to turn to the City 
of Hays or the City of Russell for industrial water This means that water from the 
District will be used either directly or indirectly for these industrial users 

The City of Russell has seen a large increase in industrial water use since 1995 Chart 
Number 10 shows that industrial water use has climbed from less that 20 million gallons 
annually in 1995 to 109 m1lhon gallons 1n 2000 (about 335 acre feet) This large 
increase 1s attributed to the wheat gluten plant beg1nmng production in 1996 With the 
new ethanol plant phasing into full production 1n 2002 1t will more than double the 
amount of industrial water use for Russell Thus in 2002 Russell expects about 750 
acre feet of industrial water demand 

Economic development officials in Russell plan to continue recruiting value added 
agricultural production fac1llt1es and other manufacturing to the city These value added 
fac1llt1es which range from feedlots to meat packing plants tend to be moderate to 
heavy water consumers (300 acre feet to 1 500 acre feet per year) employing between 
25 and 300 people If Russell increases its industrial water usage over the next decade 
at the same rate as the past decade Russell s industrial water use will be about 1 500 
acre feet annually in 2011 When one combines Russell s industrial water use with its 
projected res1dent1al water consumption of about 1 000 acre feet 1n 2011 (Using the City 
of Russell s estimate of a one percent annual population growth rate See Chart 
Number 10) this suggests that Russell will be using an estimated 2 500 acre feet 
annually in 2011 Given that Russell s current sustainable water rights are limited by 
clauses in their water rights to 1 840 acre feet per year Russell will need to supplement 
its current water resources to assure an available water supply for existing water users 
and future development efforts 

According to City of Hays officials between 750 and 800 acre feet of water each year 1s 
used by industries in Hays This means that Hays uses about 35 5 GCPD for industrial 
uses while Russell will be using 148 5 GCPD for industrial uses after the ethanol plant 

begins full scale production in 2002 If water concerns are no longer dominant for the 
City of Hays Hays will be able to lure industries with moderate water needs (350 to 500 
acre feet annually) s1m1lar in size and scope as those that have located in Russell This 
suggests that Hays will double its annual industrial water use to 1 500 to 1 600 acre feet 
(Just over 70 GCPD) Chart Number 11 graphs the projected industrial water usage for 
Hays over the next 50 years for different population growth rates The analysis 
assumes that Hays will double its industrial water use to 1 600 acre feet annually by 
2010 After 2010 the chart assumes that the GCPD consumption for industrial uses will 
grow at the same rate as the population for the City of Hays (from 1 5% to 2%) The 
analysis shows that by 2020 Hays will be using about the 2 000 acre feet annually for 
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industries By 2040 the amount of water used by industries in Hays will be greater than 
2 500 acre feet assuming a population growth rate of 1 5% and greater than 3 000 
acre feet for industries assuming a population growth rate of 2% 

Other Sources of Demand Rural Water Districts and Small C1t1es 

Table Number 2 shows selected rural water districts and smaller c1t1es that are in the 
general area of the District It 1s important to note that water quahty-m1neral content 
and taste-is an issue with some of these c1t1es and rural water districts Because the 
District will be using reverse osmosis to treat its water the quality of the District s water 
will be significantly better than the water currently supplied by these rural water districts 
and c1t1es On an informal basis a number of rural water districts and smaller c1t1es 
have approached the District regarding the District supplying treated water to their 
supply systems As Table Number 2 indicates the population (small c1t1es and rural) 
served by rural water districts 1s almost 4 218 people and quantity of water supplied 1s 
over 800 acre feet annually Smaller c1t1es in the region with their own water supplies 
serve over 9 300 people and the quantity of water supplied 1s 1 392 acre feet annually 

Amount Requested and Reasonable Needs 

Chart Number 12 combines the projected domestic and industrial water demand for 
Hays for the growth rates of 2% 1 8% and 1 5% At a 2% growth rate Hays will be 
consuming over 9 000 acre feet of water annually by the year 2040 and over 11 000 
acre feet annually by the year 2050 On the conservative side 1f Hays grows at a rate 
of 1 5% Hays will be consuming over 7 500 acre feet of water annually in the year 
2040 and over 8 800 acre feet by 2050 All of this suggests that the potential demand 
for water for Hays 1s considerable even under conservative estimates of growth and that 
the District s request for water rights of 7 400 acre feet 1s reasonable and Justified 
When one combines the long term demand for water by Hays with the potential 
demand for water by Russell (about 650 add1t1onal acre feet of water by 2011) and 
other smaller mumc1palit1es and rural water districts there 1s ample evidence that the 
District s request for water rights 1s reasonable 

Conclusion 

The experience of other communities and states with s1m1lar water availability as Hays 
and Russell supports the District s contention that 1t needs to use a 40 to 50 year 
planning horizon rather than the typical 20 year planning horizon The shorter term 1s 
appropriate for most other c1t1es in Kansas but this shorter period 1s not appropriate for 
the District or its members 

The Institute asserts that the determination of the reasonable needs for the District 
should take into cons1derat1on the long term growth in the population of the City of 
Hays the fact that Hays has had aggressive growth over the years and 1s committed to 
growth in the future The DWR should also consider the fact that Russell is actively 
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seeking new industry and has had a large degree of success in recent years Finally 
the DWR should also carefully consider add1t1onal quant1t1es of water for Russell for the 
potential for customers other than Hays and the needs for industrial growth w1th1n the 
City of Hays For these reasons the Institute concludes that the water being requested 
under the apphcat1ons 1s reasonable and appropriate 
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Reisner Marc Cadtllac Dessert The Amencan West and Its Dtsappearmg Water New 
York Penquin USA (1993) 

White Stephen E Ogallala Oases Water Use Population Red1stribut1on and Polley 
lmphcat1ons 1n the High Plains of Western Kansas 1980 1990 Annals of the 
Assoc1at1on of Amencan Geographers (1994) 84 1 29 45 

White Stephen E Population Change in the High Plains Ogallala Region 1980 1990 
Great Pl ams Research 2 2 ( 1992) 179 197 

Worster Donald Rivers of Empire Water And1ty and the Growth of the Amencan 
West New York Oxford University Press ( 1992) 
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Table Number 1 

Interrupted Time Series Analysis of Hays Annual Population 

Unstandardized Standardized 
Coefficients Coefficients 

Model B Std Error Beta t S1q 

Intercept 8980 079 173 339 51 806 000 

TIME COUNTER 250 266 7 934 1 144 31 542 000 

DROUGHT 1882 269 283 309 238 6 644 000 

RECESSION 286 762 307 656 025 932 356 

R Square = 973 F Stat1st1c = 582 905 with 3 OF 
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Table Numbe r 2 

Selected Rural Water Districts m Barton Ellsworth Ellis. Russell and Rush Counties 

Rural Water District Source 

Ellis RWD # 1 7 Wells 

Rush RWD#1 Wells 

Russell RWD #3 Otis 

Barton RWD # 1 2 Ho1smgton 

Mitchell RWD # 2 Waconda 

Osborne RWD # 2 Post Rock 

Russell RWD #1 2 4 Wells 

Totals 
Total Acre Feet 

Towns served by RWD RWD# 

Hunter Mitchell (Waconda) 

Tipton Mitchell (Waconda) 

Totals 

Total Acre Feet 

Other Towns 

Bison 

Bunker Hill 
Claflin 

Ellinwood 

Ellis 

La Crosse 

Liebenthal 

Lucas 

Mccraken 

Otis 

Rush Center 

Timken 

Victoria 
Totals 

Total Acre Feet 

2000 Population Est 
1 086 

211 

934 

688 

712 

51 

181 

3 863 

2000 Population Est 

106 

249 

355 

2000 Population Est 

246 

107 

670 

2 346 

1 792 

1 459 

124 

456 

232 

411 

172 

80 

1 262 

9 357 

Water Usage m 1 000 of Gallons 

35 912 

15 616 

55 329 

38 403 

91 644 

4 843 

8 237 

249 984 
(bf 

Water Usage m 1 000 of Gallons 

3 250 

9 543 

12 793 
39 

Water Usage m 1 000 of Gallons 

10 954 

5 507 

37 416 

106 180 

81 106 

62 307 

4 119 

21 471 

9 823 

48 155 

11 740 

4 643 

50 209 

453 630 
1 392 

Source Tables 2 and 3 in Ekl und et al 1999 which c an be dow nloaded at 
wwwk woorg 
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Chart Number 1 

Population of Hays, KS 1950 to 2000 
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Chart Number 2 

c 

Population of Hays, 1951 to 2050 

Linear Projection 
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Chart Number 3 

c 

Population of Hays, 1951 to 2050 

Quadratic Projection 
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Chart Number 4 

c 

Population of Hays, 1951 to 2050 

Growth Projection 
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Chart Number 5 

Population of Companson C1t1es 
1951 to 2000 
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Chart Number 6 

Population of Companson C1t1es 
1951 to 2000 
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Chart Number 7 

Population of Companson C1t1es 
1951 to 2000 
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Chart Number 8 
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Chart Number 9 

Projected Water Use for Hays 
Assuming 125 GCPD 
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Chart Number 10 

Industrial Water Use 
City of Russell 
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Chart Number 11 
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Chart Number 12 

Combined Projected Water Use for Hays 
125 GCPD Domestic 71 GCPD Industrial 
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1300 Washington Circle 
Hays Kansas 67601 0302 

(785) 628-4197 

Education 

Vita 
Joseph A A1strup 

October 18 2001 

Ph D Indiana University Department of Political Science 1989 

M A V1rgin1a Polytechnic Institute and State University 1984 
B A Fort Hays State University 1982 

D1ssertat1on 

'The Southern Strategy and the Development of the Southern Republican Parties Indiana 
University Bloomington IN Chairperson Professor Gerald C Wright Jr 

II University Pos1t1ons 

Director of the Docking Institute of Public Affairs/Professor Department of Political Science and 

Justice Studies Fort Hays State University June 2000 to present 

Director of the Docking Institute of Public Affairs/Associate Professor Department of Political 

Science and Justice Studies Fort Hays State University June 1999 to May 2000 

Assistant Director of the Docking Institute of Pubhc Affairs/Associate Professor Department of 
Political Science Fort Hays State University June 1995 to June 1999 

Assistant Director of the Docking Institute of Public Affairs/Assistant Professor Department of 

Political Science Fort Hays State University January 1993 to May 1995 

Assistant Professor Department of Political Science V1rg1nia Polytechnic Institute and State 

University August 1988 to December 1992 

Ill Publications 

Southern Strategy Rev1s1ted Republican Top Down Advancement m the South 1996 Lexington 
KY The University Press of Kentucky 

Referred Journal and Edited Book Pubhcat1ons 

Consolidating Cloud County Law Enforcement Agencies Journal of Contemporary Crtmma/ 
Justice Forthcoming 2002 (Preston Gilson and Joseph A A1strup) 

The Economic Impact of a Rural Computer Services Center 2001 Economic Development 

Review 17 3 52 56 (Preston Gilson Mark Bannister and Joseph A A1strup) 

Kansas C1t1zens Justice lnit1at1ve Public Opinion Survey In Gerald Bayens and Cliff Roberson 

eds Research Methods m Crtmmal Justice Theory and Practice 1 1 ed 2000 Copperhouse 
Publishing (Joseph A A1strup and Shala Mills Bannister) 
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How Previous Court Experiences Influence Evaluations of the Kansas State Court System 

1999 Court Rewew 36 3 32 35 (Joseph A A1strup and Shala Mills Bannister) 
Assessing the Available Labor Pool A Survey of the Northeast Kansas Labor Force 1998 

Kansas Business Review 21 3 1 10 (Joseph A A1strup and Mark Bannister) 

Kansas In Andrew Appleton and Darnel Ward eds State Party Profiles 1997 Washington 
D C Congressional Quarterly Inc pp 110 119 (Joseph A A1strup and Mark Bannister) 

Southern Republican Subnational Advancement The Red1stncting Explanation 1995 Amencan 
Rev1ew of Po/Jt1cs 16 15 32 

Reioinder 1995 Amencan Review of Po/Jt1cs 16 49 58 

Public Support for Economic Development in Kansas Winter 1995 Kansas Business Review 

19 9 15 (Joseph A A1strup and Mark Bannister) 

State Legislative Party Competition A County Level Measure 1993 Pol1t1cal Research 
Quarterly 46 433-46 

Moscow s 1989 Elections to the Congress of People s Deputies 1991 Soviet Studies 43 1049 
1064 (Brendan Kiernan and Joseph A A1strup) 

Republican Contestat1on of State Senate Elections in the South 1990 Leg1slat1ve Studies 

Quarterly 15 227 45 

• Professional Journal Publications 

Kansas Department of Health and Environment D1v1s1on of Environment Adopts Strategic 
Management Plan Kansas Government Journal 87 1 17 19 (Mark Bannister Joseph A A1strup 
Jodi Perras and Brett Zollinger) 

Year 2000 Readiness of Kansas Hospitals Mumc1pallties Counties and School D1stncts 1999 

Kansas Busrness Review 22 3 1 16 (Joseph A A1strup John Durham and Tonia Vallin) 

Survey Reveals Kansans Perspective of Legal System December 1998 Journal of the Kansas 

Bar Assoc1at1on 67 10 14 16 (Shala Mills Bannister Joseph A A1strup and Mark Bannister) 

State of Kansas Strategic Management Plan for GIS Technology September 1998 Kansas 

Government Journal 84 226 9 (Mark Bannister Joseph A A1strup and Trevor Steinert) 

Using Information Technology to Build High Performance Communities March 1997 Kansas 

Government Journal (Mark Bannister Joseph A A1strup and Patrick McGinnis) 

Economic Impact of the Retail Wheeling of Electricity on Areas Served by Kansas Rural Electric 

Cooperatives Executive Summary October 1997 Kansas Government Journal (Ralph 
Gamble Joseph A A1strup and Susan Myers) 

Articles Under Review 

Candidate Emergence in the New Southern Party System Leg1slat1ve Studies Quarterly 
(Joseph A A1strup and Ronald Keith Gaddie) 
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IV Professional Experience and Accomplishments 

Director (June 1999 to present) and Assistant Director (January 1993 to June 1999) of the 

Docking Institute of Public Affairs. Fort Hays State University 

Respons1b1ht1es 

To direct all research publlc affairs and strategic planning activities of the Docking Institute (three 
full time Polley Fellows 20 part time Polley Fellows three graduate students and eight 

undergraduate students) including conducting research projects recrwting appropriate 
professionals to conduct research projects budgeting research projects administering contracts 
writing contract proposals writing grant proposals and coordinating the planning act1v1t1es of the 
Institute for state agencies counties c1t1es and community level organizations Budget in 1993 

$70 000 Budget in 1999 $300 000 Budget in 2001 $600 000 

Partial List of Research and Planning Contracts and Grants 

Crime V1ct1ms Services Survey and Planning 2001 $50 000 Research and Planning Contract 
with the Kansas Attorney Generals Office 

Complementary and Alternative Medicine Survey 2001 $28 350 Survey Research Contract with 
the Kansas Hospital Educational Research Foundation Kansas Hospital Assoc1at1on 

Kansas Workforce Study 2001 $76 350 Survey Research Contract with the Kansas Department 

of Human Resources 

Assessment of the Economic Impact of Improvements to U S 50 Highway 2001 $43 600 

Research Contract with the Santa Fe Chapter of the Highway 50 Assoc1at1on With Preston 
Gilson 

Assessment of Tele Vital Signs in the Home for the Medically Fragile 2000 $25 000 Research 

Contract with Hays Medical Center to assess effectiveness of Tele-medicine project awarded 
through the NTIA With Preston Gilson 

Economic Summary and Evaluation of the Water Resources in the Southwest Kansas 
Groundwater Management District 2000 $28 360 contract with the Southwest Kansas 
Groundwater Management District With Preston Gilson 

Conservation Tree Planting Marketing Plan 1999 $36 000 contract with the Kansas Forestry 
Service Kansas State University 

Evaluation of Safe Schools Proiect for Ellls County School Districts 1999 $210 000 Evaluation 

Research Contract for three years from the Ellls County School Districts and the U S Department 
of Education With Stephen K1tz1s 

Strategic Management Plan for the D1v1s1on of Environment State of Kansas 1999 $29 500 

Planning Contract with the Kansas Department of Health and Environment 

Survey of Eleven Labor Basins in Northwest Missouri 1999 $40 900 contract with the Northwest 

Missouri Council of Governments 

Survey of Kansas Judges and Attorneys and Kansas Citizens Justice Initiative Survey 1998 

$31 825 contract with the Kansas Justice Comm1ss1on 
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Information Communities Project 1997 $200 000 grant for two years from the Economic 
Development Administration of the US Department of Commerce With Mark Bannister and David 

Warren 

Economic Impact of Retail Wheeling on RECs in Kansas 1997 $32 500 contract with Sunflower 
Electric Cooperative KREC and KEP Co 

Finney County Community Health Assessment Plan 1995 $35 350 contract with St Catherine 

Hospital 

Awards 

Best of Class for Northwest Missouri Regional Labor Ava1lab11ity Analysis 2000 Award 

presented by the American Economic Development Council Dallas TX 

Best of Class for Northwest Missouri Regional Labor Ava1lab11ity Analysis 2000 Award 

presented by the National Rural Economic Development Association Kansas City MO 

Excellent Award for Manhattan Kansas Labor Basin Study 1999 Award presented by the 

American Economic Development Council Phoenix AZ 

Superior Award for Northeast Kansas Labor Dynamics Survey 1998 Award presented by the 

American Economic Development Council Nashville TN 

Excellent Award for Economic Impact of the Retail Wheeling of Electricity on Areas Served by 

Kansas Rural Electric Cooperatives 1998 Award presented by the National Rural Economic 
Development Assoc1at1on Aspen CO with Ralph Gamble and Susan Myers 

Accomplishments 

Established the University Center for Survey Research in 1995 to aid the research act1v1t1es of the 

Docking Institute of Public Affairs and the faculty of Fort Hays State University 

Full Professor (June 2000 to present), Associate (June 1995 to June 2000) and Assistant 

Professor (January 1993 to June 1995). Political Science and Justice Studies, Fort Hays 
State University 

Respons1b1ht1es 

To teach political science classes m U S  government state and local politics elections and 
political parties public policy analysis and research methods 

To conduct research m the areas of political parties elections and public policy 

To perform service for the university community and the political science d1sc1pline 

Admm1strat1ve and University Committee Act1v1ties 

University Assessment Committee Fort Hays State University August 1995 to July 2000 

President Faculty Senate Fort Hays State University August 1997 to July 1998 

Chair General Education Review Task Force Fort Hays State University January 1998 to August 
1998 Submitted final report to President Provost and Faculty Senate 
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Secretary Faculty Senate Fort Hays State University August 1995 to July 1996 
Member University Assessment Committee August 1995 to the present 

Departmental Search Committees Comparative Politics (1994) Const1tut1onal Law (1996) Justice 
Studies (1996) American Government (2000) 

Department Tenure and Promotion Committee September 1996 to present 

Other Committees at Fort Hays State University Faculty Senate Executive Committee Student 

Affairs Committee University Affairs Committee Arts and Sciences Research Grant Screening 
Committee January 1993 to present 

List of Courses Taught 

American Government State and Local Politics Research Methods Advanced Research 
Methods Political Parties Elections and Realignments Strategic Planning Survey Research 
Methods and Public Opinion and Voting 

Service and Professional Actrv1t1es 

Member Board of Directors United Way of Ellis County March 1999 to present 

Section Head Leader State Local and Urban Politics Section Southern Political Science 
Assoc1at1on meetings October 28 31 1998 in Atlanta GA Harold Stanley Program Chair 

Member Editorial Board for University Press of Kansas Lawrence KS August 1998 to the July 
2001 

Member Intellectual Property Rights Task Force (Drafted Intellectual Property Polley for the 
Kansas Board of Regents) Kansas Board of Regents February 1998 to the November 1998 

Member American Political Science Assoc1at1on Southern Political Science Association 
Midwestern Political Science Assoc1at1on Southwest Social Science Association Academy of 
Political Science American Association of Public Opinion Researchers 

Awards 

Pilot Award Nominee 1999 Department of Political Science 

Nominated for V 0 Key Award for Best Book on Southern Politics published in 1996 Southern 
Political Science Association 

Nominated for Emerging Scholar Award in 1997 Elections and Voting Section American Political 
Science Association 

Assistant Professor, Department of Political Science. V1rgm1a Polytechnic Institute and 
State University, August 1988 to December 1992 

List of Courses Taught 

American Government Research Methods Advanced Research Methods Political Parties 
Elections and Realignments Time Series Analysis and Public Opinion and Voting 
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Adm1mstrative and University Committee Act1v1ties 

Official Representative and Coordinator of Inter University Consortium for Political and Social 
Research (ICPSR) Virginia Polytechnic Institute and State University August 1988 to December 
1992 

Departmental Teaching Evaluation Committee Computer Coordinator Curriculum Committee 
Executive Committee Search Committee member August 1988 to December 1992 

V Convention Papers and Applied Research Reports 

Convention Papers 

Candidate Emergence in the New Southern Party System Apnl 2001 Paper presented at the 
annual meetings of the Midwest Political Science Association Chicago IL (With Ronald Keith 
Gaddie) 

Turnout and Voting in Southern House Races in the 1990s Paper presentation to the Southern 
Poht1cal Science Association Annual Meetings November 11 2000 Atlanta GA 

Candidate Emergence in the New Southern Party System November 1999 Paper presented at 
the annual meetings of the Southern Political Science Assoc1at1on Savannah GA With Ronald 
Keith Gaddie) 

Changes in Partisan Bias and Responsiveness in Southern State House Districts in the 1990s 
November 1997 Paper presented at the annual meetings of the Southern Political Science 
Assoc1at1on Norfolk VA 

Networked Matrix Party Organization Theory November 1996 Paper presented at the annual 
meetings of the Southern Political Science Assoc1at1on Atlanta GA 

'Translating Votes to Seats in U S House Elections in the 1990s March 1996 Paper presented 
at the Citadel Symposium on Southern Politics Charleston SC 

Facilitating a Republican Majority? State House District Lines in the 1990s November 1995 
Paper presented at the annual meetings of the Southern Political Science Assoc1at1on Tampa 
FL 

'Toward a Second Stage in the Study of Innovation Apnl 1995 Paper presented with Art Monn at 

the annual meetings of the Midwestern Poht1cal Science Assoc1at1on Chicago IL 

Innovation through Strategic Planning Does 1t work in Counties? November 1994 Paper 
presented with Art Monn at the annual meetings of the Southern Political Science Assoc1at1on 
Atlanta GA 

Strategic Planning in Kansas Counties Empowering the Public? November 1993 Paper 
presented with Mark Bannister at the annual meetings of the Southern Political Science 
Association Savannah GA 

Obstacles to State Legislative Party Competition in the South September 1992 Paper 
presented at the annual meetings of the American Political Science Association Chicago IL 

The Shifting Demographics of GOP Subnational Advancement March 1992 Paper presented at 
the Citadel Symposium on Southern Politics The Citadel Charleston SC 
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lnterparty Competition and Social D1vers1ty at the County level in the U S November 1991 
Paper presented at the annual meetings of the Southern Political Science Assoc1at1on Tampa 

FL 

The Federal Nature of State Leg1slat1ve Party Competition August 1991 Paper presented at the 

annual meetings of the American Political Science Association Washington D C 

Inter party Competition and Social D1vers1ty at the County Level in the US April 1991 Paper 

presented at the annual meetings of the Midwest Political Science Association Chicago IL 

Southern Republican Sub national Development An Electioneering Perspective November 

1990 Presented at the annual meetings of the Southern Political Science Assoc1at1on Atlanta 
Georgia 

Challenger Issue Strategies in Southern Cong ressronal Electrons April 1990 Presented with 
Gerald Wright at the annual meetings of the Midwestern Political Science Association Chicago 
II lino rs 

'The Influence of National Voting Patterns on State Senate Electrons in the South March 1990 
Presented at the Citadel Symposium in Charleston South Carolina 

The Pohtrcs of GOP Sub National Development in the South November 1989 Presented at the 
annual meetings of the Southern Pohtrcal Science Assoc1at1on Memphis Tennessee 

Top Down Repubhcan Party Development in the South A Test of Schlesinger's Theory April 

1989 Presented at the annual meetings of the Midwest Pohtrcal Science Assoc1at1on Chicago 
Illinois 

Repubhcan Contestatron of State Senate Elections in the South April 1988 Presented at the 
annual meeting of the Midwest Pohtrcal Science Assoc1at1on Chicago llhnors 

Economic Respons1b1hty and Electoral Accountabrhty A Comparison of Gubernatorial and 
Senatorial Electrons March 1986 Co author with Gerald C Wright Presented at the annual 
meeting of the Western Pohtrcal Science Assoc1at1on Eugene Oregon 

Selected Applied Research and Survey Publications 

The Economic Value of Ogallala Aquifer Water in Southwest Kansas Research Report prepared 

for the Southwest Kansas Groundwater Management District 2000 The Docking Institute of 
Public Affairs (Preston Gilson Joseph A Arstrup John Heinrichs and Brett Zolhnger) 

Northwest Missouri Regional Labor Ava1lab1hty Analysis Research Report of eleven labor basins 

in Northwest Mrssoun (41 counties in four states) prepared for the NW Roundtable and the 
Missouri Department of Commerce 1999 The Docking Institute of Pubhc Affairs (Joseph A 
Arstrup Trevor Steinert and Brett Zollinger) 

Sykes Inc Economic Impact Analysis Research Report prepared for the Kansas Department of 

Commerce and Housing 1999 The Docking Institute of Pubhc Affairs (Preston Gilson and 
Joseph A Arstrup) 

Manhattan Labor Basin Survey Research Report prepared for the Manhattan Chamber of 
Commerce Economic Development D1v1s1on 1998 The Docking Institute of Pubhc Affairs 

Kansas C1t1zens Justice lmtratrve Pubhc Oprmon Survey Research Report prepared for the 
Kansas Justice Comm1ss1on 1998 The Docking Institute of Pubhc Affairs 
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Year 2000 Readiness of Kansas Pubhc lnst1tut1ons Hospitals Local Governments and Schools 
Research Report prepared for the Office of the Chief Information Architect State of Kansas 1998 

The Docking Institute of Pubhc Affairs 

Report on Conference Proceedings and Breakout Sessions Water 2010 A Kansas Water Plan 

V1s1on Summit 1997 Report prepared for the Kansas Water Office The Docking Institute of 

Pubhc Affairs 

Northeast Kansas Labor Dynamics Survey 1997 Research Report prepared for NEK CAP Inc 

The Docking Institute of Pubhc Affairs 

Economic Impact of Retail Wheeling on Areas Served by Kansas Rural Electric Cooperatives 
1997 Research Report prepared for Sunflower Electric Cooperative KEC and KEPCo The 

Docking Institute of Pubhc Affairs (Ralph Gamble Joseph A A1strup and Susan Myers) 

Kansas Telecommunications Res1dent1al Survey 1995 Research Report prepared for Kansas 

Telecommunications Strategic Planning Committee Center for Survey Research The Docking 

Institute of Pubhc Affairs {Jay Ovs1ov1tch and Joseph A A1strup) 

Pubhc Support for Economic Development in Kansas Results of a Statewide Pubhc Opinion 

Survey 1995 Research Report prepared for Kansas Inc Center for Survey Research The 
Docking Institute of Pubhc Affairs (Joseph A A1strup and Mark Bannister) 

Finney County Community Health Assessment 1995 Research Report prepared for the Finney 

County Community Health Assessment Committee The Docking Institute of Pubhc Affairs 
(Joseph A A1strup Mark Bannister Patrick McGinnis and David Warren) 

Survey of Telecommunications Needs for Kansas Small Businesses 1995 Research Report 

prepared for Kansas Telecommunications Strategic Planning Committee Center for Survey 
Research The Docking Institute of Pubhc Affairs (Henry Schwaller IV and Joseph A A1strup) 

VI Areas of Spec1altzatton 

American Government Pubhc Administration Pohtical Parties Pubhc Opinion Voting Behavior 

State and Local Government and Legislatures 

Public Pohcy Polley Analysts Publtc Polley Planning Strategic Planning and Rural Economic 
Development 

Methodology Research Methods Survey Research Measurement and Time Series 

VII Selected Publtc Presentations 

Congressional Redistricting Presentation to the Special Committee on Redistricting Kansas 

State Legislature June 12 2001 Hays KS 

A Virtual Tour of County Government Presentation at the Annual Meetings of Kansas 

Association of County Comm1ss1oners May 10 2001 Great Bend KS 

Economic Value of Ogallala Aquifer Water in Southwest Kansas Presentation at the Great 
Plains Symposium 2001 March 15 2001 Dodge City KS 

Southern Poht1cs talks with Richard Fenno Jr Roundtable d1scuss1on featuring Richard Fenno 
Jr at the Southern Poht1cal Science Association Annual Meetings November 10 2000 Atlanta 
GA 
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Conducting Regional Rural Labor Ava1lab11ity Surveys Presentation to the National Rural 
Economic Development Assoc1at1on August 24 2000 in Kansas City MO with Jack Briggs 

Characteristics of the Kansas Rural Laborforce Presentation to the Kansas Governor's Task 
Force on Workforce Development June 19 2000 in Hays KS 

Economic Value of Ogallala Aquifer Water in Southwest Kansas Presentation at the Annual 
Meeting of the Kansas Center for Community and Economic Development April 21 2000 in 
Hays KS 

Sykes Inc Economic Impact Analysis Presentation to the Joint Committee on Economic 

Development Kansas State Legislature September 1 1999 With Preston Gilson 

Year 2000 Readiness of Kansas Hospitals Municipalities Counties and School Districts 

Update Presentation for the Chief Information Technology Officer State of Kansas Y2K 
Workshops for cities counties school districts and hospitals Hays KS February 8 1999 and 
W1ch1ta KS February 9 1999 

What Every County Comm1ss1oner Should Know About Counties Presentation to the Annual 
County Comm1ss1oner Workshop Kansas Assoc1at1on of Counties February 4 1999 W1ch1ta KS 

Using Public Input to Translate Your Campaign V1s1on to Reality Presentation at the National 

Convention of the National League of Municipalities and Congress of Cities December 3 1998 
Kansas City Missouri 
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ABSTRACT 

Water transfers may result in many indirect effects. Those affected in this manner are 

referred to as "third parties." The impacts to these third parties are usually economic, 

environmental, or social in nature. The purpose of this paper was to evaluate the interbasin water 

transfer proposed by the western Kansas cities of Hays, Ellis County, and Russell, Russell 

County, in terms of its potential hydro logic and economic third party effects in the area of origin, 

the city Kinsley and Edwards County, Kansas. Hydrologic impacts were examined in regards to 

the potential effects on groundwater resources in Edwards County. Economic impacts were 

divided into four categories: direct impacts, indirect impacts, induced impacts, and revenue 

impacts. Potential impacts within each category were then evaluated in regards to Kinsley and 

Edwards County as a whole. The potential overall hydrologic and economic impacts of the 

proposed water transfer were determined to be minimal. 
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1. INTRODUCTION 

Water is essential to life. It flows in the veins and roots of all living organisms, as 

precious to them as the air they breath and the food they eat. The availability of water has 

always shaped human societies. Its abundance nurtured the birth of great civilizations along 

waterways like the Nile, Tigris, and Euphrates Rivers, while the scarcity of water limited the 

growth of other societies. The unequal distribution of water on earth relative to population 

distribution created a need to transfer water. In time, humans learned how to move water. This 

ability to transfer water allowed the growth of communities far away from the source of this 

resource on which they so greatly depended. Cities like Los Angeles, Las Vegas, and others in 

the western United States stand as a testament to this practice. 

1 

Water transfers have occurred in the western United States since the initiation of the prior 

appropriation doctrine. In contrast to riparian doctrine, which ties water rights to the land 

adjoining a surface water source, prior appropriation doctrine permits the water right to be used 

on land not adjacent to the source. In other words, the water may be transferred to another 

location for use. Recent studies of water transfers in the western United States suggest that more 

transfers of water are occurring now, and in more areas, than ever before (Higginson-Barnett 

Consultants, 1 984; MacDonnell, 1 990). An explanation for this increase in water transfers is 

si�ple. Most western states have experienced rapid rates of population and economic growth 

since World War II, especially in the last decade. This growth created new municipal, industrial, 

and recreational water needs, needs that exceed many communities' water resources. Yet, it has 

been difficult to find new water sources because most surface and ground water supplies in the 
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western United States have already been fully appropriated. As a result, new water needs have 

been satisfied by either purchasing existing local water rights or, in many cases, by purchasing 

distant water rights and transferring the water to satisfy the new demands. 

2 

States and their citizens are realizing, however, that transfers may affect an array of 

people, habitats, and economies which are not adequately protected by the laws that govern 

transfers. These affected areas and people are called "third parties." The term "third parties" is 

broad and includes everyone who is not a buyer or seller in a transfer negotiation. Third party 

impacts can stem from changes in the quality and quantity of water available for other uses, 

changes in the rate and timing of surface flows, and changes in ground water levels and recharge 

processes. Generally, impacts are economic, environmental, or social in nature. Economic 

effects include impacts on incomes, jobs, and business opportunities. Environmental impacts 

include effects on instream flows, wetlands and other ecosystems, water quality, and recreational 

opportunities that are dependent on streamflows and wildlife habitat. Social impacts include 

changes in community structure, cohesiveness, and control over water resources (National 

Research Council, 1 992). Yet, the transfer process too often overlooks the interests of third 

parties. In fact, "the major policy challenge facing western states in this area," argues Dr. 

Lawrence J. MacDonnell, Director of the Natural Resources Law Center at the University of 

Colorado, "is how to address third party effects" associated with the reallocation of western 

water (MacDonnell, 1990). 

The state of Kansas has only recently begun to address third party effects of water 

transfers. In 1 983, the Kansas Legislature enacted the Kansas Water Transfer Act, which 

requires a state hearing panel to examine economic, environmental, and public health and welfare 

impacts associated with proposed transfers. The legislature amend the Act slightly ten years 
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3 

later. Prior to the enactment of the law in 1983, Kansas had no institutional mechanism for 

considering third party effects of water transfers (Peck, 1982). While only one transfer 

application has been filed under the Kansas Water Transfer Act during its thirteen year existence, 

the Act arguably has yet to be tested by a proposed transfer involving significant third party 

effects. 

In January, 1995, the city of Hays, Ellis County, Kansas, purchased the 6,874-acre R-9 

Ranch in Edwards County, Kansas, with the intention of pumping its ground water and 

transferring it 80 miles north out of the Arkansas River drainage basin across four counties into 

the Kansas River drainage basin to be used in Hays' municipal water system. The city of 

Russell, Russell County, Kansas, which is about 20 miles east of Hays and also located in the 

Kansas River drainage basin, later purchased an 18% share of the property and its water rights 

from Hays. In February, 1996, the two cities agreed to form a public wholesale water supply 

district. According to Hays City Manager Hannes Zacharias, the district may file an application 

for a water transfer as early as 1997 (Pers. Com., March 21, 1996). Such a transfer would likely 

fall under the jurisdiction of the Kansas Water Transfer Act. A state hearing would then be 

required to consider the numerous concerns about third party effects which have been raised by 

opponents of the transfer. Opponents claim the transfer would cause extensive economic, 

environmental, and social impacts. 

The purpose of this paper is to evaluate the proposed water transfer in terms of its 

potential third party effects. Specifically, the objective is to examine potential hydrologic and 

economic third party effects the proposed water transfer would have upon the area of origin, the 

city of Kinsley and Edwards County. No determination was made concerning the desirability of 

the water transfer itself. 
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2. KANSAS WATER LAW 

2.1 Water Rights Law 

Water rights law in Kansas is a blend of riparian and appropriation principles. In the 

1800's, Kansas courts adopted riparian doctrine with respect to surface water and "absolute 

ownership" doctrine for ground water. The fundamental principle of the riparian doctrine is that 

the owner of land bordering a waterbody acquires certain rights to use the water. Land 

ownership alone gives the owner a water right to water on or adjacent to it, but that right is 

subject to other water rights along the waterbody. Groundwater rights originally were governed 

by the "absolute ownership" doctrine, which allowed pwnping water from one's land and using it 

anywhere regardless of the adverse effects on neighbors (Peck et al., 1988). With the enactment 

of the Water Appropriation Act in 1945 (K.S.A. 82a-701, et seq.), the Kansas Legislature 

adopted the prior appropriation system for both surface and ground water. Under the prior 

appropriation system, the date of appropriation determines the user' s priority to use water, with 

the earliest user having the superior right. It depends upon a time priority system -- first in time 

is first in right (Getches, 1990). Once a water right is obtained by filing an application with the 

state, the owner may enjoin an impairing use that is "junior" in time, or one obtained after the 

senior right was obtained. The Water Appropriation Act preserved water rights existing by 

actual water use prior to its enactment in 1945 as "vested rights" (Peck et al., 1988). 

2. 2 Kansas Water Transfer Act 

The Water Appropriation Act defines a water right as " ... a property right appurtenant to 

and severable from the land on or in connection with which the water is used .... " (K.S.A. 82a-
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701(g)). Prior to 1983, it was generally assumed that this definition of a water right allowed 

water to be moved anywhere on or off the property or in or out of the drainage basin, unless 

limited by state statute. No state statutes or judicial decisions strictly prohibited such diversions, 

with the exception of an interstate compact with Nebraska governing the Big Blue River, which 

prohibits either state from diverting water out of the basin without prior permission of the other 

state (Clifford et al., 1995). As pointed out by Professor John C. Peck of the University of 

Kansas Law School, state statutes were "not clear .. .  whether transportation of the water itself 

[was] a permitted use, or whether the water right must attach to some land during transportation 

of the water." Peck recommended a "new institutional mechanism" be created "to administer the 

acquisition, transportation, and delivery of water" (Peck, 1982). 

The Kansas Legislature responded to Peck's recommendation in 1983 with the Kansas 

Water Transfer Act (K.S.A. 82a-1501, et seq.). The Act defined water transfers as ''the diversion 

and transportation of water in a quantity of 1,000 acre-feet or more per year for beneficial use 

outside a ten-mile radius from the point of diversion of such water" (82a-1501(a)). Persons 

seeking such a transfer had to apply to the chief engineer of the Division of Water Resources. A 

three-person panel, consisting of the chief engineer, the Director of the Kansas Water Office, and 

the Secretary of the Kansas Department of Health and Environment or the Director of the 

Division of Environment, would then hear the application and consider potential economic, 

environmental, public health and welfare impacts, and current and future water use. The basin in 

which the water was being transferred from was ostensibly protected to the extent of current and 

reasonably foreseeable future use, unless the benefits to the state in approving the transfer 

exceeded the benefits in not approving it (Clifford et al., 1995). Upon approval by the hearing 

panel, the application would go to the Kansas Water Authority for final approval. The Kansas 
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Legislature had independent authority to disapprove the application with a concurrent resolution. 

Only one water transfer application was considered under the Act from 1983 and 1993. 

Johnson County Water District No. 1 filed an application in 1991 to divert water from the 

Missouri River to its service area in Johnson County, barely a ten-mile diversion. The hearing 

panel and the Kansas Water Authority both quickly approved the application. The Authority, 

however, imposed stringent conservation measures as a condition of approval. When the water 

district appealed the matter to the district court, these restrictions were removed. The Kansas 

Court of Appeals later affirmed, on the basis that the restrictions were arbitrary and unreasonable 

(Clifford et al., 1995). 

In 1993, the Kansas Legislature amended the Transfer Act to redefine transfers, 

increasing the amount of the diversion from at least 1,000 acre-feet to at least 2,000 acre-feet and 

increasing the distance from at least 10 miles to at least 35 miles. The amendment made fewer 

water transfers subject to the Act. The amendments changed procedures as well. The Act now 

requires the panel to appoint a hearing officer, "an independent person knowledgeable in water 

law, water issues and hearing procedures," to conduct an initial hearing (K.S.A. 82a-150l(c)). 

Upon approval by the hearing officer, the application would then go to the panel, not the Kansas 

Water Authority, for final determination. The amendments also eliminated the Kansas 

Legislature's power to veto a transfer. 

The 1993 amendments require the hearing officer to consider several factors in evaluating . 

a transfer application. The applicant must have "adopted and implemented conservation plans 

and practices" that are consistent with Kansas Water Office guidelines and have been in effect at 

least one year prior to the filing of the application. If the water is for a public supply system, the 

applicant's conservation plans mustalso include a rate structure that will "result in wise use and 
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responsible conservation and management of water used by the system" (K.S.A. 82a-1502(b)). 

No transfer can "reduce the amount of water required to meet the present or any foreseeable 

future beneficial use of the water by present or future users in the area from which the water is to 

be taken for transfer, unless ... the benefits to the state for approving the transfer outweigh the 

benefits to the state for not approving the transfer .... " (K.S.A. 82a-1502(a)). The hearing officer 

must consider the following matters in determining whether a proposed water transfer benefits 

the state as a whole: 

"( 1) Any current beneficial use being made of the water proposed to be diverted, 
including minimum desirable streamflow requirements; 

(2) any reasonable foreseeable future beneficial use of the water; 

(3) the economic, environmental, public health and welfare and other impacts of 
approving or denying the transfer of the water; 

(4) alternative sources of water available to the applicant and present or future users for 
any beneficial use; 

(5) whether the applicant has taken all appropriate measures to preserve the quality and 
remediate any contamination of water currently available for use by the applicant; 

( 6) the proposed plan of design, construction and operation of any works or facilities used 
in conjuction with carrying the water from the point of diversion, which plan shall be in 
sufficient detail to enable all parties to understand the impacts of the proposed water 
transfer; 

(7) the effectiveness of conservation plans and practices adopted and implemented by the 
applicant and any other entities to be supplied water by the applicant; 

(8) the conservation plans and practices adopted and implemented by any persons 
protesting or potentially affected by the proposed transfer, which plans and practices shall 
be consistent with the guidelines for conservation plans and practices developed by the 
Kansas water office pursuant to K.S.A. 74-2608 and amendments thereto; and 

(9) any applicable management program. standards, policies and rules and regulations of 
a groundwater management district." (K.S.A. 82a-1502(b)) 
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While Kansas passed the original Water Transfer Act almost 15 years ago to evaluate 

economic, environmental, and public health and welfare impacts of water transfers, the Act has 

yet to consider a major transfer involving significant third party effects. However, the water 

transfer proposed by the cities of Hays and Russell has been termed the "acid test" of the Kansas 

Water Transfer Act (Wichita Eagle, August 31, 1994). 
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3. THE PROPOSED WATER TRANSFER 

3.1 Hays' Water Troubles 

The city of Hays has experienced water shortages for more than a decade. Its municipal 

supply system relies on groundwater pumped from the Smoky Hill River basin south of town. 

Yet, those wells are drying up. In 1993, for example, Hays was able to pump only 1,816 acre

feet of its more than 4,500 acre-feet of water rights to its residents, because of poor groundwater 

conditions in the area (Wichita Eagle, August 25, 1994). According to Hays City Manager 

Hannes Zacharias, while most cities Hays' size operate two or three large water wells pumping 

1,000 to 1,500 gallons per minute, Hays has had to use 32 smaller wells pumping 75 to 360 

gallons per minute (Wichita Eagle, August 31, 1994). 

Despite faltering water supplies, the population of Hays grew by 9% between 1980 and 

1990 (Kansas Statistical Abstract, 1994). Hays now routinely goes on strict water rationing 

during the spring and summer months. It has distributed limited-flow showerheads to water 

customers, offered incentives for water-saving toilets and implemented a water banking plan, 

trading lower quality treated waste water to private well owners for watering grass and using the 

better quality water from their wells in the municipal system. As a result of these measures, 

Zacharias claims the city has managed to decrease its water use by 47% since 1988 (Wichita 

Eagle, August 25, 1994). 

9 

In 1992, Hays formed a water supply task force and implemented a special half-cent city 

sales tax for obtaining new water resources. The task force explored options in all direction from 

Hays. It considered potential sources as far away as Lake Waconda approximately 70 miles 

006019 



10 

northeast of Hays. All of these schemes, however, proved to be too costly, according to Lavern 

Squire, chairman of the water supply task force (Wichita Eagle, August 25, 1994). 

3.2 The R-9 Ranch 

In August, 1994, Hays announced plans to purchase the 6,874-acre R-9 Ranch, located 

approximately 80 miles south of the city, with the intention of pumping its groundwater north to 

Hays. The R-9 Ranch is located along the Arkansas River in the Arkansas River drainage basin, 

several miles south of the city of Kinsley in Edward County (Figure 1 ). Com, the main crop of 

the ranch, is irrigated with the 42 center pivot irrigation systems on the property. A group of 

Colorado-based investors owned the R-9 Ranch and were leasing it to BET Farms. In January, 

1995, Hays bought the property and its more than 7,600 acre-feet of water rights for about $4.3 

million. Hays then agreed to lease the land to BET Farms until December 31, 2000. As part of 

the lease agreement, BET Farms will pay Hays $90,000 annually as cash rent and an amount 

equivalent to the real estate and property taxes for the ranch. When the lease expires, BET Farms 

will have the right of first refusal on any agricultural lease Hays might offer on the ranch 

between years 2001 and 2010 (Hays Daily News, September 9, 1994). In June, 1995, Hays sold 

18% of the property and its water rights to Russell, Russell County, Kansas, a city located about 

20 miles east of Hays. The two cities then agreed to form a public wholesale water supply 

district in February, 1996. The purpose of the water district is to secure water on a scale larger 

than is needed by its individual members and to sell it at wholesale (Hays Daily News, February 

23 , 1996). 
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3.3 Water Transfer Plans 

State regulations will probably restrict or limit Hays and Russell from transferring all 

7,600 acre-feet of the R-9 Ranch's water rights in the Arkansas River basin to Hays and Russell. 

Before filing an application under the Kansas Water Transfer Act, the cities would first need to 

obtain permission to change the type of use for the water rights. One of the difficulties with such 

a change will be the rule of thumb from general water appropriation law, which states that only 

the amount of water consumed can be transferred. According to the rules and regulations of the 

Kansas Division of Water Resources: 

"The approval of a change in the use made of water from irrigation to any other type of 
beneficial use shall not be approved if it will cause the net consumptive use from the local 
source of water supply to be greater than the net consumptive use from the same local 
source of water supply by the original irrigation ... " (K.A.R. 5-5-9) 

This regulation relies on the concept of a "net irrigation requirement" (NIR) to determine net 

consumptive use. The NIR, which is the annual amount of water in inches required to grow com, 

varies from county to county in Kansas. The NIR figure is "multiplied by the maximum acreage 

legally irrigated" during the perfection period of the water right, the period in which the water is 

first used in accordance with the permit, to derive the amount of water needed to grow com, the 

net consumptive use. This figure would be the maximum amount of water a city could use after 

changing a water right from irrigation use to municipal use. 

The R-9 Ranch currently has a total of 7 ,685 acre-feet in water rights, all of which are 

used for irrigation (Pers. Com. Rich Eubank, Water Use Coordinator, DWR, April 19, 1996). In 

order to know how many of those acre-feet could be used by Hays and Russell, the net 

consumptive use of each water right on the ranch would have to be calculated. For example, one 

of the ranch' s water rights (#22340) is certified for 162 acre-feet annually. During the perfection 
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period, these 162 acre-feet were used to irrigate 108 acres. The NIR for Edward County is 13 

inches or 1.08 feet (K.A.R. 5-5-12). The total amount of water that Hays and Russell could 

divert from this well for municipal use would be 1.08 feet times 108 acres, or 116.64 acre-feet. 

Therefore, the cities would be able to use only 72% of this original certified water right. It has 

been estimated that changing all 7,685 acre-feet of the R-9 Ranch's water rights from irrigation 

to municipal use would leave Hays and Russell with 5,468 acre-feet eligible to be transferred 

(Wichita Eagle, August 25, 1994). 

13 

Hays and Russell intend to construct a pipeline along Highway 183 to transport the water 

from the R-9 Ranch. This plan would require the cities to build pumping stations and to lay 67 

miles of PVC pipe. The new pipeline would connect with an existing 13-mile pipeline at Hays' 

wellfields near the town of Schoenchen. Russell would receive the water by building another 8-

mile pipeline from Schoenchen to its wellfields near the town of Pfeifer. The total cost of the 

pipelines, water wells, and pump stations would be $21.3 million, according to Black and Veatch 

engineers in Kansas City and Denver (Hays Daily News, February 23, 1996). 

Hays City Manager Hannes Zacharias says that the water supply district may file the 

change of use permits with the Division of Water Resources before the end of 1996. If the water 

supply district intends to transfer more than 2,000 acre-feet of water through the 80-mile pipeline 

annually, a transfer application would be required under the Kansas Water Transfer Act. 

Zacharias says the district may file the transfer application in 1997 or 1998. The district may 

begin pumping water to Hays and Russell sometime between 2008 and 2113 ,  at which time 

irrigated farming would cease on the R-9 Ranch. Although the district has not yet decided what 

it will do with the ranch once Hays and Russell begin transferring water, Zacharias said the land 

may be used for dry-land farming, cattle grazing, or perhaps as a wildlife refuge (Pers. Com., 

March 21, 1996). 
006023 



4. EVALUATION OF HYDROLOGIC IMPACTS 

4. 1 Introduction 

Under the proposed water transfer, groundwater in the Arkansas River drainage basin 

would be pumped and transported 80 miles north presumably for municipal use in the Kansas 

River drainage basin. Such a transfer is known as an interbasin transfer. Interbasin transfers 

have the potential to disrupt the hydrological cycle in the basin of origin, the basin from which 

water is taken. Previous interbasin transfers have been found to cause hydrologic impacts on 

wetlands, fisheries, instream flows, and riparian vegetation along streams in the basin of origin 

(National Research Council, 1992). 

14 

Edwards County, the basin of origin in the proposed water transfer, depends heavily upon 

its groundwater resources to meet its municipal, industrial,.and agricultural water needs. In 

1994, groundwater accounted for 99. 9% of total water use in Edwards County, according to the 

Division of Water Resources. The proposed water transfer could pump approximately 5,500 

acre-feet of groundwater annually from Edwards County and the Arkansas River drainage basin 

into the Kansas River drainage basin. As discussed above, the rule of thumb from water 

appropriation law is intended to prevent any hydro logic impacts in a water transfer. Yet, there 

are still uncertainties about how the proposed water transfer would impact groundwater resources 

in Edwards County (Kinsley Mercury, September 1, 1994). 

The proposed water transfer was evaluated according to its effects on groundwater 

resources for both the sub-basin in which the R-9 Ranch is located and for the total of Edwards 

County. Using precipitation and water use data from the previous six years (1989-1994), a 

hydrologic budget was calculated for each year. The hydrologic budget also includes 
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groundwater recharge and extraction rates in the sub-basin and the county. Then, a hypothetical 

hydrologic budget was calculated that incorporated the proposed 5,500 acre-feet water transfer in 

order to evaluate its potential impact to the sub-basin and the whole county. 

The river basin, bounded by its drainage divide and subject to surface and sub-surface 

drainage, forms the logical areal unit for hydrological studies. Within this framework, one can 

assess water resources by calculating a hydrologic budget, in which water inputs, storages, and 

water outputs are identified. The hydrologic budget for a drainage basin may be approximated 

using Equation 1 : 

Precipitation = Evapotranspiration + Runoff+ Infiltration (Equation 1) 

or 

P=E1+R+I. 

This equation assumes that the primary water input to the basin is precipitation. Water outputs 

from the basin are via runoff and evapotranspiration, the sum of evaporation and transpiration. 

Water also infiltrates into the soils and is stored within the basin as groundwater. Deep inflow 

and outflow of groundwater may be an additional water input and output to the basin 

hydrological cycle. However, the amount of groundwater inflow and outflow are difficult to 

measure and are considered to be small relative to other water inputs and outputs (More, 1969). 

Therefore, groundwater inflow and outflow are not included in the hydrologic budget. 

The quantity of water from precipitation that infiltrates and recharges groundwater is a 

function of a variety of environmental factors, including the climate, soil types, and vegetative 

cover. It has been estimated that the potential mean annual recharge from precipitation is 1 inch 

in Edwards County, Kansas (Hansen, 1991). Given Edwards County's mean annual precipitation 

of 22.99 inches (Kansas Statistical Abstract, 1994), annual recharge is 4.4% of precipitation. 
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Previous estimates of recharge in the region range from 1 % of precipitation in western Kansas 

(Gutentag et al., 1981) to as much as 20% in south-central Kansas (Williams and Lohman, 1949), 

with most estimates being less than 10% of precipitation. Robert Vincent of Ground Water 

Associates, who performed a hydrologic investigation of the R-9 Ranch for the city of Hays in 

1994, estimated that about 2 inches or 8. 7% of annual precipitation recharges groundwater in the 

area (Vincent, 1995). For the purpose ofthis analysis, two infiltration rates, 4.4% and 10% of 

annual precipitation were used to calculate the hydrologic budgets. 

There is also the question of how much water extracted from groundwater storage and 

used for irrigation in Edwards County infiltrates back into the soils and returns to groundwater 

storage. A study of irrigated land in Finney County, Kansas, which is approximately 50 miles 

west of Edwards County, determined that about 20% of the water applied to irrigated land in 

sonthwestem Kansas infiltrates back into the aquifer through percolation below the root zone 

(Meyer et al., 1970). The other 80% of the water pumped from groundwater storage and used for 

irrigation is lost through both evaporation and transpiration. Therefore, it was assumed when 

calculating the hydro logic budgets that 20% of pumped groundwater used for irrigation would 

return to groundwater storage via infiltration. 

4.2 Hydrologic Budget for the R-9 Ranch Sub-Basin, 1 989-1994 

According to topographic maps published by the U.S. Geological Survey, 97% of the R-9 

Ranch lies in a sub-basin south of the Arkansas River (see Figure 2). The 43 .3 square miles of 

the sub-basin lie primarily within Edwards County, but small parts of the sub-basin are 

within Ford and Kiowa counties. Approximately 200 acres or 3% of the R-9 Ranch lie outside 

this sub-basin. 
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Figure 2: Map of the R-9 Ranch Sub-Basin 

As shown in Equation 2, total groundwater recharge in the sub-basin was calculated by 

first multiplying annual precipitation by the sub-basin area. The product was then multiplied by 

the infiltration rate, both 4.4% and 10%. More than 98% of the groundwater extracted in the 

sub-basin is used for irrigation, according to the Division of Water Resources. Therefore, total 

groundwater extraction was calculated by multiplying the amount of groundwater pumped in the 

sub-basin by 80% as shown in Equation 3 .  It was assumed the remaining 20% of extracted 

groundwater would return to groundwater storage. The change in groundwater storage (.6.S) was 

calculated by subtracting extraction from recharge. 

Recharge = Annual precipitation x Sub-basin area x Infiltration rate. (Equation 2) 

Extraction= Total pumpage in sub-basin x 0.80. (Equation 3) 

Table 1 and Table 2 show total recharge, total extraction, and change in groundwater 

storage (.6.S) at 4.4% and 10% infiltration rates in the sub-basin from 1989 to 1994. Figure 3 and 

Figure 4 demonstrate the overall relationship between groundwater extraction and recharge in the 
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sub-basin during this period. Annual precipitation averaged 22.91 inches, while the average 

annual change in groundwater storage ranged from -3,653.2 acre-feet at a 4.4% infiltration rate to 

-572. 7 at a 10% infiltration rate. 

Table 1: Groundwater Recharge, Extraction, and Changes in Storage (aS) in the 

R-9 Ranch Sub-Basin at a 4.4% Infiltration Rate, 1989-1994 

Yw 
1989 
1990 
1991 
1992 
1993 
1994 

.. 
IP 
IP 

u. 
! 
u c( 

.er��i12. (in) R��barg� (a�-fi) Extra�tiQn (a�-fi) 
19.67 
25.87 
16.97 
31.33 
31.36 
18.24 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

0 

1989 

Figure 3: 

1,993.8 6,850.6 
2,624.7 6,906.9 
1,7 13.9 6,528.3 
3, 173. 1 5,810.6 
3, 173. 1 4, 182.6 
1,846.9 6, 165.6 

1990 1991 1992 1993 1994 

Year 

Groundwater Extraction vs. Recharge in the R-9 Ranch 

Sub-Basin at a 4.4% Infiltration Rate, 1989-1994 

�s (a�-ft) 
-4,856.8 
-4,282.2 
-4,814.4 
-2,637.5 
- 1,009.5 
-4,318.7 

--o- Extraction 
-Recharge 
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Table 2: Groundwater Recharge, Extraction, and Changes in Storage (.O.S) in the 

R-9 Ranch Sub-Basin at a 10% Infiltration Rate, 1989-1994 

Tum: f°'�ic. (in) 
1989 19.67 
1990 25.87 
1991 16.97 
1992 31.33 
1993 31.36 
1994 18.24 

8000 

7000 

6000 

- 5000 
Cll 
Cll 

u. 4000 di 
... 

u 3000 c( 
2000 

1000 

0 

1989 1990 

R��bru:�� (a�-fi) 
4,531.3 
5,967.5 
3,893.5 
7,208.8 
7,208.8 
4,198.6 

1991 

Year 

1992 

Extr11�tiQn (11�-fi) 
6,850.6 
6,906.9 
6,528.3 
5,810.6 
4,182.6 
6,165.6 

1993 

Figure 4: Groundwater Extraction vs. Recharge in the R-9 Ranch 

Sub-Basin at 10% Infiltration Rate, 1989-1994 

AS (11�-fi) 
-2,319.3 
-939.4 
-2,634.8 
+ 1,398.2 
+3,026.2 
-1,967.0 

1994 

-a- Extraction 

--Recharge 

4. 3 Hypothetical Hydrologic Budget for the R-9 Ranch Sub-Basin 

Using precipitation and water use data from the six previous years (1989-1994), a 

hypothetical hydrologic budget was calculated for each year. The hypothetical hydrologic 

budget reflects what impact the proposed transfer would have on groundwater resources in the 

sub-basin given the precipitation and water use of each particular year. Two assumptions were 
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made in calculating the hypothetical hydrologic budget: 1) a total of 5,500 acre-feet of 

groundwater would be transferred out of the Arkansas River drainage basin from the R-9 Ranch 

for municipal use in the Kansas River drainage basin annually; and 2) no additional groundwater 

would be extracted on the R-9 Ranch after the transfer is initiated. As discussed above, the 

maximum amount of water that could be transferred from the ranch for municipal use would 

probably be 5,468 acre-feet annually under current state regulations. The largest potential 

transfer scenario (5,500 acre-feet) was evaluated in order to avoid underestimating hydrologic 

impacts. 

Groundwater recharge in the hypothetical hydrologic budget was calculated in the same 

manner as it was in the actual hydrologic budget using Equation 2. Groundwater extraction, 

however, was calculated using Equation 4. 

Extraction= (Total sub-basin pumpage - R-9 Ranch pumpage) x 0.80 

+ Transfer pumpage. 

(Equation 4) 

Equation 4 contains two modifications from Equation 3, which was used to calculate extraction 

in the actual hydrologic budget for the sub-basin. First, the groundwater previously extracted for 

use on the R-9 Ranch is subtracted because it was assumed that the only groundwater extraction 

on the ranch would be for the water transfer. Second, the groundwater that would be transferred 

is not multiplied by 80% because it would be a 100% consumptive use. 

Change in groundwater storage (aS) in the hypothetical hydrologic budget was calculated 

by subtracting groundwater extraction from recharge. This annual predicted change in 

groundwater storage was then compared with the actual annual change in groundwater storage, 

which occurred at the same precipitation level. The difference between the predicted aS and the 
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past .o.S is the impact the proposed water transfer would have on groundwater resources in the 

sub-basin as shown in Table 3 and Table 4. 

Table 3: Predicted Impacts of the Proposed Water Transfer on Groundwater Levels 
in the R-9 Ranch Sub-Basin at 4.4% Infiltration Rate 

Precip. (in) 
19.67 
25.87 
16.97 
31.33 
31.36 
18.24 

Past AS (ac-ft) 
-4,856.8 
-4,282.2 
-4,814.4 
-2,637.5 
-1,009.5 
-4,318.7 

Predicted AS (ac-ft) 
-4,170.3 
-3,845.1 
-4,727.l 
-2,829.l 
-2,924.1 
-4,307.6 

ImpactCac-ft) 
+686.5 
+437.1 
+87.3 
-191.6 
-1,914.6 
+11.1 

Table 4: Predicted Impacts of the Proposed Water Transfer on Groundwater Levels 

in the R-9 Ranch Sub-Basin at 10% Infiltration Rate 

Precip. (in) 
19.67 
25.87 
16.97 
31.33 
31.36 
18.24 

Past AS (ac-ft) 
-2,319.3 
-939.4 
-2,634.8 
+l,398.2 
+3,026.2 
-1,967.0 

Predicted AS (ac-fi) 

-1,632.8 
-502.3 
-2,547.5 
+1,206.6 
+l,111.6 
-1,955.9 

4.4 Hydrologic Budget for Edwards County, 1989-1994 

Impact(ac-ft) 
+686.5 
+437.l 
+87.3 
-191.6 
-1,914.6 
+11.1 

Using Equation 2 and Equation 3, groundwater extraction and recharge in the hydrologic 

budget for Edwards County were calculated in the same manner as in the hydrologic budget for 

the sub-basin. More than 98% of extracted groundwater in Edwards County is used for 

irrigation. Therefore, the 80% consumptive use figure remains in Equation 3. 

Recharge = Annual precipitation x Edwards County area x Infiltration rate. (Equation 2) 

Extraction= Total groundwater pumpage in Edwards County x 0.80. (Equation 3) 
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Table 5 and Table 6 show groundwater recharge, extraction, and change in storage (AS) 

at 4.4% and 10% infiltration rates in Edwards County from 1989 to 1994. Figure 5 and Figure 6 

demonstrate the overall relationship between groundwater extraction and recharge in Edwards 

County during this six-year period. The average annual change in groundwater storage ranged 

from -53,411.7 acre-feet at a 4.4% infiltration rate to 7,457.8 acre-feet at a 10% infiltration rate. 

Table 5: Groundwater Recharge, Extraction, and Changes in Storage (AS)  in 

Edwards County at a 4.4% Infiltration Rate, 1989-1994 

Tun: Er��il2. (in) 
1989 19.67 
1990 25.87 
1991 16.97 
1992 31.33 
1993 31.36 
1994 18.24 

120000 

100000 

80000 
� Ill 
Ill 

LI. 60000 :� cii ... 
c.I 
cc 40000 .. 

20000 

0 

1989 1990 

R��hru:�� ca�-m 
36,645.0 
37,654.5 
24,531.0 
45,629.6 
45,629.6 
26,550.0 

1991 

Year 

Extraction (a�-fi) 
92,554.4 
107,926.4 
108,390.4 
64,531.2 
61,224.0 
102,483.2 

1992 1993 

Figure 5: Groundwater Extraction vs. Recharge in Edwards County 

at 4.4% Infiltration Rate, 1989-1994 

AS (a�-fi) 
-55,909.4 
-70,271.9 
-83,859.4 
-18,901.6 
-15,594.4 
-75,933.2 

1994 

--0- Extraction 

--Recharge 
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Table 6: Groundwater Recharge, Extraction, and Changes in Storage (.ti.S) in 

Edwards County at a 10% Infiltration Rate, 1989-1994 

Ym f��ig. (in) 
1989 19.67 
1990 25.87 
1991 16.97 
1992 31.33 
1993 31.36 
1994 18.24 

120000 

100000 

80000 - . . 
- � 
Cll 
Cll Ur 60000 
Cll .. 
I.I 
� 40000 

20000 

0 '·· 

1989 1990 

R��hm:�� (a�-fil 
83,284.1 
85,578.5 
55,752.2 
103,703.6 
103,703.6 
60,340.8 

1991 

Year 

1992 

Extrac1iQn (a�-fi) 
92,554.4 
107,926.4 
108,390.4 
64,531.2 
61,224.0 
102,483.2 

1993 

Figure 6: Groundwater Extraction vs. Recharge in Edwards County 

at 10% Infiltration Rate, 1989-1994 

1994 

4.5 Hypothetical Hydrologic Budget for Edwards County 

AS (a�-fi) 
-9,270.3 
-22,347.9 
-52,638.2 
+39,172.4 
+42,479.6 
-42,142.4 

--0- Extraction 
-ti- Recharge 

The hypothetical hydrologic budget for Edwards County incorporates precipitation and 

water use data from the previous six years ( 1989-1994 ). Groundwater recharge and extraction 

were calculated like the hypothetical hydrologic budget for the R-9 Ranch sub-basin using 

23 

Equation 2 and Equation 4. Change in groundwater storage (AS) in the hypothetical hydrologic 
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budget was calculated by subtracting groundwater extraction from recharge. The predicted 

annual change in groundwater storage was then compared with the actual annual change in 

groundwater, which occurred at the same precipitation level. Therefore, the difference between 

the predicted AS and the past AS is the impact the proposed water transfer would have on 

groundwater resources in Edwards County as a whole. Table 7 and Table 8 show the predicted 

impacts of the proposed transfer at the 4.4% and 1 0% infiltration rates. 

Table 7: Predicted Impacts of the Proposed Water Transfer on Groundwater Levels 

in Edwards County at 4.4% Infiltration Rate 

Precip. (in) 

1 9.67 
25.87 
1 6.97 
3 1 .33  
3 1 .36 
1 8.24 

Past AS (ac-ft) 

-55,909.4 
-70,271 .9 
-83,859.4 
- 1 8,901 .6 
- 1 5,594.4 
-75,933 .2 

Predicted AS (ac-ft) 

-55,222.9 
-69,834.9 
-83,772.0 
- 19,093.2 
- 1 7,509.0 
-75,922. 1  

Impact(ac-ft) 

+686.5 
+437.0 
+87.4 
- 1 9 1 .6 
- 1 ,9 14.6 
+ 1 1 . 1  

Table 8: Predicted Impacts of the Proposed Water Transfer on Groundwater Levels 

in Edwards County at 10% Infiltration Rate 

Precip. Cinl 

19.67 
25.87 
1 6.97 
3 1 .33  
3 1 .36 
1 8 .24 

Past AS (ac-ft) 
-9,270.3 
-22,347.9 
-52,638.2 
+39, 172.4 
+42,479.6 
-42, 142.4 

Predicted AS (ac-ft) 
-8,583.8 
-21 ,9 1 0.9 
-52,550.8 
+38,980.8 
+40,565.0 
-42, 1 3 1 .3 

Impact(ac-fi) 
+686.5 
+437.0 
+87.4 
- 1 9 1 .6 
1 ,9 1 4.6 
+ 1 1 . 1  
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4. 6 Discussion of Hydrologic Impacts 

A correlation analysis of the total annual precipitation and total groundwater extraction 

found that groundwater extraction in Edwards County was negatively correlated to annual 

precipitation between 1 989 and 1994 (Table 9). This correlation, which was statistically 

significant (p < 0.05), demonstrated that as precipitation increased, groundwater extraction 

decreased in Edwards County (Figure 7). 

-
1 4800 
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-·-•H•-4-.. ---·---·--··--·-1: ..... ;·-···---�-----··-+-------1 cl 
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"°" Regression 

95% confld. 
Precipitation (Inch•) 

Figure 7: Correlation Between Precipitation and Groundwater Extraction in 

Edwards County, 1 989-1994 (correlation: r =  -0.82) 

Table 9: Results of Correlation Analysis of Variables in Edwards County's 
Hydrologic Budget (* indicates significance at p < 0.05) 

Variable 

Precip. 
Recharge 
Extraction 

.o.Storage 

Precip. Rechar2e 

0.006* 

Extraction 

-0.043* 
-0.034* 

A Storage 
0.01 8* 
0.009* 

-0.000* 

Impact 

-0. 1 96 
-0.332 
0. 1 08 

-0. 145 
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Annual precipitation in Edwards County averaged 23.91 inches between 1 989 and 1994, 

which is close to the county's mean annual precipitation of 22.99 inches. Thus, annual 

groundwater recharge during this period probably approximates the region's average annual 

groundwater recharge. Given the strong correlation between annual precipitation and 

groundwater extraction, groundwater extraction rates from 1 989 to 1 994 probably represent the 

region's average groundwater extraction as well. Therefore, it was assumed that comparing the 

average annual change in groundwater storage based on the actual hydrologic budget with the 

average annual change in groundwater storage based on a hypothetical hydrologic budget would 

best demonstrate the potential impact of the proposed water transfer on groundwater resources in 

the county. Table 10  compares the average annual change in storage from the sub-basin and 

county hydrologic budgets, using two infiltration rates (4.4% and 1 0%). 

Table 10: A Comparison of Average Annual Change in Groundwater Storage 

from the Actual and Hypothetical Hydrologic Budgets, 1989-1994 

Am! Infiltration Actual Choi (ac-ft) Hypo. Chn� (ac-ft) Impact (ac-ft) 
Sub-basin 4.4% -3,653 .2 -3,800.6 - 147.4 

Edwards Co. 

1 0% -572.7 -720. 1  - 147.4 

4.4% 
10% 

-53 ,4 1 1 .7 
-7,457.8 

-53,559.0 - 147.3 
-7,605.2 - 147.4 

As shown in Table 1 0, the proposed water transfer would be predicted to result in an 

average annual loss of 1 47.4 acre-feet of groundwater in Edwards County. Given the county's 

estimated total groundwater storage of 14,400,000 acre-feet (Hansen, 1 99 1 ), such a loss would 

represent a 0.00001 % decrease in groundwater resources in Edwards County. Therefore, the 

proposed water transfer would likely have an insignificant impact on the groundwater resources 

of Edwards County. 
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The proposed water transfer would appear to have the greatest impact on groundwater 

storage in Edwards County in years of high precipitation. According to the hydrologic budgets, 

the proposed water transfer would result in a loss from the county's  groundwater storage of 1 9 1 .6 

acre-feet using 1992 precipitation and groundwater use data and 1 ,914.6 acre-feet using 1993 

precipitation and groundwater use data. In 1 992 and 1 993, annual precipitation in Edwards 

County was nearly 1 0  inches above the annual mean. In contrast, the proposed water transfer 

had no impact on groundwater storage in hydrologic budgets using precipitation and groundwater 

use data from years with lower precipitation. A correlation analysis, however, revealed no 

significant correlation between annual precipitation and the effect of the water transfer on 

groundwater storage in Edwards County (Table 9). In other words, while there appeared to be a 

relationship between the amount of precipitation and the degree of impact on groundwater 

storage, there is no statistical significance to this relationship. 
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5. EVALUATION OF ECONOMIC IMPACTS 

5. 1 Introduction 

Water transfers often involve a reduction in economic activity in the basin of origin. 

Transfers can especially impact small rural communities because these communities lack the 

economic strength and diversity to compensate for losses in population, income, and 

employment associated with transfers (National Research Council, 1992). For example, Los 

Angeles' water transfer from the Owens Valley in the early 1900's caused a localized economic 

depression in the region. Many small towns in the Owens Valley experienced a 20% decrease in 

population between 1920 and 1930. Six elementary school were closed. Sales volumes in one 

town fell by more than 50% (Nunn and Ingram, 1988). 

Edwards County, with a total population of 4,271, is composed entirely of small rural 

communities. Kinsley, the largest city in the county, has a population of 1,875. Edwards 

County's economy depends heavily on agriculture, which employs almost 25% of its labor force. 

The county, however, has already been suffering population losses and a declining retail 

economy for over 1 5  years. Between 1980 and 1990, Edwards County experienced an 11.3% 

population decrease, and the county is expected to lose another 32% of its population before 

2030 (Kansas Statistical Abstract, 1994). The loss of retail sales is evidenced by the county's  

trade pull factor, which is an indicator of net gain or loss of dollars entering or leaving the 

county. A pull factor greater than 1 .0  indicates a positive flow of money into the county, while a 

pull factor less than 1.0 indicates a negative flow. Edwards County's trade pull factor has 

declined steadily from 0.60 in 1 982 to 0.39 in 1 994 (Kansas Statistical Abstract, 1994). Given 

these economic trends, there are concerns that the proposed water transfer may further impact the 
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Edwards County economy. Table 11 displays population and economic information about 

Edwards County and Ellis County, in which the city of Hays is located. 

Table 1 1 :  A Demographic and Economic Comparison of Edwards County 

and Ellis County, Kansas 

Total population (1990) 
% population change (1980-1990) 

Projected % pop. change (1990-2030) 
Population of largest city (1990) 
Land area (1990) 
Per capita personal income (1992) 
% of labor force in farming (1992) 
County trade pull factor (1994) 

Source: Kansas Statistical Abstract, 1994. 

Edwards County 
4,271 
-11.3 
-3 2.6 
1,875 
622 sq. mi. 
$22,711 
23.4 
0.39 

Ellis County 
26,098 
-0.4 

+3 .2  
17,767 
900 sq. mi. 
$17,437 
5.4 
1.3 3  

Potential economic impacts of the proposed water transfer were classified into four 

categories: direct impacts, indirect impacts, induced impacts, and revenue impacts. The impacts 

within each category were then evaluated according to their potential effects on Edwards County 

as a whole. Three assumptions were made: 1 )  the R-9 Ranch would be taken out of agricultural 

production when the water is transferred; 2) no further economic development would occur on 

the R-9 Ranch after it is taken out of production; and 3) the R-9 Ranch would not be exempted 

from property taxation. 

It is possible that the proposed water transfer might cause some positve economic impacts 

in Edwards County. For example, if the R-9 Ranch were converted into a nature preserve in 

conjuction with the water transfer, Edwards County might experience an economic boost through 

increased tourism. No attempt, however, was made to discuss or evaluate any positive economic 

impacts which might result from the proposed water transfer. Rather, the focus was on the water 

transfer's potential negative economic impacts. 
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5. 2 Direct Impacts 

Direct economic impacts are those employment and income impacts that are immediate 

and explicitly related to agriculture (Charney and Woodard, 1990). In 1994, the Edwards County 

economy supported 1,714 civilian jobs. Approximately 429 of these jobs were in agriculture 

(U.S. Bureau of the Census, 1994). The R-9 Ranch currently employs six full-time employees 

(Pers. Com. Greg Ebert, R-9 Ranch Manager, March 28, 1996). If these six jobs were eliminated 

as a consequence of the proposed water transfer, the result would be a 0.4% decrease in total jobs 

and a 1.4% decrease in agricultural jobs in Edwards County (Figure 8). 

1.7% 

98.3% 

Cl Other agricultural jobs 
' • R-9 Ranch jobs 

Figure 8: Total Agricultural Jobs in Edwards County, 1994 

The annual salaries of the five R-9 Ranch employees, excluding the ranch manager, total 

between $80,000 to $100,000 (Pers. Com. Greg Ebert, R-9 Ranch Manager, March 28, 1996). It 

was estimated that the annual salary of the ranch manager is between $30,000 and $40,000 and 

all six employees together earn between $ 1 1 0,000 and $140,000 per year. The total gross 

personal income in Edwards County in 1992 was $81,579,000 (Kansas Statistical Abstract, 

1 994). Therefore, if the incomes of the six R-9 Ranch employees were lost due to the proposed 

0060 4 0  



3 1  

water transfer, the result would be a 0.13 % to 0. 17% decrease in total personal income in 

Edwards County. 

Another direct economic impact of the proposed water transfer would be the retirement of 

6, 7 4 2 acres of agricultural land and the loss of its crop production. Approximately 70% of the R-

9 Ranch is used to grow corn, but the ranch also grows some alfalfa, wheat, and soybeans (Pers. 

Com. Greg Ebert, R-9 Ranch Manager, March 28, 1996). Based upon this information, it was 

estimated that the R-9 Ranch harvested 4, 719 acres of corn, 674 acres of alfalfa, 674 acres of 

wheat, and 674 acres of soybeans in 1994. Meanwhile, Edwards County as a whole harvested a 

total of 57 ,900 acres of com, 20,500 acres of alfalfa, 106,500 acres of wheat, and 16,500 acres of 

soybeans in 1994 (Kansas Agricultural Statistics, 1995). If the R-9 Ranch were taken out of 

production due to the proposed water transfer, the result would be an 8.2% decrease in the 

acres of corn harvested, a 3.3% decrease in the acres of alfalfa harvested, a 0.6% 
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decrease in the acres of wheat harvested, and a 4. 1 % decrease in the acres of soybeans harvested 

in Edwards County (Figure 9). 

In 1994, Edwards County had 420,000 acres devoted to agriculture (Kansas Statistical 

Abstract, 1994). Therefore, taking the R-9 Ranch out of production would result in a 1 .6% 

reduction in Edwards County's  total agricultural acreage. 

5. 3 Indirect Impacts 

Indirect economic impacts involve forward and backward inter-industry linkages. The 

degree of indirect impacts varies to the extent that agricultural products either are used in the 

production of other locally-produced products or that agricultural products utilize raw materials, 

intermediate products, or services that also are provided locally (Charney and Woodard, 1 990). 

These technically linked sectors may be support activities, such as crop and soil services and 

farm management services, as well as intermediate manufactured goods, such as seeds and 

fertilizers that are provided locally. 

The R-9 Ranch does not use any farm management services, crop services, or commercial 

soil services within Edwards County. The ranch purchases all of its seeds, fertilizers, natural gas, 

pesticides and chemicals outside of Edwards County. All irrigation parts and services also are 

bought outside of Edwards County (Pers. Com. Greg Ebert, R-9 Ranch Manager, March 28, 

1996). Because there is no farm implement dealership in Edwards County, the R-9 Ranch 

purchases all of its farm machinery and parts outside of the county. 

The ranch, however, buys all of its diesel fuel and oil in Kinsley, the largest city in 

Edwards County (Pers. Com. Greg Ebert, R-9 Ranch Manager, March 28, 1996). Although the 

total dollars spent by the R-9 Ranch on diesel fuel and oil was unknown, the average farm in the 
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Kansas Farm Management Association Program spent $8.58 per acre of land farmed on fuel and 

oil in 1995 (Pers. Com. Art Barnaby, KSU Agricultural Economics Dept., April 8, 1 996). 

Therefore, it was estimated that the R-9 Ranch spent approximately $57,846 on diesel fuel and 

oil in Edwards County in 1 995. If the R-9 Ranch were retired from production due to the 

proposed water transfer, the loss of this $57,846 would represent a 1 .  7% decrease in the total 

amount spent on oil, fuel, diesel, and some propane in Edwards County in 1995 (Pers. Com. Faye 

Trent, Edwards Co. Economic Development Corp., May 7, 1996). 

Few crops harvested from the R-9 Ranch are sold within Edwards County. All alfalfa 

hay, soybeans, and wheat grown on the ranch are sold outside of the county. While most of the 

ranch's  com is also sold outside of Edwards County, a few bushels of com are sold within the 

county to the Kinsley Feed Yard every year (Pers. Com. Greg Ebert, R-9 Ranch Manager, March 

28, 1 996). 

5. 4 Induced Impacts 

Induced economic impacts include changes in population, employment and income in 

local businesses and activities not linked to agriculture but dependent on the vitality of the local 

economy in general (National Research Council, 1992). Employees in the agricultural sector and 

in the technically linked sector earn income. This income and the consumption habits of these 

employees determine the level of activity in the remaining sectors (Charney and Woodard, 

1990). For example, Person A, who works in agriculture or a related business, earns money 

which is spent buying goods and services. In doing so, Person A provides employment for 

Person B, who works in one of the local market-oriented sectors. 
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It was difficult to quantify potential induced impacts that might result due to the proposed 

water transfer because the consumption habits ofR-9 Ranch employees and employees in the 

technically-linked sector were unknown. The six employees of the R-9 Ranch earn an estimated 

$ 1 1 0,000 to $ 140,000 annually. One ranch employee, however, does not live in Edwards County 

(Pers. Com. Greg Ebert, R-9 Ranch Manager, March 28, 1996). Consequently, this employee 

probably spends very little of his income in Edwards County. The remaining five employees, on 

the other hand, probably spend a significant portion of their incomes on living expenses in the 

county. It is unlikely, however, that they spend all of their incomes within Edwards County 

since county residents frequently take much of their business to regional trade centers such as 

Dodge City, Great Bend, and Hutchinson (Edwards County Economic Development and 

Community Strategic Plan, 1995). Therefore, it was estimated that the six employees of the R-9 

Ranch spend between $60,000 and $90,000 in Edwards County annually. Based on the county's 

total gross personal income figure given above, it was estimated that the loss of this spending 

would cause 0. 1 3% and 0. 1 7% decrease in the total dollars spent in the Edwards County 

economy annually. 

As discussed above, the only business in Edwards County that is technically-linked to the 

R-9 Ranch is the business that sells diesel fuel and oil to the ranch. Since this particular business 

was not identified, it was impossible to quantify how the proposed water transfer might affect 

this business' employees and their spending habits. 

5. 5 Revenue Impacts 

Revenue impacts represent the loss of tax dollars for city and county government due to a 

water transfer. Large municipal purchases in a localized area have been found to eliminate a 
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significant share of the local tax base in a single transaction because many states exempt 

municipalities from paying taxes to local governments (Nunn and Ingram, 1988). 

While Kansas once exempted municipalities from taxation of property, the 1963 state 

legislature amended the major tax exemption statute to provide for exemptions mainly on the 

basis of use, not on the basis of ownership (K.S.A. 79-201 ,  et seq.). The statute, however, does 

allow exemption upon approval by the State Board of Tax Appeals. For the purpose of this 

analysis, it was assumed that Hays and Russell would not be exempted from paying property 

taxes on the R-9 Ranch. 

In 1994, the R-9 Ranch was classified as irrigated land and had a valuation of $238, 1 97. 

Total property taxes due on the ranch in 1994 were $26,793 .54. If the R-9 Ranch were allowed 

to return to dry land due to the proposed water transfer, the valuation of the ranch would fall to 

$68,697 and total property taxes on the land would be $7,730.58 (Pers. Com. Pam Meadows, 

Edwards Co. Clerk, March 28, 1996). Therefore, the proposed water transfer would cause a 

$ 1 9,062.96 reduction or a 1 %  drop in total state and county property taxes assessed in Edwards 

County (Figure 1 0). 

.. .. ... .. .............. ·--..... ............. ........... -.... -·-- -"""' ... ......... . .  ···1 
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According to 1994 data, Edwards County government alone would lose $8,719.21 or less 

than 0.05% of its total property tax revenue. The general fund ($2,732.63), the road and bridge 

fund ($1 ,414.48), and the hospital maintenance fund ($ 1 ,0 1 1 .75) would appear to suffer the 

heaviest losses in tax dollars. Yet, each of these funds would lose less than 0.05% of their annual 

property tax revenue ifthe R-9 Ranch were taken out of production and converted to dry land. 

Several special tax districts, however, would be impacted more significantly ifthe R-9 

Ranch were re-classified as dry land due to the proposed water transfer. Bethel and Trotter 

cemetaries would lose 4.5% and 1 .5% respectively of their annual property tax revenue. South 

Brown and North Brown townships would lose 3 .6% and 2.6% respectively of their annual 

property tax revenue. Unified School District 347 would experience a loss of $7,55 1 .56 or 1 .2% 

of its annual property tax revenue (Figure 1 1  ). 

1 .2% 

98.2% 

• Revenue lost if R-9 Ranch were 

retired 

c Rerreining revenue 

Figure 1 1 :  U.S.D. 347 Property Tax Revenue, 1994 
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Sales tax revenues would also be impacted by the proposed water transfer. Although the 

city of Kinsley has no sales tax, Edwards County has a 1 % sales tax (Pers. Com. Pam Meadows, 

Edwards Co. Clerk, May 9, 1 996). As discussed above, the R-9 Ranch purchases almost none of 

its equipment and supplies in Edwards County. Thus, taking the ranch itself out of production 

would probably have little affect on sales tax revenue in the county. However, sales tax revenue 

would be impacted if the R-9 Ranch employees moved out of Edwards County due to the 

retirement of the ranch. In 1 994, the per capita sales tax collection in Edwards County was 

$ 1 43.26 (Kansas Statistical Abstract, 1 994), while the total amount of sales tax collected was 

$ 1 1 0,439.93 (Pers. Com. Pam Meadows, Edwards Co. Clerk, May 9, 1 996). Therefore, if the 

five R-9 Ranch employees who live in Edwards County move out of county due to the proposed 

water transfer, it was estimated that Edwards County would lose approximately $71 6  in annual 

sales taxes. Including the sales taxes lost on the $57,846 of the R-9 Ranch's diesel and oil 

purchases, the total annual sales tax revenue that would be lost due to the proposed water transfer 

would be $ 1 ,294.76 or 1 .2% of the annual total in Edwards County. 

5. 6 Discussion of Economic Impacts 

Edwards County would probably not experience any significant economic impacts from 

the proposed water transfer immediately. Economic impacts of other water transfers involving 

the retirement of agricultural land have been found to take five of more years to be realized in the 

local economy (Charney and Woodard, 1990). Direct economic impacts would occur as soon as 

the R-9 Ranch is taken out of production. These impacts would include losses in employment, 

personal income, and agricultural production provided by the ranch. However, indirect impacts, 

induced impacts, and revenue impacts might not result until a year after the water transfer has 
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begun. For example, it  would probably take a year before an indirect impact such as reduced 

diesel and oil purchases could fully work its way through the county economy. 

Table 1 2  summarizes potential economic impacts that might result from the proposed 

water transfer in Edwards County. Each impact is put into perspective as the percentage lost to 

the county as a whole. The greatest economic impact would be the reduction in com production 

in Edwards County (8.2%) with reductions in soybeans (4. 1%) and alfalfa (3 .3%) being the next 

most impacted. All other losses would represent reductions of less than 2%. 

Table 12: Potential Annual Economic Impacts of the Proposed Water Transfer 

on Edwards County, Kansas 

Impact Type 
Direct Impacts 

Employment 
Income 
Agricultural acreage 

Indirect Impacts 
Diesel and oil purchases 

Induced Impacts 
Income spent in county economy 

Revenue Impacts 
Property tax revenue 
Sales tax revenue 

6 jobs 
$ 1 1 0,000-$ 140,000 

6,742 acres (total) 

4,7 1 9  acres (com) 

674 acres (alfalfa) 

674 acres (wheat) 

674 acres (soy beans) 

$57,846 

$50,000-$80,000 

$7,730.58 

$ 1 ,294.76 

Loss as % of county total 

0.4% 
0. 1 3-0. 1 7% 

1 .6% 
8.2% 
3.3% 

0.6% 

4. 1 %  

1 .7% 

0. 1 3-0. 1 7% 

0.05% 

1 .2% 

These predictions relied on three assumptions: 1 )  the R-9 Ranch would be taken out of 

agricultural production when the water is transferred; 2) no further economic development would 

occur on the R-9 Ranch after it is taken out of production; 3) the R-9 Ranch would not be 

exempted from property taxation. Based on these assumptions, it was found that the proposed 
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water transfer would cause minimal economic impacts in Edwards County. Predicted economic 

impacts resulting from the proposed water transfer ranged from a less than 0.05% reduction in 

the county's total property tax revenue to an 8.2% reduction in the acres of com harvested in the 

county. Most predicted impacts, however, represented losses of less than 2% for Edwards 

County. 
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6. CONCLUSION 

The interbasin water transfer proposed by the cities of Hays, Ellis County, and Russell, 

Russell County, Kansas, was found to have minimal potential hydrologic and economic impacts 

in the area of origin, Edwards County, Kansas. This analysis relied upon five assumptions: 1 )  a 

total of 5,500 acre-feet of groundwater would be transferred out of the Arkansas River drainage 

basin from the R-9 Ranch for municipal use in the Kansas River drainage basin annually; 2) no 

additional groundwater would be extracted on the R-9 Ranch after the transfer is initiated; 3) the 

R-9 Ranch would be taken out of agricultural production when the water is transferred; 4) no 

further economic development would occur on the R-9 Ranch after it is taken out of production; 

and 5) the R-9 Ranch would not be exempted from property taxation. 

In terms of potential hydro logic impacts, the proposed water would probably result in an 

av"rage annual loss of 1 47.4 acre-feet of groundwater from the county. Such a loss would 

represent a 0.0000 1 % decrease in the groundwater resources of Edwards County. 

Potential economic impacts of the proposed water transfer would likely be somewhat 

more significant, although not extreme. The greatest potential impact would be the reduction in 

the number of acres of com harvested in the county (8.2%) with soybeans (4. 1  %) and alfalfa 

(3 .3 % ) being next most impacted. Other economic impacts of the proposed water transfer may 

be less severe. In fact, all other potential economic impacts would probably represent losses of 

less than 2% from Edwards County's economy. These impacts might include employment losses 

(0.4%), reduced diesel and oil purchases ( l .7%), reduced property tax revenue (0.05%), and 

reduced sales tax revenue ( l .2%). 
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The overall hydrologic and economic impacts on Edwards County resulting from the 

Hays-Russell water transfer proposal would probably be insignificant. The proposed water 

transfer would likely have a negligible effect on the groundwater resources of Edwards County. 

While the economic impacts of the transfer might be somewhat more significant, these impacts, 

in most cases, would probably be minimal. 
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 A second penalty letter is sent during mid-May to those 
who have not resolved the delinquent report and penalty.  
If penalties and reports are not filed by June 1, a civil 
penalty in the amount of $250 is assessed, per file number, 
pursuant to K.S.A. 82a-732(b).  Our success gathering this 
vast amount of data each year hinges on the serious and 
persistent pursuit of delinquent reports.  
 

 Quality Control 
 

We use quality control checks to identify data problems 
like excessively high use, very low use or missing 
information. Also, Division of Water Resources 
environmental scientists communicate with water users to 
improve irrigation data integrity. The U.S. Geological 
Survey publishes municipal and irrigation data each year 
and a national water use report every five years.   
  
Water Protection Fee 
 
During July, stockwatering and industrial water use 
information is assembled and transmitted to the Kansas 
Department of Revenue for their annual water protection 
fee billings.  K.S.A. 82a-954 authorizes the Department of 
Revenue to assess 3 cents for every thousand gallons of 
water under these uses.  The Department of Revenue sends 
its bills around September 1 each year for the previous 
year’s water use.  The water protection fee generates about 
$1.4 million a year for water related projects.  Additional 
funding for the water protection fee is collected from other 
sources, and billings are based on data reported to this 
office. 
 
Maintaining the Database 
 
Throughout the year, the WRIS database is updated to 
reflect ownership or correspondent changes.  There are 
about 3,000 such updates each year.   
 
Who Uses Our Data? 
 
The Kansas Water Use Reporting Program yields 
important information about how water is used in Kansas.  
Detailed data exists for ALL nondomestic water use: 
 how much water is used 
 where water is used 
 how water is used     

 
 
 
 

Water use details are used: 
 
 to certify water rights 
 to include check-off notices for chemigation 
 in interstate compact administration 
 for water banking 
 for database maintenance within DWR 
 in possible abandonment of water rights 
 for compliance and enforcement activities  
 
Other agencies using our water use data: 
  
 Kansas Water Office 

o for water management and basin planning 
o to target technical assistance  

 
 U.S. Geological Survey 

o for five-year national water use report 
o for present and future demands 
o for technical report modeling 

 
 Kansas Geological Survey 

o to monitor statewide water levels 
o for technical report modeling 

 
 Kansas Groundwater Management Districts 

o for local groundwater management district water use 
o for policy planning 

 
 Kansas Rural Water Association 

o to identify candidates for technical assistance 
 

 Kansas Department of Revenue 
o to help with property valuation 
o to assess water protection fee 

 
 State Conservation Commission 

o to help irrigation efficiency  
o to help with best management practices 

 
 Kansas State University 

o to identify candidates for technical assistance 
o for crop net irrigation requirements  

 
 Cities and Public Water Suppliers 

o for peer comparison 
 

 Kansas Corporation Commission 
o identifies energy type 

  

Water Appropriation Program 
Division of Water Resources 

1320 Research Park Dr. 
Manhattan, KS  66502 

(785) 564-6700
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INTRODUCTION 

The data shown in this publication were prepared using information from Irrigation Water 

Use Reports submitted to the Kansas Department of Agriculture, Division of Water Resources 

(DWR), for the 2008 through 2012 calendar years.  Annual Water Use Reports are required of 

all permitted water users as a condition of K.S.A. 82a-732 of the Water Appropriations Act. 

Each year, Irrigation Water Use Reports are reviewed by DWR to ensure that the information 

provided is as complete and accurate as possible.  Corrections to the reported information may 

be made through follow-up letters and phone calls.  DWR expresses their appreciation to all 

irrigation water users for completing these annual reports and participating in the follow-up 

process. 

Irrigation is most prevalent in western Kansas where average annual rainfall is less than 

20 inches and sufficient groundwater can be pumped to compensate for this lack of moisture. 

Irrigation water use decreases from western to eastern Kansas, where precipitation is greater 

and significant aquifers are not present.  For many years, the maximum allowable quantities of 

water allowed for irrigation were 2.0 acre-feet per acre in western Kansas (from the 

Kansas/Colorado border to the Range 20 West / Range 21 West line), 1.5 acre-feet per acre in 

central Kansas (from the Range 20 West / Range 21 West line to the Range 5 East / Range 6 

East line), and 1.0 acre-feet per acre in eastern Kansas (from the Range 5 East / Range 6 East 

line to the Kansas / Missouri border).  As a result of revised regulations, appropriations of water 

for irrigation after Sept. 22, 2000 have been based on county-level net irrigation requirements 

for corn, as determined by the National Resources Conservation Service (NRCS).  These 

county values are shown on p. 68 of the Kansas Water Appropriation Act Rules and 

Regulations, available at https://agriculture.ks.gov/docs/default-source/dwr-water-appropriation-

documents/kwaa_rules_regs57c3ada8d515.pdf?sfvrsn=4   

Irrigation water use data in this report are shown by county and by region.  The three 

major regions used for analysis are similar to those originally used for allocation of reasonable 

quantities for irrigation, because those guidelines were in effect when the majority of irrigation 

water rights were issued.  The division between central and eastern Kansas was adjusted to 

coincide with county boundaries (see figure 1).  The western and central regions are further 

divided to distinguish the 5 Groundwater Management Districts from the remainder of each 

region. 

Several factors should be considered when interpreting the irrigation water use data 

presented in this report, or when comparing these data to other sources of irrigation information: 



 Quantities of water diverted and acres irrigated are as reported by irrigators, with

possible corrections after review by DWR staff.  Although the law requires

accurate reporting, it is impossible to verify every measurement.

 This report compares irrigation water use with irrigated acres to produce

application rates by county and by regional location. Water diverted under ditch

irrigation water rights in southwest Kansas and by irrigation districts in north-

central Kansas cannot be directly associated with irrigated acres in the same

county or region of withdrawal, and for this reason these quantities of surface

water are not included in the tables of this report.

 While the majority of irrigated lands in Kansas are in crops, some counties may

have irrigation water use for golf courses, nurseries, and recreational areas.

 Historic water use data maintained by DWR are subject to revision at any time as

better information becomes available.  Revisions to past years’ data may result in

very small differences from previously published county, regional, and state

totals.  The data shown in this report are current as of September, 2014.



Combined 
a/

No. of 

Pd's

Water Use 

(AF)

Acres 

Irrigated AF/A

No. of 

Pd's

Water 

Use (AF)

Acres 

Irrigated AF/A No. of Pd's

Western KS GMD No. 1 1,238 178,401 153,455 1.16 399 48,967 44,377 1.10 13 1,650 76%
Southwest KS GMD No. 3 7,608 2,053,477 1,402,552 1.46 105 23,633 19,469 1.21 120 7,833 99%
Northwest KS GMD No. 4 3,048 534,680 382,819 1.40 31 4,248 3,524 1.21 92 3,171 99%
Remainder of Western KS 1,262 125,915 104,499 1.20 43 5,217 3,741 1.39 241 1,546 97%

Equus Beds GMD No. 2 1,133 132,720 116,028 1.14 209 22,279 20,079 1.11 341 1,683 84%
Big Bend GMD No. 5 3,684 568,765 445,042 1.28 83 11,604 10,030 1.16 376 4,143 98%
Remainder of Central KS 2,675 229,485 232,490 0.99 176 12,726 15,276 0.83 723 3,574 94%

All Eastern Kansas 661 44,741 64,732 0.69 201 10,750 15,418 0.70 119 981 77%

State Total 21,309 3,868,184 2,901,617 1.33 1,247 139,424 131,914 1.06 2,025 24,581 94%

TABLE 3

Regional Location

Metered Not Metered

COMPARISON OF WATER  USE AND ACRES IRRIGATED BY METER STATUS AND REGIONAL LOCATION

KANSAS, 2012

b/  Percent metered is the number of metered pd's divided by the total number of pd's excluding combined.

a/  Water use and acres irrigated from combined points of diversion are included with either metered or not metered points of diversion.  

Percent 

Metered 
b/

Total No. of 

Pd's

Eastern Kansas

Central Kansas

Western Kansas
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The Value of Ogallala Aquifer Water in Southwest Kansas
Executive Summary

This report presents the findings of the Docking Institute of Public Affair’s study of

the economic impact of an acre-foot of water on the economy of Southwest Kansas. 

The funding for this research came from the Southwest Kansas Groundwater

Management District (No. 3) (SWKGMD) and the Docking Institute of Public Affairs.

The four primary goals of the study are to:

• Develop current ranges of values for an acre-foot of groundwater from the

Ogallala Aquifer in Southwest Kansas given its current uses.

• Derive an estimate of the total value of Ogallala Aquifer water over the next 20

years.

• Develop feasible scenarios that will extend the life of the aquifer, based on

available technologies.

• Estimate the impact of conservation measures on users and the economy.

To achieve these goals, this study develops a hydroeconomic model for the

water based economy in southwest Kansas.  This model integrates climatological and

hydrological considerations with an irrigation/crop component and a finance component.

This integrated model is then used to estimate depletion rates, cash flows, and

economic impact over the twenty-year period of the study.  

Five scenarios of water utilization and economic impact are developed and

analyzed. The first scenario models the current farming and water utilization practices. 

This scenario finds that excluding government subsidies, the average net present value

per section over 20 years is $ -150,000, while the saturated thickness of the aquifer will

decrease by about 30%.  Including subsidies from external sources, the study finds that

on an annual basis, the total economic impact on the SWKGMD area from irrigation is

estimated at $188,496,000 in current dollars. This equals about $80 per acre foot.  Over

the course of the 20 year period of the study, the net present value of this impact in

current dollars is estimated at $3,769,920,000.

In the remaining four scenarios, the study explores the impact of changing

irrigation methods and water requirements (and thus yields) for irrigated crops on
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depletion and the net present value for irrigators.  The study finds that the most viable

scenario for achieving near zero depletion is one that changes all flood irrigation to

center pivot and reduces the water utilization for corn by 50%.  Significant, the reduced

water for corn will only result in a 10% reduction in yield.  However, the cost to the

irrigator of these changes have a net present value per section of -$4,200 annually, 

or -$84,000 over the course of the 20 year study.  The total cost of this near zero

depletion scenario to the collective membership of SWKGMD would be about $11

million (1998 dollars) annually ($4,200 X 2618 sections).  Of course, government

subsidies and low interest loans will substantially lower the cost to members of the

SWKGMD and the cost for individual irrigators will vary by specific circumstances

related to their operations. 
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Chapter 1
The Value of Ogallala Aquifer Water in Southwest Kansas

What is the value of an acre-foot of Ogallala Aquifer water in southwest Kansas?

This question has important implications for the region, state, and nation because

Ogallala water provides the life blood for the agricultural-based economy of

southwestern Kansas.  The Ogallala Aquifer not only gives life to the economy of

southwest Kansas, but it helps sustain agricultural production from west Texas and

eastern New Mexico, through the panhandles of Texas and Oklahoma, much of western

Kansas and eastern Colorado, and almost all of Nebraska.  Figure 1 depicts the range

of the aquifer.                                            Figure 1: Ogallala Aquifer

Current water

management practices across

the Ogallala Aquifer extract

more water than is recharged

into the aquifer.  In Kansas,

about 3.6 million acre feet of

Ogallala water are extracted

each year, but only about 1.5

million acre feet are recharged

(Hansen 1991).  Depending on

the saturated thickness of the

aquifer, rock formations and

location, aquifer depletion rates

in Southwest Kansas range

from 10% (where the saturated

thickness is high) to 70% (where

the saturated thickness is low)

(Fund 1993, 5).  
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Figures 2 and 3 show the past and recent rates of depletion for the aquifer.  As the

figures indicate, parts of southwest Kansas have experienced declines in saturated

thickness of over 100 feet when compared to the predevelopment of the aquifer, and

more than 40 feet from 1980 to 1987. 

         Figure 2: Depletion of the Aquifer Predevelopment to 1980

   Source: V.L. McGuire and B.C. Fischer, USGS, 2000
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                     Figure 3: Depletion of the Aquifer 1980 to 1997                 

                       

                      Source: V.L. McGuire and B.C. Fischer, USGS, 2000

                                                         



The Docking Institute of Public Affairs: The Value of Ogallala Groundwater  © 2001 Page 4 

Figure 4:

Figure 4 focuses on the level of depletion of the Ogallala Aquifer from 1980 to 1996 in

the counties comprising the Southwest Kansas Groundwater Management District.  This

data confirms the data presented in figure 3, and indicates that the region has

experienced a decline in water levels, in some parts of more than 40 feet in 16 years.

What conclusions can be drawn from these facts?  Some researches suggest

that when the water becomes too expensive the extract, either because of well depth or

because the saturated thickness does not yield enough water for irrigation, the economy

of southwest Kansas--which blossomed with the rise of irrigated crops in its semi-arid

climate and sandy soils in the 1950s and 1960s--will eventually wither and die in the hot

summer sun. 

Many studies have focused primarily on remaining water resources and current

levels of water usage to suggest that this is the inevitable future of the Ogallala value-

added agricultural economy (Fund 1993; Opie 1993).  Other studies have focused on

the maintenance of current economic activity, asserting that purely economic costs and

benefits will lead to individuals making decisions that will ultimately save the aquifer

(High Plains Council 1982; Buller and Williams 1990).  This study, described here,
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differs from those approaches because it uses a unified hydroeconomic model for

understanding the connections among the major variables affecting the aquifer-based

economic structure of southwest Kansas. 

Figure 5 (next page) shows this hydroeconomic model, developed and presented

for the first time in this report, depicting the dynamic interaction between the hydrology

of southwest Kansas and its aquifer-based economy.  The model integrates

climatological and hydrological considerations with an irrigation/crop component and a

finance model to estimate depletion rates, cash flows, and economic impact over a

twenty-year period.  A more complete description of this hydoeconomic model can be

found in Chapter 3 of this study.  

Using this unique model, this study develops five scenarios of water utilization

and economic impact (present value, depletion rates, and changes in saturated depth)

starting in 1998 and spanning the next 20 years.  The first scenario models the current

farming and water utilization practices.  In this scenario, two-thirds of irrigation is by

center-pivot methods and one-third is by flood irrigation methods.  This scenario

provides the lynch-pin of this analysis because it describes current conditions and water

utilization and economic patterns that are likely occur in the next 20 years, assuming no

major alteration in water management policies and no major regional economic

changes.  This first scenario, modeling current conditions, is used to contrast the

implications of possible policy alternatives.   These possible policy alternatives–termed

here as scenarios–have been mentioned by various policy makers as probable solutions

to the depletion of the aquifer or represent hybrid policy alternatives derived by the

authors of this report.

The second scenario simply changes the water irrigation to all center-pivot

methods, switching the sections that use the more water-intensive flood irrigation

techniques to the more efficient center pivot.  Analysis of this second scenario focuses

on the evaluation of possible impacts on cash flow and depletion rates with the 
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Figure 5:
Hydroeconomic Model for Ogallala Depletion Study
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replacement of flood irrigation systems by center pivot irrigation systems.

The third and fourth scenarios build on the second scenario.  While both

scenarios assume that all irrigation is by center-pivot, the third scenario reduces the

amount of water to all crops by 50% of the full irrigation level, and the fourth scenario

reduces water usage to all crops such that each crop produces 90% of its current yield. 

In both scenarios, yields and water usage are adjusted to reflect the parameters of the

scenario and cash flows are reduced to reflect the decreased production.  The purposes

of these two scenarios are two-fold:  First, to underscore the tradeoffs between these

types of policy alternatives and recharging of the aquifer; and second, to highlight the

economic impacts as the capacity of the aquifer for irrigation declines.

The fifth model assumes that all irrigation is by center-pivot and that irrigation for

corn is reduced by 50% (reducing corn yield by 10%).  This scenario, derived by the

Docking Institute, represents a hybrid policy alternative based on the findings from the

previous four scenarios.  The purpose of this scenario is to provide a policy direction

that is economically feasible and achieves the major policy goal of extending the life of

the aquifer.  

We believe this information is of vital importance if irrigators, the SWKGMD,

other water users, and policy making bodies are to develop and advocate politically

acceptable water management strategies that promote the economic well being of

citizens in the region.  



     1 We use High Plains and Ogallala Aquifer region interchangeably as they
correspond very closely, particularly for the portions of the three state referred to above.
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Chapter 2
Historical Development of the Ogallala Aquifer Region 

A succinct historical review of the region is imperative for understanding the

contemporary conditions in the region.  As illustrated in Figure 1 in Chapter 1, the

Ogallala Aquifer underlies many states.  The largest part of the aquifer in saturated

thickness lies under the central portion of Nebraska, while the portion with the most

dynamic human-environment relationship underlies southwest Kansas, and the

Texas/Oklahoma panhandles.  Not coincidentally, these regions have experienced the

most serious levels of water depletion.

Settlement of the High Plains region1 began in the 1850s with the establishment

of cattle ranching operations, and farming settlement increased in the 1860s with the

passage of the Homestead Act in 1862 (Opie 1993; Riebsame 1990; Worster 1979). 

The region offered flat, open expanses with fertile soil – attractive features for farmers

from the East familiar with hilly, forested, and rocky land.   Much "boosterism" was

undertaken by several interests to lure farmers to this region, two of the most prominent

being the U.S. government and the railroads (Opie 1993; Lockeretz 1978).  Railroad

companies were interested in populating the relatively empty region as they extended

their lines through the area.  Railroad expansion also facilitated migration throughout

the High Plains.  Easterners were told that the region had "most favorable" topography

and soil conditions, and railroad companies offered travelers free one-way tickets in an

effort to lure them to the region (Opie 1993). 

Farmers found a region that was much drier than the sub-humid and humid areas

of the East.  Yet, a belief that gained common acceptance, and which was promoted by

pseudo-scientists of the time, involved the notion that "rain will follow the plow.”  As

such, farmers were encouraged to plant crops in efforts to bring on more rain, which in

turn, would allow more crops to be planted, which would encourage additional

precipitation.  Settlers were also charged with a sense of duty to turn the region into a

garden for the betterment of other farmers and the nation as a whole (Lockeretz 1978;
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Opie 1993; Worster 1979).

Agricultural practices and ideas from the humid East were transplanted to the

arid High Plains with disastrous results.  The region soon experienced its first mass

exodus in the late 1880s to due crop failures spurred on by drought (Porter 1989; Opie

1993).  During this time, “first wave of homesteaders to leave the great plains,

abandoning homes, schools, and churches" (Porter 1989).

Farmers moved back into the Great Plains during the late 1890s and the

population grew "until 1924, which was a very dry year" (Porter 1989).  Population

declined slowly for about a decade when the "dust bowl" began after a serious drought

in 1934, forcing another wave of farmers to leave the plains.  In 1936, a U.S.

Congressional session was interrupted by the "fall-out" of High Plains soil from a dust

storm carried by the jet stream to the East Coast and on into the Atlantic (Worster

1979).  The most severe erosion was centered in the western section of Kansas, the

Oklahoma panhandle, and the northern end of the Texas panhandle.  Many who lived

through this period, including relatives of all the members of this research team, can

recall instances in which residents of the area could barely see the distance to their

hand when caught outside during a "black blizzard," and wet sheets were hung across

windows in futile efforts to keep the fine dust out of houses.  Thousands of tons of rich

topsoil were transported by wind to areas east of the region. 

Disagreement exists regarding the extent to which the dust bowl phenomenon

was attributable to drought or farming practices.  However, there is little doubt that the

severity of the problem was exacerbated by tractor driven dry-land farming practices at

a scale unprecedented in the region.  Such practices entailed pulverizing the top few

inches of soil to a fine texture and keeping fallowed fields clean of all weeds, therefore

removing anything that might have held the soil in place (Opie 1993; Worster 1979).  It

was an outcome of this and the Great Depression (which Worster 1979 argues were

intimately linked) that the Soil Conservation Service (SCS) was created.  The purpose

of the CSC was to implement programs that would avert the future occurrence of such

an event.  This, in combination with direct "relief" payments, marks the beginning of

government aid to this region.  In spite of government efforts, many farmers lacked the

capital and/or the will to remain in the area.  Mass out-migration from the region



     2 Also see Worster 1979 who points out that many of the "Okies" were not
necessarily from Oklahoma and were not necessarily moving as a direct result of Dust
Bowl conditions but depressed economic conditions -- no cash flow and high debt.
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commenced, hence, the "exodusters" or "Okies" made famous in John Steinbeck's The

Grapes of Wrath2 (Opie 1993; Worster 1979).

Extra-local factors have often served as the catalyst for significant “plow-ups” of

the prairie (Lockeretz 1978; Opie 1993; Riebsame 1990; Worster 1979).  During WWI,

farmers of the region were increasingly gearing their farming practices toward meeting

extra-local market demand for commodities.  In addition, a post-WWI international

demand for grains drove up the price of wheat, providing a strong impetus to bring more

High Plains sod into wheat production.  A similar situation marked the Post-WWII

period, and again large tracts of the land were submitted to massive cultivation as

prices of grains rose significantly.  In the early 1970s, the U.S. Secretary of Agriculture

beseeched farmers to "plant fence row to fence row" in order to meet high international

demand, and again the price of wheat  skyrocketed for a time, to over $4 per bushel

(Lockeretz 1978).

More importantly, the 1970s were also marked by widespread mining of the

aquifer for irrigation.  Water manipulation of this sort allowed for successful crop growth

in the face of ongoing drought (Opie 1993, Worster 1993).

Irrigation on the High Plains

In the early 1800s, the High Plains were often referred to as the “Great American

Desert” (Porter 1989).  A decade and a half later, however, the region became known

as the “breadbasket of the world.”  It was only the extensive, regular use of water from

the Ogallala aquifer for irrigation that ended the black blizzards and periodic exoduses

associated with periods of drought.

Irrigation technology allowed for predictable environmental conditions for growing

crops, and, in turn, led to a more stable population growth.  Early attempts at irrigation

employed methods widely used throughout history, and they proved of limited success

for the region.  Namely, diversion of rivers for irrigation was extremely problematic as

river flows are very erratic, there is a high evaporation rate from canals, and there is a

lack of good dam sites due to the absence of any deep canyons (Opie 1993).  The
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riverbeds of the Arkansas, the Cimarron, and other southwest Kansas rivers are wide

and the waters are relatively shallow.  In the late 19th and early 20th century, extensive

diversion projects were undertaken on the Arkansas around Garden City, Kansas (Opie

1993; White 1994).  With increasing settlement and diversion along the Arkansas River

in Colorado, water became increasingly less available for irrigation in Kansas. 

However, farmers came to realize that irrigation of crops was necessary for raising

crops in a region that averages only about 15 inches of rainfall per year and that

experiences tremendous rainfall variation from year to year.

  Extensive, intensive, and regular irrigation appeared with the advent of the

centrifugal pumps in combination with the availability of relatively cheap pump-driving

engines (Green 1973; Musick and Stewart 1992; Opie 1993).  Use of this technology

first took hold on a widespread basis in the Texas panhandle in the early 1940s (Green

1973) and in southwest Kansas in the 1950s (Musick and Stewart 1992; White 1994;

Opie 1993).  Now crops requiring high levels of water (e.g., corn and alfalfa) could

successfully be grown first through flood irrigation and more recently through circular

sprinkler irrigation made possible by tapping the waters of the Ogallala.  Farmers of the

region came to rely on Ogallala water for regular irrigation of their fields rather than as

supplemental irrigation in times of drought.  

An irrigated cornfield in this region produces an average of 115 bushels/acre (in

the 1970s and 1980s) compared to 48 bushels/acre with dry-land farming and 89

bushels/acre in the Eastern humid-land farms (Opie 1993).  Indeed, as water intensive

crops were increasingly used (corn and hybrids of wheat, designed to produce

maximum yields under optimum conditions), supplemental irrigation was no longer a

viable option.  Additionally, thousands of acres of sand-hills were brought into

production in Kansas and Nebraska with the advent of circular pivot sprinklers which

spread an even, soaking "rain" on the sandy soil.

The total number of irrigated acres in the Ogallala region peaked in the early

1980s at almost 15 million, sustained by over 170,000 irrigation wells pumping from 18

to 21 million acre-feet of water annually (Kromm and White 1992; White 1994).  By

1987, however, there was decrease of over 20% in the irrigated acreage to 10,395,000

(Kromm and White 1992).  



3A discontinuation of the mining of aquifer water does not necessarily mean that water has been depleted. 
Rather, it may be that the costs for pumping the water have become prohibitive, as wells must be sunk
deeper and deeper.  Alternatively, the amount of water that can be lifted from a well may be lower than the
minimal capacity necessary to sustain an irrigated crop. 
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The U.S. Geological Survey estimates that the total amount of drainable water in

the Ogallala formation is about 3.25 billion acre feet (Kromm and White 1992).  Kromm

and White suggest that an estimate of 15 percent of that amount is more feasible given

current technological levels.  As shown in Figures 2 and 3 in Chapter 1, estimates of

depletion levels show much variation from place to place.  The average level of

depletion of the entire Ogallala aquifer is about ten feet, but some areas of Texas have

had water tables fall by as much as 100 feet since the onset of water mining (Kromm

and White 1992; Zwigle 1993).  In fact, in some areas of Texas irrigation has already

been discontinued (Opie 1993)3.

Particularly important for understanding the feasibility of heavy groundwater

irrigation, is the relatively low cost of fuels in general and natural gas in particular.  The

Hugoton-Guymon natural gas field, the largest in the world, underlies southwest Kansas

and the Oklahoma panhandle (Opie 1993).  The availability of local natural gas helps to

keep pumping costs relatively low in southwest Kansas.

Population, the Economy, and the Aquifer

Population of the region has grown with the increase in secondary and tertiary

sectors of employment that were established primarily on the agricultural sector.  Some

towns of the Texas panhandle (Lubbock and Amarillo), the Oklahoma panhandle

(Guymon), and southwest Kansas (Garden City, Liberal, and Dodge City) grew rapidly

throughout the 1960s, 1970s, and 1980s, and are now the major urban centers of this

region.  Census population figures for these urban areas for 1990 were as follows:

Garden City 24,097; Dodge City 21,129; Liberal 16,573; Guymon 7,803; Amarillo

157,605; and Lubbock 222,636.  Table 1 shows the change in Kansas Ogallala region

population between 1960 and 1990.  In general, there has been an increase in

population from 184,427 in 1960 to 194,873 in 1990 (Kromm and White 1992).  In the 

Oklahoma Ogallala region, population increased from 91,793 in 1960 to 100,551 in

1980, but dropped back to 90,892 by 1990 (Kromm and White 1992).  Table 1 also

shows the change in Texas Ogallala region population for the same years. There was a
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      Table 1:
                  Population in the High Plains Aquifer Region

1960 1970 1980 1990
Colorado 81,608 76,205 77,434 71,869
Kansas 184,427 183,141 188,462 194,873
Nebraska 636,226 621,296 647,477 612,105
New Mexico 122,539 122,726 130,099 130,608
Oklahoma 91,793 90,378 100,551 90,892
Texas 994,291 961,334 1,080,042 1,097,559

High Plains Aquifer Region 2,110,884 2,055,080 2,224,065 2,197,906
Source: Kromm and White 1992, 8

slight increase from a population of 994,291 in 1960 to 1,097,559 in 1990 (Kromm and

White 1992).

In attempting to identify a relationship between the existence of groundwater and

population change, White (1994) conducted a study in southwest Kansas counties.  He

examined county-to-county data, and intra-county data to identify the extent to which

availability of groundwater effects population size.  He concluded that of those places

over 500 in population,

proximity to

groundwater has a

positive influence on

population size.  While

as noted in Table 1,

the region has not

grown much in

population since 1980,

the population has

migrated to larger

areas that are close in proximity to groundwater.

Smaller urban areas such as Garden City, Liberal, and Dodge City may be more

susceptible to a diminishing agricultural sector as the Ogallala is depleted.  A significant

agribusiness industry has developed in southwest Kansas based on farming that has

utilized Ogallala water.  The area around and between Garden City and Dodge City is

home to some of the largest feedlots in the nation and the largest beef packing plant in

the world: IBP (Opie 1993; Zwigle 1993).  Several other packing houses exist in the

area, and 30% of U.S. livestock is processed by plants in Dodge City and Holcomb (8

miles west of Garden City).  The abundance of good cattle feeds (corn, alfalfa,

sorghums) made possible by irrigation technology and the mining of the aquifer results

in a source of relatively cheap inputs for feedlots in the area.  In turn, packing plants

benefit from an abundance of local beef, keeping transportation costs down for the

plants.
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The importance of farming, ranching, and meat packing manufacturing for the

southwest Kansas economy can be seen in Figure 6.  Farming, ranching, and feedlots

(“Farm”) produce earnings in excess of $300 million on an annual basis.  Production

agriculture is the third largest source of earnings in southwest Kansas, topped only by

the service sector ($325 million) and manufacturing ($380 million), which is largely

defined by the meat packing and value-added agricultural industries.

The Policy Problem

There have been numerous efforts to study the use and depletion of Ogallala

Aquifer water.  If one were to succinctly summarize these findings, it would be that the

region’s long-term future does not look bright.  Study after study, conference after

conference, report after report, all note that the useful life expectancy of the Aquifer

ranges between 15 and 50 years, depending on the saturated thickness of the aquifer

under each section of land (Kromm and White 1992; Opie 1993; V.L. McGuire and B.C.

Fischer 2000; USGS 1991; Fund 1993; Buller and Williams 1990; The Great Plains

Symposiums 1995a, 1995b, 1996, 1997; Southwest Kansas Groundwater Management

District 1999; High Plains Council 1982; Conserving the High Plains Aquifer 2000). 

 While most researchers agree with this conclusion, most disagree on the

solutions to the problem.  Some promote an ecologically based solution to resolve the
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long-term viability of the aquifer, and suggest that the best approach is to move away

from irrigated corn, milo, wheat, and alfalfa, to crops that are more ecologically “in-tune”

with the dry climate of the High Plains.  Opie writes:

Sustainable agriculture needs to be seen more clearly not as a throwback
to less complicated agriculture of fifty to one hundred years ago; instead it
requires of the farmer more knowledge of his farm’s ecosystem and its
place in his life and society’s.  In most cases, alternative farming implies
diversification rather than specialization (1993, 16).

 
Others from the ecological school of thought suggest that part of this

transformation away from a water-intensive approach should include the

reestablishment of the American bison and other native species and the develop of eco-

tourist attractions (see Buffalo Commons Thesis, Popper and Popper 1987; 1999).  Still

others see farmers and ranchers coming together to form next generation cooperatives

to market niche and branded value-added, organically produced products (Fund 1993).  

In either case, the future will see another mass exodus of farmers out of the High

Plains.  This time, however, the exodus will be permanent, as most center pivot

irrigation circles, packing houses, confined feedlot operations, and other water-intensive 

value-added agricultural production activities will move out of the region.  As a

consequence, so will the jobs associated with these economic activities.

Other researchers promote a “free hand of the marketplace” approach to address

the depletion of the aquifer.  The combination of market prices for grain, water level

declines, and energy costs will eventual cause the demise of most irrigation operations

(High Plains Study 1982).  From this perspective, water represents just another input

into the production process.  As the fixed (equipment and land) and variable cost (lift

and energy) for water increase, the cost of producing irrigated crops will outweigh its

benefits (Buller and Williams 1990), thus leading farmers to adopt other dryland

cropping practices or to reconvert fields to grazing land (Kromm and White 1992).  In

other words, the value of water is defined by its economic uses.  Given that the only

explicit costs for using aquifer water are energy and pumping and distribution

equipment, historically the costs of water are relatively low cost compared to the gains

in crop yields.  

Much like one would pump an oil well dry to extract the economic benefits, this
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perspective has given rise to phrases like “planned depletion.”  The idea of planned

depletion is an explicit admission that sometime in the future, it will no longer be

economically viable (or in some areas, hydrologically possible) to pump large volumes

of water for irrigation (SWKGMD 1999).  The market approach tends to hold out hope

for a technological solution to the problem, and assumes that better methods of

irrigation and/or higher yielding, water-conserving crop hybrids will be developed to

reduce the amount of water needed to irrigate crops (Conserving the High Plains

Aquifer 2000).

Conclusion

The development of the High Plains Aquifer has been, and will continue to be,

the key to economic future of southwest Kansas.  The corollary of this is that without

water, the economic future of southwest Kansas is rather bleak.  While the

transformation of the irrigation economy to dryland practices may save some farmers,

and the development of jobs in the “new information economy” may help some people

in urban centers (Center for the New West 1992; Docking Institute of Public Affairs

1998), these developments will not be enough to off-set the loss of value-added

agriculture.  The questions addressed in the next chapters are what is the current and

future value of the water for various economic activities, and what are some of the

available alternatives for conserving water and the associated costs for conservation. 
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 Chapter 3
Theory, Data, and Methodology

The historical development of the High Plains Aquifer frame the theoretical model

used in this study to assess the value of an acre foot of Ogallala water.  This chapter

shifts gears away from this history to outline the components of the hydroeconomic

model and the model’s data and methodological considerations.  By its very nature, this

discussion is technical in nature. 

Previous Research on the Value of Water 

This study is not the first nor is it likely to be the last analytical effort to estimate

the value of an acre foot of water.  Indeed, there have been numerous studies

estimating the economic value of an acre foot of water over the past few years. 

C In California during the 1991 drought, an acre foot of water was estimated at $25 

for agricultural uses and $400 for urban/industrial uses (Phillips 1998).

C Irrigation water in Colorado typically ranges between $9 to $103 depending on

the irrigated crop (Boggess, Lacewell, and Zilberman 1993)

C In the Texas High Plains in the early to mid 1990s, an acre foot of water went for

between $30 to $40 for agricultural uses, and up to $160 for industrial uses, and

up to $400 for municipal uses (Lacewell 1998, 14). 

C In the 1980s and 1990s, recreational water was valued at between $3 and $17

per acre foot (Boggess, Lacewell, and Zilberman 1993).

C Water supplied through the Big Thompson project in Colorado is being

transferred from “underutilized” farm uses, estimated to be worth about $40 per

acre foot, to urban uses estimated at $1,200 per acre foot. 

C Surface water for irrigation in Nebraska was valued at $83 to $115 per acre foot

in 1977.

Of the many studies of the economic value of water, the most comparable to this

study is the “Kansas’ Expert Reports in Support of its Claim for Money Damages for

Colorado’s Violations of the Arkansas River Compact 1950-94" (1998).  Using classic

cost-benefit analysis, the experts found that the value of Arkansas River water in 1998

dollars was an average $514 per acre foot for all uses (agriculture, manufacturing,

municipal). 



The Docking Institute of Public Affairs: The Value of Ogallala Groundwater  © 2001 Page 18 

Previous research suggests that the value of an acre foot of water varies

considerably depending on its use.  Agricultural uses tend to have a lower economic

value when compared to municipal and industrial uses.  The reason for this is

straightforward: 1,000 acre feet of water can grow 480 acres of corn or support the

recreational and economic activities of 5,000 people.  Irrigators, for example, in Finney

County in 1996 used about 338,000 acre feet of water on their crops, but municipalities

in Finney County used 5,200 acre feet, and value-added processing activities used

about 11,900 acre feet of water that same year (Analysis of Kansas Water Office data). 

The lower economic value of water for agricultural uses also reflects the low prices that

farmers receive for their commodities.  Taken together, previous research finds that the

value of water for general agricultural irrigation varies between about $25 and $40 per

acre foot.   

Theoretical Approach

This study uses an integrated theoretical perspective – the hydroeconomic model

– to describe the current economic situation in southwestern Kansas and a number of

possible scenarios relating to how these current conditions may be changed based on

the uniform application of four possible policy directives.  Figure 7 (also shown as

Figure 5) illustrates the hydroeconomic model.  For each section of irrigated land, the

model inputs data on climatic conditions, represented by variables like temperature,

rainfall, evapotranspiration; hydrology, represented by variables like saturated depth,

maximum saturated depth, and recharge; irrigated crop, represented by variables like

crop type (i.e., corn, alfalfa, beans, milo, wheat or fallow), irrigation method (i.e., flood vs

center pivot), and yields; and finances, represented by fixed and variable costs, lift, cash

flow, net present value, and profit.  Additional inputs into the model are soil types (good,

fair, and poor) and crop prices.  
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Figure 7:
Hydroeconomic Model for Ogallala Depletion Study
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The hydroeconomic model operates in the following manner.  In any given

section, in any given year, the model first examines whether the water necessary for

planting an irrigated crop is present.  If so, an irrigated crop is assigned to that section. 

The amount of water used to irrigate that crop is determined by the crop type, soil type,

and method of irrigation. Similarly, the fixed and variable costs associated with raising

that crop are largely determined by the irrigation method, lift costs, crop type, and soil

type.  The cash flow generated from the crop is a function of subtracting the fixed and

variable costs (taxes, mortgages, equipment, seed, fertilizer, etc) from the revenues

generated from the sale of the crop.  Revenues from the crop are determined by

multiplying together the yield per section (which is a function of soil type and crop type)

and the market price.  The information regarding water withdrawal is then applied to the

next year and this process is repeated for each section, each year, for 20 years.   The

model can also be used to calculate depletion rates, changes in saturated depth, cash

flows, and the net present value of the agricultural activities.  

Study Area, Sections, and Data

The study area for these analyses are the 12 counties that are wholly or partly

within the Southwest Kansas Groundwater Management District (SWKGMD).  Figure 8

shows these 12 counties.  
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According to the 1997 Agriculture Census, these 12 counties contain 5,958,160 acres of
farmland.  4,611,732 acres are classified as crop land and, of these, 2,855,073 were
harvested.  Of these cropland acres, 1,361,511 are irrigated cropland (USGS 1998).  

Due to data limitations (privacy rights), square mile sections are the unit of
analysis for this study.  We realize that fields do not often conform to these one mile
squares.  However, for purposes of this model, defining the exact location of each field
is less important than defining the amount of irrigated acreage in production and the
general location of these irrigated acres.  Wellhead data is used to help identify the
general location of the irrigated acres.  Once this determination has been made, the soil
suitability and permeability classes for each section are matched to the irrigated
sections as well as other types of information.       

The wellhead data suggests that there are 2,657 sections that were irrigated. 
Thirty-nine sections were eliminated from the study because the well data was
inconclusive, leaving 2,618 valid irrigated sections.  By dividing the 1,361,511 irrigated
acres by the 2,618 irrigated sections, the model assumes that about 520 acres per
section are irrigated through flood or center pivot irrigation systems.  This seems like a
reasonable average given
that four quarter section
center pivot systems
cover about 480 acres of
a 640 acre section while
flood irrigation covers
most of the section. 
Figure 9 shows wellhead
data from the Kansas
Water Office aggregated 
to the section level. 

Table 2
summarizes the data and
sources that are used in
these analyses.  For each
variable, the data were
either aggregated to the
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section level, or in the case of county agricultural data, disaggregated from the county
level to the section level. The method of aggregation used for each source of data are
discussed below.

Table 2:
Data and Sources

Data Set Data Items Sources

Aquifer data Extent
Upper surface height 
Lower surface height
Historical depletion

U.S. Geological Survey

Soil Data Suitability class
Permeability

U.S. Geological Survey
(STATSGO)

Well data Location
Pumping (gal/hr)
Pumping time (hrs/yr)

Kansas Water Office

Other Climatological and
Hydrology data

Precipitation
Precipitation minus
      evapotranspiration
Runoff 

National Oceanic and
Atmosphere Administration
Environmental Protection
Agency

Agricultural data Acres harvested
Yields per acre
Production methods
Production costs
Irrigation requirements
Irrigated acres

USDA Agriculture Census
USDA NASS
USDA Extension Publications
Kansas State University
Extension

Economic data Crop prices
Demographics
Government Crop Subsidies

USDA NASS
Kansas Statistical Abstract
Kansas State University
Agricultural Experiment Station
and Cooperative

Fixed Costs Per Acre Real estate taxes
Interest on land and well
Rent
Interest and depreciation on
machinery
Interest and depreciation on
irrigation equipment
Insurance

Kansas State University
Agricultural Experiment Station
and Cooperative

Variable Costs Per Acre Labor, Seed, Herbicide,
Insecticide, Fertilizers, Fuel and
Oil, Repairs, Crop Insurance,
Drying, Miscellaneous

Kansas State University
Agricultural Experiment Station
and Cooperative
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Vrecharge Vwithdrawal

Vhoriz

Aeration zone

Saturation zone

The Climatic and Hydrological Components: Methods and Data

The hydrological component is a recharge model, which uses climatic, water
withdrawal, hydraulic head, conductivity, and porosity data to calculate the recharge of
the aquifer (see Figure 10).  Water withdrawal is based on the water requirements for
each crop planted on a section, rather than reported pumping data. Based on this, the
model derives estimates for the saturated    Figure 10: Hydrological Component

depth at time t+1 as function of saturated
depth at time t, aquifer porosity, and net
volumetric balance (Vrecharge + Vwithdrawal + Vhoriz),
where: 
Vrecharge = f(precipitation, evapotranspiration,
runoff)
Vwithdrawal = f(crop type, irrigation type,
population)
Vhoriz = f(hydraulic head, hydraulic
conductivity).
This model assumes steady-state saturation
flow in the saturation zone and is based on a
simple equation of continuity (Freeze and
Cherry 1979).  The volume of water entering each cell from the side is balanced by the
recharge or withdrawal. The formula used to compute the level of depletion in this
component is: 
Depl =SatDep + ((100 / porosity) * (.1337 * crop water - ((5280 * hhead * conduct *

365.25 * 30 / 2500) + prechrge * (recharge / 12) * 5280 * 5280)) / (5280 *5280)). 
where: 

Depl =Depletion in feet
Satdep = Saturated depth 
crop water = Crop water used
porosity = Porosity and is a constant = 29 
hhead = Hydraulic head and is a constant=10 
conduct =  Hydraulic conductivity and is a constant=100 
prechrge = Proportion recharge and is a constant =.02 
recharge = Inches of recharge annually
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The values for hydraulic conductivity and porosity were chosen from the range of values
observed in the Ogallala Aquifer (Gutentag et al. 1984) and adjusted within that range to
produce reasonable depletion rates given current climate inputs.  The value for
hydraulic head is based on the change in elevation of the saturated depth over the
study region.  The proportion of recharge is the fraction of surface recharge that enters
the saturation zone based on typical surfaces and soils in the study region.  The other
constants in the formula are unit and time conversion factors.  Significantly, the
hydrological components of the model estimates water use only, it makes no
assumptions regarding water quality.

As Table 2 shows, data for the hydrological component of the hydroeconomic
model come largely from the USGS and the Kansas Water Office.   These data include
geospatial identifiers that allow them to be integrated into a Geographic Information
System (GIS) program (ArcView).  For purposes of these analyses, these data are
aggregated to the section level using algorithms in ArcView.  Figures 11 through 14
show maps of the climatic and hydrological data aggregated to the section level in the
study region. 
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Soils Data

Soils data represent an important
set of variables in this analysis.  As
noted in Figure 7, the quality of the soil
affects hydrology, irrigation
considerations, and crop yields.  Data
representing various suitability classes
and permeability were obtained from
the USGS.  These data were then
imported into ArcView and aggregated
to the section level. Figure 15 shows
the soil capability classes based on
these data.  The best soils for cultivation
have a classification of 1, while the worst
soils for farming are classified 6. The soil
types were grouped into three groups:
types 1 and 2, the best types of soil,
types 3 and 4, moderate soil, and types
5 and 6, poor soil.  
Irrigation/Crop Component: Methods and

Data

Data regarding cropping practices
on specific acres are considered
confidential by the USDA.  This
presented a number of problems for the analysis because there was no practical way to
identify which crops are planted on each irrigated section.  Moreover, because this
study projects 20 years into the future, confidential cropping practices presented
additional problems for predicting future crop planting practices.  To resolve this issue,
the study uses USDA crop survey data for each county for 1998 (USDA 1999) regarding
the percentage of irrigated land that was planted in corn, beans, milo, wheat, alfalfa,
and fallow.   Next, the study uses a uniform random number generation algorithm to
randomly assign the crops to each section in each county in each of the 20 years.  This
random selection process is then weighted by the percentage of crops types that were
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 Percentage of Irrigated Sections by Crop Type

160 11 18 105 38 0 332
48.2% 3.3% 5.4% 31.6% 11.4% 0% 100.0%

87 3 16 24 30 105 265
32.8% 1.1% 6.0% 9.1% 11.3% 39.6% 100.0%

74 2 24 82 15 10 207
35.7% 1.0% 11.6% 39.6% 7.2% 4.8% 100.0%

173 6 19 82 23 48 351
49.3% 1.7% 5.4% 23.4% 6.6% 13.7% 100.0%

20 1 3 7 6 0 37
54.1% 2.7% 8.1% 18.9% 16.2% 0% 100.0%

202 6 8 109 4 0 329
61.4% 1.8% 2.4% 33.1% 1.2% 0% 100.0%

92 0 4 22 26 9 153
60.1% 0% 2.6% 14.4% 17.0% 5.9% 100.0%

57 2 21 83 11 55 229
24.9% .9% 9.2% 36.2% 4.8% 24.0% 100.0%

28 1 8 33 4 45 119
23.5% .8% 6.7% 27.7% 3.4% 37.8% 100.0%

87 7 33 39 14 1 181
48.1% 3.9% 18.2% 21.5% 7.7% .6% 100.0%

109 1 9 87 2 25 233
46.8% .4% 3.9% 37.3% .9% 10.7% 100.0%

98 1 27 82 13 0 221
44.3% .5% 12.2% 37.1% 5.9% 0% 100.0%

1187 41 190 755 186 298 2657
44.7% 1.5% 7.2% 28.4% 7.0% 11.2% 100.0%

Sections
% within COUNTY
Sections
% within COUNTY
Sections
% within COUNTY
Sections
% within COUNTY
Sections
% within COUNTY
Sections
% within COUNTY
Sections
% within COUNTY
Sections
% within COUNTY
Sections
% within COUNTY
Sections
% within COUNTY
Sections
% within COUNTY
Sections
% within COUNTY
Sections
% within COUNTY

Finney

Ford

Grant

Gray

Hamilton

Haskell

Kearny

Meade

Morton

Seward

Stanton

Stevens

COUNTY

Total

Corn Soybeans Milo Wheat Alfalfa Fallow

Crop Assignment in Year 1

Total

planted in 1998 in each county.  Table 3 shows the crop assignments for each county in
the first year.  Because we use a random process to generate the crop assignments,
the percentages of crop types in each county vary slightly from year to year.  However,
this type of yearly variation can also be seen in the crop survey data (1986-1996). 

Table 3

These data show that corn is the most prevalent crop type, in most counties, followed
by wheat, fallow, milo, alfalfa, milo, and soybeans. 

It is important to note that common crop rotation methods are not reflected in the
these random crop assignments.  For example, alfalfa is generally grown in fields for up

to five years before rotating to another crop.  Under this model, alfalfa may be replaced
in the next year.   The model compensates for this problem by adjusting fixed and
variable costs to reflect the average costs for the field of alfalfa over multiple years as
opposed to only the first year (when the costs are higher due to cultivating, seeding and

other high cost production procedures). 
 Additionally, it was not possible to determine from the aggregated data the type

of irrigation system used in each section.  To resolve this problem, we once again used
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a random assignment method.  According to Kansas State University Agricultural
Experiment Station and Cooperative personnel, about one-third of irrigated acres use

flood irrigation, while the other two-thirds use some form of drop-head, center pivot
irrigation.  Given this, each section is randomly assigned an irrigation method weighted
so that one-third of the sections are flood irrigation and the remaining sections are drop
head, low pressure center pivot irrigation.  Based on the crop type water requirements

(Kansas State University Cooperative Extension Service crop “Production Handbooks”),
climatic conditions, soil conditions, and the irrigation method, the model then computes
the gallons of water withdrawn to irrigate each section.  These estimates are then
converted to acre feet. 

Finance Component: Data and Methods

The finance component is a standard net present value analysis of the relevant
cash flows associated with the crop, irrigation method, and lift distance for each section. 
Standard financial valuation techniques involve estimating the timing and magnitude of

expected future cash flows and then discounting them to the present using the
opportunity cost of capital appropriate for the risk associated with the project.  The
finance component uses the following data and methods to derive the estimates. The
analysis begins in 1998 and all cash flows are discounted back to 1998 constant dollars. 

Price Series
The model uses monthly Kansas prices from 1984 - 1996 to determine the mean

(average) price.  A regression of the price series indicated there was no strong trend in
prices over the long term.  In fact, after adjusting for inflation, corn and wheat were

essentially flat over the thirteen-year interval. Crop prices were the average Kansas
monthly price series for 1984 - 1996 (USDA NASS Prices Received by Farmers, by
Commodity, Monthly, by State, 1984-1996). Table 4 shows the series mean price and
standard deviation for each crop. 
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Crop Mean Price per Unit Standard Deviation 

Corn $2.465 .677 
Alfalfa $66.583 16.394 
Milo $3.808 1.107 
Soybeans $5.836 1.230 
Wheat $3.218 .884 

Table 4:
Price Series

Yields
The analysis uses yield estimates from KSU farm management publications

(Kansas State University Farm Management Guides). These publications provide

conservative yield estimates for center and flood irrigation methods controlling for the
quality of the soil.  These estimated average yields were then compared with the yields
reported in the 1997 Ag Census and the 1992 Ag Census for each county.  For
example, average corn yields for irrigated land ranged from a high of over 206 bushels

an acre for excellent soil in Haskell County to a low of 123 bushels an acre for poor soil
in Morton County.  Similarly, the average milo yields for irrigated land ranged from 113
bushels an acre for excellent soil in Finney County to less than 70 bushels an acre for
average to poor soil in the far western counties. 

Significantly, the model does not include estimates for higher yields that may
result from improved hybrid crop varieties.  While we feel confident that these higher
yielding crops will emerge, it is difficult to assess the increase in yields that will result.  It
is also difficult to assess an increase in the costs of seed, fertilizers, and other inputs. 

Recent history suggests that increases in yields are usually accompanied by higher
variable costs, thus offsetting any real gains for farmers’ bottom line.  For this reason,
the estimates produced by the model will accurately reflect the net cash flow, even with
the emergence of higher yielding crop varieties. 

Fixed and Variable Costs
The finance component uses fixed and variable cost estimates from Kansas

State University Agricultural Experiment Station and Cooperative “Farm Management
Guide” series.   Table 5 details the fixed and variable costs included in the model.
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Table 5:
Fixed and Variable Costs

Expenses Expense Items

Fixed Costs Per Acre Real estate taxes, Interest on land and well, Rent,
Interest and depreciation on machinery, Interest
and depreciation on irrigation equipment,
Insurance

Variable Costs Per Acre Labor, Seed, Herbicide, Insecticide, Fertilizers,
Fuel and Oil, Repairs, Crop Insurance, Drying,
Marginal lift expense, Miscellaneous

Fixed costs include all those costs that do not change as the quantity produced
changes.  For example, the cost of drilling a well, installing a pump and motor, and

installing an irrigation system are all fixed costs whether a crop is planted or not. 
Variable costs, on the other hand, increase with an increase in output.  The energy
costs and other operational costs of a well and irrigation system increase as the system
is operated for longer periods of time. The finance component controls for the lower

fixed costs associated with flood irrigation compared with center pivot irrigation.  It also
compensates for the lower variable costs associated with center pivot irrigation.  

The variable costs are those expenses that change by crop, soil type, and depth
to water. Marginal lift expenses are calculated from the water level at the first time point

(t).  As water is withdrawn in successive years (t+1, t+2) the saturated depth of the
aquifer declines, causing additional lift costs to be  incurred by the irrigator. The
additional lift costs include both the variable costs of increased operation, the
incremental fixed costs of more rapid wear and tear on the pumping equipment, and

both maintenance and replacement of pumps and irrigation equipment.
Cash Flow and Net Present Value

Because of the high levels of variability from one farm and farmer to another in
capital structure, income taxes, and individual income, the analysis focuses on the

irrigated land as a production enterprise.  This means that on the income statement the
model only considers earnings before taxes (EBT).  For purposes of the analyses, a
farmer’s cash flow at time t is defined by his EBTt.   A farmer’s revenue is computed:

Revenue=(Price * Yield)

Cash Flow (CFt) is computed by subtracting a farmer’s expenses from his revenues.
CFt = Rt - (FPCt + VPCt + MLCt) 
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Where:
Rt = Revenue at time t.
FPCt = Fixed Production Costs at time t.
VPCt = Variable Production Costs at time t.
MLCt = Marginal Lift Costs at time t.

Significantly, as every farmer knows, it is possible for CFt to have a negative, as well as,
a positive value.

The finance component of the model uses standard financial procedures to
calculate the net present value for each irrigated section.  Standard financial valuation
techniques involve estimating the timing and magnitude of expected future cash flows
and then discounting them to the present using the opportunity cost of capital

appropriate for the risk associated with the project.  This can be expressed in the
following relationship:  NPV = 3(CFt * (1 + kt)) –t.
Where:
NPV =Net Present Value of the irrigated section in  today’s dollars.
CFt = Cash flow at time t.
kt = The risk adjusted opportunity cost associated with the project at time t,

also termed the discount rate.
 3 = Sum of time t, t+1, t+2, . . t+20.

This microeconomic approach uses discounted expected cash flows to estimate the Net
Present Value of water.  The discount rate (kt) is set at 12%. This is average long term
rate of return from equity investments in the United States and thus, represents a
reasonable alternative investment for a capital holder.  A lower rate of return would have

the effect of making the value of the water for irrigation more negative.
The study is limited to a twenty year time frame starting in 1998 and all dollar

values are placed in 1998 constant dollars.  Thus, the time subscript has values ranging
between 1 and 20.  A simple reflection on the changes that have occurred over the past

twenty years shows that forecasting beyond twenty years is of limited value.
This model excludes income taxes, government transfer payments, and profit. 

The model, in its initial stages, focuses exclusively on the value of water to the
production process.  Later, when examining the consequences for the larger southwest

Kansas economy, the analysis addresses issues relevant to the importance of transfer
payments for economic impact.



The Docking Institute of Public Affairs: The Value of Ogallala Groundwater  © 2001 Page 32 

Consequences

The hydroeconomic model produces a number of consequences that are of

primary importance for this study.  Two consequences are especially important for the
economy of southwest Kansas.  The first is the effects of irrigation practices on the rates
of depletion.  As noted previously, the rate of depletion is based on the crop water
requirements, climatic conditions, soil conditions, and the irrigation method.  Using a

feedback loop, this data is then inputted into the next year’s model.  If the saturated
depth equals or exceeds the maximum saturated depth, the section is set at fallow. 
This simply reflects the reality that an irrigated crop cannot be planted unless water
levels are sufficient for irrigation.

The second consequence is the economic impact of the use of an acre foot of
water.  Based on estimated cash flows and expenditures, the model estimates the total
direct economic impact of an acre foot of water on the region of southwest Kansas. 

The analysis then estimates the multiplier effects.  These multiplier effects

include the indirect and induced economic impacts.  Indirect effects are defined as
additional goods or services that are bought or produced regionally to support the direct
effects. Induced economic impacts represent income received by regional businesses
that are a result of direct effects.  This income is recycled to regional residents through

wages and purchases.  In short, the total annualized economic impact of an acre foot of
water are derived by adding together the direct, indirect, and induced economic
impacts.   



4  So the model might assign corn to a particular section while the actual owner of that section might not
raise any corn.  However, the individual decisions that owners have made with regard to wells, irrigation
methods, and crops have been used as initial conditions and parameters.
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Chapter 4
The Economic Value of an Acre Foot of Water

Scenario 1: Modeling Current Practices

This chapter reports the findings for scenario 1. This scenario models the current
farming and water utilization practices in southwest Kansas over a 20 year time frame.

In reporting the findings from this application of the hydroeconomic model, the analysis
focuses on net present value, depletion rates, and changes in saturated depth.  After
reporting these findings, the analysis then reports the direct, and secondary (indirect
and induced) economic impacts on southwest Kansas economy, including the value of

an acre foot of water.  Chapter 5 reports the findings by applying the other four
scenarios of water utilization over the same twenty-year time frame.    
Hydroeconomic Model in Brief

The hydroeconomic model has three major components.  These are hydrology,

irrigation/crop, and finances.  The hydrology component is a recharge model.  It uses
climatic, water withdrawal, hydraulic head conductivity, and porosity data to calculate
recharge of the aquifer.  Water withdrawal is based on the water requirements of each
crop planted on a section, rather than reported pumping data.  From the well data we

identified 2,618 irrigated sections (39 sections were eliminated from the study because
of unreliable well data).  The water model focuses on water quantity, and issues of
water quality are not addressed in this study. In addition, none of the findings make
assumptions about the ownership of the irrigated land.4  

The irrigation/crop component maintains the current distribution of crops that are
randomly assigned to each irrigated section for each year of the 20 year study, subject
to the constraint that the well(s) assigned to the section produced sufficient water to
irrigate that crop. The crop model does not increase the number of sections of the

particular crop over the twenty-year study period.  
The finance component estimates cash flows for each section for each year. 

Because there is considerable variation between farming operations, the finance
component does not consider the cash flows that arise from non-irrigated operations,

nor does it initially consider the government transfer payments that might be associated
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with a particular section of irrigated farmland.  Rather, the finance component focuses
on the cash flows arising from the use of the irrigated land as an independent

production enterprise.  These cash flows are simply the revenues for each irrigated
section minus the expenses for that section.  

The finance component calculates the revenues by multiplying the crop price by
the crop yield.  The crop price is the average Kansas market crop price for that crop

from 1984 to 1996.  The crop yield is the average county yield for that crop on irrigated
land.  This crop yield is adjusted for soil type and irrigation practice.  The expenses for
each section consist of fixed production costs, variable production costs, and marginal
lift costs.  The fixed production costs are specific to the irrigation practice, either flood or

center pivot, and vary according to the soil type.  The fixed production costs include:
real estate taxes, interest, rent, depreciation, and insurance for land, machinery, and
irrigation equipment.  The variable production costs include:  labor, seed, chemicals,
fuels, repairs and maintenance, and crop insurance. The fixed and variable production

costs are from Kansas State University Farm Management Guides for 2000.  It is
important to note that although variable production costs are zero for land that is fallow,
fixed production costs remain even for fallow land.  The marginal lift costs are calculated
from the water level for the first time period, and include both the variable costs of

increased operation, and the incremental fixed costs of more rapid wear and tear on the
pumping equipment and both maintenance and replacement of pumps and irrigation
equipment. All dollar calculations are done using 1998 dollars.
Scenario 1: Initial Conditions

Scenario 1 models the current farming and water utilization practices.  In this
model, two-thirds of irrigation is by center-pivot methods, with one-third flood irrigation
methods. Table 6 summarizes the findings for this scenario based on crop type and
cash flow for the twenty-year period. 
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Table 6:
Scenario 1, Average Cash Flow by Crop

Crop Percent of
Sections

Average cash flow 
per section, per year

Corn 44.6 $-10,103.62
Soybeans 1.5 $-17,781.82
Milo 7.2 $13,397.18
Wheat 28.4 $-42,389.49
Alfalfa 7.0 $2,397.72
Fallow 11.3 $-44,786.70

It is important to note that corn is the dominant irrigated crop with nearly 45% of the total

irrigated acres.  Together, corn and wheat account for almost 75% of the irrigated acres. 
Whereas, milo and alfalfa account for less than 15% of the irrigated acres.  The table
shows that milo and alfalfa are the only two crops that have an average positive cash
flow over the twenty year period.  

Significantly, there was no soil type or county that generated positive cash flows
over the twenty-year period.  Annual cash flows per section by soil type ranged from $-
13,625 to $-26,106.  Annual cash flows per section by county ranged from $-2,801 to $-
47,197.  When we examined irrigated sections through time we found less than 10% of

the sections had a positive net present value for the 20 years estimated.  
Table 7:

Scenario 1, Net Present Value and Depletion

Scenario

Average Net
Present
Value per
Section 

Standard
Deviation –
NPV

Average
Depletion
Rate

Average
Change In
Saturated
Depth

Initial
Conditions $-150,000 $124,000 30.6% -53.9 feet

Table 7 shows that on average, irrigated land had a negative Net Present Value
(NPV) of $-150,000 per section (1998 dollars) over the twenty year study period.  The

standard deviation was about $124,000 per section, suggesting that there is much
variation in the NPV by section dependent on soil type, crop, and yield.  Significantly, for
more than 90 percent of the irrigated sections, the income from crop production was
negative. The average depletion rate for the study area was 30.6% for the twenty-year

period.  The average change in saturated depth was -54 feet. 
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Economic Impact of Irrigation Agriculture 
Because the value of Ogallala Aquifer water for irrigation, on average, is negative

for the irrigator, it is hard to see how the water can have a positive economic impact on
the region.  The answer lies in understanding that government subsidies, tax policies,
and farmer subsidies from other agricultural operations (dryland, confined feeding,
livestock) were not included in the finance component.  These additional cash inflows

must be large enough to make irrigated farming profitable.  Figure 16 depicts a
breakeven model for irrigators in southwest Kansas.  Without subsidies, irrigators are in
the loss region and over the long term will not survive.  With subsidies, irrigators have
sufficient revenues to pay the bills and at least, breakeven.

Figure 16
Breakeven Point for Irrigators

Direct Economic Impact

The direct economic impact measures the first round of spending for locally
provided goods and services.  From the perspective of the larger regional economy all

of the irrigator’s costs for locally purchased goods or services adds to the size of that
economy.  As discussed above, the revenues that allow the irrigator to make these
expenditures come from sale of crops, subsidies from other farm operations (for some),
and government subsides.  Thus:

E = Rcrops + Rfarm operations + Rgovernment subsidies

Where:
E = Expenditures
R = Revenues



1 This average value does not mean that all irrigated sections will have this value.  Rather, it means that a
typical (or average) section will have this value.  In fact, more than 1,738 of the 2,618 sections have
values between $ -26,000 and $ - 274,000.
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From the perspective of regional economic impact, revenues that come from outside the
local economy are a net gain to that economy because these revenues allow irrigators

to expend monies to remain in business.  In order to understand the impact of these
different sources of revenue on the economy, this analysis deconstructs the direct
impact expenditures in terms of the two major revenue streams: crops and subsidies
(both government and farm operations).   

When examining the entire region for the twenty-year study period, the average
net present value per section under the current conditions is $ -150,000 (standard
deviation = $124,000).1  This means that for the region the average net present value of
the subsidies to irrigators should be close to $150,000 per section for the twenty-year

study period.  Because the analysis involves 2,618 irrigated sections, it suggests that
the direct economic benefit to the local economy from external subsidies for the twenty-
year study period are about $392,700,000 in current dollars.  On an annual basis this is
approximately $19,635,000.  Additionally, there are the revenues that the irrigator

receives for the crops.  We estimate that the average net present value of the revenue
per section for the twenty-year study period under the initial conditions is $170,000
(standard deviation = $89,500).  Multiplied by the 2,618 irrigated sections, the direct
economic benefit to the local economy is about $445,060,000 for the twenty-year study

period. On an annual basis this is approximately $22,253,000.  Adding the direct benefit
from the sale of commodities and the direct benefit from subsidies provides an annual
total direct benefit from irrigation of $41,888,000 in 1998 dollars (see Table 8).

Table 8:
Direct Economic Impact

Source Annual Amount

Direct Impact from Subsidies $19,635,000

Direct Impact from Crop Revenues $22,253,000

Total Direct Impact $41,888,000



2The data do not allow us to estimate a multiplier for just irrigated agriculture.  Clearly, this multiplier is
larger than the overall agricultural multiplier (3.5) that we estimated.
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Secondary Economic Impacts

In addition to the direct economic benefits to the local economy from the activities

of irrigators, there are secondary (induced and indirect) economic benefits generated
through the “multiplier effect”.  The indirect impact can be explained as follows: because
of the local sales that occurred as a result of the direct impact, business establishments
in the twelve county area purchased additional goods and services from other local

sources in order to support the direct impact. The induced impact arises from the
income received by local business establishments as a result of the direct expenditures
of irrigators.  A portion of these receipts received by local businesses will in turn be
distributed to local residents in the form of wages, salaries, commission fees, and

profits.  A part of this distribution will in turn be used to make “second round” local
purchases, which in turn becomes additional income to local residents and thus sets off
a “third round” of expenditures, et cetera.  The data did not allow us to estimate these
secondary effects individually.

The question is what the multiplier effect should be for irrigation?  Some have
argued for a multiplier effect from agriculture of 2.3 times (“Determining the value of
water” The Great Plains Symposium 1998:  The Ogallala Aquifer). However, we know
that without irrigated farming most of the additional economic development in the past

thirty years would not have occurred in southwestern Kansas.   An analysis of the total 
economy for agriculture in southwest Kansas counties suggests that the total economic
multiplier for agriculture ranges from 12.5 to .3 depending upon the county.  This
variation reflects the fact that some counties have very little economic activity beyond

agriculture, while others have a much larger value-added agricultural economy that
relies on agriculture.  This analysis suggests that the multiplier for agriculture in the
entire region of about 3.5.  This estimated multiplier is somewhat higher because of the
rather isolated nature of the southwest Kansas economy and the degree to which it is

vertically integrated.2 
With an estimated multiplier effect of 3.5, for every dollar of direct spending by

farmers and ranchers, $3.50 of additional business activity will ultimately be generated
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in the SWKGMD area.  These secondary effects approach $3 billion over the twenty-

year study period, or $146,608,000 annually.

Table 9:
Secondary Impacts of Irrigation Agriculture

Economic Impact Annualized 20 Year Study Period 

Direct $41,888,000 $837,760,000

Secondary $146,608,000 $2,932,160,000

Total $188,496,000 $3,769,920,000

The total economic benefit to the SWKGMD area economy is the sum of the

direct impact and the secondary (induced and indirect) impacts.  For the twenty-year
period of this study those benefits are estimated at $837,760,000 and $2,932,160,000
respectively.  Thus, the total economic benefit from irrigation in 1998 dollars is
estimated at $3,769,920,000 for the twenty-year study period.  On an annual basis the

total economic impact on the SWKGMD area from irrigation is estimated at
$188,496,000 in 1998 dollars.  The size of the total annual economy in the SWKGMD is
about $2.18 billion.  Thus, approximately 9 percent of this economic activity can be
attributed to irrigated farming.  It is likely that if more accurate data existed we would

find the impact of irrigation on the economy of SWKGMD is considerably more than 9
percent.

Table 10 summarizes these findings and shows the regional economic value of
an acre foot of Ogallala Aquifer water used for irrigation.  While the direct impact is

about $18 per acre foot, once secondary economic impacts are calculated, the value of
an acre foot of water is over $80.

Table 10:  Value of Acre Foot of Water for Irrigation

Economic Impact Acre Feet
Annualized

Impact
Economic Impact

Per Acre Foot

Direct 2,345,353 $41,888,000 $17.86

Secondary 2,345,353 $146,608,000 $62.51

Total 2,345,353 $188,496,000 $80.37
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Finally, there is the question of economic impact beyond the present study area. 
Clearly, irrigated farming and the subsequent economic activity in the SWKGMD have

an economic impact on the State of Kansas.  Leatherman and Howard (2001, 3)
suggest that on an aggregate, statewide basis “a reasonable economic multiplier to use
would be about 2.0.”  If one uses their multiplier, then the economic impact from
irrigated farming in the SWKGMD on the State of Kansas is probably around $375

million dollars on an annual basis.
Economic Impact of Other Sectors

An important question is what is the value of an acre foot of water for other
economic sectors in the region.  Two of the largest users of water in the region are

livestock operations and municipalities.  We estimated the economic value of an acre-
foot of water for livestock operations by first calculating  the amount of water needed for
the livestock industry in the district.
Waterlivestock = Number of animals * Daily water requirement * Days to slaughter 

After calculating the water required for livestock (almost 72,000 acre feet), we estimate
the amount of economic revenues associated with the sale of livestock.   On an
annualized basis (1998 dollars), the amount of revenue generated in the region from the
sale of livestock is about $35.7 million (see Table 11).

   To examine the impact of municipal use, we first calculated the amount of water
used by the major cities in the region (Garden City, Dodge City, and Liberal).   Second,
we  calculated the amount of revenues generated from the sales of the water by the
cities.

Table 11:  
Value of Acre Foot, Municipal, and Livestock Operations, and Agriculture

Source Acre Feet
Annualized

Impact
Direct Economic Impact

Per Acre Foot

Livestock
Operations 71,669 $35,704,779 $498.19

Municipal (Garden
City, Dodge City,
and Liberal) 16,312 $7,483,456 $458.77

Agriculture 2,345,353 $41,888,000 $17.86
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Table 11 shows the findings from this analysis in comparison to irrigation
agriculture.  Livestock operations generate a direct impact of about $500 per acre foot,

while municipalities generate over $450 per acre foot.  By comparison, the direct impact
of an acre foot of water for irrigation is almost $18.  Even adding together direct and
secondary impact for agriculture, the value is approximately $80 per acre foot (see
Table 10).  This reflects the reality that it takes much water to support the economic

benefits of irrigation agriculture.  Moreover, it also shows that not all uses of water have
equal economic value.  



TOBY DOUGHERTY, CPM, CITY MANAGER 
PAUL BRISENO, ASSISTANT CITY MANAGER 

P.O. BOX 490 
1507 MAIN STREET 
HAYS, KANSAS 67601-0490 

TEL 785/628-7320 
FAX 785/628-7323 
www.haysusa.com 

March 28, 2014 

David Barfield, P .E. 
Chief Engineer and Director 
Division of Water Resources 
Kansas Department of Agriculture 
109 SW 9th Street, 2nd Floor 
Topeka, Kansas 66612-1283 

Dear Mr. Barfield: 

CITY COMMISSION 

KENT STEWARD, MAYOR 
HENRY SCHWAllER, IV 
EBER PHFli'S 
SHAUN MUSIL 
RON MEllJCK 

The City of Hays Governing Body declared recently that the City of Hays is in a Water Warning. 
A Water Conservation Plan was updated with KWO assistance, and approved by the Governing Body on 
March 27, 2014. The new WCP added language to request from the Chief Engineer the permission to require 
private domestic wells used for irrigation in the city to follow the same water restrictions as other Hays 
residences. 

For your convenience, excerpts from: 

Municipal Water Conservation Plan 
For the City of Hays 
March 27, 2014 

DROUGHT RESPONSE 
Regulation Actions Stage 2 
These regulation actions apply to City of Hays' residents (including private domestic well users, if authority is 
delegated by the Chief Engineer, Kansas Division of Water Resources, under K.S.A. 82a-733(i)). 

I) Enact the Sec. 65 "Conservation Tier 2-Water Warning or Water Emergency" water rate. 
2) City will no longer approve connection of new lawn meters or upsizing of meters for irrigation purposes. 
3) City will no longer authorize new connections to the potable water system for properties located outside the 

city limits. 
4) City will stop issuing permits for newly seeded/sodded lawns, benefit car washes, washing houses, washing 

of hard surfaces. 
5) Outdoor Water Use, including lawn watering and car washing will be restricted to before I 0:00 a.m. and 

after 9:00 p.m. as authorized under the Water Drought/Emergency Ordinance. 

Please provide a letter similar to the following that indicates: 

mcampbell
Rectangular Exhibit Stamp



The Chief Engineer, Kansas Division of Water Resources, delegates authority that beginning 
April 1, 2014, the Water Warning regulations in the City of Hays Water Conservation Plan, apply to City 
of Hays' residents (including private domestic well users, under K.S.A. 82a-733(i)), until the Governing 
Body of Hays removes the Water Warning. 

Note: If Hays' experiences an undesirable continued drought to a point that the Governing Body is compelled to 
declare a Water Em ency, Hays will, at that time, ask the same for the duration of the declared Emergency. 

Toby Do tty 
City Manager 
CPM, ICMA-CM 
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I1AV1:D L. POPE, CHIEF ENGINEER-DIEECXOR 
D M S I O N  OF WATER RESOURE 

i KANSAS STATE BOARD OF A G F U C U L r n  

I N  THE l4ATER OF THE DESIGNATION OF 
AN INTENSIVE C ; R O ~ T E R  USE CONTROL AREA 

IN HAYS, KANSAS, AND THE IMMEDIATE AREA 

The Chief Engineer-Director, Division of Water Resources, Kansas State 

Board of A g r i c u l t u r e ,  af ter  having given due consideration t o  evidence, testi-  

mony and other information presented t o  h i m  a t ,  or a s  a result of, the hearing 

held in Hays, Kansas, on May 30, 1985, regarding the proposed designation of the 

City of Hays, Kansas, and the immediate area, as an intensive groundwater use 

control area, makes the following findings, conclusions and order: 

FINDINGS 

1. That by l e t t e r  dated February 15, 1985, M r .  Ken Carter, c i ty  manager, City 

of Hays, informed David L. Pope, Chief Engineer-Director, Division of Water 

Resources (hereinafter referred t o  as the ggChief Engineergg), that  a t  a 

regular meeting of the ci ty  cormnission of the City of Hays on February 14 ,  

1985, a motion was unanimously passed requesting the Division of Water 

Resources (hereinafter referred t o  as the ggIgWRgg), t o  ini t ia te  proceedings 

t o  designate an intensive groundwater use control area in the City of Hays 

and in a small area surrounding the city; that  the purpose for the request 

w a s  designed t o  ggsolelygg address the issue of private water wells and their  

usage for outside discretionary activities. 

2. That in  February 1985, based upon information in  the f i l e s  of the office of 

the  Chief Engineer, it appeared t h a t  preventable waste of water was 

occurring, or may mcmr,  within the area in  question and other conditions 

existed within the area in question w h i c h  required regulation in the public 

interest. 

3. That i n  accordance with the  provisions of K.S.A. 82a-1036 through 

K.S.A. 82a-1040, the Chief Engineer may upon his own initiative, ini t ia te  

proceedings for designation of an intensive groundwater use control area 

(hereinafter referrad t o  as a ggcontrol areagg) whenever he or she has reason 
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to believe that preventable waste is occurring, or may occur within an 

area, or conditions exist within an area in qgestion wh ich  require regula- 

tion in the public interest. 

4. That on February 26, 1985, the Chief Engineer issued a findings and order 

initiating the proceedings for designation of a control area within the 

City of Hays and the immediate area; the immediate area is defined to mean 

that area outside the corporate limits of the City of Hays and within the 

area described below: 
$ 

That part of Section 20, Tawnskip 13 South, Range 18 West & 
lying East of Highway 183 Alternate and South of Interstate 
70; 

Those parts of Sections 
South, h e  18 West, lying South of Interstate 70; 

The West one half of Section 35, Town&u 'p 13 South, Range 18 
West; 

tk 
The West one half of Section 2, Township 14 South, Range 18b)( 
West : 

JT 
All of Section 3, m i p  14 South,, Range 18 West; * 

y 
Those parts of sections 4 and 5, Township 14 South, Range 18 
West lying North of Highway 183 Alternate; *@ d ,  Those parts of Sections 29 and 32, 

C 
' p 13 South, Range 

18 West lying East of Highway 183 Alternate; 

all in Ellis County, Kansas, 

a total of 9.9 square miles, more or less. 

5. That on April 25, 1985, notice of hearing was sent to every water right 

holder of record and all known landowners within the boundaries of the 

proposed control area but outside of the corporate boundaries of the City 

of Hays. Notices were also sent to the Kansas Register, The Hays Daily 

News, and various governmental officials, state agencies, and members of 

the Kansas Water Authority. Notice of hearing was also sent to all 

custamers of water, sewage and refuse services of the city of Hays. The 

notice stated that a public hearing would be held at 9:00 a.m. on Thursday, 

May 30, 1985, at the Auditorium of the Fort Hays State University Ekperiment 

Station, Hays, Kansas, at which time all interested parties would have an 

opportunity to be heard regarding the proposed designation of a control 

area. 

6. That on May 30, 1985, a public hearing was held at the time and place set 

forth in the notice of hearing. 

7. That Laren Dinkel, Water and Sewer Plant Superintendent for the City of 

Hays (hereinafter referred to as 'Ithe city1!) , testified that he had heard 



an estimate made of the number of private water wells in the ci ty as being 

around 1,500 in 1978 or 1979; that Mr.  Dinkel also testified that the city 

obtains its water f r m  well fields i n  the Smoky H i l l  River Basin and Big 

Creek Basin. 

8. That Leo Wellbrock, Public Works Director for the city, testified that the 

current water problem facing the city is t o  meet demand rates w i t h  the 

available supply; that during the l a s t  eight t o  ten years the city has had 

problems meeting demands during hot dry weather periods; that the problem 

has increased since May 1984 when the IMR declared an intensive groundwater 

use control area in the Smoky H i l l  River Basin which reduced the amount of 

water the city could pump fran its wells in that basin. 

9. That M r .  Wellbrock testified that on a continual basis he has observed 

evidence of waste of water such as water flowing along street gutters, 

water sprinklers being adjusted t o  include driveways, sidewalks, and a t  

times even the street surfaces, lawns being watered during rain periods or 

shortly after a sufficient rainfall, watering of lawns on a daily basis and 

during t imes  of extreme heat and the washing of vehicles w i t h  hose running 

wide open. 

10. That M r .  Wellbrock read a l e t t e r  dated April 11, 1985 from Terrence 

L. Mannell, E l l i s  County Extension Horticulture Agent, addressed t o  Ken 

Carter, City Manager, concerning lawn irrigation; that Mr. Mannellls le t te r  

stated that frequency of watering, the amount of water applied, and the 

time of day the lawn is watered a l l  play an important part in both managing 

a healthy lawn and conserving water; that said le t te r  stated that one inch 

of water per week during the summer is the requirement for cool-season 

grasses such as bluegrass and fescue; that a good soaking once a week w i l l  

develop a good lush lawn w i t h  good drought tolerance, that frequent shallow 

irrigation not only causes a poor rooted turf, but wastes water, and that 

the morning hours f m  5:00 a.m. t o  1 0 : O O  a.m. are ideal for lawn irrigation 

t o  maintain a healthy lawn and conserve water. 

11. That M r .  Wellbrock also testified that he has no way of knowing whewer the 

outside waste of water was due t o  private water wells or the ci ty system; 

that the city has no records of who has private water wells. 

12. That Ken Carter, City Manager, testified that residential water use peaks 

during the four summer months when people would be doing such things as 

outside lawn watering, washing cars, and watering shrubs and trees; that 



the peak is higher during the m e r  in years when annual precipitation is 

lower.  

13. That Mr. Carter also testif ied that the city does not presently have any 

regulation concerning private water wells; that he did not know how many 

private water wells w e r e  w i t h i n  the city but that he had heard estimates of 

from 500 t o  2,500; t h a t  while the city has authority t o  regulate and 

control water users on the ci ty  water system, it has no authority over 

private water wells. 

14. That Mr. Carter testif ied that the reason the ci ty  ~arrrmission requested the 

control area was that it would have t o  impose same pretty stringent conser- 

vation measures t o  l ive within the limitations on its Smoky Hill River Basin 

well f ield and that i f  two individuals l ive side-by-side and one is on ci ty  

water and the other has a private water w e l l ,  it could enforce its regula- 

tions against the ci ty  water user but could not do anything t o  the one with 

the private water well; that  the d s s i o n  f e l t  as a matter of fairness and 

equity private water wells should also be regulated. 

15. That Mr. Carter testif ied that the City C d s s i o n  has been working on a 

water conservation plan, a draft of whi& was submitted for the record. 

16. That Mr. Carter testif ied that it would be helpful for the ci ty  in enforcing 

its conservation plan i f  it knew where the private water w e l l s  were located. 

17. That James Bagley, an engineer on the staff of the IMR, testif ied that 

according t o  records the IMR obtained f m  the Kansas Department of H e a l t h  

and Environnmt, a total  of 356 water wells had been reported as having 

been drilled w i t h i n  the boundaries of the proposed control area fran 1974 

through 1984. 

18. That a publication of the Kansas State University Cooperative Extension 

Sewice entitled 'Watering Y o u r  Lawn" was fllbmitted for the record; that  

said publication states that  early morning is the best time t o  water lawns 

because the, cool a i r  tenperatwe rrakes it the most efficient time fran a 

water use standpoint and wind is least  likely t o  alter the distribution 

pattern, and that the disadvantages of rid-day watering are that  evaporation 

is greatest and strong winds are more likely. 

19. That N e i l  DeWerff, Greens Superintendent a t  the Smoky H i l l  Country Club ,  

testif ied that said country club has bluegrass fairways and that  most of 

the watering is done a t  night; that it is not feasible t o  soak the golf 

course down one day a week; that it is better t o  water nightly and use a 



lighter irrigation to avoid problems of ampactiok and runoff; that the 

rmchmn amount of water applied to the fairways is about one-sixth of an 

inch per night, or a total of one and one-sixth of an inch per week; that 

the greens take a little more water and that they are watered only at 

night. 

20. That John Ratzlaff testified that he believes time of day lawn watering 

restrictions, such as no watering between 12:OO noon and 7:00 p.m., would 

be a step in the right direction and that such restriction should apply to 

every water user, including private water well owners; that he also testi- 

fied that, on the basis of a statistical study of evaporation which he 

conducted, the amount of evaporation which occurs when the maximum tempera- 

ture is 100 degrees Fahrenheit is about three thes the amount when the 

maximum temperature is 70 degrees Fahrenheit; that in addition, when 

humidity is low and wind speed is relatively high, the increase in evapora- 

tion can be much greater. 

21. That James Bieker, owner of Kraus Pump and Supply, testified that there was 

very easily 2,000 or more private water wells in the city in his opinion; 

that his company has drilled close to 100 domestic wells in the Hays area 

since last year and part of this year. 

22. That Anthony P. Bollig testified that he thought the city should pass an 

ordinance that water should not be allowed to run down the streets whether 

frm private wells or the city system and that there be no watering after 

12: 00 noon; that private well owners should be left alone, except the ones 

wasting water. 

23. That Me1 Karst, President of Karst Water Well Drilling in Hays, testified 

that his company had drilled hundreds of wells in the Hays area and serviced 

hundreds more; that last year his campany drilled nearly 100 wells in the 

Hays area and that there are probably more being drilled than are reported 

to the Kansas Department of Health and Environment because private individu- 

als can drill them with little hand rigs; that he estimated there are 1,500 

wells in the city now. 

24. That the following individuals testified that they were essentially 

opposed to the control area: Darrell G. Seibel, Dave Brown, J h  Tuttle, 

James Bieker, JoAnn Jennings, Marcellus Schmidt, Brent Spaulding, Ozie 

Meckel, Me1 Karst, and the Smoky Hill Country Club; that the reasons given 

for opposing the control area included: it would reduce the market value of 



development properties, it would adversely affect certain businesses, 

private wells are helping reduce the demand on the city system, other 

alternatives should be considered first, unnecessary government regulation 

should be avoided, and the state already regulates the wells at the Smoky 

Hill Country Club. 

25. That the Chief Engineer directed that the formal record of the proceeding 

would remain open for a period of ten days following the hearing so that 

anyone who wished could submit additional data or statements for the 

record. 

26. That a letter dated May 31, 1985 fran Dave Van Doren, President of Van 

Doren Industries, Inc. in Hays, was received in the office of the Chief 

Engineer on June 5, 1985 ; that Mr. Van Dorenls letter stated that if 

private water wells were limited to the number of days they nkiy be used for 

irrigation, it may cause a real hardship on a few households in Hays which 

use water-cooled mressor-type air conditioners or heat pmps where the 

water wh ich  exits the air conditioner is not returned to the aquifer but 

rather is sprinkled upon the lawn; that therefore he requested that an 

exception be made for those situations if limitations were imposed on all 

water users in the proposed control area. 

27. That K.S.A. 82a-705a provides in pertbent part: 

"The use of water for domestic purposes instituted 
subsequently to June 28, 1945, to the extent that it is 
beneficial, shall constitute an appropriation right. The 
d e f  engineer, however, may require any person using water 
for any purpose to furnish information with regard to such 
use thereof. I' 

CONCIXJSIONS 

1. That there is inadequate information on the n m k  and locations of domestic 

water wells within the proposed control area, and that the locations and 

uses of all dcaestic water wells within said area should be determined. 

2. That conditions exist within the proposed control area that require regula- 

tion in the public interest. 

3. That watering of lawns, gardens, trees, shrubs and other similar outdoor 

vegetation at a time when high teqeratures, strong winds and high solar 

radiation exist causes excessive evaporation w h i c h  is considered to be 

preventable waste. 

4. That an intensive gromdwater use control area should be established within 

the area as set forth in   in ding No. 4. 



ORDER 

NOW, THEBEFORE, It is the decision and order of the Chief Engineer-Director, 

Division of Water Resources, Kansas State Board of Agricultu~e, that an 

intensive groundwater use control area should be and is hereby established 

within the area set forth below, and the following corrective control provisions 

shall be in full force and effect within the area described frm and after the 

date of this O r d e r :  

1. The area to which this order relates is the area within the corporate 

boundaries of the City of Hays, Kansas arid the immediate area. The 

immediate area is defined to mean that area outside the corporate 

limits of the City of Hays and within the area described below: 

lhat part of Section 20, Township 13 South, Range g( $\ 
18 West lying East of Highway 183 Altemate and 
South of Interstate 70; 

# *  Those parts of sections 21, 26, 27 and 28, & \  
Tamship 13 South, Range 18 West, lying South of 3t 
Interstate 70 ; 

The West one half of Section 35, Townskip 1 3 w  JZ 
South, Range 18 West; 

The West one N f  of section 2, Township 14 South,$ P Range 18 West; 

All of Section 3, Tamship 14 South, Range 18g 4 
west ; 

24 Those parts of Sections 4 and 5, 
& 

'p 14 
South, Range 18 West lying North z g h w a y  jd 
183 Alternate; 

$ Those parts of Sections 29 and 32~Township 13 
South, Range 18 West. lying East of Highway 'LX 
183 Alternate; 

all in Ellis County, Kansas, 

a , total of 9.9 square miles, more or less, which includes 
that area within the corporate limits of the City of 
Hays, Kansas. 

2. That all domestic water wells in existence at the time of this Order 

within the control area shall be registered with the office of the Chief 

Engineer-~irector on or before August 5, 1985 or within any authorized 

extension of time thereof. That all domestic water wells which may be 

constructed within the control area after the date of this O r d e r  shall 

be registered with the office of the Chief Engineer-Director within 30 

days of the date of campletion of the same. Water wells within the 

control area which are authorized by a vested right order or a permit to 

appropriate water for beneficial use are considered to be registered 

within the meaning of this section. 
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3 .  That the use of registered water wells shall not be subject t o  the 

mandatory provisions of any water conservation plan adopted by the 

City of Hays, except as provided in  paragraph 4 below. That the use of 

water wells which have not been registered as se t  forth in  paragraph 2 

above shall be subject t o  the mandatory provisions of any water conser- 

vation plan properly adopted by the City of Hays, and approved by the 

Chief Engineer-Director, unti l  such time as they are registered. 

4. That the Chief Engineer-Director reserves the right t o  ban, or allow the 

City of Hays t o  ban, the use of wells t o  water lawns, gardens, trees, 

shrubs and other similar outdoor vegetation during the hours of 12  : 00 

noon through 7:00 p.m. daily f r m  June 1 through September 30 inclusive 

each year, should information show that well users are not voluntarily 

avoiding the watering of such vegetation during times of high temper- 

ature,  strong winds and high solar radiation which results i n  the 

occurrence of preventable waste of water. 

5. That the Chief Engineer-Director specifically retains jurisdiction in 

this matter w i t h  authority t o  make such changes in the boundaries of 

the intensive groundwater use control area or the corrective control 

provisions which have been instituted or any other provisions of this 

Order, and t o  hold any subsequent hearings in the matter of the control 

area or the corrective control provisions, which he or she may deem t o  

be in the public interest. 

Dated a t  Topeka, Kansas, this 3 r d  day of July, 1985. 

David L. Pope, P.E. 
Chief Engineer-Director 
ision of Water &sources 
State Board of Agriculture 

State of Kansas ) 
1 ss 

County of Shawnee) 

The foregoing instrument was admowledged before me t h i s  3 r d  day of July, 
1985, by David L. Pope, P.E., Chief Engineer-Director, Division of Water 
Resources, Kansas State Board of Agriculture. 

A Q  , LCkcks, 
Nd&cy Public 

\ \s%b 
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Section 1. Executive Summary 

The City of Russell is located in an arid climate where the evaporation rate exceeds the 

average annual rainfall.  Because of the climate in this region of the state, there is a continual struggle 

to provide a water supply that can adequately sustain the normal municipal water usage.  The City of 

Russell has been proactive over the last several decades trying to both sustainably manage their 

existing water supply, and searching for more water.  This report discusses some of those past 

efforts to identify a water supply that can reliably support the City’s current and future demands.  

The alternatives that have been considered include: 

1. Cedar Bluff Reservoir to Pfeifer Well Field 
2. Cedar Bluff Reservoir to Big Creek Intake 
3. Saline River Alluvial Water and Desalination 
4. Smoky Hill River Alluvial Water Near Pfeifer Well Field 
5. Smoky Hill River Alluvial Water Southeast of Russell 
6. Big Creek Alluvial Well Field 
7. Northwest Reservoir 
8. Fossil Lake Reservoir Extension  

 
A description of each possible water supply are discussed to help isolate the best possible water 

supply for the City.  The intent is to identify a water supply that will help supplement the existing 

water rights that Russell has access to.     

The State regulators have also taken a proactive approach in managing the water rights for 

the City.  Russell has access to 5,814 acre-feet of water; however, the Division of Water Resources 

(DWR) has limited Russell to 1,840 acre-feet (600 MGY) on an annual basis.  Even though the City 

has more than adequate water rights for their estimate future demand of 2,748 acre-feet (895 MGY) 

the restrictions placed on them by the DWR, will require the City to find a new water source. 
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The City also faces another critical issue with their water supply.  Even if the water rights 

were not restricted by DWR the City would struggle supplying water for an extended time during 

the hot summer months because of a lack of water in the region.  The Big Creek intake typically has 

little water available because the Big Creek frequently runs dry.  The Pfeifer well field is capable of 

supplying the water demand for a short duration, but could be permanently damaged if the demand 

increases too much.   

The City has been able to manage the two main water sources effectively, but they have also 

been highly restricted over the last 12 years as the City has endured several water warnings and water 

emergencies.  The ability to develop a new water supply would increase the City’s capability of being 

able to sustainably supply all customers with water even during the summer months. 
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Section 2. Introduction 

The City of Russell, Kansas is located in Russell County and is the county seat.  The town 

was established in 1872 in western Kansas and has approximately 4,500 people within the city limits.  

The City’s population peaked at 6,483 in 1950.  Since 1950 the population declined and has been 

stable for the last 30 years.  Russell is located in an arid climate that does not receive sufficient 

rainfall to recover the water loss caused by evaporation.  On average Russell County receives 24 

inches of rainfall and has an evaporation rate of 55 inches per year.  Because of the current climate 

conditions and many other factors the City has struggled to identify a water supply that would 

provide sufficient capacity to meet the typical demands of the community. 

City is currently updating the water conservations plan that identifies the three stages of 

water conservation.  The intended purpose of the water conservation plan is to help manage the 

existing water supply and make the diminishing water supply more sustainable.  Stage 1, water 

watch, is the least restrictive and is intended to heighten awareness to the community.  The Stage 2 

water warning plan is to reduce the overall consumption to decrease the impact on the water supply.  

Stage 3, water emergency, the most restrictive helps residents and businesses understand the need to 

reduce their water consumption as much as possible.  Over the last 11 years the City has been in 

stage 2 or stage 3 for 8 years.  The City is recently came out of a stage 3 and is currently under stage 

2 awareness.   

Bartlett & West was asked to review previous completed research, historical water usage 

information, and other documents to provide a determination of the best water supply alternative.  

The City has conducted or has been involved with several water supply studies over the last several 

decades.  Alternatives discussed in this report include expanding their existing water supply in the 

Smoky River Alluvium, develop wells near their Big Creek surface water intake, identifying the best 
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method to use their current Cedar Bluff water supply, developing a new water source along the 

Saline River alluvium, and developing a new reservoir. 

The purpose of this study is to help the City relieve the need to be in a continual cycle of a 

water emergency.  These water restriction could also have a negative impact on the growth of the 

community.  It may limit the ability for new industry to come to town and may affect the willingness 

for people to move to the City of Russell.    
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Section 3. Water Use Summary 

3.01 Existing Demand 

Historical water demand criteria are necessary to develop a future demand projection.  The 

City of Russell provided Bartlett & West with the past 10 years of monthly water usage.  The 

historical water use information provided a good baseline on the water trends occurring in the City.  

Table3-1 summarizes the water usage trends from 2004 to 2013.   

Table 3-1 – Historical Water Use Data 

Figure 3-1 on the following page shows the trend of water usage over the last 10 years.  

Since 2004, the water usage has decreased in correlation with water warnings and then water 

emergencies. 

Year 
Active 
Meters 

Population 
Est. 

Raw Water 
Diverted 
(MGY) 

Industrial 
Usage 
(MGY) 

Residential/ 
Commercial 

Usage   
(MGY) 

Free Metered 
Water               
(MGY) 

Water 
Loss           

(MGY) 
% Water 
Loss 

2004 2,379 4,500 483 228 154 20 81 17% 

2005 2,388 4,461 477 223 147 19 88 18% 

2006 2,370 4,371 374 172 134 18 50 13% 

2007 2,360 4,280 295 139 128 19 20 7% 

2008 2,360 4,280 323 115 122 19 66 21% 

2009 2,362 4,200 376 144 123 19 89 24% 

2010 2,416 4,150 398 147 125 20 106 27% 

2011 2,406 4,124 373 134 131 22 86 23% 

2012 2,462 4,570 387 139 120 23 105 27% 

2013 2,442 4,570 255 85 108 18 49 19% 

AVG. 2,395 4,351 374 153 129 20 74 20% 
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Figure 3-1 – Historical Water Usage Data 
 

The total raw water diverted to the City from both Big Creek and the Pfeifer well field 

decreased over 47% from 483 MGY (1,483 acre-feet) in 2004 to 255 MGY (783 acre-feet) in 2013.  

This significant decrease in water usage was cause by two water emergencies issued by the City.  The 

first water emergency in the last ten years happened in 2007 and was preceded by three years of 

water warnings.  The residents and businesses in the City of Russell responded positively during this 

water crisis by reducing their usage nearly 40%.  After the water emergency ended in 2008 water 

usage gradually increased until 2011 when the City had to enter into another water warning for one 

year and then issue a water emergency in 2012 and 2013.  The people that live and work in the City 

of Russell have responded to the City’s warnings on their water supply and have significantly 

reduced their water consumption.  The majority of the reduction was caused by the industrial sector 

connecting to the Post Rock water system.  The industrial sector was able to reduce water 

consumption from the City by 63% over 10 years.  The residential/commercial sector was able to 

reduce their water consumption by 30% over the same time period.   
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To help further understand the impact that the industrial sector has on the city’s water 

supply water data was compiled for the last 23 years to identify any trends.  In a previous report 

completed in October 2003 by Bartlett & West, the average daily water usage was compiled from 

1990 to 2002.  The annual water usage from the 2003 report and the information that the City 

provided for this report is shown in Table 3-2. 

Table 3-2 – Average Daily Water Usage    

YEAR 

WATER USE 

(MGD) YEAR 

WATER USE 

(MGD) 

1990 0.63 †2004 1.32 

1991 0.67 †2005 1.32 

1992 0.55 †2006 1.02 

1993 0.52 *2007 0.81 

1994 0.59  2008 0.89 

1995 0.66  2009 1.03 

1996 0.93  2010 1.09 

1997 0.84 †2011 1.02 

1998 0.98 *2012 1.06 

1999 0.98 *2013 0.64 

2000 1.02   

2001 0.71   

2002 1.04   

† Water warning year 
*Water emergency year 

 

There are two significant increases of water usage between in 1996 and 2004.  In 1996, the 

overall water usage increased of 270,000 gallons, a 41% increase, can be associated with the local 

gluten plant.  Similarly in 2004, an ethanol plant came online and increase the overall water usage by 

280,000 gallons, a 27% increase in water diverted.  The significant fluctuations in 2001 and 2002 are 

associated with industries shutting down and new industries opening.  In 2007, the City entered into 

a stage 3 water emergency and the industrial sector correspondingly started to buy a minimum of 
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250,000 gallons of water from Post Rock.  This information shows that the industrial sector has a 

large impact on the overall water usage in Russell. 

The Kansas Water Office (KWO) has been preparing data for per capita water usage trends 

since 1988.  The City of Russell is located in Region 6 for the purposes of the KWO water usage 

reporting.  Since 1990 the average per capita usage has been on a steady decline and averages just 

below 150 gpdc.  The average GPDC usage in Russell since 2004 is 109 gpdc with a low of 87 gpdc 

in 2013.  The per capita usage is based on the amount of water reported for residential and 

commercial sales, metered free uses, and unaccounted for water.   

Because the purpose of this study is to help identify a water source adequate to keep the City 

out of water conservation measures, the focus needs to be in the peak year of water consumption, 

which was 2004.  It should be safe to assume that water usage will return to usage established in 

2004 when the city is no longer under a water emergency.  Since the City has lifted the stage 3 

conservation level the industrial demand has already increased.  The industrial sector will most likely 

begin to purchase 100% of their water usage from the City again because the water rates are lower 

than the Post Rock water rates. 

3.02 Future Demand Projections 

Using data from the United States Census Bureau as a basis for projections, an overall 

average growth rate was estimated for the next 30 years.  Table 3-3 illustrates the historic growth for 

the City to be declining since the 1960’s and in the more recent years the decline has started to slow 

down.  Since 1960 the average rate of decline has been 0.6% every year.  A conservative approach to 

estimate future water projections is to assume that there is 0% population growth over the next 30 

years.   
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Table 3-3 – Historical Growth, 1960-2010 

Year Population 

Growth Rate 

(%) 

1960 6,113 

1970 5,371 -1.21% 

1980 5,427 0.10% 

1990 4,783 -1.19% 

2000 4,696 -0.18% 

2010 4,506 -0.40% 

Avg. Annual Growth -0.58% 

 

After comparing the historical population growth from 1990 to 2010 (Table 3.3) to the trend 

in water usage (Table 3.2), there is a strong correlation that even with a slightly declining population 

that the water usage will likely continue to increase.  The water usage increased from 1990 to 2004 

which was when the water conservation plan began to take effect.  After 2004 the overall usage 

decreased significantly.  This information also shows that citizens of Russell, Kansas are aware of 

their stewardship that they have to protect their water supply.  The conservation plan has been 

effective in this community, and has served as a tool to help extend their existing water supply until 

a solution is determined to help alleviate their water shortage.   

It is important to understand why the water usage has decrease over the last decade to 

estimate a future demand more accurately.  The water usage trend is not likely to stay the same or 

decrease.  The water usage trend will likely increase at the average rate of 378,000 gallons every 10, 

which was the average rate of increase from 1990 to 2002.  The year 2004 is an important date 

because that is when the city entered into a stage 2 water warning.  After 2004 the City remained in a 

stage 2 or stage 3 of their water conservation plan for 7 of the 10 years and it significantly impacted 

the water usage trend because the majority of the industry was able to purchase water from Post 

Rock.  The water usage trend from 2004 to 2013 will not be used because it doesn’t represent the 

potential usage for the City of Russell.   
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Assuming that water usage returns to the average demand of 1.3 MGD established in 2004, 

and assuming a linear growth of 378,000 gallon every 10 years for 30 years, the average day demand 

in 2045 would be 2.5 MGD.  A 2.5 MGD average water usage would produce a total annual water 

demand of 895 MGY (2,748 acre-feet).  Applying a peaking factor of 1.5 on the estimated 2045 daily 

usage produces a peak day demand of 3.8 MGD in 2045.  The raw water pumping required for a 

2045 average day usage is 2,600 gpm, assuming a 16 hr. pumping day.   The raw water pumping 

required for a 2045 peak day usage is 2,600 gpm, assuming a 24 hr pumping day.  The ability to meet 

this demand with the currently treatment capacity will be discussed further in section 5. 
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Section 4. Need for Project 

Due to the perpetual cycle of water warnings/emergencies that the City has been faced with, 

there is a growing need to identify a new water source that could help provide the relief to the 

existing water supply.  As discussed in this section the City does have more than adequate water 

rights when compared to their water consumption, but the issue is that the water is not available 

during the dry summer months.  The new water supply needs to supplement the already strained 

water supply in the area. 

Since the inception of water right in Kansas, the City has tried to identify water supplies that 

would yield sufficient capacities to meet the Cities needs.  In Kansas there are two types of water 

rights.  These are vested water rights and appropriation water rights.  Vested water rights are based 

on water put to use before June 23, 1945, the date of the Water Appropriation Act.  A vested right is 

senior to any appropriation right (http://www.ksre.ksu.edu/bookstore/pubs/MF3024.pdf).  The 

City of Russell was granted vested rights #RS-008, for the water usage in Big Creek prior to 1945. 

An open records request was submitted to obtain all of the City’s water right information.  

The only water right that was not obtained was for the City of Hays (#21,731), which includes water 

to be appropriated to the City of Russell from the City of Hays.  Water right #21,731 refers to a 

number of irrigation wells in Edwards county that was a potential water supply source in the past 

known as the Circle K ranch.  The City of Russell’s water rights are: 

 
 
RS-008 Rate 1,391 gpm 
 Quantity 250 mgy (767 acre-feet) 
 Source Big Creek (surface water) 
 Location NW¼, NE¼, SW¼, of S23-T14S-R15W, Russell County  
 
206  Rate 1,728 gpm 
 Quantity 325.85 mgy (1,000 acre-feet) 
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 Source Big Creek (surface water) 
 Location NW¼, SE¼, SW¼, of S23-T14S-R15W, Russell County 
 
1,267  Rate 4,200 gpm 
 Quantity 353.8 mgy (1,086 acre-feet) 
 Source Smoky Hill River (surface water) 
 Location SE¼, NE¼, SW¼, of S25-T15S-R17W, Ellis County 
 
1,861  Rate 1,200 gpm 
 Quantity 102.6 mgy (315 acre-feet) 
 Source Smoky Hill Basin (groundwater; Pfeifer Wells) 
 Location NW¼, SE¼, SW¼, of S2-T14S-R14W 
 
7,628  Rate natural flows 
 Quantity 651.7 mgy (2,000 acre-feet) 
 Source Cedar Bluff Reservoir (surface water) 
 Location N½, SW¼, of S36-T14S-R22W, Trego County 
 
17,586  Rate 2,000 gpm 
 Quantity 148.589 mgy (456 acre-feet) 
 Source Smoky Hill Basin (groundwater; Pfeifer Wells) 
 Location N½, SW¼, of S25-T15S-R17W (Well No. 5) 
  SE¼, NE¼, SE¼, of S26-T15S-R17W (Well No. 6) 
  SW¼, NE¼, SE¼, of S26-T15S-R17W (Well No. 7) 
  NE¼, SE¼, SW¼, of S26-T15S-R17W (Well No. 8) 
  NW¼, SE¼, SW¼, of S26-T15S-R17W (Well No. 9) 
  NW¼, SW¼, SW¼, of S26-T15S-R17W (Well No. 10) 
 
 
17,587  Rate 1,000 gpm 
 Quantity 61.88 mgy (189.9 acre-feet) 
 Source Smoky Hill Basin (groundwater; Pfeifer Wells) 
 Location SW¼, SW¼, SW¼, of S30-T15S-R16W (Well No. 2) 
  NE¼, SW¼, SE¼, of S25-T15S-R17W (Well No. 3) 
  NW¼, SW¼, SE¼, of S25-T15S-R17W (Well No. 4) 
 
36,680  Rate Pending 
 Quantity Pending 
 Source Fossil Lake(surface water) 
 Location NW¼, SE¼, SW¼, of S2-T14S-R14W  
 
In total, Russell has access to 5,814 acre-feet of water.  The Division of Water Resources 

(DWR) has limited Russell to a quantity not to exceed 600 MGY (1,840 acre-feet) on an annual 

basis.  Even with sufficient water rights appropriated to the City the available water is much less 
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because of the lack of water where they own their water rights.  The lack of available water is caused 

by the local groundwater restrictions, streams running dry during the summer months, and a high 

evaporation rate at the Cedar Bluff Reservoir.     

Black & Veatch recently conducted a water budget survey for each of the water sources and 

they concluded that the available sustainable yield of 700 MGY (2,137 acre-feet).  This includes 575 

MGY (1,767 acre-feet) from the Big Creek source and 120 MGY (370 acre-feet) from the Smoky 

Hill Basin well field.  The Black & Veatch report also states that the Smoky Hill River surface water 

and Cedar Bluff Reservoir are both currently unsustainable.  Bartlett & West agrees with the Black & 

Veatch conclusion that the Smoky Hill River and Cedar Bluff Reservoir are not a sustainable long-

term solution.  A more in depth discussion is provided in section 6.01 and 6.03. 

According to the Black & Veatch report, the City of Russell should be able to have a 

sustainable water supply at the Big Creek surface water location.  The problem is that there is not 

adequate surface water to divert during the summer months because the stream flows are too low.  

Additional information about problems associated with the Big Creek water supply is discussed in 

section 6.04.    
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Section 5. Existing Water Supply and Treatment 

The City of Russell currently owns and operates two water treatment plants, the Big Creek 

Surface Water Treatment Plant and the EDR Treatment Plant.  The City currently provides water to 

nearly 4,500 residents and several commercial and industrial customers.  Both water treatment plants 

are located on the same property and have some interconnects to help improve efficiency.  The 

finish water from both treatment plants are combined immediately after the processes are completed 

in a clearwell and then it is pumped to the elevated storage tanks. 

5.01 Big Creek Surface Water 

The original surface water treatment plant was constructed in 1938.  There have been four 

major additions to the original treatment plant.  These improvements have helped keep the facilities 

in compliance with state and federal water quality regulations.  This water treatment plant provides a 

traditional treatment process with clarified, partially softened, and disinfected.  The current 

treatment process provides turbidity removal, softening, taste and odor control, and disinfection of 

the raw water.  The treatment process includes the following components: 

• Pre-sedimentation 

• Flash/Rapid Mix 

• Flocculation 

• Clarification/Softening 

• Recarbonation 

• Filtration 

• Clearwell Storage 
 

The City of Russell’s water treatment plant has a rated hydraulic capacity of 5,000 gpm, and a 

maximum operating capacity of 2,500 gpm.  In 2004, before the second treatment plant was 

constructed, the surface water treatment plant was able to produce 1.7 MGD during a peak event, 
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which translates 1,200 gpm.  The treatment facility’s goal is to restrict water production to 900 gpm 

so that water quality standards are easily met.  Future plant upgrades would need to be considered to 

realize the full plant capacity.  The required upgrades will not be considered in this report.  A 

previous report did address improvements needed to increase the treatment capacity, but instead of 

upgrading the surface water treatment plant a new water treatment plant was constructed.     

5.02 Smokey River Alluvial Water 

A new water treatment plant was constructed in 2006 and went online in 2008 for the 

purpose to supplement the existing surface water treatment plant, and help meet average and peak 

day demands.  The water quality differed significantly from the Big Creek surface water supply that a 

separate treatment process was deemed more efficient than expanding the existing surface water 

treatment plant.  The second water supply is pumped from the Smokey River alluvium from the 

Pfeifer well field.   

The City refers to the new water treatment plant as the “EDR plant”, which stands for 

eletrodialysis reversal.  Eletrodialysis reversal is the main process to treat the Pfeifer well water 

supply.  Two 2-stage EDR units are used to reduce the contaminates below the primary and 

secondary water quality standards with the ability to expand to a third EDR unit.  Each EDR unit is 

designed to treat a nominal flow of 500 gpm.  Typical flow capacities through the EDR units can 

vary from 300 to 600 gpm.   

There are currently three pretreatment Claricell units in front of the EDR units.  The 

Claricell units were designed for 500 gpm each but the treatment plant has only been able to 

produce about 425 gpm through each filter.  There is always one filter that is not in operation so the 
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maximum capacity for the pretreatment is 850 gpm.  If a fourth Claricell unit is installed then the 

expected pretreatment capacity would around 1,275 gpm.   

The current firm capacity for the EDR process is 600 gpm with the ability expand to 1,200 

gpm.  The Pfeifer well field has the capability of pumping in excess of 2,000 gpm.  There is at least 

one transmission line pump at the well field that is controlled by a variable frequency drive (VFD) to 

help better match the demands at the water treatment facility.  It is estimated that the Pfeifer well 

field can sustainably yield 120 MGY and the peak annual demand in 2004 was 483 MG.  The aquifer 

cannot produce the pumping capacity of 2,000 gpm of water at the well field for a sustainable 

duration during the hot and dry months of the year.  Also, the City does not have enough water 

rights to sustain water production close to 2,000 gpm.  Another groundwater source will need to be 

identified to be able to utilize the capacity of the EDR treatment plant.   

The design criteria for the EDR units was based on well no. 10 in the Pfeifer well field and is 

shown in Table 5-1. 

Table 5-1 – EDR Water Quality Design Criteria 
City of Russell, Kansas 

Well No. 10 (February 2002) 
  

Parameter Pfeifer Well Secondary MCL 
Alkalinity (mg/L as CaCO3) 230  
Calcium (mg/L) 264  
Magnesium (mg/L) 41  
Sodium (mg/L) 88  
Iron (mg/L) 0.36 0.3 
Manganese (mg/L) 0.11 0.05 
Fluoride (mg/L) 0.69 2.0 
Sulfate (mg/L) 650 250 
Chloride (mg/L) 130 250 
TDS (mg/L) 1107 500 
Hardness (mg/L CaCO3) 829  
*Information from October 2003  
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5.03 Water Treatment Operations 

In 2013, the average day of raw water diversion was 0.7 MGD with a peak of 1.1 MGD.  

The demands in 2013 do not account for the majority of the industrial park.  Since the City has been 

issuing a Stage 2 or 3 water conservation plan the local industry has been able to purchase water 

from the Post Rock water district.  Once the water conservation ban is lifted, it is likely that the 

industry will begin purchasing water from the City again.  When this happens, it is likely that the 

water usage will return to the same level prior to the water conservation plan implementation, which 

would be the year 2004. 

In 2004, the average day of raw water diversion was 1.3 MGD with a peak of 1.7 MGD.  

During peak water usage the treatment plant is staffed 24 hours a day.  The required pumping rate to 

meet the peak day demand over a 24-hour day is 1,160 gpm.  During off peak usage the water 

treatment plant is typically staffed 16 hours a day and the operations are based on actual usage.  The 

average pumping rate for 1.3 MGD over a 16 hour day is 1,350 gpm.  The estimated future demand 

of 2045 would require the capacity to pump 2,600 gpm from the available water supplies.  If the 

EDR treatment plant is expanded and operates at 1,200 gpm (1.7 MGD) and the surface water 

treatment plant can effectively treat 900 (1.3 MGD) gpm additional treatment capacity of 540 gpm 

will be required to meet both average and peak day projected 2045 demands.  Again, the water 

demand projections are based on a linear increase in water usage assuming no water emergencies or 

warnings are enacted.  The linear growth was derived from historical usage from 1990 to 2004.  In 

the next 10 years, if a water solution is in place, the water use projections should be revisited before 

any major treatment plant expansion is considered to meet the estimated 2045 water demand. 
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Section 6. Water Supply Alternatives 

The City of Russell is actively pursuing a solution to help supplement their existing water 

supply.  There have been several studies, groundwater exploration, and other testing in the past.  

The intent of this section is to help pull together many of the previous ideas for a public water 

supply and compare them to each other.  The alternatives include: 

Alternative Description 

1. Cedar Bluff Reservoir to Pfeifer Well Field 

2. Cedar Bluff Reservoir to Big Creek Intake 

3. Saline River Alluvial Water and Desalination 

4. Smoky Hill River Alluvial Water Near Pfeifer Well Field 

5. Smoky Hill River Alluvial Water Southeast of Russell 

6. Big Creek Alluvial Well Field 

7. Northwest Reservoir 

8. Fossil Lake Reservoir Extension  

Alternatives 4 and 6 are discussed in this section, but do not have any financial cost analysis 

developed because there is no available water supply.  The groundwater for these two alternatives 

has been either fully appropriated or closed due to the IGUCA along the Smoky Hill River.  The 

other six alternatives have an opinion of probable construction cost (OPCC) and a 50-year life-cycle 

analysis to help compare each alternative. 
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6.01 Cedar Bluff Reservoir 

The City of Russell provided Bartlett & West with all of documentation that they have kept 

on file in regards to the Cedar Bluff Reservoir.  After review of the information provided it is 

apparent that the Cedar Bluff Reservoir is not a sustainable long-term solution for the City. 

The Cedar Bluff Reservoir was completed in 1951 by the Bureau of Reclamation for flood 

control, water supply, irrigation, and other purposes.  The main use of the lake was to support the 

operations of the Cedar Bluff Irrigation District.  In 1963, the City of Russell entered into a contract 

with the Bureau of Reclamation to provide 2,700 acre-feet of storage and be limited to a withdrawal 

rate of 2,000 acre-feet per year to recharge the City’s well field (2003, Cedar Bluff Accounting).  

According to the Division of Water Resources the available 2,000 acre-feet of water can be 

discharged either into the Smoky Hill River or through a transmission waterline.  There should be 

no restrictions on the available water supply if a transmission waterline is use. 

The irrigation district was also granted 163,200 acre-feet of water supply in 1963.  The 

irrigation district stopped using water from the reservoir in 1978 and later released their water rights 

in 1989 back to the State of Kansas and an Artificial Recharge Pool (ARP) was created for the 

Smoky Hill alluvium downstream from the reservoir. In 1999 there was a proviso to amend the 

original reservoir agreement to “prohibit the use of Cedar Bluff Lake for public water supply”.  The 

change was based on a Kansas Water Office analysis that identified Cedar Bluff Lake not a viable 

option for a sustainable, significant, long-term public water supply.  This proviso did not affect the 

existing water supply agreement that the City of Russell had with the Bureau of Reclamation. 

Figure 6-1 illustrates the net inflow of the reservoir was negative from 1974 to 1992.  The 

net inflow is the combination of inflow in the lake from streams, precipitation on the lake surface 

and evaporation from the lake surface.  A significant cause for the reduction of stream inflows was 
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caused by an increase in soil conservation practices and irrigation wells upstream of the Cedar Bluff 

in the 1960’s and 1970’s.  The conservation pool was severely depleted until two consecutive floods 

occurred in 1993 and 1995 to bring the pool elevation back to its intended level.  If a water supply 

would consistently take water from the Cedar Bluff reservoir it would cause the reservoir to be 

depleted of water based on historical data of the reservoir.  Even though the City has water rights in 

the reservoir it might be difficult to access the water supply.  The federal agencies have a close watch 

on the water allocation for the lake and even to use it water for its intended purpose seems to be 

difficult. 

 

Figure 6-1 – Cedar Bluff Reservoir Historical Pool Elevation 

The information gathered from previous reports have all indicated that the Cedar Bluff 

Reservoir is not a sustainable water supply and is not recommended as a solution for the City’s long-

term water supply concerns.  There a few options when considering this water supply with the most 

practical being a transmission water line from the reservoir to either the Pfeifer well field or the Big 

Creek surface water intake.  The Pfeifer alternative would consist of 33 miles of PVC waterline with 
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an opinion of probable construction cost (OPCC) of $18,000,000 (refer to Appendix A, Table A1).  

The Big Creek alternative would consist of 49 miles of PVC waterline with a OPCC of $26,500,000 

(refer to Appendix A, Table A2). 

6.02 Saline River Alluvial Water and Desalination 

A ground water investigation report was completed in 2006 that identified two different 

locations that should be able to produce 1,000 gpm or more.  The test wells were located in the 

Saline River alluvium and the Salt Creek alluvium.  Salt Creek is a tributary to the Saline River.  The 

locations of these two test sites are located in the northwest portion of Russell County.  Based on 

the field data gathered in the ground water investigation there were two locations that could 

potentially support a water production of 1,000 gpm each (1,075 acre-feet; based on an average 8 

hour pumping day).   

There are no current water restrictions in this area.  The City of Russell should be able to 

treat the water from the Saline River alluvial based on the preliminary water quality results.  This 

water supply has the lowest risk when considering regulatory requirements.  One reason why there 

are still water appropriations available in this area is because of the water quality.  The water quality 

shouldn’t be a significant issue for the City of Russell because the newly constructed EDR WTP has 

the technology to treat the water from this aquifer.  A summary of the water analysis in Table 6-1 on 

the following page and compares the total water quality analysis conducted on the Saline River 

alluvial aquifer to the Pfeifer well field water quality. 
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Based on this water quality comparison in Table 6-1, it is recommended that if the Saline River 

alluvial is developed into a well field then it should be located near Test Well 4-07 (NWNENW S-01 

T-13S R-15W).  Pfeifer Well No. 10 was used to set design criteria for the EDR WTP, which is the 

reason for the comparison on Table 6-1.  The Saline River Test Well 4-07 does exceed the Pfeifer 

wells in contaminants such as alkalinity, total calcium, sodium, chloride, TDS, and hardness, but are 

still within a reasonable range.  Because of the high levels of chlorides in the water, there is always 

the possibility that a class 1 disposal well for slat chlorides will need to be required at the EDR 

treatment plant.     

A high level of sodium and/or chlorides does pose a risk on the distribution system and may 

accelerate corrosion of pipes, pumps, and other distribution components.  Planning and testing of 

the water quality should be conducted prior to construction of a waterline to help minimize the 

potential negative affects the water quality may have on any raw water transmission waterline.  It is 

recommended that the water supply from the Saline River alluvium be taken to the EDR treatment 

Table 6-1 – Smoky Hill River and Saline River Alluvium Water Quality Comparison 
City of Russell, Kansas 

 

Parameter Pfeifer Well 
No. 10 

Saline River Alluvial 
Test Wells (2007) 

Secondary 
MCL 

TW 1-07 TW 4-07  

Alkalinity (mg/L as CaCO3) 230 281 264  
Calcium (mg/L) 264 300 330  
Magnesium (mg/L) 41 22 20  
Sodium (mg/L) 88 190 120  
Iron (mg/L) 0.36 5.2 0.11 0.3 
Manganese (mg/L) 0.11 0.44 0.06 0.05 
Fluoride (mg/L) 0.69 0.86 0.51 2.0 
Sulfate (mg/L) 650 650 620 250 
Chloride (mg/L) 130 350 140 250 
TDS (mg/L) 1107 1700 1500 500 
Hardness (mg/L CaCO3) 829 840 910  
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plant.  This alternative would also require an expansion of the EDR WTP  The OPCC to construct a 

12” PVC waterline to the EDR treatment plant is $7,600,000 (refer to Appendix A, Table A3).  

6.03 Smoky Hill River Alluvial Water 

The Smoky Hill alluvium is the current location for water rights #1,861, #17,586, and 

#17,587, or also known as the Pfeifer well field.  In 1983 the lower Smoky River initiated an 

intensive groundwater use control area (IGUCA) for the Pfeifer well field area.  The IGUCA 

included the river basis from the Cedar Bluff dam to the confluence of Big Creek.  The IGUCA was 

established because the groundwater in the Smoky Hill River Basis was declining.  The area was also 

closed to new appropriations in 1984.  When the IGUCA was instituted the City’s water rights along 

the Smoky Hill River and alluvium were reduced from 3,820 acre-feet to 1,435.8 acre-feet as a 

combined total with surface water and groundwater.     

Among the three (3) water right appropriations that the City maintains they have access to 

820 acre-feet of water.  In a recent Black & Veatch report it stated that the sustainable yield for the 

City would be 370 acre-feet per year.  If managed carefully the Smoky Hill alluvial should produce 

water for a considerable length of time.  During the majority of the year the river does run dry, 

which does cause concern for the longevity of the groundwater source.  The main reason why the 

river is dry is because the Cedar Bluff reservoir has close to a zero discharge rate because of the high 

evaporation rate.  One method it help increase the recharge of the ground water is to use the 

artificial recharge pool in the Cedar Bluff reservoir, but as discussed previously any release from the 

reservoir would cause a strain on the reservoir. 

The City has recently leased water rights from nearby land owners who have irrigation pivots 

in the area.  This method of acquiring water rights is not recommended because of the cost per acre-
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foot of water is typically high.  Another reason why it is not recommended is because the 

sustainability of the groundwater is already less than what they have allocated in this area.  Buying 

water rights in this area could be a good method of controlling the amount of water being pumped 

in this area, but this would not increase their water capacity from the Pfeifer well field. 

A second alternative along the Smoky Hill River is to develop a well field south and east of 

the City.  There is a potential to obtain an additional 500 acre-feet as stated in a May 2003 report by 

Bartlett & West.  The concern in 2003 about this well field was the ability to manage the waste 

stream from an RO water treatment plant.  It was later determined that an EDR plant would be 

constructed which allowed the City to treat the EDR plant waste stream at their existing surface 

water treatment plant.  The City of Hays participated in a study that did groundwater exploration in 

this area.  This information is not available to Bartlett & West at this time, but it will be assumed 

that the EDR would be able to treat the water.  The OPCC for developing a well field southeast of 

Russell along the Smoky Hill River and constructing 10 miles of PVC waterline would be $6,500,000 

(refer to Appendix A, Table A4). 

The new well field would be outside of the IGUCA; however, there is a minimum desirable 

streamflow (MDS) on the Smoky Hill River.  The MDS is regulated by the USGS stream gage 

located near Ellsworth, KS.  Over the past year the Ellsworth USGS gage showed that the 

streamflow was below the MDS for about 8 months.  When the streamflow is below the MDS then 

there are restrictions placed on the water right upstream from the USGS gage.  Developing a water 

supply along the Smoky Hill River should be a concern for the City of the current situation with the 

MDS along the river.     
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6.04 Big Creek Alluvial Water 

The City of Russell’s original water rights originated in the Big Creek.  The City currently 

holds two water rights, the vested right RS-008 and the water rights #206.  Between the two water 

rights, the City has capacity to withdrawal 1,767 acre-feet of surface water.  The Black & Veatch 

water budget report concluded that the Big Creek has the ability to sustainably produce all 1,767 

acre-feet of water throughout the year.  The major issue with this water supply is that the creek is 

dry or has a low flow during the hotter and dryer months of the year when the water is at the highest 

demand.  Even though the water is available on an annual basis, the City does not have access to it 

during critical times. 

A recent conversation with the Division of Water Resources (DWR) Stockton field office 

indicated that the Big Creek Alluvial water is fully appropriated.  The only method of obtaining 

groundwater rights in the Big Creek area is to purchase existing water rights.  This method is 

typically expensive or impossible to fulfill.  It was also mentioned that the Big Creek and Smoky Hill 

alluvial water has been closed down to the confluence of the two creeks.  Transferring surface water 

right to ground water rights was also discussed with DWR.  This method of transferring water rights 

is not accepted. 

There is no practical alternative to increase the production of the Big Creek water supply.  

No cost estimate can be provided with this alternative.   

6.05 City of Russell Proposed Reservoirs 

Reservoirs have been a significant source for public drinking water throughout the state of 

Kansas.  There are currently 27 man-made lakes in Kansas that are managed by the U.S. Army 

Corps of Engineers, Bureau of Reclamations, or the Kansas Department of Wildlife and Parks and 
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many more that are locally owned by a municipality.  The most recent lakes to be constructed under 

federal jurisdiction were completed in the early 1980’s.  In 1985 the State passed a Multipurpose 

Small Lakes Act which has allowed the construction of several small lakes with the most recent 

being Banner Lake in 1997. 

There are two potential locations near Russell that would be suitable for a reservoir.  One 

location is four miles northwest of the town and the other location is the expansion of Fossil Lake 

south of Russell.  The northwest reservoir was identified in 1999 by Bartlett & West and some 

preliminary information was gathered to estimate the potential cost.  A more recent inquire to the 

Division of Water Resources identified that a second structure could be located further downstream 

of Fossil Lake to expand the capacity.   

The northwest reservoir would create a reservoir of 15,000 acre-feet.  The dam would be 

located approximately 4 miles from the city center.  Typical construction standards were considered 

to develop an estimate for the proposed reservoir.  The top of the dam will be approximately 15 

across with 3:1 slopes and it would span approximately 2,000 feet across.  The estimated cost to 

construct the dam in 1999 was $5.4 million to $9.0 million.  The estimated cost was based on the 

assumption that the construction of the dam would cost anywhere from  $3 to $5 per cubic yard 

derived from the construction cost for the Banner Creek Dam that was constructed in the mid 

1990’s.  Assuming an estimated construction cost inflation of 2% the adjusted construction cost 

would be $7.2 million to $12.1 million.  The total construction cost for land acquisition, 

infrastructure replacement, to flow control structures is $47.0 million.  This project cost is not a 

budgetary cost but more of a level of magnitude cost.  This cost estimate does not include 

environmental mitigation items since they can vary drastically for each project and it is too early to 

fully understand what issues may arise.   Other items that would increase the cost would be any 
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homes or structures that need to be purchased and abandoning any other wells or potential 

contaminant sources. 

The Fossil Lake extension reservoir is much smaller in capacity.  The total volume of both 

Fossil Lake and the extension would be 1,431 acre-feet.  Appropriate management of the water 

would allow usage of about half of the capacity.  The dam structure would be 1,300 feet across and 

would cost approximately $910,000.  An estimated construction cost would be $12.2 million.  This 

cost estimate does not include environmental mitigation items since they can vary drastically for 

each project and it is too early to fully understand what issues may arise.   Other items that would 

increase the cost would be any homes or structures that need to be purchased and abandoning any 

other wells or potential contaminant sources.  The cost for construction of the Fossil Lake Reservoir 

extension is comparable to the Saline River Alluvial well field and Smoky Hill River well field 

southeast of Russell.  The main concern with the Fossil Lake Reservoir extension is that if the City 

were to withdraw water from the reservoir on a regular basis it would be difficult to maintain a 

proper water level due to the typical negative inflow based on the evaporation rate and recharge 

area.   

The U.S. Army Corps of Engineers had established a design life of 50 years to many of their 

reservoirs in the past.  The life expectancy is dependent on sedimentation rate in the lake.  Future 

dredging would be required to remove the accumulated sediment and return the capacity back to the 

original design.  Since the scope of this report is only looking for a water supply solution for the 

next 30 years then no future dredging requirements should be considered in the cost estimating.  

However, for long term availability the City should expect to fund the dredging of the reservoir.   

In addition to the significant cost for the reservoir there is also an issue with the deficiency 

of moisture in this area.  The drainage area for the proposed reservoir is approximately 8,500 acres 
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and is a tributary to the Salt Creek.  The average annual rainfall in this area is 2 feet per year.  Even 

with 2 feet of annual rainfall it is estimated that the average deficiency of moisture is 2.5 feet 

meaning there is an annual evaporation rate from the lakes of 5.5 feet near the City of Russell.  The 

problem with high evaporation rates and insufficient rainfall is prevalent in the Cedar Bluff reservoir 

and Wilson Lake.  The proposed reservoir is between these two lakes and would most likely face 

similar difficulties. 

The Kansas Water Office (KWO) was contacted to help identify some potential 

environmental and permitting issues that would need to be considered during the planning and 

construction of a new dam in the State of Kansas.  It was recommended by KWO that a meeting be 

convened with representation from U.S. Army Corps of Engineers, KDA-DWR, KDWPT, and 

KDHE if the City pursues the construction of a reservoir for their future water supply.  This 

meeting with the regulatory agencies has helped streamline the permit process.  The permitting 

process would include: 

1. Clean Water Act, Section 404 permit (404 permit) – US Army Corps of Engineers 

a. National Environmental Policy Act (NEPA), which would likely include the 

completion of an Environmental Impact Statement (EIS). 

b. Biological Opinion from the US Fish and Wildlife Service 

2. Kansas Stream Obstruction Permit – Kansas Department of Env. and Health (KDHE) 

3. Kansas Wildlife Action Permit – Kansas Dept. of Wildlife, Parks and Tourism (KDWPT) 

Compliance with the 404 permit is the most lengthy and potentially costly since the reservoir 

will be changing the status of the ephemeral streams to a reservoir.  The 404 permit is required when 

placing fill in jurisdictional water of the United States.  The US Army Corps of Engineers developed 

an environmental mitigation document called Kansas Stream Mitigation Guidance.  The purpose of 



29 

 

the document is to help quantify the unavoidable adverse impacts and the acceptable compensatory 

mitigation in relation to the project.  This document assigns potential impacts and also 

enhancements generated by the creation of a reservoir.  The NEPA is initiated when the 404 permit 

is completed.  The NEPA identifies the level of environmental impact that will occur with the 

construction of the project.  A reservoir will typically require an EIS which is an in depth look at the 

environmental impacts.  In contrast, a typical pipeline project can usually complete the NEPA 

requirements through an Environmental Assessment (EA) and subsequently be issued a Finding of 

No Significant Impact (FONSI) allowing the project to move forward with minimal mitigation 

measures.  The US Fish and Wildlife Service will also be contacted during the 404 permitting 

process and they will issue a Biological Opinion which would outline required mitigation measures 

to protect against adverse impacts on the threatened and endangered species and their habitat. 

Once the 404 permit is completed then the next step would be to apply for a construction 

storm water permit with KDHE.  This is a simple process with the submission of a Notice of Intent 

which includes plans for storm water pollution prevention.  This permit is authorized under the 

National Pollutant Discharge Eliminate System (NPDES) and is intended to help protect the water 

of the State from sediment and other contaminants. 

The Kansas Wildlife Action Permit provides plans for appropriate conservation measures 

for threatened and endangered species and their habitat.  Because the construction of a reservoir will 

permanently remove habitat from the environment it would typically require more extensive 

mitigation measures to help replace the loss habitat.  Fortunately, the only two endangered species in 

Russell County Kansas are from the Whooping Crane family and the construction of a reservoir 

would only improve their habitat.  There are two other grassland species that are on the “candidate” 



30 

 

list meaning that they are being considered as endangered or threatened species.  If either of these 

two fowl are added to the list then more significant mitigation measures would likely be required.     

If the City would like to pursue the construction of a new reservoir for the purpose of public 

water supply use the next step would be to contact the U.S. Army Corps of Engineers.  The Corps 

has a reservoir program that would provide a detailed analysis for all aspects of the project including 

a more detailed cost analysis for this specific location.  The program cost would be about $250,000 

to get a completed study.   
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Section 7. Recommended Alternative 

After working through all of the documents provided by the City and discussing the water 

resources available with local representatives it is recommended that the City of Russell pursues the 

development of the Saline River alluvial water.  The opinion of probable construction cost (OPCC) 

is $7,600,000.  The reason why this alternative is recommended and not the Smoky Hill River water 

source southeast of Russell or the Fossil Lake Reservoir Extension is because of water security.  

There is never a guarantee of a water supply will always be available but the Smoky Hill River is 

already under the minimum desirable streamflow level for many months throughout the year and the 

Fossil Lake Reservoir Extension is located in an arid climate that would be difficult to make it a 

sustainable water source.  The Saline River alluvial water will also diversify the water supply.  There 

were many roadblocks that helped eliminate many of the other alternatives on the path of this 

recommendation.  Spreading out the demand across three separate water supplies will help reduce 

the stress on any one supply.  The water quality is also very similar to the Smoky Hill River alluvial 

water that an expansion at the EDR WTP would be sufficient to be able to treat the new water 

supply.  The EDR WTP began producing water in 2008 and was designed to be able to add one 

additional EDR train and increase the plant capacity from 600 gpm to 1,200 gpm. 

At this time it is be recommended to further develop the Saline River alluvium option.  The 

next step would be to develop test wells to identify the actual capacity of the aquifer identified in 

previous studies.  It was estimated by small test holes that the aquifer could potentially produce 

1,000 gpm pump capacity near the Saline River at two separate locations.  Test wells are larger in 

size and can be test pumped at a higher capacity which allows a more accurate estimation of a 

sustainable pumping yield.  There are no groundwater restrictions, which will allow the City to more 

easily obtain additional water rights in this area. 
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Section 8. Appendix 

Appendix A – Opinion of Probable Construction Cost (OPCC) 

Appendix B – Life Cycle Cost Analysis 
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Table A1 – Cedar Bluff Reservoir to Pfeifer Well Field OPCC 

No. Description Quantity Unit Unit Price Extension

1 Intake Structure 1 L.S. 500,000.00$       500,000.00$                 

2 Pump Station 1 L.S. 400,000.00$       400,000.00$                 

3 18" Waterline (33 mi from Cedar Bluff to Pfieffer Wells) 173,000 L.F. 50.00$                8,650,000.00$              

4 Valves, Fittings, and Miscellaneous Equipment 1 L.S. 1,297,500.00$    1,297,500.00$              

(Calculated at 15% of Pipe Construction Cost)

5 Road and Stream Crossings 1 L.S. 1,297,500.00$    1,297,500.00$              

(Calculated at 15% of Pipe Construction Cost)

6 Site Restoration & Stormwater Management 1 L.S. 216,250.00$       216,250.00$                 

(Calculated at 2.5% of Pipe Construction Cost)

7 Instrumentation and Control System 1 L.S. 125,000.00$       125,000.00$                 

Construction Subtotal 12,500,000.00$           

8 Easement and Right-of-way Acquisition 5% of Construction 625,000.00$                 

9 Legal Fees, Grant Administration, & Public Mtgs. 5% of Construction 625,000.00$                 

10 Professional Design Fees 7% of Construction 875,000.00$                 

11 Construction Observation and Administration 7% of Construction 875,000.00$                 

12 Contingency 20% of Construction 2,500,000.00$              

Additional Fees and Project Costs - Subtotal 5,500,000.00$             

Project Cost Estimate 18,000,000.00$     

City of Russell, Kansas

Opinion of Probable Construction Cost

December 2014
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Table A2 – Cedar Bluff Reservoir to Big Creek Intake OPCC 

No. Description Quantity Unit Unit Price Extension

1 Intake Structure 1 L.S. 500,000.00$       500,000.00$               

2 Pump Station 1 L.S. 400,000.00$       400,000.00$               

3 18" Waterline (49 mi from Cedar Bluff to Big Creek) 258,700 L.F. 50.00$                12,935,000.00$          

4 Valves, Fittings, and Miscellaneous Equipment 1 L.S. 1,940,250.00$    1,940,250.00$            

(Calculated at 15% of Pipe Construction Cost)

5 Road and Stream Crossings 1 L.S. 1,940,250.00$    1,940,250.00$            

(Calculated at 15 of Pipe Construction Cost)

6 Site Restoration & Stormwater Management 1 L.S. 323,375.00$       323,375.00$               

(Calculated at 2.5% of Pipe Construction Cost)

7 Instrumentation and Control System 1 L.S. 125,000.00$       125,000.00$               

8 Connect to Big Creek Pump Station 1 L.S. 200,000.00$       200,000.00$               

Construction Subtotal 18,400,000.00$         

9 Easement and Right-of-way Acquisition 920,000.00$               

10 Legal Fees, Grant Administration, & Public Mtgs. 920,000.00$               

11 Professional Design Fees 1,288,000.00$            

12 Construction Observation and Administration 1,288,000.00$            

13 Contingency 3,680,000.00$            

Additional Fees and Project Costs - Subtotal 8,100,000.00$           

Project Cost Estimate 26,500,000.00$   

7% of Construction

7% of Construction

20% of Construction

City of Russell, Kansas

Opinion of Probable Construction Cost

December 2014

5% of Construction

5% of Construction
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Table A3 – Saline River Alluvial Water and Desalination OPCC 

No. Description Quantity Unit Unit Price Extension

1 Well Development* 5 EA. 250,000.00$       1,250,000.00$       

2 12" Waterline (8 mi from well field to EDR WTP) 43,000 L.F. 28.00$                1,204,000.00$       

3 Valves, Fittings, and Miscellaneous Equipment 1 L.S. 180,600.00$       180,600.00$          

(Calculated at 15% of Pipe Construction Cost)

4 Road and Stream Crossings 1 L.S. 180,600.00$       180,600.00$          

(Calculated at 15% of Pipe Construction Cost)

5 Site Restoration & Stormwater Management 1 L.S. 30,100.00$         30,100.00$            

(Calculated at 2.5% of Pipe Construction Cost)

6 Instrumentation and Control System 1 L.S. 75,000.00$         75,000.00$            

7 Class 1 Well (chloride salt disposal) 1 L.S. 1,000,000.00$    1,000,000.00$       

8 Connect to EDR WTP 1 L.S. 200,000.00$       200,000.00$          

9 EDR WTP Expansion 1 L.S. 1,000,000.00$    1,000,000.00$       

*Assuming development of 200 GPM per well Construction Subtotal 5,120,300.00$       

10 Additional Groundwater Research 100,000.00$          

11 Easement and Right-of-way Acquisition 5% of Construction 256,015.00$          

12 Legal Fees, Grant Administration, & Public Mtgs. 5% of Construction 256,015.00$          

13 Professional Design Fees 9% of Construction 460,827.00$          

14 Construction Observation and Administration 7% of Construction 358,421.00$          

15 Contingency 20% of Construction 1,024,060.00$       

Additional Fees and Project Costs - Subtotal 2,460,000.00$       

Project Cost Estimate 7,600,000.00$  

City of Russell, Kansas

Opinion of Probable Construction Cost

December 2014
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Table A4 – Smoky Hill River Alluvial Water OPCC 

No. Description Quantity Unit Unit Price Extension

1 Well Development* 5 L.S. 250,000.00$     1,250,000.00$        

2 12" Waterline (8 mi from well field to EFR WTP)** 56,000 L.F. 25.00$              1,400,000.00$        

3 Valves, Fittings, and Miscellaneous Equipment 1 L.S. 210,000.00$     210,000.00$           

(Calculated at 15% of Pipe Construction Cost)

4 Road and Stream Crossings 1 L.S. 210,000.00$     210,000.00$           

(Calculated at 15% of Pipe Construction Cost)

5 Site Restoration & Stormwater Management 1 L.S. 35,000.00$       35,000.00$             

(Calculated at 2.5% of Pipe Construction Cost)

6 Instrumentation and Control System 1 L.S. 75,000.00$       75,000.00$             

7 Connect to EDR WTP 1 L.S. 200,000.00$     200,000.00$           

8 EDR WTP Expansion 1 L.S. 1,000,000.00$  1,000,000.00$        

*Assuming development of 200 GPM per well Construction Subtotal 4,380,000.00$       

9 Additional Groundwater Research 100,000.00$           

10 Easement and Right-of-way Acquisition 219,000.00$           

11 Legal Fees, Grant Administration, & Public Mtgs. 219,000.00$           

12 Professional Design Fees 394,200.00$           

13 Construction Observation and Administration 306,600.00$           

14 Contingency 876,000.00$           

Additional Fees and Project Costs - Subtotal 2,120,000.00$       

Project Cost Estimate 6,500,000.00$  

20% of Construction

City of Russell, Kansas

Opinion of Probable Construction Cost

December 2014

7% of Construction

9% of Construction

5% of Construction

5% of Construction
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Table A5 – City of Russell Northwest Reservoir OPCC 

No. Description Quantity Unit Unit Price Extension

1 Dam Structure 1,800,000   C.Y. 5.00$                  9,000,000.00$            

2 Spillway Gates 4                EA 1,500,000.00$     6,000,000.00$            

3 Concrete 25,000        C.Y. 250.00$               6,250,000.00$            

4 Clearing & Grubbing (Assume 20%) 300             Acre 6,000.00$            1,800,000.00$            

5 Intake Structure 1 L.S. 500,000.00$        500,000.00$              

6 Pump Station 1 L.S. 400,000.00$        400,000.00$              

7 18" Waterline (4 mi from Reservoir to Big Creek WTP) 22,000 L.F. 50.00$                1,100,000.00$            

8 Valves, Fittings, and Miscellaneous Equipment 1 L.S. 165,000.00$        165,000.00$              

9 (Calculated at 15% of Pipe Construction Cost)

10 Pipeline Route Road and Stream Crossings 1 L.S. 165,000.00$        165,000.00$              

(Calculated at 15% of Pipe Construction Cost)

11 Pipeline Site Restoration & Stormwater Management 1 L.S. 27,500.00$          27,500.00$                

(Calculated at 2.5% of Pipe Construction Cost)

12 Instrumentation and Control System 1 L.S. 125,000.00$        125,000.00$              

13 Connect to Big Creek WTP 1 L.S. 200,000.00$        200,000.00$              

14 Road Replacement (40' R/W; 24' wide gravel road) 24000 FT 200.00$               4,800,000.00$            

Construction Subtotal 30,500,000.00$         

15 Easement and Right-of-way Acquisition 610,000.00$              

16 Legal Fees, Grant Administration, & Public Mtgs. 1,220,000.00$            

17 Professional Design Fees 3,660,000.00$            

18 Construction Observation and Administration 1,525,000.00$            

19 Land Acquition 1,500 Acres 2,000.00$            3,000,000.00$            

20 Geotech Services 40,000.00$                

21 Army Corps of Engineer's Report 250,000.00$              

22 Contingency 6,100,000.00$            

Additional Fees and Project Costs - Subtotal 16,500,000.00$         

Project Cost Estimate 47,000,000.00$     

5% of Construction

20% of Construction

City of Russell, Kansas

Opinion of Probable Construction Cost

December 2014

2% of Construction

4% of Construction

12% of Construction
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Table A6 – Fossil Lake Reservoir Extension OPCC 

No. Description Quantity Unit Unit Price Extension

1 Dam Structure 130,000      C.Y. 7.00$                  910,000.00$              

2 Clearing & Grubbing (Assume 50%) 53              Acre 6,000.00$            318,000.00$              

3 Intake Structure 1 L.S. 500,000.00$        500,000.00$              

4 Pump Station 1 L.S. 250,000.00$        250,000.00$              

5 12" Waterline (1 mile to existing Fossil Lake pipeline) 15,000 L.F. 35.00$                525,000.00$              

6 Valves, Fittings, and Miscellaneous Equipment 1 L.S. 78,750.00$          78,750.00$                

7 (Calculated at 15% of Pipe Construction Cost)

8 Pipeline Route Road and Stream Crossings 1 L.S. 78,750.00$          78,750.00$                

(Calculated at 15% of Pipe Construction Cost)

9 I-70 Interstate Crossing 1 EA. 50,000.00$          50,000.00$                

10 Pipeline Site Restoration & Stormwater Management 1 L.S. 13,125.00$          13,125.00$                

(Calculated at 2.5% of Pipe Construction Cost)

11 Instrumentation and Control System 1 L.S. 125,000.00$        125,000.00$              

12 Connect to Big Creek WTP 1 L.S. 200,000.00$        200,000.00$              

13 WTP Upgrades 1 L.S. 1,500,000.00$     1,500,000.00$            

14 Dredging Fossil Lake 322,000 CY 5.00$                  1,610,000.00$            

15 Road Replacement (40' R/W; 24' wide gravel road) 3,960 FT 200.00$               792,000.00$              

Construction Subtotal 7,000,000.00$           

16 Easement and Right-of-way Acquisition 350,000.00$              

17 Legal Fees, Grant Administration, & Public Mtgs. 700,000.00$              

18 Professional Design Fees 1,050,000.00$            

19 Construction Observation and Administration 840,000.00$              

20 Land Acquition 106 Acres 5,000.00$            530,000.00$              

21 Geotech Services 40,000.00$                

22 Army Corps of Engineer's Report 250,000.00$              

23 Contingency 1,400,000.00$            

Additional Fees and Project Costs - Subtotal 5,200,000.00$           

Project Cost Estimate 12,200,000.00$      

20% of Construction

City of Russell, Kansas

Opinion of Probable Construction Cost

December 2014

5% of Construction

10% of Construction

15% of Construction

12% of Construction
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Appendix B - Life-Cycle Cost Analys



Table B1 - Operation, Maintenance, and Replacement (OM&R)
Legend

Value from OPCC or calculated value based on OPCC

Value calculated based on an assumed value

Assumed value

Distribution Replacement Costs

Alt 1 Alt 2 Alt 3 Alt 5 Alt 7 Alt 8

Transmission Lines 11,461,250$            17,338,875$    1,795,300$       2,055,000$       1,657,500$       945,625$          

Dam Construction -$                               -$                        -$                        -$                        27,850,000$    3,630,000$       

Intake Structure/Well Field 500,000$                 500,000$          1,250,000$       1,250,000$       500,000$          500,000$          

Pump Station 400,000$                 400,000$          -$                        -$                        400,000$          250,000$          

WTP Improvements/Controls 125,000$                 125,000$          2,075,000$       1,075,000$       125,000$          1,625,000$       

Total 12,486,250$            18,363,875$    5,120,300$       4,380,000$       30,532,500$    6,950,625$       

Replacement Cost = 2014 OPCC Value * (1-0.4) [Assumed 40% of initial OPCC is a one time expense]

Proposed Lifespan: 60 years for pipelines, 40 years for storage facilities, and 20 years for pump stations and telemetry controls

Alt 1 Alt 2 Alt 3 Alt 5 Alt 7 Alt 8 Proposed Life

Transmission Lines 115,000$                 174,000$          18,000$            21,000$            17,000$            10,000$            

Dam Construction 279,000$          37,000$            

Intake Structure/Well Field 8,000$                      8,000$               19,000$            19,000$            8,000$               8,000$               40

Pump Station 12,000$                    12,000$            -$                   -$                   12,000$            8,000$               

WTP Improvements/Controls 4,000$                      4,000$               63,000$            33,000$            4,000$               49,000$            

Total 139,000$                 198,000$          100,000$          73,000$            320,000$          112,000$          

Staffing Assumptions: Alt 1 Alt 2 Alt 3 Alt 5 Alt 7 Alt 8

Employees per Scenario:

Part Time Administration 0.25 0.25 0.25 0.25 0.5 0.5 50,000$            

Part Time Field Service 1 1 0.5 0.5 1.5 1 100,000$          

Electrical Assumption:

Annual pumping hours: 4380 hrs (assume 12hr pumping average per day)

MHp KW KW*HR Cost/KWH Annual cost

Alt 1 0 0 0 0.12 -$                   

Alt 2 0 0 0 0.12 -$                   

Alt 3 119 90 394,000 0.12 48,000$            

Alt 5 116 87 381,000 0.12 46,000$            

Alt 7 115 86 377,000 0.12 46,000$            

Alt 8 31 24 105,000 0.12 13,000$            

Annualized Replacement Cost

OPCC Break Down

20

O&M Assumptions

Annual Salary 

plus Benefits

60

Alt 8 31 24 105,000 0.12 13,000$            

Pipeline Assumptions:

Cost per Break per Year: 3,000$                      (assume 1 break every 20 miles and $3,000 to fix each break)

Alt 1 Alt 2 Alt 3 Alt 5 Alt 7 Alt 8

Total Pipeline Milage 33 49 8 11 4 3

Total Breaks Per Year 2 3 1 1 1 1

Total Line O&M $6,000 $9,000 $3,000 $3,000 $3,000 $3,000

Alt 1 Alt 2 Alt 3 Alt 5 Alt 7 Alt 8

Staffing 112,500$                 112,500$          62,500$            62,500$            175,000$          125,000$          

Electrical -$                          -$                   48,000$            46,000$            46,000$            13,000$            

Piping 6,000$                      9,000$               3,000$               3,000$               3,000$               3,000$               

Total O&M Cost 118,500$                 121,500$          113,500$          111,500$          224,000$          141,000$          

Total Replacement Cost 139,000$                 198,000$          100,000$          73,000$            320,000$          112,000$          

Total OM&R Cost (Annual) 260,000$                 320,000$          210,000$          180,000$          540,000$          250,000$          

Alt 1 18,000,000$            $718,000 $28,720,000 $359,000 $14,360,000

Alt 2 26,500,000$            $1,056,000 $42,240,000 $528,000 $21,120,000

Alt 3 7,600,000$              $303,000 $12,120,000 $152,000 $6,080,000

Alt 5 6,500,000$              $259,000 $10,360,000 $130,000 $5,200,000

Alt 7 47,000,000$            $1,873,000 $74,920,000 $937,000 $37,480,000

Alt 8 12,200,000$            $487,000 $19,480,000 $244,000 $9,760,000

Total Project Cost Source (OPCC)

Current Market Interest Rate: 2.50%

SRF Loan Term: 40 years

Annual GNWWC Distribution System Debt Service

Total Project Cost

100% Loan 

Annual Pmt

100% Total 

Payment

50% Loan / 50% 

Grant Annual 

Pmt

50/50 Total 

Payment

Summary of OM&R Annual Cost



Table B2 - Net Present Value

Discounted Rate 1.90% *from Appendix C of OMB circular A-94

Number of Years 40

Initial Capital Cost 18,000,000$           26,500,000$    7,600,000$      6,500,000$      47,000,000$    12,200,000$    

Annual Debt Service 718,000$                 1,056,000$      303,000$          259,000$          1,873,000$      487,000$          

OM&R Cost (Annual) 260,000$                 320,000$          210,000$          180,000$          540,000$          250,000$          

Alternative 1 Alternative 2 Alternative 3 Alternative 5 Alternative 7 Alternative 8

Year

Cedar Bluff to 

Pfiefer

Cedar Bluff to 

Big Creek

Saline River 

Alluvial

Smoky Hill at 

Russell

Northwest 

Reservoir

Fossil Lake 

Extension

2016 $978,000 $1,376,000 $513,000 $439,000 $2,413,000 $737,000

2017 $959,764 $1,350,343 $503,435 $430,815 $2,368,008 $723,258

2018 $941,869 $1,325,165 $494,048 $422,782 $2,323,855 $709,772

2019 $924,307 $1,300,457 $484,836 $414,899 $2,280,525 $696,538

2020 $907,073 $1,276,209 $475,796 $407,163 $2,238,003 $683,551

2021 $890,160 $1,252,413 $466,924 $399,571 $2,196,273 $670,805

2022 $873,562 $1,229,061 $458,218 $392,120 $2,155,322 $658,298

2023 $857,274 $1,206,144 $449,674 $384,809 $2,115,135 $646,023

2024 $841,289 $1,183,655 $441,290 $377,634 $2,075,696 $633,978

2025 $825,603 $1,161,584 $433,062 $370,593 $2,036,994 $622,157

2026 $810,209 $1,139,926 $424,987 $363,683 $1,999,012 $610,556

2027 $795,102 $1,118,671 $417,063 $356,902 $1,961,739 $599,172

2028 $780,277 $1,097,813 $409,286 $350,247 $1,925,161 $588,000

2029 $765,728 $1,077,343 $401,655 $343,716 $1,889,265 $577,036

2030 $751,450 $1,057,255 $394,166 $337,307 $1,854,038 $566,277

2031 $737,439 $1,037,542 $386,816 $331,018 $1,819,469 $555,718

2032 $723,689 $1,018,196 $379,604 $324,846 $1,785,543 $545,357

2033 $710,195 $999,211 $372,526 $318,789 $1,752,251 $535,188

2034 $696,953 $980,580 $365,580 $312,845 $1,719,579 $525,209

2035 $683,958 $962,297 $358,763 $307,012 $1,687,516 $515,416

2036 $671,205 $944,354 $352,074 $301,287 $1,656,051 $505,806

2037 $658,690 $926,746 $345,509 $295,670 $1,625,172 $496,375

2038 $646,408 $909,466 $339,067 $290,157 $1,594,870 $487,119

 Net Present Value of Annual Debt Servie plus OM&R Cost 

2038 $646,408 $909,466 $339,067 $290,157 $1,594,870 $487,119

2039 $634,355 $892,508 $332,745 $284,746 $1,565,132 $478,037

2040 $622,527 $875,867 $326,540 $279,437 $1,535,949 $469,123

2041 $610,920 $859,536 $320,452 $274,227 $1,507,310 $460,376

2042 $599,529 $843,509 $314,477 $269,114 $1,479,206 $451,792

2043 $588,350 $827,781 $308,613 $264,096 $1,451,625 $443,368

2044 $577,380 $812,346 $302,859 $259,172 $1,424,558 $435,101

2045 $566,614 $797,200 $297,212 $254,339 $1,397,996 $426,988

2046 $556,049 $782,335 $291,670 $249,597 $1,371,930 $419,027

2047 $545,681 $767,748 $286,232 $244,943 $1,346,349 $411,214

2048 $535,507 $753,433 $280,895 $240,376 $1,321,245 $403,547

2049 $525,522 $739,385 $275,657 $235,894 $1,296,610 $396,022

2050 $515,723 $725,598 $270,517 $231,495 $1,272,433 $388,638

2051 $506,107 $712,069 $265,473 $227,179 $1,248,708 $381,392

2052 $496,670 $698,792 $260,523 $222,943 $1,225,425 $374,280

2053 $487,410 $685,762 $255,666 $218,786 $1,202,576 $367,301

2054 $478,321 $672,976 $250,899 $214,707 $1,180,153 $360,453

2055 $469,403 $660,428 $246,220 $210,703 $1,158,148 $353,732

2056 $460,650 $648,114 $241,630 $206,775 $1,136,554 $347,136

2057 $452,061 $636,029 $237,124 $202,919 $1,115,362 $340,664

2058 $443,632 $624,170 $232,703 $199,136 $1,094,565 $334,312

2059 $435,360 $612,532 $228,364 $195,423 $1,074,156 $328,078

2060 $427,243 $601,111 $224,106 $191,779 $1,054,128 $321,961

2061 $419,277 $589,902 $219,927 $188,203 $1,034,473 $315,958

2062 $411,459 $578,903 $215,827 $184,694 $1,015,184 $310,067

2063 $403,787 $568,109 $211,802 $181,250 $996,255 $304,285

2064 $396,258 $557,516 $207,853 $177,870 $977,679 $298,612

2065 $388,869 $547,121 $203,978 $174,554 $959,450 $293,044

Total Net Present Value $31,984,870 $45,001,208 $16,777,340 $14,357,217 $78,915,636 $24,103,118
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Executive Summary 

Our survey of indoor residential water usage in Hays indicates 
the following conclusions which we feel are significant. 

1. The largest component of water consumption is the toilet 
stool, using 103,113,960 gal of water per year. 

2. The second largest indoor water user is the shower, 
consuming 101,755,430 gal of water per year. 

3. Washing machines, dishwashers and bathtubs combined 
account for approximately the same amount of water use as 
either showers or stools, at 108,377,120 gal per year. 

4. Residents are currently making an important contribution 
to water conservation -- 39.72% in low-flow showers and 
17.86% in low-volume flush toilets. 

5. Conversion of all existing showers to low-flow showers 
would result in 5.79% in additional water savings at a 
cost of $24,742.00, or $173.93 per acre foot. 

6. Conversion of all existing t'oilets to low-volume stools 
would result in 7.75% in additional water savings at a 
cost of $3,170,890.00, or $16,676.61 per acre foot. 

7. It appears cost-effective to replace existing shower 
heads with low-flow showers in all units within the City. 

8. It does not appear cost-effective to require the 
conversion of all existing toilets to low-volume flush 
toilets. 

l 

9. To the extent that the city does not currently require 
low-flow showers and low-volume flush toilets in all new 
or renovated structures, such changes to the building 
code would result in further water savings. 



Background and Purpose of Survey 

For many years prior to 1991, the City of Hays has wrestled 
the problem of an adequate supply of potable water. The 
Commission recently began a study in earnest to create a 
range strategy to resolve this problem. 

with 
City 

long-

In January, 1991, Verlin Pfannenstiel, Chair of the Ellis County 
Coalition for Economic Development, became concerned that the 
decision to be reached by the City Commission could become a 
divisive issue in the community unless there had been some form 
of independent study of the issue and the alternatives available, 
together with the cost thereof. During a joint meeting of the 
Executive Committees of the Coalition and the Hays Area Chamber 
of Commerce, a proposal was made that the two organizations form 
a water study panel composed of citizens with no direct financial 
stake in the proposals, but with the interest and expertise to 
qualify as a "blue ribbon" panel to study the proposals to re
lieve the water problems in Hays. The purpose of the panel was 
not to advise the Commission, but to gather information, provide 
opportunities for community education and to speak on water 
policies of the City. 

During a meeting of the Water Study Panel, in February, 1991, the 
issue of conservation as a means of relieving the water problems 
of Hays was discussed. Information was presented about the possi
bilities of water conservation and the amounts of water that 
could be saved with such a plan. The information presented made 
certain assumptions about the nature and extent of indoor resi
dential water use that could not be documented by empirical data. 
The Coalition's Research Department was asked to construct and 
administer a survey to collect data which would more accurately 
reflect the possibilities of water conservation in Hays. This 
report is the result of that study. ' 
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Methodology of the Survey 

The focus of the survey was to determine the possibilities of 
water conservation by the installation of low-flow shower heads 
and low-volume flush toilet stools in residences in Hays. The 
financial impact of such a policy was not within the direct 
purview of this survey, but is not difficult to calculate based 
upon the information generated in the survey. 

The Research Department decided that the quickest and most cost 
effective means of conducting this survey would be a telephone 
survey of the residences in Hays. Recognizing the time limits 
involved in administering telephone surveys, the survey was 
designed to ask only questions that would directly bear on the 
basic issues of water usage inside residential units. There are 
many questions which we would have preferred to include in the 
survey, but because of the time limits that we wished to observe, 
could not be accommodated. 

We first determined that approximately 7000 households existed in 
Hays. This formed the basis for the determination of the sample 
number that would be needed. The minimum number of samples 
needed to provide a statistically reliable survey, within a 
margin of error of (+} (-) 4% would be 44. We felt that we could 
achieve a greater number of survey responses without any signifi
cant additional effort. Thus 140 responses, which is 2% of the 
7000 households, was selected as the survey number. This will 
provide a margin of error of (+)(-) 2.74%. 

We were able to obtain the assistance of Dr. Paul Basinski, 
Assistant Professor of Political Science at Fort Hays State 
University, through which we were able to access students in his 
Environmental Politics and State and Local Government classes to 
conduct the survey. Seven students volunteered to assist with the 
survey. The survey was conducted from 6:30 p.m. to 8:00 p.m. on 
Wednesday, February 27, 1991. Training was conducted prior to the 
administration of the survey by Kevin Tittel, graduate intern 
with the Coalition. Each student was assigned 20 surveys to 
complete. Residences were selected at random from the local 
telephone book, by using the first residence listing in each 
column of each page. The students were instructed that if the 
number identified by this process did not answer, was busy or did 
not wish to participate in the survey 1 the next residence number 
would be used. We were able to complete the 140 survey responses 
within the time limit by this method. 
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Results of the Survey. 

Question #1. How many adults are in your household? 

Response 

One ( 1) 

Two (2) 

Three (3) 

Four (4) 

Number 

24 

101 

14 

2 

Question #2. How many children? 

Response Number 

None ( 0) 77 

One ( 1 ) 21 

Two ( 2 ) 26 

Three ( 3) 14 

Four ( 4 ) 4 

Percent 

17.02 

71.63 

9.93 

1. 42 

Percent 

54.23 

14.79 

18.31 

9.86 

2.82 

Question #3. Do you own or rent your home? 

Response 

Own 

Rent 

Number 

94 

47 

4 

Percent 

66.67 

33.33 



Question #4. Have you lived in your home more than 3 years? 

Response 

Yes 

No 

Number 

84 

57 

Percent 

59.57 

40.43 

Question #5. Do you have a dishwasher? 

Response 

Yes 

No 

Number 

78 

63 

Percent 

55.32 

44.68 

Question #6. If yes, how many times a day do you use it? 

Response Number Percent 

No Response 4 5.13 

Never 7 8.97 

1 per month 2 2.56 

2 per month 1 1. 28 

1 per week 4 5.13 

2 per \veek 2 2.56 

3 per \·reek 18 23.08 

1 per day 35 44.87 

1.5 per day 1 1. 28 

2 per day 1 1. 28 

4 per day 3 3.85 
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Question #7. Do you have a washing machine? 

Response 

Yes 

No 

Question #8. 

Response 

If so, 

1 per 2 weeks 

1 per week 

2 per week 

3 per \'leek 

4 per week 

5 per week 

6 per \'leek 

7 per \'leek 

8 per week 

9 per week 

10 per week 

12 per v1eek 

14 per week 

15 per week 

20 per week 

21 per \'leek 

Number 

129 

12 

Percent 

91.49 

8.51 

how many loads per week to you run 

Number Percent 

2 1. 53 

26 19.85 

16 12.21 

26 19.85 

16 12.21 

13 9.92 

8 6.11 

8 6. 11 

4 3.05 

2 1. 53 

3 2.29 

1 .76 

2 1. 53 

1 .76 

1 .76 

2 1. 53 
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Question #9. Hov1 many bathtubs are in your home? 

Response Number Percent 

None ( 0) 1 .71 

One ( 1 ) 123 87.23 

Two(2) 15 10.64 

Three(3) 2 1. 42 

Question #10. How many showers? 

Response Number Percent 

None { 0) 4 2.84 

One { 1 ) 96 68.09 

Two ( 2 ) 32 22.70 

Three ( 3) 8 5.67 

Four ( 4) 1 . 71 

Question #11. How many toilet stools? 

Response Number Percent 

One ( 1 ) 51 36.17 

Two ( 2 ) 56 39.72 

Three ( 3) 28 19.86 

Four ( 4) 5 3.55 

Five ( 5) 1 .71 
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Question #12. How many in your household most often take showers? 

Response Number Percent 

None ( 0) 8 5.67 

One ( 1) 42 29.79 

Two ( 2 ) 56 39.72 

Three ( 3 ) 20 14.18 

Four ( 4 ) 12 8.51 

Five ( 5) 3 2.13 

Question #13. Have you replaced any shower heads with low-flow? 

Response 

Yes 

No 

Number 

56 

85 

Percent 

39.72 

60.28 

Question #14. If so, Where did you purchase it? 

Response Number Percent 

Don't kno\-1 24 42.86 

Contractor 7 12.50 

Already in 6 10.70 

Retail lumber 14 25.00 

City Hall 5 8.93 
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Question # 15. Have you replaced any stools with low-volume? 

Response 

Yes 

No 

Number 

25 

115 

Percent 

17.86 

82.14 

Question #16. If so, Where did you purchase it? 

Response 

Don't knov1 

Contractor 

Already in 

Retail lumber 

Number 

5 

12 

1 

7 

9 

Percent 

20.00 

48.00 

4.00 

28.00 



Conclusions 

Our conclusions are based upon several assumptions which we were 
required to make in order to interpret the survey results. First, 
we assume that the number of persons per household was the same 
throughout the population as it was in the survey. Our survey 
identified 407 residents in 141 households, for an average of 
2.886 per household. Applying that number to the total population 
of Hays, 17,767, gives us 6,156 households in the City. This is 
slightly smaller than the number we originally estimated. All our 
calculations related to the City population are based on this 
number of households. 

Second, we assume that each person who showers, only takes show
ers and does so each day. Although we recognize factually that is 
probably not so, we believe that the differences for those who 
may shower twice per day will make up for those that, upon occa
sion, do not shower each day. 

Thirdly, we assume that all showers will average five minutes in 
duration and that there is no difference in the usage of water in 
a shower between adults and children. 

Fourth, we assume that a conventional shower uses 6 gallons of 
water per minute and that a low-flow shower uses 2.5 gallons per 
minute. We know that conventional toilet stools use from 3.5 to 
7.0 gallons of water per flush and that true low-volume flush 
stools can use a little as 1.6 gallons of water. 

Fifth, we assume that washing machines use 30 gallons of water 
for each load of wash and that dishwashers use 15 gallons of 
water for each load of dishes. 

Prior to the survey, we had assumed that there were about 10,000 
showers in Hays and that each shower head would be used twice 
each day, for a total of 20,000 showers per day. In fact, accord
ing to our survey, there are 8,209 shower heads. Based on the 
responses to Question #12, we calculate that there are, in fact, 
12,095 showers taken daily. This is approximately 60% of the 
pre-survey assumptions. 

While we did not ask the length of time for showers, if we assume 
5 minutes for an average, the following comparison could be made 
between conventional and low-flow shower water consumption: 

Conventional 12,095 x 6 gal/min x 5 min = 362,850 gal/day 

Low-flow 12,095 x 2.5 gal/minx 5 min= 151.188 gal/day 

Low-flow would use 41.67% of conventional showers. 

However, based upon the results of our survey, we have learned 
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that a large percentage of the existing showers have already been 
converted. Answers to Questions #14 and #15 indicate that 40% of 
showers and 18% of toilet stools are low-flow or low-volume. 
These two questions would seem to provide the most suspect re
sults in this survey. There are two major reasons that suggest 
the data are not entirely accurate: (1) the questions did not 
define the terms "low-flow" or "low-volume", thereby leaving the 
respondent some latitude for misinterpretation and (2) a general
ly recognized perception that "yes" would be a more "politically 
correct" answer. 

Nevertheless, if we assume that these are correct ( and we have 
no reason not to), this would reduce the potential for further 
savings from any conservation measures. 

We calculate that the difference between 100% use of conventional 
showers and 100% use of low-flow showers would be 211,662 gal per 
day. However, if 40% have already been converted, this would mean 
that only 127,000 gal per day would be the further reduction from 
100% low-flow showers. This converts to 46,354,000 gal per year, 
or 142.25 acre-feet of water savings annually. 

Hays' current annual water consumption is 2454.95 acre-feet per 
year. The savings from the low-flow showers would be 5.79% of the 
annual usage. Because we know that the City currently provides 
low-flow shower heads for $5,00, a conversion of those not al
ready low-flow (4,948 heads} would cost $24,742.00. The City 
could acquire an additional 142.25 acre feet of water per year 
for $173.93 per acre foot. 

When considering the matter of low-volume stools, the determina
tion becomes much more difficult. Stools may use either 7 gal per 
flush, 3.5 gal per flush or something in between, or may be the 
true low-volume flush of 1.6 gal per flush. Additionally, we do 
not know the number of flushes of each type of stool. We know 
that 17.68% of the residences appear to have low-volume stool 
(again subject to the concerns expressed above). We do know that 
82.14% are not replaced. There would be a need to replace 9,756 
(11,878 x 82.14%) stools, at an estimated cost of $225.00 per 
stool plus installation, estimated at $100.00 per stool. That 
cost would be $3,170,890.00. 

In order to determine some measure of the conservation to be 
expected, we made two additional assumptions: (1) each conven
tional stool uses 4.5 gal per flush ( a blend of those various 
existing stools) and (2) six flushes per stool per day. We 
calculate these "conventional" stools would use 263,412 gal per 
day or 96,145,380 gal per year. If these stools were converted to 
low-volume stools using 1.6 gal per flush, they would use 93,657 
gal per day or 34,185,024 gal per year. The savings in water 
would be 61,960,356 gal per year, or 190.14 acre-feet per year. 
The cost of this conservation measure would be $16,676.61 per 
acre-foot. 
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Washing machine usage of water depends upon the size of the load 
in many models. The range is from 20 to 40 gallons. We assume an 
average of 30 gal per load. We calculate (from Question #8) that 
there are 26,649 loads of wash done per week. At 30 gal per load 
average, this would be 799,470 gal per week, or 41,572,440 gal 
per year. This converts to 127.57 acre-feet per year, roughly 
equivalent to the amount of water estimated as the potential 
savings from shower head conversion. 

Dishwashers use, on average, 15 gal per load. The answers to 
Question #5 indicate 141,106 dishwasher loads per month. This 
means dishwashers use 2,116,590 gal of water per month, or 
25,399,080 gal per year. Dishwashers use 77.94 acre-feet of water 
per year. 

Bathtubs comprise the remaining major component of inside resi
dential water usage. Again we must make an assumption regarding 
the amount of water used per tub. We assume that 20 gal per tub 
would be the average. There should be 5,672 persons who do not 
take showers and, therefore, take baths. At 20 gal per tub per 
day, tub baths would consume 113,440 gal of water per day, or 
41,405,600 gal per year. 

To summarize the patterns of annual water usage in indoor resi
dential households in Hays: 

1. washing machines 
2. dishwashers 
3. showers 
4. toilet stools 
5. bathtubs 

Total 

Annual gallons 

41,572,440 
25,399,080 

101,755,430 
103,113,960 

41,405,600 
313,246,510 

This is equivalent to 961.25 acre-feet per year. As~uming that 
the total water usage of Hays is constant at 2,454.95 ~ere-feet 
per year, this accounts for 39.16% of the total water use in 
Hays. 

We have seen no measures suggested to reduce indoor residential 
water use beyond the installation of low-flow showers and low
volume flush toilets. It would appear that the proposal to in
stall low-flow shower heads would be cost effective. It would 
result in the reduction of water consumption of 142.25 acre-feet 
per year at a cost of $173.93 per acre foot. 

However, the installation of low-volume flush toilets, with a 
much greater cost of conversion, would not appear to be cost
effective. $16,676.61 per acre-foot would be the investment if 
the City were to absorb the entire cost. Anything less than that 
brings into question the degree of conversion that can be 
achieved. 
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WATER PANEL SURVEY 

"Hello • • • I am conducting a survey to examine water conservation measures in 
the city of Hays, and I would appreciate a moment of your time to answer a few 
questions." 

< if person does not want to participate, say "Thank youn, hang up, and 
go to next call > 

< if person does want to participate, proceed to ask the following 
questions > 

"First, how many adults are in your household? 11 

"And how many children?" 

< adults are 18 years of age or older, children are less than 18 > 

"Do you own or rent your home?" 

"Have you lived in your home more than 3 years?" 

"Do you have a dishwasher?" 

Own 

Yes 

Yes 

Rent 

No 

No 

< if yes, ask, "On average, how many times per day do you use 
the dishwasher?" > Times 

"Do you have a washing machine?" Yes No 

< if yes, ask, "On average, how many times per week do you use 
the washing machine?" > Times 

"How many bath tubs are in your house?" 

"And how many showers?" 

"And how many toilet stools are in your house?" 

"How many people in you household most often take showers rather 
than baths?" 

"Have you replaced any of your shower heads with low 
flow, water conserving shower heads?" Yes No 

< if yes, ask "How many did you replace?" enter number here: 
"Where did you buy it (them)?" > 

11Have you replace any of your toilet stools with low 
flow, water conserving toilet stools?" 

< if yes, ask, "How many did you replace?" 
"Where did you buy it (them)?" 

Yes No 

enter number here: 

That is all the questions I have for you. Thank you. Good-bye. 
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Pwwsnl!s 
Public Wholesale Water Supply District #15 
P.O. Box 220 
Hays, KS 67601 
(785) 628-3102 

February 20, 2002 

AlLeDoux 
Kansas Water Office 
901 S. Kansas Avenue 
Topeka, KS 66612-1249 

Dear Mr. LeDoux 

• 
Lavern D. Squier, President 

Cecil Witt, Vice-President 

Larry Daugherty, Secretary 

Jayne Clarke, Interim Treas. 

Enclosed herein, please find er onservation Plan for the Public Wholesale Water 
Supply District No. 15. The pan was prepare aker, Hugoton, Kansas, who 
then forwarded it on to the District. The District board has reviewed this plan and has 
adopted a few minor changes to it. We would appreciate your favorable consideration 
and approval of the plan as soon as possible. 

By copy of this letter we are informing the Division of Water Resources and the Kansas 
Department of Health and Environment that the District's Water Conservation Plan has 
been approved by the Board and submitted to the Kansas Water Office for approval. If 
there are any comments or concerns on the part ofDWR or KDHE; please feel free to 
contact us. 

s~/ 
Lavem~r 
President, PWWSD #15 

cc: Gary Baker 
Scott Ross 
Guy Ellis 
KenKopp 
David Waldo 
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WATER CONSERVATION PLAN 

PUBLIC WHOLESALE WATER SUPPLY DISTRICT NO. 15 

JANUARY 2002 

I. INTRODUCTION 

The Public Wholesale Water Supply District (PWWSD) No. 15 Members are the 
City of Hays and the City ofRussell, Kansas. The City of Hays is located in Ellis 
County and the City of Russell is located in Russell County. Several small 
communities are located within the two counties and should be considered 
potential Members. 

The City of Hays and the City of Russell have experienced problems with the 
quantity of their water supplies. These problems include unreliable sources and 
inadequate supplies. 

The District is in a unique position regarding water conservation, as it does not 
deal directly with the final consumer of the water it will produce. The District 
will develop contractual obligations to deliver specific quantities of water to its 
Member entities. However, the District does acknowledge its responsibility to 
make every reasonable effort to adopt and practice sound water management 
practices and to implement policies that contribute to efficient water use. 

The District has a significant responsibility to keep its Members advised of the 
water supply conditions within the well field. The Members, based on information 
provided by the District, must enact and maintain their own water conservation 
plans as the situation demands. As the Members make appointments to serve on 
the Board of Directors, a spirit of cooperation and consumer service will emerge. 

City of Hays, Kansas 

The City of Hays has very few sources of water. It has water rights in the Smoky 
Hill alluvium south of town, in the Big Creek alluvium in town, in the Dakota 
formation southwest of town. It is currently using water from a KDHE Dry 
Cleaner Trust Fund remediation project. This water right is only permitted as a 
temporary water appropriation right. The City has water rights totaling an annual 
quantity of approximately 3,735 acre-feet, but in recent years has only been able 
te produced approximately 2,000 to 2,200 acre-feet per year. In 1999, Hays 
citizens used an average of 110.7 gallons per person per day. 

In order to keep consumption at this low rate, stringent water conservation 
measures were enacted in the early 1990's. The City mandates the use of water 
saving devices and even has a program under which it pays a part of the cost to 
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purchase and install these devices. In addition, both sewer and water rate 
ordinances use an increasing block structure. While the first gallon of water, or 
the first gallon of sewage is relatively inexpensive, as consumption increases, so 
does the incremental rate. This conservation plan has dramatically decreased per 
capita water use by Hays' residents. But, the conservation plan amounts to water 
rationing, and rationing has been the practice in Hays for a decade. 

Hays has been able to supply its needs by using this rationing plan, but is in 
significant need of new sources of municipal water to supplement current use, 
maintain growth, to encourage new economic development and industrial growth 
and to provide reliable supplies of water during periods of drought. 

Hays is a shopping, business, education and medical center for all--of western 
Kansas. The economic viability of the western half of the state is directly tied to 
the economic viability of the City of Hays. A key to maintaining this economic 
activity is availability of water. Hays has not been able to overcome its well
deserved reputation for having inadequate water resources. This reputation has 
hindered economic development activities. 

City of Russell, Kansas 

The City of Russell has numerous water rights, and other than the water right at 
Cedar Bluff Reservoir, each of them contains a 1,840 acre-foot limitation on the 
annual quantity that can be diverted. Historically, Russell has used only about 700 
acre-feet annually. However, its water supply situation is changing. Russell has 
been aggressively recruiting industry. The gluten plant and the ethanol plant are 
examples of its recent successful growth. These types of projects are extremely 
water intensive. These and other industries could cause Russell to need additional 
water resources in the near future. It is also possible that Russell will want or need 
to purchase water from the District to avail itself of the reverse osmosis treatment 
capabilities the District will be constructing. 

South Russell Project 

The District has filed applications for eleven separate water appropriation rights 
along the Smoky Hill River in southeastern Russell County starting near the 
confluence of the Smoky and Big Creek and moving to the east. In the initial 
phase of the project, the District plans to drill three wells and to build a surface 
water collection system, called a Raney Collector or a collector well. Currently, 
the District does not have a schedule for completion of the other wells. The main 
east-west pipeline will be in place and these wells can be drilled and connected to 
the system with short feeder pipelines. 

The pipeline will carry raw water from the points of diversion west to a treatment 
facility. From the treatment plant, the pipeline will carry potable water to Hays. 
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The pipeline will connect to the Hays system in the clear well adjacent to the 
existing softening plant. There will be approximately forty-five miles of pipeline. 

The treatment plant will be located southeast of Russell near the intersection of 
the District's new pipeline with Russell's existing lines down to Big Creek. The 
plant will use reverse osmosis technology and will be sized to meet approximately 
one-half of the demand for the City of Hays, or 2.0 million gallons of fmished 
water per day. Current estimates show that the treatment process will consume 
approximately twenty percent of the gross water production. The brine resulting 
from the treatment process will be placed in a New Class I non-hazardous 
underground injection well similar to the wells used to dispose of oil field waste. 

The District believes that meeting the short, medium, and long-term water supply 
needs of its Members is in the public interest. 

II. LONG TERM WATER USE EFFICIENCY 

Water Plant Design 

• The water treatment plan will be designed to conserve water during 
production of saleable water. An Filter backwash will be returned 
to the head of the plant for reuse. In effect, the plant produces 
minimal residuals that are in the form of alum sludge. 

Management 

• The water treatment plan will be located southeast ofRussell. Raw 
water pumps will be used to pump water to the treatment plant. An 
Raw water will be metered at the raw water pump stations and at 
the water treatment plant. 

• An Raw water meters will be new and installed as instructed by the 
manufacturer under the supervision of the Wholesale Water 
District's representative. 

• An Raw water meters will be checked for accuracy no less than 
once every thiee years. Each meter will be repaired or replaced if 
its test measurements are not within 2% of actual volume of water 
passed through the meter. 

• Raw water meters will be repaired or replaced within two weeks 
when malfunctions occur. 

• All Finished water pumped into the distribution system will be 
metered at the water treatment plant. 
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• AH Finished water meters will be new and installed as instructed 

by the meter manufacturer under the supervision of the District's 
construction representative. 

• When operation begins, all finished water meters will be checked 
for accuracy no less than once every three years. 

• Finished water meters will be repaired or replaced within two 
weeks when malfunctions occur. 

• AH Finished water sold will be metered via master meters located 
at the point of delivery to the member entities. 

• AH Master meters will be new and installed as instructed by the 
meter manufacturer under the supervision of the District's 
representative. 

• AH Master meters will be checked for accuracy no less than once 
every three years. 

• Each master meter will be repaired or replaced within two weeks if 
its test measurements are not within plus, or minus 2% of the 
actual volume of water passed through the meter. 

• Leaks will be repaired as soon as possible and no later than 72 
hours after they are located. A leak detection and repair program 
will begin whenever the loss from leaks exceed 20% of the total 
finished water pumped for one month, 15% for two consecutive 
months, or 10% for three consecutive months. 

• AH Water leaks will be recorded as to location, nature of break, and 
estimate of water lost. 

Consumer Use Information 

• AH Raw water and finished water meters will be read daily and all 
master meters will be read on a monthly basis and as near the same 
time as possible. 

• Monthly member water bills will show the amount of water used in 
gallons and the cost of the water. 

• Each monthly water bill will show the amount of increase or 
decrease in water use as compared to last year's bill for the same 
month. 
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• Member's water charges will be based on the amount of water 

used, with the exception of those using less than the contracted 
minimum amount. 

Education Conservation Practices 

• At least one water conservation article will be prepared each year 
during the summer and provided to the local newspapers for 
possible publication as a public service. Target date: 1st year of 
operation. · 

• Each year, public awareness of the need to conserve water will be 
increased through distribution of pamphlets and the display of 
water conservation posters at the libraries, City Halls, and Rural 

· Water District offices. Target date: 1st year of operation. 

• The District will coordinate with school administrators for 
classroom activities and projects, which will impress upon youth 
the ways they can conserve water. Target date: 1st year of 
operation. 

• These activities will supplement similar efforts undertaken by the 
Members of the District. 

Drought/Emergency Contingency 

• The District has selected three stages of alert relating to conditions 
of drought indicated by projected deliverable pumping volumes in 
the well field. Each alert is triggered by reductions in water supply. 

Stage 1- Water Watch Alert 

• District members will be advised of a water watch alert when the 
projected deliverable pumping volumes reaeh decline to 80% of 
normal. The water watch alert signals the members that the 
probability of a water shortage is rising and that they should 
prepare themselves to initiate their drought contingency plans. 

Stage 2- Water Warning Alert 

• District members will be advised of a water warning alert when the 
projected deliverable pumping volumes reaeh decline to 67% of 
normal. The water warning alert signals members that water 
shortage conditions are present and the water supply is declining. 
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Members must initiate a portion of their drought contingency plans 
consisting of voluntary reductions of nonessential water use. 

Stage 3- Water Emergency Alert 

• District members will be advised of an emergency alert when the 
projected deliverable pumping volumes reaefi decline to 33% of 
normal. The water emergency alert signals members that water 
shortage conditions are present and supply is becoming limited. 
Members must initiate :mandatory restrictions of water use as in 
their drought contingency plans. 

Emergency 

• The District will advise #!s its members of any adverse water 
supply conditions that occur. This information will include any 
contamination events. 

• The District will advise #!s its members as soon as possible of any 
equipment failures that will result in interruption of services. If 
public notification is necessary, each entity shall contact the 
Department of Health and Environment and the media. 

Maintenance 

• The District will notify #!s its members in advance of any 
maintenance activity on production, distribution, and/or other 
facilities that may result in temporary reduction or interruption of 
water service. 

Monitoring, Evaluation and Revision 

• The District will establish a monthly management practice of 
reviewing monthly totals of water production, water sales, and 
water not accounted for. 

• Problems identified during the monthly review will be solved as 
soon as possible. The District's Water Conservation Plan will be 
reviewed annually and on a more frequent basis during drought or 
other water shortages. If water usage has increased over the level 
of the past period, the District shall investigate the reason for this 
increase and ascertain that it is related to increased number of 
customers or climatic changes, not from losses or inefficient use of 
water. If the latter is true, appropriate measures will be taken to 
correct the problem. 
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The attached WATER CONSERVATION PLAN has been adopted by a 
vote of the Board of Directors Public Wholesale Water Supply District 
No. 15, State ofKansas, at this regular meeting on January 31, 2002. 

Attest: 
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Looking back through history, specific generations have become known for key achievements, 
traits and ideals. Stereotypes are broadly applied across the United States but what about us? 
What will this generation of Kansans be remembered for? It could be for putting personal 
politics and differences aside, rolling up our sleeves and working together to ensure future 
generations of Kansans have a reliable source of water to fuel our state’s economy. 

In October 2013, Governor Brownback issued a call to action to his Administration to develop a 
50-Year Vision for the Future of Water in Kansas stating, “Water and the Kansas economy are 
directly linked. Water is a finite resource and without further planning and action we will no 
longer be able to meet our state’s current needs, let alone growth.” 

The writing is on the wall and if we don’t act today, 
our future is bleak. The Ogallala Aquifer is declining 
faster than it is recharging. Reservoirs, which are 
critical water storage structures for much of our 
state, are filling with sediment. At this rate, with no 
changes in the next 50 years, the Ogallala will be 70 
percent depleted and our reservoirs will be 40 
percent filled with sediment. 

The multi-year drought has brought water issues to 
the forefront; we must plan for the future now. 

Since issuing the call to action in October, a Vision 
Team comprised of the Kansas Water Office, Kansas 
Department of Agriculture and Kansas Water 
Authority, embarked on a one-year mission to seek 
input from water users, compile data, conduct 
research and chart a path forward. 

Governor Brownback’s Administration, and most 
importantly the citizens of Kansas, have responded to his call to action and have developed a 
Vision to ensure a reliable future water supply. If we remain united and committed to 
implementing the strategies defined in this Vision, future generations will look back on the 
work we do and say that’s the generation of Kansans who worked together to protect and 
conserve the state’s water resources today and for the future. 

CALL  TO  ACTION:  PURPOSE  AND  NEED  FOR  A  LONG-TERM  VISION  FOR  THE  FUTURE  OF 
WATER SUPPLY IN KANSAS 

“Water and the Kansas 
economy are directly 
linked. Water is a finite 
resource and without 
further planning and 
action we will no 
longer be able to meet 
our     state’s 
needs, let 

current 
alone 

growth.” Governor 
Sam Brownback 
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Following is a summary of the year-long process employed to develop the Vision. 
 

 
 

 
 

 
 

 
 

 
 

 

SUMMARY OF VISION DEVELOPMENT PROCESS 

October 2013 Governor issues Call to Action to develop Vision 

November 2013 Vision Team assembled to outline plan of action for 
Vision development 

December 2013 - 
March 2014 

Stakeholder outreach to receive input on Vision, 
Mission, Goals and Action Items 

April 2014 Initial stakeholder input shared and feedback 
received during leadership workshop 

April – June 2014 Additional stakeholder outreach conducted to 
continue to receive input; KWA Meeting 

June 2014 Based on input received, Vision Team developed 
Preliminary Discussion Draft 

July 2014 Statewide water vision public input tour with twelve 
listening sessions 

August 2014 KWA provides feedback on Discussion Draft; Online 
survey released for additional feedback 

September - 
October 2014 

Additional stakeholder outreach to receive feedback; 
Vision Team developed Second Draft of Vision 

November 2014 Second Draft of the Vision for the Future of Water Supply 
presented at Governor’s Water Conference 
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Measuring progress towards meeting the Vision requires a firm understanding of the current 
conditions of the state’s water resources. A brief overview of the current conditions of our 
state’s water resources and a description of how water is used and managed in the state is 
included below. Supporting graphics and maps are provided in the Condition Atlas at the end of 
this document. 

Kansans use approximately four million acre-feet of water annually. Statewide, irrigation is the 
largest water user, accounting for 80-85 percent of all water diverted in most years. Municipal 
use is the second largest water use category. Approximately 90 percent of all water used in 
Kansas is pumped from ground water sources. 

Kansas water resources are ground water dominated in the western half of the state and 
surface water dominated in the eastern half. Climate is a significant factor in this variability, 
with semi-arid conditions, low precipitation and limited surface water in western Kansas. There 
are aquifers in eastern Kansas; however, they are generally more limited in extent and yield 
than the aquifers in western Kansas. 

Both weather and climate exhibit a great deal of variability in Kansas. This may be the case over 
several days, from year-to-year and over a multi-year period. Perhaps the most striking 
example of this variability is the periodic recurrence of drought conditions in Kansas. Due 
diligence in protecting water resources and adapting to future climate variability will be 
important to maintaining and improving quality of life and the state’s economy. 

State policy regarding water management is guided by the Water Appropriation Act which 
asserts that water in Kansas is dedicated to the use of the people of the state, with the state 
charged to manage the system of water rights. As such, surface and ground water can be 
appropriated for beneficial use, without waste, if that does not cause impairment of an existing, 
more senior water right and does not unreasonably affect the public interest. A water right 
does not constitute ownership of such water, only the right to use it for beneficial purposes. 
The date of a water right, and not the type of use, determines the priority to divert and use 
water at any time when supply is not sufficient to satisfy all water rights. In addition, Kansas has 
four Native American Tribes. Each is afforded a Tribal Reserved Water Right Reserve Water 
Rights by the federal government, which is linked to the creation of each tribal reservation. 
Although none of these rights have currently been quantified, the future management and 
use of our water resources must take into account these rights, which are likely to have the 
most seniority in the state. 

STATE OF THE RESOURCE 
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The Kansas Water Plan is one of the primary tools used by the State of Kansas to address 
current water resource issues for future needs. The Kansas Water Office, in coordination with 
local, state, federal and interstate partners updates the Kansas Water Plan every 5-years. Water 
resource issues addressed in the Kansas Water Plan extend beyond water supply and include 
goals and priorities such as improving our state’s water quality and improving recreational 
opportunities available to our citizens. The Kansas Water Plan will serve as the implementation 
plan for the Vision, providing 5-year milestone events to measure success towards achieving 
the Vision. 

 

 
 

The High Plains aquifer underlies the western and south central portions of Kansas. It is one of 
the world’s largest aquifers and underlies portions of eight states from South Dakota to Texas 
and New Mexico. About 27 percent of the irrigated cropland in the United States overlies the 
High Plains aquifer. In Kansas, the aquifer consists of the hydraulically interconnected Ogallala 
aquifer in the west, the shallower and geologically younger Great Bend Prairie and the Equus 
Beds aquifers in south central Kansas and the associated alluvial aquifers. 

The Ogallala portion of the High Plains aquifer is the primary source of water in western Kansas 
for all uses and is heavily developed, primarily for irrigation. Most of the Ogallala-High Plains 
aquifer is closed to or restricted from additional development. The aquifer has been over- 
appropriated in many regions and, in localized areas, water quality is deteriorating. Projections 
of how many more years the aquifer will support a particular level of withdrawal indicates 
many large areas that have 50 years or less at current usage rates. 

Recognizing that the High Plains aquifer is the largest, most economically important ground 
water source in Kansas, many programs, policies and individual management decisions have 
been directed towards conserving and extending the useable life of this resource. Examples of 
such activities include the development of Local Enhanced Management Areas (LEMAs), 
establishment of water banks, increased compliance and enforcement and implementation of 
various water conservation programs such as the Water Transition Assistance Program (WTAP) 
and Conservation Reserve Enhancement Program (CREP). 

The Groundwater Management Act (GMD) Act, enacted in 1972, provided five locally 
developed GMDs the flexibility to adopt management practices based on local hydrologic 
conditions. The purpose of the Act was to preserve basic water law doctrine as established by 
the Water Appropriation Act while establishing the right and responsibility of local water users 
to determine their future with respect to ground water use. 

HIGH PLAINS AQUIFER 
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Kansas has several major rivers, but few natural lakes. Many reservoirs, large and small, have 
been constructed to control flooding and store water for beneficial use. Major rivers in Kansas 
include the Arkansas, Kansas and Neosho. The state’s largest river, the Missouri River, forms 
the northeast border and provides significant potential for addressing Kansas’ future water 
demands. Twenty-four large reservoirs were constructed by the federal government in Kansas, 
the oldest being Kanopolis (1948) and the youngest three being El Dorado, Big Hill and Hillsdale 
(1981). The primary authorized purpose for reservoirs built by the U.S. Army Corps of Engineers 
(Corps) at the time of their construction was flood control. Irrigation water supply along with 
flood control was a primary use for those reservoirs constructed by the U.S. Bureau of 
Reclamation. Other authorized uses, which vary by reservoir, include municipal and industrial 
water supply, water quality, recreation and navigation support. 

Kansas has purchased water supply storage in 14 federal reservoirs. Water from this storage is 
accessible via contract for municipal, industrial and irrigation use. These reservoirs are an 
important source of water supply in Kansas, providing water in some manner to approximately 
two-thirds of the citizens of the state. Nearly 60 percent of the energy produced in Kansas relies 
on storage in our reservoirs. The state’s population growth projections indicate Kansans will be 
increasingly reliant on the reservoirs. 

There are many challenges to managing reservoir supplies, such as: protecting the reservoirs 
from losing storage from sedimentation, identifying a method to pay for additional storage as 
well as operation and maintenance costs, increasing storage at key reservoirs to regain storage 
already lost to sedimentation and reducing or eliminating the Corps releases of water from 
Kansas River reservoirs to support navigation on the Missouri River. This is a practice of 
marginal benefit to the nation and detrimental to Kansas interests. Actions currently underway 
to secure, protect and restore reservoir water supply include watershed restoration and 
protection activities such as streambank stabilization, reallocation of storage and removal of 
sediment through dredging. 

RIVER-RESERVOIR SYSTEMS 
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Vision: 

Kansans act on a shared commitment to have the water 
resources necessary to support the state’s social, 

economic and natural resource needs for current and 
future generations. 

 
 
 
 

• At every point in the Vision development process, the Water Vision Team has been 
reminded the key to a reliable, long-term water supply is rooted in every Kansan 
understanding the importance of the state’s water resources. 

• The Vision statement calls on every Kansan, as stakeholders, to not only commit to 
ensuring a reliable water supply but also to act on that commitment. 

• The Vision attempts to make clear water is necessary for human health and welfare as 
well as environmental stewardship and our economic well-being. 

• The Vision is also based on the concept that water is not only important for today but 
also for our future as a state. 

VISION STATEMENT 
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Since the Vision calls on all Kansans to be committed to their water resources, the state of 
Kansas is called on in the mission to provide Kansans everything they need to act on that 
commitment. 

 

 
 

Following are four guiding principles that directed the development of the Vision document. 
These guiding principles will continue to serve as precepts for the implementation of the action 
items. 

1. Locally driven solutions have the highest opportunity for long term success. Therefore, 
the intentional focus of the action items presented in the Vision are to provide the 
necessary tools and support to allow for greater flexibility and management of water 
resources at the local level. 

 
2. Policies and programs should not unintentionally penalize those who have already 

demonstrated good stewardship with the state’s water resources. 
 

3. Voluntary, incentive and market-based water conservation and land management 
activities are the preferred tools for ensuring a reliable statewide water supply. 

 
4. Action is necessary now to ensure a reliable supply into the future. 

MISSION STATEMENT 

 
 

Mission: 

Provide Kansans with the framework, policy and tools, 
developed in concert with stakeholders, to manage, 

secure and protect a reliable, long term statewide water
supply while balancing conservation with economic growth. 

GUIDING PRINCIPLES 

 



Vision for the Future of Water Supply in Kansas 11 | P a g e  

 

 
 

During the development of the Vision, two action items rose to the top as critical activities 
necessary to ensure the successful implementation of all other actions in all theme areas. The 
following action items will be initiated immediately: 

1. Improve coordination on water related issues with the state’s primary water related 
agencies through the creation of the Governor’s Water Resources Subcabinet at the 
Executive level with additional regular agency collaboration to implement joint activities. 

 
2. Establish a Blue Ribbon Task Force to develop a balanced, affordable and sustainable 

method to provide financing for water resource management and protection, including 
alternatives that utilize public and private partnerships. 

 

 
 

In order to accomplish the Vision, Mission, Goals and Strategies, leadership is necessary at 
every step in the process. 

The best strategic plans are not likely to be successful if they are not carefully developed and 
effectively communicated to those with the power to implement them. Implementing the 
Vision will require leadership and cooperation with stakeholders across the state and the 
diligence to make the correct choices and wise investments in our state’s water resources. 
Providing a reliable water supply for Kansas will be a big challenge in the years ahead, but if 
stakeholders work together to implement the strategies and recommendations described in the 
Vision, future generations of Kansans will have water for tomorrow. 

 

 
 

Keys to successful implementation of the Vision include: 

1. Clear definition of the resource conditions and issues. 
2. Agreement among the majority of stakeholders on the goals Kansas and its citizens are 

trying to achieve. The goal setting process in this document calls upon Kansans to meet, 
discuss and determine the goals for their region. The leadership of the Kansas Water 
Authority is critical to the development of these goals and must hold stakeholders 
accountable in meeting them. 

3. While goals are important and the appropriate tools need to be readily available, 
stakeholders need to have the flexibility and freedom to meet the goals and use the tools. 

4. Review and evaluate progress toward achieving the Vision in a timely manner to determine 
if further action is needed. 

IMMEDIATE PRIORITY ACTION ITEMS 

NEED FOR LEADERSHIP 

KEYS TO SUCCESS 
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5. Leadership at the local level is the most critical.  Local decision makers must listen to their 
constituents while at the same time balancing the future needs of their communities. 
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This  section  includes  the  themes,  strategies  and  action  items  identified  during  the  vision 
development process. 

 

 
 

Following are a series of actions and strategies designed to achieve the vision, mission and 
regional goals. 

The strategies are arranged in four themes: 

• Water conservation 
• Water management 
• Technology and crop varieties and 
• Additional sources of supply 

 
Within each theme, three to five specific strategies are identified. 

While many strategies are applicable to the whole state, some are specific to one or more 
distinct regions. Each action item is categorized into one of four applicable regions: 

• Statewide 
• Ogallala-High Plains Aquifer 
• Reservoirs or 
• Other Regions 

For example, an action item in the Water Management theme recommending assessment of 
the Kansas River alluvial aquifer is unique to northeast Kansas and is therefore characterized as 
an “Other Regions Action Item.” 

Within each strategy, action items are identified and categorized in Phases according to the 
priority for implementation. 

• Phase I action items are the highest priority and will be initiated, but not necessarily 
completed, during the first year of this draft of the Vision 

• Phase II action items will be initiated within five years 
• Phase   III   action   items   are   longer-term   and   may   require   additional   research, 

development and stakeholder coordination before the action item can be initiated 

THEMES AND STRATEGIES TO ACHIEVE THE VISION 

EXPLANATION OF SECTION 
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WATER CONSERVATION 

• Strategically emphasize information and education regarding the importance of water and 
water conservation practices 

• Implement additional or enhanced water conservation policies and practices 
• Reduce barriers and increase development of locally driven conservation and management 

plans 
• Encourage conservation planning in economic development and business recruitment 
• Increase adoption of watershed practices that reduce future water supply loss 

 
WATER MANAGEMENT 

• Modify reservoir operations and downstream targets to most efficiently operate reservoirs 
for water supply 

• Improve interstate cooperation so that Kansans’ water needs are met and protected 
• Increase the regionalization of water supply to improve long-term water supply reliability 
• Evaluate changes to the Kansas Water Appropriation Act and Rules and Regulations to 

promote better balance between efficient water use and economic benefit 
• Evaluate and improve state agency coordination and collaboration 

 
TECHNOLOGIES AND CROP VARIETIES 

• Promote irrigation efficiency technologies 
• Increase utilization of less water intensive crop varieties 
• Implement research-based technology aimed at better understanding our state’s water 

supply 
• Develop   career   and   technical   education   programming   related   to   water   resource 

management and technology to build the needed workforce 

ADDITIONAL SOURCES OF SUPPLY 

• Restore water supply lost to sedimentation through dredging and other in-lake sediment 
management techniques 

• Allow for the transfer of water supplies between basins where feasible and cost effective 
• Evaluate the sources and potential uses of lower quality water 

THEME AND STRATEGY OVERVIEW 
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• Secure all available storage at federal reservoirs including reallocating storage where such 
actions are possible 

• Increase other sources of available storage for water supply 
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PHASE I 

1. Appoint a task force to develop a multi-phased educational proposal for target audiences of
K-12, community leaders and media to promote local conservation decisions. Existing
educational efforts, programs and activities should be incorporated as appropriate. Ideas to
be considered by the task force include:

• Develop  a  Best  Management  Practice  (BMP)  conservation  guide  for  communities
building on existing resources and success stories

• Implement community facilitation programs, with partners like K-State Research and
Extension (KSRE), to develop ownership for local conservation decisions

• Design and implement a statewide curriculum for K-12 on water conservation, building
on current resources and knowledge such as Project WET and integrate water
conservation into science curriculum, by working with partners such as the Kansas
Association of Conservation and Environmental Education (KACEE) and the Kansas
Department of Education

• Develop additional activities within youth and adult organizations such as 4-H and the
KSRE system to educate others and promote youth activities related to water
conservation

2. Conduct   drought   simulation   exercises   to   educate   the   public   and   identify   gaps   in
conservation efforts

• Incorporate drought simulation efforts into state hazard planning and seek funding and
support for efforts from partners such as the U.S. Department of Homeland Security
(DHS), National Integrated Drought Information System (NIDIS) and National Oceanic
and Atmospheric Administration (NOAA)

WATER CONSERVATION 

STRATEGICALLY EMPHASIZE INFORMATION EDUCATION REGARDING THE 
IMPORTANCE OF WATER AND WATER CONSERVATION PRACTICES 

STATEWIDE ACTION ITEMS
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3. Create a long-term commitment to water conservation education by designating 
responsibility for water conservation public information and outreach within agencies of the 
Water Resources Sub-Cabinet 

 
 

 

• Develop continual media plans and message maps related to water conservation and 
the importance of local engagement to be implemented by multiple partners through all 
aspects of traditional paid, earned and social media 

 
 

 

4. Provide greater information and decision making tools to evaluate the economic impacts, 
both short-term and long-term, of reduced water use 

 
 

 

5. Enhance educational programming specifically for state legislators as well as other state 
officials, the Congressional delegation and local policy makers 

 
 

6. Develop a proposal for a program to provide Extension Groundwater Specialists, to be 
located in western Kansas, to help water users develop and implement management 
strategies that will lead to enhanced water management and long term sustainability of the 
economy in western Kansas. This program would be modeled after the extension Watershed 
Specialist program.  

 
 

 
 

PHASE II 
 

 

1. Hold  annual  public  meetings  in  each  water  resource  planning  region,  highlighting  the 
current ground water, surface water and water storage situations 

 
 

 

2. Consider holding a “Kansas Water Day” statewide experience with activities that highlight 
the value and importance of a reliable, long-term water supply 

 
 

 

3. Implement state-wide marketing and educational strategies focused on general 
consumers/citizens 

 
 

 

• Model a state-wide water conservation outreach campaign on effective campaigns with 
the goals of reinforcing the value of water and reducing water consumption 

 
 

 

• Incorporate   information   on   the   relationship   of   water   conservation   to   energy 
conservation in educational efforts 
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PHASE I 

1. Develop a rewards and recognition program for successful Kansas conservation activities

• Develop recognition and incentive systems to identify and reward communities,
individuals, businesses and industry that implement local conservation best
management practices successfully. This could include the creation of a private “water
audit” certification program such as Leadership Energy and  Environmental  Design
(LEED) to identify individuals achieving highly efficient water use and conservation

PHASE II 

1. Ensure agency coordination assists in the promotion of regional drought and water
conservation planning and acknowledges the significance of sound planning for community
and state resiliency to the impacts of climate variability

• Educate communities about importance of regional planning

• Simulate exercises to test regional plans at least every five years

• Ensure water conservation is properly evaluated as an alternative for water supply when
providing financial assistance

2. Develop rate structure tools for local governments to use as example opportunities to
promote more efficient water use

• Share information on effectiveness of rate structures and conservation including recent
work done by local water suppliers (such as Wichita)

• Encourage communities to design bills to break down the individual cost components
for the water (infrastructure, chemicals, labor, et cetera)

IMPLEMENT ADDITIONAL OR ENHANCED WATER CONSERVATION POLICIES AND PRACTICES

STATEWIDE ACTION ITEMS
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3. Increase the identification and repair of aging public water supply infrastructure. Encourage 
communities to maintain and manage local public water supply systems 

 
 

 

4. Encourage local communities, through education and shared examples from successful 
communities, to consider developing and measuring water use reduction targets when 
appropriate 

 
 

 

5. Evaluate state-owned facilities for water conservation effectiveness and develop standards 
for new state construction or renovation 

 
 

 

PHASE III 
 

 

1.   Consider use of standards for water efficiency for state building construction, renovation 
and operation such as LEED 
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PHASE I 

1. Develop financial and non-financial incentives to encourage additional irrigation water
conservation. Non-financial incentives could include state policy changes to afford
irrigators with greater water use flexibility to aid in achieving conservation goals on less
water intensive crops or cropping densities

2. Coordinate with USDA Risk Management Agency (RMA) to address crop insurance policies
that disincentive water conservation, such as limited irrigation

PHASE I 

1. Increase support and promotion of Local Enhanced Management Areas (LEMAs)

• Provide greater support to local entities in LEMA development and management

• Target water conservation incentives, including existing cost share program and new
incentives, to established LEMAs to support implementation of lower water
consumption actions

2. Establish corrective controls that allow flexibility based on local average reasonable use
within the LEMA statute so not to penalize those who have already demonstrated reduced
water use

3. Expand the LEMA concept so a proposal can come forward to the Chief Engineer from
either GMDs, directly from local water right holders or other entities such as county
conservation districts

REDUCE BARRIERS AND INCREASE DEVELOPMENT OF LOCALLY DRIVEN 
CONSERVATION AND MANAGEMENT PLANS

STATEWIDE ACTION ITEMS

OGALLALA-HIGH PLAINS AQUIFER ACTION ITEMS
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PHASE I 

1. Coordinate with the Kansas Department of Commerce and Kansas Department of
Agriculture Marketing Division to consider incentives to recruit businesses and focus
economic development on businesses that value water conservation, use water efficient
technologies and reduce the removal of water from the state

• Encourage value added processing within Kansas by providing financial or water right
credit incentives to dairies and feedlots

PHASE II 

1. Develop tangible incentives for businesses to conserve water

PHASE III 

1. Evaluate development of option for local economic development entities to obtain an
appropriation of water or an existing water right without a specific point of diversion or
place of use to protect the potential water needs of a business being recruited to their
area. The appropriation would have a reasonable time limit applied for the startup of a
proposed project

2. Create a “Blue Premium” program that businesses can use to market themselves and their
water conservation efforts

3. Coordinate  economic  development  efforts  designed  to  recruit  business  and  industry
committed to water reuse or utilization of lower quality water

ENCOURAGE   CONSERVATION   PLANNING   IN   ECONOMIC   DEVELOPMENT   AND   BUSINESS 
RECRUITMENT 

STATEWIDE ACTION ITEMS 
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PHASE II 

1. Evaluate  programs  that  offer  long term  conservation  as  a  tool  for  preserving
healthy landscapes

2. Update the state plan for the comprehensive control of salt cedar and other non-
native phreatophytes

PHASE I 

1. Prioritize and implement targeted funding in priority watersheds by working with
local, state and federal conservation programs and partnerships

• Utilize existing groups such as conservation districts and KSRE to promote programs
and initiatives

• Build on the success of Watershed Restoration and Protection Strategy (WRAPs)
plans and engage expertise of stakeholder leadership teams

• Increase utilization and adoption of BMPs by working with local leaders

• Target construction and maintenance of watershed structures that provide the
highest sediment reduction in priority watersheds through Watershed Districts

2. Increase communication and interagency coordination on existing and planned
streambank restoration projects to define interagency priorities for streambank projects
and promote the channeling of resources to the highest priority areas. Build upon the
existing outreach and education efforts already underway to promote streambank
restoration projects.

INCREASE ADOPTION OF WATERSHED PRACTICES THAT REDUCE FUTURE WATER SUPPLY 
LOSS

STATEWIDE ACTION ITEMS

RESERVOIR ACTION ITEMS
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3. Develop a detailed monitoring strategy to assess current and ongoing sediment inflow 
into public water supply reservoirs 

 
 

 

• Prioritize basins that will need assessment 
 

 
 

 

• Identify all components of the monitoring strategy, including bathymetry and 
inflow stream sediment monitoring network 

 
 

 

• Define a strategy to identify particular sub-basins that contribute the most 
significant loading rates 

 
 

 

4. Develop a strategy  to overcome hurdles with federal permitting for new conservation 
practices and structures to decrease the sediment load from entering water supply 
reservoirs 

 
 

5. Evaluate the existing state, federal and private technical and financial resources and 
policies and programs available for streamside vegetation conservation and identify gaps 
to secure and protect riparian buffers in priority watersheds above water supply reservoirs. 

 
 

 

PHASE II 
 

 

1. Continue and enhance support of research of Best Management Practices (BMPs) 
 

 

 

• Focus additional resources to assure installed BMPs are maintained 
 

 

 

• Develop a BMP guide that is geared for urban and rural communities that also 
addresses economic benefits of conservation 

 
 

 

• Develop or utilize existing research to quantify the financial impact of in-field soil loss 
to agriculture and the impacts to water supply storage 

 
 

 

2. Develop a budget to identify costs associated with monitoring, assessment and 
program implementation on a watershed-by-watershed basis 

 
 

 

PHASE III 
 

 

1. Evaluate the changes in sediment accumulation in public water supply reservoirs 
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PHASE I 

1. Develop and implement a sediment and nutrient reduction Conservation Reserve
Enhancement Program (CREP) in watersheds above targeted federal reservoirs and
watersheds with excessive nutrient runoff. This program would serve to support ongoing
efforts to address the Kansas Nutrient Reduction Strategy developed by KDHE, KWO, KDA,
and KDWPT.

OTHER REGIONS ACTION ITEMS 
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PHASE I 

1. Coordinate with U.S. Army Corps of Engineers through tabletop exercises and workshops
on a plan to improve operational efficiency of water supply reservoirs

2. Evaluate  the  level  of  minimum  releases  from  Clinton,  Pomona,  Melvern  and  Hillsdale
Reservoirs

3. Invest in research and development efforts of improving testing capabilities in reservoirs and
rivers to allow a more advanced notice of potential water quality issues and coordinate with
the U.S. Army Corps of Engineers in operation of the reservoirs to minimize conditions for
algae blooms and avoid downstream impacts.

PHASE II 

1. Assess the most suitable locations for the formation of additional Water Assurance Districts
and/or Special Access Districts, in areas not currently served by Districts, to expand and
improve coordination of the use of available supplies from Kansas reservoirs

2. Assist in the formation of special access districts and additional Water Assurance Districts,
where appropriate and one does not already exist

3. Evaluate improved operational efficiencies at the state’s reservoir irrigation districts

4. Evaluate Minimum Desirable Streamflow (MDS) targets based on updated data and needs
where determined that changes would improve water management

5. Modify target flows on the Kansas River to save water stored in Tuttle Creek, Milford and
Perry Reservoirs

6. Reduce minimum releases and modify schedules at Clinton, Pomona, Melvern and Hillsdale
Reservoirs to increase water supply yield

WATER MANAGEMENT

M O D I F Y  R E S E R V O I R  O P E R A T I O N S  A N D  D O W N S T R E A M  T A R G E T S  T O  M O S T  
E F F I C I E N T L Y  O P E R A T E  R E S E R V O I R S  F O R  W A T E R  S U P P L Y

RESERVOIR ACTION ITEMS
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PHASE III

1. Change reservoir operations to bypass sediment during high-flow events while maintaining
downstream water quality and flood control

2. Evaluate appropriate level of drought risk at each reservoir and consider pros and cons of
selectively increasing or decreasing risk at certain lakes

PHASE II 

1. Develop background information necessary to assess future operation and management
changes of the Kansas River basin reservoirs and their relationship to downstream surface
water and ground water resources

• Evaluate alternative targets that meet downstream customer needs and perform
comprehensive performance assessment of downstream Kansas River Water Assurance
District customers’ intake at various river stages to ensure intakes have sufficient access
to flow at alternative target flow

• Improve characterization of the Kansas River alluvial aquifer including installing and
monitoring observation wells

• Develop a stream-aquifer model of the Kansas River alluvial aquifer from Junction City
to the junction with the Missouri River to examine the effect of scenarios of future
development and management on ground water and river water levels

• Evaluate potential effect of scenarios of future development and management on water
quality conditions, recreation and wildlife and habitat

OTHER REGIONS ACTION ITEMS
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PHASE I 

1. Develop a long term strategy for representing Kansas in interstate water issues that best
serves Kansas and its citizens

• Routinely coordinate interstate water issues within Kansas water agencies to ensure the
state is best represented

• Improve  opportunities  for  local  stakeholders  to  engage  in  and  provide  input  on
interstate water issues

• Host regularly scheduled public meetings to connect stakeholders with policy makers
and those involved with advising and making interstate decisions

2. Ensure  Kansas  interstate  water  compacts  are  monitored  and  enforced  and  build  upon
existing working relationships with other compact states

3. Host a Governor’s Summit among the Ogallala Aquifer states to develop a regional vision
with a focus on cooperative efforts and common goals across the states (Planning initiated
in Phase I, to be held in Phase II)

4. Work with other states to address federal water related policy proposals that have negative
impacts on the region

PHASE II 

1. Develop  additional  agreements  with  other  states  to  support  interstate  cooperation  on
water management

IMPROVE  INTERSTATE  COOPERATION  SO  THAT  KANSANS’  WATER  NEEDS  ARE  MET  AND 
PROTECTED

STATEWIDE ACTION ITEMS
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PHASE I 

1. Coordinate with other states that have federal reservoirs with water supply storage to
influence national policy which supports local needs

PHASE I 

1. Host a Governor’s Summit between the Missouri River states to collaborate on river and
reservoir management issues (Planning initiated in Phase I, to be held in Phase II)

PHASE II 

1. Consider  hosting  a  Governor’s  level  discussion  with  neighboring  states  targeted  at
developing viable solutions to interstate debates and common issues if needed

2. Consider the options for identifying existing funds to be earmarked for interstate litigation

RESERVOIR ACTION ITEMS

OTHER REGIONS ACTION ITEMS
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PHASE II 

1. Conduct  planning  workshops  to  highlight  successful  case  studies  on  development  of
regional water systems that provide examples of various approaches for implementation

2. Enhance  public  water  supply  planning  assistance,  including  technical  and  engineering
reviews of preliminary water supply proposals

3. Identify and recommend changes needed to state statutes and regulations that impede or
prohibit regionalization and partnerships

4. Identify  public  water  supplies  with  a  single  source  of  supply  and,  where  appropriate,
provide planning and financial assistance to develop secondary sources

5. Provide planning and financial assistance to water systems to facilitate interconnection
opportunities among water supply systems to help address drought vulnerability

6. Require preliminary engineering reports to include regionalization alternatives when new
water supplies are under consideration

7. Seek and promote opportunities for regional economic development and regional water
supply planning to be developed based on water resource boundaries

8. Work with emergency and public water supply funding agencies to encourage proactive
development of secondary sources by limiting or prohibiting funding for single source
entities during an emergency

INCREASE THE REGIONALIZATION OF WATER SUPPLY TO IMPROVE THE LONG-TERM WATER 
SUPPLY RELIABILITY

STATEWIDE ACTION ITEMS
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PHASE I 

1. Develop a water right violation and enforcement process that is more transparent as well as
consistent and is included in Rules and Regulations

• Increase enforcement and implement more stringent fees and penalties for over
pumping and other violations. This action will include a regulatory change with full
comment period

2. Limit the movement of a point of diversion greater than 300 feet in areas where the source
is ground water and resource is declining unless the applicant of the change application can
demonstrate hydrologic analysis or pump test results, that the new, proposed location does
not adversely affect any current authorized nearby wells, including domestic wells. This
change will include a regulatory change with full comment period

3. Allow for the leasing of water rights to develop authority for the full beneficial use of the
resource while protecting senior water rights

4. Develop flexibility options for stockwater, municipal and industrial uses to improve
management and evaluate current consumptive use regulations to ensure they are being
applied properly

PHASE II 

1. Explore opportunities to establish Water Banks to promote trading of water amongst water
right holders

• Create a model to run “mock banks” to test the banking concept for a specific geographic
area

EVALUATE CHANGES TO THE KANSAS WATER APPROPRIATION ACT AND RULES AND 
REGULATIONS TO PROMOTE BETTER BALANCE BETWEEN EFFICIENT WATER USE AND 
ECONOMIC BENEFIT

STATE ACTION ITEMS
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• Reduce barriers against and develop incentives for additional water bank creation

2. Evaluate the water conservation potential and economic impacts of approving applications
for reasonable quantity rather than maximum and eliminate perfection and certification
process

PHASE I 

1. Administratively close additional areas of the state to new appropriations where already
fully allocated

2. Propose legislation to modify Multi-Year Flex Account (MYFA) statute to allow roll forward
of unused water when a water right holder re-enrolls into another five-year flex account

3. Use the U.S. Geological Survey Model (USGS) to evaluate recharge values in Equus Beds
Groundwater Management District No. 2 (GMD#2) to determine if areas are currently over
appropriated and should be closed to new appropriations

OTHER REGIONS ACTION ITEMS
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PHASE I 
 

 

1. Consider options for more effective organization of water related roles and responsibilities 
at the state agency level or identify ways to promote greater efficiency and continued 
collaboration between agencies within the current structure 

 
 

 

2. Develop stronger working relationships between local and state entities through improved 
communication, streamlined collaboration and realigned water cooperative strategies 

 
 

 

3. Improve customer service approach of the state’s water agencies by simplifying and 
streamlining processes and procedures to make them more customer friendly and easier to 
understand, prioritizing agency resources to better serve water right holders and other 
citizens, and utilizing stakeholder input to improve service activities 

 
 

 

PHASE II 
 

 

1. Encourage discussions between local entities to evaluate local efforts and organizational 
structures 

 
 

 

2. When feasible, locate state employees at field offices or other locations where they are 
closer to those they serve and move processes to local offices 

 
 

 

3. Where possible synchronize permitting between agencies on specific projects 
 

 

EVALUATE AND IMPROVE STATE AGENCY COORDINATION AND COLLABORATION 

STATEWIDE ACTION ITEMS 
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PHASE I 

1. Identify most efficient system technologies for use by Kansas irrigators by working with
irrigation system and water management technology manufacturers, Kansas  State
University (KSU), crop consultants, ground water management districts (GMDs) and others

2. Ensure appropriate irrigation efficiency technology and irrigation management practices are
eligible under the Environmental Quality Incentives Program (EQIP) by working with USDA
Natural Resource Conservation Service (NRCS)

3. Ensure appropriate irrigation efficiency technology and irrigation management practices are
eligible under the state’s Water Resources Cost-Share Program

4. For emerging irrigation technologies, consider application for USDA’s Conservation
Innovation Grant funding to accelerate technology transfer and adoption of promising
technologies

5. Determine  optimum  plant  development  stages  for  most  efficient  water  application
opportunities by collaborating with the seed industry, KSU, crop consultants and others

6. Demonstrate various technologies at KSU Agricultural Experiment Stations

PHASE II 

1. Develop  incentives  and  recognition  programs  for  entrepreneurs  based  in  Kansas  who
develop irrigation efficient technologies

• Work with local economic development and rural development experts to encourage
local investment in irrigation technology

TECHNOLOGY AND CROP VARIETIES

PROMOTE IRRIGATION EFFICIENCY TECHNOLOGIES

STATEWIDE ACTION ITEMS
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2. Explore opportunity and feasibility of developing a state-led innovation grant program to
encourage the advancement of next-generation irrigation technology and associated
entrepreneurial enterprises

3. Help farmers and ranchers understand and implement available technologies  and
production practices that reduce water consumption with minimal negative economic
impacts or increased economic value

PHASE I 

1. Establish a Technology Outreach Taskforce to assist in the working model development and
implementation of the field scale demonstrations

2. Showcase, on a field scale, the latest technologies in irrigation infrastructure, irrigation
water management, soil moisture measurement, conservation tillage, automation,
telemetry and other agronomic practices aimed at reducing irrigation water use

PHASE II 

1. Develop Water Technology Farms at locations throughout the Ogallala-High Plains Region,
targeting Local Enhanced Management Areas (LEMAs) by working in concert with irrigation 
technology manufacturers and the irrigation research community 

• Determine what risk on Water Technology Farms can be mitigated by Risk Management
Agency (RMA) and consider other funding to cover any uninsured risk assumed by
landowner/operator for participating in Water Technology Farms

• Work with  equipment manufacturers and dealers in  a public-private partnership to
provide the equipment to participating landowners/operators

OGALLALA-HIGH PLAINS AQUIFER ACTION ITEMS
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PHASE I 

1. Form a collaborative stakeholder team to set sorghum research priorities and develop
research and funding strategy and present strategy to potential funding partners, including
the Kansas Legislature

2. Ensure crop insurance policies do not discourage use of alternative, specialty and cover
crops

3. Collaborate  with  crop  consultants  and  other  agricultural  advisors  to  support  farmers
interested in less water intensive alternative crop production

4. Encourage state universities to expand engagement in development of teaching, research
and extension programs related to less water intensive crop varieties

5. Improve adoptability of feed wheat, along with other alternate crops, through marketing,
commodity segregation, research and education

6. Encourage producers to consider  all aspects of agronomic management  systems  when
trying to make water efficient decisions

PHASE II 

1. Identify ways to create new and strengthen existing markets for less water intensive crops,
including specialty and alternative crop varieties

2. Promote  development  of  markets  for  alternative  crops  with  a  focus  on  value-added
agriculture such as livestock feed and biofuels

3. Develop a strategy that supports research on the role of less water intensive forage and
grasses such as triticale

4. Partner with and support public and private entities focused on development of drought

INCREASE ADOPTION OF LESS WATER INTENSIVE CROP VARIETIES

STATEWIDE ACTION ITEMS
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resistant corn and related advancements 

5. Provide needed research and education that leads to increased adoption of cover crops to
reduce field soil loss while improving overall soil health

6. Implement sorghum research funding mechanism based on a public-private partnership
(Perhaps similar to Wheat Genetics Resource Center (WGRC))

• Address sorghum research needs such as yield, stalk strength, silage density, nutritional
value to livestock, weed control and ability to be used for biofuels production

• Consider  pursuit  of  grant  funds  (National  Science  Foundation  (NSF))  or  multi-state
partnerships for initial sorghum research start-up efforts

PHASE III 

1. Implement research in order to increase select pesticide resistance for sorghum and cotton
along with drought resistant corn production

PHASE I

1. Address policy issues that limit the growth of cotton in Kansas

• Identify potential statutory or regulatory changes

• Encourage U.S. Department of Agriculture and U.S. Environmental Protection Agency
regulatory approval of Enlist Duo™ Cotton for Kansas for the 2016 planting season

• Support  additional  pesticide  product  and  seed  variety  development  that  improves
opportunities for cotton growth in Kansas

2. Evaluate profitability, prices and water use of alternative crops

3. Strengthen the use of Driftwatch™ by growers of sensitive crops and pesticide applicators

OTHER REGIONS ACTION ITEMS 
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PHASE II 

1. Develop recommendations based on research related to corn and cotton rotation

2. Incorporate  supporting  technology  advancements  for  cotton  production  such  as  weed
control systems
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PHASE I 

1. Continue to further develop and disseminate information about the state’s water resources,
including additional data, maps and reports and improve understanding of the Ogallala-High
Plains Aquifer as an aid to water management in western Kansas

2. Expand adoption of on-line water use reporting system so customers are better served and
information is readily available

3. Share research findings broadly with Kansas citizens to improve understanding of our state’s
water resources

4. Annually coordinate with university researchers regarding the Vision for the  Future  of
Water Supply in Kansas to ensure future collaborative research supports the successful
implementation of the Vision

PHASE II 

1. Build economic assessments into water management research wherever feasible

2. Develop a Ground and Surface Water Model Maintenance Team dedicated to continual
maintenance of hydrogeologic computer models to ensure models are current, defendable
and ready for use at all times

3. Maintain state-wide stream gaging network to continue to provide near real-time
information about stream and river levels. Evaluate the pros and cons of a state maintained
stream gaging network

4. Share research findings broadly with Kansas citizens to improve understanding of our state’s
water resources

5. With local water management Districts, develop on-line water availability tool that could be
used by individuals, organizations, local

IMPLEMENT   RESEARCH-BASED   TECHNOLOGY   AIMED   AT   BETTER   UNDERSTANDING   OUR 
STATE’S WATER SUPPLY

STATEWIDE ACTION ITEMS
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entities and consultants to evaluate potential water development or management projects. 

PHASE III 

1. Encourage multi-disciplinary approaches (eg. agricultural sciences, economics, engineering,
legal, public policy, etc.) to research-based technology to increase success of adoptable
solutions

2. Establish  “shovel  ready”  collaborative  research  proposals  that  implement  the  Vision
towards which funding could be directed as grant and other funding opportunities arise

PHASE II 

1. Collect sediment cores at federal water supply reservoirs to document continuing rates of
sediment deposition

• Sediment core results would be compared with sonar derived water storage changes to
develop the most accurate assessment of reservoir changes possible

• Sediment core samples could also be used to identify past and present sources of
sediment from watersheds to assess and improve the effectiveness of erosion control
measures

2. Ensure digital data such as Geographical Information Systems (GIS) and the data repository
at the Data Access and Support Center for water systems is available and maintained for all
rural water districts, groundwater management districts and communities in Kansas

PHASE III 

1. After a minimum of 10 years from the previous survey, collect and compare sediment cores
at federal reservoirs to assess changes in rates of sedimentation and, where appropriate
and necessary, repeat bathymetric surveys

2. Collect data through operation of water quality monitors and suspended sediment sampling
at each Kansas federal water supply reservoir in two year rotations until each reservoir has

RESERVOIR ACTION ITEMS
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been assessed 

PHASE I 

1. Expand observation well network in the High Plains Aquifer

PHASE II 

1. Evaluate driller’s logs and require the submission of test well data to better characterize the
Ogallala-High Plains Aquifer

2. Develop long-term research and business plans to allow farmers and local communities to
prepare for successful transition to dryland farming

PHASE II 

1. Develop map for eastern Kansas, similar to the Estimated Usable Lifetime of the Ogallala
Aquifer, that shows municipalities and other public water suppliers at greatest risk today, in 
the immediate future or in the long-term of having insufficient water supplies to serve 
area’s needs 

OTHER REGIONS ACTION ITEMS 

OGALLALA-HIGH PLAINS AQUIFER ACTION ITEMS
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PHASE I 

1. Utilize agricultural education and 4-H to encourage young people to develop agricultural
programs using water efficient technologies and less water intensive crops or crop varieties
through recognition and incentive programs

2. Develop models for the inclusion of water conservation into the agricultural education
curriculum, including classroom, supervised agricultural experience and FFA activities

3. Encourage the development of community college, technical programs and university
programs to prepare the future workforce to work in irrigation efficiency technologies and
with necessary expertise in less water intensive crops and crop varieties

PHASE II 

1. Consider further development and support of water related academic programs at the state
universities, community colleges and technical schools, including majors, minors and
certificates

2. Integrate more education on less water intensive crops in university undergraduate and
graduate programs for agronomists, animal scientists, grain scientists and agricultural
economists

3. Develop educational material and programs to be included with the community college and
career and technical education systems

4. Develop a career and technical education certificate to be offered in Kansas high schools

DEVELOP   CAREER   AND   TECHNICAL   EDUCATION   PROGRAMMING   RELATED   TO   WATER 
RESOURCE MANAGEMENT AND TECHNOLOGY TO BUILD THE NEEDED WORKFORCE

STATEWIDE ACTION ITEMS



Vision for the Future of Water Supply in Kansas 42 | P a g e 

PHASE I 

1. Conduct workshops with state and federal agencies and local stakeholders on data
collection and research findings and discuss impacts, benefits and feasibility of
implementing alternatives

2. Remove  and dispose up to three million  cubic yards of  sediment from  John Redmond
Reservoir

PHASE II 

1. Collect data and conduct analysis of modifications to the geometry and operations of John
Redmond Reservoir to increase the passage of sediment through the reservoir

• Collect sediment cores from John Redmond Reservoir, suspended sediment samples in
lake and downstream on the Neosho River and lake flow and outflow data

• Develop computer model to simulate the hydrodynamics and sediment transport for
John Redmond Reservoir. Use the model to assess the impact of modification scenarios
on sedimentation and water supply storage

2. Analyze and evaluate feasibility of sediment transport and hydrosuction sediment removal
at Tuttle Creek Reservoir to reduce stored sediment while maintaining downstream flood
control and water quality

PHASE III 

1. Complete in-lake dredging at John Redmond Reservoir, modifying the reservoir geometry to
encourage sediment bypass

RESTORE WATER SUPPLY LOST TO SEDIMENTATION THROUGH DREDGING AND OTHER IN-LAKE 
SEDIMENT MANAGEMENT TECHNIQUES 

RESERVOIR ACTION ITEMS 

ADDITIONAL SOURCES OF SUPPLY
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PHASE I 

1. Eliminate statutory prohibition to use drinking water State Revolving Loan Fund (SRF) funds
for water transfers and identify other state policies which unnecessarily limit transfers

2. Review opportunities to increase utilization of the Missouri River to meet Kansas’ needs
while recognizing and protecting the existing users

3. Communicate and collaborate with neighboring states on potential water transfers

PHASE II 

1. Complete evaluation of large water transfers including legal, environmental, economic and
technical issues

2. Review use of right-of-ways for use by water transfer infrastructure

PHASE III 

1. Identify suitable areas and ability to transfer water to areas of need

PHASE I 

1. Develop interconnected water storage computer model for all eastern Kansas basins with
federal water supply reservoirs

PHASE III 

1. Update mid 1980s Kansas Water Office plan to interconnect  reservoirs across multiple
basins to move water to higher demand and increase overall yield

ALLOW  FOR  THE  TRANSFER  OF  WATER  SUPPLIES  BETWEEN  BASINS  WHERE  FEASIBLE  AND 
COST EFFECTIVE 

STATEWIDE ACTION ITEMS 

RESERVOIR ACTION ITEMS 
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2. Evaluate opportunities to connect reservoirs to improve overall management and serve as a
hydrologic conduit and where appropriate implement system  to transfer high flows to
increase system yield
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PHASE I 

1. Compile inventory of lower quality waters, including type, quantity and location, as well as,
an assessment of potential uses and contaminants contained in water. Lower quality waters
include treated wastewater effluent, grey water, stormwater runoff, oil and gas flow back
and produced water, brackish surface and ground water and other waters with elevated
levels of contaminants

• Identify all barriers that may exist to allow the use of lower quality waters

• State and local laws, regulations, guidelines and policies

• Review irrigation supplements to wastewater and current calculations that impact the
consumptive use at the facility

• Utilize USGS model to determine the effect of chloride remediation activities in the
Equus Beds Aquifer

• Ensure that cost-share incentives are available for stockwater users to adopt reuse
technology

PHASE II 

1. Identify best treatment technologies for lower quality water for various beneficial uses

• Determine research needs that exist for technology developed specific to Kansas waters

• Partner   with   irrigation   equipment   manufacturers   and   agronomists   to   develop
equipment technology capable of utilizing lower quality water suitable for irrigation

• Address water quality implications with delivery systems and potential/risk for cross
contamination,  including  implications  to  National  Pollution  Discharge  Elimination

EVALUATE THE SOURCES AND POTENTIAL USES OF LOWER QUALITY WATER

STATEWIDE ACTION ITEMS
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System (NPDES) Permits and Minimum desirable stream (MDS) flow designations 
 

 

 

2. Consider incentives for the oil and gas industry which encourage the use of produced water 
 

 

 

3. Expand assessment of the water quality and physical characteristics of aquifers containing 
brackish ground water 

 
 

 

4. Pursue opportunities to recycle and reuse appropriated stockwater 
 

 

 

• Investigate  opportunities  to  build  programs  or  regulatory  procedures  to  promote 
efficiencies 

 
 

 

5. Develop an education/training strategy through the implementation of pilot projects, in 
partnership with public water suppliers and other water users, to demonstrate the potential 
uses of lower quality water 
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PHASE I 
 

 

1. Develop a plan to address future use storage in Milford, Perry, Big Hill, Clinton and Hillsdale 
Reservoirs; including the collection of revenue to call future use storage into service in 
Clinton and Hillsdale 

 
PHASE II 

 

 

1. Address items identified in hydrologic adequacy evaluations at Kanopolis Reservoir and 
implement pool raise. Evaluate feasibility of filling v-notch to create additional water supply 
storage 

 
 

 

2. Complete feasibility study at Lovewell Reservoir 
 

 

 

3. Coordinate with city of El Dorado on a plan to address future use storage in El Dorado 
Reservoir 

 
 

 

4. Evaluate availability of water quality storage in Elk City reservoir for water supply in trade 
for storage at Big Hill 

 
 

 

5. Reallocate future use water supply storage to water quality storage at Milford and Perry 
Reservoirs and initiate calling remaining portion of future use storage into service 

 
 

 

PHASE III 
 

 

1. Increase pool elevations and reallocate storage at Council Grove Reservoir 
 

 

 

2. Initiate calling future use storage into service at Clinton, Big Hill and Hillsdale Reservoirs 
 

 

 

3. Reallocate water quality and other storage to water supply storage at Melvern, Pomona and 
Fall River Reservoirs 

 
 

SECURE A L L  A V A I L A B L E  S T O R A G E  A T  F E D E R A L  R E S E R V O I R S  I N C L U D I N G  
R E A L L O C A T I N G  STORAGE WHERE SUCH ACTIONS ARE POSSIBLE 

RESERVOIR ACTION ITEMS 
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PHASE II 
 

 

1. Within municipal systems, develop methods to use locally collected stormwater and 
increase adoption of on-site or individual storm water collection through activities such as 
rain barrels and rain gardens 

 
 

 

2. Review of policies limiting capture of urban stormwater runoff and reuse in areas where 
capture may serve as an additional source of supply without impairing water quality 

 
 

 

3. Evaluate opportunities for additional managed sub-surface or aquifer storage within Kansas 
 

 

 

4. Consider the development of rural water districts in areas where domestic ground water 
supplies have been depleted or are unusable 

 
 

 

5. Increase collection of agricultural on-site rainwater collection 
 

 

 

• Inventory existing farm ponds and  look for opportunities to utilize funding for further 
development and remediation 

 
 

 

• Evaluate existing rain lagoons and opportunities to utilize collected water in lieu of 
ground water sources 

 
 

 

PHASE III 
 

 

1. Evaluate need for additional on-site collection and use 
 

 

 

2. Evaluate use of Department of Transportation right-of-ways for water supply storage and 
implement where feasible 

 
 

 

3. Implement urban stormwater runoff capture and reuse in areas where such storage and reuse 
may serve as an additional source of supply without impairing water quality 

 
 

 

INCREASE OTHER SOURCES OF AVAILABLE STORAGE FOR WATER SUPPLY 

STATEWIDE ACTION ITEMS 
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PHASE II 

1. Develop  larger  on-site  storage  for  irrigation  and  stockwater  with  potential  funding
assistance

2. Identify additional   small multipurpose reservoirs that can be built and determine their
feasibility

PHASE III 

1. Construct additional Multi-Purpose Small Lakes (MPSL) reservoirs that have been identified
as needed and feasible

2. Identify off stream storage sites that will limit sedimentation and evaporation loss

3. Identify additional large reservoir sites and evaluate costs, limitation and overall benefits
(including economic) of new large reservoirs and secure suitable sites from development

4. Implement design and construction of off-stream storage if determined feasible

PHASE I 

1. Encourage research on the rate and volume of water moving from playas to the Ogallala-
High Plains Aquifer; quantify the levels of restoration needed and enumerate the average
amount of water deposited annually in playas

OGALLALA-HIGH PLAINS AQUIFER ACTION ITEMS 

RESERVOIR ACTION ITEMS
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As stated by Governor Brownback during his Call to Action, “Water and the Kansas economy are 
directly linked.” Recognizing the significance of this connection, the Vision will be accompanied 
by a complete economic analysis of the role of water in Kansas and how its use can best benefit 
the Kansas economy. Following is a description of the components and timeline for 
completion of the economic analysis. 

 

 
 

Policy makers should ensure that stakeholders have the best possible tools available in order to 
make decisions regarding water conservation. At first glance, water conservation seems to 
imply reductions in short term income. However, alternate sources of income in the short term 
as well as increased certainty in long term incomes may partly or wholly offset any short term 
losses. 

 

 
 

In order to extend the economic life of the aquifer and maintain the economic base of 
the region, water conservation alternatives will be evaluated. Economic analyses will be 
conducted to estimate the impacts to producers, the regional economy and hydrologic 
impacts to the Ogallala aquifer associated with a variety of water conservation policies. The 
economic impact of drought will be assessed with cooperation from the National Oceanic 
and Atmospheric Administration (NOAA) and the National Integrated Drought Information 
System (NIDIS). 

 

 
 

Results from the impact studies and current research on limited irrigation economics will be 
utilized to create decision-making tools for stakeholders. These tools can quantify short versus 
long term costs and benefits. This ensures that stakeholders are well informed when 
considering policy alternatives to affect the entire area or make decisions in their businesses. 
These tools will also assist stakeholders in developing water rate structures that provide an 
economic incentive to conserve water. 

These studies and tools will also be used to create educational materials on water conservation 
practices. Materials will be geared toward specific stakeholders highlighting the potential 
economic benefits of conservation. 

  

ECONOMIC ANALYSIS 

WATER CONSERVATION 

IMPACT ANALYSIS 

DECISION MAKING TOOLS 
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Calculations of incomes, expenses and net income generated per acre-foot of water use 
for crops, dairy and cattle have been estimated and will continue to be refined. These 
calculations will be expanded to include other sectors. 

Determining the value of water allows policy makers to consider alternatives such as water 
trading among users, sectors or even basins if policies allow water rights holders to do 
so. Market structures allowing for trading amongst users will also be evaluated. 

 

 
 

Public outreach based on the environmental as well as economic benefits of water conservation 
will appeal to a broader audience, increasing effectiveness. 

 

 
 

A full economic analysis on the value of water to the Kansas economy will be conducted. 
This study will draw from previous, current and future research. Breaking down water 
strengths and challenges by region within the state and the value of water to each region 
will aid in regional planning. 

 

 
 

An evaluation of the economic cost and benefits of water saving technologies will be 
conducted. Studies on the profitability of alternative crops, new varieties and dry land versus 
irrigated returns will continue to provide stakeholders accurate information. These studies will 
aid stakeholders in making decisions to maximize the return from their limited water resource. 

 

 
 

Studies that evaluate the economic costs and benefits of dredging versus other conservation 
practices that reduce soil erosion and gully formation will be expanded. Determine the 
feasibility of allowing interbasin water transfers based on the value of water and its importance 
to regional economies. The costs and benefits of constructing new reservoirs and other sources 
such as lower quality water will be evaluated. 

  

VALUE OF WATER 

WATER CONSERVATION OUTREACH 

WATER MANAGEMENT 

TECHNOLOGY AND CROP VARIETIES 

ADDITIONAL SOURCES OF SUPPLY 
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• Value that irrigation water adds to the local and state economies 
• Income, expense and net income generated from an acre-foot of water 
• Long-term supply and demand for water in all basins 
• Costs and benefits of various sediment management strategies 

 

 
 

• Impact analysis on policy alternatives 
• Decision making tools 
• Water conservation outreach 

 

 
 

• Economic analysis of value of water in Kansas, by region 
• Decision making tools 

ECONOMIC ANALYSIS TIMELINE 

CURRENT STUDIES 

FUTURE STUDIES - PHASE I 

FUTURE STUDIES - PHASE II 
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Establishing goals will allow Kansans, by region, to define their future water needs and provide 
a benchmark for determining success. The road to setting the regional goals will include 
identification of regional goal leadership teams, facilitated public outreach and review by the 
Kansas Water Authority. Following is the proposed schedule and process for developing the 
regional goals of the Vision. 

Regional Planning Areas will be developed to represent the varied and unique water resource 
conditions that exist throughout the state. The map found on the following page represents 
draft Regional Planning Areas and is subject to further refinement based on public input. 

The Regional Planning Areas were developed based on three criteria: regional hydrology, 
common issues and interests and existing regional water management entities. 

The western planning areas are based first on the primary Ogallala Aquifer areas in 
Kansas recognizing that many of the activities and common interest follow county boundaries. 

Issues in eastern Kansas are mainly surface water and reservoir related. As such, the draft 
Regional Planning areas are based on surface water hydrology as shown by watershed basins. 

The central portion of the state is divided up on a combination watershed, county and 
groundwater management district boundaries. For the north central region, many of the 
primary issues surround either Bureau of Reclamation reservoir or surface and alluvial ground 
water management. The Equus Beds-Walnut Region combines both ground water and surface 
water and is based primarily around common interests and issues. The south central planning 
region has communities with similar issues and approaches. 

Preliminary feedback on the proposed Regional Planning Areas collected during the 2014 
Governor’s Conference on the Future of Water in Kansas will be used to refine the areas. Final 
area boundaries may be refined during the full goal setting process. 

For each Regional Planning Area, up to an eleven-person Regional Goal Leadership Team will 
be identified to represent various water resource categories. A chair of each Regional Goal 
Leadership Team will be identified by the Kansas Water Authority. The role of the team is to 
participate in the public scoping process in their region, develop draft goals for their region 
based on public input and available resource condition information and present the draft goals 
to the Kansas Water Authority. 

MEASURING SUCCESS WITH A REGIONAL APPROACH 

DEFINING REGIONAL PLANNING AREAS (NOVEMBER - DECEMBER 2014) 

IDENTIFYING REGIONAL GOAL LEADERSHIP TEAMS (JANUARY 2015) 
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A minimum of one public outreach event will be hosted in each of the Regional Planning Areas. 
During each event, water resource conditions unique to the region will be shared by members 
of the Vision Team and Kansas Water Authority. A trained facilitator will be provided for each 
event to assist in the discussion and process towards developing potential regional goals. Each 
member of the five-person Regional Goal Leadership Team will attend the outreach events in 
their region to hear first-hand and participate in the discussion. Notes from each event will be 
posted on-line. 

 

 
 

Each Regional Goal Leadership Team will meet to review the feedback received during the 
public outreach events and develops draft goals for their regions. Teams will present the 
proposed draft regional goals to the Kansas Water Authority. The Kansas Water Authority will 
provide advice towards the further development of the regional goals. 

 

 
 

All draft regional goals and the corresponding Kansas Water Authority advice will be posted on- 
line for public comment for a minimum of 30 days. 

 

 
 

The Kansas Water Authority will review feedback received during the public comment period 
and make decisions on the regional goals. Finalized regional goals will be incorporated into the 
Vision for the Future of Water Supply in Kansas. 

 

 
 

The final Regional Goals will be presented at the 2015 Governor’s Water Conference and to the 
Governor and Kansas Legislature during the 2016 Legislative Session. 

 

 
 

Following the first year of the goal setting process and annually thereafter, the Kansas Water 
Authority will evaluate progress towards meeting milestones and overall goals and will assess 
the need for further action. Annual public meetings will be held in each water resource 
planning region, highlighting the current ground water, surface water and water storage 
conditions. Additionally, progress towards achieving the goals will be assessed through the 
Kansas Water Plan every five years. 

PUBLIC OUTREACH (FEBRUARY – MARCH 2015) 

DEFINE REGIONAL GOALS AND PRESENT TO KWA (APRIL – MAY 2015) 

PUBLIC COMMENT (JUNE – JULY 2015) 

INCORPORATE REGIONAL GOALS INTO VISION (AUGUST 2015) 

PRESENT REGIONAL GOALS TO GOVERNOR AND LEGISLATURE (NOVEMBER 2015 - JANUARY 
2016) 

ANNUAL REVIEW (BEGINNING IN JANUARY 2017) 
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Throughout the Vision stakeholder outreach process the Vision Team identified many Kansas 
municipalities, industries and individuals who have previously or are currently taking actions 
such as implementing water conservation practices and policies or adopting water efficient 
technologies to ensure their future water supply reliability. These Kansans are living the 
strategies included in this Vision today. Below are just a few examples of “Be the Vision” Kansas 
communities, companies and individuals. 

 

 
 

Owens Corning, the Fiberglas manufacturing processor in Kansas City, is one example of an 
industry that has successfully implemented water conservation practices. Owens Corning has 
been a water intensive process over the recent decades. In addition to significant city water 
consumption, well water was readily and inexpensively available and was used for many things 
including non-contact cooling of chemical storage tanks. Since well water was considered cheap 
and effective it was utilized for a multitude of uses around the facility for cooling, washing and 
for “insurance” in a few applications. 

The Kansas City plant water reduction journey began about a decade ago when some very 
rough data was used for a study. Owens Corning then began setting some targets for water 
reduction across the company as it focused on reducing its “footprint.” 

The first large water reduction project focused on eliminating the non-contact cooling of 
chemical tanks. A chiller system was installed as a tank cooling function and as a result well 
water usage was reduced by nearly one million gallons per day. In 2011 they also incorporated 
two additional water focused projects which dropped the well water consumption fairly 
dramatically. As a result of these three steps, the plant water usage significantly declined from 
approximately one million gallons per day to an approximate 225,000 gallon per day usage rate. 

Following the changes, the plant also decided to establish a small unofficial “water team” to 
focus on a very detailed mapping of water consumption for both city and well water usage. The 
first task was to understand where water loss was occurring to address each specified area. The 
largest usage was in the area of well water and they installed additional meters for more daily 
data collection from existing meters to create a detailed water map of the plant. It was quickly 
determined that closed loop water systems could easily be a hidden culprit of some of the large 
water usage issues. After addressing the closed loop systems, more significant water reductions 
were made in 2011. Owens Corning ended the year with a daily usage of approximately 60,000 
gallons of well water per day. 

BE THE VISION 

OWENS CORNING 
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In 2012, through more focused efforts, they again cut this number in half. Their data collection 
showed they were doing well overall except for some upset conditions that could occur on a 
weekend or over a period of time when it would go unnoticed. 

In 2013, in addition to spot projects that reduced water consumption, they also installed a 
system of water meters on the well pumps, city water meters, sewer outfall meters and at a 
number of “key” users throughout the plant. All of these meters have been connected through 
a central computer along with alarm limits. When a series of alarms hit, it will direct the 
appropriate people to the area to address the item. This system is now being tested. Any 
alarms will trigger a system of email alerts to a team as well as to the appropriate people on 
duty in the plant at that time. This alert system will close the loop on these upset conditions 
and help eliminate instances that have occurred and resulted in large scale water waste in the 
past. 

All of these dedicated conservation efforts have led to Owens Corning being recognized within 
the local, state and national communities for water reduction, as well as other environmentally 
focused projects. An additional bonus to the conservation efforts has led to large reductions in 
both the water and sewer costs to the facility. 

 

 
 

In April of 2011, Fort Riley received the honor of being selected by the Army as one of eight Net 
Zero Water Pilot installations. The Net Zero Pilot installations are serving as test beds for the 
Army to identify lessons learned and best practices to reduce water consumption that can be 
implemented across all Army installations. Net Zero installations have ambitious goals 
including reducing water use intensity by 50 percent by 2020. 

Fort Riley, in partnership with faculty and research students from Kansas State University (K- 
State), has been developing innovative projects with the Environmental Protection Agency’s 
Office of Research and Development (ORD) to reduce water consumption. One project will use 
a Membrane Bio-Reactor to “mine” sewer water and treat it for reuse at the Installation Vehicle 
Wash Facility. While the reuse project may not represent a significant quantity of water 
compared to the total amount of water consumed at Fort Riley, the project may open other 
opportunities for reuse at the Fort and may serve as a template for portable facilities for 
treated reuse in deployment zones such as Afghanistan. 

In another project, the Fort is implementing a community based social marketing campaign to 
encourage water conservation by targeting specific water-using behaviors. A component of the 
campaign will include a post-wide survey developed by students in the K-State Sociology 
Department to assess knowledge and attitudes on water conservation. 

FORT RILEY 
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Additional Net Zero activities employed at Fort Riley include installation of low-flow 
showerheads, toilets and water faucets as well as conversion from traditional turf grasses to 
drought resistant Zoysia varieties on the Fort’s golf course fairways. 

In 2013, Kansas Governor Sam Brownback issued a call to action to his administration to 
develop a 50-Year Vision for the Future of Water in Kansas. Recognizing that water and the 
Kansas economy are directly linked, the Vision will identify strategies needed to ensure a 
reliable future water supply to support a growing Kansas population and economy. The 
Department of Defense (DoD) is one of the largest employers in Kansas. A solid state and 
federal partnership is essential to ensure Fort Riley and the other Kansas’ DoD installations 
have the long-term water supply necessary to be successful in Kansas. 

 

 
 

Many communities in Kansas have successfully reduced water consumption through systems 
upgrades and investment in water conservation programs. The City of Hays is one example of a 
Kansas municipality that is successfully implementing a variety of water conservation practices 
and policies. 

In 1991, during a moderate drought, the City of Hays ran out of water. Existing sources could 
not keep up with daily demand. Short-term measures such as higher rates and watering 
restrictions were put in place. At this time, a desperate search for additional supply had begun. 
After a few years of searching, it became clear to the city additional water sources were a great 
distance from Hays and very expensive to develop. 

After discovering that additional supply would not be easy, the City of Hays began examining its 
water usage and chose to invest in conservation programs. More than $275,000 was spent 
incentivizing the purchase of low-flow toilets and over 7,000 shower heads were given away to 
water customers. The city also spent in excess of $140,000 to incentivize the purchase of high- 
efficiency washing machines. Regulations were put in place prohibiting outdoor watering 
during the heat of the day, when a good portion is lost to evaporation, as well as prohibiting 
water runoff from a property due to improper irrigation. Significant investments were made in 
effluent water reuse as well. Currently, Hays irrigates several baseball, softball and soccer fields 
with effluent water as well as the Fort Hays Municipal Golf Course and Bickle-Schmidt Sports 
Complex. The city decided because of economic development, large water users would not be 
sought out. 

The results of these efforts and investments were striking. Hays now uses less water than they 
did in the 1970s. In 2013, Hays used 2,200 acre feet of water, down from a peak of 3,600 acre 
feet in 1993. However, city commissioners and staff were not content to ride the wave of past 
successes. In 2010, city staff was tasked with taking Hays’ water conservation efforts to the 

CITY OF HAYS 

 



Vision for the Future of Water Supply in Kansas 59 | P a g e  

next level. To do this, Hays had to look west to cities in the desert southwest and arid mountain 
west for examples 

The successful showerhead replacement program was overhauled and reintroduced. 
Comprehensive toilet and urinal replacement programs were rolled out and incentive programs 
were implemented to encourage property owners to replace cool-season turf with drought- 
tolerant landscaping. The city created several demonstration gardens to show residents 
drought-tolerant landscaping not only saves water but can also be aesthetically pleasing. 

In early 2014, the Hays City Commission adopted the Green Building Code which mandates the 
use of water-efficient fixtures and best practices for all new construction as well as significant 
remodels. The Green Building Code also requires smart irrigation controllers and efficiently- 
designed landscape systems upon installation. The city commission also adopted a 
comprehensive overhaul of its landscaping regulations. Limits were put in place on the amount 
of turf and overall area that can be irrigated and mandatory xeriscaping is required. 

Hays/Ellis County is the only significant population center in Kansas that has inadequate local 
water supply. They know they must keep an eye to the future to ensure adequate water is 
available. 

 

 
 

Kansas is home to 29 large-scale dairies. McCarty Family Farms, LLC is one example of a Kansas 
dairy focusing on the role of water conservation in their operations. Almost 15 years ago 
McCarty Family Farms moved from Pennsylvania to Rexford, KS, to allow their family to fulfill 
their dairy farming dream. Today, they have three dairy farms in western Kansas. While much 
of their philosophies regarding their commitment to their cows, people and the land have 
stayed the same since their family began milking in 1914, they have made many changes to 
take better care of their cows and natural resources. 

 
Transitioning from a farm milking 150 cows in a water abundant area to a herd of over 7,000 
head in a water scarce area required the McCarty Family to adapt their management style to 
accommodate the climate of western Kansas. Maximizing cow comfort and productivity while 
minimizing water use was a challenge the McCarty Family was not accustomed to facing but 
realized it was one that could be overcome with the right mindset, practices and partnerships. 

 
Water supply issues in Kansas have impacted the thought process of the McCarty family in 
many ways. First and foremost, conservation of water as well as the maximization of 
productivity of each gallon pumped is a paramount thought on all of the McCarty family’s 
operations. This has led to utilizing less water intensive crops (i.e. sorghum) to feed their herds, 
reexamining how they do business (i.e. condensing milk) to even where they focus  their 
growth. 

MCCARTY FAMILY FARMS, LLC 
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In 2010 they began their partnership with the Dannon Company and the McCarty family began 
construction of a condensed milk processing plant at the Rexford Dairy site. While it took eight 
months to build and a significant financial investment, the McCarty Family found it has been 
the right decision. 

 
The decision to build the state-of-the-art milk processing plant was based on a multitude of 
benefits not only for them but also the Dannon Company, consumer and other stakeholders. 
First, the McCarty-Dannon relationship, with the processing plant as its keystone, served as a 
means of creating stable prices for both parties in an otherwise volatile market. This coupled 
with additional benefits such as reduced environmental impact, increased traceability, single 
source product streams and increased consumer connection for the McCarty Family led to a 
very unique and innovative business relationship. 

 
The plant has allowed the extraction of more than 14 million gallons of water from the milk 
each year and more than 39,000 gallons every day. This has led the McCarty Family to not only 
operate the milk processing plant but increase the herd size on site by 500 head and use less 
water than before. The extracted water is reused for animal and crop care, including cow 
cleaning and irrigation, helping move the dairy closer to becoming a water-neutral operation. 
Water is even removed from the milk before it is shipped to Dannon, ensuring all water stays in 
western Kansas and at the dairy. Because the milk is condensed, there has also been a 75 
percent reduction in the number of trucks and amount of fuel required to haul milk from the 
farm. 

 
McCarty Family Farms have made it their motto to live to improve their environment, the 
communities they live in as well as be as progressive as possible when it comes to conserving 
their water resources. As a result of the management practices, their farms earned an 
environmental review certification by Validus and were named the 2013 Innovative Dairy 
Farmer of the Year. They know their business survival is dependent on the communities they 
live in and often say when their communities grow and prosper, they do as well. Most recently 
they were one of three dairies in the United States to win the U.S. Dairy Sustainability Award by 
the Innovation Center for U.S. Dairy. 

 

 
 

Cooperative water supply and conservation planning among a  municipality and their  local 
businesses can result in mutual long term benefits to an area’s economy and the natural 
resources. The benefits of this type of cooperative planning are illustrated through the National 
Cooperative Refinery Association (NCRA) and the City of McPherson. 

For the past several years, NCRA and the city of McPherson have been studying their local 
water challenges.  The challenges the refinery has been encountering center on the quality and 

NATIONAL COOPERATIVE REFINERY ASSOCIATION (NCRA) AND CITY OF MCPHERSON 
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quantity of water available to them. The city of McPherson and NCRA use ground water from 
the Equus Beds aquifer which is the principal source of fresh and usable water in south central 
Kansas. The aquifer underlies portions of a four-county area. Both entities have noticed the 
aquifer located within the boundaries of the McPherson Intensive Groundwater Use Control 
Area (IGUCA) has been declining on average approximately one foot annually for the last 10 
years. The quality of water has declined due to a plume, contributing elevated levels of calcium 
and chloride, in the immediate area. NCRA utilizes its water to provide steam and cooling 
water for its process units so the contaminants must be removed prior to use in their systems. 

In order to provide a sustainable water source for its refinery, NCRA first reviewed alternate 
sources of water. Due to its location, the only sources of water available are those from the 
aquifer. Any surface water available is at least 30 miles away which was determined unfeasible 
to transport. Another source that was investigated was secondary effluent water from the 
McPherson wastewater treatment facility. This source was found to be a viable and acceptable 
source. An agreement was reached with the city of McPherson to provide approximately 700 
gallon per minute of reclaimed wastewater to NCRA. Infrastructure for the collection and 
transport of the water to the refinery had to be constructed. This installation is nearing 
completion and is expected to be functional by September 2014. 

Another water source that was investigated was the east chloride water. This option is water 
from the aquifer that is currently part of a remediation project to “clean up” a chloride plume in 
the aquifer. Studies have shown the primary source of waters high in chloride from the 
contamination plume is oil brine from an oil field discovered in the 1930s. Elevated levels of 
chlorides and calcium from the contamination plume are not compatible with the refinery’s 
current treatment technology. A new water treatment facility is now being built and it has 
been estimated that 700 gallon per minute of this water will be utilized in the future once 
constructed. 

The final piece that needed to be addressed for NCRA was the water quality of the current 
water sources and the new alternate sources. To address the quality demands of the produced 
water, NCRA designed a treatment process to meet these stringent requirements. The process 
has been engineered and is currently being constructed. The estimated completion and startup 
of the facility is spring 2015. The water treatment facility will consist of microfiltration, 
nanofiltration and reverse osmosis technology. The process was designed to be efficient and 
will include a “backwash” reuse system that will reuse some water within the newly designed 
water treatment facility. 

Once completed, NCRA is expecting to reduce water usage from the aquifer by about 1400 
gallons per minute or about two million gallons per day. One of the new water sources will be 
the east chloride “plume” water, so remediation of the aquifer water will still be taking place 
but now as a result of implementing technology, the water will be used instead of wasted. 
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The city of McPherson also has similar sentiments regarding a sustainable water source for its 
customers. In addition to selling reclaimed wastewater to the refinery, McPherson has also 
worked to reduce the local aquifer demand. In the early 1990s the Board of Public Utilities 
purchased four irrigated farm quarters in the immediate vicinity of the city’s well field and 
placed the water rights in the Division of Water Resources Water Right Conservation Plan. In 
1994 an additional quarter was purchased. Recently the board decided to remove the irrigation 
equipment because of unsustainable pumping rates. McPherson has found these steps have 
reduced the local aquifer demand by approximately 500 acre feet per year. 

McPherson and NCRA believe the new plant and water sources will provide a long term source 
of reliable water while being a good steward to the environment. The construction of the new 
water treatment plant and facilities will cost NCRA over $60 million, but it has been deemed 
necessary and appropriate in order to provide the McPherson community, refinery and 
surrounding area with a sustainable water source. 

 

 
 

A guiding principle of the Vision for the Future of Water Supply in Kansas is locally driven 
solutions have the highest opportunity for long term success. The Sheridan-6 Local Enhanced 
Management Area (LEMA) is on example of a success locally driven water conservation plan. 

In 2001 the State Water Plan called for water management practices that would extend and 
conserve the life of the Ogallala Aquifer. Groundwater Management District No. 4 (GMD#4), 
which encompasses areas of 10 northwest counties. Farmers and area residents knew 
something must be done to address the declines in the ground water sources if they wanted to 
continue to have viable communities and industry. The GMD#4 board chose to implement 
recommendations determined by two state-appointed committees to update their Revised 
Management Plan which led to establishing the district’s High Priority Areas (HPAs). 

 
Sheridan-6 (SD-6), 99 square miles in Sheridan and Thomas counties, was one of the 
determined HPAs. Initial conversations and community meetings in SD-6 began in November of 
2008. It was determined there was an overwhelming desire from attendees to preserve the 
natural resource of water for economic sustainability in the SD-6 HPA and provide an 
opportunity for continued sustainability. 

 
Changing a mindset can seem almost impossible sometimes, but the GMD#4 Board of Directors 
and staff worked extensively with community members explaining the severity of the water 
declines in their area. The community was urged to be a part of their own solution, for their 
own benefit and that of the future generations. Through numerous meetings and discussions 
over the next four years, the SD-6 LEMA proposal was created by the locals. 

SHERIDAN-6 LOCAL ENHANCED MANAGEMENT AREA (LEMA) 
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The SD-6 LEMA requires that all water rights therein (non-domestic) entered into a five-year 
plan to use nearly 20 percent less water to slow Ogallala Aquifer declines. It allows an annual 
average of 11 inches/ acre or 55 inches over a five year period giving producers the flexibility on 
when to use their crop water. 

 
In April 2012, the LEMA Bill (SB 310) was passed into law and the SD-6 Enhanced Management 
Proposal was submitted in July 2012. The GMD #4 then received approval notice from Kansas 
Department of Agriculture-Division of Water Resources in August and was followed by two 
public hearings and an independent hearing officer’s report to the Chief Engineer October 
2012. The Final LEMA Order of Designation was signed on April 17, 2013. 

 
Now after having a full year of data, GMD#4 and SD-6 is proud to share the first year of the 
LEMA was successful. The annual average irrigation water applied was 10.29 inches/acre or 
20,775 acre feet for irrigation and other uses; below the use goal of 22,800 acre feet. Water 
level declines as measured in January of 2014 were at 0.47 feet, lower than the previous five 
years, when annual declines in the LEMA area ranged from 0.96 to 2.00 feet. 

While some producers applied up to 18 inches/acre due to the drought, most worked to adjust 
to less irrigation with increased water management, shifts in crops, planting density or acres. 
Rains in June were timely, helping farmers to have reportedly near normal production levels. 
Insurance for limited irrigated crops was available through USDA Risk Management Agency, a 
first time for this option. 

This is the first locally developed and legally binding conservation plan made in the Ogallala 
High Plains Aquifer with many hopes it will be replicated across the region and even in other 
states. This leading example has been featured in several publications across the nation as 
well. The LEMA has sparked a tremendous increase in dialogue for others, emphasizing the 
importance of local problem solving, involvement and education. 

 

 
 

While stock water use represents less than one percent of the total statewide reported water 
use, water conservation at a feedyard plays a role in a region’s water supply conditions and can 
result in efficiencies and cost savings at the operation. An example of Kansas feeder 
successfully implementing water conservation activities is Supreme Feeders. 

 
A couple years ago Supreme Feeders, Kismet, KS, received a letter from the Kansas Department 
of Agriculture-Division of Water Resources saying they had over-used their annual water 
allocation and needed to be in compliance by the next year. Supreme Feeders immediately 
wanted to begin cutting back on water usage as much as possible throughout the entire yard. 

SUPREME FEEDERS 
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After evaluating areas of usage, they looked to easier solutions they could address first. Their 
first step was to look at their washing system. They chose to wash the equipment and roll stock 
fewer times per month while still maintaining cleanliness. Second, while a safe and healthy 
environment is key to the feedlot, they determined they could wash the hospital and 
processing barns fewer times per month in order to conserve, while still maintaining a safe 
standard. Third, they began  to wash  their water tanks biweekly, whereas, they had  been 
washing the tanks every week. Once the easier conservation options had been implemented, 
the feedlot began researching other alternatives for more efficient water management and 
conservation practices they could execute. 

 
The research presented staff with examples from JBS Five Rivers Cattle Feeding, LLS, a Colorado 
feedyard. JBS uses a water filtration system that filters the over flow from their water tanks to 
conserve water. Supreme Feeders contacted JBS about the filtration system and was invited to 
come examine the system and learn how it could fit their specific needs. 

 
Supreme Feeders chose to replicate the same system at their feedyard. They chose to run a six 
inch underground drain line for each section of pens to send all the over flow water to a 
collection point. After collected, the reclaimed water is pumped to the treatment building to a 
set of filters and a UV light which clears the water of any particles and pathogens it may 
contain. This filtered process results in clean water, free of harmful bacteria and safe for the 
cattle to drink and reuse throughout the feedyard. 

 
The decision to implement the system meant Supreme Feeders didn’t have to reduce the 
feedyard capacity approximately 68,000 head. They have found it to be a good experience and 
encourage other feedyards to consider implementing this system in their own operations. In 
November of 2013 they invited several feedlots, the Kansas Livestock Association and other 
entities to a field day to feature the system and what they had learned regarding their water 
management practices. They shared with attendees the cost to treat the water was minimal in 
comparison to hauling water or decreasing the number of cattle to feed. 

 
The reclamation system has been running for more than a year now and the recycled water 
accounts for approximately 20 percent of the feed yard’s total usage. Supreme has found they 
are using less than their appropriated amount by about 200 acre-feet. Supreme Feeders has 
saved more than 90,000,000 gallons of water since implemented and has found they are now 
pumping 20 percent less water from their water wells. This has proved to be a great example of 
a future conservation measure that didn’t mean an inventory reduction for the feedyard. 

 

 
 

Water where you need it is a concept entrepreneurs in Kansas such as FirstWater Ag make a 
reality  for  producers  in  agricultural  water  use  and  crop  production  environments.  With 

FIRSTWATER AG, INC 
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knowledge and experience in systems for water conservation and efficiency on irrigation 
machines, FirstWater Ag was formed in Atwood, KS in 2013. 

 
The customized zone control irrigation systems at FirstWater Ag gives producers greater control 
and precision in the application of water by creating individually controlled watering zones and 
times along the length of an irrigation machine. This allows producers to treat variable parts of 
the field with different amounts of water. The FirstWater Ag zone control system dates back to 
commercialization in 2001 when it was first used on the market and has been a pioneering 
leader in this technology. The system can be retrofit onto virtually any brand or any age of 
center pivot or lateral irrigation machine. With past systems installed in many states more 
precise control  of irrigation water can benefit many different geographies and production 
environments. 

 
FirstWater Ag customized zone control irrigation system can address many factors for 
producers such as topographic variability, overlapping pivots, chemigation and fertigation 
applications, waste water or livestock effluent application through irrigation, different soil types 
and capacities, water runoff, bogging down or getting stuck in wheel tracks and simply avoiding 
water, chemicals or fertilizers in ponds, grass, roads, creeks or other non-crop areas. 

 
The systems are built around a controller that is installed at the pivot or lateral. The controller 
can tie into the speed of the machine as well as the control of sprinkler zones that are grouped 
together. In settings where zones are desired, control valves are placed on each sprinkler point 
along the span with multiple valves/sprinklers controlled together in a zone. Up to 48 zones can 
be installed along the length of the space and with a GPS signal, the controller can change the 
action of those every 1 degree of change in the machine angle. This creates potential for more 
than 17,000 individually defined water areas in a full center pivot field. 

 
University of Georgia research has shown water savings of 8-20 percent annually all while 
producing equal or better crop yields and reducing pumping costs. A FirstWater Ag system in a 
field during the winter of 2013 is projected to cut irrigation water use by 25% and save an 
estimated 40 million gallons per year in just one field. 

 
Producers, crop consultants and other trusted agronomic advisors have the tools and freedom 
to define the watering prescriptions for their specific fields having the best knowledge of those 
circumstances. In addition to control of applied irrigation water, FirstWater Ag is bringing 
forward a multi-probe soil moisture sensing system that will create significant synergy in water 
management approaches allowing growers to not only see which parts of their field may be wet 
or dry, but then to verify the effect of the watering prescriptions they apply. 

 
FirstWater Ag places a high value on relationships with customers and partners in finding ways 
to work together in managing water more efficiently. Tools and strategies will continue to be 
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developed that meet the needs of irrigated producers as well as steward the Ogallala-High 
Plains aquifer and all other water resources. 

 

 
 

Wenstrom Farms is one of many examples in Kansas of how the adoption of irrigation 
technology combined with land management can results in significant water savings. Richard 
and Jane Wentsrom’s farm sits on the Great Bend Prairie Aquifer near Kinsley, KS. Raising 
irrigated corn and soybeans with some alfalfa and small amount of wheat over the limited 
water resource, they know the extreme importance of irrigation scheduling. 

 
As far back as the 1970s, Richard began gathering data and monitoring water use. He started 
implementing computer software programs starting in 1980, before many farmers even had 
computers. Richard was known as one of the first large-scale irrigators who used soil-based 
irrigation scheduling techniques but was also an early adopter of climatic-  or 
Evapotranspiration (ET)- based irrigation scheduling. 

 
He knew that irrigation scheduling is one of the keys to saving water and more than 20 years 
ago, began using a computerized irrigation scheduling system with 24 center pivots on his 4200 
acre farm. Wenstrom soon realized significant savings as the system he used took into account 
temperature, humidity, wind, rainfall and other climate data to determine when and how much 
water should be applied at any given time. The system also enabled him to play out various 
scenarios for the center pivot to ensure highest efficiency. 

 
He found built-in flexibility in the program which helped him to see the value in identifying the 
correct speed for the pivots to help be most efficient; a critical piece that continues to set his 
irrigation scheduling system apart from others, even contemporary systems. 

 
He promotes irrigation scheduling saves water, energy, and money with estimates of up to 35 
percent savings in water and energy. Wenstrom estimated that his system saved between 20- 
30 acre feet of water per pivot compared to irrigation regimes that didn’t use scheduling in the 
1980s. Fuel savings for the 24 center pivots were in the range of 500-600 million cubic feet of 
natural gas per year. 

The examples set at Wenstrom Farms has led to him being board president of The Water 
Protection Association of Central Kansas (Water PACK), an organization with members 
consisting of ag producers and related businesses from six south-central counties who serve as 
a proactive voice for irrigated agriculture in the area. Richard is also one of the producers to 
participate and conserve water in the Central Kansas Water Bank. Recently Wenstrom Farms 
was named a model innovator for the Climate+Energy Project. 

WENSTROM FARMS 
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Richard has seen different techniques work for different people. For farmers who irrigate, they 
do so with the intention of producing high yields. He knows his irrigation scheduling impacted 
yields but also reflects the values of resource conservation and good stewardship which runs 
deep in Kansas. 
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Following are several maps and figures that reflect water use, sedimentation and storage 
capacity in the state’s federal reservoirs and the estimated usable lifetime and storage in the 
Ogallala-High Plains Aquifer in Kansas. An additional on-line tool will be developed to allow 
Kansas citizens to review information specific to their region. 

CONDITION ATLAS 
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WATER CONSERVATION PLAN 
City of Russell 
AUGUST 2012 

Introduction 

Under Kansas Law (K.S.A. 65-162a) a public water supply system is defined 
as " ... a system for the provision to the public of piped water for human 
consumption, if such system has at least ten ( 10) service connections or 
regularly serves an average of at least twenty-five (25) individuals daily at 
least sixty (60) days out of the year. Such term includes any source, 
treatment, storage or distribution facilities under control of the operator of 
the system and used primarily in connection with the system and any 
source treatment, storage or distribution facilities not under such control 
but which are used in connection with such system". 

Water resource development is moving toward more efficient management 
and conservation to assure adequate water in the future. Water 
conservation is considered to be any beneficial reduction in water use or in 
water losses. 

Water conservation is essential for the effective management of water 
resources in Kansas and to insure that a sufficient supply of water is 
available for the beneficial uses of the people of the State as stated by the 
Kansas Department of Agriculture, Division of Water Resources and the 
Kansas Water office. 

The City Of Russell has undertaken a number of steps to ensure a 
dependable water supply for our customers over the past 100 years. The 
original water supply for our City was obtained from Fossil Lake and the 
Smoky Hill River South of Russell. When the Smoky Hill River became too 
high in chlorides, Kansas Department of Health & Environment mandated a 
change from this location for a water supply; therefore, a pumping station 
and a 12" pipeline was installed on Big Creek, 7.5 miles southwest of 
Russell. This supply is still in use today. 

In 1954, Russell received an appropriated water right in Cedar Bluff 
Reservoir of 2,000 acre-feet with 2,600 acre-feet of water storage of which 
a portion may be used to supplement the water flow in the Smoky Hill 
River. The City has vested water rights in the Smoky Hill River and 
installed a diversion dam on the river and a pumping station with an 18" 
pipeline to Big Creek. This supplied us with water when Big Creek was in 
short supply. 
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In 1970, Russell constructed 9 wells in the Smoky Hill River valley, near 
our pumping station, and in 1980, 21 miles of 18" pipe was laid to the 
water treatment plant in Russell. This action has conserved many millions 
of gallons of water over the years and remains in service today. 
In 1998, the City of Russell completed construction of a Pre-sedimentation 
basin and a 750,000 underground reservoir. These additions kept the city 
within State Safe Water Drinking regulations and provide the City with 
additional water storage. 

Construction was completed in 2006 of a second raw water transmission 
line, which allows the city to separate both water sources or blend these 
sources into the existing treatment facility. 

Construction was completed in 2008 of a new electro-dialysis reversal 
treatment plant designed to treat Pfeifer well water. This water can be 
blended with the existing surface water treatment facility to provide a 
more reliable and efficient source. The original treatment plant has been 
used for the past seventy (70) plus years. New and additional water 
supplies may be added to this treatment facility at future dates when they 
are implemented. 

The City of Russell believes that our municipal water conservation plan 
represents additional steps in ensuring our customers of a dependable 
water supply in future years. The search continues for additional water 
supplies through contracted professionals, the Public Wholesale Water 
Supply District #15 and City staff. New sources will be another answer to 
our cities demands for water as the city continues to increase in water 
consumption. 

The primary objectives of the Water Conservation Plan for the City of 
Russell are to develop long-term water conservation plans (Long-Term 
Water Use Efficiency Section) and short term water emergency plans 
(Drought/Emergency Contingency Section, to assure the City customers of 
an adequate water supply to meet their needs. The efficient use of water 
also has the beneficial effect of limiting or postponing water distribution 
system expansion and thus limiting or postponing the resultant increases 
in costs, in addition to conserving the limited water resources of the State 
of Kansas. 
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LONG-TERM WATER USE EFFICIENCY 

WATER USE CONSERVATION GOALS 

City Of Russell used 151 gallons per capita per day (GCPD) in 2009. This 
GPCD figure included: 

a) water sold to residential/ commercial customers; 
b) water distributed for free public services (parks, cemeteries, 

swimming pool etc.); 
c) water lost by leaks in the water distribution system. 

However, the GCPD figure does not include municipally supplied water for 
industries that use over 200,000 gallons per year. According to Figure 1, 
shown in the 2009 Kansas Municipalities Water Use Publication, our City is 
located in Region 6. From this publication, it was determined that our 
City GPCD water use was 131, which was over the region average of 109 
GPCD among cities in Region 6 during 2009. The City desires to set a 
water use conservation goal for usage not to exceed 150 GPCD based on the 
regional average of the last five years (2004 thru 2009). Our City 
anticipates not exceeding this goal by carrying out specific actions that are 
outlined in our plan. 

WATER CONSERVATION PRACTICES 

This subsection of the plan summarizes the current education, 
management and regulation efforts that relate to the long-term 
conservation of water in the City. Specific practices that will be 
undertaken to conserve water are listed and a target date to begin each 
practice is also shown. In addition in times of drought and/or emergency, 
conflicts can arise over the competing usage of water. When uses of water 
for different purposes conflict, such use generally conform to the following 
order of preference: domestic, municipal, commercial, industrial, irrigation 
and recreation. 

Education 

The City water bills show the number of gallons of water used, in hundreds 
of gallons, during the billing period and the total of all charges due on each 
of the bills. Water conservation tips maybe provided on the back of the full 
sheet water bills; however, in times when this Water Conservation Plan 
may be effect, water conservation tips may be added, through additional 
informational sheets which may be inserted into the utility bills. The City 
has provided information on water conservation to the local news media on 
a regular basis and has encouraged the Board of Education and teachers to 
become involved in water conservation in schools as well as the annual 
Home Show sponsored by local vendors in the community. The City has 
chosen the following conservation practices and target dates for the 
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Education Component of the Long-Term Water Use Efficiency Section of 
our Water Conservation Plan. 

Education Conservation Practices Taken or Proposed Target Dates 

Provide water information on water conservation 
plan to the Media and the General Public on a 
regular basis. 

Incorporate water conservation brochures for 
the public at the city hall. 

Weekly public informational updates during 
water conservation phases throughout the 
duration of the phase. 

Assist in public notices to hospital, motels, 
restaurants of water conservation tips. 

Water Conservation tips provided with water 
bills on each month of May, June, July, August 
and September. 

Develop new brochures on conservation tips for 
outdoor watering. 

Educate the public on xeriscape outdoor watering 
and planting programs. 

MANAGEMENT 

2006 

2006 

2006 

2006 

2007 

2007 

2007 

The City Of Russell has gallon per minute meters on each of our raw water 
intake pumps at the water treatment facilities. These gallon per minute 
meters are read on a monthly basis on the last day of the month. The 
amount of raw water pumped is determined by multiplying the number of 
gallons pumped X sixty (60) minutes per hour X hours pumped. The 
accuracy of the gallon per minute and the pumping rates of the pumps are 
being tested once every 3 years. The pumping rate of 2,500 gallons per 
minute is the pumping capacity of the pumps. 

Water meters were installed for all residential/ commercial customers by 
1965; including the Public Golf Course and the City government buildings 
and grounds. Customer meters are scheduled for an accuracy check and 
possible repair or replacement upon receiving a request to do so from the 
customer. A plan is being developed to review and test each meter 
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installed in the water distribution system every ten ( 10) years along with a 
new automated meter reading system which will allow time of use reviews. 

The City Of Russell reads each customer's water meter and mails a 
monthly water bill to each customer every month along with other utility 
usages. Customer water meters are generally read during the same period 
of the month; however, the meter reader sometimes deviates from the 
scheduled time period. 

Water leaks from the City public water distribution systems are repaired as 
soon as practical after they are discovered and usually within twenty-four 
hours. Water pressure is not checked at the customer's service unless 
customers complain that their water pressure is too low. 

The water rate structure for the City was passed with Ordinance No. 1784 
dated December 18, 2007. The monthly customer charge is $22.50. Water 
use from 0 to 5,000 gallons per month is charges at $0.525 per 100 gallons 
per month. Rates increase with use on an ascending scale. Rates are 
subject to change by City Council action. 
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DROUGHT CONSERVATION AND 
EMERGENCY CONTINGENCY 

The City Of Russell addresses its short-term water shortage problems 
through a series of stages based on conditions of supply and demand with 
accompanying trigger, goals and actions. Each stage is more stringent in 
water use than the previous stage since water supply conditions are 
deteriorating. 

The City of Russell shall address its water conservation issues through a 
series of stages based on conditions of supply and demand from the 
citizens. A trigger, anticipated goals, actions and management activities 
necessary to implement the water conservation plan accompany each 
stage. Each stage of the conservation and emergency contingency plan 
becomes more stringent from the previous stage as water supplies 
deteriorate and usage increases. The suggested regulations in each stage 
are cumulative in nature. This plan is for guidance purposes and in no 
way limits or restricts the City's ability to make or require additional 
conservation or rules and regulations or to impose suspension in service 
as proVided by City Ordinance 1776 and such other rights and 
authorities as the City possesses under its general police powers. 

"Storage Levels" is defined as a five-year average of the static well levels 
at Pfeifer Well Field. 

A. Stage I - Water Watch - Voluntary Conservation. The 
mayor, with the counsel of the city manager and public works 
director, may declare a Stage I water conservation plan when a water 
shortage is anticipated but not immediate. The public works 
department shall conduct public education efforts regarding the 
benefits and necessity of conservation by the public. 

Benchmarks: The city storage levels have fallen five (5) feet below 
five year average levels; Demand on the city wide systems for one 
day exceeds 1.2 million gallons per day of raw water averaged over 
a five (5) day period. 

Goals: The goals included in this stage will be to initiate the 
awareness of the city staff, city council and the general public on 
water conditions involved to maintain the integrity of the water 
supply system. Recycling of indoor water is encouraged in all stages 
ofthe plan. 

Actions: The city staff will inform the mayor and city council 
on water usage within the city, water production capabilities, begin 
an education program on the back of utility bills, and develop 
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handouts to be placed at the city hall. 

Management Activities: Weekly monitoring of water well and 
surface water availability, daily monitoring of water usages, 
maintain water distribution system of at least forty pounds (40#) per 
square inch; leaks will be repaired within 24 hours of detection, and 
hydrant flushing, street cleaning, public grounds watering and 
vehicle washing will be limited. 

Regulations: The public will be asked to limit outdoor water 
use by reducing lawn, tree and shrub watering; washing of 
automobiles; use of water in swimming pools, fountains and 
evaporative air conditioning; and assist in any other means of water 
conservation. 

The Public will be asked to make efficient use of indoor water by: 
washing full loads of laundry and dishes; taking short showers; not 
letting faucets run; repairing all leaks in your system; and any other 
means to conserve water. 

B. Stage II - Water Warning - Voluntary Conservation. The 
mayor, upon counsel of the city manager and public works director, may 
instigate and the city council shall declare by resolution, a Stage II water 
warning when a water shortage exists such that immediate voluntary 
reductions in consumption are necessary. The public works department 
shall conduct an intensified public information campaign and shall 
coordinate the campaign to encourage voluntary water conservation 
through news releases and other methods of providing information about 
conservation methods. 

Benchmarks: The city storage levels have fallen seven (7) feet; 
Demand on the city wide systems for one day exceeds 1.4 million 
gallons of raw water per day; treatment capacity is in excess of 85% 
or more for three consecutive days; or pumping of the Pfeifer well 
field lowers water levels to within an average of 15 feet of the well 
screens. 

Goals: The goals included in this stage will be to heighten 
awareness of the public, through direct education to each user, on 
water conditions involved to maintain the integrity of the water 
supply system. The goal to maintain usage lower than the 1.4 
million gallons per day through the implementation of conservation 
methods. Recycling of indoor water is encouraged in all stages of 
the plan. 

Actions: The city staff will inform the mayor and city council 
on water usage within the city, water production capabilities, begin 
an education program on the back of utility bills, report weekly to 
the radio and newspaper and develop handouts to be placed at the 
city hall and into utility bill mailings as to the conditions of the 
city's system. Such activities at a residential home are to reduce 
lawn, tree, and shrub and flower watering; washing of automobiles; 
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use of water for swimming pools, hot tubs, fountains and 
evaporative air conditioning units. Efficient use of indoor water by: 
washing full loads of laundry, take shorter showers, repair any 
faucet leaks, not letting faucet allow to run whUe brushing teeth. 

Management Activities: Daily monitoring of water well and surface 
water availability, daily monitoring of water usages, maintain water 
distribution system of forty pounds (40#) per square inch. Hydrant 
flushing, public grounds watering, washing public vehicles, and 
street cleaning will be extremely limited. 

Regulations. Implementation of address odd-even watering days; 
restrict outdoor watering to before 10:00 AM and after 9:00 PM; 
restrict watering of the golf course greens to after sunset; industrial 
and commercial users will be notified and requested to limit 
consumptions to less than 85% of normal production activities and 
only for essential maintenance for production without excessive use 
of outdoor and agricultural watering. 

C. Stage III - Critical Water Stage - Limited Restrictions. The 
city council may pass a resolution for a Stage III Critical Water Stage when 
a water shortage exists such that water supplies are critically impacted 
and water demand must be reduced. The resolution may include, but is 
not limited to, the suggested regulations set forth below. In addition, the 
city manager and/ or public works director are authorized to establish 
certain specified days or hours for irrigating, sprinkling or watering lawns 
and gardens, and may prohibit or regulate other nonessential uses of water 
within the water system during such times as there is an actual or 
impending water shortage, extreme pressure loss in the distribution 
system, or for any other reasonable cause. The regulations promulgated by 
the city manager and/ or public works director shall be subject to approval 
of the governing body at it next regular or special meeting. The following 
nonessential uses of water may be prohibited on all properties connected 
to the city's water system, whether inside or outside of the city: 

Benchmarks: The city storage levels have fallen 10 feet below 
storage levels, or pumping of the Pfeifer Well Field lowers water 
levels to an average of 10 feet of the well screens, demand on the 
city wide systems for one day exceeds 1.5 million gallons of raw 
water per day or water in Big Creek ceases to flow over the low 
head dam at the Big Creek pump station. 

Goals: The goals included in this stage will be to notify the public, 
through direct education, and public notices to each user, on water 
conditions involved and to maintaining the integrity of the water 
supply system. Recycling of indoor water is recommended in all 
stages. 

Actions: the city staff will inform the mayor and city council on 
water usage within the city, water production capabilities, heighten 
the education program on the back of utility bills, report weekly to 
the radio and newspaper and develop handouts to be placed into all 
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utility bill mailings on the condition of the city's system. 

Management Activities: Weekly monitoring of water well and 
surface water availability, daily monitoring of water usages, 
maintain water distribution system of forty pounds (40#) per square 
inch. Hydrant flushing and street cleaning will be extremely limited 
and public grounds will be watered with effluent water only. 

Regulations: Escape of water through breaks or leaks within the 
customer's plumbing or private distribution system for any period of 
time beyond which such break or leak should reasonably have been 
discovered and corrected shall be prohibited. It shall be presumed 
that a period of 48 hours after the customer discovers a leak or 
break, or receives notice from the city of such leak or break, 
whichever occurs first, is a reasonable time in which to correct the 
same. Noncommercial washing of privately owned motor vehicles, 
trailers, and boats, will be prohibited. Lawn sprinkling and 
irrigation, which allows water to run off or overspray the lawn area 
is prohibited. Every customer is deemed to have knowledge of and 
control over his or her lawn sprinkling and irrigation and shall 
operate such no more than one day per week on the day of 
sanitation pickup. Industrial and commercial users will be notified 
and required to limit consumption to no more that 75% of normal 
production and maintenance use. 

D. Stage IV - Emergency Water Stage - Mandatory Outdoor 
Restrictions and Indoor Conservation. The city council may adopt 
by resolution a Stage IV water emergency when a water shortage exists 
such that maximum flow reduction is immediately required, water 
available to the city is insufficient to permit any irrigation, watering, or 
sprinkling, and all available water is needed solely for human consumption, 
sanitation, and fire protection. The resolution may prohibit all 
nonessential uses of water, including but not limited to all vehicle 
washing, all lawn watering, and all of the uses that may be prohibited for a 
Stage III water emergency. The public works and utilities department shall 
disseminate information using every available means to encourage 
customers to reduce indoor water usage to the maximum extent possible. 

Benchmarks: The city storage levels have fallen 15 feet; Demand on 
the city wide systems for one day exceeds 1.8 million gallons of raw 
water per day; Pumping of the Pfeifer Wells lowers water levels to 
within eight feet (8') of the top of the well screens; or treatment 
capacity is at 95% of peak capacity or more for three consecutive 
days. 

Goals: The goals included in this stage will be to heighten 
awareness of the public, through direct education to each user, on 
water conditions involved to maintain the integrity of the water 
supply system. The goal is to reduce weekly demand by 25%. 
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Actions: The city staff will inform the mayor and city council 
on water usage within the city, water production capabilities, begin 
an education program on the back of utility bills, report weekly to 
the radio and newspaper and continue to handout materials or hold 
public meetings as to the conditions of the city's system. Such 
activities at a residential home are to eliminate lawn, tree, garden 
and shrub and flower watering; washing of automobiles; use of water 
for swimming pools, hot tubs, fountains and evaporative air 
conditioning units. Efficient use of indoor water is required and the 
recycling of water is strongly recommended. 

Management Activities: Weekly monitoring of water well and 
surface water availability, daily monitoring of water usages, 
maintain water distribution system of forty pounds (40#) per square 
inch. Hydrant flushing, grounds watering and street cleaning will be 
eliminated and public grounds will be watered with effluent water 
only during evening and nighttime hours. 

Regulations: Outdoor watering will be banned; Waste of water will 
be prohibited; Excess water use charges for usage of water over the 
amount used in the winter (December through February) may be 
imposed at a surcharge of up to one hundred percent upon 
declaration of Phase IV Emergency Water Shortage; Industrial and 
commercial customers will be noti fied and required to limi t 
consumptions to 75% of normal production and maintenance use 
with no outdoor or agricultural watering. Emergency termination 
of the supply of water to any or all customers may occur upon the 
determination that conditions are such the termination of service 
is required to protect the health and safety of t e public or for 
such other emergency as deemed necessary by the a properly 
authorized city official or the Go.verning Body of the City. 

PLAN REVISON, MONITORING 
AND EVALUATION 

The City Of Russell established a monthly management practice of 
reviewing monthly totals for water production, residential/ commercial 
sales, water provided free-of-charge, and "unaccounted for water". 
Problems noted during the monthly review will be resolved immediately. 

The City Of Russell Municipal Water Conservation Plan will be reviewed 
annually and on a more frequent basis during drought or other water 
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shortage conditions. If the water conservation GPCD goals for the previous 
year are not met, then the City will review the data collected from the 
previous year in relationship to the status and effectiveness of the 
conservation practices that are outlined in our plan and will provide a 
status report to the Kansas Water Office which will also include aily 
additional water conservation practices that may need to be taken in order 
for the City to achieve and maintain its water use conservation GPCD 
goals. 

Revised Augu 1 20 l2 
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MUNICIPAL WATER CONSERVATION PLAN 

For the City Of Hays 

March 27, 2014 
 

INTRODUCTION 

The City of Hays has long practiced a very effective Water Conservation Plan initially developed and filed in 
1992. The implementation of this plan resulted in Hays becoming a leader for efficient water use in the State of 
Kansas. The City of Hays depends on alluvial aquifers that are recharged by area rainfall.  The goals of this 
revised plan are to modernize our citizens’ conservation education, to implement best management practices 
during periods of regular rainfall, to enact steps to ensure availability of adequate water during a prolonged 
drought.  
 

LONG-TERM WATER USE EFFICIENCY 

Water Use Conservation Goals 

The City of Hays used 99 gallons per person per day (GPCD) in 2011.  This GPCD figure included: 
 
Water sold to residential/commercial customers; 
Water distributed for free public services (parks, cemeteries, swimming pools etc.); and 
Water lost by leaks in the water distribution system. 
 
The GPCD figure does not include municipally supplied water for industries that use over 200,000 gallons per 
year.  According to Figure 1, shown in the 2011 Kansas Municipal Water Use Publication, our City is located in 
Region 5.  From this publication it was determined that our City GPCD water use was 99, which was 34 percent 
below the regional average of 149 GPCD among cities in Region 5 during 2010.  The City goal is to use less 
than 95 GPCD which is far less than a reasonable 143 GPCD 5 year regional average.  Our City intends to be 
the leader in municipal conservation in Kansas by carrying out the specific actions in the following plan. 

     Water Use History 

 
YEAR GPCD REG. AVG. % DIFF. % UA
2007 96 149 -36% 9
2008 92 142 -35% 11
2009 85 139 -39% 7
2010 91 137 -34% 7
2011 99 149 -34% 11
AVG. 93 143 -35% 9  
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  The City of Hays Long-Term Water Use Efficiency Goals are: 
1) To create a community that has a strong water ethic by teaching new conservation habits. 
2) Reduce the amount of water lost through leaks by intensifying leak detection and repair efforts. 
3) Achieve less than 10 percent unaccounted for water each year. 
4) Use less than 95 GPCD each year.  
5) Staff a Conservation Specialist dedicated to water conservation improvement. 
6) The new norm:   A water-conscious home, both inside and outside. 

Water Conservation Practices 
This subsection of the plan summarizes the current education, management and regulation efforts that relate to 
the long-term conservation of water in the City.  Specific practices and targets that will be undertaken to 
conserve water are listed. 

Education 
The City has pursued the education of the general public through the implementation of water conservation 
programs within our community.  These programs have been extended to all ages and citizen groups.  This 
education process has included but not been limited to the following:   
 

Education Conservation Practices  Target  

Provide monthly detailed customer billing with water cost and 
usage history in cubic feet and gallons. 

Implemented 

Provide information on water conserving landscape practices 
through publications, local news media, seminars, or other 
appropriate means, to be updated by March 15. 

Implemented 
 

Distribute pamphlet on how to save water with description of 
conservation rebate programs to new customers and existing 
customers upon request. 

Implemented 

Provide free water saver kit with instructions to new customers, 
and existing customers upon request. 

Implemented 

Provide annual CCR report which includes a conservation message 
each May. 

Implemented 

Discuss conservation topics at the regularly scheduled monthly 
press briefings for local newspaper, radio, and internet companies. 

Implemented 

Provide information about the history of our water situation on 
www.Haysusa.com, to be updated March 15 or before. 

Implemented 

Provide water conservation hints and links on www.Haysusa.com, 
to be updated by March 15. 

Implemented 

Provide support to the Wellhead Protection Committee efforts on 
local water supply and water conservation, to be updated by March 

Implemented 

 
Management 

The water rates for residential and business consumers, and the effective dates of such rates, shall be determined 
by the City Commission by resolution. The City’s residential and business customers are metered individually.  
Water customers are billed monthly at a progressive tier rate for their usage in measurements of hundred cubic 
feet.  
  
The City of Hays requires water meters on all supply wells. These meters are read continuously via SCADA 
and a daily pump report is printed. A monthly pump log is checked for discrepancies. 
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Water meters are required on all residential, commercial, and City properties. City properties such as 
administrative offices, parks and sports fields are provided with free water, but usage is reviewed by City staff.  
Customers may request a meter accuracy check and the meter will be repaired if outside AWWA standards.  
 
Water leaks from the City public water distribution system are repaired when citizens report significant leaks 
from the water mains or are located by City personnel.  Water pressure is monitored and low pressure causes an 
audible alarm immediately answered by 24 hour operator at the Water Plant. 
 
Water meters are read monthly in the City of Hays.   
 
A minimum fee based on the meter size is charged.  The first 100 cubic feet of water is include in the minimum 
fee.  All usage after the first 100 cubic feet is billed in the following manner:  
Residential water usage as measured in January, February and March is averaged to determine an individual 
property’s residential base usage. Monthly volume up to the residential base usage will be billed at the Base 
Tier Rate. The next 1,000 cubic feet (7500 gallons) used above the residential base usage will be billed at the 
Conservation Tier 1 Rate. Volumes that exceed residential base usage plus 1,000 cubic feet will be billed at the 
Conservation Tier 2 Rate. During a Water Warning or Emergency, a special increased Conservation Tier 2 rate 
is activated.  Current water rates as of January 2014 are listed below. 
 
Business water usage as measured in January, February and March is averaged to determine an individual 
property’s business base usage. Monthly volume up to the business base usage will be billed at the Base Tier 
Rate. Volumes that exceed business base usage will be billed at the Conservation Tier 1 Rate. Tier 2 rates apply 
to business with potable irrigation systems; see details in Sec 65-224 below. 
 
The City Commission establishes water rates by resolution. The current resolution has a clause that specifies a 
3% increase each January, unless action is taken to halt the automatic increase. The automatic increase is to help 
offset budget shortfalls that may occur when conservation efforts decrease water sales revenue.  During budget 
preparation each year, City staff estimates financial need and makes recommendation to the City Commission 
about whether the automatic increase should be allowed to happen or if other action is required.  

************************************************************************************** 
Sec. 65-224. Rates Inside and Outside City  
For current rates see online version at Hays Municode or: 
http://library.municode.com/HTML/14230/level3/PTIICOOR_CH65UT_ARTIVWARACH.html#PTIICOOR_
CH65UT_ARTIVWARACH_S65-224RAINOUCI 
 
As of March 27, 2014 

CHAPTER 65 
 

UTILITIES 
 

ARTICLE IV. WATER RATES AND CHARGES 
 
 

Sec. 65-224. Rates inside and outside city. 
 

Meter rates for the furnishing of water by the municipal water system of the city to consumers of such 
municipal water system are established as follows:  
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(1) Monthly Usage Minimum Service Charge.  

a. Water usage as shown on the January, February and March billing is averaged to determine a water 
use average for both residential and business accounts. Usage that falls within this average will be billed 
at the Base Tier rate as established by resolution. Any usage that exceeds the water use average by up to 
1,000 cubic feet will be billed at the Conservation Tier 1 rate as established by resolution, for both 
residential and business accounts. The water use average shall be a minimum of 500 cubic feet. Any 
customer without an established water use average will be allotted 500 cubic feet until a new water use 
average is established if more than 500 cubic feet. The water use average shall be recalculated annually 
after the March billing date.  

b. All residential, business mixed use and multi-family meters with usage exceeding the water use 
average in excess of 1,000 cubic feet will be billed at the Conservation Tier 2 rate, as established by 
resolution.  

c. All residential, business mixed use and multi-family meters with usage exceeding the water use 
average in excess of 1,000 cubic feet during times of official "Water Warning" or "Water Emergency" 
periods, as defined by the City of Hays Drought Response Plan, will be billed at the Conservation Tier 2 
rate during Water Warning or Water Emergency, as established by resolution.  

d. All irrigation meters with usage exceeding 1,000 cubic feet during times of official “Water Warning” 
or “Water Emergency” periods, as defined by the City of Hays Drought Response Plan, will be billed at 
the Conservation Tier 2 rate during Water Warning or Water Emergency then existing. 

e. Any premises equipped or built to be occupied as a duplex, apartment house or by other multiple-
dwelling units, or occupied in conjunction with a commercial building or other building and which 
receives water service from a single service shall pay the minimum water bill as for a domestic customer 
for each separate unit; provided that a mobile home park shall not be charged the minimum water bill for 
lots without a mobile home located thereon, as of the date for meter reading.  

f. The minimum monthly service charge to be paid regardless of usage shall be as follows: 

Meter Size 
(inches) 

Inside City Limits 
(per month, in dollars) 

Outside City Limits 
(per month, in dollars) 

5/8 9.18 15.60 

¾ 16.66 28.32 

1 24.14 41.03 

1½ 39.10 66.47 

2 76.50 130.05 

3 113.90 193.63 

4 188.70 320.79 

6 375.70 638.69 

 (2) Water Rates for Residential and Business Meters. The water rates for residential and business meters, and 
the effective dates of such rates, shall be determined by the governing body and shall be specified in a 
resolution authorizing the same, and may be amended by resolution of the governing body.  
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The following rates are currently in effect at the time of passage of the ordinance from which this section is 
derived, and shall continue in full force and effect until any new or different rate goes into effect:  

Cubic Feet of Water Usage Inside City Limits 
(per 100 cubic feet, 
in dollars) 

Outside City Limits 
(per 100 cubic feet, 
in dollars) 

First 100 Included in minimum Included in minimum 

Base tier 1.85 3.15 

Conservation tier 1 3.71 6.30 

Conservation tier 2 (residential only) 7.42 12.61 

Conservation tier 2—during Water 
Warning or Water Emergency (residential 
only) 

10.30 17.51 

(3) Water Rates for Business Mixed Use and Multi-Family Meters.  The water rates for business mixed 
use and multi-family meters, and the effective dates of such rates, shall be determined by the governing 
body and shall be specified in a resolution authorizing the same, and may be amended by resolution of 
the governing body.  The following rates are currently in effect at the time of passage of the ordinance 
from which this section is derived, and shall continue in full force and effect until any new or different 
rate goes into effect: 

Cubic Feet of Water Usage Inside City Limits (per 100 
cubic feet, in dollars) 

Outside City Limits (per 
100 cubic feet, in dollars) 

First 100 Included in minimum Included in minimum 
Base tier 1.85 3.15 
Conservation tier 1 3.71 6.30 
Conservation tier 2 5.39 12.61 
Conservation tier 2 – during Water Warning 
or Water Emergency 

8.27 17.51 

(4) Water Rates for Irrigation Meters.  The water rates for irrigation meters, and the effective dates of 
such rates, shall be determined by the governing body by resolution, and may be amended by resolution 
of the governing body.  The following rates are currently in effect at the time of the passage of the 
ordinance from which this section is derived, and shall continue in full force and effect until any new or 
different rate goes into effect: 

Cubic Feet of Water Usage Inside City Limits (per 100 
cubic feet, in dollars) 

Outside City Limits (per 
100 cubic feet, in dollars) 

First 1,000 cubic feet 3.71 6.30 

Conservation tier 2 7.42 12.61 

Conservation tier 2 – during Water Warning 
or Water Emergency 

10.30 17.51 

 
END OF CODE Sec. 65-224. Rates Inside and Outside City 
************************************************************************************** 
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MANAGEMENT PRACTICES: 
 
The City of Hays realizes the importance of obtaining accurate measurements of water use at each raw water 
intake and at customer meters, to help reduce the amount of unaccounted-for water. Hence, the City of Hays has 
chosen the following conservation practices and target dates for the management component of the Long-Term 
Water Use Efficiency Section of our Municipal Water Conservation Plan. 

Management Conservation Practices  Target  

1. Ensure all wells have meters installed and   repair or replace 
malfunctioning meters within two weeks. 

Implemented 

2. Test well meters for accuracy at least once every three years. 
Create Work Order by March 15 for one third of wells. 

Implemented 

3. Ensure meters are installed at all residential service connections 
and at all other service connections whose annual water use may 
exceed 300,000 gallons, including separate meters for municipally 
operated irrigation systems which irrigate more than one acre of 
turf. 

Implemented 

4. Ensure meters at each individual service connection replaced or 
tested for accuracy on a regular basis, if they are one inch or less.  
Ensure meters between one inch and six inches are tested for 
accuracy at least once every five years and meters six inches and 
above are tested on at least an annual basis.  Ensure meters are 
repaired if any test is not within AWWA Standards. Create Work 
Order by March 15. 

Implemented. 

5. Ensure all well meters and individual service connections are 
read at least monthly   

Implemented 

6. Implement a water management review which will result in a 
specific change in water management practices or implementation 
of leak detection and repair program or plan, whenever the amount 
of unsold water (amount of water provided free for public, used for 
treatment purposes, water loss, etc,) exceeds 20% of the total source 
water for a four month time period. 

Implemented 

7. Calculate water charges based on the amount of water used. Implemented 

8. Evaluate the existing water rate structure by March 15 Implemented 

9. Develop and implement a program to incorporate water 
conserving landscape principles into future landscape development 
projects, including renovation of existing landscapes. 

April 15, 2015 

10. Develop and implement an irrigation management program for 
irrigated grounds. 

April 15, 2015 

11. Ensure water leaks from the City’s public water distribution 
system are repaired immediately (24/7/365) by on-call staff.  

Implemented 

12. Continue the use of wastewater effluent for irrigation purposes 
and explore ways to encourage the use of recycled wastewater for 
selected industrial and irrigation purposes. 

Implemented 

14. Continue to offer a $100.00 rebate for installation of low water 
usage washing machines.  

Implemented 
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15. Perform specific capacity tests annually on all wells. Treat any 
wells that are less than 85% of new well capacity to ensure energy 
and water efficiency. 

Implemented 

16. Continue to offer free and reduced rate 1.5 gpm shower heads at 
City Hall. 

Implemented 

17. Continue to offer rebates of $50.00, $100.00, and $150.00 on 
0.8, 1, or 1.3 gal flush toilet.  

Implemented 

18. Continue to cooperate with Mid-West Energy to identify 
opportunities for joint water and energy savings. 

Implemented 

20. Continue to employ Conservation Specialist dedicated to 
conservation of water resources. 

Implemented 

21. Continue to treat raw water from the Smoky Hill River Valley, 
Dakota Aquifer, and the Big Creek Alluvium at the water softening 
plant prior to distribution for consumption.  All production wells 
and the inflow to the water softening plant are metered to detect 
supply leaks. 

Implemented 

22. Continue use of Supervisory Control and Data Acquisition 
(SCADA) system at all the Smoky, Dakota and City Wells (Big 
Creek Alluvium).  The SCADA system assists in the accurate and 
real-time monitoring and control of the wells. 

Implemented 

23. Check water pressure and flow in the City water mains annually 
by the City Fire Department. 

Implemented 

24. Offer $300.00 rebates on pint urinals.  Implemented 

 

Regulation 
The City of Hays enacted Sec. 65-69. Water Allotment and Conservation Code.  in 2003 and revised it in 
2013. These regulations require and enforce water conservation. This reinforces the culture of continuous 
conservation, even through periods of adequate rainfall. Numerous plumbing, landscaping, and water use 
permits are described and codified. Penalties are listed for violators. The Hays Police department actively 
enforces the code. The current provisions are included below and updated versions are available online. 
 

Regulation Actions Target 

Seek annual delegation of authority by DWR to enforce 
conservation codes under the IGUCA.  This allows the City to 
impose time limits for watering and water wasting fines. 

Implemented 

Require new development to follow xeriscape requirements Implemented 

Implement a Green Plumbing Code ( more stringent code) Implemented 

Sec. 65-69. Water allotment and conservation.  See below 
 

Implemented 
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***************************************************************************************** 
Sec. 65-69. Water allotment and conservation.  
For latest version see online at Hays Municode or: 
http://library.municode.com/HTML/14230/level4/PTIICOOR_CH65UT_ARTIIIWASESY_DIV1GE.html#PTI
ICOOR_CH65UT_ARTIIIWASESY_DIV1GE_S65-69WAALCO 
 (a)   Purpose. In order to conserve the water supply of the city, to meet the needs and demands of the citizens 
of the city, and to eliminate waste in the use of such water, it shall be and is made unlawful for any person of 
any nature, including all persons and entities outside the City limits of the City of Hays, Kansas, with whom the 
city has any agreement to provide potable water, to use water contrary to and in violation of the following 
provisions. This section shall be known as and referred to as the "Water Allotment and Conservation 
Ordinance" of the city.  
(b)  Definitions and Regulations. The following words, terms and phrases, when used in this section, shall have 
the meanings ascribed to them in this subsection, except where the context clearly indicates a different meaning. 
The terms "water user," "customer" and "water service account" shall be synonymous:  
Outdoor watering means the irrigation with water of lawns, shrubs, flowers, trees, gardens and other outdoor 
vegetation for personal, private, commercial, or governmental purposes; the filling or adding of water to public 
or private swimming pools; the washing down with water of buildings, machinery, vehicles and appliances for 
personal or private purposes, and other similar practices and acts.  
Residential water user, in addition to meaning private residential water user, also means and includes residents 
of apartments, duplexes, and other like multiple resident facilities, but shall not include hospitals, nursing 
homes, residence halls, dormitories, or other similar uses.  
Ultra low-flow means, in the case of faucets and showerheads, devices which substantially restrict the flow of 
water, while only providing sufficient water for the purpose intended; and in the case of water closets or toilets, 
means devices which restrict the use of water per flush to 1.6 gallons, or less.  
(c)  Regulations.  
(1)  The use of water for the washing down of sidewalks, walkways, driveways, parking lots, gas station aprons, 
and all other hard-surfaced areas, and other similar practices, shall be prohibited; provided that upon 
application, a special permit to allow such usage may be granted by the city clerk, if sufficient documentation 
and need, such as unreasonable hazard to public safety, can be shown.  
(2)  The escape or loss of water through breaks or leaks within the water user's plumbing or distribution system 
for any substantial period of time shall be prohibited, it being presumed that a period of eight hours after the 
water user discovers or should have discovered such leak or break is a substantial period of time.  
(3)  Outdoor watering, including, but not limited to, the irrigation of lawns, shrubs, flowers, trees, gardens and 
other outdoor vegetation, with potable water, shall be prohibited between the hours of 12:00 noon and 7:00 
p.m., between June 1 and September 30, inclusive. Upon application and good cause shown, a special permit 
may be issued by the city to allow watering newly seeded lawns between said hours and said dates, with the 
terms and conditions of said permit to be established by the city, taking into account the type of grass and 
vegetation to be planted and watered so as to maximize the benefit of the use of potable water for said purpose, 
minimizing the waste of water and encouraging the water user to establish the grass and other vegetation at the 
optimum time and season. Said permit shall be valid for a maximum of ten days, shall restrict and regulate 
watering consistent with all ordinances and regulations, and shall be posted prominently at the site of the 
planting so that law enforcement and the public can easily view the permit. The city shall establish fees for said 
permits, in such a manner as to encourage the planting of low-water-use grass and vegetation and shall establish 
a system and program to purchase warm season, low-water-use seed and plants to give to applicants who are 
converting higher water-use grass and vegetation to lower water-use grass and vegetation. The city manager or 
his designee shall inform the city commission, as needed, of all current provisions of said permits, setting out all 
pertinent requirements and regulations, fees, financial incentives, and other information.  
(4)  No water user shall allow substantial amounts of water to escape or drain from private property onto public 
property, including, but not limited to, public sidewalks, rights-of-way, streets, alleys, and highways; provided 
that the term "substantial" shall mean an amount sufficient to cause a discernible flow of water reaching the 
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street, gutter or other drainage system. For purposes of this section, it shall be conclusively presumed that the 
resident of property from which water escapes or drains knows of such escape or draining. However, the escape 
of water from private property due to washing of vehicles shall not be construed as substantial; provided, the 
user of the water has not allowed water to flow from a hose or open tap when not directly being used to wash 
down the vehicle.  
(d)   Penalties. Any person accused of violating the provisions of subsection (c) of this section shall be notified 
in writing that such accusation has been made and the accused party may request a hearing before the city clerk, 
or any representative appointed by the city clerk, and may present evidence in defense of such accusation. If a 
request for a hearing is not served on the city clerk within three days following the service of the written 
accusation on the accused party or if the city clerk finds that the allegations of such accusation are true, the 
following penalties shall be imposed:  
(1) Upon a first violation, the accused party shall be issued a formal written warning. 
(2) Upon a second violation, water service shall be terminated on the property involved and a resumption of 
services fee in the sum of $50.00 shall be paid before water service shall be resumed.  
(3) Upon a third violation, water service shall be terminated on the property involved and a resumption of 
services fee in the sum of $200.00 shall be paid before water service is resumed.  
(4) Upon a fourth violation and any subsequent violations, water service shall be terminated on the property 
involved and a resumption of services fee in the sum of $250.00 shall be paid before water service is resumed.  
These provisions are cumulative, and for purposes of determining the number of violations committed, the 
previous 24 months shall be considered. Any violations previous to the preceding 24 months shall not be 
considered as violations for the purpose of assessing penalties in this section.  
(Code 2000, § 13.08.150; Ord. No. 3860, § 1, 4-25-2013)  

Sec. 65-70. Escape or draining of water from private property prohibited; penalty.  
(a) It is unlawful for any person to allow substantial amounts of water to escape and/or drain from private 
property onto public property, including, but not limited to, public sidewalks, rights-of-way, streets, alleys, and 
highways; provided that the term "substantial" shall mean an amount sufficient to cause a discernible flow of 
water reaching the street, gutter, or other drainage system.  
(b) For purposes of this section, it shall be presumed that the resident of the private property from which water 
escapes or drains knows of such escape or draining.  
(c) Any person accused of a violation of this section shall be charged in the municipal court of the city and 
shall, upon conviction of such violation, for the first conviction, not be fined but shall receive a warning as to 
the effect of subsequent convictions, for a second conviction, not less than $0.00 nor more than $25.00, and for 
a third or subsequent conviction, not less than $25.00 nor more than $50.00.  (d) 
The penalties provided for in subsection (c) of this section shall be in addition to any penalties provided for in 
Section 65-69  
(Code 2000, § 13.08.160)  

Sec. 65-71. Requirements for water conservation devices.  
(a)  Definitions. The following words, terms and phrases, when used in this section, shall have the meanings 
ascribed to them in this subsection, except where the context clearly indicates a different meaning:  
Ultra low-flow showerhead means devices which restrict the flow of water to provide only sufficient water for 
the purpose intended, and no more, restricting the flow of water to a maximum of 2.4 gallons per minute, at 80 
pounds psi.  
Ultra low-flow toilet means devices which restrict the use of water per flush to 1.6 gallons or less.  
(b)  Hotels and Motels Affected. All motels and hotels in the city shall, within 30 days after the effective date of 
the ordinance from which this section is derived, cause to be installed and henceforth used ultra low-flow 
showerheads in all showers in such facilities.  
(c)  Compliance Required for Building Permit Issuance. From and after the effective date of the ordinance from 
which this section is derived, no building permit shall be issued for any new construction in the city, unless and 
until it is adequately shown to the building inspector for the city that such construction shall include ultra low-
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flow showerheads, faucets, toilets, and similar appliances.  
(d)  Violation. Any person or entity who violates the terms of this section shall be disconnected from city water 
service or refused city water service until such time as the violation has ceased.  
(Code 2000, § 13.08.170)  

Sec. 65-72. Diversion of water from sources located on property owned by city.  
(a)  Certain Diversions of Water Unlawful. It is unlawful for any person to divert water, by means of a pump or 
otherwise, from locations on property owned by the city unless such person has first complied with the 
provisions of this section.  
(b)  Permits Required. Prior to diverting water from a location on property owned by the city, the applicant 
must obtain a permit from the city as hereafter set out. Nothing in this section shall permit such applicant to 
obtain water from the water supply of the municipal water system, nor shall the issuance of such a permit be 
issued in violation of any laws of the state, K.S.A. 82a-727 et seq.  
(c)  Permit Fee. A fee of $250.00 shall be paid to the city clerk prior to a permit being issued providing access 
to the water supply at locations on property owned by the city. The fee may be waived or decreased if the 
proposed use of water is a public benefit. Such fees shall be credited to the water and sewer fund of the city.  
(d)  Contents of Permit. The permit issued by the city clerk shall contain the following information:  
(1)  The date of termination of the permit; 
(2)  A description of the location of the point of diversion; 
(3)  A description sufficient to define the location of the place where the water is to be used.  
Such description shall correspond with the descriptions shown in the approval of application for temporary 
permit obtained from the state.  
(e)  Term of Permit. A permit shall be issued for a term of 30 days from the date of its issue and shall be null 
and void upon its expiration unless renewed by making a new application and complying with the provisions of 
this section.  
(f)  Penalty. Any person violating any provision of this section shall, upon conviction of such violation, be 
punished by a fine of not less than $100.00, nor more than $500.00. Each day's violation of this section shall be 
deemed a separate offense.  
(Code 2000, § 13.08.180)  
END OF CODE Sec. 65-69. Water Allotment and Conservation.  
************************************************************************************** 
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DROUGHT RESPONSE PLAN 

March 27, 2014 
 

The City of Hays has a very effective water conservation program. This program has resulted in Hays becoming 
a leader in the State of Kansas for municipal water efficiency. The City depends primarily on alluvial aquifers 
for its water and these are subject to depletion during periods of drought.  If Hays is going to continue as a 
viable city, it must be ready to react to these periods of drought. 
   
The City of Hays addresses its short-term fresh water shortage problems through a series of stages based on 
conditions of supply and demand with accompanying triggers, goals, and actions. Each stage is more stringent 
in water use than the previous stage. Upon a finding by the City Commission that conditions of a drought or 
another trigger is causing a water supply shortage, it is empowered in Ordinance No. 3881 to declare, by 
resolution, that a Stage 1 Water Watch, Stage 2 Water Warning, or Stage 3 Water Emergency exists and that 
steps should be taken to inform the public and determine if voluntary water conservation, recommended 
restrictions or mandatory restrictions are practiced. Any such resolution is deemed to be in effect until the City 
Commission declared by resolution that it has ended. The resolutions declaring the existence and end of a water 
stage shall be effective upon their publication in the official city newspaper. The Hays City Manager is 
authorized by ordinance to implement the resolution using the appropriate conservation measures.  
 
K.S.A. 82a-733(i) allows the City Commission to require private well owners in Hays to follow the regulations 
in Stage 2 Water Warning and Stage 3 Water Emergency. The request to the Chief Engineer for this authority is 
made when entering a Stage Two Water Warning. 
 

Article 7: Appropriation Of Water For Beneficial Use 
K.S.A. 82a-733: Conservation plans and practices.    (i)   The chief engineer may delegate to any city which 
has conservation plans meeting state guidelines the authority to require domestic water users within such 
city to adopt and implement conservation plans and practices so that such city can require compliance from 
private domestic well owners within the city limits. 

 
A Watch, Warning, or Emergency Stage may be called before or after reaching the respective listed triggers. 
The City Commission will consider other environmental and physical factor including but not limited to: short 
or long term weather forecasts, time of year, drought forecast, the trend line of the level of the aquifers, the 
availability of Cedar Bluff Water, and the contamination of a system component. Further consideration is given 
to the physical conditions of the wells, pumps, supply lines, distribution system, and the Water Softening Plant. 

Any irrigation or other uses of treated effluent from the Waste Water Treatment Plant are not regulated by this 
document. 
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STAGE 1: WATER WATCH 

Triggers Stage 1 
This stage may be triggered by any one (1) of the following conditions: 
  
1) The inability to maintain the City’s underground storage reservoirs at or above 85 percent capacity for a 48 

hour period. 
  
2) Big Creek Aquifer’s Static Water levels in 3 or more regular City Supply Wells have fallen to water 

WATCH levels as defined in the City of Hays Water Supply Operating Plan. 
 

3) Smoky Well Field’s Static Water Level in the designated well(s) has fallen to water WATCH levels as 
defined in the City of Hays Water Supply Operating Plan. 

 
4) Daily water usage is in excess of 3.5 million gallons per day (mgd) for three (3) consecutive days. 
 
Goals Stage 1 

The City’s goal during this stage is to have consumption voluntarily reduced through increased public 
awareness of existing water conditions. 
Education Actions Stage 1 

1) Regular news releases on water levels, water supply outlook, and ideas for conservation. 
 
2) Provide an in-depth summary of conditions of water supply to the City Commission. 
 
3) Increase water conservation education efforts city-wide.  
 
Management Actions Stage 1 

1) Test the Specific capacity of any wells not tested in the previous 12 months. Treat any wells that are less 
than 85% of new well capacity.  

 
2) All City departments will curtail non-essential water use. 
 
3) The City will reduce water usage on all parks and ball fields that utilize potable water by 30% 
 
4) The City will monitor its use of water and will minimize activities such as hydrant flushing and street 

cleaning. 
 
5) Wells will be pumped according to the corresponding Water Source Utilization Plan within the City of Hays 

Water Supply Operating Plan   
 
6) If not already enacted, the City will request the Division of Water Resources to implement an afternoon 

watering prohibition within the intensive groundwater use control area (IGUCA) around the City of Hays. 

Regulation Actions Stage 1 

1)  The public will be asked to curtail outdoor water use and to make efficient use of indoor water, i.e. wash 
full loads, take short showers, don’t let faucets run, etc. 
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STAGE 2: WATER WARNING 

Triggers Stage 2 

This stage may be triggered by any one (1) of the following conditions:  

1) The inability to maintain the City’s underground storage reservoirs at or above 70 percent capacity for a 48 
hour period. 

 
2) Big Creek Aquifer’s Static Water Levels in three or more regular City Supply Wells have fallen to water 

WARNING levels as defined in the City of Hays Water Supply Operating Plan.  
  
3) Smoky Well Field’s Static Water Level in the designated well(s) has fallen to water WARNING level as 

defined in the City of Hays Water Supply Operating Plan.  
 
4) Daily water usage is in excess of 3.5 mgd for seven consecutive days, with wellfield conditions depleting. 
  
5) If the well fields are in a Watch Stage on February 15, and static levels are not increasing, and drought is 

forecasted to continue, the City Commission may declare a Warning Stage. 
 
Goals Stage 2 

The goals of this stage are to reduce peak demands by 30 percent and to reduce overall weekly consumption by 
20 percent.  

Education Actions Stage 2  

1) The City will make presentations at public forums on the conditions of the water supply and the promotion 
of water conservation. 

 
2) The City will make frequent news releases to the local media describing present conditions and indicating 

the water supply outlook. 
 
3) The City may place inserts in each customer’s water bill outlining tips on conserving water indoors and 

outdoors.  
 
4) Water conservation articles will be provided to the local media.  
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Management Actions Stage 2  

1) The City water supply will be reviewed daily.  
 
2) Wells will be optimized by pumping according to the corresponding Water Source Utilization Plan within 

the City of Hays Water Supply Operating Plan. 
  
3) Standby wells will be prepared for contingency operation.  
 
4) The City will curtail its water usage, including watering of City grounds and washing of vehicles.  
 
5) The City will reduce water usage on all parks and ball fields that utilize potable water. The goal will be to 

water only enough to keep the roots of the grass alive. 
  
6) Plantings, flower beds, and other vegetation in medians, rights of way, parks, and adjacent to City buildings 

will no longer be watered with potable water. 
 
7) Notify KWO that conditions have been met for release from Cedar Bluff. 
 
8) The City will contact DWR for permission to require private wells to comply with the City’s drought 

response regulations as authorized under K.S.A. 82a-733(i)  
 
Regulation Actions Stage 2  
 
These regulation actions apply to City of Hays’ residents (including private domestic well users, if authority is 
delegated by the Chief Engineer, Kansas Division of Water Resources, under K.S.A. 82a-733(i)). 
 
1) Enact the Sec. 65 “Conservation Tier 2 –Water Warning or Water Emergency” water rate. 
 
 
2) City will no longer approve connection of new lawn meters or upsizing of meters for irrigation purposes. 
 
3) City will no longer authorize new connections to the potable water system for properties located outside the 

city limits.  
 
4)  City will stop issuing permits for newly seeded/sodded lawns, benefit car washes, washing houses, washing 

of hard surfaces.  
 
5) Outdoor Water Use, including lawn watering and car washing will be restricted to before 10:00 a.m. and 

after 9:00 p.m. as authorized under the Water Drought/Emergency Ordinance. 
 
 
 
 
 
 
 
 
 
 



  Page 16 of 17  

 
 

STAGE 3: WATER EMERGENCY 

Triggers Stage 3  

This stage may be triggered by any one (1) of the following conditions:  

1) The inability to maintain the City’s underground storage reservoirs at or above 50 percent capacity for a 48 
hour period.  

 
2) Big Creek Aquifer’s Static Water Levels in three or more regular City Supply Wells have fallen to water 

EMERGENCY levels as defined in the City of Hays Water Supply Operating Plan. 
  
3) Smoky Well Field’s Static Water Level in the designated well(s) has fallen to water EMERGENCY levels 

as defined in the City of Hays Water Supply Operating Plan. 
 
4) Daily water usage is in excess of 3.5 mgd for 14 consecutive days, with wellfield conditions depleting. 
  
 
Goals Stage 3  

The goal is to limit all consumption to the base flow requirements equal to or less than normal winter usage. 

Education Actions  

1) The City will make daily news releases to the local media describing present conditions and indicating the 
water supply outlook for the next day.  

 
2) If necessary, the City will hold public meetings to discuss the emergency, the status of the City’s supply and 

further action, which needs to be taken.  
 
3) Continue to increase efforts to educate the general public (schools, civic groups, etc.) and hold public 

forums to discuss the water situation and conservation. 
 
Management Actions Stage 3 
 
1) The City water supplies will be reviewed daily. 
  
2) All municipal swimming pools and water features will be closed. 
 
3) Standby wells will be considered for contingency operation.  
 
4) If release triggers are met, the City will request a release from Cedar Bluff Reservoir, from the Joint Use 

Pool. 
 
5) The City may seek additional emergency supplies from other users, the state or the federal government. 
  
6) The City will contact DWR for permission to require private wells to comply with the City’s drought 

response regulations as authorized under K.S.A. 82a-733(i)  
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Regulation Actions Stage 3  
 
These regulation actions apply to City of Hays residents (including private domestic well users, if authority is 
delegated by the Chief Engineer, Kansas Division of Water Resources, under K.S.A. 82a-733(i)). 

 
1) Outdoor Watering will be banned.  
 
2) Continue Sec. 65 “Conservation Tier 2 –Water Warning or Water Emergency” water rate. 
 
3) The City will no longer approve the installation or connection of new water meters to the potable 

distribution system without City Manager approval. 
 
4) The filling of swimming pools will be prohibited. 
 
5) Irrigation meters will be locked by City staff. 
 
6) Upon the declaration of a water supply emergency the City Commissioners shall have the power to adopt 

additional emergency water rates to conserve water supplies. 
 
 
PLAN REVISION, MONITORING AND EVALUATION  

The City of Hays will monitor and review monthly totals for water production, consumptive use by water 
billing category, unsold water used by the City, and water that is unaccounted for.  These totals will be 
compared to those from previous months and usage from previous years. 

The City of Hays’ Municipal Water Conservation Plan will be reviewed on an annual basis and on a more 
frequent basis during drought or other water shortage conditions. If the water conservation gallons per capita 
per day (gpcd) goal(s) for the previous year are not met, then the City will review the data collected from the 
previous year in relationship to the status and effectiveness of the conservation practices that are outlined in the 
plan and will provide a status report to the Division of Water Resources (or whatever state agency is responsible 
for approving and monitoring our plan), which will also include any additional water conservation practices that 
may need to be taken in order for the City to achieve and maintain its water use conservation gpcd goal(s).  



ORDINANCE NO. 1850 

AN ORDINANCE AMENDING THE WATER RATES IN AND OUT OF THE CORPORATE LIMITS OF THE 

CITY OF RUSSELL, KANSAS, FOR WATER SOLD AND FURNISHED BY THE MUNICIPAL SYSTEM OF 

THE CITY OF RUSSELL, KANSAS, AND AMENDING SECTIONS 18-226 AND 18-227 OF THE CODE 

OF THE CITY OF RUSSELL. 

BE IT ORDAINED BY THE GOVERNING BODY OF THE CITY OF RUSSELL, KANSAS: 

Section 1. Section 18-226 to the Code of the City of Russell is hereby amended to read 

as follows: 

Section 18-226: RATES ESTABLISHED INSIDE CORPORATE LIMITS. All water sold or 

furnished by the Waterworks Department of the City of Russell to users or water customers 

located inside the corporate limits of the City, measured by meters, shall be at the following 

monthly rates: 

A. For Residential Service: 

1. Until December 20, 2014 Utility Billing: 

Customer Charge $ 22.50 per month 

0 - 3,000 gals. $ 0.546 per hundred gals. 

3,001 

5,001 

5,000 gals. 

10,000 gals. 

All in excess of 10,000 gals. 

$ 0.626 per hundred gals. 

$ 0.692 per hundred gals. 

$ 0.839 per hundred gals. 

2. From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

Customer Charge $ 24. 75 per month 

0 - 3,000 gals. $ 0.566 per hundred gals. 

3,001 

5,001 

5,000 gals. 

10,000 gals. 

All in excess of 10,000 gals. 

$ 0.646 per hundred gals. 

$ 0.713 per hundred gals. 

$ 0.860 per hundred gals. 

3. Beginning with January 5, 2016 Utility Billing: 

Customer Charge $ 27.00 per month 

0 3,000 gals. $ 0.587 per hundred gals. 

3,001 5,000 gals. $ 0.667 per hundred gals. 

5,001 10,000 gals. $ 0.734 per hundred gals. 

All in excess of 10,000 gals. $ 0.880 per hundred gals. 
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B. For Commercial Service: 

1. Until December 20, 2014 Utility Billing: 

Customer Charge $ 27.00 per month 

0 5,000 gals. $ 0.546 per hundred gals. 

5,001 10,000 gals. $ 0.626 per hundred gals. 

10,001 20,000 gals. $0.692 per hundred gals. 

20,001 30,000 gals. $0.759 per hundred gals. 

All in excess of 30,000 gals. $0.826 per hundred gals. 

2. From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

Customer Charge $ 27 .00 per month 

0 - 5,000 gals. $ 0.566 per hundred gals. 

5,001 10,000 gals. $ 0.646 per hundred gals. 

10,001 - 20,000 gals. $ 0.713 per hundred gals. 

20,001 - 30,000 gals. $ 0. 780 per hundred gals. 

All in excess of 30,000 gals. $ 0.846 per hundred gals. 

3. Beginning with January 5, 2016 Utility Billing: 

Customer Charge $ 27.00 per month 

0 - 5,000 gals. $ 0.587 per hundred gals. 

5,001 10,000 gals. $ 0.667 per hundred gals. 

10,001 20,000 gals. $ 0.734 per hundred gals. 

20,001 30,000 gals. $ 0.800 per hundred gals. 

All in excess of 30,000 gals. $ 0.867 per hundred gals. 

c. Industrial Service 

1. Until December 20, 2014 Utility Billing: 

Customer Charge $ 50.00 per month 

All Consumption $ 0.577 per hundred gals. 

2. From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

Customer Charge $ 50.00 per month 

All Consumption $ 0.656 per hundred gals. 
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3. Beginning with January 5, 2016: 

Customer Charge $ 50.00 per month 

All Consumption $ 0.734 per hundred gals. 

D. Automatic modification of water usage rates. The foregoing water rates, for all users, 

for water usage shall be modified by increasing each rate by 3% of the rate then 

existing, rounded up to the nearest one-tenth of a whole cent, effective for the utility 

billing on January 5, 2017, and again for the utility bill on January 5, 2018 unless the 

governing body, by resolution, determines otherwise. The customer charge component 

is not subject to the automatic rate increase. 

E. Definitions. For purpose of this Section "Residential Service" is defined as service to 

residential premises for non commercial use by the occupant of such premises. 

"Industrial Service" is defined as a company primarily engaged in the manufacturing of 

products. "Commercial Service" is defined as all users not meeting the definition of 

"Residential Service" or "Industrial Service". 

Section 2. Section 18-227 to the Code of the City or Russell is hereby amended to read 

as follows: 

Section 18-227: RATES ESTABLSIHED OUTSIDE CORPORATE LIMITS .. All water sold or 

furnished by the Waterworks Department of the City of Russell to users or water customers 

located inside the corporate limits of the City, measured by meters, shall be at the following 

monthly rates: 

A. For Residential Service: 

1. Until December 20, 2014 Utility Billing: 

Customer Charge $ 44.00 per month 

0 3,000 gals. $ 0.607 per hundred gals. 

3,001 

5,001 

S,000 gals. 

10,000 gals. 

All in excess of 10,000 gals. 

$ 0.723 per hundred gals. 

$ 0.830 per hundred gals. 

$ 1.041 per hundred gals. 
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2. From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

Customer Charge $ 44.00 per month 

0 - 3,000 gals. $ 0.632 per hundred gals. 

3,001 - 5,000 gals. $ 0.749 per hundred gals. 

5,001 10,000 gals. $ 0.855 per hundred gals. 

All in excess of 10,000 gals. $ 1.067 per hundred gals. 

3. Beginning with January 5, 2016 Utility Billing: 

Customer Charge $ 44.00 per month 

0 3,000 gals. $ 0.657 per hundred gals. 

3,001 - 5,000 gals. $ 0.774 per hundred gals. 

5,001 - 10,000 gals. $ 0.880 per hundred gals. 

All in excess of 10,000 gals. $ 1.092 per hundred gals. 

B. For Commercial Service 

1. Until December 20, 2014 Utility Billing: 

Customer Charge $ 44.00 per month 

0 5,000 gals. $ 0.607 per hundred gals. 

5,001 10,000 gals. $ 0.710 per hundred gals. 

10,001 - 20,000 gals. $ 0.801 per hundred gals. 

20,001 - 30,000 gals. $ 0.894 per hundred gals. 

All in excess of 30,000 gals. $ 0.990 per hundred gals. 

2. From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

Customer Charge $ 44.00 per month 

O - 5,000 gals. $ 0.632 per hundred gals. 

5,001 

10,001 

20,001 

10,000 gals. 

20,000 gals. 

30,000 gals. 

All in excess of 30,000 gals. 

$ 0.735 per hundred gals. 

$ 0.826 per hundred gals. 

$ 0.919 per hundred gals. 

$ 1.015 per hundred gals. 
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3. Beginning with January 5, 2016 Utility Billing: 

Customer Charge $ 44.00 per month 

O - 5,000 gals. $ 0.657 per hundred gals. 

5,001 - 10,000 gals. 

10,001 20,000 gals. 

20,001 30,000 gals. 

All in excess of 30,000 gals. 

C. Industrial Service 

$ 0.760 per hundred gals. 

$ 0.851 per hundred gals. 

$ 0.944 per hundred gals. 

$ 1.041 per hundred gals 

1. Beginning December 20, 2014 Utility Billing: 

Customer Charge $ 81.50 per month 

All Consumption $ 0.607 per hundred gals. 

2. From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

Customer Charge $ 81.50 per month 

All Consumption $ 0.715 per hundred gals. 

3. Beginning with January 5, 2016 Utility Billing: 

Customer Charge $ 81.50 per month 

All Consumption $ 0.822 per hundred gals. 

D. Automatic modification of water usage rates. The foregoing water rates, for all users, 

for water usage shall be modified by increasing each rate by 3% of the rate then 

existing, rounded up to the nearest one-tenth of a whole cent, effective for the utility 

billing on January 5, 2017, and again for the utility bill on January 5, 2018 unless the 

governing body, by resolution, determines otherwise. The customer charge component 

is not subject to the automatic rate increase. 

E. Definitions. For purpose of this Section "Residential Service" is defined as service to 

residential premises for non commercial use by the occupant of such premises. 

"Industrial Service" is defined as a company primarily engaged in the manufacturing of 

products. "Commercial Service" is defined as all users not meeting the definition of 

"Residential Service" or "Industrial Service". 

Section 3. This ordinance, after its passage and publication in the official paper of 

the City of Russell, Kansas, shall become effective for service with the July 5, 2014, 

billing. 
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PASSED by the Governing Body of the City of Russell, Kansas, this 20th day of 

May, 2014. 

APPROVED by the Mayor of the City of Russell, Kansas, this 201
h day of May, 

2014. 

.e;fk 
. )r ~a~ 

Attest: 

~ 

City Clerk 
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ORDINANCE NO. 1852 

AN ORDINANCE AMENDING THE WATER RATES OUTSIDE OF THE CORPORATE LIMITS OF THE 

CITY OF RUSSELL, KANSAS, FOR WATER SOLD AND FURNISHED BY THE MUNICIPAL SYSTEM OF 

THE CITY OF RUSSELL, KANSAS, AND AMENDING SECTION 18-227 OF THE CODE OF THE CITY OF 

RUSSELL. 

BE IT ORDAINED BY THE GOVERNING BODY OF THE CITY OF RUSSELL, KANSAS: 

Section 1. Section 18-227 to the Code of the City or Russell is hereby amended to read 

as follows: 

Section 18-227: RATES ESTABLSIHED OUTSIDE CORPORATE LIMITS .. All water sold or 

furnished by the Waterworks Department of the City of Russell to users or water customers 

located outside the corporate limits of the City, measured by meters, shall be at the following 

monthly rates: 

A. For Residential Service: 

1. Until December 20, 2014 Utility Billing: 

Customer Charge $ 44.00 per month 

0 - 3,000 gals. $ 0.607 per hundred gals . 

3,001 

5,001 

5,000 gals. 

10,000 gals. 

All in excess of 10,000 gals. 

$ 0.723 per hundred gals. 

$ 0.830 per hundred gals. 

$ 1.041 per hundred gals. 

2. From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

Customer Charge $ 44.00 per month 

0 3,000 gals. $ 0.632 per hundred gals. 

3,001 - 5,000 gals. $ 0.749 per hundred gals. 

5,001 - 10,000 gals. $ 0.855 per hundred gals. 

All in excess of 10,000 gals. $ 1.067 per hundred gals. 

3. Beginning with January 5, 2016 Utility Billing: 

Customer Charge $ 44.00 per month 

O 3,000 gals. $ 0.657 per hundred gals. 

3,001 

5,001 

5,000 gals. 

10,000 gals. 

All in excess of 10,000 gals . 

$ 0.774 per hundred gals. 

$ 0.880 per hundred gals. 

$ 1.092 per hundred gals. 
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B . For Commercial Service • 1. Until December 20, 2014 Utility Billing: 

Customer Charge s 44.00 per month 

0 5,000 gals. s 0.607 per hundred gals. 

5,001 10,000 gals. s 0.710 per hundred gals. 

10,001 20,000 gals. s 0.801 per hundred gals. 

20,001 30,000 gals. s 0.894 per hundred gals. 

All in excess of 30,000 gals. s 0.990 per hundred gals. 

2. From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

Customer Charge s 44.00 per month 

0 5,000 gals. s 0.632 per hundred gals. 

5,001 10,000 gals. s 0.735 per hundred gals. 

10,001 - 20,000 gals. s 0.826 per hundred gals. 

20,001 - 30,000 gals. s 0.919 per hundred gals. 

All in excess of 30,000 gals. s 1.015 per hundred gals. 

3. Beginning with January 5, 2016 Utility Billing: 

Customer Charge s 44.00 per month • 0 - 5,000 gals. s 0.657 per hundred gals. 

5,001 10,000 gals. s 0.760 per hundred gals. 

10,001 - 20,000 gals. s 0.851 per hundred gals. 

20,001 30,000 gals. s 0.944 per hundred gals. 

All in excess of 30,000 gals. s 1.041 per hundred gals 

c. Industrial Service 

1. Beginning December 20, 2014 Utility Billing: 

Customer Charge s 81.50 per month 

All Consumption s 0.607 per hundred gals. 

2. From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

Customer Charge s 81.50 per month 

All Consumption s 0.715 per hundred gals. 

3. Beginning with January 5, 2016 Utility Billing: 

Customer Charge s 81.50 per month 

All Consumption s 0.822 per hundred gals. • 2 



D. Automatic modification of water usage rates. The foregoing water rates, for all users, 

for water usage shall be modified by increasing each rate by 3% of the rate then 

existing, rounded up to the nearest one-tenth of a whole cent, effective for the utility 

billing on January 5, 2017, and again for the utility bill on January 5, 2018 unless the 

governing body, by resolution, determines otherwise. The customer charge component 

is not subject to the automatic rate increase. 

E. Definitions. For purpose of this Section " Residential Service" is defined as service to 

residential premises for non commercial use by the occupant of such premises. 

" Industrial Service" is defined as a company primarily engaged in the manufacturing of 

products. "Commercial Service" is defined as all users not meeting the definition of 

"Residential Service" or " Industrial Service". 

Section 2. This ordinance, after its passage and publication in the officia l paper of 

the City of Russell, Kansas, shall become effective for service with the July 5, 2014, 

billing. 

PASSED by the Governing Body of the City of Russell, Kansas, this 17th day of 

June, 2014. 

APPROVED by the Mayor of the City of Russell, Kansas, this l ih day of June, 

2014. 

~~ 
Attest : 

City Clerk 

3 



mcampbell
Rectangular Exhibit Stamp











mcampbell
Rectangular Exhibit Stamp









 

 

  Page 1 

CODE OF THE CITY OF 

RUSSELL, KANSAS 
   

The online version of the code is available at 

russellcity.citycode.net 

UNOFFICIAL DRAFT including Ord. 1869, adopted August 18, 2015  

  

The official printed version of the code is available at 

City of Russell 

133 W 8th 

PO Box 112 

Russell, KS 67665-0112 

  

ARTICLE 2. MUNICIPAL WATER DEPARTMENT 

18-201.      Rules, regulations. 

The following rules and regulations shall apply to the management and operation of the water 

plant and the system of water distribution of the city, and the same shall be binding upon the 

city and every person, firm, or corporation supplied with water by the city. 

(Code 1973, 18-201) 

18-202.      Service application. 

Every person, firm or corporation desiring water service from the city shall first make an 

application for such service in the office of the city clerk on a form to be provided for such 

purposes by the department. No water service shall be supplied to any premises until proper 

application has been made and a permit granted for the water connection. Upon approval of the 

application and the granting of a permit, water service shall be supplied to the premises in 

accordance with this article and the rules of the department of public works. For purposes of 

this Section “Residential Service” is defined as service to residential premises for 

noncommercial use by the occupant of such premises and “Commercial and Industrial Service” 

are defined as all users not meeting the definition of “Residential Service”. 

(Code 1973, 18-202; Ord. 1784; Code 2015) 

18-203.      Water connection fees and costs. 

Rules and regulations relating to connection fees and costs pertaining to the water division shall 

be as follows: 

(a)      All charges for water service installation in the amounts as hereinafter fixed shall be paid 

to the city clerk when application is made for a new service installation for the supply of water 

from the city mains. The city shall make such installation when the applicant shall have 

extended his or her service line to the proper location for a meter as determined by the water 

department. A water connection fee shall be charged to each customer in the amount of the 
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actual costs (including a proper allowance for overhead and other indirect costs) of making 

such connection from the then existing waterlines to the meter installation (including the meter 

installation itself), but in no event shall such charges be less per meter connection than the 

following charges set out, to-wit: 

(1)          For a three-fourths inch meter not crossing a street or alley (short tap) - $700.00 

(2)          For a three-fourths inch meter crossing a street or alley (long tap) - $865.00 

(3)          For a one inch meter not crossing a street or alley (short tap) - $920.00 

(4)          For a one inch meter crossing a street or alley (long tap) - $1110.00 

(5)          For a two inch meter not crossing a street or alley (short tap) - $2225.00 

(6)          For a two inch meter crossing a street or alley (long tap) - $2910.00. 

(b)     When an extension of the city water distribution system is required to serve any customer, 

each customer shall pay, in addition to the charges set out above, the actual cost of such 

extension. 

(c)      All taps, street excavations, corporation cocks inserted, pipes installed and all connections 

shall be made by employees of the city. No one except regular employees of the waterworks 

department shall make such service connections to the municipal water system. Each premise 

served with water shall have a separate service connection and each service line shall have a 

separate meter and cutoff. 

(Code 1973, 18-203; Ord. 1332; Code 1983; Ord. 1540; Ord. 1685; Ord. 1840) 

18-204.      Right to discontinue service. 

The city hereby reserves the right to discontinue service to any or all customers of water, 

without notice, when same is necessary in the repair of the water system or any part thereof. 

(Code 1973, 18-204) 

18-205.      Waterlines on private grounds; plumbing. 

The property owner shall at his or her own expense install the required water service 

connections from the property lines to his or her own premises. All pipes and other water 

service materials shall meet the requirements of the plumbing ordinance of the city and shall be 

installed on private grounds in accordance with such regulation and shall be subject to 

inspection and approval by the city plumbing inspector. No waterlines shall be laid in the same 

ditch with any gasoline or house sewer drain or within 10 feet thereof. A shutoff cock or valve 

shall be installed in each building at a point immediately after the waterline entered the 

building and a wastecock shall be installed in each building in such manner that the plumbing 

in the building may be entirely drained. 

(Code 1973, 18-205) 

18-206.      Separate connections required. 
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A separate and distinct water service line shall be installed from the main to each residence or 

business building receiving water services. 

(Code 1973, 18-206) 

18-207.      Curb cocks and boxes. 

The department shall install a curb cock in every service line connected to the main, the same to 

be placed in a box at or near the curbline or property line. 

(Code 1973, 18-207) 

18-208.      Maintenance; duty to repair. 

The city shall maintain at its own expense all waterlines and connections to the property line of 

the consumer and the consumers of water shall keep their own service pipes, stop and curb 

cocks and apparatus on their own property in good repair. In those cases where the repairs are 

not made after notice by the superintendent, the city shall have the right to discontinue water 

service until the repairs have been made and the cost of such repairs and charges for 

reconnecting service are paid. No claim shall be made against the city by reason of loss to any 

consumer caused by the breaking or leaking of any service pipe or service cock. No person shall 

make any tap or alteration in any service pipe or connection between the main and the water 

meter without permission from the superintendent. Where it is necessary to repair any service 

pipe or leaks, or to replace the same, the consumer or owner, shall notify the public works 

director and the water superintendent or his or her assistant shall examine and approve the 

work before the service pipes shall be covered: Provided, That whenever new connections are 

desired in the place of old ones, application must be made in the usual manner and upon 

approval of the application, the employees of the department will draw the old tap and insert 

the new as in the case of an original application for a service connection. 

(Code 1973, 18-208) 

18-209.      Water meters. 

All water furnished by the municipal waterworks system shall be measured by meters. All 

meters shall be installed at a location authorized by the public works director. 

(Code 1973, 18-209) 

18-210.      Ownership of water installation and meter. 

The city expressly retains the title to and the ownership of the water service installation, the 

water meter and all service equipment used in connection with the supply of water to any 

premises or building within the city. In the event of subdivision of any lots or parcels of ground 

or the transfer of· the title to other persons, any water service installed previous to the 

subdivision of the lot shall be and remain with the building or premises immediately adjacent 

thereto. All transfer of the ownership of any property in the city now or hereafter served by 

water by any existing installation shall be deemed not to affect this rule and the city will only 

supply water to the building or premises immediately adjacent to the service connection 

through the service previously installed. 
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(Code 1973, 18-210) 

18-211.      Extension of waterlines. 

The city may extend its waterlines within or without the city by construction or purchase when 

applications have been made and agreements entered into by persons along the proposed 

extension that will in the judgment of the governing body produce a revenue sufficient to pay 

the interest on the cost of the extension and the cost of extending water service: Provided, That 

the city may make extensions within the city without application in the manner provided by 

law: Provided further, That the city may at its option require any applicant from outside the city 

limits to whom it may decide to sell water to construct his or her own connection to the 

waterlines within the city at his or her own expense and to maintain the same at the expense of 

the owner: Provided further, That any extension of water service outside the city limits shall be 

subject to the approval of the governing body. 

(Code 1973,18-211) 

18-212.      Check valves. 

Check valves shall be required on all connections to steam boilers or any like connection 

determined by the department to require protection against back siphoning. Safety or relief 

valves shall be placed on all boilers or other steam apparatus connected to the water system 

where the steam pressure may be raised in excess of 40 pounds. 

(Code 1973, 18-212) 

18-213.      Meter seals. 

The city reserves the right to seal all water meters. It shall be unlawful for any person without 

authority of the department, to break the seal of any such meter or alter the registers and 

mechanism thereof, or make connections in any manner so that water may be taken or used 

without being metered. 

(Code 1973, 18-213) 

18-214.      Trenching and backfilling. 

No excavations made by a plumber or other person in public grounds shall be kept open longer 

than is absolutely necessary to make the connection required. The water superintendent may 

permit the owner of the premises adjacent thereto or his or her agent to make excavations in 

unpaved streets for the laying of waterlines from the main to his or her premises but the city 

will open and close all excavations on paved streets for the laying of any water service line. The 

cost of opening and backfilling all trenches in the streets, the replacement of pavement and the 

placing of waterlines shall be at the expense of the property owner. Where practicable the water 

superintendent may force water pipes under pavement and sidewalks to connect the water 

main with the lines of the consumer. While the excavation shall be opened suitable barriers, 

guards and lights as required by ordinance, shall protect such excavation at all times. 

(Code 1973,18-214) 

18-215.      Water during fire. 
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It shall be unlawful for any person, owning or occupying premises connected to the city water 

main to use or allow to be used during a fire any water from said lines except for 

extinguishment of the fire. Upon sounding of the fire alarm, it shall be the duty of every person 

to close all opened water faucets and not use water except in extraordinary cases of emergency 

during such fire. 

(Code 1973, 18-215) 

18-216.      Reading meters; inspection. 

The water superintendent or any member of the water department shall, at all reasonable and 

proper times, have free access to the premises of every water consumer for the purpose of 

reading, examining, or repairing the meter or for the purpose of examining or inspecting any 

service pipes or other apparatus as may be required by this article. It shall be unlawful for any 

person or persons to prevent, hinder; or delay any such city officer or employee acting under 

proper authority in the discharge of his or her duties under the provisions of this article. 

(Code 1973, 18-216) 

18-217.      Temporary service. 

Contractors or other persons having temporary need for water during the course of any 

building or other improvement shall apply to the water superintendent for a temporary service 

connection and the water superintendent may make such connection as may be necessary for 

temporary water service. If possible, water shall be supplied through a portable meter which 

shall be under the control of the water department. All temporary water service users shall pay 

to the city the cost of making such temporary connection and the cost of water at the applicable 

rate. 

(Code 1973, 18-217) 

18-218.      Connections, disconnections; fees; charges; penalties. 

When water service is installed and available on any premises, no charge or fee shall be made 

for turning on the water supply or for discontinuing the service at the request of the consumer 

or when service is disconnected at the convenience of the city for repair or alterations. Provided 

that where the water service is cut off for any other purpose, a reconnection fee as set forth in 

Section 18-110 shall be paid to the city clerk. In no case shall service be reconnected until all 

back charges, penalties or required deposits have been paid to the city clerk. It shall be unlawful 

for any person or persons to discontinue the service except the water superintendent or some 

duly authorized employee of the water department. No deductions shall be made in the rates 

on any service connections not being used when the same are available for use. 

(Code 1973, 18-219; Ord. 1524; Ord. 1539; Ord. 1859) 

18-219.      Disputed bills. 

In case of a dispute between the department and the consumer as to the correctness of the 

measurement of any meter, the meter may be removed and tested upon request in writing by 

the consumer and upon the payment in advance to the city clerk of $25. 00. If upon testing the 
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meter, the same shall be found not to be over registering by as much as two percent, the said fee 

shall be retained by the city, but in case the meter is found to be over registering by more than 

two percent, the said fee shall be returned to the consumer. Where it appears that the meter is 

registering improperly, the city clerk may correct the bill upon the basis of the average amount 

of water used by the consumer during some previous time when the meter measured correctly 

or upon the basis of the average use of water by other consumers under similar circumstances. 

(Code 1973, 18-220; Ord. 1524; Ord. 1536; Ord. 1859) 

18-220.      Rights reserved; deposits. 

The city shall have the right to discontinue any water service for the nonpayment of water rates 

or for the violation of any rules or regulations as provided by this article. The city further 

reserves the right to require deposits of all water consumers whether property owners or 

tenants and all deposits shall be made in accordance with the rules of the department, and the 

laws of the state. 

(Code 1973, 18-221) 

18-221.      Emergency water shortage. 

The mayor, or in his or her absence, the president of the governing body are hereby authorized, 

when the water supply for the city justifies such action, by executive order, to declare an 

emergency in the city pertaining to the use of water by the residents of the city. 

The mayor, or in his or her absence, the president of the governing body, as herein provided, 

upon the declaring by executive order that a water emergency exists, shall establish and 

prescribe rules and regulations pertaining to the restriction of the use of water by the residents 

of the city. Such rules and regulations as prescribed herein shall be published in the official 

paper of the city and upon publication, shall be in full force and effect and shall be enforceable 

by the city through its fully authorized agents of the water department and the police 

department. 

Any person violating any of the rules and regulations which may be prescribed and established 

as herein provided, upon conviction thereof, shall be fined in an amount not less than $25 nor 

more than $500 or by imprisonment for a period not to exceed 30 days or by any combination 

thereof. 

(Ord. 1285, Sec. 1:4) 

18-222.      Resale of water. 

It shall be unlawful for any person, firm or corporation purchasing water to resell or supply 

water to any other person or persons without first having obtained a permit for such resale. 

Any person, firm or corporation desiring to purchase water for resale shall first make an 

application to the governing body for a permit and from time to time thereafter, the governing 

body shall prescribe the rates at which such water shall be sold, and no such water shall be sold 

or resold except at the rates so prescribed; nor shall any such water be sold or resold except 
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when the same is hauled away from the premises of the seller in a tank or tank trucks or other 

containers. 

(Code 1973, 18-225) 

18-223.      Taking water without authority. 

It shall be unlawful for any person in any way to take or receive water from the city waterworks 

department without authority of a duly authorized officer of the city. 

(Code 1973, 18-226) 

18-224.      Unlawful acts. 

It shall be unlawful for any person or persons to remove, obstruct or in any way injure any fire 

hydrant, valve, valve box or cover, meter or meter box or cover, cutoff box or cover, or in any 

manner injure or damage any pipes, tools, apparatus, fixtures, buildings or any other property 

of any kind belonging to the waterworks department of the city. 

(Code 1973, 18-227) 

18-225.      Additional rules. 

The city manager is authorized to formulate and enforce such additional rules not inconsistent 

herewith, as may be necessary from time to time for the proper conduct and management of the 

waterworks department of the; city, and the same shall be binding upon the city and its water 

customers. 

(Code 1973, 18-228) 

18-226.      Rates established inside corporate limits. 

All water sold or furnished by the Waterworks Department of the City of Russell to users or 

water customers located inside the corporate limits of the City, measured by meters, shall be at 

the following monthly rates: 

(a)      For residential service: 

(1)          Until December 20, 2014 Utility Billing: 

    

Customer Charge: $22.50 per month 

    

No. of Gallons  Rate per 100 

Gals.  

0 - 3,000  $ .546  

3,001 - 5,000  $ .626  

5,001 - 10,000  $ .692  

All in excess of 

10,000  
$ .839 
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(2)          From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

    

Customer Charge: $24.75 per month 

    

No. of Gallons  Rate per 100 

Gals.  

0 - 3,000  $ .566  

3,001 - 5,000  $ .646  

5,001 - 10,000  $ .713  

All in excess of 

10,000  
$ .860 

(3)          Beginning with January 5, 2016 Utility Billing: 

    

Customer Charge: $27.00 per month 

    

No. of Gallons  Rate per 100 

Gals.  

0-3,000  $ .587  

3,001 - 5,000  $ .667  

5,001 - 10,000  $ .734  

All in excess of 

10,000  
$ .880 

(b)     For commercial service: 

(1)          Until December 20, 2014 Utility Billing: 

    

Customer Charge: $27.00 per month 

    

No. of Gallons  Rate per 100 

Gals.  

0 - 5,000  $ .546  

5,001 - 10,000  $ .626  

10,001 - 20,000  $ .692  

20,001 - 30,000  $ .759  

All in excess of 

30,000  
$ .826 

(2)          From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 
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Customer Charge: $27.00 per month 

No. of Gallons Rate per 100 

Gals. 

0 - 5,000 $ .566 

5,001 - 10,000 $ .646 

10,001 - 20,000 $ .713 

20,001 - 30,000 $ .780 

All in excess of 

30,000 
$ .846 

(3)          Beginning with January 5, 2016 Utility Billing: 

    

Customer Charge: $27.00 per month 

    

No. of Gallons  Rate per 100 

Gals.  

0 - 5,000  $ .587  

5,001 - 10,000  $ .667  

10,001 - 20,000  $ .734  

20,001 - 30,000  $ .800  

All in excess of 

30,000  
$ .867 

(c)      For industrial service: 

(1)          Until December 20, 2014 Utility Billing: 

    

Customer Charge: $50.00 per month 

    

No. of Gallons  Rate per 100 

Gals.  

All consumption  $ .577  

(2)          From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

    

Customer Charge: $50.00 per month 

    

No. of Gallons  Rate per 100 

Gals.  

All consumption  $ .656  
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(3)          Beginning with January 5, 2016 Utility Billing: 

    

Customer Charge: $50.00 per month 

    

No. of Gallons  Rate per 100 

Gals.  

All consumption  $ .734  

(d)     Automatic modification of water usage rates. The foregoing water rates, for all users, for 

water usage shall be modified by increasing each rate by 3% of the rate then existing, rounded 

up to the nearest one-tenth of a whole cent, effective for the utility billing on January 5, 2017, 

and again for the utility bill on January 5, 2018 unless the governing body, by resolution, 

determines otherwise. The customer charge component is not subject to the automatic rate 

increase. 

(e)      Definitions. For purpose of this Section “Residential Service” is defined as service to 

residential premises for non-commercial use by the occupant of such premises. “Industrial 

Service” is defined as a company primarily engaged in the manufacturing of products. 

“Commercial Service” is defined as all users not meeting the definition of “Residential Service” 

or “Industrial Service”. 

(Ord. 1445; Ord. 1487; Ord. 1572; Ord. 1585; Ord. 1609; Ord. 1751; Ord. 1784; Ord. 1850) 

18-227.      Rates established outside corporate limits. 

(a)      For residential service: 

(1)          Until December 20, 2014 Utility Billing: 

    

Customer Charge: $44.00 per month 

    

No. of Gallons  Rate per 100 

Gals.  

0 - 3,000  $ .607  

3,001 - 5,000  $ .723  

5,001 - 10,000  $ .830  

All in excess of 

10,000  
$1.041 

(2)          From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

    

Customer Charge: $44.00 per month 

    

No. of Gallons  Rate per 100 
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Gals.  

0 - 3,000  $ .632  

3,001 - 5,000  $ .749  

5,001 - 10,000  $ .855  

All in excess of 

10,000  
$1.067 

(3)          Beginning with January 5, 2016 Utility Billing: 

    

Customer Charge: $44.00 per month 

    

No. of Gallons  Rate per 100 

Gals.  

0-3,000  $ .657  

3,001 - 5,000  $ .774  

5,001 - 10,000  $ .880  

All in excess of 

10,000  
$1.092 

(b)     For commercial service: 

(1)          Until December 20, 2014 Utility Billing: 

    

Customer Charge: $44.00 per month 

    

No. of Gallons  Rate per 100 

Gals.  

0 - 5,000  $ .607  

5,001 - 10,000  $ .710  

10,001 - 20,000  $ .801  

20,001 - 30,000  $ .894  

All in excess of 

30,000  
$ .990 

(2)          From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

    

Customer Charge: $44.00 per month 

    

No. of Gallons  Rate per 100 

Gals.  

0 - 5,000  $ .632  
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5,001 - 10,000  $ .735  

10,001 - 20,000  $ .826  

20,001 - 30,000  $ .919  

All in excess of 

30,000  
$1.015 

(3)          Beginning with January 5, 2016 Utility Billing: 

    

Customer Charge: $44.00 per month 

    

No. of Gallons  Rate per 100 

Gals.  

0 - 5,000  $ .657  

5,001 - 10,000  $ .760  

10,001 - 20,000  $ .851  

20,001 - 30,000  $ .944  

All in excess of 

30,000  
$1.041 

(c)      For industrial service: 

(1)          Until December 20, 2014 Utility Billing: 

    

Customer Charge: $81.50 per month 

    

No. of Gallons  Rate per 100 

Gals.  

All consumption  $ .607  

(2)          From January 5, 2015 Utility Billing to December 20, 2015 Utility Billing: 

    

Customer Charge: $81.50 per month 

    

No. of Gallons  Rate per 100 

Gals.  

All consumption  $ .715  

(3)          Beginning with January 5, 2016 Utility Billing: 

    

Customer Charge: $81.50 per month 

    

No. of Gallons  Rate per 100 
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Gals.  

All consumption  $ .822  

(d)     Automatic modification of water usage rates. The foregoing water rates, for all users, for 

water usage shall be modified by increasing each rate by 3% of the rate then existing, rounded 

up to the nearest one-tenth of a whole cent, effective for the utility billing on January 5, 2017, 

and again for the utility bill on January 5, 2018 unless the governing body, by resolution, 

determines otherwise. The customer charge component is not subject to the automatic rate 

increase. 

(e)      Definitions. For purpose of this Section “Residential Service” is defined as service to 

residential premises for non-commercial use by the occupant of such premises. “Industrial 

Service” is defined as a company primarily engaged in the manufacturing of products. 

“Commercial Service” is defined as all users not meeting the definition of “Residential Service” 

or “Industrial Service”. 

(Ord. 1445; Ord. 1487; Ord. 1572; Ord. 1585; Ord. 1609; Ord. 1751; Ord. 1784; Ord. 1850) 

18-228.      Reserved. 

(Ord. 1784; Ord. 1850) 

18-229.      Reserved. 

(Ord. 1784; Ord. 1850) 

18-230.      Other rates. 

The city reserves the right to classify consumers of water on the basis of the amount used per 

month and to contract with any such classified user using more than 500,000 gallons per month 

at a different rate than established herein. 

(Code 1973, 18-303; Ord. 1557, Sec. 1; Code 1983, 18-228) 

18-231.      Low-income customers. 

In the event any customer of the city water system has income that is below the poverty level as 

prescribed by federal guidelines, and by reason of whose income the increase in water rates as 

herein provided could work an undue hardship upon the customer, then, and in that event, the 

city manager and the city clerk shall have the authority upon application by the customer to 

suspend the increase provided in the rates set out in section 18-226:227 and to make such 

adjustments as are necessary as to protect the health and welfare of the water customer within 

the limits of their income. 

(Ord. 1445, Sec. 1; Code 1983, 18-229) 

18-232.      Bond retirement. 

It is hereby provided that a portion of the income generated by the established rates herein shall 

be utilized to retire the bonded indebtedness created by the improvements to the waterworks 

system of the city, and that upon the retirement of the bonded indebtedness, that portion used 

to retire said indebtedness shall be removed from the structure as established herein. 
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(Ord. 1445, Sec. 2; Code 1983, 18-230) 

18-233.      Billing. 

All billings shall be “service units” for both residential and commercial service located either 

inside or outside the corporate limits of the city. “Service units” shall constitute each separate 

and individual commercial establishment or residential living quarters, whether confined to the 

same building or separate buildings, where such service is metered through one meter. 

(Code 1973, 18-304; Code 1983, 18-231) 

18-234.      Water works depreciation reserve fund. 

(a)      Establishment of Water Works Depreciation Reserve Fund. There is hereby established a 

fund known as the Water Works Depreciation Reserve Fund which shall consist of surplus 

funds from the water works operating fund or sinking funds. 

(b)     Deposit of Funds. The governing body for the City of Russell shall at least on an annual 

basis, and more frequently if reasonable and prudent, determine the surplus funds available for 

transfer to the Water Works Depreciation Reserve Fund and direct the transfer of those funds. 

(c)      Annual Investment of Funds. Funds placed in the Water Works Depreciation Reserve 

Fund shall be invested as provided in K.S.A. 12-825d(c) as it is now in force and as it may 

hereinafter be amended. 

(d)     Use of Funds. Funds placed in the Water Works Depreciation Reserve Fund shall only be 

paid out or distributed for the purpose of operating, renewing or extending the water plant or 

distribution system from which the revenue was derived. 

(Ord. 1717; Code 2015) 

ARTICLE 4. CROSS CONNECTION CONTROL 

18-401.      Definitions. 

The following definitions shall apply in the interpretation and enforcement of this policy: 

(a)      Air gap separation means the unobstructed vertical distance through the free atmosphere 

between the lowest opening from any pipe or faucet supplying water to a tank, plumbing 

fixture, or other device and the overflow level rim of the receptacle, and shall be at least double 

the diameter of the supply pipe measured vertically above the flood level rim of the vessel, but 

in no case less than one inch. 

(b)     Approved tester means a person qualified to make inspections; to test and repair backflow 

prevention/ cross connection control devices; and who is approved by the City. 

(c)      Authorized representative means any person designated by the City to administer this 

cross connection control ordinance. 

(d)     Auxiliary water supply means any water source or system, other than the City, that may 

be available in the building or premises. This does not include other KDHE permitted public 

water supply systems. 
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(e)      Backflow means the flow other than the intended direction of flow, of any foreign liquids, 

gases, used water or substances into the distribution system of a public water supply system. 

(f)      Backflow prevention device means any device, method, or type of construction intended 

to prevent backflow into the public water supply system. 

(g)      Consumer means any individual, firm, partnership, corporation, or agency or their 

authorized agent receiving water from the City 

(h)     Contamination means an introduction of any sewage, process fluids, chemicals, wastes or 

any other substance that would be objectionable. Contamination may be a threat to life or 

health, or may cause an aesthetic deterioration, color, taste or odor. 

(i)      Cross connection means any physical connection or arrangement between two (2) 

otherwise separate piping systems; one of which contains potable water of the public water 

supply system, and the second, water of unknown or questionable safety, or steam, gases, 

chemicals, or substances whereby there may be the backflow the second system to the public 

water supply system. No physical cross connection shall be permitted between a public water 

supply system and an auxiliary water supply system. 

(j)      Degree of hazard means an evaluation of the potential risk to public health and the 

adverse effect of the hazard upon anyone using the water. 

(k)     Health hazard means any condition, device, or practice in the public water supply system 

which could create or may create a danger to the health and well-being of anyone using the 

water or allow contamination of the water. 

(l)      Public water system means the water supply source, distribution system and 

appurtenances to the service meter operated as a public utility which supplies potable water to 

the consumers’ water systems. 

(m)    Public water supply system means the public water system and the consumers’ water 

systems. 

(n)     Consumer’s water system means all service pipe, all distribution piping and all 

appurtenances beyond the service meter of the public water system. 

(o)     Service connection means the terminal end of the service line from the public water 

system. If a meter is installed at the end of the service, then the service connection means the 

downstream end of the meter. 

(Ord. 1522, Sec. 1) 

18-402.      Cross connection control general policy. 

(a)      Purpose. The purpose of this policy is: 

(1)          To protect the public water supply system from contamination. 

(2)          To promote the elimination, containment, isolation, or control of cross connection 

between the public water supply system and non-potable water systems, plumbing fixtures, 
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and industrial process systems or other systems which introduce or may introduce 

contaminants into the public water system or the consumer’s water system. 

(3)          To provide for the maintenance of a continuing program of cross connection control 

which will prevent the contamination of the public water supply system. 

(b)     Application. This ordinance shall apply to all consumers’ water systems. The City may 

also require cross connection control devices at the service connections of other KDHE 

permitted public water supply systems served by the City. 

(c)      Intent. This policy will be reasonably interpreted by the City. It is the intent of the City to 

recognize the varying degrees of hazard and to apply the principle that the degree of protection 

shall be commensurate with the degree of hazard. If, in the judgment of the City or its 

authorized representative, cross connection protection is required through either piping 

modification or installation of an approved backflow prevention device, due notice shall be 

given to the consumer. The consumers shall immediately comply by providing the required 

protection at his own expense. Failure or refusal or inability on the part of the consumer to 

provide such protection shall constitute grounds for the discontinuation of water service to the 

premises until such protection has been provided. 

(Ord. 1522, Sec. 2) 

18-403.      Cross connections prohibited. 

(a)      No water service connection shall be installed or maintained to any premises where actual 

or potential cross connections to the public water supply system may exist unless such actual or 

potential cross connections are abated or controlled to the satisfaction of the City or its 

authorized representative. 

(b)     No connection shall be installed or maintained whereby an auxiliary water supply may 

enter a public water supply system. 

(Ord. 1522, Sec. 3) 

18-404.      Survey and Investigations. 

(a)      The consumer’s premises shall be open at all reasonable times to the City or its authorized 

representative, for the conduction of surveys and investigations of water use practices within 

the consumer’s premises to determine whether there are actual or potential cross connections in 

the consumer’s water system. 

(b)     On request by the City or its authorized representative, the consumer shall furnish 

requested information on water use practices within his premises and in the consumer’s water 

system. 

(c)      On request by the City or its authorized representative, the consumer shall conduct 

periodic surveys of water use practices on the premises of the consumer’s water system to 

determine whether there are actual or potential cross connections. The consumer shall provide 

the survey results to the City or its authorized representative. 

(Ord. 1522, Sec. 4) 
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18-405.      Where Protection is Required. 

(a)        An approved backflow prevention device shall be installed on each service line to a 

consumer’s water system serving premises where, in the judgment of the City or its authorized 

representative or the KDHE, actual or potential cross connections exist. The type and degree of 

protection required shall be commensurate with the degree of hazard and/or type of 

contamination that may enter the public water supply system. 

(b)        An approved air gap separation or reduced pressure principle backflow prevention 

device shall be installed at the service connection or within any premises where, in the 

judgment of the City or its authorized representative or the KDHE, the nature and extent of 

activities on the premises, or the materials used in connection with the activities, or materials 

stored on the premises, would present a health hazard or contamination of the public water 

supply system from a cross connection. This includes but is not limited to the following 

situations: 

(1)          Premises having an auxiliary water supply, unless the quality of the auxiliary supply is 

acceptable to the City or its authorized representative and the KDHE. 

(2)          Premises having internal plumbing arrangements which make it impractical to 

ascertain whether or not cross connections exist. 

(3)          Premises where entry is restricted so that inspection for cross connections cannot be 

made with sufficient frequency or at sufficiently short notice to assure the cross connections do 

not exist. 

(4)          Premises having a repeated history of cross connections being established or re-

established. 

(5)          Premises, which due to the nature of the enterprise therein, are subject to recurring 

modification or expansion. 

(6)          Premises on which any substance is handled under pressure so as to permit entry into 

the public water supply system, or where a cross connection could reasonably be expected to 

occur. This shall include the handling of process waters and cooling waters. 

(7)          Premises where toxic or hazardous materials are handled. 

(c)      The following types of facilities fall into one or more of the categories or premises where 

an approved air -gap separation or reduced pressure principle backflow prevention device may 

be required by the City or its authorized representative or the KDHE to protect the public water 

supply and must be installed at these facilities unless all hazardous or potentially hazardous 

conditions have been eliminated or corrected by other methods to the satisfaction of the City or 

its authorized representative and the KDHE: 

(1)          Agricultural chemical facilities 

(2)          Auxiliary water systems, wells 

(3)          Boilers 
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(4)          Bulk water loading facilities 

(5)          Car washing facilities 

(6)          Chemical manufacturing, processing, compounding or treatment plants 

(7)          Chill water systems 

(8)          Cooling towers 

(9)          Feedlots 

(10)        Fire protection systems 

(11)        Hazardous waste storage and disposal sites 

(12)        Hospitals, mortuaries, clinics or others as discovered by sanitary surveys . 

(13)        Irrigation and sprinkler systems 

(14)        Laundries and dry cleaning 

(15)        Meat processing facilities 

(16)        Metal manufacturing, cleaning, processing and fabricating plants 

(17)        Oil and gas production, refining, storage or transmission properties 

(18)        Plating plants 

(19)        Power plants 

(20)        Research and analytical laboratories 

(21)        Sewage and storm drainage facilities--pumping stations and treatment plants 

(22)        Veterinary clinics 

(Ord. 1522, Sec. 5) 

18-406.      Backflow prevention devices. 

(a)      Any backflow prevention device required by this ordinance shall be of a model or 

construction approved by the City or its authorized representative and the KDHE. 

(1)          Air gap separation to be approved shall be at least twice the diameter of the supply 

pipe, measured vertically above the top rim of the vessel, but in no case less than one· inch. 

(2)          Double check valve assemblies or reduced pressure principle backflow prevention 

devices shall appear on the current list of approved backflow prevention devices established by 

the KDHE, unless the device was installed at the time this ordinance was passed and complies 

with required inspection and maintenance. 

(Ord. 1522, Sec. 6) 

18-407.      Installation. 
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(a)      Backflow prevention devices’ required by this policy shall be installed at a location and in 

a manner approved by the City or its authorized agent. All devices shall be installed at the 

expense of the water consumer, unless the City or its authorized representative agrees 

otherwise. 

(b)     Backflow prevention devices installed at the service connection shall be located on the 

consumer’s side of the water meter, as close to the meter as is reasonably practical, and prior to 

any other connection. 

(c)      Backflow prevention devices shall be conveniently accessible for maintenance and testing, 

protected from freezing, and where no part of the device will be submerged or subject to 

flooding by any fluid. All devices shall be installed according to manufacturers’ 

recommendations. 

(Ord. 1522, Sec. 7) 

18-408.      Inspection and Maintenance. 

(a)      The consumer is required by this ordinance to inspect, test, and overhaul backflow 

prevention devices in accordance with the following schedule or more often as determined by 

the City or its authorized representative. 

(1)          Air gap separations shall be inspected at the time of installation and at least monthly. 

(2)          Double check valve assemblies shall be inspected and tested for tightness at the time of 

installation and at least every twelve months thereafter. They shall be dismantled, inspected 

internally, cleaned, and repaired whenever needed and at least every thirty months. 

(3)          Reduced pressure principle backflow prevention devices shall be inspected and tested 

for tightness at the time of installation and at least· every twelve months thereafter. They shall 

be dismantled, inspected internally, cleaned, and repaired whenever needed and at least every 

five years. 

(b)     Inspections, tests, and overhauls of backflow prevention devices shall be made at the 

expense of the consumer and shall be performed by an approved tester. 

(c)      Whenever backflow prevention devices required by this policy are found to be defective, 

they shall be repaired or replaced without delay at the expense of the consumer. 

(d)     The consumer must maintain a complete record of each backflow prevention device from 

purchase to retirement. This shall include a comprehensive listing that includes a record of all 

tests, inspections, and repairs. All records of inspections, tests, repairs, and overhauls shall be 

provided within 30 days to the City or its authorized representative. 

(e)      All backflow prevention devices shall have a tag showing the date of the last inspection, 

test, or overhaul or other maintenance. 

(f)      Backflow prevention devices shall not be bypassed, made inoperative, removed, or 

otherwise made ineffective without specific authorization by the City or its authorized 

representative. 
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(Ord. 1522, Sec. 8) 

18-409.      Violation and Penalties 

(a)      The City or its authorized representative shall deny or discontinue the water service to 

any premises ‘or any consumer wherein any backflow prevention device required by this policy 

is not installed, tested, and maintained in a manner acceptable to the City or its authorized 

representative, or if it is found that the backflow prevention device has been removed or 

bypassed, or if an unprotected cross connection exists. 

(b)     Water service to such premises shall not be restored until the consumer is in compliance 

with this cross connection ordinance to the satisfaction of the City or its authorized 

representative. 

(Ord. 1522, Sec. 9) 

ARTICLE 5. WATER CONSERVATION 

18-501.      Purpose. 

The purpose of this article is to provide for a progressive water supply conservation program, 

including the declaration of a water watch, water warning, and water emergency and the 

implementation of voluntary and mandatory water measures throughout the City in the event 

such a stage is declared. 

(Ord. 1535; Ord. 1776; Ord. 1867; Code 2015) 

18-502.      Definitions. 

(a)      “Water,” as the term is used in this article shall mean water available to the City of 

Russell for treatment by virtue of the City’s water rights, water supply, water supply contracts, 

or any treated water introduced by the City into its water distribution system, including water 

offered for sale at any coin-operated  site. 

(b)     “Customer,” as the term is used in this article, shall mean the customer of record using 

water for any purpose from the City’s water distribution system and for which either a regular 

charge is made or, in the case of coin sales, a cash charge is made at the site of delivery. 

(c)      “Waste of Water,” as the term is used in this article, includes, but is not limited to (1) 

permitting water to escape down a street, roadway or other surface intended for vehicle driving 

purposes and/or any gutter, ditch, or other surface drain, or (2) failure to repair a controllable 

leak of water due to defective plumbing. 

(d)     The following classes of uses of water are established: 

CLASS  1: Water used for outdoor watering, either public or private, for gardens, lawns, trees, 

shrubs, plants, parks, golf courses, playing fields, swimming pools or other recreational  areas; 

or the washing of motor vehicles, boats, trailers, or the exterior of any building or structure. 

CLASS 2 : Water used for any commercial, agricultural or industrial purposes, except water 

actually necessary to maintain the health and personal hygiene of bona fide employees of such 
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business or interests while such employees are engaged in the performance of their duties at 

their place of employment. 

CLASS 3: Domestic usage, other than which would be included in either classes 1 or 2. 

CLASS 4: Water necessary only to sustain human life and the lives of domestic livestock pets 

and maintain standards of hygiene and sanitation. 

(Ord. 1535; Ord. 1776; Ord. 1867; Code 2015) 

18-503.      Declaration of various stages of water conservation. 

In the event that the Governing Body of the City or the City’s designated official, as stated 

below, determines that the City’s water supply may be subject to a shortage in supply or the 

Governing Body of the City determines there is need for conservation of City’s water resources 

for any reason, the City may begin the progressive three (3) stage water conservation program 

by declaring a water watch as described in section 18-503(a) or, in times of need and/or duress, 

the Governing Body of the City may choose to declare any section of the program described in 

Section 18-503 in effect at any time: 

(a)      Declaration of Water Watch - Stage I. Whenever the City Manager of the City, in 

consultation with the Public Works Director, finds that conditions indicate that the probability 

of a drought or some other condition causing a water supply shortage is rising, the City 

Manager shall be empowered to declare by public announcement that a water watch exists and 

that the public shall be informed and asked to make voluntary reductions in water use in 

accordance with the City’s water conservation plan.  Such a watch shall be deemed to continue 

until it is canceled by the City Manager. 

(b)     Declaration of Water Warning - Stage II. Whenever the Governing Body of the City finds 

that a water shortage exists such that water supplies are critically impacted, it shall be 

empowered to declare by resolution a Water Warning - Stage II exists and that it will impose 

mandatory restrictions on water use during the period of this stage. Such restrictions shall be 

deemed to continue until it is declared by resolution of the Governing Body to have ended. The 

resolutions declaring the existence and end of a Water Warning - Stage II shall be effective on 

the date set forth in the resolution, and upon its posting on the City’s official website. 

(c)      Declaration of Water Emergency - Stage III. Whenever the Governing Body of the City 

finds that an emergency exists by reason of a shortage of water supply needed for essential 

uses, it shall be empowered to declare by resolution that a Water Emergency  Stage III exists 

and that it will impose mandatory restrictions on water use during the period of the emergency. 

Such an emergency shall be deemed to continue until it is declared by resolution of the 

Governing Body to have ended. The resolutions declaring the existence and end of Water 

Emergency - Stage III shall be effective on the date set forth in the resolution and upon its 

posting on the City’s official website. 

(Ord. 1535; Ord. 1776; Ord. 1867; Code 2015) 

18-504.      Voluntary Conservation Measures.  
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Upon the declaration of a Water Watch - Stage I in Sections 18-503(a), the city manager is 

authorized to call on all water consumers to employ voluntary water conservation measures to 

limit or eliminate non essential water uses including, but not limited to, limitations on the 

following uses: 

(a)      Class I and Class II uses of water. 

(b)     Waste of water. 

(Ord. 1535; Ord. 1776; Ord. 1867; Code 2015) 

18-505.      Mandatory Conservation Measures.  

Upon the declaration of a Water Warning - Stage II or Water Emergency - Stage III as provided 

in Section 18-503(b) or (c) the Governing Body is authorized to implement certain mandatory 

water conservation measures, including, but not limited to, the following: 

(a)      Suspension of new connections to the City’s water distribution systems, except 

connections of fire hydrants and those made pursuant to agreements entered into by the City 

prior to the effective date of the declaration of the emergency; 

(b)     Restrictions on the uses of water in one or more classes of water use, wholly or in part; 

(c)      Restrictions on the sales of water at coin-operated facilities or sites; 

(d)     The imposition of water rationing based on any reasonable formula including, but not 

limited to, the percentage of normal use and per capita or per consumer restrictions; 

(e)      Complete or partial bans on the waste of water; and 

(f)      Any combination of the foregoing measures. 

(Ord. 1535; Ord. 1776; Ord. 1867; Code 2015) 

18-506.      Emergency Water Rates. 

Upon the declaration of a Water Emergency - Stage III as provided in Section 18-503(c) the 

Governing Body of the City shall have the power to adopt emergency water rates by ordinance 

designed to conserve water supplies. Such emergency rates may provide for, but are not limited 

to:  (a) higher charges for increasing usage per unit of use (increasing block rates); (b) uniform 

charges for water usage per unit of use (uniform unit rate); or (c) extra charges in excess of a 

specified level of water use (excess demand surcharge) 

(Ord. 1535; Ord. 1776; Ord. 1867; Code 2015) 

18-507.      Regulations. 

During the effective period of any Water Warning (Stage II) or Water Emergency (Stage III) the 

city manager or public works director is empowered to promulgate such regulations as may be 

necessary to carry out the provisions of this ordinance, any water supply emergency resolution, 

or emergency water rate ordinance. Such regulations shall be subject to the approval of the 

Governing Body at its next regular or special meeting. 

(Ord. 1535; Ord. 1776; Ord. 1867; Code 2015) 
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18-508.      Violations, Disconnections and Penalties. 

(a)      If the mayor, city manager, public works director, or other city official or officials charged 

with implementation and enforcement of this ordinance or a water supply emergency 

resolution (Stage II or Stage III) learn of any violation of any water use restrictions imposed 

pursuant to Sections 18-505 or 18-506, a written notice of the violation shall be affixed to the 

property where the violation occurred and the customer of record and any other person known 

to the city who is responsible for the violation or its correction shall be provided with either 

actual or mailed notice. Said notice shall describe the violation and order that it be corrected, 

cured or abated immediately or within such specified time as the City determines is reasonable 

under the circumstances. If the order is not cured within the time period given in the notice, the 

City may terminate water service to the customer subject to the following procedures: 

(1)          The City shall give the consumer notice by mail or actual notice that water service will 

be discontinued within a specified time due to the violations and that the customer will have 

the opportunity to appeal the termination by requesting a hearing scheduled before the City 

Governing Body or a city official designated as a hearing officer by the Governing Body; 

(2)          If such a hearing is requested by the customer charged with the violation, the customer 

shall be given a full opportunity to be heard before termination is ordered; and 

(3)          The Governing Body or hearing officer shall make findings of fact and order whether 

service should continue or be terminated. 

(b)     A fee of $100 shall be paid for the reconnection of any water service terminated pursuant 

to subsection (a). In the event of subsequent violations, the reconnection fee shall be $200 for the 

second violation and $300 for any subsequent additional reconnections within a one year 

period. 

(c)      A violation of this article and/or regulations adopted under Stage II or Stage III shall be a 

municipal offense and may be prosecuted in Municipal Court. Any person so charged and 

found guilty in Municipal Court of violating the provisions of this article and/or regulations 

adopted under Stage II or Stage III shall be guilty of a municipal offense. Each calendar day in 

which a violation is observed shall constitute a separate offense. The penalty for an initial 

violation shall be a fine not exceeding $200. In addition, such customer may be required by the 

Court to serve a definite term of confinement in the city or county jail which shall be fixed by 

the Court and which shall not exceed 30 days. The penalty for a second or subsequent 

conviction, within a period of one year, shall be a mandatory fine of $300. In addition, such 

customer may be required  to serve a definite term of confinement in the city or county jail 

which shall be fixed by the Court and which shall not exceed 30 days. 

(Ord. 1535; Ord. 1776; Ord. 1867; Code 2015) 

18-509.      Emergency Termination. 

Nothing in this article shall limit the ability of any properly authorized city official from 

terminating the supply of water to any or all customers upon the determination of such city 

official that emergency termination of water service is required to protect the health and safety 
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of the public, the integrity of the water distribution system, or for any other emergency as 

required or authorized by ordinance or as deemed a necessity of the City by such city official or 

the Governing Body of the City. 

(Ord. 1535; Ord. 1776; Ord. 1867; Code 2015) 
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CODE OF ORDINANCES  

City of HAYS, KANSAS  

Codified through Ordinance No. 3899, enacted May 14, 2015.  

(Supp. No. 23) 

ARTICLE III. - WATER SERVICE SYSTEM  

DIVISION 1. - GENERALLY  

Sec. 65-56. - Definitions.  

The following words, terms and phrases, when used in this article, shall have the meanings ascribed 

to them in this section, except where the context clearly indicates a different meaning:  

Consumer means the party using the service.  

Customer means the party in whose name the account for water and sewer services is carried by the 

city.  

Owner means the legal or equitable holder of the title of the real property connected, or to be 

connected to, the water and sewer system.  

Party means and includes persons, associations, firms, copartners, societies or corporations.  

Water pipes or piping means such water lines as shall be furnished by the owner to connect to the 

service installation of the city and to supply water to his premises.  

Water service or service means the supplying and sale of water to customers.  

Water service installation or service connection means the necessary pipes, cocks, apparatus and 

equipment in place and necessary to connect the water main and bring water from such main to the 

owner's water pipes.  

(Code 2000, § 13.08.010) 

Sec. 65-57. - Access to property.  

The superintendent, and his duly authorized assistants, shall have free access at all reasonable hours 

to any premises where it may be necessary to ascertain the readings of the meter, location or condition of 

a water pipe or other fixture attached to the city waterworks, or to shut off or turn on water from or to 

any premises, or from or to any hydrant, pipe or other attachment, or for the purpose of seeing that the 

rules and regulations of this article are observed, or for any purpose that the city manager may deem 

essential for the operation of the works, prevention of waste or protection of revenue from the 

waterworks. Upon the refusal, neglect or failure of any customer, consumer or owner to abide by this 

section the water may be discontinued upon 24 hours' notice to the customer.  

mcampbell
Rectangular Exhibit Stamp
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(Code 2000, § 13.08.020) 

Sec. 65-58. - Service not guaranteed.  

The city does not guarantee the delivery of water through any of its mains and connecting services at 

any time except only when its mains, pumping machinery, power and service connections are in good 

working order and the supply of water sufficient for the usual demands of the consumers. The city shall 

not be liable for any damage done or accident incident to the lack of pressure, or insufficient water supply 

or break in the main, or the shutting off of the water supply or failure of energy used for pumping.  

(Code 2000, § 13.08.030) 

Sec. 65-59. - Unnecessary use; water conservation.  

Customers shall prevent unnecessary waste of water and keep all water outlets closed when not in 

actual use. The city reserves the right to cut off the supply if unnecessary waste of water takes place. The 

city reserves the right to prohibit the use of water for yard sprinklers, air cooling devices and/or by other 

large consumers of water, and to restrict the use of domestic consumers when, in the judgment of the city 

commissioners, it is necessary because of an inadequate supply of water or for other reasons.  

(Code 2000, § 13.08.050) 

Sec. 65-60. - Responsibility in turning on water.  

In turning on water, the city, the public works department, utilities division, or the officers or 

employees of the city or public works department, utilities division, shall not be responsible for any 

damage that may occur by reason of improper fixtures, open or improper connections, or for any other 

causes.  

(Code 2000, § 13.08.050) 

Sec. 65-61. - Shutting off mains.  

The city reserves the right at any time without notice to shut off the water in the mains for the 

purpose of making repairs or extensions, or for other purposes. All consumers having boilers or hot 

water tanks within their premises that are not supplied by tanks, but depend upon the pressure in the 

mains to keep them supplied with water, are cautioned against the danger of collapse.  

(Code 2000, § 13.08.060) 

Sec. 65-62. - Fire pressure.  

All customers and consumers of city water are notified that, in case of fire, the public works 

department, utilities division, furnishes water for use in putting out fires, and all mains and lines may be 

subjected to pressure greater than normal, and that no claim will be allowed against the city for any leaks 

or ruptures or other damage or injury caused by such fire pressure.  

(Code 2000, § 13.08.070) 

Sec. 65-63. - Thawing service connections.  

The city will thaw that portion of any service connection which was installed by the city, free of 

charge, but for thawing any portion not installed by the city, a reasonable charge shall be made 

commensurate with the cost of such special service.  
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(Code 2000, § 13.08.080) 

Sec. 65-64. - Water use confined to premises.  

The use of water shall be confined to the premises and devoted to the purposes described in the 

application for service. It is unlawful for any customer or consumer to supply water to other parties (by 

sale, gift or otherwise) except in the regular and usual course of the customer's or consumer's business or 

trade or for domestic or other purposes so described in the application for water service and accepted by 

the city.  

(Code 2000, § 13.08.090) 

Sec. 65-65. - Breaking seals; unlawful use of water.  

It is unlawful for any person to break the seal of a meter, alter the register or mechanism of a meter, 

or to make outlets or connections in any manner so that water supplied by the city may be used or 

wasted without being supplied under the terms provided in this article.  

(Code 2000, § 13.08.110) 

Sec. 65-66. - Unlawful taking of water.  

It is unlawful for any person not authorized by the department to turn the city water supply into any 

building or onto any premises until the plumbing of such building or premises shall have been inspected 

and approved and until authority has been given for the use of such water, or to turn on the water supply 

without permission after the water has been shut off. It is further unlawful for any person to take or 

receive any water from the city waterworks, except when drawn or received through a meter installed by 

the city or as otherwise provided by this article. Section 65-103 must be literally complied with in all cases 

before any connection shall be made with the city water system or water services supplied to any 

customer or consumer.  

(Code 2000, § 13.08.120) 

Sec. 65-67. - Injury to department property, installations; penalty.  

Any person who shall unlawfully or wantonly destroy, injure, deface, or in any way harm or 

damage any water pipe, hydrant, faucet, valve, meter or meter box placed in the city for its use or the use 

of the public, or located on property not his own, without lawful authority to do so, or who shall carry off 

any pipe, tools, apparatus, fuel or any other property or equipment belonging to the waterworks system 

of the city, or who shall open any fireplug or water hydrant or other water pipe belonging to the city and 

permit or allow water to be turned out, on or run out upon the ground, without lawful authority to do so, 

or in any other manner interfere with the operation of the waterworks system of the city, shall, upon 

conviction of such action, be subject to the penalty in Section 1-13.  

(Code 2000, § 13.08.130) 

Sec. 65-68. - Renewing water service; abandoned or unused services.  

(a) The city may from time to time, at its option, renew any water service installation at its own expense 

without a fee.  

(b) Any existing installation made useless because of installation of larger or new water service shall be 

permanently closed off by the city at the water main when the new or larger service is installed and 

ready for use.  
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(Code 2000, § 13.08.140) 

Sec. 65-69. - Water allotment and conservation.  

(a) Purpose. In order to conserve the water supply of the city, to meet the needs and demands of the 

citizens of the city, and to eliminate waste in the use of such water, it shall be and is made unlawful 

for any person of any nature, including all persons and entities outside the City limits of the City of 

Hays, Kansas, with whom the city has any agreement to provide potable water, to use water 

contrary to and in violation of the following provisions. This section shall be known as and referred 

to as the "Water Allotment and Conservation Ordinance" of the city.  

(b) Definitions and Regulations. The following words, terms and phrases, when used in this section, 

shall have the meanings ascribed to them in this subsection, except where the context clearly 

indicates a different meaning. The terms "water user," "customer" and "water service account" shall 

be synonymous:  

Outdoor watering means the irrigation with water of lawns, shrubs, flowers, trees, gardens and 

other outdoor vegetation for personal, private, commercial, or governmental purposes; the filling or 

adding of water to public or private swimming pools; the washing down with water of buildings, 

machinery, vehicles and appliances for personal or private purposes, and other similar practices and acts.  

Residential water user, in addition to meaning private residential water user, also means and 

includes residents of apartments, duplexes, and other like multiple resident facilities, but shall not 

include hospitals, nursing homes, residence halls, dormitories, or other similar uses.  

Ultra low-flow means, in the case of faucets and showerheads, devices which substantially restrict 

the flow of water, while only providing sufficient water for the purpose intended; and in the case of 

water closets or toilets, means devices which restrict the use of water per flush to 1.6 gallons, or less.  

(c) Regulations.  

(1) The use of water for the washing down of sidewalks, walkways, driveways, parking lots, gas 

station aprons, and all other hard-surfaced areas, and other similar practices, shall be 

prohibited; provided that upon application, a special permit to allow such usage may be 

granted by the city clerk, if sufficient documentation and need, such as unreasonable hazard to 

public safety, can be shown.  

(2) The escape or loss of water through breaks or leaks within the water user's plumbing or 

distribution system for any substantial period of time shall be prohibited, it being presumed 

that a period of eight hours after the water user discovers or should have discovered such leak 

or break is a substantial period of time.  

(3) Outdoor watering, including, but not limited to, the irrigation of lawns, shrubs, flowers, trees, 

gardens and other outdoor vegetation, with potable water, shall be prohibited between the 

hours of 12:00 noon and 7:00 p.m., between June 1 and September 30, inclusive. Upon 

application and good cause shown, a special permit may be issued by the city to allow watering 

newly seeded lawns between said hours and said dates, with the terms and conditions of said 

permit to be established by the city, taking into account the type of grass and vegetation to be 

planted and watered so as to maximize the benefit of the use of potable water for said purpose, 

minimizing the waste of water and encouraging the water user to establish the grass and other 

vegetation at the optimum time and season. Said permit shall be valid for ten days, shall restrict 

and regulate watering consistent with all ordinances and regulations, and shall be posted 
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prominently at the site of the planting so that law enforcement and the public can easily view 

the permit. At the discretion of city staff, said permit may be renewed for a period of ten days if 

warranted, taking into account the type of vegetation planted. The city shall establish fees for 

said permits, in such a manner as to encourage the planting of low-water-use grass and 

vegetation and shall establish a system and program to purchase warm season, low-water-use 

seed and plants to give to applicants who are converting higher water-use grass and vegetation 

to lower water-use grass and vegetation. The city manager or his designee shall inform the city 

commission, as needed, of all current provisions of said permits, setting out all pertinent 

requirements and regulations, fees, financial incentives, and other information.  

(4) No water user shall allow substantial amounts of water to escape or drain from private 

property onto public property, including, but not limited to, public sidewalks, rights-of-way, 

streets, unpaved alleys, and highways; provided that the term "substantial" shall mean an 

amount sufficient to cause a discernible flow of water reaching the street, gutter or other 

drainage system. For purposes of this section, it shall be conclusively presumed that the 

resident of property from which water escapes or drains knows of such escape or draining. 

However, the escape of water from private property due to washing of vehicles shall not be 

construed as substantial; provided, the user of the water has not allowed water to flow from a 

hose or open tap when not directly being used to wash down the vehicle.  

(5) Water users are expressly permitted to allow substantial amounts of water to drain from 

swimming pools or hot tubs located on private property; provided that such water is directed 

into storm sewers, sanitary sewers and impervious curb frontage along the property. Such 

water shall not be permitted to escape or drain onto unpaved alleys or rights-of-way.  

(d) Penalties. Any person accused of violating the provisions of subsection (c) of this section shall be 

notified in writing that such accusation has been made and the accused party may request a hearing 

before the city clerk, or any representative appointed by the city clerk, and may present evidence in 

defense of such accusation. If a request for a hearing is not served on the city clerk within three days 

following the service of the written accusation on the accused party or if the city clerk finds that the 

allegations of such accusation are true, the following penalties shall be imposed:  

(1) Upon a first violation, the accused party shall be issued a formal written warning. 

(2) Upon a second violation, water service shall be terminated on the property involved and a 

resumption of services fee in the sum of $50.00 shall be paid before water service shall be 

resumed.  

(3) Upon a third violation, water service shall be terminated on the property involved and a 

resumption of services fee in the sum of $200.00 shall be paid before water service is resumed.  

(4) Upon a fourth violation and any subsequent violations, water service shall be terminated on the 

property involved and a resumption of services fee in the sum of $250.00 shall be paid before 

water service is resumed.  

These provisions are cumulative, and for purposes of determining the number of violations committed, 

the previous 24 months shall be considered. Any violations previous to the preceding 24 months shall not 

be considered as violations for the purpose of assessing penalties in this section.  

(Code 2000, § 13.08.150; Ord. No. 3860, § 1, 4-25-2013; Ord. No. 3886, § 1, 7-10-2014; Ord. 

No. 3899, § 1, 5-14-2015)  
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Sec. 65-70. - Escape or draining of water from private property prohibited; penalty.  

(a) (1) It is unlawful for any person to allow substantial amounts of water to escape and/or drain from 

private property onto public property, including, but not limited to, public sidewalks, rights-of-

way, streets, unpaved alleys, and highways; provided that the term "substantial" shall mean an 

amount sufficient to cause a discernible flow of water reaching the street, gutter, or other 

drainage system.  

(2) For purposes of this section, it shall be presumed that the resident of the private property from 

which water escapes or drains knows of such escape or draining.  

(3) Any person accused of a violation of this section shall be charged in the municipal court of the 

city and shall, upon conviction of such violation, for the first conviction, not be fined but shall 

receive a warning as to the effect of subsequent convictions, for a second conviction, not less 

than $0.00 nor more than $25.00, and for a third or subsequent conviction, not less than $25.00 

nor more than $50.00.  

(b) (1) It is unlawful for any person to allow substantial amounts of water to escape and/or drain from 

a swimming pool or hot tub on private property onto unpaved alleys or rights-of-way; 

provided that the term "substantial" shall mean an amount sufficient to cause a discernible flow 

of water reaching the street, gutter or other drainage system or the discernible saturation of the 

unpaved alley or right-of-way.  

(2) For purposes of this section, it shall be presumed that the resident of the private property from 

which water escapes or drains from a swimming pool or hot tub knows of such escape or 

draining.  

(3) Any person accused of a violation of this section shall be charged in the municipal court of the 

city and shall, upon conviction of such violation, be fined $250.00.  

(c) The penalties provided for in this section shall be in addition to any penalties provided for in Section 

65-69.  

(Code 2000, § 13.08.160; Ord. No. 3886, § 2, 7-10-2014) 

Sec. 65-71. - Requirements for water conservation devices.  

(a) Definitions. The following words, terms and phrases, when used in this section, shall have the 

meanings ascribed to them in this subsection, except where the context clearly indicates a different 

meaning:  

Ultra low-flow showerhead means devices which restrict the flow of water to provide only sufficient 

water for the purpose intended, and no more, restricting the flow of water to a maximum of 2.4 gallons 

per minute, at 80 pounds psi.  

Ultra low-flow toilet means devices which restrict the use of water per flush to 1.6 gallons or less.  

(b) Hotels and Motels Affected. All motels and hotels in the city shall, within 30 days after the effective 

date of the ordinance from which this section is derived, cause to be installed and henceforth used 

ultra low-flow showerheads in all showers in such facilities.  

(c) Compliance Required for Building Permit Issuance. From and after the effective date of the 

ordinance from which this section is derived, no building permit shall be issued for any new 

construction in the city, unless and until it is adequately shown to the building inspector for the city 
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that such construction shall include ultra low-flow showerheads, faucets, toilets, and similar 

appliances.  

(d) Violation. Any person or entity who violates the terms of this section shall be disconnected from city 

water service or refused city water service until such time as the violation has ceased.  

(Code 2000, § 13.08.170) 

Sec. 65-72. - Diversion of water from sources located on property owned by city.  

(a) Certain Diversions of Water Unlawful. It is unlawful for any person to divert water, by means of a 

pump or otherwise, from locations on property owned by the city unless such person has first 

complied with the provisions of this section.  

(b) Permits Required. Prior to diverting water from a location on property owned by the city, the 

applicant must obtain a permit from the city as hereafter set out. Nothing in this section shall permit 

such applicant to obtain water from the water supply of the municipal water system, nor shall the 

issuance of such a permit be issued in violation of any laws of the state, K.S.A. 82a-727 et seq.  

(c) Permit Fee. A fee of $250.00 shall be paid to the city clerk prior to a permit being issued providing 

access to the water supply at locations on property owned by the city. The fee may be waived or 

decreased if the proposed use of water is a public benefit. Such fees shall be credited to the water 

and sewer fund of the city.  

(d) Contents of Permit. The permit issued by the city clerk shall contain the following information:  

(1) The date of termination of the permit; 

(2) A description of the location of the point of diversion; 

(3) A description sufficient to define the location of the place where the water is to be used.  

Such description shall correspond with the descriptions shown in the approval of application for 

temporary permit obtained from the state.  

(e) Term of Permit. A permit shall be issued for a term of 30 days from the date of its issue and shall be 

null and void upon its expiration unless renewed by making a new application and complying with 

the provisions of this section.  

(f) Penalty. Any person violating any provision of this section shall, upon conviction of such violation, 

be punished by a fine of not less than $100.00, nor more than $500.00. Each day's violation of this 

section shall be deemed a separate offense.  

(Code 2000, § 13.08.180) 

Sec. 65-73. - [Water supply conservation program].  

(a) Purpose. The purpose of this section is to provide for a progressive water supply conservation 

program, including the declaration of a water watch, water warning or water emergency and the 

implementation of voluntary and mandatory water conservation measures throughout the city in the 

event such a watch, warning or emergency is declared by the governing body.  

(b) Definitions.  

(1) Water, as used in this section, shall mean water available to the City of Hays for treatment by 

virtue of the city's water rights, water supply, water supply contracts or any treated water 
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introduced by the city into its water distribution system, including water offered for sale at any 

bulk water sales site.  

(2) Customer, as used in this section, shall have the meaning described in Section 65-56 of this 

chapter.  

(3) Waste of water, as used in this section, shall mean acts constituting violations of Section 65-69 of 

this chapter.  

(4) Domestic uses means the use of water by an person or by a family unit or household for 

household purposes, or for the watering of livestock, poultry, farm and domestic animals used 

in operating a farm, and for the irrigation of lands not exceeding a total of two acres in area for 

the growing of gardens, orchards and lawns.  

(5) The following classes of water usage are established for the purposes of this section: 

Class 1:  

Water used for outdoor watering, either public or private, for gardens, lawns, trees, shrubs, 

plants, parks, golf courses, playing fields, swimming pools or other recreational areas or the 

washing of motor vehicles, boats, trailers, or the exterior of any building or structure.  

Class 2:  

Water used for any commercial, agricultural or industrial purpose, except water actually 

necessary to maintain the health and personal hygiene of bona fide employees of such 

businesses while such employees are engaged in the performance of their duties at their place 

of employment.  

Class 3:  

Domestic usage, other than that which would be included in either class 1 or 2.  

Class 4:  

Water used to sustain human life and the lives of domestic pets and maintain standards of 

hygiene and sanitation.  

(c) [Declaration of Governing Body.] In the event the governing body determines that there is a need for 

conservation of the city's water resources due to drought, drought forecast, infrastructure problems, 

or for any other reason, the governing body may declare the existence of any stage in this subsection.  

(1) Stage 1: Declaration of water watch. Whenever the governing body finds that conditions of a 

drought or some other trigger is causing a water supply shortage, it shall be empowered to 

declare, by resolution, (1) that a stage 1 water watch exists and (2) that it shall take steps to 

inform the public and ask for voluntary water conservation. Such resolution shall be deemed 

effective until it is declared by resolution by the governing body to have ended.  

(2) Stage 2: Declaration of water warning. Whenever the governing body finds that conditions of a 

drought or some other trigger is causing a water supply shortage, it shall be empowered to 

declare, by resolution, (1) that a stage 2 water warning exists and (2) that it shall take steps to 

inform the public that it may impose mandatory restrictions on water use during the period of 

the warning. Such resolution shall be deemed effective until it is declared by resolution of the 

governing body to have ended. Pursuant to the approval of the Chief Engineer, Division of 

Water Resources, Kansas Department of Agriculture, the mandatory restrictions on 
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nonessential uses may be extended to private wells within the city limits, pursuant to K.S.A. 

82a-733.  

(3) Stage 3: Declaration of water emergency. Whenever the governing body finds that conditions of 

a drought or some other trigger is causing a water supply shortage, and an emergency exists by 

reason of a shortage of water supply needed for essential uses, it shall be empowered to declare, 

by resolution, (1) that a stage 3 water emergency exists and (2) that it shall take steps to inform 

the public that it will impose mandatory restrictions on water use during the period of the 

emergency. Such resolution shall be deemed effective until it is declared by resolution of the 

governing body to have ended. Pursuant to the approval of the Chief Engineer, Division of 

Water Resources, Kansas Department of Agriculture, the mandatory restrictions on 

nonessential uses may be extended to private wells within the city limits, pursuant to K.S.A. 

82a-733.  

(d) Voluntary Conservation Measures. Upon the declaration of a water watch or water warning as 

provided in subsections (c)(1) or (c)(2), the city manager is authorized to call on all water consumers 

to employ voluntary water conservation measures to limit or eliminate nonessential water uses 

including, but not limited to:  

(1) Class 1 uses of water. 

(2) Waste of water. 

(e) Mandatory Conservation Measures. Upon the declaration of water warning or emergency as 

provided in subsection (c)(2) or (c)(3), the city manager is also authorized to implement certain 

mandatory water conservation measures, including, but not limited to, the following conservation 

measures:  

(1) Suspension of new connections to the city's water distribution system, except connections of fire 

hydrants, and those made pursuant to agreements entered into by the city prior to the effective 

date of the declaration of the emergency;  

(2) Restrictions on the time of day or time of week of water uses in one or more classes of water use 

as described in subsection (b)(4), wholly or in part;  

(3) Restrictions on the sales of water at bulk water sales sites; 

(4) The imposition of water rationing based on any reasonable formula including, but not limited 

to, the percentage of normal use and per capita or per consumer restrictions;  

(5) Complete or partial bans on the waste of water; 

(6) Other reasonable best management practices for conservation; and 

(7) Any combination of the measures in subsections (e)(1)—(6) as the governing body may deem 

necessary.  

(f) Emergency Water Rates. Upon the declaration of water warning or emergency as provided in 

subsection (c)(2) or (c)(3), the conservation tier 2 water rates for residential customers described in 

Section 65-224 of this chapter shall increase to the levels described therein.  

(g) Regulations. After the governing body declares a water warning or water emergency as provided for 

in subsection (c)(2) or (c)(3), the city manager is empowered to put into practice the provisions of the 

city's drought response plan as may be necessary to carry out the provisions of this section.  
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(h) Violations, Disconnections and Penalties.  

(1) Any person accused of violating the provisions of this section shall be notified in writing that 

such accusation has been made and the accused party may request a hearing before the city 

clerk, or any representative appointed by the city clerk, and may present evidence in defense of 

such accusation. If a request for a hearing is not served on the city clerk within three days 

following the service of the written accusation on the accused party or if the city clerk finds that 

the allegations of such accusation are true, the following penalties shall be imposed:  

a. Upon a first violation, the accused party shall be issued a formal written warning. 

b. Upon a second violation, water service shall be terminated on the property involved and a 

resumption of services fee in the sum of $50.00 shall be paid before water service shall be 

resumed.  

c. Upon a third violation, water service shall be terminated on the property involved and a 

resumption of services fee in the sum of $200.00 shall be paid before water service is 

resumed.  

d. Upon a fourth violation and any subsequent violations, water service shall be terminated 

on the property involved and a resumption of services fee in the sum of $250.00 shall be 

paid before water service is resumed.  

These provisions are cumulative, and for purposes of determining the number of violations 

committed, the previous 24 months shall be considered. Any violations previous to the 

preceding 24 months shall not be considered as violations for the purpose of assessing penalties 

in this section.  

(i) Emergency Termination. Nothing in this section shall limit the ability of the city manager or his 

designee to terminate the supply of water to any or all customers upon the determination that 

emergency termination of water service is required to protect the health and safety of the public or 

for any other emergency as required or authorized by ordinance or as deemed necessary by the city 

manager or the governing body.  

(Ord. No. 3881, §§ 1—9, 3-27-2014) 

Editor's note— Ord. No. 3881, §§ 1—9, adopted March 27, 2014, did not specify manner 

of inclusion; hence, codification as § 65-73 was at the discretion of the editor.  

Secs. 65-74—65-102. - Reserved.  

DIVISION 2. - NEW INSTALLATIONS  

Sec. 65-103. - Application, contract and payment for new service installation and connection.  

Before any water service shall be installed where such service is not in place an application for such 

service shall be made in writing by the owner of the premises to be serviced or by its authorized 

representative at the office of the planning, inspection and enforcement division on the forms to be 

supplied by the city. The applicant shall disclose the location of the premises to be served, the name of the 

owner, the purpose for which service is desired, and such other information as may be requested and 

necessary for the purposes of this article. If there is no available main or distributing line to which the 

water service may be connected, the conditions for extending such mains or lines shall first be satisfied 

before the installation shall be authorized by the city and the owner or applicant shall, at his own 
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expense, design and install all of such mains, lines, pipes, valves, fittings, fire hydrants and all other 

necessary equipment for such improvements in accordance with the ordinances and standards of the city 

in such cases made; and provided, subject to the condition that prior to such installation, the applicant or 

owner shall submit to the city his plans or design for improvements prior to construction, and upon 

approval of such plans and design, such applicant or owner may commence construction of such 

improvements. During such construction and upon completion of such construction, such construction 

project shall be inspected by the city and that no water shall be permitted to enter such water line until 

written approval is acquired from the city. The owner shall be required to pay such tap-in fees as 

provided by Section 65-219.  

(Code 2000, § 13.08.190) 

Sec. 65-104. - Extension of mains.  

(a) Subject to the provisions and conditions of Section 65-103, the city may extend its water mains or 

distribution lines within or without the city by new construction or purchases of existing lines when 

application has been made or agreements entered into with owners along the proposed extension 

which will produce a revenue in the judgment of the commission sufficient to pay interest on the 

cost of such extension and the operating costs of the services to be supplied.  

(b) The city may at any time extend such mains within the city without special contracts for such 

extensions when, in the judgment of the commission, the extension mains may be financed from the 

waterworks funds or by other means provided by law; provided, however, that the city may require 

any proposed customer (owner) situated outside the city limits to whom it may decide to supply 

water to construct his own water lines to a water main owned or controlled by the city in accordance 

with the city's specifications and subject to inspection by the city, and to maintain the water line at 

his own expense for the purpose of receiving water service.  

(c) In the event any premises so served, or the water mains serving the premises, shall be brought 

within the city, the city may acquire title to and maintain such lines which shall be located within 

any street or public grounds of the city, the price thereof to be at its salvage value.  

(Code 2000, § 13.08.200) 

Sec. 65-105. - Temporary or special service.  

Contractors and others requiring water service for temporary or special uses where no permanent 

water service is available may obtain temporary service upon an application to the planning, inspection 

and enforcement division describing the purpose and estimating the amount of water required. Upon the 

making of a deposit in cash determined by the estimated amount of water to be used by such applicant, 

and the payment to the city of a charge, as may be determined by the city manager, to pay the cost of 

making the temporary installation, the city shall furnish a portable meter, which shall remain under the 

control of the city, and make a temporary installation for such purposes.  

(Code 2000, § 13.08.210) 

Sec. 65-106. - Temporary service during building.  

After the water meter is in place and enclosed in a covered meter box in any service installation and 

before the owner's water lines are fully installed to receive water service through such meter, temporary 

service may be received through the service installation for the use of the builder or contractor by 

temporary piping attachment to the owner's side of the meter equipped with a stop and waste valve. It is 
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unlawful for any person, or his agents or servants, to open or uncover any meter box in place as 

previously stated above or to open or work the curb stop of the city or to attach any water hose directly to 

the meter, or in any other manner to tamper or interfere with or to cause or permit injury or damage to 

any meter or curb stop belonging to the city.  

(Code 2000, § 13.08.220) 

Sec. 65-107. - Separate service rules.  

(a) Each property to be supplied with water by the city shall have a separate water service installation; 

provided that a joint water service may be authorized when the property being serviced does not 

abut the street along which the water main is laid.  

(b) Any premises occupied as a duplex, apartment house or by other multiple dwelling units, or 

occupied in conjunction with a commercial building or other building and which receives water 

service from a single service shall pay the minimum water bill as for a domestic customer for each 

separate unit, unless provision is otherwise made by contract for such service.  

(c) Hotels, motels and tourist camps may receive service through a single installation and shall pay such 

water rates as may be provided for commercial users of water.  

(d) Separate water meters may be installed at the option of the city upon the request of the owner for 

each apartment or other domestic service unit.  

(e) The city will contract with only one of the several parties receiving service through a single 

installation, except where separate meters are installed for each service unit, and reserves the right to 

discontinue service for the failure of any customer to pay the water bill when due or to abide by the 

regulations under which the service is supplied.  

(Code 2000, § 13.08.230) 

Sec. 65-108. - New service after subdivision of tract.  

In the event of the subdivision of any tract after water service has been installed for the supply of the 

original owner or customer located on such tract of land, such service shall be deemed to have been 

installed only to supply the buildings and appurtenances immediately adjacent to and serviced by the 

original installation. New water service shall be installed for new owners or customers receiving service 

for the subdivided tract or lands.  

(Code 2000, § 13.08.240) 

Sec. 65-109. - Installation; materials.  

Upon satisfaction of the requirements for a new water service installation, the city shall tap the main, 

insert a corporation cock and run the water service pipe from its connection with the corporation cock to 

the outer sidewalk line of the property to be serviced and set the water meter at such point; provided that 

the city shall at no time furnish more than 100 feet of such service pipe. The service pipe shall be not less 

than three-fourths inch in size and laid not less than three feet below the surface of the ground. All 

service pipe shall be of a type approved by the option of the city; provided that city-approved necks may 

be used to connect the corporation cock to the service pipe. All work of such installation and the 

necessary materials and apparatus shall be performed and furnished by the city in accordance with the 

charges or fees imposed by the city for installation of new water service installations.  

(Code 2000, § 13.08.250) 
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Sec. 65-110. - Owner's water pipes; materials; sill cocks.  

The owner shall, at his own expense, furnish such materials and labor as may be necessary to service 

his premises with water in addition to that supplied or furnished by the city. All water pipes of the owner 

to be laid underground shall be laid out not less than three feet in the ground. There shall be at least three 

feet of type K or type L soft copper attached directly to the discharge side of the water meter; thereafter, 

all water pipes of the owner shall be of such materials and sizes as may be provided by the city plumbing 

code; that no lead or steel piping shall be authorized; provided further that the owner shall install and 

maintain a stop and waste valve in his line so that water may be cut off and the building pipes completely 

drained.  

(Code 2000, § 13.08.260) 

Sec. 65-111. - Owner's duties.  

The owner shall renew his water lines or equipment at his expense upon notification by the city 

manager that there is an unusual amount of leakage and wastage of water due to defects or failures in the 

owner's piping that cannot be remedied by ordinary repairs. In other cases, the owner shall repair his 

water piping and equipment within 24 hours after knowledge of or notice of any injury, destruction or 

defect in such pipes which shall cause leakage or waste of water. In all events, it shall be the duty of the 

owner or customer to keep his piping and necessary equipment in serviceable condition to prevent loss to 

the city or damage to the public. The city may, upon failure of any owner or customer to renew his piping 

or equipment or to repair the piping or equipment when notified, cut off or discontinue the water service 

until the neglect is remedied; provided that the customer or consumer shall be liable for the cost of all 

water supplied to any such premises as shown by the meter readings.  

(Code 2000, § 13.08.270) 

Secs. 65-112—65-135. - Reserved.  

DIVISION 3. - SPECIAL INSTALLATIONS  

Sec. 65-136. - Special hydrants.  

If any owner or customer desires to lay large pipes with hydrant and hose couplings to be used only 

in case of fire, he will be permitted to connect with the street mains and install a meter at his own 

expense, under the direction and control of the city manager and under the regulations prescribed by this 

article, upon application to the public works department, utilities division, and will be allowed to use the 

water for fire purposes only, free of charge; provided that if, for any reason, water passes through the 

meter which is not used in case of fire, the regular established rates shall be charged to and paid by the 

customer.  

(Code 2000, § 13.08.280) 

Sec. 65-137. - Steam boilers.  

No steam boiler shall be directly connected to the service pipe, unless proper check valves are 

installed and safety and relief valves are placed on all boilers or other steam apparatus connected with 

the water system where steam pressure may be raised in excess of 40 pounds per square inch. The owner 

shall make such provisions as may be required by the public works department, utilities division, before 

the water may be supplied to such an installation.  

(Code 2000, § 13.08.290) 
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Secs. 65-138—65-157. - Reserved.  

DIVISION 4. - SERVICE RULES AND REGULATIONS  

Sec. 65-158. - Application for service; contract.  

Any party desiring to purchase water from the city shall make an application for water service 

stating fully and truly the purposes for which the services are required. The rates, rules and regulations 

provided and authorized in this article shall constitute and be considered a part of the contract with every 

person who is supplied with water from the waterworks system of the city, and each such person called 

the customer or consumer within this article, shall be held to have consented to be bound by such 

contract upon acceptance of application by the city. A meter shall be installed and the water turned on 

after acceptance of the application and the payment of any required fee or charge and the making of any 

security deposit which may be required in this article or by other ordinances of the city or laws of the 

state.  

(Code 2000, § 13.08.300) 

Sec. 65-159. - Refusal of service.  

Before any application for water service is accepted, the city manager shall determine whether the 

applicant is delinquent in the payment of any account with the city for water services received and billed 

to such party. If the city manager shall find and determine that the applicant is delinquent in the payment 

of such accounts and has failed or neglected to pay any bill rendered by the city for water services, or if 

the applicant has been notified of such delinquency and of the intention of the city to refuse application 

for new service prior to the time of such application, the city manager may refuse to accept the 

application until such delinquent water bills are paid in full or until their payment in a satisfactory 

manner is assured or guaranteed; provided that any such applicant shall deposit a sum in money to 

guarantee payment of bills for service to be rendered in the future as provided by this article.  

(Code 2000, § 13.08.310) 

Secs. 65-160—65-186. - Reserved.  

DIVISION 5. - METERS  

Sec. 65-187. - Ownership of meters; maintenance.  

Meters shall be provided by the city at the property owner's expense and shall remain the property 

of the city, and the utilities department, shall keep the meter in good repair unless damaged or injured for 

some cause other than natural wear and tear. If the meter is damaged by freezing, rough use, or any 

cause whatever other than by natural wear and tear, the customer shall be charged the amount of the 

repair and the amount shall be placed upon the water bill of such customer for the succeeding month and 

shall be collected with the bill and, if not paid within the time provided for the payment of bills, the water 

service may be disconnected by the city.  

(Code 2000, § 13.08.320; Ord. No. 3876, § 1, 11-14-2013) 

Sec. 65-188. - Meters location; installation.  

Water meters shall be installed by the city in each water service in accordance with the rules and 

practices of the public works department, utilities division; provided that meters in the service of 

commercial and industrial consumers may, at the option of the city, be placed within a building on the 

premises of such consumers, and meters in any domestic service may, at the option of the city with the 
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consent of the consumer, be placed within the residence of such consumer. All meters used in any service 

and located outside of any building shall be placed and maintained in a suitable covered box or enclosure 

to protect the meter from possible injury from freezing or tampering.  

(Code 2000, § 13.08.330) 

Sec. 65-189. - Inspection of meters.  

It shall be the duty of the city manager to cause all meters to be inspected at least once each year and 

at such other times as may be deemed necessary; provided that the city, at its option, may replace any 

meter at any time. The employees of the public works department, utilities division, are authorized at 

reasonable hours to enter upon the premises of the customers for the purpose of repairing, replacing or 

inspecting meters in service.  

(Code 2000, § 13.08.340) 

Sec. 65-190. - Disputed bills.  

If any meter is found to vary in excess of two percent from 100 percent accuracy, the reading of the 

meter shall be corrected according to the percentage of inaccuracy found, but no correction shall extend 

beyond the date of the last regular monthly reading. Where service is rendered to the customer through a 

defective meter the charge for such service shall be based upon the estimated consumption. No 

allowances shall be made for water used, lost or wasted through leaks, carelessness, neglect or otherwise 

after the water has passed through the meter; provided that the city manager or designee shall be 

authorized to make adjustments when there has been a leak, after the customer has satisfactorily shown 

that the leak has been repaired; and provided that every customer shall have the right to appeal to the 

commission from any meter reading or water bill which he may consider excessive, and the commission 

may order an adjustment of such bill in accordance with the facts of each case.  

(Code 2000, § 13.08.350) 

Secs. 65-191—65-218. - Reserved.  

ARTICLE IV. - WATER RATES AND CHARGES  

Sec. 65-219. - Tap-in fees.  

For connecting property of the consumer with the municipal water system, the following costs are 

hereby established:  

(1) For installing a five-eighths-inch meter by tapping a main with a one-inch tap, and installing a 

one-inch service line not to exceed ten feet, the cost shall be $1,500.00;  

(2) For installing a three-fourths-inch meter by tapping a main with a one-inch tap, and installing a 

one-inch service line not to exceed ten feet, the cost shall be $1,520.00;  

(3) For installing a one-inch meter by tapping a main with a one-inch tap, and installing a one-inch 

service line not to exceed ten feet, the cost shall be $1,560.00;  

(4) For installing a one and one-half-inch meter by tapping a main with a two-inch tap, and 

installing a two-inch service line not to exceed ten feet, the cost shall be $3,980.00;  

(5) For installing a two-inch meter by tapping a main with a two-inch tap, and installing a two-inch 

service line not to exceed ten feet, the cost shall be $4,250.00.  
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(6) For installing a meter by tapping a main with larger than a two-inch tap, the cost shall be the 

actual cost of material and labor.  

(7) The cost of service lines in excess of the included ten feet shall be $14.00 per additional foot of 

one-inch line and $15.00 per foot of additional two-inch line.  

(Code 2000, § 13.12.010; Ord. No. 3875, § 1, 11-14-2013) 

Sec. 65-220. - Security deposits; requirement; amounts.  

(a) Cash deposits to secure payment of water bills shall hereafter be made by the applicant and/or 

customer in the following cases:  

(1) When the applicant/customer is a tenant of residential property; however, if a customer 

previously owned residential property and maintains continuous service with the city during 

the duration of renting residential property, no deposit shall be required. The city reserves the 

right to require a deposit as stated in subsection (a)(5) of this section;  

(2) When the applicant/customer is an owner of residential property who has not, prior to the 

application for new service, established good credit with the city, which the term "good credit" 

shall be defined as having had no delinquent service bills, including charges for removal of 

refuse, sewer and water charges, or discontinuance of service for nonpayment of accrued bills;  

(3) When the applicant/customer is an owner or manager of a new commercial, business or 

industrial debenture whose credit has not been previously established with the city;  

(4) When the applicant/customer is a new owner or manager of an established commercial, 

business or industrial venture whose credit has not been previously established with the city;  

(5) When the applicant/customer is any applicant or customer whose service, including water, 

sewer or refuse disposal, has been discontinued for nonpayment of accrued bills.  

(b) Each deposit shall, at all times, be maintained in a reasonable amount and be based upon the 

amount of the estimated minimum service bill during a period of two months; provided that:  

(1) The minimum deposit in the case of residential customers shall be not less than $70.00; 

(2) The minimum deposit in the case of commercial, business and industrial debentures and other 

customers shall be equal to two months' consumption charges but not less than $70.00; 

provided that in the event no service experience data are available, the city manager shall set 

the amount of the deposit based upon the service experience of similar customers;  

(3) The city may, at its option, refund the deposit to any owner or tenant of property if more than 

two years have elapsed with no delinquencies or discontinuance of service for nonpayment of 

service bills, including water, sewer and refuse removal services.  

(c) If at any time it appears to the city that an existing deposit is not equal to the service rendered the 

customer for a period of two months, the city may require an additional deposit of an amount 

equivalent to such service consumption. The service to such customer may be discontinued until the 

additional deposit is made.  

(d) The deposit required of customers may, together with accrued interest at the option of the city, be 

applied to the payment of any accrued and delinquent service bills, including charges for water, 

sewer or removal of refuse, or bills due at the time of discontinuance of service.  

(Code 2000, § 13.12.020; Ord. No. 3741, § 1, 12-27-2007) 
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Sec. 65-221. - Security deposits; fund; interest; refund.  

(a) The sums previously required in this article to be deposited with the city shall be paid to the city 

clerk (cashier) who shall issue a receipt to each such customer. The custodian of such funds shall 

keep a separate account showing the name of the depositor, the amount and date of the deposit, 

amount of interest credited, interest paid and the time of closing each account.  

(b) The city shall pay interest at the rate prescribed by the current order of the state corporation 

commission regarding the interest payments pursuant to K.S.A. 12-822, to the customers making the 

deposit, on January 1 succeeding such deposit and on January 1 thereafter, and any accrued interest 

shall be payable at the office of the city treasurer in cash on demand of the depositor or may be 

credited on the payment of any bill thereafter rendered. Such interest shall be payable from the 

water and sewer fund.  

(c) Upon the discontinuance of service, at the demand of the customer, his deposit shall be refunded by 

the city, together with any interest accrued thereon to date less any amount due and owing the city 

for service rendered prior to such discontinuance of service. All such deposits not refunded (or 

credited to any such account) within two years after ending of service may be deposited in the water 

and sewer fund.  

(d) The city may invest, not to exceed 80 percent of the total deposits in the customer's or security 

deposit fund, in bonds of the state, certain political subdivisions thereof, or of the United States as 

provided by law. The interest from such bond investments shall be credited to the water and sewer 

fund.  

(Code 2000, § 13.12.030) 

Sec. 65-222. - Water to be metered; exceptions.  

All water supplied and sold by the city shall be measured by standard water meters, and the bills for 

such service shall be determined by the amount of consumption registered by the meter in accordance 

with rates applicable to such amount of consumption; provided that the city reserves the right to enter 

into special contracts for the sale of water to consumers of large quantities of water, and to fix special 

unmetered rates for the sale of water to customers purchasing water to be hauled in tank wagons or 

barrels, or otherwise, than by delivery through standard water service connections. Temporary rates for 

sale of unmetered water may be fixed by the city manager and all such sales shall be for cash and the 

proceeds thereof paid to the city treasurer and credited to the water and sewer system revenue fund.  

(Code 2000, § 13.12.040) 

Sec. 65-223. - Classification of water meters.  

(a) Classes Defined. Water meters within and without the city shall be classified and defined as follows:  

(1) Residential Meters. A residential meter shall be reserved for the usage of city water inside or 

outside the city wherein water is used for domestic purposes, including, but not necessarily 

limited to, the use of water for domestic consumption, watering of lawns, shrubs, trees, 

washing of sidewalks, driveways, parking areas, buildings, machinery, appliances, vehicles, 

addition or filling of water to swimming pools and outdoor watering. All properties that are 

exclusively residential, with up to two dwelling units on a single water meter, shall be classified 

as having residential meters.  
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(2) Business Meters. A business meter shall be reserved for the usage of water inside or outside of 

the city by a business, regardless of zoning, which usage is for the operation of the business, 

including, but not necessarily limited to, the use of water for washing down of hard surface 

areas, machinery, vehicles, and buildings. Where there is a mixture of residential and business 

use on a single meter without permanent irrigation with potable water, the property shall be 

classified as having a business meter.  

(3) Business Mixed Use Meters. A business mixed use meter shall be reserved for the usage of 

water inside or outside of the city by a business with a permanent irrigation system utilizing 

potable water supply, regardless of zoning, which usage is for the operation of the business, 

including, but not necessarily limited to, the use of water for irrigation purposes, washing 

down of hard surface areas, machinery, vehicles, and buildings. Where there is a mixture of 

residential and business use with permanent irrigation with potable water on a single meter, 

the property shall be classified as having a business mixed use meter. Existing businesses with 

mixed use meters shall be designated by city staff and informed via letter of their classification 

prior to the effective date of this section.  

(4) Multi-Family Meters. A multi-family meter shall be reserved for the usage of city water inside 

or outside the city wherein water is used for domestic purposes, including, but not necessarily 

limited to, the use of water for domestic consumption, watering of lawns, shrubs, trees, 

washing of sidewalks, driveways, parking areas, buildings, machinery, appliances, vehicles, 

addition or filling of water to swimming pools and outdoor watering. All properties with 

exclusive residential uses and three or more units served by a single water meter shall be 

classified as having a multi-family meter.  

(5) Irrigation Meters. An irrigation meter shall be reserved for the usage of city water inside or 

outside the city wherein water is used for irrigation purposes, including, but not necessarily 

limited to, the use of water for watering of lawns, shrubs and trees and outdoor watering.  

(b) Outdoor Watering. At the option of and expense of any residential or multi-family meter customer, 

all watering associated with outdoor watering, as defined in Section 65-69, may be metered on a 

separate meter; in which event, the water usage shall be billed according to the appropriate 

classification. All businesses installing new permanent irrigation systems or otherwise causing an 

existing irrigation system to be served by city water service shall install, at their cost, a separate 

meter devoted to outdoor water uses.  

(Code 2000, § 13.12.050; Ord. No. 3884, § 1, 3-27-2014) 

Editor's note— Section 1 of Ord. No. 3884, adopted March 27, 2014, changed the title of 

§ 65-223 from "Classification of water usage" to "Classification of water meters."  

Sec. 65-224. - Rates inside and outside city.  

Meter rates for the furnishing of water by the municipal water system of the city to consumers of 

such municipal water system are established as follows:  

(1) Monthly Usage Minimum Service Charge.  

a. Water usage as shown on the January, February and March billing is averaged to 

determine a water use average for both residential and business accounts. Usage that falls 

within this average will be billed at the base tier rate as established by resolution. Any 

usage that exceeds the water use average by up to 1,000 cubic feet will be billed at the 
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conservation tier 1 rate as established by resolution, for both residential and business 

accounts. The water use average shall be a minimum of 500 cubic feet. Any customer 

without an established water use average will be allotted 500 cubic feet until a new water 

use average is established if more than 500 cubic feet. The water use average shall be 

recalculated annually after the March billing date.  

b. All residential, business mixed use and multi-family meters with usage exceeding the 

water use average in excess of 1,000 cubic feet will be billed at the conservation tier 2 rate, 

as established by resolution.  

c. All residential, business mixed use and multi-family meters with usage exceeding the 

water use average in excess of 1,000 cubic feet during times of official "water warning" or 

"water emergency" periods, as defined by the City of Hays Drought Response Plan, will be 

billed at the conservation tier 2 rate during water warning or water emergency, as 

established by resolution.  

d. All irrigation meters with usage exceeding 1,000 cubic feet during times of official "water 

warning" or "water emergency" periods, as defined by the City of Hays Drought Response 

Plan, will be billed at the conservation tier 2 rate during water warning or water 

emergency then existing.  

e. Any premises equipped or built to be occupied as a duplex, apartment house or by other 

multiple-dwelling units, or occupied in conjunction with a commercial building or other 

building and which receives water service from a single service shall pay the minimum 

water bill as for a domestic customer for each separate unit; provided that a mobile home 

park shall not be charged the minimum water bill for lots without a mobile home located 

thereon, as of the date for meter reading.  

f. The minimum monthly service charge to be paid regardless of usage shall be as follows: 

Meter Size 

(inches) 

Inside City Limits 

(per month, in dollars) 

Outside City Limits 

(per month, in dollars) 

5/8 9.18 15.60 

¾ 16.66 28.32 

1 24.14 41.03 

1½ 39.10 66.47 

2 76.50 130.05 

3 113.90 193.63 

4 188.70 320.79 
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6 375.70 638.69 

(2) Water Rates for Residential and Business Meters. The water rates for residential and business 

meters, and the effective dates of such rates, shall be determined by the governing body and 

shall be specified in a resolution authorizing the same, and may be amended by resolution of 

the governing body. The following rates are currently in effect at the time of passage of the 

ordinance from which this section is derived, and shall continue in full force and effect until any 

new or different rate goes into effect:  

Cubic Feet of Water Usage 

Inside City 

Limits 

(per 100 cubic 

feet, 

in dollars) 

Outside City 

Limits 

(per 100 cubic 

feet, 

in dollars) 

First 100 
Included in 

minimum 

Included in 

minimum 

Base tier 1.85 3.15 

Conservation tier 1 3.71 6.30 

Conservation tier 2 (residential only) 7.42 12.61 

Conservation tier 2—During water warning or water 

emergency (residential only) 
10.30 17.51 

(3) Water Rates for Business Mixed Use and Multi-Family Meters. The water rates for business 

mixed use and multi-family meters, and the effective dates of such rates, shall be determined by 

the governing body and shall be specified in a resolution authorizing the same, and may be 

amended by resolution of the governing body. The following rates are currently in effect at the 

time of passage of the ordinance from which this section is derived, and shall continue in full 

force and effect until any new or different rate goes into effect:  

Cubic Feet of Water Usage 

Inside City Limits 

(per 100 cubic feet, 

in dollars) 

Outside City 

Limits 

(per 100 cubic feet, 

in dollars) 

First 100 Included in Included in 
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minimum minimum 

Base tier 1.85 3.15 

Conservation tier 1 3.71 6.30 

Conservation tier 2 5.39 12.61 

Conservation tier 2—During water warning or water 

emergency 
8.27 17.51 

 (4) Water Rates for Irrigation Meters. The water rates for irrigation meters, and the effective dates 

of such rates, shall be determined by the governing body by resolution, and may be amended 

by resolution of the governing body. The following rates are currently in effect at the time of the 

passage of the ordinance from which this section is derived, and shall continue in full force and 

effect until any new or different rate goes into effect:  

Cubic Feet of Water Usage 

Inside City 

Limits 

(per 100 cubic 

feet, 

in dollars) 

Outside City 

Limits 

(per 100 cubic 

feet, 

in dollars) 

First 1,000 cubic feet 3.71 6.30 

Conservation tier 2 7.42 12.61 

Conservation tier 2—During water warning or water 

emergency 
10.30 17.51 

(Ord. No. 3720, § 1, 1-11-2007; Memo of 5-22-2013; Ord. No. 3866, § 1, 6-27-2013; Memo 

of 1-23-2014; Ord. No. 3884, § 2, 3-27-2014)  

Sec. 65-225. - Due date for water bills; delinquent accounts.  

(a) The city clerk shall cause each customer to be furnished monthly, by mail, a statement of services of 

such customer's service account. Failure to receive a bill shall not excuse a customer from the 

obligation to pay within the time specified.  

(b) Water, sewer and other services furnished by the city shall be furnished in accordance with the rates, 

rules and regulations established therefor by the commission. The charges for all such services shall 

be computed and collected monthly. The statement or bill for service rendered shall have designated 
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thereon the bill due date. Such date shall be 23 days from the bill date indicated on the statement. 

There will be a four-day grace period before late penalties will be applied. The customer shall be 

allowed to make payment at the office of the city clerk during regular business hours and on or 

before the close of business hours for the due date so designated; provided that when the due date 

shall fall on any observed holiday in the city, payment may be made without penalty on the next 

succeeding business day during regular office hours.  

(c) If the statement or bill for service shall not be paid within the time so designated in subsection (b) of 

this section, the city clerk or manager of collections and accounts shall declare the account to be past 

due and cause to be added to the statement or bill for services a late payment penalty fee of five 

percent of the amount of the current charges, which shall be collected at the time of payment of such 

statement or bill for service. The statement or bill for service rendered shall show the amount to be 

paid before the designated due date.  

(d) The delinquent bill plus the five percent penalty shall be added to the next month's bill, with 

notification to the customer that the account is delinquent. If payment with the late payment penalty 

fee is not received at the office of the city clerk by the close of regular business hours within six days 

after the notification, a notice shall be sent that service will be cut off and discontinued if full 

payment, plus late fees and charges, is not paid by the close of regular business hours for the date 

specified on the delinquent notice.  

(e) No service so disconnected shall be reconnected until all bills, late payment fees and charges are 

paid in full, and a service charge of $20.00 plus appropriate taxes shall have been paid for 

reconnection of the service meter. The request for resumed service shall be made during the regular 

business hours of the city. For reconnection after regular business hours, or on Saturdays, Sundays 

or holidays, there shall be charged a fee of $30.00 plus appropriate taxes.  

(f) The city manager or the city clerk is authorized to waive the procedures listed in subsection (e) of 

this section regarding disconnection and reconnection and set specific times of the day for service 

reconnections as deemed necessary.  

(Code 2000, § 13.12.070) 

Sec. 65-226. - Notice to discontinue service.  

A customer shall give the city clerk proper notice two days before the time he desires service to be 

discontinued. Upon failure to give such notice, he shall be liable for the water registered by the meter or 

the minimum bill until such time as the notice is given or until the service is otherwise discontinued.  

(Code 2000, § 13.12.080) 

Sec. 65-227. - Industrial users outside the city; limitations.  

(a) No industrial user shall at any time interfere with the turning on and turning off procedure of the 

city water system and any and all connections shall only be made by the city.  

(b) Nothing in this section shall be construed as making the city liable in damages due to a water cutoff 

by the city at any time, and any user or purchaser of city water under this section does agree to save 

and hold the city harmless from any and all damages caused or sustained as a result of such water 

cutoff for any reason.  

(Code 2000, § 13.12.090) 
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Sec. 65-228. - Private water wells; meter removal; reconnection fee.  

Any water meter removed by the city for the purposes previously set out in this division, shall not 

be reinstalled and no reconnection shall be made by the city until an application is made by the person 

desiring such reconnection, together with proof that such reconnection will not be in violation of any 

ordinances of the city, and upon the payment of a fee of $10.00, the reinstallation and reconnection of 

such meter shall be made.  

(Code 2000, § 13.12.100) 

Sec. 65-229. - Requests to connect to city services.  

Requests to connect to city services shall be made 24 hours in advance of initiating services. Service 

orders will be done between hours determined by the city manager. Any requests for services made after 

2:00 p.m. will be charged $30.00 if same day service is requested.  

(Code 2000, § 13.12.110) 

Secs. 65-230—65-251. - Reserved.  

Editor's note— Section 1 of Ord. No. 3830, adopted April 14, 2011, repealed § 65-230, 

which pertained to stormwater fee schedule established, and derived from Ord. No. 

3808, adopted March 25, 2010.  
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DIVISION OF WATER RESOURCES 
KANSAS DEPARTMENT OF AGRICULTURE 

 
INSTRUCTIONS 

FOR COMPLETING APPLICATIONS FOR 
PERMIT TO APPROPRIATE WATER FOR BENEFICIAL USE 

 
Following is a brief description of general information needed on an application for permit to appropriate water for 
beneficial use.  Separate applications must be filed if it is proposed to appropriate water from more than one source or for 
more than one beneficial use of water.  Read all details on the application prior to filling out the form.  Submit with your 
application only the supplemental sheets relative to your proposed use of water.  Please provide complete information. 
 
1. Give the total quantity of water desired in acre-feet or million gallons per year and the maximum proposed rate of 

diversion in gallons per minute or cubic feet per second. 
 
2. Give the legal description of the location at which water is proposed to be diverted from the natural source of 

supply.  Distances in feet North and West of the Southeast corner of the section must be shown. 
 
3. Show the purpose or purposes for which water is to be used and the maximum amount of water for each use.  

The sum of these amounts should be equal to the total quantity indicated in Paragraph No. 3.  A separate 
application may be required for different uses of water. 

 
4. If for municipal or industrial use, a water conservation plan may be required and other information showing past, 

present, and future water needs.  This must be supplemented by information to substantiate future population 
growth and/or increase of industrial production.  The place of use must be shown by crosshatching the location of 
the property on a map, of the appropriate scale as indicated in the application, and giving a legal description 
showing the section, township, range and portions of the quarters or halves generally describing the area on the 
map.  If an entity such as a city or rural water district is where the water will be used, a description and 
explanation of all the places where the water goes will be needed, including other entities receiving water and the 
areas they supply, etc.  Immediate vicinity means within one-half (½) mile of the corporate limits of the entity. 

 
5. If for irrigation use, a water conservation plan consistent with the guidelines developed and maintained by the 

Kansas Water Office may be required.  For the place of use, give the legal description of all the land proposed to 
be irrigated under the application by showing the actual number of acres of land to be irrigated in each forty-acre 
tract and give the name and mailing address of each of the owners of record of the land involved.  If the land is 
being purchased on contract, also show the name and address of the contract purchaser. 

 
6. Give a brief description of the proposed works for diversion of water and proposed date when the well, pump site, 

dam, or other works for diversion of water will be completed.  Show the location of water meters and other 
measuring devices and the location of pipeline to distribute the water. 

 
7. Give estimated date of first actual use of water under the proposed appropriation. 
 
8. Indicate if any pesticide or fertilizer will be injected into the water pumped from the diversion works. 
 
9. List the file numbers of any water rights which cover the same diversion points or the same place of use 

described in this application.  An explanation as to how all water rights will be used must be supplied.  Information 
about the source of water at the proposed location must be supplied.  All wells or diversion sites in the same 
source within one-half (½) mile must be shown on a map with the names and mailing addresses of the owners; 
you must sign the map and state that all of the owners have been shown, if they have all been shown. 

 
10. If the signer of the application is not the owner of the land where the water is used, show the relationship as 

agent, tenant, contract buyer or otherwise. 
 
11. If the signer of the application is not the owner of the point of diversion, you must provide evidence of legal access 

to or control of the point of diversion from the landowner or the landowners authorized representative.  You may 
provide a copy of a recorded deed, lease, easement or other document with the application.  In lieu of providing 
documentary evidence, you may sign the sworn statement contained within the application. 

 
12. The name and address of the water use report correspondent must be shown.  If other than an owner, an owner 

must designate the person in writing, on the appropriate form. 
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Applicant's Nane (Please Print) MUNICIPAL (PUBLIC WATER SUPPLY) APPLICATION 
SUPPLEMENTAL INFORMATION SHEET 

SECTION 1: PRESENT WATER USE SUMMARY (IF NO PREVIOUS MUNICIPAL WATER USE HAS BEEN UTILIZED, PROCEED TO SECTION 3) 
NOTE: WORKSHEET FOR WATER PUMPED, PURCHASED, AND SOLD BY YOUR WATER DISTRIBUTION SYSTEM. 

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 
Water Sold to Your Water Sold to Your 

Raw Water Diverted Water Purchased Water Sold to Other Industrial, Stock, and Residential and Other 
Under Your Rights From All Sources Public Water Suppliers Bulk Customers Commercial Customers Metered Water 

TOTAL WATER= Columns 1 + 2 ACCOUNTED FOR WATER= Columns 3 + 4 + 5 + 6 

UNACCOUNTED FOR WATER= TOTAL WATER- ACCOUNTED FOR WATER 

Column 1: The amount of raw water diverted from all of your points of diversion. 

Column 2: The amount of water purchased wholesale from all other public water supply systems or the Kansas Water Office. 

Column 3: The amount of water sold wholesale to all other public water supply systems. 

Application File Number 

(assigned by DWR) 

Column 7 

Remaining Water Used 
(See Below Explanation) 

UNACCOUNTED FOR WATER 

Column 4: The amount of water sold retail to all industrial, pasture, stockwater, feedlot, and bulk water service connections. Include the amount of water sold to all farmsteads using at least 200,000 gallons of 
water per year. 

Column 5: The amount of water sold retail to your residential and commercial customers and to industries and farmsteads using less than 200,000 gallons of water per year. 

Column 6: The amount of water used that is metered at individual service connections and supplied free, such as for public service, treatment processes, and connections receiving free water. 

Column 7: The amount of remaining water used. The gallons reported in this column are found by adding the numbers in Columns 1 and 2 and subtracting the numbers in Columns 3, 4, 5, and 6. 

UNACCOUNTED FOR WATER 

Use the following to calculate your distribution system's Unaccounted For Water: 
Start with the amount in Column 1 and add the amount in Column 2, then subtract the amounts in Columns 3, 4, 5, and 61eaving an amount of water representing your una=unted for water to enter in Column 7. 

Use the following to calculate the percent Unaccounted For Water versus the Total Water of your system: 
Percent Unaccounted = Unaccounted For Water x 100 

For Water Total Water (Columns 1 ,2) 
If this number exceeds 20%, please explain the large amount of unaccounted for water and describe any steps being taken to reduce it 

SECTION 2: PAST WATER USE 
COMPLETE THE FOLLOWING TABLE FROM YOUR PAST WATER USE RECORDS. 

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 
Water Sold to Your Water Sold to Your 

Raw Water Diverted Water Purchased Water Sold to Other Public Industrial, Stock, and Bulk Residential and Commercial Other Remaining Water Used 
Under Your Rights From All Sources Water Suppliers Customers Customers Metered Water (See Above Explanation) 

20 years ago 

15 years ago 

10 years ago 

5 years ago 

TOTAL WATER= Columns 1 + 2 ACCOUNTED FOR WATER= Columns 3 + 4 + 5 + 6 UNACCOUNTED FOR WATER 

DWR 1-100.24 (Revised 08/15/2002) 
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SECTION 3: PROJECTED FUTURE WATER NEEDS 
PLEASE COMPLETE THE FOLLOWING TABLE SHOWING YOUR FUTURE WATER REQUIREMENTS FOR THE NEXT 20 YEARS: 

Column 1 Column 2 Column 3 Column4 Column 5 Column 6 Column 7 
Water Sold to Your Water Sold to Your 

Raw Water Diverted Water Purchased Water Sold to Other Industrial, Stock, and Residential and Other Remaining Water Used 
Under Your Rights From All Sources Public Water Suppliers Bulk Customers Commercial Customers Metered Water (See Explanation on other side) 

Year 5 

Year10 

Year15 

Year 20 
TOTAL WATER- Columns 1 + 2 ACCOUNTED FOR WATER= Columns 3 + 4 + 5 + 6 UNACCOUNTED FOR WATER 

SECTION 4: POPULATION AND SERVICE CONNECTIONS 
ESTIMATE THE NUMBER OF PERSONS DIRECTLY SERVED BY YOUR WATER DISTRIBUTION SYSTEM 

PAST POPULATION- PROVIDE INFORMATION BELOW: PROJECTED FUTURE POPULATION 
(CENSUS BUREAU INFORMATION) 

LAST 20 YEARS POPULATION 

20 years ago 

15 years ago 

10 years ago 

5 years ago 

Last Year 

Provide number of current active service connections: 

Residential 

Commercial 

SECTION 5: PRESENT GALLONS PER PERSON PER DAY 
CALCULATE YOUR GALLONS PER PERSON PER DAY 

Industrial 

Pasture/ 
Stockwater/ 
Feedlot 

Water in Columns 5, 6, and 7 +Population+ 365 DaysNear = Gallons per Person per Day 

Amount of water in 
Columns 5, 6, and 7 

of Section 1 

SECTION 6: AREA TO BE SERVED 

Population from Last 
Year of Section 4 

365 DaysNear 

ESTIMATE FUTURE POPULATION AND SUBSTANTIATE NUMBERS ON SEPARATE ATTACHMENTS 

------

NEXT 20 YEARS POPULATION 

YearS 

Year10 

Year 15 

Year20 

Other (specify) 

Total 

GALLONS PER PERSON PER DAY. 

Describe the area to be served or provide the legal description of the location where the water is to be used including any other city of water supply system (i.e. Rural Water District): ------------

You may attach additional information you believe will assist in informing the Division of the need for your request. 
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 TABLE 1 
 AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE 
 KANSAS, 1993-1997 
 

 
Regiona/ 

 
Year  

Average  
1993 

 
1994 1995 1996 1997 

 
1 

 
244 

 
275 259 265 281 

 
265 

 
2 

 
233 

 
262 252 238 250 

 
247 

 
3 

 
210 

 
247 240 223 229 

 
230 

 
4 

 
163 

 
202 185 181 164 

 
179 

 
5 

 
138 

 
160 145 146 147 

 
147 

 
6-ML 

 
135 

 
162 155 154 147 

 
151 

 
6-S 

 
145 

 
166 151 145 136 

 
149 

 
7-L 

 
133 

 
150 139 142 141 

 
141 

 
7-M 

 
110 

 
119 113 114 114 

 
114 

 
7-S 

 
102 

 
110 107 113 110 

 
108 

 
8-L 

 
126 

 
140 140 141 137 

 
137 

 
8-M 

 
101 

 
108 108 108 106 

 
106 

 
8-S 

 
88 

 
92 93 88 90 

 
90 

 
Kansas 

 
128 

 
144 137 136 134 

 
136 

 
a/ Refer to Figure 1 for map of regions.  For this analysis, utilities in Regions 6, 7, and 8 

were subdivided into size categories.  Large (L) utilities are those serving 10,000 people 
or more.  Medium (M) utilities are those serving 500 to 9,999 people.  Small (S) 
utilities are those serving fewer than 500 people. 



 TABLE 2 
 WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
 Region 1 
 1997 
 

 
Public Water Suppliers 

 
GPCDa/

 
Reg. 
Avg. 

GPCD 

 
Pct. Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 

 
 Unacc.  

Forb/  
 Bird City        

 
507 281  80  $10.00-$19.99 

 
25 

 
0  

 Johnson City     
 

354 281  26  $10.00-$19.99 
 

2 
 

17  
 St. Francis      

 
352 281  25  $10.00-$19.99 

 
3 

 
12  

 Syracuse         
 

340 281  21  $10.00-$19.99 
 

2 
 

9  
 Paxton Addition  

 
306 281  9  Flat Rate 

 
NA 

 
NA  

 Coolidge         
 

301 281  7  $10.00-$19.99 
 

0 
 

47  
 Goodland         

 
300 281  7  $10.00-$19.99 

 
0 

 
14  

 Wallace          
 

292 281  4  $10.00-$19.99 
 

0 
 

16  
 Sharon Springs   

 
270 281  -4  $10.00-$19.99 

 
1 

 
16  

 Rolla            
 

266 281  -5  $10.00-$19.99 
 

10 
 

9  
 Elkhart          

 
260 281  -8  $10.00-$19.99 

 
1 

 
8  

 Manter           
 

255 281  -9  $10.00-$19.99 
 

0 
 

16  
 Kanorado         

 
248 281  -12  $10.00-$19.99 

 
1 

 
32  

 Tribune          
 

218 281  -22  $20.00-$29.99 
 

3 
 

11  
 Hamilton Co. RWD #1 

 
131 281  -53  $50.00-$59.99 

 
3 

 
10  

 Horace           
 

101 281  -64  $20.00-$29.99 
 

0 
 

5  
Average 

 
281 281 – $18.79 

 
3 

 
15 

 
a/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
b/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  “NA” is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
c/ Percent of water unaccounted for was estimated using the region average. 



 TABLE 3 
 WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
 Region 2 
 1997 
 

 
Public Water Suppliers 

 
GPCDa/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

 
Monthly Water 

Rate Category Per 
10,000 Gallons 

 
Percent of Water 

Not Sold   
Metere
d Free 

Unacc.  
Forb/  

 Moscow              
 

 430 250  72  Flat Rate 
 

NA NA  
 Herndon             

 
 417 250  67  $10.00-$19.99 

 
4 50  

 Hugoton             
 

 333 250  33  $10.00-$19.99 
 

2 6  
 Rexford             

 
 303 250  21  $10.00-$19.99 

 
0 13  

 Brewster            
 

 297 250  19  $10.00-$19.99 
 

6 8  
 Winona              

 
 267 250  7  $10.00-$19.99 

 
3 24  

 McDonald            
 

 267 250  7  $10.00-$19.99 
 

5 22  
 Colby               

 
 267 250  7  $10.00-$19.99 

 
4 12  

 Lakin               
 

 266 250  6  $10.00-$19.99 
 

15 5  
 Atwood              

 
 260 250  4  $10.00-$19.99 

 
2 10  

 Sublette            
 

 252 250  1  $10.00-$19.99 
 

6 10  
 Satanta             

 
 250 250  0  $10.00-$19.99 

 
6 3  

 Scott City          
 

 249 250  0  $10.00-$19.99 
 

1 11  
 Ulysses             

 
 243 250  -3  $10.00-$19.99 

 
2 10  

 Leoti               
 

 237 250  -5  $10.00-$19.99 
 

0 21  
 Oakley              

 
 223 250  -11  Less Than $10 

 
2 7  

 Liberal             
 

 218 250  -13  $10.00-$19.99 
 

15 15  
 Kismet              

 
 171 250  -32  $10.00-$19.99 

 
9 10  

 Garden City         
 

 168 250  -33  $10.00-$19.99 
 

9 6  
 Deerfield           

 
 163 250  -35  $10.00-$19.99 

 
3 8  

 Holcomb             
 

 152 250  -39  $20.00-$29.99 
 

2 13  
 Johnson Subdivision 

 
 69 250  -73  No Water Sales 

 
NA NA  

Average 
 

250 250    – $13.89 
 

5 13 
 
a/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
b/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  “NA” is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
c/ Percent of water unaccounted for was estimated using the region average. 



 TABLE 4 
 WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
 Region 3 
 1997 
 

 
Public Water Suppliers 

 
GPCDa/ 

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

 
Monthly Water 

Rate Category Per 
10,000 Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 

 
Unacc.  
Forb/  

 Oberlin      
 

285 229  24  $10.00-$19.99 
 

0 
 

20  
 Montezuma    

 
260 229  14  $10.00-$19.99 

 
2 

 
18  

 Hoxie        
 

257 229  12  $10.00-$19.99 
 

0 
 

7  
 Grainfield   

 
256 229  12  Less Than $10 

 
0 

 
9  

 Plains       
 

254 229  11  $10.00-$19.99 
 

13 
 

12  
 Quinter      

 
253 229  10  $10.00-$19.99 

 
2 

 
11  

 Jennings     
 

250 229  9  $10.00-$19.99 
 

11 
 

18  
 Grinnell     

 
249 229  9  $10.00-$19.99 

 
4 

 
9  

 Cimarron     
 

248 229  8  $10.00-$19.99 
 

3 
 

12  
 Copeland     

 
238 229  4  Flat Rate 

 
NA 

 
NA  

 Ensign       
 

228 229  0  Flat Rate 
 

NA 
 

NA  
 Fowler       

 
225 229  -2  $10.00-$19.99 

 
4 

 
30  

 Ingalls      
 

220 229  -4  $10.00-$19.99 
 

0 
 

19  
 Dighton      

 
216 229  -6  $10.00-$19.99 

 
3 

 
15  

 Meade        
 

215 229  -6  $10.00-$19.99 
 

3 
 

12  
 Selden       

 
197 229  -14  $10.00-$19.99 

 
9 

 
17  

 Gove         
 

194 229  -15  $10.00-$19.99 
 

2 
 

23  
 Park         

 
191 229  -17  Less Than $10 

 
0 

 
7  

 Norcatur     
 

176 229  -23  $10.00-$19.99 
 

0 
 

14  
 Lane Co. RWD #1 

 
165 229  -28  $10.00-$19.99 

 
0 

 
9  

Average 
 

229 229 – $14.52 
 

3 
 

15 
 
a/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
b/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  “NA” is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
c/ Percent of water unaccounted for was estimated using the region average. 



 TABLE 5 
 WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
 Region 4 
 1997 
 

 
Public Water Suppliers 

 
GPCDa/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metere
d Free 

Unacc.  
Forb/  

Englewood
 

305 164 86 Flat Rate
 

NA NA 
 Ford              

 
 270 164 64 Flat Rate

 
NA NA 

 Bucklin           
 

 267 164 63 Flat Rate
 

NA NA 
 Utica             

 
 225 164 37 $10.00-$19.99 

 
14 7 

 Ashland           
 

 220 164 34 $10.00-$19.99 
 

3 24 
 Norton            

 
 212 164 29 $10.00-$19.99 

 
5 18 

 Morland           
 

 202 164 23 $20.00-$29.99 
 

3 20 
 Hill City         

 
 194 164 19 $10.00-$19.99 

 
6 15 

 Almena            
 

 191 164 16 $10.00-$19.99 
 

0 23 
 Dodge City        

 
 177 164 8 $20.00-$29.99 

 
1 16 

 Lenora            
 

 174 164 6 $30.00-$39.99 
 

2 17 
 Jetmore           

 
 172 164 5 $10.00-$19.99 

 
6 9 

 Wakeeney          
 

 169 164 3 $10.00-$19.99 
 

1 21 
 Minneola          

 
 165 164 0 $10.00-$19.99 

 
0 6 

 Bogue             
 

 153 164 -6 $10.00-$19.99 
 

0 11 
 Collyer           

 
 142 164 -13 $20.00-$29.99 

 
0 34 

 Hanston           
 

 141 164 -14 $10.00-$19.99 
 

0 9 
 Spearville        

 
 138 164 -16 $20.00-$29.99 

 
4 8 

 Ness City         
 

 127 164 -23 $30.00-$39.99 
 

<1 11 
 Ransom            

 
 119 164 -28 $20.00-$29.99 

 
<1 11 

 Bazine            
 

 105 164 -36 $10.00-$19.99 
 

4 12 
 Arnold            

 
 101 164 -39 Flat Rate

 
NA NA 

 Brownell          
 

 88 164 -46 $10.00-$19.99 
 

0 18 
 Clayton           

 
 86 164 -47 $20.00-$29.99 

 
6 15c/

 
 Norton Co. RWD #1 

 
 67 164 -59 $30.00-$39.99 

 
0 13 

 Trego Co. RWD #1  
 

 58 164  -65  $40.00-$49.99 
 

0 6  
Average 

 
164 164 – $19.52 

 
3 15 

 

a/ The gallons per capita per day figures do not include municipally-supplied water for 
industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 

 
b/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  “NA” is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
c/ Percent of water unaccounted for was estimated using the region average. 



 TABLE 6 
 WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
 Region 5 
 1997 
 

 
Public Water Suppliers 

 
GPCDa/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forb/  

 Comanche Co. RWD #2 
 

 385 147  162  $40.00-$49.99 
 

0 47  
 Protection          

 
 287 147  95  $10.00-$19.99 

 
30 12  

 Rush Co. RWD #1     
 

 236 147  60  $40.00-$49.99 
 

3 38  
 Long Island         

 
 212 147  44  $10.00-$19.99 

 
NA NA  

 Logan               
 

 209 147  42  $10.00-$19.99 
 

1 12  
 Coldwater           

 
 197 147  34  $20.00-$29.99 

 
0 14  

 Prairie View        
 

 196 147  33  $20.00-$29.99 
 

2 17  
 Larned              

 
 187 147  27  $10.00-$19.99 

 
9 10  

 Lewis               
 

 186 147  27  $10.00-$19.99 
 

0 13  
 Haviland            

 
 177 147  20  Less Than $10 

 
2 29  

 Otis                
 

 173 147  18  $10.00-$19.99 
 

0 10  
 Rozel               

 
 171 147  16  $10.00-$19.99 

 
4 14  

 Stockton            
 

 168 147  15  $10.00-$19.99 
 

19 14  
 Greensburg          

 
 167 147  13  $20.00-$29.99 

 
2 24  

 Phillipsburg        
 

 166 147  13  $30.00-$39.99 
 

10 12  
 Offerle             

 
 166 147  13  $10.00-$19.99 

 
0 16  

 Mullinville         
 

 164 147  11  $10.00-$19.99 
 

11 20  
 Rush Center         

 
 160 147  9  $10.00-$19.99 

 
<1 13  

 Belvidere           
 

 141 147  -4  Flat Rate 
 

NA NA  
 Kirwin              

 
 140 147  -5  $10.00-$19.99 

 
<1 25  

 Plainville          
 

 139 147  -5  $10.00-$19.99 
 

4 11  
 Burdett             

 
 139 147  -5  $10.00-$19.99 

 
0 15  

 Timken              
 

 137 147  -7  $10.00-$19.99 
 

0 24  
 Rooks Co. RWD #3    

 
 137 147  -7  $40.00-$49.99 

 
1 12  

 Alexander           
 

 131 147  -11  $10.00-$19.99 
 

0 13  
 Ellis Co. RWD #7    

 
 130 147  -11  $60.00-$69.99 

 
0 16  

 Agra                
 

 129 147  -12  $20.00-$29.99 
 

0 10  
 Woodston            

 
 129 147  -12  $20.00-$29.99 

 
0 4  

 Rooks Co. RWD #1    
 

 127 147  -13  $20.00-$29.99 
 

0 9  
 Palco               

 
 127 147  -13  $20.00-$29.99 

 
1 16c/  

 Rooks Co. RWD #2    
 

 125 147  -15  $20.00-$29.99 
 

0 37  
 Bison               

 
 124 147  -16  $10.00-$19.99 

 
0 31  

 Kinsley             
 

 120 147  -19  $20.00-$29.99 
 

2 14    



 TABLE 6 
 WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
 Region 5 
 1997 
 

 
Public Water Suppliers 

 
GPCDa/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forb/ 

 McCracken            116 147  -21  $30.00-$39.99 0 11  
 Belpre              

 
 116 147  -21  $30.00-$39.99 

 
3 3  

 Ellis Co. RWD #2    
 

 113 147  -23  $60.00-$69.99 
 

0 47  
 La Crosse           

 
 109 147  -26  $30.00-$39.99 

 
2 3  

 Ellis               
 

 108 147  -27  $10.00-$19.99 
 

6 8  
 Hays                

 
 106 147  -28  $30.00-$39.99 

 
1 20  

 Victoria            
 

 102 147  -31  $10.00-$19.99 
 

0 9  
 Ellis Co. RWD #6    

 
 98 147  -33  $40.00-$49.99 

 
0 12  

 Hays City Suburban  
 

 95 147  -35  No Water Sales 
 

NA NA  
 Speed               

 
 91 147  -38  $20.00-$29.99 

 
2 11  

 Glade               
 

 80 147  -46  $10.00-$19.99 
 

0 9  
 Ellis Co. RWD #1    

 
 77 147  -48  $20.00-$29.99 

 
1 11  

 Liebenthal          
 

 72 147  -51  $30.00-$39.99 
 

2 12  
 Ellis Co. RWD #3    

 
 49 147  -67  $20.00-$29.99 

 
0 7  

Average 
 

147 147 – $23.96 
 

3 16 
 
a/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
b/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  “NA” is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
c/ Percent of water unaccounted for was estimated using the region average. 



 TABLE 7 
 WATER USE STATISTICS FOR MEDIUM AND LARGE 
 PUBLIC WATER SUPPLIERSa/ 
 Region 6 
 1997 
 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metere
d Free 

Unacc.  
Forc/  

 Medicine Lodge      
 

 241 147  64 $10.00-$19.99 
 

6 24  
 Mitchell Co. RWD #2 

 
 204 147  39 $40.00-$49.99 

 
5 13  

 Lyons               
 

 202 147  37 $10.00-$19.99 
 

1 9  
 Anthony             

 
 192 147  30 $20.00-$29.99 

 
13 23  

 Osborne             
 

 189 147  28 $20.00-$29.99 
 

17 15  
 Attica              

 
 186 147  26 $10.00-$19.99 

 
0 8  

 Downs               
 

 181 147  23 $20.00-$29.99 
 

1 17  
 Pratt               

 
 180 147  22 $10.00-$19.99 

 
4 12  

 Mankato             
 

 175 147  19 $20.00-$29.99 
 

2 23  
 Cunningham          

 
 167 147  14 $10.00-$19.99 

 
12 19  

 Jewell Co. RWD #1   
 

 167 147  13 $40.00-$49.99 
 

3 21  
 Kingman             

 
 162 147  10 $40.00-$49.99 

 
0 30  

 Lincoln Center      
 

 158 147  8 $20.00-$29.99 
 

3 24  
 Smith Center        

 
 157 147  7 $20.00-$29.99 

 
2 20  

 Ellsworth           
 

 155 147  6 $20.00-$29.99 
 

5 13  
 Cawker City         

 
 151 147  2 $10.00-$19.99 

 
1 18  

 Macksville          
 

 150 147  2 $20.00-$29.99 
 

12 12  
 St. John            

 
 149 147  1 $20.00-$29.99 

 
11 10  

 Haven               
 

 145 147  -2 Less Than $10 
 

0 25  
 Claflin             

 
 142 147  -4 $10.00-$19.99 

 
2 14  

 Post Rock Co. RWD   
 

 138 147  -6 $70.00-$79.99 
 

0 24  
 Pretty Prairie      

 
 138 147  -6 $20.00-$29.99 

 
0 11  

 South Hutchinson    
 

 138 147  -6 $10.00-$19.99 
 

4 4  
 Sterling            

 
 136 147  -7 $10.00-$19.99 

 
3 5  

 Little River        
 

 136 147  -8 $20.00-$29.99 
 

0 14  
 Harper              

 
 132 147  -10 $20.00-$29.99 

 
0 16  

 Hutchinson          
 

 129 147  -12 $10.00-$19.99 
 

6 10  
 Kiowa               

 
 128 147  -13 $20.00-$29.99 

 
1 8  

 Buhler              
 

 128 147  -13 $10.00-$19.99 
 

0 10  
 Russell             

 
 126 147  -14 $40.00-$49.99 

 
6 14  

 Great Bend          
 

 120 147  -18 $20.00-$29.99 
 

0 8  
 Hoisington          

 
 120 147  -19 $20.00-$29.99 

 
3 15    



 TABLE 7 
 WATER USE STATISTICS FOR MEDIUM AND LARGE 
 PUBLIC WATER SUPPLIERSa/ 
 Region 6 
 1997 
 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metere
d Free 

Unacc.  
Forc/ 

 Beloit               118 147  -19 $30.00-$39.99 0 10  
 Chase               

 
 116 147  -21 $20.00-$29.99 

 
0 11  

 Wilson              
 

 115 147  -22 $20.00-$29.99 
 

1 9  
 Stafford            

 
 115 147  -22 $10.00-$19.99 

 
4 5  

 Ellinwood           
 

 112 147  -24 $20.00-$29.99 
 

5 4  
 Kanopolis           

 
 99 147  -33 $30.00-$39.99 

 
0 8  

 Nickerson           
 

 99 147  -33 $10.00-$19.99 
 

5 8  
 Jewell              

 
 93 147  -37 $30.00-$39.99 

 
0 9  

Average 
 

147 147 – $23.96 
 

3 16 
 
a/ Includes all public water suppliers in Region 6 that serve 500 people or more. 
 
b/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  "NA" is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
d/ Percent of water unaccounted for was estimated using the regional average. 



 TABLE 8 
 WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 
 Region 6 
 1997 
 

 
Public Water Supplier 

 
GPCDb/

 
Reg.  
Avg.  

GPCD 

 
Pct.  
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc. 
Forc/  

Osborne Co. RWD #1A
 

371 136 173 $50.00-$59.99
 

0 50 
 Smith Co. RWD #1     

 
 303 136 123 $40.00-$49.99 

 
0 30 

 West Hills Water Co. 
 

 250 136 84 Flat Rate
 

NA NA 
 Reno Co. RWD #1      

 
 241 136 77 $30.00-$39.99 

 
0 36 

 Preston              
 

 225 136 66 Flat Rate
 

NA NA 
 Hardtner             

 
 209 136 54 $20.00-$29.99 

 
29 12 

 Sylvia               
 

 187 136 37 $10.00-$19.99 
 

7 37 
 Burr Oak             

 
 186 136 37 $20.00-$29.99 

 
0 42 

 Reno Co. RWD #8      
 

 184 136 36 $10.00-$19.99 
 

6 16 
 Barber Co. RWD #2    

 
 184 136 35 $20.00-$29.99 

 
5 17 

 Glen Elder           
 

 169 136 24 $40.00-$49.99 
 

4 13 
 Isabel               

 
 164 136 21 $10.00-$19.99 

 
0 NA 

 Gaylord              
 

 156 136 15 $20.00-$29.99 
 

3 19 
 Cullison             

 
 153 136 12 $10.00-$19.99 

 
0 20 

 Kensington           
 

 149 136 9 $20.00-$29.99 
 

9 11 
 Coats                

 
 147 136 8 $10.00-$19.99 

 
0 6 

 Russell Co. RWD #4   
 

 147 136 8 $40.00-$49.99 
 

0 40 
 Beverly              

 
 145 136 7 $20.00-$29.99 

 
8 19 

 Turon                
 

 141 136 4 $10.00-$19.99 
 

2 19 
 Lorraine             

 
 140 136 3 $10.00-$19.99 

 
0 5 

 Barton Co. RWD #2    
 

 140 136 3 $20.00-$29.99 
 

NA NA 
 Bushton              

 
 140 136 3 $10.00-$19.99 

 
1 16 

 Spivey               
 

 137 136 1 $20.00-$29.99 
 

3 17 
 Sawyer               

 
 134 136 -1 $20.00-$29.99 

 
1 16 

 Sylvan Grove        
 

 134 136 -2 $20.00-$29.99 
 

0 9 
 Holyrood             

 
 132 136 -3 $10.00-$19.99 

 
7 14 

 Hazelton             
 

 128 136 -6 $20.00-$29.99 
 

0 12 
 Alton                

 
 125 136 -8 $10.00-$19.99 

 
0 19 

 Esbon                
 

 122 136 -10 $30.00-$39.99 
 

3 31 
 Raymond              

 
 122 136 -11 $10.00-$19.99 

 
0 4 

 Natoma               
 

 119 136 -13 $20.00-$29.99 
 

0 26 
 Norwich             

 
 119 136 -13 $20.00-$29.99 

 
0 16 

 Zenda                
 

 115 136 -15 $20.00-$29.99 
 

2 16 
 Abbyville            

 
 111 136 -18 Less Than $10 

 
1 29 

 Albert               
 

 110 136 -19 $10.00-$19.99 
 

0 13 
 Lucas                

 
 109 136 -20 $20.00-$29.99 

 
1 10



 TABLE 8 
 WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 
 Region 6 
 1997 
 

 
Public Water Supplier 

 
GPCDb/

 
Reg.  
Avg.  

GPCD 

 
Pct.  
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc. 
Forc/  

 Russell Co. RWD #2   
 

 107 136 -22 $20.00-$29.99 
 

NA NA 
 Bunker Hill          

 
 107 136 -22 $40.00-$49.99 

 
5 22 

 Arlington            
 

 106 136 -22 $10.00-$19.99 
 

1 12 
 Lebanon             

 
 105 136 -23 $30.00-$39.99 

 
0 16 

 Olmitz               
 

 103 136 -25 $10.00-$19.99 
 

0 10 
 Portis               

 
 103 136 -25 $20.00-$29.99 

 
<1 38 

 Barber Co. RWD #3    
 

 102 136 -25 $40.00-$49.99 
 

0 19 
 Tipton               

 
 102 136 -25 $20.00-$29.99 

 
3 15 

 Sharon               
 

 102 136 -25 Less Than $10 
 

<1 4 
 Gorham               

 
 101 136 -25 $50.00-$59.99 

 
<1 9 

 Luray                
 

 100 136 -27 $40.00-$49.99 
 

0 20 
 Russell Co. RWD #1   

 
 95 136 -30 $40.00-$49.99 

 
0 27 

 Formoso             
 

 93 136 -31 $30.00-$39.99 
 

<1 18 
 Randall              

 
 93 136 -32 $50.00-$59.99 

 
0 10 

 Iuka                 
 

 92 136 -32 $30.00-$39.99 
 

<1 9 
 Reno Co. WD  101     

 
 91 136 -33 $10.00-$19.99 

 
0 6 

 Bluff City           
 

 91 136 -33 $10.00-$19.99 
 

<1 19 
 Pawnee Rock          

 
 91 136 -33 $20.00-$29.99 

 
1 9 

 Geneseo              
 

 88 136 -35 $20.00-$29.99 
 

1 5 
 Barton Hills WD      

 
 81 136 -41 $30.00-$39.99 

 
0 10 

 Dorrance             
 

 77 136 -43 $30.00-$39.99 
 

1 6 
 Harper Co. RWD #3    

 
 73 136 -46 $10.00-$19.99 

 
0 4 

 Simpson              
 

 56 136  -59  $20.00-$29.99 
 

0 17d/  
Average 

 
136 136 – $26.01 

 
2 17 

 
a/ Includes all public water suppliers in Region 6 that serve fewer than 500 people. 
b/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
c/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  "NA" is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

d/ Percent of water unaccounted for was estimated using the regional average.  



 TABLE 9 
 WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 
 Region 7 
 1997 
 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons  

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/  

 Emporia       
 

186 141  32 $20.00-$29.99 
 

6 22  
 El Dorado     

 
186 141  32 $10.00-$19.99 

 
3 8  

 Topeka        
 

170 141  21 $20.00-$29.99 
 

19 5  
 McPherson     

 
149 141  6 $10.00-$19.99 

 
1 7  

 Manhattan     
 

144 141  2 $20.00-$29.99 
 

1 14  
 Wichita       

 
141 141  0 $10.00-$19.99 

 
0 6  

 Coffeyville   
 

138 141  -2 $20.00-$29.99 
 

1 23  
 Independence  

 
136 141  -4 $20.00-$29.99 

 
15 21  

 Arkansas City 
 

135 141  -4 $40.00-$49.99 
 

5 29  
 Junction City 

 
130 141  -8 $20.00-$29.99 

 
8 13  

 Winfield      
 

123 141  -13 $20.00-$29.99 
 

0 7  
 Salina        

 
116 141  -18 $20.00-$29.99 

 
1 5  

 Derby         
 

115 141  -18 $10.00-$19.99 
 

1 5  
 Newton        

 
110 141  -22 $10.00-$19.99 

 
0 11  

Average 
 

141 141 – $22.35 
 

4 12 
 
a/ Includes all public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  "NA" is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
d/ Percent of water unaccounted for was estimated using the regional average. 



 TABLE 10 
 WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 
 Region 7 
 1997 
 

 
 1 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons  

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/  

 Strong City             
 

 210 114  84 $40.00-$49.99 
 

3 52  
 Blue Rapids             

 
 196 114  72 $10.00-$19.99 

 
0 14d/  

 Clifton                 
 

 183 114  60 $10.00-$19.99 
 

12 18  
 Chapman                 

 
 169 114  49 $20.00-$29.99 

 
36 9  

 Belleville              
 

 162 114  42 $20.00-$29.99 
 

4 12  
 Moline                  

 
 162 114  42 $40.00-$49.99 

 
0 22  

 Republic Co. RWD #2     
 

 162 114  42 $20.00-$29.99 
 

0 27  
 St. Marys               

 
 154 114  35 $10.00-$19.99 

 
5 12  

 Cowley Co. RWD #3       
 

 151 114  32 $20.00-$29.99 
 

1 38  
 Clyde                   

 
 149 114  30 $20.00-$29.99 

 
3 26  

 Moundridge              
 

 148 114  30 Less Than $10 
 

1 4  
 Concordia               

 
 148 114  30 $20.00-$29.99 

 
3 9  

 Caney                   
 

 148 114  30 $30.00-$39.99 
 

23 15  
 Marquette               

 
 146 114  28 $30.00-$39.99 

 
8 27  

 Cheney                  
 

 145 114  27 $20.00-$29.99 
 

33 5  
 Minneapolis             

 
 143 114  26 $20.00-$29.99 

 
3 13  

 Miltonvale              
 

 141 114  24 $10.00-$19.99 
 

5 24  
 Wellington              

 
 139 114  22 $30.00-$39.99 

 
7 20  

 Washington              
 

 138 114  21 $10.00-$19.99 
 

0 12  
 Riley                   

 
 138 114  21 $10.00-$19.99 

 
0 29  

 Mount Hope              
 

 137 114  20 $10.00-$19.99 
 

12 11  
 Holton                  

 
 136 114  19 $30.00-$39.99 

 
14 12  

 Augusta                 
 

 134 114  17 $10.00-$19.99 
 

0 15  
 Waterville              

 
 134 114  17 $10.00-$19.99 

 
3 13  

 Marshall Co. RWD #3     
 

 133 114  16 $40.00-$49.99 
 

0 12  
 Washington Co. RWD #2   

 
 132 114  15 $40.00-$49.99 

 
0 22  

 Marysville              
 

 131 114  15 $20.00-$29.99 
 

2 18  
 Sedan                   

 
 131 114  15 $30.00-$39.99 

 
13 8  

 Clay Center             
 

 131 114  15 $10.00-$19.99 
 

7 7  
 Delphos                 

 
 130 114  14 $10.00-$19.99 

 
0 23  

 Westmoreland            
 

 128 114  13 $30.00-$39.99 
 

2 19    



 TABLE 10 
 WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 
 Region 7 
 1997 
 

 
 2 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons  

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/ 

 Burlington               128 114  12 $30.00-$39.99 7 13  
 Ogden                   

 
 127 114  12 $10.00-$19.99 

 
1 NA  

 Canton                  
 

 127 114  11 $10.00-$19.99 
 

0 NA  
 Seneca                  

 
 127 114  11 $10.00-$19.99 

 
1 7  

 Neodesha                
 

 127 114  11 $40.00-$49.99 
 

9 6  
 Solomon                 

 
 126 114  11 $20.00-$29.99 

 
2 15  

 Wakefield               
 

 126 114  11 $20.00-$29.99 
 

1 26  
 Inman                   

 
 126 114  10 $20.00-$29.99 

 
2 7  

 Alma                    
 

 125 114  10 $30.00-$39.99 
 

10 14  
 Dickinson Co. RWD #1    

 
 125 114  9 $50.00-$59.99 

 
0 22  

 Wamego                  
 

 124 114  9 $10.00-$19.99 
 

2 13  
 Hesston                 

 
 123 114  8 $10.00-$19.99 

 
8 3  

 Frankfort               
 

 122 114  7 $10.00-$19.99 
 

2 20  
 Eureka                  

 
 121 114  6 $30.00-$39.99 

 
1 14  

 Abilene                 
 

 121 114  6 $30.00-$39.99 
 

<1 8  
 Florence                

 
 121 114  6 $30.00-$39.99 

 
2 29  

 Nemaha Co. RWD #3       
 

 120 114  5 $40.00-$49.99 
 

0 9  
 Burden                  

 
 120 114  5 $30.00-$39.99 

 
1 26  

 Oxford                  
 

 119 114  5 $30.00-$39.99 
 

<1 19  
 Eskridge                

 
 119 114  4 $40.00-$49.99 

 
0 7  

 Halstead                
 

 118 114  3 $20.00-$29.99 
 

<1 4  
 Marion                  

 
 117 114  2 $30.00-$39.99 

 
4 13  

 Bel Aire                
 

 116 114  2 $20.00-$29.99 
 

<1 6  
 Ottawa Co. RWD #2       

 
 115 114  1 $50.00-$59.99 

 
3 9  

 North Newton            
 

 114 114  0 $20.00-$29.99 
 

0 17  
 Jackson Co. RWD #3      

 
 114 114  0 $40.00-$49.99 

 
0 15  

 Marion Co. RWD #1       
 

 113 114  0 $20.00-$29.99 
 

<1 12  
 Goddard                 

 
 113 114  -1 $10.00-$19.99 

 
2 4  

 Sedgwick Co. RWD #4     
 

 113 114  -1 $60.00-$69.99 
 

0 24  
 Argonia                 

 
 112 114  -2 $10.00-$19.99 

 
2 12  

 Lindsborg               
 

 112 114  -2 $30.00-$39.99 
 

2 7    



 TABLE 10 
 WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 
 Region 7 
 1997 
 

 
 3 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons  

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/ 

 Pottawatomie Co. RWD #1  111 114  -2 $30.00-$39.99 <1 10  
 Saline Co. RWD #4       

 
 111 114  -2 $30.00-$39.99 

 
0 9  

 Garden Plain            
 

 111 114  -3 $30.00-$39.99 
 

3 23  
 Sabetha                 

 
 110 114  -3 $40.00-$49.99 

 
0 15  

 Fredonia                
 

 110 114  -3 $40.00-$49.99 
 

2 9  
 Udall                   

 
 110 114  -4 $30.00-$39.99 

 
0 23  

 Cowley Co. RWD #1       
 

 109 114  -4 $20.00-$29.99 
 

2 21  
 Park City               

 
 108 114  -5 $10.00-$19.99 

 
<1 7  

 Cowley Co. RWD #6       
 

 108 114  -5 $10.00-$19.99 
 

<1 18  
 Osage City              

 
 107 114  -7 $20.00-$29.99 

 
2 12  

 Cherryvale              
 

 106 114  -7 $30.00-$39.99 
 

1 33  
 Glasco                  

 
 105 114  -8 $30.00-$39.99 

 
0 16  

 Herington               
 

 105 114  -8 $20.00-$29.99 
 

7 14  
 Madison                 

 
 104 114  -8 $30.00-$39.99 

 
20 5  

 Burlingame              
 

 104 114  -8 $50.00-$59.99 
 

6 16  
 Cedar Vale              

 
 104 114  -9 $30.00-$39.99 

 
2 12  

 Howard                  
 

 104 114  -9 $30.00-$39.99 
 

0 14  
 Council Grove           

 
 103 114  -10 $20.00-$29.99 

 
9 9  

 Sedgwick                
 

 103 114  -10 $20.00-$29.99 
 

4 7  
 Bennington              

 
 103 114  -10 $10.00-$19.99 

 
1 12  

 Leon                    
 

 102 114  -10 $30.00-$39.99 
 

1 26  
 Belle Plaine            

 
 101 114  -12 $20.00-$29.99 

 
0 19  

 Osage Co. RWD #3        
 

 101 114  -12 $40.00-$49.99 
 

0 25  
 Valley Center           

 
 100 114  -12 $20.00-$29.99 

 
1 9  

 Shawnee Co. RWD #8      
 

 100 114  -12 $20.00-$29.99 
 

0 15  
 Caldwell                

 
 100 114  -12 $30.00-$39.99 

 
<1 11  

 Shawnee Co. RWD #3      
 

 99 114  -13 $40.00-$49.99 
 

0 29  
 Galva                   

 
 98 114  -14 $20.00-$29.99 

 
2 6  

 Enterprise              
 

 98 114  -14 $30.00-$39.99 
 

2 11  
 Hanover                 

 
 98 114  -14 $30.00-$39.99 

 
6 15  

 Osage Co. RWD #5        
 

 98 114  -14 $50.00-$59.99 
 

0 17    



 TABLE 10 
 WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 
 Region 7 
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 4 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons  

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/ 

 Peabody                  97 114  -15 $30.00-$39.99 1 10  
 Haysville               

 
 97 114  -15 $10.00-$19.99 

 
1 17  

 Rossville               
 

 97 114  -15 $10.00-$19.99 
 

0 6  
 Hillsboro               

 
 97 114  -15 $30.00-$39.99 

 
<1 8  

 Shawnee Co. RWD #4      
 

 96 114  -15 $30.00-$39.99 
 

0 19  
 Morris Co. RWD #1       

 
 96 114  -15 $50.00-$59.99 

 
<1 4  

 Goessel                 
 

 96 114  -16 $10.00-$19.99 
 

0 16  
 Washington Co. RWD #1   

 
 96 114  -16 $40.00-$49.99 

 
<1 11  

 Pottawatomie Co. RWD #3 
 

 95 114  -17 $30.00-$39.99 
 

1 4  
 Conway Springs          

 
 95 114  -17 $20.00-$29.99 

 
<1 13  

 Burrton                 
 

 95 114  -17 $20.00-$29.99 
 

2 5  
 Clearwater              

 
 93 114  -18 $30.00-$39.99 

 
5 14  

 Clay Co. RWD #2         
 

 92 114  -19 $60.00-$69.99 
 

0 9  
 Waverly                 

 
 92 114  -19 $50.00-$59.99 

 
2 22  

 Coffey Co. RWD #3       
 

 91 114  -20 $50.00-$59.99 
 

0 13  
 Yates Center            

 
 91 114  -21 $40.00-$49.99 

 
4 11  

 Woodson Co. RWD #1      
 

 90 114  -21 $50.00-$59.99 
 

7 29  
 Onaga                   

 
 89 114  -22 $30.00-$39.99 

 
3 4  

 Overbrook               
 

 88 114  -23 $40.00-$49.99 
 

1 18  
 Dickinson Co. RWD #2    

 
 88 114  -23 $40.00-$49.99 

 
0 28  

 Lyndon                  
 

 87 114  -24 $40.00-$49.99 
 

3 10  
 White City              

 
 86 114  -24 $10.00-$19.99 

 
0 7  

 Silver Lake             
 

 86 114  -25 $20.00-$29.99 
 

3 6  
 Geary Co. RWD #4        

 
 85 114  -25 $40.00-$49.99 

 
0 8  

 Cottonwood Falls        
 

 85 114  -25 $30.00-$39.99 
 

2 15  
 Leroy                   

 
 84 114  -26 $50.00-$59.99 

 
0 13  

 Whitewater              
 

 84 114  -26 $40.00-$49.99 
 

1 8  
 Lebo                    

 
 83 114  -27 $60.00-$69.99 

 
0 9  

 Wabaunsee Co. RWD #2    
 

 83 114  -27 $50.00-$59.99 
 

0 14  
 Carbondale              

 
 83 114  -28 $20.00-$29.99 

 
1 10  

 Douglass                
 

 80 114  -29 $50.00-$59.99 
 

1 8    



 TABLE 10 
 WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 
 Region 7 
 1997 
 

 
 5 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons  

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/ 

 Shawnee Co. RWD #2C      80 114  -30 $40.00-$49.99 0 5  
 Milford                 

 
 80 114  -30 $40.00-$49.99 

 
10 NA  

 Mulvane                 
 

 75 114  -34 $30.00-$39.99 
 

2 12  
 Hartford                

 
 75 114  -34 $40.00-$49.99 

 
0 12  

 Andale                  
 

 70 114  -39 $30.00-$39.99 
 

2 9  
Average 

 
114 114 – $32.19 

 
3 14 

 
a/ Includes all public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  "NA" is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
d/ Percent of water unaccounted for was estimated using the regional average. 



 TABLE 11 
 WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 
 Region 7 
 1997 
 

 
 1 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/  

 Republic Co. RWD #1       
 

 276 110  151  $20.00-$29.99 
 

0 32  
 Elgin                     

 
 228 110  107  $10.00-$19.99 

 
0 65  

 Byron                     
 

 212 110  93  Flat Rate 
 

NA NA  
 Greenleaf                 

 
 194 110  76  $20.00-$29.99 

 
4 20  

 Rocky Ford Wtr. Co.       
 

 193 110  76  Flat Rate 
 

NA NA  
 Pottawatomie Co. RWD #2   

 
 187 110  70  $40.00-$49.99 

 
0 30  

 Mahaska                   
 

 186 110  69  $10.00-$19.99 
 

2 26  
 Marshall Co. RWD #2       

 
 172 110  56  $30.00-$39.99 

 
0 17  

 Emmett                    
 

 168 110  53  $20.00-$29.99 
 

<1 40  
 Ottawa Co. RWD #1         

 
 161 110  46  $30.00-$39.99 

 
0 28  

 Scandia                   
 

 157 110  43  Less Than $10 
 

3 12  
 Summerfield               

 
 149 110  35  $20.00-$29.99 

 
0 9  

 Barnes                    
 

 147 110  33  $10.00-$19.99 
 

0 25  
 Tatarrax Hills            

 
 141 110  28  $30.00-$39.99 

 
0 17  

 Republic                  
 

 139 110  26  $10.00-$19.99 
 

2 32  
 Morrowville               

 
 135 110  23  $30.00-$39.99 

 
0 38  

 New Strawn                
 

 134 110  22  $30.00-$39.99 
 

6 24  
 Altoona                   

 
 132 110  20  $30.00-$39.99 

 
11 16  

 Linn                      
 

 130 110  18  $20.00-$29.99 
 

0 23  
 Timber Creek Water & Sewe 

 
 126 110  14  $20.00-$29.99 

 
0 20  

 Saline Co. RWD #2         
 

 124 110  12  $30.00-$39.99 
 

0 25  
 Morganville               

 
 122 110  11  $10.00-$19.99 

 
0 10  

 University Park Water     
 

 122 110  11  Flat Rate 
 

NA NA  
 Palmer                    

 
 120 110  9  $20.00-$29.99 

 
8 16  

 Jamestown                 
 

 116 110  6  $20.00-$29.99 
 

0 12  
 Howison Heights WD        

 
 116 110  6  $40.00-$49.99 

 
0 7  

 Courtland                 
 

 116 110  5  $20.00-$29.99 
 

3 11  
 Cuba                      

 
 114 110  3  $20.00-$29.99 

 
<1 18  

 Beattie                   
 

 113 110  3  $30.00-$39.99 
 

2 19  
 Cloud Co. RWD #1          

 
 113 110  3  $30.00-$39.99 

 
4 15  

 Vermillion                
 

 111 110  1  $20.00-$29.99 
 

0 18    
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 2 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/ 

 Leonardville               110 110  0  $30.00-$39.99 0 11  
 Saline Co. RWD #8         

 
 110 110  0  $50.00-$59.99 

 
0 22  

 Elk City                  
 

 110 110  0  $30.00-$39.99 
 

14 7  
 Belvue                    

 
 109 110  -1  $20.00-$29.99 

 
0 8  

 Burns                     
 

 109 110  -1  $20.00-$29.99 
 

<1 12  
 Clay Co. RWD #1           

 
 109 110  -1  $20.00-$29.99 

 
<1 8  

 Gypsum                    
 

 108 110  -2  $10.00-$19.99 
 

1 14  
 Buffalo                   

 
 108 110  -2  $50.00-$59.99 

 
25 12  

 Blue River HIlls Improv.  
 

 107 110  -3  Flat Rate 
 

NA NA  
 Wetmore                   

 
 106 110  -4  $20.00-$29.99 

 
0 22  

 Longton                   
 

 105 110  -4  $20.00-$29.99 
 

13 5  
 Saline Co. RWD #6         

 
 105 110  -4  $40.00-$49.99 

 
0 11  

 Haddam                    
 

 105 110  -4  $20.00-$29.99 
 

1 29  
 Tescott                   

 
 104 110  -5  $10.00-$19.99 

 
<1 4  

 Havensville               
 

 104 110  -6  $40.00-$49.99 
 

0 18  
 Nemaha Co. RWD #1         

 
 103 110  -6  $30.00-$39.99 

 
0 13  

 Goff                      
 

 103 110  -6  $30.00-$39.99 
 

0 12  
 Matfield Green            

 
 102 110  -8  $20.00-$29.99 

 
0 21  

 South Haven               
 

 101 110  -8  $20.00-$29.99 
 

0 23  
 Olsburg                   

 
 101 110  -9  $20.00-$29.99 

 
0 11  

 Severy                    
 

 100 110  -9  $30.00-$39.99 
 

29 8  
 St. George                

 
 99 110  -10  $10.00-$19.99 

 
<1 32  

 Longford                  
 

 99 110  -10  $20.00-$29.99 
 

2 24  
 Toronto                   

 
 98 110  -11  $40.00-$49.99 

 
2 19  

 Melvern                   
 

 98 110  -11  $50.00-$59.99 
 

8 18  
 Narka                     

 
 97 110  -12  $20.00-$29.99 

 
0 17  

 Munden                    
 

 97 110  -12  $10.00-$19.99 
 

0 10  
 Cassoday                  

 
 97 110  -12  $40.00-$49.99 

 
<1 15  

 Axtell                    
 

 96 110  -13  $40.00-$49.99 
 

<1 7  
 McPherson Co. RWD #1      

 
 96 110  -13  $20.00-$29.99 

 
0 7  

 Osage Co. RWD #4          
 

 95 110  -13  $60.00-$69.99 
 

0 25    
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 3 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/ 

 Aurora                     94 110  -14  $20.00-$29.99 0 20  
 Potwin                    

 
 94 110  -14  $40.00-$49.99 

 
6 5  

 Geuda Springs             
 

 94 110  -15  $20.00-$29.99 
 

1 19  
 Geary Co. RWD #2          

 
 91 110  -17  Flat Rate 

 
NA NA  

 Randolph                  
 

 90 110  -18  $40.00-$49.99 
 

0 8  
 Maple Hill                

 
 90 110  -18  $10.00-$19.99 

 
0 9  

 Hope                      
 

 89 110  -19  $40.00-$49.99 
 

0 6  
 Lehigh                    

 
 89 110  -19  $10.00-$19.99 

 
0 14  

 Paxico                    
 

 89 110  -19  $30.00-$39.99 
 

2 3  
 Green                     

 
 88 110  -20  $30.00-$39.99 

 
1 25  

 Marshall Co. RWD #1       
 

 87 110  -21  $40.00-$49.99 
 

0 9  
 Agenda                    

 
 86 110  -21  $20.00-$29.99 

 
3 8  

 Atlanta                   
 

 86 110  -22  $50.00-$59.99 
 

7 3  
 Oketo                     

 
 85 110  -23  $20.00-$29.99 

 
0 21  

 Wabaunsee Co. RWD #1      
 

 84 110  -23  $80.00-$89.99 
 

0 18  
 Assaria                   

 
 83 110  -24  $20.00-$29.99 

 
0 4  

 Bern                      
 

 83 110  -24  $20.00-$29.99 
 

<1 NA  
 Elmdale                   

 
 83 110  -25  $20.00-$29.99 

 
0 27  

 Oneida                    
 

 82 110  -25  $20.00-$29.99 
 

0 15  
 McFarland                 

 
 82 110  -26  $30.00-$39.99 

 
3 NA  

 Dwight                    
 

 80 110  -27  $10.00-$19.99 
 

0 3  
 Nemaha Co. RWD #4         

 
 80 110  -27  $50.00-$59.99 

 
0 7  

 Osage Co. RWD #2          
 

 79 110  -28  $30.00-$39.99 
 

0 10  
 Konza Valley Water Benefi 

 
 79 110  -28  More Than $90 

 
0 12  

 Grenola                   
 

 78 110  -29  $40.00-$49.99 
 

1 7  
 Alta Vista                

 
 77 110  -30  $30.00-$39.99 

 
2 5  

 Whiting                   
 

 76 110  -31  $30.00-$39.99 
 

3 9  
 Culver                    

 
 75 110  -32  $10.00-$19.99 

 
0 16  

 Durham                    
 

 72 110  -34  $20.00-$29.99 
 

0 8  
 Harveyville               

 
 69 110  -37  $50.00-$59.99 

 
9 4  

 Saline Co. RWD #1         
 

 69 110  -38  $40.00-$49.99 
 

0 13    
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 4 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/ 

 Hollenberg                 68 110  -38  $60.00-$69.99 0 33  
 Virgil                    

 
 67 110  -39  $30.00-$39.99 

 
0 10  

 Cedar Point               
 

 66 110  -40  $20.00-$29.99 
 

0 3  
 Quenemo                   

 
 64 110  -42  $50.00-$59.99 

 
1 8  

Average 
 

110 110 – $32.56 
 

2 16 
 
a/ Includes all public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  "NA" is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
d/ Percent of water unaccounted for was estimated using the regional average. 



 TABLE 12 
 WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 
 Region 8 
 1997 
 

 
 1 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/  

 Atchison    
 

 196 137  43 $20.00-$29.99 
 

3 20  
 Kansas City BPU 

 
 186 137  36 $30.00-$39.99 

 
28 10  

 Parsons     
 

 158 137  15 $20.00-$29.99 
 

27 13  
 Johnson Co. Water  Dist #1 

 
 144 137  5 $30.00-$39.99 

 
8 8  

 Pittsburg   
 

 127 137  -8 $20.00-$29.99 
 

7 15  
 Lawrence    

 
 116 137  -15 $20.00-$29.99 

 
6 9  

 Olathe      
 

 113 137  -18 $20.00-$29.99 
 

<1 19  
 Leavenworth 

 
 104 137  -24 $30.00-$39.99 

 
<1 6  

 Ottawa      
 

 93 137  -32 $20.00-$29.99 
 

1 8  
Average 

 
137 137 – $28.51 

 
9 12 

 
a/ Includes all public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  "NA" is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
d/ Percent of water unaccounted for was estimated using the regional average. 



 TABLE 13 
 WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 
 Region 8 
 1997 
 

 
 1 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/  

 Miami Co. RWD #2        
 

153 106 45 $50.00-$59.99 
 

0 32 
 Fort Scott              

 
152 106 43 $30.00-$39.99 

 
6 24 

 Cherokee Co. RWD #4     
 

151 106 42 $30.00-$39.99 
 

0 10 
 Columbus                

 
142 106 34 $20.00-$29.99 

 
2 24 

 Baxter Springs          
 

140 106 32 $20.00-$29.99 
 

7 4 
 Chanute                 

 
140 106 32 $30.00-$39.99 

 
14 12 

 Wathena                 
 

130 106 23 $20.00-$29.99 
 

<1 12 
 DeSoto                  

 
129 106 22 $30.00-$39.99 

 
9 14 

 Galena                  
 

129 106 22 $10.00-$19.99 
 

15 18 
 Mound City              

 
129 106 22 $40.00-$49.99 

 
9 23 

 Jefferson Co. RWD #12   
 

129 106 22 $60.00-$69.99 
 

<1 29 
 Osawatomie              

 
128 106 21 $20.00-$29.99 

 
12 13 

 Douglas Co. RWD #3      
 

128 106 20 $50.00-$59.99 
 

1 16 
 Scammon                 

 
127 106 20 $10.00-$19.99 

 
15 12 

 Franklin Co. RWD #4     
 

126 106 19 $40.00-$49.99 
 

<1 26 
 Girard                  

 
124 106 17 $30.00-$39.99 

 
3 23 

 Crawford Co. RWD #4     
 

121 106 14 $20.00-$29.99 
 

6 31 
 Franklin Co. RWD #5     

 
121 106 14 $20.00-$29.99 

 
0 15d/

 
 Thayer                  

 
120 106 13 $40.00-$49.99 

 
0 32 

 Cherokee Co. RWD #3     
 

119 106 12 $20.00-$29.99 
 

0 31 
 Effingham               

 
119 106 12 $20.00-$29.99 

 
5 5 

 Cherokee Co. RWD #1     
 

118 106 12 $20.00-$29.99 
 

2 22 
 Ozawkie                 

 
118 106 12 $10.00-$19.99 

 
0 10 

 Hiawatha                
 

118 106 11 $30.00-$39.99 
 

1 10 
 Richmond                

 
118 106 11 $40.00-$49.99 

 
14 16 

 Weir                    
 

116 106 9 $30.00-$39.99 
 

0 15d/
 
 Crawford Co. RWD #5     

 
115 106 8 $10.00-$19.99 

 
0 17 

 Jefferson Co. RWD #3    
 

115 106 8 $20.00-$29.99 
 

0 24 
 Highland                

 
114 106 8 $30.00-$39.99 

 
13 16 

 Bonner Springs          
 

114 106 7 $30.00-$39.99 
 

<1 20 
 Jefferson Co. RWD #2    

 
113 106 7 $40.00-$49.99 

 
0 32 

 Oswego                  
 

111 106 5 $40.00-$49.99 
 

11 7 
 Jefferson Co. RWD #1    

 
111 106 5 $20.00-$29.99 

 
0 14
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 2 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/  

 Frontenac               
 

110 106 4 $30.00-$39.99 
 

5 25 
 Crawford Co. RWD #6     

 
109 106 3 $70.00-$79.99 

 
0 22 

 Paola                   
 

109 106 3 $30.00-$39.99 
 

<1 6 
 Mulberry                

 
108 106 2 $50.00-$59.99 

 
0 32 

 Jefferson Co. RWD #7    
 

108 106 2 $30.00-$39.99 
 

0 12 
 Jefferson Co. RWD #13   

 
107 106 1 $40.00-$49.99 

 
5 25 

 Tonganoxie              
 

105 106 -1 $20.00-$29.99 
 

24 13 
 Troy                    

 
104 106 -2 $40.00-$49.99 

 
<1 31 

 St. Paul                
 

104 106 -2 $30.00-$39.99 
 

0 15 
 Douglas Co. RWD #4      

 
104 106 -2 $60.00-$69.99 

 
0 22 

 Valley Falls            
 

104 106 -2 $20.00-$29.99 
 

5 19 
 Iola                    

 
101 106 -4 $20.00-$29.99 

 
<1 8 

 Garnett                 
 

101 106 -5 $50.00-$59.99 
 

7 7 
 Horton                  

 
100 106 -6 $30.00-$39.99 

 
8 9 

 Chetopa                 
 

100 106 -6 $30.00-$39.99 
 

3 16 
 Perry                   

 
99 106 -7 $50.00-$59.99 

 
<1 15 

 Anderson Co. RWD #4     
 

99 106 -7 $50.00-$59.99 
 

0 15 
 Cherokee                

 
98 106 -8 $30.00-$39.99 

 
1 21 

 Oskaloosa               
 

97 106 -8 $30.00-$39.99 
 

1 9 
 La Cygne                

 
97 106 -8 $30.00-$39.99 

 
<1 14 

 Erie                    
 

95 106 -11 $40.00-$49.99 
 

3 7 
 Baldwin                 

 
93 106 -12 $40.00-$49.99 

 
0 12 

 Humboldt                
 

93 106 -12 $30.00-$39.99 
 

4 19 
 Arma                    

 
93 106 -12 $20.00-$29.99 

 
0 8 

 Elwood                  
 

93 106 -13 $20.00-$29.99 
 

0 15 
 Spring Hill             

 
92 106 -14 $70.00-$79.99 

 
10 10 

 Franklin Co. RWD #6     
 

91 106 -14 $50.00-$59.99 
 

8 27 
 Pleasanton              

 
91 106 -14 $20.00-$29.99 

 
2 NA 

 Nortonville             
 

91 106 -14 $10.00-$19.99 
 

3 8 
 Eudora                  

 
90 106 -15 $50.00-$59.99 

 
1 5 

 Crawford Co. RWD #1C    
 

90 106 -15 $30.00-$39.99 
 

0 14 
 McLouth                 

 
90 106 -15 $50.00-$59.99 

 
2 20 

 Leavenworth Co. RWD #9  
 

90 106 -15 $40.00-$49.99 
 

0 13
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 3 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg. 

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/  

 Winchester              
 

90 106 -15 $30.00-$39.99 
 

2 6 
 Gardner                 

 
89 106 -16 $50.00-$59.99 

 
8 7 

 Douglas Co. RWD #1      
 

87 106 -18 $40.00-$49.99 
 

0 10 
 Douglas Co. RWD #2      

 
87 106 -18 $50.00-$59.99 

 
0 14 

 Cherokee Co. RWD #2     
 

87 106 -18 $20.00-$29.99 
 

0 12 
 Cherokee Co. RWD #8     

 
86 106 -19 $40.00-$49.99 

 
3 12 

 Suburban Water Co.      
 

86 106 -19 $50.00-$59.99 
 

0 8 
 Douglas Co. RWD #5      

 
84 106 -21 $50.00-$59.99 

 
0 13 

 Johnson Co. RWD #7      
 

84 106 -21 $50.00-$59.99 
 

0 10 
 Pomona                  

 
82 106 -22 $20.00-$29.99 

 
0 6 

 Leavenworth Co. RWD #1C 
 

80 106 -24 $40.00-$49.99 
 

0 8 
 Brown Co. RWD #1        

 
79 106 -25 $30.00-$39.99 

 
0 6 

 Louisburg               
 

79 106 -25 $70.00-$79.99 
 

5 7 
 Lecompton               

 
73 106 -31 $30.00-$39.99 

 
5 15 

 Neosho/Allen Co. RWD #2     
 

73 106 -32 $30.00-$39.99 
 

0 16 
 Edgerton                

 
 64 106  -40 $40.00-$49.99 

 
1 10  

Average 
 

106 106 -- $38.52 
 

3 15 
 
a/ Includes all public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  "NA" is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
d/ Percent of water unaccounted for was estimated using the regional average. 



 TABLE 14 
 WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 
 Region 8 
 1997 
 

 
 1 

 
Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg.  

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/  

 Bronson                
 

 165 90  83 $30.00-$39.99 
 

<1 49  
 Jefferson Co. RWD #6   

 
 130 90  45 $20.00-$29.99 

 
0 46  

 Everest                
 

 117 90  31 $20.00-$29.99 
 

0 13  
 Arcadia                

 
 115 90  28 $30.00-$39.99 

 
17 13  

 Douglas Co. RWD #6     
 

 110 90  22 $20.00-$29.99 
 

0 33  
 Crawford Co. RWD #1    

 
 109 90  21 $20.00-$29.99 

 
0 29  

 Lakeside Village Impr. 
 

 103 90  14 $30.00-$39.99 
 

5 NA  
 Williamsburg           

 
 98 90  9 $40.00-$49.99 

 
0 5  

 Robinson               
 

 98 90  9 $20.00-$29.99 
 

4 22  
 Uniontown              

 
 97 90  8 $60.00-$69.99 

 
1 8  

 Jefferson Co. RWD #10  
 

 95 90  6 $60.00-$69.99 
 

15 24  
 Parker                 

 
 94 90  5 $30.00-$39.99 

 
<1 34  

 Easton                 
 

 94 90  5 $20.00-$29.99 
 

0 8  
 Jefferson Co. RWD #11  

 
 93 90  3 $20.00-$29.99 

 
0 10  

 Jefferson Co. RWD #8   
 

 93 90  3 $40.00-$49.99 
 

0 21  
 West Mineral           

 
 92 90  2 $60.00-$69.99 

 
14 17  

 Doniphan Co. RWD #3    
 

 92 90  2 $10.00-$19.99 
 

0 14  
 Greeley                

 
 90 90  0 $30.00-$39.99 

 
0 20  

 Anderson Co. RWD #2    
 

 88 90  -2 $30.00-$39.99 
 

0 NA  
 White Cloud            

 
 88 90  -3 $20.00-$29.99 

 
0 21  

 Reserve                
 

 86 90  -4 $50.00-$59.99 
 

0 32  
 Prescott               

 
 86 90  -4 $30.00-$39.99 

 
0 16  

 Fontana                
 

 81 90  -10 $50.00-$59.99 
 

<1 20  
 Blue Mound             

 
 81 90  -10 $40.00-$49.99 

 
<1 12  

 Muscotah               
 

 79 90  -12 $10.00-$19.99 
 

0 12  
 Fulton                 

 
 77 90  -14 $30.00-$39.99 

 
0 26  

 Doniphan Co. RWD #2    
 

 73 90  -19 $30.00-$39.99 
 

0 7  
 Crawford Co. RWD #3    

 
 73 90  -19 $20.00-$29.99 

 
0 9  

 Jefferson Co. RWD #9   
 

 68 90  -24 $30.00-$39.99 
 

0 19  
 Rantoul                

 
 68 90  -25 $30.00-$39.99 

 
0 12  

 Capaldo Water Assoc.   
 

 65 90  -28 $20.00-$29.99 
 

0 3    
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Public Water Supplier 

 
GPCDb/

 
Reg. 
Avg.  

GPCD 

 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of Water 

Not Sold  
Metered 

Free 
Unacc.  
Forc/ 

 Jefferson Co. RWD #15   63 90  -30 $30.00-$39.99 0 13  
 Lane                   

 
 60 90  -34 $50.00-$59.99 

 
1 12  

 Linwood                
 

 59 90  -35 $40.00-$49.99 
 

<1 17  
 Doniphan Co. RWD #1    

 
 58 90  -36 $30.00-$39.99 

 
0 24  

Average 
 

90 90 – $35.60 
 

2 19 
 
a/ Includes all public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  "NA" is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 
d/ Percent of water unaccounted for was estimated using the regional average. 



 TABLE 15 
 PUBLIC WATER SUPPLIERS WITH HIGHEST GPCD’S RELATIVE TO THEIR 
 REGION, RANKED BY PERCENT ABOVE REGIONAL GPCD AVERAGE 
 KANSAS, 1997 
 

 
 1 

 
Public Water Supplier 

 
GPCDa/

 
Reg. 
Avg. 

GPCD

Pct.  
Above 
Reg. 
Avg. 

GPCD 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of 

Water Not Sold
 
Metered 

Free 
Unacc. 
 Forb/ 

 
1. 

 
 Osborne Co. RWD #1A  

 
371  136  173  $50.00-$59.99 

 
0 50  

2. 
 
 Comanche Co. RWD #2  

 
385  147  162  $40.00-$49.99 

 
0 47  

3. 
 
 Republic Co. RWD #1  

 
276  110  151  $20.00-$29.99 

 
0 32  

4. 
 
 Smith Co. RWD #1     

 
303  136  123  $40.00-$49.99 

 
0 30  

5. 
 
 Elgin                

 
228  110  107  $10.00-$19.99 

 
0 65  

6. 
 
 Protection           

 
287  147  95  $10.00-$19.99 

 
30 12  

7. 
 
 Byron                

 
212  110  93  Flat Rate 

 
NA NA  

8. 
 
 Englewood            

 
305  164  86  Flat Rate 

 
NA NA  

9. 
 
 Strong City          

 
210  114  84  $40.00-$49.99 

 
3 52  

10. 
 
 West Hills Water Co. 

 
250  136  84  Flat Rate 

 
NA NA  

11. 
 
 Bronson              

 
165  90  83  $30.00-$39.99 

 
<1 49  

12. 
 
 Bird City            

 
507  281  80  $10.00-$19.99 

 
25 NA  

13. 
 
 Reno Co. RWD #1      

 
241  136  77  $30.00-$39.99 

 
0 36  

14. 
 
 Greenleaf            

 
194  110  76  $20.00-$29.99 

 
4 20  

15. 
 
 Rocky Ford Wtr. Co.  

 
193  110  76  Flat Rate 

 
NA NA  

16. 
 
 Moscow               

 
430  250  72  Flat Rate 

 
NA NA  

17. 
 
 Blue Rapids          

 
196  114  72  $10.00-$19.99 

 
0 14 

 
18. 

 
 Pottawatomie Co. RWD 
#2 

 
187  110  70  $40.00-$49.99 

 
0 30 

 
19. 

 
 Mahaska              

 
186  110  69  $10.00-$19.99 

 
2 26  

20. 
 
 Herndon              

 
417  250  67  $10.00-$19.99 

 
4 50 

 
a/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
b/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  "NA" is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0. 

 



 TABLE 16 
 PUBLIC WATER SUPPLIERS WITH LOWEST GPCD’S RELATIVE TO THEIR 
 REGION, RANKED BY PERCENT BELOW REGIONAL GPCD AVERAGE 
 KANSAS, 1996 
 

 
 1 

 
Public Water Supplier 

 
GPCDa

/ 

 
Reg. 
Avg. 

GPCD

Pct. 
Below 
Reg. 
Avg. 

GPCD 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

 
Percent of 

Water Not Sold
 
Metered 

Free 
Unacc. 
 Forb/ 

 
1. 

 
 Johnson Subdivision   

 
 69  250 -73  No Water Sales 

 
NA NA  

2. 
 
 Ellis Co. RWD #3      

 
 49  147 -67  $20.00-$29.99 

 
0 7  

3. 
 
 Trego Co. RWD #1      

 
 58  164 -65  $40.00-$49.99 

 
0 6  

4. 
 
 Horace                

 
 101  281 -64  $20.00-$29.99 

 
0 5  

5. 
 
 Norton Co. RWD #1     

 
 67  164 -59  $30.00-$39.99 

 
0 13  

6. 
 
 Simpson               

 
 56  136 -59  $20.00-$29.99 

 
0 17  

7. 
 
 Hamilton Co. RWD #1   

 
 131  281 -53  $50.00-$59.99 

 
3 10  

8. 
 
 Liebenthal            

 
 72  147 -51  $30.00-$39.99 

 
2 12  

9. 
 
 Ellis Co. RWD #1      

 
 77  147 -48  $20.00-$29.99 

 
1 11  

10. 
 
 Clayton               

 
 86  164 -47  $20.00-$29.99 

 
6 15  

11. 
 
 Harper Co. RWD #3     

 
 73  136 -46  $10.00-$19.99 

 
0 4  

12. 
 
 Brownell              

 
 88  164 -46  $10.00-$19.99 

 
0 18  

13. 
 
 Glade                 

 
 80  147 -46  $10.00-$19.99 

 
0 9  

14. 
 
 Dorrance              

 
 77  136 -43  $30.00-$39.99 

 
1 6  

15. 
 
 Quenemo               

 
 64  110 -42  $50.00-$59.99 

 
1 8  

16. 
 
 Barton Hills WD       

 
 81  136 -41  $30.00-$39.99 

 
0 10  

17. 
 
 Edgerton              

 
 64  106 -40  $40.00-$49.99 

 
1 10  

18. 
 
 Cedar Point           

 
 66  110 -40  $20.00-$29.99 

 
0 3  

19. 
 
 Holcomb               

 
 152  250 -39  $20.00-$29.99 

 
2 13  

20. 
 
 Virgil                

 
 67  110 -39  $30.00-$39.99 

 
0 10 

 
a/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year. 
 
b/ Unaccounted for water includes distribution system losses and unmetered water provided 

free for public services, treatment purposes, etc.  "NA" is shown for each public water 
supplier that was unable to provide information on the amount of water used by 
customers or reported a percent unaccounted for water of less than 3.0.  



 TABLE 17 
 WATER USE BY PUBLIC WATER SUPPLIERS WITH FLAT RATESa/ 
 KANSAS, 1997 
 

 
Public Water Supplier 

 
Region 

 
GPCD 

Regional 
Average 
GPCD 

 
Pct. Diff. 

 
1. 

 
 Arnold                   4  101 164 

 
 -39  

2. 
 
 Belvidere                5  141 147 

 
 -4  

3. 
 
 Blue River Hills Improv. 7  107 110 

 
 -3  

4. 
 
 Bucklin                  4  267 164 

 
 63  

5. 
 
 Byron                    7  212 110 

 
 93  

6. 
 
 Copeland                 3  238 229 

 
 4  

7. 
 
 Englewood                4  305 164 

 
 86  

8. 
 
 Ensign                   3  228 229 

 
 0  

9. 
 
 Ford                     4  270 164 

 
 64  

10. 
 
 Geary Co. RWD #2         7  91 110 

 
 -17  

11. 
 
 Moscow                   2  430 250 

 
 72  

12. 
 
 Paxton Addition          1  306 281 

 
 9  

13. 
 
 Preston                  6  225 136 

 
 66  

14. 
 
 Rocky Ford Wtr. Co.      7  193 110 

 
 76  

15. 
 
 University Park Water    7  122 110 

 
 11  

16. 
 
 West Hills Water Co.     6  250 136 

 
 84  

Average – – – 
 

35 
 
a/ Each customer is charges the same amount each month, regardless of how much water is 

used. 



 TABLE 18 
 AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 
 KANSAS, 1997 
 

 
Region 

 
Number of 

Public Water 
Suppliers 

 
Gallons of Water Used Per Month 

 
5,000 10,000 25,000 50,000 

 
100,000 

 
1 

 
 16 

 
 13.08 18.79 35.09  62.93 

 
 118.99  

2 
 

 22 
 

 9.96 13.89 26.01  47.37 
 

 90.59  
3 

 
 20 

 
 10.24 14.52 27.55  49.22 

 
 94.05  

4 
 

 26 
 

 14.39 19.52 35.09  62.46 
 

 119.01  
5 

 
 47 

 
 16.64 23.96 48.78  93.82 

 
 184.40  

6 
 

 99 
 

 17.09 25.54 51.83  95.06 
 

 182.95  
7 

 
 240 

 
 19.73 31.77 66.05  122.82 

 
 235.29  

8 
 

 126 
 

 22.49 37.00 79.04  148.25 
 

 285.48  
Kansas 

 
596 

 
$18.54 $29.10 $60.12 $111.80 

 
$214.92 

 



 TABLE 19 
 PUBLIC WATER SUPPLIERS WITH AT LEAST 30 PERCENT UNACCOUNTED 
 FOR WATER, RANKED BY PERCENT, AND POTENTIAL MARKET VALUE 
 OF UNACCOUNTED FOR WATER IN EXCESS OF 15 PERCENT 
 KANSAS, 1997 
 

 
 1 

 
Public Water Supplier 

 
Pct. Of Water 

Unacc. For 

Potential 
Water Gaina/ 

(Gallons) 

Monthly 
Water Rate 
Per 10,000 

Gallons  

 
Potential 
Market 
Valueb/ 

 
 Elgin                     64  4,357,100  19.00 

 
 $8,278 

 Strong City               51  20,681,750  48.50 
 

 100,306 
 Herndon                   49  8,336,500  11.50 

 
 9,587 

 Osborne Co. RWD #1A       49  5,648,850  56.00 
 

 31,634 
 Bronson                   48  7,974,050  35.65 

 
 28,427 

 Ellis Co. RWD #2          47  535,350  65.00 
 

 3,480 
 Comanche Co. RWD #2       47  6,603,400  45.00 

 
 29,715 

 Coolidge                  47  3,629,100  13.00 
 

 4,718 
 Jefferson Co. RWD #6      45  1,833,700  26.50 

 
 4,859 

 Burr Oak                  41  4,616,850  22.50 
 

 10,388 
 Russell Co. RWD #4        40  1,202,400  43.00 

 
 5,170 

 Emmett                    39  2,868,450  23.10 
 

 6,626 
 Morrowville               38  1,989,300  36.00 

 
 7,161 

 Cowley Co. RWD #3         38  30,389,900  21.80 
 

 66,250 
 Rush Co. RWD #1           37  3,455,200  40.00 

 
 13,821 

 Portis                    37  1,197,100  25.00 
 

 2,993 
 Rooks Co. RWD #2          37  576,100  25.50 

 
 1,469 

 Sylvia                    36  4,565,300  16.40 
 

 7,487 
 Reno Co. RWD #1           36  2,632,600  37.00 

 
 9,741 

 Parker                    33  1,766,400  34.00 
 

 6,006 
 Collyer                   33  1,447,250  20.10 

 
 2,909 

 Hollenberg                33  135,400  62.75 
 

 850 
 Cherryvale                32  19,568,700  39.60 

 
 77,492 

 Douglas Co. RWD #6        32  3,446,500  25.50 
 

 8,789 
 Kanorado                  32  4,440,300  13.50 

 
 5,994 

 Reserve                   32  564,750  50.50 
 

 2,852 
 Republic Co. RWD #1       32  14,128,650  24.00 

 
 33,909 

 Thayer                    31  5,249,350  42.71 
 

 22,420 
 St. George                31  2,599,750  14.55 

 
 3,783 

 Miami Co. RWD #2          31  95,522,150  56.00 
 

$534,924  



 TABLE 19 
 PUBLIC WATER SUPPLIERS WITH AT LEAST 30 PERCENT UNACCOUNTED 
 FOR WATER, RANKED BY PERCENT, AND POTENTIAL MARKET VALUE 
 OF UNACCOUNTED FOR WATER IN EXCESS OF 15 PERCENT 
 KANSAS, 1997 
 

 
 2 

 
Public Water Supplier 

 
Pct. Of Water 

Unacc. For 

Potential 
Water Gaina/ 

(Gallons) 

Monthly 
Water Rate 
Per 10,000 

Gallons  

 
Potential 
Market 
Valueb/ 

 Republic                  31  1,515,600  15.50  $2,349 
 Mulberry                  31  4,639,300  55.65 

 
 25,818 

 Jefferson Co. RWD #2      31  4,165,550  42.40 
 

 17,662 
 Esbon                     31  1,152,500  34.00 

 
 3,919 

 Troy                      31  6,604,400  45.50 
 

 30,050 
 Bison                     30  1,719,550  16.30 

 
 2,803 

 Cherokee Co. RWD #3       30  11,797,050  25.75 
 

 30,377 
 Crawford Co. RWD #4       30  10,428,650  23.50 

 
 24,507 

 Pottawatomie Co. RWD #2   30  4,618,900  49.50 
 

 22,864 
 Fowler                    30  6,770,800  12.60 

 
 8,531 

 Smith Co. RWD #1          29  5,197,150  48.50 
 

 25,206 
 Kingman                   29  29,554,050  41.70 

 
 $123,240

 
a/ Potential water gain = (amount of water that was unaccounted for in 1996) - (15 percent of 

the total amount of water that was pumped or purchased).  Unaccounted for water includes 
distribution system losses and unmetered water provided free for public services, treatment 
processes, etc. 

 
b/ Potential market value = (Potential water gain/10,000) x (Water rate per 10,000 gallons). 

 



 TABLE 20 
 GPCD USAGE FOR MOBILE HOME PARKS 
 WESTERN KANSAS, 1997 
 

 
 1 

 
Name of Mobile Home Park 

 
GPCD 

Regional 
Average 
GPCD 

 
Pct. Diff. 

 
 Rolling Hills Inc.         397 132 

 
 201 

 Liberal Feeders            205 132 
 

 55 
 Meadow Lark Park           169 132 

 
 28 

 H-Park                     164 132 
 

 25 
 Wagon Wheel Mobile Home Park I  135 132 

 
 2 

 Whatley's Trailer Park     125 132 
 

 -5 
 Liberal Mobile Homes Inc.  125 132 

 
 -5 

 Sunshine Mobile Home Park  105 132 
 

 -21 
 Countryside Rentals        103 132 

 
 -22 

 Wagon Wheel Mobile Home Park II  89 132 
 

 -32 
 Whitehurst Trailer Park    83 132 

 
 -37 

 Eastside Trailer Park      60 132 
 

 -55 
 Westside Trailer Park      50 132 

 
 -62 

 Towns Riverviewc/            38 132 
 

 -72
 
a/ Western Kansas includes Regions 1, 2, 3, and 4 (See Figure 1). 
 
b/ The gallons per capita per day figures are based on usage by residents plus any system 

losses and water used for public service. 
 
c/ Serves both mobile and residential homes. 



 TABLE 21 
 GPCD USAGE FOR MOBILE HOME PARKS 
 CENTRAL AND EASTERN KANSASa/, 1997 
 

 
 1 

 
Name of Mobile Home Park 

 
GPCDb/ 

 Regional 
Average 
GPCD 

 
Pct.  Diff. 

 
 Prairie Schooner Mobile Home Park  112 77 

 
 46 

 Janssen Mobile Home Park   111 77 
 

 45 
 Rocky Ford Trailer Park    110 77 

 
 43 

 Rolling Meadow Mobile Court  109 77 
 

 42 
 Nationwide Village         104 77 

 
 35 

 Countryview Mobile Home Park  98 77 
 

 27 
 Sunflower Village          93 77 

 
 21 

 Riverchase Mobile Home Park  92 77 
 

 19 
 Tuttle Creek Water Companyc/     88 77 

 
 14 

 Country View Mobile Home Park  80 77 
 

 4 
 Meadow Acres Mobile Home Park  79 77 

 
 3 

 Countryside Estates LLC    79 77 
 

 3 
 Colonial Gardens           78 77 

 
 2 

 Sunny Acres Mobile Home Park  78 77 
 

 1 
 Flinthills Mobile Estates  75 77 

 
 -2 

 M & M Mobile Home Park     65 77 
 

 -16 
 Walnut Grove Mobile Home Park  64 77 

 
 -17 

 John's Mobile Home Court   63 77 
 

 -18 
 Buffalo Hills Park         61 77 

 
 -21 

 Ponderosa Mobile Home Park  60 77 
 

 -22 
 Paradise Trailer Court     59 77 

 
 -23 

 Mulvane Mobile Home Park   54 77 
 

 -29 
 Miller Mobile Home Park    46 77 

 
 -40 

 Tuttle Terrace Trailer Court  42 77 
 

 -46 
 Western Acres Mobile Home Park  25 77 

 
 -68

 
a/ Central and Eastern Kansas includes Regions 5, 6, 7, and 8 (See Figure 1). 
 
b/ The gallons per capita per day figures are based on usage by residents plus any system 

losses and water used for public service. 
 
c/ Serves both mobile and residential homes. 
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 TABLE 22 
 ANNUAL AND AVERAGE GPCD USAGEa/ FOR PUBLIC WATER SUPPLIERS 
 KANSAS, 1993 - 1997  
 
 

Public Water Supplier Region
1993 

GPCD
1994 

GPCD
1995 

GPCD 
1996 

GPCD 

 
1997 

GPCD
Avg. 

GPCD

Abbyville 6S 117 160 118 117 111 125 

Abilene 7M 113 137 119 110 121 120 

Agenda 7S 106 97 90 110 86 98 

Agra 5 99 117 113 106 129 113 

Albert 6S 93 119 106 111 110 108 

Alexander 5 131 114 107 102 131 117 

Alma 7M 101 120 115 122 125 117 

Almena 4 146 177 187 173 191 175 

Alta Vista 7S 76 78 78 80 77 78 

Alton 6S 102 141 135 148 125 130 

Altoona 7S 129 146 148 139 132 139 

Andale 7M NA NA NA 76 70 73 

Anderson Co. RWD # 2 8S 76 92 96 81 88 87 

Anderson Co. RWD # 4 8M 87 112 112 133 99 109 

Anthony 6ML 191 220 209 213 192 205 

Arcadia 8S 91 101 111 124 115 108 

Argonia 7M 180 195 166 127 112 156 

Arkansas City 7L 120 136 146 142 135 136 

Arlington 6S 109 138 177 117 106 129 

Arma 8M 99 106 98 94 93 98 

Arnold 4 217 119 133 125 101 139 

Ashland 4 221 316 267 226 220 250 

Assaria 7S 82 94 83 84 83 85 

Atchison 8L 193 225 254 251 196 224 

Atlanta 7S 74 80 82 82 86 81 

Attica 6ML 154 219 405 223 186 237 

Atwood 2 195 262 228 216 260 232 

Augusta 7M 118 129 125 136 134 128 

Aurora 7S 83 104 84 92 94 91 

Axtell 7S 80 92 90 93 96 90 

Baldwin 8M 101 110 102 98 93 101 

Barber Co. RWD # 2 6S 150 145 143 189 184 162 
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Public Water Supplier Region

1993 
GPCD

1994 
GPCD

1995 
GPCD 

1996 
GPCD 

 
1997 

GPCD
Avg. 

GPCD

Barber Co. RWD # 3 6S 95 98 89 108 102 98 

Barnes 7S 152 150 161 154 147 153 

Barton Co. RWD # 2 6S 159 412 279 130 140 224 

Barton Hills Water District 6S NA NA NA 94 81 88 

Baxter Springs 8M 140 175 176 189 140 164 

Bazine 4 114 148 121 122 105 122 

Beattie 7S 81 88 81 109 113 94 

Bel Aire 7M 100 130 112 113 116 114 

Belle Plaine 7M 118 126 108 112 101 113 

Belleville 7M 155 170 162 157 162 161 

Beloit 6ML 93 129 125 121 118 117 

Belpre 5 194 230 156 108 116 161 

Belvidere 5 164 148 128 176 141 151 

Belvue 7S 74 109 106 115 109 103 

Bennington 7M 89 108 112 111 103 105 

Bern 7S 99 85 77 78 83 84 

Beverly 6S 103 120 175 144 145 137 

Bird City 1 334 448 399 370 507 412 

Bison 5 133 126 100 119 124 120 

Blue Mound 8S 124 87 81 79 81 90 

Blue Rapids 7M 155 166 149 128 196 159 

Blue River Hills Improvement 7S 124 112 113 104 107 112 

Bluff City 6S 126 116 84 73 91 98 

Bogue 4 159 175 166 165 153 164 

Bonner Springs 8M 143 155 140 114 114 133 

Brewster 2 292 284 244 298 297 283 

Bronson 8S 74 114 150 137 165 128 

Brown Co. RWD # 1 8M 89 92 91 89 79 88 

Brownell 4 95 89 84 108 88 93 

Bucklin 4 295 390 296 306 267 311 

Buffalo 7S 115 104 126 132 108 117 

Buffalo Hills Park 5 78 87 106 99 61 86 

Buhler 6ML 128 183 159 150 128 150 

Bunker Hill 6S 188 118 121 110 107 129 

Burden 7M 116 133 140 115 120 125 
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Public Water Supplier Region

1993 
GPCD

1994 
GPCD

1995 
GPCD 

1996 
GPCD 

 
1997 

GPCD
Avg. 

GPCD

Burdett 5 136 194 161 195 139 165 

Burlingame 7M 99 94 86 99 104 96 

Burlington 7M 118 127 126 133 128 126 

Burns 7S 100 112 100 87 109 102 

Burr Oak 6S 127 153 152 164 186 156 

Burrton 7M 99 117 108 111 95 106 

Bushton 6S 120 174 148 144 140 145 

Byron 7S 239 265 200 211 212 225 

Caldwell 7M 100 110 101 108 100 104 

Caney 7M 142 143 130 135 148 140 

Canton 7M 138 174 161 152 127 150 

Capaldo Water Association 8S 62 56 61 63 65 61 

Carbondale 7M 78 80 98 74 83 83 

Cassoday 7S 91 90 79 100 97 91 

Cawker City 6ML 112 135 136 146 151 136 

Cedar Point 7S NA NA 90 67 66 74 

Cedar Vale 7M 133 161 118 107 104 125 

Chanute 8M 104 139 132 137 140 130 

Chapman 7M 124 178 148 163 169 156 

Chase 6ML 107 130 97 103 116 111 

Cheney 7M 122 234 182 167 145 170 

Cherokee 8M 121 112 114 98 98 109 

Cherokee Co. RWD # 1 8M 106 115 140 118 118 119 

Cherokee Co. RWD # 2 8M 107 94 97 98 87 97 

Cherokee Co. RWD # 3 8M 121 107 101 122 119 114 

Cherokee Co. RWD # 4 8M 120 127 111 127 151 127 

Cherokee Co. RWD # 8 8M NA 67 73 94 86 80 

Cherryvale 7M 95 104 118 126 106 110 

Chetopa 8M 106 110 121 129 100 113 

Cimarron 3 233 261 251 239 248 246 

Claflin 6ML 117 163 140 134 142 139 

Clay Center 7M 136 144 139 143 131 139 

Clay Co. RWD # 1 7S 158 179 164 109 109 144 

Clay Co. RWD # 2 7M 74 76 82 85 92 82 

Clayton 4 217 115 147 341 86 181 
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Public Water Supplier Region

1993 
GPCD

1994 
GPCD

1995 
GPCD 

1996 
GPCD 

 
1997 

GPCD
Avg. 

GPCD

Clearwater 7M 106 100 98 96 93 99 

Clifton 7M 122 123 136 159 183 145 

Cloud Co. RWD # 1 7S 99 113 121 125 113 114 

Clyde 7M 122 141 145 167 149 145 

Coats 6S 141 167 180 184 147 164 

Coffey Co.  RWD #  3 7M NA NA NA NA 91 91 

Coffeyville 7L 166 189 148 144 138 157 

Colby 2 241 278 249 244 267 256 

Coldwater 5 200 230 206 209 197 208 

Collyer 4 107 130 133 132 142 129 

Colonial Gardens 7 57 54 70 72 78 66 

Columbus 8M 131 136 186 158 142 151 

Comanche Co. RWD # 2 5 319 363 324 399 385 358 

Concordia 7M 145 147 147 149 148 147 

Conway Springs 7M 92 96 91 99 95 95 

Coolidge 1 207 258 257 254 301 255 

Copeland 3 233 264 283 252 238 254 

Cottonwood Falls 7M 87 103 87 88 85 90 

Council Grove 7M 120 111 100 104 103 108 

Countryview Mobile Home Park 6 29 31 81 107 98 69 

Countryside Estates LLC 5 54 84 62 61 79 68 

Countryside Rentals 2 105 107 74 86 103 95 

Country View Mobile Home Park 5 78 83 84 65 80 78 

Courtland 7S 100 111 119 122 116 114 

Cowley Co. RWD # 1 7M 99 104 97 103 109 102 

Cowley Co. RWD # 3 7M 162 151 150 174 151 158 

Cowley Co. RWD # 6 7M 113 86 87 106 108 100 

Crawford Cons. RWD # 1 8M 93 95 91 93 90 92 

Crawford Co. RWD # 1 8S 94 101 92 107 109 101 

Crawford Co. RWD # 3 8S 65 66 66 71 73 68 

Crawford Co. RWD # 4 8M 83 94 84 101 121 97 

Crawford Co. RWD # 5 8M 131 133 133 129 115 128 

Crawford Co. RWD # 6 8M 112 125 142 115 109 121 

Cuba 7S 99 105 90 100 114 102 

Cullison 6S 335 340 161 172 153 232 
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Public Water Supplier Region

1993 
GPCD

1994 
GPCD

1995 
GPCD 

1996 
GPCD 

 
1997 

GPCD
Avg. 

GPCD

Culver 7S 70 78 75 74 75 74 

Cunningham 6ML 118 170 153 163 167 154 

DeSoto 8M 109 103 125 127 129 119 

Deerfield 2 137 165 140 153 163 152 

Delia 7S 160 142 142 127 NA 143 

Delphos 7M 120 131 128 138 130 129 

Derby 7L 119 130 123 127 115 123 

Dickinson Co. RWD # 1 7M 98 109 120 103 125 111 

Dickinson Co. RWD # 2 7M 94 94 86 95 88 91 

Dighton 3 182 226 213 196 216 207 

Dodge City 4 186 211 201 193 177 194 

Doniphan Co. RWD # 1 8S 74 54 72 80 58 68 

Doniphan Co. RWD # 2 8S 71 110 81 75 73 82 

Doniphan Co. RWD # 3 8S 81 83 81 83 92 84 

Dorrance 6S 78 84 77 82 77 80 

Douglas Co. RWD # 1 8M 90 87 83 86 87 87 

Douglas Co. RWD # 2 8M 76 90 93 98 87 89 

Douglas Co. RWD # 3 8M 95 110 114 118 128 113 

Douglas Co. RWD # 4 8M 85 89 81 75 104 87 

Douglas Co. RWD # 5 8M 65 66 77 100 84 78 

Douglas Co. RWD # 6 8S 83 106 92 90 110 96 

Douglass 7M 82 88 83 87 80 84 

Downs 6ML 156 187 181 187 181 178 

Durham 7S 110 119 120 116 72 107 

Dwight 7S 94 99 96 101 80 94 

Easton 8S 84 147 90 88 94 101 

Eastside Trailer Park 2 40 71 79 73 60 65 

Edgerton 8M 74 71 62 61 64 66 

Effingham 8M 100 110 117 115 119 112 

El Dorado 7L 146 161 163 186 186 168 

Elgin 7S 178 209 226 257 228 220 

Elk City 7S 117 114 112 115 110 114 

Elkhart 1 238 257 256 288 260 260 

Ellinwood 6ML 104 127 112 117 112 114 

Ellis 5 109 130 127 111 108 117 
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Public Water Supplier Region

1993 
GPCD

1994 
GPCD

1995 
GPCD 

1996 
GPCD 

 
1997 

GPCD
Avg. 

GPCD

Ellis Co. RWD # 1 5 60 73 73 86 77 74 

Ellis Co. RWD # 2 5 129 106 94 66 113 102 

Ellis Co. RWD # 3 5 67 66 54 61 49 59 

Ellis Co. RWD # 6 5 67 111 76 101 98 91 

Ellis Co. RWD # 7 5 76 94 102 103 130 101 

Ellsworth 6ML 114 148 142 154 155 143 

Elmdale 7S 72 63 59 79 83 71 

Elwood 8M 130 141 118 128 93 122 

Emmett 7S 140 146 167 175 168 159 

Emporia 7L 131 169 142 147 186 155 

Englewood 4 262 655 536 515 305 455 

Ensign 3 190 295 284 260 228 251 

Enterprise 7M 146 112 97 96 98 110 

Erie 8M 88 92 92 99 95 93 

Esbon 6S 88 100 112 141 122 113 

Eskridge 7M 91 107 110 114 119 108 

Eudora 8M 98 97 93 90 90 94 

Eureka 7M 117 111 120 123 121 118 

Everest 8S 153 123 126 105 117 125 

Florence 7M 195 133 123 128 121 140 

Fontana 8S 96 107 109 108 81 100 

Ford 4 214 296 238 277 270 259 

Formoso 6S 70 103 91 114 93 94 

Fort Scott 8M 151 152 166 155 152 155 

Fowler 3 265 342 291 283 225 281 

Frankfort 7M 110 133 125 126 122 123 

Franklin Co. RWD # 4 8M 130 125 129 128 126 128 

Franklin Co. RWD # 5 8M 104 113 109 109 121 111 

Franklin Co. RWD # 6 8M 104 99 98 103 91 99 

Fredonia 7M 110 113 121 111 110 113 

Frontenac 8M 107 115 117 111 110 112 

Fulton 8S 78 68 66 62 77 70 

Galena 8M 127 129 127 137 129 130 

Galva 7M 103 118 109 106 98 107 

Garden City 2 169 183 168 162 168 170 
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Public Water Supplier Region

1993 
GPCD

1994 
GPCD

1995 
GPCD 

1996 
GPCD 

 
1997 

GPCD
Avg. 

GPCD

Garden Plain 7M 101 105 118 110 111 109 

Gardner 8M 97 100 100 86 89 94 

Garnett 8M 109 100 104 107 101 104 

Gaylord 6S 114 131 140 139 156 136 

Geary Co. RWD # 2 7S NA 140 134 126 91 123 

Geary Co. RWD # 4 7M 75 84 88 92 85 85 

Geneseo 6S 93 111 99 108 88 100 

Geuda Springs 7S 79 81 89 79 94 84 

Girard 8M 104 108 124 127 124 117 

Glade 5 NA 94 NA 76 80 83 

Glasco 7M 81 89 90 105 105 94 

Glen Elder 6S 149 177 177 164 169 167 

Goddard 7M 134 137 128 138 113 130 

Goessel 7M 82 138 120 106 96 108 

Goff 7S 99 120 138 120 103 116 

Goodland 1 287 326 281 278 300 294 

Gorham 6S 97 101 104 100 101 101 

Gove 3 191 235 153 136 194 182 

Grainfield 3 212 246 223 215 256 230 

Great Bend 6ML 128 146 130 130 120 131 

Greeley 8S 74 81 95 84 90 85 

Green 7S 86 82 91 83 88 86 

Greenleaf 7S 184 176 189 201 194 189 

Greensburg 5 161 199 160 168 167 171 

Grenola 7S 70 71 67 76 78 72 

Grinnell 3 212 270 230 224 249 237 

Gypsum 7S 93 121 110 116 108 110 

H-Park 2 165 114 127 136 164 141 

Haddam 7S 102 115 98 107 105 105 

Halstead 7M 132 143 124 115 118 126 

Hamilton Co. RWD # 1 1 93 113 106 105 131 110 

Hanover 7M 81 89 92 89 98 90 

Hanston 4 129 169 174 151 141 153 

Hardtner 6S 245 220 184 212 209 214 

Harper 6ML 163 165 142 129 132 146 
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Harper Co. RWD # 3 6ML 97 101 91 95 73 91 

Hartford 7M 76 77 75 69 75 74 

Harveyville 7S 82 96 75 74 69 79 

Haven 6ML 139 171 151 154 145 152 

Havensville 7S 85 107 129 99 104 105 

Haviland 5 182 243 196 189 177 197 

Hays 5 89 97 92 103 106 97 

Hays City Suburban Estates 5 83 133 120 82 95 103 

Haysville 7M 103 123 122 119 97 113 

Hazelton 6S 132 150 122 142 128 135 

Herington 7M 133 108 109 108 105 113 

Herndon 2 377 378 422 299 417 379 

Hesston 7M 104 133 127 141 123 126 

Hiawatha 8M 133 129 131 121 118 126 

Highland 8M 90 117 122 115 114 112 

Hill City 4 147 173 169 162 194 169 

Hillsboro 7M 111 120 113 NA 97 110 

Hoisington 6ML 96 114 110 121 120 112 

Holcomb 2 124 152 145 147 152 144 

Hollenberg 7S 69 44 44 65 68 58 

Holton 7M 106 117 132 137 136 126 

Holyrood 6S 127 188 154 136 132 147 

Hope 7S 71 81 81 95 89 83 

Horace 1 139 116 119 139 101 123 

Horton 8M 97 101 99 112 100 102 

Howard 7M 97 108 115 107 104 106 

Howison Heights Water District 7S 99 135 81 113 116 109 

Hoxie 3 174 249 239 241 257 232 

Hugoton 2 284 317 388 326 333 330 

Humboldt 8M 89 97 98 97 93 95 

Hutchinson 6ML 123 145 137 142 129 135 

Independence 7L 129 142 131 139 136 135 

Ingalls 3 194 247 224 193 220 216 

Inman 7M 118 161 142 129 126 135 

Iola 8M 93 88 95 114 101 98 
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Isabel 6S 141 162 172 177 164 163 

Iuka 6S 69 73 72 77 92 77 

Jackson Co. RWD # 3 7M 87 96 100 122 114 104 

Jamestown 7S 118 120 109 127 116 118 

Janssen Mobile Home Park 7 72 86 91 95 111 91 

Jefferson Co. RWD # 1 8M 111 105 87 107 111 104 

Jefferson Co. RWD # 2 8M 132 113 101 103 113 112 

Jefferson Co. RWD # 3 8M 94 130 116 104 115 112 

Jefferson Co. RWD # 6 8S 69 90 123 80 130 98 

Jefferson Co. RWD # 7 8M 91 110 99 111 108 104 

Jefferson Co. RWD # 8 8S 103 95 109 118 93 104 

Jefferson Co. RWD # 9 8S 54 64 63 70 68 64 

Jefferson Co. RWD # 10 8S 73 65 96 86 95 83 

Jefferson Co. RWD # 11 8S 169 114 94 92 93 112 

Jefferson Co. RWD # 12 8M 120 121 114 118 129 120 

Jefferson Co. RWD # 13 8M 74 92 87 88 107 90 

Jefferson Co. RWD # 15 8S 55 60 63 73 63 63 

Jennings 3 328 244 303 250 250 275 

Jetmore 4 179 195 228 186 172 192 

Jewell 6ML 76 83 87 86 93 85 

Jewell Co. RWD # 1 6ML 186 176 195 192 167 183 

John’s Mobile Home Court 7 34 209 54 88 63 90 

Johnson City 1 328 353 339 345 354 344 

Johnson Co. RWD # 7 8M 84 83 91 86 84 86 

Johnson Co. Water Dist. # 1 8L 134 141 145 139 144 141 

Johnson Subdivision 2L 77 84 74 76 69 76 

Junction City 7L 133 137 128 130 130 132 

Kanopolis 6ML 121 147 129 149 99 129 

Kanorado 1 231 222 173 216 248 218 

Kansas City BPU 8L 129 178 160 167 186 164 

Kensington 6S 118 136 135 150 149 138 

Kingman 6ML 174 177 174 195 162 176 

Kinsley 5 140 152 130 130 120 134 

Kiowa 6ML 130 162 141 141 128 140 

Kirwin 5 100 126 164 125 140 131 
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Kismet 2 172 220 238 221 171 204 

Konza Valley Water Benefit Dist. 7S 69 86 85 94 79 83 

La Crosse 5 111 123 116 114 109 115 

La Cygne 8M 100 101 92 114 97 101 

Lakeside Village Improvement 8S 86 105 91 91 103 95 

Lakin 2 359 387 279 275 266 313 

Lane 8S 63 60 63 66 60 62 

Lane Co. RWD # 1 3 211 257 230 197 165 212 

Larned 5 163 225 211 189 187 195 

Lawrence 8L 113 121 111 115 116 115 

Leavenworth 8L 117 112 107 100 104 108 

Leavenworth Cons. RWD # 1 8M 67 88 82 87 80 81 

Leavenworth Co. RWD # 9 8M 68 87 84 83 90 82 

Lebanon 6S 105 102 92 101 105 101 

Lebo 7M 97 113 99 86 83 96 

Lecompton 8M 75 73 73 71 73 73 

Lehigh 7S 91 128 105 102 89 103 

Lenora 4 139 160 187 175 174 167 

Leon 7M 94 101 101 95 102 99 

Leonardville 7S 98 113 103 96 110 104 

Leoti 2 175 228 213 236 237 218 

Leroy 7M 110 110 102 102 84 102 

Lewis 5 218 272 204 207 186 217 

Liberal 2 206 221 248 246 218 228 

Liberal Feeders  2 NA 182 211 231 205 207 

Liberal Mobile Home Inc. 2 110 122 122 117 125 119 

Liebenthal 5 68 67 89 75 72 74 

Lincoln Center 6ML 126 139 130 144 158 139 

Lindsborg 7M 147 178 171 127 112 147 

Linn 7S 113 113 123 125 130 121 

Linwood 8S 95 76 68 64 59 72 

Little River 6ML 139 165 154 132 136 145 

Logan 5 134 178 179 166 209 173 

Long Island 5 209 175 210 157 212 193 

Longford 7S 91 98 81 77 99 89 
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Longton 7S 147 114 111 119 105 119 

Lorraine 6S 107 149 144 130 140 134 

Louisburg 8M 98 115 91 82 79 93 

Lucas 6S 110 94 116 105 109 107 

Luray 6S 75 83 91 95 100 89 

Lyndon 7M 119 121 105 88 87 104 

Lyons 6ML 171 233 208 217 202 206 

M & M Mobile Home Park 7 63 64 68 89 65 70 

Macksville 6ML 165 220 192 158 150 177 

Madison 7M 141 136 103 102 104 117 

Mahaska 7S 221 123 188 154 186 174 

Manhattan 7L 134 150 146 137 144 142 

Mankato 6ML 119 187 165 167 175 163 

Manter 1 209 256 284 261 255 253 

Maple Hill 7S 84 90 88 84 90 87 

Marion Co. RWD # 1 7M 135 134 116 87 117 118 

Marion 7M 113 122 119 124 113 118 

Marquette 7M 99 137 126 121 146 126 

Marshall Co. RWD # 1 7S 80 84 116 78 87 89 

Marshall Co. RWD # 2 7S 170 157 182 175 172 171 

Marshall Co. RWD # 3 7M 111 100 99 130 133 115 

Marysville 7M 136 136 130 135 131 134 

Matfield Green 7S NA NA 74 115 102 97 

McCracken 5 111 126 114 111 116 116 

McDonald 2 217 324 291 273 267 274 

McFarland 7S 94 77 86 84 82 85 

McLouth 8M 88 106 88 85 90 91 

McPherson 7L 141 195 166 157 149 162 

McPherson Co. RWD # 1 7S 104 125 133 116 96 115 

Meade 3 217 251 213 229 215 225 

Meadow Acres Mobile Home Pk. 5 65 69 68 63 79 69 

Meadow Lark Park 2 127 152 135 118 169 140 

Medicine Lodge 6ML 194 246 223 228 241 226 

Melvern 7S 96 120 106 102 98 104 

Miami Co. RWD # 2 8M 75 88 91 109 153 103 
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Milford 7M 88 99 131 132 80 106 

Miller Mobile Home Park 7 51 48 56 46 46 49 

Miltonvale 7M 110 120 130 136 141 127 

Minneapolis 7M 121 144 140 140 143 138 

Minneola 4 171 189 180 178 165 177 

Mitchell Co. RWD # 2 6ML 217 246 213 224 204 221 

Moline 7M 127 147 124 152 162 142 

Montezuma 3 212 231 244 234 260 236 

Morganville 7S 136 147 125 127 122 131 

Morland 4 199 270 248 189 202 222 

Morris Co. RWD # 1 7M NA 56 69 94 96 79 

Morrowville 7S 80 92 97 119 135 105 

Moscow 2 552 506 510 419 430 483 

Mound City 8M 116 114 129 126 129 123 

Moundridge 7M 127 156 138 178 148 149 

Mount Hope 7M 145 171 143 135 137 146 

Mulberry 8M 106 108 116 121 108 112 

Mullinville 5 108 168 185 191 164 163 

Mulvane 7M 95 101 96 98 75 93 

Mulvane Mobile Home Park 7 89 88 89 93 54 83 

Munden 7S 78 92 104 94 97 93 

Muscotah 8S 63 70 85 82 79 76 

Narka 7S 78 91 98 105 97 94 

Nationwide Village 5 81 93 123 113 104 103 

Natoma 6S 101 92 84 114 119 102 

Nemaha Co. RWD # 1 7S 105 114 102 96 103 104 

Nemaha Co. RWD # 3 7M 102 114 107 109 120 110 

Nemaha Co. RWD # 4 7S NA NA NA 98 80 89 

Neodesha 7M 136 115 124 125 127 125 

Neosho/Allen Co. RWD # 2 8M 84 98 94 91 73 88 

Ness City 4 116 134 123 120 127 124 

New Strawn 7S 91 102 109 110 134 109 

Newton 7L 103 123 111 113 110 112 

Nickerson 6ML 111 129 114 110 99 113 

Norcatur 3 129 144 203 146 176 160 
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North Newton 7M 105 109 104 104 114 107 

Norton 4 185 220 246 186 212 210 

Norton Co. RWD # 1 4 68 74 79 58 67 69 

Nortonville 8M 89 94 90 91 91 91 

Norwich 6S 155 152 108 126 119 132 

Oakley 2 234 233 206 197 223 219 

Oberlin 3 197 230 246 258 285 243 

Offerle 5 166 236 204 188 166 192 

Ogden 7M 151 127 127 140 127 134 

Oketo 7S 126 71 75 69 85 85 

Olathe 8L 106 113 113 111 113 111 

Olmitz 6S 100 133 114 107 103 111 

Olsburg 7S 90 72 75 93 101 86 

Onaga 7M 118 121 98 94 89 104 

Oneida 7S 79 94 95 86 82 87 

Osage City 7M 91 97 97 100 107 98 

Osage Co. RWD # 2 7S 82 95 84 97 79 87 

Osage Co. RWD # 3 7M 113 134 110 86 101 109 

Osage Co. RWD # 4 7S 88 99 100 98 95 96 

Osage Co. RWD # 5 7M 100 112 99 107 98 103 

Osawatomie 8M 135 126 142 125 128 131 

Osborne 6ML 137 171 171 169 189 167 

Osborne RWD # 1A 6S 380 411 258 319 371 348 

Oskaloosa 8M 94 97 90 99 97 95 

Oswego 8M 107 130 119 115 111 116 

Otis 5 118 164 184 181 173 164 

Ottawa 8L 100 93 98 98 93 96 

Ottawa Co. RWD # 1 7S 56 110 92 113 161 106 

Ottawa Co. RWD # 2 7M 67 74 79 102 115 87 

Overbrook 7M 98 85 88 82 88 88 

Oxford 7M 131 139 132 138 119 132 

Ozawkie 8M 100 114 100 102 118 107 

Palco 5 119 134 123 118 127 124 

Palmer 7S 102 105 93 106 120 105 

Paola 8M 122 144 128 110 109 123 
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Paradise Trailer Court 8 77 100 65 64 59 73 

Park 3 161 194 186 214 191 189 

Park City 7M 113 117 108 110 108 111 

Parker 8S NA NA 72 83 94 83 

Parsons 8L 119 144 148 158 158 145 

Pawnee Rock 6S 82 93 98 93 91 91 

Paxico 7S 98 100 91 90 89 94 

Paxton Addition 1 278 294 329 312 306 304 

Peabody 7M 103 119 112 103 97 107 

Perry 8M 98 106 107 104 99 103 

Phillipsburg 5 127 137 154 171 166 151 

Pittsburg 8L 126 129 127 127 127 127 

Plains 3 253 300 291 272 254 274 

Plainville 5 130 141 143 127 139 136 

Pleasanton 8M 96 111 94 84 91 95 

Pomona 8M 89 97 90 82 82 88 

Ponderosa Mobile Home Park 7 62 50 54 59 60 57 

Portis 6S 104 86 85 119 103 99 

Post Rock RWD 6ML 121 139 129 144 138 134 

Pottawatomie Co. RWD # 1 7M 92 103 92 113 111 102 

Pottawatomie Co.  RWD #  2 7S NA NA NA NA 187 187 

Pottawatomie Co. RWD # 3 7M 79 77 64 89 95 81 

Potwin 7S 78 84 85 86 94 85 

Prairie Schooner Mobile Home Park 7 111 115 113 113 112 113 

Prairie View 5 196 174 159 168 196 179 

Pratt 6ML 197 236 218 205 180 207 

Prescott 8S 76 86 85 94 86 85 

Preston 6S 264 254 270 251 225 253 

Pretty Prairie 6ML 154 175 142 145 138 151 

Protection 5 201 261 229 213 287 238 

Quenemo 7S 76 75 65 62 64 68 

Quinter 3 181 248 227 225 253 227 

Randall 6S 113 113 140 111 93 114 

Randolph 7S 131 150 93 104 90 114 

Ransom 4 124 145 146 128 119 132 
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Rantoul 8S 78 81 84 68 68 76 

Raymond 6S 133 189 157 162 122 153 

Reno Co. RWD # 1 6S 104 188 150 181 241 173 

Reno Co. RWD # 8 6S 138 298 224 233 184 215 

Reno Co. Water District 101 6S 116 110 101 98 91 103 

Republic 7S 154 113 122 141 139 134 

Republic Co. RWD # 1 7S 186 187 185 307 276 228 

Republic Co. RWD # 2 7M 163 160 161 182 162 166 

Reserve 8S 63 102 94 94 86 88 

Rexford 2 228 277 282 295 303 277 

Richmond 8M 110 112 127 124 118 118 

Riley 7M 120 130 122 127 138 127 

Riverchase Mobile Home Park 7 74 74 69 66 92 75 

Robinson 8S 88 110 102 102 98 100 

Rocky Ford Trailer Park 7 87 108 98 116 110 104 

Rocky Ford Water Company 7S 89 126 138 215 193 152 

Rolla 1 377 262 235 233 266 275 

Rolling Hills Inc. 2 237 215 464 367 397 336 

Rolling Meadow Mobile Court 7 87 129 102 109 109 107 

Rooks Co. RWD # 1 5 191 164 177 196 127 171 

Rooks Co. RWD # 2 5 112 103 96 91 125 105 

Rooks Co. RWD # 3 5 170 170 90 158 137 145 

Rossville 7M 105 99 120 97 97 104 

Rozel 5 NA 262 NA 183 171 205 

Rush Center 5 134 208 178 157 160 167 

Rush Co. RWD # 1 5 217 213 187 279 236 226 

Russell 6ML 105 113 130 144 126 124 

Russell Co. RWD # 1 6S 105 88 129 162 95 116 

Russell Co. RWD # 2 6S 133 139 162 144 107 137 

Russell Co. RWD # 4 6S 75 93 103 137 147 111 

Sabetha 7M 86 95 101 102 110 99 

Salina 7L 115 125 119 123 116 120 

Saline Co. RWD # 1 7S 70 70 85 75 69 74 

Saline Co. RWD # 2 7S 121 112 96 99 124 110 

Saline Co. RWD # 4 7M 69 82 82 88 111 86 
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Saline Co. RWD # 6 7S 86 121 89 104 105 101 

Saline Co. RWD # 8 7S 98 107 97 108 110 104 

Satanta 2 238 244 250 252 250 247 

Sawyer 6S 144 170 148 136 134 146 

Scammon 8M 138 140 115 113 127 127 

Scandia 7S 117 149 138 140 157 140 

Scott City 2 219 274 252 256 249 250 

Sedan 7M 117 119 117 127 131 122 

Sedgwick 7M 101 101 96 97 103 100 

Sedgwick Co. RWD # 4 7M 69 73 73 108 113 87 

Selden 3 227 208 262 204 197 220 

Seneca 7M 125 153 124 121 127 130 

Severy 7S NA 129 118 121 100 117 

Sharon 6S 124 121 114 112 102 115 

Sharon Springs 1 215 288 242 271 270 257 

Shawnee Cons. RWD # 2 7M 84 84 87 85 80 84 

Shawnee Co. RWD # 3 7M 82 79 82 88 99 86 

Shawnee Co. RWD # 4 7M 87 102 98 97 96 96 

Shawnee Co. RWD # 8 7M 80 92 90 92 100 91 

Silver Lake 7M 79 109 96 86 86 91 

Simpson 6S 67 67 74 95 56 72 

Smith Center 6ML 141 168 172 165 157 161 

Smith Co. RWD # 1 6S 192 212 158 217 303 216 

Solomon 7M 133 148 128 121 126 131 

South Haven 7S 106 113 119 111 101 110 

South Hutchinson 6ML 156 149 138 143 138 145 

Spearville 4 137 209 175 160 138 164 

Speed 5 82 86 88 100 91 89 

Spivey 6S 166 188 142 146 137 156 

Spring Hill 8M 109 105 111 101 92 104 

St. Francis 1 280 357 311 349 352 330 

St. George 7S 81 94 96 97 99 93 

St. John 6ML 160 186 156 148 149 160 

St. Marys 7M 124 136 157 145 154 143 

St. Paul 8M 85 92 105 101 104 97 
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Stafford 6ML 138 173 141 129 115 139 

Sterling 6ML 123 157 138 148 136 140 

Stockton 5 213 236 198 153 168 194 

Strong City 7M 138 136 157 181 210 164 

Sublette 2 201 251 256 223 252 237 

Suburban Water Company 8M 79 87 88 91 86 86 

Summerfield 7S 108 119 109 137 149 124 

Sunflower Village 7 104 132 82 72 93 97 

Sunny Acres Mobile Homes 7 27 78 71 84 78 68 

Sunshine Mobile Home Park 2 138 96 106 140 105 117 

Sylvan Grove 6S 97 113 138 117 134 120 

Sylvia 6S 210 190 133 187 187 181 

Syracuse 1 245 281 288 292 340 289 

Tatarrax Hills 7S 93 129 115 125 141 121 

Tescott 7S 115 118 103 102 104 108 

Thayer 8M 114 127 147 111 120 124 

Thunderbird Estates 7 74 78 79 71 75 75 

Timber Creek Water & Sewer 7S NA 129 119 134 126 127 

Timken 5 116 181 134 124 137 138 

Tipton 6S 81 101 112 100 102 99 

Tonganoxie 8M 117 110 112 95 105 108 

Topeka 7L 151 173 161 163 170 164 

Toronto 7S 89 89 101 106 98 97 

Towns Riverview Subdivision 2 47 53 47 50 38 47 

Trego Co. RWD # 1 4 117 82 51 65 58 75 

Tribune 1 206 239 230 209 218 220 

Troy 8M 123 115 117 106 104 113 

Turon 6S 119 150 129 128 141 133 

Tuttle Creek Water Co. 7 36 57 81 84 88 69 

Tuttle Terrace Trailer Court 7 42 25 35 42 42 37 

Udall 7M 97 98 97 101 110 101 

Ulysses 2 208 231 218 214 243 223 

Uniontown 8S 104 107 101 94 97 101 

University Park Water District 7S 109 120 129 122 122 120 

Utica 4 146 214 225 211 225 204 
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Valley Center 7M 126 137 125 110 100 120 

Valley Falls 8M 107 112 118 105 104 109 

Vermillion 7S 127 119 140 144 111 128 

Victoria 5 111 118 115 100 102 109 

Virgil 7S 65 95 64 86 67 75 

Wabaunsee Co. RWD # 1 7S 91 87 82 80 84 85 

Wabaunsee Co. RWD # 2 7M 75 80 71 81 83 78 

Wagon Wheel Mobile Home Park I 2 29 61 89 38 89 61 

Wagon Wheel Mobile Home Park II 2 72 88 90 124 135 102 

Wakeeney 4 160 206 188 199 169 184 

Wakefield 7M 105 112 115 108 126 113 

Wallace 1 248 306 280 285 292 282 

Wallace Co. RWD # 1 1 219 295 280 304 NA 275 

Walnut Grove Mobile Home Park 7 84 66 62 69 64 69 

Wamego 7M 113 128 120 124 124 122 

Washington 7M 123 140 138 136 138 135 

Washington Co. RWD # 1 7M 89 80 82 118 96 93 

Washington Co. RWD # 2 7M 100 122 108 113 132 115 

Waterville 7M 136 140 144 169 134 145 

Wathena 8M 116 139 120 131 130 127 

Waverly 7M 92 105 102 99 92 98 

Weir 8M 87 105 107 101 116 103 

Wellington 7M 113 129 142 140 139 133 

West Hills Water Company 6S 747 923 700 202 250 564 

West Mineral 8S 88 92 90 110 92 94 

Western Acres Mobile Home Park 6 31 42 35 24 25 31 

Westmoreland 7M 107 114 121 114 128 117 

Westside Trailer Park 2 60 81 93 64 50 70 

Wetmore 7S 108 115 105 105 106 108 

Whatley's Trailer Park 2 106 114 115 116 125 115 

White City 7M 90 93 91 89 86 90 

White Cloud 8S 83 87 95 88 88 88 

Whitehurst Trailer Park 2 24 70 65 72 83 63 

Whitewater 7M 77 83 81 84 84 82 

Whiting 7S 63 75 72 79 76 73 
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Wichita 7L 149 147 144 149 141 146 

Williamsburg 8S 99 113 144 97 98 110 

Wilson 6ML 104 136 128 120 115 121 

Winchester 8M 88 92 92 92 90 91 

Winfield 7L 123 124 123 131 123 125 

Winona 2 225 270 238 200 267 240 

Woodson Co. RWD # 1 7M 68 64 69 75 90 73 

Woodston 5 118 157 147 203 129 151 

Yates Center 7M 82 94 90 97 91 91 
Zenda 6S 166 171 147 207 115 161 

 
a/ The gallons per capita per day figures do not include municipally-supplied water for 

industries, bulk sales, or for livestock operations that use over 200,000 gallons per year.  
They do include water sold to residential/commercial customers, water used for public 
services such as parks, swimming pools, etc. and system losses. 
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INTRODUCTION 
 
The tables and charts shown in this publication were prepared using data from public 
water suppliers filing 1998 Municipal Water Use Reports with either the Kansas 
Department of Agriculture-Division of Water Resources (DWR) or the Kansas Water 
Office (KWO).  The DWR requires annual Water Use Reports from all public water 
suppliers with active water rights, as a condition of the Water Appropriations Act.  The 
KWO requires similar reports from public water suppliers purchasing water from State-
owned storage in Federal reservoirs through the Water Marketing Program.   
 
This publication provides information on 627 public water suppliers that served more 
than 15 customers on a year-round basis and completed a 1998 Municipal Water Use 
Report.  Included are cities and towns, rural water districts, housing subdivisions, and 
mobile home parks.  In addition to reporting the quantity of water diverted each year, 
these public water suppliers also provide information on water purchased from and sold 
to other suppliers, sales to retail customers, metered free and unaccounted for water, 
population served, and current water rates.   
 
The DWR, KWO, and U.S. Geological Survey–Water Resources Division (USGS) 
review these data to ensure that the information is as accurate and complete as 
possible, and to derive the statistics on per capita usage, percent metered free, percent 
unaccounted for water, and water rates that are published herein.  The review process 
is also important for documenting atypical water use among certain suppliers, as well as 
for identifying problems with meter accuracy, bookkeeping, and water loss that may 
warrant special assistance.  The Kansas Water Plan provides some of the funding used 
to review annual water use reports and offer technical assistance when needed. 
 
The efforts of every water supplier completing annual water use reports are greatly 
appreciated.  The data collected are valuable in administering water rights and 
marketing contracts, preparing population and water demand projections, and 
assessing progress toward meeting State conservation objectives.  The information 
provided in this annual publication can also be useful in evaluating individual systems’ 
needs for metering improvements, water loss reduction, water rate adjustments, and 
implementation of cost-effective, long-term water conservation measures. 
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REGIONAL PER CAPITA WATER USE 
 
Water usage in gallons per capita per day (gpcd) is calculated for each water system 
from reported data on amounts of water used and populations served.  Gpcd usage for 
individual suppliers is based on amounts of water used for residential and commercial 
sales, free use and unaccounted for water.  Gpcd figures do not include sales to other 
suppliers, industries, bulk users, or farmsteads using over 200,000 gallons per year.   
 
Average gpcd figures are calculated for water suppliers in eight regions of the State so 
that usage for individual suppliers can be compared to average usage for similar 
geographic areas.  These regions, shown in Figure 1, correspond to general patterns of 
per capita water use and precipitation.  Gpcd usage increases from eastern to western 
Kansas, primarily due to greater outside water use in the drier, more arid parts of the 
state.  Another factor contributing to higher gpcd usage in western Kansas is that 
average water rates are lower in the western regions of the State where ground water is 
the predominant source of supply.  Average gpcd usage for the eight regions of the 
State in 1998 is illustrated in Figure 2.  Gpcd usage ranged from a high of 273 in Region 
8 in westernmost Kansas to a low of 103 in easternmost Kansas.   
 
Average gpcd usage by Kansas public water suppliers by region and size is shown in 
Table 1 (p. 25) for the years 1994-1998.  Gpcd usage varies from year to year within 
each regional group, and is generally highest during years when average June-
September precipitation is below normal.  During this 5-year period, statewide average 
usage was highest in 1994 (144 gpcd), when average June-September precipitation 
was below normal in all but one of nine climatic divisions of the state.  Statewide 
average usage was lowest in 1997 (134 gpcd), when average June-September 
precipitation was above normal in all climatic divisions except the north-central, 
northeast, and east-central.  Statewide average gpcd was 139 for 1998, during which 
average June-September precipitation was above normal in all climatic divisions except 
the northwest, southwest, and south-central.  Average statewide usage for the years 
1994-1998 was 138 gpcd. 
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WATER USE STATISTICS BY REGIONAL CATEGORY 
 
The text, charts, and tables in the following sections of this publication are provided so 
that public water suppliers and state agencies may evaluate water use and water 
conservation efforts by Kansas water utilities.  Information is summarized by region and 
size category.  Regions 6, 7, and 8 in central and eastern Kansas include many more 
public water suppliers than do the western Kansas regions, and were subdivided by 
population size.  Small public water suppliers serve fewer than 500 people, medium 
public water suppliers serve between 500 and 9,999 people, and large public water 
suppliers serve 10,000 people or more.   
 
Charts showing the water suppliers with the highest and lowest gpcd usages within 
each regional category, compared to the regional and state average gpcd usage for 
1998, are included with the regional discussions on pp. 5-17.  Water use statistics for 
each supplier within each regional category are provided in Tables 2-14 on pp. 26-48.  
These tables rank each water supplier by gpcd usage, and show the percent difference 
from the 1998 regional average gpcd.  The tables also show the monthly water rate 
category for 10,000 gallons of water per month, the percentage of metered free water, 
and the percentage of unaccounted for water.  These data are useful in evaluating the 
gpcd figures.  Comparison of an individual supplier’s gpcd, water rates, and 
percentages of metered free and unaccounted for water to regional averages may 
indicate opportunities for more cost-effective and efficient use of water. 
 
Per capita usage by a particular water supplier can be affected by circumstances such 
as customer use habits, water rates, amount of water needed for water treatment or 
other free uses, and system losses.  Inexpensive water rates, lack of metering, hot dry 
weather, frequent line breaks, expansion or replacement of water mains, tower 
overflows, or large amounts of water used for treatment and flushing can all contribute 
to a high gpcd.  High water rates, cool rainy weather, a system with few leaks, lack of 
significant free uses, or minimal need for water treatment can contribute to a low gpcd.   
 
Accuracy of the measurement of total water diverted also can influence a utility’s gpcd.  
Public water suppliers typically determine total diversions using flowmeters, calculation 
of hours pumped times pump rates, or a combination of these methods.  A higher than 
expected gpcd may result if master meters are overregistering, actual pump rates are 
lower than reported, or check valves are malfunctioning.  A lower than expected gpcd 
may result if meters are underregistering or actual pump rates are higher than reported.  
Inaccurate measurements of total water diverted also cause unreliable calculations of 
unaccounted for water.   
 
The percentage of unaccounted for water is a good indicator of meter accuracy and 
system efficiency.  Large percentages of unaccounted for water often result from over-
reported total diversions, substantial amounts of unmetered use, or system losses.  In 
previous annual publications of Kansas Municipal Water Use, the percent unaccounted 
for water applied only to systems that meter customer use.  Beginning with the 1998 
data, the percent unaccounted for water indicates all water that is not metered. 
Consequently, all unmetered water used by systems with flat water rates or by systems 
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that were unable to provide data on customer sales for 1998 is considered unaccounted 
for. 
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Region 1 
 
Figure 3 shows the three highest and three lowest gpcd uses by public water suppliers 
in Region 1 during 1998, along with the regional and state average gpcd values.  Table 
2 (p. 26) ranks each of the 16 public water suppliers in Region 1 by gpcd value, and 
shows the percent difference from the regional average gpcd.  The water rate category, 
percent metered free water, and percent unaccounted for water are also shown for each 
supplier. 
 
Bird City had the highest gpcd in Region 1 during 1998.  Bird City reported using 435 
gpcd, which was 59 percent higher than the regional average of 273 gpcd, and had 46 
percent unaccounted for water.  The second highest per capita use in Region 1 was for 
Syracuse (363 gpcd).  The third highest use was for St. Francis and Johnson City, 
which each used 351 gpcd.  Syracuse, St. Francis, and Johnson City each have low 
water rates, which can result in higher customer water use.   
 
The lowest per capita usage among water suppliers in Region 1 during 1998 was for the 
City of Horace (75 gpcd).  This town had a very low percent unaccounted for water, and 
its gpcd was 72 percent below the regional average.  The second lowest per capita 
usage was for Hamilton Co. RWD No. 1 (124 gpcd), which has the highest water rates 
in Region 1. The City of Kanorado’s usage of 214 gpcd was third lowest, but was still 
higher than the state average of 139 gpcd. 
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Region 2 
 
Figure 4 shows the three highest and three lowest gpcd uses by public water suppliers 
in Region 2 during 1998, along with the regional and state average gpcd values.  Table 
3 (p. 27) ranks each of the 22 public water suppliers in Region 2 by gpcd value, and 
shows the percent difference from the regional average gpcd.  The water rate category, 
percent metered free water, and percent unaccounted for water are also shown for each 
supplier. 
 
The City of Herndon’s gpcd of 433 was the highest in Region 2 during 1998, and was 68 
percent above the regional average of 257 gpcd.  Herndon had 53 percent unaccounted 
for water due in part to several large main breaks.  The City of Rexford, which was 
unable to provide data on metered sales to customers for 1998, used 346 gpcd and was 
second highest.  The City of Hugoton was third highest with 335 gpcd.  Hugoton is 
located in southwest Kansas where average June-September precipitation was below 
normal for 1998. 
 
Johnson Subdivision, a small housing development near Garden City, used 69 gpcd in 
1998, which was 73 percent below the regional average and the lowest usage in Region 
2.  Although customers are not charged for water in Johnson Subdivision, water use is 
typically very low.  The Cities of Holcomb and Deerfield were second and third lowest 
with 139 and 149 gpcd, respectively.  Both Holcomb and Deerfield had only 9 percent 
unaccounted for water.  
 
All but one of the public water suppliers in Region 2 had per capita usage greater than 
the state average of 139 gpcd.  The average cost for 10,000 gallons of water per month 
in Region 2 was $14.86, and was the lowest among all regions in 1998. 
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Region 3 
 
Figure 5 shows the three highest and three lowest gpcd uses by public water suppliers 
in Region 3 during 1998, along with the regional and state average gpcd values.  Table 
4 (p. 28) ranks each of the 20 public water suppliers in Region 3 by gpcd value, and 
shows the percent difference from the regional average gpcd.  The water rate category, 
percent metered free water, and percent unaccounted for water are also shown for each 
supplier. 
 
The three highest per capita usages in Region 3 were for Hoxie (298 gpcd), Plains (287 
gpcd), and Oberlin (281 gpcd).  None of these cities’ usages were far above the 
regional average of 241 gpcd.  All three had monthly water rates lower than $20.00. 
 
The three lowest per capita usages in Region 3 were for Lane Co. RWD #1 (161 gpcd), 
Norcatur (179 gpcd), and Park (181 gpcd).  All three of these suppliers had 
unaccounted for water of less than ten percent.  
 
Every public water supplier in Region 3 had a 1998 gpcd higher than the state average 
of 139.  The average monthly water rate in this region was $15.05 for 10,000 gallons, 
and was the second lowest among all the regions. 
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Region 4 
 
Figure 6 shows the three highest and three lowest gpcd uses by public water suppliers 
in Region 4 during 1998, along with the regional and state average gpcd values.  Table 
5 (p. 29) ranks each of the 26 public water suppliers in Region 4 by gpcd value, and 
shows the percent difference from the regional average gpcd.  The water rate category, 
percent metered free water, and percent unaccounted for water are also shown for each 
supplier. 
 
The three highest gpcd uses in Region 4 during 1998 belonged to cities that charge 
customers a flat rate for water.   Englewood’s gpcd of 447 was 141 percent higher than 
the regional average of 185, and was the highest in Region 4 and also tied for highest in 
the entire state for 1998.  The second highest usage of 299 gpcd was by the City of 
Ford, which did meter some nonresidential use.  The City of Bucklin used 260 gpcd, 
which was 41 percent above the regional average.  The City of Ashland also used 260 
gpcd. 
 
The three lowest per capita uses in Region 4 were all below the state average of 139 
gpcd.  Trego Co. RWD #1 used 72 gpcd, Norton Co. RWD #1 used 79 gpcd, and 
Brownell used 82 gpcd.  These public water suppliers each serve very small 
populations. 
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Region 5 
 
Figure 7 shows the three highest and three lowest gpcd uses by public water suppliers 
in Region 5 during 1998, along with the regional and state average gpcd values.  Table 
6 (p. 30) ranks each of the 47 public water suppliers in Region 5 by gpcd value, and 
shows the percent difference from the regional average gpcd.  The water rate category, 
percent metered free water, and percent unaccounted for water are also shown for each 
supplier. 
 
Comanche Co. RWD #2 had the highest gpcd in Region 5 during 1998.  This district 
used 407 gpcd, which was 162 percent above the regional average of 155.  Leaks and 
metering inaccuracies have contributed to the 46 percent unaccounted for water in this 
district.  The City of Lewis used 272 gpcd and was the second highest among Region 5 
water suppliers. The third highest usage was by Rush Co. RWD #1 with 269 gpcd and 
50 percent unaccounted for water. 
 
The public water supplier in Region 5 with the most conservative per capita usage in 
1998 was Ellis Co. RWD #3 with 66 gpcd.  The City of Liebenthal used 69 gpcd and 
was second lowest, followed by Ellis Co. RWD #2 with 77 gpcd.   
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Region 6, Medium and Large Public Water Suppliers 
 
Figure 8 shows the three highest and three lowest gpcd uses by public water suppliers 
serving 500 people or more in Region 6 during 1998, along with the regional and state 
average gpcd values.  Table 7 (p. 32) ranks each of the 40 public water suppliers in this 
regional category by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
The three water suppliers with the highest per capita usage in this regional group during 
1998 all had monthly water rates of less than $20.00 for 10,000 gallons.   The City of 
Medicine Lodge used 263 gpcd, which was 66 percent higher than the regional average 
of 158 gpcd.  The City of Lyons was second highest with 223 gpcd, and the City of 
Attica was third highest with 215 gpcd. 
 
The lowest per capita usage among medium and large public water suppliers in Region 
6 was for the City of Beloit, which used 89 gpcd.  The second and third lowest uses 
were for the City of Kanopolis (94 gpcd) and the City of Nickerson (107 gpcd). 
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Region 6, Small Public Water Suppliers 
 
Figure 9 shows the three highest and three lowest gpcd uses by public water suppliers 
serving fewer than 500 people in Region 6 during 1998, along with the regional and 
state average gpcd values.  Table 8 (p. 34) ranks each of the 57 small public water 
suppliers in Region 6 by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
The highest per capita water use in this regional group was for Osborne Co. RWD #1A, 
which used 447 gpcd and had 55 percent unaccounted for water.  This gpcd was 210 
percent above the regional average of 144, and was also tied for the highest in the 
state.  Installation of a water tower for Osborne Co. RWD #1A will allow this system to 
operate with lower pressure and hopefully decrease the amount of leakage due to over-
pressurization.  The Cities of Hardtner and Preston each used 278 gpcd, and were 
second and third highest in per capita usage among small public water suppliers in 
Region 6 for 1998. 
 
The lowest per capita uses in this regional group were all for cities with less than 15 
percent unaccounted for water.  The City of Dorrance used 75 gpcd and was the lowest.  
The City of Portis used 76 gpcd and was second lowest.  The Cities of Bluff City and 
Pawnee Rock each used 84 gpcd. 
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Region 7, Large Public Water Suppliers 
 
Figure 10 shows the three highest and three lowest gpcd uses by public water suppliers 
serving 10,000 people or more in Region 7 during 1998, along with the regional and 
state average gpcd values.  Table 9 (p. 36) ranks each of the 13 large public water 
suppliers in Region 7 by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
Per capita water use for large cities in Region 7 typically shows very little deviation from 
the regional average.  The City of El Dorado used 185 gpcd in 1998, which was 22 
percent above the regional average of 151.  The City of McPherson used 177 gpcd and 
was second highest.  The City of Emporia used 175 gpcd and was third highest in gpcd 
usage. 
 
The City of Newton had the lowest per capita usage among large cities in Region 7 
during 1998.  Newton used 115 gpcd, which was 24 percent below the regional 
average.  The second lowest usage was for the City of Salina (123 gpcd), and the third 
lowest was for Junction City (130 gpcd). 
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Region 7, Medium Public Water Suppliers 
 
Figure 11 shows the three highest and three lowest gpcd uses by public water suppliers 
serving between 500 and 9,999 people in Region 7 during 1998, along with the regional 
and state average gpcd values.  Table 10 (p. 37) ranks each of the 130 medium public 
water suppliers in Region 7 by gpcd value, and shows the percent difference from the 
regional average gpcd.  The water rate category, percent metered free water, and 
percent unaccounted for water are also shown for each supplier. 
 
The three highest per capita uses among medium-sized water suppliers in Region 7 
during 1998 were for systems that showed large percentages of either metered free or 
unaccounted for water.  Republic Co. RWD #2 and Strong City each used 212 gpcd, 
which was 118 percent higher than the regional average of 118.  These two suppliers 
had 37 percent and 50 percent unaccounted for water, respectively.  Abilene used 193 
gpcd, a higher figure than this city has ever reported, due to large losses from 
construction of a new treatment plant and new line installation. 
 
The three lowest per capita uses in this regional group for 1998 were by the City of 
Milford (68 gpcd), the city of Hartford (72 gpcd), and Coffey Co. RWD #3 (77 gpcd).  
These three water suppliers each had low percentages of unaccounted for water and 
higher than average water rates. 
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Region 7, Small Public Water Suppliers 
 
Figure 12 shows the three highest and three lowest gpcd uses by public water suppliers 
serving fewer than 500 people in Region 7 during 1998, along with the regional and 
state average gpcd values.  Table 11 (p. 41) ranks each of the 94 small public water 
suppliers in Region 7 by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
The three small water suppliers with the highest per capita uses in 1998 in Region 7 all 
had gpcd’s more than 100 percent greater than the regional average of 110 gpcd.  The 
Village of Byron, a town located in Nebraska that is supplied by a Kansas well, does not 
meter its customers and used 236 gpcd.  The City of Elgin, which used 225 gpcd, was 
still correcting problems with leaks during 1998 and had 67 percent unaccounted for 
water.  Republic Co. RWD #1 also used 225 gpcd, and had 27 percent unaccounted for 
water. 
 
The three small public water suppliers in Region 7 with the lowest per capita use in 
1998 were Saline Co. RWD #1 (59 gpcd), the City of Virgil (60 gpcd), and the City of 
Quenemo (66 gpcd).  Gpcd uses for these suppliers were all at least 40 percent below 
the regional average.   
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Region 8, Large Public Water Suppliers 
 
Figure 13 shows the three highest and three lowest gpcd uses by public water suppliers 
serving 10,000 people or more in Region 8 during 1998, along with the regional and 
state average gpcd values.  Table 12 (p. 44) ranks each of the 9 large public water 
suppliers in Region 8 by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
Kansas City Board of Public Utilities had the highest gpcd, 180, among large water 
suppliers in Region 8 during 1998.  Kansas City BPU had 28 percent metered free 
water due to the large amount of water needed to treat its raw water from the Missouri 
River.  The City of Atchison had the second highest gpcd, 178, and Johnson County 
Water District #1 had the third highest gpcd, 150.   
 
The lowest per capita uses among large public water suppliers in Region 8 were for the 
cities of Ottawa (91 gpcd), Leavenworth (101 gpcd), and Olathe (111 gpcd).  These 
water suppliers have typically had the lowest uses in this regional group. 
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Region 8, Medium Public Water Suppliers 
 
Figure 14 shows the three highest and three lowest gpcd uses by public water suppliers 
serving between 500 and 9,999 people in Region 8 during 1998, along with the regional 
and state average gpcd values.  Table 13 (p. 45) ranks each of the 83 medium public 
water suppliers in Region 8 by gpcd value, and shows the percent difference from the 
regional average gpcd.  The water rate category, percent metered free water, and 
percent unaccounted for water are also shown for each supplier. 
 
The highest per capita usage in 1998 among medium-sized water suppliers in Region 8 
was for Cherokee Co. RWD #3, which used 151 gpcd.  This district had 35 percent 
unaccounted for water due to metering inaccuracies and leaks.  The cities of Chanute 
and Fort Scott had the second and third highest usages with 150 gpcd.   
 
The lowest per capita uses among this regional group in 1998 were for the cities of 
Edgerton (62 gpcd), Pomona (76 gpcd), and Lecompton (76 gpcd).   These gpcd uses 
are all far below the state and regional average gpcd’s.  
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Region 8, Small Public Water Suppliers 
 
Figure 15 shows the three highest and three lowest gpcd uses by public water suppliers 
serving fewer than 500 people in Region 8 during 1998, along with the regional and 
state average gpcd values.  Table 14 (p. 48) ranks each of the 34 small public water 
suppliers in Region 8 by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
The highest per capita uses among small water suppliers in Region 8 were still lower 
than the state average of 139 gpcd for 1998.  The City of Bronson used 121 gpcd, 
mostly due its 41 percent unaccounted for water from installation of its new distribution 
system.  Jefferson Co. RWD #6 was second highest with 116 gpcd and 36 percent 
unaccounted for water caused by faulty tower control.  The City of Arcadia was third 
highest with 114 gpcd. 
 
The lowest per capita uses among small suppliers in Region 8 were 59 gpcd for 
Jefferson Co. RWD #11 and the City of Lane, and 61 gpcd for Jefferson Co. RWD #9, 
Capaldo Water Association, Rantoul, and Doniphan Co. RWD #1. 
 

Figure 15 
GPCD USE FOR SMALL PUBLIC WATER SUPPLIERS 

REGION 8, 1998 
 

0

50

100

150



 19

Statewide Summary 
 
For 1998, gpcd values ranged from a high of 447 (for both the City of Englewood and 
Osborne Co. RWD No. 1A) to a low of 59 (for Saline Co. RWD No. 1, the City of Lane, 
and Jefferson Co. RWD No. 11).  However, to evaluate the water conservation efforts of 
all 591 public water suppliers, each gpcd should be compared to usage by other utilities 
of similar size in the same geographic area.  The highest and lowest gpcd usages 
relative to the corresponding regional average gpcd are shown in Tables 15 and 16 to 
allow an equitable comparison of extremes in usage for 1998. 
 
Table 15 (p. 50) ranks the 20 public water suppliers with the highest gpcd usage relative 
to their respective regional averages.  These suppliers tend to have large percentages 
of unaccounted for water due to system leaks or lack of metering, or in several cases, 
large percentages of metered free water.  Many are very small systems, where leaks 
can represent an especially large percentage of total water withdrawals.  Of the 20 
systems listed in Table 15, six used a flat rate structure and sixteen had 20 percent or 
greater unaccounted for water. 
 
The supplier with the largest percent difference in gpcd from the regional average was 
Osborne Co. RWD No. 1A, a small water district in Region 6 whose gpcd of 447 was 
210 percent higher than the regional average of 144.  Comanche Co. RWD No. 2, a 
small district in Region 5, had the second highest usage relative to a regional average.  
The City of Englewood, a small town in Region 4, had the third highest gpcd relative to 
a regional average.  
 
Table 16 (p. 51) ranks the 20 public water suppliers with the lowest gpcd usage in 1998 
relative to their respective regional averages.  Most of these suppliers are very small 
towns or rural water districts with little public use and high rates for water service.  The 
most conservative use was by Johnson Subdivision, a small housing development near 
Garden City that does not meter any water use.  Johnson Subdivision’s usage of 69 
gpcd was 73 percent below the Region 2 average of 257 gpcd.  The second most 
conservative use in 1998 was by the City of Horace, a town in Region 1 that reported 
very low unaccounted for water.  The third most conservative use was by Trego Co. 
RWD No. 1, a very small district in Region 4 where water rates are high and most water 
sales are used for livestock. 
 
Table 17 (p. 52) lists the 15 public water suppliers that charged a flat rate for water 
service in 1998, and shows the percent difference between each gpcd and the 
respective regional average gpcd.  Public water suppliers with flat rate structures used 
an average of 39 percent more water per person than their peer communities in 1998. 
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WATER RATES BY REGION 
 
Table 18 (p. 53) shows regional average cost for residential customer water use at five 
levels from 5,000 to 100,000 gallons per month.  In general, water rates increase from 
west to east across the state.  Average monthly water rates were the lowest in Region 
2, where they ranged from $10.64 for 5,000 gallons to $94.34 for 100,000 gallons.  The 
highest rates were in Region 8, where the cost of water ranged from an average of 
$23.27 for 5,000 gallons to an average of $297.77 for 100,000 gallons.  Water rates 
tend to be higher in eastern Kansas due to treatment costs associated with surface 
water and shallow ground water sources. 
 
There are four basic types of water rate structures in Kansas: flat rate, decreasing block 
rate, uniform block rate, and increasing block rate.  Utilities with a flat rate charge each 
customer a fixed amount per month regardless of the amount of water used.  With a 
decreasing block rate, the unit cost of water decreases as usage increases.  The unit 
cost of water is the same for all levels of usage with a uniform block rate.  With an 
increasing block rate, the unit cost of water rises as usage increases. 
 
The type of rate structure can affect gpcd usage.  Systems with flat rates tend to use 
considerably more water per capita than systems that meter customer use.  The other 
three types of rate structures, in which cost depends on amount of water used, have a 
less dramatic effect on gpcd.   Decreasing block rates are assumed to discourage 
conservation because customers are charged lower rates for high-volume usage.  
Increasing block rates are considered an effective way to promote conservation among 
high-volume users while keeping the cost of moderate use affordable.  However, the 
use of these types of rate structures does not appear to influence usage by individual 
customers as much as does the total monthly water cost and the geographic area in 
which they live. 
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METERED FREE AND UNACCOUNTED FOR WATER 
 
Percentages of metered free and unaccounted for water indicate the proportion of total 
water produced or purchased that is not sold through customer meters.  Metered free 
water typically includes public services (for example, parks, pools and city buildings) 
plus any water given to nonpaying customers (for example, churches or owners of 
easements).  Metered free water can also include uses such as water treatment 
processes, lube line flows, draining of known quantities from a water tower prior to 
repair, and measured hydrant flushing.  It is advantageous for a supplier to meter as 
much ‘free’ water use as possible.  If the utility meters customer use, metering free 
water helps to identify any system losses.  Metering of nonpaying services also helps a 
utility notice and correct any water leaks or excessive use at these connections. 
 
Unaccounted for water includes any free uses that are not metered, plus water loss in 
the distribution system.   The percent unaccounted for water may be high if a system 
has major line breaks, has many underregistering customer meters, or has many 
unmetered uses.   Water taken from bulk outlets and hydrants for firefighting or road 
construction is often unaccounted for.  Unaccounted for water also may represent a 
large percentage of total water pumped due to distribution system replacement, water 
plant renovations, water tower repairs, or faulty metering of raw water.  It is 
advantageous for a supplier to reduce the amount of unaccounted for water as much as 
possible for maximum cost efficiency. 
 
The number of public water suppliers in Kansas that meter free water has steadily 
increased each year since 1992, when amounts of metered free water were first shown 
on annual Municipal Water Use reports.  A total of 365 utilities reported some metered 
free use for 1998, and these uses ranged from less than one percent to 39 percent of 
total water pumped.  The average percent free water for systems metering such uses 
varied from three to seven percent among the 13 regional categories.  The average was 
highest for categories with large public water suppliers, which typically have greater 
amounts of free water for public service and water treatment. 
 
The Kansas Water Plan includes a year 2010 objective that states:  “By 2010, 
reduce the number of public water supply systems with excessive unaccounted 
for water by first targeting those with 30 percent or more unaccounted for water.”  
Unaccounted for water reported for 1998 ranged from less than three percent to 100 
percent and averaged 18 percent statewide.  In 1997, the upper range in percent 
unaccounted for water was 65 and the statewide average was 15, calculated using only 
data from water suppliers that metered customer use.  The upper range and average 
unaccounted for water are higher for 1998 than the ranges and averages shown in 
previous annual publications of Kansas Municipal Water Use because all public water 
suppliers, regardless of water rate structure, were included in these calculations for 
1998.  The reason for this change is that the method chosen to assess progress on the 
Kansas Water Plan 2010 Objective to reduce unaccounted for water considers all 
unmetered water use unaccounted for.  Therefore, water suppliers that do not meter 
any customer use are now shown as having 100 percent unaccounted for water.  In 
some cases the percent is under 100 for flat-rate utilities that meter only certain 
services, such as bulk sales.  A few utilities that meter water usage but had difficulty 
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providing sales data for 1998 were also shown to have 100 percent unaccounted for 
water.  For 1998, average unaccounted for water by regional category ranged from 10 
to 26 percent and was largest in the regions with the greatest numbers of flat-rate water 
suppliers. 
 
Public water suppliers with large percentages of unaccounted for water have 
opportunities to reduce this percentage and save money if there is loss caused by 
system leaks, unmetered use, excessive use for public services, or underregistering 
customer meters.  Leak detection, additional metering, and regular service meter 
replacement can result in savings greater than the cost of implementing these 
conservation measures.  In some cases, curbing large water losses may serve to 
postpone acquisition of additional water supplies. 
 
Water suppliers with 30 percent or greater unaccounted for water in 1998 are listed in 
Table 19 (p. 54).  For each supplier that meters customer use, the table shows the 
number of gallons that would have been saved if only 15 percent of the water had been 
unaccounted for and the potential market value of that water had it been sold at the 
1998 rate for 10,000 gallons per month.  For suppliers with flat rates or no sales data for 
1998, no potential water gain or market value is shown, because it is impossible to 
determine the amount water that was used by customers and what was lost.  These 
suppliers are shown in alphabetical order.  Suppliers that meter customer usage, whose 
percent unaccounted for water indicates the quantity of water not metered at service 
connections, are ranked by percent unaccounted for water.  The City of Elgin was still 
repairing sizable leaks during 1998.  Osborne Co. RWD No. 1A has had leaks due to 
high pressure and solvent-weld joints, as well as some questionable well meters.  The 
City of Long Island’s high percent unaccounted for water may have been due to 
unmetered watering of a football field. 
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CONSERVATION PRACTICES TO REDUCE UNACCOUNTED FOR WATER 
 
There are many management practices that promote water conservation for public 
water suppliers by reducing their amount of unaccounted for water.  These practices 
include: 
 

 Measure raw or purchased water accurately.  If possible, have water meters at each 
intake, and test these meters for accuracy every three years. 

 Meter any water treatment use or lube line flows, so that these uses are not 
considered unaccounted for water. 

 Install meters at all service connections possible, including free services and bulk 
outlets.  

 Read all meters on a regular basis.  If possible, compare production and use for 
corresponding time periods each month and calculate unaccounted for water. 

 Review meter readings and billing information promptly if there is an unexplained, 
large difference between water pumped and sold for any given month. 

 Replace service meters on a regular schedule to avoid losing water through old, 
underregistering meters. 

 If reliable records of water pumped, water sold, and free water indicate that 
unaccounted for water exceeds 15 percent, do leak detection. 

 
The Kansas Rural Water Association (KRWA) provides assistance with leak detection, 
meter testing, and energy conservation to cities, rural water districts, and privately 
owned water utilities throughout Kansas, without cost or obligation.  This ‘On-Site 
Technical Assistance for Public Water Supply Systems in Kansas’ program is funded 
through the State Water Plan and administered by the KWO.  During 1998, the KRWA 
completed 36 water loss surveys as part of this program.  Water loss detected during 
these surveys totaled 115,237,800 gallons, with an estimated annual savings of 
$150,011.51.  The Kansas Rural Water Association may be contacted at (785) 336-
3760. 
 
Free on-site assistance in preparing water conservation plans is available through the 
KWO.  Conservation plans can help suppliers improve short-term and long-term 
management of their utility, and are often a requirement for obtaining water rights or 
loans for water supply system improvements.   Two documents, entitled 1990 Municipal 
Water Conservation Plan Guidelines and Water Conservation Measures for Kansas 
Communities emphasize cost-effective approaches to water conservation, and may be 
obtained by contacting the DWR or the KWO at the phone numbers listed on the front 
cover of this publication. 
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PER CAPITA USE BY MOBILE HOME PARKS 
 
About three dozen mobile home parks in Kansas currently own water rights and 
complete annual water use reports.  Because these entities are unevenly distributed 
across the state, regional summaries of water use statistics are not feasible.  Instead, 
the state has been divided into two groups for analysis of mobile home park usage, 
Western Kansas includes Regions 1, 2, 3, and 4.  Central and Eastern Kansas includes 
Regions 5, 6, 7, and 8 (see Figure 1).  A regional gpcd average was determined for 
each of these two regional groups.  Water rate category and percent of water 
unaccounted for is not calculated for mobile home parks because most of these entities 
supply water as part of their rent and do not meter usage at individual homes. 
 
Table 20 (p. 56) ranks gpcd usage for 12 mobile home parks in western Kansas during 
1998.  These small suppliers are all located in Finney and Seward Counties, near 
Garden City and Liberal.  Average usage among this group was 152 gpcd.  Rolling Hills, 
Inc. had the highest per capita usage among mobile home parks in Kansas because it 
serves customers with livestock, gardens, and lawns on acre-sized lots.  Rolling Hills 
used 424 gpcd, which is 179 percent above the regional average. The second and third 
highest gpcd usages, for Liberal Feeders and Whitehurst Trailer Park, were far below 
the top usage, at 18 and 17 percent above the regional average.  At the other extreme, 
Towns Riverview had the lowest per capita among mobile home parks in western 
Kansas with 57 gpcd, which was 63 percent below the regional average.  Countryside 
Rentals and Liberal Mobile Homes used 80 and 121 gpcd, respectively, and were the 
second and third lowest.   
 
Table 21 (p. 57) ranks usage for 24 mobile home parks in central and eastern Kansas.  
Average usage in 1998 for this group was 74 gpcd.  The highest gpcd’s were for 
Countryview Mobile Home Park, Prairie Schooner Mobile Home Park, and Rolling 
Meadow Mobile Court, all with greater than 100 gpcd.  The lowest gpcd’s for this group 
were for Riverchase Mobile Home Park, Western Acres Mobile Home Park, and John’s 
Mobile home Court.  Each of these mobile home parks used less water per capita than 
the lowest usage among western Kansas mobile home parks. 
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ANNUAL AND AVERAGE GPCD USAGE 
 
All public water suppliers required to complete water use reports for 1998 are listed 
alphabetically in Table 22 (p. 58).  This table includes all cities, rural water districts, and 
subdivisions listed in Tables 2-14, plus the mobile home parks in Tables 20 and 21.  For 
each water supplier, Table 22 provides information on per capita water use for each of 
the past five years (1994-1998) and average gpcd for this time period. 
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TABLE 1 

AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE 
KANSAS, 1994-1998 

Year 

Regiona/ 1994 1995 1996 1997 1998 Average 

1 275 259 265 281 273 271 

2 262 252 238 250 257 252 

3 247 240 223 229 241 236 

4 202 185 181 164 185 183 

5 160 145 146 147 155 151 

6-ML 162 155 154 147 158 155 

6-S 166 151 145 136 144 148 

7-L 150 139 142 141 151 145 

7-M 119 113 114 114 118 116 

7-S 110 107 113 110 110 110 

8-L 140 140 141 137 133 138 

8-M 108 108 108 106 106 107 

8-S 92 93 88 90 87 90 

Kansas 144 137 136 134 139 138 
 
a/ Refer to Figure 1 for map of regions.  For this analysis, utilities in Regions, 6, 7, 

and 8 were subdivided into size categories.  Large (L) utilities are those serving 
10,000 people or more.  Medium (M) utilities are those serving 500 to 9,999 
people.  Small (S) utilities are those serving fewer than 500 people. 
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TABLE 2 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
Region 1 

1998 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forb/ 

Bird City 435 273 +59 $20.00-$29.99 7 46 
Syracuse 363 273 +33 $10.00-$19.99 2 8 
St. Francis 351 273 +29 $10.00-$19.99 3 14 
Johnson City 351 273 +28 $10.00-$19.99 1 23 
Goodland 313 273 +15 $10.00-$19.99 0 16 
Elkhart 290 273 +6 $10.00-$19.99 2 8 
Wallace 281 273 +3 $10.00-$19.99 0 13 
Paxton Addition 278 273 +2 Flat Rate 0 100 
Coolidge 274 273 +1 $10.00-$19.99 0 24 
Sharon Springs 269 273 -1 $10.00-$19.99 2 14 
Rolla 260 273 -5 $10.00-$19.99 9 9 
Manter 255 273 -7 $10.00-$19.99 1 14 
Tribune 234 273 -14 $20.00-$29.99 3 10 
Kanorado 214 273 -22 $10.00-$19.99 0 21 
Hamilton Co. RWD #1 124 273 -55 $50.00-$59.99 3 NA 
Horace 75 273 -72 $20.00-$29.99 0 5 
Average 273 273 -- $19.97 3 22 
 
a/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ For suppliers that meter customer usage, unaccounted for water includes distribution 

system losses, unmetered water provided to customers, and unmetered water 
provided free for public services, treatment processes, etc.  For suppliers that do not 
meter any customer water usage, the percent unaccounted for water is 100.  “NA” is 
shown for suppliers reporting a percent unaccounted for water of less than 3.0. 

 
Note: Wallace Co. RWD #1 did not provide a Municipal Water Use Report for 1997 or 

1998. 
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TABLE 3 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
Region 2 

1998 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forb/ 

Herndon 433 257 +68 $10.00-$19.99 7 53 
Rexford 346 257 +34 $10.00-$19.99 0 100 
Hugoton 335 257 +30 $10.00-$19.99 3 5 
Moscow 328 257 +28 Flat Rate 0 100 
Brewster 306 257 +19 $10.00-$19.99 2 14 
Satanta 282 257 +10 $10.00-$19.99 6 7 
Scott City 277 257 +8 $10.00-$19.99 1 13 
Sublette 277 257 +8 $10.00-$19.99 10 6 
Colby 271 257 +5 $10.00-$19.99 3 14 
Lakin 269 257 +5 $20.00-$29.99 12 11 
Ulysses 263 257 +2 $10.00-$19.99 2 14 
Atwood 260 257 +1 $10.00-$19.99 2 10 
Oakley 258 257 0 $10.00-$19.99 1 18 
McDonald 256 257 0 $10.00-$19.99 6 17 
Winona 253 257 -1 $10.00-$19.99 <1 11 
Liberal 236 257 -8 $10.00-$19.99 6 18 
Leoti 229 257 -11 $20.00-$29.99 2 12 
Kismet 215 257 -16 $10.00-$19.99 9 14 
Garden City 184 257 -28 $10.00-$19.99 10 6 
Deerfield 161 257 -37 $10.00-$19.99 5 9 
Holcomb 149 257 -42 $20.00-$29.99 2 9 
Johnson Subdivision 69 257 -73 No Water Sales 0 100 
Average 257 257 -- $14.86 5 26 
 
a/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ For suppliers that meter customer usage, unaccounted for water includes distribution 

system losses, unmetered water provided to customers, and unmetered water 
provided free for public services, treatment processes, etc.  For suppliers that do not 
meter any customer water usage or were unable to provide information on customer 
water usage for 1998, the percent unaccounted for water is 100. 
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TABLE 4 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
Region 3 

1998 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forb/ 

Hoxie 298 241 +24 $10.00-$19.99 0 13 
Plains 287 241 +19 $10.00-$19.99 10 16 
Oberlin 281 241 +16 $10.00-$19.99 0 21 
Cimarron 279 241 +16 $10.00-$19.99 1 13 
Grinnell 275 241 +14 $10.00-$19.99 4 10 
Jennings 274 241 +14 $10.00-$19.99 13 22 
Grainfield 273 241 +13 Less Than $10 0 11 
Montezuma 257 241 +7 $10.00-$19.99 2 16 
Quinter 255 241 +6 $10.00-$19.99 3 13 
Dighton 245 241 +2 $10.00-$19.99 3 6 
Ensign 244 241 +1 Flat Rate 0 98 
Meade 244 241 +1 $10.00-$19.99 7 7 
Copeland 235 241 -2 Flat Rate 0 61 
Ingalls 228 241 -5 $10.00-$19.99 <1 15 
Fowler 215 241 -11 $10.00-$19.99 5 15 
Selden 214 241 -11 $10.00-$19.99 9 17 
Gove 197 241 -18 $10.00-$19.99 <1 23 
Park 181 241 -25 Less Than $10 0 8 
Norcatur 179 241 -26 $10.00-$19.99 0 8 
Lane Co. RWD #1 161 241 -33 $10.00-$19.99 0 9 
Average 241 241 -- $15.05 5 20 
 
a/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ For suppliers that meter customer usage, unaccounted for water includes distribution 

system losses, unmetered water provided to customers, and unmetered water 
provided free for public services, treatment processes, etc.  For suppliers that meter 
only certain water uses, unaccounted for water includes all unmetered water. 
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TABLE 5 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
Region 4 

1998 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forb/ 

Englewood 447 185 +141 Flat Rate 0 100 
Ford 299 185 +62 Flat Rate 0 87 
Bucklin 260 185 +41 Flat Rate 0 100 
Ashland 260 185 +41 $10.00-$19.99 3 18 
Morland 241 185 +30 $20.00-$29.99 2 21 
Utica 230 185 +24 $10.00-$19.99 14 7 
Norton 224 185 +21 $10.00-$19.99 5 17 
Minneola 209 185 +13 $10.00-$19.99 0 5 
Dodge City 204 185 +10 $20.00-$29.99 2 14 
Jetmore 192 185 +4 $10.00-$19.99 15 8 
Hanston 191 185 +3 $10.00-$19.99 0 9 
Hill City 191 185 +3 $10.00-$19.99 5 14 
Spearville 186 185 +1 $20.00-$29.99 8 4 
Lenora 182 185 -2 $30.00-$39.99 1 18 
Almena 176 185 -5 $20.00-$29.99 2 21 
Wakeeney 169 185 -9 $20.00-$29.99 2 20 
Bogue 159 185 -14 $10.00-$19.99 0 10 
Collyer 148 185 -20 $20.00-$29.99 0 20 
Ness City 141 185 -24 $30.00-$39.99 2 13 
Ransom 129 185 -30 $20.00-$29.99 <1 12 
Bazine 115 185 -38 $10.00-$19.99 4 9 
Clayton 113 185 -39 $20.00-$29.99 <1 13 
Arnold 101 185 -45 Flat Rate 0 100 
Brownell 82 185 -55 $10.00-$19.99 0 8 
Norton Co. RWD #1 79 185 -57 $30.00-$39.99 0 15 
Trego Co. RWD #1 72 185 -61 $40.00-$49.99 0 17 
Average 185 185 -- $20.32 4 26 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage, the percent unaccounted for water is 100.  For suppliers that meter only certain 
water uses, unaccounted for water includes all unmetered water. 
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TABLE 6 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
Region 5 

1998 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forb/ 

Comanche Co. RWD #2 407 155 +162 $40.00-$49.99 0 46 
Lewis 272 155 +76 $10.00-$19.99 0 20 
Rush Co. RWD #1 269 155 +74 $40.00-$49.99 0 50 
Coldwater 232 155 +50 $20.00-$29.99 0 13 
Offerle 224 155 +44 $10.00-$19.99 0 27 
Protection 218 155 +40 $10.00-$19.99 1 16 
Mullinville 209 155 +35 $20.00-$29.99 14 9 
Haviland 203 155 +31 Less Than $10 1 18 
Larned 197 155 +27 $10.00-$19.99 7 10 
Logan 194 155 +25 $10.00-$19.99 1 12 
Long Island 193 155 +24 $10.00-$19.99 0 60 
Otis 185 155 +19 $10.00-$19.99 <1 12 
Rozel 184 155 +18 $10.00-$19.99 <1 9 
Prairie View 183 155 +18 $20.00-$29.99 2 8 
Rush Center 177 155 +14 $10.00-$19.99 <1 13 
Greensburg 172 155 +11 $20.00-$29.99 1 8 
Stockton 171 155 +10 $10.00-$19.99 23 12 
Burdett 168 155 +8 $10.00-$19.99 0 13 
Phillipsburg 164 155 +6 $30.00-$39.99 13 10 
Belvidere 164 155 +6 Flat Rate 0 100 
Ellis Co. RWD #7 146 155 -5 $60.00-$69.99 0 31 
Plainville 145 155 -7 $10.00-$19.99 5 13 
Woodston 143 155 -8 $20.00-$29.99 0 5 
Kinsley 136 155 -12 $20.00-$29.99 3 12 
Rooks Co. RWD #2 135 155 -13 $20.00-$29.99 0 44 
Belpre 130 155 -16 $30.00-$39.99 <1 8 
Palco 128 155 -17 $20.00-$29.99 0 18 
Kirwin 127 155 -18 $10.00-$19.99 <1 23 
Rooks Co. RWD #3 126 155 -19 $40.00-$49.99 1 5 
Bison 121 155 -22 $10.00-$19.99 0 26 
Ellis 120 155 -22 $10.00-$19.99 7 13 
McCracken 119 155 -23 $30.00-$39.99 0 12 
Timken 118 155 -24 $10.00-$19.99 0 22 
Alexander 115 155 -26 $10.00-$19.99 0 10 
La Crosse 115 155 -26 $30.00-$39.99 1 5 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

Region 5 
1998 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forb/ 

Rooks Co. RWD #1 114 155 -27 $20.00-$29.99 0 7 
Hays 112 155 -27 $30.00-$39.99 1 22 
Hays City Suburban 112 155 -28 No Water Sales 0 100 
Ellis Co. RWD #6 112 155 -28 $40.00-$49.99 0 11 
Agra 111 155 -28 $20.00-$29.99 0 22 
Speed 110 155 -29 $20.00-$29.99 3 19 
Victoria 108 155 -31 $10.00-$19.99 0 4 
Ellis Co. RWD #1 100 155 -36 $20.00-$29.99 2 22 
Glade 90 155 -42 $10.00-$19.99 0 18 
Ellis Co. RWD #2 77 155 -50 $50.00-$59.99 0 27 
Liebenthal 69 155 -56 $30.00-$39.99 2 10 
Ellis Co. RWD #3 66 155 -57 $20.00-$29.99 0 24 
Average 155 155 -- $24.10 4 21 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that do not meter any customer water 
usage, the percent unaccounted for water is 100. 
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TABLE 7 

WATER USE STATISTICS FOR MEDIUM AND LARGE 
PUBLIC WATER SUPPLIERSa/ 

Region 6 
1998 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD Pct. Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Medicine Lodge 263 158 +66 $10.00-$19.99 7 16 
Lyons 223 158 +41 $10.00-$19.99 2 9 
Attica 215 158 +36 $10.00-$19.99 0 10 
Pratt 212 158 +34 $10.00-$19.99 3 16 
Cunningham 206 158 +30 $10.00-$19.99 8 22 
Mitchell Co. RWD #2 204 158 +29 $40.00-$49.99 4 13 
Anthony 196 158 +24 $20.00-$29.99 10 18 
Jewell Co. RWD #1 180 158 +14 $40.00-$49.99 4 29 
Pretty Prairie 179 158 +14 $20.00-$29.99 1 18 
Osborne 179 158 +13 $20.00-$29.99 18 18 
Mankato 176 158 +11 $20.00-$29.99 2 24 
Smith Center 176 158 +11 $20.00-$29.99 2 24 
Downs 173 158 +10 $20.00-$29.99 1 15 
Macksville 171 158 +8 $20.00-$29.99 25 9 
Haven 170 158 +8 Less Than $10 0 24 
Kingman 169 158 +7 $40.00-$49.99 0 22 
Sterling 157 158 0 $20.00-$29.99 9 9 
Harper 157 158 -1 $20.00-$29.99 0 18 
Little River 156 158 -1 $20.00-$29.99 <1 25 
Cawker City 152 158 -4 $10.00-$19.99 1 22 
Russell 151 158 -5 $40.00-$49.99 6 24 
Stafford 149 158 -6 $10.00-$19.99 10 6 
Post Rock RWD 148 158 -6 $70.00-$79.99 0 27 
St. John 147 158 -7 $20.00-$29.99 12 9 
Buhler 147 158 -7 $10.00-$19.99 <1 11 
Lincoln Center 147 158 -7 $20.00-$29.99 3 19 
Ellsworth 144 158 -9 $20.00-$29.99 5 9 
Claflin 143 158 -10 $10.00-$19.99 7 8 
South Hutchinson 142 158 -10 $10.00-$19.99 4 NA 
Hutchinson 140 158 -11 $10.00-$19.99 7 7 
Kensington 138 158 -13 $20.00-$29.99 10 13 
Kiowa 130 158 -17 $20.00-$29.99 2 13 
Great Bend 127 158 -19 $20.00-$29.99 0 10 
Hoisington 118 158 -25 $20.00-$29.99 2 16 
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE 

PUBLIC WATER SUPPLIERSa/ 
Region 6 

1998 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD Pct. Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Wilson 117 158 -26 $20.00-$29.99 1 10 
Ellinwood 116 158 -26 $20.00-$29.99 8 NA 
Chase 115 158 -27 $20.00-$29.99 <1 12 
Nickerson 107 158 -32 $20.00-$29.99 4 15 
Kanopolis 94 158 -41 $30.00-$39.99 <1 9 
Beloit 89 158 -44 $40.00-$49.99 <1 11 
Average 158 158 -- $24.86 5 16 
 
a/ Includes public water suppliers in Region 6 that serve 500 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 8 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 
Region 6 

1998 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Osborne Co. RWD #1A 447 144 +210 $50.00-$59.99 0 55 
Hardtner 278 144 +93 $20.00-$29.99 32 13 
Preston 278 144 +93 Flat Rate 0 100 
Smith Co. RWD #1 249 144 +73 $40.00-$49.99 0 8 
West Hills Water Co. 239 144 +66 Flat Rate 0 100 
Reno Co. RWD #8 213 144 +48 $10.00-$19.99 8 14 
Reno Co. RWD #1 206 144 +43 $30.00-$39.99 0 19 
Sylvia 195 144 +35 $10.00-$19.99 6 35 
Barber Co. RWD #2 190 144 +32 $20.00-$29.99 0 18 
Isabel 188 144 +30 $10.00-$19.99 0 NA 
Glen Elder 168 144 +16 $30.00-$39.99 5 7 
Russell Co. RWD #4 163 144 +13 $40.00-$49.99 8 26 
Abbyville 162 144 +13 Less Than $10 22 10 
Barton Co. RWD #2 162 144 +12 $20.00-$29.99 0 89 
Raymond 161 144 +12 $10.00-$19.99 8 12 
Gaylord 157 144 +9 $20.00-$29.99 3 16 
Cullison 156 144 +9 $10.00-$19.99 <1 21 
Hazelton 155 144 +8 $20.00-$29.99 <1 13 
Turon 151 144 +5 $10.00-$19.99 2 14 
Norwich 148 144 +2 $20.00-$29.99 0 16 
Holyrood 146 144 +1 $10.00-$19.99 8 10 
Beverly 145 144 +1 $20.00-$29.99 0 33 
Zenda 143 144 0 $20.00-$29.99 2 10 
Sylvan Grove 141 144 -2 $20.00-$29.99 0 29 
Bushton 140 144 -2 $10.00-$19.99 <1 14 
Burr Oak 139 144 -4 $20.00-$29.99 0 19 
Lorraine 137 144 -5 $10.00-$19.99 0 6 
Sawyer 133 144 -8 $20.00-$29.99 0 4 
Coats 133 144 -8 $10.00-$19.99 0 4 
Arlington 132 144 -8 $10.00-$19.99 7 16 
Russell Co. RWD #2 128 144 -11 $20.00-$29.99 0 100 
Natoma 123 144 -15 $20.00-$29.99 0 17 
Spivey 122 144 -16 $30.00-$39.99 0 11 
Barber Co. RWD #3 120 144 -16 $40.00-$49.99 0 27 
Sharon 118 144 -18 Less Than $10 1 11 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

Region 6 
1998 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Lucas 116 144 -19 $30.00-$39.99 1 7 
Albert 115 144 -20 $10.00-$19.99 0 14 
Esbon 112 144 -22 $30.00-$39.99 0 29 
Reno Co. Water Dist.  101 111 144 -23 $10.00-$19.99 0 7 
Barton Hills Water District 109 144 -24 $30.00-$39.99 0 32 
Randall 108 144 -25 $50.00-$59.99 0 24 
Lebanon 107 144 -26 $30.00-$39.99 4 20 
Gorham 102 144 -29 $50.00-$59.99 <1 4 
Luray 100 144 -31 $40.00-$49.99 <1 25 
Olmitz 99 144 -31 $10.00-$19.99 0 8 
Tipton 98 144 -32 $40.00-$49.99 4 12 
Alton 98 144 -32 $10.00-$19.99 0 13 
Bunker Hill 98 144 -32 $40.00-$49.99 3 17 
Simpson 93 144 -36 $20.00-$29.99 0 21 
Formoso 91 144 -37 $30.00-$39.99 1 26 
Iuka 89 144 -38 $30.00-$39.99 <1 9 
Geneseo 89 144 -39 $20.00-$29.99 1 10 
Harper Co. RWD #3 87 144 -40 $10.00-$19.99 0 NA 
Pawnee Rock 84 144 -42 $20.00-$29.99 1 12 
Bluff City 84 144 -42 $10.00-$19.99 <1 10 
Portis 76 144 -47 $20.00-$29.99 1 14 
Dorrance 75 144 -48 $30.00-$39.99 1 10 

Average 144 144 -- $26.33 4 22 
 
a/ Includes public water suppliers in Region 6 that serve fewer than 500 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that do not meter any customer water 
usage, the percent unaccounted for water is 100.  “NA” is shown for suppliers 
reporting a percent unaccounted for water of less than 3.0. 

 
Note:  Russell County RWD #1 did not provide a Municipal Water Use Report for 1998. 
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TABLE 9 

WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 
Region 7 

1998 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

El Dorado 185 151 +22 $10.00-$19.99 2 8 
McPherson 177 151 +17 $10.00-$19.99 1 5 
Emporia 175 151 +16 $20.00-$29.99 5 19 
Topeka 174 151 +15 $20.00-$29.99 21 7 
Wichita 165 151 +10 $10.00-$19.99 0 5 
Arkansas City 155 151 +3 $40.00-$49.99 21 15 
Manhattan 149 151 -2 $20.00-$29.99 1 13 
Winfield 143 151 -5 $20.00-$29.99 0 7 
Coffeyville 136 151 -10 $20.00-$29.99 1 20 
Derby 136 151 -10 $10.00-$19.99 1 4 
Junction City 130 151 -14 $20.00-$29.99 4 14 
Salina 123 151 -18 $20.00-$29.99 2 5 
Newton 115 151 -24 $10.00-$19.99 0 6 

Average 151 151 -- $22.00 6 10 
 
a/ Includes public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc. 
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TABLE 10 

WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 
Region 7 

1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Republic Co. RWD #2 212 118 +79 $20.00-$29.99 0 37 
Strong City 212 118 +79 $40.00-$49.99 5 50 
Abilene 193 118 +63 $30.00-$39.99 32 9 
Cheney 185 118 +56 $20.00-$29.99 31 3 
Moundridge 182 118 +54 Less Than $10 1 6 
Chapman 171 118 +45 $20.00-$29.99 39 8 
Oxford 171 118 +45 $30.00-$39.99 <1 39 
Belleville 165 118 +40 $20.00-$29.99 4 12 
Goddard 163 118 +38 $10.00-$19.99 1 17 
Hesston 163 118 +38 $10.00-$19.99 13 5 
Argonia 160 118 +36 $20.00-$29.99 13 12 
Independence 159 118 +35 $20.00-$29.99 9 14 
Cowley Co. RWD #1 158 118 +34 $20.00-$29.99 5 33 
Florence 158 118 +34 $30.00-$39.99 26 22 
Waterville 156 118 +32 $10.00-$19.99 2 29 
Canton 149 118 +27 $10.00-$19.99 0 4 
Clyde 148 118 +26 $20.00-$29.99 4 28 
Augusta 148 118 +26 $10.00-$19.99 0 22 
Caney 147 118 +25 $30.00-$39.99 25 11 
Blue Rapids 144 118 +22 $10.00-$19.99 6 6 
Marquette 141 118 +20 $30.00-$39.99 7 25 
Wellington 140 118 +19 $30.00-$39.99 5 14 
Holton 140 118 +19 $30.00-$39.99 9 20 
Minneapolis 138 118 +17 $20.00-$29.99 4 12 
Inman 138 118 +17 $20.00-$29.99 3 10 
Clay Center 137 118 +17 $10.00-$19.99 8 4 
Solomon 137 118 +16 $20.00-$29.99 3 28 
Bel Aire 136 118 +15 $20.00-$29.99 1 6 
Sedan 136 118 +15 $30.00-$39.99 17 6 
Delphos 136 118 +15 $10.00-$19.99 0 30 
Concordia 136 118 +15 $20.00-$29.99 2 9 
Eureka 136 118 +15 $30.00-$39.99 4 9 
Burlington 135 118 +14 $30.00-$39.99 6 15 
Moline 133 118 +13 $40.00-$49.99 0 13 
Eskridge 133 118 +12 $40.00-$49.99 0 17 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 7 
1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Riley 132 118 +11 $10.00-$19.99 0 27 
Cowley Co. RWD #6 130 118 +10 $10.00-$19.99 1 18 
Marshall Co. RWD #3 130 118 +10 $40.00-$49.99 2 11 
Clifton 130 118 +10 $10.00-$19.99 2 10 
Washington 129 118 +9 $20.00-$29.99 0 19 
Seneca 128 118 +9 $10.00-$19.99 1 8 
Marysville 127 118 +8 $20.00-$29.99 2 20 
Miltonvale 126 118 +7 $10.00-$19.99 4 18 
Hillsboro 126 118 +7 $30.00-$39.99 <1 19 
St. Marys 126 118 +7 $10.00-$19.99 8 8 
Ottawa Co. RWD #2 126 118 +6 $50.00-$59.99 3 15 
Frankfort 126 118 +6 $10.00-$19.99 0 17 
Sedgwick Co. RWD #4 125 118 +6 $60.00-$69.99 0 24 
Wamego 125 118 +6 $10.00-$19.99 2 4 
Marion 124 118 +5 $30.00-$39.99 4 7 
Nemaha Co. RWD #3 124 118 +5 $40.00-$49.99 0 10 
Halstead 123 118 +5 $40.00-$49.99 <1 5 
Valley Center 123 118 +4 $20.00-$29.99 5 14 
Mount Hope 123 118 +4 $10.00-$19.99 9 8 
Westmoreland 123 118 +4 $30.00-$39.99 4 25 
Cherryvale 122 118 +3 $30.00-$39.99 4 33 
Alma 122 118 +3 $30.00-$39.99 11 9 
Cowley Co. RWD #3 121 118 +2 $20.00-$29.99 <1 10 
Lindsborg 120 118 +2 $30.00-$39.99 3 9 
North Newton 119 118 +1 $20.00-$29.99 0 7 
Burrton 118 118 0 $20.00-$29.99 14 7 
Howard 118 118 0 $30.00-$39.99 0 15 
Dickinson Co. RWD #1 118 118 0 $50.00-$59.99 0 28 
Garden Plain 117 118 -1 $30.00-$39.99 4 16 
Goessel 117 118 -1 $10.00-$19.99 0 12 
Ogden 117 118 -1 $10.00-$19.99 1 NA 
Fredonia 116 118 -1 $40.00-$49.99 1 7 
Burden 116 118 -2 $30.00-$39.99 0 22 
Neodesha 116 118 -2 $40.00-$49.99 6 7 
Haysville 115 118 -2 $10.00-$19.99 2 28 
Saline Co. RWD #4 115 118 -3 $30.00-$39.99 0 4 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 7 
1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Marion Co. RWD #1 115 118 -3 $20.00-$29.99 <1 13 
Pottawatomie Co. RWD #1 114 118 -3 $30.00-$39.99 1 14 
Park City 114 118 -3 $10.00-$19.99 <1 10 
Sabetha 112 118 -5 $40.00-$49.99 0 15 
Herington 110 118 -7 $20.00-$29.99 6 14 
Cedar Vale 110 118 -7 $30.00-$39.99 2 11 
Belle Plaine 110 118 -7 $20.00-$29.99 0 18 
Council Grove 108 118 -9 $20.00-$29.99 9 8 
Osage Co. RWD #3 105 118 -11 $40.00-$49.99 0 14 
Clearwater 105 118 -11 $30.00-$39.99 6 11 
Burlingame 104 118 -12 $50.00-$59.99 11 23 
Caldwell 104 118 -12 $30.00-$39.99 1 6 
Sedgwick 103 118 -12 $30.00-$39.99 3 7 
Washington Co. RWD #2 103 118 -13 $50.00-$59.99 0 15 
Wakefield 103 118 -13 $20.00-$29.99 2 10 
Udall 101 118 -14 $30.00-$39.99 0 20 
Galva 101 118 -15 $20.00-$29.99 0 4 
Morris Co. RWD #1 100 118 -15 $50.00-$59.99 2 3 
Hanover 99 118 -16 $30.00-$39.99 5 14 
Shawnee Co. RWD #4 99 118 -16 $30.00-$39.99 0 23 
Madison 99 118 -17 $50.00-$59.99 14 7 
Peabody 97 118 -18 $30.00-$39.99 0 5 
White City 97 118 -18 $10.00-$19.99 0 13 
Pottawatomie Co. RWD #3 97 118 -18 $30.00-$39.99 <1 10 
Conway Springs 97 118 -18 $20.00-$29.99 <1 8 
Dickinson Co. RWD #2 96 118 -18 $40.00-$49.99 0 18 
Rossville 96 118 -18 $30.00-$39.99 0 8 
Osage City 96 118 -19 $20.00-$29.99 <1 6 
Bennington 94 118 -20 $30.00-$39.99 5 11 
Leon 93 118 -21 $30.00-$39.99 3 18 
Clay Co. RWD #2 93 118 -21 $60.00-$69.99 0 15 
Woodson Co. RWD #1 93 118 -21 $50.00-$59.99 4 34 
Cottonwood Falls 93 118 -21 $30.00-$39.99 2 19 
Geary Co. RWD #4 92 118 -22 $40.00-$49.99 0 18 
Enterprise 92 118 -22 $30.00-$39.99 5 8 
Onaga 91 118 -23 $30.00-$39.99 2 11 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 7 
1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Shawnee Co. RWD #8 91 118 -23 $20.00-$29.99 5 9 
Lyndon 91 118 -23 $40.00-$49.99 4 11 
Jackson Co. RWD #3 90 118 -23 $40.00-$49.99 0 8 
Whitewater 90 118 -23 $40.00-$49.99 <1 6 
Shawnee Co. RWD #2C 90 118 -24 $50.00-$59.99 0 10 
Yates Center 90 118 -24 $40.00-$49.99 4 11 
Washington Co. RWD #1 89 118 -24 $40.00-$49.99 2 8 
Glasco 89 118 -24 $40.00-$49.99 0 6 
Osage Co. RWD #5 88 118 -25 $50.00-$59.99 0 12 
Overbrook 88 118 -26 $40.00-$49.99 3 17 
Carbondale 86 118 -27 $20.00-$29.99 1 14 
Douglass 86 118 -27 $50.00-$59.99 1 11 
Shawnee Co. RWD #3 86 118 -27 $40.00-$49.99 1 22 
Silver Lake 85 118 -28 $20.00-$29.99 1 6 
Waverly 83 118 -29 $50.00-$59.99 2 33 
Andale 82 118 -30 $30.00-$39.99 1 7 
Lebo 82 118 -31 $60.00-$69.99 <1 5 
Mulvane 81 118 -31 $30.00-$39.99 3 11 
LeRoy 81 118 -31 $60.00-$69.99 8 4 
Wabaunsee Co. RWD #2 78 118 -34 $50.00-$59.99 0 8 
Coffey Co. RWD #3 77 118 -34 $50.00-$59.99 0 6 
Hartford 72 118 -39 $40.00-$49.99 0 9 
Milford 68 118 -42 $40.00-$49.99 10 4 
Average 118 118 -- $33.51 5 14 
 
a/ Includes public water suppliers in Region 7 that serve between 500 and 9,999 

people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 11 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 
Region 7 

1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Byron 236 110 +115 Flat Rate 0 100 
Elgin 225 110 +105 $10.00-$19.99 0 67 
Republic Co. RWD #1 225 110 +104 $20.00-$29.99 0 27 
Saline Co. RWD #2 200 110 +82 $30.00-$39.99 0 47 
Rocky Ford Water Co. 187 110 +70 Flat Rate 0 100 
Pottawatomie Co. RWD #2 161 110 +47 $40.00-$49.99 <1 19 
Scandia 156 110 +42 Less Than $10 8 11 
Barnes 152 110 +38 $10.00-$19.99 2 27 
Mahaska 150 110 +37 $10.00-$19.99 1 21 
Matfield Green 150 110 +37 $20.00-$29.99 0 52 
Summerfield 143 110 +30 $20.00-$29.99 0 14 
Greenleaf 141 110 +28 $20.00-$29.99 4 6 
Dexter 141 110 +28 $10.00-$19.99 0 33 
Tatarrax Hills 136 110 +23 $30.00-$39.99 0 12 
Republic 135 110 +23 $10.00-$19.99 1 24 
Timber Creek Water & Sewer 133 110 +21 $20.00-$29.99 0 20 
Nemaha Co. RWD #1 131 110 +19 $30.00-$39.99 0 17 
New Strawn 130 110 +18 $30.00-$39.99 6 21 
Burns 127 110 +16 $20.00-$29.99 9 13 
Emmett 127 110 +16 $20.00-$29.99 <1 27 
Altoona 126 110 +14 $30.00-$39.99 9 15 
Morganville 125 110 +13 $10.00-$19.99 0 10 
Ottawa Co. RWD #1 125 110 +13 $30.00-$39.99 0 18 
Cloud Co. RWD #1 124 110 +13 $50.00-$59.99 3 14 
Geary Co. RWD #2 123 110 +12 Flat Rate 0 100 
Linn 123 110 +12 $20.00-$29.99 0 22 
South Haven 123 110 +12 $20.00-$29.99 0 28 
Jamestown 118 110 +8 $20.00-$29.99 0 11 
Toronto 116 110 +6 $40.00-$49.99 3 18 
Leonardville 116 110 +5 $30.00-$39.99 0 8 
Wetmore 115 110 +5 $20.00-$29.99 0 24 
Palmer 114 110 +3 $20.00-$29.99 3 12 
Tescott 114 110 +3 $10.00-$19.99 <1 10 
Melvern 113 110 +3 $50.00-$59.99 14 10 
Gypsum 112 110 +2 $20.00-$29.99 1 7 
Severy 112 110 +1 $30.00-$39.99 35 6 
Blue River Hills Improvement 112 110 +1 Flat Rate 0 100 
Howison Heights Water Dist. 110 110 0 $40.00-$49.99 0 11 
Elk City 109 110 -1 $30.00-$39.99 12 8 
Longton 109 110 -1 $20.00-$29.99 18 6 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

Region 7 
1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Lehigh 107 110 -3 $10.00-$19.99 0 17 
Morrowville 104 110 -5 $30.00-$39.99 0 28 
Geuda Springs 104 110 -5 $20.00-$29.99 1 11 
McPherson Co. RWD #1 104 110 -6 $20.00-$29.99 0 8 
Beattie 103 110 -7 $30.00-$39.99 2 16 
Durham 103 110 -7 $20.00-$29.99 <1 20 
Cassoday 102 110 -7 $40.00-$49.99 0 19 
Belvue 100 110 -9 $20.00-$29.99 0 18 
Havensville 100 110 -9 $40.00-$49.99 0 23 
Cuba 99 110 -10 $20.00-$29.99 <1 15 
Potwin 98 110 -11 $40.00-$49.99 0 7 
St. George 98 110 -11 $10.00-$19.99 0 24 
Osage Co. RWD #4 96 110 -13 $60.00-$69.99 0 18 
Narka 96 110 -13 $20.00-$29.99 <1 15 
Vermillion 96 110 -13 $20.00-$29.99 0 12 
Randolph 96 110 -13 $40.00-$49.99 0 17 
Buffalo 95 110 -14 $50.00-$59.99 16 16 
Harveyville 95 110 -14 $50.00-$59.99 14 10 
Saline Co. RWD #6 95 110 -14 $40.00-$49.99 0 4 
Munden 95 110 -14 $10.00-$19.99 0 10 
Atlanta 94 110 -14 $50.00-$59.99 8 14 
Maple Hill 94 110 -15 $10.00-$19.99 0 13 
Hope 94 110 -15 $40.00-$49.99 2 13 
Marshall Co. RWD #1 93 110 -15 $40.00-$49.99 0 8 
Longford 92 110 -16 $20.00-$29.99 3 11 
Goff 92 110 -17 $30.00-$39.99 1 14 
Aurora 91 110 -17 $20.00-$29.99 0 8 
University Park Water District 89 110 -19 $30.00-$39.99 <1 29 
Paxico 89 110 -19 $30.00-$39.99 2 5 
Green 87 110 -21 $30.00-$39.99 1 25 
Axtell 87 110 -21 $40.00-$49.99 <1 9 
Agenda 87 110 -21 $20.00-$29.99 3 7 
Assaria 87 110 -21 $20.00-$29.99 0 4 
Olsburg 85 110 -22 $20.00-$29.99 <1 11 
Clay Co. RWD #1 85 110 -22 $20.00-$29.99 <1 12 
Elmdale 85 110 -23 $20.00-$29.99 0 29 
Saline Co. RWD #8 85 110 -23 $50.00-$59.99 0 5 
Wabaunsee Co. RWD #1 84 110 -23 $80.00-$89.99 0 22 
Konza Valley Water District 83 110 -24 More Than $90 0 12 
Bern 81 110 -26 $20.00-$29.99 <1 NA 
Culver 81 110 -26 $10.00-$19.99 0 18 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

Region 7 
1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Dwight 81 110 -27 $10.00-$19.99 0 4 
Osage Co. RWD #2 81 110 -27 $30.00-$39.99 0 9 
Oneida 78 110 -29 $20.00-$29.99 0 21 
Alta Vista 78 110 -29 $40.00-$49.99 2 8 
McFarland 77 110 -30 $30.00-$39.99 3 5 
Oketo 76 110 -31 $20.00-$29.99 0 15 
Nemaha Co. RWD #4 75 110 -32 $50.00-$59.99 0 NA 
Grenola 75 110 -32 $50.00-$59.99 1 5 
Cedar Point 74 110 -33 $20.00-$29.99 0 NA 
Whiting 73 110 -33 $30.00-$39.99 3 6 
Quenemo 66 110 -40 $50.00-$59.99 1 8 
Virgil 60 110 -45 $30.00-$39.99 0 15 
Saline Co. RWD #1 59 110 -46 $40.00-$49.99 0 12 
Average 110 110 -- $32.88 4 20 
 
a/ Includes public water suppliers in Region 7 that serve fewer than 500 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that do not meter any customer water 
usage, the percent unaccounted for water is 100.  “NA” is shown for suppliers 
reporting a percent unaccounted for water of less than 3.0. 

 
Note: The City of Delia did not provide a Municipal Water Use Report for 1996, 1997, 

or 1998.  The City of Haddam and Marshall Co. RWD #2 did not provide a 
Municipal Water Use Report for 1998. 
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TABLE 12 

WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 
Region 8 

1998 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Kansas City BPU 180 133 +35 $30.00-$39.99 28 10 
Atchison 178 133 +34 $20.00-$29.99 1 16 
Johnson Co. Water Dist. #1 150 133 +13 $30.00-$39.99 14 8 
Pittsburg 134 133 +1 $20.00-$29.99 6 12 
Parsons 134 133 +1 $30.00-$39.99 11 21 
Lawrence 121 133 -9 $20.00-$29.99 6 8 
Olathe 111 133 -16 $20.00-$29.99 <1 18 
Leavenworth 101 133 -24 $30.00-$39.99 <1 4 
Ottawa 91 133 -31 $20.00-$29.99 1 5 
Average 133 133 -- $30.17 7 11 
 
a/ Includes public water suppliers in Region 8 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc. 
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TABLE 13 

WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 
Region 8 

1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Cherokee Co. RWD #3 151 106 +42 $20.00-$29.99 13 35 
Chanute 150 106 +42 $30.00-$39.99 14 14 
Fort Scott 150 106 +41 $30.00-$39.99 3 27 
Osawatomie 148 106 +40 $20.00-$29.99 17 15 
Galena 143 106 +34 $10.00-$19.99 2 19 
Cherokee Co. RWD #4 141 106 +33 $30.00-$39.99 0 12 
Franklin Co. RWD #5 137 106 +29 $20.00-$29.99 0 36 
Crawford Co. RWD #5 131 106 +24 $20.00-$29.99 7 21 
Paola 130 106 +23 $30.00-$39.99 9 14 
Douglas Co. RWD #3 130 106 +22 $50.00-$59.99 <1 17 
Scammon 129 106 +22 $10.00-$19.99 13 10 
Girard 128 106 +21 $30.00-$39.99 11 15 
Jefferson Co. RWD #13 127 106 +20 $40.00-$49.99 7 26 
Baxter Springs 126 106 +19 $20.00-$29.99 17 8 
Baldwin 126 106 +19 $50.00-$59.99 0 25 
DeSoto 126 106 +18 $30.00-$39.99 7 7 
Columbus 123 106 +16 $20.00-$29.99 2 19 
Thayer 122 106 +15 $40.00-$49.99 <1 28 
Franklin Co. RWD #4 122 106 +15 $60.00-$69.99 <1 25 
Mound City 122 106 +15 $40.00-$49.99 0 28 
Cherokee Co. RWD #1 120 106 +13 $30.00-$39.99 0 32 
Hiawatha 119 106 +13 $30.00-$39.99 <1 6 
Jefferson Co. RWD #3 119 106 +13 $20.00-$29.99 0 26 
Spring Hill 118 106 +11 $70.00-$79.99 20 12 
Jefferson Co. RWD #7 118 106 +11 $30.00-$39.99 0 16 
Iola 116 106 +9 $20.00-$29.99 <1 11 
Highland 115 106 +9 $30.00-$39.99 24 10 
Miami Co. RWD #2 115 106 +8 $50.00-$59.99 0 27 
Jefferson Co. RWD #12 115 106 +8 $60.00-$69.99 <1 25 
Horton 114 106 +8 $30.00-$39.99 8 23 
Cherokee 111 106 +4 $40.00-$49.99 1 24 
Bonner Springs 110 106 +4 $30.00-$39.99 1 18 
Richmond 110 106 +4 $40.00-$49.99 16 17 
Wathena 110 106 +4 $20.00-$29.99 <1 7 
Pleasanton 109 106 +3 $20.00-$29.99 2 11 



 47

TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 8 
1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Effingham 108 106 +2 $20.00-$29.99 5 3 
Jefferson Co. RWD #1 108 106 +1 $20.00-$29.99 0 13 
Jefferson Co. RWD #2 107 106 +1 $40.00-$49.99 <1 22 
Crawford Co. RWD #6 106 106 0 $70.00-$79.99 3 20 
Oswego 106 106 0 $40.00-$49.99 12 3 
Louisburg 105 106 -1 $70.00-$79.99 4 8 
Erie 105 106 -1 $40.00-$49.99 3 7 
Crawford Co. RWD #4 105 106 -1 $20.00-$29.99 13 19 
Valley Falls 104 106 -2 $20.00-$29.99 6 20 
Humboldt 103 106 -3 $30.00-$39.99 7 17 
Garnett 103 106 -3 $50.00-$59.99 6 9 
Gardner 103 106 -3 $40.00-$49.99 7 16 
Troy 102 106 -4 $40.00-$49.99 10 19 
Cherokee Co. RWD #2 101 106 -5 $20.00-$29.99 0 20 
Chetopa 101 106 -5 $30.00-$39.99 6 8 
Ozawkie 101 106 -5 $10.00-$19.99 0 5 
St. Paul 100 106 -6 $30.00-$39.99 0 13 
Tonganoxie 97 106 -9 $30.00-$39.99 27 7 
Anderson Co. RWD #4 96 106 -9 $50.00-$59.99 0 14 
Douglas Co. RWD #4 96 106 -9 $60.00-$69.99 0 16 
Frontenac 96 106 -9 $30.00-$39.99 8 13 
Perry 95 106 -10 $50.00-$59.99 <1 10 
Arma 94 106 -12 $20.00-$29.99 0 9 
Johnson Co. RWD #7 93 106 -12 $50.00-$59.99 0 17 
Franklin Co. RWD #6 93 106 -12 $50.00-$59.99 8 25 
Elwood 93 106 -13 $20.00-$29.99 0 11 
Oskaloosa 92 106 -13 $30.00-$39.99 1 7 
Suburban Water Co. 91 106 -14 $50.00-$59.99 0 15 
Nortonville 90 106 -15 $10.00-$19.99 2 11 
Weir 88 106 -17 $30.00-$39.99 0 6 
Crawford Co. RWD #1C 87 106 -18 $30.00-$39.99 0 12 
McLouth 87 106 -18 $60.00-$69.99 2 19 
Leavenworth Co. RWD #9 87 106 -18 $40.00-$49.99 0 14 
Winchester 85 106 -19 $30.00-$39.99 2 8 
Eudora 85 106 -20 $50.00-$59.99 1 5 
Cherokee Co. RWD #8 85 106 -20 $40.00-$49.99 5 11 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 8 
1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Douglas Co. RWD #1 84 106 -21 $40.00-$49.99 0 14 
Douglas Co. RWD #2 82 106 -22 $50.00-$59.99 0 10 
Crawford Co. RWD #1 81 106 -24 $20.00-$29.99 0 15 
Mulberry 80 106 -25 $50.00-$59.99 0 14 
La Cygne 80 106 -25 $30.00-$39.99 <1 7 
Douglas Co. RWD #5 80 106 -25 $50.00-$59.99 0 9 
Brown Co. RWD #1 79 106 -25 $30.00-$39.99 0 12 
Neosho/Allen Co. RWD #2 77 106 -27 $30.00-$39.99 0 16 
Leavenworth Co. RWD #1C 77 106 -27 $50.00-$59.99 1 9 
Lecompton 76 106 -28 $40.00-$49.99 2 20 
Pomona 76 106 -28 $20.00-$29.99 0 9 
Edgerton 62 106 -41 $50.00-$59.99 <1 9 

Average 106 106 -- $39.65 6 15 
 
a/ Includes public water suppliers in Region 8 that serve between 500 and 9,999 

people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc. 



 49

 
TABLE 14 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 
Region 8 

1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Bronson 121 87 +39 $60.00-$69.99 1 41 
Jefferson Co. RWD #6 116 87 +33 $20.00-$29.99 0 36 
Arcadia 114 87 +31 $30.00-$39.99 11 13 
Everest 109 87 +26 $20.00-$29.99 0 18 
Williamsburg 109 87 +25 $40.00-$49.99 0 13 
Crawford Co. RWD #3 108 87 +24 $20.00-$29.99 0 31 
Jefferson Co. RWD #10 105 87 +21 $60.00-$69.99 21 27 
Robinson 101 87 +17 $20.00-$29.99 6 24 
Easton 98 87 +12 $20.00-$29.99 1 19 
Douglas Co. RWD #6 98 87 +12 $20.00-$29.99 0 14 
Parker 97 87 +11 $30.00-$39.99 <1 33 
Uniontown 97 87 +11 $60.00-$69.99 1 20 
Lakeside Village Improvement 95 87 +9 $30.00-$39.99 5 42 
Doniphan Co. RWD #3 94 87 +8 $10.00-$19.99 0 15 
Reserve 94 87 +8 $50.00-$59.99 0 23 
Jefferson Co. RWD #8 92 87 +5 $40.00-$49.99 0 12 
West Mineral 91 87 +5 $60.00-$69.99 29 5 
White Cloud 88 87 +1 $20.00-$29.99 0 18 
Greeley 88 87 +1 $30.00-$39.99 0 15 
Muscotah 84 87 -4 $10.00-$19.99 0 12 
Fontana 84 87 -4 $50.00-$59.99 1 21 
Anderson Co. RWD #2 82 87 -5 $30.00-$39.99 0 100 
Blue Mound 82 87 -6 $40.00-$49.99 6 18 
Prescott 77 87 -12 $40.00-$49.99 0 16 
Fulton 72 87 -18 $30.00-$39.99 0 21 
Jefferson Co. RWD #15 70 87 -19 $30.00-$39.99 0 26 
Doniphan Co. RWD #2 70 87 -20 $30.00-$39.99 0 8 
Linwood 63 87 -27 $40.00-$49.99 7 11 
Doniphan Co. RWD #1 61 87 -29 $30.00-$39.99 0 35 
Rantoul 61 87 -30 $40.00-$49.99 0 10 
Capaldo Water Association 61 87 -30 $20.00-$29.99 0 8 
Jefferson Co. RWD #9 61 87 -30 $30.00-$39.99 0 21 
Lane 59 87 -32 $50.00-$59.99 <1 12 
Jefferson Co. RWD #11 59 87 -32 $30.00-$39.99 1 NA 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

Region 8 
1998 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Average 87 87 -- $37.69 6 22 
 

a/ Includes public water suppliers in Region 8 that serve fewer than 500 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers and unmetered water provided free for public services, 
treatment processes, etc. For suppliers that meter only a portion of customer usage 
or are unable to provide information on customer water usage, the percent 
unaccounted for includes all unmetered water.  “NA” is shown for suppliers reporting 
a percent unaccounted for water of less than 3.0. 
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TABLE 15 

PUBLIC WATER SUPPLIERS WITH HIGHEST GPCD’S RELATIVE TO THEIR 
REGION, RANKED BY PERCENT ABOVE REGIONAL GPCD AVERAGE 

KANSAS, 1998 

Public Water Supplier GPCDa/

Reg. 
Avg. 

GPCD

Pct. 
Above 
Reg. 
Avg. 

GPCD

Monthly 
Water Rate 

Category Per 
10,000 

Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forb/ 

1. Osborne Co. RWD #1A 447 144 +210 $50.00-$59.99 0 55 
2. Comanche Co. RWD #2 407 155 +162 $40.00-$49.99 0 46 
3. Englewood 447 185 +141 Flat Rate 0 100 
4. Byron 236 110 +115 Flat Rate 0 100 
5. Elgin 225 110 +105 $10.00-$19.99 0 67 
6. Republic Co. RWD #1 225 110 +104 $20.00-$29.99 0 27 
7. Hardtner 278 144 +93 $20.00-$29.99 32 13 
8. Preston 278 144 +93 Flat Rate 0 100 
9. Saline Co. RWD #2 200 110 +82 $30.00-$39.99 0 47 

10. Republic Co. RWD #2 212 118 +79 $20.00-$29.99 0 37 
11. Strong City 212 118 +79 $40.00-$49.99 5 50 
12. Lewis 272 155 +76 $10.00-$19.99 0 20 
13. Rush Co. RWD #1 269 155 +74 $40.00-$49.99 0 50 
14. Smith Co. RWD #1 249 144 +73 $40.00-$49.99 0 8 
15. Rocky Ford Water Co. 187 110 +70 Flat Rate 0 100 
16. Herndon 433 257 +68 $10.00-$19.99 7 53 
17. West Hills Water Co. 239 144 +66 Flat Rate 0 100 
18. Medicine Lodge 263 158 +66 $10.00-$19.99 7 16 
19. Abilene 193 118 +63 $30.00-$39.99 32 9 
20. Ford 299 185 +62 Flat Rate 0 87 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 

b/ Unaccounted for water includes distribution system losses, unmetered water 
provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that do not meter any customer water 
usage, the percent unaccounted for water is 100.  For suppliers that meter only 
certain water uses, unaccounted for water includes all unmetered water. 
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TABLE 16 

PUBLIC WATER SUPPLIERS WITH LOWEST GPCD’S RELATIVE TO THEIR 
REGION, RANKED BY PERCENT BELOW REGIONAL GPCD AVERAGE 

KANSAS, 1998 

Public Water Supplier GPCDa/

Reg. 
Avg. 

GPCD

Pct. 
Below 
Reg. 
Avg. 

GPCD

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forb/ 

1. Johnson Subdivision 69 257 -73 No Water Sales 0 100 
2. Horace 75 273 -72 $20.00-$29.99 0 5 
3. Trego Co. RWD #1 72 185 -61 $40.00-$49.99 0 17 
4. Norton Co. RWD #1 79 185 -57 $30.00-$39.99 0 15 
5. Ellis Co. RWD #3 66 155 -57 $20.00-$29.99 0 24 
6. Liebenthal 69 155 -56 $30.00-$39.99 2 10 
7. Brownell 82 185 -55 $10.00-$19.99 0 8 
8. Hamilton Co. RWD #1 124 273 -55 $50.00-$59.99 3 NA 
9. Ellis Co. RWD #2 77 155 -50 $50.00-$59.99 0 27 

10. Dorrance 75 144 -48 $30.00-$39.99 1 10 
11. Portis 76 144 -47 $20.00-$29.99 1 14 
12. Saline Co. RWD #1 59 110 -46 $40.00-$49.99 0 12 
13. Virgil 60 110 -45 $30.00-$39.99 0 15 
14. Arnold 101 185 -45 Flat Rate 0 100 
15. Beloit 89 158 -44 $40.00-$49.99 <1 11 
16. Milford 68 118 -42 $40.00-$49.99 10 4 
17. Glade 90 155 -42 $10.00-$19.99 0 18 
18. Holcomb 149 257 -42 $20.00-$29.99 2 9 
19. Bluff City 84 144 -42 $10.00-$19.99 <1 10 
20. Pawnee Rock 84 144 -42 $20.00-$29.99 1 12 
21. Edgerton 62 106 -41 $50.00-$59.99 <1 9 

 

a/ The figures for gallons per capita per day do not include water supplied for industry, 
bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 

 
b/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that do not meter any customer water 
usage, the percent unaccounted for water is 100. 
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TABLE 17 

WATER USE BY PUBLIC WATER SUPPLIERS WITH FLAT RATESa/ 
KANSAS, 1998 

Public Water Supplier Region GPCD 

Regional 
Average 
GPCD Pct. Diff. 

1. Arnold 4 101 185 -45 
2. Belvidere 5 164 155 +6 
3. Blue River Hills Improvement 7S 112 110 +1 
4. Bucklin 4 260 185 +41 
5. Byron 7S 236 110 +115 
6. Copeland 3 235 241 -2 
7. Englewood 4 447 185 +141 
8. Ensign 3 244 241 +1 
9. Ford 4 299 185 +62 

10. Geary Co. RWD #2 7S 123 110 +12 
11. Moscow 2 328 255 +29 
12. Paxton Addition 1 278 273 +2 
13. Preston 6S 278 144 +93 
14. Rocky Ford Water Company 7S 187 110 +70 
15. West Hills Water Company 6S 239 144 +66 

 Average -- -- -- +39 
 
a/ Each customer is charged the same amount each month, regardless of how much water is 

used. 
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TABLE 18 

AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 
KANSAS, 1998 

Gallons of Water Used Per Month 

Region 

Number of 
Public Water 

Suppliers 5,000 10,000 25,000 50,000 100,000 

1 16 $13.88 $19.97 $38.68 $70.01 $133.05 
2 22 $10.64 $14.86 $27.76 $50.22 $94.63 
3 20 $10.77 $15.05 $28.09 $50.01 $95.34 
4 26 $15.09 $20.32 $36.39 $64.87 $123.88 
5 47 $16.69 $24.10 $49.17 $94.64 $186.06 
6 97 $17.11 $25.73 $52.21 $95.93 $184.97 
7 237 $20.29 $32.63 $68.00 $126.76 $243.11 
8 126 $23.27 $38.44 $82.46 $154.95 $297.77 

KANSAS 591 $19.03 $29.92 $61.96 $115.45 $221.93 
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TABLE 19 

PUBLIC WATER SUPPLIERS WITH AT LEAST 30 PERCENT UNACCOUNTED 
FOR WATER, RANKED BY PERCENT, AND POTENTIAL MARKET VALUE 

OF UNACCOUNTED FOR WATER IN EXCESS OF 15 PERCENT 
KANSAS, 1998 

Public Water Supplier 
Pct. Of Water 
Unacc. For 

Potential 
Water Gaina/

(Gallons) 

Monthly 
Water Rate 
Per 10,000 

Gallons 

Potential 
Market 
Valueb/ 

Anderson Co. RWD #2 100 c/ $36.50 c/ 
Arnold 100 c/ $8.00 c/ 
Belvidere 100 c/ $10.00 c/ 
Blue River Hills Improvement 100 c/ $20.00 c/ 
Bucklin 100 c/ $19.00 c/ 
Byron 100 c/ $12.50 c/ 
Englewood 100 c/ $20.00 c/ 
Geary Co. RWD #2 100 c/ $22.20 c/ 
Hays City Suburban 100 c/ $0.00 c/ 
Johnson Subdivision 100 c/ $0.00 c/ 
Moscow 100 c/ $18.00 c/ 
Paxton Addition 100 c/ $21.67 c/ 
Preston 100 c/ $14.00 c/ 
Rexford 100 c/ $17.50 c/ 
Rocky Ford Water Co. 100 c/ $20.00 c/ 
Russell Co. RWD #2 100 c/ $20.00 c/ 
West Hills Water Co. 100 c/ $5.00 c/ 
Ensign 98 c/ $31.00 c/ 
Barton Co. RWD #2 89 c/ $27.00 c/ 
Ford 87 c/ $18.00 c/ 
Elgin 67 4,449,050 $19.00 $8,453 
Copeland 61 c/ $25.00 c/ 
Long Island 60 5,294,950 $12.00 $6,354 
Osborne Co. RWD #1A 55 8,013,450 $56.00 $44,875 
Herndon 53 9,531,750 $11.50 $10,962 
Matfield Green 52 1,425,850 $27.50 $3,921 
Rush Co. RWD #1 50 5,612,850 $40.00 $22,451 
Strong City 50 20,244,850 $48.50 $98,188 
Saline Co. RWD #2 47 9,661,300 $30.75 $29,708 
Comanche Co. RWD #2 46 6,726,950 $45.00 $30,271 
Bird City 46 22,703,600 $22.10 $50,175 
Rooks Co. RWD #2 44 873,400 $25.50 $2,227 
Lakeside Village Improvement 42 2,811,400 $32.00 $8,996 
Bronson 41 3,982,050 $62.50 $24,888 
Oxford 39 18,982,800 $33.00 $62,643 
Republic Co. RWD #2 37 23,033,200 $28.66 $66,013 
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TABLE 19 
PUBLIC WATER SUPPLIERS WITH AT LEAST 30 PERCENT UNACCOUNTED 

FOR WATER, RANKED BY PERCENT, AND POTENTIAL MARKET VALUE 
OF UNACCOUNTED FOR WATER IN EXCESS OF 15 PERCENT 

KANSAS, 1998 

Public Water Supplier 
Pct. Of Water 
Unacc. For 

Potential 
Water Gaina/

(Gallons) 

Monthly 
Water Rate 
Per 10,000 

Gallons 

Potential 
Market 
Valueb/ 

Jefferson Co. RWD #6 36 1,112,350 $26.50 $2,948 
Franklin Co. RWD #5 36 6,475,950 $24.50 $15,866 
Sylvia 35 4,425,900 $16.40 $7,258 
Doniphan Co. RWD #1 35 339,550 $31.00 $1,053 
Cherokee Co. RWD #3 35 21,283,100 $25.75 $54,804 
Woodson Co. RWD #1 34 10,152,950 $58.00 $58,887 
Cowley Co. RWD #1 33 13,202,800 $27.00 $35,648 
Dexter 33 3,271,200 $16.40 $5,365 
Parker 33 1,743,600 $34.00 $5,928 
Cherryvale 33 21,515,400 $39.60 $85,201 
Waverly 33 4,356,200 $57.00 $24,830 
Beverly 33 1,398,050 $23.50 $3,285 
Barton Hills WD 32 1,163,250 $30.00 $3,490 
Cherokee Co. RWD #1 32 3,739,700 $30.00 $11,219 
Crawford Co. RWD #3 31 1,694,750 $25.50 $4,322 
Ellis Co. RWD #7 31 1,607,350 $68.00 $10,930 
Delphos 30 3,867,400 $13.00 $5,028 
 

a/ Potential water gain = (amount of water that was unaccounted for in 1998) – (15 
percent of the total amount of water pumped or purchased).  Unaccounted for water 
includes distribution system losses, unmetered water provided to customers, and 
unmetered water provided free for public services, treatment processes, etc. 

 
b/ Potential market value = (Potential water gain/10,000) x (water rate per 10,000 

gallons). 
 
c/ For suppliers with flat rates, potential water gain and potential market value do not 

apply. 
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TABLE 20 

GPCD USAGE FOR MOBILE HOME PARKS 
WESTERN KANSASa/, 1998 

Name of Mobile Home Park GPCDb/ 

Regional 
Average 
GPCD Pct. Diff. 

Rolling Hills Inc. 424 152 +179 
Liberal Feeders 179 152 +18 
Whitehurst Trailer Park 177 152 +17 
Wagon Wheel MHP II 142 152 -7 
H-Park 137 152 -10 
Sunshine Mobile Home Park 133 152 -12 
Meadow Lark Park 130 152 -14 
Whatley's Trailer Park 126 152 -17 
Wagon Wheel MHP I 124 152 -19 
Liberal Mobile Homes Inc. 121 152 -21 
Countryside Rentals 80 152 -47 
Towns Riverview c/ 57 152 -63 
 
a/ Western Kansas includes Regions 1, 2, 3, and 4 (See Figure 1). 
 
b/ The figures for gallons per capita per day are based on all water pumped. 
 
c/ Serves both mobile and residential homes. 
 
Note: Eastside Trailer Park and Westside Trailer Park did not provide a 

Municipal Water Use Report for 1998. 
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TABLE 21 

GPCD USAGE FOR MOBILE HOME PARKS 
CENTRAL AND EASTERN KANSASa/, 1998 

Name of Mobile Home Park GPCDb/ 

Regional 
Average 
GPCD Pct. Diff. 

Countryview Mobile Home Park 125 74 +68 
Prairie Schooner Mobile Home Park 116 74 +57 
Rolling Meadow Mobile Court 108 74 +46 
Janssen Mobile Home Park 97 74 +31 
Nationwide Village 94 74 +27 
Buffalo Hills Park 90 74 +21 
Tuttle Terrace Trailer Court 89 74 +20 
Rocky Ford Trailer Park 86 74 +17 
Sunny Acres Mobile Home Park 77 74 +4 
Colonial Gardens 76 74 +2 
Meadow Acres Mobile Home Park 73 74 -2 
Country View Mobile Home Park 72 74 -3 
M&M Mobile Home Park 71 74 -4 
Tuttle Creek Water Company c/ 68 74 -8 
Walnut Grove Mobile Home Park 66 74 -10 
Thunderbird Estates 61 74 -17 
Paradise Trailer Court 58 74 -22 
Sunflower Village 57 74 -23 
Mulvane Mobile Home Park 55 74 -26 
Miller Mobile Home Park 54 74 -27 
Ponderosa Mobile Home Park 54 74 -27 
John's Mobile Home Court 51 74 -31 
Western Acres Mobile Home Park 40 74 -46 
Riverchase Mobile Home Park 39 74 -48 
 
a/ Central and Eastern Kansas includes Regions 5, 6, 7, and 8 (see Figure 1). 
 
b/ The figures for gallons per capita per day are based on all water pumped. 
 
c/ Serves both mobile and residential homes. 
 
Note: Countryside Estates LLC did not provide a Municipal Water Use Report for 1998. 
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TABLE 22 

ANNUAL AND AVERAGE GPCD USAGEa/ FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1994-1998 

Public Water Supplier Region 
1994 

GPCD 
1995 

GPCD 
1996 

GPCD 
1997 

GPCD 
1998 

GPCD 
Avg. 

GPCD 
Abbyville 6S 160 118 118 111 162 134 
Abilene 7M 137 119 110 121 193 136 
Agenda 7S 97 90 110 86 87 94 
Agra 5 117 113 106 129 111 115 
Albert 6S 119 106 111 110 115 112 
Alexander 5 114 107 102 131 115 114 
Alma 7M 120 115 122 125 122 121 
Almena 4 177 187 174 191 176 181 
Alta Vista 7S 78 78 80 77 78 78 
Alton 6S 141 135 148 125 98 129 
Altoona 7S 146 148 139 132 126 138 
Andale 7M NA NA 76 70 82 76 
Anderson Co. RWD #2 8S 92 96 81 88 82 88 
Anderson Co. RWD #4 8M 112 112 133 99 96 110 
Anthony 6ML 220 209 213 192 196 206 
Arcadia 8S 101 111 125 115 114 113 
Argonia 7M 195 166 127 112 160 152 
Arkansas City 7L 136 146 142 135 155 143 
Arlington 6S 138 177 118 106 132 134 
Arma 8M 106 98 95 93 94 97 
Arnold 4 119 133 126 101 101 116 
Ashland 4 316 267 226 220 260 258 
Assaria 7S 94 83 85 83 87 86 
Atchison 8L 225 254 251 196 178 221 
Atlanta 7S 80 82 83 86 94 85 
Attica 6ML 219 405 224 186 215 250 
Atwood 2 262 228 217 260 260 245 
Augusta 7M 129 125 136 134 148 134 
Aurora 7S 104 84 92 94 91 93 
Axtell 7S 92 90 93 96 87 92 
Baldwin 8M 110 102 98 93 126 106 
Barber Co. RWD #2 6S 145 143 189 184 190 170 
Barber Co. RWD #3 6S 98 89 108 102 120 103 
Barnes 7S 150 161 154 147 152 153 
Barton Co. RWD #2 6S 412 279 130 140 162 225 
Barton Hills WD 6S NA NA 94 81 109 95 
Baxter Springs 8M 175 176 189 140 126 161 
Bazine 4 148 121 123 105 115 122 
Beattie 7S 88 81 109 113 103 99 
Bel Aire 7M 130 112 114 116 136 122 
Belle Plaine 7M 126 108 112 101 110 111 
Belleville 7M 170 162 158 162 165 163 
Beloit 6ML 129 125 121 118 89 116 
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TABLE 22 
ANNUAL AND AVERAGE GPCD USAGEa/ FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1994-1998 

Public Water Supplier Region 
1994 

GPCD 
1995 

GPCD 
1996 

GPCD 
1997 

GPCD 
1998 

GPCD 
Avg. 

GPCD 
Belpre 5 230 156 108 116 130 148 
Belvidere 5 148 128 176 141 164 151 
Belvue 7S 109 106 115 109 100 108 
Bennington 7M 108 112 111 103 94 106 
Bern 7S 85 77 79 83 81 81 
Beverly 6S 120 175 144 145 145 146 
Bird City 1 448 399 371 507 435 432 
Bison 5 126 100 119 124 121 118 
Blue Mound 8S 87 81 79 81 82 82 
Blue Rapids 7M 166 149 128 196 144 157 
Blue River Hills Improvement 7S 112 113 104 107 112 109 
Bluff City 6S 116 84 73 91 84 89 
Bogue 4 175 166 165 153 159 164 
Bonner Springs 8M 155 140 114 114 110 127 
Brewster 2 284 244 299 297 306 286 
Bronson 8S 114 150 137 165 121 137 
Brown Co. RWD #1 8M 92 91 89 79 79 86 
Brownell 4 89 84 108 88 82 90 
Bucklin 4 390 296 306 267 260 304 
Buffalo 7S 104 126 132 108 95 113 
Buffalo Hills Park 5 87 106 99 61 90 89 
Buhler 6ML 183 159 151 128 147 154 
Bunker Hill 6S 118 121 110 107 98 111 
Burden 7M 133 140 113 120 116 125 
Burdett 5 194 161 196 139 168 172 
Burlingame 7M 94 86 100 104 104 98 
Burlington 7M 127 126 134 128 135 130 
Burns 7S 112 100 87 109 127 107 
Burr Oak 6S 153 152 164 186 139 159 
Burrton 7M 117 108 111 95 118 110 
Bushton 6S 174 148 144 140 140 149 
Byron 7S 265 200 212 212 236 225 
Caldwell 7M 110 101 108 100 104 105 
Caney 7M 143 130 136 148 147 141 
Canton 7M 174 161 153 127 149 153 
Capaldo Water Association 8S 56 61 64 65 61 62 
Carbondale 7M 80 98 74 83 86 84 
Cassoday 7S 90 79 100 97 102 94 
Cawker City 6ML 135 136 146 151 152 144 
Cedar Point 7S NA 90 67 66 74 74 
Cedar Vale 7M 161 118 107 104 110 120 
Chanute 8M 139 132 137 140 150 140 
Chapman 7M 178 148 163 169 171 166 
Chase 6ML 130 97 104 116 115 112 
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Cheney 7M 234 182 168 145 185 183 
Cherokee 8M 112 114 98 98 111 107 
Cherokee Co. RWD #1 8M 115 140 118 118 120 122 
Cherokee Co. RWD #2 8M 94 97 98 87 101 95 
Cherokee Co. RWD #3 8M 107 101 122 119 151 120 
Cherokee Co. RWD #4 8M 127 111 127 151 141 131 
Cherokee Co. RWD #8 8M 67 73 94 86 85 81 
Cherryvale 7M 104 118 127 106 122 115 
Chetopa 8M 110 121 129 100 101 112 
Cimarron 3 261 251 239 248 279 256 
Claflin 6ML 163 140 134 142 143 144 
Clay Center 7M 288 279 143 131 137 196 
Clay Co. RWD #1 7S 179 164 109 109 85 129 
Clay Co. RWD #2 7M 76 82 85 92 93 86 
Clayton 4 115 147 342 86 113 161 
Clearwater 7M 100 98 96 93 105 98 
Clifton 7M 123 136 159 183 130 146 
Cloud Co. RWD #1 7S 113 121 125 113 124 119 
Clyde 7M 141 145 167 149 148 150 
Coats 6S 167 180 184 147 133 162 
Coffey Co. RWD #3 7M NA NA NA 91 77 84 
Coffeyville 7L 189 148 144 138 136 151 
Colby 2 278 249 244 267 271 262 
Coldwater 5 230 206 209 197 232 215 
Collyer 4 130 133 133 142 148 137 
Colonial Gardens 7 54 70 72 78 76 70 
Columbus 8M 136 186 159 142 123 149 
Comanche Co. RWD #2 5 363 324 400 385 407 376 
Concordia 7M 147 147 149 148 136 145 
Conway Springs 7M 96 91 100 95 97 96 
Coolidge 1 258 257 254 301 274 269 
Copeland 3 264 283 253 238 235 255 
Cottonwood Falls 7M 103 87 89 85 93 91 
Council Grove 7M 111 100 104 103 108 105 
Country View MHP 5 83 84 65 80 72 77 
Countryside Estates LLC 5 84 62 61 79 NA 72 
Countryside Rentals 2 107 74 86 103 80 90 
Countryview Mobile Home Park 6 31 81 107 98 125 88 
Cowley Co. RWD #1 7M 104 97 104 109 158 114 
Cowley Co. RWD #3 7M 151 150 175 151 121 150 
Cowley Co. RWD #6 7M 86 87 106 108 130 103 
Crawford Co. RWD #1 8M 101 92 107 109 81 98 
Crawford Co. RWD #1C 8M 95 91 93 90 87 91 
Crawford Co. RWD #3 8S 66 66 71 73 108 77 
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Crawford Co. RWD #4 8M 94 84 101 121 105 101 
Crawford Co. RWD #5 8M 133 133 129 115 131 128 
Crawford Co. RWD #6 8M 125 142 115 109 106 119 
Cuba 7S 105 90 100 114 99 102 
Cullison 6S 341 161 172 153 156 197 
Culver 7S 78 75 75 75 81 77 
Cunningham 6ML 170 153 164 167 206 172 
Deerfield 2 165 140 153 163 161 156 
Delia 7S 142 142 128 NA NA 137 
Delphos 7M 131 128 138 130 136 133 
Derby 7L 130 123 128 115 136 126 
DeSoto 8M 103 125 127 129 126 122 
Dexter 7S 113 129 139 NA 141 131 
Dickinson Co. RWD #1 7M 109 120 104 125 118 115 
Dickinson Co. RWD #2 7M 94 86 95 88 96 92 
Dighton 3 226 213 196 216 245 219 
Dodge City 4 211 201 193 177 204 197 
Doniphan Co. RWD #1 8S 54 72 80 58 61 65 
Doniphan Co. RWD #2 8S 110 81 75 73 70 82 
Doniphan Co. RWD #3 8S 83 81 83 92 94 86 
Dorrance 6S 84 77 83 77 75 79 
Douglas Co. RWD #1 8M 87 83 86 87 84 85 
Douglas Co. RWD #2 8M 90 93 98 87 82 90 
Douglas Co. RWD #3 8M 110 114 118 128 130 120 
Douglas Co. RWD #4 8M 89 81 75 104 96 89 
Douglas Co. RWD #5 8M 66 77 100 84 80 81 
Douglas Co. RWD #6 8S 106 92 90 110 98 99 
Douglass 7M 88 83 87 80 86 85 
Downs 6ML 187 181 188 181 173 182 
Durham 7S 119 120 116 72 103 106 
Dwight 7S 99 96 101 80 81 92 
Easton 8S 147 90 88 94 98 103 
Eastside Trailer Park 2 71 79 73 60 NA 71 
Edgerton 8M 71 62 61 64 62 64 
Effingham 8M 110 117 115 119 108 114 
El Dorado 7L 161 163 187 186 185 176 
Elgin 7S 209 226 258 228 225 229 
Elk City 7S 114 112 116 110 109 112 
Elkhart 1 257 256 289 260 290 270 
Ellinwood 6ML 127 112 117 112 116 117 
Ellis 5 130 127 112 108 120 119 
Ellis Co. RWD #1 5 73 73 86 77 100 82 
Ellis Co. RWD #2 5 106 94 66 113 77 91 
Ellis Co. RWD #3 5 66 54 62 49 66 59 
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Ellis Co. RWD #6 5 111 76 102 98 112 100 
Ellis Co. RWD #7 5 94 102 103 130 146 115 
Ellsworth 6ML 148 142 154 155 144 149 
Elmdale 7S 63 59 80 83 85 74 
Elwood 8M 141 118 129 93 93 115 
Emmett 7S 146 167 175 168 127 157 
Emporia 7L 169 142 148 186 175 164 
Englewood 4 655 536 516 305 447 492 
Ensign 3 295 284 261 228 244 262 
Enterprise 7M 112 97 97 98 92 99 
Erie 8M 92 92 99 95 105 96 
Esbon 6S 100 112 141 122 112 118 
Eskridge 7M 107 110 114 119 133 116 
Eudora 8M 97 93 90 90 85 91 
Eureka 7M 111 120 124 121 136 122 
Everest 8S 123 126 106 117 109 116 
Florence 7M 133 123 129 121 158 133 
Fontana 8S 107 109 108 81 84 98 
Ford 4 296 238 277 270 299 276 
Formoso 6S 103 91 114 93 91 99 
Fort Scott 8M 152 166 155 152 150 155 
Fowler 3 342 291 284 225 215 271 
Frankfort 7M 133 125 127 122 126 127 
Franklin Co. RWD #4 8M 125 129 128 126 122 126 
Franklin Co. RWD #5 8M 113 109 109 121 137 118 
Franklin Co. RWD #6 8M 99 98 103 91 93 97 
Fredonia 7M 113 121 111 110 116 114 
Frontenac 8M 115 117 112 110 96 110 
Fulton 8S 68 66 62 77 72 69 
Galena 8M 129 127 137 129 143 133 
Galva 7M 118 109 106 98 101 106 
Garden City 2 183 168 163 168 184 173 
Garden Plain 7M 105 118 111 111 117 112 
Gardner 8M 100 100 86 89 103 96 
Garnett 8M 100 104 107 101 103 103 
Gaylord 6S 131 140 139 156 157 145 
Geary Co. RWD #2 7S 82 134 126 91 123 111 
Geary Co. RWD #4 7M 84 88 92 85 92 88 
Geneseo 6S 111 99 109 88 89 99 
Geuda Springs 7S 81 89 79 94 104 90 
Girard 8M 108 124 127 124 128 122 
Glade 5 94 NA 76 80 90 85 
Glasco 7M 89 90 105 105 89 96 
Glen Elder 6S 177 177 164 169 168 171 
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Goddard 7M 137 128 138 113 163 136 
Goessel 7M 138 120 107 96 117 115 
Goff 7S 120 138 120 103 92 115 
Goodland 1 326 281 279 300 313 300 
Gorham 6S 101 104 101 101 102 102 
Gove 3 235 153 136 194 197 183 
Grainfield 3 246 223 216 256 273 243 
Great Bend 6ML 146 130 130 120 127 131 
Greeley 8S 162 190 84 90 88 123 
Green 7S 82 91 83 88 87 86 
Greenleaf 7S 176 189 201 194 141 180 
Greensburg 5 199 160 168 167 172 173 
Grenola 7S 71 67 77 78 75 73 
Grinnell 3 270 230 225 249 275 250 
Gypsum 7S 121 110 116 108 112 114 
Haddam 7S 115 98 107 105 NA 107 
Halstead 7M 143 124 116 118 123 125 
Hamilton Co. RWD #1 1 113 106 105 131 124 116 
Hanover 7M 89 92 90 98 99 94 
Hanston 4 169 174 152 141 191 165 
Hardtner 6S 220 184 212 209 278 221 
Harper 6ML 165 142 129 132 157 145 
Harper Co. RWD #3 6S 101 91 96 73 87 89 
Hartford 7M 77 75 69 75 72 74 
Harveyville 7S 96 75 74 69 95 82 
Haven 6ML 171 151 154 145 170 158 
Havensville 7S 107 129 99 104 100 108 
Haviland 5 243 196 190 177 203 202 
Hays 5 97 92 103 106 112 102 
Hays City Suburban 5 133 120 82 95 112 108 
Haysville 7M 123 122 119 97 115 115 
Hazelton 6S 150 122 142 128 155 139 
Herington 7M 108 109 108 105 110 108 
Herndon 2 378 422 300 417 433 390 
Hesston 7M 133 127 141 123 163 137 
Hiawatha 8M 129 131 121 118 119 124 
Highland 8M 117 122 115 114 115 117 
Hill City 4 173 169 163 194 191 178 
Hillsboro 7M 120 113 NA 97 126 114 
Hoisington 6ML 114 110 121 120 118 117 
Holcomb 2 152 145 147 152 149 149 
Holton 7M 117 132 137 136 140 133 
Holyrood 6S 188 154 137 132 146 151 
Hope 7S 81 81 95 89 94 88 
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Horace 1 116 119 140 101 75 110 
Horton 8M 101 99 113 100 114 105 
Howard 7M 108 115 108 104 118 111 
Howison Heights Water District 7S 135 81 113 116 110 111 
Hoxie 3 249 239 242 257 298 257 
H-Park 2 114 127 136 164 137 136 
Hugoton 2 317 388 327 333 335 340 
Humboldt 8M 97 98 97 93 103 98 
Hutchinson 6ML 145 137 142 129 140 139 
Independence 7M 142 131 140 136 159 141 
Ingalls 3 247 224 193 220 228 222 
Inman 7M 161 142 129 126 138 139 
Iola 8M 88 95 114 101 116 103 
Isabel 6S 162 172 178 164 188 173 
Iuka 6S 73 72 78 92 89 81 
Jackson Co. RWD #3 7M 96 100 122 114 90 105 
Jamestown 7S 120 109 127 116 118 118 
Janssen Mobile Home Park 7 86 91 95 111 97 96 
Jefferson Co. RWD #1 8M 105 87 108 111 108 104 
Jefferson Co. RWD #10 8S 65 96 86 95 105 90 
Jefferson Co. RWD #11 8S 114 94 92 93 59 90 
Jefferson Co. RWD #12 8M 121 114 118 129 115 119 
Jefferson Co. RWD #13 8M 92 87 88 107 127 100 
Jefferson Co. RWD #15 8S 60 63 73 63 70 66 
Jefferson Co. RWD #2 8M 113 101 103 113 107 107 
Jefferson Co. RWD #3 8M 130 116 104 115 119 117 
Jefferson Co. RWD #6 8S 90 123 81 130 116 108 
Jefferson Co. RWD #7 8M 110 99 111 108 118 109 
Jefferson Co. RWD #8 8S 95 109 118 93 92 101 
Jefferson Co. RWD #9 8S 64 63 70 68 61 65 
Jennings 3 244 303 251 250 274 264 
Jetmore 4 195 228 187 172 192 195 
Jewell Co. RWD #1 6ML 176 195 192 167 180 182 
John's Mobile Home Court 7 209 54 88 63 51 93 
Johnson City 1 353 339 346 354 351 348 
Johnson Co. RWD #7 8M 83 91 86 84 93 87 
Johnson Co. Water District #1 8L 141 145 139 144 150 144 
Johnson Subdivision 2 84 74 76 69 69 74 
Junction City 7L 137 128 131 130 130 131 
Kanopolis 6ML 147 129 149 99 94 123 
Kanorado 1 222 173 216 248 214 215 
Kansas City BPU 8L 178 160 168 186 180 174 
Kensington 6ML 136 135 150 149 138 142 
Kingman 6ML 177 174 196 162 169 176 
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Kinsley 5 152 130 130 120 136 134 
Kiowa 6ML 162 141 142 128 130 141 
Kirwin 5 126 164 125 140 127 136 
Kismet 2 220 238 221 171 215 213 
Konza Valley Water District 7S 86 85 94 79 83 86 
La Crosse 5 123 116 114 109 115 115 
La Cygne 8M 101 92 114 97 80 97 
Lakeside Village Improvement 8S 105 91 91 103 95 97 
Lakin 2 387 279 275 266 269 296 
Lane 8S 60 63 66 60 59 62 
Lane Co. RWD #1 3 257 230 197 165 161 202 
Larned 5 225 211 189 187 197 202 
Lawrence 8L 121 111 115 116 121 117 
Leavenworth 8L 112 107 100 104 101 105 
Leavenworth Co. RWD #1C 8M 88 82 87 80 77 83 
Leavenworth Co. RWD #9 8M 87 84 83 90 87 86 
Lebanon 6S 102 92 101 105 107 102 
Lebo 7M 113 99 86 83 82 93 
Lecompton 8M 73 73 71 73 76 73 
Lehigh 7S 128 105 102 89 107 106 
Lenora 4 160 187 176 174 182 176 
Leon 7M 101 101 95 102 93 99 
Leonardville 7S 113 103 96 110 116 108 
Leoti 2 228 213 237 237 229 229 
LeRoy 7M 110 102 102 84 81 96 
Lewis 5 272 204 208 186 272 228 
Liberal 2 221 248 246 218 236 234 
Liberal Feeders 2 182 211 231 205 179 202 
Liberal Mobile Homes Inc. 2 122 122 117 125 121 121 
Liebenthal 5 67 89 75 72 69 75 
Lincoln Center 6ML 139 130 144 158 147 144 
Lindsborg 7M 178 171 127 112 120 142 
Linn 7S 113 123 125 130 123 123 
Linwood 8S 76 68 64 59 63 66 
Little River 6ML 165 154 132 136 156 149 
Logan 5 178 179 166 209 194 185 
Long Island 5 175 210 157 212 193 189 
Longford 7S 98 81 77 99 92 89 
Longton 7S 114 111 119 105 109 112 
Lorraine 6S 149 144 130 140 137 140 
Louisburg 8M 115 91 82 79 105 94 
Lucas 6S 94 116 106 109 116 108 
Luray 6S 83 91 95 100 100 94 
Lyndon 7M 121 105 88 87 91 99 
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Lyons 6ML 233 208 217 202 223 217 
M&M Mobile Home Park 7 64 68 89 65 71 71 
Macksville 6ML 220 192 159 150 171 178 
Madison 7M 136 103 103 104 99 109 
Mahaska 7S 123 188 154 186 150 160 
Manhattan 7L 150 146 137 144 149 145 
Mankato 6ML 187 165 168 175 176 174 
Manter 1 256 284 262 255 255 262 
Maple Hill 7S 90 88 85 90 94 89 
Marion 7M 122 119 124 117 124 121 
Marion Co. RWD #1 7M 134 116 87 113 115 113 
Marquette 7M 118 126 121 146 141 131 
Marshall Co. RWD #1 7S 84 92 78 87 93 87 
Marshall Co. RWD #2 7S 157 182 175 172 NA 171 
Marshall Co. RWD #3 7M 100 99 131 133 130 118 
Marysville 7M 136 130 135 131 127 132 
Matfield Green 7S NA 74 116 102 150 110 
McCracken 5 126 114 112 116 119 117 
McDonald 2 324 291 273 267 256 282 
McFarland 7S 77 86 84 82 77 81 
McLouth 8M 106 88 85 90 87 91 
McPherson 7L 195 166 158 149 177 169 
McPherson Co. RWD #1 7S 125 133 117 96 104 115 
Meade 3 251 213 230 215 244 231 
Meadow Acres MHP 5 69 68 63 79 73 70 
Meadow Lark Park 2 152 135 118 169 130 141 
Medicine Lodge 6ML 246 223 229 241 263 240 
Melvern 7S 120 106 103 98 113 108 
Miami Co. RWD #2 8M 88 91 109 153 115 111 
Milford 7M 99 131 132 80 68 102 
Miller Mobile Home Park 7 48 56 46 46 54 50 
Miltonvale 7M 120 130 137 141 126 131 
Minneapolis 7M 144 140 140 143 138 141 
Minneola 4 189 180 179 165 209 184 
Mitchell Co. RWD #2 6ML 246 213 225 204 204 218 
Moline 7M 147 124 152 162 133 144 
Montezuma 3 231 244 234 260 257 245 
Morganville 7S 147 125 127 122 125 129 
Morland 4 270 248 190 202 241 230 
Morris Co. RWD #1 7M 41 69 94 96 100 80 
Morrowville 7S 92 97 119 135 104 110 
Moscow 2 506 510 420 430 328 439 
Mound City 8M 114 129 127 129 122 124 
Moundridge 7M 156 138 178 148 182 160 
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Mount Hope 7M 171 143 135 137 123 142 
Mulberry 8M 108 116 121 108 80 107 
Mullinville 5 168 185 191 164 209 183 
Mulvane 7M 101 96 98 75 81 90 
Mulvane Mobile Home Park 7 88 89 93 54 55 76 
Munden 7S 92 104 94 97 95 96 
Muscotah 8S 70 85 82 79 84 80 
Narka 7S 91 98 105 97 96 98 
Nationwide Village 5 93 123 113 104 94 105 
Natoma 6S 92 84 115 119 123 107 
Nemaha Co. RWD #1 7S 114 102 97 103 131 109 
Nemaha Co. RWD #3 7M 114 107 110 120 124 115 
Nemaha Co. RWD #4 7S NA NA 95 80 75 83 
Neodesha 7M 115 124 126 127 116 121 
Neosho/Allen Co. RWD #2 8M 98 94 91 73 77 87 
Ness City 4 134 123 120 127 141 129 
New Strawn 7S 102 109 110 134 130 117 
Newton 7L 123 111 114 110 115 114 
Nickerson 6ML 129 114 110 99 107 112 
Norcatur 3 144 203 146 176 179 170 
North Newton 7M 109 104 105 114 119 110 
Norton 4 220 246 187 212 224 218 
Norton Co. RWD #1 4 74 79 59 67 79 71 
Nortonville 8M 94 90 91 91 90 91 
Norwich 6S 152 108 126 119 148 130 
Oakley 2 233 206 197 223 258 224 
Oberlin 3 230 246 258 285 281 260 
Offerle 5 236 204 188 166 224 203 
Ogden 7M 127 127 140 127 117 128 
Oketo 7S 71 75 69 85 76 75 
Olathe 8L 113 113 112 113 111 112 
Olmitz 6S 133 114 108 103 99 111 
Olsburg 7S 72 75 93 101 85 85 
Onaga 7M 121 98 95 89 91 99 
Oneida 7S 94 95 87 82 78 87 
Osage City 7M 97 97 100 107 96 100 
Osage Co. RWD #2 7S 95 84 98 79 81 87 
Osage Co. RWD #3 7M 134 110 86 101 105 107 
Osage Co. RWD #4 7S 99 100 99 95 96 98 
Osage Co. RWD #5 7M 112 99 107 98 88 101 
Osawatomie 8M 126 142 126 128 148 134 
Osborne 6ML 171 171 169 189 179 176 
Osborne Co. RWD #1A 6S 411 258 320 371 447 361 
Oskaloosa 8M 97 90 99 97 92 95 



 69

TABLE 22 
ANNUAL AND AVERAGE GPCD USAGEa/ FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1994-1998 

Public Water Supplier Region 
1994 

GPCD 
1995 

GPCD 
1996 

GPCD 
1997 

GPCD 
1998 

GPCD 
Avg. 

GPCD 
Oswego 8M 130 119 116 111 106 116 
Otis 5 164 184 181 173 185 177 
Ottawa 8L 93 98 98 93 91 95 
Ottawa Co. RWD #1 7S 110 92 113 161 125 120 
Ottawa Co. RWD #2 7M 74 79 102 115 126 99 
Overbrook 7M 85 88 82 88 88 86 
Oxford 7M 139 132 139 119 171 140 
Ozawkie 8M 114 100 102 118 101 107 
Palco 5 134 123 118 127 128 126 
Palmer 7S 105 93 106 120 114 108 
Paola 8M 144 128 110 109 130 124 
Paradise Trailer Court 8 100 65 64 59 58 69 
Park 3 194 186 214 191 181 193 
Park City 7M 117 108 111 108 114 112 
Parker 8S NA 72 83 94 97 86 
Parsons 8L 144 148 158 158 134 149 
Pawnee Rock 6S 93 98 93 91 84 92 
Paxico 7S 100 91 90 89 89 92 
Paxton Addition 1 294 329 313 306 278 304 
Peabody 7M 119 112 104 97 97 106 
Perry 8M 106 107 104 99 95 102 
Phillipsburg 5 137 154 172 166 164 159 
Pittsburg 8L 129 127 127 127 134 129 
Plains 3 300 291 273 254 287 281 
Plainville 5 141 143 127 139 145 139 
Pleasanton 8M 111 94 95 91 109 100 
Pomona 8M 97 90 82 82 76 85 
Ponderosa Mobile Home Park 7 50 54 59 60 54 55 
Portis 6S 86 85 119 103 76 94 
Post Rock RWD 6ML 139 129 144 138 148 140 
Pottawatomie Co. RWD #1 7M 103 92 113 111 114 107 
Pottawatomie Co. RWD #2 7S NA NA NA 187 161 174 
Pottawatomie Co. RWD #3 7M 77 64 89 95 97 84 
Potwin 7S 84 85 86 94 98 89 
Prairie Schooner MHP 7 115 113 113 112 116 114 
Prairie View 5 174 159 168 196 183 176 
Pratt 6ML 236 218 206 180 212 210 
Prescott 8S 86 85 95 86 77 86 
Preston 6S 254 270 252 225 278 256 
Pretty Prairie 6ML 175 142 145 138 179 156 
Protection 5 261 229 213 287 218 242 
Quenemo 7S 75 65 63 64 66 67 
Quinter 3 248 227 225 253 255 242 
Randall 6S 113 140 112 93 108 113 
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Randolph 7S 150 93 105 90 96 107 
Ransom 4 145 146 129 119 129 133 
Rantoul 8S 81 84 68 68 61 72 
Raymond 6S 189 157 162 122 161 158 
Reno Co. RWD #1 6S 188 150 182 241 206 193 
Reno Co. RWD #8 6S 298 224 234 184 213 231 
Reno Co. WD  101 6S 110 101 99 91 111 102 
Republic 7S 113 122 141 139 135 130 
Republic Co. RWD #1 7S 187 185 308 276 225 236 
Republic Co. RWD #2 7M 160 161 182 162 212 175 
Reserve 8S 102 94 94 86 94 94 
Rexford 2 277 282 296 303 346 301 
Richmond 8M 112 127 125 118 110 118 
Riley 7M 130 122 128 138 132 130 
Riverchase Mobile Home Park 7 74 69 66 92 39 68 
Robinson 8S 110 102 102 98 101 103 
Rocky Ford Trailer Park 7 108 98 116 110 86 104 
Rocky Ford Water Company 7S 126 138 215 193 187 172 
Rolla 1 262 235 234 266 260 251 
Rolling Hills Inc. 2 215 464 367 397 424 373 
Rolling Meadow Mobile Court 7 129 102 109 109 108 111 
Rooks Co. RWD #1 5 164 177 196 127 114 156 
Rooks Co. RWD #2 5 103 96 92 125 135 110 
Rooks Co. RWD #3 5 170 90 158 137 126 136 
Rossville 7M 99 120 97 97 96 102 
Rozel 5 262 NA 184 171 184 200 
Rush Center 5 208 178 158 160 177 176 
Rush Co. RWD #1 5 213 187 280 236 269 237 
Russell 6ML 113 130 145 126 151 133 
Russell Co. RWD #1 6S 88 129 162 95 NA 119 
Russell Co. RWD #2 6S 139 162 144 107 128 136 
Russell Co. RWD #4 6S 93 103 138 147 163 129 
Sabetha 7M 95 101 102 110 112 104 
Salina 7L 125 119 124 116 123 121 
Saline Co. RWD #1 7S 70 85 75 69 59 71 
Saline Co. RWD #2 7S 112 96 99 124 200 126 
Saline Co. RWD #4 7M 82 82 88 111 115 95 
Saline Co. RWD #6 7S 121 89 104 105 95 103 
Saline Co. RWD #8 7S 89 97 108 110 85 98 
Satanta 2 244 250 252 250 282 256 
Sawyer 6S 170 148 137 134 133 144 
Scammon 8M 140 115 113 127 129 125 
Scandia 7S 149 138 140 157 156 148 
Scott City 2 274 252 256 249 277 262 
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Sedan 7M 119 117 127 131 136 126 
Sedgwick 7M 101 96 97 103 103 100 
Sedgwick Co. RWD #4 7M 73 73 109 113 125 99 
Selden 3 208 262 204 197 214 217 
Seneca 7M 153 124 122 127 128 131 
Severy 7S 129 118 121 100 112 116 
Sharon 6S 121 114 112 102 118 113 
Sharon Springs 1 288 242 272 270 269 268 
Shawnee Co. RWD #2C 7M 84 87 85 80 90 85 
Shawnee Co. RWD #3 7M 79 82 88 99 86 87 
Shawnee Co. RWD #4 7M 102 98 98 96 99 99 
Shawnee Co. RWD #8 7M 92 90 93 100 91 93 
Silver Lake 7M 109 96 86 86 85 92 
Simpson 6S 67 74 96 56 93 77 
Smith Center 6ML 168 172 166 157 176 168 
Smith Co. RWD #1 6S 212 158 217 303 249 228 
Solomon 7M 148 128 121 126 137 132 
South Haven 7S 113 119 111 101 123 113 
South Hutchinson 6ML 149 138 143 138 142 142 
Spearville 4 209 175 161 138 186 174 
Speed 5 86 88 100 91 110 95 
Spivey 6S 188 142 147 137 122 147 
Spring Hill 8M 105 111 102 92 118 105 
St. Francis 1 357 311 350 352 351 344 
St. George 7S 94 96 97 99 98 97 
St. John 6ML 186 156 149 149 147 157 
St. Marys 7M 136 157 145 154 126 144 
St. Paul 8M 92 105 102 104 100 101 
Stafford 6ML 173 141 130 115 149 141 
Sterling 6ML 157 138 148 136 157 147 
Stockton 5 236 198 153 168 171 185 
Strong City 7M 136 157 181 210 212 179 
Sublette 2 251 256 223 252 277 252 
Suburban Water Company 8M 87 88 91 86 91 89 
Summerfield 7S 119 109 137 149 143 131 
Sunflower Village 7 132 82 72 93 57 87 
Sunny Acres MHP 7 78 71 84 78 77 78 
Sunshine Mobile Home Park 2 96 106 140 105 133 116 
Sylvan Grove 6S 113 138 117 134 141 129 
Sylvia 6S 190 133 187 187 195 178 
Syracuse 1 281 288 293 340 363 313 
Tatarrax Hills 7S 129 115 125 141 136 129 
Tescott 7S 118 103 102 104 114 108 
Thayer 8M 127 147 111 120 122 125 
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Thunderbird Estates 7 78 79 71 75 61 73 
Timber Creek Water & Sewer 7S 129 119 135 126 133 128 
Timken 5 181 134 125 137 118 139 
Tipton 6S 101 112 100 102 98 103 
Tonganoxie 8M 110 112 95 105 97 104 
Topeka 7L 173 161 163 170 174 168 
Toronto 7S 89 101 106 98 116 102 
Towns Riverview 2 53 47 50 38 57 49 
Trego Co. RWD #1 4 82 51 65 58 72 66 
Tribune 1 239 230 210 218 234 226 
Troy 8M 115 117 106 104 102 109 
Turon 6S 150 129 128 141 151 140 
Tuttle Creek Water Company 7 57 81 84 88 68 76 
Tuttle Terrace Trailer Court 7 25 35 42 42 89 47 
Udall 7M 98 97 101 110 101 101 
Ulysses 2 231 218 215 243 263 234 
Uniontown 8S 107 101 94 97 97 99 
University Park Water District 7S 120 129 122 122 89 117 
Utica 4 214 225 211 225 230 221 
Valley Center 7M 137 125 110 100 123 119 
Valley Falls 8M 112 118 105 104 104 109 
Vermillion 7S 119 140 145 111 96 122 
Victoria 5 118 115 101 102 108 109 
Virgil 7S 95 64 87 67 60 75 
Wabaunsee Co. RWD #1 7S 87 82 80 84 84 83 
Wabaunsee Co. RWD #2 7M 80 71 82 83 78 79 
Wagon Wheel MHP I 2 61 89 38 89 124 80 
Wagon Wheel MHP II 2 88 90 124 135 142 116 
Wakeeney 4 206 188 200 169 169 186 
Wakefield 7M 112 115 108 126 103 113 
Wallace 1 306 280 286 292 281 289 
Wallace Co. RWD #1 1 295 280 305 NA NA 293 
Walnut Grove MHP 7 66 62 69 64 66 65 
Wamego 7M 128 120 124 124 125 124 
Washington 7M 140 138 137 138 129 136 
Washington Co. RWD #1 7M 80 82 118 96 89 93 
Washington Co. RWD #2 7M 122 108 113 132 103 116 
Waterville 7M 140 144 169 134 156 149 
Wathena 8M 139 120 131 130 110 126 
Waverly 7M 105 102 100 92 83 96 
Weir 8M 105 107 101 116 88 104 
Wellington 7M 129 142 140 139 140 138 
West Hills Water Company 6S 923 700 203 250 239 463 
West Mineral 8S 92 90 110 92 91 95 
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TABLE 22 
ANNUAL AND AVERAGE GPCD USAGEa/ FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1994-1998 

Public Water Supplier Region 
1994 

GPCD 
1995 

GPCD 
1996 

GPCD 
1997 

GPCD 
1998 

GPCD 
Avg. 

GPCD 
Western Acres MHP 6 42 35 24 25 40 33 
Westmoreland 7M 114 121 114 128 123 120 
Westside Trailer Park 2 81 93 64 50 NA 72 
Wetmore 7S 115 105 106 106 115 109 
Whatley's Trailer Park 2 114 115 116 125 126 119 
White City 7M 93 91 89 86 97 91 
White Cloud 8S 87 95 89 88 88 89 
Whitehurst Trailer Park 2 70 65 72 83 177 93 
Whitewater 7M 83 81 85 84 90 85 
Whiting 7S 75 72 79 76 73 75 
Wichita 7L 147 144 149 141 165 149 
Williamsburg 8S 113 144 97 98 109 112 
Wilson 6ML 136 128 120 115 117 123 
Winchester 8M 92 92 92 90 85 90 
Winfield 7L 124 123 132 123 143 129 
Winona 2 270 238 200 267 253 246 
Woodson Co. RWD #1 7M 64 69 75 90 93 78 
Woodston 5 157 147 204 129 143 156 
Yates Center 7M 94 90 97 91 90 92 
Zenda 6S 171 147 208 115 143 157 
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INTRODUCTION 
 
The tables and charts shown in this publication were prepared using data from public 
water suppliers filing 1999 Municipal Water Use Reports with either the Kansas 
Department of Agriculture-Division of Water Resources or the Kansas Water Office.  
The Division of Water Resources requires annual Water Use Reports from all public 
water suppliers with active water rights, as a condition of the Water Appropriations Act.  
The Kansas Water Office requires similar reports from public water suppliers purchasing 
water from State-owned storage in Federal reservoirs through the Water Marketing 
Program.  Entities purchasing water wholesale from suppliers in the Water Marketing 
Program also completed water use reports for 1999. 
 
This publication provides information on 652 public water suppliers that served 10 or 
more connections year-round and completed a 1999 Municipal Water Use Report.  
Included are cities and towns, rural water districts, housing subdivisions, and mobile 
home parks.  In addition to reporting the quantity of water diverted each year, these 
public water suppliers also provide information on water purchased from and sold to 
other suppliers, sales to retail customers, metered free and unaccounted for water, 
population served, and current water rates.   
 
The Division of Water Resources, Kansas Water Office, and U.S. Geological Survey–
Water Resources Division (USGS) review these data to ensure that the information is 
as accurate and complete as possible, and to derive the statistics on per capita usage, 
percent metered free, percent unaccounted for water, and water rates that are 
published herein.  The review process is also important for documenting atypical water 
use among certain suppliers, as well as for identifying problems with meter accuracy, 
bookkeeping, and water loss that may warrant special assistance.  The Kansas Water 
Plan provides some of the funding used to review annual water use reports and offer 
technical assistance when needed. 
 
The efforts of every water supplier completing annual water use reports are greatly 
appreciated.  The data collected are valuable in administering water rights and 
marketing contracts, preparing population and water demand projections, and 
assessing progress toward meeting State conservation objectives.  The information 
provided in this annual publication can also be useful in evaluating individual systems’ 
needs for metering improvements, water loss reduction, water rate adjustments, and 
implementation of cost-effective, long-term water conservation measures. 
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REGIONAL PER CAPITA WATER USE 
 
Water usage in gallons per capita per day (gpcd) is calculated for each water system 
from reported data on amounts of water used and populations served.  Gpcd usage for 
individual suppliers is based on amounts of water used for residential and commercial 
sales, free use, and unaccounted for water.  Gpcd figures do not include sales to other 
suppliers, industries, bulk users, or farmsteads using over 200,000 gallons per year.   
 
Average gpcd figures are calculated for water suppliers in eight regions of the State so 
that usage for individual suppliers can be compared to average usage for similar 
geographic areas.  These regions, shown in Figure 1, correspond to general patterns of 
per capita water use and precipitation.  Gpcd usage increases from eastern to western 
Kansas, primarily due to greater outside water use in the drier, more arid parts of the 
state.  Another factor contributing to higher gpcd usage in western Kansas is that 
average water rates are lower in the western regions of the State where ground water is 
the predominant source of supply.   
 
Average gpcd usage by Kansas public water suppliers by region and size is shown in 
Table 1 (p. 26) for the years 1995-1999.  Gpcd usage in 1999 ranged from a high of 252 
in Region 1 in westernmost Kansas to a low of 88 in Region 8 among small public water 
suppliers in easternmost Kansas.  Gpcd usage varies from year to year within each 
regional group due primarily to climatic variations.  Average gpcd values are generally 
higher during years when average June-September precipitation is below normal and 
lower when precipitation is above normal, as shown in Figure 2 for the years 1987 to 
1999.  The peak average usage of 156 gpcd occurred during 1991, when statewide 
average summer precipitation was 9.05 inches, the lowest during this period.  The 
lowest average usage of 128 gpcd occurred during 1993, when statewide average 
summer precipitation reached a high of 22.62 inches. Average gpcd usage for 1999 was 
130, when summer precipitation averaged 14.75 inches.  For many regions,  average 
gpcd values for 1999 were comparable to the 1993 gpcd values. The apparent trend 
towards lower gpcd averages during recent years of moderate summer precipitation 
may be indicative of conservation efforts by public water suppliers, such as reductions 
in unaccounted for water, more accurate metering of raw water, and reduced usage due 
to higher prices. 
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Figure 2
AVERAGE ANNUAL GPCD USE AND AVERAGE JUNE-SEPTEMBER PRECIPITATION

KANSAS, 1987-1999
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WATER USE STATISTICS BY REGIONAL CATEGORY 
 
The text, charts, and tables in the following sections of this publication are provided so 
that public water suppliers and state agencies may evaluate water use and water 
conservation efforts by Kansas water utilities.  Information is summarized by region and 
size category.  Regions 6, 7, and 8 in central and eastern Kansas include many more 
public water suppliers than do the western Kansas regions, and were subdivided by 
population size.  Small public water suppliers serve fewer than 500 people, medium 
public water suppliers serve between 500 and 9,999 people, and large public water 
suppliers serve 10,000 people or more.   
 
Charts showing the water suppliers with the highest and lowest gpcd usages within 
each regional category, compared to the regional and state average gpcd usage for 
1999, are included with the regional discussions on pp. 6-18.  Water use statistics for 
each supplier within each regional category are provided in Tables 2-14 on pp. 27-49.  
These tables rank each water supplier by gpcd usage, and show the percent difference 
from the 1999 regional average gpcd.  The tables also show the monthly water rate 
category for 10,000 gallons of water per month, the percentage of metered free water, 
and the percentage of unaccounted for water.  These data are useful in evaluating the 
gpcd figures.  Comparison of an individual supplier’s gpcd, water rates, and 
percentages of metered free and unaccounted for water to regional averages may 
indicate opportunities for more cost-effective and efficient use of water. 
 
Per capita usage by a particular water supplier can be affected by circumstances such 
as customer use habits, water rates, amount of water needed for water treatment or 
other free uses, and system losses.  Inexpensive water rates, lack of metering, hot dry 
weather, frequent line breaks, expansion or replacement of water mains, tower 
overflows, or large amounts of water used for treatment and flushing can all contribute 
to a high gpcd.  High water rates, cool rainy weather, a system with few leaks, lack of 
significant free uses, or minimal need for water treatment can contribute to a low gpcd.    
 
Accuracy of the measurement of total water diverted also can influence a utility’s gpcd.  
Public water suppliers typically determine total diversions using flowmeters, calculation 
of hours pumped times pump rates, or a combination of these methods.  A higher than 
expected gpcd may result if master meters are overregistering, actual pump rates are 
lower than reported, or check valves are malfunctioning.  A lower than expected gpcd 
may result if meters are underregistering or actual pump rates are higher than reported.  
Inaccurate measurements of total water diverted also cause unreliable calculations of 
unaccounted for water.   
 
The percentage of unaccounted for water is a good indicator of meter accuracy and 
system efficiency.  Large percentages of unaccounted for water often result from over-
reported total diversions, substantial amounts of unmetered use, or system losses.  In 
publications of Kansas Municipal Water Use prior to 1998, the percent unaccounted for 
water applied only to systems that meter customer use.  Beginning with the 1998 data, 
the percent unaccounted for water has indicated all water that is not metered. 
Consequently, all unmetered water used by systems with flat water rates or by systems 
that were unable to provide data on customer sales is considered unaccounted for. 
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Region 1 
 
Figure 3 shows the three highest and three lowest gpcd uses by public water suppliers 
in Region 1 during 1999, along with the regional and state average gpcd values.  Table 
2 (p. 27) ranks each of the 15 public water suppliers in Region 1 by gpcd value, and 
shows the percent difference from the regional average gpcd.  The water rate category, 
percent metered free water, and percent unaccounted for water are also shown for each 
supplier. 
 
Water suppliers in Region 1 used an average of 252 gpcd in 1999.  Bird City’s gpcd of 
353 was the highest in the region during 1999, though it was much lower than its 1998 
gpcd of 435.  Bird City showed great improvement since 1998 in reduction of 
unaccounted for water.  The second highest per capita use in Region 1 was for 
Syracuse (352 gpcd), and the third highest use was for St. Francis, which used 318 
gpcd.  Both of these cities charge less than $20.00 per month for 10,000 gallons of 
water. 
 
The lowest per capita usages among water suppliers in Region 1 during 1999 were for 
Hamilton Co. RWD No. 1 (104 gpcd), the City of Horace (109 gpcd), and the Cities of 
Tribune and Kanorado (both used 198 gpcd).  Three of these water suppliers had very 
low percentages of unaccounted for water.  
 

Figure 3
GPCD USE FOR PUBLIC WATER SUPPLIERS
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Figure 4
GPCD USE FOR PUBLIC WATER SUPPLIERS

REGION 2, 1999
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Region 2 
 
Figure 4 shows the three highest and three lowest gpcd uses by public water suppliers 
in Region 2 during 1999, along with the regional and state average gpcd values.  Table 
3 (p. 28) ranks each of the 22 public water suppliers in Region 2 by gpcd value, and 
shows the percent difference from the regional average gpcd.  The water rate category, 
percent metered free water, and percent unaccounted for water are also shown for each 
supplier. 
 
The City of Herndon’s gpcd of 409 was the highest in the state and also in Region 2 
during 1999.  Herndon had 37 percent unaccounted for water, possibly due to a number 
of unmetered services.  The City of Rexford used 332 gpcd and was second highest.  
The City of Hugoton was third highest with 319 gpcd.  Each of these cities charges less 
than $20.00 per month for 10,000 gallons of water per month. 
 
Garden Spot Rentals (formerly Johnson Subdivision), a small housing development 
near Garden City, used 69 gpcd in 1999, which was 70 percent below the regional 
average and the lowest usage in Region 2.  The Cities of Deerfield and Holcomb were 
second and third lowest with 132 and 134 gpcd, respectively.  Both Holcomb and 
Deerfield had 10 percent or less unaccounted for water.  
 
All but one of the public water suppliers in Region 2 had per capita usage greater than 
the state average of 130 gpcd.  The average cost for 10,000 gallons of water per month 
in Region 2 was $15.25, which was the lowest among all regions in 1999. 
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Region 3 
 
Figure 5 shows the three highest and three lowest gpcd uses by public water suppliers 
in Region 3 during 1999, along with the regional and state average gpcd values.  Table 
4 (p. 29) ranks each of the 20 public water suppliers in Region 3 by gpcd value, and 
shows the percent difference from the regional average gpcd.  The water rate category, 
percent metered free water, and percent unaccounted for water are also shown for each 
supplier. 
 
The three highest per capita usages in Region 3 were for Hoxie (262 gpcd), Plains (260 
gpcd), and Oberlin (257 gpcd).  None of these cities’ usages were more than 20 percent 
above the regional average of 218 gpcd.  All three had monthly water rates lower than 
$20.00 for 10,000 gallons. 
 
The three lowest per capita usages in Region 3 were for Norcatur (154 gpcd), Park (167 
gpcd), and Lane Co. RWD #1 (170 gpcd).  All three of these suppliers had low 
percentages of unaccounted for water.  
 
Every public water supplier in Region 3 had a 1999 gpcd higher than the state average 
of 130.  The average monthly water rate in this region was $15.13 for 10,000 gallons, 
which was the second lowest among all the regions. 
 
 

Figure 5
GPCD USE FOR PUBLIC WATER SUPPLIERS

REGION 3, 1999
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Region 4 
 
Figure 6 shows the three highest and three lowest gpcd uses by public water suppliers 
in Region 4 during 1999, along with the regional and state average gpcd values.  Table 
5 (p. 30) ranks each of the 27 public water suppliers in Region 4 by gpcd value, and 
shows the percent difference from the regional average gpcd.  The water rate category, 
percent metered free water, and percent unaccounted for water are also shown for each 
supplier. 
 
The highest gpcd use in Region 4 during 1999 belonged to the City of Englewood, 
which charges customers a flat rate for water.   Englewood’s gpcd of 373 was 129 
percent higher than the regional average of 163.  The City of Bucklin used 269 gpcd 
and was second highest.  Bucklin, formerly a flat rate city, installed customer meters 
during 1998.  However, the city had 36 percent unaccounted for water in 1999 due to 
unmetered uses for a sewer project and road crews. The City of Ashland had the third 
highest usage with 249 gpcd and 25 percent unaccounted for water. 
 
The three lowest per capita uses in Region 4 were well below the 1999 state average of 
130 gpcd.  Trego Co. RWD #1 used 59 gpcd, Norton Co. RWD #1 used 61 gpcd, and 
Clayton used 75 gpcd.  These public water suppliers each serve very small populations. 
 
 

Figure 6
GPCD USE FOR PUBLIC WATER SUPPLIERS

REGION 4, 1999
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Region 5 
 
Figure 7 shows the three highest and three lowest gpcd uses by public water suppliers 
in Region 5 during 1999, along with the regional and state average gpcd values.  Table 
6 (p. 31) ranks each of the 46 public water suppliers in Region 5 by gpcd value, and 
shows the percent difference from the regional average gpcd.  The water rate category, 
percent metered free water, and percent unaccounted for water are also shown for each 
supplier. 
 
Rush Co. RWD #1 had the highest gpcd in Region 5 during 1999.  This rural water 
district used 315 gpcd, which was 117 percent above the regional average of 145.  This 
district had 53 percent unaccounted for water as a result of a large leak on an 
unmetered service and an inaccurate master meter.  Comanche Co. RWD #2 was 
second highest with 278 gpcd and 43 percent unaccounted for water.  Leaks and 
metering inaccuracies also have contributed to the high percent unaccounted for water 
in this district.  The City of Lewis used 209 gpcd and was third highest among Region 5 
water suppliers.  
 
The public water supplier in Region 5 with the most conservative per capita usage in 
1999 was Ellis Co. RWD #3 with 57 gpcd.  The City of Liebenthal used 65 gpcd and 
was second lowest, followed by the City of Speed with 80 gpcd.   
 
 

Figure 7
GPCD USE FOR PUBLIC WATER SUPPLIERS
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Region 6, Medium and Large Public Water Suppliers 
 
Figure 8 shows the three highest and three lowest gpcd uses by public water suppliers 
serving 500 people or more in Region 6 during 1999, along with the regional and state 
average gpcd values.  Table 7 (p. 33) ranks each of the 39 public water suppliers in this 
regional category by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
The three water suppliers with the highest per capita usage in this regional group during 
1999 all had monthly water rates of less than $20.00 for 10,000 gallons.   The City of 
Lyons used 232 gpcd, which was 57 percent higher than the regional average of 148 
gpcd.  The City Medicine Lodge was second highest with 231 gpcd, and the City of 
Attica was third highest with 207 gpcd. 
 
The lowest per capita usage among medium and large public water suppliers in Region 
6 was for the City of Beloit, which used 81 gpcd.  The second and third lowest uses 
were for the City of Kanopolis (88 gpcd) and the City of Nickerson (97 gpcd). 
 
 

Figure 8
GPCD USE FOR MEDIUM AND LARGE PUBLIC WATER SUPPLIERS
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Region 6, Small Public Water Suppliers 
 
Figure 9 shows the three highest and three lowest gpcd uses by public water suppliers 
serving fewer than 500 people in Region 6 during 1999, along with the regional and 
state average gpcd values.  Table 8 (p. 35) ranks each of the 58 small public water 
suppliers in Region 6 by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
The highest per capita water use in this regional group was for Osborne Co. RWD #1A 
with 349 gpcd, which was 162 percent above the regional average of 133.  This district 
had 48 percent unaccounted for water due to several leaks, and also flushing 
associated with 11 miles of new line. The City of Hardtner used 223 gpcd, and was 
second highest in per capita usage among small public water suppliers in Region 6 for 
1999.  Most of Hardtner’s 38 percent metered free use is for its swimming pools.  
Barber Co. RWD #2 had the third highest usage with 220 gpcd. 
 
The lowest per capita uses in this regional group were all for suppliers with12 percent or 
less unaccounted for water.  The City of Geneseo used 76 gpcd, and the City of 
Pawnee Rock used 82 gpcd.  Reno Co. Water District 101, Formoso, and Bluff City 
each used 84 gpcd. 
 
 

Figure 9
GPCD USE FOR SMALL PUBLIC WATER SUPPLIERS
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Region 7, Large Public Water Suppliers 
 
Figure 10 shows the three highest and three lowest gpcd uses by public water suppliers 
serving 10,000 people or more in Region 7 during 1999, along with the regional and 
state average gpcd values.  Table 9 (p. 37) ranks each of the 13 large public water 
suppliers in Region 7 by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
Per capita water use for large cities in Region 7 typically shows very little deviation from 
the regional average.  The City of Topeka used 176 gpcd in 1999, which was 22 percent 
above the regional average of 144.  The City of El Dorado used 169 gpcd and was 
second highest.  The City of Emporia used 166 gpcd and was third highest in gpcd 
usage. 
 
The City of Newton had the lowest per capita usage among large cities in Region 7 
during 1999.  Newton used 104 gpcd, which was 28 percent below the regional 
average.  The second lowest usage was for the City of Salina (119 gpcd), and the third 
lowest was for Derby (121 gpcd). 
 
 

Figure 10
GPCD USE FOR LARGE PUBLIC WATER SUPPLIERS
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Region 7, Medium Public Water Suppliers 
 
Figure 11 shows the three highest and three lowest gpcd uses by public water suppliers 
serving between 500 and 9,999 people in Region 7 during 1999, along with the regional 
and state average gpcd values.  Table 10 (p. 38) ranks each of the 139 medium public 
water suppliers in Region 7 by gpcd value, and shows the percent difference from the 
regional average gpcd.  The water rate category, percent metered free water, and 
percent unaccounted for water are also shown for each supplier. 
 
The three highest per capita uses among medium-sized water suppliers in Region 7 
during 1999 were for systems that showed large percentages of either metered free or 
unaccounted for water.  Strong City used 239 gpcd, and had 55 percent unaccounted 
for water.  This city has been replacing old customer meters that do not register low 
flows, and correcting well meter inaccuracies.  The City of Argonia used 203 gpcd and 
had 31 percent unaccounted for water, partly due to repeated leaks on a 4-inch line.  
The City of Abilene used 180 gpcd and had 32 percent metered free usage.  Most of 
this free water was used for backwash and wastewater. 
 
The three lowest per capita uses in this regional group for 1999 were by the City of 
Hartford (70 gpcd), Wabaunsee Co. RWD #2 (71 gpcd), and Lyon Co. RWD #4 and 
Coffey Co. RWD #3 (both used 72 gpcd).  These four water suppliers each had low 
percentages of unaccounted for water and higher than average water rates. 
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Region 7, Small Public Water Suppliers 
 
Figure 12 shows the three highest and three lowest gpcd uses by public water suppliers 
serving fewer than 500 people in Region 7 during 1999, along with the regional and 
state average gpcd values.  Table 11 (p. 42) ranks each of the 105 small public water 
suppliers in Region 7 by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
The three small water suppliers with the highest per capita uses in 1999 in Region 7 all 
had gpcd’s that were more than 100 percent greater than the regional average of 105 
gpcd.  The Village of Byron, a town located in Nebraska that is supplied by a Kansas 
well, does not meter its customers and used 239 gpcd.  The City of Elgin, which used 
215 gpcd, was still correcting problems with leaks during 1999 and had 66 percent 
unaccounted for water.  Pottawatomie Co. RWD #2 used 211 gpcd, and had 40 percent 
unaccounted for water due to numerous leaks and tower overflows and draining. 
 
The three small public water suppliers in Region 7 with the lowest per capita uses in 
1999 were Saline Co. RWD #1 (57 gpcd), the City of Allen (60 gpcd), and the City of 
Virgil (61 gpcd).  Gpcd uses for these suppliers were all at least 45 percent below the 
regional average.   
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Region 8, Large Public Water Suppliers 
 
Figure 13 shows the three highest and three lowest gpcd uses by public water suppliers 
serving 10,000 people or more in Region 8 during 1999, along with the regional and 
state average gpcd values.  Table 12 (p. 45) ranks each of the 9 large public water 
suppliers in Region 8 by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
Kansas City Board of Public Utilities had the highest gpcd, 179, among large water 
suppliers in Region 8 during 1999.  Kansas City BPU had 25 percent metered free 
water due to the large amount of water used in treating its raw water from the Missouri 
River.  Johnson County Water District #1, which treats water from the Kansas and 
Missouri Rivers, had the second highest usage, 157 gpcd.  The City of Atchison, which 
treats water from the Missouri River, had the third highest usage, 154 gpcd.   
 
The lowest per capita uses among large public water suppliers in Region 8 during 1999 
were for the cities of Ottawa (95 gpcd), Leavenworth (105 gpcd), and Olathe (108 
gpcd).  These water suppliers have typically have the lowest uses in this regional group. 
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Region 8, Medium Public Water Suppliers 
 
Figure 14 shows the three highest and three lowest gpcd uses by public water suppliers 
serving between 500 and 9,999 people in Region 8 during 1999, along with the regional 
and state average gpcd values.  Table 13 (p. 46) ranks each of the 88 medium public 
water suppliers in Region 8 by gpcd value, and shows the percent difference from the 
regional average gpcd.  The water rate category, percent metered free water, and 
percent unaccounted for water are also shown for each supplier. 
 
The highest per capita usage in 1999 among medium-sized water suppliers in Region 8 
was for Cherokee Co. RWD #3, which used 161 gpcd.  This district had 37 percent 
unaccounted for water due to metering inaccuracies and leaks.  The City of Girard had 
the second highest usage with 160 gpcd.  Girard’s 26 percent metered free use was 
larger than usual due to excessive backwash caused by a malfunctioning filter system.  
The City of Osawatomie had the third highest usage with 151 gpcd. 
 
The lowest per capita uses among this regional group in 1999 were for Edgerton (59 
gpcd), Elwood (68 gpcd), and Neosho/Allen RWD #2 (72 gpcd).   These gpcd uses are 
all far below the state and regional average gpcd’s.  
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Region 8, Small Public Water Suppliers 
 
Figure 15 shows the three highest and three lowest gpcd uses by public water suppliers 
serving fewer than 500 people in Region 8 during 1999, along with the regional and 
state average gpcd values.  Table 14 (p. 49) ranks each of the 40 small public water 
suppliers in Region 8 by gpcd value, and shows the percent difference from the regional 
average gpcd.  The water rate category, percent metered free water, and percent 
unaccounted for water are also shown for each supplier. 
 
The highest per capita uses among small water suppliers in Region 8 were still lower 
than the state average of 130 gpcd for 1999.  Jefferson Co. RWD #6 was highest with 
120 gpcd and 35 percent unaccounted for water, partly caused by faulty tower control.  
Second highest with 111 gpcd were the City of Robinson and Lakeside Village 
Improvement, a small supplier that does not meter all its customers.  Four suppliers 
used 109 gpcd in 1999:  Neosho Co. RWD #3, Jefferson Co. RWD #8, Jefferson Co. 
RWD #10, and Douglas Co. RWD #6. 
 
The lowest per capita uses among small suppliers in Region 8 were 60 gpcd for the City 
of Lane, 62 gpcd for the City of Edna and Capaldo Water Association, and 63 gpcd for 
the City of Fulton. 
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Statewide Summary 
 
For 1999, gpcd values ranged from a high of 409 (for the City of Herndon) to a low of 57 
(for Ellis Co. RWD No. 3 and Saline Co. RWD No.1).  However, to evaluate the water 
conservation efforts of all 621 public water suppliers, each gpcd should be compared to 
usage by other utilities of similar size in the same geographic area.  The highest and 
lowest gpcd usages relative to the corresponding regional average gpcd are shown in 
Tables 15 and 16 to allow an equitable comparison of extremes in usage for 1999. 
 
Table 15 (p. 51) ranks the 20 public water suppliers with the highest gpcd usage relative 
to their respective regional averages.  These suppliers tend to have large percentages 
of unaccounted for water due to system leaks or lack of metering, or in several cases, 
large percentages of metered free water.  Many are very small systems, where leaks 
can represent an especially large percentage of total water withdrawals.  Of the 20 
systems listed in Table 15, thirteen had 20 percent or greater unaccounted for water, 
including three that used a flat rate structure. 
 
The supplier with the largest percent difference in gpcd from the regional average was 
Osborne Co. RWD No. 1A, a small water district in Region 6 whose gpcd of 349 was 
162 percent higher than the regional average of 133.  The City of Englewood, a small 
town in Region 4, had the second highest gpcd relative to a regional average.  The 
Village of Byron, a small town in Nebraska that uses water from a well in Kansas, had 
the third highest gpcd relative to its regional average.  Englewood and Byron both utilize 
a flat rate structure. 
 
Table 16 (p. 52) ranks the 20 public water suppliers with the lowest gpcd usage in 1999 
relative to their respective regional averages.  Most of these suppliers are very small 
towns or rural water districts with little public use and high rates for water service.  The 
most conservative use was by Garden Spot Rentals (formerly Johnson Subdivision), a 
small housing development near Garden City that does not meter any water use.  This 
water supplier’s usage of 69 gpcd was 70 percent below the Region 2 average of 234 
gpcd.  The second most conservative use in 1999 was by Trego Co. RWD No. 1, a 
small supplier in Region 4 that reported very low unaccounted for water, has high water 
rates, and uses most of its water for livestock.  Norton Co. RWD No. 1, another very 
small supplier in Region 4, had the third lowest gpcd relative to its regional average. 
 
In 1990, 29 of the public water suppliers that completed annual water use reports used 
flat rate structures.  By 1999, the number of suppliers with flat rates had decreased to 
13. Table 17 (p. 53) lists the 13 public water suppliers that charged a flat rate for water 
service in 1999, and shows the percent difference between each gpcd and the 
respective regional average gpcd.  Public water suppliers with flat rate structures used 
an average of 33 percent more water per person than their peer communities in 1999. 
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WATER RATES BY REGION 
 
Table 18 (p. 54) shows 1999 regional average cost for residential customer water use at 
five levels from 5,000 to 100,000 gallons per month.  In general, water rates increase 
from west to east across the state.  Average monthly water rates were the lowest in 
Region 2, where they ranged from $10.95 for 5,000 gallons to $96.65 for 100,000 
gallons.  The highest rates were in Region 8, where the monthly cost of water ranged 
from an average of $23.73 for 5,000 gallons to an average of $314.23 for 100,000 
gallons.  Average water rates tend to be higher in eastern Kansas due to the costs 
associated with operating, building or rehabilitating surface water treatment facilities, 
and the costs associated with wholesale water distribution. 
 
There are four basic types of water rate structures in Kansas: flat rate, decreasing block 
rate, uniform block rate, and increasing block rate.  Utilities with a flat rate charge each 
customer a fixed amount per month regardless of the amount of water used.  With a 
decreasing block rate, the unit cost of water decreases as usage increases.  The unit 
cost of water is the same for all levels of usage with a uniform block rate.  With an 
increasing block rate, the unit cost of water rises as usage increases. 
 
The type of rate structure can affect gpcd usage.  Systems with flat rates tend to use 
considerably more water per capita than systems that meter customer use.  The other 
three types of rate structures, in which cost depends on amount of water used, have a 
less dramatic effect on gpcd.   Decreasing block rates are assumed to discourage 
conservation because customers are charged lower rates for high-volume usage.  
Increasing block rates are considered an effective way to promote conservation among 
high-volume users while keeping the cost of moderate use affordable.  However, the 
use of these types of rate structures does not appear to influence usage by individual 
customers as much as does the total monthly water cost and the geographic area in 
which they live. 
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METERED FREE AND UNACCOUNTED FOR WATER 
 
Percentages of metered free and unaccounted for water indicate the proportion of total 
water produced or purchased that is not sold through customer meters.  Metered free 
water typically includes public services (for example, parks, pools and city buildings) 
plus any water given to nonpaying customers (for example, churches or owners of 
easements).  Metered free water can also include uses such as water treatment 
processes, lube line flows, draining of known quantities from a water tower prior to 
repair, and measured hydrant flushing.  It is advantageous for a supplier to meter as 
much ‘free’ water use as possible.  If the utility meters customer use, metering free 
water helps to identify any system losses.  Metering of nonpaying services also helps a 
utility notice and correct any water leaks or excessive use at these connections. 
 
The number of public water suppliers in Kansas that meter free water has steadily 
increased each year since 1992, when amounts of metered free water were first shown 
on annual Municipal Water Use reports.  A total of 373 utilities reported some metered 
free use for 1999, and these uses ranged from less than one percent to 42 percent of 
total water pumped.  The average percent free water for systems metering such uses 
varied from four to nine percent among the 13 regional categories.  The average was 
highest for categories with large public water suppliers, which typically have greater 
amounts of free water for public service and water treatment. 
 
Unaccounted for water includes any free uses that are not metered, plus water loss in 
the distribution system.   The percent unaccounted for water may be high if a system 
has major line breaks, has many underregistering customer meters, or has many 
unmetered uses.   Water taken from bulk outlets and hydrants for firefighting or road 
construction is often unaccounted for.  Unaccounted for water also may represent a 
large percentage of total water pumped due to distribution system replacement, water 
plant renovations, water tower repairs, or faulty metering of raw water.  It is 
advantageous for a supplier to reduce the amount of unaccounted for water as much as 
possible for maximum cost efficiency. 
 
Unaccounted for water reported for 1999 ranged from less than three percent to 100 
percent and averaged 17 percent statewide.  Average unaccounted for water by 
regional category ranged from 9 to 23 percent and was largest in the regions with the 
greatest numbers of flat-rate water suppliers. 
 
The Kansas Water Plan includes a year 2010 objective that states:  “By 2010, 
reduce the number of public water supply systems with excessive unaccounted 
for water by first targeting those with 30 percent or more unaccounted for water.”   
According to this objective, all unmetered water use is considered unaccounted for.  
Therefore, water suppliers that do not meter any customer use are shown as having 
100 percent unaccounted for water.  In some cases the percent is less than 100 for flat-
rate utilities that meter only certain services.  Any utilities that meter water usage but 
had difficulty providing sales data for 1999 were also shown to have 100 percent 
unaccounted for water.   
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To meet the 2010 objective of reducing the number of public water supply systems with 
excessive unaccounted for water, suppliers with 30 percent or more unaccounted for 
water in 1999 were referred to the Kansas Rural Water Association for technical 
assistance in reducing the apparent excess use.  As part of this ongoing contract, the 
KRWA visits these water suppliers on a quarterly basis, collects data on water 
withdrawals and sales, tests meters, makes recommendations, and monitors 
unaccounted for water until it is below 20 percent for two consecutive quarters.  
 
The 61 water suppliers with 30 percent or greater unaccounted for water in 1999 are 
listed in Table 19 (p. 55).  For each supplier that provided data on metered customer 
use, the table shows the number of gallons that would have been saved if only 15 
percent of the water had been unaccounted for and the potential market value of that 
water had it been sold at the 1999 rate for 10,000 gallons per month.  For suppliers with 
flat rates or no sales data for 1999, no potential water gain or market value is shown, 
because it is impossible to determine the amount water that was used by customers 
and what was lost.  These suppliers are shown in alphabetical order.  Suppliers that 
meter customer usage, whose percent unaccounted for water indicates the quantity of 
water not metered at service connections, are ranked by percent unaccounted for water.   
 
Public water suppliers with large percentages of unaccounted for water have 
opportunities to reduce this percentage and save money if there is loss caused by 
system leaks, unmetered use, excessive use for public services, or underregistering 
customer meters.  Leak detection, additional metering, and regular service meter 
replacement can result in savings greater than the cost of implementing these 
conservation measures.  In some cases, curbing large water losses may serve to 
postpone acquisition of additional water supplies. 
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CONSERVATION PRACTICES TO REDUCE UNACCOUNTED FOR WATER 
 

There are many management practices that promote water conservation for public 
water suppliers by reducing their amount of unaccounted for water.  These practices 
include: 
 

 Measure raw or purchased water accurately.  If possible, install water meters at 
each intake, and test these meters for accuracy every three years. 

 Meter any water treatment use or lube line flows, so that these uses are not 
considered unaccounted for water. 

 Install meters at all service connections possible, including free services and bulk 
outlets.  

 Read all meters on a regular basis.  If possible, compare production and use for 
corresponding time periods each month and calculate unaccounted for water. 

 Review meter readings and billing information promptly if there is an 
unexplained, large difference between water pumped and sold for any given 
month. 

 Replace service meters on a regular schedule to avoid losing water through old, 
underregistering meters. 

 If reliable records of water pumped, water sold, and free water indicate that 
unaccounted for water exceeds 15 percent, do leak detection. 

 
The Kansas Rural Water Association (KRWA) provides assistance with leak detection, 
meter testing, and energy conservation to cities, rural water districts, and privately 
owned water utilities throughout Kansas, without cost or obligation.  This ‘On-Site 
Technical Assistance for Public Water Supply Systems in Kansas’ contract is funded 
through the State Water Plan and administered by the KWO.   During 1999, the KRWA 
made 1057 contacts with water suppliers and completed 54 water loss surveys as part 
of this program.  Water loss detected during these surveys totaled 334,150,200 gallons, 
with an estimated annual savings of $635,217.04.  The Kansas Rural Water Association 
may be contacted at (785) 336-3760. 
 
Free on-site assistance in preparing water conservation plans is available through the 
KWO.  Conservation plans can help suppliers improve short-term and long-term 
management of their utility, and are often a requirement for obtaining water rights or 
loans for water supply system improvements.   Two documents, entitled 1990 Municipal 
Water Conservation Plan Guidelines and Water Conservation Measures for Kansas 
Communities emphasize cost-effective approaches to water conservation, and may be 
obtained by contacting the DWR or the KWO at the phone numbers listed on the front 
cover of this publication. 
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PER CAPITA USE BY MOBILE HOME PARKS 
 

The number of self-supplied mobile home parks in Kansas has steadily decreased in 
recent years.  Only 31 mobile home parks in Kansas owned water rights and completed 
1999 water use reports.  Because these entities are unevenly distributed across the 
state, only two areas are defined for analysis of mobile home park usage. Western 
Kansas includes Regions 1, 2, 3, and 4.  Central and Eastern Kansas includes Regions 
5, 6, 7, and 8 (see Figure 1).  A regional gpcd average was determined for each of 
these two regional groups.  Water rate category and percent of water unaccounted for is 
not calculated for mobile home parks because most of these entities supply water as 
part of their rent and do not meter usage at individual homes. 
 
Table 20 (p. 57) ranks gpcd usage for 7 mobile home parks in western Kansas during 
1999.  These small suppliers are all located in Finney and Seward Counties, near 
Garden City and Liberal.  Many mobile home parks formerly included in this regional 
group are now part of Finney Co. RWD No. 1, which began providing service during 
1999.  Average usage among the seven western Kansas mobile home parks in 1999 
was 149 gpcd.  Rolling Hills, Inc. had the highest per capita usage among mobile home 
parks in Kansas because it serves customers with livestock, gardens, and lawns on 
acre-sized lots.  Rolling Hills used 448 gpcd, which is 201 percent above the regional 
average. The second and third highest gpcd usages, for Liberal Feeders (151 gpcd) and 
Whatley’s Trailer Park (126 gpcd), were far below the top usage. Towns Riverview had 
the lowest per capita among mobile home parks in western Kansas with 38 gpcd, which 
was 74 percent below the regional average.  Countryside Rentals and Whitehurst 
Trailer Park used 61 and 102 gpcd, respectively, and were the second and third lowest.   
 
Table 21 (p. 58) ranks usage for 24 mobile home parks in central and eastern Kansas.  
Average usage in 1999 for this group was 76 gpcd.  The highest gpcd’s were for 
Nationwide Village (134 gpcd), Country view Mobile Home Park (123 gpcd), and Prairie 
Schooner Mobile Home Park (117 gpcd).  The lowest gpcd’s for this group were for 
Ponderosa Mobile Home Park, Western Acres Mobile Home Park, and John’s Mobile 
Home Court.  Each of these mobile home parks used less than 45 gpcd. 
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ANNUAL & AVERAGE GPCD USAGE & PERCENT UNACCOUNTED FOR WATER 
 
All public water suppliers required to complete water use reports for any years from 
1995-1999 are listed alphabetically in Table 22 (p. 59).  This table includes all cities, 
rural water districts, and subdivisions listed in Tables 2-14, and the mobile home parks 
in Tables 20 and 21.  For each water supplier, Table 22 provides information on per 
capita water use for each of the past five years (1995-1999) and average gpcd for this 
time period. 
 
Table 23 (p. 76) provides information on the percent unaccounted for water for all public 
water suppliers that have completed water use reports from 1995-1999.  Percentages 
are shown for each year and for the average of this 5-year time period. 
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TABLE 1 
AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE 

KANSAS, 1995-1999 

Regiona/ 
Year 

Average 1995 1996 1997 1998 1999 
1 259 265 281 273 252 266 
2 252 238 250 257 234 246 
3 240 223 229 241 218 230 
4 185 181 164 185 163 176 
5 145 146 147 155 145 148 

6-ML 155 154 147 158 148 152 
6-S 151 145 136 144 133 142 
7-L 139 142 141 151 144 143 
7-M 113 114 114 118 114 115 
7-S 107 113 110 110 105 109 
8-L 140 141 137 133 132 137 
8-M 108 108 106 106 105 107 
8-S 93 88 90 87 88 89 

Kansas 137 136 134 139 130 135 
 
a/ Refer to Figure 1 for map of regions.  For this analysis, utilities in Regions, 6, 7, 

and 8 were subdivided into size categories.  Large (L) utilities are those serving 
10,000 people or more.  Medium (M) utilities are those serving 500 to 9,999 
people.  Small (S) utilities are those serving fewer than 500 people. 
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TABLE 2 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

Region 1 
1999 

Public Water Supplier GPCDa/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category

Per 10,000  
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forb/ 

Bird City 353 252 +40 $20.00-$29.99 10 16 
Syracuse 352 252 +40 $10.00-$19.99 3 13 
St. Francis 318 252 +26 $10.00-$19.99 3 10 
Goodland 313 252 +24 $10.00-$19.99 0 24 
Johnson City 283 252 +12 $10.00-$19.99 2 8 
Elkhart 282 252 +12 $10.00-$19.99 1 6 
Wallace 276 252 +9 $10.00-$19.99 0 13 
Coolidge 269 252 +7 $10.00-$19.99 0 36 
Rolla 248 252 -1 $20.00-$29.99 9 9 
Sharon Springs 238 252 -6 $10.00-$19.99 2 10 
Manter 237 252 -6 $10.00-$19.99 <1 14 
Kanorado 198 252 -21 $10.00-$19.99 0 21 
Tribune 198 252 -22 $20.00-$29.99 1 6 
Horace 109 252 -57 $20.00-$29.99 0 4 
Hamilton Co. RWD #01 104 252 -59 $50.00-$59.99 3 4 
Average 252 252 -- $20.38 4 13 
 
a/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ For suppliers that meter customer usage, unaccounted for water includes 

distribution system losses, unmetered water provided to customers, and 
unmetered water provided free for public services, treatment processes, etc. 

 
Note: Wallace County Rural Water District #01 did not provide a Municipal Water Use 

Report for 1997, 1998 or 1999. 
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TABLE 3 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

Region 2 
1999 

Public Water Supplier GPCDa/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water
Rate Category

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc. 
Forb/ 

Herndon 409 234 +75 $10.00-$19.99 14 37 
Rexford 332 234 +42 $10.00-$19.99 7 14 
Hugoton 319 234 +36 $10.00-$19.99 8 8 
Moscow 300 234 +28 Flat Rate 0 100 
Oakley 287 234 +23 $10.00-$19.99 2 16 
Brewster 280 234 +20 $10.00-$19.99 1 NA 
Colby 266 234 +14 $10.00-$19.99 3 6 
Satanta 263 234 +13 $10.00-$19.99 8 8 
Scott City 247 234 +6 $10.00-$19.99 2 10 
Winona 244 234 +4 $10.00-$19.99 1 15 
Lakin 239 234 +2 $20.00-$29.99 15 13 
Sublette 227 234 -3 $10.00-$19.99 11 8 
Atwood 225 234 -4 $10.00-$19.99 2 13 
McDonald 220 234 -6 $10.00-$19.99 5 21 
Ulysses 209 234 -10 $20.00-$29.99 2 9 
Liberal 200 234 -15 $10.00-$19.99 14 11 
Leoti 190 234 -19 $20.00-$29.99 3 5 
Kismet 185 234 -21 $10.00-$19.99 7 19 
Garden City 176 234 -25 $10.00-$19.99 9 NA 
Holcomb 134 234 -43 $20.00-$29.99 2 7 
Deerfield 132 234 -44 $10.00-$19.99 3 10 
Garden Spot Rentals 69 234 -70 No Water Sales 0 100 
Average 234 234 -- $15.25 6 22 
 
a/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ For suppliers that meter customer usage, unaccounted for water includes 

distribution system losses, unmetered water provided to customers, and 
unmetered water provided free for public services, treatment processes, etc.  For 
suppliers that do not meter any customer water usage, the percent unaccounted 
for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted for 
water of less than 3.0. 
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TABLE 4 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

Region 3 
1999 

Public Water Supplier GPCDa/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc. 
Forb/ 

Hoxie 262 218 +20 $10.00-$19.99 0 12 
Plains 260 218 +19 $10.00-$19.99 8 19 
Oberlin 257 218 +18 $10.00-$19.99 0 20 
Jennings 255 218 +17 $10.00-$19.99 10 31 
Meade 254 218 +17 $10.00-$19.99 9 21 
Grinnell 253 218 +16 $10.00-$19.99 9 11 
Copeland 243 218 +11 Flat Rate 0 62 
Grainfield 235 218 +8 Less Than $10 0 10 
Gove 233 218 +7 $10.00-$19.99 1 30 
Quinter 230 218 +6 $10.00-$19.99 3 15 
Montezuma 226 218 +4 $10.00-$19.99 2 13 
Cimarron 213 218 -3 $10.00-$19.99 1 13 
Dighton 209 218 -4 $10.00-$19.99 2 10 
Ingalls 196 218 -10 $10.00-$19.99 0 13 
Ensign 193 218 -12 Flat Rate 5 93 
Selden 185 218 -15 $10.00-$19.99 7 13 
Fowler 174 218 -20 $10.00-$19.99 5 10 
Lane Co. RWD #01 170 218 -22 $10.00-$19.99 0 13 
Park 167 218 -23 Less Than $10 0 7 
Norcatur 154 218 -29 $10.00-$19.99 0 9 
Average 218 218 -- $15.13 5 21 
 
a/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ For suppliers that meter customer usage, unaccounted for water includes 

distribution system losses, unmetered water provided to customers, and 
unmetered water provided free for public services, treatment processes, etc.  For 
suppliers that meter only certain water uses, unaccounted for water includes all 
unmetered water. 
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TABLE 5 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

Region 4 
1999 

Public Water Supplier GPCDa/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc.
Forb/ 

Englewood 373 163 +129 Flat Rate 0 100 
Bucklin 269 163 +65 $10.00-$19.99 3 36 
Ashland 249 163 +53 $10.00-$19.99 1 25 
Lenora 223 163 +37 $30.00-$39.99 5 28 
Morland 205 163 +26 $20.00-$29.99 2 25 
Norton 203 163 +25 $10.00-$19.99 5 17 
Ford 197 163 +21 Flat Rate 0 78 
Dodge City 189 163 +16 $20.00-$29.99 2 15 
Hill City 186 163 +14 $10.00-$19.99 4 15 
Minneola 185 163 +14 $10.00-$19.99 0 11 
Hanston 185 163 +13 $10.00-$19.99 0 10 
Jetmore 185 163 +13 $10.00-$19.99 14 7 
Utica 185 163 +13 $10.00-$19.99 12 8 
Wakeeney 170 163 +5 $20.00-$29.99 2 21 
Almena 145 163 -11 $20.00-$29.99 4 10 
Spearville 142 163 -13 $20.00-$29.99 4 13 
Bogue 138 163 -16 $10.00-$19.99 0 12 
Collyer 131 163 -20 $20.00-$29.99 0 12 
Ransom 131 163 -20 $20.00-$29.99 <1 11 
Ness City 123 163 -25 $30.00-$39.99 0 5 
Arnold 114 163 -30 Flat Rate 0 100 
Bazine 113 163 -31 $10.00-$19.99 3 8 
Trego Co. RWD #02 87 163 -47 $60.00-$69.99 <1 9 
Brownell 81 163 -51 $10.00-$19.99 0 11 
Clayton 75 163 -54 $20.00-$29.99 <1 NA 
Norton Co. RWD #01 61 163 -63 $30.00-$39.99 0 11 
Trego Co. RWD #01 59 163 -64 $40.00-$49.99 0 5 
Average 163 163 -- $21.66 4 23 
 

a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 
sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 

b/ For supplier that meter customer usage, unaccounted for water includes distribution 
system losses, unmetered water provided to customers, and unmetered water provided 
free for public services, treatment processes, etc.  For suppliers that do not meter any 
customer usage, the percent unaccounted for water is 100.  For suppliers that meter 
only certain water uses, unaccounted for water includes all unmetered water.  “NA” is 
shown for suppliers reporting a percent unaccounted for water of less than 3.0. 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

Region 5 
1999 

Public Water Supplier GPCDa/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc.
Forb/ 

Rush Co. RWD #01 315 145 +117 $40.00-$49.99 0 53 
Comanche Co. RWD #02 278 145 +92 $50.00-$59.99 0 43 
Lewis 209 145 +44 $10.00-$19.99 0 19 
Protection 207 145 +43 $10.00-$19.99 1 8 
Coldwater 201 145 +38 $20.00-$29.99 0 6 
Long Island 199 145 +38 $10.00-$19.99 5 27 
Larned 193 145 +33 $10.00-$19.99 15 8 
Offerle 191 145 +32 $10.00-$19.99 0 28 
Mullinville 190 145 +31 $20.00-$29.99 17 3 
Rozel 181 145 +25 $10.00-$19.99 <1 16 
Prairie View 178 145 +23 $20.00-$29.99 2 8 
Timken 177 145 +22 $10.00-$19.99 0 64 
Haviland 176 145 +21 Less Than $10 1 18 
Logan 172 145 +19 $20.00-$29.99 2 9 
Burdett 172 145 +18 $10.00-$19.99 0 11 
Phillipsburg 163 145 +12 $30.00-$39.99 13 11 
Belvidere 153 145 +6 Flat Rate 0 100 
Rush Center 150 145 +4 $10.00-$19.99 1 14 
Greensburg 149 145 +3 $20.00-$29.99 2 4 
Stockton 147 145 +1 $10.00-$19.99 11 13 
Ellis Co. RWD #07 140 145 -4 $70.00-$79.99 0 15 
Rooks Co. RWD #03 138 145 -5 $40.00-$49.99 1 11 
Otis 138 145 -5 $10.00-$19.99 <1 5 
Alexander 136 145 -6 $10.00-$19.99 0 12 
Bison 134 145 -8 $10.00-$19.99 0 33 
Woodston 133 145 -8 $20.00-$29.99 0 4 
Kinsley 132 145 -9 $20.00-$29.99 3 12 
Palco 126 145 -13 $20.00-$29.99 <1 26 
Kirwin 125 145 -14 $10.00-$19.99 <1 24 
Agra 121 145 -17 $20.00-$29.99 1 27 
Plainville 119 145 -18 $10.00-$19.99 3 8 
Ellis 117 145 -19 $10.00-$19.99 5 16 
Hays City Suburban 114 145 -21 No Water Sales 0 100 
La Crosse 113 145 -22 $30.00-$39.99 1 5 
Hays 111 145 -24 $30.00-$39.99 1 22 
Ellis Co. RWD #02 109 145 -25 $50.00-$59.99 0 48 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

Region 5 
1999 

Public Water Supplier GPCDa/

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc.
Forb/ 

McCracken 103 145 -29 $30.00-$39.99 0 10 
Ellis Co. RWD #06 101 145 -30 $40.00-$49.99 0 11 
Belpre 101 145 -30 $30.00-$39.99 4 8 
Victoria 99 145 -32 $10.00-$19.99 0 4 
Glade 90 145 -38 $10.00-$19.99 0 22 
Rooks Co. RWD #02 86 145 -41 $20.00-$29.99 0 15 
Ellis Co. RWD #01 85 145 -42 $20.00-$29.99 2 13 
Speed 80 145 -45 $20.00-$29.99 4 10 
Liebenthal 65 145 -55 $30.00-$39.99 2 12 
Ellis Co. RWD #03 57 145 -61 $20.00-$29.99 0 17 
Average 145 145 -- $24.76 4 21 
 
a/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that do not meter any customer water 
usage, the percent unaccounted for water is 100. 
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE 

PUBLIC WATER SUPPLIERSa/ 
Region 6 

1999 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water
Rate Category

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Lyons 232 148 +57 $10.00-$19.99 9 8 
Medicine Lodge 231 148 +56 $10.00-$19.99 6 11 
Attica 207 148 +40 $10.00-$19.99 0 12 
Mitchell Co. RWD #02 205 148 +38 $40.00-$49.99 4 13 
Mankato 189 148 +28 $20.00-$29.99 3 29 
Pratt 188 148 +27 $10.00-$19.99 3 15 
Cunningham 186 148 +26 $10.00-$19.99 8 10 
Osborne 181 148 +22 $20.00-$29.99 19 20 
Smith Center 178 148 +21 $20.00-$29.99 3 26 
Downs 175 148 +18 $20.00-$29.99 2 17 
Anthony 166 148 +12 $20.00-$29.99 3 22 
Lincoln Center 154 148 +4 $20.00-$29.99 3 24 
Sterling 151 148 +2 $20.00-$29.99 9 9 
Jewell Co. RWD #01 150 148 +1 $40.00-$49.99 4 20 
Cawker City 146 148 -1 $10.00-$19.99 1 24 
St. John 146 148 -2 $20.00-$29.99 9 10 
Kensington 144 148 -3 $20.00-$29.99 11 19 
Post Rock RWD 143 148 -3 $70.00-$79.99 0 26 
Buhler 143 148 -4 $10.00-$19.99 <1 10 
Russell 142 148 -4 $40.00-$49.99 6 16 
Kingman 139 148 -6 $40.00-$49.99 0 20 
Ellsworth 138 148 -7 $20.00-$29.99 5 9 
Haven 138 148 -7 Less Than $10 0 23 
Pretty Prairie 138 148 -7 $20.00-$29.99 1 17 
Stafford 135 148 -9 $10.00-$19.99 11 7 
Little River 135 148 -9 $20.00-$29.99 <1 12 
Claflin 134 148 -9 $10.00-$19.99 4 12 
South Hutchinson 133 148 -10 $10.00-$19.99 5 NA 
Hutchinson 132 148 -11 $10.00-$19.99 5 9 
Great Bend 131 148 -11 $20.00-$29.99 0 12 
Harper 128 148 -14 $20.00-$29.99 0 13 
Kiowa 126 148 -15 $20.00-$29.99 1 12 
Ellinwood 114 148 -23 $20.00-$29.99 8 NA 
Chase 110 148 -26 $20.00-$29.99 0 13 
Hoisington 110 148 -26 $20.00-$29.99 1 13 
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE 

PUBLIC WATER SUPPLIERSa/ 
Region 6 

1999 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Monthly Water
Rate Category

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Wilson 108 148 -27 $20.00-$29.99 1 10 
Nickerson 97 148 -34 $20.00-$29.99 1 13 
Kanopolis 88 148 -41 $30.00-$39.99 0 6 
Beloit 81 148 -45 $40.00-$49.99 <1 7 
Average 148 148 -- $25.41 5 15 
 
a/ Includes public water suppliers in Region 6 that serve 500 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

Region 6 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water
Rate Category

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Osborne Co. RWD #01A 349 133 +162 $50.00-$59.99 0 48 
Hardtner 223 133 +68 $20.00-$29.99 38 5 
Barber Co. RWD #02 220 133 +65 $20.00-$29.99 0 18 
Preston 217 133 +63 Flat Rate 0 100 
Reno Co. RWD #08 210 133 +58 $10.00-$19.99 12 16 
Russell Co. RWD #04 191 133 +44 $50.00-$59.99 0 42 
Macksville 187 133 +41 $20.00-$29.99 6 24 
Reno Co. RWD #01 184 133 +38 $30.00-$39.99 0 29 
Isabel 174 133 +31 $10.00-$19.99 0 33 
Sylvia 173 133 +30 $10.00-$19.99 7 36 
West Hills Water Co. 169 133 +27 Flat Rate 0 100 
Arlington 163 133 +23 $10.00-$19.99 <1 42 
Glen Elder 154 133 +16 $30.00-$39.99 4 4 
Smith Co. RWD #01 151 133 +13 $40.00-$49.99 0 16 
Cullison 147 133 +11 $10.00-$19.99 <1 22 
Barton Co. RWD #02 145 133 +9 $20.00-$29.99 0 81 
Burr Oak 144 133 +8 $20.00-$29.99 0 22 
Norwich 142 133 +7 $20.00-$29.99 0 8 
Holyrood 141 133 +6 $10.00-$19.99 8 13 
Raymond 138 133 +4 $10.00-$19.99 15 8 
Hazelton 138 133 +4 $20.00-$29.99 0 7 
Abbyville 132 133 -1 Less Than $10 0 23 
Simpson 131 133 -1 $20.00-$29.99 0 40 
Zenda 131 133 -2 $20.00-$29.99 2 12 
Gaylord 130 133 -2 $20.00-$29.99 3 15 
Bunker Hill 128 133 -4 $40.00-$49.99 2 31 
Lorraine 128 133 -4 $10.00-$19.99 0 10 
Coats 126 133 -5 $10.00-$19.99 9 6 
Beverly 126 133 -6 $20.00-$29.99 0 7 
Turon 126 133 -6 $10.00-$19.99 2 15 
Sylvan Grove 125 133 -6 $20.00-$29.99 0 5 
Bushton 124 133 -6 $10.00-$19.99 <1 12 
Esbon 123 133 -7 $30.00-$39.99 0 28 
Albert 119 133 -10 $10.00-$19.99 0 19 
Sharon 116 133 -13 $10.00-$19.99 <1 15 
Natoma 113 133 -15 $20.00-$29.99 0 14 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

Region 6 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water
Rate Category

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Olmitz 109 133 -18 $10.00-$19.99 0 3 
Sawyer 107 133 -19 $20.00-$29.99 0 3 
Lucas 107 133 -20 $30.00-$39.99 1 4 
Lebanon 104 133 -22 $30.00-$39.99 3 24 
Barber Co. RWD #03 103 133 -22 $40.00-$49.99 0 16 
Russell Co. RWD #02 103 133 -23 $20.00-$29.99 0 100 
Spivey 102 133 -23 $30.00-$39.99 0 14 
Alton 102 133 -24 $10.00-$19.99 0 16 
Barton Hills WD 99 133 -26 $30.00-$39.99 0 15 
Gorham 96 133 -28 $50.00-$59.99 <1 4 
Tipton 94 133 -29 $40.00-$49.99 3 9 
Luray 94 133 -30 $50.00-$59.99 0 23 
Randall 90 133 -32 $50.00-$59.99 0 12 
Portis 87 133 -34 $20.00-$29.99 <1 27 
Iuka 86 133 -35 $30.00-$39.99 <1 9 
Dorrance 86 133 -35 $30.00-$39.99 1 14 
Harper Co. RWD #03 86 133 -36 $10.00-$19.99 0 NA 
Bluff City 84 133 -37 $20.00-$29.99 <1 10 
Formoso 84 133 -37 $30.00-$39.99 1 12 
Reno Co. WD  101 84 133 -37 $10.00-$19.99 0 6 
Pawnee Rock 82 133 -39 $20.00-$29.99 1 9 
Geneseo 76 133 -43 $20.00-$29.99 <1 3 
Average 133 133 -- $26.95 4 22 
 
a/ Includes public water suppliers in Region 6 that serve fewer than 500 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, 
etc.  For suppliers that do not meter any customer water usage, the percent 
unaccounted for water is 100.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 

 
Note: Russell Co. RWD #01 did not provide a Municipal Water Use Report for 1998 or 1999. 
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TABLE 9 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 

Region 7 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Topeka 176 144 +22 $20.00-$29.99 22 10 
El Dorado 169 144 +17 $10.00-$19.99 3 6 
Emporia 166 144 +15 $20.00-$29.99 5 17 
McPherson 162 144 +13 $10.00-$19.99 1 8 
Manhattan 156 144 +8 $20.00-$29.99 1 16 
Coffeyville 155 144 +8 $20.00-$29.99 8 17 
Junction City 142 144 -2 $20.00-$29.99 13 16 
Arkansas City 140 144 -3 $40.00-$49.99 20 16 
Wichita 135 144 -6 $10.00-$19.99 0 17 
Winfield 132 144 -9 $20.00-$29.99 0 8 
Derby 121 144 -16 $10.00-$19.99 1 4 
Salina 119 144 -17 $20.00-$29.99 3 7 
Newton 104 144 -28 $30.00-$39.99 0 NA 
Average 144 144 -- $23.67 8 12 
 
a/ Includes public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 7 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc.

Forc/ 
Strong City 239 114 +109 $40.00-$49.99 3 55 
Argonia 203 114 +78 $20.00-$29.99 11 31 
Abilene 180 114 +58 $30.00-$39.99 32 14 
Independence 170 114 +49 $20.00-$29.99 13 20 
Chapman 168 114 +48 $20.00-$29.99 42 7 
Cheney 167 114 +46 $20.00-$29.99 29 5 
Republic Co. RWD #02 160 114 +41 $20.00-$29.99 2 23 
Belleville 160 114 +40 $20.00-$29.99 3 9 
Hesston 156 114 +36 $10.00-$19.99 1 16 
Burlington 154 114 +35 $30.00-$39.99 6 22 
Blue Rapids 153 114 +34 $10.00-$19.99 0 NA 
Waterville 152 114 +34 $10.00-$19.99 1 13 
Goddard 152 114 +33 $10.00-$19.99 <1 5 
Wellington 149 114 +30 $30.00-$39.99 5 18 
Moundridge 149 114 +30 Less Than $10 1 10 
Holton 146 114 +28 $30.00-$39.99 10 23 
Eskridge 144 114 +26 $40.00-$49.99 6 15 
Clay Center 143 114 +25 $10.00-$19.99 6 5 
Concordia 142 114 +25 $30.00-$39.99 3 8 
Canton 141 114 +24 $10.00-$19.99 0 5 
Sedan 140 114 +23 $30.00-$39.99 17 5 
Cowley Co. RWD #03 139 114 +22 $20.00-$29.99 <1 30 
Solomon 139 114 +22 $20.00-$29.99 3 34 
Augusta 137 114 +20 $20.00-$29.99 <1 9 
Clyde 137 114 +20 $20.00-$29.99 6 25 
Minneapolis 136 114 +19 $20.00-$29.99 3 12 
Frankfort 135 114 +19 $10.00-$19.99 0 28 
Caney 135 114 +18 $30.00-$39.99 19 15 
Riley 134 114 +18 $20.00-$29.99 0 34 
Lyon Co. RWD #02 131 114 +15 $30.00-$39.99 0 NA 
Washington 130 114 +14 $20.00-$29.99 0 16 
Sedgwick Co. RWD #04 129 114 +13 $60.00-$69.99 0 33 
Westmoreland 128 114 +13 $30.00-$39.99 34 7 
Cowley Co. RWD #01 128 114 +12 $20.00-$29.99 16 14 
Ogden 128 114 +12 $10.00-$19.99 1 3 
Ottawa Co. RWD #02 128 114 +12 $50.00-$59.99 0 22 
Clifton 128 114 +12 $10.00-$19.99 2 10 
Marion 128 114 +12 $30.00-$39.99 5 15 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 7 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc.

Forc/ 
Delphos 127 114 +12 $10.00-$19.99 0 31 
Miltonvale 126 114 +11 $10.00-$19.99 1 19 
Eureka 126 114 +11 $30.00-$39.99 1 10 
Valley Center 126 114 +10 $20.00-$29.99 6 16 
Marysville 124 114 +9 $20.00-$29.99 2 7 
Marquette 124 114 +9 $30.00-$39.99 5 23 
Inman 124 114 +9 $20.00-$29.99 0 14 
Marshall Co. RWD #03 123 114 +8 $40.00-$49.99 2 11 
Nemaha Co. RWD #03 123 114 +8 $40.00-$49.99 0 9 
Mount Hope 123 114 +8 $10.00-$19.99 9 8 
Burden 122 114 +7 $30.00-$39.99 2 27 
North Newton 121 114 +6 $20.00-$29.99 0 10 
Alma 120 114 +5 $30.00-$39.99 11 14 
Lindsborg 119 114 +4 $30.00-$39.99 2 14 
Wamego 118 114 +4 $10.00-$19.99 2 8 
Neodesha 118 114 +3 $40.00-$49.99 14 3 
Dickinson Co. RWD #01 116 114 +2 $50.00-$59.99 0 25 
Sabetha 115 114 +1 $40.00-$49.99 6 11 
Cowley Co. RWD #06 115 114 +1 $20.00-$29.99 <1 23 
Herington 114 114 0 $20.00-$29.99 6 18 
St. Marys 114 114 0 $10.00-$19.99 6 7 
Marion Co. RWD #01 114 114 0 $20.00-$29.99 <1 14 
Saline Co. RWD #04 113 114 -1 $30.00-$39.99 0 8 
Seneca 112 114 -1 $10.00-$19.99 1 7 
Park City 112 114 -2 $20.00-$29.99 1 13 
Bel Aire 112 114 -2 $20.00-$29.99 <1 8 
Halstead 111 114 -3 $40.00-$49.99 4 6 
Oxford 110 114 -4 $30.00-$39.99 <1 14 
Belle Plaine 108 114 -5 $20.00-$29.99 0 18 
Montgomery Co. RWD #06 108 114 -5 $50.00-$59.99 0 21 
Goessel 108 114 -5 $10.00-$19.99 0 10 
Galva 107 114 -7 $20.00-$29.99 5 8 
Garden Plain 107 114 -7 $30.00-$39.99 2 11 
Yates Center 107 114 -7 $40.00-$49.99 2 20 
Florence 106 114 -7 $30.00-$39.99 3 19 
Geary Co. RWD #04 106 114 -7 $40.00-$49.99 0 7 
Council Grove 106 114 -7 $20.00-$29.99 9 11 
Morris Co. RWD #01 106 114 -7 $50.00-$59.99 1 8 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 7 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc.

Forc/ 
Hillsboro 106 114 -7 $40.00-$49.99 <1 24 
Cedar Vale 106 114 -7 $30.00-$39.99 2 16 
Wakefield 106 114 -7 $20.00-$29.99 1 15 
Jackson Co. RWD #03 105 114 -8 $40.00-$49.99 0 6 
Burrton 105 114 -8 $20.00-$29.99 3 4 
Lyon Co. RWD #05 105 114 -8 $30.00-$39.99 2 9 
Dickinson Co. RWD #02 104 114 -9 $50.00-$59.99 <1 22 
Conway Springs 104 114 -9 $20.00-$29.99 <1 13 
Waverly 103 114 -9 $60.00-$69.99 1 28 
Shawnee Co. RWD #04 103 114 -10 $30.00-$39.99 0 17 
Fredonia 103 114 -10 $40.00-$49.99 2 7 
Pottawatomie Co. RWD #03 102 114 -11 $30.00-$39.99 <1 15 
Washington Co. RWD #01 102 114 -11 $40.00-$49.99 <1 6 
Coffey Co. RWD #02 101 114 -11 $70.00-$79.99 0 21 
Sedgwick 101 114 -11 $30.00-$39.99 5 3 
Washington Co. RWD #02 101 114 -12 $50.00-$59.99 0 16 
Howard 100 114 -12 $30.00-$39.99 0 10 
Udall 100 114 -12 $30.00-$39.99 0 15 
Onaga 100 114 -12 $30.00-$39.99 2 7 
Whitewater 100 114 -13 $40.00-$49.99 <1 25 
Pottawatomie Co. RWD #01 99 114 -13 $30.00-$39.99 <1 6 
Caldwell 98 114 -14 $40.00-$49.99 <1 9 
Cottonwood Falls 97 114 -15 $30.00-$39.99 2 18 
Montgomery Co. RWD #11 96 114 -16 $50.00-$59.99 0 14 
Overbrook 96 114 -16 $40.00-$49.99 1 22 
Osage Co. RWD #07 95 114 -16 $50.00-$59.99 0 20 
Hanover 95 114 -16 $30.00-$39.99 4 16 
Osage City 95 114 -17 $20.00-$29.99 <1 8 
Clearwater 95 114 -17 $30.00-$39.99 4 9 
Madison 95 114 -17 $50.00-$59.99 13 5 
Olpe 94 114 -17 $40.00-$49.99 0 11 
Osage Co. RWD #03 94 114 -17 $70.00-$79.99 0 12 
Peabody 94 114 -17 $30.00-$39.99 8 8 
White City 94 114 -18 $10.00-$19.99 0 14 
Clay Co. RWD #02 93 114 -18 $60.00-$69.99 0 6 
Osage Co. RWD #05 93 114 -19 $50.00-$59.99 0 20 
Cherryvale 92 114 -19 $60.00-$69.99 5 22 
Carbondale 91 114 -20 $20.00-$29.99 2 19 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 7 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc.

Forc/ 
Woodson Co. RWD #01 91 114 -20 $50.00-$59.99 5 23 
Rossville 91 114 -20 $30.00-$39.99 0 6 
Leon 91 114 -20 $30.00-$39.99 3 17 
Bennington 91 114 -21 $20.00-$29.99 4 9 
Enterprise 89 114 -22 $30.00-$39.99 3 4 
Glasco 89 114 -22 $40.00-$49.99 0 12 
Shawnee Co. RWD #08 89 114 -22 $20.00-$29.99 <1 8 
Douglass 88 114 -22 $50.00-$59.99 1 6 
Haysville 88 114 -23 $10.00-$19.99 1 10 
Silver Lake 88 114 -23 $20.00-$29.99 2 5 
Shawnee Co. RWD #03 87 114 -24 $50.00-$59.99 3 18 
Andale 87 114 -24 $30.00-$39.99 2 8 
Lyndon 85 114 -25 $40.00-$49.99 3 13 
Montgomery Co. RWD #01C 85 114 -26 $50.00-$59.99 3 21 
Shawnee Co. RWD #02C 84 114 -26 $50.00-$59.99 0 11 
Lyon Co. RWD #01 83 114 -27 $50.00-$59.99 0 5 
Burlingame 82 114 -28 $50.00-$59.99 6 13 
Lebo 82 114 -28 $60.00-$69.99 <1 3 
LeRoy 81 114 -29 $60.00-$69.99 8 8 
Mulvane 79 114 -31 $30.00-$39.99 4 8 
Coffey Co. RWD #03 72 114 -36 $50.00-$59.99 0 7 
Lyon Co. RWD #04 72 114 -37 $40.00-$49.99 0 11 
Wabaunsee Co. RWD #02 71 114 -38 $50.00-$59.99 0 11 
Hartford 70 114 -38 $40.00-$49.99 0 3 
Average 114 114 -- $35.37 5 15 
 
a/ Includes public water suppliers in Region 7 that serve between 500 and 9,999 

people. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

Region 7 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc.

Forc/ 
Byron 239 105 +128 Flat Rate 0 100 
Elgin 215 105 +105 $10.00-$19.99 0 66 
Pottawatomie Co. RWD #02 211 105 +101 $40.00-$49.99 <1 40 
Republic Co. RWD #01 185 105 +76 $20.00-$29.99 0 20 
Scandia 165 105 +57 Less Than $10 8 14 
Barnes 161 105 +54 $10.00-$19.99 4 26 
Saline Co. RWD #02 158 105 +51 $30.00-$39.99 0 45 
Summerfield 153 105 +46 $20.00-$29.99 0 11 
Tatarrax Hills 150 105 +43 $30.00-$39.99 0 18 
Rocky Ford Water Co. 147 105 +40 Flat Rate 0 100 
Nemaha Co. RWD #01 146 105 +39 $30.00-$39.99 0 20 
Greenleaf 143 105 +36 $20.00-$29.99 6 6 
New Strawn 136 105 +30 $30.00-$39.99 7 19 
Jamestown 132 105 +25 $20.00-$29.99 0 11 
Palmer 131 105 +25 $20.00-$29.99 5 9 
Altoona 130 105 +24 $30.00-$39.99 10 17 
Timber Creek Water & Sewer 130 105 +24 $20.00-$29.99 0 16 
Ottawa Co. RWD #01 129 105 +23 $30.00-$39.99 0 20 
Moline 129 105 +23 $40.00-$49.99 0 13 
Republic 127 105 +21 $10.00-$19.99 2 20 
Morganville 126 105 +20 $10.00-$19.99 0 10 
Linn 126 105 +20 $20.00-$29.99 0 15 
Mahaska 126 105 +20 $10.00-$19.99 2 17 
Dexter 123 105 +17 $10.00-$19.99 0 25 
Toronto 122 105 +17 $40.00-$49.99 2 22 
Vermillion 120 105 +15 $20.00-$29.99 0 34 
Severy 118 105 +12 $30.00-$39.99 38 11 
Howison Heights WD 117 105 +11 $40.00-$49.99 0 5 
Emmett 115 105 +10 $20.00-$29.99 1 16 
Cloud Co. RWD #01 115 105 +9 $50.00-$59.99 1 16 
Geary Co. RWD #02 114 105 +9 Flat Rate 0 100 
Morrowville 113 105 +7 $30.00-$39.99 0 31 
Elk City 112 105 +7 $30.00-$39.99 13 8 
Melvern 112 105 +7 $50.00-$59.99 14 12 
Matfield Green 109 105 +4 $20.00-$29.99 0 32 
Blue River Hills Improvement 109 105 +4 Flat Rate 0 100 
Wetmore 109 105 +4 $20.00-$29.99 1 16 
Munden 108 105 +3 $10.00-$19.99 0 19 
McPherson Co. RWD #01 108 105 +2 $20.00-$29.99 0 23 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

Region 7 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc.

Forc/ 
Belvue 108 105 +2 $20.00-$29.99 0 18 
South Haven 107 105 +2 $20.00-$29.99 0 23 
Harveyville 106 105 +1 $50.00-$59.99 21 12 
Gypsum 106 105 +1 $20.00-$29.99 1 12 
Saline Co. RWD #08 105 105 0 $40.00-$49.99 0 15 
Maple Hill 103 105 -2 $10.00-$19.99 1 14 
Leonardville 103 105 -2 $30.00-$39.99 0 6 
Osage Co. RWD #04 102 105 -3 $60.00-$69.99 0 19 
Lehigh 102 105 -3 $10.00-$19.99 0 20 
Geuda Springs 101 105 -3 $20.00-$29.99 1 22 
Bern 100 105 -5 $20.00-$29.99 <1 10 
Havensville 100 105 -5 $40.00-$49.99 0 27 
Beattie 98 105 -6 $30.00-$39.99 <1 16 
Marshall Co. RWD #01 97 105 -8 $40.00-$49.99 0 10 
Clay Co. RWD #01 97 105 -8 $20.00-$29.99 0 11 
Haddam 96 105 -9 $20.00-$29.99 3 29 
Tescott 95 105 -9 $10.00-$19.99 <1 8 
Cuba 95 105 -10 $20.00-$29.99 <1 15 
Cassoday 94 105 -10 $40.00-$49.99 0 16 
St. George 94 105 -10 $10.00-$19.99 <1 11 
Paxico 94 105 -10 $30.00-$39.99 1 6 
Durham 93 105 -11 $20.00-$29.99 <1 16 
Longton 93 105 -11 $20.00-$29.99 12 10 
Burns 93 105 -11 $30.00-$39.99 0 13 
Randolph 93 105 -12 $40.00-$49.99 0 19 
Longford 93 105 -12 $30.00-$39.99 4 11 
Narka 91 105 -13 $20.00-$29.99 0 18 
Lyon Co. RWD #03 90 105 -14 $40.00-$49.99 0 7 
Montgomery Co. RWD #02 90 105 -15 $70.00-$79.99 0 11 
Saline Co. RWD #06 88 105 -16 $40.00-$49.99 0 6 
Osage Co. RWD #02 88 105 -16 $50.00-$59.99 0 16 
Atlanta 86 105 -18 $50.00-$59.99 11 15 
Admire 85 105 -19 $40.00-$49.99 0 9 
Elmdale 85 105 -19 $20.00-$29.99 0 23 
Goff 85 105 -19 $30.00-$39.99 0 15 
Culver 85 105 -19 $10.00-$19.99 0 23 
Montgomery Co. RWD #10 85 105 -19 $50.00-$59.99 0 14 
Aurora 84 105 -20 $20.00-$29.99 0 11 
Potwin 84 105 -20 $40.00-$49.99 <1 NA 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

Region 7 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent
Unacc.

Forc/ 
Dwight 84 105 -20 $10.00-$19.99 0 7 
Hope 83 105 -21 $40.00-$49.99 1 5 
Axtell 83 105 -21 $40.00-$49.99 <1 8 
Agenda 83 105 -21 $20.00-$29.99 4 5 
Green 83 105 -21 $30.00-$39.99 1 22 
Konza Valley Water District 83 105 -21 More Than $90 0 18 
Montgomery Co. RWD #12 82 105 -22 $80.00-$89.99 0 15 
Buffalo 81 105 -22 $50.00-$59.99 11 9 
Osage Co. RWD #06 80 105 -24 $70.00-$79.99 0 12 
Assaria 80 105 -24 $20.00-$29.99 0 NA 
Olsburg 79 105 -25 $20.00-$29.99 <1 9 
Whiting 79 105 -25 $30.00-$39.99 2 11 
McFarland 76 105 -27 $40.00-$49.99 3 8 
Oneida 76 105 -28 $20.00-$29.99 0 18 
Alta Vista 75 105 -29 $40.00-$49.99 3 8 
University Park Water District 74 105 -29 $30.00-$39.99 1 15 
Nemaha Co. RWD #04 74 105 -30 $50.00-$59.99 0 NA 
Grenola 74 105 -30 $50.00-$59.99 <1 7 
Milford 73 105 -30 $40.00-$49.99 11 3 
Reading 73 105 -30 $60.00-$69.99 0 19 
Cedar Point 73 105 -31 $20.00-$29.99 0 17 
Mound Valley 67 105 -36 $50.00-$59.99 0 4 
Quenemo 67 105 -36 $50.00-$59.99 2 8 
Virgil 61 105 -42 $50.00-$59.99 0 9 
Allen 60 105 -43 $50.00-$59.99 <1 NA 
Saline Co. RWD #01 57 105 -45 $40.00-$49.99 0 11 
Average 105 105 -- $35.55 5 19 
a/ Includes public water suppliers in Region 7 that serve fewer than 500 people. 
b/ The figures for gallons per capita per day do not include water supplied for industry, 

bulk sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that do not meter any customer water 
usage, the percent unaccounted for water is 100.  “NA” is shown for suppliers 
reporting a percent unaccounted for water of less than 3.0. 

 
Note: The City of Delia did not provide a Municipal Water Use Report for 1996, 1997, 

1998, or 1999.  Marshall County Rural Water District #02 did not provide a Municipal 
Water Use Report for 1998 or 1999. 
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TABLE 12 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERS 

Region 8 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water
Rate Category

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forc/ 

Kansas City BPU 179 132 +36 $30.00-$39.99 25 11 
Water Dist #1 Johnson Co. 157 132 +19 $30.00-$39.99 14 7 
Atchison 154 132 +17 $20.00-$29.99 3 13 
Pittsburg 134 132 +1 $20.00-$29.99 6 6 
Parsons 132 132 0 $30.00-$39.99 19 11 
Lawrence 124 132 -6 $20.00-$29.99 8 5 
Olathe 108 132 -18 $20.00-$29.99 <1 16 
Leavenworth 105 132 -20 $30.00-$39.99 1 4 
Ottawa 95 132 -28 $20.00-$29.99 <1 9 
Average 132 132 -- $30.93 9 9 
 
a/ Includes public water suppliers in Region 8 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc. 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 8 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Cherokee Co. RWD #03 161 105 +53 $20.00-$29.99 8 37 
Girard 160 105 +52 $30.00-$39.99 26 9 
Osawatomie 151 105 +44 $20.00-$29.99 19 14 
Galena 146 105 +39 $20.00-$29.99 3 8 
Cherokee Co. RWD #04 144 105 +37 $30.00-$39.99 0 13 
Franklin Co. RWD #04 141 105 +34 $60.00-$69.99 <1 33 
Baxter Springs 140 105 +33 $30.00-$39.99 19 7 
Fort Scott 137 105 +31 $30.00-$39.99 4 25 
Crawford Co. RWD #05 137 105 +31 $20.00-$29.99 6 26 
Thayer 136 105 +30 $40.00-$49.99 0 31 
Paola 132 105 +25 $30.00-$39.99 8 14 
Troy 132 105 +25 $40.00-$49.99 8 37 
Crawford Co. RWD #06 130 105 +24 $70.00-$79.99 0 32 
Cherokee Co. RWD #01 130 105 +24 $30.00-$39.99 0 40 
Chanute 129 105 +23 $30.00-$39.99 16 5 
Mound City 127 105 +21 $40.00-$49.99 7 18 
Scammon 127 105 +21 $10.00-$19.99 0 19 
Jefferson Co. RWD #03 127 105 +21 $20.00-$29.99 0 26 
Jefferson Co. RWD #12 126 105 +20 $60.00-$69.99 <1 25 
Bonner Springs 124 105 +18 $30.00-$39.99 4 18 
Jefferson Co. RWD #07 124 105 +18 $30.00-$39.99 0 21 
Erie 120 105 +14 $40.00-$49.99 2 8 
DeSoto 120 105 +14 $30.00-$39.99 6 15 
Frontenac 119 105 +14 $30.00-$39.99 6 24 
Horton 116 105 +10 $30.00-$39.99 6 24 
Pleasanton 115 105 +10 $20.00-$29.99 2 12 
Iola 115 105 +10 $20.00-$29.99 4 11 
Highland 115 105 +10 $30.00-$39.99 22 12 
Effingham 114 105 +9 $20.00-$29.99 3 8 
Jefferson Co. RWD #01 112 105 +7 $20.00-$29.99 0 11 
Spring Hill 112 105 +7 $70.00-$79.99 18 5 
Hiawatha 111 105 +6 $30.00-$39.99 1 10 
Jefferson Co. RWD #02 109 105 +4 $40.00-$49.99 <1 24 
Columbus 109 105 +4 $20.00-$29.99 2 12 
Garnett 108 105 +3 $50.00-$59.99 7 9 
Baldwin 107 105 +2 $50.00-$59.99 <1 18 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 8 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Crawford Co. RWD #04 107 105 +2 $20.00-$29.99 6 36 
Humboldt 107 105 +2 $30.00-$39.99 12 14 
Richmond 107 105 +2 $50.00-$59.99 16 19 
Oswego 107 105 +2 $40.00-$49.99 13 6 
Franklin Co. RWD #05 105 105 0 $20.00-$29.99 0 21 
Louisburg 105 105 0 $70.00-$79.99 3 12 
Ozawkie 103 105 -2 $10.00-$19.99 0 9 
Chetopa 102 105 -2 $30.00-$39.99 7 8 
Valley Falls 101 105 -3 $20.00-$29.99 13 9 
Anderson Co. RWD #04 101 105 -3 $50.00-$59.99 0 16 
Miami Co. RWD #02 100 105 -5 $50.00-$59.99 0 12 
Gardner 98 105 -7 $40.00-$49.99 2 12 
St. Paul 97 105 -7 $30.00-$39.99 0 13 
Labette Co. RWD #05 97 105 -8 $40.00-$49.99 0 NA 
Douglas Co. RWD #03 97 105 -8 $30.00-$39.99 <1 21 
Labette Co. RWD #06 96 105 -9 $20.00-$29.99 0 8 
Franklin Co. RWD #06 96 105 -9 $50.00-$59.99 9 27 
Crawford Co. RWD #01C 95 105 -10 $30.00-$39.99 0 13 
Brown Co. RWD #01 94 105 -10 $30.00-$39.99 0 21 
Jefferson Co. RWD #13 94 105 -11 $40.00-$49.99 4 13 
Douglas Co. RWD #04 93 105 -11 $60.00-$69.99 0 21 
Winchester 93 105 -11 $30.00-$39.99 1 5 
La Cygne 93 105 -11 $30.00-$39.99 1 12 
Douglas Co. RWD #01 92 105 -12 $40.00-$49.99 0 11 
Cherokee 92 105 -13 $40.00-$49.99 1 14 
Leavenworth Co. RWD #09 91 105 -13 $40.00-$49.99 0 18 
Mulberry 89 105 -15 $50.00-$59.99 0 9 
Arma 89 105 -15 $20.00-$29.99 0 3 
Labette Co. RWD #08 89 105 -15 $50.00-$59.99 0 28 
Weir 89 105 -16 $30.00-$39.99 0 16 
Johnson Co. RWD #07 88 105 -16 $50.00-$59.99 0 14 
Crawford Co. RWD #01 87 105 -17 $20.00-$29.99 0 23 
Altamont 87 105 -17 $50.00-$59.99 0 3 
Suburban Water Co. 86 105 -18 $50.00-$59.99 0 9 
Neosho Co. RWD #04 86 105 -18 $40.00-$49.99 <1 18 
Cherokee Co. RWD #02 86 105 -18 $20.00-$29.99 0 4 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

Region 8 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 
Douglas Co. RWD #02 85 105 -19 $50.00-$59.99 0 11 
Franklin Co. RWD #01 84 105 -20 $60.00-$69.99 0 20 
Leavenworth Co. RWD #01C 84 105 -20 $50.00-$59.99 1 10 
Nortonville 83 105 -21 $10.00-$19.99 1 NA 
Cherokee Co. RWD #08 83 105 -21 $40.00-$49.99 4 9 
Tonganoxie 83 105 -21 $30.00-$39.99 3 14 
Wellsville 82 105 -22 $40.00-$49.99 0 16 
Perry 81 105 -23 $60.00-$69.99 <1 9 
Eudora 78 105 -25 $50.00-$59.99 2 5 
McLouth 76 105 -28 $60.00-$69.99 2 7 
Lecompton 76 105 -28 $40.00-$49.99 14 6 
Pomona 75 105 -28 $30.00-$39.99 0 9 
Douglas Co. RWD #05 75 105 -28 $50.00-$59.99 0 9 
Neosho/Allen Co. RWD #02 72 105 -32 $30.00-$39.99 0 10 
Elwood 68 105 -35 $20.00-$29.99 0 10 
Edgerton 59 105 -44 $50.00-$59.99 1 7 
Average 105 105 -- $40.95 6 15 
 
a/ Includes public water suppliers in Region 8 that serve between 500 and 9,999 

people. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

Region 8 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered

Free 

Percent
Unacc.
Forc/ 

Jefferson Co. RWD #06 120 88 +36 $20.00-$29.99 0 35 
Robinson 111 88 +27 $20.00-$29.99 2 21 
Lakeside Village Improvement 111 88 +26 $30.00-$39.99 4 46 
Neosho Co. RWD #03 109 88 +24 $50.00-$59.99 0 20 
Jefferson Co. RWD #08 109 88 +24 $40.00-$49.99 0 20 
Jefferson Co. RWD #10 109 88 +24 $60.00-$69.99 17 29 
Douglas Co. RWD #06 109 88 +23 $20.00-$29.99 0 22 
Williamsburg 107 88 +22 $40.00-$49.99 1 8 
Crawford Co. RWD #03 106 88 +20 $20.00-$29.99 0 33 
Arcadia 105 88 +19 $30.00-$39.99 8 16 
Everest 102 88 +16 $20.00-$29.99 0 22 
Uniontown 97 88 +11 $60.00-$69.99 0 15 
Easton 95 88 +8 $20.00-$29.99 2 12 
Muscotah 95 88 +7 $10.00-$19.99 0 17 
Labette Co. RWD #02 93 88 +6 $40.00-$49.99 0 10 
Greeley 92 88 +4 $30.00-$39.99 0 17 
Galesburg 90 88 +3 $40.00-$49.99 1 8 
West Mineral 89 88 +1 $60.00-$69.99 24 6 
Rantoul 89 88 +1 $40.00-$49.99 0 30 
White Cloud 89 88 +1 $20.00-$29.99 0 23 
Doniphan Co. RWD #03 89 88 +1 $30.00-$39.99 0 19 
Labette Co. RWD #03 89 88 +1 $40.00-$49.99 0 12 
Bartlett 89 88 +1 No Water Sales 0 13 
Anderson Co. RWD #02 88 88 0 $30.00-$39.99 0 100 
Blue Mound 87 88 -1 $40.00-$49.99 8 14 
Reserve 84 88 -5 $50.00-$59.99 0 28 
Bronson 81 88 -7 $60.00-$69.99 3 9 
Prescott 78 88 -12 $40.00-$49.99 0 15 
Labette Co. RWD #07 77 88 -12 $40.00-$49.99 0 5 
Cherokee Water Corp. 76 88 -13 $40.00-$49.99 0 11 
Doniphan Co. RWD #02 76 88 -14 $30.00-$39.99 0 10 
Jefferson Co. RWD #11 75 88 -14 $30.00-$39.99 1 4 
Linwood 74 88 -16 $40.00-$49.99 5 18 
Jefferson Co. RWD #15 71 88 -20 $30.00-$39.99 0 21 
Doniphan Co. RWD #01 67 88 -24 $30.00-$39.99 0 30 
Jefferson Co. RWD #09 65 88 -26 $30.00-$39.99 0 27 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

Region 8 
1999 

Public Water Supplier GPCDb/

Reg. 
Avg. 

GPCD
Pct.
Diff.

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent 
Metered

Free 

Percent
Unacc.
Forc/ 

Fulton 63 88 -28 $40.00-$49.99 0 15 
Capaldo Water Association 62 88 -29 $20.00-$29.99 0 8 
Edna 62 88 -30 $60.00-$69.99 1 NA 
Lane 60 88 -32 $50.00-$59.99 <1 8 
Average 88 88 -- $39.08 5 20 
 
a/ Includes public water suppliers in Region 8 that serve fewer than 500 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that meter only a portion of customer 
usage or are unable to provide information on customer water usage, the percent 
unaccounted for includes all unmetered water.  “NA” is shown for suppliers 
reporting a percent unaccounted for water of less than 3.0. 

 
Note: The City of Parker is not included in this table because the water use report for 

1999 contained insufficient information on amount of water pumped. 
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TABLE 15 
PUBLIC WATER SUPPLIERS WITH HIGHEST GPCD’S RELATIVE TO THEIR 

REGION, RANKED BY PERCENT ABOVE REGIONAL GPCD AVERAGE 
KANSAS, 1999 

Public Water Supplier GPCDa/

Reg. 
Avg. 

GPCD

Pct. 
Above
Reg.
Avg.

GPCD

Monthly 
Water Rate 

Category Per 
10,000 

Gallons 

Percent
Metered

Free 

Percent
Unacc.
Forb/ 

1. Osborne Co. RWD #01A 349 133 +162 $50.00-$59.99 0 48 
2. Englewood 373 163 +129 Flat Rate 0 100 
3. Byron 239 105 +128 Flat Rate 0 100 
4. Rush Co. RWD #01 315 145 +117 $40.00-$49.99 0 53 
5. Strong City 239 114 +109 $40.00-$49.99 3 55 
6. Elgin 215 105 +105 $10.00-$19.99 0 66 
7. Pottawatomie Co. RWD #02 211 105 +101 $40.00-$49.99 <1 40 
8. Comanche Co. RWD #02 278 145 +92 $50.00-$59.99 0 43 
9. Argonia 203 114 +78 $20.00-$29.99 11 31 

10. Republic Co. RWD #01 185 105 +76 $20.00-$29.99 0 20 
11. Herndon 409 234 +75 $10.00-$19.99 14 37 
12. Hardtner 223 133 +68 $20.00-$29.99 38 5 
13. Barber Co. RWD #02 220 133 +65 $20.00-$29.99 0 18 
14. Bucklin 269 163 +65 $10.00-$19.99 3 36 
15. Preston 217 133 +63 Flat Rate 0 100 
16. Abilene 180 114 +58 $30.00-$39.99 32 14 
17. Reno Co. RWD #08 210 133 +58 $10.00-$19.99 12 16 
18. Lyons 232 148 +57 $10.00-$19.99 9 8 
19. Scandia 165 105 +57 Less Than $10 8 14 
20. Medicine Lodge 231 148 +56 $10.00-$19.99 6 11 
 
a/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that do not meter any customer water 
usage, the percent unaccounted for water is 100. 
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TABLE 16 
PUBLIC WATER SUPPLIERS WITH LOWEST GPCD’S RELATIVE TO THEIR 

REGION, RANKED BY PERCENT BELOW REGIONAL GPCD AVERAGE 
KANSAS, 1999 

Public Water Supplier GPCDa/

Reg. 
Avg. 

GPCD

Pct. 
Below
Reg. 
Avg. 

GPCD

Monthly Water 
Rate Category 

Per 10,000 
Gallons 

Percent
Metered

Free 

Percent 
Unacc.
Forb/ 

1. Garden Spot Rentals 69 234 -70 No Water Sales 0 100 
2. Trego Co. RWD #01 59 163 -64 $40.00-$49.99 0 5 
3. Norton Co. RWD #01 61 163 -63 $30.00-$39.99 0 11 
4. Ellis Co. RWD #03 57 145 -61 $20.00-$29.99 0 17 
5. Hamilton Co. RWD #01 104 252 -59 $50.00-$59.99 3 4 
6. Horace 109 252 -57 $20.00-$29.99 0 4 
7. Liebenthal 65 145 -55 $30.00-$39.99 2 12 
8. Clayton 75 163 -54 $20.00-$29.99 <1 0 
9. Brownell 81 163 -51 $10.00-$19.99 0 11 

10. Trego Co. RWD #02 87 163 -47 $60.00-$69.99 <1 9 
11. Saline Co. RWD #01 57 105 -45 $40.00-$49.99 0 11 
12. Beloit 81 148 -45 $40.00-$49.99 <1 7 
13. Speed 80 145 -45 $20.00-$29.99 4 10 
14. Deerfield 132 234 -44 $10.00-$19.99 3 10 
15. Edgerton 59 105 -44 $50.00-$59.99 1 7 
16. Geneseo 76 133 -43 $20.00-$29.99 <1 3 
17. Holcomb 134 234 -43 $20.00-$29.99 2 7 
18. Allen 60 105 -43 $50.00-$59.99 <1 2 
19. Virgil 61 105 -42 $50.00-$59.99 0 9 
20. Ellis Co. RWD #01 85 145 -42 $20.00-$29.99 2 13 
 
a/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that do not meter any customer water 
usage, the percent unaccounted for water is 100. 
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TABLE 17 
WATER USE BY PUBLIC WATER SUPPLIERS WITH FLAT RATESa/ 

KANSAS, 1999 

Public Water Supplier Region GPCD 

Regional 
Average 
GPCD Pct. Diff. 

1. Arnold 4 114 163 -30 
2. Belvidere 5 153 145 +6 
3. Blue River Hills Improvement 7S 109 105 +4 
4. Byron 7S 239 105 +128 
5. Copeland 3 243 218 +11 
6. Englewood 4 373 163 +129 
7. Ensign 3 193 218 -12 
8. Ford 4 197 163 +21 
9. Geary Co. RWD #02 7S 114 105 +9 
10. Moscow 2 300 234 +28 
11. Preston 6S 217 133 +63 
12. Rocky Ford Water Co. 7S 147 105 +40 
13. West Hills Water Co. 6S 169 133 +27 
   Average -- -- -- +33 
 

a/ Each customer is charged the same amount each month, regardless of how 
much water is used. 
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TABLE 18 
AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 

KANSAS, 1999 

Region 

Number of 
Public Water 

Suppliers 

Gallons of Water Used Per Month 

5,000 10,000 25,000 50,000 100,000 
1 15 $13.78 $20.38 $40.65 $74.60 $142.90 
2 22 $10.95 $15.25 $28.46 $51.44 $96.65 
3 20 $10.82 $15.13 $28.44 $53.05 $100.63 
4 27 $15.90 $21.66 $39.79 $71.64 $137.32 
5 46 $16.97 $24.76 $50.51 $97.18 $191.03 
6 97 $17.48 $26.33 $53.53 $98.44 $188.62 
7 257 $21.62 $34.85 $73.05 $137.11 $263.68 
8 137 $23.73 $39.75 $86.18 $162.86 $314.23 

Kansas 621 $19.94 $31.60 $66.02 $123.76 $238.27 
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TABLE 19 
PUBLIC WATER SUPPLIERS WITH AT LEAST 30 PERCENT UNACCOUNTED 

FOR WATER, RANKED BY PERCENT, AND POTENTIAL MARKET VALUE 
OF UNACCOUNTED FOR WATER IN EXCESS OF 15 PERCENT 

KANSAS, 1999 

Public Water Supplier  
Pct. Of Water 
Unacc. For 

Potential 
Water Gaina/

(Gallons) 

Monthly 
Water Rate 
Per 10,000 

Gallons 

Potential 
Market 
Valueb/ 

Anderson Co. RWD #02 100 c/ $36.50 c/ 
Arnold 100 c/ $8.00 c/ 
Belvidere 100 c/ $10.00 c/ 
Blue River Hills Improvement 100 c/ $20.00 c/ 
Byron 100 c/ $12.50 c/ 
Englewood 100 c/ $20.00 c/ 
Garden Spot Rentals 100 c/ $0.00 c/ 
Geary Co. RWD #02 100 c/ $22.20 c/ 
Hays City Suburban 100 c/ $0.00 c/ 
Moscow 100 c/ $18.00 c/ 
Preston 100 c/ $15.50 c/ 
Rocky Ford Water Co. 100 c/ $20.00 c/ 
Russell Co. RWD #02 100 c/ $20.00 c/ 
West Hills Water Co. 100 c/ $5.00 c/ 
Ensign 93 c/ $31.00 c/ 
Blue Rapids 88 c/ $14.60 c/ 
Barton Co. RWD #02 81 c/ $27.00 c/ 
Ford 78 c/ $18.00 c/ 
Elgin 66 3,966,850 $19.00 $7,537.02 
Timken 64 2,489,050 $19.75 $4,915.87 
Copeland 62 c/ $25.00 c/ 
Strong City 55 26,025,650 $48.50 $126,224.40 
Rush Co. RWD #01 53 7,216,750 $40.00 $28,867.00 
Osborne Co. RWD #01A 48 5,585,850 $56.00 $31,280.76 
Ellis Co. RWD #02 48 740,650 $55.00 $4,073.58 
Lakeside Village Improvement 46 3,926,800 $32.00 $12,565.76 
Saline Co. RWD #02 45 7,334,550 $39.00 $28,604.75 
Comanche Co. RWD #02 43 5,156,050 $58.00 $29,905.09 
Russell Co. RWD #04 42 1,522,700 $50.00 $7,613.50 
Arlington 42 7,094,600 $13.50 $9,577.71 
Cherokee Co. RWD #01 40 6,009,500 $30.00 $18,028.50 
Pottawatomie Co. RWD #02 40 9,910,500 $49.50 $49,056.98 
Simpson 40 1,323,550 $20.50 $2,713.28 
Herndon 37 5,204,250 $11.50 $5,984.89 
Troy 37 11,429,600 $45.50 $52,004.68 
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TABLE 19 
PUBLIC WATER SUPPLIERS WITH AT LEAST 30 PERCENT UNACCOUNTED 

FOR WATER, RANKED BY PERCENT, AND POTENTIAL MARKET VALUE 
OF UNACCOUNTED FOR WATER IN EXCESS OF 15 PERCENT 

KANSAS, 1999 

Public Water Supplier  
Pct. Of Water 
Unacc. For 

Potential 
Water Gaina/

(Gallons) 

Monthly 
Water Rate 
Per 10,000 

Gallons 

Potential 
Market 
Valueb/ 

Cherokee Co. RWD #03 37 26,827,450 $25.75 $69,080.68 
Crawford Co. RWD #04 36 16,418,500 $29.00 $47,613.65 
Coolidge 36 2,201,500 $13.00 $2,861.95 
Bucklin 36 15,561,550 $14.00 $21,786.17 
Sylvia 36 4,116,400 $16.40 $6,750.90 
Jefferson Co. RWD #06 35 1,129,300 $26.50 $2,992.65 
Riley 34 8,073,150 $22.00 $17,760.93 
Vermillion 34 1,088,300 $27.75 $3,020.03 
Solomon 34 10,171,250 $20.00 $20,342.50 
Franklin Co. RWD #04 33 14,632,400 $65.00 $95,110.60 
Bison 33 1,977,750 $16.30 $3,223.73 
Crawford Co. RWD #03 33 1,881,250 $25.50 $4,797.19 
Sedgwick Co. RWD #04 33 10,869,500 $68.50 $74,456.08 
Isabel 33 1,226,600 $18.00 $2,207.88 
Crawford Co. RWD #06 32 6,788,550 $78.50 $53,290.12 
Matfield Green 32 481,600 $27.50 $1,324.40 
Bunker Hill 31 864,150 $49.00 $4,234.34 
Thayer 31 5,345,550 $42.71 $22,830.84 
Jennings 31 2,757,350 $14.00 $3,860.29 
Delphos 31 3,727,300 $15.00 $5,590.95 
Morrowville 31 1,146,200 $36.00 $4,126.32 
Argonia 31 8,319,850 $27.50 $22,879.59 
Cowley Co. RWD #03 30 18,863,000 $21.80 $41,121.34 
Rantoul 30 1,130,650 $43.63 $4,933.03 
Doniphan Co. RWD #01 30 283,050 $31.00 $877.46 
Gove 30 1,292,600 $12.80 $1,654.53 
 
a/ Potential water gain = (amount of water that was unaccounted for in 1999) – (15 percent 

of the total amount of water pumped or purchased).  Unaccounted for water includes 
distribution system losses, unmetered water provided to customers, and unmetered 
water provided free for public services, treatment processes, etc. 

 
b/ Potential market value = (Potential water gain/10,000) x (water rate per 10,000 gallons). 
 
c/ For suppliers with flat rates and those without reliable customer sales records for 1999, 

potential water gain and potential market value do not apply. 
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TABLE 20 
GPCD USAGE FOR MOBILE HOME PARKS 

WESTERN KANSASa/, 1999 

Name of Mobile Home Park GPCDb/ 

Regional 
Average 
GPCD Pct. Diff. 

Rolling Hills Inc. 448 149 +201 
Liberal Feeders 151 149 +1 
Whatley's Trailer Park 126 149 -15 
H-Park 114 149 -23 
Whitehurst Trailer Park 102 149 -32 
Countryside Rentals 61 149 -59 
Towns Riverviewc/ 38 149 -74 
 
a/ Western Kansas includes Regions 1, 2, 3, and 4 (See Figure 1). 
 
b/ The figures for gallons per capita per day are based on all water pumped. 
 
c/ Serves both mobile and residential homes. 
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TABLE 21 
GPCD USAGE FOR MOBILE HOME PARKS 
CENTRAL AND EASTERN KANSASa/, 1999 

Name of Mobile Home Park GPCDb/ 

Regional 
Average 
GPCD Pct. Diff. 

Nationwide Village 134 76 +77 
Countryview Mobile Home Park 123 76 +62 
Prairie Schooner MHP 117 76 +54 
Rolling Meadow Mobile Court 103 76 +35 
Rocky Ford Trailer Park 91 76 +20 
Sunflower Village 87 76 +14 
Tuttle Creek Water Company 84 76 +11 
Tuttle Terrace Trailer Courtc/ 82 76 +8 
Buffalo Hills Park 81 76 +7 
Colonial Gardens 79 76 +3 
Countryside Estates LLC 75 76 -2 
Mulvane Mobile Home Park 74 76 -2 
Sunny Acres Mobile Home Park 74 76 -3 
Meadow Acres Mobile Home 68 76 -10 
Thunderbird Estates 67 76 -12 
Walnut Grove Mobile Home Park 66 76 -13 
M&M Mobile Home Park 62 76 -19 
Miller Mobile Home Park 60 76 -21 
Country View Mobile Home Park 59 76 -23 
Paradise Trailer Court 56 76 -26 
Riverchase Mobile Home Park 56 76 -27 
John's Mobile Home Court 44 76 -42 
Western Acres MHP 40 76 -47 
Ponderosa Mobile Home Park 37 76 -51 
 
a/ Central and Eastern Kansas includes Regions 5, 6, 7, and 8 (see Figure 1). 
 
b/ The figures for gallons per capita per day are based on all water pumped. 
 
c/ Serves both mobile and residential homes. 
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TABLE 22 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1995-1999 

Public Water Supplier Region
1995 

GPCD
1996 

GPCD
1997 

GPCD
1998 

GPCD 
1999 

GPCD 
Avg. 

GPCD
Abbyville 6S 118 118 111 162 132 128 
Abilene 7M 119 110 121 193 180 145 
Admire 7S NA NA NA NA 85 85 
Agenda 7S 90 110 86 87 83 91 
Agra 5 113 106 129 111 121 116 
Albert 6S 106 111 110 115 119 112 
Alexander 5 107 102 131 115 136 118 
Allen 7S NA NA NA NA 60 60 
Alma 7M 115 122 125 122 120 121 
Almena 4 187 174 191 176 145 175 
Alta Vista 7S 78 80 77 78 75 78 
Altamont 8M NA NA NA NA 87 87 
Alton 6S 135 148 125 98 102 121 
Altoona 7S 148 139 132 126 130 135 
Andale 7M NA 76 70 82 87 79 
Anderson Co. RWD #02 8S 96 81 88 82 88 87 
Anderson Co. RWD #04 8M 112 133 99 96 101 108 
Anthony 6ML 209 213 192 196 166 195 
Arcadia 8S 111 125 115 114 105 114 
Argonia 7M 166 127 112 160 203 154 
Arkansas City 7L 146 142 135 155 140 144 
Arlington 6S 177 118 106 132 163 139 
Arma 8M 98 95 93 94 89 94 
Arnold 4 133 126 101 101 114 115 
Ashland 4 267 226 220 260 249 245 
Assaria 7S 83 85 83 87 80 84 
Atchison 8L 254 251 196 178 154 207 
Atlanta 7S 82 83 86 94 86 86 
Attica 6ML 405 224 186 215 207 247 
Atwood 2 228 217 260 260 225 238 
Augusta 7M 125 136 134 148 137 136 
Aurora 7S 84 92 94 91 84 89 
Axtell 7S 90 93 96 87 83 90 
Baldwin 8M 102 98 93 126 107 105 
Barber Co. RWD #02 6S 143 189 184 190 220 185 
Barber Co. RWD #03 6S 89 108 102 120 103 105 
Barnes 7S 161 154 147 152 161 155 
Bartlett 8S NA NA NA NA 89 89 
Barton Co. RWD #02 6S 279 130 140 162 145 171 
Barton Hills WD 6S NA 94 81 109 99 96 
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TABLE 22 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1995-1999 

Public Water Supplier Region
1995 

GPCD
1996 

GPCD
1997 

GPCD
1998 

GPCD 
1999 

GPCD 
Avg. 

GPCD
Baxter Springs 8M 176 189 140 126 140 154 
Bazine 4 121 123 105 115 113 115 
Beattie 7S 81 109 113 103 98 101 
Bel Aire 7M 112 114 116 136 112 118 
Belle Plaine 7M 108 112 101 110 108 108 
Belleville 7M 162 158 162 165 160 161 
Beloit 6ML 125 121 118 89 81 107 
Belpre 5 156 108 116 130 101 122 
Belvidere 5 128 176 141 164 153 153 
Belvue 7S 106 115 109 100 108 108 
Bennington 7M 112 111 103 94 91 102 
Bern 7S 77 79 83 81 100 84 
Beverly 6S 175 144 145 145 126 147 
Bird City 1 399 371 507 435 353 413 
Bison 5 100 119 124 121 134 120 
Blue Mound 8S 81 79 81 82 87 82 
Blue Rapids 7M 149 128 196 144 153 154 
Blue River Hills Improvement 7S 113 104 107 112 109 109 
Bluff City 6S 84 73 91 84 84 83 
Bogue 4 166 165 153 159 138 156 
Bonner Springs 8M 140 114 114 110 124 121 
Brewster 2 244 299 297 306 280 285 
Bronson 8S 150 137 165 121 81 131 
Brown Co. RWD #01 8M 91 89 79 79 94 87 
Brownell 4 84 108 88 82 81 89 
Bucklin 4 296 306 267 260 269 280 
Buffalo 7S 126 132 108 95 81 109 
Buffalo Hills Park 5 106 99 61 90 81 87 
Buhler 6ML 159 151 128 147 143 146 
Bunker Hill 6S 121 110 107 98 128 113 
Burden 7M 140 113 120 116 122 122 
Burdett 5 161 196 139 168 172 167 
Burlingame 7M 86 100 104 104 82 95 
Burlington 7M 126 134 128 135 154 135 
Burns 7S 100 87 109 127 93 103 
Burr Oak 6S 152 164 186 139 144 157 
Burrton 7M 108 111 95 118 105 108 
Bushton 6S 148 144 140 140 124 139 
Byron 7S 200 212 212 236 239 220 
Caldwell 7M 101 108 100 104 98 102 
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TABLE 22 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1995-1999 

Public Water Supplier Region
1995 

GPCD
1996 

GPCD
1997 

GPCD
1998 

GPCD 
1999 

GPCD 
Avg. 

GPCD
Cambridge 7S 93 81 NA NA NA 87 
Caney 7M 130 136 148 147 135 139 
Canton 7M 161 153 127 149 141 146 
Capaldo Water Association 8S 61 64 65 61 62 63 
Carbondale 7M 98 74 83 86 91 86 
Cassoday 7S 79 100 97 102 94 94 
Cawker City 6ML 136 146 151 152 146 146 
Cedar Point 7S 90 67 66 74 73 74 
Cedar Vale 7M 118 107 104 110 106 109 
Chanute 8M 132 137 140 150 129 138 
Chapman 7M 148 163 169 171 168 164 
Chase 6ML 97 104 116 115 110 108 
Cheney 7M 182 168 145 185 167 169 
Cherokee 8M 114 98 98 111 92 103 
Cherokee Co. RWD #01 8M 140 118 118 120 130 125 
Cherokee Co. RWD #02 8M 97 98 87 101 86 94 
Cherokee Co. RWD #03 8M 101 122 119 151 161 131 
Cherokee Co. RWD #04 8M 111 127 151 141 144 135 
Cherokee Co. RWD #08 8M 73 94 86 85 83 84 
Cherokee Water Corp. 8S NA NA NA NA 76 76 
Cherryvale 7M 118 127 106 122 92 113 
Chetopa 8M 121 129 100 101 102 111 
Cimarron 3 251 239 248 279 213 246 
Claflin 6ML 140 134 142 143 134 138 
Clay Center 7M 139 143 131 137 143 139 
Clay Co. RWD #01 7S 164 109 109 85 97 113 
Clay Co. RWD #02 7M 82 85 92 93 93 89 
Clayton 4 147 342 86 113 75 153 
Clearwater 7M 98 96 93 105 95 97 
Clifton 7M 136 159 183 130 128 147 
Cloud Co. RWD #01 7S 121 125 113 124 115 120 
Clyde 7M 145 167 149 148 137 149 
Coats 6S 180 184 147 133 126 154 
Coffey Co. RWD #02 7M NA NA NA NA 101 101 
Coffey Co. RWD #03 7M NA NA NA 77 72 75 
Coffeyville 7L 148 144 138 136 155 144 
Colby 2 249 244 267 271 266 259 
Coldwater 5 206 209 197 232 201 209 
Collyer 4 133 133 142 148 131 137 
Colonial Gardens 7 70 72 78 76 79 75 
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TABLE 22 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1995-1999 

Public Water Supplier Region
1995 

GPCD
1996 

GPCD
1997 

GPCD
1998 

GPCD 
1999 

GPCD 
Avg. 

GPCD
Columbus 8M 186 159 142 123 109 144 
Comanche Co. RWD #02 5 324 400 385 407 278 359 
Concordia 7M 147 149 148 136 142 144 
Conway Springs 7M 91 100 95 97 104 97 
Coolidge 1 257 254 301 274 269 271 
Copeland 3 283 253 238 235 243 250 
Cottonwood Falls 7M 87 89 85 93 97 90 
Council Grove 7M 100 104 103 108 106 104 
Country View MHP 5 84 65 80 72 59 72 
Countryside Estates LLC 5 62 61 79 NA 75 69 
Countryside Rentals 2 74 86 103 80 61 81 
Countryview MHP 6 81 107 98 125 123 107 
Courtland 7S 119 122 116 NA NA 119 
Cowley Co. RWD #01 7M 97 104 109 158 128 119 
Cowley Co. RWD #03 7M 150 175 151 121 139 147 
Cowley Co. RWD #06 7M 87 106 108 130 115 109 
Crawford Co. RWD #01 8M 92 107 109 81 87 95 
Crawford Co. RWD #01C 8M 91 93 90 87 95 91 
Crawford Co. RWD #03 8S 66 71 73 108 106 85 
Crawford Co. RWD #04 8M 84 101 121 105 107 104 
Crawford Co. RWD #05 8M 133 129 115 131 137 129 
Crawford Co. RWD #06 8M 142 115 109 106 130 120 
Cuba 7S 90 100 114 99 95 100 
Cullison 6S 161 172 153 156 147 158 
Culver 7S 75 75 75 81 85 78 
Cunningham 6ML 153 164 167 206 186 175 
Dearing 7M NA NA NA NA 72 72 
Deerfield 2 140 153 163 161 132 150 
Delia 7S 142 128 NA NA NA 135 
Delphos 7M 128 138 130 136 127 132 
Derby 7L 123 128 115 136 121 124 
DeSoto 8M 125 127 129 126 120 125 
Dexter 7S 129 139 NA 141 123 133 
Dickinson Co. RWD #01 7M 120 104 125 118 116 117 
Dickinson Co. RWD #02 7M 86 95 88 96 104 94 
Dighton 3 213 196 216 245 209 216 
Dodge City 4 201 193 177 204 189 193 
Doniphan Co. RWD #01 8S 72 80 58 61 67 68 
Doniphan Co. RWD #02 8S 81 75 73 70 76 75 
Doniphan Co. RWD #03 8S 81 83 92 94 89 88 
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TABLE 22 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1995-1999 

Public Water Supplier Region
1995 

GPCD
1996 

GPCD
1997 

GPCD
1998 

GPCD 
1999 

GPCD 
Avg. 

GPCD
Dorrance 6S 77 83 77 75 86 80 
Douglas Co. RWD #01 8M 83 86 87 84 92 86 
Douglas Co. RWD #02 8M 93 98 87 82 85 89 
Douglas Co. RWD #03 8M 114 118 128 130 97 117 
Douglas Co. RWD #04 8M 81 75 104 96 93 90 
Douglas Co. RWD #05 8M 77 100 84 80 75 83 
Douglas Co. RWD #06 8S 92 90 110 98 109 100 
Douglass 7M 83 87 80 86 88 85 
Downs 6ML 181 188 181 173 175 180 
Durham 7S 120 116 72 103 93 101 
Dwight 7S 96 101 80 81 84 89 
Easton 8S 90 88 94 98 95 93 
Edgerton 8M 62 61 64 62 59 62 
Edna 8S NA NA NA NA 62 62 
Effingham 8M 117 115 119 108 114 115 
El Dorado 7L 163 187 186 185 169 178 
Elgin 7S 226 258 228 225 215 230 
Elk City 7S 112 116 110 109 112 112 
Elkhart 1 256 289 260 290 282 275 
Ellinwood 6ML 112 117 112 116 114 114 
Ellis 5 127 112 108 120 117 117 
Ellis Co. RWD #01 5 73 86 77 100 85 84 
Ellis Co. RWD #02 5 94 66 113 77 109 92 
Ellis Co. RWD #03 5 54 62 49 66 57 58 
Ellis Co. RWD #06 5 76 102 98 112 101 98 
Ellis Co. RWD #07 5 102 103 130 146 140 124 
Ellsworth 6ML 142 154 155 144 138 147 
Elmdale 7S 59 80 83 85 85 78 
Elwood 8M 118 129 93 93 68 100 
Emmett 7S 167 175 168 127 115 151 
Emporia 7L 142 148 186 175 166 163 
Englewood 4 536 516 305 447 373 435 
Ensign 3 284 261 228 244 193 242 
Enterprise 7M 97 97 98 92 89 95 
Erie 8M 92 99 95 105 120 102 
Esbon 6S 112 141 122 112 123 122 
Eskridge 7M 110 114 119 133 144 124 
Eudora 8M 93 90 90 85 78 87 
Eureka 7M 120 124 121 136 126 125 
Everest 8S 126 106 117 109 102 112 
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TABLE 22 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1995-1999 

Public Water Supplier Region
1995 

GPCD
1996 

GPCD
1997 

GPCD
1998 

GPCD 
1999 

GPCD 
Avg. 

GPCD
Florence 7M 123 129 121 158 106 127 
Fontana 8S 109 108 81 84 NA 96 
Ford 4 238 277 270 299 197 256 
Formoso 6S 91 114 93 91 84 95 
Fort Scott 8M 166 155 152 150 137 152 
Fowler 3 291 284 225 215 174 238 
Frankfort 7M 125 127 122 126 135 127 
Franklin Co. RWD #01 8M NA NA NA NA 84 84 
Franklin Co. RWD #04 8M 129 128 126 122 141 129 
Franklin Co. RWD #05 8M 109 109 121 137 105 116 
Franklin Co. RWD #06 8M 98 103 91 93 96 96 
Fredonia 7M 121 111 110 116 103 112 
Frontenac 8M 117 112 110 96 119 111 
Fulton 8S 66 62 77 72 63 68 
Galena 8M 127 137 129 143 146 136 
Galesburg 8S NA NA NA NA 90 90 
Galva 7M 109 106 98 101 107 104 
Garden City 2 168 163 168 184 176 172 
Garden Plain 7M 118 111 111 117 107 113 
Garden Spot Rentals 2 74 76 69 69 69 71 
Gardner 8M 100 86 89 103 98 95 
Garnett 8M 104 107 101 103 108 105 
Gaylord 6S 140 139 156 157 130 145 
Geary Co. RWD #02 7S 134 126 91 123 114 118 
Geary Co. RWD #04 7M 88 92 85 92 106 93 
Geneseo 6S 99 109 88 89 76 92 
Geuda Springs 7S 89 79 94 104 101 94 
Girard 8M 124 127 124 128 160 133 
Glade 5 NA 76 80 90 90 84 
Glasco 7M 90 105 105 89 89 96 
Glen Elder 6S 177 164 169 168 154 166 
Goddard 7M 128 138 113 163 152 139 
Goessel 7M 120 107 96 117 108 109 
Goff 7S 138 120 103 92 85 108 
Goodland 1 281 279 300 313 313 297 
Gorham 6S 104 101 101 102 96 101 
Gove 3 153 136 194 197 233 183 
Grainfield 3 223 216 256 273 235 240 
Great Bend 6ML 130 130 120 127 131 128 
Greeley 8S 190 84 90 88 92 109 
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TABLE 22 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1995-1999 

Public Water Supplier Region
1995 

GPCD
1996 

GPCD
1997 

GPCD
1998 

GPCD 
1999 

GPCD 
Avg. 

GPCD
Green 7S 91 83 88 87 83 86 
Greenleaf 7S 189 201 194 141 143 174 
Greensburg 5 160 168 167 172 149 163 
Grenola 7S 67 77 78 75 74 74 
Grinnell 3 230 225 249 275 253 246 
Gypsum 7S 110 116 108 112 106 111 
Haddam 7S 98 107 105 NA 96 102 
Halstead 7M 124 116 118 123 111 118 
Hamilton Co. RWD #01 1 106 105 131 124 104 114 
Hanover 7M 92 90 98 99 95 95 
Hanston 4 174 152 141 191 185 169 
Hardtner 6S 184 212 209 278 223 221 
Harper 6ML 142 129 132 157 128 138 
Harper Co. RWD #03 6S 91 96 73 87 86 86 
Hartford 7M 75 69 75 72 70 72 
Harveyville 7S 75 74 69 95 106 84 
Haven 6ML 151 154 145 170 138 152 
Havensville 7S 129 99 104 100 100 106 
Haviland 5 196 190 177 203 176 188 
Hays 5 92 103 106 112 111 105 
Hays City Suburban 5 120 82 95 112 114 105 
Haysville 7M 122 119 97 115 88 108 
Hazelton 6S 122 142 128 155 138 137 
Herington 7M 109 108 105 110 114 109 
Herndon 2 422 300 417 433 409 396 
Hesston 7M 127 141 123 163 156 142 
Hiawatha 8M 131 121 118 119 111 120 
Highland 8M 122 115 114 115 115 116 
Hill City 4 169 163 194 191 186 181 
Hillsboro 7M 113 NA 97 126 106 111 
Hoisington 6ML 110 121 120 118 110 116 
Holcomb 2 145 147 152 149 134 145 
Holton 7M 132 137 136 140 146 138 
Holyrood 6S 154 137 132 146 141 142 
Hope 7S 81 95 89 94 83 88 
Horace 1 119 140 101 75 109 109 
Horton 8M 99 113 100 114 116 108 
Howard 7M 115 108 104 118 100 109 
Howison Heights WD 7S 81 113 116 110 117 107 
Hoxie 3 239 242 257 298 262 260 
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KANSAS, 1995-1999 

Public Water Supplier Region
1995 

GPCD
1996 

GPCD
1997 

GPCD
1998 

GPCD 
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GPCD 
Avg. 

GPCD
H-Park 2 127 136 164 137 114 136 
Hugoton 2 388 327 333 335 319 340 
Humboldt 8M 98 97 93 103 107 100 
Hutchinson 6ML 137 142 129 140 132 136 
Independence 7M 131 140 136 159 170 147 
Ingalls 3 224 193 220 228 196 212 
Inman 7M 142 129 126 138 124 132 
Iola 8M 95 114 101 116 115 108 
Isabel 6S 172 178 164 188 174 175 
Iuka 6S 72 78 92 89 86 83 
Jackson Co. RWD #03 7M 100 122 114 90 105 106 
Jamestown 7S 109 127 116 118 132 121 
Jefferson Co. RWD #01 8M 87 108 111 108 112 105 
Jefferson Co. RWD #02 8M 101 103 113 107 109 107 
Jefferson Co. RWD #03 8M 116 104 115 119 127 116 
Jefferson Co. RWD #06 8S 123 81 130 116 120 114 
Jefferson Co. RWD #07 8M 99 111 108 118 124 112 
Jefferson Co. RWD #08 8S 109 118 93 92 109 104 
Jefferson Co. RWD #09 8S 63 70 68 61 65 65 
Jefferson Co. RWD #10 8S 96 86 95 105 109 98 
Jefferson Co. RWD #11 8S 94 92 93 59 75 83 
Jefferson Co. RWD #12 8M 114 118 129 115 126 120 
Jefferson Co. RWD #13 8M 87 88 107 127 94 100 
Jefferson Co. RWD #15 8S 63 73 63 70 71 68 
Jennings 3 303 251 250 274 255 267 
Jetmore 4 228 187 172 192 185 193 
Jewell 6ML 87 86 93 NA NA 89 
Jewell Co. RWD #01 6ML 195 192 167 180 150 177 
John's Mobile Home Court 7 54 88 63 51 44 60 
Johnson City 1 339 346 354 351 283 335 
Johnson Co. RWD #07 8M 91 86 84 93 88 88 
Junction City 7L 128 131 130 130 142 132 
Kanopolis 6ML 129 149 99 94 88 112 
Kanorado 1 173 216 248 214 198 210 
Kansas City BPU 8L 160 168 186 180 179 174 
Kensington 6ML 135 150 149 138 144 143 
Kingman 6ML 174 196 162 169 139 168 
Kinsley 5 130 130 120 136 132 130 
Kiowa 6ML 141 142 128 130 126 133 
Kirwin 5 164 125 140 127 125 136 
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Kismet 2 238 221 171 215 185 206 
Konza Valley Water District 7S 85 94 79 83 83 85 
La Crosse 5 116 114 109 115 113 114 
La Cygne 8M 92 114 97 80 93 95 
Labette Co. RWD #02 8S NA NA NA NA 93 93 
Labette Co. RWD #03 8S NA NA NA NA 89 89 
Labette Co. RWD #05 8M NA NA NA NA 97 97 
Labette Co. RWD #06 8M NA NA NA NA 96 96 
Labette Co. RWD #07 8S NA NA NA NA 77 77 
Labette Co. RWD #08 8M NA NA NA NA 89 89 
Lakeside Village 8S 91 91 103 95 111 98 
Lakin 2 279 275 266 269 239 266 
Lane 8S 63 66 60 59 60 62 
Lane Co. RWD #01 3 230 197 165 161 170 185 
Larned 5 211 189 187 197 193 195 
Lawrence 8L 111 115 116 121 124 117 
Leavenworth 8L 107 100 104 101 105 104 
Leavenworth Co. RWD #01C 8M 82 87 80 77 84 82 
Leavenworth Co. RWD #09 8M 84 83 90 87 91 87 
Lebanon 6S 92 101 105 107 104 102 
Lebo 7M 99 86 83 82 82 86 
Lecompton 8M 73 71 73 76 76 74 
Lehigh 7S 105 102 89 107 102 101 
Lenora 4 187 176 174 182 223 188 
Leon 7M 101 95 102 93 91 97 
Leonardville 7S 103 96 110 116 103 106 
Leoti 2 213 237 237 229 190 221 
LeRoy 7M 102 102 84 81 81 90 
Lewis 5 204 208 186 272 209 216 
Liberal 2 248 246 218 236 200 230 
Liberal Feeders 2 211 231 205 179 151 195 
Liebenthal 5 89 75 72 69 65 74 
Lincoln Center 6ML 130 144 158 147 154 147 
Lindsborg 7M 171 127 112 120 119 130 
Linn 7S 123 125 130 123 126 125 
Linwood 8S 68 64 59 63 74 65 
Little River 6ML 154 132 136 156 135 143 
Logan 5 179 166 209 194 172 184 
Long Island 5 210 157 212 193 199 194 
Longford 7S 81 77 99 92 93 88 



 68

TABLE 22 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1995-1999 

Public Water Supplier Region
1995 

GPCD
1996 

GPCD
1997 

GPCD
1998 

GPCD 
1999 

GPCD 
Avg. 

GPCD
Longton 7S 111 119 105 109 93 107 
Lorraine 6S 144 130 140 137 128 136 
Louisburg 8M 91 82 79 105 105 93 
Lucas 6S 116 106 109 116 107 111 
Luray 6S 91 95 100 100 94 96 
Lyndon 7M 105 88 87 91 85 91 
Lyon Co. RWD #01 7M NA NA NA NA 83 83 
Lyon Co. RWD #02 7M NA NA NA NA 131 131 
Lyon Co. RWD #03 7S NA NA NA NA 90 90 
Lyon Co. RWD #04 7M NA NA NA NA 72 72 
Lyon Co. RWD #05 7M NA NA NA NA 105 105 
Lyons 6ML 208 217 202 223 232 216 
M&M Mobile Home Park 7 68 89 65 71 62 71 
Macksville 6S 192 159 150 171 187 172 
Madison 7M 103 103 104 99 95 101 
Mahaska 7S 188 154 186 150 126 161 
Manhattan 7L 146 137 144 149 156 146 
Mankato 6ML 165 168 175 176 189 175 
Manter 1 284 262 255 255 237 258 
Maple Hill 7S 88 85 90 94 103 92 
Marion 7M 119 124 117 124 128 122 
Marion Co. RWD #01 7M 116 87 113 115 114 109 
Marquette 7M 126 121 146 141 124 132 
Marshall Co. RWD #01 7S 92 78 87 93 97 89 
Marshall Co. RWD #02 7M 99 131 133 130 123 123 
Marshall Co. RWD #03 7S 182 175 172 NA NA 176 
Marysville 7M 130 135 131 127 124 130 
Matfield Green 7S 74 116 102 150 109 110 
McCracken 5 114 112 116 119 103 113 
McDonald 2 291 273 267 256 220 262 
McFarland 7S 86 84 82 77 76 81 
McLouth 8M 88 85 90 87 76 85 
McPherson 7L 166 158 149 177 162 162 
McPherson Co. RWD #01 7S 133 117 96 104 108 111 
Meade 3 213 230 215 244 254 231 
Meadow Acres MHP 5 68 63 79 73 68 70 
Medicine Lodge 6ML 223 229 241 263 231 238 
Melvern 7S 106 103 98 113 112 106 
Miami Co. RWD #02 8M 91 109 153 115 100 113 
Milford 7S 131 132 80 68 73 97 
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Miller Mobile Home Park 7 56 46 46 54 60 52 
Miltonvale 7M 130 137 141 126 126 132 
Minneapolis 7M 140 140 143 138 136 139 
Minneola 4 180 179 165 209 185 184 
Mitchell Co. RWD #2 6ML 213 225 204 204 205 210 
Moline 7S 124 152 162 133 129 140 
Montezuma 3 244 234 260 257 226 244 
Montgomery Co. RWD #01C 7M NA NA NA NA 85 85 
Montgomery Co. RWD #02 7S NA NA NA NA 90 90 
Montgomery Co. RWD #06 7M NA NA NA NA 108 22 
Montgomery Co. RWD #10 7S NA NA NA NA 85 85 
Montgomery Co. RWD #11 7M NA NA NA NA 96 96 
Montgomery Co. RWD #12 7S NA NA NA NA 82 82 
Morganville 7S 125 127 122 125 126 125 
Morland 4 248 190 202 241 205 217 
Morris Co. RWD #01 7M 69 94 96 100 106 93 
Morrowville 7S 97 119 135 104 113 114 
Moscow 2 510 420 430 328 300 398 
Mound City 8M 129 127 129 122 127 127 
Mound Valley 7S NA NA NA NA 67 67 
Moundridge 7M 138 178 148 182 149 159 
Mount Hope 7M 143 135 137 123 123 132 
Mulberry 8M 116 121 108 80 89 103 
Mullinville 5 185 191 164 209 190 188 
Mulvane 7M 96 98 75 81 79 86 
Mulvane Mobile Home Park 7 89 93 54 55 74 73 
Munden 7S 104 94 97 95 108 99 
Muscotah 8S 85 82 79 84 95 85 
Narka 7S 98 105 97 96 91 98 
Nationwide Village 5 123 113 104 94 134 114 
Natoma 6S 84 115 119 123 113 111 
Nemaha Co. RWD #01 7S 102 97 103 131 146 116 
Nemaha Co. RWD #03 7M 107 110 120 124 123 117 
Nemaha Co. RWD #04 7S NA 95 80 75 74 81 
Neodesha 7M 124 126 127 116 118 122 
Neosho Co. RWD #03 8S NA NA NA NA 109 109 
Neosho Co. RWD #04 8M NA NA NA NA 86 86 
Neosho/Allen Co. RWD #02 8M 94 91 73 77 72 81 
Ness City 4 123 120 127 141 123 127 
New Strawn 7S 109 110 134 130 136 124 
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Newton 7L 111 114 110 115 104 111 
Nickerson 6ML 114 110 99 107 97 105 
Norcatur 3 203 146 176 179 154 172 
North Newton 7M 104 105 114 119 121 113 
Norton 4 246 187 212 224 203 214 
Norton Co. RWD #01 4 79 59 67 79 61 69 
Nortonville 8M 90 91 91 90 83 89 
Norwich 6S 108 126 119 148 142 128 
Oakley 2 206 197 223 258 287 234 
Oberlin 3 246 258 285 281 257 265 
Offerle 5 204 188 166 224 191 195 
Ogden 7M 127 140 127 117 128 128 
Oketo 7S 75 69 85 76 71 75 
Olathe 8L 113 112 113 111 108 111 
Olmitz 6S 114 108 103 99 109 107 
Olpe 7M NA NA NA NA 94 94 
Olsburg 7S 75 93 101 85 79 87 
Onaga 7M 98 95 89 91 100 95 
Oneida 7S 95 87 82 78 76 83 
Osage City 7M 97 100 107 96 95 99 
Osage Co. RWD #02 7S 84 98 79 81 88 86 
Osage Co. RWD #03 7M 110 86 101 105 94 99 
Osage Co. RWD #04 7S 100 99 95 96 102 98 
Osage Co. RWD #05 7M 99 107 98 88 93 97 
Osage Co. RWD #06 7S NA NA NA NA 80 80 
Osage Co. RWD #07 7M NA NA NA NA 95 95 
Osawatomie 8M 142 126 128 148 151 139 
Osborne 6ML 171 169 189 179 181 178 
Osborne Co. RWD #01A 6S 258 320 371 447 349 349 
Oskaloosa 8M 90 99 97 92 NA 95 
Oswego 8M 119 116 111 106 107 112 
Otis 5 184 181 173 185 138 172 
Ottawa 8L 98 98 93 91 95 95 
Ottawa Co. RWD #01 7S 92 113 161 125 129 124 
Ottawa Co. RWD #02 7M 79 102 115 126 128 110 
Overbrook 7M 88 82 88 88 96 88 
Oxford 7M 132 139 119 171 110 134 
Ozawkie 8M 100 102 118 101 103 105 
Palco 5 123 118 127 128 126 124 
Palmer 7S 93 106 120 114 131 113 
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Paola 8M 128 110 109 130 132 122 
Paradise Trailer Court 8 65 64 59 58 56 60 
Park 3 186 214 191 181 167 188 
Park City 7M 108 111 108 114 112 111 
Parker 8S 72 83 94 97 NA 86 
Parsons 8L 148 158 158 134 132 146 
Pawnee Rock 6S 98 93 91 84 82 89 
Paxico 7S 91 90 89 89 94 91 
Peabody 7M 112 104 97 97 94 101 
Perry 8M 107 104 99 95 81 97 
Phillipsburg 5 154 172 166 164 163 164 
Pittsburg 8L 127 127 127 134 134 130 
Plains 3 291 273 254 287 260 273 
Plainville 5 143 127 139 145 119 135 
Pleasanton 8M 94 95 91 109 115 101 
Pomona 8M 90 82 82 76 75 81 
Ponderosa MHP 7 54 59 60 54 37 53 
Portis 6S 85 119 103 76 87 94 
Post Rock RWD 6ML 129 144 138 148 143 140 
Pottawatomie Co. RWD #01 7M 92 113 111 114 99 106 
Pottawatomie Co. RWD #02 7S NA NA 187 161 211 186 
Pottawatomie Co. RWD #03 7M 64 89 95 97 102 89 
Potwin 7S 85 86 94 98 84 89 
Prairie Schooner MHP 7 113 113 112 116 117 114 
Prairie View 5 159 168 196 183 178 177 
Pratt 6ML 218 206 180 212 188 201 
Prescott 8S 85 95 86 77 78 84 
Preston 6S 270 252 225 278 217 248 
Pretty Prairie 6ML 142 145 138 179 138 149 
Protection 5 229 213 287 218 207 231 
Quenemo 7S 65 63 64 66 67 65 
Quinter 3 227 225 253 255 230 238 
Randall 6S 140 112 93 108 90 109 
Randolph 7S 93 105 90 96 93 95 
Ransom 4 146 129 119 129 131 130 
Rantoul 8S 84 68 68 61 89 74 
Raymond 6S 157 162 122 161 138 148 
Reading 7S NA NA NA NA 73 73 
Reno Co. RWD #01 6S 150 182 241 206 184 193 
Reno Co. RWD #08 6S 224 234 184 213 210 213 
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Reno Co. WD  101 6S 101 99 91 111 84 97 
Republic 7S 122 141 139 135 127 133 
Republic Co. RWD #01 7S 185 308 276 225 185 236 
Republic Co. RWD #02 7M 161 182 162 212 160 176 
Reserve 8S 94 94 86 94 84 90 
Rexford 2 282 296 303 346 332 312 
Richmond 8M 127 125 118 110 107 117 
Riley 7M 122 128 138 132 134 131 
Riverchase MHP 7 69 66 92 39 56 64 
Robinson 8S 102 102 98 101 111 103 
Rocky Ford Trailer Park 7 98 116 110 86 91 100 
Rocky Ford Water Co. 7S 138 215 193 187 147 176 
Rolla 1 235 234 266 260 248 249 
Rolling Hills Inc. 2 464 367 397 424 448 420 
Rolling Meadow Mobile Ct. 7 102 109 109 108 103 106 
Rooks Co. RWD #02 5 96 92 125 135 86 107 
Rooks Co. RWD #03 5 90 158 137 126 138 130 
Rossville 7M 120 97 97 96 91 100 
Rozel 5 NA 184 171 184 181 180 
Rush Center 5 178 158 160 177 150 165 
Rush Co. RWD #01 5 187 280 236 269 315 257 
Russell 6ML 130 145 126 151 142 139 
Russell Co. RWD #01 6S 129 162 95 NA NA 129 
Russell Co. RWD #02 6S 162 144 107 128 103 129 
Russell Co. RWD #04 6S 103 138 147 163 191 148 
Sabetha 7M 101 102 110 112 115 108 
Salina 7L 119 124 116 123 119 120 
Saline Co. RWD #01 7S 85 75 69 59 57 69 
Saline Co. RWD #02 7S 96 99 124 200 158 135 
Saline Co. RWD #04 7M 82 88 111 115 113 102 
Saline Co. RWD #06 7S 89 104 105 95 88 96 
Saline Co. RWD #08 7S 97 108 110 85 105 101 
Satanta 2 250 252 250 282 263 260 
Sawyer 6S 148 137 134 133 107 132 
Scammon 8M 115 113 127 129 127 122 
Scandia 7S 138 140 157 156 165 151 
Scott City 2 252 256 249 277 247 256 
Sedan 7M 117 127 131 136 140 130 
Sedgwick 7M 96 97 103 103 101 100 
Sedgwick Co. RWD #04 7M 73 109 113 125 129 110 
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Selden 3 262 204 197 214 185 212 
Seneca 7M 124 122 127 128 112 123 
Severy 7S 118 121 100 112 118 114 
Sharon 6S 114 112 102 118 116 112 
Sharon Springs 1 242 272 270 269 238 258 
Shawnee Co. RWD #02C 7M 87 85 80 90 84 85 
Shawnee Co. RWD #03 7M 82 88 99 86 87 88 
Shawnee Co. RWD #04 7M 98 98 96 99 103 99 
Shawnee Co. RWD #08 7M 90 93 100 91 89 92 
Silver Lake 7M 96 86 86 85 88 88 
Simpson 6S 74 96 56 93 131 90 
Smith Center 6ML 172 166 157 176 178 170 
Smith Co. RWD #01 6S 158 217 303 249 151 216 
Solomon 7M 128 121 126 137 139 130 
South Haven 7S 119 111 101 123 107 112 
South Hutchinson 6ML 138 143 138 142 133 139 
Spearville 4 175 161 138 186 142 160 
Speed 5 88 100 91 110 80 94 
Spivey 6S 142 147 137 122 102 130 
Spring Hill 8M 111 102 92 118 112 107 
St. Francis 1 311 350 352 351 318 336 
St. George 7S 96 97 99 98 94 97 
St. John 6ML 156 149 149 147 146 149 
St. Marys 7M 157 145 154 126 114 139 
St. Paul 8M 105 102 104 100 97 102 
Stafford 6ML 141 130 115 149 135 134 
Sterling 6ML 138 148 136 157 151 146 
Stockton 5 198 153 168 171 147 167 
Strong City 7M 157 181 210 212 239 200 
Sublette 2 256 223 252 277 227 247 
Suburban Water Co. 8M 88 91 86 91 86 88 
Summerfield 7S 109 137 149 143 153 138 
Sunflower Village 7 82 72 93 57 87 78 
Sunny Acres MHP 7 71 84 78 77 74 77 
Sylvan Grove 6S 138 117 134 141 125 131 
Sylvia 6S 133 187 187 195 173 175 
Syracuse 1 288 293 340 363 352 327 
Tatarrax Hills 7S 115 125 141 136 150 133 
Tescott 7S 103 102 104 114 95 104 
Thayer 8M 147 111 120 122 136 127 
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Thunderbird Estates 7 79 71 75 61 67 71 
Timber Creek Water & Sewer 7S 119 135 126 133 130 128 
Timken 5 134 125 137 118 177 138 
Tipton 6S 112 100 102 98 94 101 
Tonganoxie 8M 112 95 105 97 83 98 
Topeka 7L 161 163 170 174 176 169 
Toronto 7S 101 106 98 116 122 109 
Towns Riverview 2 47 50 38 57 38 46 
Trego Co. RWD #01 4 51 65 58 72 59 61 
Trego Co. RWD #02 4 NA NA NA NA 87 87 
Tribune 1 230 210 218 234 198 218 
Troy 8M 117 106 104 102 132 112 
Turon 6S 129 128 141 151 126 135 
Tuttle Creek Water Co. 7 81 84 88 68 84 81 
Tuttle Terrace Trailer Co 7 35 42 42 89 82 58 
Udall 7M 97 101 110 101 100 102 
Ulysses 2 218 215 243 263 209 230 
Uniontown 8S 101 94 97 97 97 97 
University Park Water 7S 129 122 122 89 74 107 
Utica 4 225 211 225 230 185 215 
Valley Center 7M 125 110 100 123 126 117 
Valley Falls 8M 118 105 104 104 101 107 
Vermillion 7S 140 145 111 96 120 122 
Victoria 5 115 101 102 108 99 105 
Virgil 7S 64 87 67 60 61 68 
Wabaunsee Co. RWD #01 7S 82 80 84 84 NA 83 
Wabaunsee Co. RWD #02 7M 71 82 83 78 71 77 
Wakeeney 4 188 200 169 169 170 179 
Wakefield 7M 115 108 126 103 106 112 
Wallace 1 280 286 292 281 276 283 
Wallace Co. RWD #01 1 280 305 NA NA NA 292 
Walnut Grove MHP 7 62 69 64 66 66 65 
Wamego 7M 120 124 124 125 118 122 
Washington 7M 138 137 138 129 130 134 
Washington Co. RWD #01 7M 82 118 96 89 102 97 
Washington Co. RWD #02 7M 108 113 132 103 101 111 
Water Dist #1 Johnson Co. 8L 145 139 144 150 157 147 
Waterville 7M 144 169 134 156 152 151 
Wathena 8M 120 131 130 110 NA 123 
Waverly 7M 102 100 92 83 103 96 
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Weir 8M 107 101 116 88 89 100 
Wellington 7M 142 140 139 140 149 142 
Wellsville 8M NA NA NA NA 82 82 
West Hills Water Co. 6S 700 203 250 239 169 312 
West Mineral 8S 90 110 92 91 89 95 
Western Acres MHP 6 35 24 25 40 40 33 
Westmoreland 7M 121 114 128 123 128 123 
Wetmore 7S 105 106 106 115 109 108 
Whatley's Trailer Park 2 115 116 125 126 126 121 
White City 7M 91 89 86 97 94 91 
White Cloud 8S 95 89 88 88 89 90 
Whitehurst Trailer Park 2 65 72 83 177 102 100 
Whitewater 7M 81 85 84 90 100 88 
Whiting 7S 72 79 76 73 79 76 
Wichita 7L 144 149 141 165 135 147 
Williamsburg 8S 144 97 98 109 107 111 
Wilson 6ML 128 120 115 117 108 118 
Winchester 8M 92 92 90 85 93 91 
Winfield 7L 123 132 123 143 132 131 
Winona 2 238 200 267 253 244 241 
Woodson Co. RWD #01 7M 69 75 90 93 91 84 
Woodston 5 147 204 129 143 133 151 
Yates Center 7M 90 97 91 90 107 95 
Zenda 6S 147 208 115 143 131 149 
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Abbyville 6S 6 18 29 10 23 17 
Abilene 7M 13 9 8 9 14 11 
Admire 7S NA NA NA NA 9 9 
Agenda 7S 6 8 8 7 5 7 
Agra 5 11 10 10 22 27 16 
Albert 6S 14 14 13 14 19 15 
Alexander 5 11 13 13 10 12 12 
Allen 7S NA NA NA NA NA NA 
Alma 7M 14 16 14 9 14 13 
Almena 4 13 14 23 21 10 16 
Alta Vista 7S 7 5 5 8 8 7 
Altamont 8M NA NA NA NA 3 3 
Alton 6S 15 6 19 13 16 14 
Altoona 7S 17 12 16 15 17 16 
Andale 7M NA 9 9 7 8 8 
Anderson Co. RWD #02 8S 100 100 100 100 100 100 
Anderson Co. RWD #04 8M 34 29 15 14 16 22 
Anthony 6ML 19 19 23 18 22 20 
Arcadia 8S 15 13 13 13 16 14 
Argonia 7M 33 20 12 12 31 21 
Arkansas City 7L 23 27 29 15 16 22 
Arlington 6S 41 7 12 16 42 24 
Arma 8M 16 8 8 9 3 9 
Arnold 4 100 100 100 100 100 100 
Ashland 4 32 22 24 18 25 24 
Assaria 7S 15 14 4 4 NA 9 
Atchison 8L 31 34 20 16 13 23 
Atlanta 7S 4 3 3 14 15 8 
Attica 6ML 66 15 8 10 12 22 
Atwood 2 12 11 10 10 13 11 
Augusta 7M 8 7 15 22 9 12 
Aurora 7S 10 18 20 8 11 13 
Axtell 7S 10 10 7 9 8 9 
Baldwin 8M 8 11 12 25 18 15 
Barber Co. RWD #02 6S 14 14 17 18 18 16 
Barber Co. RWD #03 6S 25 20 19 27 16 21 
Barnes 7S 30 23 25 27 26 26 
Bartlett 8S NA NA NA NA 13 13 
Barton Co. RWD #02 6S 68 100 68 89 81 81 
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Barton Hills WD 6S NA 17 10 32 15 19 
Baxter Springs 8M 12 18 4 8 7 10 
Bazine 4 12 16 12 9 8 11 
Beattie 7S 11 19 19 16 16 16 
Bel Aire 7M 5 5 6 6 8 6 
Belle Plaine 7M 10 17 19 18 18 16 
Belleville 7M 17 16 12 12 9 13 
Beloit 6ML 12 11 10 11 7 10 
Belpre 5 27 15 3 8 8 12 
Belvidere 5 100 100 100 100 100 100 
Belvue 7S 14 9 8 18 18 13 
Bennington 7M 20 9 12 11 9 12 
Bern 7S NA NA NA NA 10 10 
Beverly 6S 41 34 19 33 7 27 
Bird City 1 19 6 NA 46 16 22 
Bison 5 13 29 31 26 33 26 
Blue Mound 8S 7 9 12 18 14 12 
Blue Rapids 7M 15 15 14 6 100 30 
Blue River Hills Improvement 7S 100 100 100 100 100 100 
Bluff City 6S 15 17 19 10 10 14 
Bogue 4 11 13 11 10 12 11 
Bonner Springs 8M 35 22 20 18 18 22 
Brewster 2 11 15 8 14 NA 12 
Bronson 8S 38 38 49 41 9 35 
Brown Co. RWD #01 8M 15 18 6 12 21 14 
Brownell 4 11 23 18 8 11 14 
Bucklin 4 97 100 100 100 36 87 
Buffalo 7S 41 26 12 16 9 21 
Buhler 6ML 11 10 10 11 10 10 
Bunker Hill 6S 26 21 22 17 31 24 
Burden 7M 19 13 26 22 27 21 
Burdett 5 13 27 15 13 11 16 
Burlingame 7M 14 12 16 23 13 16 
Burlington 7M 16 18 13 15 22 17 
Burns 7S 5 4 12 13 13 9 
Burr Oak 6S 27 32 42 19 22 28 
Burrton 7M 9 7 5 7 4 6 
Bushton 6S 16 14 16 14 12 14 
Byron 7S 100 100 100 100 100 100 
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Caldwell 7M 9 11 11 6 9 9 
Cambridge 7S 13 18 NA NA NA 15 
Caney 7M 19 17 15 11 15 16 
Canton 7M 14 8 NA 4 5 7 
Capaldo Water Association 8S NA NA 3 8 8 7 
Carbondale 7M 20 5 10 14 19 13 
Cassoday 7S 14 15 15 19 16 16 
Cawker City 6ML 17 17 18 22 24 20 
Cedar Point 7S 22 4 3 NA 17 12 
Cedar Vale 7M 22 15 12 11 16 15 
Chanute 8M 4 8 12 14 5 9 
Chapman 7M 8 11 9 8 7 9 
Chase 6ML 10 9 11 12 13 11 
Cheney 7M 5 5 5 3 5 5 
Cherokee 8M 22 19 21 24 14 20 
Cherokee Co. RWD #01 8M 35 21 22 32 40 30 
Cherokee Co. RWD #02 8M 11 12 12 20 4 12 
Cherokee Co. RWD #03 8M 19 28 31 35 37 30 
Cherokee Co. RWD #04 8M 11 11 10 12 13 11 
Cherokee Co. RWD #08 8M 18 18 12 11 9 14 
Cherokee Water Corp. 8S NA NA NA NA 11 11 
Cherryvale 7M 30 33 33 33 22 30 
Chetopa 8M 15 16 16 8 8 13 
Cimarron 3 9 15 12 13 13 13 
Claflin 6ML 24 10 14 8 12 14 
Clay Center 7M 5 9 7 4 5 6 
Clay Co. RWD #01 7S 20 8 8 12 11 12 
Clay Co. RWD #02 7M 9 16 9 15 6 11 
Clayton 4 26 65 15 13 NA 30 
Clearwater 7M 15 15 14 11 9 13 
Clifton 7M 15 19 18 10 10 14 
Cloud Co. RWD #01 7S 10 18 15 14 16 15 
Clyde 7M 30 39 26 28 25 29 
Coats 6S 12 13 6 4 6 8 
Coffey Co. RWD #02 7M NA NA NA NA 21 21 
Coffey Co. RWD #03 7M NA NA 13 6 7 9 
Coffeyville 7L 25 21 23 20 17 21 
Colby 2 15 15 12 14 6 13 
Coldwater 5 12 15 14 13 6 12 
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Collyer 4 24 27 34 20 12 23 
Columbus 8M 36 31 24 19 12 24 
Comanche Co. RWD #02 5 39 43 47 46 43 44 
Concordia 7M 10 9 9 9 8 9 
Conway Springs 7M 12 14 13 8 13 12 
Coolidge 1 29 26 47 24 36 32 
Copeland 3 57 60 59 61 62 60 
Cottonwood Falls 7M 20 11 15 19 18 17 
Council Grove 7M 7 6 9 8 11 8 
Courtland 7S 21 23 11 NA NA 18 
Cowley Co. RWD #01 7M 13 12 21 33 14 19 
Cowley Co. RWD #03 7M 31 34 38 10 30 29 
Cowley Co. RWD #06 7M 23 31 18 18 23 22 
Crawford  Co. RWD #01C 8M 4 3 14 12 13 9 
Crawford Co. RWD #01 8M 25 22 29 15 23 23 
Crawford Co. RWD #03 8S 9 9 9 31 33 18 
Crawford Co. RWD #04 8M 23 17 31 19 36 25 
Crawford Co. RWD #05 8M 23 17 17 21 26 20 
Crawford Co. RWD #06 8M 33 17 22 20 32 25 
Cuba 7S 10 18 18 15 15 15 
Cullison 6S 15 21 20 21 22 20 
Culver 7S 8 11 16 18 23 15 
Cunningham 6ML 21 14 19 22 10 17 
Dearing 7M NA NA NA NA 12 12 
Deerfield 2 8 9 8 9 10 9 
Delia 7S 37 27 NA NA NA 32 
Delphos 7M 31 31 23 30 31 29 
Derby 7L 3 4 5 4 4 4 
DeSoto 8M 12 10 14 7 15 11 
Dexter 7S 29 31 NA 33 25 30 
Dickinson Co. RWD #01 7M 25 26 22 28 25 26 
Dickinson Co. RWD #02 7M 31 32 28 18 22 26 
Dighton 3 11 17 15 6 10 12 
Dodge City 4 19 18 16 14 15 16 
Doniphan Co. RWD #01 8S 35 37 24 35 30 32 
Doniphan Co. RWD #02 8S 17 10 7 8 10 10 
Doniphan Co. RWD #03 8S 14 16 14 15 19 16 
Dorrance 6S 10 9 6 10 14 10 
Douglas Co. RWD #01 8M 10 13 10 14 11 12 
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Douglas Co. RWD #02 8M 17 19 14 10 11 14 
Douglas Co. RWD #03 8M 33 35 16 17 21 24 
Douglas Co. RWD #04 8M 15 8 22 16 21 16 
Douglas Co. RWD #05 8M 15 10 13 9 9 11 
Douglas Co. RWD #06 8S 11 12 33 14 22 18 
Douglass 7M 6 8 8 11 6 8 
Downs 6ML 11 20 17 15 17 16 
Durham 7S 21 23 8 20 16 18 
Dwight 7S 16 16 3 4 7 9 
Easton 8S 9 7 8 19 12 11 
Edgerton 8M 6 8 10 9 7 8 
Edna 8S NA NA NA NA NA NA 
Effingham 8M 8 14 5 3 8 8 
El Dorado 7L 6 7 8 8 6 7 
Elgin 7S 58 65 65 67 66 64 
Elk City 7S 9 4 7 8 8 7 
Elkhart 1 11 12 8 8 6 9 
Ellinwood 6ML 5 5 4 NA NA 4 
Ellis 5 17 11 8 13 16 13 
Ellis Co. RWD #01 5 6 17 11 22 13 14 
Ellis Co. RWD #02 5 33 12 47 27 48 34 
Ellis Co. RWD #03 5 NA 17 7 24 17 16 
Ellis Co. RWD #06 5 12 11 12 11 11 11 
Ellis Co. RWD #07 5 30 38 16 31 15 26 
Ellsworth 6ML 12 16 13 9 9 12 
Elmdale 7S 7 7 27 29 23 19 
Elwood 8M 16 32 15 11 10 17 
Emmett 7S 31 33 40 27 16 29 
Emporia 7L 9 10 22 19 17 15 
Englewood 4 100 100 100 100 100 100 
Ensign 3 98 98 98 98 93 97 
Enterprise 7M 17 19 11 8 4 12 
Erie 8M 7 11 7 7 8 8 
Esbon 6S 17 31 31 29 28 27 
Eskridge 7M 12 12 7 17 15 13 
Eudora 8M 4 4 5 5 5 5 
Eureka 7M 11 10 14 9 10 11 
Everest 8S 20 11 13 18 22 17 
Florence 7M 19 23 29 22 19 22 
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Fontana 8S 31 27 20 21 NA 25 
Ford 4 100 100 100 87 78 93 
Formoso 6S 21 10 18 26 12 18 
Fort Scott 8M 30 25 24 27 25 26 
Fowler 3 36 37 30 15 10 26 
Frankfort 7M 22 21 20 17 28 21 
Franklin Co. RWD #01 8M NA NA NA NA 20 20 
Franklin Co. RWD #04 8M 23 21 26 25 33 26 
Franklin Co. RWD #05 8M 22 15 15 36 21 22 
Franklin Co. RWD #06 8M 29 18 27 25 27 25 
Fredonia 7M 12 5 9 7 7 8 
Frontenac 8M 27 25 25 13 24 23 
Fulton 8S 22 13 26 21 15 20 
Galena 8M 26 19 18 19 8 18 
Galesburg 8S NA NA NA NA 8 8 
Galva 7M 8 5 6 4 8 6 
Garden City 2 NA 4 6 6 NA 5 
Garden Plain 7M 9 9 23 16 11 14 
Garden Spot Rentals 2 100 100 100 100 100 100 
Gardner 8M 7 5 7 16 12 9 
Garnett 8M 8 8 7 9 9 8 
Gaylord 6S 14 14 19 16 15 16 
Geary Co. RWD #02 7S 100 100 100 100 100 100 
Geary Co. RWD #04 7M 15 16 8 18 7 13 
Geneseo 6S 11 10 5 10 3 8 
Geuda Springs 7S 22 12 19 11 22 17 
Girard 8M 20 22 23 15 9 18 
Glade 5 NA 28 9 18 22 19 
Glasco 7M 9 5 16 6 12 9 
Glen Elder 6S 12 13 13 7 4 10 
Goddard 7M 6 6 4 17 5 8 
Goessel 7M 14 9 16 12 10 12 
Goff 7S 100 100 12 14 15 48 
Goodland 1 13 16 14 16 24 17 
Gorham 6S 6 3 9 4 4 5 
Gove 3 4 9 23 23 30 18 
Grainfield 3 6 11 9 11 10 9 
Great Bend 6ML 10 11 8 10 12 10 
Greeley 8S 20 19 20 15 17 18 
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Green 7S 26 27 25 25 22 25 
Greenleaf 7S 22 26 20 6 6 16 
Greensburg 5 5 19 24 8 4 12 
Grenola 7S 6 8 7 5 7 7 
Grinnell 3 12 11 9 10 11 11 
Gypsum 7S 8 9 14 7 12 10 
Haddam 7S 34 23 29 NA 29 29 
Halstead 7M 6 6 4 5 6 5 
Hamilton Co. RWD #01 1 10 9 10 NA 4 8 
Hanover 7M 14 12 15 14 16 14 
Hanston 4 7 4 9 9 10 8 
Hardtner 6S 14 7 12 13 5 10 
Harper 6ML 14 6 16 18 13 14 
Harper Co. RWD #03 6S 5 6 4 NA NA 5 
Hartford 7M 6 13 12 9 3 9 
Harveyville 7S 16 14 4 10 12 11 
Haven 6ML 24 25 25 24 23 24 
Havensville 7S 32 24 18 23 27 25 
Haviland 5 24 24 29 18 18 23 
Hays 5 9 21 20 22 22 19 
Hays City Suburban 5 100 100 100 100 100 100 
Haysville 7M 25 26 17 28 10 21 
Hazelton 6S 17 10 12 13 7 12 
Herington 7M 12 13 14 14 18 14 
Herndon 2 23 19 50 53 37 37 
Hesston 7M 6 6 3 5 16 7 
Hiawatha 8M 23 15 10 6 10 13 
Highland 8M 18 17 16 10 12 14 
Hill City 4 17 18 15 14 15 16 
Hillsboro 7M 14 NA 8 19 24 16 
Hoisington 6ML 12 14 15 16 13 14 
Holcomb 2 16 16 13 9 7 12 
Holton 7M 11 18 12 20 23 17 
Holyrood 6S 13 11 14 10 13 12 
Hope 7S 5 7 6 13 5 7 
Horace 1 14 4 5 5 4 6 
Horton 8M 14 9 9 23 24 16 
Howard 7M 11 10 14 15 10 12 
Howison Heights WD 7S 4 NA 7 11 5 7 
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Hoxie 3 13 15 7 13 12 12 
Hugoton 2 15 6 6 5 8 8 
Humboldt 8M 10 11 19 17 14 14 
Hutchinson 6ML 11 9 10 7 9 9 
Independence 7M 9 11 21 14 20 15 
Ingalls 3 9 12 19 15 13 14 
Inman 7M 9 5 7 10 14 9 
Iola 8M 7 12 8 11 11 10 
Isabel 6S 4 NA NA NA 33 19 
Iuka 6S 5 5 9 9 9 7 
Jackson Co. RWD #03 7M 23 13 15 8 6 13 
Jamestown 7S 8 14 12 11 11 11 
Jefferson Co. RWD #01 8M 11 20 14 13 11 14 
Jefferson Co. RWD #02 8M 25 28 32 22 24 26 
Jefferson Co. RWD #03 8M 27 18 24 26 26 24 
Jefferson Co. RWD #06 8S 51 10 46 36 35 36 
Jefferson Co. RWD #07 8M 19 14 12 16 21 16 
Jefferson Co. RWD #08 8S 12 27 21 12 20 18 
Jefferson Co. RWD #09 8S 20 32 19 21 27 24 
Jefferson Co. RWD #10 8S 33 17 24 27 29 26 
Jefferson Co. RWD #11 8S 7 5 10 NA 4 6 
Jefferson Co. RWD #12 8M 25 26 29 25 25 26 
Jefferson Co. RWD #13 8M 20 19 25 26 13 21 
Jefferson Co. RWD #15 8S 7 22 13 26 21 18 
Jennings 3 31 21 18 22 31 25 
Jetmore 4 9 7 9 8 7 8 
Jewell 6ML 10 6 9 NA NA 8 
Jewell Co. RWD #01 6ML 24 23 21 29 20 23 
Johnson City 1 11 16 17 23 8 15 
Johnson Co. RWD #07 8M 8 6 10 17 14 11 
Junction City 7L 13 16 13 14 16 14 
Kanopolis 6ML 11 37 8 9 6 14 
Kanorado 1 14 NA 32 21 21 22 
Kansas City BPU 8L 6 7 10 10 11 9 
Kensington 6ML 11 18 11 13 19 14 
Kingman 6ML 28 37 30 22 20 27 
Kinsley 5 12 14 14 12 12 13 
Kiowa 6ML 15 10 8 13 12 12 
Kirwin 5 42 30 25 23 24 29 
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Kismet 2 20 11 10 14 19 15 
Konza Valley Water District 7S 20 16 12 12 18 16 
Labette Co. RWD #02 8S NA NA NA NA 10 10 
Labette Co. RWD #03 8S NA NA NA NA 12 12 
Labette Co. RWD #05 8M NA NA NA NA NA NA 
Labette Co. RWD #06 8M NA NA NA NA 8 8 
Labette Co. RWD #07 8S NA NA NA NA 5 5 
Labette Co. RWD #08 8M NA NA NA NA 28 28 
LaCrosse 5 11 8 3 5 5 6 
LaCygne 8M 10 11 14 7 12 11 
Lakeside Village Improvement 8S 100 96 95 42 46 76 
Lakin 2 19 16 5 11 13 13 
Lane 8S 5 8 12 12 8 9 
Lane Co. RWD #01 3 20 13 9 9 13 13 
Larned 5 13 11 10 10 8 10 
Lawrence 8L 6 7 9 8 5 7 
Leavenworth 8L 4 6 6 4 4 5 
Leavenworth Co. RWD #01C 8M 11 15 8 9 10 11 
Leavenworth Co. RWD #09 8M 10 11 13 14 18 13 
Lebanon 6S 14 22 16 20 24 19 
Lebo 7M 17 4 9 5 3 8 
Lecompton 8M 15 18 15 20 6 15 
Lehigh 7S 12 12 14 17 20 15 
Lenora 4 21 35 17 18 28 23 
Leon 7M 23 12 26 18 17 19 
Leonardville 7S 8 8 11 8 6 8 
Leoti 2 13 18 21 12 5 14 
Leroy 7M 10 9 13 4 8 9 
Lewis 5 25 20 13 20 19 19 
Liberal 2 29 28 15 18 11 20 
Liebenthal 5 10 18 12 10 12 12 
Lincoln Center 6ML 9 15 24 19 24 18 
Lindsborg 7M 15 5 7 9 14 10 
Linn 7S 17 14 23 22 15 18 
Linwood 8S 12 22 17 11 18 16 
Little River 6ML 19 9 14 25 12 16 
Logan 5 8 11 12 12 9 10 
Long Island 5 30 18 NA 60 27 34 
Longford 7S 15 14 24 11 11 15 
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Longton 7S 38 11 5 6 10 14 
Lorraine 6S 6 5 5 6 10 6 
Louisburg 8M 7 5 7 8 12 8 
Lucas 6S 16 10 10 7 4 9 
Luray 6S 22 19 20 25 23 22 
Lyndon 7M 14 9 10 11 13 11 
Lyon Co. RWD #01 7M NA NA NA NA 5 5 
Lyon Co. RWD #02 7M NA NA NA NA NA NA 
Lyon Co. RWD #03 7S NA NA NA NA 7 7 
Lyon Co. RWD #04 7M NA NA NA NA 11 11 
Lyon Co. RWD #05 7M NA NA NA NA 9 9 
Lyons 6ML 10 13 9 9 8 10 
Macksville 6S 4 18 12 9 24 13 
Madison 7M 16 9 5 7 5 8 
Mahaska 7S 7 8 26 21 17 16 
Manhattan 7L 7 10 14 13 16 12 
Mankato 6ML 23 24 23 24 29 25 
Manter 1 29 21 16 14 14 19 
Maple Hill 7S 11 7 9 13 14 11 
Marion 7M 13 16 13 7 15 13 
Marion Co. RWD #01 7M 19 13 12 13 14 14 
Marquette 7M 24 28 27 25 23 25 
Marshall Co. RWD #01 7S 6 9 9 8 10 8 
Marshall Co. RWD #02 7S 14 15 17 NA NA 16 
Marshall Co. RWD #03 7M 18 13 12 11 11 13 
Marysville 7M 14 21 18 20 7 16 
Matfield Green 7S 18 19 21 52 32 29 
McCracken 5 11 13 11 12 10 11 
McDonald 2 21 28 22 17 21 22 
McFarland 7S 7 5 NA 5 8 6 
McLouth 8M 20 17 20 19 7 17 
McPherson 7L 10 8 7 5 8 7 
McPherson Co. RWD #01 7S 16 10 7 8 23 13 
Meade 3 11 11 12 7 21 13 
Medicine Lodge 6ML 21 18 24 16 11 18 
Melvern 7S 22 20 18 10 12 16 
Miami Co. RWD #02 8M 21 23 32 27 12 23 
Milford 7S 15 16 NA 4 3 9 
Miltonvale 7M 24 24 24 18 19 22 
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Minneapolis 7M 11 NA 13 12 12 12 
Minneola 4 7 7 6 5 11 7 
Mitchell Co. RWD #02 6ML 17 13 13 13 13 14 
Moline 7S 9 16 22 13 13 15 
Montezuma 3 13 16 18 16 13 15 
Montgomery Co. RWD #01C 7M NA NA NA NA 21 21 
Montgomery Co. RWD #02 7S NA NA NA NA 11 11 
Montgomery Co. RWD #06 7M NA NA NA NA 21 21 
Montgomery Co. RWD #10 7S NA NA NA NA 14 14 
Montgomery Co. RWD #11 7M NA NA NA NA 14 14 
Montgomery Co. RWD #12 7S NA NA NA NA 15 15 
Morganville 7S 100 10 10 10 10 28 
Morland 4 36 24 20 21 25 25 
Morris Co. RWD #01 7M 7 3 4 3 8 5 
Morrowville 7S 25 34 38 28 31 31 
Moscow 2 87 100 100 100 100 97 
Mound City 8M 18 10 23 28 18 19 
Mound Valley 7S NA NA NA NA 4 4 
Moundridge 7M 11 6 4 6 10 7 
Mount Hope 7M 16 15 11 8 8 11 
Mulberry 8M 21 19 32 14 9 19 
Mullinville 5 42 31 20 9 3 21 
Mulvane 7M 11 13 12 11 8 11 
Munden 7S 14 6 10 10 19 12 
Muscotah 8S 20 15 12 12 17 15 
Narka 7S 26 21 17 15 18 20 
Natoma 6S 15 27 26 17 14 20 
Nemaha Co. RWD #01 7S 13 11 13 17 20 15 
Nemaha Co. RWD #03 7M 8 8 9 10 9 9 
Nemaha Co. RWD #04 7S NA NA 31 NA NA 31 
Neodesha 7M 7 7 6 7 3 6 
Neosho Co. RWD #03 8S NA NA NA NA 20 5 
Neosho Co. RWD #04 8M NA NA NA NA 18 18 
Neosho/Allen Co. RWD #02 8M 15 16 16 16 10 15 
Ness City 4 12 11 11 13 5 10 
New Strawn 7S 21 24 24 21 19 22 
Newton 7L 12 4 11 6 NA 8 
Nickerson 6ML 22 15 8 15 13 15 
Norcatur 3 25 25 14 8 9 16 
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North Newton 7M 10 10 17 7 10 11 
Norton 4 17 16 18 17 17 17 
Norton Co. RWD #01 4 11 6 13 15 11 11 
Nortonville 8M 5 10 8 11 NA 8 
Norwich 6S 10 17 16 16 8 13 
Oakley 2 19 21 7 18 16 16 
Oberlin 3 18 27 20 21 20 21 
Offerle 5 8 19 16 27 28 20 
Ogden 7M NA NA NA NA NA NA 
Oketo 7S 20 12 21 15 11 16 
Olathe 8L 19 23 19 18 16 19 
Olmitz 6S 15 17 10 8 3 11 
Olpe 7M NA NA NA NA 11 11 
Olsburg 7S 12 11 11 11 9 11 
Onaga 7M 6 8 4 11 7 7 
Oneida 7S 17 16 15 21 18 17 
Osage City 7M 4 7 12 6 8 7 
Osage Co. RWD #02 7S 5 12 10 9 16 10 
Osage Co. RWD #03 7M 15 19 25 14 12 17 
Osage Co. RWD #04 7S 17 27 25 18 19 21 
Osage Co. RWD #05 7M 18 20 17 12 20 17 
Osage Co. RWD #06 7S NA NA NA NA 12 12 
Osage Co. RWD #07 7M NA NA NA NA 20 20 
Osawatomie 8M 13 8 13 15 14 13 
Osborne 6ML 11 11 15 18 20 15 
Osborne Co. RWD #01A 6S 44 41 50 55 48 48 
Oskaloosa 8M 15 17 9 7 NA 12 
Oswego 8M 6 7 7 3 6 6 
Otis 5 9 10 10 12 5 9 
Ottawa 8L 10 7 8 5 9 8 
Ottawa Co. RWD #01 7S 12 20 28 18 20 20 
Ottawa Co. RWD #02 7M 13 11 9 15 22 14 
Overbrook 7M 12 9 18 17 22 16 
Oxford 7M 18 22 19 39 14 22 
Ozawkie 8M 11 4 10 5 9 8 
Palco 5 20 13 16 18 26 18 
Palmer 7S 6 15 16 12 9 12 
Paola 8M 6 5 6 14 14 9 
Park 3 8 8 7 8 7 8 
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Park City 7M 3 6 7 10 13 8 
Parker 8S 20 29 34 33 NA 29 
Parsons 8L 7 6 13 21 11 12 
Pawnee Rock 6S 12 9 9 12 9 10 
Paxico 7S 10 8 3 5 6 6 
Peabody 7M 23 19 10 5 8 13 
Perry 8M 18 13 15 10 9 13 
Phillipsburg 5 9 9 12 10 11 10 
Pittsburg 8L 12 14 15 12 6 12 
Plains 3 14 16 12 16 19 16 
Plainville 5 19 21 11 13 8 14 
Pleasanton 8M 3 5 NA 11 12 8 
Pomona 8M 13 7 6 9 9 9 
Portis 6S 33 55 38 14 27 34 
Post Rock RWD 6ML 30 28 24 27 26 27 
Pottawatomie Co. RWD #01 7M 14 12 10 14 6 11 
Pottawatomie Co. RWD #02 7S NA NA NA 19 40 30 
Pottawatomie Co. RWD #03 7M 14 10 4 10 15 11 
Potwin 7S 9 3 5 7 NA 6 
Prairie View 5 9 23 17 8 8 13 
Pratt 6ML 16 14 12 16 15 15 
Prescott 8S 20 23 16 16 15 18 
Preston 6S 100 100 100 100 100 100 
Pretty Prairie 6ML 14 16 11 18 17 15 
Protection 5 22 16 12 16 8 15 
Quenemo 7S 7 6 8 8 8 8 
Quinter 3 9 14 11 13 15 13 
Randall 6S 38 24 10 24 12 21 
Randolph 7S 16 21 8 17 19 16 
Ransom 4 11 12 11 12 11 11 
Rantoul 8S 7 14 12 10 30 15 
Raymond 6S 10 7 4 12 8 8 
Reading 7S NA NA NA NA 19 19 
Reno Co. RWD #01 6S 7 11 36 19 29 21 
Reno Co. RWD #08 6S 12 19 16 14 16 15 
Reno Co. WD 101 6S 6 6 6 7 6 6 
Republic 7S 18 29 32 24 20 24 
Republic Co. RWD #01 7S 35 38 32 27 20 31 
Republic Co. RWD #02 7M 25 29 27 37 23 28 
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Reserve 8S 30 27 32 23 28 28 
Rexford 2 5 4 13 100 14 27 
Richmond 8M 18 17 16 17 19 17 
Riley 7M 21 24 29 27 34 27 
Robinson 8S 19 25 22 24 21 22 
Rocky Ford Water Company 7S 100 100 100 100 100 100 
Rolla 1 5 7 9 9 9 8 
Rooks Co. RWD #02 5 18 8 37 44 15 24 
Rooks Co. RWD #03 5 4 11 12 5 11 8 
Rossville 7M 15 6 6 8 6 8 
Rozel 5 NA 5 14 9 16 11 
Rush Center 5 14 13 13 13 14 13 
Rush Co. RWD #01 5 31 49 38 50 53 44 
Russell 6ML 18 7 14 24 16 16 
Russell Co. RWD #01 6S 17 NA 27 NA NA 22 
Russell Co. RWD #02 6S 100 100 100 100 100 100 
Russell Co. RWD #04 6S 26 29 40 26 42 33 
Sabetha 7M 14 14 15 15 11 14 
Salina 7L 6 8 5 5 7 6 
Saline Co. RWD #01 7S 15 16 13 12 11 13 
Saline Co. RWD #02 7S 16 18 25 47 45 30 
Saline Co. RWD #04 7M 9 8 9 4 8 8 
Saline Co. RWD #06 7S NA 6 11 4 6 7 
Saline Co. RWD #08 7S 12 23 22 5 15 15 
Satanta 2 12 6 3 7 8 7 
Sawyer 6S 26 18 16 4 3 14 
Scammon 8M 12 14 12 10 19 13 
Scandia 7S 11 11 12 11 14 12 
Scott City 2 16 18 11 13 10 14 
Sedan 7M 11 10 8 6 5 8 
Sedgwick 7M 5 NA 7 7 3 6 
Sedgwick Co. RWD #04 7M 12 12 24 24 33 21 
Selden 3 31 21 17 17 13 20 
Seneca 7M 6 7 7 8 7 7 
Severy 7S 8 3 8 6 11 7 
Sharon 6S 9 7 4 11 15 9 
Sharon Springs 1 13 15 16 14 10 14 
Shawnee Co. RWD #02C 7M 24 8 5 10 11 12 
Shawnee Co. RWD #03 7M 20 25 29 22 18 23 
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Shawnee Co. RWD #04 7M 17 18 19 23 17 19 
Shawnee Co. RWD #08 7M 12 14 15 9 8 11 
Silver Lake 7M 15 5 6 6 5 7 
Simpson 6S 14 22 17 21 40 23 
Smith Center 6ML 29 31 20 24 26 26 
Smith Co. RWD #01 6S 22 35 30 8 16 22 
Solomon 7M 13 8 15 28 34 20 
South Haven 7S 36 23 23 28 23 27 
South Hutchinson 6ML 6 6 4 NA NA 5 
Spearville 4 7 7 8 4 13 8 
Speed 5 16 22 11 19 10 16 
Spivey 6S 16 11 17 11 14 14 
Spring Hill 8M 19 8 10 12 5 11 
St John 6ML 18 15 10 9 10 12 
St. Francis 1 9 17 12 14 10 13 
St. George 7S 12 29 32 24 11 22 
St. Marys 7M 15 12 12 8 7 11 
St. Paul 8M 20 12 15 13 13 14 
Stafford 6ML 6 4 5 6 7 6 
Sterling 6ML 4 4 5 9 9 6 
Stockton 5 17 12 14 12 13 14 
Strong City 7M 15 28 52 50 55 40 
Sublette 2 10 9 10 6 8 9 
Suburban Water Company 8M 14 11 8 15 9 11 
Summerfield 7S 13 12 9 14 11 12 
Sylvan Grove 6S 12 12 9 29 5 13 
Sylvia 6S 24 42 37 35 36 35 
Syracuse 1 12 6 9 8 13 9 
Tatarrax Hills 7S 16 23 17 12 18 17 
Tescott 7S 7 5 4 10 8 7 
Thayer 8M 27 23 32 28 31 28 
Timber Creek Water & Sewer 7S 26 29 20 20 16 22 
Timken 5 21 28 24 22 64 32 
Tipton 6S 24 18 15 12 9 16 
Tonganoxie 8M 10 15 13 7 14 12 
Topeka 7L 8 11 5 7 10 8 
Toronto 7S 21 21 19 18 22 20 
Trego Co. RWD #01 4 9 12 6 17 5 10 
Trego Co. RWD #02 4 NA NA NA NA 9 9 
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TABLE 23 
ANNUAL AND AVERAGE PERCENT OF UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS , 1995-1999 

Public Water Supplier Region

Percent 
UFW 
1995 

Percent
UFW 
1996 

Percent
UFW 
1997 

Percent 
UFW 
1998 

Percent
UFW 
1999 

Avg. 
Pct. 
UFW 

Tribune 1 14 11 11 10 6 10 
Troy 8M 37 31 31 19 37 31 
Turon 6S 14 12 19 14 15 15 
Udall 7M 12 19 23 20 15 18 
Ulysses 2 9 NA 10 14 9 11 
Uniontown 8S 8 8 8 20 15 12 
University Park Water 7S 100 100 100 29 15 69 
Utica 4 9 11 7 7 8 8 
Valley Center 7M 19 9 9 14 16 13 
Valley Falls 8M 30 21 19 20 9 20 
Vermillion 7S 29 28 18 12 34 24 
Victoria 5 5 6 9 4 4 6 
Virgil 7S 15 15 10 15 9 13 
Wabaunsee Co. RWD #01 7S 20 16 18 22 NA 19 
Wabaunsee Co. RWD #02 7M 8 8 14 8 11 10 
Wakeeney 4 20 25 21 20 21 21 
Wakefield 7M 13 13 26 10 15 15 
Wallace 1 14 NA 16 13 13 14 
Wallace Co. RWD #01 1 7 3 NA NA NA 5 
Wamego 7M 14 10 13 4 8 10 
Washington 7M 14 15 12 19 16 15 
Washington Co. RWD #01 7M 11 14 11 8 6 10 
Washington Co. RWD #02 7M 23 17 22 15 16 18 
Water Dist #01 Johnson Co. 8L 7 7 8 8 7 7 
Waterville 7M 17 15 13 29 13 17 
Wathena 8M 11 14 12 7 NA 11 
Waverly 7M 26 27 22 33 28 27 
Weir 8M 14 22 15 6 16 15 
Wellington 7M 29 19 20 14 18 20 
Wellsville 8M NA NA NA NA 16 16 
West Hills Water Company 6S 100 100 100 100 100 100 
West Mineral 8S 25 3 17 5 6 11 
Westmoreland 7M 15 14 19 25 7 16 
Wetmore 7S 19 23 22 24 16 21 
White City 7M 20 13 7 13 14 13 
White Cloud 8S 19 17 21 18 23 20 
Whitewater 7M 6 10 8 6 25 11 
Whiting 7S 5 4 9 6 11 7 
Wichita 7L 12 10 6 5 17 10 
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TABLE 23 
ANNUAL AND AVERAGE PERCENT OF UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS , 1995-1999 

Public Water Supplier Region

Percent 
UFW 
1995 

Percent
UFW 
1996 

Percent
UFW 
1997 

Percent 
UFW 
1998 

Percent
UFW 
1999 

Avg. 
Pct. 
UFW 

Williamsburg 8S 32 10 5 13 8 14 
Wilson 6ML 9 8 9 10 10 9 
Winchester 8M 5 10 6 8 5 7 
Winfield 7L NA 4 7 7 8 7 
Winona 2 18 8 24 11 15 15 
Woodson Co. RWD #01 7M 17 19 29 34 23 24 
Woodston 5 4 19 4 5 4 7 
Yates Center 7M 12 14 11 11 20 14 
Zenda 6S 16 9 16 10 12 13 
Average  -- 19 18 18 18 17 18 

 
Note: Average percent unaccounted for water for each year from 1995 to 1999 was 

determined using data from all public water suppliers that submitted water use 
reports.  Any unmetered water was considered unaccounted for.  Statistics on 
unaccounted for water published prior to 1998 were based only on public water 
suppliers that metered customer usage, and therefore were lower than the 
averages shown in this table. 
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INTRODUCTION 
 
Water use in Kansas is regulated by the Kansas Department of Agriculture - Division of 
Water Resources.  The Division of Water Resources requires annual Water Use 
Reports from all public water suppliers with active water rights, as a condition of the 
Water Appropriations Act.  The Kansas Water Office requires similar reports from public 
water suppliers purchasing water from State-owned storage in Federal reservoirs 
through the Water Marketing Program.  In addition, water suppliers that purchase water 
wholesale from entities that have water rights or marketing contracts were asked to 
complete water use reports for 2000. 
 
The information shown in this publication was collected from 773 public water suppliers 
that served 10 or more connections year-round and filed 2000 Municipal Water Use 
Reports with either the Division of Water Resources or the Kansas Water Office.  This 
number includes cities and towns, rural water districts, and housing subdivisions.  
These public water suppliers provide information on quantity of water diverted each 
year, water purchased from and sold to other suppliers, sales to retail customers, 
metered free and unaccounted for water, population served, and current water rates.  
Annual water use reports for 2000 also were submitted by eight public wholesale water 
supply districts, 32 mobile home parks or systems that serve predominantly mobile 
homes, and several rural systems whose customer base is largely commercial.  The 
information from these reports is not included in this publication. 
 
The Division of Water Resources, Kansas Water Office, and U.S. Geological Survey–
Water Resources Division review the water use data to ensure that the information is as 
accurate and complete as possible, and to derive the statistics on per capita usage, 
percent metered free, percent unaccounted for water, and water rates that are 
published in this report.  The review process is also important for documenting atypical 
water use among certain suppliers, as well as for identifying problems with meter 
accuracy, bookkeeping, and water loss that may warrant special assistance.  The 
Kansas Water Plan provides some of the funding used to review annual water use 
reports and offer technical assistance when needed. 
 
The Kansas Municipal Water Use publication has been prepared each year since 1987.  
The efforts of every water supplier completing annual water use reports are greatly 
appreciated.  The data collected are valuable in administering water rights and 
marketing contracts, preparing population and water demand projections, and 
assessing progress toward meeting State conservation objectives.  The information 
provided in this annual publication can also be useful in evaluating individual systems’ 
needs for metering improvements, water loss reduction, water rate adjustments, and 
implementation of cost-effective, long-term water conservation measures. 
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REGIONAL PER CAPITA WATER USE AND PRECIPITATION  
 
Water usage in gallons per capita per day (gpcd) is calculated for each water system 
from reported data on amounts of water used and populations served.  Gpcd usage for 
individual suppliers is based on amounts of water used for residential and commercial 
sales, free use, and unaccounted for water.  Gpcd figures do not include sales to other 
suppliers, industries, bulk uses, or farmsteads using over 200,000 gallons per year.   
 
Average gpcd figures are calculated for water suppliers in eight regions of the State so 
that usage for individual suppliers can be compared to average usage for similar 
geographic areas.  These regions, shown in Figure 1, correspond to general patterns of 
per capita water use and precipitation.  Gpcd usage increases from eastern to western 
Kansas, primarily due to greater outside water use in the drier, more arid parts of the 
state.  Another factor contributing to higher gpcd usage in western Kansas is that 
average water rates are lower in the western regions of the State where ground water is 
the predominant source of supply.  Average gpcd usage by Kansas public water 
suppliers by region and size is shown in Table 1 (p. 10) for the years 1996-2000.  Gpcd 
usage in 2000 ranged from a high of 306 in Region 1 in westernmost Kansas to a low of 
95 in Region 8 among small public water suppliers in easternmost Kansas.   
 
Per capita averages increased approximately 19% from 1999 to 2000 in western 
Kansas (Regions 1 through 5), while in eastern Kansas (Regions 6 through 8) per 
capita averages increased by only about 2% from 1999 to 2000.  Of the nearly 200 
water suppliers that purchase water from other entities and filed water use reports for 
the first time in 2000, most are small and medium sized systems in Regions 7 and 8. 
The inclusion of these suppliers in the database for 2000 caused the per capita 
averages for those regional groups to be about 5% lower than they would have been 
without the additional systems’ data.  These systems generally exhibit lower per capita 
uses due to their size and the higher cost of purchased water. 
 
Gpcd usage varies from year to year within each regional group due primarily to climatic 
variations.  Average gpcd values are generally higher during years when average June-
September precipitation is below normal and lower when precipitation is above normal.  
The relation between average statewide gpcd use and average statewide June-
September precipitation is shown in Figure 2 for the years 1987 to 2000.  The peak 
average usage of 156 gpcd occurred during 1991, when statewide average summer 
precipitation was 9.05 inches, the lowest during this period.  The lowest average usage 
of 128 gpcd occurred during 1993, when statewide average summer precipitation 
reached a high of 22.62 inches. Average gpcd usage for 2000 was 133, when summer 
precipitation averaged 9.64 inches.  Although every region of the State experienced 
below normal precipitation during 2000, statewide per capita usage was close to the 5-
year average. The apparent trend towards lower gpcd averages during recent years of 
moderate and below average summer precipitation may be indicative of conservation 
efforts by public water suppliers, such as reductions in unaccounted for water, more 
accurate metering of raw water, and reduced usage due to higher prices.
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Figure 2
AVERAGE ANNUAL GPCD USE AND AVERAGE JUNE-SEPTEMBER PRECIPITATION

KANSAS, 1987-2000
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WATER USE STATISTICS BY REGION AND STATE 
 
The tables in the following sections of this publication are organized by region and size 
category.  Regions 6, 7, and 8 in central and eastern Kansas include many more public 
water suppliers than do the western Kansas regions, and were subdivided by population 
size.  Small public water suppliers serve fewer than 500 people, medium public water 
suppliers serve between 500 and 9,999 people, and large public water suppliers serve 
10,000 people or more.   
 
Water use statistics for each supplier within each regional category are provided in 
Tables 2-14 on pp. 11-37.  These tables rank each water supplier by gpcd usage, and 
show the percent difference from the respective 2000 regional average gpcd.  The 
tables also show the monthly cost for 10,000 gallons of water, the percentage of 
metered free water, and the percentage of unaccounted for water.  These data are 
useful in evaluating the gpcd figures.  Comparison of an individual supplier’s gpcd, 
water rates, and percentages of metered free and unaccounted for water to regional 
averages may indicate opportunities for more cost-effective and efficient use of water. 
 
Per capita usage by a particular water supplier can be affected by circumstances such 
as customer use habits, water rates, amount of water needed for water treatment or 
other free uses, and system losses.  Inexpensive water rates, lack of metering, hot dry 
weather, frequent line breaks, water line replacement, tower repairs, or large amounts 
of water used for treatment and flushing can all contribute to a high gpcd.  High water 
rates, cool rainy weather, a system with few leaks, lack of significant free uses, or 
minimal need for water treatment can contribute to a low gpcd.    
 
Accuracy of the measurement of total water diverted also can influence a utility’s gpcd.  
Public water suppliers typically determine total diversions using flowmeters, calculation 
of hours pumped times pump rates, or a combination of these methods.  A higher than 
expected gpcd may result if master meters are overregistering, actual pump rates are 
lower than reported, or check valves are malfunctioning.  A lower than expected gpcd 
may result if meters are underregistering or actual pump rates are higher than reported.  
Inaccurate measurements of total water diverted also cause unreliable calculations of 
unaccounted for water.   
 
The percentage of unaccounted for water is a good indicator of meter accuracy and 
system efficiency.  Large percentages of unaccounted for water often result from over-
reported total diversions, substantial amounts of unmetered use, or system losses.  In 
publications of Kansas Municipal Water Use prior to1998, the percent unaccounted for 
water applied only to systems that meter customer use.  Beginning with the 1998 data, 
the percent unaccounted for water has indicated all water that is not metered. 
Consequently, all unmetered water used by systems with flat water rates or by systems 
that were unable to provide data on customer sales is considered unaccounted for. 
 
For 2000, gpcd values ranged from a high of 500 (for the City of Herndon) to a low of 45 
(for Marion Co. RWD No. 2).  However, to evaluate the water conservation efforts of all 
773 public water suppliers, each gpcd should be compared to usage by other utilities of 
similar size in the same geographic area.  The highest and lowest gpcd usages relative 
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to the corresponding regional average gpcd are shown in Tables 15 and 16 to allow an 
equitable comparison of extremes in usage for 2000. 
 
Table 15 (p. 38) ranks the 20 public water suppliers with the highest gpcd usage in 2000 
relative to their respective regional averages.  These suppliers tend to have large 
percentages of unaccounted for water due to system leaks or lack of metering, or in 
several cases, large percentages of metered free water.  Many are very small systems, 
where leaks can represent an especially large percentage of total water withdrawals.  Of 
the 20 systems listed in Table 15, fifteen had 20 percent or greater unaccounted for 
water, including three that used a flat rate structure. 
 
Table 16 (p. 39) ranks the 20 public water suppliers with the lowest gpcd usage in 2000 
relative to their respective regional averages.  Most of these suppliers are very small 
towns, housing subdivisions, or rural water districts with little or no public use.  Many 
charge high rates for water service.   
 
In 1990, 29 of the public water suppliers that completed annual water use reports used 
flat rate structures.  In 2000, only 13 suppliers used flat rates. Table 17 (p. 40) lists the 
water suppliers that charged a flat rate for water service in 2000, and shows the percent 
difference between each gpcd and the respective regional average gpcd.  Public water 
suppliers with flat rate structures used an average of 46 percent more water per person 
than their peer communities in 2000. 
 
AVERAGE WATER RATES BY REGION 
 
Table 18 (p. 41) shows 2000 regional average cost for residential customer water use at 
five levels from 5,000 to 100,000 gallons per month.  In general, water rates increase 
from west to east across the state.  Average monthly water rates were the lowest in 
Region 3, where they ranged from $11.57 for 5,000 gallons to $106.04 for 100,000 
gallons.  The highest rates were in Region 8, where the cost of water ranged from an 
average of $26.33 for 5,000 gallons to an average of $348.74 for 100,000 gallons.  
Average water rates tend to be higher in eastern Kansas due to the costs associated 
with operating, building or rehabilitating surface water treatment facilities, and the costs 
associated with wholesale water distribution.   
 
Average water rates have increased steadily each year during the time this publication 
has been produced.  For 2000, the increase of approximately 12 percent statewide is 
partially attributable to the inclusion of additional water systems that purchase all their 
water and therefore tend to have higher costs for monthly service.  The average rates 
shown for Regions 6, 7, and 8 for 2000 show larger increases compared to 1999 due to 
the additional data from systems not included in previous years. 
 
There are four basic types of water rate structures in Kansas: flat rate, decreasing block 
rate, uniform block rate, and increasing block rate.  Utilities with a flat rate charge each 
customer a fixed amount per month regardless of the amount of water used.  With a 
decreasing block rate, the unit cost of water decreases as usage increases.  The unit 
cost of water is the same for all levels of usage with a uniform block rate.  With an 
increasing block rate, the unit cost of water rises as usage increases.  Some utilities 
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attach a surcharge to their regular water rates for excessive summer usage, usually 
defined as a certain percentage above average winter use.   
 
The type of rate structure can affect gpcd usage.  Systems with flat rates tend to use 
considerably more water per capita than systems that meter customer use.  The other 
three types of rate structures, in which cost depends on amount of water used, have a 
less dramatic effect on gpcd.   Decreasing block rates are assumed to discourage 
conservation because customers are charged lower rates for high-volume usage.  
Increasing block rates are considered an effective way to promote conservation among 
high-volume users while keeping the cost of moderate use affordable.  However, the 
use of these types of rate structures does not appear to influence usage by individual 
customers as much as does the total monthly water cost and the geographic area in 
which they live. 
 
METERED FREE AND UNACCOUNTED FOR WATER  
 
Percentages of metered free and unaccounted for water indicate the proportion of total 
water produced or purchased that is not sold through customer meters.  Metered free 
water typically includes public services (for example, parks, pools and city buildings) 
plus any water given to nonpaying customers (for example, churches or owners of 
easements).  Metered free water can also include uses such as water treatment 
processes, lube line flows, draining of known quantities from a water tower prior to 
repair, and measured hydrant flushing.  Metering as much ‘free’ water use as possible 
helps to identify actual system losses.  Metering of nonpaying services also helps a 
utility notice and correct any water leaks or excessive use at these connections. 
 
The number of public water suppliers in Kansas that meter free water has steadily 
increased each year since 1992, when amounts of metered free water were first shown 
on annual Municipal Water Use reports.  A total of 420 utilities reported some metered 
free use for 2000.  These uses ranged from less than one percent to 53 percent of total 
water pumped and averaged six percent statewide.  Average percent free water by 
regional category varied from three to ten percent.  The average was highest for 
categories with large public water suppliers, which typically have greater amounts of 
free water for public service and water treatment. 
 
Unaccounted for water includes any unmetered uses, plus water loss in the distribution 
system.   The percent unaccounted for water may be high if a system has major line 
breaks, has many underregistering customer meters, or has many unmetered uses.   
Water taken from bulk outlets and hydrants for firefighting or road construction is often 
unaccounted for.  Unaccounted for water also may represent a large percentage of total 
water pumped due to distribution system replacement, water plant renovations, water 
tower repairs, faulty metering of raw water, or inadequate accounting of customer use.   
 
Unaccounted for water reported by all public water suppliers for 2000 ranged from less 
than three percent to 100 percent.  The average unaccounted for water among the 
systems that provided adequate information on metered customer use in 2000 was 17 
percent statewide.  Average unaccounted for water for these systems by regional 
category ranged from 9 to 18 percent. 
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ASSISTANCE WITH EXCESSIVE UNACCOUNTED FOR WATER 
 
The Kansas Water Plan includes a year 2010 objective that states:  “By 2010, 
reduce the number of public water supply systems with excessive unaccounted 
for water by first targeting those with 30 percent or more unaccounted for water.”   
To meet the 2010 objective of reducing the number of public water supply systems with 
excessive unaccounted for water, suppliers are referred to the Kansas Rural Water 
Association for technical assistance in reducing apparent excess use shown on the 
previous year’s water use report.  As part of this ongoing contract, the Kansas Rural 
Water Association visits these water suppliers on a quarterly basis, collects data on 
water withdrawals and sales, tests meters, makes recommendations, and monitors 
unaccounted for water until it is below 20 percent for two consecutive quarters.  In 
addition, each of these suppliers is encouraged to prepare a water conservation plan, or 
to review their plan if one has already been done.  Based on information from the 2000 
water use reports that was available in July 2001, and from continuing visits to systems 
already receiving technical assistance, 46 systems were referred to Kansas Rural Water 
Association for technical assistance in reducing unaccounted for water in 2001.   
 
The 43 water suppliers whose water use reports showed at least 30 percent 
unaccounted for water in 2000 are listed in Table 19 (p. 42).  This table does not include 
systems with flat rates or those who were unable to provide information on metered 
customer sales.  Table 19 also shows the amount of water in thousands of gallons that 
would have been saved if only 15 percent of the water had been unaccounted for.  This 
number can be used along with the production costs per thousand gallons to estimate 
potential savings from decreases in unaccounted for water.  Table 19 also indicates the 
water conservation approval date for systems that have completed such plans.   
 
Public water suppliers with large percentages of unaccounted for water have 
opportunities to reduce this percentage and save money if there is loss caused by 
system leaks, unmetered use, excessive use for public services, or underregistering 
customer meters.  Leak detection, additional metering, and regular service meter 
replacement can result in savings greater than the cost of implementing these 
conservation measures.  In some cases, curbing large water losses may serve to 
postpone acquisition of additional water supplies. 
 
CONSERVATION PRACTICES TO REDUCE UNACCOUNTED FOR WATER 
 
There are many management practices that promote water conservation for public 
water suppliers by reducing their amount of unaccounted for water.  These practices 
include: 
 

 Measure raw or purchased water accurately.  If possible, install water meters at 
each intake, and test these meters for accuracy every three years. 

 Meter any water treatment use or lube line flows, so that these uses are not 
considered unaccounted for water. 

 Install meters at all service connections possible, including free services and bulk 
outlets.  

 Read all meters on a regular basis.  If possible, compare production and use for 
corresponding time periods each month and calculate unaccounted for water. 
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 Review meter readings and billing information promptly if there is an 
unexplained, large difference between water pumped and sold for any given 
month. 

 Replace service meters on a regular schedule to avoid losing water through old, 
underregistering meters. 

 If reliable records of water pumped, water sold, and free water indicate that 
unaccounted for water exceeds 15 percent, do leak detection. 

 
The Kansas Rural Water Association provides assistance with leak detection, meter 
testing, and energy conservation to cities, rural water districts, and privately owned 
water utilities throughout Kansas, without cost or obligation.  This ‘On-Site Technical 
Assistance for Public Water Supply Systems in Kansas’ contract is funded through the 
State Water Plan and administered by the Kansas Water Office.   During 2000, the 
Kansas Rural Water Association made 1,126 contacts with water suppliers and 
completed 66 water loss surveys as part of this program.  Water loss detected during 
these surveys totaled 180,149,400 gallons, with an estimated annual value of 
$322,897.10.  The Kansas Rural Water Association may be contacted at (785) 336-
3760. 
 
Free on-site assistance in preparing water conservation plans is available through the 
Kansas Water Office.  Conservation plans can help suppliers improve short-term and 
long-term management of their utility, and are often a requirement for obtaining water 
rights or loans for water supply system improvements.   Water conservation plans also 
are recommended for suppliers that are drought vulnerable or that have excessive 
unaccounted for water.  The documents entitled 1990 Municipal Water Conservation 
Plan Guidelines and Water Conservation Measures for Kansas Communities 
emphasize cost-effective approaches to water conservation, and may be obtained by 
contacting the Division of Water Resources or the Kansas Water Office at the phone 
numbers listed on the front cover of this publication. 
 
5-YEAR AVERAGE GPCD AND PERCENT UNACCOUNTED FOR WATER 
 
Annual and average GPCD figures for 782 active public water suppliers that completed 
water use reports during 1996-2000 are listed in Table 20 (p. 44).  This table includes all 
cities, rural water districts, and subdivisions listed in Tables 2-14, plus systems that are 
still active but did not complete a 2000 water use report.  Excluded are mobile home 
parks and water systems that serve predominantly mobile homes, and atypical water 
systems with large percentages of commercial use. 
 
Table 21 (p. 66) provides information on reported percent unaccounted for water for 782 
active public water suppliers that completed water use reports during 1996-2000.  
Percentages are shown for each year that data were available, and for the average of 
this time period.  
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TABLE 1 
AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE

KANSAS, 1996-2000 

Regiona/ 

Year 

Average 1996 1997 1998 1999 2000 
1 265 281 273 252 306 275 
2 238 250 257 234 271 250 
3 223 229 241 218 269 236 
4 181 164 185 163 197 178 
5 146 147 155 145 164 151 

6-ML 154 147 158 148 166 155 
6-S 145 136 144 133 138 139 
7-L 142 141 151 144 153 146 
7-M 114 114 118 114 115 115 
7-S 113 110 110 105 106 109 
8-L 141 137 133 132 130 135 
8-M 108 106 106 105 105 106 
8-S 88 90 87 88 95 90 

Kansas 136 134 139 130 133 134 
 
a/ Refer to Figure 1 for map of regions.  For this analysis, utilities in Regions, 6, 7, 

and 8 were subdivided into size categories.  Large (L) utilities are those serving 
10,000 people or more.  Medium (M) utilities are those serving 500 to 9,999 
people.  Small (S) utilities are those serving fewer than 500 people. 
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TABLE 2 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION 1 
2000 

Public Water Supplier GPCDa/ 

Reg.  
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forb/ 

Bird City 402 306 +31 $22.10 5 13 
St. Francis 400 306 +31 $14.00 3 13 
Syracuse 393 306 +28 $12.50 2 12 
Coolidge 385 306 +26 $13.00 0 30 
Johnson City 368 306 +20 $13.00 7 16 
Elkhart 335 306 +9 $17.75 1 14 
Goodland 331 306 +8 $15.45 0 18 
Manter 298 306 -3 $18.50 1 10 
Rolla 274 306 -10 $25.13 11 8 
Tribune 263 306 -14 $23.10 3 9 
Sharon Springs 260 306 -15 $24.00 3 12 
Kanorado 249 306 -19 $16.00 0 15 
Wallace 228 306 -26 $19.50 0 13 
Hamilton Co. RWD #01 94 306 -69 $57.00 0 9 
Average 306 306 -- $20.79  4 14 

 
a/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc. 

 
Note: The City of Horace did not provide a water use report for 2000.  Wallace County 

RWD #01 did not provide a water use report for 1997, 1998 1999, or 2000. 
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TABLE 3 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION 2 
2000 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff.

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forc/ 

Herndon 500 271 +84 $12.00 11 22 
Rexford 423 271 +56 $17.50 0 10 
Moscow 413 271 +53 $18.00* 0 100 
Brewster 368 271 +36 $10.50 3 5 
McDonald 348 271 +29 $19.61 6 25 
Hugoton 347 271 +28 $10.80 3 6 
Oakley 342 271 +26 $10.75 1 15 
Colby 323 271 +19 $14.90 4 3 
Scott City 319 271 +18 $15.78 11 5 
Sublette 309 271 +14 $14.00 13 9 
Winona 304 271 +12 $14.50 1 11 
Lakin 266 271 -2 $25.75 19 4 
Atwood 265 271 -2 $16.37 2 NA 
Liberal 265 271 -2 $16.50 26 14 
Satanta 260 271 -4 $12.95 5 NA 
Leoti 235 271 -13 $21.10 3 8 
Ulysses 232 271 -15 $20.35 2 8 
Kismet 206 271 -24 $16.25 7 22 
Garden City 195 271 -28 $18.50 10 NA 
Holcomb 160 271 -41 $21.45 4 10 
Deerfield 154 271 -43 $13.80 4 8 
Farr Subdivision 107 271 -61 NA 0 100 
Garden Spot Rentals 89 271 -67 None 0 100 
Finney Co. RWD #01 75 271 -72 $43.00 0 27 
Average 271 271 -- $17.47  7 12 

a/ The figures for gallons per capita per day do not include water supplied for 
industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ “*” after cost indicates flat monthly rate for any amount of water use.  “NA” 

indicates no information available on current water rate.  “None” indicates system 
that does not charge for water service. 

 
c/ For suppliers that meter customer usage, unaccounted for water includes 

distribution system losses, unmetered water provided to customers, and 
unmetered water provided free for public services, treatment processes, etc.  For 
suppliers that do not meter any customer water usage or did not provide 
sufficient information on customer sales, the percent unaccounted for water is 
100.  “NA” is shown for suppliers reporting a percent unaccounted for water of 
less than 3.0. 
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TABLE 4 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION 3 
2000 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forc/ 

Jennings 389 269 +45 $14.00 14 23 
Oberlin 325 269 +21 $10.23 0 21 
Plains 316 269 +18 $12.90 10 17 
Grinnell 303 269 +12 $11.25 7 11 
Montezuma 299 269 +11 $14.00 2 7 
Hoxie 299 269 +11 $14.00 0 9 
Grainfield 292 269 +8 $7.70 0 17 
Meade 278 269 +3 $16.50 8 10 
Quinter 271 269 +1 $17.35 2 10 
Dighton 270 269 0 $18.16 2 9 
Cimarron 253 269 -6 $17.73 1 10 
Copeland 253 269 -6 $25.00* 0 60 
Lane Co. RWD #01 251 269 -7 $18.50 <1 22 
Park 243 269 -10 $8.75 0 10 
Selden 237 269 -12 $15.00 7 10 
Ingalls 236 269 -12 $15.00 <1 4 
Ensign 219 269 -18 $33.00* 0 100 
Fowler 198 269 -26 $13.20 6 14 
Norcatur 176 269 -35 $25.00 0 10 
Average 269 269 -- $16.17  5 15 

 
a/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ “*” after cost indicates flat monthly rate for any amount of water use. 
 
c/ For suppliers that meter customer usage, unaccounted for water includes 

distribution system losses, unmetered water provided to customers, and 
unmetered water provided free for public services, treatment processes, etc.  For 
suppliers that do not meter any customer usage, the percent unaccounted for 
water is 100.  For suppliers that meter only certain water uses, unaccounted for 
water includes all unmetered water. 

 
Note: The City of Gove did not provide a water use report for 2000. 
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TABLE 5 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION 4 
2000 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forc/ 

Englewood 456 197 +132 $20.00* 0 100 
Hanston 310 197 +57 $11.00 0 33 
Bucklin 280 197 +42 $14.00 1 39 
Morland 267 197 +36 $20.50 4 21 
Ashland 259 197 +31 $14.00 4 16 
Norton 254 197 +29 $15.61 8 8 
Ford 250 197 +27 $18.00* 0 78 
Utica 243 197 +24 $14.80 16 10 
Hill City 221 197 +12 $15.10 5 11 
Jetmore 216 197 +10 $18.00 10 9 
Minneola 215 197 +9 $14.50 0 13 
Dodge City 206 197 +5 $20.44 3 15 
Lenora 198 197 +1 $31.25 4 19 
Wakeeney 197 197 0 $20.50 2 17 
Spearville 187 197 -5 $27.75 7 10 
Bogue 186 197 -6 $13.50 0 12 
Almena 178 197 -10 $24.25 2 12 
Collyer 166 197 -16 $32.80 0 29 
Arnold 165 197 -16 $12.00* 0 100 
Trego Co. RWD #02 150 197 -24 $63.00 4 19 
Ness City 137 197 -30 $30.20 <1 4 
Ransom 132 197 -33 $20.60 <1 11 
Bazine 122 197 -38 $16.25 3 13 
Clayton 105 197 -47 $26.75 <1 NA 
Norton Co. RWD #01 85 197 -57 $34.50 0 15 
Brownell 74 197 -62 $12.50 0 9 
Trego Co. RWD #01 63 197 -68 $44.00 0 5 
Average 197 197 -- $22.44 4 18 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ “*” after cost indicates flat monthly rate for any amount of water use. 
 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution 

system losses, unmetered water provided to customers, and unmetered water provided 
free for public services, treatment processes, etc.  For suppliers that do not meter any 
customer usage, the percent unaccounted for water is 100.  For suppliers that meter 
only certain water uses, the percent unaccounted for includes all unmetered water.  “NA” 
is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION 5 
2000 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forc/ 

Comanche Co. RWD #02 435 164 +165 $58.00 0 49 
Rush Co. RWD #01 360 164 +119 $40.00 0 42 
Offerle 235 164 +43 $13.25 0 25 
Lewis 232 164 +42 $18.75 7 16 
Coldwater 232 164 +41 $21.80 0 13 
Protection 227 164 +39 $12.40 7 11 
Mullinville 225 164 +37 $20.50 11 18 
Belvidere 220 164 +34 $20.00* 0 100 
Logan 208 164 +27 $29.50 2 9 
Phillipsburg 206 164 +25 $36.57 10 19 
Long Island 204 164 +24 $12.00 4 14 
Burdett 200 164 +22 $14.20 0 13 
Rozel 199 164 +22 $18.50 <1 9 
Larned 199 164 +21 $15.00 12 5 
Prairie View 187 164 +14 $21.00 1 16 
Haviland 180 164 +10 $7.80 1 19 
Comanche Co. RWD #01 176 164 +7 $25.50 0 25 
Rush Center 176 164 +7 $10.50 1 14 
Woodston 174 164 +6 $22.00 0 8 
Otis 174 164 +6 $16.70 <1 7 
Stockton 172 164 +5 $24.50 10 22 
Rooks Co. RWD #03 166 164 +1 $41.50 1 15 
Greensburg 161 164 -2 $23.15 1 NA 
Agra 149 164 -9 $27.40 7 28 
Hays City Suburban 144 164 -12 None 0 100 
Bison 143 164 -13 $16.30 0 35 
Ellis Co. RWD #07 139 164 -15 $78.00 0 19 
Kirwin 139 164 -15 $18.75 0 16 
Plainville 136 164 -17 $16.00 1 18 
Kinsley 134 164 -18 $23.29 3 14 
Alexander 132 164 -20 $14.00 0 10 
Palco 129 164 -21 $27.00 0 19 
Speed 126 164 -23 $22.00 5 12 
La Crosse 121 164 -26 $39.25 <1 4 
Belpre 117 164 -28 $30.50 1 12 
Ellis 116 164 -29 $18.75 10 6 
McCracken 116 164 -29 $33.20 2 13 
Damar 114 164 -30 $32.15 0 NA 
Victoria 107 164 -35 $19.50 0 NA 
Glade 104 164 -36 $18.00 0 20 
Hays 101 164 -39 $36.26 1 11 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION 5 
2000 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forc/ 

Rooks Co. RWD #02 95 164 -42 $25.50 0 21 
Ellis Co. RWD #01 94 164 -43 $23.20 1 14 
Ellis Co. RWD #06 93 164 -43 $43.00 0 13 
Ellis Co. RWD #02 88 164 -46 $55.00 0 25 
Ellis Co. RWD #03 75 164 -54 $23.50 0 100 
Liebenthal 63 164 -61 $33.00 2 NA 
Average 164 164 -- $26.01  4 17 

 
a/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ “*” after cost indicates flat monthly rate for any amount of water use.  “None” 

indicates system that does not charge for water service. 
 
c/ For suppliers that meter customer usage, unaccounted for water includes 

distribution system losses, unmetered water provided to customers, and 
unmetered water provided free for public services, treatment processes, etc.  For 
suppliers that do not meter any customer water usage or did not provide 
sufficient information on customer sales, the percent unaccounted for water is 
100.  “NA” is shown for suppliers reporting a percent unaccounted for water of 
less than 3.0. 

 
Note: The City of Timken did not provide a water use report for 2000. 
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE  

PUBLIC WATER SUPPLIERSa/ 
REGION 6 

2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff.

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Jewell Co. RWD #01 264 166 +59 $48.30 3 16 
Medicine Lodge 259 166 +56 $17.64 2 17 
Lyons 254 166 +53 $14.50 <1 9 
Mitchell Co. RWD #02 249 166 +50 $49.22 3 16 
Mankato 236 166 +42 $26.73 2 30 
Downs 232 166 +40 $20.88 1 27 
Attica 202 166 +21 $16.00 0 13 
Cunningham 197 166 +19 $17.60 0 20 
Smith Center 195 166 +18 $24.47 4 25 
Osborne 194 166 +17 $27.46 22 15 
Pratt 193 166 +16 $11.82 2 15 
Post Rock RWD 176 166 +6 $72.50 16 20 
Kensington 175 166 +6 $21.00 9 30 
Ellsworth 167 166 +1 $29.35 10 11 
Haven 163 166 -2 $9.30 2 26 
Lincoln Center 163 166 -2 $26.98 3 21 
Chase 160 166 -4 $27.00 0 41 
Stafford 159 166 -4 $13.57 13 6 
St. John 158 166 -5 $22.20 14 9 
Kingman 158 166 -5 $41.70 0 24 
Anthony 158 166 -5 $26.58 5 18 
Claflin 157 166 -6 $13.00 8 7 
Buhler 156 166 -6 $12.85 2 11 
Harper 155 166 -7 $22.33 0 18 
Pretty Prairie 150 166 -10 $20.70 3 16 
Cawker City 148 166 -11 $17.50 3 12 
South Hutchinson 148 166 -11 $17.45 5 4 
Hutchinson 147 166 -12 $20.37 7 9 
Russell 146 166 -12 $47.75 6 14 
Great Bend 139 166 -16 $20.02 0 11 
Little River 138 166 -17 $28.00 <1 15 
Russell Co. RWD #03 137 166 -18 NA 0 27 
Sterling 134 166 -19 $21.11 8 NA 
Wilson 132 166 -20 $20.50 1 9 
Rice Co. RWD #01 131 166 -21 NA 0 3 
Kiowa 128 166 -23 $21.30 1 12 
Ellinwood 123 166 -26 $21.25 6 4 
Hoisington 116 166 -30 $28.75 <1 17 
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE  

PUBLIC WATER SUPPLIERSa/ 
REGION 6 

2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff.

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Nickerson 101 166 -39 $21.00 12 NA 
Beloit 97 166 -42 $41.85 <1 10 
Kanopolis 95 166 -43 $33.72 0 5 
Average 166 166 -- $25.49  5 16 

 

a/ Includes public water suppliers in Region 6 that serve 500 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ “NA” indicates no information available on current water rate. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 6 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Osborne Co. RWD #01A 329 138 +138 $56.00 0 39 
Mitchell Co. RWD #01 260 138 +89 $52.56 0 100 
Reno Co. RWD #08 260 138 +88 $15.00 9 18 
West Hills Water Co. 251 138 +82 $5.00* 0 100 
Hardtner 241 138 +74 $25.50 41 3 
Macksville 195 138 +42 $20.00 9 23 
Barber Co. RWD #02 193 138 +40 $25.00 0 18 
Russell Co. RWD #04 192 138 +39 $50.00 0 44 
Preston 189 138 +37 $15.50* 0 100 
Barber Co. RWD #01 186 138 +35 $26.75 0 100 
Holyrood 182 138 +32 $19.00 7 20 
Glen Elder 177 138 +29 $35.90 6 3 
Sylvia 177 138 +28 $16.40 4 41 
Osborne Co. RWD #02 176 138 +27 $47.50 0 22 
Abbyville 172 138 +25 $8.50 10 22 
Gaylord 172 138 +25 $26.12 4 21 
Reno Co. RWD #01 169 138 +22 $37.00 0 11 
Alton 167 138 +21 $19.00 0 4 
Cullison 167 138 +21 $13.00 <1 22 
Smith Co. RWD #01 165 138 +20 $48.50 0 18 
Raymond 161 138 +17 $18.00 9 8 
Norwich 150 138 +9 $22.33 0 NA 
Burr Oak 148 138 +7 $26.00 2 24 
Olmitz 148 138 +7 $16.50 0 NA 
Sylvan Grove 146 138 +6 $26.50 0 9 
Simpson 144 138 +5 $20.50 0 44 
Bushton 144 138 +5 $16.75 <1 16 
Hazelton 140 138 +2 $27.80 0 8 
Arlington 139 138 +1 $13.50 1 17 
Coats 137 138 -1 $11.40 8 4 
Zenda 137 138 -1 $24.00 2 4 
Turon 136 138 -2 $17.50 1 11 
Isabel 136 138 -2 $18.00 0 18 
Lebanon 135 138 -3 $39.55 5 28 
Esbon 130 138 -5 $34.00 0 27 
Lorraine 126 138 -9 $21.00 1 10 
Natoma 123 138 -11 $25.00 2 14 
Lucas 119 138 -13 $32.00 1 6 
Harper Co. RWD #05 119 138 -13 $62.00 0 17 
Russell Co. RWD #02 118 138 -14 $20.00 0 100 
Kingman Co. RWD #01 117 138 -15 $96.00 0 31 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 6 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Albert 114 138 -17 $15.00 0 3 
Tipton 112 138 -19 $45.50 3 8 
Sawyer 111 138 -19 $20.50 0 4 
Spivey 110 138 -20 $31.65 0 4 
Reno Co. RWD #04 108 138 -22 NA 0 18 
Hunter 105 138 -24 $40.00 0 12 
Sharon 102 138 -26 $18.50 <1 13 
Beverly 101 138 -27 $23.50 0 10 
Jewell 101 138 -27 $50.00 5 8 
Randall 101 138 -27 $58.25 0 6 
Harper Co. RWD #03 99 138 -28 $20.40 0 3 
Luray 99 138 -28 $54.50 0 13 
Formoso 98 138 -29 $38.00 <1 23 
Bunker Hill 98 138 -29 $49.00 6 7 
Reno Co. WD #101 97 138 -30 $18.00 0 10 
Iuka 96 138 -30 $31.00 <1 6 
Barton Hills WD 96 138 -30 $30.00 0 12 
Barber Co. RWD #03 96 138 -31 $49.00 0 10 
Paradise 95 138 -31 NA 0 28 
Bluff City 94 138 -32 $20.50 <1 7 
Harper Co. RWD #01 92 138 -33 $35.00 0 5 
Geneseo 91 138 -34 $24.00 <1 14 
Portis 91 138 -34 $25.00 0 18 
Susank 89 138 -36 NA 0 13 
Dorrance 88 138 -37 $35.00 1 11 
Pawnee Rock 82 138 -40 $28.50 1 4 
Gorham 80 138 -42 $54.00 <1 7 
Waldo 74 138 -47 $46.25 0 NA 
Russell Co. RWD #01 65 138 -53 $44.00 0 100 
Average 138 138 -- $30.68  5 15 

 

a/ Includes public water suppliers in Region 6 that serve fewer than 500 people. 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
c/ “*” after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 

information available on current water rates. 
d/ For suppliers that meter customer usage, unaccounted for water includes distribution 

system losses, unmetered water provided to customers, and unmetered water provided 
free for public services, treatment processes, etc.  For suppliers that do not meter any 
customer water usage or did not provide sufficient information on customer sales, the 
percent unaccounted for water is 100.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 9 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 

REGION 7 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forc/ 

El Dorado 199 153 +30 $16.24 2 6 
Manhattan 175 153 +15 $26.34 1 24 
McPherson 174 153 +14 $12.02 1 5 
Topeka 168 153 +10 $25.62 15 11 
Emporia 166 153 +9 $24.08 5 15 
Junction City 160 153 +5 $21.68 11 19 
Independence 157 153 +2 $27.87 37 14 
Winfield 150 153 -2 $21.70 0 8 
Wichita 147 153 -4 $10.61 0 7 
Derby (El Paso WC) 137 153 -10 $19.30 1 5 
Coffeyville 136 153 -11 $28.28 13 15 
Arkansas City 130 153 -15 $45.71 18 13 
Salina 126 153 -18 $27.39 2 4 
Newton 116 153 -24 $31.10 0 11 
Average 153 153 -- $24.14  10 11 

 
a/ Includes public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc. 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION 7 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Pct. 
Unacc. 
Ford/ 

Strong City 342 115 +198 $48.50 4 67 
Clay Center 204 115 +78 $16.09 13 6 
Argonia 191 115 +66 $27.50 1 33 
Belleville 181 115 +57 $20.97 3 9 
Abilene 179 115 +56 $39.00 35 6 
Republic Co. RWD #02 177 115 +54 $28.66 3 22 
Minneapolis 176 115 +53 $23.50 5 12 
Goddard 174 115 +51 $13.50 1 16 
Frankfort 173 115 +50 $20.06 0 35 
Waterville 173 115 +50 $16.90 2 11 
Clyde 170 115 +48 $26.30 7 29 
Hesston 170 115 +48 $16.85 15 6 
Shawnee Co. RWD #06 167 115 +45 $34.55 0 7 
Cheney 166 115 +45 $22.90 28 5 
Chapman 166 115 +45 $21.00 41 3 
Clifton 166 115 +44 $14.30 3 12 
Concordia 164 115 +43 $30.40 3 13 
Holton 160 115 +39 $41.00 11 21 
Miltonvale 155 115 +35 $19.00 2 27 
Blue Rapids 155 115 +35 $14.60 <1 25 
Wellington 155 115 +34 $33.32 5 23 
Inman 154 115 +34 $22.00 0 13 
Washington 154 115 +34 $22.70 0 18 
Lyon Co. RWD #02 152 115 +32 $33.01 0 15 
Canton 152 115 +32 $16.66 0 4 
Burlington 151 115 +32 $34.00 6 13 
Moundridge 149 115 +30 $9.50 1 NA 
Eskridge 149 115 +30 $48.25 8 12 
Caney 146 115 +27 $31.91 25 12 
Mount Hope 145 115 +26 $16.30 5 5 
McPherson Co. RWD #04 143 115 +24 $41.30 0 13 
Sedan 142 115 +23 $37.80 16 6 
Eureka 141 115 +23 $33.55 <1 15 
North Newton 141 115 +23 $34.14 0 6 
Seneca 136 115 +19 $15.55 1 10 
Cowley Co. RWD #03 136 115 +18 $21.80 <1 25 
Wamego 135 115 +17 $18.95 4 7 
Westmoreland 133 115 +16 $30.25 39 6 
Marysville 132 115 +15 $25.28 3 14 
Alma 131 115 +14 $33.00 12 13 
Riley 130 115 +13 $22.00 1 32 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION 7 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Pct. 
Unacc. 
Ford/ 

Bel Aire 130 115 +13 $28.20 1 12 
Augusta 130 115 +13 $28.50 1 4 
St. Marys 129 115 +12 $26.90 2 15 
Park City 128 115 +11 $23.00 3 9 
Timber Creek Water & Sewer 127 115 +11 $27.50 0 NA 
Jackson Co. RWD #03 127 115 +10 $59.17 0 5 
Council Grove 126 115 +10 $21.18 10 8 
Marquette 126 115 +9 $32.00 7 10 
Dickinson Co. RWD #01 124 115 +8 $53.50 <1 30 
Morris Co. RWD #01 124 115 +8 $54.00 4 7 
Pottawatomie Co. RWD #01 124 115 +7 $31.00 <1 16 
Marion Co. RWD #01 123 115 +7 $28.21 <1 24 
Belle Plaine 122 115 +6 $22.00 0 26 
Sedgwick Co. RWD #04 122 115 +6 $68.50 0 20 
Nemaha Co. RWD #03 121 115 +5 $41.30 0 8 
Garden Plain 121 115 +5 $32.50 5 10 
Moline 121 115 +5 $40.00 0 14 
Kechi 120 115 +5 $42.00 <1 NA 
Cowley Co. RWD #01 120 115 +4 $27.00 4 20 
Cowley Co. RWD #06 120 115 +4 $20.18 1 24 
Ottawa Co. RWD #02 119 115 +3 $52.84 0 11 
Sabetha 118 115 +3 $44.52 5 7 
Burden 118 115 +3 $30.50 0 24 
Oxford 118 115 +3 $33.00 1 15 
Washington Co. RWD #01 118 115 +3 $45.20 <1 8 
Lindsborg 118 115 +3 $30.00 2 7 
Osage Co. RWD #03 117 115 +2 $71.00 5 22 
Osage Co. RWD #07 117 115 +2 $56.00 0 25 
Lyon Co. RWD #05 116 115 +1 $42.45 0 11 
Galva 116 115 +1 $20.95 0 7 
Marion 116 115 +1 $35.25 10 13 
Neodesha 116 115 +1 $43.50 13 3 
Hillsboro 115 115 0 $42.54 <1 20 
Pottawatomie Co. RWD #03 115 115 0 $34.00 1 13 
Dickinson Co. RWD #02 115 115 0 $55.50 0 23 
Riley Co. RWD #01 115 115 0 $53.75 0 7 
Washington Co. RWD #02 114 115 -1 $57.30 0 17 
Carbondale 114 115 -1 $36.50 2 26 
Goessel 114 115 -1 $19.88 0 8 
Fredonia 114 115 -1 $42.52 1 12 
Howard 113 115 -2 $36.85 13 5 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION 7 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Pct. 
Unacc. 
Ford/ 

Shawnee Co. RWD #04 113 115 -2 $37.70 0 22 
Valley Center 112 115 -2 $31.88 5 3 
Burrton 112 115 -2 $25.00 2 4 
Saline Co. RWD #04 112 115 -3 $34.90 0 16 
Cedar Vale 112 115 -3 $39.60 2 13 
Sedgwick Co. RWD #03 111 115 -4 NA 4 5 
Yates Center 109 115 -5 $43.75 2 22 
Halstead 108 115 -6 $44.00 <1 8 
Peabody 107 115 -7 $33.06 7 10 
Osage Co. RWD #05 107 115 -7 $52.15 0 23 
Solomon 107 115 -7 $20.00 2 7 
Shawnee Co. RWD #08 106 115 -8 $26.00 1 15 
Herington 105 115 -9 $24.36 4 13 
Hanover 105 115 -9 $39.75 4 12 
Onaga 105 115 -9 $36.50 3 8 
Butler Co. RWD #01 104 115 -9 NA 0 13 
Osage Co. RWD #04 104 115 -9 $67.00 0 16 
Sedgwick 104 115 -10 $35.00 7 NA 
Coffey Co. RWD #02 103 115 -10 $72.55 0 23 
White City 103 115 -10 $17.00 0 12 
Caldwell 103 115 -10 $41.00 1 10 
Osage City 103 115 -11 $31.93 <1 5 
Olpe 102 115 -11 $46.85 53 9 
Butler Co. RWD #02 102 115 -11 $59.30 0 28 
Clay Co. RWD #02 102 115 -11 $60.00 0 7 
Florence 102 115 -12 $44.00 4 17 
Conway Springs 100 115 -13 $24.72 3 8 
Madison 100 115 -13 $52.00 11 9 
Cottonwood Falls 100 115 -13 $38.00 3 20 
Clearwater 99 115 -14 $36.00 5 10 
Overbrook 99 115 -14 $45.00 1 24 
Sumner Co. RWD #04 99 115 -14 $62.50 <1 15 
Wakefield 98 115 -14 $25.00 1 12 
Leon 98 115 -14 $33.18 4 15 
Marshall Co. RWD #03 98 115 -15 $53.43 0 10 
Grandview Plaza 98 115 -15 NA 0 10 
Andale 98 115 -15 $30.25 2 6 
Bennington 97 115 -16 $28.60 6 9 
Ogden 97 115 -16 $19.00 1 NA 
Haysville 96 115 -16 $19.38 2 11 
Burlingame 95 115 -17 $53.40 6 21 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION 7 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Pct. 
Unacc. 
Ford/ 

Whitewater 95 115 -18 $46.85 1 19 
Montgomery Co. RWD #06 94 115 -18 $50.00 0 13 
Udall 94 115 -18 $32.50 0 8 
Lebo 94 115 -18 $61.50 2 7 
Osage Co. RWD #08 93 115 -19 $65.00 0 11 
Benton 93 115 -19 NA 2 16 
Lyndon 93 115 -19 $48.55 2 9 
Shawnee Co. RWD #03 93 115 -19 $50.50 1 25 
Douglass 93 115 -19 $50.90 1 4 
Sedgwick Co. RWD #01 92 115 -20 $44.00 0 15 
LeRoy 92 115 -20 $61.00 15 10 
Rose Hill 91 115 -21 $38.33 0 3 
Rossville 90 115 -21 $33.20 0 5 
Jackson Co. RWD #01 90 115 -21 $65.00 0 NA 
Enterprise 90 115 -21 $33.25 1 3 
Lyon Co. RWD #01 90 115 -21 $51.50 0 NA 
Waverly 90 115 -22 $66.00 1 17 
Marion Co. RWD #04 89 115 -22 $47.10 0 11 
Cowley Co. RWD #05 89 115 -22 NA 0 22 
Geary Co. RWD #04 89 115 -22 $46.00 1 3 
Butler Co. RWD #05 89 115 -22 NA 0 9 
Sumner Co. RWD #02 89 115 -23 NA 0 25 
Montgomery Co. RWD #11 88 115 -24 $51.50 0 13 
Silver Lake 87 115 -24 $26.30 1 6 
Lyon Co. RWD #04 87 115 -25 $40.00 0 NA 
Mulvane 87 115 -25 $39.00 3 8 
Shawnee Co. RWD #02C 87 115 -25 $55.00 0 14 
Towanda 86 115 -25 $39.00 1 10 
Glasco 86 115 -25 $44.00 0 3 
Shawnee Co. RWD #01C 84 115 -27 $42.50 0 NA 
Butler Co. RWD #06 84 115 -27 $73.00 0 10 
Montgomery Co. RWD #02 83 115 -28 $72.20 0 8 
Cherryvale 82 115 -29 $62.50 2 13 
Coffey Co. RWD #03 82 115 -29 $55.00 0 8 
Woodson Co. RWD #01 80 115 -31 $58.00 4 19 
Wabaunsee Co. RWD #02 79 115 -31 $52.00 0 9 
Montgomery Co. RWD #01C 79 115 -31 $50.00 3 23 
Wilson Co. RWD #11 79 115 -31 $67.00 0 24 
Greenwood Co. RWD #02 78 115 -32 $52.00 0 14 
Hoyt 78 115 -33 $48.35 0 12 
Butler Co. RWD #04 78 115 -33 $51.00 0 NA 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION 7 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD 
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Pct. 
Unacc. 
Ford/ 

Assaria 77 115 -33 $27.25 1 NA 
Harvey Co. RWD #01 76 115 -34 $64.00 0 10 
Milford 75 115 -34 $45.00 13 NA 
Scranton 75 115 -34 $68.75 0 8 
Butler Co. RWD #08 75 115 -35 NA 0 8 
Montgomery Co. RWD #12 74 115 -35 $81.31 0 14 
Butler Co. RWD #03 73 115 -36 $66.50 0 9 
Hartford 73 115 -36 $45.50 0 7 
Wilson Co. RWD #10 73 115 -36 NA 1 26 
Cowley Co. RWD #02 72 115 -38 $24.00 0 6 
Butler Co. RWD #07 69 115 -40 $65.00 0 10 
Dearing 69 115 -40 $35.00 0 3 
Average 115 115 -- $39.18  6 13 

 
a/ Includes public water suppliers in Region 7 that serve between 500 and 9,999 

people. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ “NA” indicates no information available on current water rate. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 7 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Pct. 
Mtrd. 
Free 

Pct. 
Unacc. 
Ford/ 

Byron 289 106 +173 $12.50* 0 100 
Elgin 239 106 +125 $19.00 0 68 
Republic Co. RWD #01 228 106 +116 $24.00 0 23 
Mahaska 201 106 +90 $16.00 1 9 
Scandia 186 106 +76 $8.50 7 6 
Walton 175 106 +65 $89.99 <1 NA 
Pottawatomie Co. RWD #02 173 106 +63 $49.50 <1 20 
Cowley Co. RWD #04 173 106 +63 $53.50 0 28 
Delphos 160 106 +51 $15.00 0 36 
Vermillion 158 106 +49 $32.00 19 30 
Geary Co. RWD #02 158 106 +49 $22.20* 0 100 
New Strawn 157 106 +49 $45.00 4 28 
Altoona 155 106 +46 $36.50 20 13 
Barnes 151 106 +42 $15.00 3 18 
Morganville 150 106 +42 $14.50 0 10 
Greenleaf 150 106 +41 $25.50 5 10 
Republic 145 106 +37 $15.50 4 17 
Rocky Ford Water Company 144 106 +36 $20.00* 0 100 
Tatarrax Hills 141 106 +33 $35.20 0 13 
McPherson Co. RWD #02 141 106 +33 $37.50 0 3 
Sumner Co. RWD #01 138 106 +30 NA 0 6 
Montgomery Co. RWD #08 137 106 +29 $65.21 0 47 
Cuba 137 106 +29 $24.18 <1 19 
Linn 135 106 +27 $22.75 0 9 
Clay Co. RWD #01 134 106 +27 $28.75 0 3 
Toronto 133 106 +26 $45.65 2 27 
Saline Co. RWD #02 132 106 +25 $39.00 0 28 
Dexter 131 106 +24 $16.40 2 18 
McPherson Co. RWD #01 130 106 +23 $22.50 0 26 
Delia 129 106 +22 $32.00 5 30 
Wetmore 128 106 +21 $27.65 5 23 
Cloud Co. RWD #01 128 106 +20 $52.50 2 6 
Palmer 127 106 +19 $26.00 3 17 
Wilson Co. RWD #07 126 106 +19 $46.00 0 29 
Chautauqua Co. RWD #01 125 106 +18 $42.00 0 28 
Leonardville 124 106 +17 $34.00 0 5 
Blue River Hills Improvement 124 106 +17 $20.00* 0 100 
Matfield Green 123 106 +16 $27.50 0 29 
Ottawa Co. RWD #01 122 106 +15 $36.50 0 17 
Harveyville 121 106 +14 $56.00 15 23 
Lehigh 120 106 +13 $15.20 0 22 
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TABLE 11 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 
REGION 7 

2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Pct. 
Mtrd. 
Free 

Pct. 
Unacc. 
Ford/ 

Munden 119 106 +12 $19.00 0 14 
Jamestown 119 106 +12 $26.30 0 10 
Gypsum 118 106 +11 $25.25 <1 8 
Summerfield 118 106 +11 $20.00 <1 9 
Emmett 117 106 +10 $23.10 <1 10 
Centralia 117 106 +10 $43.00 0 NA 
Elk City 114 106 +8 $39.68 12 8 
Courtland 113 106 +7 $22.90 3 9 
Belvue 112 106 +6 $22.00 0 18 
Durham 110 106 +4 $26.00 <1 21 
Melvern 110 106 +4 $58.80 9 21 
Renn District 109 106 +3 NA 0 4 
Severy 108 106 +2 $37.50 31 15 
Beattie 108 106 +1 $36.75 2 20 
Longford 106 106 0 $36.50 2 16 
Saline Co. RWD #08 104 106 -2 $45.00 0 13 
Randolph 104 106 -2 $40.00 0 22 
Cassoday 104 106 -2 $47.75 <1 20 
Longton 103 106 -3 $30.10 14 9 
Maple Hill 103 106 -3 $34.00 1 14 
Nemaha Co. RWD #02 102 106 -3 NA 0 8 
Osage Co. RWD #02 102 106 -4 $52.00 0 13 
Wilson Co. RWD #01 101 106 -4 NA 0 22 
Bremen 101 106 -4 NA 0 40 
Chautauqua Co. RWD #02 101 106 -4 $78.00 0 27 
South Haven 101 106 -5 $21.50 0 16 
Tescott 101 106 -5 $16.55 0 6 
Havensville 100 106 -5 $44.00 0 30 
Wilson Co. RWD #13 100 106 -6 NA 0 27 
Agenda 100 106 -6 $23.00 4 7 
Haddam 100 106 -6 $26.00 5 22 
Howison Heights WD 99 106 -6 $47.00 0 3 
Aurora 99 106 -6 $28.50 0 15 
Bern 99 106 -6 $25.90 <1 9 
Paxico 98 106 -7 $32.00 1 7 
Burns 98 106 -8 $31.00 <1 15 
Nemaha Co. RWD #01 97 106 -9 $37.50 0 10 
Dwight 97 106 -9 $15.00 0 11 
Saline Co. RWD #06 97 106 -9 $47.50 0 NA 
Morrowville 95 106 -10 $36.00 0 18 
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TABLE 11 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 
REGION 7 

2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Pct. 
Mtrd. 
Free 

Pct. 
Unacc. 
Ford/ 

Marshall Co. RWD #01 95 106 -11 $45.50 0 5 
Cowley Co. RWD #08 93 106 -12 NA 0 6 
St. George 92 106 -13 $17.55 1 10 
Chase Co. RWD #01 92 106 -13 $50.00 4 23 
Geary Co. RWD #01 92 106 -14 NA 0 19 
Montgomery Co. RWD #09 91 106 -14 $66.00 0 27 
Gridley 91 106 -14 $52.00 <1 25 
Admire 91 106 -14 $45.50 0 21 
Geuda Springs 91 106 -14 $29.00 2 16 
Corning 90 106 -15 $20.00 1 8 
Montgomery Co. RWD #10 90 106 -15 $52.00 0 16 
Hope 90 106 -15 $40.80 1 6 
Axtell 90 106 -15 $40.00 <1 11 
Buffalo 90 106 -16 $54.78 3 20 
Goff 89 106 -16 $38.00 <1 22 
Osage Co. RWD #06 89 106 -16 $70.00 0 17 
Nemaha Co. RWD #04 88 106 -17 $58.00 0 3 
Potwin 88 106 -17 $53.56 <1 NA 
Sumner Co. RWD #06 85 106 -19 $40.50 0 12 
Culver 85 106 -20 $16.00 0 16 
Atlanta 84 106 -20 $52.50 9 11 
Wilson Co. RWD #06 84 106 -21 NA 0 15 
Little Bear Mound 83 106 -22 NA 0 100 
Olsburg 83 106 -22 $27.50 <1 8 
Windom 83 106 -22 $32.00 <1 NA 
Reading 82 106 -23 $61.00 0 16 
Lyon Co. RWD #03 82 106 -23 $44.00 0 8 
Alta Vista 82 106 -23 $40.75 2 7 
Hamilton 81 106 -24 $63.00 <1 20 
Green 81 106 -24 $36.00 2 15 
McFarland 78 106 -27 $44.25 3 9 
Elmdale 78 106 -27 $28.00 0 29 
D & W Water Company 76 106 -28 NA 0 100 
Shawnee Co. RWD #09 75 106 -29 $35.00 0 5 
Whiting 74 106 -30 $30.50 1 13 
Cambridge 74 106 -30 $62.60 <1 9 
University Park Water 74 106 -30 $30.50 0 19 
Latham 73 106 -31 NA 0 8 
Cedar Point 72 106 -32 $23.00 0 NA 
Oketo 72 106 -32 $31.25 0 10 
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TABLE 11 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 
REGION 7 

2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Pct. 
Mtrd. 
Free 

Pct. 
Unacc. 
Ford/ 

Konza Valley Water District 72 106 -33 $109.80 0 10 
Saline Co. RWD #07 71 106 -33 $60.75 0 15 
Peru 70 106 -34 $54.00 <1 15 
Oneida 69 106 -34 $26.05 0 14 
Mayfield 69 106 -35 $41.30 0 5 
Wilson Co. RWD #12 68 106 -36 $55.00 0 7 
Circleville 66 106 -37 $52.50 <1 21 
Grenola 66 106 -38 $57.70 1 11 
Wilson Co. RWD #03 66 106 -38 $37.80 0 24 
Dickinson Co. RWD #03 66 106 -38 NA 0 100 
Mayetta 64 106 -39 $96.00 0 5 
Allen 64 106 -40 $58.00 <1 5 
Elbing 63 106 -41 $58.50 0 NA 
Quenemo 63 106 -41 $58.50 1 7 
Wilson Co. RWD #05 61 106 -42 $65.00 0 13 
Red Bud Lake Association 59 106 -44 NA 0 27 
Corbin Water Association 59 106 -44 NA 0 14 
Saline Co. RWD #01 57 106 -46 $40.00 0 NA 
Montgomery Co. RWD #13 55 106 -48 $72.50 0 7 
Greenwood Co. RWD #03 53 106 -50 $78.30 0 NA 
Virgil 53 106 -50 $50.00 0 11 
Marion Co. RWD #02 45 106 -57 $37.00 0 NA 
Average 106 106 -- $39.07 4 16 
 
a/ Includes public water suppliers in Region 7 that serve fewer than 500 people. 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

c/ “*” after cost indicates flat monthly rate for any amount of water use.  “NA” 
indicates no information available on current water rates. 

d/ For suppliers that meter customer usage, unaccounted for water includes 
distribution system losses, unmetered water provided to customers, and 
unmetered water provided free for public services, treatment processes, etc.  For 
suppliers that do not meter any customer water usage or did not provide 
sufficient information on customer sales, the percent unaccounted for water is 
100.  “NA” is shown for suppliers reporting a percent unaccounted for water of 
less than 3.0. 

 
Note:  Marshall Co. RWD #02 did not provide a water use report for 1998, 1999, or 

2000.  The City of Narka did not provide a water use report for 2000. 
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TABLE 12 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 

REGION 8 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff.

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 
Forc/ 

Kansas City BPU 184 130 +42 $37.25 24 12 
WaterOne, Johnson Co. 161 130 +24 $32.55 11 8 
Atchison 144 130 +11 $40.22 5 11 
Lawrence 139 130 +7 $29.60 11 6 
Pittsburg 123 130 -6 $32.54 5 3 
Leavenworth 117 130 -10 $37.82 <1 3 
Parsons 116 130 -11 $30.36 9 12 
Olathe 110 130 -15 $28.74 1 9 
Ottawa 103 130 -21 $27.57 <1 11 
Gardner 100 130 -23 $48.10 5 15 
Average 130 130 -- $34.48  7 9 

 
a/ Includes public water suppliers in Region 8 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc. 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION 8 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff.

Cost per 
10,000 

gal/month 

Pct. 
Mtrd. 
Free 

Percent 
Unacc. 
Forc/ 

Cherokee Co. RWD #03 161 105 +53 $25.75 7 39 
Galena 159 105 +51 $21.50 1 39 
Cherokee Co. RWD #01 155 105 +47 $30.00 0 42 
Osawatomie 154 105 +46 $28.34 17 11 
Cherokee Co. RWD #04 154 105 +46 $31.00 0 9 
Fort Scott 148 105 +41 $30.23 1 26 
Paola 139 105 +33 $36.60 7 16 
Chanute 139 105 +32 $37.11 14 4 
Crawford Co. RWD #06 133 105 +27 $78.50 4 34 
Girard 132 105 +26 $30.00 10 17 
Bonner Springs 131 105 +25 $34.25 4 16 
Allen Co. RWD #08 130 105 +24 $52.00 0 23 
Linn Co. RWD #03 129 105 +23 $60.00 0 28 
Chetopa 125 105 +19 $41.90 1 21 
Crawford Co. RWD #05 125 105 +19 $27.50 7 16 
Leavenworth Co. RWD #05 124 105 +18 $45.35 0 18 
Crawford Co. RWD #04 123 105 +17 $29.00 6 26 
Jefferson Co. RWD #03 122 105 +16 $24.00 0 20 
Jefferson Co. RWD #07 122 105 +16 $36.50 0 18 
Frontenac 122 105 +16 $31.02 4 15 
Iola 121 105 +15 $21.55 <1 8 
Troy 120 105 +15 $45.50 9 32 
Garnett 120 105 +14 $57.50 8 6 
Jefferson Co. RWD #12 120 105 +14 $62.00 <1 26 
Hiawatha 120 105 +14 $33.39 1 21 
Columbus 119 105 +14 $26.00 <1 10 
Jefferson Co. RWD #01 118 105 +12 $29.60 0 15 
Mound City 118 105 +12 $49.00 15 14 
Franklin Co. RWD #04 116 105 +11 $65.00 2 18 
Jefferson Co. RWD #02 116 105 +11 $42.40 4 17 
Louisburg 116 105 +10 $70.25 3 14 
Highland 115 105 +10 $36.00 20 12 
Labette Co. RWD #08 115 105 +9 $57.50 0 25 
Crawford Co. RWD #01C 114 105 +9 $36.10 0 8 
Wathena 113 105 +8 $24.55 <1 10 
Neosho Co. RWD #07 113 105 +7 $36.50 0 22 
Erie 112 105 +7 $42.20 2 6 
Franklin Co. RWD #06 112 105 +7 $70.50 13 23 
Humboldt 111 105 +6 $36.00 11 15 
St. Paul 110 105 +5 $34.75 0 14 
Moran 110 105 +5 $38.00 <1 12 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION 8 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff.

Cost per 
10,000 

gal/month 

Pct. 
Mtrd. 
Free 

Percent 
Unacc. 
Forc/ 

DeSoto 110 105 +4 $40.10 6 19 
Valley Falls 109 105 +4 $27.16 14 14 
Effingham 109 105 +4 $29.90 4 6 
Lansing (Lan-Del WC) 108 105 +2 $45.75 0 13 
Anderson Co. RWD #04 107 105 +2 $57.30 0 8 
Thayer 107 105 +2 $47.00 <1 13 
Baxter Springs 107 105 +2 $33.20 8 9 
Oswego 107 105 +2 $44.75 12 NA 
Pleasanton 107 105 +1 $23.39 3 9 
Mulberry 106 105 +1 $55.65 0 29 
Spring Hill 105 105 0 $70.00 18 7 
Franklin Co. RWD #05 104 105 -1 $24.50 0 11 
Jefferson Co. RWD #13 104 105 -1 $48.20 7 11 
Weir 104 105 -1 $39.00 0 35 
Labette Co. RWD #06 104 105 -1 $28.00 0 NA 
LaHarpe 104 105 -1 $39.50 1 13 
Ozawkie 102 105 -3 $11.00 0 NA 
Johnson Co. RWD #06C 102 105 -3 $58.75 1 14 
Miami Co. RWD #02 101 105 -4 $56.00 0 7 
Johnson Co. RWD #07 101 105 -4 $56.50 0 7 
Horton 100 105 -5 $38.27 6 13 
Labette Co. RWD #05 99 105 -5 $44.00 0 8 
Brown Co. RWD #01 99 105 -5 $30.50 0 25 
Crawford Co. RWD #02 99 105 -6 $49.00 0 5 
Miami Co. RWD #01 98 105 -6 $38.57 2 4 
Franklin Co. RWD #01 98 105 -7 $67.29 0 27 
Douglas Co. RWD #01 98 105 -7 $50.60 0 7 
Oskaloosa 97 105 -7 $43.60 <1 10 
Oskaloosa 97 105 -7 $43.60 <1 10 
Douglas Co. RWD #02 97 105 -8 $55.00 0 12 
Richmond 96 105 -8 $58.75 9 17 
Douglas Co. RWD #03 96 105 -9 $58.50 <1 10 
Leavenworth Co. RWD #10 95 105 -9 $71.00 <1 3 
Leavenworth Co. RWD #09 95 105 -10 $47.90 0 21 
Linn Co. RWD #02 95 105 -10 $80.82 0 40 
Baldwin 95 105 -10 $50.91 <1 NA 
Anderson Co. RWD #06 94 105 -10 $91.70 0 26 
La Cygne 94 105 -11 $30.70 <1 13 
Douglas Co. RWD #05 94 105 -11 $55.00 0 14 
Douglas Co. RWD #04 94 105 -11 $62.50 0 15 
Cherokee Co. RWD #02 92 105 -12 $26.80 0 11 



 34

TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION 8 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff.

Cost per 
10,000 

gal/month 

Pct. 
Mtrd. 
Free 

Percent 
Unacc. 
Forc/ 

Eudora 92 105 -12 $50.40 10 11 
Suburban Water Co. 92 105 -13 $56.73 0 NA 
Tonganoxie 92 105 -13 $32.65 2 16 
Doniphan Co. RWD #05 91 105 -14 $106.44 0 20 
Cherokee 90 105 -15 $45.75 1 5 
Arma 89 105 -15 $31.60 0 10 
Brown Co. RWD #02 89 105 -15 $59.60 0 5 
Neosho Co. RWD #04 89 105 -15 $48.50 <1 12 
Nortonville 89 105 -15 $18.60 1 5 
Winchester 87 105 -17 $34.50 1 5 
Cherokee Co. RWD #08 86 105 -18 $42.00 6 12 
Leavenworth Co. RWD #07 86 105 -18 $57.68 0 11 
Neosho/Allen Co. RWD #02 85 105 -19 $32.30 0 14 
Elwood 83 105 -21 $27.61 0 8 
Bourbon Co. RWD #02C 81 105 -23 $35.00 <1 15 
Perry 81 105 -23 $64.00 <1 10 
Altamont 80 105 -24 $54.40 0 6 
Miami Co. RWD #03 80 105 -24 $65.50 0 25 
Lecompton 80 105 -24 $49.50 17 6 
Wellsville 80 105 -24 $49.22 0 19 
Gas 78 105 -26 $37.78 0 9 
Neosho Co. RWD #01C 77 105 -26 $77.75 0 3 
Pomona 77 105 -27 $38.90 0 4 
Anderson Co. RWD #05 77 105 -27 $65.25 0 18 
Leavenworth Co. RWD #01C 74 105 -30 $55.09 <1 NA 
McLouth 72 105 -31 $60.20 5 10 
Crawford Co. RWD #07 65 105 -38 $43.00 0 18 
Edgerton 63 105 -40 $58.25 2 5 
Miami Co. RWD #04 51 105 -52 $102.00 0 13 
Average 105 105 -- $45.73 5 15 

a/ Includes public water suppliers in Region 8 that serve between 500 and 9,999 
people. 

b/ The figures for gallons per capita per day do not include water supplied for 
industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

c/ Unaccounted for water includes distribution system losses, unmetered water 
provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 

Note: The City of Scammon did not provide enough information on the 2000 water use 
report to determine GPCD or percent unaccounted for water. 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 8 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Pct. 
Mtrd. 
Free 

Pct. 
Unacc. 

For 
Bourbon Co. RWD #04 199 95 +110 NA 0 33 
Jefferson Co. RWD #06 179 95 +88 $38.50 0 53 
Rantoul 165 95 +73 $49.75 <1 43 
Franklin Co. RWD #07 159 95 +68 $25.00 0 100 
Allen Co. RWD #04 147 95 +55 $29.00 0 100 
Allen Co. RWD #03 135 95 +42 $49.00 0 9 
Neosho Co. RWD #06 129 95 +36 $42.30 0 37 
Allen Co. RWD #12 127 95 +33 $34.25 0 100 
Douglas Co. RWD #06 124 95 +30 $25.50 0 10 
Anderson  Co. RWD #01 123 95 +30 NA 0 28 
Neosho Co. RWD #09 121 95 +28 $37.40 0 10 
Atchison Co. RWD #04 120 95 +26 $52.20 0 50 
Allen Co. RWD #06 119 95 +25 $30.50 0 7 
Jefferson Co. RWD #10 118 95 +25 $60.50 9 35 
Neosho Co. RWD #03 118 95 +24 $53.00 0 100 
Williamsburg 116 95 +22 $40.50 1 3 
Allen Co. RWD #16 113 95 +19 $23.00 0 7 
Arcadia 110 95 +15 $33.94 5 25 
Cherokee Water Corp. 108 95 +14 $49.00 0 100 
Crawford Co. RWD #01 106 95 +12 $38.00 0 32 
Crawford Co. RWD #03 106 95 +11 $25.50 5 29 
Anderson Co. RWD #03 105 95 +10 $77.50 0 NA 
Everest 104 95 +10 $29.25 0 21 
Robinson 104 95 +9 $28.75 3 18 
Neosho Co. RWD #08 102 95 +8 $48.00 0 10 
Jefferson Co. RWD #11 100 95 +5 $36.00 2 6 
Neosho Co. RWD #12 98 95 +3 NA 0 11 
Lakeside Village Improvement 97 95 +2 $32.00 5 36 
Jefferson Co. RWD #08 97 95 +2 $44.00 0 18 
Cherokee Co. RWD #06 97 95 +2 $57.50 0 21 
Leavenworth Co. RWD #06 96 95 +1 $58.00 0 16 
Galesburg 96 95 +1 $43.20 <1 16 
Bartlett 95 95 0 NA <1 9 
Atchison Co. RWD #01 95 95 0 $43.25 0 27 
Atchison Co. RWD #03 95 95 0 $61.00 0 18 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 8 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Pct. 
Mtrd. 
Free 

Pct. 
Unacc. 

For 
White Cloud 94 95 -1 $25.00 0 32 
Labette Co. RWD #01 93 95 -2 NA 0 13 
Anderson Co. RWD #02 93 95 -2 $36.50 0 100 
Labette Co. RWD #03 93 95 -3 $46.00 0 13 
Parker 92 95 -3 $34.00 1 28 
Allen Co. RWD #10 92 95 -3 $54.30 0 NA 
Blue Mound 88 95 -8 $44.27 10 16 
Muscotah 87 95 -8 $19.00 0 11 
Colony 86 95 -10 NA 0 10 
Greeley 84 95 -11 $38.25 2 17 
Chicopee Water Co. 83 95 -13 NA 0 14 
Kincaid 80 95 -16 $65.50 <1 17 
Bronson 80 95 -16 $62.50 4 7 
Uniontown 80 95 -16 $62.65 1 6 
Easton 80 95 -16 $26.95 2 10 
Reserve 80 95 -16 $50.50 0 31 
Princeton 79 95 -17 $42.50 <1 9 
Doniphan Co. RWD #02 78 95 -17 $35.00 0 12 
Labette Co. RWD #04 78 95 -18 NA 0 21 
Coal Hollow WD 78 95 -18 $43.50 0 100 
Labette Co. RWD #07 77 95 -19 $44.08 0 9 
Denison 76 95 -20 $64.25 0 9 
Allen Co. RWD #01 76 95 -20 NA 0 100 
Labette Co. RWD #02 76 95 -20 $46.40 0 10 
Doniphan Co. RWD #01 76 95 -20 $31.00 0 21 
Cherokee Co. RWD #05 75 95 -21 NA 0 19 
West Mineral 74 95 -22 $61.00 7 15 
Mound Valley 74 95 -22 $54.80 0 NA 
Cherokee Co. RWD #07 73 95 -24 $38.38 0 16 
Doniphan Co. RWD #03 72 95 -24 $37.00 0 14 
Allen Co. RWD #15 71 95 -25 $18.50 0 100 
Jefferson Co. RWD #15 71 95 -26 $39.75 0 12 
Franklin Co. RWD #03 68 95 -28 NA 0 100 
Jefferson Co. RWD #09 68 95 -28 $42.60 1 28 
Fulton 68 95 -29 $40.00 0 22 



 37

TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 8 
2000 

Public Water Supplier GPCDb/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthc/ 

Pct. 
Mtrd. 
Free 

Pct. 
Unacc. 

For 
Linwood 66 95 -30 $41.50 6 10 
Edna 65 95 -32 $62.50 1 NA 
Morrill 65 95 -32 $48.75 0 18 
Capaldo Water Association 64 95 -33 $20.75 0 11 
Allen Co. RWD #13 60 95 -37 $32.40 0 14 
Lane 58 95 -39 $56.00 <1 11 
Treece 55 95 -42 NA 0 20 
Average 95 95 -- $42.48 3 18 
 
a/ Includes public water suppliers in Region 8 that serve fewer than 500 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
c/ “NA” indicates no information available on current water rate. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that did not provide sufficient information 
on customer sales, the percent unaccounted for water is 100.  “NA” is shown for 
suppliers reporting a percent unaccounted for water of less than 3.0. 

 
Note: The City of Fontana did not provide a water use report for 2000. 
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TABLE 15 
PUBLIC WATER SUPPLIERS WITH HIGHEST GPCD’S RELATIVE TO THEIR 

REGION, RANKED BY PERCENT ABOVE REGIONAL GPCD AVERAGE 
KANSAS, 2000 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff. 

Cost per 
10,000 

gal/monthb/ 

Pct. 
Mtrd. 
Free 

Percent 
Unacc. 
Forc/ 

1. Strong City 342 115 +198 $48.50 4 67 
2. Byron 289 106 +173 $12.50* 0 100 
3. Comanche Co. RWD #02 435 164 +165 $58.00 0 49 
4. Osborne Co. RWD #01A 329 138 +138 $56.00 0 39 
5. Englewood 456 197 +132 $20.00* 0 100 
6. Elgin 239 106 +125 $19.00 0 68 
7. Rush Co. RWD #01 360 164 +119 $40.00 0 42 
8. Republic Co. RWD #01 228 106 +116 $24.00 0 23 
9. Bourbon Co. RWD #04 199 95 +110 NA 0 33 

10. Mahaska 201 106 +90 $16.00 1 9 
11. Mitchell Co. RWD #01 260 138 +89 $52.56 0 100 
12. Reno Co. RWD #08 260 138 +88 $15.00 9 18 
13. Jefferson Co. RWD #06 179 95 +88 $38.50 0 53 
14. Herndon 500 271 +84 $12.00 11 22 
15. West Hills Water Co. 251 138 +82 $5.00* 0 100 
16. Clay Center 204 115 +78 $16.09 13 6 
17. Scandia 186 106 +76 $8.50 7 6 
18. Hardtner 241 138 +74 $25.50 41 3 
19. Rantoul 165 95 +73 $49.75 <1 43 
20. Franklin Co. RWD #07 159 95 +68 $25.00 0 100 

 
a/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ “*” after cost indicates flat monthly rate for any amount of water use.  “NA” 

indicates no information available on current water rates. 
 
c/ For suppliers that meter customer usage, unaccounted for water includes 

distribution system losses, unmetered water provided to customers, and 
unmetered water provided free for public services, treatment processes, etc.  For 
suppliers that do not meter any customer water usage or did not provide 
sufficient information on customer sales for 2000, the percent unaccounted for 
water is 100. 
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TABLE 16 
PUBLIC WATER SUPPLIERS WITH LOWEST GPCD’S RELATIVE TO THEIR 

REGION, RANKED BY PERCENT BELOW REGIONAL GPCD AVERAGE 
KANSAS, 2000 

Public Water Supplier GPCDa/ 

Reg. 
Avg. 

GPCD
Pct. 
Diff.

Cost per 
10,000 

gal/monthb/ 

Pct. 
Mtrd. 
Free 

Pct. 
Unacc. 
Forc/ 

1. Finney Co. RWD #01 75 271 -72 $43.00 0 27 
2. Hamilton Co. RWD #01 94 306 -69 $57.00 0 9 
3. Trego Co. RWD #01 63 197 -68 $44.00 0 5 
4. Garden Spot Rentals 89 271 -67 None 0 100 
5. Brownell 74 197 -62 $12.50 0 9 
6. Liebenthal 63 164 -61 $33.00 2 NA 
7. Farr Subdivision 107 271 -61 NA 0 100 
8. Marion Co. RWD #02 45 106 -57 $37.00 0 NA 
9. Norton Co. RWD #01 85 197 -57 $34.50 0 15 

10. Ellis Co. RWD #03 75 164 -54 $23.50 0 100 
11. Russell Co. RWD #01 65 138 -53 $44.00 0 100 
12. Miami Co. RWD #04 51 105 -52 $102.00 0 13 
13. Virgil 53 106 -50 $50.00 0 11 
14. Greenwood Co. RWD #03 53 106 -50 $78.30 0 NA 
15. Montgomery Co. RWD #13 55 106 -48 $72.50 0 7 
16. Waldo 74 138 -47 $46.25 0 NA 
17. Clayton 105 197 -47 $26.75 <1 NA 
18. Ellis Co. RWD #02 88 164 -46 $55.00 0 25 
19. Saline Co. RWD #01 57 106 -46 $40.00 0 NA 
20. Corbin Water Association 59 106 -44 NA 0 14 

 
a/ The figures for gallons per capita per day do not include water supplied for 

industry, bulk sales, stockwatering, or farmsteads using more than 200,000 
gallons per year. 

 
b/ “NA” indicates no information available on current water rate.  “None” indicates 

system that does not charge for water service. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water 

provided to customers, and unmetered water provided free for public services, 
treatment processes, etc.  For suppliers that do not meter any customer water 
usage or did not provide sufficient information on customer sales, the percent 
unaccounted for water is 100.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 17 
WATER USE BY PUBLIC WATER SUPPLIERS WITH FLAT RATESa/ 

KANSAS, 2000 

Public Water Supplier Region 

Cost per 
10,000 

gal/month GPCD

Regional 
Average 
GPCD 

Pct. 
Diff. 

Arnold 4 $12.00 165 197 -16 
Belvidere 5 $20.00 220 164 +34 
Blue River Hills Improvement 7S $20.00 124 106 +17 
Byron 7S $12.50 289 106 +173 
Copeland 3 $25.00 253 269 -6 
Englewood 4 $20.00 456 197 +132 
Ensign 3 $33.00 219 269 -18 
Ford 4 $18.00 250 197 +27 
Geary Co. RWD #02 7S $22.20 158 106 +49 
Moscow 2 $18.00 413 271 +53 
Preston 6S $15.50 189 138 +37 
Rocky Ford Water Company 7S $20.00 144 106 +36 
West Hills Water Company 6S $5.00 251 138 +82 
Average -- -- -- -- +46 
 
a/ Each customer is charged the same amount each month, regardless of how 

much water is used. 
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TABLE 18 
AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 

KANSAS, 2000 

Region 

Number of 
Public 
Water 

Suppliers 

Gallons of Water User Per Month 

5,000 10,000 25,000 50,000 100,000 
1 14 $14.39 $20.79 $40.42 $73.13 $138.56 
2 22 $12.59 $17.47 $32.42 $58.32 $109.32 
3 19 $11.57 $16.17 $30.70 $56.35 $106.04 
4 27 $16.49 $22.44 $41.11 $73.86 $141.36 
5 46 $17.88 $26.01 $52.99 $101.77 $199.78 
6 106 $18.98 $28.77 $58.27 $106.41 $202.77 
7 309 $23.80 $38.45 $81.16 $152.73 $294.49 
8 186 $26.33 $43.99 $95.33 $180.59 $348.74 

Kansas 729 $22.26 $35.53 $74.62 $140.08 $269.85 
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TABLE 19 
PUBLIC WATER SUPPLIERS WITH 30 PERCENT 

 OR MORE UNACCOUNTED FOR WATER   
KANSAS, 2000 

Public Water Supplier 

Percent 
Unacc.  

For Water 
Potential Water Gain  
(Thousand Gallons)a/ 

Conservation Plan 
Approval Date 

Argonia 33 9,506 August-93 
Atchison Co. RWD #04 50 5,464 -  
Bison 35 2,516 February-93 
Bourbon Co. RWD #04 33 7,826 September-98 
Bremen 40 453 - 
Bucklin 39 18,674 March-97 
Chase 41 9,082 - 
Cherokee Co. RWD #01 42 7,958 February-97 
Cherokee Co. RWD #03 39 29,419 February-98 
Comanche Co. RWD #02 49 7,557 March-97 
Coolidge 30 2,156 -  
Crawford Co. RWD #01 32 3,020 -  
Crawford Co. RWD #06 34 7,746 August-95 
Delia 30 1,913 September-91 
Delphos 36 6,081 May-00 
Dickinson Co. RWD #01 30 6,141 -  
Elgin 68 4,841 April-97 
Frankfort 35 11,719 May-98 
Galena 39 50,797 May-95 
Hanston 33 6,203 - 
Havensville 30 749 -  
Jefferson Co. RWD #06 53 3,158 August-02 
Jefferson Co. RWD #10 35 1,945 December-02 
Kensington 30 5,288 -  
Kingman Co. RWD #01 31 1,398 -  
Lakeside Village Improvement 36 2,212 - 
Linn Co. RWD #02 40 14,382 -  
Mankato 30 12,057 -  
Montgomery Co. RWD #08 47 4,527 -  
Neosho Co. RWD #06 37 4,529 -  
Osborne Co. RWD #01A 39 5,411 July-97 
Rantoul 43 3,946 November-97 
Reserve 31 477 - 
Riley 32 7,301 April-02 
Rush Co. RWD #01 42 5,727 August-95 
Russell Co. RWD #04 44 1,805 - 
Simpson 44 1,920 - 
Strong City 67 45,114 April-99 
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TABLE 19 
PUBLIC WATER SUPPLIERS WITH 30 PERCENT 

 OR MORE UNACCOUNTED FOR WATER   
KANSAS, 2000 

Public Water Supplier 

Percent 
Unacc.  

For Water 
Potential Water Gain  
(Thousand Gallons)a/ 

Conservation Plan 
Approval Date 

Sylvia 41 5,210 July-00 
Troy 32 7,980 February-98 
Vermillion 30 1,152 March-02 
Weir 35 6,334 June-98 
White Cloud 32 1,465 August-91 
 
a/ Potential water gain is the amount of water that would be saved if only 15 percent 

of the total was unaccounted for. 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Abbyville 6S 118 111 162 132 172 139 
Abilene 7M 110 121 193 180 179 157 
Admire 7S NA NA NA 85 91 88 
Agenda 7S 110 86 87 83 100 93 
Agra 5 106 129 111 121 149 123 
Albert 6S 111 110 115 119 114 114 
Alexander 5 102 131 115 136 132 123 
Allen 7S NA NA NA 60 64 62 
Allen Co. RWD #01 8S NA NA NA NA 76 76 
Allen Co. RWD #03 8S NA NA NA NA 135 135 
Allen Co. RWD #04 8S NA NA NA NA 147 147 
Allen Co. RWD #06 8S NA NA NA NA 119 119 
Allen Co. RWD #08 8M NA NA NA NA 130 130 
Allen Co. RWD #10 8S NA NA NA NA 92 92 
Allen Co. RWD #12 8S NA NA NA NA 127 127 
Allen Co. RWD #13 8S NA NA NA NA 60 60 
Allen Co. RWD #15 8S NA NA NA NA 71 71 
Allen Co. RWD #16 8S NA NA NA NA 113 113 
Alma 7M 122 125 122 120 131 124 
Almena 4 174 191 176 145 178 173 
Alta Vista 7S 80 77 78 75 82 78 
Altamont 8M NA NA NA 87 80 84 
Alton 6S 148 125 98 102 167 128 
Altoona 7S 139 132 126 130 155 136 
Andale 7M 76 70 82 87 98 83 
Anderson Co. RWD #01 8S NA NA NA NA 123 123 
Anderson Co. RWD #02 8S 81 88 82 88 93 87 
Anderson Co. RWD #03 8S NA NA NA NA 105 105 
Anderson Co. RWD #04 8M 133 99 96 101 107 107 
Anderson Co. RWD #05 8M NA NA NA NA 77 77 
Anderson Co. RWD #06 8M NA NA NA NA 94 94 
Anthony 6ML 213 192 196 166 158 185 
Arcadia 8S 125 115 114 105 110 114 
Argonia 7M 127 112 160 203 191 159 
Arkansas City 7L 142 135 155 140 130 140 
Arlington 6S 118 106 132 163 139 132 
Arma 8M 95 93 94 89 89 92 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Arnold 4 126 101 101 114 165 121 
Ashland 4 226 220 260 249 259 243 
Assaria 7M 85 83 87 80 77 82 
Atchison 8L 251 196 178 154 144 185 
Atchison Co. RWD #01 8S NA NA NA NA 95 95 
Atchison Co. RWD #03 8S NA NA NA NA 95 95 
Atchison Co. RWD #04 8S NA NA NA NA 120 120 
Atlanta 7S 83 86 94 86 84 87 
Attica 6ML 224 186 215 207 202 207 
Atwood 2 217 260 260 225 265 245 
Augusta 7M 136 134 148 137 130 137 
Aurora 7S 92 94 91 84 99 92 
Axtell 7S 93 96 87 83 90 90 
Baldwin 8M 98 93 126 107 95 104 
Barber Co. RWD #01 6S NA NA NA NA 186 186 
Barber Co. RWD #02 6S 189 184 190 220 193 195 
Barber Co. RWD #03 6S 108 102 120 103 96 106 
Barnes 7S 154 147 152 161 151 153 
Bartlett 8S NA NA NA 89 95 92 
Barton Hills Water District 6S 94 81 109 99 96 96 
Baxter Springs 8M 189 140 126 140 107 141 
Bazine 4 123 105 115 113 122 115 
Beattie 7S 109 113 103 98 108 106 
Bel Aire 7M 114 116 136 112 130 122 
Belle Plaine 7M 112 101 110 108 122 110 
Belleville 7M 158 162 165 160 181 165 
Beloit 6ML 121 118 89 81 97 101 
Belpre 5 108 116 130 101 117 115 
Belvidere 5 176 141 164 153 220 171 
Belvue 7S 115 109 100 108 112 109 
Bennington 7M 111 103 94 91 97 99 
Benton 7M NA NA NA NA 93 93 
Bern 7S 79 83 81 100 99 88 
Beverly 6S 144 145 145 126 101 132 
Bird City 1 371 507 435 353 402 414 
Bison 5 119 124 121 134 143 128 
Blue Mound 8S 79 81 82 87 88 83 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Blue Rapids 7M 128 196 144 153 155 155 
Blue River Hills Improvement 7S 104 107 112 109 124 111 
Bluff City 6S 73 91 84 84 94 85 
Bogue 4 165 153 159 138 186 160 
Bonner Springs 8M 114 114 110 124 131 119 
Bourbon Co. RWD #02C 8M NA NA NA NA 81 81 
Bourbon Co. RWD #04 8S NA NA NA NA 199 199 
Bremen 7S NA NA NA NA 101 101 
Brewster 2 299 297 306 280 368 310 
Bronson 8S 137 165 121 81 80 117 
Brown Co. RWD #01 8M 89 79 79 94 99 88 
Brown Co. RWD #02 8M NA NA NA NA 89 89 
Brownell 4 108 88 82 81 74 87 
Bucklin 4 306 267 260 269 280 276 
Buffalo 7S 132 108 95 81 90 101 
Buhler 6ML 151 128 147 143 156 145 
Bunker Hill 6S 110 107 98 128 98 108 
Burden 7M 113 120 116 122 118 118 
Burdett 5 196 139 168 172 200 175 
Burlingame 7M 100 104 104 82 95 97 
Burlington 7M 134 128 135 154 151 140 
Burns 7S 87 109 127 93 98 103 
Burr Oak 6S 164 186 139 144 148 156 
Burrton 7M 111 95 118 105 112 108 
Bushton 6S 144 140 140 124 144 139 
Butler Co. RWD #01 7M NA NA NA NA 104 104 
Butler Co. RWD #02 7M NA NA NA NA 102 102 
Butler Co. RWD #03 7M NA NA NA NA 73 73 
Butler Co. RWD #04 7M NA NA NA NA 78 78 
Butler Co. RWD #05 7M NA NA NA NA 89 89 
Butler Co. RWD #06 7M NA NA NA NA 84 84 
Butler Co. RWD #07 7M NA NA NA NA 69 69 
Butler Co. RWD #08 7M NA NA NA NA 75 75 
Byron 7S 212 212 236 239 289 238 
Caldwell 7M 108 100 104 98 103 103 
Cambridge 7S 81 NA NA NA 74 78 
Caney 7M 136 148 147 135 146 142 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Canton 7M 153 127 149 141 152 144 
Capaldo Water Association 8S 64 65 61 62 64 63 
Carbondale 7M 74 83 86 91 114 90 
Cassoday 7S 100 97 102 94 104 99 
Cawker City 6ML 146 151 152 146 148 149 
Cedar Point 7S 67 66 74 73 72 70 
Cedar Vale 7M 107 104 110 106 112 108 
Centralia 7S NA NA NA NA 117 117 
Chanute 8M 137 140 150 129 139 139 
Chapman 7M 163 169 171 168 166 168 
Chase 6ML 104 116 115 110 160 121 
Chase Co. RWD #01 7S NA NA NA NA 92 92 
Chautauqua Co. RWD #01 7S NA NA NA NA 125 125 
Chautauqua Co. RWD #02 7S NA NA NA NA 101 101 
Cheney 7M 168 145 185 167 166 166 
Cherokee 8M 98 98 111 92 90 98 
Cherokee Co. RWD #01 8M 118 118 120 130 155 128 
Cherokee Co. RWD #02 8M 98 87 101 86 92 93 
Cherokee Co. RWD #03 8M 122 119 151 161 161 143 
Cherokee Co. RWD #04 8M 127 151 141 144 154 143 
Cherokee Co. RWD #05 8S NA NA NA NA 75 75 
Cherokee Co. RWD #06 8S NA NA NA NA 97 97 
Cherokee Co. RWD #07 8S NA NA NA NA 73 73 
Cherokee Co. RWD #08 8M 94 86 85 83 86 87 
Cherokee Water Corporation 8S NA NA NA 76 108 92 
Cherryvale 7M 127 106 122 92 82 106 
Chetopa 8M 129 100 101 102 125 111 
Chicopee Water Company 8S NA NA NA NA 83 83 
Cimarron 3 239 248 279 213 253 246 
Circleville 7S NA NA NA NA 66 66 
Claflin 6ML 134 142 143 134 157 142 
Clay Center 7M 143 131 137 143 204 152 
Clay Co. RWD #01 7S 109 109 85 97 134 107 
Clay Co. RWD #02 7M 85 92 93 93 102 93 
Clayton 4 342 86 113 75 105 144 
Clearwater 7M 96 93 105 95 99 98 
Clifton 7M 159 183 130 128 166 153 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Cloud Co. RWD #01 7S 125 113 124 115 128 121 
Clyde 7M 167 149 148 137 170 154 
Coal Hollow Water District 8S NA NA NA NA 78 78 
Coats 6S 184 147 133 126 137 145 
Coffey Co. RWD #02 7M NA NA NA 101 103 102 
Coffey Co. RWD #03 7M NA 91 77 72 82 81 
Coffeyville 7L 144 138 136 155 136 142 
Colby 2 244 267 271 266 323 274 
Coldwater 5 209 197 232 201 232 214 
Collyer 4 133 142 148 131 166 144 
Colony 8S NA NA NA NA 86 86 
Columbus 8M 159 142 123 109 119 130 
Comanche Co. RWD #01 5 NA NA NA NA 176 176 
Comanche Co. RWD #02 5 400 385 407 278 435 381 
Concordia 7M 149 148 136 142 164 148 
Conway Springs 7M 100 95 97 104 100 99 
Coolidge 1 254 301 274 269 385 297 
Copeland 3 253 238 235 243 253 244 
Corbin Water Association 7S NA NA NA NA 59 59 
Corning 7S NA NA NA NA 90 90 
Cottonwood Falls 7M 89 85 93 97 100 93 
Council Grove 7M 104 103 108 106 126 110 
Courtland 7S NA NA NA NA 113 113 
Cowley Co. RWD #01 7M 104 109 158 128 120 124 
Cowley Co. RWD #02 7M NA NA NA NA 72 72 
Cowley Co. RWD #03 7M 175 151 121 139 136 144 
Cowley Co. RWD #04 7S NA NA NA NA 173 173 
Cowley Co. RWD #05 7M NA NA NA NA 89 89 
Cowley Co. RWD #06 7M 106 108 130 115 120 116 
Cowley Co. RWD #08 7S NA NA NA NA 93 93 
Crawford Co. RWD #01 8S 107 109 81 87 106 98 
Crawford Co. RWD #01C 8M 93 90 87 95 114 96 
Crawford Co. RWD #02 8M NA NA NA NA 99 99 
Crawford Co. RWD #03 8S 71 73 108 106 106 93 
Crawford Co. RWD #04 8M 101 121 105 107 123 111 
Crawford Co. RWD #05 8M 129 115 131 137 125 127 
Crawford Co. RWD #06 8M 115 109 106 130 133 119 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Crawford Co. RWD #07 8M NA NA NA NA 65 65 
Cuba 7S 100 114 99 95 137 109 
Cullison 6S 172 153 156 147 167 159 
Culver 7S 75 75 81 85 85 80 
Cunningham 6ML 164 167 206 186 197 184 
D & W Water Company 7S NA NA NA NA 76 76 
Damar 5 NA NA NA NA 114 114 
Dearing 7M NA NA NA 72 69 71 
Deerfield 2 153 163 161 132 154 153 
Delia 7S 128 141 131 133 129 132 
Delphos 7S 138 130 136 127 160 138 
Denison 8S NA NA NA NA 76 76 
Derby (El Paso Water Co.) 7L 128 115 136 121 137 127 
DeSoto 8M 127 129 126 120 110 122 
Dexter 7S 139 NA 141 123 131 134 
Dickinson Co. RWD #01 7M 104 125 118 116 124 117 
Dickinson Co. RWD #02 7M 95 88 96 104 115 100 
Dickinson Co. RWD #03 7S NA NA NA NA 66 66 
Dighton 3 196 216 245 209 270 227 
Dodge City 4 193 177 204 189 206 194 
Doniphan Co. RWD #01 8S 80 58 61 67 76 68 
Doniphan Co. RWD #02 8S 75 73 70 76 78 74 
Doniphan Co. RWD #03 8S 83 92 94 89 72 86 
Doniphan Co. RWD #05 8M NA NA NA NA 91 91 
Dorrance 6S 83 77 75 86 88 82 
Douglas Co. RWD #01 8M 86 87 84 92 98 89 
Douglas Co. RWD #02 8M 98 87 82 85 97 90 
Douglas Co. RWD #03 8M 118 128 130 97 96 114 
Douglas Co. RWD #04 8M 75 104 96 93 94 92 
Douglas Co. RWD #05 8M 100 84 80 75 94 86 
Douglas Co. RWD #06 8S 90 110 98 109 124 106 
Douglass 7M 87 80 86 88 93 87 
Downs 6ML 188 181 173 175 232 190 
Durham 7S 116 72 103 93 110 99 
Dwight 7S 101 80 81 84 97 89 
Easton 8S 88 94 98 95 80 91 
Edgerton 8M 61 64 62 59 63 62 
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Edna 8S NA NA NA 62 65 63 
Effingham 8M 115 119 108 114 109 113 
El Dorado 7L 187 186 185 169 199 185 
Elbing 7S NA NA NA NA 63 63 
Elgin 7S 258 228 225 215 239 233 
Elk City 7S 116 110 109 112 114 112 
Elkhart 1 289 260 290 282 335 291 
Ellinwood 6ML 117 112 116 114 123 116 
Ellis 5 112 108 120 117 116 115 
Ellis Co. RWD #01 5 86 77 100 85 94 88 
Ellis Co. RWD #02 5 66 113 77 109 88 91 
Ellis Co. RWD #03 5 62 49 66 57 75 62 
Ellis Co. RWD #06 5 102 98 112 101 93 101 
Ellis Co. RWD #07 5 103 130 146 140 139 132 
Ellsworth 6ML 154 155 144 138 167 152 
Elmdale 7S 80 83 85 85 78 82 
Elwood 8M 129 93 93 68 83 93 
Emmett 7S 175 168 127 115 117 141 
Emporia 7L 148 186 175 166 166 168 
Englewood 4 516 305 447 373 456 419 
Ensign 3 261 228 244 193 219 229 
Enterprise 7M 97 98 92 89 90 93 
Erie 8M 99 95 105 120 112 106 
Esbon 6S 141 122 112 123 130 126 
Eskridge 7M 114 119 133 144 149 132 
Eudora 8M 90 90 85 78 92 87 
Eureka 7M 124 121 136 126 141 130 
Everest 8S 106 117 109 102 104 108 
Farr Subdivision 2 NA NA NA NA 107 107 
Finney Co. RWD #01 2 NA NA NA NA 75 75 
Florence 7M 129 121 158 106 102 123 
Fontana 8S 108 81 84 NA NA 91 
Ford 4 277 270 299 197 250 259 
Formoso 6S 114 93 91 84 98 96 
Fort Scott 8M 155 152 150 137 148 148 
Fowler 3 284 225 215 174 198 219 
Frankfort 7M 127 122 126 135 173 137 
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KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
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GPCD
Franklin Co. RWD #01 8M NA NA NA 84 98 91 
Franklin Co. RWD #03 8S NA NA NA NA 68 68 
Franklin Co. RWD #04 8M 128 126 122 141 116 127 
Franklin Co. RWD #05 8M 109 121 137 105 104 115 
Franklin Co. RWD #06 8M 103 91 93 96 112 99 
Franklin Co. RWD #07 8S NA NA NA NA 159 159 
Fredonia 7M 111 110 116 103 114 111 
Frontenac 8M 112 110 96 119 122 112 
Fulton 8S 62 77 72 63 68 68 
Galena 8M 137 129 143 146 159 143 
Galesburg 8S NA NA NA 90 96 93 
Galva 7M 106 98 101 107 116 106 
Garden City 2 163 168 184 176 195 177 
Garden Plain 7M 111 111 117 107 121 113 
Garden Spot Rentals 2 76 69 69 69 89 74 
Gardner 8L 86 89 103 98 100 95 
Garnett 8M 107 101 103 108 120 108 
Gas 8M NA NA NA NA 78 78 
Gaylord 6S 139 156 157 130 172 151 
Geary Co. RWD #01 7S NA NA NA NA 92 92 
Geary Co. RWD #02 7S 126 91 123 114 158 123 
Geary Co. RWD #04 7M 92 85 92 106 89 93 
Geneseo 6S 109 88 89 76 91 91 
Geuda Springs 7S 79 94 104 101 91 94 
Girard 8M 127 124 128 160 132 134 
Glade 5 76 80 90 90 104 88 
Glasco 7M 105 105 89 89 86 95 
Glen Elder 6S 164 169 168 154 177 166 
Goddard 7M 138 113 163 152 174 148 
Goessel 7M 107 96 117 108 114 108 
Goff 7S 120 103 92 85 89 98 
Goodland 1 279 300 313 313 331 307 
Gorham 6S 101 101 102 96 80 96 
Gove 3 136 194 197 233 NA 190 
Grainfield 3 216 256 273 235 292 254 
Grandview Plaza 7M NA NA NA NA 98 98 
Great Bend 6ML 130 120 127 131 139 130 
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KANSAS, 1996-2000 

Public Water Supplier Region
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GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Greeley 8S 84 90 88 92 84 88 
Green 7S 83 88 87 83 81 84 
Greenleaf 7S 201 194 141 143 150 166 
Greensburg 5 168 167 172 149 161 163 
Greenwood Co. RWD #02 7M NA NA NA NA 78 78 
Greenwood Co. RWD #03 7S NA NA NA NA 53 53 
Grenola 7S 77 78 75 74 66 74 
Gridley 7S NA NA NA NA 91 91 
Grinnell 3 225 249 275 253 303 261 
Gypsum 7S 116 108 112 106 118 112 
Haddam 7S 107 105 NA 96 100 102 
Halstead 7M 116 118 123 111 108 115 
Hamilton 7S NA NA NA NA 81 81 
Hamilton Co. RWD #01 1 105 131 124 104 94 112 
Hanover 7M 90 98 99 95 105 97 
Hanston 4 152 141 191 185 310 196 
Hardtner 6S 212 209 278 223 241 233 
Harper 6ML 129 132 157 128 155 140 
Harper Co. RWD #01 6S NA NA NA NA 92 92 
Harper Co. RWD #03 6S 96 73 87 86 99 88 
Harper Co. RWD #05 6S NA NA NA NA 119 119 
Hartford 7M 69 75 72 70 73 72 
Harvey Co. RWD #01 7M NA NA NA NA 76 76 
Harveyville 7S 74 69 95 106 121 93 
Haven 6ML 154 145 170 138 163 154 
Havensville 7S 99 104 100 100 100 101 
Haviland 5 190 177 203 176 180 185 
Hays 5 103 106 112 111 101 107 
Hays City Suburban 5 82 95 112 114 144 109 
Haysville 7M 119 97 115 88 96 103 
Hazelton 6S 142 128 155 138 140 141 
Herington 7M 108 105 110 102 105 106 
Herndon 2 300 417 433 409 500 412 
Hesston 7M 141 123 163 156 170 150 
Hiawatha 8M 121 118 119 111 120 118 
Highland 8M 115 114 115 115 115 115 
Hill City 4 163 194 191 186 221 191 
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GPCD
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Hillsboro 7M NA 97 126 106 115 111 
Hoisington 6ML 121 120 118 110 116 117 
Holcomb 2 147 152 149 134 160 148 
Holton 7M 137 136 140 146 160 144 
Holyrood 6S 137 132 146 141 182 148 
Hope 7S 95 89 94 83 90 90 
Horace 1 140 101 75 109 NA 106 
Horton 8M 113 100 114 116 100 109 
Howard 7M 108 104 118 100 113 109 
Howison Heights Water District 7S 113 116 110 117 99 111 
Hoxie 3 242 257 298 262 299 272 
Hoyt 7M NA NA NA NA 78 78 
Hugoton 2 327 333 335 319 347 332 
Humboldt 8M 97 93 103 107 111 102 
Hunter 6S NA NA NA NA 105 105 
Hutchinson 6ML 142 129 140 132 147 138 
Independence 7L 140 136 159 170 157 152 
Ingalls 3 193 220 228 196 236 215 
Inman 7M 129 126 138 124 154 134 
Iola 8M 114 101 116 115 121 114 
Isabel 6S 178 164 188 174 136 168 
Iuka 6S 78 92 89 86 96 88 
Jackson Co. RWD #01 7M NA NA NA NA 90 90 
Jackson Co. RWD #03 7M 122 114 90 105 127 112 
Jamestown 7S 127 116 118 132 119 123 
Jefferson Co. RWD #01 8M 108 111 108 112 118 111 
Jefferson Co. RWD #02 8M 103 113 107 109 116 110 
Jefferson Co. RWD #03 8M 104 115 119 127 122 117 
Jefferson Co. RWD #06 8S 81 130 116 120 179 125 
Jefferson Co. RWD #07 8M 111 108 118 124 122 117 
Jefferson Co. RWD #08 8S 118 93 92 109 97 102 
Jefferson Co. RWD #09 8S 70 68 61 65 68 66 
Jefferson Co. RWD #10 8S 86 95 105 109 118 103 
Jefferson Co. RWD #11 8S 92 93 59 75 100 84 
Jefferson Co. RWD #12 8M 118 129 115 126 120 122 
Jefferson Co. RWD #13 8M 88 107 127 94 104 104 
Jefferson Co. RWD #15 8S 73 63 70 71 71 69 
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Public Water Supplier Region
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GPCD
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GPCD
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GPCD
1999 

GPCD 
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GPCD
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GPCD
Jennings 3 251 250 274 255 389 284 
Jetmore 4 187 172 192 185 216 190 
Jewell 6S 86 93 NA NA 101 93 
Jewell Co. RWD #01 6ML 192 167 180 150 264 190 
Johnson City 1 346 354 351 283 368 340 
Johnson Co. RWD #06C 8M NA NA NA NA 102 102 
Johnson Co. RWD #07 8M 86 84 93 88 101 90 
Junction City 7L 131 130 130 142 160 139 
Kanopolis 6ML 149 99 94 88 95 105 
Kanorado 1 216 248 214 198 249 225 
Kansas City BPU 8L 168 186 180 179 184 179 
Kechi 7M NA NA NA NA 120 120 
Kensington 6ML 150 149 138 144 175 151 
Kincaid 8S NA NA NA NA 80 80 
Kingman 6ML 196 162 169 139 158 165 
Kingman Co. RWD #01 6S NA NA NA NA 117 117 
Kinsley 5 130 120 136 132 134 131 
Kiowa 6ML 142 128 130 126 128 131 
Kirwin 5 125 140 127 125 139 131 
Kismet 2 221 171 215 185 206 200 
Konza Valley Water District 7S 94 79 83 83 72 82 
La Crosse 5 114 109 115 113 121 114 
La Cygne 8M 114 97 80 93 94 96 
Labette Co. RWD #01 8S NA NA NA NA 93 93 
Labette Co. RWD #02 8S NA NA NA 93 76 85 
Labette Co. RWD #03 8S NA NA NA 89 93 91 
Labette Co. RWD #04 8S NA NA NA NA 78 78 
Labette Co. RWD #05 8M NA NA NA 97 99 98 
Labette Co. RWD #06 8M NA NA NA 96 104 100 
Labette Co. RWD #07 8S NA NA NA 77 77 77 
Labette Co. RWD #08 8M NA NA NA 89 115 102 
LaHarpe 8M NA NA NA NA 104 104 
Lakeside Village Impr. District 8S 91 103 95 111 97 99 
Lakin 2 275 266 269 239 266 263 
Lane 8S 66 60 59 60 58 61 
Lane Co. RWD #01 3 197 165 161 170 251 189 
Lansing (Lan-Del Water Co.) 8M NA NA NA NA 108 108 
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GPCD
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Larned 5 189 187 197 193 199 193 
Latham 7S NA NA NA NA 73 73 
Lawrence 8L 115 116 121 124 139 123 
Leavenworth 8L 100 104 101 105 117 106 
Leavenworth Co. RWD #01C 8M 87 80 77 84 74 81 
Leavenworth Co. RWD #05 8M NA NA NA NA 124 124 
Leavenworth Co. RWD #06 8S NA NA NA NA 96 96 
Leavenworth Co. RWD #07 8M NA NA NA NA 86 86 
Leavenworth Co. RWD #09 8M 83 90 87 91 95 89 
Leavenworth Co. RWD #10 8M NA NA NA NA 95 95 
Lebanon 6S 101 105 107 104 135 110 
Lebo 7M 86 83 82 82 94 85 
Lecompton 8M 71 73 76 76 80 75 
Lehigh 7S 102 89 107 102 120 104 
Lenora 4 176 174 182 223 198 190 
Leon 7M 95 102 93 91 98 96 
Leonardville 7S 96 110 116 103 124 110 
Leoti 2 237 237 229 190 235 226 
LeRoy 7M 102 84 81 81 92 88 
Lewis 5 208 186 272 209 232 221 
Liberal 2 246 218 236 200 265 233 
Liebenthal 5 75 72 69 65 63 69 
Lincoln Center 6ML 144 158 147 154 163 153 
Lindsborg 7M 127 112 120 119 118 119 
Linn 7S 125 130 123 126 135 128 
Linn Co. RWD #02 8M NA NA NA NA 95 95 
Linn Co. RWD #03 8M NA NA NA NA 129 129 
Linwood 8S 64 59 63 74 66 65 
Little Bear Mound 7S NA NA NA NA 83 83 
Little River 6ML 132 136 156 135 138 139 
Logan 5 166 209 194 172 208 190 
Long Island 5 157 212 193 199 204 193 
Longford 7S 77 99 92 93 106 93 
Longton 7S 119 105 109 93 103 106 
Lorraine 6S 130 140 137 128 126 132 
Louisburg 8M 82 79 105 105 116 97 
Lucas 6S 106 109 116 107 119 111 
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GPCD
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Luray 6S 95 100 100 94 99 97 
Lyndon 7M 88 87 91 85 93 89 
Lyon Co. RWD #01 7M NA NA NA 83 90 87 
Lyon Co. RWD #02 7M NA NA NA 131 152 141 
Lyon Co. RWD #03 7S NA NA NA 90 82 86 
Lyon Co. RWD #04 7M NA NA NA 72 87 79 
Lyon Co. RWD #05 7M NA NA NA 105 116 110 
Lyons 6ML 217 202 223 232 254 226 
Macksville 6S 159 150 171 187 195 173 
Madison 7M 103 104 99 95 100 100 
Mahaska 7S 154 186 150 126 201 163 
Manhattan 7L 137 144 149 156 175 152 
Mankato 6ML 168 175 176 189 236 189 
Manter 1 262 255 255 237 298 261 
Maple Hill 7S 85 90 94 103 103 95 
Marion 7M 124 117 124 128 116 122 
Marion Co. Imp. Dist. #02 7S NA NA NA NA 72 72 
Marion Co. RWD #01 7M 87 113 115 114 123 110 
Marion Co. RWD #02 7S NA NA NA NA 45 45 
Marion Co. RWD #04 7M NA NA NA NA 89 89 
Marquette 7M 121 146 141 124 126 132 
Marshall Co. RWD #01 7S 78 87 93 97 95 90 
Marshall Co. RWD #02 7S 175 172 NA NA NA 174 
Marshall Co. RWD #03 7M 131 133 130 123 98 123 
Marysville 7M 135 131 127 124 132 130 
Matfield Green 7S 116 102 150 109 123 120 
Mayetta 7S NA NA NA NA 64 64 
Mayfield 7S NA NA NA NA 69 69 
McCracken 5 112 116 119 103 116 113 
McDonald 2 273 267 256 220 348 273 
McFarland 7S 84 82 77 76 78 79 
McLouth 8M 85 90 87 76 72 82 
McPherson 7L 158 149 177 162 174 164 
McPherson Co. RWD #01 7S 117 96 104 108 130 111 
McPherson Co. RWD #02 7S NA NA NA NA 141 141 
McPherson Co. RWD #04 7M NA NA NA NA 143 143 
Meade 3 230 215 244 254 278 244 



 57

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Medicine Lodge 6ML 229 241 263 231 259 245 
Melvern 7S 103 98 113 112 110 107 
Miami Co. RWD #01 8M NA NA NA NA 98 98 
Miami Co. RWD #02 8M 109 153 115 100 101 115 
Miami Co. RWD #03 8M NA NA NA NA 80 80 
Miami Co. RWD #04 8M NA NA NA NA 51 51 
Milford 7M 132 80 68 73 75 86 
Miltonvale 7M 137 141 126 126 155 137 
Minneapolis 7M 140 143 138 136 176 147 
Minneola 4 179 165 209 185 215 191 
Mitchell Co. RWD #01 6S NA NA NA NA 260 260 
Mitchell Co. RWD #02 6ML 225 204 204 205 249 217 
Moline 7M 152 162 133 129 121 139 
Montezuma 3 234 260 257 226 299 255 
Montgomery Co. RWD #01C 7M NA NA NA 85 79 82 
Montgomery Co. RWD #02 7M NA NA NA 90 83 86 
Montgomery Co. RWD #06 7M NA NA NA 108 94 101 
Montgomery Co. RWD #08 7S NA NA NA NA 137 137 
Montgomery Co. RWD #09 7S NA NA NA NA 91 91 
Montgomery Co. RWD #10 7S NA NA NA 85 90 87 
Montgomery Co. RWD #11 7M NA NA NA 96 88 92 
Montgomery Co. RWD #12 7M NA NA NA 82 74 78 
Montgomery Co. RWD #13 7S NA NA NA NA 55 55 
Moran 8M NA NA NA NA 110 110 
Morganville 7S 127 122 125 126 150 130 
Morland 4 190 202 241 205 267 221 
Morrill 8S NA NA NA NA 65 65 
Morris Co. RWD #01 7M 94 96 100 106 124 104 
Morrowville 7S 119 135 104 113 95 113 
Moscow 2 420 430 328 300 413 378 
Mound City 8M 127 129 122 127 118 125 
Mound Valley 8S NA NA NA 67 74 71 
Moundridge 7M 178 148 182 149 149 161 
Mount Hope 7M 135 137 123 123 145 132 
Mulberry 8M 121 108 80 89 106 101 
Mullinville 5 191 164 209 190 225 196 
Mulvane 7M 98 75 81 79 87 84 



 58

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Munden 7S 94 97 95 108 119 102 
Muscotah 8S 82 79 84 95 87 85 
Narka 7S 105 97 96 91 NA 97 
Natoma 6S 115 119 123 113 123 119 
Nemaha Co. RWD #01 7S 97 103 131 146 97 115 
Nemaha Co. RWD #02 7S NA NA NA NA 102 102 
Nemaha Co. RWD #03 7M 110 120 124 123 121 119 
Nemaha Co. RWD #04 7S 95 80 75 74 88 82 
Neodesha 7M 126 127 116 118 116 120 
Neosho Co. RWD #01C 8M NA NA NA NA 77 77 
Neosho Co. RWD #03 8S NA NA NA 109 118 113 
Neosho Co. RWD #04 8M NA NA NA 86 89 87 
Neosho Co. RWD #06 8S NA NA NA NA 129 129 
Neosho Co. RWD #07 8M NA NA NA NA 113 113 
Neosho Co. RWD #08 8S NA NA NA NA 102 102 
Neosho Co. RWD #09 8S NA NA NA NA 121 121 
Neosho Co. RWD #12 8S NA NA NA NA 98 98 
Neosho/Allen Co. RWD #02 8M 91 73 77 72 85 80 
Ness City 4 120 127 141 123 137 130 
New Strawn 7S 110 134 130 136 157 134 
Newton 7L 114 110 115 104 116 112 
Nickerson 6ML 110 99 107 97 101 103 
Norcatur 3 146 176 179 154 176 166 
North Newton 7M 105 114 119 121 141 120 
Norton 4 187 212 224 203 254 216 
Norton Co. RWD #01 4 59 67 79 61 85 70 
Nortonville 8M 91 91 90 83 89 89 
Norwich 6S 126 119 148 142 150 137 
Oakley 2 197 223 258 287 342 261 
Oberlin 3 258 285 281 257 325 281 
Offerle 5 188 166 224 191 235 201 
Ogden 7M 140 127 117 128 97 122 
Oketo 7S 69 85 76 71 72 75 
Olathe 8L 112 113 111 108 110 111 
Olmitz 6S 108 103 99 109 148 113 
Olpe 7M NA NA NA 94 102 98 
Olsburg 7S 93 101 85 79 83 88 
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Onaga 7M 95 89 91 100 105 96 
Oneida 7S 87 82 78 76 69 78 
Osage City 7M 100 107 96 95 103 100 
Osage Co. RWD #02 7S 98 79 81 88 102 90 
Osage Co. RWD #03 7M 86 101 105 94 117 101 
Osage Co. RWD #04 7M 99 95 96 102 104 99 
Osage Co. RWD #05 7M 107 98 88 93 107 98 
Osage Co. RWD #06 7S NA NA NA 80 89 84 
Osage Co. RWD #07 7M NA NA NA 95 117 106 
Osage Co. RWD #08 7M NA NA NA NA 93 93 
Osawatomie 8M 126 128 148 151 154 141 
Osborne 6ML 169 189 179 181 194 182 
Osborne Co. RWD #01A 6S 320 371 447 349 329 363 
Osborne Co. RWD #02 6S NA NA NA NA 176 35 
Oskaloosa 8M 99 97 92 NA 97 96 
Oswego 8M 116 111 106 107 107 109 
Otis 5 181 173 185 138 174 170 
Ottawa 8L 98 93 91 95 103 96 
Ottawa Co. RWD #01 7S 113 161 125 129 122 130 
Ottawa Co. RWD #02 7M 102 115 126 128 119 118 
Overbrook 7M 82 88 88 96 99 91 
Oxford 7M 139 119 171 110 118 131 
Ozawkie 8M 102 118 101 103 102 105 
Palco 5 118 127 128 126 129 126 
Palmer 7S 106 120 114 131 127 119 
Paola 8M 110 109 130 132 139 124 
Paradise 6S NA NA NA NA 95 95 
Park 3 214 191 181 167 243 199 
Park City 7M 111 108 114 112 128 114 
Parker 8S 83 94 97 NA 92 92 
Parsons 8L 158 158 134 132 116 140 
Pawnee Rock 6S 93 91 84 82 82 86 
Paxico 7S 90 89 89 94 98 92 
Peabody 7M 104 97 97 94 107 100 
Perry 8M 104 99 95 81 81 92 
Peru 7S NA NA NA NA 70 70 
Phillipsburg 5 172 166 164 163 206 174 
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Pittsburg 8L 127 127 134 134 123 129 
Plains 3 273 254 287 260 316 278 
Plainville 5 127 139 145 119 136 133 
Pleasanton 8M 95 91 109 115 107 103 
Pomona 8M 82 82 76 75 77 79 
Portis 6S 119 103 76 87 91 95 
Post Rock RWD 6ML 144 138 148 143 176 150 
Pottawatomie Co. RWD #01 7M 113 111 114 99 124 112 
Pottawatomie Co. RWD #02 7S NA 187 161 211 173 146 
Pottawatomie Co. RWD #03 7M 89 95 97 102 115 100 
Potwin 7S 86 94 98 84 88 90 
Prairie View 5 168 196 183 178 187 183 
Pratt 6ML 206 180 212 188 193 196 
Prescott 8S 95 86 77 78 NA 84 
Preston 6S 252 225 278 217 189 232 
Pretty Prairie 6ML 145 138 179 138 150 150 
Princeton 8S NA NA NA NA 79 79 
Protection 5 213 287 218 207 227 231 
Quenemo 7S 63 64 66 67 63 64 
Quinter 3 225 253 255 230 271 247 
Randall 6S 112 93 108 90 101 101 
Randolph 7S 105 90 96 93 104 97 
Ransom 4 129 119 129 131 132 128 
Rantoul 8S 68 68 61 89 165 90 
Raymond 6S 162 122 161 138 161 149 
Reading 7S NA NA NA 73 82 77 
Red Bud Lake Association 7S NA NA NA NA 59 59 
Renn District 7S NA NA NA NA 109 109 
Reno Co. RWD #01 6S 182 241 206 184 169 196 
Reno Co. RWD #04 6S NA NA NA NA 108 108 
Reno Co. RWD #08 6S 234 184 213 210 260 220 
Reno Co. WD #101 6S 99 91 111 84 97 96 
Republic 7S 141 139 135 127 145 138 
Republic Co. RWD #01 7S 308 276 225 185 228 244 
Republic Co. RWD #02 7M 182 162 212 160 177 179 
Reserve 8S 94 86 94 84 80 88 
Rexford 2 296 303 346 332 423 340 
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Rice Co. RWD #01 6ML NA NA NA NA 131 131 
Richmond 8M 125 118 110 107 96 111 
Riley 7M 128 138 132 134 130 132 
Riley Co. RWD #01 7M NA NA NA NA 115 115 
Robinson 8S 102 98 101 111 104 103 
Rocky Ford Water Company 7S 215 193 187 147 144 177 
Rolla 1 234 266 260 248 274 256 
Rooks Co. RWD #02 5 92 125 135 86 95 107 
Rooks Co. RWD #03 5 158 137 126 138 166 145 
Rose Hill 7M NA NA NA NA 91 91 
Rossville 7M 97 97 96 91 90 94 
Rozel 5 184 171 184 181 199 184 
Rush Center 5 158 160 177 150 176 164 
Rush Co. RWD #01 5 280 236 269 315 360 292 
Russell 6ML 145 126 151 142 146 142 
Russell Co. RWD #02 6S 144 107 128 103 118 120 
Russell Co. RWD #03 6ML NA NA NA NA 137 137 
Russell Co. RWD #04 6S 138 147 163 191 192 166 
Sabetha 7M 102 110 112 115 118 112 
Salina 7L 124 116 123 119 126 122 
Saline Co. RWD #01 7S 75 69 59 57 57 63 
Saline Co. RWD #02 7S 99 124 200 158 132 143 
Saline Co. RWD #04 7M 88 111 115 113 112 108 
Saline Co. RWD #06 7S 104 105 95 88 97 98 
Saline Co. RWD #07 7S NA NA NA NA 71 71 
Saline Co. RWD #08 7S 108 110 85 105 104 102 
Satanta 2 252 250 282 263 260 262 
Sawyer 6S 137 134 133 107 111 124 
Scammon 8M 113 127 129 127 NA 124 
Scandia 7S 140 157 156 165 186 161 
Scott City 2 256 249 277 247 319 270 
Scranton 7M NA NA NA NA 75 75 
Sedan 7M 127 131 136 140 142 135 
Sedgwick 7M 97 103 103 101 104 102 
Sedgwick Co. RWD #01 7M NA NA NA NA 92 92 
Sedgwick Co. RWD #03 7M NA NA NA NA 111 111 
Sedgwick Co. RWD #04 7M 109 113 125 129 122 120 
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Avg. 

GPCD
Selden 3 204 197 214 185 237 207 
Seneca 7M 122 127 128 112 136 125 
Severy 7S 121 100 112 118 108 112 
Sharon 6S 112 102 118 116 102 110 
Sharon Springs 1 272 270 269 238 260 262 
Shawnee Co. RWD #01C 7M NA NA NA NA 84 84 
Shawnee Co. RWD #02C 7M 85 80 90 84 87 85 
Shawnee Co. RWD #03 7M 88 99 86 87 93 91 
Shawnee Co. RWD #04 7M 98 96 99 103 113 102 
Shawnee Co. RWD #06 7M NA NA NA NA 167 167 
Shawnee Co. RWD #08 7M 93 100 91 89 106 96 
Shawnee Co. RWD #09 7S NA NA NA NA 75 75 
Silver Lake 7M 86 86 85 88 87 86 
Simpson 6S 96 56 93 131 144 104 
Smith Center 6ML 166 157 176 178 195 174 
Smith Co. RWD #01 6S 217 303 249 151 165 217 
Solomon 7M 121 126 137 139 107 126 
South Haven 7S 111 101 123 107 101 109 
South Hutchinson 6ML 143 138 142 133 148 141 
Spearville 4 161 138 186 142 187 163 
Speed 5 100 91 110 80 126 101 
Spivey 6S 147 137 122 102 110 124 
Spring Hill 8M 102 92 118 112 105 106 
St. Francis 1 350 352 351 318 400 354 
St. George 7S 97 99 98 94 92 96 
St. John 6ML 149 149 147 146 158 150 
St. Marys 7M 145 154 126 114 129 134 
St. Paul 8M 102 104 100 97 110 103 
Stafford 6ML 130 115 149 135 159 138 
Sterling 6ML 148 136 157 151 134 145 
Stockton 5 153 168 171 147 172 162 
Strong City 7M 181 210 212 239 342 237 
Sublette 2 223 252 277 227 309 258 
Suburban Water Company 8M 91 86 91 86 92 89 
Summerfield 7S 137 149 143 153 118 140 
Sumner Co. RWD #01 7S NA NA NA NA 138 138 
Sumner Co. RWD #02 7M NA NA NA NA 89 89 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Sumner Co. RWD #04 7M NA NA NA NA 99 99 
Sumner Co. RWD #06 7S NA NA NA NA 85 85 
Susank 6S NA NA NA NA 89 89 
Sylvan Grove 6S 117 134 141 125 146 133 
Sylvia 6S 187 187 195 173 177 184 
Syracuse 1 293 340 363 352 393 348 
Tatarrax Hills 7S 125 141 136 150 141 139 
Tescott 7S 102 104 114 95 101 103 
Thayer 8M 111 120 122 136 107 119 
Timber Creek Water & Sewer 7M 135 126 133 130 127 130 
Timken 5 125 137 118 177 NA 139 
Tipton 6S 100 102 98 94 112 101 
Tonganoxie 8M 95 105 97 83 92 94 
Topeka 7L 163 170 174 176 168 170 
Toronto 7S 106 98 116 122 133 115 
Towanda 7M NA NA NA NA 86 86 
Treece 8S NA NA NA NA 55 55 
Trego Co. RWD #01 4 65 58 72 59 63 63 
Trego Co. RWD #02 4 NA NA NA 87 150 119 
Tribune 1 210 218 234 198 263 224 
Troy 8M 106 104 102 132 120 113 
Turon 6S 128 141 151 126 136 136 
Udall 7M 101 110 101 100 94 101 
Ulysses 2 215 243 263 209 232 232 
Uniontown 8S 94 97 97 97 80 93 
University Park Water 7S 122 122 89 74 74 96 
Utica 4 211 225 230 185 243 219 
Valley Center 7M 110 100 123 126 112 114 
Valley Falls 8M 105 104 104 101 109 105 
Vermillion 7S 145 111 96 120 158 126 
Victoria 5 101 102 108 99 107 103 
Virgil 7S 87 67 60 61 53 66 
Wabaunsee Co. RWD #01 7S 80 84 84 NA NA 83 
Wabaunsee Co. RWD #02 7M 82 83 78 71 79 79 
Wakeeney 4 200 169 169 170 197 181 
Wakefield 7M 108 126 103 106 98 108 
Waldo 6S NA NA NA NA 74 74 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Wallace 1 286 292 281 276 228 272 
Wallace Co. RWD #01 1 305 NA NA NA NA 305 
Walton 7S NA NA NA NA 175 175 
Wamego 7M 124 124 125 118 135 125 
Washington 7M 137 138 129 130 154 137 
Washington Co. RWD #01 7M 118 96 89 102 118 105 
Washington Co. RWD #02 7M 113 132 103 101 114 113 
WaterOne, Johnson Co. 8L 139 144 150 157 161 150 
Waterville 7M 169 134 156 152 173 157 
Wathena 8M 131 130 110 NA 113 121 
Waverly 7M 100 92 83 103 90 94 
Weir 8M 101 116 88 89 104 100 
Wellington 7M 140 139 140 149 155 145 
Wellsville 8M NA NA NA 82 80 81 
West Hills Water Company 6S 203 250 239 169 251 222 
West Mineral 8S 110 92 91 89 74 91 
Westmoreland 7M 114 128 123 128 133 125 
Wetmore 7S 106 106 115 109 128 113 
White City 7M 89 86 97 94 103 94 
White Cloud 8S 89 88 88 89 94 89 
Whitewater 7M 85 84 90 100 95 91 
Whiting 7S 79 76 73 79 74 76 
Wichita 7L 149 141 165 135 147 147 
Williamsburg 8S 97 98 109 107 116 105 
Wilson 6ML 120 115 117 108 132 118 
Wilson Co. RWD #01 7S NA NA NA NA 101 101 
Wilson Co. RWD #03 7S NA NA NA NA 66 66 
Wilson Co. RWD #05 7S NA NA NA NA 61 61 
Wilson Co. RWD #06 7S NA NA NA NA 84 84 
Wilson Co. RWD #07 7S NA NA NA NA 126 126 
Wilson Co. RWD #10 7M NA NA NA NA 73 73 
Wilson Co. RWD #11 7M NA NA NA NA 79 79 
Wilson Co. RWD #12 7S NA NA NA NA 68 68 
Wilson Co. RWD #13 7S NA NA NA NA 100 100 
Winchester 8M 92 90 85 93 87 90 
Windom 7S NA NA NA NA 83 83 
Winfield 7L 132 123 143 132 150 136 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1996-2000 

Public Water Supplier Region
1996 

GPCD
1997 

GPCD
1998 

GPCD
1999 

GPCD 
2000 

GPCD
Avg. 

GPCD
Winona 2 200 267 253 244 304 254 
Woodson Co. RWD #01 7M 75 90 93 91 80 86 
Woodston 5 204 129 143 133 174 156 
Yates Center 7M 97 91 90 107 109 99 
Zenda 6S 208 115 143 131 137 147 
 
Note: GPCD figures are based on reported water sold to residential and commercial 

customers, free water, and system losses.  GPCD figures do not include water 
supplied wholesale or for industry, bulk sales, or farmsteads using more than 
200,000 gallons per year.  “NA” is shown if no water use report was available or 
if the information submitted was insufficient to determine GPCD. 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1996-2000 

Public Water Supplier Region

Percent 
UFW 
1996 

Percent 
UFW 
1997 

Percent 
UFW 
1998 

Percent 
UFW 
1999 

Percent 
UFW 
2000 

Avg. 
Percent 

UFW 
Abbyville 6S 18 29 10 23 22 21 
Abilene 7M 9 8 9 14 6 9 
Admire 7S NA NA NA 9 21 15 
Agenda 7S 8 8 7 5 7 7 
Agra 5 10 10 22 27 28 20 
Albert 6S 14 13 14 19 3 13 
Alexander 5 13 13 10 12 10 12 
Allen 7S NA NA NA NA 5 5 
Allen Co. RWD #01 8S NA NA NA NA 100 100 
Allen Co. RWD #03 8S NA NA NA NA 9 9 
Allen Co. RWD #04 8S NA NA NA NA 100 100 
Allen Co. RWD #06 8S NA NA NA NA 7 7 
Allen Co. RWD #08 8M NA NA NA NA 23 23 
Allen Co. RWD #10 8S NA NA NA NA NA NA 
Allen Co. RWD #12 8S NA NA NA NA 100 100 
Allen Co. RWD #13 8S NA NA NA NA 14 14 
Allen Co. RWD #15 8S NA NA NA NA 100 100 
Allen Co. RWD #16 8S NA NA NA NA 7 7 
Alma 7M 16 14 9 14 13 13 
Almena 4 14 23 21 10 12 16 
Alta Vista 7S 5 5 8 8 7 7 
Altamont 8M NA NA NA 3 6 5 
Alton 6S 6 19 13 16 4 11 
Altoona 7S 12 16 15 17 13 15 
Andale 7M 9 9 7 8 6 8 
Anderson Co. RWD #01 8S NA NA NA NA 28 28 
Anderson Co. RWD #02 8S NA NA 100 100 100 100 
Anderson Co. RWD #03 8S NA NA NA NA NA NA 
Anderson Co. RWD #04 8M 29 15 14 16 8 16 
Anderson Co. RWD #05 8M NA NA NA NA 18 18 
Anderson Co. RWD #06 8M NA NA NA NA 26 26 
Anthony 6ML 19 23 18 22 18 20 
Arcadia 8S 13 13 13 16 25 16 
Argonia 7M 20 12 12 31 33 21 
Arkansas City 7L 27 29 15 16 13 20 
Arlington 6S 7 12 16 42 17 19 
Arma 8M 8 8 9 3 10 8 
Arnold 4 100 100 100 100 100 100 
Ashland 4 22 24 18 25 16 21 
Assaria 7M 14 4 4 NA NA 7 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1996-2000 

Public Water Supplier Region

Percent 
UFW 
1996 

Percent 
UFW 
1997 

Percent 
UFW 
1998 

Percent 
UFW 
1999 

Percent 
UFW 
2000 

Avg. 
Percent 

UFW 
Atchison 8L 34 20 16 13 11 19 
Atchison Co. RWD #01 8S NA NA NA NA 27 27 
Atchison Co. RWD #03 8S NA NA NA NA 18 18 
Atchison Co. RWD #04 8S NA NA NA NA 50 50 
Atlanta 7S 3 3 14 15 11 9 
Attica 6ML 15 8 10 12 13 12 
Atwood 2 11 10 10 13 NA 11 
Augusta 7M 7 15 22 9 4 12 
Aurora 7S 18 20 8 11 15 15 
Axtell 7S 10 7 9 8 11 9 
Baldwin 8M 11 12 25 18 NA 16 
Barber Co. RWD #01 6S NA NA NA NA 100 100 
Barber Co. RWD #02 6S 14 17 18 18 18 17 
Barber Co. RWD #03 6S 20 19 27 16 10 18 
Barnes 7S 23 25 27 26 18 24 
Bartlett 8S NA NA NA 13 9 11 
Barton Hills WD 6S 17 10 32 15 12 17 
Baxter Springs 8M 18 4 8 7 9 9 
Bazine 4 16 12 9 8 13 12 
Beattie 7S 19 19 16 16 20 18 
Bel Aire 7M 5 6 6 8 12 7 
Belle Plaine 7M 17 19 18 18 26 20 
Belleville 7M 16 12 12 9 9 12 
Beloit 6ML 11 10 11 7 10 10 
Belpre 5 15 3 8 8 12 9 
Belvidere 5 100 100 100 100 100 100 
Belvue 7S 9 8 18 18 18 14 
Bennington 7M 9 12 11 9 9 10 
Benton 7M NA NA NA NA 16 16 
Bern 7S NA NA NA 10 9 9 
Beverly 6S 34 19 33 7 10 20 
Bird City 1 6 NA 46 16 13 20 
Bison 5 29 31 26 33 35 31 
Blue Mound 8S 9 12 18 14 16 14 
Blue Rapids 7M 15 14 6 100 25 32 
Blue River Hills Improvement 7S 100 100 100 100 100 100 
Bluff City 6S 17 19 10 10 7 13 
Bogue 4 13 11 10 12 12 11 
Bonner Springs 8M 22 20 18 18 16 19 
Bourbon Co. RWD #02C 8M NA NA NA NA 15 15 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1996-2000 

Public Water Supplier Region

Percent 
UFW 
1996 

Percent 
UFW 
1997 

Percent 
UFW 
1998 

Percent 
UFW 
1999 

Percent 
UFW 
2000 

Avg. 
Percent 

UFW 
Bourbon Co. RWD #04 8S NA NA NA NA 33 33 
Bremen 7S NA NA NA NA 40 40 
Brewster 2 15 8 14 NA 5 10 
Bronson 8S 38 49 41 9 7 29 
Brown Co. RWD #01 8M 18 6 12 21 25 16 
Brown Co. RWD #02 8M NA NA NA NA 5 5 
Brownell 4 23 18 8 11 9 14 
Bucklin 4 100 100 100 36 39 75 
Buffalo 7S 26 12 16 9 20 16 
Buhler 6ML 10 10 11 10 11 10 
Bunker Hill 6S 21 22 17 31 7 20 
Burden 7M 13 26 22 27 24 22 
Burdett 5 27 15 13 11 13 16 
Burlingame 7M 12 16 23 13 21 17 
Burlington 7M 18 13 15 22 13 16 
Burns 7S 4 12 13 13 15 11 
Burr Oak 6S 32 42 19 22 24 28 
Burrton 7M 7 5 7 4 4 5 
Bushton 6S 14 16 14 12 16 15 
Butler Co. RWD #01 7M NA NA NA NA 13 13 
Butler Co. RWD #02 7M NA NA NA NA 28 28 
Butler Co. RWD #03 7M NA NA NA NA 9 9 
Butler Co. RWD #04 7M NA NA NA NA NA NA 
Butler Co. RWD #05 7M NA NA NA NA 9 9 
Butler Co. RWD #06 7M NA NA NA NA 10 10 
Butler Co. RWD #07 7M NA NA NA NA 10 10 
Butler Co. RWD #08 7M NA NA NA NA 8 8 
Byron 7S 100 100 100 100 100 100 
Caldwell 7M 11 11 6 9 10 9 
Cambridge 7S 18 NA NA NA 9 13 
Caney 7M 17 15 11 15 12 14 
Canton 7M 8 NA 4 5 4 5 
Capaldo Water Association 8S NA 3 8 8 11 8 
Carbondale 7M 5 10 14 19 26 15 
Cassoday 7S 15 15 19 16 20 17 
Cawker City 6ML 17 18 22 24 12 19 
Cedar Point 7S 4 3 3 17 NA 7 
Cedar Vale 7M 15 12 11 16 13 13 
Centralia 7S NA NA NA NA NA NA 
Chanute 8M 8 12 14 5 4 9 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1996-2000 

Public Water Supplier Region

Percent 
UFW 
1996 

Percent 
UFW 
1997 

Percent 
UFW 
1998 

Percent 
UFW 
1999 

Percent 
UFW 
2000 

Avg. 
Percent 

UFW 
Chapman 7M 11 9 8 7 3 8 
Chase 6ML 9 11 12 13 41 17 
Chase Co. RWD #01 7S NA NA NA NA 23 23 
Chautauqua Co. RWD #01 7S NA NA NA NA 28 28 
Chautauqua Co. RWD #02 7S NA NA NA NA 27 27 
Cheney 7M 5 5 3 5 5 5 
Cherokee 8M 19 21 24 14 5 17 
Cherokee Co. RWD #01 8M 21 22 32 40 42 32 
Cherokee Co. RWD #02 8M 12 12 20 4 11 12 
Cherokee Co. RWD #03 8M 28 31 35 37 39 34 
Cherokee Co. RWD #04 8M 11 10 12 13 9 11 
Cherokee Co. RWD #05 8S NA NA NA NA 19 19 
Cherokee Co. RWD #06 8S NA NA NA NA 21 21 
Cherokee Co. RWD #07 8S NA NA NA NA 16 16 
Cherokee Co. RWD #08 8M 18 12 11 9 12 12 
Cherokee Water Corp. 8S NA NA NA 11 100 56 
Cherryvale 7M 33 33 33 22 13 27 
Chetopa 8M 16 16 8 8 21 14 
Chicopee Water Company 8S NA NA NA NA 14 14 
Cimarron 3 15 12 13 13 10 13 
Circleville 7S NA NA NA NA 21 21 
Claflin 6ML 10 14 8 12 7 10 
Clay Center 7M 9 7 4 5 6 6 
Clay Co. RWD #01 7M 8 8 12 11 3 8 
Clay Co. RWD #02 7M 16 9 15 6 7 11 
Clayton 4 65 15 13 NA NA 31 
Clearwater 7M 15 14 11 9 10 12 
Clifton 7M 19 18 10 10 12 14 
Cloud Co. RWD #01 7S 18 15 14 16 6 14 
Clyde 7M 39 26 28 25 29 29 
Coal Hollow Water District 8S NA NA NA NA 100 100 
Coats 6S 13 6 4 6 4 7 
Coffey Co. RWD #02 7M NA NA NA 21 23 22 
Coffey Co. RWD #03 7M NA 13 6 7 8 8 
Coffeyville 7L 21 23 20 17 15 19 
Colby 2 15 12 14 6 3 10 
Coldwater 5 15 14 13 6 13 12 
Collyer 4 27 34 20 12 29 24 
Colony 8S NA NA NA NA 10 10 
Columbus 8M 31 24 19 12 10 19 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1996-2000 

Public Water Supplier Region

Percent 
UFW 
1996 

Percent 
UFW 
1997 

Percent 
UFW 
1998 

Percent 
UFW 
1999 

Percent 
UFW 
2000 

Avg. 
Percent 

UFW 
Comanche Co. RWD #01 5 NA NA NA NA 25 25 
Comanche Co. RWD #02 5 43 47 46 43 49 46 
Concordia 7M 9 9 9 8 13 10 
Conway Springs 7M 14 13 8 13 8 11 
Coolidge 1 26 47 24 36 30 33 
Copeland 3 60 59 61 62 60 60 
Corbin Water Association 7S NA NA NA NA 14 14 
Corning 7S NA NA NA NA 8 8 
Cottonwood Falls 7M 11 15 19 18 20 17 
Council Grove 7M 6 9 8 11 8 8 
Courtland 7S 23 11 NA NA 9 14 
Cowley Co. RWD #01 7M 12 21 33 14 20 20 
Cowley Co. RWD #02 7M NA NA NA NA 6 6 
Cowley Co. RWD #03 7M 34 38 10 30 25 27 
Cowley Co. RWD #04 7S NA NA NA NA 28 28 
Cowley Co. RWD #05 7M NA NA NA NA 22 22 
Cowley Co. RWD #06 7M 31 18 18 23 24 23 
Cowley Co. RWD #08 7S NA NA NA NA 6 6 
Crawford  Co. RWD #01C 8M 3 14 12 13 8 10 
Crawford Co. RWD #01 8S 22 29 15 23 32 24 
Crawford Co. RWD #02 8M NA NA NA NA 5 5 
Crawford Co. RWD #03 8S 9 9 31 33 29 22 
Crawford Co. RWD #04 8M 17 31 19 36 26 26 
Crawford Co. RWD #05 8M 17 17 21 26 16 19 
Crawford Co. RWD #06 8M 17 22 20 32 34 25 
Crawford Co. RWD #07 8M NA NA NA NA 18 18 
Cuba 7S 18 18 15 15 19 17 
Cullison 6S 21 20 21 22 22 21 
Culver 7S 11 16 18 23 16 17 
Cunningham 6ML 14 19 22 10 20 17 
D & W Water Company 7S NA NA NA NA 100 100 
Damar 5 NA NA NA NA NA NA 
Dearing 7M NA NA NA 12 3 8 
Deerfield 2 9 8 9 10 8 9 
Delia 7S 27 26 25 27 30 27 
Delphos 7S 31 23 30 31 36 30 
Denison 8S NA NA NA NA 9 9 
Derby (El Paso Water Co.) 7L 4 5 4 4 5 4 
DeSoto 8M 10 14 7 15 19 13 
Dexter 7S 31 NA 33 25 18 27 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1996-2000 

Public Water Supplier Region

Percent 
UFW 
1996 

Percent 
UFW 
1997 

Percent 
UFW 
1998 

Percent 
UFW 
1999 

Percent 
UFW 
2000 

Avg. 
Percent 

UFW 
Dickinson Co. RWD #01 7M 26 22 28 25 30 27 
Dickinson Co. RWD #02 7M 32 28 18 22 23 25 
Dickinson Co. RWD #03 7S NA NA NA NA 100 100 
Dighton 3 17 15 6 10 9 12 
Dodge City 4 18 16 14 15 15 16 
Doniphan Co. RWD #01 8S 37 24 35 30 21 29 
Doniphan Co. RWD #02 8S 10 7 8 10 12 9 
Doniphan Co. RWD #03 8S 16 14 15 19 14 16 
Doniphan Co. RWD #05 8M NA NA NA NA 20 20 
Dorrance 6S 9 6 10 14 11 10 
Douglas Co. RWD #01 8M 13 10 14 11 7 11 
Douglas Co. RWD #02 8M 19 14 10 11 12 13 
Douglas Co. RWD #03 8M 35 16 17 21 10 20 
Douglas Co. RWD #04 8M 8 22 16 21 15 16 
Douglas Co. RWD #05 8M 10 13 9 9 14 11 
Douglas Co. RWD #06 8S 12 33 14 22 10 18 
Douglass 7M 8 8 11 6 4 8 
Downs 6ML 20 17 15 17 27 19 
Durham 7S 23 8 20 16 21 17 
Dwight 7S 16 3 4 7 11 8 
Easton 8S 7 8 19 12 10 11 
Edgerton 8M 8 10 9 7 5 8 
Edna 8S NA NA NA NA NA NA 
Effingham 8M 14 5 3 8 6 7 
El Dorado 7L 7 8 8 6 6 7 
Elbing 7S NA NA NA NA NA NA 
Elgin 7S 65 65 67 66 68 66 
Elk City 7S 4 7 8 8 8 7 
Elkhart 1 12 8 8 6 14 10 
Ellinwood 6ML 5 4 NA NA 4 4 
Ellis 5 11 8 13 16 6 11 
Ellis Co. RWD #01 5 17 11 22 13 14 16 
Ellis Co. RWD #02 5 12 47 27 48 25 32 
Ellis Co. RWD #03 5 17 7 24 17 100 33 
Ellis Co. RWD #06 5 11 12 11 11 13 12 
Ellis Co. RWD #07 5 38 16 31 15 19 24 
Ellsworth 6ML 16 13 9 9 11 12 
Elmdale 7S 7 27 29 23 29 23 
Elwood 8M 32 15 11 10 8 15 
Emmett 7S 33 40 27 16 10 25 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1996-2000 

Public Water Supplier Region

Percent 
UFW 
1996 

Percent 
UFW 
1997 

Percent 
UFW 
1998 

Percent 
UFW 
1999 

Percent 
UFW 
2000 

Avg. 
Percent 

UFW 
Emporia 7L 10 22 19 17 15 17 
Englewood 4 100 100 100 100 100 100 
Ensign 3 98 98 98 93 100 97 
Enterprise 7M 19 11 8 4 3 9 
Erie 8M 11 7 7 8 6 8 
Esbon 6S 31 31 29 28 27 29 
Eskridge 7M 12 7 17 15 12 13 
Eudora 8M 4 5 5 5 11 6 
Eureka 7M 10 14 9 10 15 12 
Everest 8S 11 13 18 22 21 17 
Farr Subdivision 2 NA NA NA NA 100 100 
Finney Co. RWD #01 2 NA NA NA NA 27 27 
Florence 7M 23 29 22 19 17 22 
Fontana 8S 27 20 21 NA NA 22 
Ford 4 100 100 87 78 78 89 
Formoso 6S 10 18 26 12 23 18 
Fort Scott 8M 25 24 27 25 26 25 
Fowler 3 37 30 15 10 14 21 
Frankfort 7M 21 20 17 28 35 24 
Franklin Co. RWD #01 8M NA NA NA 20 27 24 
Franklin Co. RWD #03 8S NA NA NA NA 100 100 
Franklin Co. RWD #04 8M 21 26 25 33 18 25 
Franklin Co. RWD #05 8M 15 15 36 21 11 20 
Franklin Co. RWD #06 8M 18 27 25 27 23 24 
Franklin Co. RWD #07 8S NA NA NA NA 100 100 
Fredonia 7M 5 9 7 7 12 8 
Frontenac 8M 25 25 13 24 15 20 
Fulton 8S 13 26 21 15 22 19 
Galena 8M 19 18 19 8 39 21 
Galesburg 8S NA NA NA 8 16 12 
Galva 7M 5 6 4 8 7 6 
Garden City 2 4 6 6 NA NA 5 
Garden Plain 7M 9 23 16 11 10 14 
Garden Spot Rentals 2 100 100 100 100 100 100 
Gardner 8L 5 7 16 12 15 11 
Garnett 8M 8 7 9 9 6 8 
Gas 8M NA NA NA NA 9 9 
Gaylord 6S 14 19 16 15 21 17 
Geary Co. RWD #01 7S NA NA NA NA 19 19 
Geary Co. RWD #02 7S NA NA 100 100 100 100 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1996-2000 

Public Water Supplier Region

Percent 
UFW 
1996 

Percent 
UFW 
1997 

Percent 
UFW 
1998 
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UFW 
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Avg. 
Percent 

UFW 
Geary Co. RWD #04 7M 16 8 18 7 3 11 
Geneseo 6S 10 5 10 3 14 8 
Geuda Springs 7S 12 19 11 22 16 16 
Girard 8M 22 23 15 9 17 17 
Glade 5 NA NA 18 22 20 20 
Glasco 7M 5 16 6 12 3 8 
Glen Elder 6S 13 13 7 4 3 8 
Goddard 7M 6 4 17 5 16 10 
Goessel 7M 9 16 12 10 8 11 
Goff 7S 100 12 14 15 22 33 
Goodland 1 16 14 16 24 18 18 
Gorham 6S 3 9 4 4 7 5 
Gove 3 9 23 23 30 NA 21 
Grainfield 3 11 9 11 10 17 12 
Grandview Plaza 7M NA NA NA NA 10 10 
Great Bend 6ML 11 8 10 12 11 11 
Greeley 8S 19 20 15 17 17 18 
Green 7S 27 25 25 22 15 23 
Greenleaf 7S 26 20 6 6 10 14 
Greensburg 5 19 24 8 4 NA 14 
Greenwood Co. RWD #02 7M NA NA NA NA 14 14 
Greenwood Co. RWD #03 7S NA NA NA NA NA NA 
Grenola 7S 8 7 5 7 11 8 
Gridley 7S NA NA NA NA 25 25 
Grinnell 3 11 9 10 11 11 11 
Gypsum 7S 9 14 7 12 8 10 
Haddam 7S 23 29 NA 29 22 26 
Halstead 7M 6 4 5 6 8 6 
Hamilton 7S NA NA NA NA 20 20 
Hamilton Co. RWD #01 1 9 10 3 4 9 7 
Hanover 7M 12 15 14 16 12 14 
Hanston 4 4 9 9 10 33 13 
Hardtner 6S 7 12 13 5 3 8 
Harper 6ML 6 16 18 13 18 14 
Harper Co. RWD #01 6S NA NA NA NA 5 5 
Harper Co. RWD #03 6S 6 4 NA NA 3 5 
Harper Co. RWD #05 6S NA NA NA NA 17 17 
Hartford 7M 13 12 9 3 7 9 
Harvey Co. RWD #01 7M NA NA NA NA 10 10 
Harveyville 7S 14 4 10 12 23 13 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1996-2000 

Public Water Supplier Region

Percent 
UFW 
1996 

Percent 
UFW 
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UFW 
Haven 6ML 25 25 24 23 26 25 
Havensville 7S 24 18 23 27 30 24 
Haviland 5 24 29 18 18 19 22 
Hays 5 21 20 22 22 11 19 
Hays City Suburban 5 100 100 100 100 100 100 
Haysville 7M 26 17 28 10 11 18 
Hazelton 6S 10 12 13 7 8 10 
Herington 7M 13 14 14 18 13 14 
Herndon 2 19 50 53 37 22 36 
Hesston 7M 6 3 5 16 6 7 
Hiawatha 8M 15 10 6 10 21 12 
Highland 8M 17 16 10 12 12 13 
Hill City 4 18 15 14 15 11 15 
Hillsboro 7M NA 8 19 24 20 18 
Hoisington 6ML 14 15 16 13 17 15 
Holcomb 2 16 13 9 7 10 11 
Holton 7M 18 12 20 23 21 19 
Holyrood 6S 11 14 10 13 20 14 
Hope 7S 7 6 13 5 6 7 
Horace 1 4 5 5 4 NA 5 
Horton 8M 9 9 23 24 13 16 
Howard 7M 10 14 15 10 5 11 
Howison Heights Water Dist. 7S NA 7 11 5 3 6 
Hoxie 3 15 7 13 12 9 11 
Hoyt 7M NA NA NA NA 12 12 
Hugoton 2 6 6 5 8 6 6 
Humboldt 8M 11 19 17 14 15 15 
Hunter 6S NA NA NA NA 12 12 
Hutchinson 6ML 9 10 7 9 9 9 
Independence 7L 11 21 14 20 14 16 
Ingalls 3 12 19 15 13 4 13 
Inman 7M 5 7 10 14 13 10 
Iola 8M 12 8 11 11 8 10 
Isabel 6S NA NA NA 33 18 25 
Iuka 6S 5 9 9 9 6 7 
Jackson Co. RWD #01 7M NA NA NA NA NA NA 
Jackson Co. RWD #03 7M NA NA NA NA 5 5 
Jamestown 7S 14 12 11 11 10 12 
Jefferson Co. RWD #01 8M 20 14 13 11 15 15 
Jefferson Co. RWD #02 8M 28 32 22 24 17 24 
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Percent 
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Percent 

UFW 
Jefferson Co. RWD #03 8M 18 24 26 26 20 23 
Jefferson Co. RWD #06 8S 10 46 36 35 53 36 
Jefferson Co. RWD #07 8M 14 12 16 21 18 16 
Jefferson Co. RWD #08 8S 27 21 12 20 18 20 
Jefferson Co. RWD #09 8S 32 19 21 27 28 25 
Jefferson Co. RWD #10 8S 17 24 27 29 35 26 
Jefferson Co. RWD #11 8S 5 10 NA 4 6 6 
Jefferson Co. RWD #12 8M 26 29 25 25 26 26 
Jefferson Co. RWD #13 8M 19 25 26 13 11 19 
Jefferson Co. RWD #15 8S 22 13 26 21 12 19 
Jennings 3 21 18 22 31 23 23 
Jetmore 4 7 9 8 7 9 8 
Jewell 6S 6 9 NA NA 8 8 
Jewell Co. RWD #01 6ML 23 21 29 20 16 22 
Johnson City 1 16 17 23 8 16 16 
Johnson Co. RWD #06C 8M NA NA NA NA 14 14 
Johnson Co. RWD #07 8M 6 10 17 14 7 11 
Junction City 7L 16 13 14 16 19 16 
Kanopolis 6ML 37 8 9 6 5 13 
Kanorado 1 NA 32 21 21 15 22 
Kansas City BPU 8L 7 10 10 11 12 10 
Kechi 7M NA NA NA NA NA NA 
Kensington 6ML 18 11 13 19 30 18 
Kincaid 8S NA NA NA NA 17 17 
Kingman 6ML 37 30 22 20 24 27 
Kingman Co. RWD #01 6S NA NA NA NA 31 31 
Kinsley 5 14 14 12 12 14 13 
Kiowa 6ML 10 8 13 12 12 11 
Kirwin 5 30 25 23 24 16 24 
Kismet 2 11 10 14 19 22 15 
Konza Valley Water District 7S 16 12 12 18 10 14 
Labette Co. RWD #01 8S NA NA NA NA 13 13 
Labette Co. RWD #02 8S NA NA NA 10 10 10 
Labette Co. RWD #03 8S NA NA NA 12 13 12 
Labette Co. RWD #04 8S N N N NA 21 21 
Labette Co. RWD #05 8M NA NA NA NA 8 8 
Labette Co. RWD #06 8M NA NA NA 8 NA 8 
Labette Co. RWD #07 8S NA NA NA 5 9 7 
Labette Co. RWD #08 8M NA NA NA 28 25 27 
LaCrosse 5 8 3 5 5 4 5 
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LaCygne 8M 11 14 7 12 13 11 
LaHarpe 8M NA NA NA NA 13 13 
Lakeside Village Impr. District 8S 96 95 42 46 36 63 
Lakin 2 16 5 11 13 4 10 
Lane 8S 8 12 12 8 11 10 
Lane Co. RWD #01 3 13 9 9 13 22 13 
Lansing (Lan-Del Water Co.) 8M NA NA NA NA 13 13 
Larned 5 11 10 10 8 5 9 
Latham 7S NA NA NA NA 8 8 
Lawrence 8L 7 9 8 5 6 7 
Leavenworth 8L 6 6 4 4 3 4 
Leavenworth Co. RWD #01C 8M 15 8 9 10 NA 11 
Leavenworth Co. RWD #05 8M NA NA NA NA 18 18 
Leavenworth Co. RWD #06 8S NA NA NA NA 16 16 
Leavenworth Co. RWD #07 8M NA NA NA NA 11 11 
Leavenworth Co. RWD #09 8M 11 13 14 18 21 15 
Leavenworth Co. RWD #10 8M NA NA NA NA 3 3 
Lebanon 6S 22 16 20 24 28 22 
Lebo 7M 4 9 5 3 7 6 
Lecompton 8M 18 15 20 6 6 13 
Lehigh 7S 12 14 17 20 22 17 
Lenora 4 35 17 18 28 19 23 
Leon 7M 12 26 18 17 15 17 
Leonardville 7S 8 11 8 6 5 8 
Leoti 2 18 21 12 5 8 13 
LeRoy 8M 9 13 4 8 10 9 
Lewis 5 20 13 20 19 16 18 
Liberal 2 28 15 18 11 14 17 
Liebenthal 5 18 12 10 12 NA 13 
Lincoln Center 6ML 15 24 19 24 21 21 
Lindsborg 7M 5 7 9 14 7 8 
Linn 7S 14 23 22 15 9 17 
Linn Co. RWD #02 8M NA NA NA NA 40 40 
Linn Co. RWD #03 8M NA NA NA NA 28 28 
Linwood 8S 22 17 11 18 10 15 
Little Bear Mound 7S NA NA NA NA 100 100 
Little River 6ML 9 14 25 12 15 15 
Logan 5 11 12 12 9 9 10 
Long Island 5 18 NA 60 27 14 30 
Longford 7S 14 24 11 11 16 15 
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Longton 7S 11 5 6 10 9 8 
Lorraine 6S 5 5 6 10 10 7 
Louisburg 8M 5 7 8 12 14 9 
Lucas 6S 10 10 7 4 6 7 
Luray 6S 19 20 25 23 13 20 
Lyndon 7M 9 10 11 13 9 10 
Lyon Co. RWD #01 7M NA NA NA 5 NA 5 
Lyon Co. RWD #02 7M NA NA NA NA 15 15 
Lyon Co. RWD #03 7S NA NA NA 7 8 7 
Lyon Co. RWD #04 7M NA NA NA 11 NA 11 
Lyon Co. RWD #05 7M NA NA NA 9 11 10 
Lyons 6ML 13 9 9 8 9 10 
Macksville 6S 18 12 9 24 23 17 
Madison 7M 9 5 7 5 9 7 
Mahaska 7S 8 26 21 17 9 16 
Manhattan 7L 10 14 13 16 24 15 
Mankato 6ML 24 23 24 29 30 26 
Manter 1 21 16 14 14 10 15 
Maple Hill 7S 7 9 13 14 14 11 
Marion 7M 16 13 7 15 13 13 
Marion Co. Imp. Dist. #02 7S NA NA NA NA NA NA 
Marion Co. RWD #01 7M 13 12 13 14 24 15 
Marion Co. RWD #02 7S NA NA NA NA NA NA 
Marion Co. RWD #04 7M NA NA NA NA 11 11 
Marquette 7M 28 27 25 23 10 22 
Marshall Co. RWD #01 7S 9 9 8 10 5 8 
Marshall Co. RWD #02 7S 15 17 NA NA NA 16 
Marshall Co. RWD #03 7M 13 12 11 11 10 11 
Marysville 7M 21 18 20 7 14 16 
Matfield Green 7S 19 21 52 32 29 31 
Mayetta 7S NA NA NA NA 5 5 
Mayfield 7S NA NA NA NA 5 5 
McCracken 5 13 11 12 10 13 12 
McDonald 2 28 22 17 21 25 23 
McFarland 7S 5 NA 5 8 9 7 
McLouth 8M 17 20 19 7 10 15 
McPherson 7L 8 7 5 8 5 7 
McPherson Co. RWD #01 7S 10 7 8 23 26 15 
McPherson Co. RWD #02 7S NA NA NA NA 3 3 
McPherson Co. RWD #04 7M NA NA NA NA 13 13 
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Meade 3 11 12 7 21 10 12 
Medicine Lodge 6ML 18 24 16 11 17 17 
Melvern 7S 20 18 10 12 21 16 
Miami Co. RWD #01 8M NA NA NA NA 4 4 
Miami Co. RWD #02 8M 23 32 27 12 7 20 
Miami Co. RWD #03 8M NA NA NA NA 25 25 
Miami Co. RWD #04 8M NA NA NA NA 13 13 
Milford 7M 16 NA 4 3 NA 8 
Miltonvale 7M 24 24 18 19 27 23 
Minneapolis 7M NA 13 12 12 12 12 
Minneola 4 7 6 5 11 13 8 
Mitchell Co. RWD #01 6S NA NA NA NA 100 100 
Mitchell Co. RWD #02 6ML 13 13 13 13 16 14 
Moline 7M 16 22 13 13 14 16 
Montezuma 3 16 18 16 13 7 14 
Montgomery Co. RWD #01C 7M NA NA NA 21 23 22 
Montgomery Co. RWD #02 7M NA NA NA 11 8 9 
Montgomery Co. RWD #06 7M NA NA NA 21 13 17 
Montgomery Co. RWD #08 7S NA NA NA NA 47 47 
Montgomery Co. RWD #09 7S NA NA NA NA 27 27 
Montgomery Co. RWD #10 7S NA NA NA 14 16 15 
Montgomery Co. RWD #11 7M NA NA NA 14 13 13 
Montgomery Co. RWD #12 7M NA NA NA 15 14 14 
Montgomery Co. RWD #13 7S NA NA NA NA 7 7 
Moran 8M NA NA NA NA 12 12 
Morganville 7S 10 10 10 10 10 10 
Morland 4 24 20 21 25 21 22 
Morrill 8S NA NA NA NA 18 18 
Morris Co. RWD #01 7M 3 4 3 8 7 5 
Morrowville 7S 34 38 28 31 18 30 
Moscow 2 100 100 100 100 100 100 
Mound City 8M 10 23 28 18 14 19 
Mound Valley 8S NA NA NA 4 NA 4 
Moundridge 7M 6 4 6 10 NA 6 
Mount Hope 7M 15 11 8 8 5 9 
Mulberry 8M 19 32 14 9 29 21 
Mullinville 5 31 20 9 3 18 16 
Mulvane 7M 13 12 11 8 8 10 
Munden 7S 6 10 10 19 14 12 
Muscotah 8S 15 12 12 17 11 13 
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Narka 7S 21 17 15 18 NA 18 
Natoma 6S 27 26 17 14 14 20 
Nemaha Co. RWD #01 7S 11 13 17 20 10 14 
Nemaha Co. RWD #02 7S NA NA NA NA 8 8 
Nemaha Co. RWD #03 7M 8 9 10 9 8 9 
Nemaha Co. RWD #04 7S NA NA 3 NA 3 3 
Neodesha 7M 7 6 7 3 3 5 
Neosho Co. RWD #01C 8M NA NA NA NA 3 3 
Neosho Co. RWD #03 8S NA NA NA 20 100 60 
Neosho Co. RWD #04 8M NA NA NA 18 12 15 
Neosho Co. RWD #06 8S NA NA NA NA 37 37 
Neosho Co. RWD #07 8M NA NA NA NA 22 22 
Neosho Co. RWD #08 8S NA NA NA NA 10 10 
Neosho Co. RWD #09 8S NA NA NA NA 10 10 
Neosho Co. RWD #12 8S NA NA NA NA 11 11 
Neosho/Allen Co. RWD #02 8M 16 16 16 10 14 15 
Ness City 4 11 11 13 5 4 9 
New Strawn 7S 24 24 21 19 28 23 
Newton 7L 4 11 6 NA 11 8 
Nickerson 6ML 15 8 15 13 NA 13 
Norcatur 3 25 14 8 9 10 13 
North Newton 7M 10 17 7 10 6 10 
Norton 4 16 18 17 17 8 15 
Norton Co. RWD #01 4 6 13 15 11 15 12 
Nortonville 8M 10 8 11 NA 5 9 
Norwich 6S 17 16 16 8 NA 14 
Oakley 2 21 7 18 16 15 15 
Oberlin 3 27 20 21 20 21 22 
Offerle 5 19 16 27 28 25 23 
Ogden 7M NA NA NA NA NA NA 
Oketo 7S 12 21 15 11 10 14 
Olathe 8L 23 19 18 16 9 17 
Olmitz 6S 17 10 8 3 NA 9 
Olpe 7M NA NA NA 11 9 10 
Olsburg 7S 11 11 11 9 8 10 
Onaga 7M 8 4 11 7 8 8 
Oneida 7S 16 15 21 18 14 17 
Osage City 7M 7 12 6 8 5 7 
Osage Co. RWD #02 7S 12 10 9 16 13 12 
Osage Co. RWD #03 7M 19 25 14 12 22 18 
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Osage Co. RWD #04 7M 27 25 18 19 16 21 
Osage Co. RWD #05 7M 20 17 12 20 23 19 
Osage Co. RWD #06 7S NA NA NA 12 17 15 
Osage Co. RWD #07 7M NA NA NA 20 25 22 
Osage Co. RWD #08 550 NA NA NA NA 11 11 
Osawatomie 8M 8 13 15 14 11 12 
Osborne 6ML 11 15 18 20 15 16 
Osborne Co. RWD #01A 6S 41 50 55 48 39 47 
Osborne Co. RWD #02 6S NA NA NA NA 22 22 
Oskaloosa 8M 17 9 7 NA 10 11 
Oswego 8M 7 7 3 6 NA 6 
Otis 5 10 10 12 5 7 9 
Ottawa 8L 7 8 5 9 11 8 
Ottawa Co. RWD #01 7S 20 28 18 20 17 21 
Ottawa Co. RWD #02 7M 11 9 15 22 11 14 
Overbrook 7M 9 18 17 22 24 18 
Oxford 7M 22 19 39 14 15 22 
Ozawkie 8M 4 10 5 9 NA 7 
Palco 5 13 16 18 26 19 18 
Palmer 7S 15 16 12 9 17 14 
Paola 8M 5 6 14 14 16 11 
Paradise 6S NA NA NA NA 28 28 
Park 3 8 7 8 7 10 8 
Park City 7M 6 7 10 13 9 9 
Parker 8S 29 34 33 NA 28 31 
Parsons 8L 6 13 21 11 12 13 
Pawnee Rock 6S 9 9 12 9 4 9 
Paxico 7S 8 3 5 6 7 6 
Peabody 7M 19 10 5 8 10 10 
Perry 8M 13 15 10 9 10 11 
Peru 7S NA NA NA NA 15 15 
Phillipsburg 5 9 12 10 11 19 12 
Pittsburg 8L 14 15 12 6 3 10 
Plains 3 16 12 16 19 17 16 
Plainville 5 21 11 13 8 18 14 
Pleasanton 8M 5 NA 11 12 9 9 
Pomona 8M 7 6 9 9 4 7 
Portis 6S 55 38 14 27 18 30 
Post Rock RWD 6ML 28 24 27 26 20 25 
Pottawatomie Co. RWD #01 7M 12 10 14 6 16 11 
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Pottawatomie Co. RWD #02 7S NA NA 19 40 20 27 
Pottawatomie Co. RWD #03 7M 10 4 10 15 13 10 
Potwin 7S 3 5 7 NA NA 5 
Prairie View 5 23 17 8 8 16 14 
Pratt 6ML 14 12 16 15 15 14 
Prescott 8S 23 16 16 15 NA 17 
Preston 6S 100 100 100 100 100 100 
Pretty Prairie 6ML 16 11 18 17 16 15 
Princeton 8S NA NA NA NA 9 9 
Protection 5 16 12 16 8 11 12 
Quenemo 7S 6 8 8 8 7 8 
Quinter 3 14 11 13 15 10 13 
Randall 6S 24 10 24 12 6 15 
Randolph 7S 21 8 17 19 22 17 
Ransom 4 12 11 12 11 11 11 
Rantoul 8S 14 12 10 30 43 22 
Raymond 6S 7 4 12 8 8 8 
Reading 7S NA NA NA 19 16 17 
Red Bud Lake Association 7S NA NA NA NA 27 27 
Renn District 7S NA NA NA NA 4 4 
Reno Co. RWD #01 6S 11 36 19 29 11 21 
Reno Co. RWD #04 6S NA NA NA NA 18 18 
Reno Co. RWD #08 6S 19 16 14 16 18 17 
Reno Co. WD #101 6S 6 6 7 6 10 7 
Republic 7S 29 32 24 20 17 24 
Republic Co. RWD #01 7S 38 32 27 20 23 28 
Republic Co. RWD #02 7M 29 27 37 23 22 28 
Reserve 8S 27 32 23 28 31 28 
Rexford 2 4 13 100 14 10 28 
Rice Co. RWD #01 6ML NA NA NA NA 3 3 
Richmond 8M 17 16 17 19 17 17 
Riley 7M 24 29 27 34 32 29 
Riley Co. RWD #01 7M NA NA NA NA 7 7 
Robinson 8S 25 22 24 21 18 22 
Rocky Ford Water Company 7S 100 100 100 100 100 100 
Rolla 1 7 9 9 9 8 8 
Rooks Co. RWD #02 5 8 37 44 15 21 25 
Rooks Co. RWD #03 5 11 12 5 11 15 11 
Rose Hill 7M NA NA NA NA 3 3 
Rossville 7M 6 6 8 6 5 6 
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Rozel 5 NA NA 9 16 9 12 
Rush Center 5 13 13 13 14 14 13 
Rush Co. RWD #01 5 49 38 50 53 42 47 
Russell 6ML 7 14 24 16 14 15 
Russell Co. RWD #02 6S NA NA 100 100 100 100 
Russell Co. RWD #03 6ML NA NA NA NA 27 27 
Russell Co. RWD #04 6S 29 40 26 42 44 37 
Sabetha 7M 14 15 15 11 7 12 
Salina 7L 8 5 5 7 4 6 
Saline Co. RWD #01 7S 16 13 12 11 NA 13 
Saline Co. RWD #02 7S 18 25 47 45 28 33 
Saline Co. RWD #04 7M 8 9 4 8 16 9 
Saline Co. RWD #06 7S 6 11 4 6 NA 7 
Saline Co. RWD #07 7S NA NA NA NA 15 15 
Saline Co. RWD #08 7S 23 22 5 15 13 16 
Satanta 2 6 3 7 8 NA 6 
Sawyer 6S 18 16 4 3 4 9 
Scammon 8M 14 12 10 19 NA 14 
Scandia 7S 11 12 11 14 6 11 
Scott City 2 18 11 13 10 5 11 
Scranton 7M NA NA NA NA 8 8 
Sedan 7M 10 8 6 5 6 7 
Sedgwick 7M 3 7 7 3 NA 5 
Sedgwick Co. RWD #01 7M NA NA NA NA 15 15 
Sedgwick Co. RWD #03 7M NA NA NA NA 5 5 
Sedgwick Co. RWD #04 7M 12 24 24 33 20 23 
Selden 3 21 17 17 13 10 15 
Seneca 7M 7 7 8 7 10 8 
Severy 7S 3 8 6 11 15 9 
Sharon 6S 7 4 11 15 13 10 
Sharon Springs 1 15 16 14 10 12 13 
Shawnee Co. RWD #01C 7M NA NA NA NA NA NA 
Shawnee Co. RWD #02C 7M 8 5 10 11 14 9 
Shawnee Co. RWD #03 7M 25 29 22 18 25 24 
Shawnee Co. RWD #04 7M 18 19 23 17 22 20 
Shawnee Co. RWD #06 7M NA NA NA NA 7 7 
Shawnee Co. RWD #08 7M 14 15 9 8 15 12 
Shawnee Co. RWD #09 7S NA NA NA NA 5 5 
Silver Lake 7M 5 6 6 5 6 6 
Simpson 6S 22 17 21 40 44 29 
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Smith Center 6ML 31 20 24 26 25 25 
Smith Co. RWD #01 6S 35 30 8 16 18 21 
Solomon 7M 8 15 28 34 7 18 
South Haven 7S 23 23 28 23 16 23 
South Hutchinson 6ML 6 4 3 NA 4 4 
Spearville 4 7 8 4 13 10 9 
Speed 5 22 11 19 10 12 15 
Spivey 6S 11 17 11 14 4 11 
Spring Hill 8M 8 10 12 5 7 9 
St. Francis 1 17 12 14 10 13 13 
St. George 7S 29 32 24 11 10 21 
St. John 6ML 15 10 9 10 9 11 
St. Marys 7M 12 12 8 7 15 11 
St. Paul 8M 12 15 13 13 14 13 
Stafford 6ML 4 5 6 7 6 6 
Sterling 6ML 4 5 9 9 NA 7 
Stockton 5 12 14 12 13 22 15 
Strong City 7M 28 52 50 55 67 50 
Sublette 2 9 10 6 8 9 8 
Suburban Water Company 8M 11 8 15 9 88 26 
Summerfield 7S 12 9 14 11 9 11 
Sumner Co. RWD #01 7S NA NA NA NA 6 6 
Sumner Co. RWD #02 7M NA NA NA NA 25 25 
Sumner Co. RWD #04 7M NA NA NA NA 15 15 
Sumner Co. RWD #06 7S NA NA NA NA 12 12 
Susank 6S NA NA NA NA 13 13 
Sylvan Grove 6S 12 9 29 5 9 13 
Sylvia 6S 42 37 35 36 41 38 
Syracuse 1 6 9 8 13 12 9 
Tatarrax Hills 7S 23 17 12 18 13 17 
Tescott 7S 5 4 10 8 6 7 
Thayer 8M 23 32 28 31 13 25 
Timber Creek Water & Sewer 7M 29 20 20 16 NA 21 
Timken 5 28 24 22 64 NA 35 
Tipton 6S 18 15 12 9 8 12 
Tonganoxie 8M 15 13 7 14 16 13 
Topeka 7L 11 5 7 10 11 9 
Toronto 7S 21 19 18 22 27 21 
Towanda 7M NA NA NA NA 10 10 
Treece 8S NA NA NA NA 20 20 
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Trego Co. RWD #01 4 12 6 17 5 5 9 
Trego Co. RWD #02 4 NA NA NA 9 19 14 
Tribune 1 11 11 10 6 9 9 
Troy 8M 31 31 19 37 32 30 
Turon 6S 12 19 14 15 11 14 
Udall 7M 19 23 20 15 8 17 
Ulysses 2 NA 10 14 9 8 10 
Uniontown 8S 8 8 20 15 6 11 
University Park Water 7S 100 100 29 15 19 53 
Utica 4 11 7 7 8 10 8 
Valley Center 7M 9 9 14 16 3 10 
Valley Falls 8M 21 19 20 9 14 17 
Vermillion 7S 28 18 12 34 30 24 
Victoria 5 6 9 4 4 NA 6 
Virgil 7S 15 10 15 9 11 12 
Wabaunsee Co. RWD #01 7S 16 18 22 NA NA 19 
Wabaunsee Co. RWD #02 7M 8 14 8 11 9 10 
Wakeeney 4 25 21 20 21 17 21 
Wakefield 7M 13 26 10 15 12 15 
Waldo 6S NA NA NA NA NA NA 
Wallace 1 NA 16 13 13 13 14 
Wallace Co. RWD #01 1 3 NA NA NA NA 3 
Walton 7S NA NA NA NA NA NA 
Wamego 7M 10 13 4 8 7 8 
Washington 7M 15 12 19 16 18 16 
Washington Co. RWD #01 7M 14 11 8 6 8 10 
Washington Co. RWD #02 7M 17 22 15 16 17 17 
WaterOne, Johnson Co. 8L 7 8 8 7 8 8 
Waterville 7M 15 13 29 13 11 16 
Wathena 8M 14 12 7 NA 10 11 
Waverly 7M 27 22 33 28 17 25 
Weir 8M 22 15 6 16 35 19 
Wellington 7M 19 20 14 18 23 19 
Wellsville 8M NA NA NA 16 19 17 
West Hills Water Company 6S 100 100 100 100 100 100 
West Mineral 8S 3 17 5 6 15 9 
Westmoreland 7M 14 19 25 7 6 14 
Wetmore 7S 23 22 24 16 23 22 
White City 7M 13 7 13 14 12 12 
White Cloud 8S 17 21 18 23 32 22 
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Whitewater 7M 10 8 6 25 19 14 
Whiting 7S 4 9 6 11 13 9 
Wichita 7L 10 6 5 17 7 9 
Williamsburg 8S 10 5 13 8 3 8 
Wilson 6ML 8 9 10 10 9 9 
Wilson Co. RWD #01 7S NA NA NA NA 22 22 
Wilson Co. RWD #03 7S NA NA NA NA 24 24 
Wilson Co. RWD #05 7S NA NA NA NA 13 13 
Wilson Co. RWD #06 7S NA NA NA NA 15 15 
Wilson Co. RWD #07 7S NA NA NA NA 29 29 
Wilson Co. RWD #10 7M NA NA NA NA 26 26 
Wilson Co. RWD #11 7M NA NA NA NA 24 24 
Wilson Co. RWD #12 7S NA NA NA NA 7 7 
Wilson Co. RWD #13 7S NA NA NA NA 27 27 
Winchester 8M 10 6 8 5 5 7 
Windom 7S NA NA NA NA NA NA 
Winfield 7L 4 7 7 8 8 7 
Winona 2 8 24 11 15 11 14 
Woodson Co. RWD #01 7M 19 29 34 23 19 25 
Woodston 5 19 4 5 4 8 8 
Yates Center 7M 14 11 11 20 22 16 
Zenda 6S 9 16 10 12 4 10 
 
Note: Percent unaccounted for water represents all unmetered water.  Systems that 

do not meter customer use or were unable to provide reliable data on customer 
sales are shown as having 100 percent unaccounted for water.  “NA” is shown 
for systems that reported less than 3 percent unaccounted for water, and for 
years in which no water use report was filed. 
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INTRODUCTION 

 
Water use in Kansas is regulated by the Kansas Department of Agriculture - Division of Water 
Resources (DWR).  The DWR requires annual Water Use Reports from all public water 
suppliers with active water rights, as a condition of the Water Appropriations Act.  The DWR 
also requests annual water use reports from water suppliers purchasing water from State-
owned storage in Federal reservoirs through the Kansas Water Office (KWO) Water Marketing 
Program, and from water suppliers purchasing water wholesale from entities that have water 
rights or marketing contracts. 
 
The information shown in this publication was collected from 773 public water suppliers that 
served 10 or more connections year-round and filed 2001 Municipal Water Use Reports.  This 
number includes cities and towns, rural water districts, and housing subdivisions.  These public 
water suppliers provide information on quantity of water diverted each year, water purchased 
from and sold to other suppliers, sales to retail customers, metered free and unaccounted for 
water, population served, and current water rates.  Annual water use reports for 2001 also were 
submitted by eight public wholesale water supply districts, 31 mobile home parks or systems 
that serve predominantly mobile homes, and several rural systems whose customer base is 
largely commercial.  The information from these reports is not included in this publication. 
 
The DWR, KWO, and U.S. Geological Survey–Water Resources Division review the water use 
data to ensure that the information is as accurate and complete as possible, and to derive the 
statistics on per capita usage, percent metered free, percent unaccounted for water, and water 
rates that are published in this report.  The review process is also important for documenting 
atypical water use among certain suppliers, as well as for identifying problems with meter 
accuracy, bookkeeping, and water loss that may warrant special assistance.  The Kansas Water 
Plan provides some of the funding used to review annual water use reports and offer technical 
assistance when needed. 
 
The Kansas Municipal Water Use publication has been prepared each year since 1987.  The 
efforts of every water supplier completing annual water use reports are greatly appreciated.  
The data collected are valuable in administering water rights and marketing contracts, preparing 
population and water demand projections, and assessing progress toward meeting State 
conservation objectives.  The information provided in this annual publication can also be useful 
in evaluating individual systems’ needs for metering improvements, water loss reduction, water 
rate adjustments, and implementation of cost-effective, long-term water conservation measures. 
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REGIONAL PER CAPITA WATER USE  
 
Water usage in gallons per capita per day (gpcd) is calculated for each water system from 
reported data on amounts of water used and populations served.  Gpcd usage for individual 
suppliers is based on amounts of water used for residential and commercial sales, free use, and 
unaccounted for water.  Gpcd figures do not include sales to other suppliers, industries, bulk 
uses, or farmsteads using over 200,000 gallons per year.   
 
Average gpcd figures are calculated for water suppliers in eight regions of the State so that 
usage for individual suppliers can be compared to average usage for similar geographic areas.  
These regions, shown in Figure 1, correspond to general patterns of per capita water use and 
precipitation.  Gpcd usage increases from eastern to western Kansas, primarily due to greater 
outside water use in the drier, more arid parts of the state.  Another factor contributing to higher 
gpcd usage in western Kansas is that average water rates are lower in the western regions of 
the State where ground water is the predominant source of supply.  Average gpcd usage by 
Kansas public water suppliers by region and size is shown in Table 1 (p. 8) for the years 1997-
2001.  Gpcd usage in 2001 ranged from a high of 264 in Region 1 in westernmost Kansas to a 
low of 90 in Region 8 among small public water suppliers in easternmost Kansas.  The apparent 
trend towards lower gpcd averages during 2001 may be indicative of conservation efforts by 
public water suppliers.  These efforts include reductions in unaccounted for water, more 
accurate metering of raw water, and reduced usage due to higher prices. 
 
WATER USE STATISTICS BY REGION AND STATE 
 
The tables in the following sections of this publication are organized by region and size 
category.  Regions 6, 7, and 8 in central and eastern Kansas include many more public water 
suppliers than do the western Kansas regions, and were subdivided by population size.  Small 
public water suppliers serve fewer than 500 people, medium public water suppliers serve 
between 500 and 9,999 people, and large public water suppliers serve 10,000 people or more.   
 
Water use statistics for each supplier within each regional category are provided in Tables 2-14 
on pp. 9 - 34.  These tables rank each water supplier by gpcd usage, and show the percent 
difference from the respective 2001 regional average gpcd.  The tables also show the monthly 
cost for 10,000 gallons of water, the percentage of metered free water, and the percentage of 
unaccounted for water.  These data are useful in evaluating the gpcd figures.  Comparison of an 
individual supplier’s gpcd, water rates, and percentages of metered free and unaccounted for 
water to regional averages may indicate opportunities for more cost-effective and efficient use of 
water. 
 
Per capita usage by a particular water supplier can be affected by circumstances such as 
customer use habits, water rates, amount of water needed for water treatment or other free 
uses, and system losses.  Inexpensive water rates, lack of metering, hot dry weather, frequent 
line breaks, water line replacement, tower repairs, or large amounts of water used for treatment 
and flushing can all contribute to a high gpcd.  High water rates, cool rainy weather, a system 
with few leaks, lack of significant free uses, or minimal need for water treatment can contribute 
to a low gpcd.    
 
Accuracy of the measurement of total water diverted also can influence a utility’s gpcd.  Public 
water suppliers typically determine total diversions using flowmeters, calculation of hours 
pumped times pump rates, or a combination of these methods.  A higher than expected gpcd 
may result if master meters are overregistering, actual pump rates are lower than reported, or 
check valves are malfunctioning.  A lower than expected gpcd may result if meters are 



 3

underregistering or actual pump rates are higher than reported.  Inaccurate measurements of 
total water diverted also cause unreliable calculations of unaccounted for water.   
 
The percentage of unaccounted for water is a good indicator of meter accuracy and system 
efficiency.  Large percentages of unaccounted for water often result from over-reported total 
diversions, substantial amounts of unmetered use, or system losses.  In publications of Kansas 
Municipal Water Use prior to1998, the percent unaccounted for water applied only to systems 
that meter customer use.  Beginning with the 1998 data, the percent unaccounted for water has 
indicated all water that is not metered. Consequently, all unmetered water used by systems with 
flat water rates or by systems that were unable to provide data on customer sales is considered 
unaccounted for. 
 
For 2001, gpcd values ranged from a high of 431 (for Comanche Co. RWD #02) to a low of 34 
(for Marion Co. RWD No. 2).  However, to evaluate the water conservation efforts of all 773 
public water suppliers, each gpcd should be compared to usage by other utilities of similar size 
in the same geographic area.  The highest and lowest gpcd usages relative to the 
corresponding regional average gpcd are shown in Tables 15 and 16 to allow an equitable 
comparison of extremes in usage for 2001. 
 
Table 15 (p. 35) ranks the 20 public water suppliers with the highest gpcd usage in 2001 relative 
to their respective regional averages.  These suppliers tend to have large percentages of 
unaccounted for water due to system leaks or lack of metering, or in several cases, large 
percentages of metered free water.  Many are very small systems, where leaks can represent 
an especially large percentage of total water withdrawals.  Of the 20 systems listed in Table 15, 
thirteen had 20 percent or greater unaccounted for water, including two that used a flat rate 
structure. 
 
Table 16 (p. 36) ranks the 20 public water suppliers with the lowest gpcd usage in 2000 relative 
to their respective regional averages.  Most of these suppliers are very small towns, housing 
subdivisions, or rural water districts with little or no public use.  Many charge high rates for water 
service.   
 
In 1990, 29 of the public water suppliers that completed annual water use reports used flat rate 
structures.  In 2001, only 12 suppliers used flat rates. Table 17 (p. 37) lists the water suppliers 
that charged a flat rate for water service in 2001, and shows the percent difference between 
each gpcd and the respective regional average gpcd.  Public water suppliers with flat rate 
structures used an average of 40 percent more water per person than their peer communities in 
2001. 
 
AVERAGE WATER RATES BY REGION 
 
Table 18 (p. 38) shows 2001 regional average cost for residential customer water use at five 
levels from 5,000 to 100,000 gallons per month.  In general, water rates increase from west to 
east across the state.  Average water rates tend to be higher in eastern Kansas due to the costs 
associated with operating, building, or rehabilitating surface water treatment facilities, and the 
costs associated with wholesale water distribution.   
 
There are four basic types of water rate structures in Kansas: flat rate, decreasing block rate, 
uniform block rate, and increasing block rate.  Utilities with a flat rate charge each customer a 
fixed amount per month regardless of the amount of water used.  With a decreasing block rate, 
the unit cost of water decreases as usage increases.  The unit cost of water is the same for all 
levels of usage with a uniform block rate.  With an increasing block rate, the unit cost of water 
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rises as usage increases.  Some utilities attach a surcharge to their regular water rates for 
excessive summer usage, usually defined as a certain percentage above average winter use.   
 
The type of rate structure can affect gpcd usage.  Systems with flat rates tend to use 
considerably more water per capita than systems that meter customer use.  The other three 
types of rate structures, in which cost depends on amount of water used, have a less dramatic 
effect on gpcd.   Decreasing block rates are assumed to discourage conservation because 
customers are charged lower rates for high-volume usage.  Increasing block rates are 
considered an effective way to promote conservation among high-volume users while keeping 
the cost of moderate use affordable.  However, the use of these types of rate structures does 
not appear to influence usage by individual customers as much as does the total monthly water 
cost and the geographic area in which they live. 
 
METERED FREE AND UNACCOUNTED FOR WATER  
 
Percentages of metered free and unaccounted for water indicate the portion of total water 
produced or purchased that is not sold through customer meters.  Metered free water typically 
includes public services (for example, golf courses, parks, pools and city buildings) plus any 
water given to nonpaying customers (for example, churches or owners of easements).  Metered 
free water often includes water treatment uses such as backwashing, lube line flows, draining of 
known quantities from a water tower prior to repair, and measured hydrant flushing.  Metering 
as much ‘free’ water use as possible helps to identify actual system losses.  Metering of 
nonpaying services also helps a utility notice and correct any water leaks or excessive use at 
these connections. 
 
The number of public water suppliers in Kansas that meter free water has steadily increased 
each year since 1992, when amounts of metered free water were first shown on annual 
Municipal Water Use reports.  A total of 437 utilities reported some metered free use for 2001.  
Average percent free water by regional category varied from three to seven percent; the state 
average was five percent.   
 
Unaccounted for water includes any unmetered uses plus water loss in the distribution system.   
The percent unaccounted for water may be high if a system has major line breaks, has many 
underregistering customer meters, or has many unmetered uses.   Water taken from bulk 
outlets and hydrants for firefighting or road construction is often unaccounted for.  Unaccounted 
for water also may represent a large percentage of total water pumped due to distribution 
system replacement, water plant renovations, water tower repairs, faulty metering of raw water, 
or inadequate accounting of customer use.   
 
Unaccounted for water reported by all public water suppliers for 2001 ranged from less than 
three percent to 100 percent.  The average unaccounted for water among the systems that 
provided adequate information on metered customer use in 2001 was 15 percent statewide.  
Average unaccounted for water for these systems by regional category ranged from 9 to 20 
percent. 
 
ASSISTANCE WITH EXCESSIVE UNACCOUNTED FOR WATER 
 
The Kansas Water Plan includes a year 2010 objective that states:  “By 2010, reduce the 
number of public water supply systems with excessive unaccounted for water by first 
targeting those with 30 percent or more unaccounted for water.”   To meet the 2010 
objective of reducing the number of public water supply systems with excessive unaccounted for 
water, suppliers are referred to the Kansas Rural Water Association (KRWA) for technical 
assistance in reducing apparent excess use shown on the previous year’s water use report.  As 
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part of this ongoing contract, the KRWA visits these water suppliers on a quarterly basis, 
collects data on water withdrawals and sales, tests meters, makes recommendations, and 
monitors unaccounted for water until it is below 20 percent for two consecutive quarters.  In 
addition, each of these suppliers is encouraged to prepare a water conservation plan, or to 
review their plan if one has already been done.   
 
The 52 water suppliers whose water use reports showed at least 30 percent unaccounted for 
water in 2001 are listed in Table 19 (p. 39).  This table does not include systems with flat rates 
or those who were unable to provide information on metered customer sales.  Table 19 also 
shows the amount of water in thousands of gallons that would have been saved if only 15 
percent of the water had been unaccounted for.  This number can be used along with the 
production costs per thousand gallons to estimate potential savings from decreases in 
unaccounted for water. Table 19 also indicates the water conservation plan approval date for 
systems that have completed such plans. 
 
Public water suppliers with large percentages of unaccounted for water have opportunities to 
reduce this percentage and save money if there is loss caused by system leaks, unmetered 
use, excessive use for public services, or underregistering customer meters.  Leak detection, 
additional metering, and regular service meter replacement can result in savings greater than 
the cost of implementing these conservation measures.  In some cases, curbing large water 
losses may serve to postpone acquisition of additional water supplies. 
 
CONSERVATION PRACTICES TO REDUCE UNACCOUNTED FOR WATER 
 
There are many management practices that promote water conservation for public water 
suppliers by reducing their amount of unaccounted for water.  These practices include: 
 

 Measure raw or purchased water accurately.  If possible, install water meters at each 
intake, and test these meters for accuracy every three years. 

 Meter any water treatment use or lube line flows, so that these uses are not considered 
unaccounted for water. 

 Install meters at all service connections possible, including free services and bulk 
outlets.  

 Read all meters on a regular basis.  If possible, compare production and use for 
corresponding time periods each month and calculate unaccounted for water. 

 Review meter readings and billing information promptly if there is an unexplained, large 
difference between water pumped and sold for any given month. 

 Replace service meters on a regular schedule to avoid losing water through old, 
underregistering meters. 

 If reliable records of water pumped, water sold, and free water indicate that unaccounted 
for water exceeds 15 percent, do leak detection. 

 
The Kansas Rural Water Association (KRWA) provides assistance with leak detection, meter 
testing, and energy conservation to cities, rural water districts, and privately owned water 
utilities throughout Kansas, without cost or obligation.  This ‘On-Site Technical Assistance for 
Public Water Supply Systems in Kansas’ contract is funded through the State Water Plan and 
administered by the KWO.   During 2001, the KRWA completed 62 water loss surveys as part of 
this program.  Water loss detected during these surveys totaled 269,501,400 gallons, with an 
estimated annual value of $669,292.48.  The Kansas Rural Water Association may be 
contacted at (785) 336-3760. 
 
Free on-site assistance in preparing water conservation plans is available through the KWO.  
Conservation plans can help suppliers improve short-term and long-term management of their 
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utility, and are often a requirement for obtaining water rights or loans for water supply system 
improvements.   Water conservation plans also are recommended for suppliers that are drought 
vulnerable or that have excessive unaccounted for water.  The documents entitled 1990 
Municipal Water Conservation Plan Guidelines and Water Conservation Measures for Kansas 
Communities emphasize cost-effective approaches to water conservation, and may be obtained 
by contacting the DWR or the KWO at the phone numbers listed on the front cover of this 
publication. 
 
5-YEAR AVERAGE GPCD AND PERCENT UNACCOUNTED FOR WATER 
 
Annual and average GPCD figures for 811 active public water suppliers that completed water 
use reports during any years from 1997-2001 are listed in Table 20 (p. 41).  This table includes 
all cities, rural water districts, and subdivisions listed in Tables 2-14, plus systems that are still 
active but did not complete a 2001 water use report.  Excluded are mobile home parks and 
water systems that serve predominantly mobile homes, and atypical water systems with large 
percentages of commercial use. 
 
Table 21 (p. 61) provides information on reported percent unaccounted for water for 811 active 
public water suppliers that completed water use reports during any years from 1997-2001.  
Percentages are shown for each year that data were available, and for the average of this time 
period. 
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TABLE 1 
AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE 

KANSAS, 1997-2001 

Regiona/ 
Year 

Average 1997 1998 1999 2000 2001 
1 281 273 252 306 264 275 
2 250 257 234 271 239 250 
3 229 241 218 269 249 241 
4 164 185 163 197 189 180 
5 147 155 145 164 159 154 

6-ML 147 158 148 166 159 156 
6-S 136 144 133 138 132 137 
7-L 141 151 144 153 152 148 
7-M 114 118 114 115 111 114 
7-S 110 110 105 106 104 107 
8-L 137 133 132 130 130 132 
8-M 106 106 105 105 102 105 
8-S 90 87 88 95 90 90 

Kansas 134 139 130 133 128 133 
 
a/ Refer to Figure 1 for map regions.  For this analysis, utilities in Regions 6, 7, and 8 were 

subdivided into size categories.  Large (L) utilities are those serving 10,000 people or more.  
Medium (M) utilities are those serving 500 to 9,999 people.  Small (S) utilities are those 
serving fewer than 500 people. 
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TABLE 2 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 1, 2001 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Bird City 350 264 +33 $22.10 1 19 
Syracuse 330 264 +25 $12.50 1 12 
St. Francis 313 264 +19 $18.00 1 10 
Kanorado 310 264 +17 $16.00 3 19 
Goodland 303 264 +15 $15.45 0 13 
Coolidge 300 264 +13 $13.00 2 13 
Johnson City 290 264 +10 $14.50 4 17 
Elkhart 288 264 +9 $17.75 1 15 
Tribune 287 264 +9 $23.10 2 10 
Manter 275 264 +4 $19.50 <1 13 
Rolla 259 264 -2 $25.13 11 20 
Wallace 234 264 -11 $19.50 0 13 
Sharon Springs 231 264 -12 $24.00 3 11 
Horace 123 264 -53 $24.30 0 3 
Hamilton Co. RWD #01 71 264 -73 $57.00 0 8 
Average 264 264  -- $21.46 3 13 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2001, or as recently as rates provided. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc. 
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TABLE 3 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 2, 2001 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Herndon 405 239 +69 $12.00 2 9 
Rexford 404 239 +69 $17.50 0 9 
Moscow 393 239 +65 $22.00* 0 100 
Hugoton 301 239 +26 $10.80 2 7 
Colby 291 239 +22 $14.90 3 NA 
Sublette 290 239 +21 $14.00 10 9 
Brewster 289 239 +21 $10.50 2 6 
Oakley 287 239 +20 $10.75 1 12 
Winona 280 239 +17 $14.50 1 13 
Scott City 277 239 +16 $16.98 10 3 
McDonald 264 239 +10 $19.61 14 16 
Satanta 256 239 +7 $12.95 5 NA 
Lakin 250 239 +5 $25.75 15 11 
Leoti 221 239 -8 $21.10 3 6 
Atwood 221 239 -8 $16.37 4 6 
Ulysses 218 239 -9 $20.35 3 8 
Liberal 209 239 -13 $24.90 17 9 
Kismet 203 239 -15 $16.25 15 18 
Garden City 180 239 -25 $18.50 12 3 
Holcomb 152 239 -36 $21.45 3 11 
Deerfield 137 239 -43 $13.80 3 8 
Garden Spot Rentals 79 239 -67 None 0 100 
Finney Co. RWD #01 70 239 -71 $43.00 0 13 
Farr Subdivision 68 239 -72 NA 0 100 
Average 239 239  -- $18.09 7 9 
 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  “*” 

indicates flat monthly rate for any amount of water used.  “NA” indicates no rates provided.  
“None” indicates no charge for water service. 

 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted for water of 
less than 3.0. 
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TABLE 4 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 3, 2001 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Grinnell 278 249 +12 $13.00 13 11 
Oberlin 275 249 +10 $15.04 0 23 
Cimarron 264 249 +6 $26.38 17 5 
Ensign 252 249 +1 $33.00* 0 100 
Dighton 248 249 0 $18.16 6 7 
Copeland 242 249 -3 $25.00* 0 60 
Hoxie 241 249 -3 $14.00 0 15 
Quinter 239 249 -4 $17.35 2 12 
Meade 236 249 -5 $17.55 7 11 
Grainfield 234 249 -6 $7.70 0 8 
Ingalls 228 249 -8 $15.00 <1 7 
Lane Co. RWD #01 213 249 -14 $18.50 0 23 
Selden 207 249 -17 $15.00 4 5 
Norcatur 203 249 -19 $25.00 0 30 
Fowler 193 249 -22 $13.20 4 9 
Park 175 249 -30 $14.00 0 7 
Average 249 249  -- $17.08 6 18 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water used. 
 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  For suppliers that meter only certain water uses, unaccounted for water 
includes all unmetered water. 
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TABLE 5 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 4, 2001 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Englewood 405 189 +115 $25.00* 0 91 
Bucklin 305 189 +61 $14.00 1 24 
Morland 272 189 +44 $20.50 4 12 
Hanston 266 189 +41 $11.00 0 14 
Ford 261 189 +38 $18.00 0 79 
Norton 233 189 +23 $15.61 9 16 
Ashland 226 189 +20 $17.00 3 14 
Dodge City 224 189 +19 $21.15 3 26 
Jetmore 218 189 +15 $18.00* 18 NA 
Hill City 215 189 +14 $15.10 4 14 
Minneola 203 189 +7 $20.50 0 16 
Arnold 198 189 +5 $12.00* 0 100 
Utica 193 189 +2 $14.80 16 11 
Spearville 178 189 -6 $27.75 6 5 
Wakeeney 174 189 -8 $20.50 1 15 
Clayton 172 189 -9 $26.75 <1 NA 
Lenora 164 189 -13 $31.25 2 15 
Bogue 157 189 -17 $17.00 0 11 
Bazine 157 189 -17 $16.25 2 14 
Collyer 139 189 -26 $32.80 0 28 
Brownell 132 189 -30 $12.50 0 7 
Almena 131 189 -30 $24.25 1 13 
Ness City 131 189 -31 $30.20 1 NA 
Ransom 128 189 -33 $20.60 <1 7 
Trego Co. RWD #02 87 189 -54 $63.00 0 20 
Trego Co. RWD #01 71 189 -62 $44.00 0 10 
Norton Co. RWD #01 63 189 -67 $34.50 0 8 
Average 189 189  -- $23.11 4 20 
 

a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 
sales, stockwatering, or farmsteads using more than 20,000 gallons per year. 

 

b/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  “*” 
after cost indicates flat monthly rate for any amount of water used. 

 

c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 
losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  For suppliers that meter only certain water uses, unaccounted for water 
includes all unmetered water.  “NA” is shown for suppliers reporting a percent unaccounted 
for water less than 3.0. 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 5, 2001 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Comanche Co. RWD #02 431 159 +171 $58.00 0 54 
Mullinville 246 159 +55 $20.50 8 20 
Belvidere 244 159 +54 $15.00* 0 100 
Rush Co. RWD #01 243 159 +53 $46.00 0 35 
Coldwater 243 159 +53 $21.80 <1 10 
Offerle 235 159 +48 $13.25 0 5 
Otis 228 159 +43 $16.70 <1 15 
Kirwin 200 159 +26 $18.75 0 54 
Protection 199 159 +25 $20.00 1 12 
Timken 197 159 +24 $25.70 19 14 
Larned 196 159 +23 $15.00 13 8 
Logan 192 159 +21 $29.50 2 7 
Burdett 191 159 +20 $14.20 0 31 
Haviland 183 159 +15 $7.80 1 22 
Phillipsburg 181 159 +14 $40.61 9 16 
Woodston 181 159 +14 $22.00 0 9 
Lewis 174 159 +10 $18.75 3 13 
Rush Center 170 159 +7 $10.50 <1 17 
Rozel 168 159 +6 $18.50 1 16 
Prairie View 168 159 +6 $21.00 2 5 
Long Island 165 159 +4 $12.00 0 13 
Hays City Suburban 162 159 +2 None 0 100 
Greensburg 160 159 +1 $23.15 3 NA 
Alexander 150 159 -6 $14.00 0 14 
Stockton 147 159 -8 $35.70 21 16 
Kinsley 136 159 -14 $25.68 3 12 
Bison 136 159 -14 $16.30 1 30 
Plainville 136 159 -15 $16.00 3 19 
Belpre 134 159 -15 $30.50 5 18 
Agra 133 159 -16 $27.40 <1 17 
McCracken 127 159 -20 $33.20 8 20 
Ellis Co. RWD #02 127 159 -20 $55.00 0 49 
Palco 126 159 -21 $27.00 0 10 
Ellis Co. RWD #03 126 159 -21 $23.50 0 48 
Rooks Co. RWD #03 116 159 -27 $41.50 1 8 
La Crosse 115 159 -27 $39.25 <1 6 
Speed 113 159 -29 $22.00 7 16 
Glade 112 159 -29 $23.00 0 30 
Ellis Co. RWD #07 112 159 -30 $78.00 0 10 
Ellis 112 159 -30 $27.50 4 12 
Damar 110 159 -31 $32.15 0 12 
Victoria 99 159 -38 $19.50 0 NA 
Hays 91 159 -43 $36.26 1 8 
Ellis Co. RWD #06 89 159 -44 $43.00 0 14 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 5, 2001 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Rooks Co. RWD #02 86 159 -46 $25.50 0 22 
Ellis Co. RWD #01 85 159 -46 $23.20 1 13 
Liebenthal 65 159 -59 $33.00 2 6 
Comanche Co. RWD #01 64 159 -60 $25.50 0 3 
Average 159 159  -- $26.86 4 18 
 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water used.  “None” indicates no 
charge for water usage. 

 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted for water less 
than 3.0. 
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE 

PUBLIC WATER SUPPLIERSa/ 

REGION 6, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Mitchell Co. RWD #02 262 159 +65 $49.22 2 21 
Medicine Lodge 261 159 +64 $17.64 2 8 
Lyons 246 159 +55 $18.00 <1 NA 
Downs 217 159 +37 $20.88 <1 28 
Pratt 206 159 +29 $11.82 3 17 
Anthony 206 159 +29 $26.58 14 7 
Cunningham 194 159 +22 $17.60 7 20 
Osborne 188 159 +19 $27.46 24 15 
Mankato 186 159 +17 $26.73 4 27 
Macksville 180 159 +13 $20.00 8 23 
Attica 179 159 +13 $16.00 0 8 
St. John 177 159 +11 $22.20 24 10 
Haven 169 159 +7 $14.80 2 21 
Kensington 169 159 +6 $21.00 8 36 
Russell Co. RWD #03 165 159 +4 NA 0 33 
Harper 164 159 +3 $22.33 0 18 
Norwich 161 159 +1 $22.33 2 4 
Little River 159 159 0 $28.00 2 16 
Stafford 159 159 0 $13.57 9 8 
Smith Center 156 159 -2 $24.47 2 22 
Claflin 152 159 -4 $20.30 8 14 
South Hutchinson 149 159 -6 $17.45 3 4 
Russell 148 159 -7 $47.75 6 23 
Hutchinson 145 159 -9 $22.36 4 5 
Pretty Prairie 142 159 -11 $20.70 5 10 
Lincoln Center 141 159 -11 $26.98 3 23 
Wilson 141 159 -11 $20.50 1 20 
Kingman 141 159 -12 $41.70 0 20 
Buhler 137 159 -14 $16.55 2 8 
Post Rock RWD 137 159 -14 $72.50 8 23 
Great Bend 136 159 -15 $23.66 0 13 
Kiowa 135 159 -15 $21.30 1 13 
Ellsworth 132 159 -17 $41.50 11 10 
Rice Co. RWD #01 129 159 -19 $18.40 0 6 
Cawker City 128 159 -19 $20.50 4 5 
Sterling 128 159 -20 $27.20 8 8 
Ellinwood 117 159 -26 $21.25 5 5 
Nickerson 111 159 -30 $21.25 1 33 
Kanopolis 109 159 -31 $33.72 <1 15 
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE 

PUBLIC WATER SUPPLIERSa/ 

REGION 6, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Hoisington 109 159 -32 $28.75 <1 19 
Chase 98 159 -38 $27.00 0 8 
Beloit 89 159 -44 $41.85 <1 10 
Average 159 159  -- $25.70 5 16 

 
a/ Includes public water suppliers in Region 6 that serve 500 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  

“NA” indicates no information available on current water rate. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, 
etc.  “NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/  

REGION 6, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Cullison 272 132 +106 $13.00 18 17 
Osborne Co. RWD #01A 248 132 +88 $56.00 0 46 
Hardtner 230 132 +74 $25.50 29 3 
Alton 221 132 +67 $24.50 2 53 
West Hills Water Co. 211 132 +59 $5.00* 0 100 
Jewell Co. RWD #01 204 132 +55 $48.30 3 25 
Osborne Co. RWD #02 197 132 +50 $52.50 0 18 
Reno Co. RWD #08 188 132 +42 $55.00 12 10 
Glen Elder 181 132 +37 $35.90 6 7 
Barber Co. RWD #01 176 132 +34 $26.75 0 100 
Sylvia 176 132 +33 $16.40 3 37 
Hazelton 169 132 +28 $27.80 0 18 
Reno Co. RWD #01 168 132 +27 $37.00 0 3 
Raymond 167 132 +27 $18.00 7 9 
Gaylord 158 132 +19 $26.12 2 32 
Holyrood 155 132 +17 $19.00 8 17 
Smith Co. RWD #01 154 132 +17 $53.50 0 15 
Abbyville 154 132 +17 $8.50 <1 23 
Bushton 153 132 +16 $16.75 <1 14 
Zenda 149 132 +13 $24.00 1 15 
Coats 147 132 +11 $11.40 9 5 
Russell Co. RWD #04 146 132 +10 $50.00 0 12 
Sawyer 137 132 +4 $20.50 0 NA 
Turon 137 132 +4 $17.50 1 7 
Harper Co. RWD #05 136 132 +3 $62.00 0 25 
Barber Co. RWD #02 135 132 +2 $25.00 0 8 
Arlington 132 132 0 $13.50 2 9 
Esbon 132 132 0 $34.00 0 25 
Olmitz 130 132 -1 $16.50 0 12 
Isabel 127 132 -4 $18.00 0 7 
Harper Co. RWD #04 125 132 -5 NA 0 37 
Burr Oak 125 132 -6 $26.00 3 30 
Harper Co. RWD #01 124 132 -6 $35.00 0 12 
Natoma 124 132 -6 $25.00 3 15 
Sylvan Grove 122 132 -8 $35.00 0 15 
Albert 121 132 -9 $15.00 0 4 
Sharon 119 132 -10 $18.50 <1 13 
Russell Co. RWD #02 119 132 -10 $20.00 0 100 
Iuka 115 132 -13 $31.00 <1 9 
Reno Co. WD  101 114 132 -14 $18.00 0 8 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/  

REGION 6, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Preston 113 132 -14 $24.25 0 100 
Lebanon 113 132 -15 $39.55 17 5 
Lorraine 110 132 -16 $21.00 1 6 
Lucas 110 132 -17 $32.00 1 5 
Spivey 107 132 -19 $31.65 0 4 
Formoso 107 132 -19 $38.00 2 3 
Geneseo 106 132 -19 $24.00 <1 8 
Bunker Hill 106 132 -19 $49.00 4 10 
Randall 106 132 -20 $58.25 0 10 
Tipton 106 132 -20 $45.50 3 NA 
Beverly 102 132 -23 $25.50 0 10 
Barton Hills WD 101 132 -24 $30.00 0 25 
Simpson 98 132 -26 $20.50 1 32 
Reno Co. RWD #04 93 132 -29 NA 0 10 
Barber Co. RWD #03 92 132 -30 $49.00 0 10 
Bluff City 92 132 -31 $20.50 <1 6 
Portis 91 132 -31 $25.00 <1 27 
Luray 88 132 -33 $54.50 3 8 
Dorrance 87 132 -34 $35.00 1 15 
Jewell 80 132 -40 $50.00 1 7 
Gorham 79 132 -40 $54.00 <1 8 
Paradise 78 132 -41 NA 0 6 
Russell Co. RWD #01 75 132 -43 $44.00 0 100 
Pawnee Rock 74 132 -44 $28.50 0 10 
Susank 74 132 -44 $43.35 0 23 
Kingman Co. RWD #01 72 132 -46 $97.50 0 21 
Waldo 54 132 -59 $46.25 0 NA 
Average 132 132  -- $32.32 4 15 

 

a/ Includes public water suppliers in Region 6 that serve fewer than 500 people. 
 

b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 
sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 

 

c/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  “*” 
after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 
information available on current water rate. 

 

d/ Unaccounted for water includes distribution system losses, unmetered water provided to 
customers, and unmetered water provided free for public services, treatment processes, 
etc.  “NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 
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TABLE 9 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 

REGION 7, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

El Dorado 200 152 +31 $16.50 2 7 
McPherson 180 152 +18 $12.02 1 9 
Emporia 175 152 +15 $24.08 8 16 
Manhattan 165 152 +8 $26.34 1 26 
Junction City 153 152 +1 $22.67 14 14 
Wichita 153 152 +1 $10.61 1 9 
Independence 153 152 0 $27.87 10 23 
Winfield 148 152 -3 $21.70 0 11 
Topeka 146 152 -4 $25.62 11 7 
Coffeyville 142 152 -6 $29.11 14 12 
Derby 140 152 -8 $23.60 1 5 
Salina 128 152 -16 $27.76 2 10 
Newton 121 152 -20 $31.10 0 12 
Arkansas City 121 152 -20 $45.71 9 4 
Average 152 152 -- $24.62 6 12 

 
a/ Includes public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 
information available on current water rate. 

 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc. 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/  

REGION 7, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Goddard 229 111 +106 $10.00 6 8 
Hesston 191 111 +72 $16.85 16 8 
Moundridge 182 111 +64 $9.50 2 NA 
Pottawatomie Co. RWD #02 174 111 +56 $49.50 <1 32 
Cheney 174 111 +56 $22.90 33 5 
Abilene 170 111 +53 $39.00 25 12 
Minneapolis 166 111 +49 $23.80 4 14 
North Newton 165 111 +49 $34.14 0 27 
Shawnee Co. RWD #06 164 111 +48 $34.55 0 7 
Eskridge 163 111 +47 $56.00 8 19 
Blue Rapids 161 111 +45 $16.40 <1 37 
Strong City 160 111 +44 $48.50 3 22 
Clay Center 156 111 +41 $16.09 6 5 
Republic Co. RWD #02 155 111 +39 $28.66 5 29 
Chapman 153 111 +38 $23.50 44 4 
Wellington 153 111 +38 $33.32 16 12 
Belleville 152 111 +37 $24.14 3 7 
Canton 151 111 +36 $16.66 1 14 
Washington 150 111 +35 $22.70 0 27 
Holton 149 111 +34 $45.50 16 18 
Concordia 148 111 +33 $31.54 3 16 
Clifton 146 111 +32 $14.30 2 10 
Clyde 146 111 +32 $26.30 11 20 
Argonia 146 111 +31 $27.50 5 5 
Inman 144 111 +30 $22.00 0 10 
Washington Co. RWD #02 143 111 +28 $57.30 0 23 
Caney 141 111 +27 $37.60 24 10 
Fredonia 141 111 +27 $42.52 2 20 
Mount Hope 140 111 +26 $16.30 7 8 
Burlington 139 111 +25 $39.00 7 13 
Waterville 138 111 +25 $16.90 3 10 
Carbondale 136 111 +23 $36.50 29 10 
Marysville 136 111 +22 $26.00 2 16 
Park City 134 111 +20 $23.00 2 12 
Garden Plain 132 111 +19 $32.50 4 10 
Hillsboro 132 111 +19 $42.54 <1 20 
Alma 131 111 +18 $33.00 11 17 
Wamego 130 111 +17 $18.95 2 7 
Pottawatomie Co. RWD #01 129 111 +16 $31.00 <1 25 
Bel Aire 128 111 +16 $28.20 1 12 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/  

REGION 7, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Sumner Co. RWD #05 128 111 +15 NA 0 9 
Marion 127 111 +15 $35.25 11 17 
Eureka 127 111 +15 $33.55 1 9 
Cowley Co. RWD #03 127 111 +15 $21.80 <1 20 
Marquette 127 111 +15 $32.00 9 8 
Augusta 127 111 +14 $28.50 1 5 
St. Marys 127 111 +14 $26.90 9 8 
Neodesha 126 111 +14 $43.50 19 NA 
Sedgwick Co. RWD #04 126 111 +14 $68.50 0 23 
Lyon Co. RWD #02 126 111 +14 $35.51 0 8 
Miltonvale 126 111 +14 $19.00 3 19 
Howard 126 111 +13 $36.85 10 20 
Galva 126 111 +13 $20.95 1 17 
Cedar Vale 125 111 +12 $39.60 2 24 
Council Grove 123 111 +11 $21.18 9 11 
Frankfort 120 111 +8 $20.06 1 14 
Riley 120 111 +8 $22.00 0 32 
Morris Co. RWD #01 120 111 +8 $54.00 1 14 
Lindsborg 119 111 +7 $30.00 1 7 
Cowley Co. RWD #01 118 111 +7 $30.50 3 17 
McPherson Co. RWD #04 118 111 +6 $41.30 0 8 
Kechi 117 111 +5 $42.00 1 10 
Westmoreland 117 111 +5 $30.25 28 NA 
Ottawa Co. RWD #02 117 111 +5 $52.84 0 10 
Riley Co. RWD #01 117 111 +5 $53.75 <1 13 
Wakefield 117 111 +5 $25.00 1 14 
Nemaha Co. RWD #03 116 111 +4 $41.30 0 10 
Pottawatomie Co. RWD #03 115 111 +4 $34.00 6 11 
Sedan 115 111 +3 $37.80 14 8 
Belle Plaine 114 111 +3 $22.00 0 21 
Timber Creek Water & Sewer 112 111 +1 $27.50 0 10 
Oxford 112 111 +1 $33.00 1 16 
Burden 112 111 +1 $30.50 2 20 
Sabetha 112 111 +1 $44.52 6 9 
Conway Springs 112 111 +1 $24.72 1 13 
Halstead 111 111 0 $44.00 1 11 
Yates Center 110 111 0 $43.75 2 21 
Lyon Co. RWD #05 110 111 -1 $42.45 3 5 
Seneca 109 111 -2 $15.55 1 8 
Dickinson Co. RWD #01 108 111 -2 $53.50 <1 40 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/  

REGION 7, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Marion Co. RWD #01 108 111 -3 $28.21 <1 18 
Sedgwick Co. RWD #03 108 111 -3 NA 4 3 
Burrton 108 111 -3 $25.00 3 6 
Saline Co. RWD #04 107 111 -3 $35.68 0 18 
Butler Co. RWD #01 106 111 -4 NA 0 12 
Florence 106 111 -4 $44.00 8 15 
Montgomery Co. RWD #11 106 111 -4 $53.41 0 34 
Sumner Co. RWD #04 106 111 -5 $62.50 <1 20 
Ogden 106 111 -5 $19.00 1 3 
Solomon 105 111 -5 $20.00 4 14 
Udall 105 111 -6 $32.50 0 14 
Jackson Co. RWD #03 104 111 -7 $59.17 0 19 
Herington 103 111 -7 $24.36 6 10 
Goessel 103 111 -7 $27.88 <1 9 
Osage Co. RWD #03 103 111 -7 $71.00 5 15 
Washington Co. RWD #01 102 111 -8 $45.20 <1 7 
Grandview Plaza 102 111 -8 $22.73 0 10 
Caldwell 102 111 -9 $41.00 2 8 
Dickinson Co. RWD #02 101 111 -9 $55.50 0 21 
Cowley Co. RWD #05 101 111 -9 $61.50 0 24 
Clay Co. RWD #02 101 111 -9 $53.82 0 8 
Andale 101 111 -9 $30.25 4 8 
Marshall Co. RWD #03 101 111 -9 $53.43 0 12 
Haysville 101 111 -9 $19.38 4 13 
Shawnee Co. RWD #04 101 111 -9 $37.70 0 20 
Osage Co. RWD #07 101 111 -9 $64.20 0 14 
Clearwater 100 111 -10 $36.00 8 10 
Sedgwick 99 111 -10 $35.00 9 NA 
Valley Center 99 111 -11 $31.88 1 6 
Greenwood Co. RWD #02 99 111 -11 $52.00 0 18 
Marion Co. RWD #04 97 111 -12 $47.10 0 12 
Peabody 97 111 -12 $51.08 3 15 
White City 97 111 -12 $17.00 0 12 
Cottonwood Falls 97 111 -13 $38.00 18 7 
Whitewater 97 111 -13 $46.85 1 12 
Bennington 95 111 -14 $28.60 9 10 
Osage Co. RWD #05 95 111 -14 $54.75 0 24 
Saline Co. RWD #03 95 111 -14 NA 0 6 
Coffey Co. RWD #02 95 111 -15 $72.55 0 14 
Madison 95 111 -15 $52.00 8 10 



 23

TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/  

REGION 7, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Osage City 94 111 -15 $34.46 <1 4 
Onaga 94 111 -15 $36.50 2 7 
Maple Hill 93 111 -16 $37.40 2 15 
Hanover 93 111 -16 $39.75 2 9 
Olpe 93 111 -16 $52.00 1 8 
Lyon Co. RWD #01 93 111 -16 $51.50 1 14 
Burlingame 93 111 -16 $53.40 6 22 
Shawnee Co. RWD #08 93 111 -16 $26.00 1 9 
Woodson Co. RWD #01 92 111 -17 $58.00 13 25 
Leon 92 111 -17 $33.18 4 17 
Overbrook 91 111 -18 $55.00 2 13 
Cowley Co. RWD #06 90 111 -18 $20.18 <1 21 
Osage Co. RWD #08 90 111 -19 $65.00 0 17 
Douglass 90 111 -19 $50.90 1 8 
Rossville 90 111 -19 $33.20 0 10 
Cherryvale 89 111 -20 $62.50 1 13 
Centralia 88 111 -20 $43.00 0 10 
Lyndon 88 111 -20 $48.55 1 13 
Butler Co. RWD #06 87 111 -21 $73.00 0 11 
Rose Hill 87 111 -22 $41.82 0 NA 
Jackson Co. RWD #01 87 111 -22 $65.00 0 5 
Sedgwick Co. RWD #01 86 111 -22 $44.00 0 9 
Mulvane 86 111 -22 $39.00 4 8 
Lyon Co. RWD #04 86 111 -23 $46.08 0 4 
Enterprise 86 111 -23 $33.25 2 11 
Shawnee Co. RWD #02C 85 111 -23 $55.00 3 18 
Wabaunsee Co. RWD #02 85 111 -23 $52.00 0 18 
Silver Lake 85 111 -24 $26.30 1 4 
Shawnee Co. RWD #01C 84 111 -24 $47.00 <1 7 
Montgomery Co. RWD #02 83 111 -25 $72.20 0 9 
Lebo 83 111 -25 $61.50 <1 3 
Assaria 83 111 -25 $31.25 1 NA 
Towanda 82 111 -26 $39.00 2 8 
Wilson Co. RWD #10 82 111 -26 NA 0 25 
LeRoy 82 111 -26 $61.00 15 6 
Wilson Co. RWD #11 81 111 -27 $67.00 0 20 
Waverly 81 111 -27 $66.00 3 11 
Butler Co. RWD #04 81 111 -27 $51.00 0 6 
Butler Co. RWD #02 81 111 -27 $59.30 0 6 
Butler Co. RWD #05 80 111 -28 NA 0 9 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/  

REGION 7, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Glasco 80 111 -28 $44.00 0 6 
Montgomery Co. RWD #01C 79 111 -28 $50.00 2 15 
Benton 79 111 -29 NA 7 NA 
Harvey Co. RWD #01 79 111 -29 $64.00 0 9 
Dearing 79 111 -29 $35.75 0 9 
Shawnee Co. RWD #05 78 111 -29 NA 0 12 
Coffey Co. RWD #03 77 111 -30 $55.00 0 10 
Butler Co. RWD #07 77 111 -31 $65.00 0 14 
Cowley Co. RWD #02 77 111 -31 $24.00 0 9 
Butler Co. RWD #03 76 111 -31 $71.50 0 13 
Geary Co. RWD #04 76 111 -32 $46.00 0 NA 
Milford 74 111 -34 $46.40 15 NA 
Shawnee Co. RWD #03 73 111 -35 $50.50 1 25 
Hartford 72 111 -35 $40.50 0 13 
Hoyt 71 111 -36 $54.35 0 15 
Montgomery Co. RWD #12 70 111 -37 $81.31 0 10 
Butler Co. RWD #08 70 111 -37 $37.00 0 13 
Average 111 111  -- $39.53 5 13 

 
a/ Includes public water suppliers in Region 7 that serve between 500 and 9,999 people. 
 
b/ The figure for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  

“NA” indicates no information available on current water rate. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 

 



 25

TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 7, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Elgin 268 104 +157 $19.00 0 68 
Republic Co. RWD #01 236 104 +127 $24.00 0 23 
Byron 193 104 +85 $12.50* 0 100 
Toronto 190 104 +83 $45.65 17 27 
Sumner Co. RWD #01 174 104 +68 $42.80 0 19 
Vermillion 169 104 +63 $32.00 54 NA 
McPherson Co. RWD #03 162 104 +56 NA 0 7 
Harveyville 156 104 +50 $69.50 26 20 
McPherson Co. RWD #01 155 104 +49 $22.50 0 25 
Linn 154 104 +48 $22.75 0 6 
Greenleaf 152 104 +47 $25.50 3 26 
Geary Co. RWD #02 151 104 +45 $22.20* 0 100 
Delphos 151 104 +45 $15.00 0 35 
Elmdale 150 104 +45 $33.00 0 45 
Barnes 149 104 +43 $15.00 3 18 
Wilson Co. RWD #01 149 104 +43 NA 0 28 
Mahaska 147 104 +42 $16.00 1 10 
Scandia 145 104 +40 $8.50 7 10 
Saline Co. RWD #02 140 104 +35 $39.00 0 33 
Geary Co. RWD #01 140 104 +34 NA 0 24 
Tatarrax Hills 140 104 +34 $35.20 0 13 
Morganville 139 104 +34 $14.50 0 NA 
Montgomery Co. RWD #08 136 104 +31 $64.63 0 43 
McPherson Co. RWD #02 136 104 +31 $37.50 0 NA 
Republic 136 104 +31 $15.50 5 21 
Altoona 132 104 +27 $36.50 11 23 
Blue River Hills Improvement 131 104 +26 $20.00* 0 100 
Cowley Co. RWD #04 130 104 +25 $53.50 0 23 
Clay Co. RWD #01 130 104 +25 $28.75 0 12 
Melvern 130 104 +25 $58.80 29 15 
Cuba 128 104 +24 $24.18 <1 19 
Howison Heights WD 127 104 +22 $47.00 0 16 
Ottawa Co. RWD #01 125 104 +20 $36.50 0 10 
Bremen 124 104 +19 NA 0 47 
New Strawn 123 104 +18 $45.00 5 22 
Saline Co. RWD #06 120 104 +15 $47.50 0 NA 
Cassoday 119 104 +15 $47.75 0 21 
Dexter 119 104 +15 $16.40 3 15 
Lehigh 119 104 +15 $15.20 0 17 
Severy 119 104 +14 $37.50 48 7 
Sumner Co. RWD #02 118 104 +14 $46.00 0 20 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 7, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Palmer 118 104 +13 $26.00 12 12 
Matfield Green 118 104 +13 $27.50 0 33 
Geuda Springs 115 104 +11 $29.00 2 24 
Saline Co. RWD #08 115 104 +11 $45.00 0 11 
Wilson Co. RWD #04 115 104 +10 $60.00 0 25 
Elk City 114 104 +9 $43.15 12 9 
Chautauqua 112 104 +8 NA 0 22 
Courtland 112 104 +7 $22.90 2 16 
Jamestown 112 104 +7 $39.20 0 26 
Belvue 111 104 +7 $22.00 0 16 
Gypsum 111 104 +7 $25.25 1 9 
Montgomery Co. RWD #09 110 104 +6 $66.00 0 26 
Beattie 109 104 +5 $36.75 2 21 
Glasstown District 109 104 +5 None 0 100 
Cloud Co. RWD #01 107 104 +3 $52.50 2 7 
Chautauqua Co. RWD #02 107 104 +3 $78.00 0 25 
Moline 106 104 +2 $40.00 <1 4 
Summerfield 105 104 +1 $20.00 <1 9 
Wetmore 104 104 0 $27.65 7 13 
Aurora 104 104 0 $28.50 0 10 
St. George 103 104 -1 $17.55 2 20 
Longton 102 104 -2 $30.10 9 15 
Montgomery Co. RWD #10 102 104 -2 $50.00 0 14 
Wilson Co. RWD #07 101 104 -3 $60.00 0 26 
Sumner Co. RWD #03 101 104 -3 NA 0 13 
Chautauqua Co. RWD #03 101 104 -3 NA 0 8 
Durham 101 104 -3 $26.00 <1 8 
Tescott 100 104 -3 $16.55 0 8 
Leonardville 100 104 -4 $34.00 0 10 
Admire 100 104 -4 $45.50 0 24 
Bern 99 104 -4 $25.90 <1 17 
South Haven 99 104 -5 $21.50 1 14 
Nemaha Co. RWD #04 99 104 -5 $58.00 0 5 
Morrowville 98 104 -6 $36.00 0 22 
Munden 97 104 -6 $19.00 0 5 
Alta Vista 97 104 -7 $40.75 2 22 
Randolph 95 104 -8 $40.00 0 11 
Gridley 94 104 -9 $61.00 1 20 
Osage Co. RWD #04 93 104 -11 $67.00 0 9 
Nemaha Co. RWD #01 92 104 -11 $37.50 0 10 
Agenda 92 104 -11 $30.00 1 14 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 7, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Rocky Ford Water Co. 92 104 -12 $20.00* 0 100 
Havensville 92 104 -12 $44.00 0 34 
Wabaunsee Co. RWD #01 91 104 -12 $88.00 0 26 
Wilson Co. RWD #06 91 104 -12 NA 0 5 
Marshall Co. RWD #01 91 104 -12 $45.50 0 9 
Chautauqua Co. RWD #01 91 104 -13 $42.00 0 11 
Hope 90 104 -14 $40.80 0 4 
Paxico 89 104 -14 $32.00 1 4 
Potwin 89 104 -14 $53.56 1 NA 
Osage Co. RWD #06 89 104 -15 $70.00 0 18 
Dwight 88 104 -16 $15.00 0 14 
Longford 87 104 -16 $47.50 3 12 
Windom 86 104 -17 $32.00 <1 NA 
Atlanta 86 104 -18 $52.50 10 11 
Reading 85 104 -18 $61.00 0 17 
Cowley Co. RWD #08 85 104 -18 NA 0 9 
Oketo 85 104 -19 $31.25 3 NA 
Chase Co. RWD #01 84 104 -19 $50.00 7 23 
Haddam 84 104 -19 $26.00 5 24 
Culver 84 104 -19 $30.50 6 15 
Whiting 84 104 -19 $30.50 1 23 
Latham 84 104 -20 NA 0 14 
Wilson Co. RWD #12 83 104 -20 $37.30 0 100 
Emmett 83 104 -21 $23.10 1 23 
Montgomery Co. RWD #13 82 104 -21 $72.50 0 17 
Axtell 80 104 -23 $40.00 <1 7 
Netawaka 80 104 -23 NA 0 4 
Goff 80 104 -23 $38.00 0 11 
Konza Valley Water District 80 104 -23 $109.80 0 21 
Montgomery Co. RWD #01 80 104 -24 NA 0 NA 
Lyon Co. RWD #03 78 104 -25 $52.00 0 10 
Wilson Co. RWD #02 77 104 -26 NA 0 100 
Burns 77 104 -26 $31.00 <1 15 
Green 77 104 -26 $36.00 2 15 
Cedar Point 76 104 -27 $23.00 0 3 
Buffalo 75 104 -28 $54.78 0 7 
Oneida 75 104 -28 $29.05 0 13 
Wilson Co. RWD #09 74 104 -29 NA 0 22 
Hamilton 74 104 -29 $63.00 <1 16 
Viola 73 104 -29 $42.00 0 6 
Cowley Co. RWD #07 73 104 -29 NA 2 40 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 7, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Saline Co. RWD #07 73 104 -30 $60.75 0 18 
Grenola 73 104 -30 $57.70 1 8 
McFarland 73 104 -30 $44.25 2 7 
Osage Co. RWD #02 72 104 -30 $52.00 0 NA 
Newbury Ext. 71 104 -31 NA 0 10 
Cambridge 71 104 -32 $62.60 <1 NA 
Olsburg 70 104 -33 $27.50 <1 9 
Greenwood Co. RWD #03 69 104 -34 $78.30 0 20 
Peru 68 104 -34 $54.00 <1 12 
Mayfield 68 104 -35 $41.30 0 NA 
Dickinson Co. RWD #03 65 104 -37 NA 0 100 
University Park Water 65 104 -38 $30.50 0 16 
Quenemo 63 104 -39 $58.50 1 10 
Fall River 61 104 -41 $38.50 0 18 
Elbing 61 104 -41 $58.50 0 100 
Scotsman Estates 60 104 -42 NA 0 14 
Allen 59 104 -43 $58.00 0 5 
Virgil 58 104 -44 $50.00 0 7 
Wilson Co. RWD #05 57 104 -45 $80.00 0 3 
Circleville 55 104 -47 $52.50 <1 12 
Saline Co. RWD #01 53 104 -49 $40.00 0 7 
Red Bud Lake Assoc. 43 104 -58 $77.72 0 9 
Marion Co. RWD #02 34 104 -67 $37.00 0 3 
Average 104 104  -- $40.33 6 16 
 
a/ Includes public water suppliers in Region 7 that serve fewer than 500 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 
information available on current water rate. 

 
d/ For suppliers that meter customer usage, unaccounted for water includes distribution 

system losses, unmetered water provided to customers, and unmetered water provided 
free for public services, treatment processes, etc.  For suppliers that do not meter any 
customers water usage or did not provide sufficient information on customer sales, the 
percent unaccounted for water is 100.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 12 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/  

REGION 8, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Kansas City BPU 211 130 +62 $37.25 35 6 
WaterOne, Johnson Co. 164 130 +26 $32.55 13 9 
Atchison 129 130 -1 $40.22 2 9 
Lawrence 128 130 -2 $29.60 12 4 
Pittsburg 121 130 -7 $32.54 3 3 
Leavenworth 116 130 -11 $38.72 <1 13 
Gardner 112 130 -14 $48.10 3 22 
Parsons 110 130 -15 $47.82 2 11 
Olathe 106 130 -18 $28.74 <1 10 
Ottawa 101 130 -22 $27.57 1 10 
Average 130 130  -- $36.31 7 10 
 
a/ Includes public water suppliers in Region 8 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2001, or as recently as rates provided. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc. 
 



 30

TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/  

REGION 8, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Baldwin 195 102 +91 $61.05 0 40 
Cherokee Co. RWD #03 186 102 +82 $25.75 17 30 
Baxter Springs 170 102 +66 $33.20 9 27 
Jefferson Co. RWD #13 156 102 +53 $48.20 7 40 
Cherokee Co. RWD #01 155 102 +52 $30.00 1 42 
Fort Scott 153 102 +50 $30.23 2 27 
Jefferson Co. RWD #02 147 102 +44 $42.40 14 24 
Cherokee Co. RWD #04 145 102 +42 $39.50 0 50 
Galena 143 102 +40 $21.50 2 29 
Osawatomie 141 102 +38 $28.34 13 14 
Chetopa 136 102 +34 $41.90 6 16 
Chanute 131 102 +29 $24.96 2 9 
Paola 128 102 +25 $38.45 11 12 
Humboldt 128 102 +25 $48.50 23 12 
Crawford Co. RWD #01C 127 102 +24 $45.00 0 10 
Crawford Co. RWD #06 126 102 +24 $78.50 4 27 
Suburban Water Co. 125 102 +23 $56.67 0 11 
Iola 124 102 +22 $39.37 <1 16 
Girard 122 102 +20 $30.00 10 15 
Garnett 122 102 +20 $57.50 7 12 
Bonner Springs 120 102 +18 $34.25 4 16 
Scammon 119 102 +17 $18.25 0 24 
Anderson Co. RWD #04 119 102 +16 $57.30 0 15 
Jefferson Co. RWD #03 118 102 +15 $24.00 0 24 
Highland 117 102 +15 $36.00 25 14 
Mulberry 117 102 +15 $55.65 0 41 
Mound City 115 102 +13 $49.00 12 17 
Hiawatha 114 102 +12 $34.23 1 9 
Troy 113 102 +11 $45.50 8 30 
Allen Co. RWD #08 112 102 +10 $52.00 0 19 
Leavenworth Co. RWD #08 112 102 +10 $59.00 3 25 
Crawford Co. RWD #05 111 102 +8 $27.50 7 18 
Frontenac 110 102 +8 $31.02 6 15 
Franklin Co. RWD #06 110 102 +8 $70.50 21 15 
Oswego 109 102 +7 $46.25 13 8 
Neosho Co. RWD #07 109 102 +6 $39.00 0 13 
St. Paul 109 102 +6 $34.75 0 15 
Columbus 108 102 +6 $42.00 <1 6 
Leavenworth Co. RWD #05 108 102 +6 $49.24 0 25 
Spring Hill 108 102 +6 $60.00 18 11 
Valley Falls 107 102 +5 $28.56 12 15 
Louisburg 106 102 +4 $70.25 4 NA 
Jefferson Co. RWD #07 105 102 +3 $36.50 0 16 
Jefferson Co. RWD #01 105 102 +3 $29.60 0 18 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/  

REGION 8, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Jefferson Co. RWD #12 103 102 +1 $62.00 <1 25 
Tonganoxie 101 102 -1 $38.05 5 12 
Thayer 101 102 -1 $47.00 2 15 
DeSoto 101 102 -1 $40.10 8 20 
Erie 101 102 -1 $42.20 2 6 
Franklin Co. RWD #05 99 102 -3 $32.50 0 7 
Moran 99 102 -3 $38.00 <1 11 
Lansing (Lan-Del WC) 98 102 -4 $48.30 0 16 
Wathena 98 102 -4 $50.70 1 6 
Eudora 97 102 -5 $50.40 10 12 
Oskaloosa 96 102 -5 $43.60 1 12 
Labette Co. RWD #06 95 102 -7 $28.00 0 NA 
Franklin Co. RWD #04 95 102 -7 $65.00 3 19 
Miami Co. RWD #02 95 102 -7 $56.00 0 8 
Cherokee 94 102 -8 $45.75 1 15 
Linn Co. RWD #03 94 102 -8 $60.00 0 20 
Horton 94 102 -8 $38.27 9 12 
Labette Co. RWD #08 93 102 -9 $60.00 0 24 
Pleasanton 93 102 -9 $23.39 2 6 
Miami Co. RWD #01 93 102 -9 $38.57 1 3 
LaHarpe 92 102 -9 $39.50 2 14 
Cherokee Co. RWD #02 92 102 -10 $26.80 0 11 
Crawford Co. RWD #04 92 102 -10 $29.00 8 24 
La Cygne 91 102 -11 $63.25 5 10 
Ozawkie 90 102 -11 $11.00 <1 6 
Douglas Co. RWD #03 90 102 -12 $58.50 <1 16 
Douglas Co. RWD #01 90 102 -12 $50.60 0 17 
Johnson Co. RWD #07 90 102 -12 $56.50 0 16 
Linn Co. RWD #02 89 102 -13 $80.50 14 25 
Brown Co. RWD #01 89 102 -13 $30.50 0 22 
Richmond 88 102 -14 $63.25 14 NA 
Douglas Co. RWD #06 88 102 -14 $33.00 0 9 
Franklin Co. RWD #01 87 102 -15 $67.29 0 23 
Leavenworth Co. RWD #09 87 102 -15 $47.90 0 16 
Douglas Co. RWD #04 87 102 -15 $62.50 0 19 
Nortonville 85 102 -17 $18.60 <1 7 
Neosho Co. RWD #01C 85 102 -17 $77.75 0 3 
Perry 85 102 -17 $64.00 <1 10 
Neosho Co. RWD #02 85 102 -17 $32.30 0 16 
Altamont 83 102 -18 $60.00 0 7 
Crawford Co. RWD #02 82 102 -19 $49.00 0 11 
Bourbon Co. RWD #02C 82 102 -20 $35.00 <1 15 
Arma 82 102 -20 $31.60 0 4 
Leavenworth Co. RWD #07 81 102 -20 $74.00 0 12 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/  

REGION 8, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Brown Co. RWD #02 81 102 -21 $59.60 0 15 
Johnson Co. RWD #06C 81 102 -21 $58.75 0 3 
Leavenworth Co. RWD #10 80 102 -21 $71.00 0 NA 
Douglas Co. RWD #05 80 102 -21 $55.00 0 9 
Wellsville 80 102 -22 $49.22 0 14 
Effingham 79 102 -22 $29.90 5 NA 
Gas 78 102 -23 $37.78 0 8 
Lecompton 77 102 -25 $49.50 10 14 
Leavenworth Co. RWD #01C 77 102 -25 $58.82 1 6 
Pomona 75 102 -26 $38.90 0 8 
Leavenworth Co. RWD #06 74 102 -27 $58.00 0 6 
Elwood 74 102 -28 $53.72 <1 8 
Weir 73 102 -28 $44.50 0 5 
Winchester 73 102 -28 $34.50 3 NA 
Anderson Co. RWD #05 73 102 -29 $65.25 0 15 
Miami Co. RWD #03 71 102 -31 $65.50 0 23 
Cherokee Co. RWD #08 67 102 -35 $42.00 4 9 
McLouth 65 102 -36 $73.80 4 8 
Crawford Co. RWD #07 64 102 -37 $43.00 0 21 
Edgerton 63 102 -38 $58.25 2 8 
Miami Co. RWD #04 60 102 -41 $102.00 0 12 
Average 102 102  -- $46.52 6 16 
 
a/ Includes public water suppliers in Region 8 that serve between 500 and 9,999 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 

c/ Cost for water according to rates in effect during 2001, or as recently as rates provided. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a recent unaccounted for water of less than 3.0. 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/  

REGION 8, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Bourbon Co. RWD #04 179 90 +99 NA 3 26 
Jefferson Co. RWD #10 161 90 +79 $60.50 2 61 
Allen Co. RWD #04 144 90 +60 $29.00 0 100 
Atchison Co. RWD #04 137 90 +52 $61.20 0 52 
Easton 127 90 +41 $27.76 12 30 
Neosho Co. RWD #05 125 90 +39 $65.00 0 20 
Jefferson Co. RWD #06 120 90 +33 $38.50 0 44 
Allen Co. RWD #03 119 90 +32 $49.00 0 3 
Neosho Co. RWD #09 118 90 +31 $39.90 0 9 
Crawford Co. RWD #01 116 90 +29 $38.00 0 39 
Neosho Co. RWD #06 114 90 +27 $45.30 0 26 
Allen Co. RWD #16 112 90 +25 $23.00 0 6 
Everest 111 90 +24 $29.25 0 13 
Labette Co. RWD #04 108 90 +20 NA 0 45 
Neosho Co. RWD #03 107 90 +19 $74.00 0 11 
Williamsburg 106 90 +18 $40.50 <1 9 
Labette Co. RWD #01 101 90 +12 NA 0 21 
Lakeside Village Improvement 100 90 +12 $32.00 6 40 
Crawford Co. RWD #03 100 90 +11 $25.50 7 15 
Bartlett 98 90 +9 NA <1 10 
Neosho Co. RWD #08 96 90 +7 $48.00 0 12 
Anderson Co. RWD #01 96 90 +7 NA 0 10 
Blue Mound 95 90 +6 $44.27 10 19 
Labette Co. RWD #03 94 90 +5 $54.60 0 12 
Colony 94 90 +4 NA 0 NA 
Reserve 93 90 +3 $50.50 0 33 
Fontana 91 90 +2 $56.50 1 13 
Arcadia 91 90 +1 $33.94 10 11 
Robinson 91 90 +1 $28.75 4 17 
Uniontown 91 90 +1 $62.65 <1 7 
Atchison Co. RWD #03 90 90 -1 $61.00 0 21 
Franklin Co. RWD #07 89 90 -1 $25.00 0 47 
Jefferson Co. RWD #08 88 90 -2 $44.00 0 13 
Parker 88 90 -3 $43.50 <1 30 
Atchison Co. RWD #02 87 90 -3 $46.20 0 18 
White Cloud 87 90 -3 $25.00 0 27 
Jefferson Co. RWD #11 86 90 -4 $50.01 2 6 
Anderson Co. RWD #02 86 90 -5 $36.50 0 100 
Chicopee Water Co. 85 90 -6 NA 0 12 
Linwood 83 90 -8 $41.50 8 9 
Prescott 83 90 -8 $41.50 0 8 
Fulton 83 90 -8 $50.00 0 23 
Cherokee Water Corp. 82 90 -8 $61.00 0 NA 
Neosho Co. RWD #12 82 90 -8 $40.30 0 11 
Coal Hollow WD 81 90 -10 $43.50 0 NA 
Labette Co. RWD #07 80 90 -12 $47.50 0 11 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/  

REGION 8, 2001 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Allen Co. RWD #10 79 90 -12 $54.30 0 11 
Bronson 79 90 -12 $62.50 4 5 
Cherokee Co. RWD #05 79 90 -12 NA 0 19 
Rantoul 79 90 -13 $49.75 1 8 
Franklin Co. RWD #02 78 90 -13 NA 0 NA 
Jefferson Co. RWD #09 77 90 -14 $42.60 3 40 
Doniphan Co. RWD #03 77 90 -14 $37.00 0 21 
Allen Co. RWD #15 74 90 -17 $18.50 0 5 
Lane 73 90 -19 $56.00 <1 18 
Cherokee Co. RWD #07 73 90 -19 $38.38 0 11 
Princeton 72 90 -20 $42.50 <1 7 
Labette Co. RWD #02 72 90 -20 $56.40 0 9 
Greeley 71 90 -21 $38.25 1 19 
Franklin Co. RWD #03 70 90 -23 NA 0 100 
Muscotah 68 90 -24 $19.00 1 8 
Mound Valley 68 90 -24 $59.30 <1 NA 
Denison 68 90 -25 $64.25 <1 5 
Doniphan Co. RWD #01 67 90 -26 $31.00 0 100 
Doniphan Co. RWD #02 66 90 -26 $76.00 0 9 
Lancaster 66 90 -27 NA 0 NA 
Capaldo Water Association 65 90 -27 $20.75 0 9 
West Mineral 65 90 -28 $61.00 2 14 
Allen Co. RWD #11 64 90 -29 NA 0 4 
Jefferson Co. RWD #15 63 90 -30 $39.75 0 12 
Edna 62 90 -31 $62.50 <1 NA 
Morrill 62 90 -31 $48.75 0 19 
Allen Co. RWD #01 57 90 -37 NA 0 100 
Average 90 90  -- $44.88 3 18 
 
a/ Includes public water suppliers in Region 8 that serve fewer than 500 people. 
 

b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 
sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 

 

c/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  
“NA” indicates no information available on current water rate. 

 

d/ Unaccounted for water includes distribution system losses, unmetered water provided to 
customers, and unmetered water provided free for public services, treatment professes, etc.  
For suppliers that did not provide sufficient information on customer sales, the percent 
unaccounted for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted 
for water of less than 3.0. 
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TABLE 15 
PUBLIC WATER SUPPLIERS WITH HIGHEST GPCD'S RELATIVE TO THEIR  

REGION, RANKED BY PERCENT ABOVE REGIONAL AVERAGE 
KANSAS, 2001 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

 1.  Comanche Co. RWD #02 431 159 +171 $58.00 0 54 
 2.  Elgin 268 104 +157 $19.00 0 68 
 3.  Republic Co. RWD #01 236 104 +127 $24.00 0 23 
 4.  Englewood 405 189 +115 $25.00* 0 91 
 5.  Cullison 272 132 +106 $13.00 18 17 
 6.  Goddard 229 111 +106 $10.00 6 8 
 7.  Bourbon Co. RWD #04 179 90 +99 NA 3 26 
 8.  Baldwin 195 102 +91 $61.05 0 40 
 9.  Osborne Co. RWD #01A 248 132 +88 $56.00 0 46 
10.  Byron 193 104 +85 $12.50* 0 100 
11.  Toronto 190 104 +83 $45.65 17 27 
12.  Cherokee Co. RWD #03 186 102 +82 $25.75 17 30 
13.  Jefferson Co. RWD #10 161 90 +79 $60.50 2 61 
14.  Hardtner 230 132 +74 $25.50 29 3 
15.  Hesston 191 111 +72 $16.85 16 8 
16.  Herndon 405 239 +69 $12.00 2 9 
17.  Rexford 404 239 +69 $17.50 0 9 
18.  Sumner Co. RWD #01 174 104 +68 $42.80 0 19 
19.  Alton 221 132 +67 $24.50 2 53 
20.  Baxter Springs 170 102 +66 $33.20 9 27 
 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 
information available on current water rates. 

 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
water usage the percent unaccounted for is 100.  For suppliers that meter only certain water 
uses, the percent unaccounted for includes all unmetered water. 
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TABLE 16 
PUBLIC WATER SUPPLIERS WITH LOWEST GPCD'S RELATIVE TO THEIR  

REGION, RANKED BY PERCENT BELOW REGIONAL AVERAGE 
KANSAS, 2001 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

 1.  Hamilton Co. RWD #01 71 264 -73 $57.00 0 8 
 2.  Farr Subdivision 68 239 -72 NA 0 100 
 3.  Finney Co. RWD #01 70 239 -71 $43.00 0 13 
 4.  Marion Co. RWD #02 34 104 -67 $37.00 0 3 
 5.  Garden Spot Rentals 79 239 -67 None 0 100 
 6.  Norton Co. RWD #01 63 189 -67 $34.50 0 8 
 7.  Trego Co. RWD #01 71 189 -62 $44.00 0 10 
 8.  Comanche Co. RWD #01 64 159 -60 $25.50 0 3 
 9.   Waldo 54 132 -59 $46.25 0 NA 
10.  Liebenthal 65 159 -59 $33.00 2 6 
11.  Red Bud Lake Assoc. 43 104 -58 $77.72 0 9 
12.  Trego Co. RWD #02 87 189 -54 $63.00 43 20 
13.  Horace 123 264 -53 $24.30 0 3 
14.  Saline Co. RWD #01 53 104 -49 $40.00 0 7 
15.  Circleville 55 104 -47 $52.50 <1 12 
16.  Ellis Co. RWD #01 85 159 -46 $23.20 1 13 
17.  Rooks Co. RWD #02 86 159 -46 $25.50 0 22 
18.  Kingman Co. RWD #01 72 132 -46 $97.50 0 21 
19.  Wilson Co. RWD #05 57 104 -45 $80.00 0 3 
20.  Beloit 89 159 -44 $41.85 <1 10 
 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2001, or as recently as rates provided.  

“NA” indicates no information available on current water rates.  “None” indicates system that 
does not charge for water service. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
For suppliers that do not meter any customer water usage or did not provide sufficient 
information on customer sales, the percent unaccounted for water is 100.  “NA” is shown for 
supplier reporting a percent unaccounted for water of less than 3.0. 
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TABLE 17 
WATER USE BY PUBLIC WATER SUPPLIERS WITH FLAT RATESa/ 

KANSAS, 2001 

Public Water Supplier Region

Cost per 
10,000 

gal/month GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Arnold 4 $12.00 198 189 +5 
Belvidere 5 $15.00 244 159 +54 
Blue River Hills Improvement 7S $20.00 131 104 +26 
Byron 7S $12.50 193 104 +85 
Copeland 3 $25.00 242 249 -3 
Englewood 4 $25.00 405 189 +115 
Ensign 3 $33.00 252 249 +1 
Ford 4 $18.00 261 189 +38 
Geary Co. RWD #02 7S $22.20 151 104 +45 
Moscow 2 $22.00 393 239 +65 
Rocky Ford Water Co. 7S $20.00 92 104 -12 
West Hills Water Co. 6S $5.00 211 132 +59 
Average         +40 

 
a/ Each customer is charged the same amount each month, regardless of how much water is 

used. 
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TABLE 18 
AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 

KANSAS, 2001 

Region 

Number of 
Public Water 

Suppliers 

Gallons of Water Used Per Month 

5,000 10,000 25,000 50,000 100,000 

1 15 $14.70 $21.46 $41.46 $76.58 $145.48 
2 22 $12.90 $18.09 $33.96 $61.41 $115.50 
3 20 $11.97 $17.08 $33.13 $60.40 $116.88 
4 27 $16.95 $23.11 $42.42 $76.24 $145.87 
5 47 $18.42 $26.86 $55.03 $105.72 $207.55 
6 105 $19.59 $29.73 $60.39 $110.86 $211.94 
7 310 $24.35 $39.18 $82.64 $155.55 $300.55 
8 179 $27.19 $45.40 $98.64 $187.17 $362.00 

Kansas 725 $22.81 $36.34 $76.39 $143.59 $277.21 
 



 39

TABLE 19 
PUBLIC WATER SUPPLIERS WITH 30 PERCENT OR MORE 

UNACCOUNTED FOR WATER 
KANSAS, 2001 

Public Water Supplier 

Percent 
Unaccounted 

For 

Potential 
Water Gain 
(Thousand 
Gallons)a/ 

Water Conservation Plan 
Approval Date 

Alton 53 3,611 -- 
Atchison Co. RWD #04 52 5,650 October 2001 
Baldwin 40 93,492 May 1997 
Bison 30 1,708 February 1993 
Blue Rapids 37 13,854 August 2002 
Bremen 47 607 -- 
Burdett 31 2,776 May 1991 
Burr Oak 30 1,878 -- 
Cherokee Co. RWD #01 42 8,063 February 1997 
Cherokee Co. RWD #03 30 17,195 February 1998 
Cherokee Co. RWD #04 50 28,874 March 2002 
Comanche Co. RWD #02 54 8,548 March 1997 
Cowley Co. RWD #07 40 1,572 August 1997 
Crawford Co. RWD #01 39 4,633 March 2002 
Delphos 35 5,161 May 2000 
Dickinson Co. RWD #01 40 10,514 February 2003 
Easton 30 2,856 May 2002 
Elgin 68 4,968 April 1997 
Ellis Co. RWD #02 49 770 May 2002 
Ellis Co. RWD #03 48 3,871 -- 
Elmdale 45 851 July 1991 
Franklin Co. RWD #07 47 1,108 -- 
Gaylord 32 1,702 December 2002 
Glade 30 753 -- 
Harper Co. RWD #04 37 2,812 -- 
Havensville 34 864 July 2002 
Jefferson Co. RWD #06 44 1,732 August 2001 
Jefferson Co. RWD #09 40 2,687 May 2001 
Jefferson Co. RWD #10 61 6,451 December 2001 
Jefferson Co. RWD #13 40 34,647 October 2001 
Jennings 52 8,165 July 2001 
Kensington 36 7,188 -- 
Kirwin 54 7,229 September 1999 
Labette Co. RWD #04 45 1,549 -- 
Lakeside Village Improvement 40 2,711 -- 
Matfield Green 33 603 September 2001 
Montgomery Co. RWD #08 43 3,987 July 2002 
Montgomery Co. RWD #11 34 5,010 -- 
Mulberry 41 6,464 -- 
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TABLE 19 
PUBLIC WATER SUPPLIERS WITH 30 PERCENT OR MORE 

UNACCOUNTED FOR WATER 
KANSAS, 2001 

Public Water Supplier 

Percent 
Unaccounted 

For 

Potential 
Water Gain 
(Thousand 
Gallons)a/ 

Water Conservation Plan 
Approval Date 

Nickerson 33 9,002 August 2001 
Norcatur 30 1,920 -- 
Osborne Co. RWD #01A 46 5,682 December 2000 
Parker 30 1,330 December 2000 
Pottawatomie Co. RWD #02 32 7,177 December 2000 
Reserve 33 599 January 2002 
Riley 32 6,689 April 2001 
Rush Co. RWD #01 35 3,201 December 2000 
Russell Co. RWD #03 33 10,407 March 2003 
Saline Co. RWD #02 33 3,926 May 2000 
Simpson 32 765 June 2002 
Sylvia 37 4,410 July 2000 
Troy 30 6,851 September 2000 

 
a/ Potential water gain is the amount of water that would be saved if only 15 percent of the 

total was unaccounted for. 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Abbyville 6S 111 162 132 172 154 146 
Abilene 7M 121 193 180 179 170 169 
Admire 7S NA NA 85 91 100 92 
Agenda 7S 86 87 83 100 92 90 
Agra 5 129 111 121 149 133 129 
Albert 6S 110 115 119 114 121 116 
Alexander 5 131 115 136 132 150 133 
Allen 7S NA NA 60 64 59 61 
Allen Co. RWD #01 8S NA NA NA 76 57 67 
Allen Co. RWD #03 8S NA NA NA 135 119 127 
Allen Co. RWD #04 8S NA NA NA 147 144 145 
Allen Co. RWD #06 8S NA NA NA 119 NA 119 
Allen Co. RWD #08 8M NA NA NA 130 112 121 
Allen Co. RWD #10 8S NA NA NA 92 79 86 
Allen Co. RWD #11 8S NA NA NA NA 64 64 
Allen Co. RWD #12 8S NA NA NA 127 NA 127 
Allen Co. RWD #13 8S NA NA NA 60 NA 60 
Allen Co. RWD #15 8S NA NA NA 71 74 73 
Allen Co. RWD #16 8S NA NA NA 113 112 113 
Alma 7M 125 122 120 131 131 126 
Almena 4 191 176 145 178 131 164 
Alta Vista 7S 77 78 75 82 97 82 
Altamont 8M NA NA 87 80 83 84 
Alton 6S 125 98 102 167 221 143 
Altoona 7S 132 126 130 155 132 135 
Andale 7M 70 82 87 98 101 88 
Anderson Co. RWD #01 8S NA NA NA 123 96 110 
Anderson Co. RWD #02 8S 88 82 88 93 86 88 
Anderson Co. RWD #03 8S NA NA NA 105 NA 105 
Anderson Co. RWD #04 8M 99 96 101 107 119 104 
Anderson Co. RWD #05 8M NA NA NA 77 73 75 
Anderson Co. RWD #06 8M NA NA NA 94 NA 94 
Anthony 6ML 192 196 166 158 206 183 
Arcadia 8S 115 114 105 110 91 107 
Argonia 7M 112 160 203 191 146 162 
Arkansas City 7L 135 155 140 130 121 136 
Arlington 6S 106 132 163 139 132 135 
Arma 8M 93 94 89 89 82 89 
Arnold 4 101 101 114 165 198 136 
Ashland 4 220 260 249 259 226 243 
Assaria 7M 83 87 80 77 83 82 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Atchison 8L 196 178 154 144 129 160 
Atchison Co. RWD #01 8S NA NA NA 95 NA 95 
Atchison Co. RWD #02 8S NA NA NA NA 87 87 
Atchison Co. RWD #03 8S NA NA NA 95 90 92 
Atchison Co. RWD #04 8S NA NA NA 120 137 128 
Atlanta 7S 86 94 86 84 86 87 
Attica 6ML 186 215 207 202 179 198 
Atwood 2 260 260 225 265 221 246 
Augusta 7M 134 148 137 130 127 135 
Aurora 7S 94 91 84 99 104 95 
Axtell 7S 96 87 83 90 80 87 
Baldwin 8M 93 126 107 95 195 123 
Barber Co. RWD #01 6S NA NA NA 186 176 181 
Barber Co. RWD #02 6S 184 190 220 193 135 184 
Barber Co. RWD #03 6S 102 120 103 96 92 103 
Barnes 7S 147 152 161 151 149 152 
Bartlett 8S NA NA 89 95 98 94 
Barton Co. RWD #02 6ML 140 162 145 44 45 107 
Barton Hills WD 6S 81 109 99 96 101 97 
Baxter Springs 8M 140 126 140 107 170 137 
Bazine 4 105 115 113 122 157 122 
Beattie 7S 113 103 98 108 109 106 
Bel Aire 7M 116 136 112 130 128 124 
Belle Plaine 7M 101 110 108 122 114 111 
Belleville 7M 162 165 160 181 152 164 
Beloit 6ML 118 89 81 97 89 95 
Belpre 5 116 130 101 117 134 120 
Belvidere 5 141 164 153 220 244 184 
Belvue 7S 109 100 108 112 111 108 
Bennington 7M 103 94 91 97 95 96 
Benton 7M NA NA NA 93 79 86 
Bern 7S 83 81 100 99 99 93 
Beverly 6S 145 145 126 101 102 124 
Bird City 1 507 435 353 402 350 410 
Bison 5 124 121 134 143 136 131 
Blue Mound 8S 81 82 87 88 95 87 
Blue Rapids 7M 196 144 153 155 161 162 
Blue River Hills Improvement 7S 107 112 109 124 131 117 
Bluff City 6S 91 84 84 94 92 89 
Bogue 4 153 159 138 186 157 158 
Bonner Springs 8M 114 110 124 131 120 120 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Bourbon Co. RWD #02C 8M NA NA NA 81 82 81 
Bourbon Co. RWD #04 8S NA NA NA 199 179 189 
Bremen 7S NA NA NA 101 124 113 
Brewster 2 297 306 280 368 289 308 
Bronson 8S 165 121 81 80 79 105 
Brown Co. RWD #01 8M 79 79 94 99 89 88 
Brown Co. RWD #02 8M NA NA NA 89 81 85 
Brownell 4 88 82 81 74 132 91 
Bucklin 4 267 260 269 280 305 276 
Buffalo 7S 108 95 81 90 75 90 
Buhler 6ML 128 147 143 156 137 142 
Bunker Hill 6S 107 98 128 98 106 107 
Burden 7M 120 116 122 118 112 118 
Burdett 5 139 168 172 200 191 174 
Burlingame 7M 104 104 82 95 93 96 
Burlington 7M 128 135 154 151 139 141 
Burns 7S 109 127 93 98 77 101 
Burr Oak 6S 186 139 144 148 125 148 
Burrton 7M 95 118 105 112 108 108 
Bushton 6S 140 140 124 144 153 140 
Butler Co. RWD #01 7M NA NA NA 104 106 105 
Butler Co. RWD #02 7M NA NA NA 102 81 91 
Butler Co. RWD #03 7M NA NA NA 73 76 75 
Butler Co. RWD #04 7M NA NA NA 78 81 79 
Butler Co. RWD #05 7M NA NA NA 89 80 85 
Butler Co. RWD #06 7M NA NA NA 84 87 86 
Butler Co. RWD #07 7M NA NA NA 69 77 73 
Butler Co. RWD #08 7M NA NA NA 75 70 72 
Byron 7S 212 236 239 289 193 234 
Caldwell 7M 100 104 98 103 102 101 
Cambridge 7S NA NA NA 74 71 72 
Caney 7M 148 147 135 146 141 143 
Canton 7M 127 149 141 152 151 144 
Capaldo Water Association 8S 65 61 62 64 65 64 
Carbondale 7M 83 86 91 114 136 102 
Cassoday 7S 97 102 94 104 119 103 
Cawker City 6ML 151 152 146 148 128 145 
Cedar Point 7S 66 74 73 72 76 72 
Cedar Vale 7M 104 110 106 112 125 111 
Centralia 7M NA NA NA 117 88 103 
Chanute 8M 140 150 129 139 131 138 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Chapman 7M 169 171 168 166 153 166 
Chase 6ML 116 115 110 160 98 120 
Chase Co. RWD #01 7S NA NA NA 92 84 88 
Chautauqua 7S NA NA NA NA 112 112 
Chautauqua Co. RWD #01 7S NA NA NA 125 91 108 
Chautauqua Co. RWD #02 7S NA NA NA 101 107 104 
Chautauqua Co. RWD #03 7S NA NA NA NA 101 101 
Cheney 7M 145 185 167 166 174 167 
Cherokee 8M 98 111 92 90 94 97 
Cherokee Co. RWD #01 8M 118 120 130 155 155 136 
Cherokee Co. RWD #02 8M 87 101 86 92 92 91 
Cherokee Co. RWD #03 8M 119 151 161 161 186 155 
Cherokee Co. RWD #04 8M 151 141 144 154 145 147 
Cherokee Co. RWD #05 8S NA NA NA 75 79 77 
Cherokee Co. RWD #06 8S NA NA NA 97 NA 97 
Cherokee Co. RWD #07 8S NA NA NA 73 73 73 
Cherokee Co. RWD #08 8M 86 85 83 86 67 81 
Cherokee Water Corp. 8S NA NA 76 108 82 89 
Cherryvale 7M 106 122 92 82 89 98 
Chetopa 8M 100 101 102 125 136 113 
Chicopee Water Co. 8S NA NA NA 83 85 84 
Cimarron 3 248 279 213 253 264 251 
Circleville 7S NA NA NA 66 55 61 
Claflin 6ML 142 143 134 157 152 146 
Clay Center 7M 131 137 143 204 156 154 
Clay Co. RWD #01 7S 109 85 97 134 130 111 
Clay Co. RWD #02 7M 92 93 93 102 101 96 
Clayton 4 86 113 75 105 172 110 
Clearwater 7M 93 105 95 99 100 99 
Clifton 7M 183 130 128 166 146 150 
Cloud Co. RWD #01 7S 113 124 115 128 107 117 
Clyde 7M 149 148 137 170 146 150 
Coal Hollow WD 8S NA NA NA 78 81 79 
Coats 6S 147 133 126 137 147 138 
Coffey Co. RWD #02 7M NA NA 101 103 95 100 
Coffey Co. RWD #03 7M 91 77 72 82 77 80 
Coffeyville 7L 138 136 155 136 142 142 
Colby 2 267 271 266 323 291 284 
Coldwater 5 197 232 201 232 243 221 
Collyer 4 142 148 131 166 139 145 
Colony 8S NA NA NA 86 94 90 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Columbus 8M 142 123 109 119 108 120 
Comanche Co. RWD #01 5 NA NA NA 176 64 120 
Comanche Co. RWD #02 5 385 407 278 435 431 387 
Concordia 7M 148 136 142 164 148 148 
Conway Springs 7M 95 97 104 100 112 102 
Coolidge 1 301 274 269 385 300 306 
Copeland 3 238 235 243 253 242 242 
Corbin Water Association 7S NA NA NA 59 NA 59 
Corning 7S NA NA NA 90 NA 90 
Cottonwood Falls 7M 85 93 97 100 97 94 
Council Grove 7M 103 108 106 126 123 113 
Courtland 7S NA NA NA 113 112 112 
Cowley Co. RWD #01 7M 109 158 128 120 118 127 
Cowley Co. RWD #02 7M NA NA NA 72 77 74 
Cowley Co. RWD #03 7M 151 121 139 136 127 135 
Cowley Co. RWD #04 7S NA NA NA 173 130 151 
Cowley Co. RWD #05 7M NA NA NA 89 101 95 
Cowley Co. RWD #06 7M 108 130 115 120 90 113 
Cowley Co. RWD #07 7S NA NA NA NA 73 73 
Cowley Co. RWD #08 7S NA NA NA 93 85 89 
Crawford Co. RWD #01 8S 109 81 87 106 116 100 
Crawford Co. RWD #01C 8M 90 87 95 114 127 103 
Crawford Co. RWD #02 8M NA NA NA 99 82 91 
Crawford Co. RWD #03 8S 73 108 106 106 100 98 
Crawford Co. RWD #04 8M 121 105 107 123 92 110 
Crawford Co. RWD #05 8M 115 131 137 125 111 124 
Crawford Co. RWD #06 8M 109 106 130 133 126 121 
Crawford Co. RWD #07 8M NA NA NA 65 64 65 
Cuba 7S 114 99 95 137 128 114 
Cullison 6S 153 156 147 167 272 179 
Culver 7S 75 81 85 85 84 82 
Cunningham 6ML 167 206 186 197 194 190 
D & W Water Co. 7S NA NA NA 76 NA 76 
Damar 5 NA NA NA 114 110 112 
Dearing 7M NA NA 72 69 79 73 
Deerfield 2 163 161 132 154 137 149 
Delia 7S 141 131 133 129 NA 133 
Delphos 7S 130 136 127 160 151 141 
Denison 8S NA NA NA 76 68 72 
Derby (El Paso Water Co.) 7L 115 136 121 137 140 130 
DeSoto 8M 129 126 120 110 101 117 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Dexter 7S NA 141 123 131 119 129 
Dickinson Co. RWD #01 7M 125 118 116 124 108 118 
Dickinson Co. RWD #02 7M 88 96 104 115 101 101 
Dickinson Co. RWD #03 7S NA NA NA 66 65 65 
Dighton 3 216 245 209 270 248 238 
Dodge City 4 177 204 189 206 224 200 
Doniphan Co. RWD #01 8S 58 61 67 76 67 66 
Doniphan Co. RWD #02 8S 73 70 76 78 66 73 
Doniphan Co. RWD #03 8S 92 94 89 72 77 85 
Doniphan Co. RWD #05 8M NA NA NA 91 NA 91 
Dorrance 6S 77 75 86 88 87 83 
Douglas Co. RWD #01 8M 87 84 92 98 90 90 
Douglas Co. RWD #02 8M 87 82 85 97 NA 88 
Douglas Co. RWD #03 8M 128 130 97 96 90 108 
Douglas Co. RWD #04 8M 104 96 93 94 87 95 
Douglas Co. RWD #05 8M 84 80 75 94 80 83 
Douglas Co. RWD #06 8M 110 98 109 124 88 105 
Douglass 7M 80 86 88 93 90 88 
Downs 6ML 181 173 175 232 217 196 
Durham 7S 72 103 93 110 101 96 
Dwight 7S 80 81 84 97 88 86 
Easton 8S 94 98 95 80 127 99 
Edgerton 8M 64 62 59 63 63 62 
Edna 8S NA NA 62 65 62 63 
Effingham 8M 119 108 114 109 79 106 
El Dorado 7L 186 185 169 199 200 188 
Elbing 7S NA NA NA 63 61 62 
Elgin 7S 228 225 215 239 268 235 
Elk City 7S 110 109 112 114 114 112 
Elkhart 1 260 290 282 335 288 291 
Ellinwood 6ML 112 116 114 123 117 116 
Ellis 5 108 120 117 116 112 115 
Ellis Co. RWD #01 5 77 100 85 94 85 88 
Ellis Co. RWD #02 5 113 77 109 88 127 103 
Ellis Co. RWD #03 5 49 66 57 75 126 75 
Ellis Co. RWD #06 5 98 112 101 93 89 99 
Ellis Co. RWD #07 5 130 146 140 139 112 133 
Ellsworth 6ML 155 144 138 167 132 147 
Elmdale 7S 83 85 85 78 150 96 
Elwood 8M 93 93 68 83 74 82 
Emmett 7S 168 127 115 117 83 122 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Emporia 7L 186 175 166 166 175 174 
Englewood 4 305 447 373 456 405 397 
Ensign 3 228 244 193 219 252 227 
Enterprise 7M 98 92 89 90 86 91 
Erie 8M 95 105 120 112 101 106 
Esbon 6S 122 112 123 130 132 124 
Eskridge 7M 119 133 144 149 163 142 
Eudora 8M 90 85 78 92 97 89 
Eureka 7M 121 136 126 141 127 130 
Everest 8S 117 109 102 104 111 109 
Fall River 7S NA NA NA NA 61 61 
Farr Subdivision 2 NA NA NA 107 68 87 
Finney Co. RWD #01 2 NA NA NA 75 70 72 
Florence 7M 121 158 106 102 106 119 
Fontana 8S 81 84 85 95 91 87 
Ford 4 270 299 197 250 261 255 
Formoso 6S 93 91 84 98 107 95 
Fort Scott 8M 152 150 137 148 153 148 
Fowler 3 225 215 174 198 193 201 
Frankfort 7M 122 126 135 173 120 135 
Franklin Co. RWD #01 8M NA NA 84 98 87 90 
Franklin Co. RWD #02 8S NA NA NA NA 78 78 
Franklin Co. RWD #03 8S NA NA NA 68 70 69 
Franklin Co. RWD #04 8M 126 122 141 116 95 120 
Franklin Co. RWD #05 8M 121 137 105 104 99 113 
Franklin Co. RWD #06 8M 91 93 96 112 110 101 
Franklin Co. RWD #07 8S NA NA NA 159 89 124 
Fredonia 7M 110 116 103 114 141 117 
Frontenac 8M 110 96 119 122 110 111 
Fulton 8S 77 72 63 68 83 72 
Galena 8M 129 143 146 159 143 144 
Galesburg 8S NA NA 90 96 NA 93 
Galva 7M 98 101 107 116 126 110 
Garden City 2 168 184 176 195 180 180 
Garden Plain 7M 111 117 107 121 132 117 
Garden Spot Rentals 2 69 69 69 89 79 75 
Gardner 8L 89 103 98 100 112 100 
Garnett 8M 101 103 108 120 122 111 
Gas 8M NA NA NA 78 78 78 
Gaylord 6S 156 157 130 172 158 155 
Geary Co. RWD #01 7S NA NA NA 92 140 116 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Geary Co. RWD #02 7S 91 123 114 158 151 127 
Geary Co. RWD #04 7M 85 92 106 89 76 90 
Geneseo 6S 88 89 76 91 106 90 
Geuda Springs 7S 94 104 101 91 115 101 
Girard 8M 124 128 160 132 122 133 
Glade 5 80 90 90 104 112 95 
Glasco 7M 105 89 89 86 80 90 
Glasstown District 7S NA NA NA NA 109 109 
Glen Elder 6S 169 168 154 177 181 170 
Goddard 7M 113 163 152 174 229 166 
Goessel 7M 96 117 108 114 103 108 
Goff 7S 103 92 85 89 80 90 
Goodland 1 300 313 313 331 303 312 
Gorham 6S 101 102 96 80 79 92 
Gove 3 194 197 233 274 287 237 
Grainfield 3 256 273 235 292 234 258 
Grandview Plaza 7M NA NA NA 98 102 100 
Great Bend 6ML 120 127 131 139 136 131 
Greeley 8S 90 88 92 84 71 85 
Green 7S 88 87 83 81 77 83 
Greenleaf 7S 194 141 143 150 152 156 
Greensburg 5 167 172 149 161 160 162 
Greenwood Co. RWD #02 7M NA NA NA 78 99 89 
Greenwood Co. RWD #03 7S NA NA NA 53 69 61 
Grenola 7S 78 75 74 66 73 73 
Gridley 7S NA NA NA 91 94 93 
Grinnell 3 249 275 253 303 278 272 
Gypsum 7S 108 112 106 118 111 111 
Haddam 7S 105 NA 96 100 84 96 
Halstead 7M 118 123 111 108 111 114 
Hamilton 7S NA NA NA 81 74 77 
Hamilton Co. RWD #01 1 131 124 104 94 71 105 
Hanover 7M 98 99 95 105 93 98 
Hanston 4 141 191 185 310 266 219 
Hardtner 6S 209 278 223 241 230 236 
Harper 6ML 132 157 128 155 164 147 
Harper Co. RWD #01 6S NA NA NA 92 124 108 
Harper Co. RWD #03 6S 73 87 86 99 NA 86 
Harper Co. RWD #04 6S NA NA NA NA 125 125 
Harper Co. RWD #05 6S NA NA NA 119 136 128 
Hartford 7M 75 72 70 73 72 73 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Harvey Co. RWD #01 7M NA NA NA 76 79 78 
Harveyville 7S 69 95 106 121 156 110 
Haven 6ML 145 170 138 163 169 157 
Havensville 7S 104 100 100 100 92 99 
Haviland 5 177 203 176 180 183 184 
Hays 5 106 112 111 101 91 104 
Hays City Suburban 5 95 112 114 144 162 125 
Haysville 7M 97 115 88 96 101 99 
Hazelton 6S 128 155 138 140 169 146 
Herington 7M 105 110 102 105 103 105 
Herndon 2 417 433 409 500 405 433 
Hesston 7M 123 163 156 170 191 160 
Hiawatha 8M 118 119 111 120 114 116 
Highland 8M 114 115 115 115 117 115 
Hill City 4 194 191 186 221 215 201 
Hillsboro 7M 97 126 106 115 132 115 
Hoisington 6ML 120 118 110 116 109 114 
Holcomb 2 152 149 134 160 152 149 
Holton 7M 136 140 146 160 149 146 
Holyrood 6S 132 146 141 182 155 151 
Hope 7S 89 94 83 90 90 89 
Horace 1 101 75 109 NA 123 102 
Horton 8M 100 114 116 100 94 105 
Howard 7M 104 118 100 113 126 112 
Howison Heights Water District 7S 116 110 117 99 127 114 
Hoxie 3 257 298 262 299 241 271 
Hoyt 7M NA NA NA 78 71 74 
Hugoton 2 333 335 319 347 301 327 
Humboldt 8M 93 103 107 111 128 108 
Hunter 6S NA NA NA 105 NA 105 
Hutchinson 6ML 129 140 132 147 145 139 
Independence 7L 136 159 170 157 153 155 
Ingalls 3 220 228 196 236 228 222 
Inman 7M 126 138 124 154 144 137 
Iola 8M 101 116 115 121 124 115 
Isabel 6S 164 188 174 136 127 158 
Iuka 6S 92 89 86 96 115 96 
Jackson Co. RWD #01 7M NA NA NA 90 87 88 
Jackson Co. RWD #03 7M 114 90 105 127 104 108 
Jamestown 7S 116 118 132 119 112 119 
Jefferson Co. RWD #01 8M 111 108 112 118 105 111 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Jefferson Co. RWD #02 8M 113 107 109 116 147 119 
Jefferson Co. RWD #03 8M 115 119 127 122 118 120 
Jefferson Co. RWD #06 8S 130 116 120 179 120 133 
Jefferson Co. RWD #07 8M 108 118 124 122 105 115 
Jefferson Co. RWD #08 8S 93 92 109 97 88 96 
Jefferson Co. RWD #09 8S 68 61 65 68 77 68 
Jefferson Co. RWD #10 8S 95 105 109 118 161 118 
Jefferson Co. RWD #11 8S 93 59 75 100 86 83 
Jefferson Co. RWD #12 8M 129 115 126 120 103 119 
Jefferson Co. RWD #13 8M 107 127 94 104 156 118 
Jefferson Co. RWD #15 8S 63 70 71 71 63 68 
Jennings 3 250 274 255 389 395 313 
Jetmore 4 172 192 185 216 218 196 
Jewell 6S 93 NA NA 101 80 90 
Jewell Co. RWD #01 6S 167 180 150 264 204 193 
Johnson City 1 354 351 283 368 290 329 
Johnson Co. RWD #06C 8M NA NA NA 102 81 91 
Johnson Co. RWD #07 8M 84 93 88 101 90 91 
Junction City 7L 130 130 142 160 153 143 
Kanopolis 6ML 99 94 88 95 109 97 
Kanorado 1 248 214 198 249 310 244 
Kansas City BPU 8L 186 180 179 184 211 188 
Kechi 7M NA NA NA 120 117 119 
Kensington 6ML 149 138 144 175 169 155 
Kincaid 8S NA NA NA 80 NA 80 
Kingman 6ML 162 169 139 158 141 154 
Kingman Co. RWD #01 6S NA NA NA 117 72 94 
Kinsley 5 120 136 132 134 136 132 
Kiowa 6ML 128 130 126 128 135 130 
Kirwin 5 140 127 125 139 200 146 
Kismet 2 171 215 185 206 203 196 
Konza Valley Water District 7S 79 83 83 72 80 79 
La Crosse 5 109 115 113 121 115 115 
La Cygne 8M 97 80 93 94 91 91 
Labette Co. RWD #01 8S NA NA NA 93 101 97 
Labette Co. RWD #02 8S NA NA 93 76 72 80 
Labette Co. RWD #03 8S NA NA 89 93 94 92 
Labette Co. RWD #04 8S NA NA NA 78 108 93 
Labette Co. RWD #05 8M NA NA 97 99 NA 98 
Labette Co. RWD #06 8M NA NA 96 104 95 98 
Labette Co. RWD #07 8S NA NA 77 77 80 78 
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Labette Co. RWD #08 8M NA NA 89 115 93 99 
LaHarpe 8M NA NA NA 104 92 98 
Lakeside Village Improvement 8S 103 95 111 97 100 101 
Lakin 2 266 269 239 266 250 258 
Lancaster 8S NA NA NA NA 66 66 
Lane 8S 60 59 60 58 73 62 
Lane Co. RWD #01 3 165 161 170 251 213 192 
Lansing (Lan-Del WC) 8M NA NA NA 108 98 103 
Larned 5 187 197 193 199 196 194 
Latham 7S NA NA NA 73 84 78 
Lawrence 8L 116 121 124 139 128 125 
Leavenworth 8L 104 101 105 117 116 109 
Leavenworth Co. RWD #01C 8M 80 77 84 74 77 78 
Leavenworth Co. RWD #05 8M NA NA NA 124 108 116 
Leavenworth Co. RWD #06 8M NA NA NA 96 74 85 
Leavenworth Co. RWD #07 8M NA NA NA 86 81 84 
Leavenworth Co. RWD #08 8M NA NA NA NA 112 112 
Leavenworth Co. RWD #09 8M 90 87 91 95 87 90 
Leavenworth Co. RWD #10 8M NA NA NA 95 80 88 
Lebanon 6S 105 107 104 135 113 113 
Lebo 7M 83 82 82 94 83 85 
Lecompton 8M 73 76 76 80 77 76 
Lehigh 7S 89 107 102 120 119 107 
Lenora 4 174 182 223 198 164 188 
Leon 7M 102 93 91 98 92 95 
Leonardville 7S 110 116 103 124 100 111 
Leoti 2 237 229 190 235 221 223 
LeRoy 7M 84 81 81 92 82 84 
Lewis 5 186 272 209 232 174 215 
Liberal 2 218 236 200 265 209 226 
Liebenthal 5 72 69 65 63 65 67 
Lincoln Center 6ML 158 147 154 163 141 153 
Lindsborg 7M 112 120 119 118 119 117 
Linn 7S 130 123 126 135 154 133 
Linn Co. RWD #02 8M NA NA NA 95 89 92 
Linn Co. RWD #03 8M NA NA NA 129 94 112 
Linwood 8S 59 63 74 66 83 69 
Little Bear Mound 7S NA NA NA 83 NA 83 
Little River 6ML 136 156 135 138 159 145 
Logan 5 209 194 172 208 192 195 
Long Island 5 212 193 199 204 165 194 
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
1997 

GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

Longford 7S 99 92 93 106 87 95 
Longton 7S 105 109 93 103 102 103 
Lorraine 6S 140 137 128 126 110 128 
Louisburg 8M 79 105 105 116 106 102 
Lucas 6S 109 116 107 119 110 112 
Luray 6S 100 100 94 99 88 96 
Lyndon 7M 87 91 85 93 88 89 
Lyon Co. RWD #01 7M NA NA 83 90 93 89 
Lyon Co. RWD #02 7M NA NA 131 152 126 136 
Lyon Co. RWD #03 7S NA NA 90 82 78 83 
Lyon Co. RWD #04 7M NA NA 72 87 86 82 
Lyon Co. RWD #05 7M NA NA 105 116 110 110 
Lyons 6ML 202 223 232 254 246 232 
Macksville 6ML 150 171 187 195 180 177 
Madison 7M 104 99 95 100 95 98 
Mahaska 7S 186 150 126 201 147 162 
Manhattan 7L 144 149 156 175 165 158 
Mankato 6ML 175 176 189 236 186 192 
Manter 1 255 255 237 298 275 264 
Maple Hill 7M 90 94 103 103 93 97 
Marion 7M 117 124 128 116 127 122 
Marion Co. Imp. Dist. #02 7S NA NA NA 72 73 73 
Marion Co. RWD #01 7M 113 115 114 123 108 115 
Marion Co. RWD #02 7S NA NA NA 45 34 40 
Marion Co. RWD #04 7M NA NA NA 89 97 93 
Marquette 7M 146 141 124 126 127 133 
Marshall Co. RWD #01 7S 87 93 97 95 91 93 
Marshall Co. RWD #02 7S 172 NA NA NA NA 172 
Marshall Co. RWD #03 7M 133 130 123 98 101 117 
Marysville 7M 131 127 124 132 136 130 
Matfield Green 7S 102 150 109 123 118 120 
Mayetta 7S NA NA NA 64 NA 64 
Mayfield 7S NA NA NA 69 68 68 
McCracken 5 116 119 103 116 127 116 
McDonald 2 267 256 220 348 264 271 
McFarland 7S 82 77 76 78 73 77 
McLouth 8M 90 87 76 72 65 78 
McPherson 7L 149 177 162 174 180 169 
McPherson Co. RWD #01 7S 96 104 108 130 155 119 
McPherson Co. RWD #02 7S NA NA NA 141 136 138 
McPherson Co. RWD #03 7S NA NA NA NA 162 162 
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1997 – 2001 

Public Water Supplier Region
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GPCD
1998 

GPCD
1999 

GPCD
2000 

GPCD 
2001 

GPCD
AVG. 
GPCD

McPherson Co. RWD #04 7M NA NA NA 143 118 131 
Meade 3 215 244 254 278 236 245 
Medicine Lodge 6ML 241 263 231 259 261 251 
Melvern 7S 98 113 112 110 130 113 
Miami Co. RWD #01 8M NA NA NA 98 93 96 
Miami Co. RWD #02 8M 153 115 100 101 95 113 
Miami Co. RWD #03 8M NA NA NA 80 71 75 
Miami Co. RWD #04 8M NA NA NA 51 60 55 
Milford 7M 80 68 73 75 74 74 
Miltonvale 7M 141 126 126 155 126 135 
Minneapolis 7M 143 138 136 176 166 152 
Minneola 4 165 209 185 215 203 195 
Mitchell Co. RWD #01 6S NA NA NA 260 NA 260 
Mitchell Co. RWD #02 6ML 204 204 205 249 262 225 
Moline 7S 162 133 129 121 106 130 
Montezuma 3 260 257 226 299 285 265 
Montgomery Co. RWD #01 7S NA NA NA NA 80 80 
Montgomery Co. RWD #01C 7M NA NA 85 79 79 81 
Montgomery Co. RWD #02 7M NA NA 90 83 83 85 
Montgomery Co. RWD #06 7M NA NA 108 94 NA 101 
Montgomery Co. RWD #08 7S NA NA NA 137 136 137 
Montgomery Co. RWD #09 7S NA NA NA 91 110 101 
Montgomery Co. RWD #10 7S NA NA 85 90 102 92 
Montgomery Co. RWD #11 7M NA NA 96 88 106 97 
Montgomery Co. RWD #12 7M NA NA 82 74 70 75 
Montgomery Co. RWD #13 7S NA NA NA 55 82 69 
Moran 8M NA NA NA 110 99 104 
Morganville 7S 122 125 126 150 139 132 
Morland 4 202 241 205 267 272 237 
Morrill 8S NA NA NA 65 62 63 
Morris Co. RWD #01 7M 96 100 106 124 120 109 
Morrowville 7S 135 104 113 95 98 109 
Moscow 2 430 328 300 413 393 373 
Mound City 8M 129 122 127 118 115 122 
Mound Valley 8S NA NA 67 74 68 70 
Moundridge 7M 148 182 149 149 182 162 
Mount Hope 7M 137 123 123 145 140 133 
Mulberry 8M 108 80 89 106 117 100 
Mullinville 5 164 209 190 225 246 207 
Mulvane 7M 75 81 79 87 86 82 
Munden 7S 97 95 108 119 97 103 
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GPCD
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GPCD 
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Muscotah 8S 79 84 95 87 68 83 
Narka 7S 97 96 91 NA NA 95 
Natoma 6S 119 123 113 123 124 120 
Nemaha Co. RWD #01 7S 103 131 146 97 92 114 
Nemaha Co. RWD #02 7S NA NA NA 102 NA 102 
Nemaha Co. RWD #03 7M 120 124 123 121 116 121 
Nemaha Co. RWD #04 7S 80 75 74 88 99 83 
Neodesha 7M 127 116 118 116 126 120 
Neosho Co. RWD #01C 8M NA NA NA 77 85 81 
Neosho Co. RWD #02 8M 73 77 72 85 85 78 
Neosho Co. RWD #03 8S NA NA 109 118 107 111 
Neosho Co. RWD #04 8M NA NA 86 89 NA 87 
Neosho Co. RWD #05 8S NA NA NA NA 125 125 
Neosho Co. RWD #06 8S NA NA NA 129 114 122 
Neosho Co. RWD #07 8M NA NA NA 113 109 111 
Neosho Co. RWD #08 8S NA NA NA 102 96 99 
Neosho Co. RWD #09 8S NA NA NA 121 118 120 
Neosho Co. RWD #12 8S NA NA NA 98 82 90 
Ness City 4 127 141 123 137 131 132 
Netawaka 7S NA NA NA NA 80 80 
New Strawn 7S 134 130 136 157 123 136 
Newbury Ext. 7S NA NA NA NA 71 71 
Newton 7L 110 115 104 116 121 113 
Nickerson 6ML 99 107 97 101 111 103 
Norcatur 3 176 179 154 176 203 177 
North Newton 7M 114 119 121 141 165 132 
Norton 4 212 224 203 254 233 225 
Norton Co. RWD #01 4 67 79 61 85 63 71 
Nortonville 8M 91 90 83 89 85 88 
Norwich 6ML 119 148 142 150 161 144 
Oakley 2 223 258 287 342 287 279 
Oberlin 3 285 281 257 325 275 284 
Offerle 5 166 224 191 235 235 210 
Ogden 7M 127 117 128 97 106 115 
Oketo 7S 85 76 71 72 85 78 
Olathe 8L 113 111 108 110 106 110 
Olmitz 6S 103 99 109 148 130 118 
Olpe 7M NA NA 94 102 93 97 
Olsburg 7S 101 85 79 83 70 84 
Onaga 7M 89 91 100 105 94 96 
Oneida 7S 82 78 76 69 75 76 
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GPCD
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Osage City 7M 107 96 95 103 94 99 
Osage Co. RWD #02 7S 79 81 88 102 72 84 
Osage Co. RWD #03 7M 101 105 94 117 103 104 
Osage Co. RWD #04 7S 95 96 102 104 93 98 
Osage Co. RWD #05 7M 98 88 93 107 95 96 
Osage Co. RWD #06 7S NA NA 80 89 89 86 
Osage Co. RWD #07 7M NA NA 95 117 101 104 
Osage Co. RWD #08 7M NA NA NA 93 90 92 
Osawatomie 8M 128 148 151 154 141 144 
Osborne 6ML 189 179 181 194 188 186 
Osborne Co. RWD #01A 6S 371 447 349 329 248 349 
Osborne Co. RWD #02 6S NA NA NA 176 197 187 
Oskaloosa 8M 97 92 NA 97 96 96 
Oswego 8M 111 106 107 107 109 108 
Otis 5 173 185 138 174 228 179 
Ottawa 8L 93 91 95 103 101 97 
Ottawa Co. RWD #01 7S 161 125 129 122 125 132 
Ottawa Co. RWD #02 7M 115 126 128 119 117 121 
Overbrook 7M 88 88 96 99 91 92 
Oxford 7M 119 171 110 118 112 126 
Ozawkie 8M 118 101 103 102 90 103 
Palco 5 127 128 126 129 126 127 
Palmer 7S 120 114 131 127 118 122 
Paola 8M 109 130 132 139 128 128 
Paradise 6S NA NA NA 95 78 87 
Park 3 191 181 167 243 175 192 
Park City 7M 108 114 112 128 134 119 
Parker 8S 94 97 NA 92 88 93 
Parsons 8L 158 134 132 116 110 130 
Pawnee Rock 6S 91 84 82 82 74 83 
Paxico 7S 89 89 94 98 89 92 
Peabody 7M 97 97 94 107 97 99 
Perry 8M 99 95 81 81 85 88 
Peru 7S NA NA NA 70 68 69 
Phillipsburg 5 166 164 163 206 181 176 
Pittsburg 8L 127 134 134 123 121 128 
Plains 3 254 287 260 316 282 280 
Plainville 5 139 145 119 136 136 135 
Pleasanton 8M 91 109 115 107 93 103 
Pomona 8M 82 76 75 77 75 77 
Portis 6S 103 76 87 91 91 89 
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GPCD
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GPCD 
2001 

GPCD
AVG. 
GPCD

Post Rock RWD 6ML 138 148 143 176 137 148 
Pottawatomie Co. RWD #01 7M 111 114 99 124 129 115 
Pottawatomie Co. RWD #02 7M 187 161 211 173 174 181 
Pottawatomie Co. RWD #03 7M 95 97 102 115 115 105 
Potwin 7S 94 98 84 88 89 91 
Prairie View 5 196 183 178 187 168 183 
Pratt 6ML 180 212 188 193 206 196 
Prescott 8S 86 77 78 NA 83 81 
Preston 6S 225 278 217 189 113 204 
Pretty Prairie 6ML 138 179 138 150 142 149 
Princeton 8S NA NA NA 79 72 75 
Protection 5 287 218 207 227 199 228 
Quenemo 7S 64 66 67 63 63 65 
Quinter 3 253 255 230 271 239 250 
Randall 6S 93 108 90 101 106 100 
Randolph 7S 90 96 93 104 95 96 
Ransom 4 119 129 131 132 128 128 
Rantoul 8S 68 61 89 165 79 92 
Raymond 6S 122 161 138 161 167 150 
Reading 7S NA NA 73 82 85 80 
Red Bud Lake Association 7S NA NA NA 59 43 51 
Renn District 7S NA NA NA 109 NA 109 
Reno Co. RWD #01 6S 241 206 184 169 168 194 
Reno Co. RWD #04 6S NA NA NA 108 93 101 
Reno Co. RWD #08 6S 184 213 210 260 188 211 
Reno Co. WD #101 6S 91 111 84 97 114 99 
Republic 7S 139 135 127 145 136 136 
Republic Co. RWD #01 7S 276 225 185 228 236 230 
Republic Co. RWD #02 7M 162 212 160 177 155 173 
Reserve 8S 86 94 84 80 93 87 
Rexford 2 303 346 332 423 404 362 
Rice Co. RWD #01 6ML NA NA NA 131 129 130 
Richmond 8M 118 110 107 96 88 104 
Riley 7M 138 132 134 130 120 131 
Riley Co. RWD #01 7M NA NA NA 115 117 116 
Robinson 8S 98 101 111 104 91 101 
Rocky Ford Water Co. 7S 193 187 147 144 92 153 
Rolla 1 266 260 248 274 259 261 
Rooks Co. RWD #01 5 127 114 NA 52 63 89 
Rooks Co. RWD #02 5 125 135 86 95 86 106 
Rooks Co. RWD #03 5 137 126 138 166 116 137 
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Rose Hill 7M NA NA NA 91 87 89 
Rossville 7M 97 96 91 90 90 93 
Rozel 5 171 184 181 199 168 181 
Rush Center 5 160 177 150 176 170 167 
Rush Co. RWD #01 5 236 269 315 360 243 284 
Russell 6ML 126 151 142 146 148 143 
Russell Co. RWD #01 6S 95 NA NA 65 75 79 
Russell Co. RWD #02 6S 107 128 103 118 119 115 
Russell Co. RWD #03 6ML NA NA NA 137 165 151 
Russell Co. RWD #04 6S 147 163 191 192 146 168 
Sabetha 7M 110 112 115 118 112 114 
Salina 7L 116 123 119 126 128 123 
Saline Co. RWD #01 7S 69 59 57 57 53 59 
Saline Co. RWD #02 7S 124 200 158 132 140 151 
Saline Co. RWD #03 7M NA NA NA NA 95 95 
Saline Co. RWD #04 7M 111 115 113 112 107 112 
Saline Co. RWD #06 7S 105 95 88 97 120 101 
Saline Co. RWD #07 7S NA NA NA 71 73 72 
Saline Co. RWD #08 7S 110 85 105 104 115 104 
Satanta 2 250 282 263 260 256 262 
Sawyer 6S 134 133 107 111 137 125 
Scammon 8M 127 129 127 NA 119 126 
Scandia 7S 157 156 165 186 145 162 
Scotsman Estates 7S NA NA NA NA 60 60 
Scott City 2 249 277 247 319 277 274 
Scranton 7M NA NA NA 75 NA 75 
Sedan 7M 131 136 140 142 115 133 
Sedgwick 7M 103 103 101 104 99 102 
Sedgwick Co. RWD #01 7M NA NA NA 92 86 89 
Sedgwick Co. RWD #03 7M NA NA NA 111 108 109 
Sedgwick Co. RWD #04 7M 113 125 129 122 126 123 
Selden 3 197 214 185 237 207 208 
Seneca 7M 127 128 112 136 109 123 
Severy 7S 100 112 118 108 119 111 
Sharon 6S 102 118 116 102 119 111 
Sharon Springs 1 270 269 238 260 231 254 
Shawnee Co. RWD #01C 7M NA NA NA 84 84 84 
Shawnee Co. RWD #02C 7M 80 90 84 87 85 85 
Shawnee Co. RWD #03 7M 99 86 87 93 73 88 
Shawnee Co. RWD #04 7M 96 99 103 113 101 102 
Shawnee Co. RWD #05 7M NA NA NA NA 78 78 
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Shawnee Co. RWD #06 7M NA NA NA 167 164 165 
Shawnee Co. RWD #08 7M 100 91 89 106 93 96 
Shawnee Co. RWD #09 7S NA NA NA 75 NA 75 
Silver Lake 7M 86 85 88 87 85 86 
Simpson 6S 56 93 131 144 98 104 
Smith Center 6ML 157 176 178 195 156 172 
Smith Co. RWD #01 6S 303 249 151 165 154 204 
Solomon 7M 126 137 139 107 105 123 
South Haven 7S 101 123 107 101 99 106 
South Hutchinson 6ML 138 142 133 148 149 142 
Spearville 4 138 186 142 187 178 166 
Speed 5 91 110 80 126 113 104 
Spivey 6S 137 122 102 110 107 116 
Spring Hill 8M 92 118 112 105 108 107 
St. Francis 1 352 351 318 400 313 347 
St. George 7S 99 98 94 92 103 97 
St. John 6ML 149 147 146 158 177 155 
St. Marys 7M 154 126 114 129 127 130 
St. Paul 8M 104 100 97 110 109 104 
Stafford 6ML 115 149 135 159 159 143 
Sterling 6ML 136 157 151 134 128 141 
Stockton 5 168 171 147 172 147 161 
Strong City 7M 210 212 239 342 160 233 
Sublette 2 252 277 227 309 290 271 
Suburban Water Co. 8M 86 91 86 92 125 96 
Summerfield 7S 149 143 153 118 105 133 
Sumner Co. RWD #01 7S NA NA NA 138 174 156 
Sumner Co. RWD #02 7S NA NA NA 89 118 104 
Sumner Co. RWD #03 7S NA NA NA NA 101 101 
Sumner Co. RWD #04 7M NA NA NA 99 106 102 
Sumner Co. RWD #05 7M NA NA NA NA 128 128 
Sumner Co. RWD #06 7S NA NA NA 85 NA 85 
Susank 6S NA NA NA 89 74 81 
Sylvan Grove 6S 134 141 125 146 122 134 
Sylvia 6S 187 195 173 177 176 181 
Syracuse 1 340 363 352 393 330 356 
Tatarrax Hills 7S 141 136 150 141 140 141 
Tescott 7S 104 114 95 101 100 103 
Thayer 8M 120 122 136 107 101 117 
Timber Creek Water & Sewer 7M 126 133 130 127 112 126 
Timken 5 137 118 177 181 197 162 
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Tipton 6S 102 98 94 112 106 103 
Tonganoxie 8M 105 97 83 92 101 95 
Topeka 7L 170 174 176 168 146 167 
Toronto 7S 98 116 122 133 190 132 
Towanda 7M NA NA NA 86 82 84 
Treece 8S NA NA NA 55 NA 55 
Trego Co. RWD #01 4 58 72 59 63 71 65 
Trego Co. RWD #02 4 NA NA 87 150 87 108 
Tribune 1 218 234 198 263 287 240 
Troy 8M 104 102 132 120 113 114 
Turon 6S 141 151 126 136 137 138 
Udall 7M 110 101 100 94 105 102 
Ulysses 2 243 263 209 232 218 233 
Uniontown 8S 97 97 97 80 91 92 
University Park Water 7S 122 89 74 74 65 85 
Utica 4 225 230 185 243 193 215 
Valley Center 7M 100 123 126 112 99 112 
Valley Falls 8M 104 104 101 109 107 105 
Vermillion 7S 111 96 120 158 169 131 
Victoria 5 102 108 99 107 99 103 
Viola 7S NA NA NA NA 73 73 
Virgil 7S 67 60 61 53 58 60 
Wabaunsee Co. RWD #01 7S 84 84 NA NA 91 87 
Wabaunsee Co. RWD #02 7M 83 78 71 79 85 79 
Wakeeney 4 169 169 170 197 174 176 
Wakefield 7M 126 103 106 98 117 110 
Waldo 6S NA NA NA 74 54 64 
Wallace 1 292 281 276 228 234 262 
Wallace Co. RWD #01 1 NA NA NA NA NA NA 
Walton 7S NA NA NA 175 NA 175 
Wamego 7M 124 125 118 135 130 126 
Washington 7M 138 129 130 154 150 140 
Washington Co. RWD #01 7M 96 89 102 118 102 101 
Washington Co. RWD #02 7M 132 103 101 114 143 118 
WaterOne, Johnson Co. 8L 144 150 157 161 164 155 
Waterville 7M 134 156 152 173 138 151 
Wathena 8M 130 110 NA 113 98 113 
Waverly 7M 92 83 103 90 81 90 
Weir 8M 116 88 89 104 73 94 
Wellington 7M 139 140 149 155 153 147 
Wellsville 8M NA NA 82 80 80 80 
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West Hills Water Company 6S 250 239 169 251 211 224 
West Mineral 8S 92 91 89 74 65 82 
Westmoreland 7M 128 123 128 133 117 126 
Wetmore 7S 106 115 109 128 104 112 
White City 7M 86 97 94 103 97 95 
White Cloud 8S 88 88 89 94 87 89 
Whitewater 7M 84 90 100 95 97 93 
Whiting 7S 76 73 79 74 84 77 
Wichita 7L 141 165 135 147 153 148 
Williamsburg 8S 98 109 107 116 106 107 
Wilson 6ML 115 117 108 132 141 123 
Wilson Co. RWD #01 7S NA NA NA 101 149 125 
Wilson Co. RWD #02 7S NA NA NA NA 77 77 
Wilson Co. RWD #03 7S NA NA NA 66 NA 66 
Wilson Co. RWD #04 7S NA NA NA NA 115 115 
Wilson Co. RWD #05 7S NA NA NA 61 57 59 
Wilson Co. RWD #06 7S NA NA NA 84 91 87 
Wilson Co. RWD #07 7S NA NA NA 126 101 113 
Wilson Co. RWD #09 7S NA NA NA NA 74 74 
Wilson Co. RWD #10 7M NA NA NA 73 82 78 
Wilson Co. RWD #11 7M NA NA NA 79 81 80 
Wilson Co. RWD #12 7S NA NA NA 68 83 76 
Wilson Co. RWD #13 7S NA NA NA 100 NA 100 
Winchester 8M 90 85 93 87 73 86 
Windom 7S NA NA NA 83 86 84 
Winfield 7L 123 143 132 150 148 139 
Winona 2 267 253 244 304 280 270 
Woodson Co. RWD #01 7M 90 93 91 80 92 89 
Woodston 5 129 143 133 174 181 152 
Yates Center 7M 91 90 107 109 110 101 
Zenda 6S 115 143 131 137 149 135 
 
Note:  GPCD figures are based on reported water sold to residential and commercial 

customers, free water, and system losses.  GPCD figures do not include water supplied 
wholesale or for industry, bulk sales, or farmsteads using more than 200,000 gallons per 
year.  “NA” is shown if no water use report was available or if the information submitted 
was insufficient to determine GCPD. 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1997 - 2001 

Public Water Supplier Region

Percent 
UFW 
1997 

Percent 
UFW 
1998 

Percent 
UFW 
1999 

Percent 
UFW 
2000 

Percent 
UFW 
2001 

Avg. 
Percent 

UFW 
Abbyville 6S 29 10 23 22 23 21 
Abilene 7M 8 9 14 6 12 10 
Admire 7S NA NA 9 21 24 18 
Agenda 7S 8 7 5 7 14 8 
Agra 5 10 22 27 28 17 21 
Albert 6S 13 14 19 3 4 11 
Alexander 5 13 10 12 10 14 12 
Allen 7S NA NA NA 5 5 5 
Allen Co. RWD #01 8S NA NA NA 100 100 100 
Allen Co. RWD #03 8S NA NA NA 9 3 6 
Allen Co. RWD #04 8S NA NA NA 100 100 100 
Allen Co. RWD #06 8S NA NA NA 7 NA 7 
Allen Co. RWD #08 8M NA NA NA 23 19 21 
Allen Co. RWD #10 8S NA NA NA NA 11 11 
Allen Co. RWD #11 8S NA NA NA NA 4 4 
Allen Co. RWD #12 8S NA NA NA 100 NA 100 
Allen Co. RWD #13 8S NA NA NA 14 NA 14 
Allen Co. RWD #15 8S NA NA NA 100 5 53 
Allen Co. RWD #16 8S NA NA NA 7 6 7 
Alma 7M 14 9 14 13 17 13 
Almena 4 23 21 10 12 13 16 
Alta Vista 7S 5 8 8 7 22 10 
Altamont 8M NA NA 3 6 7 6 
Alton 6S 19 13 16 4 53 21 
Altoona 7S 16 15 17 13 23 17 
Andale 7M 9 7 8 6 8 7 
Anderson Co. RWD #01 8S NA NA NA 28 10 19 
Anderson Co. RWD #02 8S NA 100 100 100 100 100 
Anderson Co. RWD #03 8S NA NA NA NA NA NA 
Anderson Co. RWD #04 8M 15 14 16 8 15 14 
Anderson Co. RWD #05 8M NA NA NA 18 15 16 
Anderson Co. RWD #06 8M NA NA NA 26 NA 26 
Anthony 6ML 23 18 22 18 7 18 
Arcadia 8S 13 13 16 25 11 16 
Argonia 7M 12 12 31 33 5 18 
Arkansas City 7L 29 15 16 13 4 15 
Arlington 6S 12 16 42 17 9 20 
Arma 8M 8 9 3 10 4 7 
Arnold 4 100 100 100 100 100 100 
Ashland 4 24 18 25 16 14 20 
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Assaria 7M 4 4 NA NA NA 4 
Atchison 8L 20 16 13 11 9 14 
Atchison Co. RWD #01 8S NA NA NA 27 NA 27 
Atchison Co. RWD #02 8S NA NA NA NA 18 18 
Atchison Co. RWD #03 8S NA NA NA 18 21 20 
Atchison Co. RWD #04 8S NA NA NA 50 52 51 
Atlanta 7S 3 14 15 11 11 11 
Attica 6ML 8 10 12 13 8 10 
Atwood 2 10 10 13 NA 6 10 
Augusta 7M 15 22 9 4 5 11 
Aurora 7S 20 8 11 15 10 13 
Axtell 7S 7 9 8 11 7 8 
Baldwin 8M 12 25 18 NA 40 24 
Barber Co. RWD #01 6S NA NA NA 100 100 100 
Barber Co. RWD #02 6S 17 18 18 18 8 16 
Barber Co. RWD #03 6S 19 27 16 10 10 16 
Barnes 7S 25 27 26 18 18 23 
Bartlett 8S NA NA 13 9 10 11 
Barton Co. RWD #02 6ML 68 89 81 58 59 71 
Barton Hills WD 6S 10 32 15 12 25 19 
Baxter Springs 8M 4 8 7 9 27 11 
Bazine 4 12 9 8 13 14 11 
Beattie 7S 19 16 16 20 21 18 
Bel Aire 7M 6 6 8 12 12 9 
Belle Plaine 7M 19 18 18 26 21 20 
Belleville 7M 12 12 9 9 7 10 
Beloit 6ML 10 11 7 10 10 10 
Belpre 5 3 8 8 12 18 10 
Belvidere 5 100 100 100 100 100 100 
Belvue 7S 8 18 18 18 16 16 
Bennington 7M 12 11 9 9 10 10 
Benton 7M NA NA NA 16 NA 16 
Bern 7S NA NA 10 9 17 12 
Beverly 6S 19 33 7 10 10 16 
Bird City 1 NA 46 16 13 19 23 
Bison 5 31 26 33 35 30 31 
Blue Mound 8S 12 18 14 16 19 16 
Blue Rapids 7M 14 6 100 25 37 36 
Blue River Hills Improvement 7S 100 100 100 100 100 100 
Bluff City 6S 19 10 10 7 6 10 
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Bogue 4 11 10 12 12 11 11 
Bonner Springs 8M 20 18 18 16 16 17 
Bourbon Co. RWD #02C 8M NA NA NA 15 15 15 
Bourbon Co. RWD #04 8S NA NA NA 33 26 29 
Bremen 7S NA NA NA 40 47 44 
Brewster 2 8 14 NA 5 6 11 
Bronson 8S 49 41 9 7 5 22 
Brown Co. RWD #01 8M 6 12 21 25 22 17 
Brown Co. RWD #02 8M NA NA NA 5 15 10 
Brownell 4 18 8 11 9 7 11 
Bucklin 4 100 100 36 39 24 60 
Buffalo 7S 12 16 9 20 7 13 
Buhler 6ML 10 11 10 11 8 10 
Bunker Hill 6S 22 17 31 7 10 17 
Burden 7M 26 22 27 24 20 24 
Burdett 5 15 13 11 13 31 17 
Burlingame 7M 16 23 13 21 22 19 
Burlington 7M 13 15 22 13 13 15 
Burns 7S 12 13 13 15 15 14 
Burr Oak 6S 42 19 22 24 30 27 
Burrton 7M 5 7 4 4 6 5 
Bushton 6S 16 14 12 16 14 14 
Butler Co. RWD #01 7M NA NA NA 13 12 13 
Butler Co. RWD #02 7M NA NA NA 28 6 17 
Butler Co. RWD #03 7M NA NA NA 9 13 11 
Butler Co. RWD #04 7M NA NA NA NA 6 6 
Butler Co. RWD #05 7M NA NA NA 9 9 9 
Butler Co. RWD #06 7M NA NA NA 10 11 10 
Butler Co. RWD #07 7M NA NA NA 10 14 12 
Butler Co. RWD #08 7M NA NA NA 8 13 10 
Byron 7S 100 100 100 100 100 100 
Caldwell 7M 11 6 9 10 8 9 
Cambridge 7S NA NA NA 9 NA 9 
Caney 7M 15 11 15 12 10 13 
Canton 7M NA 4 5 4 14 7 
Capaldo Water Association 8S 3 8 8 11 9 8 
Carbondale 7M 10 14 19 26 10 16 
Cassoday 7S 15 19 16 20 21 18 
Cawker City 6ML 18 22 24 12 5 16 
Cedar Point 7S 3 3 17 NA 3 6 



 64

TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1997 - 2001 

Public Water Supplier Region

Percent 
UFW 
1997 

Percent 
UFW 
1998 

Percent 
UFW 
1999 

Percent 
UFW 
2000 

Percent 
UFW 
2001 

Avg. 
Percent 

UFW 
Cedar Vale 7M 12 11 16 13 24 15 
Centralia 7M NA NA NA NA 10 10 
Chanute 8M 12 14 5 4 9 9 
Chapman 7M 9 8 7 3 4 6 
Chase 6ML 11 12 13 41 8 17 
Chase Co. RWD #01 7S NA NA NA 23 23 23 
Chautauqua 7S NA NA NA NA 22 22 
Chautauqua Co. RWD #01 7S NA NA NA 28 11 20 
Chautauqua Co. RWD #02 7S NA NA NA 27 25 26 
Chautauqua Co. RWD #03 7S NA NA NA NA 8 8 
Cheney 7M 5 3 5 5 5 5 
Cherokee 8M 21 24 14 5 15 16 
Cherokee Co. RWD #01 8M 22 32 40 42 42 36 
Cherokee Co. RWD #02 8M 12 20 4 11 11 12 
Cherokee Co. RWD #03 8M 31 35 37 39 30 34 
Cherokee Co. RWD #04 8M 10 12 13 9 50 19 
Cherokee Co. RWD #05 8S NA NA NA 19 19 19 
Cherokee Co. RWD #06 8S NA NA NA 21 NA 21 
Cherokee Co. RWD #07 8S NA NA NA 16 11 14 
Cherokee Co. RWD #08 8M 12 11 9 12 9 10 
Cherokee Water Corp. 8S NA NA 11 100 NA 56 
Cherryvale 7M 33 33 22 13 13 23 
Chetopa 8M 16 8 8 21 16 14 
Chicopee Water Company 8S NA NA NA 14 12 13 
Cimarron 3 12 13 13 10 5 11 
Circleville 7S NA NA NA 21 12 17 
Claflin 6ML 14 8 12 7 14 11 
Clay Center 7M 7 4 5 6 5 5 
Clay Co. RWD #01 7S 8 12 11 3 12 9 
Clay Co. RWD #02 7M 9 15 6 7 8 9 
Clayton 4 15 13 NA NA NA 14 
Clearwater 7M 14 11 9 10 10 11 
Clifton 7M 18 10 10 12 10 12 
Cloud Co. RWD #01 7S 15 14 16 6 7 12 
Clyde 7M 26 28 25 29 20 25 
Coal Hollow WD 8S NA NA NA 100 NA 100 
Coats 6S 6 4 6 4 5 5 
Coffey Co. RWD #02 7M NA NA 21 23 14 19 
Coffey Co. RWD #03 7M 13 6 7 8 10 9 
Coffeyville 7L 23 20 17 15 12 17 
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Colby 2 12 14 6 3 NA 9 
Coldwater 5 14 13 6 13 10 11 
Collyer 4 34 20 12 29 28 24 
Colony 8S NA NA NA 10 NA 10 
Columbus 8M 24 19 12 10 6 14 
Comanche Co. RWD #01 5 NA NA NA 25 3 14 
Comanche Co. RWD #02 5 47 46 43 49 54 48 
Concordia 7M 9 9 8 13 16 11 
Conway Springs 7M 13 8 13 8 13 11 
Coolidge 1 47 24 36 30 13 30 
Copeland 3 59 61 62 60 NA 60 
Corbin Water Association 7S NA NA NA 14 NA 14 
Corning 7S NA NA NA 8 NA 8 
Cottonwood Falls 7M 15 19 18 20 7 16 
Council Grove 7M 9 8 11 8 11 9 
Courtland 7S 11 NA NA 9 16 12 
Cowley Co. RWD #01 7M 21 33 14 20 17 21 
Cowley Co. RWD #02 7M NA NA NA 6 9 7 
Cowley Co. RWD #03 7M 38 10 30 25 20 25 
Cowley Co. RWD #04 7S NA NA NA 28 23 25 
Cowley Co. RWD #05 7M NA NA NA 22 24 23 
Cowley Co. RWD #06 7M 18 18 23 24 21 21 
Cowley Co. RWD #07 7S NA NA NA NA 40 40 
Cowley Co. RWD #08 7S NA NA NA 6 9 8 
Crawford Co. RWD #01 8S 29 15 23 32 39 28 
Crawford Co. RWD #01C 8M 14 12 13 8 10 11 
Crawford Co. RWD #02 8M NA NA NA 5 11 8 
Crawford Co. RWD #03 8S 9 31 33 29 15 23 
Crawford Co. RWD #04 8M 31 19 36 26 24 27 
Crawford Co. RWD #05 8M 17 21 26 16 18 19 
Crawford Co. RWD #06 8M 22 20 32 34 27 27 
Crawford Co. RWD #07 8M NA NA NA 18 21 19 
Cuba 7S 18 15 15 19 19 17 
Cullison 6S 20 21 22 22 17 20 
Culver 7S 16 18 23 16 15 18 
Cunningham 6ML 19 22 10 20 20 18 
D & W Water Co. 7S NA NA NA 100 NA 100 
Damar 5 NA NA NA NA 12 12 
Dearing 7M NA NA 12 3 9 8 
Deerfield 2 8 9 10 8 8 9 
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Delia 7S 26 25 27 30 NA 27 
Delphos 7S 23 30 31 36 35 31 
Denison 8S NA NA NA 9 5 7 
Derby (El Paso WC) 7L 5 4 4 5 5 4 
DeSoto 8M 14 7 15 19 20 15 
Dexter 7S NA 33 25 18 15 23 
Dickinson Co. RWD #01 7M 22 28 25 30 40 29 
Dickinson Co. RWD #02 7M 28 18 22 23 21 22 
Dickinson Co. RWD #03 7S NA NA NA 100 100 100 
Dighton 3 15 6 10 9 7 10 
Dodge City 4 16 14 15 15 26 17 
Doniphan Co. RWD #01 8S 24 35 30 21 100 42 
Doniphan Co. RWD #02 8S 7 8 10 12 9 9 
Doniphan Co. RWD #03 8S 14 15 19 14 21 17 
Doniphan Co. RWD #05 8M NA NA NA 20 NA 20 
Dorrance 6S 6 10 14 11 15 11 
Douglas Co. RWD #01 8M 10 14 11 7 17 12 
Douglas Co. RWD #02 8M 14 10 11 12 NA 12 
Douglas Co. RWD #03 8M 16 17 21 10 16 16 
Douglas Co. RWD #04 8M 22 16 21 15 19 19 
Douglas Co. RWD #05 8M 13 9 9 14 9 11 
Douglas Co. RWD #06 8M 33 14 22 10 9 18 
Douglass 7M 8 11 6 4 8 8 
Downs 6ML 17 15 17 27 28 21 
Durham 7S 8 20 16 21 8 15 
Dwight 7S 3 4 7 11 14 8 
Easton 8S 8 19 12 10 30 16 
Edgerton 8M 10 9 7 5 8 8 
Edna 8S NA NA NA NA NA NA 
Effingham 8M 5 3 8 6 NA 6 
El Dorado 7L 8 8 6 6 7 7 
Elbing 7S NA NA NA NA 100 100 
Elgin 7S 65 67 66 68 68 66 
Elk City 7S 7 8 8 8 9 8 
Elkhart 1 8 8 6 14 15 11 
Ellinwood 6ML 4 NA NA 4 5 4 
Ellis 5 8 13 16 6 12 11 
Ellis Co. RWD #01 5 11 22 13 14 13 15 
Ellis Co. RWD #02 5 47 27 48 25 49 39 
Ellis Co. RWD #03 5 7 24 17 100 48 39 
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Ellis Co. RWD #06 5 12 11 11 13 14 12 
Ellis Co. RWD #07 5 16 31 15 19 10 18 
Ellsworth 6ML 13 9 9 11 10 10 
Elmdale 7S 27 29 23 29 45 31 
Elwood 8M 15 11 10 8 8 10 
Emmett 7S 40 27 16 10 23 23 
Emporia 7L 22 19 17 15 16 18 
Englewood 4 100 100 100 100 91 98 
Ensign 3 98 98 93 100 100 98 
Enterprise 7M 11 8 4 3 11 7 
Erie 8M 7 7 8 6 6 7 
Esbon 6S 31 29 28 27 25 28 
Eskridge 7M 7 17 15 12 19 14 
Eudora 8M 5 5 5 11 12 8 
Eureka 7M 14 9 10 15 9 11 
Everest 8S 13 18 22 21 13 17 
Fall River 7S NA NA NA NA 18 18 
Farr Subdivision 2 NA NA NA 100 100 100 
Finney Co. RWD #01 2 NA NA NA 27 13 20 
Florence 7M 29 22 19 17 15 20 
Fontana 8S 20 21 19 10 13 16 
Ford 4 100 87 78 78 79 84 
Formoso 6S 18 26 12 23 3 17 
Fort Scott 8M 24 27 25 26 27 26 
Fowler 3 30 15 10 14 9 16 
Frankfort 7M 20 17 28 35 14 23 
Franklin Co. RWD #01 8M NA NA 20 27 23 23 
Franklin Co. RWD #02 8S NA NA NA NA NA NA 
Franklin Co. RWD #03 8S NA NA NA 100 100 100 
Franklin Co. RWD #04 8M 26 25 33 18 19 24 
Franklin Co. RWD #05 8M 15 36 21 11 7 18 
Franklin Co. RWD #06 8M 27 25 27 23 15 23 
Franklin Co. RWD #07 8S NA NA NA 100 47 74 
Fredonia 7M 9 7 7 12 20 11 
Frontenac 8M 25 13 24 15 15 18 
Fulton 8S 26 21 15 22 23 22 
Galena 8M 18 19 8 39 29 23 
Galesburg 8S NA NA 8 16 NA 12 
Galva 7M 6 4 8 7 17 8 
Garden City 2 6 6 NA NA 3 5 
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Garden Plain 7M 23 16 11 10 10 14 
Garden Spot Rentals 2 100 100 100 100 100 100 
Gardner 8L 7 16 12 15 22 14 
Garnett 8M 7 9 9 6 12 9 
Gas 8M NA NA NA 9 8 9 
Gaylord 6S 19 16 15 21 32 21 
Geary Co. RWD #01 7S NA NA NA 19 24 21 
Geary Co. RWD #02 7S NA 100 100 100 100 100 
Geary Co. RWD #04 7M 8 18 7 3 NA 9 
Geneseo 6S 5 10 3 14 8 8 
Geuda Springs 7S 19 11 22 16 24 18 
Girard 8M 23 15 9 17 15 16 
Glade 5 NA 18 22 20 30 23 
Glasco 7M 16 6 12 3 6 9 
Glasstown District 7S NA NA NA NA 100 100 
Glen Elder 6S 13 7 4 3 7 7 
Goddard 7M 4 17 5 16 8 10 
Goessel 7M 16 12 10 8 9 11 
Goff 7S 12 14 15 22 11 15 
Goodland 1 14 16 24 18 13 17 
Gorham 6S 9 4 4 7 8 6 
Gove 3 23 23 30 8 18 20 
Grainfield 3 9 11 10 17 8 11 
Grandview Plaza 7M NA NA NA 10 10 10 
Great Bend 6ML 8 10 12 11 13 11 
Greeley 8S 20 15 17 17 19 18 
Green 7S 25 25 22 15 15 20 
Greenleaf 7S 20 6 6 10 26 14 
Greensburg 5 24 8 4 NA NA 12 
Greenwood Co. RWD #02 7M NA NA NA 14 18 16 
Greenwood Co. RWD #03 7S NA NA NA NA 20 20 
Grenola 7S 7 5 7 11 8 8 
Gridley 7S NA NA NA 25 20 23 
Grinnell 3 9 10 11 11 11 10 
Gypsum 7S 14 7 12 8 9 10 
Haddam 7S 29 NA 29 22 24 26 
Halstead 7M 4 5 6 8 11 7 
Hamilton 7S NA NA NA 20 16 18 
Hamilton Co. RWD #01 1 10 3 4 9 8 7 
Hanover 7M 15 14 16 12 9 13 
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Hanston 4 9 9 10 33 14 15 
Hardtner 6S 12 13 5 3 3 7 
Harper 6ML 16 18 13 18 18 17 
Harper Co. RWD #01 6S NA NA NA 5 12 8 
Harper Co. RWD #03 6S 4 NA NA 3 NA 4 
Harper Co. RWD #04 6S NA NA NA NA 37 37 
Harper Co. RWD #05 6S NA NA NA 17 25 21 
Hartford 7M 12 9 3 7 13 9 
Harvey Co. RWD #01 7M NA NA NA 10 9 10 
Harveyville 7S 4 10 12 23 20 14 
Haven 6ML 25 24 23 26 21 24 
Havensville 7S 18 23 27 30 34 26 
Haviland 5 29 18 18 19 22 21 
Hays 5 20 22 22 11 8 17 
Hays City Suburban 5 100 100 100 100 100 100 
Haysville 7M 17 28 10 11 13 16 
Hazelton 6S 12 13 7 8 18 12 
Herington 7M 14 14 18 13 10 14 
Herndon 2 50 53 37 22 9 34 
Hesston 7M 3 5 16 6 8 8 
Hiawatha 8M 10 6 10 21 9 11 
Highland 8M 16 10 12 12 14 12 
Hill City 4 15 14 15 11 14 14 
Hillsboro 7M 8 19 24 20 20 18 
Hoisington 6ML 15 16 13 17 19 16 
Holcomb 2 13 9 7 10 11 10 
Holton 7M 12 20 23 21 18 19 
Holyrood 6S 14 10 13 20 17 15 
Hope 7S 6 13 5 6 4 7 
Horace 1 5 5 4 NA 3 4 
Horton 8M 9 23 24 13 12 16 
Howard 7M 14 15 10 5 20 13 
Howison Heights Water District 7S 7 11 5 3 16 8 
Hoxie 3 7 13 12 9 15 11 
Hoyt 7M NA NA NA 12 15 13 
Hugoton 2 6 5 8 6 7 6 
Humboldt 8M 19 17 14 15 12 16 
Hunter 6S NA NA NA 12 NA 12 
Hutchinson 6ML 10 7 9 9 5 8 
Independence 7L 21 14 20 14 23 19 
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Ingalls 3 19 15 13 4 7 12 
Inman 7M 7 10 14 13 10 11 
Iola 8M 8 11 11 8 16 11 
Isabel 6S NA NA 33 18 7 19 
Iuka 6S 9 9 9 6 9 8 
Jackson Co. RWD #01 7M NA NA NA NA 5 5 
Jackson Co. RWD #03 7M NA NA NA 5 19 12 
Jamestown 7S 12 11 11 10 26 14 
Jefferson Co. RWD #01 8M 14 13 11 15 18 14 
Jefferson Co. RWD #02 8M 32 22 24 17 24 24 
Jefferson Co. RWD #03 8M 24 26 26 20 24 24 
Jefferson Co. RWD #06 8S 46 36 35 53 44 43 
Jefferson Co. RWD #07 8M 12 16 21 18 16 16 
Jefferson Co. RWD #08 8S 21 12 20 18 13 17 
Jefferson Co. RWD #09 8S 19 21 27 28 40 27 
Jefferson Co. RWD #10 8S 24 27 29 35 61 35 
Jefferson Co. RWD #11 8S 10 NA 4 6 6 6 
Jefferson Co. RWD #12 8M 29 25 25 26 25 26 
Jefferson Co. RWD #13 8M 25 26 13 11 40 23 
Jefferson Co. RWD #15 8S 13 26 21 12 12 17 
Jennings 3 18 22 31 23 52 29 
Jetmore 4 9 8 7 9 NA 8 
Jewell 6S 9 NA NA 8 7 8 
Jewell Co. RWD #01 6S 21 29 20 16 25 22 
Johnson City 1 17 23 8 16 17 16 
Johnson Co. RWD #06C 8M NA NA NA 14 3 9 
Johnson Co. RWD #07 8M 10 17 14 7 16 13 
Junction City 7L 13 14 16 19 14 15 
Kanopolis 6ML 8 9 6 5 15 9 
Kanorado 1 32 21 21 15 19 22 
Kansas City BPU 8L 10 10 11 12 6 10 
Kechi 7M NA NA NA NA 10 10 
Kensington 6ML 11 13 19 30 36 22 
Kincaid 8S NA NA NA 17 NA 17 
Kingman 6ML 30 22 20 24 20 23 
Kingman Co. RWD #01 6S NA NA NA 31 21 26 
Kinsley 5 14 12 12 14 12 13 
Kiowa 6ML 8 13 12 12 13 12 
Kirwin 5 25 23 24 16 54 28 
Kismet 2 10 14 19 22 18 16 
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Konza Valley Water District 7S 12 12 18 10 21 15 
La Crosse 5 3 5 5 4 6 5 
La Cygne 8M 14 7 12 13 10 11 
La Harpe 8M NA NA NA 13 14 14 
Labette Co. RWD #01 8S NA NA NA 13 21 17 
Labette Co. RWD #02 8S NA NA 10 10 9 10 
Labette Co. RWD #03 8S NA NA 12 13 12 12 
Labette Co. RWD #04 8S NA NA NA 21 45 33 
Labette Co. RWD #05 8M NA NA NA 8 NA 8 
Labette Co. RWD #06 8M NA NA 8 NA NA 8 
Labette Co. RWD #07 8S NA NA 5 9 11 8 
Labette Co. RWD #08 8M NA NA 28 25 24 26 
Lakeside Village Improvement 8S 95 42 46 36 40 52 
Lakin 2 5 11 13 4 11 9 
Lancaster 8S NA NA NA NA NA NA 
Lane 8S 12 12 8 11 18 12 
Lane Co. RWD #01 3 9 9 13 22 23 15 
Lansing (Lan-Del WC) 8M NA NA NA 13 16 15 
Larned 5 10 10 8 5 8 8 
Latham 7S NA NA NA 8 14 11 
Lawrence 8L 9 8 5 6 4 6 
Leavenworth 8L 6 4 4 3 13 6 
Leavenworth Co. RWD #01C 8M 8 9 10 NA 6 8 
Leavenworth Co. RWD #05 8M NA NA NA 18 25 21 
Leavenworth Co. RWD #06 8M NA NA NA 16 6 11 
Leavenworth Co. RWD #07 8M NA NA NA 11 12 11 
Leavenworth Co. RWD #08 8M NA NA NA NA 25 25 
Leavenworth Co. RWD #09 8M 13 14 18 21 16 16 
Leavenworth Co. RWD #10 8M NA NA NA 3 NA 3 
Lebanon 6S 16 20 24 28 5 19 
Lebo 7M 9 5 3 7 3 6 
Lecompton 8M 15 20 6 6 14 12 
Lehigh 7S 14 17 20 22 17 18 
Lenora 4 17 18 28 19 15 19 
Leon 7M 26 18 17 15 17 19 
Leonardville 7S 11 8 6 5 10 8 
Leoti 2 21 12 5 8 6 10 
LeRoy 7M 13 4 8 10 6 8 
Lewis 5 13 20 19 16 13 16 
Liberal 2 15 18 11 14 9 13 
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Liebenthal 5 12 10 12 NA 6 10 
Lincoln Center 6ML 24 19 24 21 23 22 
Lindsborg 7M 7 9 14 7 7 9 
Linn 7S 23 22 15 9 6 15 
Linn Co. RWD #02 8M NA NA NA 40 25 32 
Linn Co. RWD #03 8M NA NA NA 28 20 24 
Linwood 8S 17 11 18 10 9 13 
Little Bear Mound 7S NA NA NA 100 NA 100 
Little River 6ML 14 25 12 15 16 16 
Logan 5 12 12 9 9 7 10 
Long Island 5 NA 60 27 14 13 29 
Longford 7S 24 11 11 16 12 15 
Longton 7S 5 6 10 9 15 9 
Lorraine 6S 5 6 10 10 6 7 
Louisburg 8M 7 8 12 14 NA 10 
Lucas 6S 10 7 4 6 5 6 
Luray 6S 20 25 23 13 8 18 
Lyndon 7M 10 11 13 9 13 11 
Lyon Co. RWD #01 7M NA NA 5 NA 14 10 
Lyon Co. RWD #02 7M NA NA NA 15 8 11 
Lyon Co. RWD #03 7S NA NA 7 8 10 8 
Lyon Co. RWD #04 7M NA NA 11 NA 4 8 
Lyon Co. RWD #05 7M NA NA 9 11 5 8 
Lyons 6ML 9 9 8 9 NA 9 
Macksville 6ML 12 9 24 23 23 18 
Madison 7M 5 7 5 9 10 7 
Mahaska 7S 26 21 17 9 10 17 
Manhattan 7L 14 13 16 24 26 18 
Mankato 6ML 23 24 29 30 27 27 
Manter 1 16 14 14 10 13 13 
Maple Hill 7M 9 13 14 14 15 13 
Marion 7M 13 7 15 13 17 13 
Marion Co. Imp. Dist. #02 7S NA NA NA NA NA NA 
Marion Co. RWD #01 7M 12 13 14 24 18 16 
Marion Co. RWD #02 7S NA NA NA NA 3 3 
Marion Co. RWD #04 7M NA NA NA 11 12 11 
Marquette 7M 27 25 23 10 8 19 
Marshall Co. RWD #01 7S 9 8 10 5 9 8 
Marshall Co. RWD #02 7S 17 NA NA NA NA 17 
Marshall Co. RWD #03 7M 12 11 11 10 12 11 
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KANSAS, 1997 - 2001 

Public Water Supplier Region

Percent 
UFW 
1997 

Percent 
UFW 
1998 

Percent 
UFW 
1999 

Percent 
UFW 
2000 

Percent 
UFW 
2001 
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Marysville 7M 18 20 7 14 16 15 
Matfield Green 7S 21 52 32 29 33 33 
Mayetta 7S NA NA NA 5 NA 5 
Mayfield 7S NA NA NA 5 NA 5 
McCracken 5 11 12 10 13 20 13 
McDonald 2 22 17 21 25 16 20 
McFarland 7S NA 5 8 9 7 7 
McLouth 8M 20 19 7 10 8 13 
McPherson 7L 7 5 8 5 9 7 
McPherson Co. RWD #01 7S 7 8 23 26 25 18 
McPherson Co. RWD #02 7S NA NA NA 3 NA 3 
McPherson Co. RWD #03 7S NA NA NA NA 7 7 
McPherson Co. RWD #04 7M NA NA NA 13 8 10 
Meade 3 12 7 21 10 11 12 
Medicine Lodge 6ML 24 16 11 17 8 15 
Melvern 7S 18 10 12 21 15 15 
Miami Co. RWD #01 8M NA NA NA 4 3 3 
Miami Co. RWD #02 8M 32 27 12 7 8 17 
Miami Co. RWD #03 8M NA NA NA 25 23 24 
Miami Co. RWD #04 8M NA NA NA 13 12 13 
Milford 7M NA 4 3 NA NA 3 
Miltonvale 7M 24 18 19 27 19 22 
Minneapolis 7M 13 12 12 12 14 13 
Minneola 4 6 5 11 13 16 10 
Mitchell Co. RWD #01 6S NA NA NA 100 NA 100 
Mitchell Co. RWD #02 6ML 13 13 13 16 21 15 
Moline 7S 22 13 13 14 4 13 
Montezuma 3 18 16 13 7 12 13 
Montgomery Co. RWD #01 7S NA NA NA NA NA NA 
Montgomery Co. RWD #01C 7M NA NA 21 23 15 20 
Montgomery Co. RWD #02 7M NA NA 11 8 9 9 
Montgomery Co. RWD #06 7M NA NA 21 13 NA 17 
Montgomery Co. RWD #08 7S NA NA NA 47 43 45 
Montgomery Co. RWD #09 7S NA NA NA 27 26 26 
Montgomery Co. RWD #10 7S NA NA 14 16 14 15 
Montgomery Co. RWD #11 7M NA NA 14 13 34 20 
Montgomery Co. RWD #12 7M NA NA 15 14 10 13 
Montgomery Co. RWD #13 7S NA NA NA 7 17 12 
Moran 8M NA NA NA 12 11 12 
Morganville 7S 10 10 10 10 NA 10 
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Avg. 
Percent 
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Morland 4 20 21 25 21 12 20 
Morrill 8S NA NA NA 18 19 19 
Morris Co. RWD #01 7M 4 3 8 7 14 7 
Morrowville 7S 38 28 31 18 22 27 
Moscow 2 100 100 100 100 100 100 
Mound City 8M 23 28 18 14 17 20 
Mound Valley 8S NA NA 4 NA NA 4 
Moundridge 7M 4 6 10 NA NA 6 
Mount Hope 7M 11 8 8 5 8 8 
Mulberry 8M 32 14 9 29 41 25 
Mullinville 5 20 9 3 18 20 14 
Mulvane 7M 12 11 8 8 8 10 
Munden 7S 10 10 19 14 5 12 
Muscotah 8S 12 12 17 11 8 12 
Narka 7S 17 15 18 NA NA 17 
Natoma 6S 26 17 14 14 15 17 
Nemaha Co. RWD #01 7S 13 17 20 10 10 14 
Nemaha Co. RWD #02 7S NA NA NA 8 NA 8 
Nemaha Co. RWD #03 7M 9 10 9 8 10 9 
Nemaha Co. RWD #04 7S NA 3 NA 3 5 4 
Neodesha 7M 6 7 3 3 NA 5 
Neosho Co. RWD #01C 8M NA NA NA 3 3 3 
Neosho Co. RWD #02 8M 16 16 10 14 16 14 
Neosho Co. RWD #03 8S NA NA 20 100 11 44 
Neosho Co. RWD #04 8M NA NA 18 12 NA 15 
Neosho Co. RWD #05 8S NA NA NA NA 20 20 
Neosho Co. RWD #06 8S NA NA NA 37 26 31 
Neosho Co. RWD #07 8M NA NA NA 22 13 17 
Neosho Co. RWD #08 8S NA NA NA 10 12 11 
Neosho Co. RWD #09 8S NA NA NA 10 9 10 
Neosho Co. RWD #12 8S NA NA NA 11 11 11 
Ness City 4 11 13 5 4 NA 8 
Netawaka 7S NA NA NA NA 4 4 
New Strawn 7S 24 21 19 28 22 23 
Newbury Extension 7S NA NA NA NA 10 10 
Newton 7L 11 6 NA 11 12 13 
Nickerson 6ML 8 15 13 NA 33 17 
Norcatur 3 14 8 9 10 30 14 
North Newton 7M 17 7 10 6 27 13 
Norton 4 18 17 17 8 16 15 
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Norton Co. RWD #01 4 13 15 11 15 8 12 
Nortonville 8M 8 11 NA 5 7 10 
Norwich 6ML 16 16 8 NA 4 11 
Oakley 2 7 18 16 15 12 14 
Oberlin 3 20 21 20 21 23 21 
Offerle 5 16 27 28 25 5 20 
Ogden 7M NA NA 3 NA 3 3 
Oketo 7S 21 15 11 10 NA 14 
Olathe 8L 19 18 16 9 10 14 
Olmitz 6S 10 8 3 NA 12 8 
Olpe 7M NA NA 11 9 8 9 
Olsburg 7S 11 11 9 8 9 10 
Onaga 7M 4 11 7 8 7 7 
Oneida 7S 15 21 18 14 13 16 
Osage City 7M 12 6 8 5 4 7 
Osage Co. RWD #02 7S 10 9 16 13 NA 12 
Osage Co. RWD #03 7M 25 14 12 22 15 18 
Osage Co. RWD #04 7S 25 18 19 16 9 17 
Osage Co. RWD #05 7M 17 12 20 23 24 19 
Osage Co. RWD #06 7S NA NA 12 17 18 16 
Osage Co. RWD #07 7M NA NA 20 25 14 19 
Osage Co. RWD #08 7M NA NA NA 11 17 14 
Osawatomie 8M 13 15 14 11 14 13 
Osborne 6ML 15 18 20 15 15 17 
Osborne Co. RWD #01A 6S 50 55 48 39 46 48 
Osborne Co. RWD #02 6S NA NA NA 22 18 20 
Oskaloosa 8M 9 7 NA 10 12 12 
Oswego 8M 7 3 6 NA 8 6 
Otis 5 10 12 5 7 15 10 
Ottawa 8L 8 5 9 11 10 9 
Ottawa Co. RWD #01 7S 28 18 20 17 10 19 
Ottawa Co. RWD #02 7M 9 15 22 11 10 13 
Overbrook 7M 18 17 22 24 13 19 
Oxford 7M 19 39 14 15 16 20 
Ozawkie 8M 10 5 9 NA 6 7 
Palco 5 16 18 26 19 10 18 
Palmer 7S 16 12 9 17 12 13 
Paola 8M 6 14 14 16 12 12 
Paradise 6S NA NA NA 28 6 17 
Park 3 7 8 7 10 7 8 
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Park City 7M 7 10 13 9 12 10 
Parker 8S 34 33 NA 28 30 31 
Parsons 8L 13 21 11 12 11 14 
Pawnee Rock 6S 9 12 9 4 10 9 
Paxico 7S 3 5 6 7 4 5 
Peabody 7M 10 5 8 10 15 9 
Perry 8M 15 10 9 10 10 11 
Peru 7S NA NA NA 15 12 13 
Phillipsburg 5 12 10 11 19 16 14 
Pittsburg 8L 15 12 6 3 3 8 
Plains 3 12 16 19 17 22 17 
Plainville 5 11 13 8 18 19 14 
Pleasanton 8M NA 11 12 9 6 9 
Pomona 8M 6 9 9 4 8 7 
Portis 6S 38 14 27 18 27 25 
Post Rock RWD 6ML 24 27 26 20 23 24 
Pottawatomie Co. RWD #01 7M 10 14 6 16 25 14 
Pottawatomie Co. RWD #02 7M NA 19 40 20 32 28 
Pottawatomie Co. RWD #03 7M 4 10 15 13 11 11 
Potwin 7S 5 7 NA NA NA 6 
Prairie View 5 17 8 8 16 5 11 
Pratt 6ML 12 16 15 15 17 15 
Prescott 8S 16 16 15 NA 8 13 
Preston 6S 100 100 100 100 100 100 
Pretty Prairie 6ML 11 18 17 16 10 14 
Princeton 8S NA NA NA 9 7 8 
Protection 5 12 16 8 11 12 12 
Quenemo 7S 8 8 8 7 10 8 
Quinter 3 11 13 15 10 12 12 
Randall 6S 10 24 12 6 10 12 
Randolph 7S 8 17 19 22 11 15 
Ransom 4 11 12 11 11 7 10 
Rantoul 8S 12 10 30 43 8 21 
Raymond 6S 4 12 8 8 9 8 
Reading 7S NA NA 19 16 17 17 
Red Bud Lake Association 7S NA NA NA 27 9 18 
Renn District 7S NA NA NA 4 NA 4 
Reno Co. RWD #01 6S 36 19 29 11 3 20 
Reno Co. RWD #04 6S NA NA NA 18 10 14 
Reno Co. RWD #08 6S 16 14 16 18 10 15 
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Reno Co. WD #101 6S 6 7 6 10 8 7 
Republic 7S 32 24 20 17 21 23 
Republic Co. RWD #01 7S 32 27 20 23 23 25 
Republic Co. RWD #02 7M 27 37 23 22 29 28 
Reserve 8S 32 23 28 31 33 29 
Rexford 2 13 100 14 10 9 29 
Rice Co. RWD #01 6ML NA NA NA 3 6 4 
Richmond 8M 16 17 19 17 NA 17 
Riley 7M 29 27 34 32 32 31 
Riley Co. RWD #01 7M NA NA NA 7 13 10 
Robinson 8S 22 24 21 18 17 21 
Rocky Ford Water Company 7S 100 100 100 100 100 100 
Rolla 1 9 9 9 8 20 11 
Rooks Co. RWD #01 5 9 7 NA NA 6 7 
Rooks Co. RWD #02 5 37 44 15 21 22 28 
Rooks Co. RWD #03 5 12 5 11 15 8 10 
Rose Hill 7M NA NA NA 3 NA 3 
Rossville 7M 6 8 6 5 10 7 
Rozel 5 NA 9 16 9 16 13 
Rush Center 5 13 13 14 14 17 14 
Rush Co. RWD #01 5 38 50 53 42 35 44 
Russell 6ML 14 24 16 14 23 18 
Russell Co. RWD #01 6S 27 NA NA 100 100 76 
Russell Co. RWD #02 6S NA 100 100 100 100 100 
Russell Co. RWD #03 6ML NA NA NA 27 33 30 
Russell Co. RWD #04 6S 40 26 42 44 12 33 
Sabetha 7M 15 15 11 7 9 12 
Salina 7L 5 5 7 4 10 6 
Saline Co. RWD #01 7S 13 12 11 NA 7 11 
Saline Co. RWD #02 7S 25 47 45 28 33 36 
Saline Co. RWD #03 7M NA NA NA NA 6 6 
Saline Co. RWD #04 7M 9 4 8 16 18 11 
Saline Co. RWD #06 7S 11 4 6 NA NA 7 
Saline Co. RWD #07 7S NA NA NA 15 18 17 
Saline Co. RWD #08 7S 22 5 15 13 11 13 
Satanta 2 3 7 8 NA NA 6 
Sawyer 6S 16 4 3 4 NA 7 
Scammon 8M 12 10 19 NA 24 16 
Scandia 7S 12 11 14 6 10 10 
Scotsman Estates 7S NA NA NA NA 14 14 
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Scott City 2 11 13 10 5 3 8 
Scranton 7M NA NA NA 8 NA 8 
Sedan 7M 8 6 5 6 8 6 
Sedgwick 7M 7 7 3 NA NA 6 
Sedgwick Co. RWD #01 7M NA NA NA 15 9 12 
Sedgwick Co. RWD #03 7M NA NA NA 5 3 4 
Sedgwick Co. RWD #04 7M 24 24 33 20 23 25 
Selden 3 17 17 13 10 5 12 
Seneca 7M 7 8 7 10 8 8 
Severy 7S 8 6 11 15 7 9 
Sharon 6S 4 11 15 13 13 11 
Sharon Springs 1 16 14 10 12 11 13 
Shawnee Co. RWD #01C 7M NA NA NA NA 7 7 
Shawnee Co. RWD #02C 7M 5 10 11 14 18 11 
Shawnee Co. RWD #03 7M 29 22 18 25 25 24 
Shawnee Co. RWD #04 7M 19 23 17 22 20 20 
Shawnee Co. RWD #05 7M NA NA NA NA 12 12 
Shawnee Co. RWD #06 7M NA NA NA 7 7 7 
Shawnee Co. RWD #08 7M 15 9 8 15 9 11 
Shawnee Co. RWD #09 7S NA NA NA 5 NA 5 
Silver Lake 7M 6 6 5 6 4 5 
Simpson 6S 17 21 40 44 32 31 
Smith Center 6ML 20 24 26 25 22 23 
Smith Co. RWD #01 6S 30 8 16 18 15 17 
Solomon 7M 15 28 34 7 14 19 
South Haven 7S 23 28 23 16 14 21 
South Hutchinson 6ML 4 3 NA 4 4 4 
Spearville 4 8 4 13 10 5 8 
Speed 5 11 19 10 12 16 14 
Spivey 6S 17 11 14 4 4 10 
Spring Hill 8M 10 12 5 7 11 9 
St. Francis 1 12 14 10 13 10 12 
St. George 7S 32 24 11 10 20 19 
St. John 6ML 10 9 10 9 10 10 
St. Marys 7M 12 8 7 15 8 10 
St. Paul 8M 15 13 13 14 15 14 
Stafford 6ML 5 6 7 6 8 6 
Sterling 6ML 5 9 9 NA 8 8 
Stockton 5 14 12 13 22 16 16 
Strong City 7M 52 50 55 67 22 49 
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Sublette 2 10 6 8 9 9 8 
Suburban Water Company 8M 8 15 9 88 11 26 
Summerfield 7S 9 14 11 9 9 10 
Sumner Co. RWD #01 7S NA NA NA 6 19 12 
Sumner Co. RWD #02 7S NA NA NA 25 20 22 
Sumner Co. RWD #03 7S NA NA NA NA 13 13 
Sumner Co. RWD #04 7M NA NA NA 15 20 18 
Sumner Co. RWD #05 7M NA NA NA NA 9 9 
Sumner Co. RWD #06 7S NA NA NA 12 NA 12 
Susank 6S NA NA NA 13 23 18 
Sylvan Grove 6S 9 29 5 9 15 13 
Sylvia 6S 37 35 36 41 37 37 
Syracuse 1 9 8 13 12 12 11 
Tatarrax Hills 7S 17 12 18 13 13 15 
Tescott 7S 4 10 8 6 8 7 
Thayer 8M 32 28 31 13 15 24 
Timber Creek Water & Sewer 7M 20 20 16 NA 10 16 
Timken 5 24 22 64 58 14 37 
Tipton 6S 15 12 9 8 NA 11 
Tonganoxie 8M 13 7 14 16 12 12 
Topeka 7L 5 7 10 11 7 8 
Toronto 7S 19 18 22 27 27 23 
Towanda 7M NA NA NA 10 8 9 
Treece 8S NA NA NA 20 NA 20 
Trego Co. RWD #01 4 6 17 5 5 10 9 
Trego Co. RWD #02 4 NA NA 9 19 20 16 
Tribune 1 11 10 6 9 10 9 
Troy 8M 31 19 37 32 30 30 
Turon 6S 19 14 15 11 7 13 
Udall 7M 23 20 15 8 14 16 
Ulysses 2 10 14 9 8 8 10 
Uniontown 8S 8 20 15 6 7 11 
University Park Water 7S 100 29 15 19 16 36 
Utica 4 7 7 8 10 11 8 
Valley Center 7M 9 14 16 3 6 10 
Valley Falls 8M 19 20 9 14 15 16 
Vermillion 7S 18 12 34 30 NA 24 
Victoria 5 9 4 4 NA NA 6 
Viola 7S NA NA NA NA 6 6 
Virgil 7S 10 15 9 11 7 10 
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Wabaunsee Co. RWD #01 7S 18 22 NA NA 26 22 
Wabaunsee Co. RWD #02 7M 14 8 11 9 18 12 
Wakeeney 4 21 20 21 17 15 19 
Wakefield 7M 26 10 15 12 14 15 
Waldo 6S NA NA NA NA NA NA 
Wallace 1 16 13 13 13 13 13 
Wallace Co. RWD #01 1 NA NA NA NA NA NA 
Walton 7S NA NA NA NA NA NA 
Wamego 7M 13 4 8 7 7 8 
Washington 7M 12 19 16 18 27 19 
Washington Co. RWD #01 7M 11 8 6 8 7 8 
Washington Co. RWD #02 7M 22 15 16 17 23 18 
WaterOne, Johnson Co. 8L 8 8 7 8 9 8 
Waterville 7M 13 29 13 11 10 15 
Wathena 8M 12 7 NA 10 6 12 
Waverly 7M 22 33 28 17 11 22 
Weir 8M 15 6 16 35 5 15 
Wellington 7M 20 14 18 23 12 17 
Wellsville 8M NA NA 16 19 14 16 
West Hills Water Company 6S 100 100 100 100 100 100 
West Mineral 8S 17 5 6 15 14 11 
Westmoreland 7M 19 25 7 6 NA 14 
Wetmore 7S 22 24 16 23 13 19 
White City 7M 7 13 14 12 12 12 
White Cloud 8S 21 18 23 32 27 24 
Whitewater 7M 8 6 25 19 12 14 
Whiting 7S 9 6 11 13 23 12 
Wichita 7L 6 5 17 7 9 9 
Williamsburg 8S 5 13 8 3 9 8 
Wilson 6ML 9 10 10 9 20 12 
Wilson Co. RWD #01 7S NA NA NA 22 28 25 
Wilson Co. RWD #02 7S NA NA NA NA 100 100 
Wilson Co. RWD #03 7S NA NA NA 24 NA 24 
Wilson Co. RWD #04 7S NA NA NA NA 25 25 
Wilson Co. RWD #05 7S NA NA NA 13 3 8 
Wilson Co. RWD #06 7S NA NA NA 15 5 10 
Wilson Co. RWD #07 7S NA NA NA 29 26 28 
Wilson Co. RWD #09 7S NA NA NA NA 22 22 
Wilson Co. RWD #10 7M NA NA NA 26 25 26 
Wilson Co. RWD #11 7M NA NA NA 24 20 22 
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Wilson Co. RWD #12 7S NA NA NA 7 100 53 
Wilson Co. RWD #13 7S NA NA NA 27 NA 27 
Winchester 8M 6 8 5 5 NA 6 
Windom 7S NA NA NA NA NA NA 
Winfield 7L 7 7 8 8 11 8 
Winona 2 24 11 15 11 13 15 
Woodson Co. RWD #01 7M 29 34 23 19 25 26 
Woodston 5 4 5 4 8 9 6 
Yates Center 7M 11 11 20 22 21 17 
Zenda 6S 16 10 12 4 15 12 

 
Note: Percent unaccounted for water represents all unmetered water.  Systems that do 

not meter customer use or were unable to provide reliable data on customer 
sales are shown as having 100 percent unaccounted for water.  “NA” is shown 
for systems that reported less than 3 percent unaccounted for water, and for 
years in which no water use report was filed. 
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INTRODUCTION 
 
Water use in Kansas is regulated by the Kansas Department of Agriculture, Division of 
Water Resources (DWR).  The DWR requires annual Water Use Reports from all public 
water suppliers with active water rights, as a condition of the Water Appropriations Act.  
The DWR also requests annual water use reports from water suppliers purchasing 
water from State-owned storage in Federal reservoirs through the Kansas Water Office 
(KWO) Water Marketing Program, and from water suppliers purchasing water wholesale 
from entities that have water rights or marketing contracts. 
 
The information shown in this publication was collected from 772 public water suppliers 
that served 10 or more connections year-round and filed 2002 Municipal Water Use 
Reports.  This number includes cities and towns, rural water districts, and housing 
subdivisions.  These public water suppliers provide information on quantity of water 
diverted each year, water purchased from and sold to other suppliers, sales to retail 
customers, metered free and unaccounted for water, population served, and current 
water rates.  Annual water use reports for 2002 also were submitted by eight public 
wholesale water supply districts, 32 mobile home parks or systems that serve 
predominantly mobile homes, and several rural systems whose customer base is largely 
commercial.  The information from these reports is not included in this publication. 
 
The DWR, KWO, and U.S. Geological Survey–Water Resources Division (USGS) 
review the water use data to ensure that the information is as accurate and complete as 
possible, and to derive the statistics on per capita usage, percent metered free, percent 
unaccounted for water, and water rates that are published in this report.  The review 
process is also important for documenting atypical water use among certain suppliers, 
as well as for identifying problems with meter accuracy, bookkeeping, and water loss 
that may warrant special assistance.  The Kansas Water Plan provides some of the 
funding used to review annual water use reports and offer technical assistance when 
needed. 
 
The Kansas Municipal Water Use publication has been prepared each year since 1987.  
The efforts of every water supplier completing annual water use reports are greatly 
appreciated.  The data collected are valuable in administering water rights and 
marketing contracts, preparing population and water demand projections, and 
assessing progress toward meeting State conservation objectives.  The information 
provided in this annual publication can also be useful in evaluating individual systems’ 
needs for metering improvements, water loss reduction, water rate adjustments, and 
implementation of cost-effective, long-term water conservation measures. 
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REGIONAL PER CAPITA WATER USE  
 
Water usage in gallons per capita per day (gpcd) is calculated for each water system 
from reported data on amounts of water used and populations served.  Gpcd usage for 
individual suppliers is based on amounts of water used for residential and commercial 
sales, free use, and unaccounted for water.  Gpcd figures do not include sales to other 
suppliers, industries, bulk uses, or farmsteads using over 200,000 gallons per year.   
 
Average gpcd figures are calculated for water suppliers in eight regions of the State so 
that usage for individual suppliers can be compared to average usage for similar 
geographic areas.  These regions, shown in Figure 1, correspond to general patterns of 
per capita water use and precipitation.  Gpcd usage increases from eastern to western 
Kansas, primarily due to greater outside water use in the drier, more arid parts of the 
state.  Another factor contributing to higher gpcd usage in western Kansas is that 
average water rates are lower in the western regions of the State where ground water is 
the predominant source of supply.  Average gpcd usage by Kansas public water 
suppliers by region and size is shown in Table 1 (p. 8) for the years 1998-2002.  
Average gpcd usage in 2002 ranged from a high of 321 in Region 1 in westernmost 
Kansas to a low of 91 in Region 8 among small public water suppliers in easternmost 
Kansas.   
 
WATER USE STATISTICS BY REGION AND STATE 
 
The tables in the following sections of this publication are organized by region and size 
category.  Regions 6, 7, and 8 in central and eastern Kansas include many more public 
water suppliers than do the western Kansas regions, and were subdivided by population 
size.  Small public water suppliers serve fewer than 500 people, medium public water 
suppliers serve between 500 and 9,999 people, and large public water suppliers serve 
10,000 people or more.   
 
Water use statistics for each supplier within each regional category are provided in 
Tables 2-14 on pp. 9-35.  These tables rank each water supplier by gpcd usage, and 
show the percent difference from the respective 2002 regional average gpcd.  The 
tables also show the monthly cost for 10,000 gallons of water, the percentage of 
metered free water, and the percentage of unaccounted for water.  These data are 
useful in evaluating the gpcd figures.  Comparison of an individual supplier’s gpcd, 
water rates, and percentages of metered free and unaccounted for water to regional 
averages may indicate opportunities for more cost-effective and efficient use of water.  
Lower gpcd figures may be indicative of conservation efforts by public water suppliers.  
These efforts include reductions in unaccounted for water, more accurate metering of 
raw water, and reduced usage due to higher prices. 
 
Per capita usage by a particular water supplier can be affected by circumstances such 
as customer use habits, water rates, amount of water needed for water treatment or 
other free uses, and system losses.  Inexpensive water rates, lack of metering, hot dry 



 3

weather, frequent line breaks, water line replacement, tower repairs, or large amounts 
of water used for treatment and flushing can all contribute to a high gpcd.  High water 
rates, cool rainy weather, a system with few leaks, lack of significant free uses, or 
minimal need for water treatment can contribute to a low gpcd.    
 
Accuracy of the measurement of total water diverted also can influence a utility’s gpcd.  
Public water suppliers typically determine total diversions using flowmeters, calculation 
of hours pumped times pump rates, or a combination of these methods.  A higher than 
expected gpcd may result if master meters are overregistering, actual pump rates are 
lower than reported, or check valves are malfunctioning.  A lower than expected gpcd 
may result if meters are underregistering or actual pump rates are higher than reported.  
Inaccurate measurements of total water diverted also cause unreliable calculations of 
unaccounted for water.   
 
The percentage of unaccounted for water is a good indicator of meter accuracy and 
system efficiency.  Large percentages of unaccounted for water often result from over-
reported total diversions, substantial amounts of unmetered use, or system losses.  In 
publications of Kansas Municipal Water Use prior to1998, the percent unaccounted for 
water applied only to systems that meter customer use.  Beginning with the 1998 data, 
the percent unaccounted for water has indicated all water that is not metered. 
Consequently, all unmetered water used by systems with flat water rates or by systems 
that were unable to provide data on customer sales is considered unaccounted for. 
 
For 2002, gpcd values ranged from a high of 555 (for the City of Englewood) to a low of 
37 (for Marion Co. RWD No. 2).  However, to evaluate the water conservation efforts of 
all 772 public water suppliers, each gpcd should be compared to usage by other utilities 
of similar size in the same geographic area.  The highest and lowest gpcd usages 
relative to the corresponding regional average gpcd are shown in Tables 15 and 16 to 
allow an equitable comparison of extremes in usage for 2002. 
 
Table 15 (p. 36) ranks the 20 public water suppliers with the highest gpcd usage in 2002 
relative to their respective regional averages.  These suppliers tend to have large 
percentages of unaccounted for water due to system leaks or lack of metering, or in 
several cases, large percentages of metered free water.  Many are very small systems, 
where leaks can represent an especially large percentage of total water withdrawals.  Of 
the 20 systems listed in Table 15, twelve had 20 percent or greater unaccounted for 
water, including three that used a flat rate structure. 
 
Table 16 (p. 37) ranks the 20 public water suppliers with the lowest gpcd usage in 2000 
relative to their respective regional averages.  Most of these suppliers are very small 
towns, housing subdivisions, or rural water districts with little or no public use.  Many 
charge high rates for water service.   
 
In 1990, 29 of the public water suppliers that completed annual water use reports used 
flat rate structures.  In 2002, only 11 suppliers used flat rates. Table 17 (p. 38) lists the 
water suppliers that charged a flat rate for water service in 2002, and shows the percent 
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difference between each gpcd and the respective regional average gpcd.  Public water 
suppliers with flat rate structures used an average of 46 percent more water per person 
than their peer communities in 2002. 
 
AVERAGE WATER RATES BY REGION 
 
Table 18 (p. 39) shows 2002 regional average cost for residential customer water use at 
five levels from 5,000 to 100,000 gallons per month.  In general, water rates increase 
from west to east across the state.  Average water rates tend to be higher in eastern 
Kansas due to the costs associated with operating, building, or rehabilitating surface 
water treatment facilities, and the costs associated with wholesale water distribution.   
 
There are four basic types of water rate structures in Kansas: flat rate, decreasing block 
rate, uniform block rate, and increasing block rate.  Utilities with a flat rate charge each 
customer a fixed amount per month regardless of the amount of water used.  With a 
decreasing block rate, the unit cost of water decreases as usage increases.  The unit 
cost of water is the same for all levels of usage with a uniform block rate.  With an 
increasing block rate, the unit cost of water rises as usage increases.  Some utilities 
attach a surcharge to their regular water rates for excessive summer usage, usually 
defined as a certain percentage above average winter use.   
 
The type of rate structure can affect gpcd usage.  Systems with flat rates tend to use 
considerably more water per capita than systems that meter customer use.  The other 
three types of rate structures, in which cost depends on amount of water used, have a 
less dramatic effect on gpcd.   Decreasing block rates are assumed to discourage 
conservation because customers are charged lower rates for high-volume usage.  
Increasing block rates are considered an effective way to promote conservation among 
high-volume users while keeping the cost of moderate use affordable.  However, the 
use of these types of rate structures does not appear to influence usage by individual 
customers as much as does the total monthly water cost and the geographic area in 
which they live. 
 
METERED FREE AND UNACCOUNTED FOR WATER  
 
Percentages of metered free and unaccounted for water indicate the proportion of total 
water produced or purchased that is not sold through customer meters.  Metered free 
water typically includes public services (for example, golf courses, parks, pools and city 
buildings) plus any water given to nonpaying customers (for example, churches or 
owners of easements).  Metered free water often includes water treatment uses such as 
backwashing, lube line flows, draining of known quantities from a water tower prior to 
repair, and measured hydrant flushing.  Metering as much ‘free’ water use as possible 
helps to identify actual system losses.  Metering of nonpaying services also helps a 
utility notice and correct any water leaks or excessive use at these connections. 
 
The number of public water suppliers in Kansas that meter free water has steadily 
increased each year since 1992, when amounts of metered free water were first shown 
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on annual Municipal Water Use reports.  A total of 447 utilities reported some metered 
free use for 2002.  Average percent free water by regional category varied from three to 
seven percent; the state average was five percent.   
 
Unaccounted for water includes any unmetered uses plus water loss in the distribution 
system.   The percent unaccounted for water may be high if a system has major line 
breaks, has many underregistering customer meters, or has many unmetered uses.   
Water taken from bulk outlets and hydrants for firefighting or road construction is often 
unaccounted for.  Unaccounted for water also may represent a large percentage of total 
water pumped due to distribution system replacement, water plant renovations, water 
tower repairs, faulty metering of raw water, or inadequate accounting of customer use.   
 
Unaccounted for water reported by all public water suppliers for 2002 ranged from less 
than three percent to 100 percent.  The average unaccounted for water among the 
systems that provided adequate information on metered customer use in 2002 was 15 
percent statewide.  Average unaccounted for water for these systems by regional 
category ranged from 9 to 20 percent. 
 
ASSISTANCE WITH EXCESSIVE UNACCOUNTED FOR WATER 
 
The Kansas Water Plan includes a year 2010 objective that states:  “By 2010, reduce 
the number of public water supply systems with excessive unaccounted for water by 
first targeting those with 30 percent or more unaccounted for water.”   To meet the 2010 
objective of reducing the number of public water supply systems with excessive 
unaccounted for water, suppliers are referred to the Kansas Rural Water Association for 
technical assistance in reducing apparent excess use shown on the previous year’s 
water use report.  As part of this ongoing contract, the KRWA visits these water 
suppliers on a quarterly basis, collects data on water withdrawals and sales, tests 
meters, makes recommendations, and monitors unaccounted for water until it is below 
20 percent for two consecutive quarters.  In addition, each of these suppliers is 
encouraged to prepare a water conservation plan, or to review their plan if one has 
already been done.   
 
The 39 water suppliers whose water use reports showed at least 30 percent 
unaccounted for water in 2002 are listed in Table 19 (p. 40).  This table does not include 
systems with flat rates or those who were unable to provide information on metered 
customer sales.  Table 19 also shows the amount of water in thousands of gallons that 
would have been saved if only 15 percent of the water had been unaccounted for.  This 
number can be used along with the production costs per thousand gallons to estimate 
potential savings from decreases in unaccounted for water. Table 19 also indicates the 
water conservation plan approval date for systems that have completed such plans. 
 
Public water suppliers with large percentages of unaccounted for water have 
opportunities to reduce this percentage and save money if there is loss caused by 
system leaks, unmetered use, excessive use for public services, or underregistering 
customer meters.  Leak detection, additional metering, and regular service meter 
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replacement can result in savings greater than the cost of implementing these 
conservation measures.  In some cases, curbing large water losses may serve to 
postpone acquisition of additional water supplies. 
 
CONSERVATION PRACTICES TO REDUCE UNACCOUNTED FOR 
WATER 
 
There are many management practices that promote water conservation for public 
water suppliers by reducing their amount of unaccounted for water.  These practices 
include: 
 

 Measure raw or purchased water accurately.  If possible, install water meters at 
each intake, and test these meters for accuracy every three years. 

 Meter any water treatment use or lube line flows, so that these uses are not 
considered unaccounted for water. 

 Install meters at all service connections if possible, including free services and 
bulk outlets.  

 Read all meters on a regular basis.  If possible, compare production and use for 
corresponding time periods each month and calculate unaccounted for water. 

 Review meter readings and billing information promptly if there is an 
unexplained, large difference between water produced and water metered at 
service connections for any given month. 

 Replace service meters on a regular schedule to avoid losing water through old, 
underregistering meters. 

 If reliable records of water pumped, water sold, and free water indicate that 
unaccounted for water exceeds 15 percent, do leak detection. 

 
The Kansas Rural Water Association (KRWA) provides assistance with leak detection, 
meter testing, and energy conservation to cities, rural water districts, and privately 
owned water utilities throughout Kansas, without cost or obligation.  This ‘On-Site 
Technical Assistance for Public Water Supply Systems in Kansas’ contract is funded 
through the State Water Plan and administered by the KWO.   During 2002, the KRWA 
completed 53 water loss surveys as part of this program.  Water loss detected during 
these surveys totaled 177,148,224 gallons, with an estimated annual value of 
$250,841.29.  The Kansas Rural Water Association may be contacted at (785) 336-
3760. 
 
Free on-site assistance in preparing water conservation plans is available through the 
KWO.  Conservation plans can help suppliers improve short-term and long-term 
management of their utility, and are often a requirement for obtaining water rights or 
loans for water supply system improvements.   Water conservation plans also are 
recommended for suppliers that are drought vulnerable or that have excessive 
unaccounted for water.  The documents entitled 1990 Municipal Water Conservation 
Plan Guidelines and Water Conservation Measures for Kansas Communities 
emphasize cost-effective approaches to water conservation, and may be obtained by 
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contacting the DWR or the KWO at the phone numbers listed on the front cover of this 
publication. 
 
5-YEAR AVERAGE GPCD AND PERCENT UNACCOUNTED FOR 
WATER 
 
Annual and average GPCD figures for 816 active public water suppliers that completed 
water use reports during any years from 1998-2002 are listed in Table 20 (p. 41).  This 
table includes all cities, rural water districts, and subdivisions listed in Tables 2-14, plus 
systems that are still active but did not complete a 2002 water use report.  Excluded are 
mobile home parks and water systems that serve predominantly mobile homes, and 
atypical water systems with large percentages of commercial use. 
 
Table 21 (p. 60) provides information on reported percent unaccounted for water for 816 
active public water suppliers that completed water use reports during any years from 
1998-2002.  Percentages are shown for each year that data were available, and for the 
average of this time period. 
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TABLE 1 
AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE 

KANSAS, 1998-2002 

Regiona/ 
Year 

Average 1998 1999 2000 2001 2002 
1 273 252 306 264 321 283 
2 257 234 271 239 273 255 
3 241 218 269 249 269 249 
4 185 163 197 189 211 189 
5 155 145 164 159 178 160 

6-ML 158 148 166 159 154 157 
6-S 144 133 138 132 133 136 
7-L 151 144 153 152 150 150 
7-M 118 114 115 111 111 114 
7-S 110 105 106 104 107 106 
8-L 133 132 130 130 130 131 
8-M 106 105 105 102 101 104 
8-S 87 88 95 90 91 90 

Kansas 139 130 133 128 133 133 
 
a/ Refer to Figure 1 for map regions.  For this analysis, utilities in Regions 6, 7, and 8 were 

subdivided into size categories.  Large (L) utilities are those serving 10,000 people or more.  
Medium (M) utilities are those serving 500 to 9,999 people.  Small (S) utilities are those 
serving fewer than 500 people. 
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TABLE 2 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 1, 2002 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Wallace Co. RWD #01 484 321 +51 $6.00 1 3 
Bird City 401 321 +25 $22.10 1 15 
Syracuse 394 321 +23 $12.50 2 8 
St. Francis 367 321 +14 $18.00 3 11 
Johnson City 365 321 +14 $14.50 4 20 
Manter 352 321 +10 $19.50 <1 14 
Elkhart 350 321 +9 $17.75 1 27 
Wallace 345 321 +7 $19.50 0 12 
Tribune 342 321 +7 $23.10 3 15 
Coolidge 339 321 +6 $13.00 4 26 
Goodland 314 321 -2 $15.45 0 16 
Kanorado 298 321 -7 $16.00 2 26 
Sharon Springs 263 321 -18 $24.00 3 12 
Rolla 257 321 -20 $26.88 12 9 
Horace 154 321 -52 $24.30 0 NA 
Hamilton Co. RWD #01 110 321 -66 $57.00 4 7 
Average     --  $20.60 3 15 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2002, or as recently as rates provided. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc. 
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TABLE 3 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 2, 2002 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Herndon 533 273 +95 $22.50 3 9 
Rexford 423 273 +55 $17.50 0 9 
Brewster 412 273 +51 $11.90 4 12 
McDonald 400 273 +47 $19.61 5 27 
Hugoton 360 273 +32 $10.80 2 8 
Winona 353 273 +29 $14.50 5 10 
Scott City 320 273 +17 $16.98 14 NA 
Colby 320 273 +17 $14.90 4 4 
Sublette 309 273 +13 $14.00 17 NA 
Oakley 289 273 +6 $10.75 3 11 
Satanta 284 273 +4 $12.95 6 NA 
Lakin 282 273 +3 $25.75 18 9 
Moscow 276 273 +1 $22.50* 0 100 
Ulysses 269 273 -1 $20.35 3 14 
Leoti 260 273 -5 $23.74 4 4 
Atwood 260 273 -5 $22.20 3 7 
Garden City 212 273 -22 $18.50 16 NA 
Kismet 208 273 -24 $16.25 16 16 
Liberal 203 273 -26 $24.90 16 12 
Holcomb 178 273 -35 $21.45 3 10 
Deerfield 158 273 -42 $29.00 3 6 
Garden Spot Rentals 96 273 -65 None 0 100 
Finney Co. RWD #01 75 273 -72 $46.50 0 15 
Farr Subdivision 67 273 -76 NA 0 100 
Average     --  $19.87 8 11 

 

a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 
sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 

 
b/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  “*” 

indicates flat monthly rate for any amount of water used.  “NA” indicates no rates provided.  
“None” indicates no charge for water service. 

 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted for water of 
less than 3.0. 
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TABLE 4 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 3, 2002 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Jennings 413 269 +54 $14.00 9 42 
Cimarron 326 269 +21 $26.38 24 8 
Montezuma 311 269 +16 $14.00 4 14 
Grinnell 309 269 +15 $13.00 11 9 
Norcatur 305 269 +13 $25.00 0 39 
Oberlin 296 269 +10 $15.04 0 24 
Grainfield 295 269 +10 $7.70 0 12 
Plains 290 269 +8 $12.90 10 16 
Hoxie 269 269 0 $14.00 0 11 
Dighton 268 269 0 $18.16 8 5 
Gove 261 269 -3 $12.80 <1 17 
Quinter 258 269 -4 $17.35 3 10 
Meade 254 269 -6 $17.55 6 16 
Copeland 248 269 -8 $25.00* 0 59 
Ingalls 244 269 -9 $15.00 1 10 
Ensign 222 269 -17 $28.50 0 100 
Selden 221 269 -18 $15.00 6 4 
Lane Co. RWD #01 213 269 -21 $18.50 0 NA 
Fowler 211 269 -22 $14.80 5 13 
Park 172 269 -36 $14.00 0 4 
Average      -- $16.93 7 17 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water used. 
 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  For suppliers that meter only certain water uses, unaccounted for water 
includes all unmetered water.  “NA” is shown for suppliers reporting a percent unaccounted 
for water of less than 3.0. 
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TABLE 5 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION  4, 2002 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Englewood 555 211 +163 $25.00* 0 98 
Morland 291 211 +38 $20.50 4 12 
Ford 290 211 +38 $18.00* 0 78 
Bucklin 282 211 +34 $14.00 2 30 
Hill City 280 211 +32 $15.10 9 21 
Norton 272 211 +29 $15.61 6 14 
Arnold 271 211 +29 $12.00* 0 100 
Hanston 269 211 +27 $11.00 0 6 
Jetmore 247 211 +17 $18.00 14 NA 
Ashland 240 211 +14 $17.00 2 8 
Utica 235 211 +11 $14.80 14 9 
Minneola 220 211 +4 $20.50 0 17 
Dodge City 218 211 +3 $21.73 3 22 
Wakeeney 203 211 -4 $20.50 1 11 
Bogue 203 211 -4 $17.00 0 10 
Lenora 202 211 -4 $31.25 8 17 
Spearville 183 211 -13 $32.80 7 NA 
Almena 166 211 -21 $24.25 1 NA 
Collyer 153 211 -28 $32.80 0 19 
Bazine 143 211 -32 $21.50 4 10 
Ness City 141 211 -33 $30.20 1 3 
Ransom 137 211 -35 $20.60 <1 9 
Clayton 122 211 -42 $26.75 <1 NA 
Trego Co. RWD #01 114 211 -46 $44.00 0 11 
Trego Co. RWD #02 105 211 -50 $63.00 4 9 
Brownell 86 211 -59 $12.50 0 9 
Norton Co. RWD #01 75 211 -65 $34.50 0 8 
Average     --  $23.51 5 20 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 20,000 gallons per year. 
 

b/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  “*” 
after cost indicates flat monthly rate for any amount of water used. 

 

c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 
losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  For suppliers that meter only certain water uses, unaccounted for water 
includes all unmetered water.  “NA” is shown for suppliers reporting a percent unaccounted 
for water less than 3.0. 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 5, 2002 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Comanche Co. RWD #02 427 178 +140 $58.00 0 52 
Long Island 312 178 +76 $12.00 0 100 
Rozel 303 178 +70 $18.50 1 18 
Rush Co. RWD #01 284 178 +60 $46.00 0 42 
Offerle 272 178 +53 $16.62 0 23 
Logan 262 178 +47 $29.50 5 8 
Mullinville 250 178 +40 $20.50 8 16 
Larned 238 178 +34 $15.00 14 9 
Belvidere 232 178 +30 $15.00* 0 100 
Coldwater 229 178 +29 $21.80 <1 7 
Otis 228 178 +28 $16.70 <1 12 
Prairie View 216 178 +21 $25.00 1 14 
Burdett 211 178 +18 $14.20 0 20 
Phillipsburg 209 178 +17 $40.61 5 21 
Hays City Suburban 208 178 +17 None 0 100 
Haviland 198 178 +11 $13.00 1 17 
Protection 198 178 +11 $20.00 1 3 
Timken 193 178 +9 $25.70 26 16 
Lewis 193 178 +8 $18.75 8 12 
Woodston 187 178 +5 $25.00 0 14 
Rush Center 178 178 0 $10.50 <1 10 
Palco 173 178 -3 $27.00 0 14 
Kirwin 164 178 -8 $18.75 0 21 
Belpre 163 178 -9 $30.50 <1 24 
Alexander 161 178 -9 $14.00 0 12 
Greensburg 160 178 -10 $23.15 3 NA 
Agra 152 178 -15 $27.40 <1 21 
Glade 151 178 -15 $31.00 0 48 
Speed 146 178 -18 $24.50 11 3 
Stockton 134 178 -25 $35.70 13 13 
Rooks Co. RWD #03 134 178 -25 $41.50 1 10 
Bison 134 178 -25 $16.30 1 25 
Ellis Co. RWD #06 133 178 -26 $43.00 0 16 
Kinsley 130 178 -27 $28.24 5 12 
Plainville 128 178 -28 $16.00 3 17 
La Crosse 124 178 -30 $39.25 <1 5 
McCracken 118 178 -34 $41.90 4 15 
Ellis 115 178 -36 $27.50 12 6 
Victoria 115 178 -36 $19.50 0 7 
Damar 105 178 -41 $32.15 0 5 
Hays 95 178 -47 $36.26 3 5 
Rooks Co. RWD #02 95 178 -47 $25.50 0 10 
Comanche Co. RWD #01 93 178 -48 $25.50 0 5 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 5, 2002 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Liebenthal 90 178 -49 $33.00 1 22 
Ellis Co. RWD #01 88 178 -50 $23.20 2 12 
Ellis Co. RWD #03 70 178 -60 $23.50 0 16 
Average      -- $25.93 5 16 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water used.  “None” indicates no 
charge for water usage. 

 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted for water less 
than 3.0. 
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE  

PUBLIC WATER SUPPLIERSa/ 

REGION 6, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Medicine Lodge 254 154 +65 $17.64 2 28 
Downs 250 154 +63 $20.88 <1 37 
Osborne 208 154 +35 $27.46 24 15 
Mitchell Co. RWD #02 204 154 +32 $54.30 5 14 
Pratt 195 154 +27 $11.82 3 16 
Attica 195 154 +27 $19.60 0 11 
Mankato 193 154 +25 $26.73 7 20 
Cunningham 187 154 +21 $17.60 8 17 
Macksville 183 154 +19 $20.00 14 12 
Kensington 183 154 +19 $21.00 7 24 
Pretty Prairie 182 154 +18 $22.70 2 31 
Lyons 181 154 +17 $18.00 1 5 
Stafford 181 154 +17 $13.83 7 18 
Little River 173 154 +13 $28.00 1 27 
Smith Center 163 154 +6 $29.43 2 20 
Anthony 160 154 +4 $26.58 2 21 
Haven 158 154 +3 $14.80 2 20 
St. John 156 154 +1 $22.20 14 14 
Lincoln Center 150 154 -3 $26.98 5 20 
Kiowa 148 154 -4 $21.30 1 15 
Russell Co. RWD #03 141 154 -8 NA 0 22 
Post Rock RWD 141 154 -8 $72.50 4 21 
Claflin 141 154 -8 $20.30 6 5 
Hutchinson 141 154 -8 $22.36 5 14 
South Hutchinson 140 154 -9 $17.45 5 NA 
Ellsworth 136 154 -11 $41.50 9 11 
Harper 134 154 -13 $22.33 0 15 
Great Bend 133 154 -13 $25.86 0 10 
Buhler 131 154 -15 $17.05 3 7 
Cawker City 130 154 -16 $22.25 0 11 
Rice Co. RWD #01 127 154 -17 $18.40 0 7 
Ellinwood 125 154 -19 $21.25 6 NA 
Kingman 124 154 -19 $41.70 0 16 
Wilson 124 154 -20 $20.50 1 10 
Sterling 119 154 -23 $27.20 7 NA 
Russell 117 154 -24 $47.75 6 4 
Hoisington 117 154 -24 $28.75 <1 20 
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TABLE 7 

WATER USE STATISTICS FOR MEDIUM AND LARGE  
PUBLIC WATER SUPPLIERSa/ 

REGION 6, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Chase 114 154 -26 $27.00 0 10 
Norwich 113 154 -27 $22.33 0 6 
Kanopolis 109 154 -29 $33.72 <1 10 
Nickerson 98 154 -36 $30.25 0 16 
Beloit 97 154 -37 $41.85 <1 8 
Average     --  $26.42 5 16 

 
a/ Includes public water suppliers in Region 6 that serve 500 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  

“NA” indicates no information available on current water rate. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, 
etc.  “NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 6, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Hardtner 244 133 +83 $25.50 34 4 
West Hills Water Company 238 133 +79 $5.00* 0 100 
Alton 220 133 +66 $24.50 3 58 
Barber Co. RWD #02 212 133 +60 $25.00 0 21 
Barber Co. RWD #01 198 133 +49 $26.75 0 100 
Russell Co. RWD #02 187 133 +41 $20.00 0 100 
Glen Elder 180 133 +35 $35.90 5 7 
Hazelton 179 133 +35 $27.80 <1 21 
Raymond 179 133 +34 $18.00 5 21 
Russell Co. RWD #04 178 133 +34 $50.00 0 31 
Osborne Co. RWD #01A 177 133 +33 $56.00 <1 19 
Osborne Co. RWD #02 176 133 +32 $52.50 0 11 
Bushton 175 133 +32 $16.75 <1 12 
Holyrood 174 133 +31 $19.00 16 8 
Reno Co. RWD #01 171 133 +29 $37.00 0 8 
Jewell Co. RWD #01 169 133 +27 $48.30 3 18 
Cullison 167 133 +26 $13.00 7 13 
Sylvia 165 133 +24 $20.90 4 36 
Gaylord 159 133 +20 $26.12 2 23 
Smith Co. RWD #01 155 133 +16 $53.50 0 18 
Reno Co. RWD #08 153 133 +15 $55.00 9 5 
Lucas 152 133 +14 $32.00 10 10 
Sawyer 148 133 +11 $20.50 0 3 
Isabel 144 133 +8 $18.00 0 21 
Coats 143 133 +7 $15.00 10 6 
Esbon 142 133 +7 $34.00 0 32 
Preston 141 133 +6 $24.25 0 100 
Abbyville 139 133 +5 $8.50 1 10 
Olmitz 129 133 -3 $16.50 0 14 
Sharon 129 133 -3 $18.50 <1 11 
Sylvan Grove 128 133 -4 $35.00 0 8 
Lorraine 127 133 -5 $21.00 <1 6 
Iuka 126 133 -5 $31.00 <1 27 
Albert 126 133 -5 $15.00 0 20 
Zenda 125 133 -6 $24.00 2 4 
Russell Co. RWD #01 125 133 -6 $44.00 0 13 
Bunker Hill 125 133 -6 $49.00 6 6 
Spivey 124 133 -7 $31.65 0 6 
Natoma 123 133 -8 $25.00 3 21 
Turon 120 133 -9 $17.50 1 8 
Portis 120 133 -10 $25.00 0 27 
Reno Co. WD #101 117 133 -12 $18.00 0 7 
Arlington 117 133 -12 $20.50 2 7 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 6, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Randall 117 133 -12 $58.25 0 8 
Burr Oak 115 133 -13 $26.00 0 15 
Harper Co. RWD #01 115 133 -14 $35.00 0 11 
Barber Co. RWD #03 113 133 -15 $49.00 0 37 
Tipton 109 133 -18 $45.50 3 5 
Lebanon 104 133 -22 $39.55 2 10 
Geneseo 104 133 -22 $24.00 <1 12 
Luray 99 133 -26 $54.50 3 11 
Harper Co. RWD #04 98 133 -26 NA 0 22 
Paradise 98 133 -27 NA 0 10 
Beverly 95 133 -29 $29.50 1 28 
Formoso 94 133 -30 $38.00 2 12 
Jewell 91 133 -31 $50.00 1 6 
Dorrance 88 133 -34 $35.00 <1 17 
Simpson 84 133 -37 $29.00 1 11 
Bluff City 83 133 -37 $20.50 1 13 
Gorham 82 133 -39 $54.00 <1 11 
Reno Co. RWD #04 81 133 -39 NA 0 10 
Susank 80 133 -40 $43.35 0 11 
Barton Hills WD 80 133 -40 $30.00 0 4 
Pawnee Rock 78 133 -41 $28.50 2 5 
Kingman Co. RWD #01 73 133 -45 $97.50 0 20 
Barnard 72 133 -46 $40.00 0 14 
Waldo 53 133 -60 $46.25 0 NA 
Average     -- $32.40 4 15 

 
a/ Includes public water suppliers in Region 6 that serve fewer than 500 people. 
 

b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 
sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 

 

c/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  “*” 
after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 
information available on current water rate. 

 

d/ Unaccounted for water includes distribution system losses, unmetered water provided to 
customers, and unmetered water provided free for public services, treatment processes, 
etc.  “NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0.  
For suppliers that do not meter any customer usage or did not provide sufficient information 
on customer sales, the percent unaccounted for water is 100. 
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TABLE 9 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

El Dorado 200 150 +33 $16.50 2 7 
Emporia 178 150 +18 $24.08 7 17 
McPherson 172 150 +15 $12.02 1 6 
Coffeyville 168 150 +12 $29.11 19 18 
Topeka 153 150 +2 $25.62 10 13 
Manhattan 151 150 +1 $26.34 1 12 
Junction City 146 150 -2 $22.67 11 14 
Wichita 146 150 -3 $11.47 1 3 
Independence 145 150 -4 $27.87 1 22 
Salina 144 150 -4 $30.83 2 14 
Winfield 136 150 -9 $21.70 0 12 
Derby (El Paso Water Co.) 131 150 -13 $28.34 1 6 
Newton 118 150 -22 $31.10 0 12 
Arkansas City 114 150 -24 $45.71 5 13 
Average      -- $25.24 5 12 

 
a/ Includes public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2002, or as recently as rates provided.   
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc. 
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TABLE 10 

WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Goddard 235 111 +112 $10.00 1 20 
Moundridge 193 111 +74 $9.50 2 5 
Abilene 193 111 +73 $39.00 17 20 
Pottawatomie Co. RWD #02 182 111 +64 $49.50 <1 29 
Republic Co. RWD #02 181 111 +63 $38.00 4 26 
Hesston 179 111 +61 $18.75 7 13 
Washington 177 111 +60 $22.70 0 26 
Cheney 176 111 +58 $22.90 33 4 
Chapman 171 111 +54 $23.50 43 NA 
Blue Rapids 167 111 +50 $16.40 1 24 
Minneapolis 166 111 +50 $23.80 3 10 
Belleville 160 111 +45 $24.14 4 11 
Garden Plain 159 111 +44 $32.50 1 32 
Clifton 159 111 +43 $14.30 2 14 
Clyde 159 111 +43 $26.30 16 19 
Mount Hope 157 111 +42 $16.30 5 17 
Concordia 153 111 +38 $32.11 3 12 
Shawnee Co. RWD #06 152 111 +37 $34.55 0 5 
Sumner Co. RWD #05 152 111 +37 NA 0 17 
Wellington 150 111 +35 $33.32 19 15 
Canton 150 111 +35 $16.66 10 8 
Waterville 149 111 +34 $16.90 4 7 
Marysville 148 111 +33 $26.00 3 24 
Morris Co. RWD #01 147 111 +32 $54.00 1 4 
Augusta 145 111 +31 $33.50 1 10 
Lyon Co. RWD #02 143 111 +29 $35.51 0 NA 
Inman 142 111 +28 $22.00 0 9 
Wamego 141 111 +27 $18.95 5 8 
Holton 140 111 +26 $45.50 14 17 
Alma 140 111 +26 $33.00 10 15 
Hillsboro 138 111 +25 $41.29 6 11 
Park City 138 111 +24 $23.00 3 14 
Seneca 137 111 +23 $15.55 2 9 
Caney 135 111 +21 $42.40 22 13 
Timber Creek Water & Sewer 134 111 +21 $34.50 0 14 
Marquette 133 111 +20 $32.00 16 8 
Miltonvale 133 111 +20 $19.00 3 24 
Strong City 133 111 +20 $53.50 4 NA 
Frankfort 132 111 +19 $22.06 5 NA 
Burlington 130 111 +17 $39.00 6 10 
Pottawatomie Co. RWD #01 128 111 +16 $31.00 <1 20 
St. Marys 128 111 +15 $26.90 5 7 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Ottawa Co. RWD #02 127 111 +15 $52.84 0 12 
Galva 127 111 +14 $20.95 1 17 
Eskridge 127 111 +14 $56.00 11 14 
Clay Center 125 111 +13 $16.09 2 4 
Eureka 124 111 +12 $33.55 4 8 
Marion Co. RWD #01 124 111 +12 $28.21 <1 19 
Fredonia 124 111 +12 $42.52 1 11 
North Newton 124 111 +11 $34.14 <1 9 
Kechi 123 111 +11 $42.00 <1 11 
Bel Aire 123 111 +10 $28.20 1 9 
Lindsborg 122 111 +10 $30.00 3 5 
Council Grove 121 111 +9 $21.18 11 6 
Riley Co. RWD #01 121 111 +9 $53.75 <1 15 
Howard 120 111 +8 $36.85 10 11 
Marion 118 111 +7 $35.25 2 19 
Neodesha 117 111 +5 $43.50 10 6 
McPherson Co. RWD #04 116 111 +4 $41.30 0 3 
Washington Co. RWD #02 116 111 +4 $57.30 0 16 
Whitewater 115 111 +4 $46.85 1 27 
Yates Center 114 111 +3 $43.75 10 17 
Wakefield 114 111 +3 $25.00 2 8 
Dickinson Co. RWD #02 114 111 +3 $55.50 <1 23 
Burden 114 111 +2 $30.50 3 22 
Riley 113 111 +2 $22.00 0 31 
Nemaha Co. RWD #03 113 111 +2 $41.30 0 9 
Carbondale 113 111 +1 $36.50 1 28 
Cowley Co. RWD #01 112 111 +1 $30.50 3 16 
Enterprise 111 111 0 $33.25 1 15 
Andale 111 111 0 $30.25 0 12 
Halstead 110 111 0 $44.00 1 15 
Westmoreland 110 111 -1 $30.25 7 9 
Sabetha 110 111 -1 $44.52 5 7 
Osage Co. RWD #03 109 111 -2 $71.00 6 17 
Burrton 108 111 -2 $25.00 3 8 
Marshall Co. RWD #03 108 111 -3 $53.43 0 17 
Cedar Vale 107 111 -4 $47.51 2 21 
Lyon Co. RWD #05 106 111 -4 $42.45 0 8 
Conway Springs 106 111 -4 $24.72 1 12 
Sedan 106 111 -5 $37.80 13 8 
Sedgwick Co. RWD #03 106 111 -5 NA 4 3 
Herington 105 111 -5 $24.36 5 13 
Sedgwick 105 111 -5 $35.00 13 NA 
Clay Co. RWD #02 105 111 -5 $53.82 0 7 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Solomon 105 111 -5 $20.00 2 8 
Pottawatomie Co. RWD #04 105 111 -6 $69.00 19 9 
Florence 105 111 -6 $44.00 13 14 
Lyon Co. RWD #01 105 111 -6 $51.50 11 6 
Argonia 104 111 -6 $27.50 3 13 
Saline Co. RWD #04 104 111 -6 $35.68 0 15 
Belle Plaine 104 111 -6 $22.00 0 15 
Haysville 103 111 -7 $19.38 3 14 
Butler Co. RWD #01 103 111 -7 NA 0 16 
Oxford 103 111 -7 $33.00 1 6 
Shawnee Co. RWD #04 102 111 -8 $37.70 0 15 
Greenwood Co. RWD #02 102 111 -8 $52.00 0 21 
Osage Co. RWD #04 102 111 -8 $72.20 0 6 
Goessel 101 111 -9 $27.88 <1 9 
Hanover 101 111 -9 $39.75 2 11 
Onaga 101 111 -9 $36.50 3 5 
Shawnee Co. RWD #08 101 111 -9 $31.00 1 11 
Ogden 100 111 -10 $19.00 1 NA 
Jackson Co. RWD #01 100 111 -10 $65.00 0 14 
Wabaunsee Co. RWD #02 100 111 -10 $66.00 19 8 
Udall 100 111 -10 $32.50 0 4 
Washington Co. RWD #01 99 111 -11 $45.20 <1 NA 
Leon 99 111 -11 $33.18 6 14 
Montgomery Co. RWD #06 99 111 -11 $53.00 0 13 
Caldwell 98 111 -11 $41.00 2 6 
Dickinson Co. RWD #01 98 111 -12 $59.00 <1 30 
Grandview Plaza 97 111 -12 $22.73 1 10 
Bennington 97 111 -13 $28.60 9 10 
Jackson Co. RWD #03 97 111 -13 $59.17 0 8 
Clearwater 96 111 -13 $36.00 5 11 
New Strawn 96 111 -14 $45.00 4 10 
Pottawatomie Co. RWD #03 94 111 -15 $34.00 <1 3 
Coffey Co. RWD #02 94 111 -15 $72.55 0 16 
Shawnee Co. RWD #01C 94 111 -16 $48.50 0 13 
Sedgwick Co. RWD #04 93 111 -16 $68.50 0 3 
Sumner Co. RWD #04 93 111 -16 $63.00 <1 16 
Cottonwood Falls 92 111 -17 $43.00 20 4 
Overbrook 92 111 -17 $55.00 3 17 
White City 92 111 -18 $17.00 0 18 
Madison 91 111 -18 $52.00 5 11 
Butler Co. RWD #06 91 111 -18 $73.00 0 13 
Valley Center 90 111 -19 $31.88 2 4 
Osage City 90 111 -19 $37.22 <1 6 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Towanda 90 111 -19 $54.60 2 11 
Burlingame 89 111 -20 $53.40 3 21 
Lyndon 89 111 -20 $48.55 2 11 
Rossville 88 111 -20 $33.20 0 7 
Montgomery Co. RWD #11 88 111 -20 $53.41 8 7 
Centralia 88 111 -21 $43.00 0 10 
Cowley Co. RWD #05 88 111 -21 $61.50 0 10 
Rose Hill 87 111 -21 $41.82 <1 4 
Cherryvale 87 111 -22 $62.50 2 14 
Douglass 87 111 -22 $52.55 1 12 
Lyon Co. RWD #04 87 111 -22 $46.08 0 6 
Sedgwick Co. RWD #01 86 111 -22 $51.00 0 12 
Shawnee Co. RWD #02C 86 111 -22 $55.00 <1 9 
Osage Co. RWD #05 86 111 -23 $54.75 0 17 
Silver Lake 85 111 -24 $26.30 1 4 
Woodson Co. RWD #01 84 111 -24 $59.50 11 23 
Waverly 84 111 -24 $71.00 3 11 
Marion Co. RWD #04 84 111 -24 $47.10 0 9 
Benton 84 111 -24 NA 3 9 
Lebo 83 111 -25 $61.50 1 6 
Butler Co. RWD #02 83 111 -26 $59.30 0 11 
Mulvane 81 111 -27 $40.60 2 8 
Butler Co. RWD #05 81 111 -27 NA 0 8 
Shawnee Co. RWD #05 80 111 -28 NA 0 9 
Glasco 79 111 -29 $44.00 0 NA 
Montgomery Co. RWD #02 78 111 -30 $72.20 <1 8 
Butler Co. RWD #04 78 111 -30 $51.00 0 6 
Geary Co. RWD #04 78 111 -30 $46.00 0 3 
Cowley Co. RWD #06 78 111 -30 $20.18 <1 14 
LeRoy 76 111 -31 $63.00 18 NA 
Milford 76 111 -31 $46.40 14 NA 
Harvey Co. RWD #01 76 111 -32 $64.00 0 11 
Coffey Co. RWD #03 76 111 -32 $55.00 0 14 
Olpe 74 111 -33 $52.00 <1 NA 
Butler Co. RWD #03 73 111 -34 $71.50 0 8 
Butler Co. RWD #08 73 111 -34 $37.00 9 7 
Assaria 72 111 -35 $39.05 <1 3 
Dearing 71 111 -36 $35.75 0 6 
Cowley Co. RWD #02 71 111 -36 $29.00 0 14 
Montgomery Co. RWD #01C 71 111 -36 $50.00 3 13 
Wilson Co. RWD #11 70 111 -37 $67.00 0 18 
Hoyt 69 111 -38 $62.15 1 6 
Hartford 69 111 -38 $40.50 0 7 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Montgomery Co. RWD #12 68 111 -39 $81.31 0 12 
Butler Co. RWD #07 66 111 -41 $65.00 0 7 
Average     --  $40.49 5 12 
 
a/ Includes public water suppliers in Region 7 that serve between 500 and 9,999 people. 
 
b/ The figure for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  

“NA” indicates no information available on current water rate. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2002 

Public Water Supplier 
GPCDb

/ 

Regiona
l 

Average 
GPCD 

Percent 
Differenc

e 

Cost per 
10,000 

gal/monthc

/ 

Percent 
Metere
d Free 

Percen
t 

Unacc. 
Ford/ 

Elgin 288 107 +170 $19.00 <1 68 
Marshall Co. RWD #02 244 107 +128 $30.00 0 24 
Scandia 234 107 +118 $8.50 8 13 
Byron 225 107 +110 $12.50* 0 100 
Republic Co. RWD #01 208 107 +94 $24.00 0 21 
McPherson Co. RWD #03 199 107 +86 NA 0 NA 
Delphos 184 107 +72 $19.50 4 43 
Vermillion 172 107 +61 $32.00 40 12 
Tatarrax Hills 168 107 +57 $35.20 0 14 
Barnes 168 107 +57 $16.00 0 21 
Howison Heights WD 167 107 +56 $47.00 0 23 
Sumner Co. RWD #01 166 107 +55 $42.80 0 17 
Wilson Co. RWD #06 163 107 +53 NA 0 54 
Palmer 163 107 +52 $26.00 11 12 
Morganville 162 107 +52 $14.50 0 NA 
Geuda Springs 160 107 +50 $29.00 <1 50 
Wilson Co. RWD #01 157 107 +47 NA 0 29 
Saline Co. RWD #02 150 107 +40 $39.00 0 26 
Elmdale 149 107 +39 $33.00 0 15 
Moline 145 107 +36 $40.00 1 19 
South Haven 143 107 +34 $26.50 0 43 
Aurora 143 107 +34 $28.50 0 8 
Greenleaf 141 107 +31 $25.50 4 8 
Blue River Hills 
Improvement 136 107 +27 $20.00* 0 100 
Geary Co. RWD #02 134 107 +25 $22.20* 0 100 
Cuba 133 107 +24 $24.18 <1 22 
Linn 132 107 +23 $36.50 0 5 
McPherson Co. RWD #01 128 107 +20 $24.50 0 8 
Sumner Co. RWD #03 127 107 +19 NA 0 22 
McPherson Co. RWD #02 126 107 +18 $37.50 0 NA 
Clay Co. RWD #01 126 107 +18 $28.75 0 NA 
Morrowville 125 107 +17 $36.00 0 34 
Beattie 123 107 +15 $36.75 1 16 
Saline Co. RWD #06 123 107 +15 $47.50 0 6 
Ottawa Co. RWD #01 123 107 +15 $36.50 0 26 
Sumner Co. RWD #02 122 107 +14 $46.00 0 26 
Toronto 122 107 +14 $61.66 9 17 
Rocky Ford Water Company 122 107 +14 $20.00* 0 100 
Republic 119 107 +11 $15.50 4 13 
Montgomery Co. RWD #09 118 107 +11 $66.00 0 33 
Matfield Green 118 107 +10 $27.50 <1 31 
Severy 118 107 +10 $37.50 44 8 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2002 

Public Water Supplier 
GPCDb

/ 

Regiona
l 

Average 
GPCD 

Percent 
Differenc

e 

Cost per 
10,000 

gal/monthc

/ 

Percent 
Metere
d Free 

Percen
t 

Unacc. 
Ford/ 

Summerfield 117 107 +10 $20.00 <1 5 
Nemaha Co. RWD #01 117 107 +10 $37.50 0 13 
Durham 116 107 +9 $26.00 1 23 
Cassoday 114 107 +7 $47.75 0 12 
Gypsum 114 107 +7 $25.25 <1 11 
Leonardville 114 107 +7 $34.00 0 12 
Gridley 114 107 +6 $61.00 1 36 
Courtland 113 107 +6 $22.90 4 9 
Melvern 113 107 +5 $58.80 18 18 
Randolph 112 107 +4 $40.00 0 18 
Bremen 111 107 +4 $30.00 0 30 
Belvue 111 107 +4 $27.00 0 20 
Cloud Co. RWD #01 111 107 +4 $52.50 2 13 
Lehigh 110 107 +3 $15.20 0 18 
Harveyville 110 107 +3 $85.00 11 15 
Tescott 110 107 +3 $16.55 <1 10 
Wetmore 109 107 +2 $31.05 7 14 
Buffalo 108 107 +1 $54.78 12 6 
Bern 107 107 0 $25.90 <1 17 
Cowley Co. RWD #04 107 107 0 $53.50 0 12 
Chautauqua Co. RWD #02 106 107 -1 $78.00 0 26 
Brookville 105 107 -2 $47.50 0 26 
St. George 104 107 -3 $19.56 0 11 
Mahaska 103 107 -3 $16.00 1 4 
Jamestown 103 107 -4 $41.20 0 13 
Marshall Co. RWD #01 103 107 -4 $45.50 0 8 
Oketo 103 107 -4 $31.25 2 10 
Munden 102 107 -4 $19.00 0 NA 
Dexter 102 107 -5 $16.40 2 11 
Nemaha Co. RWD #04 101 107 -5 $58.00 0 4 
Maple Hill 101 107 -6 $37.40 1 18 
Montgomery Co. RWD #10 100 107 -6 $50.00 0 11 
Montgomery Co. RWD #08 99 107 -7 $64.63 0 17 
Elk City 99 107 -8 $43.15 1 13 
Osage Co. RWD #02 98 107 -8 $37.22 0 12 
Shawnee Co. RWD #07 96 107 -11 NA 0 19 
Whiting 93 107 -13 $30.50 6 7 
Hope 92 107 -14 $40.80 0 3 
Chautauqua Co. RWD #03 92 107 -14 NA 0 15 
Agenda 91 107 -15 $30.00 1 9 
Longton 91 107 -15 $35.50 8 17 
Wilson Co. RWD #12 89 107 -17 $37.30 0 100 
Axtell 89 107 -17 $40.00 <1 15 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2002 

Public Water Supplier 
GPCDb

/ 

Regiona
l 

Average 
GPCD 

Percent 
Differenc

e 

Cost per 
10,000 

gal/monthc

/ 

Percent 
Metere
d Free 

Percen
t 

Unacc. 
Ford/ 

Admire 89 107 -17 $45.50 0 16 
Reading 88 107 -17 $61.00 1 19 
Paxico 88 107 -18 $32.00 1 NA 
Potwin 88 107 -18 $53.56 1 9 
Saline Co. RWD #08 88 107 -18 $45.00 0 NA 
Wabaunsee Co. RWD #01 88 107 -18 $88.00 0 18 
Haddam 87 107 -18 $26.00 6 17 
Altoona 87 107 -19 $41.00 14 13 
Olsburg 87 107 -19 $27.50 <1 8 
Latham 86 107 -19 NA 0 16 
Wilson Co. RWD #04 86 107 -20 $60.00 0 7 
Newbury Extension 85 107 -20 NA 0 18 
Alta Vista 85 107 -21 $40.75 2 6 
Dwight 84 107 -21 $18.70 0 14 
Wilson Co. RWD #13 84 107 -21 NA 0 16 
Saline Co. RWD #07 84 107 -21 $60.75 0 21 
Burns 84 107 -21 $31.00 0 NA 
Green 84 107 -22 $36.00 2 20 
Longford 83 107 -22 $47.50 2 3 
Osage Co. RWD #06 83 107 -22 $80.00 0 14 
Chase Co. RWD #01 83 107 -23 $50.00 7 19 
Havensville 83 107 -23 $44.00 0 27 
Sumner Co. RWD #06 80 107 -25 $40.50 0 8 
Emmett 80 107 -26 $23.10 <1 21 
Goff 79 107 -26 $38.00 0 6 
Windom 79 107 -26 $32.00 0 NA 
Delia 79 107 -26 $58.00 0 24 
Lyon Co. RWD #03 77 107 -28 $52.00 0 4 
McFarland 75 107 -30 $44.25 3 8 
Chautauqua Co. RWD #01 74 107 -31 $42.00 0 10 
Oneida 73 107 -31 $29.05 0 9 
Konza Valley Water District 72 107 -33 $119.80 0 10 
Walton 71 107 -33 $99.60 <1 14 
Atlanta 71 107 -33 $74.00 9 12 
Viola 71 107 -34 $42.00 0 10 
Cedar Point 69 107 -35 $42.50 0 100 
Montgomery Co. RWD #13 69 107 -35 $88.00 0 11 
Grenola 69 107 -36 $57.70 1 10 
Cambridge 68 107 -36 $62.60 <1 18 
Greenwood Co. RWD #03 68 107 -37 $78.30 0 5 
Mayetta 68 107 -37 $87.00 <1 6 
Culver 66 107 -38 $30.50 <1 13 
Wilson Co. RWD #03 66 107 -38 $37.80 0 33 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2002 

Public Water Supplier 
GPCDb

/ 

Regiona
l 

Average 
GPCD 

Percent 
Differenc

e 

Cost per 
10,000 

gal/monthc

/ 

Percent 
Metere
d Free 

Percen
t 

Unacc. 
Ford/ 

Mayfield 65 107 -40 $41.30 0 4 
Dickinson Co. RWD #03 64 107 -40 NA 0 100 
Saline Co. RWD #01 64 107 -40 $40.00 0 10 
Elbing 64 107 -41 $58.50 0 NA 
Circleville 63 107 -41 $52.50 <1 18 
Virgil 62 107 -42 $50.00 0 7 
Soldier 62 107 -42 NA 1 3 
University Park Water 62 107 -42 $50.50 0 13 
Quenemo 61 107 -43 $58.50 2 10 
Allen 60 107 -44 $58.00 0 5 
Peru 57 107 -46 $54.00 <1 6 
Red Bud Lake Association 56 107 -48 $77.72 0 22 
Scotsman Estates 55 107 -49 $63.00 0 8 
Marion Co. RWD #02 37 107 -66 $37.00 0 NA 
Average     --  $41.71 5 16 
 
a/ Includes public water suppliers in Region 7 that serve fewer than 500 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 
information available on current water rate. 

 
d/ For suppliers that meter customer usage, unaccounted for water includes distribution 

system losses, unmetered water provided to customers, and unmetered water provided 
free for public services, treatment processes, etc.  For suppliers that do not meter any 
customers water usage or did not provide sufficient information on customer sales, the 
percent unaccounted for water is 100.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 12 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

WaterOne - Johnson Co. 182 130 +40 $32.55 16 5 
Kansas City BPU 176 130 +35 $37.25 12 20 
Lawrence 139 130 +7 $27.75 12 6 
Pittsburg 124 130 -5 $34.55 3 7 
Atchison 121 130 -7 $40.22 2 7 
Gardner 120 130 -8 $48.10 13 11 
Parsons 119 130 -9 $47.82 17 7 
Olathe 113 130 -13 $29.40 1 14 
Leavenworth 108 130 -17 $40.24 <1 8 
Ottawa 101 130 -22 $27.57 <1 8 
Average      -- $36.55 8 9 

 
a/ Includes public water suppliers in Region 8 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2002, or as recently as rates provided. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc. 
 
 



 30

TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Fort Scott 169 101 +68 $30.23 1 30 
Cherokee Co. RWD #03 167 101 +65 $25.75 15 30 
Bonner Springs 151 101 +49 $34.25 4 27 
Cherokee Co. RWD #01 145 101 +43 $30.00 1 38 
Galena 136 101 +35 $31.50 2 22 
Thayer 136 101 +35 $47.00 6 17 
Paola 135 101 +33 $40.40 14 9 
Osawatomie 135 101 +33 $28.34 11 15 
Neosho Co. RWD #07 134 101 +32 $47.00 0 35 
Baxter Springs 133 101 +31 $33.20 2 9 
Chanute 130 101 +29 $27.07 2 14 
Chetopa 130 101 +28 $41.90 2 29 
Cherokee Co. RWD #04 127 101 +26 $39.50 0 45 
Jefferson Co. RWD #13 123 101 +22 $48.20 12 13 
Allen Co. RWD #08 122 101 +20 $52.00 0 23 
Humboldt 122 101 +20 $48.50 21 12 
Jefferson Co. RWD #02 122 101 +20 $42.40 3 21 
Crawford Co. RWD #06 120 101 +18 $78.50 9 23 
Hiawatha 120 101 +18 $38.20 4 9 
Iola 118 101 +17 $39.37 <1 15 
Girard 117 101 +16 $30.00 9 15 
Columbus 117 101 +16 $42.00 1 29 
Jefferson Co. RWD #03 117 101 +16 $28.50 0 25 
Atchison Co. RWD #06 116 101 +15 $60.70 0 26 
Crawford Co. RWD #01C 116 101 +14 $45.00 0 4 
Crawford Co. RWD #05 115 101 +14 $27.50 6 18 
Louisburg 115 101 +13 $70.25 3 3 
Highland 115 101 +13 $41.00 25 14 
Franklin Co. RWD #06 114 101 +13 $70.50 15 25 
DeSoto 114 101 +13 $49.55 8 20 
Frontenac 114 101 +13 $31.02 7 11 
Jefferson Co. RWD #01 113 101 +12 $29.60 0 22 
Scammon 112 101 +11 $18.25 6 18 
Leavenworth Co. RWD #08 112 101 +11 $59.00 1 20 
Garnett 112 101 +11 $63.50 7 9 
Anderson Co. RWD #04 112 101 +11 $57.30 0 15 
Cherokee 112 101 +11 $45.75 1 15 
Baldwin 112 101 +10 $65.76 0 7 
Mulberry 111 101 +10 $55.65 1 32 
Troy 110 101 +9 $45.50 18 14 
Oswego 108 101 +7 $46.25 13 6 
Eudora 108 101 +7 $50.40 17 11 
Mound City 108 101 +6 $49.00 3 18 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Jefferson Co. RWD #12 106 101 +5 $62.00 <1 19 
Johnson Co. RWD #07 105 101 +4 $56.50 0 5 
Valley Falls 105 101 +4 $31.26 11 15 
Moran 104 101 +3 $42.50 1 11 
Spring Hill 104 101 +3 $60.00 21 8 
St. Paul 104 101 +3 $34.75 0 14 
Suburban Water Company 103 101 +2 $56.67 2 4 
Douglas Co. RWD #01 103 101 +2 $50.60 0 16 
Franklin Co. RWD #05 103 101 +2 $32.50 0 14 
Leavenworth Co. RWD #05 103 101 +2 $49.24 0 14 
Jefferson Co. RWD #07 103 101 +2 $36.50 0 11 
Miami Co. RWD #02 102 101 +1 $56.00 0 18 
Lansing (Lan-Del WC) 102 101 +1 $50.39 0 14 
Wathena 101 101 0 $50.70 1 10 
La Harpe 100 101 -1 $39.50 2 12 
Miami Co. RWD #01 100 101 -1 $38.57 1 17 
Johnson Co. RWD #06C 99 101 -2 $58.75 5 8 
Oskaloosa 99 101 -2 $51.00 <1 10 
Erie 98 101 -3 $42.20 2 5 
Tonganoxie 98 101 -3 $41.45 4 15 
Brown Co. RWD #01 96 101 -5 $30.50 0 21 
Nortonville 96 101 -5 $18.60 1 15 
Ozawkie 95 101 -6 $11.00 0 NA 
Linn Co. RWD #01 94 101 -7 NA 0 10 
Douglas Co. RWD #04 94 101 -7 $62.50 0 15 
Leavenworth Co. RWD #09 93 101 -8 $52.50 0 16 
Brown Co. RWD #02 92 101 -9 $59.60 0 13 
Pleasanton 92 101 -9 $23.39 1 7 
Douglas Co. RWD #03 92 101 -9 $58.50 <1 14 
Linn Co. RWD #03 91 101 -9 $60.00 0 24 
La Cygne 91 101 -10 $63.25 6 8 
Leavenworth Co. RWD #01C 89 101 -11 $58.82 3 9 
Neosho Co. RWD #02 89 101 -11 $32.30 0 17 
Neosho Co. RWD #04 88 101 -13 $50.50 0 18 
Crawford Co. RWD #04 88 101 -13 $38.00 8 16 
Arma 87 101 -14 $31.60 0 6 
Horton 86 101 -14 $38.27 5 11 
Franklin Co. RWD #04 85 101 -15 $65.00 1 14 
Douglas Co. RWD #06 85 101 -16 $33.00 0 NA 
Leavenworth Co. RWD #07 85 101 -16 $74.00 2 11 
Labette Co. RWD #08 85 101 -16 $65.00 0 18 
Leavenworth Co. RWD #06 85 101 -16 $58.00 0 10 
Effingham 84 101 -16 $40.00 3 3 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Cherokee Co. RWD #02 84 101 -17 $26.80 0 6 
Richmond 83 101 -18 $63.25 14 12 
Linn Co. RWD #02 83 101 -18 $80.50 15 19 
Anderson Co. RWD #06 83 101 -18 $98.70 0 14 
Crawford Co. RWD #02 82 101 -19 $49.00 0 12 
Perry 80 101 -21 $64.00 <1 15 
Wellsville 80 101 -21 $49.22 0 11 
Doniphan Co. RWD #05 80 101 -21 $106.44 0 21 
Neosho Co. RWD #01C 80 101 -21 $81.25 0 NA 
Bourbon Co. RWD #02C 79 101 -21 $35.00 1 15 
Douglas Co. RWD #05 79 101 -22 $58.00 0 9 
Gas 78 101 -22 $51.14 0 12 
Altamont 77 101 -23 $60.00 0 6 
Elwood 77 101 -24 $53.72 <1 10 
Lecompton 77 101 -24 $49.50 2 11 
Weir 76 101 -24 $44.50 0 NA 
Winchester 76 101 -25 $34.50 3 4 
Franklin Co. RWD #01 74 101 -26 $67.29 0 11 
Pomona 74 101 -27 $38.90 0 6 
Miami Co. RWD #03 71 101 -29 $65.50 0 20 
Cherokee Co. RWD #08 64 101 -36 $42.00 3 6 
Labette Co. RWD #06 63 101 -38 $28.00 0 NA 
McLouth 62 101 -39 $73.80 3 12 
Anderson Co. RWD #05 60 101 -40 $65.25 0 15 
Miami Co. RWD #04 60 101 -41 $97.50 0 6 
Crawford Co. RWD #07 59 101 -42 $43.00 0 17 
Average      -- $48.45 6 15 

 
a/ Includes public water suppliers in Region 8 that serve between 500 and 9,999 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 

c/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  
“NA” indicates no information available on current water rate. 

 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a recent unaccounted for water of less than 3.0. 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Bourbon Co. RWD #04 206 91 +127 $68.25 11 15 
Franklin Co. RWD #07 201 91 +121 $25.00 0 75 
Jefferson Co. RWD #10 169 91 +86 $60.50 4 62 
Allen Co. RWD #12 129 91 +42 $34.25 0 100 
Atchison Co. RWD #04 127 91 +40 $61.20 0 49 
Allen Co. RWD #04 127 91 +39 $33.60 0 NA 
Allen Co. RWD #03 123 91 +35 $49.00 0 4 
Neosho Co. RWD #05 121 91 +33 $65.00 0 32 
Lakeside Village Improvement 120 91 +32 $32.00 8 48 
Everest 120 91 +32 $29.25 0 14 
Allen Co. RWD #16 119 91 +31 $23.00 0 9 
Neosho Co. RWD #09 119 91 +31 $39.90 0 15 
Reserve 112 91 +23 $50.50 0 43 
Jefferson Co. RWD #06 110 91 +20 $38.50 0 16 
Cherokee Water Corp. 109 91 +20 $61.00 0 21 
Jefferson Co. RWD #08 109 91 +20 $44.00 0 23 
Cherokee Co. RWD #06 109 91 +19 $57.50 0 29 
Crawford Co. RWD #03 107 91 +17 $28.75 0 27 
Walnut 106 91 +17 $43.50 <1 6 
Neosho Co. RWD #08 105 91 +16 $48.00 0 24 
Neosho Co. RWD #03 103 91 +13 $74.00 0 10 
Easton 102 91 +12 $32.48 11 24 
Robinson 102 91 +12 $36.00 5 14 
Neosho Co. RWD #06 98 91 +8 $48.30 0 16 
Williamsburg 97 91 +7 $40.50 1 13 
Labette Co. RWD #04 97 91 +7 NA 0 27 
Crawford Co. RWD #01 96 91 +6 $38.00 0 19 
Labette Co. RWD #01 94 91 +4 NA 0 10 
Colony 94 91 +4 NA 0 NA 
Chicopee Water Company 92 91 +1 NA 0 16 
Bartlett 91 91 0 $62.00 2 7 
Anderson Co. RWD #02 89 91 -2 $36.50 0 100 
Labette Co. RWD #03 89 91 -2 $54.60 0 12 
Allen Co. RWD #06 88 91 -3 $30.50 0 NA 
Neosho Co. RWD #12 88 91 -4 $40.30 0 11 
Blue Mound 88 91 -4 $44.27 14 8 
Treece 87 91 -4 NA 0 11 
Allen Co. RWD #10 87 91 -5 $66.80 0 25 
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TABLE 14 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Doniphan Co. RWD #03 86 91 -6 $37.00 0 10 
Arcadia 85 91 -7 $43.10 7 8 
Uniontown 84 91 -7 $62.65 <1 8 
Willis 84 91 -8 NA 0 20 
Fulton 84 91 -8 $50.00 0 27 
Prescott 83 91 -9 $51.50 0 8 
Galesburg 83 91 -9 $43.20 1 4 
White Cloud 83 91 -9 $25.00 0 22 
Fontana 82 91 -10 $56.50 1 13 
Anderson Co. RWD #01 81 91 -11 NA 0 9 
Franklin Co. RWD #02 81 91 -11 $50.71 0 NA 
Cherokee Co. RWD #07 78 91 -14 $38.38 0 17 
Franklin Co. RWD #03 78 91 -14 NA 0 7 
Atchison Co. RWD #03 77 91 -15 $61.00 0 15 
Labette Co. RWD #02 76 91 -16 $56.40 0 10 
Bronson 76 91 -17 $62.50 1 7 
Allen Co. RWD #07 74 91 -18 NA 0 13 
Labette Co. RWD #07 74 91 -19 $47.50 0 9 
Anderson Co. RWD #03 73 91 -19 $97.00 0 100 
Parker 73 91 -19 $43.50 0 25 
Doniphan Co. RWD #02 72 91 -21 $76.00 0 10 
Linwood 71 91 -22 $41.50 <1 9 
Cherokee Co. RWD #05 71 91 -22 NA 0 15 
West Mineral 70 91 -23 $61.00 <1 14 
Princeton 70 91 -23 $42.50 <1 7 
Lane 69 91 -24 $56.00 1 12 
Jefferson Co. RWD #09 69 91 -25 $63.00 4 29 
Edna 68 91 -25 $78.50 <1 4 
Muscotah 67 91 -26 $19.00 0 10 
Rantoul 67 91 -27 $49.75 1 4 
Denison 67 91 -27 $64.25 0 15 
Mound Valley 66 91 -28 $59.30 <1 NA 
Allen Co. RWD #15 66 91 -28 $18.50 0 NA 
Allen Co. RWD #11 66 91 -28 NA 0 NA 
Roseland 63 91 -31 NA 0 100 
Greeley 62 91 -32 $38.25 1 9 
Jefferson Co. RWD #15 62 91 -32 $39.75 0 9 
Kincaid 60 91 -34 $65.50 <1 5 
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TABLE 14 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2002 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Doniphan Co. RWD #01 59 91 -35 $31.00 0 19 
Allen Co. RWD #13 59 91 -35 $39.70 0 100 
Morrill 53 91 -41 $58.50 0 9 
Average      -- $48.13 3 17 
 
a/ Includes public water suppliers in Region 8 that serve fewer than 500 people. 
 

b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 
sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 

 

c/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  
“NA” indicates no information available on current water rate. 

 

d/ Unaccounted for water includes distribution system losses, unmetered water provided to 
customers, and unmetered water provided free for public services, treatment professes, etc.  
For suppliers that did not provide sufficient information on customer sales, the percent 
unaccounted for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted 
for water of less than 3.0. 
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TABLE 15 
PUBLIC WATER SUPPLIERS WITH HIGHEST GPCD'S RELATIVE TO THEIR  

REGION, RANKED BY PERCENT ABOVE REGIONAL AVERAGE 
KANSAS, 2002 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

 1. Elgin 288 107 +170 $19.00 <1 68 
 2. Englewood 555 211 +163 $25.00* 0 98 
 3. Comanche Co. RWD #02 427 178 +140 $58.00 0 52 
 4. Marshall Co. RWD #02 244 107 +128 $30.00 0 24 
 5. Bourbon Co. RWD #04 206 91 +127 $68.25 11 15 
 6. Franklin Co. RWD #07 201 91 +121 $25.00 0 75 
 7. Scandia 234 107 +118 $8.50 8 13 
 8. Goddard 235 111 +112 $10.00 1 20 
 9. Byron 225 107 +110 $12.50* 0 100 
10. Herndon 533 273 +95 $22.50 3 9 
11. Republic Co. RWD #01 208 107 +94 $24.00 0 21 
12. McPherson Co. RWD #03 199 107 +86 NA 0 NA 
13. Jefferson Co. RWD #10 169 91 +86 $60.50 4 62 
14. Hardtner 244 133 +83 $25.50 34 4 
15. West Hills Water Company 238 133 +79 $5.00* 0 100 
16. Long Island 312 178 +76 $12.00 0 100 
17. Moundridge 193 111 +74 $9.50 2 5 
18. Abilene 193 111 +73 $39.00 17 20 
19. Delphos 184 107 +72 $19.50 4 43 
20. Rozel 303 178 +70 $18.50 1 18 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 
information available on current water rates. 

 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
water usage the percent unaccounted for is 100.  For suppliers that meter only certain water 
uses, the percent unaccounted for includes all unmetered water.  “NA” is shown for 
suppliers reporting a percent unaccounted for water less than 3.0. 
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TABLE 16 
PUBLIC WATER SUPPLIERS WITH LOWEST GPCD'S RELATIVE TO THEIR  

REGION, RANKED BY PERCENT BELOW REGIONAL AVERAGE 
KANSAS, 2002 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

 1. Farr Subdivision 67 273 -76 NA 0 100 
 2. Finney Co. RWD #01 75 273 -72 $46.50 0 15 
 3. Hamilton Co. RWD #01 110 321 -66 $57.00 4 7 
 4. Marion Co. RWD #02 37 107 -66 $37.00 0 NA 
 5. Garden Spot Rentals 96 273 -65 NA 0 100 
 6. Norton Co. RWD #01 75 211 -65 $34.50 0 8 
 7. Ellis Co. RWD #03 70 178 -60 $23.50 0 16 
 8. Waldo 53 133 -60 $46.25 0 NA 
 9. Brownell 86 211 -59 $12.50 0 9 
10. Horace 154 321 -52 $24.30 0 NA 
11. Ellis Co. RWD #01 88 178 -50 $23.20 2 12 
12. Trego Co. RWD #02 105 211 -50 $63.00 4 9 
13. Liebenthal 90 178 -49 $33.00 1 22 
14. Scotsman Estates 55 107 -49 $63.00 0 8 
15. Red Bud Lake Association 56 107 -48 $77.72 0 22 
16. Comanche Co. RWD #01 93 178 -48 $25.50 0 5 
17. Rooks Co. RWD #02 95 178 -47 $25.50 0 10 
18. Hays 95 178 -47 $36.26 3 5 
19. Peru 57 107 -46 $54.00 <1 6 
20. Trego Co. RWD #01 114 211 -46 $44.00 0 11 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2002, or as recently as rates provided.  

“NA” indicates no information available on current water rates.  “None” indicates system that 
does not charge for water service. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
For suppliers that do not meter any customer water usage or did not provide sufficient 
information on customer sales, the percent unaccounted for water is 100.  “NA” is shown for 
supplier reporting a percent unaccounted for water of less than 3.0. 
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TABLE 17 
WATER USE BY PUBLIC WATER SUPPLIERS WITH FLAT RATESa/ 

KANSAS, 2002 

Public Water Supplier Region

Cost per 
10,000 

gal/month GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Arnold 4 $12.00 271 211 +29 
Belvidere 5 $15.00 232 178 +30 
Blue River Hills Improvement 7S $20.00 136 107 +27 
Byron 7S $12.50 225 107 +110 
Copeland 3 $25.00 248 269 -8 
Englewood 4 $25.00 555 211 +163 
Ford 4 $18.00 290 211 +38 
Geary Co. RWD #02 7S $22.20 134 107 +25 
Moscow 2 $22.00 276 273 +1 
Rocky Ford Water Company 7S $20.00 122 107 +14 
West Hills Water Company 6S $5.00 238 133 +79 
Average         +46 

 
a/ Each customer is charged the same amount each month, regardless of how much water is 

used. 
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TABLE 18 
AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 

KANSAS, 2002 

Region 

Number of 
Public Water 

Suppliers 

Gallons of Water Used Per Month 

5,000 10,000 25,000 50,000 100,000 
1 16 $14.05 $20.60 $40.05 $74.31 $141.93 
2 22 $13.82 $19.87 $36.16 $65.18 $122.88 
3 20 $11.42 $16.93 $34.19 $63.46 $124.56 
4 27 $17.32 $23.51 $42.97 $76.92 $146.81 
5 45 $17.79 $25.93 $52.64 $100.53 $196.77 
6 105 $19.67 $30.07 $61.37 $112.97 $216.32 
7 312 $25.14 $40.32 $84.73 $159.21 $307.46 
8 188 $28.52 $47.70 $104.09 $198.14 $384.06 

Kansas 735 $23.53 $37.57 $79.05 $148.68 $287.25 
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TABLE 19 
PUBLIC WATER SUPPLIERS WITH 30 PERCENT OR MORE 

UNACCOUNTED FOR WATER 
KANSAS, 2002 

Public Water Supplier 
Percent 

Unaccounted For 

Potential Water 
Gain (Thousand 

Gallons)a/ 
Water Conservation 
Plan Approval Date 

Alton 58 4,161 December 18, 2003 
Atchison Co. RWD #04 49 5,382 October 1, 2001 
Barber Co. RWD #03 37 1,667 August 31, 2000 
Bremen 30 270  - 
Bucklin 30 12,008 March 31, 1997 
Cherokee Co. RWD #01 38 6,276 February 6, 1997 
Cherokee Co. RWD #03 30 17,719 February 3, 1998 
Cherokee Co. RWD #04 45 21,445 March 25, 2002 
Comanche Co. RWD #02 52 7,966 March 17, 1997 
Delphos 43 8,838 May 22, 2000 
Dickinson Co. RWD #01 30 5,786 February 11, 2003 
Downs 37 24,598 September 17, 2001 
Elgin 68 5,017 April 1, 1997 
Esbon 32 1,292 November 19, 2003 
Fort Scott 30 123,734 April 11, 2000 
Franklin Co. RWD #07 75 2,355  - 
Garden Plain 32 6,912  - 
Geuda Springs 50 4,325  - 
Glade 48 2,024  - 
Gridley 36 3,625 September 18, 1997 
Jefferson Co. RWD #10 62 7,346 December 18, 2001 
Jennings 42 6,466 July 18, 2002 
Lakeside Village Improvement 48 4,379  - 
Matfield Green 31 531 April 20, 1995 
Montgomery Co. RWD #09 33 2,725  - 
Morrowville 34 1,388 May 25, 2001 
Mulberry 32 3,935  - 
Neosho Co. RWD #05 32 835  - 
Neosho Co. RWD #07 35 6,135 December 27, 1999 
Norcatur 39 4,454  - 
Pretty Prairie 31 7,301 August 31, 1994 
Reserve 43 1,121 January 29, 2002 
Riley 31 6,520 April 24, 2001 
Rush Co. RWD #01 42 5,291 August 31, 1995 
Russell Co. RWD #04 31 856  - 
South Haven 43 5,684  - 
Sylvia 36 4,003 July 21, 2000 
Wilson Co. RWD #03 33 181  - 
Wilson Co. RWD #06 54 953  - 

 
a/ Potential water gain is the amount of water that would be saved if only 15 percent of the 

total was unaccounted for. 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Abbyville 6S 162 132 172 154 139 152
Abilene 7M 193 180 179 170 193 183
Admire 7S NA 85 91 100 89 91
Agenda 7S 87 83 100 92 91 91
Agra 5 111 121 149 133 152 133
Albert 6S 115 119 114 121 126 119
Alexander 5 115 136 132 150 161 139
Allen 7S NA 60 64 59 60 61
Allen Co. RWD #01 8S NA NA 76 57 NA 67
Allen Co. RWD #03 8S NA NA 135 119 123 126
Allen Co. RWD #04 8S NA NA 147 144 127 139
Allen Co. RWD #06 8S NA NA 119 NA 88 103
Allen Co. RWD #07 8S NA NA NA NA 74 74
Allen Co. RWD #08 8M NA NA 130 112 122 121
Allen Co. RWD #10 8S NA NA 92 79 87 86
Allen Co. RWD #11 8S NA NA NA 64 66 65
Allen Co. RWD #12 8S NA NA 127 NA 129 128
Allen Co. RWD #13 8S NA NA 60 NA 59 59
Allen Co. RWD #15 8S NA NA 71 74 66 71
Allen Co. RWD #16 8S NA NA 113 112 119 115
Alma 7M 122 120 131 131 140 129
Almena 4 176 145 178 131 166 159
Alta Vista 7S 78 75 82 97 85 83
Altamont 8M NA 87 80 83 77 82
Alton 6S 98 102 167 221 220 162
Altoona 7S 126 130 155 132 87 126
Andale 7M 82 87 98 101 111 96
Anderson Co. RWD #01 8S NA NA 123 96 81 100
Anderson Co. RWD #02 8S 82 88 93 86 89 88
Anderson Co. RWD #03 8S NA NA 105 NA 73 89
Anderson Co. RWD #04 8M 96 101 107 119 112 107
Anderson Co. RWD #05 8M NA NA 77 73 60 70
Anderson Co. RWD #06 8M NA NA 94 NA 83 88
Anthony 6ML 196 166 158 206 160 177
Arcadia 8S 114 105 110 91 85 101
Argonia 7M 160 203 191 146 104 161
Arkansas City 7L 155 140 130 121 114 132
Arlington 6S 132 163 139 132 117 137
Arma 8M 94 89 89 82 87 88
Arnold 4 101 114 165 198 271 170
Ashland 4 260 249 259 226 240 247
Assaria 7M 87 80 77 83 72 80
Atchison 8L 178 154 144 129 121 145
Atchison Co. RWD #01 8S NA NA 95 NA NA 95
Atchison Co. RWD #02 8S NA NA NA 87 NA 87
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Atchison Co. RWD #03 8S NA NA 95 90 77 87
Atchison Co. RWD #04 8S NA NA 120 137 127 128
Atchison Co. RWD #06 8M NA NA NA NA 116 116
Atlanta 7S 94 86 84 86 71 84
Attica 6ML 215 207 202 179 195       200 
Atwood 2 260 225 265 221 260 246
Augusta 7M 148 137 130 127 145 137
Aurora 7S 91 84 99 104 143 104
Axtell 7S 87 83 90 80 89 86
Baldwin 8M 126 107 95 195 112 127
Barber Co. RWD #01 6S NA NA 186 176 198 187
Barber Co. RWD #02 6S 190 220 193 135 212 190
Barber Co. RWD #03 6S 120 103 96 92 113 105
Barnard 6S NA NA NA NA 72 72
Barnes 7S 152 161 151 149 168 156
Bartlett 8S NA 89 95 98 91 93
Barton Co. RWD #02 6ML 162 145 44 45 52 90
Barton Hills WD 6S 109 99 96 101 80 97
Baxter Springs 8M 126 140 107 170 133 135
Bazine 4 115 113 122 157 143 130
Beattie 7S 103 98 108 109 123 108
Bel Aire 7M 136 112 130 128 123 126
Belle Plaine 7M 110 108 122 114 104 112
Belleville 7M 165 160 181 152 160 164
Beloit 6ML 89 81 97 89 97 91
Belpre 5 130 101 117 134 163 129
Belvidere 5 164 153 220 244 232 203
Belvue 7S 100 108 112 111 111 109
Bennington 7M 94 91 97 95 97 95
Benton 7M NA NA 93 79 84 85
Bern 7S 81 100 99 99 107 97
Beverly 6S 145 126 101 102 95 114
Bird City 1 435 353 402 350 401 389
Bison 5 121 134 143 136 134 133
Blue Mound 8S 82 87 88 95 88 88
Blue Rapids 7M 144 153 155 161 167 156
Blue River Hills Improvement 7S 112 109 124 131 136 122
Bluff City 6S 84 84 94 92 83 87
Bogue 4 159 138 186 157 203 168
Bonner Springs 8M 110 124 131 120 151 127
Bourbon Co. RWD #02C 8M NA NA 81 82 79 81
Bourbon Co. RWD #04 8S NA NA 199 179 206 195
Bremen 7S NA NA 101 124 111 112
Brewster 2 306 280 368 289 412 331
Bronson 8S 121 81 80 79 76 87
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Brookville 7S NA NA NA NA 105 105
Brown Co. RWD #01 8M 79 94 99 89 96 92
Brown Co. RWD #02 8M NA NA 89 81 92 87
Brownell 4 82 81 74 132 86 91
Bucklin 4 260 269 280 305 282 279
Buffalo 7S 95 81 90 75 108 90
Buhler 6ML 147 143 156 137 131 143
Bunker Hill 6S 98 128 98 106 125 111
Burden 7M 116 122 118 112 114 116
Burdett 5 168 172 200 191 211 188
Burlingame 7M 104 82 95 93 89 93
Burlington 7M 135 154 151 139 130 142
Burns 7S 127 93 98 77 84 96
Burr Oak 6S 139 144 148 125 115 134
Burrton 7M 118 105 112 108 108 110
Bushton 6S 140 124 144 153 175 147
Butler Co. RWD #01 7M NA NA 104 106 103 105
Butler Co. RWD #02 7M NA NA 102 81 83 88
Butler Co. RWD #03 7M NA NA 73 76 73 74
Butler Co. RWD #04 7M NA NA 78 81 78 79
Butler Co. RWD #05 7M NA NA 89 80 81 83
Butler Co. RWD #06 7M NA NA 84 87 91 87
Butler Co. RWD #07 7M NA NA 69 77 66 70
Butler Co. RWD #08 7M NA NA 75 70 73 72
Byron 7S 236 239 289 193 225 237
Caldwell 7M 104 98 103 102 98 101
Cambridge 7S NA NA 74 71 68 71
Caney 7M 147 135 146 141 135 141
Canton 7M 149 141 152 151 150 149
Carbondale 7M 86 91 114 136 113 108
Cassoday 7S 102 94 104 119 114 107
Cawker City 6ML 152 146 148 128 130 141
Cedar Point 7S 74 73 72 76 69 73
Cedar Vale 7M 110 106 112 125 107 112
Centralia 7M NA NA 117 88 88 98
Chanute 8M 150 129 139 131 130 136
Chapman 7M 171 168 166 153 171 166
Chase 6ML 115 110 160 98 114 119
Chase Co. RWD #01 7S NA NA 92 84 83 86
Chautauqua 7S NA NA NA 112 NA 112
Chautauqua Co. RWD #01 7S NA NA 125 91 74 97
Chautauqua Co. RWD #02 7S NA NA 101 107 106 105
Chautauqua Co. RWD #03 7S NA NA NA 101 92 96
Cheney 7M 185 167 166 174 176 173
Cherokee 8M 111 92 90 94 112 100
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Cherokee Co. RWD #01 8M 120 130 155 155 145 141
Cherokee Co. RWD #02 8M 101 86 92 92 84 91
Cherokee Co. RWD #03 8M 151 161 161 186 167 165
Cherokee Co. RWD #04 8M 141 144 154 145 127 142
Cherokee Co. RWD #05 8S NA NA 75 79 71 75
Cherokee Co. RWD #06 8S NA NA 97 NA 109 103
Cherokee Co. RWD #07 8S NA NA 73 73 78 75
Cherokee Co. RWD #08 8M 85 83 86 67 64 77
Cherokee Water Corp. 8S NA 76 108 82 109 94
Cherryvale 7M 122 92 82 89 87 94
Chetopa 8M 101 102 125 136 130 119
Chicopee Water Company 8S NA NA 83 85 92 86
Cimarron 3 279 213 253 264 326 267
Circleville 7S NA NA 66 55 63 61
Claflin 6ML 143 134 157 152 141 145
Clay Center 7M 137 143 204 156 125 153
Clay Co. RWD #01 7S 85 97 134 130 126 114
Clay Co. RWD #02 7M 93 93 102 101 105 99
Clayton 4 113 75 105 172 122 118
Clearwater 7M 105 95 99 100 96 99
Clifton 7M 130 128 166 146 159 146
Cloud Co. RWD #01 7S 124 115 128 107 111 117
Clyde 7M 148 137 170 146 159 152
Coal Hollow WD 8S NA NA 78 81 NA 79
Coats 6S 133 126 137 147 143 137
Coffey Co. RWD #02 7M NA 101 103 95 94 98
Coffey Co. RWD #03 7M 77 72 82 77 76 77
Coffeyville 7L 136 155 136 142 168 148
Colby 2 271 266 323 291 320 294
Coldwater 5 232 201 232 243 229 227
Collyer 4 148 131 166 139 153 147
Colony 8S NA NA 86 94 94 91
Columbus 8M 123 109 119 108 117 115
Comanche Co. RWD #01 5 NA NA 176 64 93 111
Comanche Co. RWD #02 5 407 278 435 431 427 396
Concordia 7M 136 142 164 148 153 149
Conway Springs 7M 97 104 100 112 106 104
Coolidge 1 274 269 385 300 339 313
Copeland 3 235 243 253 242 248 244
Corning 7S NA NA 90 NA NA 90
Cottonwood Falls 7M 93 97 100 97 92 96
Council Grove 7M 108 106 126 123 121 117
Courtland 7S NA NA 113 112 113 113
Cowley Co. RWD #01 7M 158 128 120 118 112 127
Cowley Co. RWD #02 7M NA NA 72 77 71 73
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Cowley Co. RWD #03 7M 121 139 136 127 NA 131
Cowley Co. RWD #04 7S NA NA 173 130 107 137
Cowley Co. RWD #05 7M NA NA 89 101 88 93
Cowley Co. RWD #06 7M 130 115 120 90 78 107
Cowley Co. RWD #07 7S NA NA NA 73 NA 73
Cowley Co. RWD #08 7S NA NA 93 85 NA 89
Crawford Co. RWD #01 8S 81 87 106 116 96 97
Crawford Co. RWD #01C 8M 87 95 114 127 116 108
Crawford Co. RWD #02 8M NA NA 99 82 82 88
Crawford Co. RWD #03 8S 108 106 106 100 107 105
Crawford Co. RWD #04 8M 105 107 123 92 88 103
Crawford Co. RWD #05 8M 131 137 125 111 115 124
Crawford Co. RWD #06 8M 106 130 133 126 120 123
Crawford Co. RWD #07 8M NA NA 65 64 59 63
Cuba 7S 99 95 137 128 133 118
Cullison 6S 156 147 167 272 167 182
Culver 7S 81 85 85 84 66 80
Cunningham 6ML 206 186 197 194 187 194
Damar 5 NA NA 114 110 105 110
Dearing 7M NA 72 69 79 71 73
Deerfield 2 161 132 154 137 158 148
Delia 7S 131 133 129 NA 79 118
Delphos 7S 136 127 160 151 184 152
Denison 8S NA NA 76 68 67 70
Derby (El Paso Water Co.) 7L 136 121 137 140 131 133
DeSoto 8M 126 120 110 101 114 114
Dexter 7S 141 123 131 119 102 123
Dickinson Co. RWD #01 7M 118 116 124 108 98 113
Dickinson Co. RWD #02 7M 96 104 115 101 114 106
Dickinson Co. RWD #03 7S NA NA 66 65 64 65
Dighton 3 245 209 270 248 268 248
Dodge City 4 204 189 206 224 218 208
Doniphan Co. RWD #01 8S 61 67 76 67 59 66
Doniphan Co. RWD #02 8S 70 76 78 66 72 72
Doniphan Co. RWD #03 8S 94 89 72 77 86 84
Doniphan Co. RWD #05 8M NA NA 91 NA 80 85
Dorrance 6S 75 86 88 87 88 85
Douglas Co. RWD #01 8M 84 92 98 90 103 93
Douglas Co. RWD #02 8M 82 85 97 NA NA 88
Douglas Co. RWD #03 8M 130 97 96 90 92 101
Douglas Co. RWD #04 8M 96 93 94 87 94 93
Douglas Co. RWD #05 8M 80 75 94 80 79 82
Douglas Co. RWD #06 8M 98 109 124 88 85 100
Douglass 7M 86 88 93 90 87 89
Downs 6ML 173 175 232 217 250 210
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Durham 7S 103 93 110 101 116 105
Dwight 7S 81 84 97 88 84 87
Easton 8S 98 95 80 127 102 100
Edgerton 8M 62 59 63 63 NA 62
Edna 8S NA 62 65 62 68 64
Effingham 8M 108 114 109 79 84 99
El Dorado 7L 185 169 199 200 200 190
Elbing 7S NA NA 63 61 64 63
Elgin 7S 225 215 239 268 288 247
Elk City 7S 109 112 114 114 99 110
Elkhart 1 290 282 335 288 350 309
Ellinwood 6ML 116 114 123 117 125 119
Ellis 5 120 117 116 112 115 116
Ellis Co. RWD #01 5 100 85 94 85 88 90
Ellis Co. RWD #03 5 66 57 75 126 70 79
Ellis Co. RWD #06 5 112 101 93 89 133 106
Ellis Co. RWD #07 5 146 140 139 112 130 133
Ellsworth 6ML 144 138 167 132 136 144
Elmdale 7S 85 85 78 150 149 109
Elwood 8M 93 68 83 74 77 79
Emmett 7S 127 115 117 83 80 104
Emporia 7L 175 166 166 175 178 172
Englewood 4 447 373 456 405 555 447
Ensign 3 244 193 219 252 222 226
Enterprise 7M 92 89 90 86 111 94
Erie 8M 105 120 112 101 98 107
Esbon 6S 112 123 130 132 142 128
Eskridge 7M 133 144 149 163 127 143
Eudora 8M 85 78 92 97 108 92
Eureka 7M 136 126 141 127 124 131
Everest 8S 109 102 104 111 120 110
Fall River 7S NA NA NA 61 NA 61
Farr Subdivision 2 NA NA 107 68 67 80
Finney Co. RWD #01 2 NA NA 75 70 75 73
Florence 7M 158 106 102 106 105 115
Fontana 8S 84 85 95 91 82 87
Ford 4 299 197 250 261 290 259
Formoso 6S 91 84 98 107 94 95
Fort Scott 8M 150 137 148 153 169 152
Fowler 3 215 174 198 193 211 198
Frankfort 7M 126 135 173 120 132 137
Franklin Co. RWD #01 8M NA 84 98 87 74 86
Franklin Co. RWD #02 8S NA NA NA 78 81 80
Franklin Co. RWD #03 8S NA NA 68 70 78 72
Franklin Co. RWD #04 8M 122 141 116 95 85 112
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Franklin Co. RWD #05 8M 137 105 104 99 103 110
Franklin Co. RWD #06 8M 93 96 112 110 114 105
Franklin Co. RWD #07 8S NA NA 159 89 201 150
Fredonia 7M 116 103 114 141 124 119
Frontenac 8M 96 119 122 110 114 112
Fulton 8S 72 63 68 83 84 74
Galena 8M 143 146 159 143 136 145
Galesburg 8S NA 90 96 NA 83 90
Galva 7M 101 107 116 126 127 115
Garden City 2 184 176 195 180 212 189
Garden Plain 7M 117 107 121 132 159 127
Garden Spot Rentals 2 69 69 89 79 96 80
Gardner 8L 103 98 100 112 120 107
Garnett 8M 103 108 120 122 112 113
Gas 8M NA NA 78 78 78 78
Gaylord 6S 157 130 172 158 159 155
Geary Co. RWD #01 7S NA NA 92 140 NA 116
Geary Co. RWD #02 7S 123 114 158 151 134 136
Geary Co. RWD #04 7M 92 106 89 76 78 88
Geneseo 6S 89 76 91 106 104 93
Geuda Springs 7S 104 101 91 115 160 114
Girard 8M 128 160 132 122 117 132
Glade 5 90 90 104 112 151 110
Glasco 7M 89 89 86 80 79 84
Glen Elder 6S 168 154 177 181 180 172
Goddard 7M 163 152 174 229 235 190
Goessel 7M 117 108 114 103 101 109
Goff 7S 92 85 89 80 79 85
Goodland 1 313 313 331 303 314 315
Gorham 6S 102 96 80 79 82 88
Gove 3 197 233 274 287 261 250
Grainfield 3 273 235 292 234 295 266
Grandview Plaza 7M NA NA 98 102 97 99
Great Bend 6ML 127 131 139 136 133 133
Greeley 8S 88 92 84 71 62 79
Green 7S 87 83 81 77 84 82
Greenleaf 7S 141 143 150 152 141 145
Greensburg 5 172 149 161 160 160 160
Greenwood Co. RWD #02 7M NA NA 78 99 102 93
Greenwood Co. RWD #03 7S NA NA 53 69 68 63
Grenola 7S 75 74 66 73 69 71
Gridley 7S NA NA 91 94 114 100
Grinnell 3 275 253 303 278 309 284
Gypsum 7S 112 106 118 111 114 112
Haddam 7S NA 96 100 84 87 92
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Halstead 7M 123 111 108 111 110 113
Hamilton 7S NA NA 81 74 NA 77
Hamilton Co. RWD #01 1 124 104 94 71 110 101
Hanover 7M 99 95 105 93 101 99
Hanston 4 191 185 310 266 269 244
Hardtner 6S 278 223 241 230 244 243
Harper 6ML 157 128 155 164 134 147
Harper Co. RWD #01 6S NA NA 92 124 115 110
Harper Co. RWD #03 6S 87 86 99 NA NA 90
Harper Co. RWD #04 6S NA NA NA 125 98 112
Harper Co. RWD #05 6S NA NA 119 136 NA 128
Hartford 7M 72 70 73 72 69 71
Harvey Co. RWD #01 7M NA NA 76 79 76 77
Harveyville 7S 95 106 121 156 110 118
Haven 6ML 170 138 163 169 158 160
Havensville 7S 100 100 100 92 83 95
Haviland 5 203 176 180 183 198 188
Hays 5 112 111 101 91 95 102
Hays City Suburban 5 112 114 144 162 208 148
Haysville 7M 115 88 96 101 103 101
Hazelton 6S 155 138 140 169 179 156
Herington 7M 110 102 105 103 105 105
Herndon 2 433 409 500 405 533 456
Hesston 7M 163 156 170 191 179 172
Hiawatha 8M 119 111 120 114 120 117
Highland 8M 115 115 115 117 115 115
Hill City 4 191 186 221 215 280 218
Hillsboro 7M 126 106 115 132 138 124
Hoisington 6ML 118 110 116 109 117 114
Holcomb 2 149 134 160 152 178 155
Holton 7M 140 146 160 149 140 147
Holyrood 6S 146 141 182 155 174 159
Hope 7S 94 83 90 90 92 90
Horace 1 75 109 NA 123 154 116
Horton 8M 114 116 100 94 86 102
Howard 7M 118 100 113 126 120 115
Howison Heights WD 7S 110 117 99 127 167 124
Hoxie 3 298 262 299 241 269 274
Hoyt 7M NA NA 78 71 69 73
Hugoton 2 335 319 347 301 360 332
Humboldt 8M 103 107 111 128 122 114
Hunter 6S NA NA 105 NA NA 105
Hutchinson 6ML 140 132 147 145 141 141
Independence 7L 159 170 157 153 145 157
Ingalls 3 228 196 236 228 244 227
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Inman 7M 138 124 154 144 142 141
Iola 8M 116 115 121 124 118 119
Isabel 6S 188 174 136 127 144 154
Iuka 6S 89 86 96 115 126 103
Jackson Co. RWD #01 7M NA NA 90 87 100 92
Jackson Co. RWD #03 7M 90 105 127 104 97 105
Jamestown 7S 118 132 119 112 103 117
Jefferson Co. RWD #01 8M 108 112 118 105 113 111
Jefferson Co. RWD #02 8M 107 109 116 147 122 120
Jefferson Co. RWD #03 8M 119 127 122 118 117 121
Jefferson Co. RWD #06 8S 116 120 179 120 110 129
Jefferson Co. RWD #07 8M 118 124 122 105 103 114
Jefferson Co. RWD #08 8S 92 109 97 88 109 99
Jefferson Co. RWD #09 8S 61 65 68 77 69 68
Jefferson Co. RWD #10 8S 105 109 118 161 169 133
Jefferson Co. RWD #11 8S 59 75 100 86 NA 80
Jefferson Co. RWD #12 8M 115 126 120 103 106 114
Jefferson Co. RWD #13 8M 127 94 104 156 123 121
Jefferson Co. RWD #15 8S 70 71 71 63 62 67
Jennings 3 274 255 389 395 413 345
Jetmore 4 192 185 216 218 247 211
Jewell 6S NA NA 101 80 91 91
Jewell Co. RWD #01 6S 180 150 264 204 169 193
Johnson City 1 351 283 368 290 365 331
Johnson Co. RWD #06C 8M NA NA 102 81 99 94
Johnson Co. RWD #07 8M 93 88 101 90 105 96
Junction City 7L 130 142 160 153 146 146
Kanopolis 6ML 94 88 95 109 109 99
Kanorado 1 214 198 249 310 298 254
Kansas City BPU 8L 180 179 184 211 176 186
Kechi 7M NA NA 120 117 123 120
Kensington 6ML 138 144 175 169 183 162
Kincaid 8S NA NA 80 NA 60 70
Kingman 6ML 169 139 158 141 124 146
Kingman Co. RWD #01 6S NA NA 117 72 73 87
Kinsley 5 136 132 134 136 130 134
Kiowa 6ML 130 126 128 135 148 134
Kirwin 5 127 125 139 200 164 151
Kismet 2 215 185 206 203 208 203
Konza Valley Water District 7S 83 83 72 80 72 78
La Crosse 5 115 113 121 115 124 118
La Cygne 8M 80 93 94 91 91 90
La Harpe 8M NA NA 104 92 100 99
Labette Co. RWD #01 8S NA NA 93 101 94 96
Labette Co. RWD #02 8S NA 93 76 72 76 79
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Labette Co. RWD #03 8S NA 89 93 94 89 91
Labette Co. RWD #04 8S NA NA 78 108 97 95
Labette Co. RWD #05 8M NA 97 99 NA NA 98
Labette Co. RWD #06 8M NA 96 104 95 63 89
Labette Co. RWD #07 8S NA 77 77 80 74 77
Labette Co. RWD #08 8M NA 89 115 93 85 95
Lakeside Village Improvement 8S 95 111 97 100 120 105
Lakin 2 269 239 266 250 282 261
Lancaster 8S NA NA NA 66 NA 66
Lane 8S 59 60 58 73 69 64
Lane Co. RWD #01 3 161 170 251 213 213 202
Lansing (Lan-Del WC) 8M NA NA 108 98 102 103
Larned 5 197 193 199 196 238 204
Latham 7S NA NA 73 84 86 81
Lawrence 8L 121 124 139 128 139 130
Leavenworth 8L 101 105 117 116 108 110
Leavenworth Co. RWD #01C 8M 77 84 74 77 89 80
Leavenworth Co. RWD #05 8M NA NA 124 108 103 112
Leavenworth Co. RWD #06 8M NA NA 96 74 85 85
Leavenworth Co. RWD #07 8M NA NA 86 81 85 84
Leavenworth Co. RWD #08 8M NA NA NA 112 112 112
Leavenworth Co. RWD #09 8M 87 91 95 87 93 91
Leavenworth Co. RWD #10 8M NA NA 95 80 NA 88
Lebanon 6S 107 104 135 113 104 112
Lebo 7M 82 82 94 83 83 85
Lecompton 8M 76 76 80 77 77 77
Lehigh 7S 107 102 120 119 110 112
Lenora 4 182 223 198 164 202 194
Leon 7M 93 91 98 92 99 95
Leonardville 7S 116 103 124 100 114 111
Leoti 2 229 190 235 221 260 227
LeRoy 7M 81 81 92 82 76 82
Lewis 5 272 209 232 174 193 216
Liberal 2 236 200 265 209 203 222
Liebenthal 5 69 65 63 65 90 70
Lincoln Center 6ML 147 154 163 141 150 151
Lindsborg 7M 120 119 118 119 122 120
Linn 7S 123 126 135 154 132 134
Linn Co. RWD #01 8M NA NA NA NA 94 94
Linn Co. RWD #02 8M NA NA 95 89 83 89
Linn Co. RWD #03 8M NA NA 129 94 91 105
Linwood 8S 63 74 66 83 71 71
Little Bear Mound 7S NA NA 83 NA NA 83
Little River 6ML 156 135 138 159 173 152
Logan 5 194 172 208 192 262 206
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Long Island 5 193 199 204 165 312 215
Longford 7S 92 93 106 87 83 92
Longton 7S 109 93 103 102 91 100
Lorraine 6S 137 128 126 110 127 126
Louisburg 8M 105 105 116 106 115 109
Lucas 6S 116 107 119 110 152 121
Luray 6S 100 94 99 88 99 96
Lyndon 7M 91 85 93 88 89 89
Lyon Co. RWD #01 7M NA 83 90 93 105 93
Lyon Co. RWD #02 7M NA 131 152 126 143 138
Lyon Co. RWD #03 7S NA 90 82 78 77 82
Lyon Co. RWD #04 7M NA 72 87 86 87 83
Lyon Co. RWD #05 7M NA 105 116 110 106 109
Lyons 6ML 223 232 254 246 181 227
Macksville 6ML 171 187 195 180 183 183
Madison 7M 99 95 100 95 91 96
Mahaska 7S 150 126 201 147 103 146
Manhattan 7L 149 156 175 165 151 159
Mankato 6ML 176 189 236 186 193 196
Manter 1 255 237 298 275 352 283
Maple Hill 7S 94 103 103 93 101 99
Marion 7M 124 128 116 127 118 123
Marion Co. Imp. Dist. #02 7S NA NA 72 73 91 79
Marion Co. RWD #01 7M 115 114 123 108 124 117
Marion Co. RWD #02 7S NA NA 45 34 37 39
Marion Co. RWD #04 7M NA NA 89 97 84 90
Marquette 7M 141 124 126 127 133 130
Marshall Co. RWD #01 7S 93 97 95 91 103 96
Marshall Co. RWD #02 7S 164 198 223 214 244 209
Marshall Co. RWD #03 7M 130 123 98 101 108 112
Marysville 7M 127 124 132 136 148 134
Matfield Green 7S 150 109 123 118 118 124
Mayetta 7S NA NA 64 NA 68 66
Mayfield 7S NA NA 69 68 65 67
McCracken 5 119 103 116 127 118 117
McDonald 2 256 220 348 264 400 298
McFarland 7S 77 76 78 73 75 76
McLouth 8M 87 76 72 65 62 73
McPherson 7L 177 162 174 180 172 173
McPherson Co. RWD #01 7S 104 108 130 155 128 125
McPherson Co. RWD #02 7S NA NA 141 136 126 134
McPherson Co. RWD #03 7S NA NA NA 162 199 181
McPherson Co. RWD #04 7M NA NA 143 118 116 126
Meade 3 244 254 278 236 254 253
Medicine Lodge 6ML 263 231 259 261 254 253
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
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GPCD 
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GPCD 
2000 

GPCD 
2001 

GPCD 
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GPCD 
AVG 

GPCD 
Melvern 7S 113 112 110 130 113 116
Miami Co. RWD #01 8M NA NA 98 93 100 97
Miami Co. RWD #02 8M 115 100 101 95 102 103
Miami Co. RWD #03 8M NA NA 80 71 71 74
Miami Co. RWD #04 8M NA NA 51 60 60 57
Milford 7M 68 73 75 74 76 73
Miltonvale 7M 126 126 155 126 133 133
Minneapolis 7M 138 136 176 166 166 156
Minneola 4 209 185 215 203 220 206
Mitchell Co. RWD #01 6S NA NA 260 NA NA 260
Mitchell Co. RWD #02 6ML 204 205 249 262 204 225
Moline 7S 133 129 121 106 145 127
Montezuma 3 257 226 299 285 311 276
Montgomery Co. RWD #01 7S NA NA NA 80 NA 80
Montgomery Co. RWD #01C 7M NA 85 79 79 71 78
Montgomery Co. RWD #02 7M NA 90 83 83 78 83
Montgomery Co. RWD #06 7M NA 108 94 NA 99 100
Montgomery Co. RWD #08 7S NA NA 137 136 99 124
Montgomery Co. RWD #09 7S NA NA 91 110 118 107
Montgomery Co. RWD #10 7S NA 85 90 102 100 94
Montgomery Co. RWD #11 7M NA 96 88 106 88 95
Montgomery Co. RWD #12 7M NA 82 74 70 68 74
Montgomery Co. RWD #13 7S NA NA 55 82 69 69
Moran 8M NA NA 110 99 104 104
Morganville 7S 125 126 150 139 162 140
Morland 4 241 205 267 272 291 255
Morrill 8S NA NA 65 62 53 60
Morris Co. RWD #01 7M 100 106 124 120 147 119
Morrowville 7S 104 113 95 98 125 107
Moscow 2 328 300 413 393 276 342
Mound City 8M 122 127 118 115 108 118
Mound Valley 8S NA 67 74 68 66 69
Moundridge 7M 182 149 149 182 193 171
Mount Hope 7M 123 123 145 140 157 137
Mulberry 8M 80 89 106 117 111 101
Mullinville 5 209 190 225 246 250 224
Mulvane 7M 81 79 87 86 81 83
Munden 7S 95 108 119 97 102 104
Muscotah 8S 84 95 87 68 67 80
Narka 7S 96 91 NA NA NA 94
Natoma 6S 123 113 123 124 123 121
Nemaha Co. RWD #01 7S 131 146 97 92 117 117
Nemaha Co. RWD #02 7S NA NA 102 NA NA 102
Nemaha Co. RWD #03 7M 124 123 121 116 113 119
Nemaha Co. RWD #04 7S 75 74 88 99 101 87
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Neodesha 7M 116 118 116 126 117 118
Neosho Co. RWD #01C 8M NA NA 77 85 80 81
Neosho Co. RWD #02 8M 77 72 85 85 89 82
Neosho Co. RWD #03 8S NA 109 118 107 103 109
Neosho Co. RWD #04 8M NA 86 89 NA 88 87
Neosho Co. RWD #05 8S NA NA NA 125 121 123
Neosho Co. RWD #06 8S NA NA 129 114 98 114
Neosho Co. RWD #07 8M NA NA 113 109 134 118
Neosho Co. RWD #08 8S NA NA 102 96 105 101
Neosho Co. RWD #09 8S NA NA 121 118 119 119
Neosho Co. RWD #12 8S NA NA 98 82 88 89
Ness City 4 141 123 137 131 141 135
Netawaka 7S NA NA NA 80 NA 80
New Strawn 7M 130 136 157 123 96 128
Newbury Extension 7S NA NA NA 71 85 78
Newton 7L 115 104 116 121 118 115
Nickerson 6ML 107 97 101 111 98 103
Norcatur 3 179 154 176 203 305 203
North Newton 7M 119 121 141 165 124 134
Norton 4 224 203 254 233 272 237
Norton Co. RWD #01 4 79 61 85 63 75 72
Nortonville 8M 90 83 89 85 96 89
Norwich 6ML 148 142 150 161 113 143
Oakley 2 258 287 342 287 289 293
Oberlin 3 281 257 325 275 296 287
Offerle 5 224 191 235 235 272 232
Ogden 7M 117 128 97 106 100 109
Oketo 7S 76 71 72 85 103 81
Olathe 8L 111 108 110 106 113 110
Olmitz 6S 99 109 148 130 129 123
Olpe 7M NA 94 102 93 74 91
Olsburg 7S 85 79 83 70 87 81
Onaga 7M 91 100 105 94 101 98
Oneida 7S 78 76 69 75 73 74
Osage City 7M 96 95 103 94 90 96
Osage Co. RWD #02 7S 81 88 102 72 98 88
Osage Co. RWD #03 7M 105 94 117 103 109 106
Osage Co. RWD #04 7M 96 102 104 93 102 99
Osage Co. RWD #05 7M 88 93 107 95 86 94
Osage Co. RWD #06 7S NA 80 89 89 83 85
Osage Co. RWD #07 7M NA 95 117 101 NA 104
Osage Co. RWD #08 7M NA NA 93 90 NA 92
Osawatomie 8M 148 151 154 141 135 146
Osborne 6ML 179 181 194 188 208 190
Osborne Co. RWD #01A 6S 447 349 329 248 177 310
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Osborne Co. RWD #02 6S NA NA 176 197 176 183
Oskaloosa 8M 92 NA 97 96 99 96
Oswego 8M 106 107 107 109 108 107
Otis 5 185 138 174 228 228 191
Ottawa 8L 91 95 103 101 101 98
Ottawa Co. RWD #01 7S 125 129 122 125 123 125
Ottawa Co. RWD #02 7M 126 128 119 117 127 123
Overbrook 7M 88 96 99 91 92 93
Oxford 7M 171 110 118 112 103 123
Ozawkie 8M 101 103 102 90 95 98
Palco 5 128 126 129 126 173 137
Palmer 7S 114 131 127 118 163 130
Paola 8M 130 132 139 128 135 133
Paradise 6S NA NA 95 78 98 90
Park 3 181 167 243 175 172 188
Park City 7M 114 112 128 134 138 125
Parker 8S 97 NA 92 88 73 87
Parsons 8L 134 132 116 110 119 122
Pawnee Rock 6S 84 82 82 74 78 80
Paxico 7S 89 94 98 89 88 92
Peabody 7M 97 94 107 97 NA 99
Perry 8M 95 81 81 85 80 84
Peru 7S NA NA 70 68 57 65
Phillipsburg 5 164 163 206 181 209 185
Pittsburg 8L 134 134 123 121 124 127
Plains 3 287 260 316 282 290 287
Plainville 5 145 119 136 136 128 133
Pleasanton 8M 109 115 107 93 92 103
Pomona 8M 76 75 77 75 74 76
Portis 6S 76 87 91 91 120 93
Post Rock RWD 6ML 148 143 176 137 141 149
Pottawatomie Co. RWD #01 7M 114 99 124 129 128 119
Pottawatomie Co. RWD #02 7M 161 211 173 174 182 180
Pottawatomie Co. RWD #03 7M 97 102 115 115 94 105
Pottawatomie Co. RWD #04 7M NA NA NA NA 105 105
Potwin 7S 98 84 88 89 88 89
Prairie View 5 183 178 187 168 216 187
Pratt 6ML 212 188 193 206 195 199
Prescott 8S 77 78 NA 83 83 80
Preston 6S 278 217 189 113 141 188
Pretty Prairie 6ML 179 138 150 142 182 158
Princeton 8S NA NA 79 72 70 74
Protection 5 218 207 227 199 198 210
Quenemo 7S 66 67 63 63 61 64
Quinter 3 255 230 271 239 258 251
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Randall 6S 108 90 101 106 117 104
Randolph 7S 96 93 104 95 112 100
Ransom 4 129 131 132 128 137 131
Rantoul 8S 61 89 165 79 67 92
Raymond 6S 161 138 161 167 179 161
Reading 7S NA 73 82 85 88 82
Red Bud Lake Association 7S NA NA 59 43 56 53
Renn District 7S NA NA 109 NA NA 109
Reno Co. RWD #01 6S 206 184 169 168 171 180
Reno Co. RWD #04 6S NA NA 108 93 81 94
Reno Co. RWD #08 6S 213 210 260 188 153 205
Reno Co. WD #101 6S 111 84 97 114 117 105
Republic 7S 135 127 145 136 119 132
Republic Co. RWD #01 7S 225 185 228 236 208 217
Republic Co. RWD #02 7M 212 160 177 155 181 177
Reserve 8S 94 84 80 93 112 92
Rexford 2 346 332 423 404 423 385
Rice Co. RWD #01 6ML NA NA 131 129 127 129
Richmond 8M 110 107 96 88 83 97
Riley 7M 132 134 130 120 113 126
Riley Co. RWD #01 7M NA NA 115 117 121 117
Robinson 8S 101 111 104 91 102 102
Rocky Ford Water Company 7S 187 147 144 92 122 138
Rolla 1 260 248 274 259 257 260
Rooks Co. RWD #01 5 114 NA 52 63 68 74
Rooks Co. RWD #02 5 135 86 95 86 95 99
Rooks Co. RWD #03 5 126 138 166 116 134 136
Rose Hill 7M NA NA 91 87 87 89
Roseland 8S NA NA NA NA 63 63
Rossville 7M 96 91 90 90 88 91
Rozel 5 184 181 199 168 303 207
Rush Center 5 177 150 176 170 178 170
Rush Co. RWD #01 5 269 315 360 243 284 294
Russell 6ML 151 142 146 148 117 141
Russell Co. RWD #01 6S NA NA 65 75 125 88
Russell Co. RWD #02 6S 128 103 118 119 187 131
Russell Co. RWD #03 6ML NA NA 137 165 141 148
Russell Co. RWD #04 6S 163 191 192 146 178 174
Sabetha 7M 112 115 118 112 110 114
Salina 7L 123 119 126 128 144 128
Saline Co. RWD #01 7S 59 57 57 53 64 58
Saline Co. RWD #02 7S 200 158 132 140 150 156
Saline Co. RWD #03 7M NA NA NA 95 NA 95
Saline Co. RWD #04 7M 115 113 112 107 104 110
Saline Co. RWD #06 7S 95 88 97 120 123 104
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Saline Co. RWD #07 7S NA NA 71 73 84 76
Saline Co. RWD #08 7S 85 105 104 115 88 99
Satanta 2 282 263 260 256 284 269
Sawyer 6S 133 107 111 137 148 127
Scammon 8M 129 127 NA 119 112 122
Scandia 7S 156 165 186 145 234 177
Scotsman Estates 7S NA NA NA 60 55 57
Scott City 2 277 247 319 277 320 288
Scranton 7M NA NA 75 NA NA 75
Sedan 7M 136 140 142 115 106 128
Sedgwick 7M 103 101 104 99 105 103
Sedgwick Co. RWD #01 7M NA NA 92 86 86 88
Sedgwick Co. RWD #03 7M NA NA 111 108 106 108
Sedgwick Co. RWD #04 7M 125 129 122 126 93 119
Selden 3 214 185 237 207 221 213
Seneca 7M 128 112 136 109 137 125
Severy 7S 112 118 108 119 118 115
Sharon 6S 118 116 102 119 129 117
Sharon Springs 1 269 238 260 231 263 252
Shawnee Co. RWD #01C 7M NA NA 84 84 94 87
Shawnee Co. RWD #02C 7M 90 84 87 85 86 86
Shawnee Co. RWD #03 7M 86 87 93 73 NA 85
Shawnee Co. RWD #04 7M 99 103 113 101 102 104
Shawnee Co. RWD #05 7M NA NA NA 78 80 79
Shawnee Co. RWD #06 7M NA NA 167 164 152 161
Shawnee Co. RWD #07 7S NA NA NA NA 96 96
Shawnee Co. RWD #08 7M 91 89 106 93 101 96
Shawnee Co. RWD #09 7S NA NA 75 NA NA 75
Silver Lake 7M 85 88 87 85 85 86
Simpson 6S 93 131 144 98 84 110
Smith Center 6ML 176 178 195 156 163 174
Smith Co. RWD #01 6S 249 151 165 154 155 175
Soldier 7S NA NA NA NA 62 62
Solomon 7M 137 139 107 105 105 118
South Haven 7S 123 107 101 99 143 115
South Hutchinson 6ML 142 133 148 149 140 142
Spearville 4 186 142 187 178 183 175
Speed 5 110 80 126 113 146 115
Spivey 6S 122 102 110 107 124 113
Spring Hill 8M 118 112 105 108 104 109
St. Francis 1 351 318 400 313 367 350
St. George 7S 98 94 92 103 104 98
St. John 6ML 147 146 158 177 156 157
St. Marys 7M 126 114 129 127 128 125
St. Paul 8M 100 97 110 109 104 104
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
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GPCD 
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GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Stafford 6ML 149 135 159 159 181 157
Sterling 6ML 157 151 134 128 119 138
Stockton 5 171 147 172 147 134 154
Strong City 7M 212 239 342 160 133 217
Sublette 2 277 227 309 290 309 282
Suburban Water Company 8M 91 86 92 125 103 99
Summerfield 7S 143 153 118 105 117 127
Sumner Co. RWD #01 7S NA NA 138 174 166 160
Sumner Co. RWD #02 7S NA NA 89 118 122 110
Sumner Co. RWD #03 7S NA NA NA 101 127 114
Sumner Co. RWD #04 7M NA NA 99 106 93 99
Sumner Co. RWD #05 7M NA NA NA 128 152 140
Sumner Co. RWD #06 7S NA NA 85 NA 80 83
Susank 6S NA NA 89 74 80 81
Sylvan Grove 6S 141 125 146 122 128 132
Sylvia 6S 195 173 177 176 165 177
Syracuse 1 363 352 393 330 394 366
Tatarrax Hills 7S 136 150 141 140 168 147
Tescott 7S 114 95 101 100 110 104
Thayer 8M 122 136 107 101 136 121
Timber Creek Water & Sewer 7M 133 130 127 112 134 127
Timken 5 118 177 181 197 193 173
Tipton 6S 98 94 112 106 109 104
Tonganoxie 8M 97 83 92 101 98 94
Topeka 7L 174 176 168 146 153 164
Toronto 7S 116 122 133 190 122 137
Towanda 7M NA NA 86 82 90 86
Treece 8S NA NA 55 NA 87 71
Trego Co. RWD #01 4 72 59 63 71 114 76
Trego Co. RWD #02 4 NA 87 150 87 105 107
Tribune 1 234 198 263 287 342 265
Troy 8M 102 132 120 113 110 115
Turon 6S 151 126 136 137 120 134
Udall 7M 101 100 94 105 100 100
Ulysses 2 263 209 232 218 269 238
Uniontown 8S 97 97 80 91 84 90
University Park Water 7S 89 74 74 65 62 73
Utica 4 230 185 243 193 235 217
Valley Center 7M 123 126 112 99 90 110
Valley Falls 8M 104 101 109 107 105 106
Vermillion 7S 96 120 158 169 172 143
Victoria 5 108 99 107 99 115 105
Viola 7S NA NA NA 73 71 72
Virgil 7S 60 61 53 58 62 59
Wabaunsee Co. RWD #01 7S 84 NA NA 91 88 88
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Wabaunsee Co. RWD #02 7M 78 71 79 85 100 83
Wakeeney 4 169 170 197 174 203 183
Wakefield 7M 103 106 98 117 114 108
Waldo 6S NA NA 74 54 53 60
Wallace 1 281 276 228 234 345 273
Wallace Co. RWD #01 1 347 398 433 396 484 411
Walnut 8S NA NA NA NA 106 106
Walton 7S NA NA 75 NA 71 73
Wamego 7M 125 118 135 130 141 130
Washington 7M 129 130 154 150 177 148
Washington Co. RWD #01 7M 89 102 118 102 99 102
Washington Co. RWD #02 7M 103 101 114 143 116 115
WaterOne - Johnson Co. 8L 150 157 161 164 182 163
Waterville 7M 156 152 173 138 149 154
Wathena 8M 110 NA 113 98 101 105
Waverly 7M 83 103 90 81 84 88
Weir 8M 88 89 104 73 76 86
Wellington 7M 140 149 155 153 150 149
Wellsville 8M NA 82 80 80 80 80
West Hills Water Company 6S 239 169 251 211 238 222
West Mineral 8S 91 89 74 65 70 78
Westmoreland 7M 123 128 133 117 110 122
Wetmore 7S 115 109 128 104 109 113
White City 7M 97 94 103 97 92 96
White Cloud 8S 88 89 94 87 83 88
Whitewater 7M 90 100 95 97 115 99
Whiting 7S 73 79 74 84 93 81
Wichita 7L 165 135 147 153 146 149
Williamsburg 8S 109 107 116 106 97 107
Willis 8S NA NA NA NA 84 84
Wilson 6ML 117 108 132 141 124 124
Wilson Co. RWD #01 7S NA NA 101 149 157 136
Wilson Co. RWD #02 7S NA NA NA 77 NA 77
Wilson Co. RWD #03 7S NA NA 66 NA 66 66
Wilson Co. RWD #04 7S NA NA NA 115 86 100
Wilson Co. RWD #05 7S NA NA 61 57 NA 59
Wilson Co. RWD #06 7S NA NA 84 91 163 113
Wilson Co. RWD #07 7S NA NA 126 101 NA 113
Wilson Co. RWD #09 7S NA NA NA 74 NA 74
Wilson Co. RWD #10 7M NA NA 73 82 NA 78
Wilson Co. RWD #11 7M NA NA 79 81 70 77
Wilson Co. RWD #12 7S NA NA 68 83 89 80
Wilson Co. RWD #13 7S NA NA 100 NA 84 92
Winchester 8M 85 93 87 73 76 83
Windom 7S NA NA 83 86 79 83
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1998-2002 

Public Water Supplier Region
1998 

GPCD 
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
AVG 

GPCD 
Winfield 7L 143 132 150 148 136 142
Winona 2 253 244 304 280 353 287
Woodson Co. RWD #01 7M 93 91 80 92 84 88
Woodston 5 143 133 174 181 187 163
Yates Center 7M 90 107 109 110 114 106
Zenda 6S 143 131 137 149 125 137
 
Note:  GPCD figures are based on reported water sold to residential and commercial 

customers, free water, and system losses.  GPCD figures do not include water supplied 
wholesale or for industry, bulk sales, or farmsteads using more than 200,000 gallons per 
year.  “NA” is shown if no water use report was available or if the information submitted 
was insufficient to determine GCPD. 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1998-2002 

Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
Abbyville 6S 10 23 22 23 10 18 
Abilene 7M 9 14 6 12 20 12 
Admire 7S NA 9 21 24 16 18 
Agenda 7S 7 5 7 14 9 8 
Agra 5 22 27 28 17 21 23 
Albert 6S 14 19 3 4 20 12 
Alexander 5 10 12 10 14 12 12 
Allen 7S NA NA 5 5 5 5 
Allen Co. RWD #01 8S NA NA 100 100 NA 100 
Allen Co. RWD #03 8S NA NA 9 3 4 6 
Allen Co. RWD #04 8S NA NA 100 100 NA 100 
Allen Co. RWD #06 8S NA NA 7 NA NA 7 
Allen Co. RWD #07 8S NA NA NA NA 13 13 
Allen Co. RWD #08 8M NA NA 23 19 23 22 
Allen Co. RWD #10 8S NA NA NA 11 25 18 
Allen Co. RWD #11 8S NA NA NA 4 NA 4 
Allen Co. RWD #12 8S NA NA 100 NA 100 100 
Allen Co. RWD #13 8S NA NA 14 NA 100 57 
Allen Co. RWD #15 8S NA NA 100 5 NA 53 
Allen Co. RWD #16 8S NA NA 7 6 9 8 
Alma 7M 9 14 13 17 15 14 
Almena 4 21 10 12 13 NA 14 
Alta Vista 7S 8 8 7 22 6 10 
Altamont 8M NA 3 6 7 6 6 
Alton 6S 13 16 4 53 58 29 
Altoona 7S 15 17 13 23 13 16 
Andale 7M 7 8 6 8 12 8 
Anderson Co. RWD #01 8S NA NA 28 10 9 16 
Anderson Co. RWD #02 8S 100 100 100 100 100 100 
Anderson Co. RWD #03 8S NA NA NA NA 100 100 
Anderson Co. RWD #04 8M 14 16 8 15 15 13 
Anderson Co. RWD #05 8M NA NA 18 15 15 16 
Anderson Co. RWD #06 8M NA NA 26 NA 14 20 
Anthony 6ML 18 22 18 7 21 17 
Arcadia 8S 13 16 25 11 8 15 
Argonia 7M 12 31 33 5 13 19 
Arkansas City 7L 15 16 13 4 13 12 
Arlington 6S 16 42 17 9 7 19 
Arma 8M 9 3 10 4 6 6 
Arnold 4 100 100 100 100 100 100 
Ashland 4 18 25 16 14 8 16 
Assaria 7M 4 NA NA NA 3 3 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1998-2002 

Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
Atchison 8L 16 13 11 9 7 11 
Atchison Co. RWD #01 8S NA NA 27 NA NA 27 
Atchison Co. RWD #02 8S NA NA NA 18 NA 18 
Atchison Co. RWD #03 8S NA NA 18 21 15 18 
Atchison Co. RWD #04 8S NA NA 50 52 49 50 
Atchison Co. RWD #06 8M NA NA NA NA 26 26 
Atlanta 7S 14 15 11 11 12 13 
Attica 6ML 10 12 13 8 11 11 
Atwood 2 10 13 NA 6 7 9 
Augusta 7M 22 9 4 5 10 10 
Aurora 7S 8 11 15 10 8 10 
Axtell 7S 9 8 11 7 15 10 
Baldwin 8M 25 18 NA 40 7 22 
Barber Co. RWD #01 6S NA NA 100 100 100 100 
Barber Co. RWD #02 6S 18 18 18 8 21 17 
Barber Co. RWD #03 6S 27 16 10 10 37 20 
Barnard 6S NA NA NA NA 14 14 
Barnes 7S 27 26 18 18 21 22 
Bartlett 8S NA 13 9 10 7 10 
Barton Co. RWD #02 6ML 89 81 58 59 57 69 
Barton Hills WD 6S 32 15 12 25 4 18 
Baxter Springs 8M 8 7 9 27 9 12 
Bazine 4 9 8 13 14 10 11 
Beattie 7S 16 16 20 21 16 18 
Bel Aire 7M 6 8 12 12 9 9 
Belle Plaine 7M 18 18 26 21 15 20 
Belleville 7M 12 9 9 7 11 9 
Beloit 6ML 11 7 10 10 8 9 
Belpre 5 8 8 12 18 24 14 
Belvidere 5 100 100 100 100 100 100 
Belvue 7S 18 18 18 16 20 18 
Bennington 7M 11 9 9 10 10 10 
Benton 7M NA NA 16 NA 9 12 
Bern 7S NA 10 9 17 17 13 
Beverly 6S 33 7 10 10 28 18 
Bird City 1 46 16 13 19 15 22 
Bison 5 26 33 35 30 25 30 
Blue Mound 8S 18 14 16 19 8 15 
Blue Rapids 7M 6 100 25 37 24 38 
Blue River Hills Improvement 7S 100 100 100 100 100 100 
Bluff City 6S 10 10 7 6 13 9 
Bogue 4 10 12 12 11 10 11 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1998-2002 

Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
Bonner Springs 8M 18 18 16 16 27 19 
Bourbon Co. RWD #02C 8M NA NA 15 15 15 15 
Bourbon Co. RWD #04 8S NA NA 33 26 15 25 
Bremen 7S NA NA 40 47 30 39 
Brewster 2 14 NA 5 6 12 9 
Bronson 8S 41 9 7 5 7 14 
Brookville 7S NA NA NA NA 26 26 
Brown Co. RWD #01 8M 12 21 25 22 21 20 
Brown Co. RWD #02 8M NA NA 5 15 13 11 
Brownell 4 8 11 9 7 9 9 
Bucklin 4 100 36 39 24 30 46 
Buffalo 7S 16 9 20 7 6 11 
Buhler 6ML 11 10 11 8 7 9 
Bunker Hill 6S 17 31 7 10 6 14 
Burden 7M 22 27 24 20 22 23 
Burdett 5 13 11 13 31 20 18 
Burlingame 7M 23 13 21 22 21 20 
Burlington 7M 15 22 13 13 10 15 
Burns 7S 13 13 15 15 NA 14 
Burr Oak 6S 19 22 24 30 15 22 
Burrton 7M 7 4 4 6 8 6 
Bushton 6S 14 12 16 14 12 14 
Butler Co. RWD #01 7M NA NA 13 12 16 14 
Butler Co. RWD #02 7M NA NA 28 6 11 15 
Butler Co. RWD #03 7M NA NA 9 13 8 10 
Butler Co. RWD #04 7M NA NA NA 6 6 6 
Butler Co. RWD #05 7M NA NA 9 9 8 9 
Butler Co. RWD #06 7M NA NA 10 11 13 11 
Butler Co. RWD #07 7M NA NA 10 14 7 10 
Butler Co. RWD #08 7M NA NA 8 13 7 9 
Byron 7S 100 100 100 100 100 100 
Caldwell 7M 6 9 10 8 6 8 
Cambridge 7S NA NA 9 NA 18 14 
Caney 7M 11 15 12 10 13 12 
Canton 7M 4 5 4 14 8 7 
Carbondale 7M 14 19 26 10 28 19 
Cassoday 7S 19 16 20 21 12 17 
Cawker City 6ML 22 24 12 5 11 15 
Cedar Point 7S 3 17 NA 3 100 31 
Cedar Vale 7M 11 16 13 24 21 17 
Centralia 7M NA NA NA 10 10 10 
Chanute 8M 14 5 4 9 14 9 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1998-2002 

Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
Chapman 7M 8 7 3 4 NA 5 
Chase 6ML 12 13 41 8 10 17 
Chase Co. RWD #01 7S NA NA 23 23 19 21 
Chautauqua 7S NA NA   22 NA 22 
Chautauqua Co. RWD #01 7S NA NA 28 11 10 16 
Chautauqua Co. RWD #02 7S NA NA 27 25 26 26 
Chautauqua Co. RWD #03 7S NA NA NA 8 15 12 
Cheney 7M 3 5 5 5 4 5 
Cherokee 8M 24 14 5 15 15 15 
Cherokee Co. RWD #01 8M 32 40 42 42 38 39 
Cherokee Co. RWD #02 8M 20 4 11 11 6 10 
Cherokee Co. RWD #03 8M 35 37 39 30 30 34 
Cherokee Co. RWD #04 8M 12 13 9 50 45 26 
Cherokee Co. RWD #05 8S NA NA 19 19 15 18 
Cherokee Co. RWD #06 8S NA NA 21 NA 29 25 
Cherokee Co. RWD #07 8S NA NA 16 11 17 15 
Cherokee Co. RWD #08 8M 11 9 12 9 6 9 
Cherokee Water Corp. 8S NA 11 100 NA 21 44 
Cherryvale 7M 33 22 13 13 14 19 
Chetopa 8M 8 8 21 16 29 17 
Chicopee Water Company 8S NA NA 14 12 16 14 
Cimarron 3 13 13 10 5 8 10 
Circleville 7S NA NA 21 12 18 17 
Claflin 6ML 8 12 7 14 5 9 
Clay Center 7M 4 5 6 5 4 5 
Clay Co. RWD #01 7S 12 11 3 12 NA 9 
Clay Co. RWD #02 7M 15 6 7 8 7 9 
Clayton 4 13 NA NA NA NA 13 
Clearwater 7M 11 9 10 10 11 10 
Clifton 7M 10 10 12 10 14 11 
Cloud Co. RWD #01 7S 14 16 6 7 13 11 
Clyde 7M 28 25 29 20 19 24 
Coal Hollow WD 8S NA NA 100 NA NA 100 
Coats 6S 4 6 4 5 6 5 
Coffey Co. RWD #02 7M NA 21 23 14 16 18 
Coffey Co. RWD #03 7M 6 7 8 10 14 9 
Coffeyville 7L 20 17 15 12 18 16 
Colby 2 14 6 3 NA 4 7 
Coldwater 5 13 6 13 10 7 10 
Collyer 4 20 12 29 28 19 21 
Colony 8S NA NA 10 NA NA 10 
Columbus 8M 19 12 10 6 29 15 



 64

TABLE 21 
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FOR PUBLIC WATER SUPPLIERS  
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Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
Comanche Co. RWD #01 5 NA NA 25 3 5 11 
Comanche Co. RWD #02 5 46 43 49 54 52 49 
Concordia 7M 9 8 13 16 12 12 
Conway Springs 7M 8 13 8 13 12 11 
Coolidge 1 24 36 30 13 26 26 
Copeland 3 61 62 60 NA 59 60 
Corning 7S NA NA 8 NA NA 8 
Cottonwood Falls 7M 19 18 20 7 4 14 
Council Grove 7M 8 11 8 11 6 9 
Courtland 7S NA NA 9 16 9 12 
Cowley Co. RWD #01 7M 33 14 20 17 16 20 
Cowley Co. RWD #02 7M NA NA 6 9 14 10 
Cowley Co. RWD #03 7M 10 30 25 20 NA 21 
Cowley Co. RWD #04 7S NA NA 28 23 12 21 
Cowley Co. RWD #05 7M NA NA 22 24 10 19 
Cowley Co. RWD #06 7M 18 23 24 21 14 20 
Cowley Co. RWD #07 7S NA NA NA 40 NA 40 
Cowley Co. RWD #08 7S NA NA 6 9 NA 8 
Crawford Co. RWD #01 8S 15 23 32 39 19 26 
Crawford Co. RWD #01C 8M 12 13 8 10 4 10 
Crawford Co. RWD #02 8M NA NA 5 11 12 9 
Crawford Co. RWD #03 8S 31 33 29 15 27 27 
Crawford Co. RWD #04 8M 19 36 26 24 16 24 
Crawford Co. RWD #05 8M 21 26 16 18 18 20 
Crawford Co. RWD #06 8M 20 32 34 27 23 27 
Crawford Co. RWD #07 8M NA NA 18 21 17 19 
Cuba 7S 15 15 19 19 22 18 
Cullison 6S 21 22 22 17 13 19 
Culver 7S 18 23 16 15 13 17 
Cunningham 6ML 22 10 20 20 17 18 
Damar 5 NA NA NA 12 5 8 
Dearing 7M NA 12 3 9 6 8 
Deerfield 2 9 10 8 8 6 8 
Delia 7S 25 27 30 NA 24 27 
Delphos 7S 30 31 36 35 43 35 
Denison 8S NA NA 9 5 15 9 
Derby (El Paso Water Co.) 7L 4 4 5 5 6 5 
DeSoto 8M 7 15 19 20 20 16 
Dexter 7S 33 25 18 15 11 21 
Dickinson Co. RWD #01 7M 28 25 30 40 30 31 
Dickinson Co. RWD #02 7M 18 22 23 21 23 21 
Dickinson Co. RWD #03 7S NA NA 100 100 100 100 
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Dighton 3 6 10 9 7 5 8 
Dodge City 4 14 15 15 26 22 18 
Doniphan Co. RWD #01 8S 35 30 21 100 19 41 
Doniphan Co. RWD #02 8S 8 10 12 9 10 10 
Doniphan Co. RWD #03 8S 15 19 14 21 10 16 
Doniphan Co. RWD #05 8M NA NA 20 NA 21 20 
Dorrance 6S 10 14 11 15 17 13 
Douglas Co. RWD #01 8M 14 11 7 17 16 13 
Douglas Co. RWD #02 8M 10 11 12 NA NA 11 
Douglas Co. RWD #03 8M 17 21 10 16 14 16 
Douglas Co. RWD #04 8M 16 21 15 19 15 17 
Douglas Co. RWD #05 8M 9 9 14 9 9 10 
Douglas Co. RWD #06 8M 14 22 10 9 NA 14 
Douglass 7M 11 6 4 8 12 8 
Downs 6ML 15 17 27 28 37 25 
Durham 7S 20 16 21 8 23 18 
Dwight 7S 4 7 11 14 14 10 
Easton 8S 19 12 10 30 24 19 
Edgerton 8M 9 7 5 8 NA 7 
Edna 8S NA NA NA NA 4 4 
Effingham 8M 3 8 6 NA 3 5 
El Dorado 7L 8 6 6 7 7 7 
Elbing 7S NA NA NA 100 NA 100 
Elgin 7S 67 66 68 68 68 67 
Elk City 7S 8 8 8 9 13 9 
Elkhart 1 8 6 14 15 27 14 
Ellinwood 6ML NA NA 4 5 NA 4 
Ellis 5 13 16 6 12 6 11 
Ellis Co. RWD #01 5 22 13 14 13 12 15 
Ellis Co. RWD #03 5 24 17 100 48 16 41 
Ellis Co. RWD #06 5 11 11 13 14 16 13 
Ellis Co. RWD #07 5 31 15 19 10 9 17 
Ellsworth 6ML 9 9 11 10 11 10 
Elmdale 7S 29 23 29 45 15 28 
Elwood 8M 11 10 8 8 10 9 
Emmett 7S 27 16 10 23 21 19 
Emporia 7L 19 17 15 16 17 17 
Englewood 4 100 100 100 91 98 98 
Ensign 3 98 93 100 100 100 98 
Enterprise 7M 8 4 3 11 15 8 
Erie 8M 7 8 6 6 5 7 
Esbon 6S 29 28 27 25 32 28 
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Eskridge 7M 17 15 12 19 14 15 
Eudora 8M 5 5 11 12 11 9 
Eureka 7M 9 10 15 9 8 10 
Everest 8S 18 22 21 13 14 17 
Fall River 7S NA NA NA 18 NA 18 
Farr Subdivision 2 NA NA 100 100 100 100 
Finney Co. RWD #01 2 NA NA 27 13 15 18 
Florence 7M 22 19 17 15 14 17 
Fontana 8S 21 19 10 13 13 15 
Ford 4 87 78 78 79 78 80 
Formoso 6S 26 12 23 3 12 15 
Fort Scott 8M 27 25 26 27 30 27 
Fowler 3 15 10 14 9 13 12 
Frankfort 7M 17 28 35 14 NA 23 
Franklin Co. RWD #01 8M NA 20 27 23 11 20 
Franklin Co. RWD #02 8S NA NA NA NA NA NA 
Franklin Co. RWD #03 8S NA NA 100 100 7 69 
Franklin Co. RWD #04 8M 25 33 18 19 14 22 
Franklin Co. RWD #05 8M 36 21 11 7 14 18 
Franklin Co. RWD #06 8M 25 27 23 15 25 23 
Franklin Co. RWD #07 8S NA NA 100 47 75 74 
Fredonia 7M 7 7 12 20 11 11 
Frontenac 8M 13 24 15 15 11 16 
Fulton 8S 21 15 22 23 27 22 
Galena 8M 19 8 39 29 22 24 
Galesburg 8S NA 8 16 NA 4 9 
Galva 7M 4 8 7 17 17 10 
Garden City 2 6 NA NA 3 NA 4 
Garden Plain 7M 16 11 10 10 32 16 
Garden Spot Rentals 2 100 100 100 100 100 100 
Gardner 8L 16 12 15 22 11 15 
Garnett 8M 9 9 6 12 9 9 
Gas 8M NA NA 9 8 12 10 
Gaylord 6S 16 15 21 32 23 21 
Geary Co. RWD #01 7S NA NA 19 24 NA 21 
Geary Co. RWD #02 7S 100 100 100 100 100 100 
Geary Co. RWD #04 7M 18 7 3 NA 3 8 
Geneseo 6S 10 3 14 8 12 10 
Geuda Springs 7S 11 22 16 24 50 25 
Girard 8M 15 9 17 15 15 14 
Glade 5 18 22 20 30 48 28 
Glasco 7M 6 12 3 6 NA 7 
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Glen Elder 6S 7 4 3 7 7 6 
Goddard 7M 17 5 16 8 20 13 
Goessel 7M 12 10 8 9 9 10 
Goff 7S 14 15 22 11 6 14 
Goodland 1 16 24 18 13 16 18 
Gorham 6S 4 4 7 8 11 7 
Gove 3 23 30 8 18 17 19 
Grainfield 3 11 10 17 8 12 11 
Grandview Plaza 7M NA NA 10 10 10 10 
Great Bend 6ML 10 12 11 13 10 11 
Greeley 8S 15 17 17 19 9 16 
Green 7S 25 22 15 15 20 19 
Greenleaf 7S 6 6 10 26 8 11 
Greensburg 5 8 4 NA NA NA 6 
Greenwood Co. RWD #02 7M NA NA 14 18 21 18 
Greenwood Co. RWD #03 7S NA NA NA 20 5 13 
Grenola 7S 5 7 11 8 10 8 
Gridley 7S NA NA 25 20 36 27 
Grinnell 3 10 11 11 11 9 10 
Gypsum 7S 7 12 8 9 11 9 
Haddam 7S NA 29 22 24 17 23 
Halstead 7M 5 6 8 11 15 9 
Hamilton 7S NA NA 20 16 NA 18 
Hamilton Co. RWD #01 1 3 4 9 8 7 6 
Hanover 7M 14 16 12 9 11 13 
Hanston 4 9 10 33 14 6 14 
Hardtner 6S 13 5 3 3 4 5 
Harper 6ML 18 13 18 18 15 17 
Harper Co. RWD #01 6S NA NA 5 12 11 9 
Harper Co. RWD #03 6S NA NA 3 NA NA 3 
Harper Co. RWD #04 6S NA NA NA 37 22 30 
Harper Co. RWD #05 6S NA NA 17 25 NA 21 
Hartford 7M 9 3 7 13 7 8 
Harvey Co. RWD #01 7M NA NA 10 9 11 10 
Harveyville 7S 10 12 23 20 15 16 
Haven 6ML 24 23 26 21 20 23 
Havensville 7S 23 27 30 34 27 28 
Haviland 5 18 18 19 22 17 19 
Hays 5 22 22 11 8 5 14 
Hays City Suburban 5 100 100 100 100 100 100 
Haysville 7M 28 10 11 13 14 15 
Hazelton 6S 13 7 8 18 21 13 
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Herington 7M 14 18 13 10 13 14 
Herndon 2 53 37 22 9 9 26 
Hesston 7M 5 16 6 8 13 9 
Hiawatha 8M 6 10 21 9 9 11 
Highland 8M 10 12 12 14 14 12 
Hill City 4 14 15 11 14 21 15 
Hillsboro 7M 19 24 20 20 11 19 
Hoisington 6ML 16 13 17 19 20 17 
Holcomb 2 9 7 10 11 10 9 
Holton 7M 20 23 21 18 17 20 
Holyrood 6S 10 13 20 17 8 14 
Hope 7S 13 5 6 4 3 6 
Horace 1 5 4 NA 3 NA 4 
Horton 8M 23 24 13 12 11 17 
Howard 7M 15 10 5 20 11 12 
Howison Heights WD 7S 11 5 3 16 23 12 
Hoxie 3 13 12 9 15 11 12 
Hoyt 7M NA NA 12 15 6 11 
Hugoton 2 5 8 6 7 8 7 
Humboldt 8M 17 14 15 12 12 14 
Hunter 6S NA NA 12 NA NA 12 
Hutchinson 6ML 7 9 9 5 14 9 
Independence 7L 14 20 14 23 22 19 
Ingalls 3 15 13 4 7 10 10 
Inman 7M 10 14 13 10 9 11 
Iola 8M 11 11 8 16 15 12 
Isabel 6S NA 33 18 7 21 19 
Iuka 6S 9 9 6 9 27 12 
Jackson Co. RWD #01 7M NA NA NA 5 14 9 
Jackson Co. RWD #03 7M NA NA 5 19 8 11 
Jamestown 7S 11 11 10 26 13 14 
Jefferson Co. RWD #01 8M 13 11 15 18 22 16 
Jefferson Co. RWD #02 8M 22 24 17 24 21 22 
Jefferson Co. RWD #03 8M 26 26 20 24 25 24 
Jefferson Co. RWD #06 8S 36 35 53 44 16 37 
Jefferson Co. RWD #07 8M 16 21 18 16 11 16 
Jefferson Co. RWD #08 8S 12 20 18 13 23 17 
Jefferson Co. RWD #09 8S 21 27 28 40 29 29 
Jefferson Co. RWD #10 8S 27 29 35 61 62 43 
Jefferson Co. RWD #11 8S NA 4 6 6 NA 5 
Jefferson Co. RWD #12 8M 25 25 26 25 19 24 
Jefferson Co. RWD #13 8M 26 13 11 40 13 21 
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Jefferson Co. RWD #15 8S 26 21 12 12 9 16 
Jennings 3 22 31 23 52 42 34 
Jetmore 4 8 7 9 NA NA 8 
Jewell 6S NA NA 8 7 6 7 
Jewell Co. RWD #01 6S 29 20 16 25 18 22 
Johnson City 1 23 8 16 17 20 17 
Johnson Co. RWD #06C 8M NA NA 14 3 8 9 
Johnson Co. RWD #07 8M 17 14 7 16 5 12 
Junction City 7L 14 16 19 14 14 15 
Kanopolis 6ML 9 6 5 15 10 9 
Kanorado 1 21 21 15 19 26 21 
Kansas City BPU 8L 10 11 12 6 20 12 
Kechi 7M NA NA NA 10 11 11 
Kensington 6ML 13 19 30 36 24 24 
Kincaid 8S NA NA 17 NA 5 11 
Kingman 6ML 22 20 24 20 16 21 
Kingman Co. RWD #01 6S NA NA 31 21 20 24 
Kinsley 5 12 12 14 12 12 12 
Kiowa 6ML 13 12 12 13 15 13 
Kirwin 5 23 24 16 54 21 28 
Kismet 2 14 19 22 18 16 18 
Konza Valley Water District 7S 12 18 10 20 10 14 
La Crosse 5 5 5 4 6 5 5 
La Cygne 8M 7 12 13 10 8 10 
La Harpe 8M NA NA 13 14 12 13 
Labette Co. RWD #01 8S NA NA 13 21 10 14 
Labette Co. RWD #02 8S NA 10 10 9 10 10 
Labette Co. RWD #03 8S NA 12 13 12 12 12 
Labette Co. RWD #04 8S NA NA 21 45 27 31 
Labette Co. RWD #05 8M NA NA 8 NA NA 8 
Labette Co. RWD #06 8M NA 8 NA NA NA 8 
Labette Co. RWD #07 8S NA 5 9 11 9 8 
Labette Co. RWD #08 8M NA 28 25 24 18 24 
Lakeside Village Improvement 8S 42 46 36 40 48 42 
Lakin 2 11 13 4 11 9 10 
Lancaster 8S NA NA NA NA NA NA 
Lane 8S 12 8 11 18 12 12 
Lane Co. RWD #01 3 9 13 22 23 NA 17 
Lansing (Lan-Del WC) 8M NA NA 13 16 14 14 
Larned 5 10 8 5 8 9 8 
Latham 7S NA NA 8 14 16 13 
Lawrence 8L 8 5 6 4 6 6 
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Leavenworth 8L 4 4 3 13 8 6 
Leavenworth Co. RWD #01C 8M 9 10 NA 6 9 9 
Leavenworth Co. RWD #05 8M NA NA 18 25 14 19 
Leavenworth Co. RWD #06 8M NA NA 16 6 10 11 
Leavenworth Co. RWD #07 8M NA NA 11 12 11 11 
Leavenworth Co. RWD #08 8M NA NA NA 25 20 22 
Leavenworth Co. RWD #09 8M 14 18 21 16 16 17 
Leavenworth Co. RWD #10 8M NA NA 3 NA NA 3 
Lebanon 6S 20 24 28 5 10 17 
Lebo 7M 5 3 7 3 6 5 
Lecompton 8M 20 6 6 14 11 11 
Lehigh 7S 17 20 22 17 18 19 
Lenora 4 18 28 19 15 17 19 
Leon 7M 18 17 15 17 14 16 
Leonardville 7S 8 6 5 10 12 8 
Leoti 2 12 5 8 6 4 7 
LeRoy 7M 4 8 10 6 NA 7 
Lewis 5 20 19 16 13 12 16 
Liberal 2 18 11 14 9 12 13 
Liebenthal 5 10 12 NA 6 22 12 
Lincoln Center 6ML 19 24 21 23 20 22 
Lindsborg 7M 9 14 7 7 5 8 
Linn 7S 22 15 9 6 5 12 
Linn Co. RWD #01 8M NA NA NA NA 10 10 
Linn Co. RWD #02 8M NA NA 40 25 19 28 
Linn Co. RWD #03 8M NA NA 28 20 24 24 
Linwood 8S 11 18 10 9 9 11 
Little Bear Mound 7S NA NA 100 NA NA 100 
Little River 6ML 25 12 15 16 27 19 
Logan 5 12 9 9 7 8 9 
Long Island 5 60 27 14 13 100 43 
Longford 7S 11 11 16 12 3 10 
Longton 7S 6 10 9 15 17 12 
Lorraine 6S 6 10 10 6 6 7 
Louisburg 8M 8 12 14 NA 3 9 
Lucas 6S 7 4 6 5 10 6 
Luray 6S 25 23 13 8 11 16 
Lyndon 7M 11 13 9 13 11 11 
Lyon Co. RWD #01 7M NA 5 NA 14 6 8 
Lyon Co. RWD #02 7M NA NA 15 8 NA 11 
Lyon Co. RWD #03 7S NA 7 8 10 4 7 
Lyon Co. RWD #04 7M NA 11 NA 4 6 7 



 71

TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1998-2002 

Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
Lyon Co. RWD #05 7M NA 9 11 5 8 8 
Lyons 6ML 9 8 9 NA 5 8 
Macksville 6ML 9 24 23 23 12 18 
Madison 7M 7 5 9 10 11 8 
Mahaska 7S 21 17 9 10 4 12 
Manhattan 7L 13 16 24 26 12 18 
Mankato 6ML 24 29 30 27 20 26 
Manter 1 14 14 10 13 14 13 
Maple Hill 7S 13 14 14 15 18 15 
Marion 7M 7 15 13 17 19 14 
Marion Co. Imp. Dist. #02 7S NA NA NA NA NA NA 
Marion Co. RWD #01 7M 13 14 24 18 19 18 
Marion Co. RWD #02 7S NA NA NA 3 NA 3 
Marion Co. RWD #04 7M NA NA 11 12 9 11 
Marquette 7M 25 23 10 8 8 15 
Marshall Co. RWD #01 7S 8 10 5 9 8 8 
Marshall Co. RWD #02 7S NA NA NA NA 24 24 
Marshall Co. RWD #03 7M 11 11 10 12 17 12 
Marysville 7M 20 7 14 16 24 16 
Matfield Green 7S 52 32 29 33 31 35 
Mayetta 7S NA NA 5 NA 6 6 
Mayfield 7S NA NA 5 NA 4 4 
McCracken 5 12 10 13 20 15 14 
McDonald 2 17 21 25 16 27 21 
McFarland 7S 5 8 9 7 8 7 
McLouth 8M 19 7 10 8 12 11 
McPherson 7L 5 8 5 9 6 7 
McPherson Co. RWD #01 7S 8 23 26 25 8 18 
McPherson Co. RWD #02 7S NA NA 3 NA NA 3 
McPherson Co. RWD #03 7S NA NA NA 7 NA 7 
McPherson Co. RWD #04 7M NA NA 13 8 3 8 
Meade 3 7 21 10 11 16 13 
Medicine Lodge 6ML 16 11 17 8 28 16 
Melvern 7S 10 12 21 15 18 15 
Miami Co. RWD #01 8M NA NA 4 3 17 8 
Miami Co. RWD #02 8M 27 12 7 8 18 15 
Miami Co. RWD #03 8M NA NA 25 23 20 22 
Miami Co. RWD #04 8M NA NA 13 12 6 10 
Milford 7M 4 3 NA NA NA 3 
Miltonvale 7M 18 19 27 19 24 22 
Minneapolis 7M 12 12 12 14 10 12 
Minneola 4 5 11 13 16 17 12 
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Mitchell Co. RWD #01 6S NA NA 100 NA NA 100 
Mitchell Co. RWD #02 6ML 13 13 16 21 14 15 
Moline 7S 13 13 14 4 19 12 
Montezuma 3 16 13 7 12 14 13 
Montgomery Co. RWD #01 7S NA NA NA NA NA NA 
Montgomery Co. RWD #01C 7M NA 21 23 15 13 18 
Montgomery Co. RWD #02 7M NA 11 8 9 8 9 
Montgomery Co. RWD #06 7M NA 21 13 NA 13 16 
Montgomery Co. RWD #08 7S NA NA 47 43 17 35 
Montgomery Co. RWD #09 7S NA NA 27 26 33 28 
Montgomery Co. RWD #10 7S NA 14 16 14 11 14 
Montgomery Co. RWD #11 7M NA 14 13 34 7 17 
Montgomery Co. RWD #12 7M NA 15 14 10 12 13 
Montgomery Co. RWD #13 7S NA NA 7 17 11 12 
Moran 8M NA NA 12 11 11 12 
Morganville 7S 10 10 10 NA NA 10 
Morland 4 21 25 21 12 12 18 
Morrill 8S NA NA 18 19 9 16 
Morris Co. RWD #01 7M 3 8 7 14 4 7 
Morrowville 7S 28 31 18 22 34 26 
Moscow 2 100 100 100 100 100 100 
Mound City 8M 28 18 14 17 18 19 
Mound Valley 8S NA 4 NA NA NA 4 
Moundridge 7M 6 10 NA NA 5 7 
Mount Hope 7M 8 8 5 8 17 9 
Mulberry 8M 14 9 29 41 32 25 
Mullinville 5 9 3 18 20 16 13 
Mulvane 7M 11 8 8 8 8 9 
Munden 7S 10 19 14 5 NA 12 
Muscotah 8S 12 17 11 8 10 12 
Narka 7S 15 18 NA NA NA 17 
Natoma 6S 17 14 14 15 21 16 
Nemaha Co. RWD #01 7S 17 20 10 10 13 14 
Nemaha Co. RWD #02 7S NA NA 8 NA NA 8 
Nemaha Co. RWD #03 7M 10 9 8 10 9 9 
Nemaha Co. RWD #04 7S 3 NA 3 5 4 4 
Neodesha 7M 7 3 3 NA 6 5 
Neosho Co. RWD #01C 8M NA NA 3 3 NA 3 
Neosho Co. RWD #02 8M 16 10 14 16 17 15 
Neosho Co. RWD #03 8S NA 20 100 11 10 35 
Neosho Co. RWD #04 8M NA 18 12 NA 18 16 
Neosho Co. RWD #05 8S NA NA NA 20 32 26 
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Neosho Co. RWD #06 8S NA NA 37 26 16 26 
Neosho Co. RWD #07 8M NA NA 22 13 35 23 
Neosho Co. RWD #08 8S NA NA 10 12 24 15 
Neosho Co. RWD #09 8S NA NA 10 9 15 12 
Neosho Co. RWD #12 8S NA NA 11 11 11 11 
Ness City 4 13 5 4 NA 3 6 
Netawaka 7S NA NA NA 4 NA 4 
New Strawn 7M 21 19 28 22 10 20 
Newbury Extension 7S NA NA NA 10 18 14 
Newton 7L 6 NA 11 12 12 10 
Nickerson 6ML 15 13 NA 33 16 19 
Norcatur 3 8 9 10 30 39 19 
North Newton 7M 7 10 6 27 9 12 
Norton 4 17 17 8 16 14 15 
Norton Co. RWD #01 4 15 11 15 8 8 11 
Nortonville 8M 11 NA 5 7 15 9 
Norwich 6ML 16 8 NA 4 6 9 
Oakley 2 18 16 15 12 11 14 
Oberlin 3 21 20 21 23 24 22 
Offerle 5 27 28 25 5 23 22 
Ogden 7M NA 3 NA 3 NA 3 
Oketo 7S 15 11 10 NA 10 12 
Olathe 8L 18 16 9 10 14 13 
Olmitz 6S 8 3 NA 12 14 9 
Olpe 7M NA 11 9 8 NA 9 
Olsburg 7S 11 9 8 9 8 9 
Onaga 7M 11 7 8 7 5 8 
Oneida 7S 21 18 14 13 9 15 
Osage City 7M 6 8 5 4 6 5 
Osage Co. RWD #02 7S 9 16 13 NA 12 12 
Osage Co. RWD #03 7M 14 12 22 15 17 16 
Osage Co. RWD #04 7M 18 19 16 9 6 14 
Osage Co. RWD #05 7M 12 20 23 24 17 19 
Osage Co. RWD #06 7S NA 12 17 18 14 15 
Osage Co. RWD #07 7M NA 20 25 14 NA 19 
Osage Co. RWD #08 7M NA NA 11 17 NA 14 
Osawatomie 8M 15 14 11 14 15 14 
Osborne 6ML 18 20 15 15 15 17 
Osborne Co. RWD #01A 6S 55 48 39 46 19 41 
Osborne Co. RWD #02 6S NA NA 22 18 11 17 
Oskaloosa 8M 7 NA 10 12 10 10 
Oswego 8M 3 6 NA 8 6 6 



 74

TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1998-2002 

Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
Otis 5 12 5 7 15 12 10 
Ottawa 8L 5 9 11 10 8 9 
Ottawa Co. RWD #01 7S 18 20 17 10 26 18 
Ottawa Co. RWD #02 7M 15 22 11 10 12 14 
Overbrook 7M 17 22 24 13 17 19 
Oxford 7M 39 14 15 16 6 18 
Ozawkie 8M 5 9 NA 6 NA 7 
Palco 5 18 26 19 10 14 17 
Palmer 7S 12 9 17 12 12 12 
Paola 8M 14 14 16 12 9 13 
Paradise 6S NA NA 28 6 10 15 
Park 3 8 7 10 7 4 7 
Park City 7M 10 13 9 12 14 11 
Parker 8S 33 NA 28 30 25 29 
Parsons 8L 21 11 12 11 7 12 
Pawnee Rock 6S 12 9 4 10 5 8 
Paxico 7S 5 6 7 4 NA 6 
Peabody 7M 5 8 10 15 NA 9 
Perry 8M 10 9 10 10 15 11 
Peru 7S NA NA 15 12 6 11 
Phillipsburg 5 10 11 19 16 21 15 
Pittsburg 8L 12 6 3 3 7 6 
Plains 3 16 19 17 22 16 18 
Plainville 5 13 8 18 19 17 15 
Pleasanton 8M 11 12 9 6 7 9 
Pomona 8M 9 9 4 8 6 7 
Portis 6S 14 27 18 27 27 23 
Post Rock RWD 6ML 27 26 20 23 21 23 
Pottawatomie Co. RWD #01 7M 14 6 16 25 20 16 
Pottawatomie Co. RWD #02 7M 19 40 20 32 29 28 
Pottawatomie Co. RWD #03 7M 10 15 13 11 3 10 
Pottawatomie Co. RWD #04 7M NA NA NA NA 9 9 
Potwin 7S 7 NA NA NA 9 8 
Prairie View 5 8 8 16 5 14 10 
Pratt 6ML 16 15 15 17 16 16 
Prescott 8S 16 15 NA 8 8 11 
Preston 6S 100 100 100 100 100 100 
Pretty Prairie 6ML 18 17 16 10 31 18 
Princeton 8S NA NA 9 7 7 8 
Protection 5 16 8 11 12 3 10 
Quenemo 7S 8 8 7 10 10 9 
Quinter 3 13 15 10 12 10 12 
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KANSAS, 1998-2002 

Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
Randall 6S 24 12 6 10 8 12 
Randolph 7S 17 19 22 11 18 17 
Ransom 4 12 11 11 7 9 10 
Rantoul 8S 10 30 43 8 4 19 
Raymond 6S 12 8 8 9 21 12 
Reading 7S NA 19 16 17 19 18 
Red Bud Lake Association 7S NA NA 27 9 22 19 
Renn District 7S NA NA 4 NA NA 4 
Reno Co. RWD #01 6S 19 29 11 3 8 14 
Reno Co. RWD #04 6S NA NA 18 10 10 13 
Reno Co. RWD #08 6S 14 16 18 10 5 13 
Reno Co. WD #101 6S 7 6 10 8 7 8 
Republic 7S 24 20 17 21 13 19 
Republic Co. RWD #01 7S 27 20 23 23 21 23 
Republic Co. RWD #02 7M 37 23 22 29 26 27 
Reserve 8S 23 28 31 33 43 31 
Rexford 2 100 14 10 9 9 28 
Rice Co. RWD #01 6ML NA NA 3 6 7 5 
Richmond 8M 17 19 17 NA 12 16 
Riley 7M 27 34 32 32 31 31 
Riley Co. RWD #01 7M NA NA 7 13 15 11 
Robinson 8S 24 21 18 17 14 19 
Rocky Ford Water Company 7S 100 100 100 100 100 100 
Rolla 1 9 9 8 20 9 11 
Rooks Co. RWD #01 5 7 NA NA 6 6 6 
Rooks Co. RWD #02 5 44 15 21 22 10 22 
Rooks Co. RWD #03 5 5 11 15 8 10 10 
Rose Hill 7M NA NA 3 NA 4 4 
Roseland 8S NA NA NA NA 100 100 
Rossville 7M 8 6 5 10 7 7 
Rozel 5 9 16 9 16 18 14 
Rush Center 5 13 14 14 17 10 14 
Rush Co. RWD #01 5 50 53 42 35 42 44 
Russell 6ML 24 16 14 23 4 16 
Russell Co. RWD #01 6S NA NA 100 100 13 71 
Russell Co. RWD #02 6S 100 100 100 100 100 100 
Russell Co. RWD #03 6ML NA NA 27 33 22 27 
Russell Co. RWD #04 6S 26 42 44 12 31 31 
Sabetha 7M 15 11 7 9 7 10 
Salina 7L 5 7 4 10 14 8 
Saline Co. RWD #01 7S 12 11 NA 7 10 10 
Saline Co. RWD #02 7S 47 45 28 33 26 36 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1998-2002 

Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
Saline Co. RWD #03 7M NA NA NA 6 NA 6 
Saline Co. RWD #04 7M 4 8 16 18 15 12 
Saline Co. RWD #06 7S 4 6 NA NA 6 6 
Saline Co. RWD #07 7S NA NA 15 18 21 18 
Saline Co. RWD #08 7S 5 15 13 11 NA 11 
Satanta 2 7 8 NA NA NA 7 
Sawyer 6S 4 3 4 NA 3 4 
Scammon 8M 10 19 NA 24 18 18 
Scandia 7S 11 14 6 10 13 11 
Scotsman Estates 7S NA NA NA 14 8 11 
Scott City 2 13 10 5 3 NA 8 
Scranton 7M NA NA 8 NA NA 8 
Sedan 7M 6 5 6 8 8 6 
Sedgwick 7M 7 3 NA NA NA 5 
Sedgwick Co. RWD #01 7M NA NA 15 9 12 12 
Sedgwick Co. RWD #03 7M NA NA 5 3 3 3 
Sedgwick Co. RWD #04 7M 24 33 20 23 3 21 
Selden 3 17 13 10 5 4 10 
Seneca 7M 8 7 10 8 9 8 
Severy 7S 6 11 15 7 8 9 
Sharon 6S 11 15 13 13 11 13 
Sharon Springs 1 14 10 12 11 12 12 
Shawnee Co. RWD #01C 7M NA NA NA 7 13 10 
Shawnee Co. RWD #02C 7M 10 11 14 18 9 12 
Shawnee Co. RWD #03 7M 22 18 25 25 NA 23 
Shawnee Co. RWD #04 7M 23 17 22 20 15 20 
Shawnee Co. RWD #05 7M NA NA NA 12 9 11 
Shawnee Co. RWD #06 7M NA NA 7 7 5 6 
Shawnee Co. RWD #07 7S NA NA NA NA 19 19 
Shawnee Co. RWD #08 7M 9 8 15 9 11 10 
Shawnee Co. RWD #09 7S NA NA 5 NA NA 5 
Silver Lake 7M 6 5 6 4 4 5 
Simpson 6S 21 40 44 32 11 30 
Smith Center 6ML 24 26 25 22 20 23 
Smith Co. RWD #01 6S 8 16 18 15 18 15 
Soldier 7S NA NA NA NA 3 3 
Solomon 7M 28 34 7 14 8 18 
South Haven 7S 28 23 16 14 43 25 
South Hutchinson 6ML 3 NA 4 4 NA 4 
Spearville 4 4 13 10 5 NA 8 
Speed 5 19 10 12 16 3 12 
Spivey 6S 11 14 4 4 6 8 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1998-2002 

Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
Spring Hill 8M 12 5 7 11 8 9 
St. Francis 1 14 10 13 10 11 12 
St. George 7S 24 11 10 20 11 15 
St. John 6ML 9 10 9 10 14 10 
St. Marys 7M 8 7 15 8 7 9 
St. Paul 8M 13 13 14 15 14 14 
Stafford 6ML 6 7 6 8 18 9 
Sterling 6ML 9 9 NA 8 NA 9 
Stockton 5 12 13 22 16 13 15 
Strong City 7M 50 55 67 22 NA 49 
Sublette 2 6 8 9 9 NA 8 
Suburban Water Company 8M 15 9 88 11 4 25 
Summerfield 7S 14 11 9 9 5 9 
Sumner Co. RWD #01 7S NA NA 6 19 17 14 
Sumner Co. RWD #02 7S NA NA 25 20 26 24 
Sumner Co. RWD #03 7S NA NA NA 13 22 18 
Sumner Co. RWD #04 7M NA NA 15 20 16 17 
Sumner Co. RWD #05 7M NA NA NA 9 17 13 
Sumner Co. RWD #06 7S NA NA 12 NA 8 10 
Susank 6S NA NA 13 23 11 16 
Sylvan Grove 6S 29 5 9 15 8 13 
Sylvia 6S 35 36 41 37 36 37 
Syracuse 1 8 13 12 12 8 11 
Tatarrax Hills 7S 12 18 13 13 14 14 
Tescott 7S 10 8 6 8 10 9 
Thayer 8M 28 31 13 15 17 21 
Timber Creek Water & Sewer 7M 20 16 NA 10 14 15 
Timken 5 22 64 58 14 16 35 
Tipton 6S 12 9 8 NA 5 8 
Tonganoxie 8M 7 14 16 12 15 13 
Topeka 7L 7 10 11 7 13 10 
Toronto 7S 18 22 27 27 17 22 
Towanda 7M NA NA 10 8 11 9 
Treece 8S NA NA 20 NA 11 15 
Trego Co. RWD #01 4 17 5 5 10 11 10 
Trego Co. RWD #02 4 NA 9 19 20 9 14 
Tribune 1 10 6 9 10 15 10 
Troy 8M 19 37 32 30 14 26 
Turon 6S 14 15 11 7 8 11 
Udall 7M 20 15 8 14 4 12 
Ulysses 2 14 9 8 8 14 11 
Uniontown 8S 20 15 6 7 8 11 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1998-2002 

Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
University Park Water 7S 29 15 19 16 13 18 
Utica 4 7 8 10 11 9 9 
Valley Center 7M 14 16 3 6 4 9 
Valley Falls 8M 20 9 14 15 15 15 
Vermillion 7S 12 34 30 NA 12 22 
Victoria 5 4 4 NA NA 7 5 
Viola 7S NA NA NA 6 10 8 
Virgil 7S 15 9 11 7 7 10 
Wabaunsee Co. RWD #01 7S 22 NA NA 26 18 22 
Wabaunsee Co. RWD #02 7M 8 11 9 18 8 11 
Wakeeney 4 20 21 17 15 11 17 
Wakefield 7M 10 15 12 14 8 12 
Waldo 6S NA NA NA NA NA NA 
Wallace 1 13 13 13 13 12 13 
Wallace Co. RWD #01 1 NA NA NA NA 3 3 
Walnut 8S NA NA NA NA 6 6 
Walton 7S NA NA NA NA 14 14 
Wamego 7M 4 8 7 7 8 7 
Washington 7M 19 16 18 27 26 21 
Washington Co. RWD #01 7M 8 6 8 7 NA 8 
Washington Co. RWD #02 7M 15 16 17 23 16 17 
WaterOne - Johnson Co. 8L 8 7 8 9 5 7 
Waterville 7M 29 13 11 10 7 14 
Wathena 8M 7 NA 10 6 10 8 
Waverly 7M 33 28 17 11 11 20 
Weir 8M 6 16 35 5 NA 16 
Wellington 7M 14 18 23 12 15 16 
Wellsville 8M NA 16 19 14 11 15 
West Hills Water Company 6S 100 100 100 100 100 100 
West Mineral 8S 5 6 15 14 14 11 
Westmoreland 7M 25 7 6 NA 9 12 
Wetmore 7S 24 16 23 13 14 18 
White City 7M 13 14 12 12 18 14 
White Cloud 8S 18 23 32 27 22 24 
Whitewater 7M 6 25 19 12 27 18 
Whiting 7S 6 11 13 23 7 12 
Wichita 7L 5 17 7 9 3 8 
Williamsburg 8S 13 8 3 9 13 9 
Willis 8S NA NA NA NA 20 20 
Wilson 6ML 10 10 9 20 10 12 
Wilson Co. RWD #01 7S NA NA 22 28 29 26 
Wilson Co. RWD #02 7S NA NA NA 100 NA 100 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1998-2002 

Public Water Supplier Region 

1998 
Percent 

UFW 

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

AVG 
Percent 

UFW 
Wilson Co. RWD #03 7S NA NA 24 NA 33 28 
Wilson Co. RWD #04 7S NA NA NA 25 7 16 
Wilson Co. RWD #05 7S NA NA 13 3 NA 8 
Wilson Co. RWD #06 7S NA NA 15 5 54 25 
Wilson Co. RWD #07 7S NA NA 29 26 NA 28 
Wilson Co. RWD #09 7S NA NA NA 22 NA 22 
Wilson Co. RWD #10 7M NA NA 26 25 NA 26 
Wilson Co. RWD #11 7M NA NA 24 20 18 21 
Wilson Co. RWD #12 7S NA NA 7 100 100 69 
Wilson Co. RWD #13 7S NA NA 27 NA 16 21 
Winchester 8M 8 5 5 NA 4 6 
Windom 7S NA NA NA NA NA NA 
Winfield 7L 7 8 8 11 12 9 
Winona 2 11 15 11 13 10 12 
Woodson Co. RWD #01 7M 34 23 19 25 23 25 
Woodston 5 5 4 8 9 14 8 
Yates Center 7M 11 20 22 21 17 18 
Zenda 6S 10 12 4 15 4 9 

 
Note: Percent unaccounted for water represents all unmetered water.  Systems that do 

not meter customer use or were unable to provide reliable data on customer 
sales are shown as having 100 percent unaccounted for water.  “NA” is shown 
for systems that reported less than 3 percent unaccounted for water, and for 
years in which no water use report was filed. 

 



 

KANSAS  
MUNICIPAL WATER USE 

2003 

 
 
 

 
K a n s a s  D e p a r t m e n t  o f  A g r i c u l t u r e  

D i v i s i o n  o f  W a t e r  R e s o u r c e s  
1 0 9  S . W .  9 t h ,  2 n d  F l o o r  

T o p e k a ,  K S   6 6 6 1 2  
( 7 8 5 )  2 9 6 - 1 0 5 4  

 

 
K a n s a s  W a t e r  O f f i c e  

9 0 1  S .  K a n s a s  A v e n u e  
T o p e k a ,  K S   6 6 6 1 2  

( 7 8 5 )  2 9 6 - 3 1 8 7  

   

U . S .  G e o l o g i c a l  S u r v e y  
4 8 2 1  Q u a i l  C r e s t  P l a c e  
L a w r e n c e ,  K S   6 6 0 4 9  

( 7 8 5 )  8 4 2 - 9 9 0 9  

 E q u a l  O p p o r t u n i t y  E m p l o y e r s  

mcampbell
Rectangular Exhibit Stamp



 ii

 

TABLE OF CONTENTS 
 
INTRODUCTION............................................................................................................. 1 
 
REGIONAL PER CAPITA WATER USE ....................................................................... 2 
 
WATER USE STATISTICS BY REGION AND STATE .................................................. 2 
 
WATER RATES .............................................................................................................. 3 
 
METERED FREE AND UNACCOUNTED FOR WATER................................................ 4 
 
ASSISTANCE WITH EXCESSIVE UNACCOUNTED FOR WATER .............................. 5 
 
CONSERVATION PRACTICES TO REDUCE  
UNACCOUNTED FOR WATER ..................................................................................... 6 
 
5-YEAR AVERAGE GPCD USAGE AND PERCENT  
UNACCOUNTED FOR WATER ..................................................................................... 6 
 
TABLE 1 -  Average GPCD Use for Public Water Suppliers  
by Region and Size, 1999-2003 ...................................................................................... 8 
 
TABLES 2-14  -  2003 Water Use Statistics for: 
Table 2 –   Public Water Suppliers, Region 1 ................................................................. 9 
Table 3 –   Public Water Suppliers, Region 2 ............................................................... 10 
Table 4 –   Public Water Suppliers, Region 3 ............................................................... 11 
Table 5 –   Public Water Suppliers, Region 4 ............................................................... 12 
Table 6 –   Public Water Suppliers, Region 5 ............................................................... 13 
Table 7 –   Medium and Large Public Water Suppliers, Region 6................................. 15 
Table 8 –   Small Public Water Suppliers, Region 6 ..................................................... 17 
Table 9 –   Large Public Water Suppliers, Region 7 ..................................................... 19 
Table 10 – Medium Public Water Suppliers, Region 7.................................................. 20 
Table 11 –  Small Public Water Suppliers, Region 7..................................................... 25 
Table 12 –  Large Public Water Suppliers, Region 8 .................................................... 29  
Table 13 –  Medium Public Water Suppliers, Region 8 ................................................ 30 
Table 14 –  Small Public Water Suppliers, Region 8..................................................... 33 
 
TABLE 15  -  Public Water Suppliers with Highest GPCD’s Relative to their Region, 
Ranked by Percent Above Regional GPCD Average, Kansas, 2003 ............................ 35 
 
TABLE 16  -  Public Water Suppliers with Lowest GPCD’s Relative to their Region, 
Ranked by Percent Below Regional GPCD Average, Kansas, 2003 ............................ 36 
 
TABLE 17  -  Water Use by Public Water Suppliers with Flat Rates, Kansas, 2003..... 37 
 



 iii

TABLE 18  -  Average Monthly Charge for Customer Water Use  
by Region, Kansas, 2003 .............................................................................................. 38 
 
TABLE 19  -  Public Water Suppliers with 30 Percent or More  
Unaccounted For Water, Kansas, 2003 ........................................................................ 39 
 
TABLE 20  -  Annual and Average GPCD Usage for Public Water Suppliers,  
Kansas, 1999-2003 ....................................................................................................... 40 
 
TABLE 21  -  Annual and Average Percent Unaccounted For Water (UFW) for Public 
Water Suppliers, Kansas, 1999-2003............................................................................ 58 

 



 1

INTRODUCTION 
 
Water use in Kansas is regulated by the Kansas Department of Agriculture, Division of 
Water Resources (DWR).  The DWR requires annual Water Use Reports from all public 
water suppliers with active water rights, as a condition of the Water Appropriations Act.  
The DWR also requests annual water use reports from water suppliers purchasing 
water from State-owned storage in Federal reservoirs through the Kansas Water Office 
(KWO) Water Marketing Program, and from water suppliers purchasing water wholesale 
from entities that have water rights or marketing contracts. 
 
The information shown in this publication was collected from 768 public water suppliers 
that filed 2003 Municipal Water Use Reports.  This number includes cities and towns, 
rural water districts, and housing subdivisions.  These public water suppliers provide 
information on quantity of water diverted, water purchased from and sold to other 
suppliers, sales to retail customers, metered free and unaccounted for water, population 
served, and current water rates.  Annual water use reports for 2003 also were submitted 
by public wholesale water supply districts, mobile home parks or systems that serve 
predominantly mobile homes, and rural systems that serve fewer than 10 residential 
connections, seasonal customers, or predominantly commercial users.  The information 
from these reports is not included in this publication. 
 
The DWR, KWO, and U.S. Geological Survey–Water Resources Division (USGS) 
review the water use data to ensure that the information is as accurate and complete as 
possible, and to derive the statistics on per capita usage, percent metered free, percent 
unaccounted for water, and water rates that are published in this report.  The review 
process is also important for documenting atypical water use among certain suppliers, 
as well as for identifying problems with meter accuracy, bookkeeping, and water loss 
that may warrant special assistance.  The Kansas Water Plan provides some of the 
funding used to review annual water use reports and offer technical assistance when 
needed. 
 
The Kansas Municipal Water Use publication has been prepared each year since 1987.  
The efforts of every water supplier completing annual water use reports are greatly 
appreciated.  The data collected are valuable in administering water rights and 
marketing contracts, preparing population and water demand projections, and 
assessing progress toward meeting State conservation objectives.  The information 
provided in this annual publication can also be useful in evaluating individual systems’ 
needs for metering improvements, water loss reduction, water rate adjustments, and 
implementation of cost-effective, long-term water conservation measures. 
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REGIONAL PER CAPITA WATER USE  
 
Water usage in gallons per capita per day (gpcd) is calculated for each water system 
from reported data on water use and population served.  Gpcd usage for individual 
suppliers is based on amounts of water sold for residential and commercial uses, free 
uses, and unaccounted for water.  Gpcd figures generally do not include sales to other 
suppliers, industries, bulk uses, or farmsteads using over 200,000 gallons per year.   
 
Average gpcd figures are calculated for water suppliers in eight regions of the State so 
that usage for individual suppliers can be compared to average usage for similar 
geographic areas.  These regions, shown in Figure 1, correspond to general patterns of 
per capita water use and precipitation.  Gpcd usage increases from eastern to western 
Kansas, primarily due to greater outdoor water use in the drier, more arid parts of the 
state.  Another factor contributing to higher gpcd usage in western Kansas is that 
average water rates are lower in the western regions of the State where ground water is 
the predominant source of supply.  Average gpcd usage by Kansas public water 
suppliers by region and size is shown in Table 1 (p. 8) for the years 1999-2003.  
Average gpcd usage in 2003 ranged from a high of 278 in Region 1 in westernmost 
Kansas to a low of 87 in Region 8 among small public water suppliers in easternmost 
Kansas.   
 
WATER USE STATISTICS BY REGION AND STATE 
 
The tables in the following sections of this publication are organized by region and size 
category.  Regions 6, 7, and 8 in central and eastern Kansas include many more public 
water suppliers than do the western Kansas regions, and were subdivided by population 
size.  Small public water suppliers serve fewer than 500 people, medium public water 
suppliers serve between 500 and 9,999 people, and large public water suppliers serve 
10,000 people or more.   
 
Water use statistics for each supplier within each regional category are provided in 
Tables 2-14 on pp. 9-33.  These tables rank each water supplier by gpcd usage, and 
show the percent difference from the respective 2003 regional average gpcd.  The 
tables also show the monthly cost for 10,000 gallons of water, the percentage of 
metered free water, and the percentage of unaccounted for water.  These data are 
useful in evaluating the gpcd figures.  Comparison of an individual supplier’s gpcd, 
water rates, and percentages of metered free and unaccounted for water to regional 
averages may indicate opportunities for more cost-effective and efficient use of water.  
Lower gpcd figures may be indicative of conservation efforts by public water suppliers.  
These efforts include reductions in unaccounted for water, more accurate metering of 
raw water, and reduced usage due to higher prices. 
 
 
Per capita usage by a particular water supplier can be affected by circumstances such 
as customer use habits, water rates, amount of water needed for water treatment or 
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other free uses, and system losses.  Inexpensive water rates, lack of metering, hot dry 
weather, frequent line breaks, water line replacement, tower repairs, or large amounts 
of water used for treatment and flushing can all contribute to a high gpcd.  High water 
rates, cool rainy weather, a system with few leaks, lack of significant free uses, or 
minimal need for water treatment can contribute to a low gpcd.    
 
Accuracy of the measurement of total water diverted also can influence a utility’s gpcd.  
Public water suppliers typically determine total diversions using flowmeters, calculation 
of hours pumped times pump rates, or a combination of these methods.  A higher than 
expected gpcd may result if master meters are overregistering, actual pump rates are 
lower than reported, or check valves are malfunctioning.  A lower than expected gpcd 
may result if meters are underregistering or actual pump rates are higher than reported.  
Inaccurate measurements of total water diverted also produce unreliable calculations of 
unaccounted for water.   
 
The percentage of unaccounted for water is a good indicator of meter accuracy and 
system efficiency.  Large percentages of unaccounted for water often result from over-
reported total diversions, substantial amounts of unmetered use, or system losses.  In 
publications of Kansas Municipal Water Use prior to1998, the percent unaccounted for 
water applied only to systems that meter customer use.  Beginning with the 1998 data, 
the percent unaccounted for water has indicated all water that is not metered. 
Consequently, all unmetered water used by systems with flat water rates or by systems 
that were unable to provide data on customer sales is considered unaccounted for. 
 
For 2003, gpcd values ranged from a high of 494 (for the City of Englewood) to a low of 
35 (for Marion Co. RWD No. 2).  However, to evaluate the water conservation efforts of 
any public water supplier, each gpcd should be compared to usage by other utilities of 
similar size in the same geographic area.  Table 15 (p. 35) ranks the 20 public water 
suppliers with the highest gpcd usage in 2003 relative to their respective regional 
averages.  These suppliers tend to have large percentages of unaccounted for water 
due to system leaks or lack of metering.  Thirteen had 20 percent or greater 
unaccounted for water, including three that used a flat rate structure.  Many are very 
small systems, where leaks can represent a large percentage of total water withdrawals.  
The City of Lorraine had high per capita usage because of the large amount of metered 
free water used to fill a sewer pond.  Table 16 (p. 36) ranks the 20 public water 
suppliers with the lowest gpcd usage in 2003 relative to their respective regional 
averages.  Most of these suppliers are very small towns, housing subdivisions, or rural 
water districts with little or no public use.  Many charge high rates for water service.   
 
WATER RATES  
 
Four basic types of water rate structures in Kansas are described as flat rate, 
decreasing block rate, uniform block rate, and increasing block rate.  Utilities with a flat 
rate charge each customer a fixed amount per month regardless of the amount of water 
used.  With a decreasing block rate, the unit cost of water decreases as usage 
increases.  The unit cost of water is the same for all levels of usage with a uniform block 
rate.  With an increasing block rate, the unit cost of water rises as usage increases.  



 4

Some utilities attach a surcharge to their regular water rates for excessive summer 
usage, usually defined as a certain percentage above average winter use.   
 
The type of rate structure can affect gpcd usage.  Systems with flat rates tend to use 
considerably more water per capita than systems that meter customer use.  The 
number of public water suppliers in Kansas that used flat rate structures declined from 
29 in 1990 to 10 in 2003. Table 17 (p. 37) lists the water suppliers that charged a flat 
rate for water service in 2003, and shows the percent difference between each gpcd 
and the respective regional average gpcd.  Public water suppliers with flat rate 
structures used an average of 49 percent more water per person than their peer 
communities in 2003. 
 
The other three types of rate structures, in which cost depends on amount of water 
used, have a less dramatic effect on gpcd.   Decreasing block rates are assumed to 
discourage conservation because customers are charged lower rates for high-volume 
usage.  Increasing block rates are considered an effective way to promote conservation 
among high-volume users while keeping the cost of moderate use affordable.  However, 
the use of these types of rate structures does not appear to influence usage by 
individual customers as much as does the total monthly water cost and the geographic 
area in which they live. 
 
Table 18 (p. 38) shows 2003 regional average cost for residential customer water use at 
five levels from 5,000 to 100,000 gallons per month.  In general, water rates increase 
from west to east across the state.  Average water rates tend to be higher in eastern 
Kansas due to the costs associated with operating, building, or rehabilitating surface 
water treatment facilities, and the costs associated with wholesale water distribution.   
 
METERED FREE AND UNACCOUNTED FOR WATER  
 
Percentages of metered free and unaccounted for water indicate the proportion of total 
water produced or purchased that is not sold through customer meters.  Metered free 
water typically includes public services (for example, golf courses, parks, pools and city 
buildings) plus any water given to nonpaying customers (for example, churches or 
owners of easements).  Metered free water often includes water treatment uses such as 
backwashing, lube line flows, draining of known quantities from a water tower prior to 
repair, and measured hydrant flushing.  Metering as much ‘free’ water use as possible 
helps to identify actual system losses.  Metering of nonpaying services also helps a 
utility notice and correct any water leaks or excessive use at these connections. 
 
The number of public water suppliers in Kansas that meter free water has steadily 
increased each year since 1992, when amounts of metered free water were first shown 
on annual Municipal Water Use reports.  A total of 448 utilities reported some metered 
free use for 2003.  Average percent free water by regional category varied from four to 
nine percent; the state average was five percent.   
 
Unaccounted for water includes any unmetered uses plus water loss in the distribution 
system.   The percent unaccounted for water may be high if a system has major line 
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breaks, has many underregistering customer meters, or has many unmetered uses.   
Water taken from bulk outlets and hydrants for firefighting or road construction is often 
unaccounted for.  Unaccounted for water also may represent a large percentage of total 
water pumped due to distribution system replacement, water plant renovations, water 
tower repairs, faulty metering of raw water, or inadequate accounting of customer use.   
 
Unaccounted for water reported by public water suppliers for 2003 ranged from less 
than three percent to 100 percent.  The average unaccounted for water among the 
systems that provided adequate information on metered customer use in 2003 was 14 
percent statewide.  Average unaccounted for water for these systems by regional 
category ranged from 11 to 20 percent. 
 
ASSISTANCE WITH EXCESSIVE UNACCOUNTED FOR WATER 
 
The Kansas Water Plan includes a year 2010 objective that states:  “By 2010, reduce 
the number of public water supply systems with excessive unaccounted for water by 
first targeting those with 30 percent or more unaccounted for water.”   To meet the 2010 
objective of reducing the number of public water supply systems with excessive 
unaccounted for water, suppliers are referred to the Kansas Rural Water Association for 
technical assistance in reducing apparent excess use shown on the previous year’s 
water use report.  As part of this ongoing contract, the KRWA visits these water 
suppliers on a quarterly basis, collects data on water withdrawals and sales, tests 
meters, makes recommendations, and monitors unaccounted for water until it is below 
20 percent for two consecutive quarters.  In addition, each of these suppliers is 
encouraged to prepare a water conservation plan, or to review their plan if one has 
already been done.  The Kansas Rural Water Association may be contacted at (785) 
336-3760. 
 
Free on-site assistance in preparing water conservation plans is available through the 
KWO.  Conservation plans can help suppliers improve short-term and long-term 
management of their utility, and are often a requirement for obtaining water rights or 
loans for water supply system improvements.   Water conservation plans also are 
recommended for suppliers that are drought vulnerable or that have excessive 
unaccounted for water.  The documents entitled 1990 Municipal Water Conservation 
Plan Guidelines and Water Conservation Measures for Kansas Communities 
emphasize cost-effective approaches to water conservation, and may be obtained by 
contacting the DWR or the KWO at the phone numbers listed on the front cover of this 
publication. 
 
The 37 water suppliers whose water use reports showed at least 30 percent 
unaccounted for water in 2003 are listed in Table 19 (p. 39).  This table does not include 
systems with flat rates or those who were unable to provide information on metered 
customer sales.  Table 19 also shows the amount of water in thousands of gallons that 
would have been saved if only 15 percent of the water had been unaccounted for.  This 
number can be used along with the production costs per thousand gallons to estimate 
potential savings from decreases in unaccounted for water. Table 19 also indicates the 
water conservation plan approval date for systems that have completed such plans. 
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CONSERVATION PRACTICES TO REDUCE UNACCOUNTED FOR 
WATER 
 
Public water suppliers with large amounts of unaccounted for water have opportunities 
to save money if there is loss caused by system leaks, unmetered use, excessive use 
for public services, or underregistering customer meters.  Leak detection, additional 
metering, and regular service meter replacement can result in savings greater than the 
cost of implementing these conservation measures.  In some cases, curbing large water 
losses may serve to postpone acquisition of additional water supplies. 

 
There are many management practices that promote water conservation for public 
water suppliers by reducing their amount of unaccounted for water.  These practices 
include: 
 

 Measure raw or purchased water accurately.  If possible, install water meters at 
each intake, and test these meters for accuracy every three years. 

 Meter any water treatment use or lube line flows, so that these uses are not 
considered unaccounted for water. 

 Install meters at all service connections if possible, including free services and 
bulk outlets.  

 Read all meters on a regular basis.  If possible, compare production and use for 
corresponding time periods each month and calculate unaccounted for water. 

 Review meter readings and billing information promptly if there is an 
unexplained, large difference between water produced and water metered at 
service connections for any given month. 

 Replace service meters on a regular schedule to avoid losing water through old, 
underregistering meters. 

 If reliable records of water pumped, water sold, and free water indicate that 
unaccounted for water exceeds 15 percent, do leak detection. 

 
5-YEAR AVERAGE GPCD AND PERCENT UNACCOUNTED FOR 
WATER 
 
Annual and average GPCD figures for 816 active public water suppliers that completed 
water use reports during any years from 1999-2003 are listed in Table 20 (p. 40).  This 
table includes all cities, rural water districts, and subdivisions listed in Tables 2-14, plus 
systems that are still active but did not complete a 2003 water use report.   
 
Table 21 (p. 58) provides information on reported percent unaccounted for water for 816 
active public water suppliers that completed water use reports during any years from 
1999-2003.  Percentages are shown for each year that data were available, and for the 
average of this time period. 
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TABLE 1 

AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE 
KANSAS, 1999-2003 

Year 
Regiona/ 1999 2000 2001 2002 2003 Average 

1 252 306 264 321 278 284 
2 234 271 239 273 248 253 
3 218 269 249 269 243 250 
4 163 197 189 211 198 192 
5 145 164 159 178 164 162 

6-ML 148 166 159 153 150 155 
6-S 133 138 132 133 130 133 
7-L 144 153 152 150 150 150 
7-M 114 115 111 111 108 112 
7-S 105 106 104 107 101 105 
8-L 132 130 130 130 144 133 
8-M 105 105 102 101 103 103 
8-S 88 95 90 91 87 90 

Kansas 130 133 128 133 128 130 
 
a/ Refer to Figure 1 for map regions.  For this analysis, utilities in Regions 6, 7, and 8 were 

subdivided into size categories.  Large (L) utilities are those serving 10,000 people or more.  
Medium (M) utilities are those serving 500 to 9,999 people.   Small (S) utilities are those 
serving fewer than 500 people. 
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TABLE 2 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  
REGION 1, 2003 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Wallace Co. RWD #01 419 278 +51 $6.00 0 4 
Elkhart 354 278 +27 $17.75 9 17 
Johnson City 335 278 +21 $15.50 10 11 
Bird City 329 278 +18 $22.10 2 15 
Syracuse 325 278 +17 $12.50 2 5 
Coolidge 310 278 +11 $13.00 3 26 
Manter 305 278 +10 $19.50 <1 15 
Goodland 294 278 +6 $15.45 0 19 
Wallace 294 278 +6 $19.50 0 38 
St. Francis 285 278 +3 $18.00 5 5 
Tribune 284 278 +2 $23.10 1 15 
Sharon Springs 271 278 -3 $24.00 4 26 
Kanorado 243 278 -13 $18.50 7 9 
Rolla 187 278 -33 $26.88 5 9 
Horace 122 278 -56 $24.30 0 3 
Hamilton Co. RWD #01 97 278 -65 $57.00 5 5 
Average  278 278 -- $20.82 4 14 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2003, or as recently as rates provided. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc. 
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TABLE 3 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  
REGION 2, 2003 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Herndon 469 248 +89 $22.50 4 20 
Brewster 378 248 +52 $11.90 3 15 
McDonald 356 248 +44 $19.61 <1 23 
Rexford 354 248 +43 $17.50 0 8 
Winona 336 248 +36 $14.50 7 17 
Colby 302 248 +22 $14.90 4 5 
Oakley 300 248 +21 $11.45 2 10 
Hugoton 299 248 +21 $10.80 1 7 
Sublette 287 248 +16 $14.00 14 5 
Moscow 286 248 +15 $22.00 0 100 
Scott City 278 248 +12 $16.98 11 NA 
Satanta 260 248 +5 $12.95 5 3 
Lakin 253 248 +2 $25.75 20 7 
Leoti 239 248 -4 $23.74 4 10 
Ulysses 233 248 -6 $20.35 3 7 
Atwood 219 248 -12 $22.20 3 9 
Kismet 206 248 -17 $16.25 27 18 
Garden City 186 248 -25 $18.50 10 7 
Liberal 174 248 -30 $24.90 21 7 
Deerfield 168 248 -32 $24.35 3 8 
Holcomb 155 248 -37 $21.45 0 5 
Finney Co. RWD #01 80 248 -68 $46.50 0 20 
Farr Subdivision 68 248 -72 None 0 100 
Garden Spot Rentals 66 248 -73 None 0 100 
Average  248 248 -- $19.69 8 11 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  

“None” indicates no charge for water service. 
 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted for water of 
less than 3.0. 
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TABLE 4 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  
REGION  3, 2003 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Jennings 424 243 +74 $14.00 5 59 
Hoxie 307 243 +26 $14.00 0 19 
Grainfield 280 243 +15 $7.70 0 9 
Dighton 276 243 +13 $18.16 5 13 
Grinnell 266 243 +10 $13.00 7 9 
Meade 259 243 +7 $17.55 7 15 
Montezuma 258 243 +6 $19.20 4 9 
Copeland 249 243 +3 $25.00* 0 58 
Plains 244 243 0 $12.90 9 17 
Oberlin 242 243 -1 $15.04 0 25 
Cimarron 240 243 -1 $26.38 0 6 
Quinter 230 243 -5 $20.00 4 5 
Ensign 218 243 -10 $28.50 0 23 
Selden 208 243 -14 $15.00 7 4 
Lane Co. RWD #01 200 243 -18 $18.50 <1 15 
Norcatur 196 243 -19 $25.00 6 22 
Ingalls 194 243 -20 $35.00 <1 10 
Gove 192 243 -21 $12.80 1 NA 
Park 187 243 -23 $14.00 0 3 
Fowler 186 243 -23 $14.80 5 14 
Average  243 243 -- $18.33 5 18 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water used. 
 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  For suppliers that meter only certain water uses, unaccounted for water 
includes all unmetered water.  “NA” is shown for suppliers reporting a percent unaccounted 
for water of less than 3.0. 
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TABLE 5 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  
REGION  4, 2003 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Englewood 494 198 +150 $25.00* 0 95 
Bucklin 286 198 +45 $14.00 1 40 
Hanston 285 198 +44 $11.00 0 25 
Morland 278 198 +40 $20.50 6 12 
Arnold 270 198 +36 $12.00* 0 100 
Ashland 260 198 +31 $17.00 2 6 
Hill City 241 198 +22 $15.10 12 13 
Norton 239 198 +21 $15.61 5 16 
Ford 225 198 +14 $18.00* 0 78 
Lenora 224 198 +13 $31.25 18 17 
Jetmore 215 198 +8 $18.00 19 NA 
Utica 209 198 +6 $14.80 18 13 
Dodge City 208 198 +5 $22.29 4 25 
Wakeeney 207 198 +4 $20.50 2 17 
Minneola 197 198 -1 $24.00 0 12 
Bogue 187 198 -6 $17.00 0 11 
Spearville 172 198 -13 $32.80 6 8 
Collyer 151 198 -24 $32.80 0 19 
Ness City 142 198 -28 $43.50 1 4 
Almena 132 198 -33 $24.25 1 21 
Ransom 130 198 -34 $20.60 1 12 
Clayton 123 198 -38 $26.75 <1 NA 
Bazine 122 198 -38 $21.50 3 8 
Trego Co. RWD #01 117 198 -41 $51.00 0 13 
Trego Co. RWD #02 91 198 -54 $63.00 4 7 
Norton Co. RWD #01 69 198 -65 $34.50 0 11 
Brownell 60 198 -70 $12.50 0 9 
Average  198 198 -- $24.42 6 20 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 20,000 gallons per year. 
 

b/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  “*” 
after cost indicates flat monthly rate for any amount of water used. 

 

c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 
losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  For suppliers that meter only certain water uses, unaccounted for water 
includes all unmetered water.  “NA” is shown for suppliers reporting a percent unaccounted 
for water less than 3.0. 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 5, 2003 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Comanche Co. RWD #02 411 164 +151 $58.00 0 45 
Offerle 308 164 +88 $16.62 0 33 
Long Island 293 164 +79 $12.00 0 4 
Rush Co. RWD #01 265 164 +62 $46.00 0 27 
Rozel 248 164 +51 $18.50 0 19 
Larned 238 164 +45 $15.00 14 9 
Mullinville 235 164 +43 $20.50 5 23 
Belvidere 218 164 +33 $15.00* 0 100 
Coldwater 217 164 +32 $21.80 <1 5 
Otis 209 164 +27 $16.70 <1 9 
Woodston 200 164 +22 $25.00 0 10 
Protection 199 164 +21 $20.00 7 4 
Burdett 193 164 +18 $14.20 2 11 
Lewis 191 164 +16 $18.75 14 13 
Phillipsburg 191 164 +16 $40.61 4 21 
Haviland 190 164 +16 $13.00 1 14 
Prairie View 189 164 +15 $25.00 5 20 
Hays City Suburban 179 164 +9 None 0 100 
Logan 178 164 +8 $29.50 2 10 
Rush Center 168 164 +3 $10.50 <1 3 
Greensburg 161 164 -2 $23.15 3 4 
Timken 156 164 -5 $25.70 9 9 
Rooks Co. RWD #03 153 164 -7 $41.50 1 11 
Kirwin 142 164 -14 $18.75 0 17 
Agra 140 164 -14 $27.40 5 24 
Palco 140 164 -14 $27.00 0 8 
Alexander 137 164 -17 $19.00 0 5 
Kinsley 134 164 -18 $31.50 3 17 
Plainville 131 164 -20 $16.00 5 18 
Comanche Co. RWD #01 124 164 -25 $25.50 0 16 
La Crosse 122 164 -25 $39.25 1 NA 
Belpre 122 164 -25 $30.50 0 NA 
McCracken 119 164 -27 $41.90 8 18 
Ellis Co. RWD #01C 117 164 -29 $78.00 0 11 
Bison 115 164 -30 $22.50 0 16 
Ellis Co. RWD #06 115 164 -30 $43.00 0 20 
Glade 112 164 -32 $31.00 2 23 
Victoria 111 164 -32 $19.50 0 7 
Speed 111 164 -33 $24.50 2 NA 
Stockton 106 164 -35 $35.70 5 13 
Damar 104 164 -36 $32.15 0 NA 
Ellis 97 164 -41 $27.50 7 3 
Hays 96 164 -42 $36.26 3 6 
Rooks Co. RWD #02 93 164 -43 $25.50 0 6 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 5, 2003 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Ellis Co. RWD #01 91 164 -45 $23.20 1 12 
Ellis Co. RWD #03 88 164 -46 $29.40 0 32 
Liebenthal 73 164 -56 $33.00 2 9 
Average 164 164  -- $27.50 4 14 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water used.  “None” indicates no 
charge for water usage. 

 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted for water less 
than 3.0. 
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE  

PUBLIC WATER SUPPLIERSa/  
REGION 6, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 
Percent 

Metered Free 

Percent 
Unacc. 
Ford/ 

Medicine Lodge 238 150 +58 $18.24 0 9 
Downs 221 150 +47 $20.88 1 6 
Lyons 214 150 +43 $18.00 8 7 
Mitchell Co. RWD #02 200 150 +33 $54.30 7 13 
Osborne 190 150 +27 $27.46 24 14 
Macksville 185 150 +23 $20.00 12 14 
Cunningham 182 150 +21 $17.60 8 6 
Mankato 179 150 +19 $26.73 10 15 
Kensington 168 150 +12 $21.00 6 28 
St. John 166 150 +11 $22.20 14 15 
Attica 166 150 +10 $19.60 0 15 
Smith Center 164 150 +9 $29.43 1 24 
Kiowa 163 150 +8 $21.30 <1 6 
Pretty Prairie 161 150 +8 $22.70 4 19 
Stafford 161 150 +7 $13.83 6 6 
Haven 160 150 +7 $14.80 2 20 
Little River 158 150 +5 $33.00 2 11 
Anthony 148 150 -1 $26.58 4 12 
Ellsworth 138 150 -8 $42.30 7 13 
Claflin 138 150 -8 $20.30 8 7 
Post Rock RWD 138 150 -8 $83.10 9 16 
Lincoln Center 136 150 -9 $26.98 3 21 
Hutchinson 136 150 -9 $22.36 4 8 
South Hutchinson 136 150 -9 $18.02 7 NA 
Norwich 133 150 -11 $22.33 0 17 
Kingman 133 150 -12 $35.00 0 9 
Russell Co. RWD #03 132 150 -12 $58.00 0 35 
Great Bend 131 150 -12 $25.86 0 8 
Cawker City 130 150 -13 $22.25 1 9 
Russell 128 150 -14 $47.75 4 9 
Harper 128 150 -15 $28.00 0 15 
Buhler 127 150 -15 $17.55 3 3 
Wilson 127 150 -15 $20.50 6 12 
Chase 126 150 -16 $27.00 0 18 
Ellinwood 123 150 -18 $21.25 5 4 
Rice Co. RWD #01 120 150 -20 $18.40 0 6 
Hoisington 110 150 -27 $34.00 1 19 
Sterling 108 150 -28 $27.20 14 4 
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TABLE 7 

WATER USE STATISTICS FOR MEDIUM AND LARGE  
PUBLIC WATER SUPPLIERSa/  

REGION 6, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 
Percent 

Metered Free 

Percent 
Unacc. 
Ford/ 

Kanopolis 103 150 -31 $33.72 1 9 
Beloit 90 150 -40 $41.85 <1 10 
Nickerson 82 150 -45 $39.25 2 9 
Average  150 150 --  $28.02 6 13 

 
a/ Includes public water suppliers in Region 6 that serve 500 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2003, or as recently as rates provided.   
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, 
etc.  “NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 
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TABLE 8 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 6, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Lorraine 315 130 +142 $21.00 53 7 
West Hills Water Co. 282 130 +117 $20.00* 0 100 
Cullison 218 130 +68 $17.00 6 26 
Osborne Co. RWD #01A 217 130 +67 $56.00 0 25 
Russell Co. RWD #02 207 130 +59 $20.00 0 100 
Hardtner 201 130 +55 $25.50 26 4 
Osborne Co. RWD #02 199 130 +53 $52.50 0 10 
Barber Co. RWD #02 192 130 +47 $25.00 0 26 
Russell Co. RWD #04 175 130 +35 $50.00 0 15 
Barber Co. RWD #01 174 130 +34 $26.75 0 100 
Sylvia 173 130 +33 $20.90 6 34 
Smith Co. RWD #01 168 130 +29 $53.50 0 22 
Isabel 163 130 +26 $18.00 0 20 
Holyrood 161 130 +24 $22.03 7 18 
Glen Elder 153 130 +18 $35.90 3 9 
Sylvan Grove 150 130 +15 $35.00 0 25 
Raymond 150 130 +15 $18.00 8 8 
Reno Co. RWD #08 148 130 +14 $55.00 10 5 
Gaylord 145 130 +12 $26.12 3 24 
Jewell Co. RWD #01 144 130 +11 $48.30 3 21 
Bushton 144 130 +11 $20.00 <1 15 
Alton 144 130 +11 $24.50 3 44 
Spivey 143 130 +10 $31.65 <1 NA 
Sawyer 143 130 +10 $20.50 2 4 
Coats 142 130 +9 $15.00 9 5 
Abbyville 142 130 +9 $8.50 0 21 
Preston 138 130 +6 $24.25 0 21 
Zenda 136 130 +4 $24.00 2 5 
Esbon 135 130 +4 $34.00 0 32 
Sharon 134 130 +3 $18.50 <1 20 
Reno Co. RWD #01 130 130 0 $37.00 0 7 
Albert 129 130 -1 $15.00 0 14 
Russell Co. RWD #01 129 130 -1 $44.00 0 25 
Turon 126 130 -3 $17.50 1 13 
Hazelton 118 130 -9 $27.80 0 22 
Reno Co. WD  #101 117 130 -10 $18.00 0 9 
Arlington 116 130 -11 $20.50 2 11 
Lucas 114 130 -12 $32.00 1 7 
Olmitz 113 130 -13 $16.50 0 9 
Bunker Hill 112 130 -14 $49.00 7 16 
Burr Oak 112 130 -14 $27.00 0 12 
Formoso 111 130 -15 $38.00 1 4 
Barton Co. RWD #01 110 130 -16 $43.50 0 NA 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 6, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Geneseo 108 130 -17 $24.00 1 13 
Randall 107 130 -18 $58.25 0 5 
Natoma 107 130 -18 $25.00 3 15 
Portis 105 130 -19 $25.00 0 34 
Lebanon 100 130 -23 $39.55 2 15 
Simpson 99 130 -24 $29.00 1 20 
Tipton 98 130 -25 $45.50 3 8 
Iuka 96 130 -26 $31.00 0 6 
Bluff City 93 130 -28 $20.50 3 17 
Luray 92 130 -29 $54.50 1 8 
Hunter 90 130 -31 $40.00 1 13 
Gorham 87 130 -33 $54.00 <1 10 
Jewell 86 130 -34 $50.00 1 7 
Beverly 86 130 -34 $29.50 0 100 
Reno Co. RWD #04 82 130 -37 NA 0 18 
Harper Co. RWD #04 80 130 -39 NA 0 15 
Barton Hills WD 78 130 -40 $30.00 0 5 
Kingman Co. RWD #01 78 130 -40 $97.50 0 24 
Dorrance 77 130 -41 $35.00 1 17 
Barnard 77 130 -41 $40.00 0 16 
Susank 75 130 -42 $43.35 0 5 
Barber Co. RWD #03 74 130 -43 $59.00 0 7 
Paradise 69 130 -47 NA 0 6 
Pawnee Rock 66 130 -49 $28.50 3 8 
Waldo 48 130 -63 $46.25 0 NA 
Average  130 130 -- $33.21 5 15 
 
a/ Includes public water suppliers in Region 6 that serve fewer than 500 people. 
 

b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 
sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 

 

c/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  “*” 
after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 
information available on current water rate. 

 

d/ Unaccounted for water includes distribution system losses, unmetered water provided to 
customers, and unmetered water provided free for public services, treatment processes, 
etc.  “NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0.  
For suppliers that do not meter any customer usage or did not provide sufficient information 
on customer sales, the percent unaccounted for water is 100. 
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TABLE 9 

WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Coffeyville 215 150 +43 $36.40 21 24 
El Dorado 185 150 +24 $17.04 4 3 
Emporia 182 150 +21 $24.08 5 18 
McPherson 173 150 +16 $12.02 1 5 
Topeka 151 150 +1 $27.99 14 15 
Winfield 146 150 -3 $21.70 0 9 
Junction City 146 150 -3 $22.67 12 14 
Manhattan 141 150 -6 $26.34 4 12 
Wichita 141 150 -6 $11.81 1 NA 
Independence 140 150 -7 $27.87 11 12 
Salina 130 150 -13 $30.83 2 12 
Arkansas City 118 150 -21 $45.71 5 13 
Derby (El Paso Water Co.) 116 150 -23 $33.93 1 7 
Newton 112 150 -25 $31.10 0 11 
Average  150 150 -- $26.39 7 12 

 
a/ Includes public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2003, or as recently as rates provided.   
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 
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TABLE 10 

WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Hesston 216 108 +100 $18.75 9 24 
Goddard 206 108 +91 $10.00 1 8 
Moundridge 187 108 +73 $9.50 1 7 
Lyon Co. RWD #02 182 108 +68 $35.51 0 13 
Republic Co. RWD #02 180 108 +67 $38.00 3 13 
Cheney 170 108 +57 $22.90 30 3 
St. Marys 167 108 +55 $26.90 32 3 
Washington 160 108 +48 $22.70 0 17 
Seneca 159 108 +47 $15.55 4 8 
Chapman 157 108 +45 $23.50 41 3 
Blue Rapids 154 108 +42 $17.80 1 15 
Minneapolis 153 108 +42 $23.80 5 10 
Holton 151 108 +40 $45.50 16 17 
Clifton 150 108 +39 $14.30 3 15 
Abilene 149 108 +38 $39.00 2 16 
Shawnee Co. RWD #06 148 108 +37 $34.55 0 6 
Caney 146 108 +35 $42.40 33 7 
Belleville 145 108 +34 $24.14 4 10 
Marysville 143 108 +33 $30.62 3 21 
Concordia 142 108 +32 $32.68 4 12 
Canton 142 108 +32 $16.66 10 9 
Alma 141 108 +31 $48.00 10 17 
Morris Co. RWD #01 141 108 +30 $54.00 2 9 
Mount Hope 141 108 +30 $16.30 4 8 
Clyde 140 108 +30 $26.30 16 16 
Inman 140 108 +29 $22.00 0 8 
Waterville 139 108 +29 $20.50 6 8 
Augusta 139 108 +29 $33.50 1 7 
Pottawatomie Co. RWD #02 136 108 +26 $49.50 0 20 
Fredonia 132 108 +22 $42.52 2 20 
Washington Co. RWD #02 131 108 +22 $57.30 0 18 
Frankfort 131 108 +21 $22.06 8 4 
Neodesha 130 108 +20 $43.50 15 6 
Conway Springs 129 108 +20 $29.93 <1 21 
Burlington 129 108 +19 $39.00 7 7 
North Newton 128 108 +19 $34.14 0 15 
Wellington 128 108 +19 $33.32 12 9 
Halstead 127 108 +18 $44.00 1 23 
Marquette 126 108 +17 $34.00 11 9 
Garden Plain 126 108 +16 $32.50 5 8 
Pottawatomie Co. RWD #01 125 108 +15 $31.00 2 21 
Hillsboro 124 108 +15 $41.29 8 7 
Wamego 124 108 +14 $18.95 3 NA 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

McPherson Co. RWD #04 123 108 +14 $41.30 0 7 
Sabetha 122 108 +13 $44.52 3 19 
Galva 122 108 +13 $20.95 0 14 
Council Grove 122 108 +13 $23.01 11 7 
Marion Co. RWD #01 121 108 +12 $30.30 <1 13 
Cowley Co. RWD #03 120 108 +11 $27.86 1 28 
Sedan 120 108 +11 $37.80 13 11 
Solomon 120 108 +11 $20.00 2 10 
Timber Creek Water & Sewer 120 108 +11 $36.50 0 15 
Eureka 119 108 +10 $36.35 4 8 
Herington 118 108 +10 $24.36 8 14 
Pottawatomie Co. RWD #04 117 108 +8 $69.00 24 7 
Argonia 117 108 +8 $27.50 3 13 
Ottawa Co. RWD #02 116 108 +8 $52.84 0 6 
Nemaha Co. RWD #03 115 108 +7 $41.30 0 9 
Riley Co. RWD #01 115 108 +7 $51.25 <1 8 
Strong City 115 108 +7 $53.50 29 NA 
Riley 115 108 +6 $22.00 0 25 
Kechi 114 108 +6 $42.00 1 10 
Miltonvale 113 108 +5 $19.00 1 13 
Park City 113 108 +4 $37.55 1 3 
Bel Aire 112 108 +4 $40.18 <1 10 
Wakefield 112 108 +4 $25.00 2 10 
Eskridge 112 108 +4 $56.00 8 9 
Lindsborg 112 108 +3 $30.00 3 4 
Clay Center 111 108 +2 $25.37 2 NA 
Leon 110 108 +2 $37.75 3 21 
Yates Center 110 108 +2 $43.75 2 20 
Burrton 108 108 0 $28.87 3 7 
Whitewater 108 108 0 $46.85 1 20 
Marion 108 108 0 $35.25 <1 9 
Howard 107 108 0 $43.66 4 11 
Valley Center 107 108 -1 $31.88 2 12 
Lyon Co. RWD #05 107 108 -1 $42.45 0 NA 
Onaga 107 108 -1 $36.50 2 6 
Cedar Vale 107 108 -1 $51.50 2 24 
Burden 107 108 -1 $30.50 7 21 
Hanover 106 108 -2 $39.75 2 12 
Carbondale 105 108 -3 $58.50 3 23 
Belle Plaine 104 108 -3 $22.00 <1 14 
Pottawatomie Co. RWD #03 104 108 -4 $34.00 1 11 
Osage Co. RWD #05 104 108 -4 $54.75 0 21 
Caldwell 103 108 -4 $43.50 <1 12 
Westmoreland 103 108 -5 $30.25 15 10 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Haysville 103 108 -5 $19.38 3 15 
Grandview Plaza 102 108 -5 $22.73 <1 3 
Greenwood Co. RWD #02 102 108 -5 $52.00 0 17 
Dickinson Co. RWD #02 102 108 -5 $55.50 0 17 
Shawnee Co. RWD #04 102 108 -5 $37.70 0 10 
Washington Co. RWD #01 101 108 -6 $45.20 3 4 
Osage Co. RWD #03 101 108 -6 $71.00 6 17 
Butler Co. RWD #01 101 108 -6 NA 0 12 
Oxford 101 108 -7 $33.00 1 14 
Shawnee Co. RWD #08 101 108 -7 $31.00 1 12 
Cowley Co. RWD #01 101 108 -7 $30.50 2 7 
Jackson Co. RWD #01 100 108 -8 $65.00 0 10 
Clay Co. RWD #02 99 108 -8 $53.82 0 NA 
Marshall Co. RWD #03 99 108 -8 $53.43 0 11 
Goessel 97 108 -10 $27.88 <1 9 
Ogden 97 108 -10 $21.60 1 3 
Jackson Co. RWD #03 97 108 -10 $59.17 0 9 
Osage City 97 108 -10 $37.22 <1 5 
Montgomery Co. RWD #06 97 108 -10 $53.00 0 19 
White City 97 108 -11 $17.00 0 25 
Saline Co. RWD #04 97 108 -11 $35.68 0 12 
Florence 96 108 -11 $44.00 2 17 
Wabaunsee Co. RWD #02 95 108 -12 $66.00 20 8 
Clearwater 95 108 -12 $36.00 4 10 
Shawnee Co. RWD #01C 95 108 -12 $52.00 <1 5 
Lyon Co. RWD #01 94 108 -13 $51.50 0 7 
Osage Co. RWD #04 94 108 -13 $72.20 0 NA 
Sedgwick Co. RWD #04 93 108 -14 $68.50 0 8 
Sumner Co. RWD #04 92 108 -14 $63.00 0 20 
Bennington 91 108 -16 $28.60 5 12 
Cottonwood Falls 90 108 -16 $43.00 21 5 
Elk Co. RWD #01 90 108 -17 NA 0 31 
Cowley Co. RWD #05 90 108 -17 $61.50 0 11 
Coffey Co. RWD #02 89 108 -17 $72.55 0 9 
Silver Lake 89 108 -17 $26.30 1 NA 
Shawnee Co. RWD #03 89 108 -18 $50.50 <1 5 
Andale 89 108 -18 $30.25 0 8 
Osage Co. RWD #08 88 108 -18 $65.00 0 NA 
Overbrook 88 108 -18 $60.50 3 12 
Butler Co. RWD #08 88 108 -19 $37.00 0 30 
Rossville 87 108 -19 $33.20 0 6 
Enterprise 87 108 -19 $33.25 5 14 
Lyndon 87 108 -19 $63.25 2 12 
Butler Co. RWD #06 87 108 -19 $73.00 0 16 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Centralia 87 108 -19 $43.00 0 6 
Burlingame 86 108 -20 $70.20 9 14 
Cowley Co. RWD #06 86 108 -20 $20.18 <1 19 
Madison 86 108 -20 $52.00 2 14 
Shawnee Co. RWD #05 86 108 -21 NA 0 NA 
Lyon Co. RWD #04 86 108 -21 $46.00 0 6 
Montgomery Co. RWD #02 85 108 -22 $72.20 <1 12 
Cherryvale 84 108 -22 $62.50 2 15 
Udall 84 108 -22 $32.50 0 9 
Marion Co. RWD #04 83 108 -23 $47.10 0 11 
Rose Hill 83 108 -23 $41.82 2 NA 
Geary Co. RWD #04 83 108 -23 $46.00 1 NA 
Lebo 83 108 -23 $61.50 <1 4 
Waverly 83 108 -23 $71.00 4 8 
Peabody 83 108 -23 $51.08 2 4 
Shawnee Co. RWD #02C 83 108 -24 $55.00 <1 8 
Olpe 82 108 -24 $52.00 <1 NA 
Colwich 82 108 -24 $51.50 1 11 
Benton 82 108 -24 NA 2 5 
Towanda 81 108 -25 $54.60 2 5 
Sedgwick Co. RWD #03 81 108 -25 NA 4 NA 
Sedgwick Co. RWD #01 81 108 -25 $51.00 0 10 
Douglass 80 108 -26 $52.55 1 NA 
Butler Co. RWD #05 80 108 -26 NA 0 10 
Butler Co. RWD #02 78 108 -28 $59.30 0 12 
Coffey Co. RWD #03 77 108 -28 $55.00 0 13 
Glasco 77 108 -28 $49.30 0 4 
Mulvane 77 108 -29 $42.20 1 8 
Woodson Co. RWD #01 77 108 -29 $59.50 3 21 
LeRoy 76 108 -30 $63.00 0 18 
Sedgwick 75 108 -31 $35.00 7 NA 
Hartford 74 108 -31 $40.50 0 8 
Milford 73 108 -32 $46.40 13 NA 
Dickinson Co. RWD #01 72 108 -33 $59.00 <1 26 
Montgomery Co. RWD #01C 71 108 -35 $50.00 <1 14 
Assaria 70 108 -35 $39.05 1 NA 
Harvey Co. RWD #01 69 108 -36 $64.00 0 6 
Wilson Co. RWD #11 69 108 -36 $67.00 0 17 
Hoyt 69 108 -37 $62.15 1 10 
Butler Co. RWD #04 68 108 -37 $51.00 0 NA 
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TABLE 10 

WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Cowley Co. RWD #02 67 108 -38 $36.00 0 11 
Montgomery Co. RWD #12 66 108 -39 $81.31 0 13 
Butler Co. RWD #03 66 108 -39 $71.50 0 4 
Butler Co. RWD #07 65 108 -40 $65.00 0 6 
Average  108 108 -- $41.71 5 12 
 
a/ Includes public water suppliers in Region 7 that serve between 500 and 9,999 people. 
 
b/ The figure for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  

“NA” indicates no information available on current water rate. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 
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TABLE 11 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Elgin 267 101 +165 $19.00 <1 63 
Byron 226 101 +124 $12.50* 0 100 
Barnes 200 101 +98 $16.00 1 36 
Scandia 200 101 +98 $8.50 3 10 
Republic Co. RWD #01 199 101 +97 $24.00 0 19 
Howison Heights WD 183 101 +81 $47.00 0 9 
Delphos 176 101 +75 $19.50 9 41 
South Haven 173 101 +71 $26.50 1 53 
Elmdale 163 101 +61 $33.00 0 40 
Munden 156 101 +54 $19.00 0 NA 
Greenleaf 150 101 +48 $25.50 4 13 
Durham 148 101 +47 $26.00 1 36 
Palmer 145 101 +44 $26.00 9 18 
Elk City 145 101 +43 $43.15 5 23 
Morganville 143 101 +42 $14.50 0 NA 
McPherson Co. RWD #03 143 101 +41 $22.50 0 NA 
Wilson Co. RWD #06 141 101 +39 $38.00 0 22 
Marshall Co. RWD #02 137 101 +36 $30.00 0 12 
Cuba 135 101 +34 $24.18 <1 18 
McPherson Co. RWD #01 132 101 +31 $24.50 0 13 
Vermillion 130 101 +29 $32.00 25 7 
Linn 128 101 +26 $36.50 0 16 
McPherson Co. RWD #02 127 101 +26 $37.50 0 4 
Tatarrax Hills 127 101 +26 $35.20 0 100 
Republic 127 101 +26 $15.50 2 18 
Saline Co. RWD #02 127 101 +25 $39.00 0 11 
Melvern 126 101 +25 $64.75 23 22 
Blue River Hills Improvement 123 101 +21 $20.00* 0 100 
Severy 120 101 +19 $47.50 45 11 
Cloud Co. RWD #01 120 101 +18 $52.50 3 15 
Courtland 119 101 +18 $22.90 2 12 
Geary Co. RWD #02 119 101 +18 $22.20* 0 100 
Clay Co. RWD #01 118 101 +17 $28.75 0 3 
Ottawa Co. RWD #01 117 101 +16 $36.50 0 26 
Wilson Co. RWD #01 115 101 +14 NA 0 9 
Moline 114 101 +13 $40.00 0 10 
Little Bear Mound 114 101 +13 NA 0 100 
Nemaha Co. RWD #04 113 101 +12 $58.00 0 13 
Lehigh 113 101 +12 $27.50 0 20 
Cowley Co. RWD #04 113 101 +12 $53.50 0 20 
Morrowville 113 101 +12 $36.00 0 28 
Buffalo 113 101 +12 $54.78 10 7 
Toronto 112 101 +11 $61.66 7 14 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Montgomery Co. RWD #09 112 101 +10 $66.00 0 28 
Sumner Co. RWD #02 111 101 +10 $59.00 2 13 
Bern 111 101 +10 $25.90 <1 13 
Nemaha Co. RWD #01 110 101 +9 $37.50 0 11 
Windom 109 101 +8 $32.00 <1 16 
Gypsum 109 101 +8 $25.25 <1 14 
Beattie 109 101 +8 $36.75 2 18 
Gridley 108 101 +7 $61.00 1 34 
Saline Co. RWD #06 108 101 +6 $47.50 0 8 
Aurora 107 101 +6 $38.00 3 13 
Wetmore 107 101 +5 $45.50 7 15 
Montgomery Co. RWD #08 106 101 +5 $64.63 0 32 
New Strawn 106 101 +5 $45.00 5 6 
Saline Co. RWD #08 105 101 +4 $45.00 0 5 
Maple Hill 104 101 +3 $37.40 <1 3 
Belvue 103 101 +2 $27.00 0 10 
Marshall Co. RWD #01 102 101 +1 $45.50 0 7 
Summerfield 102 101 +1 $20.00 <1 5 
Randolph 101 101 0 $40.00 0 18 
Dearing 100 101 -1 $35.75 0 NA 
Leonardville 100 101 -1 $34.00 0 10 
Altoona 99 101 -2 $41.00 26 16 
Geuda Springs 98 101 -3 $29.00 1 18 
Hope 97 101 -4 $40.80 <1 8 
Tescott 97 101 -4 $16.55 <1 10 
Dexter 96 101 -5 $16.40 3 7 
St. George 96 101 -5 $19.56 0 14 
Wabaunsee Co. RWD #01 96 101 -5 $88.00 <1 25 
Newbury Extension 94 101 -7 NA 0 17 
Paxico 93 101 -8 $32.00 1 3 
Cassoday 92 101 -8 $51.15 0 11 
Harveyville 92 101 -9 $85.00 1 14 
Jamestown 92 101 -9 $41.20 0 12 
Sumner Co. RWD #03 91 101 -10 NA 0 8 
Agenda 91 101 -10 $30.00 4 15 
Matfield Green 91 101 -10 $27.50 <1 18 
Axtell 90 101 -11 $40.00 <1 6 
Oketo 90 101 -11 $31.25 0 10 
Mahaska 89 101 -12 $16.00 1 4 
Osage Co. RWD #06 89 101 -12 $80.00 0 14 
Potwin 89 101 -12 $53.56 3 5 
Montgomery Co. RWD #10 89 101 -12 $50.35 0 4 
Haddam 88 101 -13 $26.00 8 20 
Osage Co. RWD #02 88 101 -13 $52.00 0 10 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Montgomery Co. RWD #01 87 101 -14 NA 0 7 
Dwight 87 101 -14 $18.70 0 NA 
Chautauqua Co. RWD #03 87 101 -14 NA 0 22 
Havensville 86 101 -15 $44.00 0 42 
Cowley Co. RWD #08 86 101 -15 NA 0 NA 
Alta Vista 86 101 -15 $40.75 4 6 
Longton 85 101 -16 $37.50 8 14 
Admire 85 101 -16 $45.50 0 17 
Chase Co. RWD #01 85 101 -16 $50.00 4 11 
Whiting 84 101 -16 $30.50 0 9 
Chautauqua Co. RWD #01 84 101 -17 $42.00 0 18 
Olsburg 83 101 -18 $30.25 <1 8 
Goff 82 101 -19 $38.00 9 NA 
Wilson Co. RWD #04 82 101 -19 $60.00 0 11 
Lyon Co. RWD #03 82 101 -19 $52.00 0 13 
Latham 80 101 -21 NA 0 15 
Longford 80 101 -21 $47.50 2 NA 
Burns 79 101 -22 $31.00 <1 NA 
Green 78 101 -23 $36.00 2 12 
Chautauqua Co. RWD #02 77 101 -23 $78.00 0 9 
McFarland 77 101 -23 $44.25 2 8 
Saline Co. RWD #07 77 101 -23 $60.75 0 19 
Reading 77 101 -24 $92.00 2 12 
Emmett 77 101 -24 $25.65 0 18 
Wilson Co. RWD #12 76 101 -24 $37.30 0 10 
Walton 76 101 -25 $99.60 <1 12 
Hamilton 75 101 -26 $63.00 1 15 
Konza Valley Water District 74 101 -27 $119.80 0 14 
Saline Co. RWD #01 74 101 -27 $40.00 0 8 
University Park Water 74 101 -27 $50.50 0 13 
Sumner Co. RWD #06 73 101 -27 $40.50 0 9 
Wilson Co. RWD #13 73 101 -28 $66.50 0 14 
Rocky Ford Water Company 73 101 -28 $20.00* 0 100 
Oneida 72 101 -29 $29.05 0 11 
Netawaka 72 101 -29 NA 3 21 
Grenola 71 101 -29 $57.70 1 8 
Bremen 71 101 -30 $30.00 0 20 
Viola 70 101 -30 $42.00 0 8 
Mayetta 70 101 -30 $87.00 <1 13 
Montgomery Co. RWD #13 70 101 -31 $88.00 0 19 
Soldier 69 101 -31 NA 1 NA 
Atlanta 69 101 -32 $74.00 9 18 
Virgil 68 101 -32 $50.00 0 18 
Greenwood Co. RWD #03 66 101 -35 $78.30 0 7 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Mayfield 65 101 -36 $41.30 0 NA 
Cambridge 63 101 -38 $73.80 0 9 
Circleville 62 101 -38 $66.50 <1 11 
Fall River 62 101 -38 $38.50 0 17 
Culver 62 101 -39 $30.50 0 16 
Elbing 61 101 -39 $58.50 0 NA 
Allen 58 101 -43 $58.00 0 8 
Quenemo 56 101 -45 $67.60 2 6 
Peru 55 101 -45 $56.00 1 8 
Cedar Point 55 101 -46 $42.50 0 8 
Scotsman Estates 52 101 -48 $63.00 0 13 
Wilson Co. RWD #05 47 101 -53 $80.00 0 NA 
Red Bud Lake Improvement 44 101 -56 $77.72 0 23 
Marion Co. RWD #02 35 101 -65 $37.00 0 NA 
Average  101 101 -- $43.16 4 15 

 
a/ Includes public water suppliers in Region 7 that serve fewer than 500 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 
information available on current water rate. 

 
d/ For suppliers that meter customer usage, unaccounted for water includes distribution 

system losses, unmetered water provided to customers, and unmetered water provided 
free for public services, treatment processes, etc.  For suppliers that do not meter any 
customers water usage or did not provide sufficient information on customer sales, the 
percent unaccounted for water is 100.  “NA” is shown for suppliers reporting a percent 
unaccounted for water of less than 3.0. 
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TABLE 12 

WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Atchison 234 144 +62 $40.22 6 24 
WaterOne - Johnson Co. 185 144 +28 $32.55 14 8 
Kansas City BPU 184 144 +28 $47.28 22 9 
Parsons 170 144 +18 $47.82 28 17 
Lawrence 137 144 -5 $27.75 13 6 
Pittsburg 113 144 -21 $35.65 3 NA 
Gardner 112 144 -23 $48.10 7 13 
Olathe 111 144 -23 $30.26 1 12 
Leavenworth 107 144 -25 $44.12 <1 8 
Ottawa 91 144 -37 $27.57 <1 7 
Average 144  144 -- $38.13 11 9 

 
a/ Includes public water suppliers in Region 8 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2003, or as recently as rates provided. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 
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TABLE 13 

WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Cherokee Co. RWD #01 175 103 +70 $40.00 1 48 
Crawford Co. RWD #05 174 103 +69 $34.50 4 39 
Bourbon Co. RWD #04 166 103 +61 $68.25 11 5 
Cherokee Co. RWD #03 163 103 +59 $25.75 8 31 
DeSoto 159 103 +54 $49.55 5 29 
Fort Scott 153 103 +49 $30.23 2 31 
Osawatomie 149 103 +44 $30.50 18 13 
Paola 140 103 +36 $45.74 13 11 
Baldwin 137 103 +33 $65.76 1 19 
Allen Co. RWD #08 131 103 +28 $52.00 0 22 
Neosho Co. RWD #07 130 103 +27 $47.00 0 27 
Galena 130 103 +27 $31.50 3 17 
Bonner Springs 128 103 +24 $35.85 4 19 
Jefferson Co. RWD #13 128 103 +24 $48.20 15 22 
Girard 128 103 +24 $30.00 21 13 
Chanute 126 103 +22 $28.03 2 10 
Crawford Co. RWD #01C 125 103 +21 $45.00 0 14 
Jefferson Co. RWD #03 124 103 +20 $28.50 0 28 
Highland 123 103 +20 $41.00 27 16 
Jefferson Co. RWD #02 122 103 +19 $42.40 4 24 
Valley Falls 119 103 +16 $33.96 12 19 
Hiawatha 118 103 +14 $38.20 2 9 
Cherokee 118 103 +14 $45.75 1 25 
Jefferson Co. RWD #01 118 103 +14 $29.60 0 25 
Mound City 117 103 +14 $49.00 14 18 
Baxter Springs 116 103 +12 $33.20 5 4 
Thayer 115 103 +12 $47.00 3 17 
Johnson Co. RWD #07 115 103 +11 $58.25 0 8 
Leavenworth Co. RWD #08 114 103 +11 $59.00 1 18 
Humboldt 113 103 +10 $48.50 16 12 
Spring Hill 113 103 +10 $60.00 22 10 
Troy 112 103 +9 $49.44 21 12 
Jefferson Co. RWD #07 111 103 +8 $36.50 0 15 
Louisburg 110 103 +7 $70.25 3 16 
Eudora 109 103 +6 $50.40 20 11 
Scammon 109 103 +6 $18.25 7 18 
Frontenac 109 103 +5 $31.02 11 9 
Franklin Co. RWD #06 108 103 +5 $70.50 19 15 
Douglas Co. RWD #01 108 103 +5 $50.60 0 17 
Oswego 108 103 +5 $46.25 13 6 
Wathena 108 103 +5 $46.50 1 12 
Tonganoxie 108 103 +5 $41.45 3 16 
Jefferson Co. RWD #12 107 103 +4 $62.00 <1 20 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Leavenworth Co. RWD #05 107 103 +4 $49.24 0 17 
Johnson Co. RWD #06C 107 103 +3 $62.80 3 15 
Iola 106 103 +3 $39.37 <1 9 
Cherokee Co. RWD #04 106 103 +3 $39.50 0 37 
Garnett 103 103 0 $63.50 8 8 
Moran 103 103 0 $42.50 <1 11 
La Cygne 103 103 0 $63.25 6 5 
Suburban Water Company 103 103 0 $56.67 13 3 
Anderson Co. RWD #04 102 103 -1 $57.30 0 15 
La Harpe 102 103 -1 $39.50 2 23 
Chetopa 101 103 -2 $41.90 8 4 
Lansing (Lan-Del WC) 99 103 -4 $50.39 <1 8 
Ozawkie 99 103 -4 $23.00 0 NA 
St. Paul 97 103 -6 $34.75 0 14 
Miami Co. RWD #02 97 103 -6 $56.00 0 14 
Franklin Co. RWD #04 97 103 -6 $65.00 4 20 
Brown Co. RWD #01 96 103 -6 $30.50 0 20 
Erie 96 103 -7 $42.20 3 7 
Douglas Co. RWD #04 96 103 -7 $76.75 <1 23 
Oskaloosa 95 103 -8 $51.00 1 7 
Franklin Co. RWD #05 95 103 -8 $32.50 0 18 
Leavenworth Co. RWD #01C 93 103 -10 $61.07 1 8 
Leavenworth Co. RWD #07 93 103 -10 $74.00 2 10 
Linn Co. RWD #01 93 103 -10 NA 0 14 
Columbus 92 103 -10 $42.00 3 17 
Effingham 92 103 -10 $40.00 3 4 
Linn Co. RWD #03 92 103 -11 $60.00 0 17 
Leavenworth Co. RWD #09 92 103 -11 $52.50 0 16 
Cherokee Co. RWD #02 91 103 -12 $29.50 1 15 
Horton 90 103 -12 $38.27 7 11 
Bourbon Co. RWD #02C 90 103 -13 $35.00 1 15 
Brown Co. RWD #02 89 103 -13 $59.60 0 7 
Neosho Co. RWD #04 89 103 -14 $50.50 0 17 
Nortonville 89 103 -14 $39.39 <1 15 
Mulberry 88 103 -14 $55.65 1 18 
Douglas Co. RWD #03 88 103 -15 $59.50 <1 11 
Leavenworth Co. RWD #06 88 103 -15 $58.00 0 6 
Pleasanton 88 103 -15 $23.39 2 6 
Labette Co. RWD #08 87 103 -15 $65.00 0 23 
Miami Co. RWD #03 87 103 -16 $65.50 0 22 
Crawford Co. RWD #02 86 103 -16 $49.00 0 6 
Elwood 86 103 -16 $60.38 <1 5 
Neosho Co. RWD #02 85 103 -17 $29.10 0 18 
Arma 84 103 -19 $31.60 0 8 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Richmond 83 103 -19 $63.25 8 8 
Douglas Co. RWD #06 83 103 -19 $33.00 0 8 
Miami Co. RWD #01 82 103 -20 $42.92 1 15 
Douglas Co. RWD #05 81 103 -21 $58.00 0 7 
Gas 80 103 -22 $51.14 0 6 
Crawford Co. RWD #04 79 103 -24 $38.00 6 12 
Altamont 78 103 -24 $60.00 0 NA 
Neosho Co. RWD #01C 78 103 -24 $81.25 0 NA 
Linn Co. RWD #02 76 103 -26 $80.50 10 15 
Anderson Co. RWD #05 75 103 -27 $65.25 0 10 
Perry 75 103 -27 $64.00 <1 11 
Winchester 74 103 -28 $34.50 2 9 
Lecompton 73 103 -30 $49.50 3 8 
Weir 72 103 -30 $44.50 0 NA 
Pomona 71 103 -31 $38.90 0 3 
Labette Co. RWD #06 70 103 -32 $33.60 0 NA 
Franklin Co. RWD #01 70 103 -32 $67.29 0 5 
Cherokee Co. RWD #08 70 103 -32 $42.00 3 7 
Anderson Co. RWD #01C 66 103 -36 $98.70 0 9 
McLouth 65 103 -37 $73.80 3 NA 
Miami Co. RWD #04 63 103 -39 $97.50 0 12 
Average  103 103 -- $48.69 6 15 

 
a/ Includes public water suppliers in Region 8 that serve between 500 and 9,999 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 

c/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  
“NA” indicates no information available on current water rate. 

 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a recent unaccounted for water of less than 3.0. 
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TABLE 14 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Everest 135 87 +56 $29.25 0 11 
Neosho Co. RWD #09 132 87 +52 $39.90 0 39 
Franklin Co. RWD #07 129 87 +49 $25.00 0 57 
Allen Co. RWD #16 128 87 +47 $23.00 0 100 
Lakeside Village Improvement 127 87 +46 $32.00 9 44 
Allen Co. RWD #06 121 87 +39 $30.50 0 7 
Allen Co. RWD #03 119 87 +37 $49.00 0 21 
Atchison Co. RWD #04 119 87 +37 $72.90 0 43 
Allen Co. RWD #12 119 87 +36 $45.00 0 NA 
Neosho Co. RWD #06 116 87 +33 $48.30 0 36 
Crawford Co. RWD #01 113 87 +30 $38.00 0 32 
Robinson 111 87 +27 $36.00 3 24 
Jefferson Co. RWD #10 106 87 +22 $60.50 11 31 
Labette Co. RWD #01 106 87 +22 NA 0 12 
Walnut 106 87 +22 $43.50 <1 12 
Willis 103 87 +19 NA 0 14 
Jefferson Co. RWD #08 103 87 +18 $44.00 0 16 
Reserve 100 87 +14 $50.50 0 33 
Neosho Co. RWD #03 99 87 +14 $74.00 0 16 
Labette Co. RWD #04 98 87 +12 NA 0 11 
Blue Mound 97 87 +12 $54.75 15 4 
Neosho Co. RWD #05 97 87 +11 $65.00 0 23 
Colony 96 87 +10 NA 0 NA 
White Cloud 95 87 +9 $25.00 0 34 
Crawford Co. RWD #03 95 87 +9 $28.75 0 19 
Allen Co. RWD #01 93 87 +7 $42.50 0 100 
Allen Co. RWD #04 92 87 +6 $33.60 0 100 
Neosho Co. RWD #12 91 87 +5 $40.30 0 9 
Atchison Co. RWD #01 91 87 +4 $43.25 1 28 
Cherokee Co. RWD #07 90 87 +3 $48.92 0 17 
Atchison Co. RWD #03 90 87 +3 $61.00 0 18 
Arcadia 89 87 +2 $43.10 5 25 
Neosho Co. RWD #08 88 87 +2 $48.00 0 9 
Chicopee Water Company 88 87 +2 NA 0 6 
Anderson Co. RWD #01 87 87 0 NA 0 19 
Labette Co. RWD #02 85 87 -2 $56.40 0 10 
Anderson Co. RWD #03 85 87 -2 $97.00 0 100 
Labette Co. RWD #03 85 87 -2 $54.60 0 12 
Cherokee Co. RWD #06 85 87 -3 $57.50 0 12 
Allen Co. RWD #10 84 87 -4 $66.80 0 3 
Fontana 81 87 -7 $56.50 1 18 
Uniontown 81 87 -7 $62.65 0 8 
Prescott 79 87 -9 $51.50 0 12 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2003 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Franklin Co. RWD #03 76 87 -13 NA 0 11 
Bronson 76 87 -13 $62.50 2 9 
Doniphan Co. RWD #03 76 87 -13 $37.00 0 14 
Labette Co. RWD #07 75 87 -14 $47.50 0 11 
Muscotah 75 87 -14 $39.00 0 17 
Easton 75 87 -14 $35.20 24 3 
Greeley 74 87 -14 $38.25 1 21 
Cherokee Co. RWD #05 73 87 -16 NA 0 15 
Doniphan Co. RWD #02 72 87 -17 $76.00 0 11 
Princeton 72 87 -17 $42.50 <1 8 
Linwood 72 87 -18 $41.50 <1 8 
Edna 72 87 -18 $78.50 1 7 
West Mineral 72 87 -18 $61.00 <1 15 
Crawford Co. RWD #07 72 87 -18 $43.00 0 18 
Parker 69 87 -21 $82.00 1 17 
Fulton 66 87 -24 $50.00 0 18 
Lane 66 87 -24 $56.00 1 8 
Jefferson Co. RWD #09 65 87 -25 $63.00 9 20 
Denison 65 87 -26 $64.25 0 15 
Kincaid 63 87 -27 $65.50 3 5 
Allen Co. RWD #15 63 87 -27 $26.80 0 7 
Doniphan Co. RWD #01 61 87 -29 $31.00 1 11 
Allen Co. RWD #11 61 87 -30 NA 0 3 
Mound Valley 61 87 -30 $59.30 <1 NA 
Roseland 59 87 -32 NA 0 100 
Morrill 58 87 -33 $58.50 0 9 
Jefferson Co. RWD #15 58 87 -33 $39.75 0 9 
Rantoul 57 87 -34 $49.75 1 3 
Allen Co. RWD #13 56 87 -36 $39.70 0 11 
Average 87  87 -- $49.45 4 16 
 
a/ Includes public water suppliers in Region 8 that serve fewer than 500 people. 
 

b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 
sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 

 

c/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  
“NA” indicates no information available on current water rate. 

 

d/ Unaccounted for water includes distribution system losses, unmetered water provided to 
customers, and unmetered water provided free for public services, treatment professes, etc.  
For suppliers that did not provide sufficient information on customer sales, the percent 
unaccounted for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted 
for water of less than 3.0. 
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TABLE 15 

PUBLIC WATER SUPPLIERS WITH HIGHEST GPCD'S RELATIVE TO THEIR  
REGION, RANKED BY PERCENT ABOVE REGIONAL AVERAGE 

KANSAS, 2003 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Elgin 267 101 +165 $19.00 <1 63 
Englewood 494 198 +150 $25.00* 0 95 
Comanche Co. RWD #02 411 166 +148 $58.00 0 45 
Lorraine 315 130 +142 $21.00 53 7 
Byron 226 101 +124 $12.50* 0 100 
West Hills Water Co. 282 130 +117 $20.00* 0 100 
Hesston 216 108 +100 $18.75 9 24 
Barnes 200 101 +98 $16.00 1 36 
Scandia 200 101 +98 $8.50 3 10 
Republic Co. RWD #01 199 101 +97 $24.00 0 19 
Goddard 206 108 +91 $10.00 1 8 
Herndon 469 248 +89 $22.50 4 20 
Offerle 308 166 +85 $16.62 0 33 
Howison Heights WD 183 101 +81 $47.00 0 9 
Long Island 293 166 +76 $12.00 0 4 
Delphos 176 101 +75 $19.50 9 41 
Jennings 424 243 +74 $14.00 5 59 
Moundridge 187 108 +73 $9.50 1 7 
South Haven 173 101 +71 $26.50 1 53 
Cherokee Co. RWD #01 175 103 +70 $40.00 1 48 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water use.   
 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
water usage the percent unaccounted for is 100.  For suppliers that meter only certain water 
uses, the percent unaccounted for includes all unmetered water.   
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TABLE 16 

PUBLIC WATER SUPPLIERS WITH LOWEST GPCD'S RELATIVE TO THEIR  
REGION, RANKED BY PERCENT BELOW REGIONAL AVERAGE 

KANSAS, 2003 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Garden Spot Rentals 66 248 -73 None 0 100 
Farr Subdivision 68 248 -72 None 0 100 
Brownell 60 198 -70 $12.50 0 9 
Finney Co. RWD #01 80 248 -68 $46.50 0 20 
Norton Co. RWD #01 69 198 -65 $34.50 0 11 
Hamilton Co. RWD #01 97 278 -65 $57.00 5 5 
Marion Co. RWD #02 35 101 -65 $37.00 0 NA 
Waldo 48 130 -63 $46.25 0 NA 
Liebenthal 73 166 -56 $33.00 2 9 
Horace 122 278 -56 $24.30 0 3 
Red Bud Lake Improvement 44 101 -56 $77.72 0 23 
Trego Co. RWD #02 91 198 -54 $63.00 4 7 
Wilson Co. RWD #05 47 101 -53 $80.00 0 NA 
Pawnee Rock 66 130 -49 $28.50 3 8 
Scotsman Estates 52 101 -48 $63.00 0 13 
Paradise 69 130 -47 NA 0 6 
Ellis Co. RWD #03 88 166 -47 $29.40 0 32 
Cedar Point 55 101 -46 $42.50 0 8 
Ellis Co. RWD #01 91 166 -45 $23.20 1 12 
Peru 55 101 -45 $56.00 1 8 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  

“NA” indicates no information available on current water rates.  “None” indicates system that 
does not charge for water service. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
For suppliers that do not meter any customer water usage or did not provide sufficient 
information on customer sales, the percent unaccounted for water is 100.  “NA” is shown for 
supplier reporting a percent unaccounted for water of less than 3.0. 
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TABLE 17 

WATER USE BY PUBLIC WATER SUPPLIERS WITH FLAT RATESa/ 

KANSAS, 2003 

Public Water Supplier Region

Cost per 
10,000 

gal/month GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Arnold 4 $12.00 270 198 +36 
Belvidere 5 $15.00 218 166 +31 
Blue River Hills Improvement 7S $20.00 123 101 +21 
Byron 7S $12.50 226 101 +124 
Copeland 3 $25.00 249 243 +3 
Englewood 4 $25.00 494 198 +150 
Ford 4 $18.00 225 198 +14 
Geary Co. RWD #02 7S $22.20 119 101 +18 
Rocky Ford Water Company 7S $20.00 73 101 -28 
West Hills Water Co. 6S $20.00 282 130 +117 
Average         +49 

 
a/ Each customer is charged the same amount each month, regardless of how much water is 

used. 
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TABLE 18 

AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 
KANSAS, 2003 

Gallons of Water Used Per Month 

Region 

Number of 
Public Water 

Suppliers 5,000 10,000 25,000 50,000 100,000 

1 16 $14.23 $20.82 $40.93 $76.27 $146.09 
2 22 $14.07 $19.69 $37.27 $67.76 $128.45 
3 20 $12.23 $18.33 $37.41 $69.25 $139.65 
4 27 $17.91 $24.42 $45.22 $81.57 $156.62 
5 46 $18.71 $27.50 $55.98 $107.65 $211.76 
6 107 $20.40 $31.17 $63.64 $117.96 $225.15 
7 318 $25.97 $41.65 $87.73 $164.82 $318.21 
8 179 $28.93 $48.36 $105.79 $201.69 $391.20 

Kansas  735 $24.14 $38.49 $81.17 $152.91 $295.55 
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TABLE 19 

PUBLIC WATER SUPPLIERS WITH 30 PERCENT OR MORE 
UNACCOUNTED FOR WATER 

KANSAS, 2003 

Public Water Supplier 

Percent 
Unaccounted 

For 

Potential 
Water Gain 
(Thousand 
Gallons) 

Water Conservation Plan 
Approval Date 

Alton 44 2,039 December 18, 2003 
Atchison Co. RWD #04 43 4,057 October 8, 2001 
Barnes 36 2,500 October 13, 2003 
Bucklin 40 19,256 March 31, 1997 
Butler Co. RWD #08 30 6,248 October 29, 1997 
Cherokee Co. RWD #01 48 11,274 February 6, 1997 
Cherokee Co. RWD #03 31 18,874 February 3, 1998 
Cherokee Co. RWD #04 37 13,265 March 25, 2002 
Comanche Co. RWD #02 45 6,211 March 17, 1997 
Copeland 58 24,274 August 15, 2000 
Crawford Co. RWD #01 32 3,380 March 25, 2002 
Crawford Co. RWD #05 39 27,602 April 8, 1997 
Delphos 41 7,826 March 22, 2000 
Durham 36 1,304 -- 
Elgin 63 4,954 April 1, 1997 
Elk Co. RWD #01 31 3,866 -- 
Ellis Co. RWD #03 32 1,382 January 7, 2004 
Elmdale 40 790 July 1, 1991 
Esbon 32 1,161 November 19, 2003 
Fort Scott 31 122,753 April 11, 2000 
Franklin Co. RWD #07 57 1,736 -- 
Gridley 34 3,080 September 18, 1997 
Havensville 42 1,235 July 18, 2002 
Jefferson Co. RWD #10 31 1,597 December 18, 2001 
Jennings 59 10,638 July 18, 2002 
Lakeside Village Improvement 44 4,057 -- 
Montgomery Co. RWD #08 32 1,852 July 22, 2002 
Neosho Co. RWD #06 36 3,878 February 26, 2003 
Neosho Co. RWD #09 39 2,167 December 27, 1999 
Offerle 33 4,482 -- 
Portis 34 986 -- 
Reserve 33 661 January 29, 2002 
Russell Co. RWD #03 35 10,842 March 24, 2003 
South Haven 53 9,454 June 21, 2004 
Sylvia 34 3,749 July 21, 2000 
Wallace 38 2,881 October 14, 1999 
White Cloud 34 1,516 August 1, 2001 
 
a/ Potential water gain is the amount of water that would be saved if only 15 percent of the 

total was unaccounted for. 
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TABLE 20 

ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 
KANSAS, 1999-2003 

Public Water Supplier Region
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
AVG 

GPCD 
Abbyville 6S 132 172 154 139 142 148 
Abilene 7M 180 179 170 193 149 174 
Admire 7S 85 91 100 89 85 90 
Agenda 7S 83 100 92 91 91 91 
Agra 5 121 149 133 152 140 139 
Albert 6S 119 114 121 126 129 122 
Alexander 5 136 132 150 161 137 143 
Allen 7S 60 64 59 60 58 60 
Allen Co. RWD #01 8S NA 76 57 84 93 77 
Allen Co. RWD #03 8S NA 135 119 123 119 124 
Allen Co. RWD #04 8S NA 147 144 127 92 127 
Allen Co. RWD #06 8S NA 119 NA 88 121 109 
Allen Co. RWD #07 8S NA NA NA 74 NA 74 
Allen Co. RWD #08 8M NA 130 112 122 131 124 
Allen Co. RWD #10 8S NA 92 79 87 84 85 
Allen Co. RWD #11 8S NA NA 64 66 61 64 
Allen Co. RWD #12 8S NA 127 NA 129 119 125 
Allen Co. RWD #13 8S NA 60 NA 59 56 58 
Allen Co. RWD #15 8S NA 71 74 66 63 69 
Allen Co. RWD #16 8S NA 113 112 119 128 118 
Alma 7M 120 131 131 140 141 133 
Almena 4 145 178 131 166 132 151 
Alta Vista 7S 75 82 97 85 86 85 
Altamont 8M 87 80 83 77 78 81 
Alton 6S 102 167 221 220 144 171 
Altoona 7S 130 155 132 87 99 121 
Andale 7M 87 98 101 111 89 97 
Anderson Co. RWD #01 8S NA 123 96 81 87 97 
Anderson Co. RWD #01C 8M NA NA NA NA 66 66 
Anderson Co. RWD #03 8S NA 105 NA 73 85 88 
Anderson Co. RWD #04 8M 101 107 119 112 102 108 
Anderson Co. RWD #05 8M NA 77 73 60 75 71 
Anthony 6ML 166 158 206 160 148 168 
Arcadia 8S 105 110 91 85 89 96 
Argonia 7M 203 191 146 104 117 152 
Arkansas City 7L 140 130 121 114 118 125 
Arlington 6S 163 139 132 117 116 134 
Arma 8M 89 89 82 87 84 86 
Arnold 4 114 165 198 271 270 204 
Ashland 4 249 259 226 240 260 247 
Assaria 7M 80 77 83 72 70 76 
Atchison 8L 154 144 129 121 234 157 
Atchison Co. RWD #01 8S NA 95 NA NA 91 93 
Atchison Co. RWD #02 8S NA NA 87 NA NA 87 
Atchison Co. RWD #03 8S NA 95 90 77 90 88 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1999-2003 

Public Water Supplier Region
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
AVG 

GPCD 
Atchison Co. RWD #04 8S NA 120 137 127 119 126 
Atchison Co. RWD #06 8M NA NA NA 116 NA 116 
Atlanta 7S 86 84 86 71 69 79 
Attica 6ML 207 202 179 195 166 190 
Atwood 2 225 265 221 260 219 238 
Augusta 7M 137 130 127 145 139 136 
Aurora 7S 84 99 104 143 107 108 
Axtell 7S 83 90 80 89 90 86 
Baldwin 8M 107 95 195 112 137 129 
Barber Co. RWD #01 6S NA 186 176 198 174 184 
Barber Co. RWD #02 6S 220 193 135 212 192 190 
Barber Co. RWD #03 6S 103 96 92 113 74 96 
Barnard 6S NA NA NA 72 77 75 
Barnes 7S 161 151 149 168 200 166 
Bartlett 8S 89 95 98 91 NA 93 
Barton Co. RWD #01 6S NA 90 79 83 110 90 
Barton Hills WD 6S 99 96 101 80 78 91 
Baxter Springs 8M 140 107 170 133 116 133 
Bazine 4 113 122 157 143 122 131 
Beattie 7S 98 108 109 123 109 109 
Bel Aire 7M 112 130 128 123 112 121 
Belle Plaine 7M 108 122 114 104 104 111 
Belleville 7M 160 181 152 160 145 160 
Beloit 6ML 81 97 89 97 90 91 
Belpre 5 101 117 134 163 122 128 
Belvidere 5 153 220 244 232 218 213 
Belvue 7S 108 112 111 111 103 109 
Bennington 7M 91 97 95 97 91 94 
Benton 7M NA 93 79 84 82 85 
Bern 7S 100 99 99 107 111 103 
Beverly 6S 126 101 102 95 86 102 
Bird City 1 353 402 350 401 329 367 
Bison 5 134 143 136 134 115 132 
Blue Mound 8S 87 88 95 88 97 91 
Blue Rapids 7M 153 155 161 167 154 158 
Blue River Hills Improvement 7S 109 124 131 136 123 125 
Bluff City 6S 84 94 92 83 93 89 
Bogue 4 138 186 157 203 187 174 
Bonner Springs 8M 124 131 120 151 128 131 
Bourbon Co. RWD #02C 8M NA 81 82 79 90 83 
Bourbon Co. RWD #04 8M NA 199 179 206 166 188 
Bremen 7S NA 101 124 111 71 102 
Brewster 2 280 368 289 412 378 346 
Bronson 8S 81 80 79 76 76 78 
Brookville 7S NA NA NA 105 NA 105 
Brown Co. RWD #01 8M 94 99 89 96 96 95 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1999-2003 

Public Water Supplier Region
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
AVG 

GPCD 
Brown Co. RWD #02 8M NA 89 81 92 89 88 
Brownell 4 81 74 132 86 60 86 
Bucklin 4 269 280 305 282 286 284 
Buffalo 7S 81 90 75 108 113 93 
Buhler 6ML 143 156 137 131 127 139 
Bunker Hill 6S 128 98 106 125 112 114 
Burden 7M 122 118 112 114 107 115 
Burdett 5 172 200 191 211 193 193 
Burlingame 7M 82 95 93 89 86 89 
Burlington 7M 154 151 139 130 129 141 
Burns 7S 93 98 77 84 79 86 
Burr Oak 6S 144 148 125 115 112 129 
Burrton 7M 105 112 108 108 108 108 
Bushton 6S 124 144 153 175 144 148 
Butler Co. RWD #01 7M NA 104 106 103 101 104 
Butler Co. RWD #02 7M NA 102 81 83 78 86 
Butler Co. RWD #03 7M NA 73 76 73 66 72 
Butler Co. RWD #04 7M NA 78 81 78 68 76 
Butler Co. RWD #05 7M NA 89 80 81 80 83 
Butler Co. RWD #06 7M NA 84 87 91 87 87 
Butler Co. RWD #07 7M NA 69 77 66 65 69 
Butler Co. RWD #08 7M NA 75 70 73 88 76 
Byron 7S 239 289 193 225 226 234 
Caldwell 7M 98 103 102 98 103 101 
Cambridge 7S NA 74 71 68 63 69 
Caney 7M 135 146 141 135 146 140 
Canton 7M 141 152 151 150 142 147 
Carbondale 7M 91 114 136 113 105 112 
Cassoday 7S 94 104 119 114 92 105 
Cawker City 6ML 146 148 128 130 130 136 
Cedar Point 7S 73 72 76 69 55 69 
Cedar Vale 7M 106 112 125 107 107 111 
Centralia 7M NA 117 88 88 87 95 
Chanute 8M 129 139 131 130 126 131 
Chapman 7M 168 166 153 171 157 163 
Chase 6ML 110 160 98 114 126 122 
Chase Co. RWD #01 7S NA 92 84 83 85 86 
Chautauqua 7S NA NA 112 NA NA 112 
Chautauqua Co. RWD #01 7S NA 125 91 74 84 93 
Chautauqua Co. RWD #02 7S NA 101 107 106 77 98 
Chautauqua Co. RWD #03 7S NA NA 101 92 87 93 
Cheney 7M 167 166 174 176 170 170 
Cherokee 8M 92 90 94 112 118 101 
Cherokee Co. RWD #01 8M 130 155 155 145 175 152 
Cherokee Co. RWD #02 8M 86 92 92 84 91 89 
Cherokee Co. RWD #03 8M 161 161 186 167 163 167 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1999-2003 

Public Water Supplier Region
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
AVG 

GPCD 
Cherokee Co. RWD #04 8M 144 154 145 127 106 135 
Cherokee Co. RWD #05 8S NA 75 79 71 73 74 
Cherokee Co. RWD #06 8S NA 97 NA 109 85 97 
Cherokee Co. RWD #07 8S NA 73 73 78 90 78 
Cherokee Co. RWD #08 8M 83 86 67 64 70 74 
Cherryvale 7M 92 82 89 87 84 87 
Chetopa 8M 102 125 136 130 101 119 
Chicopee Rural Water District 8S NA 83 85 92 88 87 
Cimarron 3 213 253 264 326 240 259 
Circleville 7S NA 66 55 63 62 62 
Claflin 6ML 134 157 152 141 138 145 
Clay Center 7M 143 204 156 125 111 148 
Clay Co. RWD #01 7S 97 134 130 126 118 121 
Clay Co. RWD #02 7M 93 102 101 105 99 100 
Clayton 4 75 105 172 122 123 119 
Clearwater 7M 95 99 100 96 95 97 
Clifton 7M 128 166 146 159 150 150 
Cloud Co. RWD #01 7S 115 128 107 111 120 116 
Clyde 7M 137 170 146 159 140 150 
Coal Hollow WD 8S NA 78 81 NA NA 79 
Coats 6S 126 137 147 143 142 139 
Coffey Co. RWD #02 7M 101 103 95 94 89 97 
Coffey Co. RWD #03 7M 72 82 77 76 77 77 
Coffeyville 7L 155 136 142 168 215 163 
Colby 2 266 323 291 320 302 300 
Coldwater 5 201 232 243 229 217 224 
Collyer 4 131 166 139 153 151 148 
Colony 8S NA 86 94 94 96 92 
Columbus 8M 109 119 108 117 92 109 
Colwich 7M NA NA NA NA 82 82 
Comanche Co. RWD #01 5 NA 176 64 93 124 114 
Comanche Co. RWD #02 5 278 435 431 427 411 397 
Concordia 7M 142 164 148 153 142 150 
Conway Springs 7M 104 100 112 106 129 110 
Coolidge 1 269 385 300 339 310 320 
Copeland 3 243 253 242 248 249 247 
Corning 7S NA 90 NA NA NA 90 
Cottonwood Falls 7M 97 100 97 92 90 95 
Council Grove 7M 106 126 123 121 122 120 
Courtland 7S NA 113 112 113 119 114 
Cowley Co. RWD #01 7M 128 120 118 112 101 116 
Cowley Co. RWD #02 7M NA 72 77 71 67 72 
Cowley Co. RWD #03 7M 139 136 127 NA 120 131 
Cowley Co. RWD #04 7S NA 173 130 107 113 131 
Cowley Co. RWD #05 7M NA 89 101 88 90 92 
Cowley Co. RWD #06 7M 115 120 90 78 86 98 



 44

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1999-2003 

Public Water Supplier Region
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GPCD 
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Cowley Co. RWD #07 7S NA NA 73 NA NA 73 
Cowley Co. RWD #08 7S NA 93 85 NA 86 88 
Crawford Co. RWD #01 8S 87 106 116 96 113 104 
Crawford Co. RWD #01C 8M 95 114 127 116 125 115 
Crawford Co. RWD #02 8M NA 99 82 82 86 87 
Crawford Co. RWD #03 8S 106 106 100 107 95 102 
Crawford Co. RWD #04 8M 107 123 92 88 79 98 
Crawford Co. RWD #05 8M 137 125 111 115 174 132 
Crawford Co. RWD #06 8M 130 133 126 120 NA 127 
Crawford Co. RWD #07 8S NA 65 64 59 72 65 
Cuba 7S 95 137 128 133 135 126 
Cullison 6S 147 167 272 167 218 194 
Culver 7S 85 85 84 66 62 76 
Cunningham 6ML 186 197 194 187 182 189 
Damar 5 NA 114 110 105 104 109 
Dearing 7S 72 69 79 71 100 78 
Deerfield 2 132 154 137 158 168 150 
Delia 7S 133 129 NA 79 NA 114 
Delphos 7S 127 160 151 184 176 160 
Denison 8S NA 76 68 67 65 69 
Derby (El Paso Water Co.) 7L 121 137 140 131 116 129 
DeSoto 8M 120 110 101 114 159 121 
Dexter 7S 123 131 119 102 96 114 
Dickinson Co. RWD #01 7M 116 124 108 98 72 104 
Dickinson Co. RWD #02 7M 104 115 101 114 102 107 
Dickinson Co. RWD #03 7S NA 66 65 64 NA 65 
Dighton 3 209 270 248 268 276 254 
Dodge City 4 189 206 224 218 208 209 
Doniphan Co. RWD #01 8S 67 76 67 59 61 66 
Doniphan Co. RWD #02 8S 76 78 66 72 72 73 
Doniphan Co. RWD #03 8S 89 72 77 86 76 80 
Doniphan Co. RWD #05 8M NA 91 NA 80 NA 85 
Dorrance 6S 86 88 87 88 77 85 
Douglas Co. RWD #01 8M 92 98 90 103 108 98 
Douglas Co. RWD #02 8M 85 97 NA NA NA 91 
Douglas Co. RWD #03 8M 97 96 90 92 88 92 
Douglas Co. RWD #04 8M 93 94 87 94 96 93 
Douglas Co. RWD #05 8M 75 94 80 79 81 82 
Douglas Co. RWD #06 8M 109 124 88 85 83 98 
Douglass 7M 88 93 90 87 80 88 
Downs 6ML 175 232 217 250 221 219 
Durham 7S 93 110 101 116 148 114 
Dwight 7S 84 97 88 84 87 88 
Easton 8S 95 80 127 102 75 96 
Edgerton 8M 59 63 63 NA NA 62 
Edna 8S 62 65 62 68 72 66 
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Effingham 8M 114 109 79 84 92 96 
El Dorado 7L 169 199 200 200 185 191 
Elbing 7S NA 63 61 64 61 62 
Elgin 7S 215 239 268 288 267 255 
Elk City 7S 112 114 114 99 145 117 
Elk Co. RWD #01 7M NA NA NA NA 90 90 
Elkhart 1 282 335 288 350 354 322 
Ellinwood 6ML 114 123 117 125 123 120 
Ellis 5 117 116 112 115 97 111 
Ellis Co. RWD #01 5 85 94 85 88 91 89 
Ellis Co. RWD #01C 5 NA NA NA NA 117 117 
Ellis Co. RWD #03 5 57 75 126 70 88 83 
Ellis Co. RWD #06 5 101 93 89 133 115 106 
Ellsworth 6ML 138 167 132 136 138 142 
Elmdale 7S 85 78 150 149 163 125 
Elwood 8M 68 83 74 77 86 78 
Emmett 7S 115 117 83 80 77 94 
Emporia 7L 166 166 175 178 182 173 
Englewood 4 373 456 405 555 494 457 
Ensign 3 193 219 252 222 218 221 
Enterprise 7M 89 90 86 111 87 93 
Erie 8M 120 112 101 98 96 105 
Esbon 6S 123 130 132 142 135 133 
Eskridge 7M 144 149 163 127 112 139 
Eudora 8M 78 92 97 108 109 97 
Eureka 7M 126 141 127 124 119 128 
Everest 8S 102 104 111 120 135 115 
Fall River 7S NA NA 61 NA 62 62 
Farr Subdivision 2 NA 107 68 67 68 77 
Finney Co. RWD #01 2 NA 75 70 75 80 75 
Florence 7M 106 102 106 105 96 103 
Fontana 8S 85 95 91 82 81 87 
Ford 4 197 250 261 290 225 245 
Formoso 6S 84 98 107 94 111 99 
Fort Scott 8M 137 148 153 169 153 152 
Fowler 3 174 198 193 211 186 192 
Frankfort 7M 135 173 120 132 131 138 
Franklin Co. RWD #01 8M 84 98 87 74 70 83 
Franklin Co. RWD #02 8S NA NA 78 81 NA 80 
Franklin Co. RWD #03 8S NA 68 70 78 76 73 
Franklin Co. RWD #04 8M 141 116 95 85 97 107 
Franklin Co. RWD #05 8M 105 104 99 103 95 101 
Franklin Co. RWD #06 8M 96 112 110 114 108 108 
Franklin Co. RWD #07 8S NA 159 89 201 129 145 
Fredonia 7M 103 114 141 124 132 123 
Frontenac 8M 119 122 110 114 109 115 
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Fulton 8S 63 68 83 84 66 73 
Galena 8M 146 159 143 136 130 143 
Galesburg 8S 90 96 NA 83 NA 90 
Galva 7M 107 116 126 127 122 120 
Garden City 2 176 195 180 212 186 190 
Garden Plain 7M 107 121 132 159 126 129 
Garden Spot Rentals 2 69 89 79 96 66 80 
Gardner 8L 98 100 112 120 112 108 
Garnett 8M 108 120 122 112 103 113 
Gas 8M NA 78 78 78 80 79 
Gaylord 6S 130 172 158 159 145 153 
Geary Co. RWD #01 7S NA 92 140 NA NA 116 
Geary Co. RWD #02 7S 114 158 151 134 119 135 
Geary Co. RWD #04 7M 106 89 76 78 83 87 
Geneseo 6S 76 91 106 104 108 97 
Geuda Springs 7S 101 91 115 160 98 113 
Girard 8M 160 132 122 117 128 132 
Glade 5 90 104 112 151 112 114 
Glasco 7M 89 86 80 79 77 82 
Glen Elder 6S 154 177 181 180 153 169 
Goddard 7M 152 174 229 235 206 199 
Goessel 7M 108 114 103 101 97 105 
Goff 7S 85 89 80 79 82 83 
Goodland 1 313 331 303 314 294 311 
Gorham 6S 96 80 79 82 87 85 
Gove 3 233 274 287 261 192 249 
Grainfield 3 235 292 234 295 280 267 
Grandview Plaza 7M NA 98 102 97 102 100 
Great Bend 6ML 131 139 136 133 131 134 
Greeley 8S 92 84 71 62 74 77 
Green 7S 83 81 77 84 78 80 
Greenleaf 7S 143 150 152 141 150 147 
Greensburg 5 149 161 160 160 161 158 
Greenwood Co. RWD #02 7M NA 78 99 102 102 95 
Greenwood Co. RWD #03 7S NA 53 69 68 66 64 
Grenola 7S 74 66 73 69 71 71 
Gridley 7S NA 91 94 114 108 102 
Grinnell 3 253 303 278 309 266 282 
Gypsum 7S 106 118 111 114 109 112 
Haddam 7S 96 100 84 87 88 91 
Halstead 7M 111 108 111 110 127 114 
Hamilton 7S NA 81 74 NA 75 77 
Hamilton Co. RWD #01 1 104 94 71 110 97 95 
Hanover 7M 95 105 93 101 106 100 
Hanston 4 185 310 266 269 285 263 
Hardtner 6S 223 241 230 244 201 228 
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Harper 6ML 128 155 164 134 128 142 
Harper Co. RWD #01 6S NA 92 124 115 NA 110 
Harper Co. RWD #04 6S NA NA 125 98 80 101 
Harper Co. RWD #05 6S NA 119 136 NA NA 128 
Hartford 7M 70 73 72 69 74 72 
Harvey Co. RWD #01 7M NA 76 79 76 69 75 
Harveyville 7S 106 121 156 110 92 117 
Haven 6ML 138 163 169 158 160 158 
Havensville 7S 100 100 92 83 86 92 
Haviland 5 176 180 183 198 190 185 
Hays 5 111 101 91 95 96 99 
Hays City Suburban 5 114 144 162 208 179 162 
Haysville 7M 88 96 101 103 103 98 
Hazelton 6S 138 140 169 179 118 149 
Herington 7M 102 105 103 105 118 107 
Herndon 2 409 500 405 533 469 463 
Hesston 7M 156 170 191 179 216 182 
Hiawatha 8M 111 120 114 120 118 116 
Highland 8M 115 115 117 115 123 117 
Hill City 4 186 221 215 280 241 229 
Hillsboro 7M 106 115 132 138 124 123 
Hoisington 6ML 110 116 109 117 110 112 
Holcomb 2 134 160 152 178 155 156 
Holton 7M 146 160 149 140 151 149 
Holyrood 6S 141 182 155 174 161 163 
Hope 7S 83 90 90 92 97 90 
Horace 1 109 NA 123 154 122 127 
Horton 8M 116 100 94 86 90 97 
Howard 7M 100 113 126 120 107 113 
Howison Heights WD 7S 117 99 127 167 183 139 
Hoxie 3 262 299 241 269 307 276 
Hoyt 7M NA 78 71 69 69 72 
Hugoton 2 319 347 301 360 299 325 
Humboldt 8M 107 111 128 122 113 116 
Hunter 6S NA 105 NA NA 90 97 
Hutchinson 6ML 132 147 145 141 136 140 
Independence 7L 170 157 153 145 140 153 
Ingalls 3 196 236 228 244 194 220 
Inman 7M 124 154 144 142 140 141 
Iola 8M 115 121 124 118 106 117 
Isabel 6S 174 136 127 144 163 149 
Iuka 6S 86 96 115 126 96 104 
Jackson Co. RWD #01 7M NA 90 87 100 100 94 
Jackson Co. RWD #03 7M 105 127 104 97 97 106 
Jamestown 7S 132 119 112 103 92 111 
Jefferson Co. RWD #01 8M 112 118 105 113 118 113 
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Jefferson Co. RWD #02 8M 109 116 147 122 122 123 
Jefferson Co. RWD #03 8M 127 122 118 117 124 121 
Jefferson Co. RWD #07 8M 124 122 105 103 111 113 
Jefferson Co. RWD #08 8S 109 97 88 109 103 101 
Jefferson Co. RWD #09 8S 65 68 77 69 65 69 
Jefferson Co. RWD #10 8S 109 118 161 169 106 133 
Jefferson Co. RWD #11 8S 75 100 86 NA NA 87 
Jefferson Co. RWD #12 8M 126 120 103 106 107 112 
Jefferson Co. RWD #13 8M 94 104 156 123 128 121 
Jefferson Co. RWD #15 8S 71 71 63 62 58 65 
Jennings 3 255 389 395 413 424 375 
Jetmore 4 185 216 218 247 215 216 
Jewell 6S NA 101 80 91 86 90 
Jewell Co. RWD #01 6S 150 264 204 169 144 186 
Johnson City 1 283 368 290 365 335 328 
Johnson Co. RWD #06C 8M NA 102 81 99 107 97 
Johnson Co. RWD #07 8M 88 101 90 105 115 100 
Junction City 7L 142 160 153 146 146 149 
Kanopolis 6ML 88 95 109 109 103 101 
Kanorado 1 198 249 310 298 243 260 
Kansas City BPU 8L 179 184 211 176 184 187 
Kechi 7M NA 120 117 123 114 119 
Kensington 6ML 144 175 169 183 168 168 
Kincaid 8S NA 80 NA 60 63 68 
Kingman 6ML 139 158 141 124 133 139 
Kingman Co. RWD #01 6S NA 117 72 73 78 85 
Kinsley 5 132 134 136 130 134 133 
Kiowa 6ML 126 128 135 148 163 140 
Kirwin 5 125 139 200 164 142 154 
Kismet 2 185 206 203 208 206 201 
Konza Valley Water District 7S 83 72 80 72 74 76 
La Crosse 5 113 121 115 124 122 119 
La Cygne 8M 93 94 91 91 103 94 
La Harpe 8M NA 104 92 100 102 100 
Labette Co. RWD #01 8S NA 93 101 94 106 99 
Labette Co. RWD #02 8S 93 76 72 76 85 80 
Labette Co. RWD #03 8S 89 93 94 89 85 90 
Labette Co. RWD #04 8S NA 78 108 97 98 95 
Labette Co. RWD #05 8M 97 99 NA NA NA 98 
Labette Co. RWD #06 8M 96 104 95 63 70 86 
Labette Co. RWD #07 8S 77 77 80 74 75 76 
Labette Co. RWD #08 8M 89 115 93 85 87 94 
Lakeside Village Improvement 8S 111 97 100 120 127 111 
Lakin 2 239 266 250 282 253 258 
Lancaster 8S NA NA 66 NA NA 66 
Lane 8S 60 58 73 69 66 65 
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Lane Co. RWD #01 3 170 251 213 213 200 210 
Lansing (Lan-Del WC) 8M NA 108 98 102 99 102 
Larned 5 193 199 196 238 238 213 
Latham 7S NA 73 84 86 80 81 
Lawrence 8L 124 139 128 139 137 133 
Leavenworth 8L 105 117 116 108 107 111 
Leavenworth Co. RWD #01C 8M 84 74 77 89 93 83 
Leavenworth Co. RWD #05 8M NA 124 108 103 107 111 
Leavenworth Co. RWD #06 8M NA 96 74 85 88 86 
Leavenworth Co. RWD #07 8M NA 86 81 85 93 86 
Leavenworth Co. RWD #08 8M NA NA 112 112 114 113 
Leavenworth Co. RWD #09 8M 91 95 87 93 92 92 
Leavenworth Co. RWD #10 8M NA 95 80 NA NA 88 
Lebanon 6S 104 135 113 104 100 111 
Lebo 7M 82 94 83 83 83 85 
Lecompton 8M 76 80 77 77 73 76 
Lehigh 7S 102 120 119 110 113 113 
Lenora 4 223 198 164 202 224 202 
Leon 7M 91 98 92 99 110 98 
Leonardville 7S 103 124 100 114 100 108 
Leoti 2 190 235 221 260 239 229 
LeRoy 7M 81 92 82 76 76 81 
Lewis 5 209 232 174 193 191 200 
Liberal 2 200 265 209 203 174 210 
Liebenthal 5 65 63 65 90 73 71 
Lincoln Center 6ML 154 163 141 150 136 149 
Lindsborg 7M 119 118 119 122 112 118 
Linn 7S 126 135 154 132 128 135 
Linn Co. RWD #01 8M NA NA NA 94 93 94 
Linn Co. RWD #02 8M NA 95 89 83 76 86 
Linn Co. RWD #03 8M NA 129 94 91 92 102 
Linwood 8S 74 66 83 71 72 73 
Little Bear Mound 7S NA 83 NA NA 114 98 
Little River 6ML 135 138 159 173 158 153 
Logan 5 172 208 192 262 178 202 
Long Island 5 199 204 165 312 293 235 
Longford 7S 93 106 87 83 80 90 
Longton 7S 93 103 102 91 85 95 
Lorraine 6S 128 126 110 127 315 161 
Louisburg 8M 105 116 106 115 110 110 
Lucas 6S 107 119 110 152 114 121 
Luray 6S 94 99 88 99 92 94 
Lyndon 7M 85 93 88 89 87 89 
Lyon Co. RWD #01 7M 83 90 93 105 94 93 
Lyon Co. RWD #02 7M 131 152 126 143 182 147 
Lyon Co. RWD #03 7S 90 82 78 77 82 82 



 50

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1999-2003 

Public Water Supplier Region
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
AVG 

GPCD 
Lyon Co. RWD #04 7M 72 87 86 87 86 83 
Lyon Co. RWD #05 7M 105 116 110 106 107 109 
Lyons 6ML 232 254 246 181 214 226 
Macksville 6ML 187 195 180 183 185 186 
Madison 7M 95 100 95 91 86 93 
Mahaska 7S 126 201 147 103 89 133 
Manhattan 7L 156 175 165 151 141 158 
Mankato 6ML 189 236 186 193 179 197 
Manter 1 237 298 275 352 305 293 
Maple Hill 7S 103 103 93 101 104 101 
Marion 7M 128 116 127 118 108 119 
Marion Co. Imp. Dist. #02 7S NA 72 73 91 76 78 
Marion Co. RWD #01 7M 114 123 108 124 121 118 
Marion Co. RWD #02 7S NA 45 34 37 35 38 
Marion Co. RWD #04 7M NA 89 97 84 83 89 
Marquette 7M 124 126 127 133 126 127 
Marshall Co. RWD #01 7S 97 95 91 103 102 98 
Marshall Co. RWD #02 7S 198 223 214 244 137 203 
Marshall Co. RWD #03 7M 123 98 101 108 99 106 
Marysville 7M 124 132 136 148 143 137 
Matfield Green 7S 109 123 118 118 91 112 
Mayetta 7S NA 64 NA 68 70 67 
Mayfield 7S NA 69 68 65 65 67 
McCracken 5 103 116 127 118 119 117 
McDonald 2 220 348 264 400 356 318 
McFarland 7S 76 78 73 75 77 76 
McLouth 8M 76 72 65 62 65 68 
McPherson 7L 162 174 180 172 173 172 
McPherson Co. RWD #01 7S 108 130 155 128 132 131 
McPherson Co. RWD #02 7S NA 141 136 126 127 133 
McPherson Co. RWD #03 7S NA NA 162 199 143 168 
McPherson Co. RWD #04 7M NA 143 118 116 123 125 
Meade 3 254 278 236 254 259 256 
Medicine Lodge 6ML 231 259 261 254 238 248 
Melvern 7S 112 110 130 113 126 118 
Miami Co. RWD #01 8M NA 98 93 100 82 93 
Miami Co. RWD #02 8M 100 101 95 102 97 99 
Miami Co. RWD #03 8M NA 80 71 71 87 77 
Miami Co. RWD #04 8M NA 51 60 60 63 58 
Milford 7M 73 75 74 76 73 74 
Miltonvale 7M 126 155 126 133 113 131 
Minneapolis 7M 136 176 166 166 153 159 
Minneola 4 185 215 203 220 197 204 
Mitchell Co. RWD #01 6S NA 260 NA NA NA 260 
Mitchell Co. RWD #02 6ML 205 249 262 204 200 224 
Moline 7S 129 121 106 145 114 123 
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Montezuma 3 226 299 285 311 258 276 
Montgomery Co. RWD #01 7S NA NA 80 NA 87 83 
Montgomery Co. RWD #01C 7M 85 79 79 71 71 77 
Montgomery Co. RWD #02 7M 90 83 83 78 85 84 
Montgomery Co. RWD #06 7M 108 94 NA 99 97 99 
Montgomery Co. RWD #08 7S NA 137 136 99 106 120 
Montgomery Co. RWD #09 7S NA 91 110 118 112 108 
Montgomery Co. RWD #10 7S 85 90 102 100 89 93 
Montgomery Co. RWD #11 7M 96 88 106 88 NA 95 
Montgomery Co. RWD #12 7M 82 74 70 68 66 72 
Montgomery Co. RWD #13 7S NA 55 82 69 70 69 
Moran 8M NA 110 99 104 103 104 
Morganville 7S 126 150 139 162 143 144 
Morland 4 205 267 272 291 278 263 
Morrill 8S NA 65 62 53 58 59 
Morris Co. RWD #01 7M 106 124 120 147 141 128 
Morrowville 7S 113 95 98 125 113 109 
Moscow 2 300 413 393 276 286 334 
Mound City 8M 127 118 115 108 117 117 
Mound Valley 8S 67 74 68 66 61 67 
Moundridge 7M 149 149 182 193 187 172 
Mount Hope 7M 123 145 140 157 141 141 
Mulberry 8M 89 106 117 111 88 102 
Mullinville 5 190 225 246 250 235 229 
Mulvane 7M 79 87 86 81 77 82 
Munden 7S 108 119 97 102 156 116 
Muscotah 8S 95 87 68 67 75 78 
Narka 7S 91 NA NA NA NA 91 
Natoma 6S 113 123 124 123 107 118 
Nemaha Co. RWD #01 7S 146 97 92 117 110 113 
Nemaha Co. RWD #02 7S NA 102 NA NA NA 102 
Nemaha Co. RWD #03 7M 123 121 116 113 115 118 
Nemaha Co. RWD #04 7S 74 88 99 101 113 95 
Neodesha 7M 118 116 126 117 130 121 
Neosho Co. RWD #01C 8M NA 77 85 80 78 80 
Neosho Co. RWD #02 8M 72 85 85 89 85 83 
Neosho Co. RWD #03 8S 109 118 107 103 99 107 
Neosho Co. RWD #04 8M 86 89 NA 88 89 88 
Neosho Co. RWD #05 8S NA NA 125 121 97 114 
Neosho Co. RWD #06 8S NA 129 114 98 116 114 
Neosho Co. RWD #07 8M NA 113 109 134 130 121 
Neosho Co. RWD #08 8S NA 102 96 105 88 98 
Neosho Co. RWD #09 8S NA 121 118 119 132 123 
Neosho Co. RWD #12 8S NA 98 82 88 91 90 
Ness City 4 123 137 131 141 142 135 
Netawaka 7S NA NA 80 NA 72 76 
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New Strawn 7S 136 157 123 96 106 124 
Newbury Extension 7S NA NA 71 85 94 83 
Newton 7L 104 116 121 118 112 114 
Nickerson 6ML 97 101 111 98 82 98 
Norcatur 3 154 176 203 305 196 207 
North Newton 7M 121 141 165 124 128 136 
Norton 4 203 254 233 272 239 240 
Norton Co. RWD #01 4 61 85 63 75 69 70 
Nortonville 8M 83 89 85 96 89 88 
Norwich 6ML 142 150 161 113 133 140 
Oakley 2 287 342 287 289 300 301 
Oberlin 3 257 325 275 296 242 279 
Offerle 5 191 235 235 272 308 248 
Ogden 7M 128 97 106 100 97 106 
Oketo 7S 71 72 85 103 90 84 
Olathe 8L 108 110 106 113 111 110 
Olmitz 6S 109 148 130 129 113 126 
Olpe 7M 94 102 93 74 82 89 
Olsburg 7S 79 83 70 87 83 80 
Onaga 7M 100 105 94 101 107 101 
Oneida 7S 76 69 75 73 72 73 
Osage City 7M 95 103 94 90 97 96 
Osage Co. RWD #02 7S 88 102 72 98 88 90 
Osage Co. RWD #03 7M 94 117 103 109 101 105 
Osage Co. RWD #04 7M 102 104 93 102 94 99 
Osage Co. RWD #05 7M 93 107 95 86 104 97 
Osage Co. RWD #06 7S 80 89 89 83 89 86 
Osage Co. RWD #07 7M 95 117 101 NA NA 104 
Osage Co. RWD #08 7M NA 93 90 84 88 89 
Osawatomie 8M 151 154 141 135 149 146 
Osborne 6ML 181 194 188 208 190 192 
Osborne Co. RWD #01A 6S 349 329 248 177 217 264 
Osborne Co. RWD #02 6S NA 176 197 176 199 187 
Oskaloosa 8M NA 97 96 99 95 97 
Oswego 8M 107 107 109 108 108 108 
Otis 5 138 174 228 228 209 195 
Ottawa 8L 95 103 101 101 91 98 
Ottawa Co. RWD #01 7S 129 122 125 123 117 123 
Ottawa Co. RWD #02 7M 128 119 117 127 116 121 
Overbrook 7M 96 99 91 92 88 93 
Oxford 7M 110 118 112 103 101 109 
Ozawkie 8M 103 102 90 95 99 98 
Palco 5 126 129 126 173 140 139 
Palmer 7S 131 127 118 163 145 137 
Paola 8M 132 139 128 135 140 135 
Paradise 6S NA 95 78 98 69 85 



 53

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1999-2003 

Public Water Supplier Region
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
AVG 

GPCD 
Park 3 167 243 175 172 187 189 
Park City 7M 112 128 134 138 113 125 
Parker 8S NA 92 88 73 69 80 
Parsons 8L 132 116 110 119 170 129 
Pawnee Rock 6S 82 82 74 78 66 76 
Paxico 7S 94 98 89 88 93 93 
Peabody 7M 94 107 97 NA 83 95 
Perry 8M 81 81 85 80 75 80 
Peru 7S NA 70 68 57 55 63 
Phillipsburg 5 163 206 181 209 191 190 
Pittsburg 8L 134 123 121 124 113 123 
Plains 3 260 316 282 290 244 278 
Plainville 5 119 136 136 128 131 130 
Pleasanton 8M 115 107 93 92 88 99 
Pomona 8M 75 77 75 74 71 75 
Portis 6S 87 91 91 120 105 99 
Post Rock RWD 6ML 143 176 137 141 138 147 
Pottawatomie Co. RWD #01 7M 99 124 129 128 125 121 
Pottawatomie Co. RWD #02 7M 211 173 174 182 136 175 
Pottawatomie Co. RWD #03 7M 102 115 115 94 104 106 
Pottawatomie Co. RWD #04 7M NA NA NA 105 117 111 
Potwin 7S 84 88 89 88 89 87 
Prairie View 5 178 187 168 216 189 188 
Pratt 6ML 188 193 206 195 240 204 
Prescott 8S 78 NA 83 83 79 81 
Preston 6S 217 189 113 141 138 160 
Pretty Prairie 6ML 138 150 142 182 161 155 
Princeton 8S NA 79 72 70 72 73 
Protection 5 207 227 199 198 199 206 
Quenemo 7S 67 63 63 61 56 62 
Quinter 3 230 271 239 258 230 246 
Randall 6S 90 101 106 117 107 104 
Randolph 7S 93 104 95 112 101 101 
Ransom 4 131 132 128 137 130 131 
Rantoul 8S 89 165 79 67 57 91 
Raymond 6S 138 161 167 179 150 159 
Reading 7S 73 82 85 88 77 81 
Red Bud Lake Improvement 7S NA 59 43 56 44 51 
Renn District 7S NA 109 NA NA NA 109 
Reno Co. RWD #01 6S 184 169 168 171 130 164 
Reno Co. RWD #03 6S NA 803 418 249 347 454 
Reno Co. RWD #04 6S NA 108 93 81 82 91 
Reno Co. RWD #08 6S 210 260 188 153 148 192 
Reno Co. WD #101 6S 84 97 114 117 117 106 
Republic 7S 127 145 136 119 127 131 
Republic Co. RWD #01 7S 185 228 236 208 199 211 
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Republic Co. RWD #02 7M 160 177 155 181 180 171 
Reserve 8S 84 80 93 112 100 93 
Rexford 2 332 423 404 423 354 387 
Rice Co. RWD #01 6ML NA 131 129 127 120 127 
Richmond 8M 107 96 88 83 83 91 
Riley 7M 134 130 120 113 115 122 
Riley Co. RWD #01 7M NA 115 117 121 115 117 
Robinson 8S 111 104 91 102 111 104 
Rocky Ford Water Company 7S 147 144 92 122 73 116 
Rolla 1 248 274 259 257 187 245 
Rooks Co. RWD #01 5 NA 52 63 68 67 63 
Rooks Co. RWD #02 5 86 95 86 95 93 91 
Rooks Co. RWD #03 5 138 166 116 134 153 141 
Rose Hill 7M NA 91 87 87 83 87 
Roseland 8S NA NA NA 63 59 61 
Rossville 7M 91 90 90 88 87 90 
Rozel 5 181 199 168 303 248 220 
Rush Center 5 150 176 170 178 168 169 
Rush Co. RWD #01 5 315 360 243 284 265 293 
Russell 6ML 142 146 148 117 128 136 
Russell Co. RWD #01 6S NA 65 75 125 129 99 
Russell Co. RWD #02 6S 103 118 119 187 207 147 
Russell Co. RWD #03 6ML NA 137 165 141 132 144 
Russell Co. RWD #04 6S 191 192 146 178 175 176 
Sabetha 7M 115 118 112 110 122 116 
Salina 7L 119 126 128 144 130 130 
Saline Co. RWD #01 7S 57 57 53 64 74 61 
Saline Co. RWD #02 7S 158 132 140 150 127 141 
Saline Co. RWD #03 7M NA NA 95 NA NA 95 
Saline Co. RWD #04 7M 113 112 107 104 97 107 
Saline Co. RWD #06 7S 88 97 120 123 108 107 
Saline Co. RWD #07 7S NA 71 73 84 77 76 
Saline Co. RWD #08 7S 105 104 115 88 105 103 
Satanta 2 263 260 256 284 260 265 
Sawyer 6S 107 111 137 148 143 129 
Scammon 8M 127 NA 119 112 109 117 
Scandia 7S 165 186 145 234 200 186 
Scotsman Estates 7S NA NA 60 55 52 56 
Scott City 2 247 319 277 320 278 288 
Scranton 7M NA 75 NA NA NA 75 
Sedan 7M 140 142 115 106 120 124 
Sedgwick 7M 101 104 99 105 75 97 
Sedgwick Co. RWD #01 7M NA 92 86 86 81 86 
Sedgwick Co. RWD #03 7M NA 111 108 106 81 101 
Sedgwick Co. RWD #04 7M 129 122 126 93 93 113 
Selden 3 185 237 207 221 208 212 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1999-2003 

Public Water Supplier Region
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
AVG 

GPCD 
Seneca 7M 112 136 109 137 159 131 
Severy 7S 118 108 119 118 120 116 
Sharon 6S 116 102 119 129 134 120 
Sharon Springs 1 238 260 231 263 271 253 
Shawnee Co. RWD #01C 7M NA 84 84 94 95 89 
Shawnee Co. RWD #02C 7M 84 87 85 86 83 85 
Shawnee Co. RWD #03 7M 87 93 73 NA 89 85 
Shawnee Co. RWD #04 7M 103 113 101 102 102 104 
Shawnee Co. RWD #05 7M NA NA 78 80 86 81 
Shawnee Co. RWD #06 7M NA 167 164 152 148 158 
Shawnee Co. RWD #07 7S NA NA NA 96 NA 96 
Shawnee Co. RWD #08 7M 89 106 93 101 101 98 
Shawnee Co. RWD #09 7S NA 75 NA NA NA 75 
Silver Lake 7M 88 87 85 85 89 87 
Simpson 6S 131 144 98 84 99 111 
Smith Center 6ML 178 195 156 163 164 171 
Smith Co. RWD #01 6S 151 165 154 155 168 159 
Soldier 7S NA NA NA 62 69 66 
Solomon 7M 139 107 105 105 120 115 
South Haven 7S 107 101 99 143 173 125 
South Hutchinson 6ML 133 148 149 140 136 141 
Spearville 4 142 187 178 183 172 172 
Speed 5 80 126 113 146 111 115 
Spivey 6S 102 110 107 124 143 117 
Spring Hill 8M 112 105 108 104 113 108 
St. Francis 1 318 400 313 367 285 337 
St. George 7S 94 92 103 104 96 98 
St. John 6ML 146 158 177 156 166 160 
St. Marys 7M 114 129 127 128 167 133 
St. Paul 8M 97 110 109 104 97 103 
Stafford 6ML 135 159 159 181 161 159 
Sterling 6ML 151 134 128 119 108 128 
Stockton 5 147 172 147 134 106 141 
Strong City 7M 239 342 160 133 115 198 
Sublette 2 227 309 290 309 287 284 
Suburban Water Company 8M 86 92 125 103 103 102 
Summerfield 7S 153 118 105 117 102 119 
Sumner Co. RWD #01 7S NA 138 174 166 NA 160 
Sumner Co. RWD #02 7S NA 89 118 122 111 110 
Sumner Co. RWD #03 7S NA NA 101 127 91 107 
Sumner Co. RWD #04 7M NA 99 106 93 92 97 
Sumner Co. RWD #05 7M NA NA 128 152 NA 140 
Sumner Co. RWD #06 7S NA 85 NA 80 73 80 
Susank 6S NA 89 74 80 75 79 
Sylvan Grove 6S 125 146 122 128 150 134 
Sylvia 6S 173 177 176 165 173 173 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1999-2003 

Public Water Supplier Region
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
AVG 

GPCD 
Syracuse 1 352 393 330 394 325 359 
Tatarrax Hills 7S 150 141 140 168 127 145 
Tescott 7S 95 101 100 110 97 101 
Thayer 8M 136 107 101 136 115 119 
Timber Creek Water & Sewer 7M 130 127 112 134 120 125 
Timken 5 177 181 197 193 156 181 
Tipton 6S 94 112 106 109 98 104 
Tonganoxie 8M 83 92 101 98 108 96 
Topeka 7L 176 168 146 153 151 159 
Toronto 7S 122 133 190 122 112 136 
Towanda 7M NA 86 82 90 81 85 
Towns Riverview 2 38 48 46 55 44 46 
Treece 8S NA 55 NA 87 NA 71 
Trego Co. RWD #01 4 59 63 71 114 117 85 
Trego Co. RWD #02 4 87 150 87 105 91 104 
Tribune 1 198 263 287 342 284 275 
Troy 8M 132 120 113 110 112 117 
Turon 6S 126 136 137 120 126 129 
Udall 7M 100 94 105 100 84 96 
Ulysses 2 209 232 218 269 233 232 
Uniontown 8S 97 80 91 84 81 87 
University Park Water 7S 74 74 65 62 74 70 
Utica 4 185 243 193 235 209 213 
Valley Center 7M 126 112 99 90 107 107 
Valley Falls 8M 101 109 107 105 119 109 
Vermillion 7S 120 158 169 172 130 150 
Victoria 5 99 107 99 115 111 106 
Viola 7S NA NA 73 71 70 72 
Virgil 7S 61 53 58 62 68 61 
Wabaunsee Co. RWD #01 7S NA NA 91 88 96 92 
Wabaunsee Co. RWD #02 7M 71 79 85 100 95 86 
Wakeeney 4 170 197 174 203 207 190 
Wakefield 7M 106 98 117 114 112 109 
Waldo 6S NA 74 54 53 48 57 
Wallace 1 276 228 234 345 294 275 
Wallace Co. RWD #01 1 398 433 396 484 419 426 
Walnut 8S NA NA NA 106 106 106 
Walton 7S NA 75 NA 71 76 74 
Wamego 7M 118 135 130 141 124 129 
Washington 7M 130 154 150 177 160 154 
Washington Co. RWD #01 7M 102 118 102 99 101 104 
Washington Co. RWD #02 7M 101 114 143 116 131 121 
WaterOne - Johnson Co. 8L 157 161 164 182 185 170 
Waterville 7M 152 173 138 149 139 150 
Wathena 8M NA 113 98 101 108 105 
Waverly 7M 103 90 81 84 83 88 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 1999-2003 

Public Water Supplier Region
1999 

GPCD 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
AVG 

GPCD 
Weir 8M 89 104 73 76 72 83 
Wellington 7M 149 155 153 150 128 147 
Wellsville 8M 82 80 80 80 NA 80 
West Hills Water Company 6S 169 251 211 238 282 230 
West Mineral 8S 89 74 65 70 72 74 
Westmoreland 7M 128 133 117 110 103 118 
Wetmore 7S 109 128 104 109 107 111 
White City 7M 94 103 97 92 97 96 
White Cloud 8S 89 94 87 83 95 90 
Whitewater 7M 100 95 97 115 108 103 
Whiting 7S 79 74 84 93 84 83 
Wichita 7L 135 147 153 146 141 144 
Williamsburg 8S 107 116 106 97 NA 107 
Willis 8S NA NA NA 84 103 94 
Wilson 6ML 108 132 141 124 127 126 
Wilson Co. RWD #01 7S NA 101 149 157 115 131 
Wilson Co. RWD #02 7S NA NA 77 NA NA 77 
Wilson Co. RWD #03 7S NA 66 NA 66 NA 66 
Wilson Co. RWD #04 7S NA NA 115 86 82 94 
Wilson Co. RWD #05 7S NA 61 57 NA 47 55 
Wilson Co. RWD #06 7S NA 84 91 163 141 120 
Wilson Co. RWD #07 7S NA 126 101 NA NA 113 
Wilson Co. RWD #09 7S NA NA 74 NA NA 74 
Wilson Co. RWD #10 7M NA 73 82 NA NA 78 
Wilson Co. RWD #11 7M NA 79 81 70 69 75 
Wilson Co. RWD #12 7S NA 68 83 89 76 79 
Wilson Co. RWD #13 7S NA 100 NA 84 73 86 
Winchester 8M 93 87 73 76 74 81 
Windom 7S NA 83 86 79 109 89 
Winfield 7L 132 150 148 136 146 142 
Winona 2 244 304 280 353 336 304 
Woodson Co. RWD #01 7M 91 80 92 84 77 85 
Woodston 5 133 174 181 187 200 175 
Yates Center 7M 107 109 110 114 110 110 
Zenda 6S 131 137 149 125 136 136 

 
Note:  GPCD figures are based on reported water sold to residential and commercial 

customers, free water, and system losses.  GPCD figures do not include water supplied 
wholesale or for industry, bulk sales, or farmsteads using more than 200,000 gallons per 
year.  “NA” is shown if no water use report was available or if the information submitted 
was insufficient to determine GCPD. 
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TABLE 21 

ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  
FOR PUBLIC WATER SUPPLIERS  

KANSAS, 1999-2003 

Public Water Supplier Region

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

AVG 
Percent 

UFW 
Abbyville 6S 23 22 23 10 21 20 
Abilene 7M 14 6 12 20 16 14 
Admire 7S 9 21 24 16 17 18 
Agenda 7S 5 7 14 9 15 10 
Agra 5 27 28 17 21 24 23 
Albert 6S 19 3 4 20 14 12 
Alexander 5 12 10 14 12 5 11 
Allen 7S NA 5 5 5 8 6 
Allen Co. RWD #01 8S NA 100 100 NA 100 100 
Allen Co. RWD #03 8S NA 9 3 4 21 9 
Allen Co. RWD #04 8S NA 100 100 NA 100 100 
Allen Co. RWD #06 8S NA 7 NA NA 7 7 
Allen Co. RWD #07 8S NA NA NA 13 N 13 
Allen Co. RWD #08 8M NA 23 19 23 22 22 
Allen Co. RWD #10 8S NA NA 11 25 3 13 
Allen Co. RWD #11 8S NA NA 4 NA 3 3 
Allen Co. RWD #12 8S NA 100 NA 100 N 100 
Allen Co. RWD #13 8S NA 14 NA 100 11 42 
Allen Co. RWD #15 8S NA 100 5 NA 7 37 
Allen Co. RWD #16 8S NA 7 6 9 100 31 
Alma 7M 14 13 17 15 17 15 
Almena 4 10 12 13 NA 21 14 
Alta Vista 7S 8 7 22 6 6 10 
Altamont 8M 3 6 7 6 NA 6 
Alton 6S 16 4 53 58 44 35 
Altoona 7S 17 13 23 13 16 16 
Andale 7M 8 6 8 12 8 8 
Anderson Co. RWD #01 8S NA 28 10 9 19 16 
Anderson Co. RWD #01C 8M NA NA NA NA 9 9 
Anderson Co. RWD #03 8S NA NA NA 100 100 100 
Anderson Co. RWD #04 8M 16 8 15 15 15 14 
Anderson Co. RWD #05 8M NA 18 15 15 10 14 
Anthony 6ML 22 18 7 21 12 16 
Arcadia 8S 16 25 11 8 25 17 
Argonia 7M 31 33 5 13 13 19 
Arkansas City 7L 16 13 4 13 13 12 
Arlington 6S 42 17 9 7 11 17 
Arma 8M 3 10 4 6 8 6 
Arnold 4 100 100 100 100 100 100 
Ashland 4 25 16 14 8 6 14 
Assaria 7M NA NA NA 3 NA 3 
Atchison 8L 13 11 9 7 24 13 
Atchison Co. RWD #01 8S NA 27 NA NA 28 27 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1999-2003 

Public Water Supplier Region

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

AVG 
Percent 

UFW 
Atchison Co. RWD #02 8S NA NA 18 NA NA 18 
Atchison Co. RWD #03 8S NA 18 21 15 18 18 
Atchison Co. RWD #04 8S NA 50 52 49 43 49 
Atchison Co. RWD #06 8M NA NA NA 26 NA 26 
Atlanta 7S 15 11 11 12 18 13 
Attica 6ML 12 13 8 11 15 12 
Atwood 2 13 NA 6 7 9 9 
Augusta 7M 9 4 5 10 7 7 
Aurora 7S 11 15 10 8 13 11 
Axtell 7S 8 11 7 15 6 9 
Baldwin 8M 18 NA 40 7 19 21 
Barber Co. RWD #01 6S NA 100 100 100 100 100 
Barber Co. RWD #02 6S 18 18 8 21 26 18 
Barber Co. RWD #03 6S 16 10 10 37 7 16 
Barnard 6S NA NA NA 14 16 15 
Barnes 7S 26 18 18 21 36 24 
Bartlett 8S 13 9 10 7 NA 10 
Barton Co. RWD #01 6S NA NA NA NA NA NA 
Barton Hills WD 6S 15 12 25 4 5 12 
Baxter Springs 8M 7 9 27 9 4 11 
Bazine 4 8 13 14 10 8 11 
Beattie 7S 16 20 21 16 18 18 
Bel Aire 7M 8 12 12 9 10 10 
Belle Plaine 7M 18 26 21 15 14 19 
Belleville 7M 9 9 7 11 10 9 
Beloit 6ML 7 10 10 8 10 9 
Belpre 5 8 12 18 24 NA 16 
Belvidere 5 100 100 100 100 100 100 
Belvue 7S 18 18 16 20 10 16 
Bennington 7M 9 9 10 10 12 10 
Benton 7M NA 16 NA 9 5 10 
Bern 7S 10 9 17 17 13 13 
Beverly 6S 7 10 10 28 100 31 
Bird City 1 16 13 19 15 15 16 
Bison 5 33 35 30 25 16 28 
Blue Mound 8S 14 16 19 8 4 12 
Blue Rapids 7M 100 25 37 24 15 40 
Blue River Hills Improvement 7S 100 100 100 100 100 100 
Bluff City 6S 10 7 6 13 17 11 
Bogue 4 12 12 11 10 11 11 
Bonner Springs 8M 18 16 16 27 19 19 
Bourbon Co. RWD #02C 8M NA 15 15 15 15 15 
Bourbon Co. RWD #04 8M NA 33 26 15 5 20 
Bremen 7S NA 40 47 30 20 34 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1999-2003 

Public Water Supplier Region

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

AVG 
Percent 

UFW 
Brewster 2 NA 5 6 12 15 9 
Bronson 8S 9 7 5 7 9 8 
Brookville 7S NA NA NA 26 NA 26 
Brown Co. RWD #01 8M 21 25 22 21 20 22 
Brown Co. RWD #02 8M NA 5 15 13 7 10 
Brownell 4 11 9 7 9 9 9 
Bucklin 4 36 39 24 30 40 34 
Buffalo 7S 9 20 7 6 7 10 
Buhler 6ML 10 11 8 7 3 8 
Bunker Hill 6S 31 7 10 6 16 14 
Burden 7M 27 24 20 22 21 23 
Burdett 5 11 13 31 20 11 17 
Burlingame 7M 13 21 22 21 14 18 
Burlington 7M 22 13 13 10 7 13 
Burns 7S 13 15 15 NA NA 15 
Burr Oak 6S 22 24 30 15 12 21 
Burrton 7M 4 4 6 8 7 6 
Bushton 6S 12 16 14 12 15 14 
Butler Co. RWD #01 7M NA 13 12 16 12 13 
Butler Co. RWD #02 7M NA 28 6 11 12 14 
Butler Co. RWD #03 7M NA 9 13 8 4 9 
Butler Co. RWD #04 7M NA NA 6 6 NA 6 
Butler Co. RWD #05 7M NA 9 9 8 10 9 
Butler Co. RWD #06 7M NA 10 11 13 16 12 
Butler Co. RWD #07 7M NA 10 14 7 6 9 
Butler Co. RWD #08 7M NA 8 13 7 30 14 
Byron 7S 100 100 100 100 100 100 
Caldwell 7M 9 10 8 6 12 9 
Cambridge 7S NA 9 NA 18 9 12 
Caney 7M 15 12 10 13 7 12 
Canton 7M 5 4 14 8 9 8 
Carbondale 7M 19 26 10 28 23 21 
Cassoday 7S 16 20 21 12 11 16 
Cawker City 6ML 24 12 5 11 9 12 
Cedar Point 7S 17 NA 3 100 8 32 
Cedar Vale 7M 16 13 24 21 24 20 
Centralia 7M NA NA 10 10 6 9 
Chanute 8M 5 4 9 14 10 8 
Chapman 7M 7 3 4 NA 3 4 
Chase 6ML 13 41 8 10 18 18 
Chase Co. RWD #01 7S NA 23 23 19 11 19 
Chautauqua 7S NA NA 22 NA NA 22 
Chautauqua Co. RWD #01 7S NA 28 11 10 18 17 
Chautauqua Co. RWD #02 7S NA 27 25 26 9 22 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1999-2003 

Public Water Supplier Region

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

AVG 
Percent 

UFW 
Chautauqua Co. RWD #03 7S NA NA 8 15 22 15 
Cheney 7M 5 5 5 4 3 5 
Cherokee 8M 14 5 15 15 25 15 
Cherokee Co. RWD #01 8M 40 42 42 38 48 42 
Cherokee Co. RWD #02 8M 4 11 11 6 15 9 
Cherokee Co. RWD #03 8M 37 39 30 30 31 33 
Cherokee Co. RWD #04 8M 13 9 50 45 37 31 
Cherokee Co. RWD #05 8S NA 19 19 15 15 17 
Cherokee Co. RWD #06 8S NA 21 NA 29 12 21 
Cherokee Co. RWD #07 8S NA 16 11 17 17 15 
Cherokee Co. RWD #08 8M 9 12 9 6 7 8 
Cherryvale 7M 22 13 13 14 15 15 
Chetopa 8M 8 21 16 29 4 16 
Chicopee Rural Water District 8S NA 14 12 16 6 12 
Cimarron 3 13 10 5 8 6 9 
Circleville 7S NA 21 12 18 11 15 
Claflin 6ML 12 7 14 5 7 9 
Clay Center 7M 5 6 5 4 NA 5 
Clay Co. RWD #01 7S 11 3 12 NA 3 7 
Clay Co. RWD #02 7M 6 7 8 7 NA 7 
Clayton 4 NA NA NA NA NA NA 
Clearwater 7M 9 10 10 11 10 10 
Clifton 7M 10 12 10 14 15 12 
Cloud Co. RWD #01 7S 16 6 7 13 15 11 
Clyde 7M 25 29 20 19 16 21 
Coal Hollow WD 8S NA 100 NA NA NA 100 
Coats 6S 6 4 5 6 5 5 
Coffey Co. RWD #02 7M 21 23 14 16 9 17 
Coffey Co. RWD #03 7M 7 8 10 14 13 10 
Coffeyville 7L 17 15 12 18 24 17 
Colby 2 6 3 NA 4 5 5 
Coldwater 5 6 13 10 7 5 8 
Collyer 4 12 29 28 19 19 21 
Colony 8S NA 10 NA NA NA 10 
Columbus 8M 12 10 6 29 17 15 
Colwich 7M NA NA NA NA 11 11 
Comanche Co. RWD #01 5 NA 25 3 5 16 12 
Comanche Co. RWD #02 5 43 49 54 52 45 49 
Concordia 7M 8 13 16 12 12 12 
Conway Springs 7M 13 8 13 12 21 14 
Coolidge 1 36 30 13 26 26 26 
Copeland 3 62 60 NA 59 58 60 
Corning 7S NA 8 NA NA NA 8 
Cottonwood Falls 7M 18 20 7 4 5 11 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1999-2003 

Public Water Supplier Region

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

AVG 
Percent 

UFW 
Council Grove 7M 11 8 11 6 7 9 
Courtland 7S NA 9 16 9 12 12 
Cowley Co. RWD #01 7M 14 20 17 16 7 15 
Cowley Co. RWD #02 7M NA 6 9 14 11 10 
Cowley Co. RWD #03 7M 30 25 20 NA 28 26 
Cowley Co. RWD #04 7S NA 28 23 12 20 21 
Cowley Co. RWD #05 7M NA 22 24 10 11 17 
Cowley Co. RWD #06 7M 23 24 21 14 19 20 
Cowley Co. RWD #07 7S NA NA 40 NA NA 40 
Cowley Co. RWD #08 7S NA 6 9 NA NA 8 
Crawford Co. RWD #01 8S 23 32 39 19 32 29 
Crawford Co. RWD #01C 8M 13 8 10 4 14 10 
Crawford Co. RWD #02 8M NA 5 11 12 6 8 
Crawford Co. RWD #03 8S 33 29 15 27 19 25 
Crawford Co. RWD #04 8M 36 26 24 16 12 23 
Crawford Co. RWD #05 8M 26 16 18 18 39 23 
Crawford Co. RWD #06 8M 32 34 27 23 NA 29 
Crawford Co. RWD #07 8S NA 18 21 17 18 18 
Cuba 7S 15 19 19 22 18 19 
Cullison 6S 22 22 17 13 26 20 
Culver 7S 23 16 15 13 16 17 
Cunningham 6ML 10 20 20 17 6 15 
Damar 5 NA NA 12 5 NA 8 
Dearing 7S 12 3 9 6 NA 8 
Deerfield 2 10 8 8 6 8 8 
Delia 7S 27 30 NA 24 NA 27 
Delphos 7S 31 36 35 43 41 37 
Denison 8S NA 9 5 15 15 11 
Derby (El Paso Water Co.) 7L 4 5 5 6 7 5 
DeSoto 8M 15 19 20 20 29 21 
Dexter 7S 25 18 15 11 7 15 
Dickinson Co. RWD #01 7M 25 30 40 30 26 30 
Dickinson Co. RWD #02 7M 22 23 21 23 17 21 
Dickinson Co. RWD #03 7S NA 100 100 100 NA 100 
Dighton 3 10 9 7 5 13 9 
Dodge City 4 15 15 26 22 25 21 
Doniphan Co. RWD #01 8S 30 21 100 19 11 36 
Doniphan Co. RWD #02 8S 10 12 9 10 11 10 
Doniphan Co. RWD #03 8S 19 14 21 10 14 15 
Doniphan Co. RWD #05 8M NA 20 NA 21 NA 20 
Dorrance 6S 14 11 15 17 17 15 
Douglas Co. RWD #01 8M 11 7 17 16 17 14 
Douglas Co. RWD #02 8M 11 12 NA NA NA 12 
Douglas Co. RWD #03 8M 21 10 16 14 11 14 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1999-2003 

Public Water Supplier Region

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

AVG 
Percent 

UFW 
Douglas Co. RWD #04 8M 21 15 19 15 23 19 
Douglas Co. RWD #05 8M 9 14 9 9 7 10 
Douglas Co. RWD #06 8M 22 10 9 NA 8 12 
Douglass 7M 6 4 8 12 NA 8 
Downs 6ML 17 27 28 37 6 23 
Durham 7S 16 21 8 23 36 21 
Dwight 7S 7 11 14 14 NA 12 
Easton 8S 12 10 30 24 3 16 
Edgerton 8M 7 5 8 NA NA 7 
Edna 8S NA NA NA 4 7 5 
Effingham 8M 8 6 NA 3 4 5 
El Dorado 7L 6 6 7 7 3 6 
Elbing 7S NA NA 100 NA NA 100 
Elgin 7S 66 68 68 68 63 66 
Elk City 7S 8 8 9 13 23 12 
Elk Co. RWD #01 7M NA NA NA NA 31 31 
Elkhart 1 6 14 15 27 17 16 
Ellinwood 6ML NA 4 5 NA 4 4 
Ellis 5 16 6 12 6 3 9 
Ellis Co. RWD #01 5 13 14 13 12 12 13 
Ellis Co. RWD #01C 5 NA NA NA NA 11 11 
Ellis Co. RWD #03 5 17 100 48 16 32 42 
Ellis Co. RWD #06 5 11 13 14 16 20 15 
Ellsworth 6ML 9 11 10 11 13 11 
Elmdale 7S 23 29 45 15 40 30 
Elwood 8M 10 8 8 10 5 8 
Emmett 7S 16 10 23 21 18 18 
Emporia 7L 17 15 16 17 18 17 
Englewood 4 100 100 91 98 95 97 
Ensign 3 93 100 100 100 23 83 
Enterprise 7M 4 3 11 15 14 10 
Erie 8M 8 6 6 5 7 6 
Esbon 6S 28 27 25 32 32 29 
Eskridge 7M 15 12 19 14 9 14 
Eudora 8M 5 11 12 11 11 10 
Eureka 7M 10 15 9 8 8 10 
Everest 8S 22 21 13 14 11 16 
Fall River 7S NA NA 18 NA 17 17 
Farr Subdivision 2 NA 100 100 100 100 100 
Finney Co. RWD #01 2 NA 27 13 15 20 19 
Florence 7M 19 17 15 14 17 16 
Fontana 8S 19 10 13 13 18 15 
Ford 4 78 78 79 78 78 78 
Formoso 6S 12 23 3 12 4 11 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1999-2003 

Public Water Supplier Region

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

AVG 
Percent 

UFW 
Fort Scott 8M 25 26 27 30 31 28 
Fowler 3 10 14 9 13 14 12 
Frankfort 7M 28 35 14 NA 4 20 
Franklin Co. RWD #01 8M 20 27 23 11 5 17 
Franklin Co. RWD #02 7S NA NA NA NA NA NA 
Franklin Co. RWD #03 8S NA 100 100 7 11 55 
Franklin Co. RWD #04 8M 33 18 19 14 20 21 
Franklin Co. RWD #05 8M 21 11 7 14 18 14 
Franklin Co. RWD #06 8M 27 23 15 25 15 21 
Franklin Co. RWD #07 8S NA 100 47 75 57 70 
Fredonia 7M 7 12 20 11 20 14 
Frontenac 8M 24 15 15 11 9 15 
Fulton 8S 15 22 23 27 18 21 
Galena 8M 8 39 29 22 17 23 
Galesburg 8S 8 16 NA 4 NA 9 
Galva 7M 8 7 17 17 14 12 
Garden City 2 NA NA 3 NA 7 5 
Garden Plain 7M 11 10 10 32 8 14 
Garden Spot Rentals 2 100 100 100 100 100 100 
Gardner 8L 12 15 22 11 13 15 
Garnett 8M 9 6 12 9 8 9 
Gas 8M NA 9 8 12 6 9 
Gaylord 6S 15 21 32 23 24 23 
Geary Co. RWD #01 7S NA 19 24 NA NA 21 
Geary Co. RWD #02 7S 100 100 100 100 100 100 
Geary Co. RWD #04 7M 7 3 NA 3 NA 4 
Geneseo 6S 3 14 8 12 13 10 
Geuda Springs 7S 22 16 24 50 18 26 
Girard 8M 9 17 15 15 13 14 
Glade 5 22 20 30 48 23 29 
Glasco 7M 12 3 6 NA 4 6 
Glen Elder 6S 4 3 7 7 9 6 
Goddard 7M 5 16 8 20 8 11 
Goessel 7M 10 8 9 9 9 9 
Goff 7S 15 22 11 6 NA 14 
Goodland 1 24 18 13 16 19 18 
Gorham 6S 4 7 8 11 10 8 
Gove 3 30 8 18 17 NA 18 
Grainfield 3 10 17 8 12 9 11 
Grandview Plaza 7M NA 10 10 10 3 8 
Great Bend 6ML 12 11 13 10 8 11 
Greeley 8S 17 17 19 9 21 17 
Green 7S 22 15 15 20 12 17 
Greenleaf 7S 6 10 26 8 13 13 



 65

TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  
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Greensburg 5 4 NA NA NA 4 4 
Greenwood Co. RWD #02 7M NA 14 18 21 17 18 
Greenwood Co. RWD #03 7S NA NA 20 5 7 11 
Grenola 7S 7 11 8 10 8 9 
Gridley 7S NA 25 20 36 34 29 
Grinnell 3 11 11 11 9 9 10 
Gypsum 7S 12 8 9 11 14 11 
Haddam 7S 29 22 24 17 20 23 
Halstead 7M 6 8 11 15 23 13 
Hamilton 7S NA 20 16 NA 15 17 
Hamilton Co. RWD #01 1 4 9 8 7 5 6 
Hanover 7M 16 12 9 11 12 12 
Hanston 4 10 33 14 6 25 18 
Hardtner 6S 5 3 3 4 4 4 
Harper 6ML 13 18 18 15 15 16 
Harper Co. RWD #01 6S NA 5 12 11 NA 9 
Harper Co. RWD #04 6S NA NA 37 22 15 25 
Harper Co. RWD #05 6S NA 17 25 NA NA 21 
Hartford 7M 3 7 13 7 8 8 
Harvey Co. RWD #01 7M NA 10 9 11 6 9 
Harveyville 7S 12 23 20 15 14 17 
Haven 6ML 23 26 21 20 20 22 
Havensville 7S 27 30 34 27 42 32 
Haviland 5 18 19 22 17 14 18 
Hays 5 22 11 8 5 6 10 
Hays City Suburban 5 100 100 100 100 100 100 
Haysville 7M 10 11 13 14 15 13 
Hazelton 6S 7 8 18 21 22 15 
Herington 7M 18 13 10 13 14 14 
Herndon 2 37 22 9 9 20 19 
Hesston 7M 16 6 8 13 24 13 
Hiawatha 8M 10 21 9 9 9 12 
Highland 8M 12 12 14 14 16 13 
Hill City 4 15 11 14 21 13 15 
Hillsboro 7M 24 20 20 11 7 16 
Hoisington 6ML 13 17 19 20 19 18 
Holcomb 2 7 10 11 10 5 9 
Holton 7M 23 21 18 17 17 19 
Holyrood 6S 13 20 17 8 18 15 
Hope 7S 5 6 4 3 8 5 
Horace 1 4 NA 3 NA 3 3 
Horton 8M 24 13 12 11 11 14 
Howard 7M 10 5 20 11 11 11 
Howison Heights WD 7S 5 3 16 23 9 11 
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Hoxie 3 12 9 15 11 19 13 
Hoyt 7M NA 12 15 6 10 11 
Hugoton 2 8 6 7 8 7 7 
Humboldt 8M 14 15 12 12 12 13 
Hunter 6S NA 12 NA NA 13 12 
Hutchinson 6ML 9 9 5 14 8 9 
Independence 7L 20 14 23 22 12 18 
Ingalls 3 13 4 7 10 10 9 
Inman 7M 14 13 10 9 8 11 
Iola 8M 11 8 16 15 9 12 
Isabel 6S 33 18 7 21 20 20 
Iuka 6S 9 6 9 27 6 11 
Jackson Co. RWD #01 7M NA NA 5 14 10 10 
Jackson Co. RWD #03 7M NA 5 19 8 9 10 
Jamestown 7S 11 10 26 13 12 14 
Jefferson Co. RWD #01 8M 11 15 18 22 25 18 
Jefferson Co. RWD #02 8M 24 17 24 21 24 22 
Jefferson Co. RWD #03 8M 26 20 24 25 28 25 
Jefferson Co. RWD #07 8M 21 18 16 11 15 16 
Jefferson Co. RWD #08 8S 20 18 13 23 16 18 
Jefferson Co. RWD #09 8S 27 28 40 29 20 29 
Jefferson Co. RWD #10 8S 29 35 61 62 31 44 
Jefferson Co. RWD #11 8S 4 6 6 NA NA 5 
Jefferson Co. RWD #12 8M 25 26 25 19 20 23 
Jefferson Co. RWD #13 8M 13 11 40 13 22 20 
Jefferson Co. RWD #15 8S 21 12 12 9 9 13 
Jennings 3 31 23 52 42 59 42 
Jetmore 4 7 9 NA NA NA 8 
Jewell 6S NA 8 7 6 7 7 
Jewell Co. RWD #01 6S 20 16 25 18 21 20 
Johnson City 1 8 16 17 20 11 14 
Johnson Co. RWD #06C 8M NA 14 3 8 15 10 
Johnson Co. RWD #07 8M 14 7 16 5 8 10 
Junction City 7L 16 19 14 14 14 15 
Kanopolis 6ML 6 5 15 10 9 9 
Kanorado 1 21 15 19 26 9 18 
Kansas City BPU 8L 11 12 6 20 9 12 
Kechi 7M NA NA 10 11 10 10 
Kensington 6ML 19 30 36 24 28 27 
Kincaid 8S NA 17 NA 5 5 9 
Kingman 6ML 20 24 20 16 9 18 
Kingman Co. RWD #01 6S NA 31 21 20 24 24 
Kinsley 5 12 14 12 12 17 13 
Kiowa 6ML 12 12 13 15 6 12 
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Kirwin 5 24 16 54 21 17 26 
Kismet 2 19 22 18 16 18 18 
Konza Valley Water District 7S 18 10 20 10 14 14 
La Crosse 5 5 4 6 5 NA 5 
La Cygne 8M 12 13 10 8 5 9 
La Harpe 8M NA 13 14 12 23 16 
Labette Co. RWD #01 8S NA 13 21 10 12 14 
Labette Co. RWD #02 8S 10 10 9 10 10 10 
Labette Co. RWD #03 8S 12 13 12 12 12 12 
Labette Co. RWD #04 8S NA 21 45 27 11 26 
Labette Co. RWD #05 8M NA 8 NA NA NA 8 
Labette Co. RWD #06 8M 8 NA NA NA NA 8 
Labette Co. RWD #07 8S 5 9 11 9 11 9 
Labette Co. RWD #08 8M 28 25 24 18 23 24 
Lakeside Village Improvement 8S 46 36 40 48 44 43 
Lakin 2 13 4 11 9 7 9 
Lancaster 8S NA NA NA NA NA NA 
Lane 8S 8 11 18 12 8 11 
Lane Co. RWD #01 3 13 22 23 NA 15 18 
Lansing (Lan-Del WC) 8M NA 13 16 14 8 13 
Larned 5 8 5 8 9 9 8 
Latham 7S NA 8 14 16 15 13 
Lawrence 8L 5 6 4 6 6 5 
Leavenworth 8L 4 3 13 8 8 7 
Leavenworth Co. RWD #01C 8M 10 NA 6 9 8 8 
Leavenworth Co. RWD #05 8M NA 18 25 14 17 18 
Leavenworth Co. RWD #06 8M NA 16 6 10 6 9 
Leavenworth Co. RWD #07 8M NA 11 12 11 10 11 
Leavenworth Co. RWD #08 8M NA NA 25 20 18 21 
Leavenworth Co. RWD #09 8M 18 21 16 16 16 17 
Leavenworth Co. RWD #10 8M NA NA NA NA NA NA 
Lebanon 6S 24 28 5 10 15 16 
Lebo 7M 3 7 3 6 4 5 
Lecompton 8M 6 6 14 11 8 9 
Lehigh 7S 20 22 17 18 20 19 
Lenora 4 28 19 15 17 17 19 
Leon 7M 17 15 17 14 21 17 
Leonardville 7S 6 5 10 12 10 9 
Leoti 2 5 8 6 4 10 7 
LeRoy 7M 8 10 6 NA 18 10 
Lewis 5 19 16 13 12 13 15 
Liberal 2 11 14 9 12 7 11 
Liebenthal 5 12 NA 6 22 9 12 
Lincoln Center 6ML 24 21 23 20 21 22 
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Lindsborg 7M 14 7 7 5 4 7 
Linn 7S 15 9 6 5 16 10 
Linn Co. RWD #01 8M NA NA NA 10 14 12 
Linn Co. RWD #02 8M NA 40 25 19 15 25 
Linn Co. RWD #03 8M NA 28 20 24 17 22 
Linwood 8S 18 10 9 9 8 11 
Little Bear Mound 7S NA 100 NA NA 100 100 
Little River 6ML 12 15 16 27 11 16 
Logan 5 9 9 7 8 10 9 
Long Island 5 27 14 13 100 4 32 
Longford 7S 11 16 12 3 NA 10 
Longton 7S 10 9 15 17 14 13 
Lorraine 6S 10 10 6 6 7 8 
Louisburg 8M 12 14 NA 3 16 11 
Lucas 6S 4 6 5 10 7 6 
Luray 6S 23 13 8 11 8 13 
Lyndon 7M 13 9 13 11 12 12 
Lyon Co. RWD #01 7M 5 NA 14 6 7 8 
Lyon Co. RWD #02 7M NA 15 8 NA 13 12 
Lyon Co. RWD #03 7S 7 8 10 4 13 8 
Lyon Co. RWD #04 7M 11 NA 4 6 6 7 
Lyon Co. RWD #05 7M 9 11 5 8 NA 8 
Lyons 6ML 8 9 NA 5 7 8 
Macksville 6ML 24 23 23 12 14 19 
Madison 7M 5 9 10 11 14 10 
Mahaska 7S 17 9 10 4 4 9 
Manhattan 7L 16 24 26 12 12 18 
Mankato 6ML 29 30 27 20 15 24 
Manter 1 14 10 13 14 15 13 
Maple Hill 7S 14 14 15 18 3 13 
Marion 7M 15 13 17 19 9 15 
Marion Co. Imp. Dist. #02 7S NA NA NA NA NA NA 
Marion Co. RWD #01 7M 14 24 18 19 13 18 
Marion Co. RWD #02 7S NA NA 3 NA NA 3 
Marion Co. RWD #04 7M NA 11 12 9 11 11 
Marquette 7M 23 10 8 8 9 12 
Marshall Co. RWD #01 7S 10 5 9 8 7 8 
Marshall Co. RWD #02 7S 7 6 16 24 12 13 
Marshall Co. RWD #03 7M 11 10 12 17 11 12 
Marysville 7M 7 14 16 24 21 16 
Matfield Green 7S 32 29 33 31 18 29 
Mayetta 7S NA 5 NA 6 13 8 
Mayfield 7S NA 5 NA 4 NA 4 
McCracken 5 10 13 20 15 18 15 
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McDonald 2 21 25 16 27 23 23 
McFarland 7S 8 9 7 8 8 8 
McLouth 8M 7 10 8 12 NA 9 
McPherson 7L 8 5 9 6 5 7 
McPherson Co. RWD #01 7S 23 26 25 8 13 19 
McPherson Co. RWD #02 7S NA 3 NA NA 4 4 
McPherson Co. RWD #03 7S NA NA 7 NA NA 7 
McPherson Co. RWD #04 7M NA 13 8 3 7 8 
Meade 3 21 10 11 16 15 15 
Medicine Lodge 6ML 11 17 8 28 9 15 
Melvern 7S 12 21 15 18 22 18 
Miami Co. RWD #01 8M NA 4 3 17 15 10 
Miami Co. RWD #02 8M 12 7 8 18 14 12 
Miami Co. RWD #03 8M NA 25 23 20 22 22 
Miami Co. RWD #04 8M NA 13 12 6 12 11 
Milford 7M 3 NA NA NA NA 3 
Miltonvale 7M 19 27 19 24 13 21 
Minneapolis 7M 12 12 14 10 10 12 
Minneola 4 11 13 16 17 12 14 
Mitchell Co. RWD #01 6S NA 100 NA NA NA 100 
Mitchell Co. RWD #02 6ML 13 16 21 14 13 15 
Moline 7S 13 14 4 19 10 12 
Montezuma 3 13 7 12 14 9 11 
Montgomery Co. RWD #01 7S NA NA NA NA 7 7 
Montgomery Co. RWD #01C 7M 21 23 15 13 14 17 
Montgomery Co. RWD #02 7M 11 8 9 8 12 10 
Montgomery Co. RWD #06 7M 21 13 NA 13 19 16 
Montgomery Co. RWD #08 7S NA 47 43 17 32 35 
Montgomery Co. RWD #09 7S NA 27 26 33 28 28 
Montgomery Co. RWD #10 7S 14 16 14 11 4 12 
Montgomery Co. RWD #11 7M 14 13 34 7 NA 17 
Montgomery Co. RWD #12 7M 15 14 10 12 13 13 
Montgomery Co. RWD #13 7S NA 7 17 11 19 13 
Moran 8M NA 12 11 11 11 11 
Morganville 7S 10 10 NA NA NA 10 
Morland 4 25 21 12 12 12 16 
Morrill 8S NA 18 19 9 9 14 
Morris Co. RWD #01 7M 8 7 14 4 9 8 
Morrowville 7S 31 18 22 34 28 26 
Moscow 2 100 100 100 100 100 100 
Mound City 8M 18 14 17 18 18 17 
Mound Valley 8S 4 NA NA NA NA 4 
Moundridge 7M 10 NA NA 5 7 7 
Mount Hope 7M 8 5 8 17 8 9 
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Mulberry 8M 9 29 41 32 18 26 
Mullinville 5 3 18 20 16 23 16 
Mulvane 7M 8 8 8 8 8 8 
Munden 7S 19 14 5 NA NA 13 
Muscotah 8S 17 11 8 10 17 13 
Narka 7S 18 NA NA NA NA 18 
Natoma 6S 14 14 15 21 15 16 
Nemaha Co. RWD #01 7S 20 10 10 13 11 13 
Nemaha Co. RWD #02 7S NA 8 NA NA NA 8 
Nemaha Co. RWD #03 7M 9 8 10 9 9 9 
Nemaha Co. RWD #04 7S NA 3 5 4 13 6 
Neodesha 7M 3 3 NA 6 6 4 
Neosho Co. RWD #01C 8M NA 3 3 NA NA 3 
Neosho Co. RWD #02 8M 10 14 16 17 18 15 
Neosho Co. RWD #03 8S 20 100 11 10 16 31 
Neosho Co. RWD #04 8M 18 12 NA 18 17 16 
Neosho Co. RWD #05 8S NA NA 20 32 23 25 
Neosho Co. RWD #06 8S NA 37 26 16 36 29 
Neosho Co. RWD #07 8M NA 22 13 35 27 24 
Neosho Co. RWD #08 8S NA 10 12 24 9 14 
Neosho Co. RWD #09 8S NA 10 9 15 39 18 
Neosho Co. RWD #12 8S NA 11 11 11 9 11 
Ness City 4 5 4 NA 3 4 4 
Netawaka 7S NA NA 4 NA 21 12 
New Strawn 7S 19 28 22 10 6 17 
Newbury Extension 7S NA NA 10 18 17 15 
Newton 7L NA 11 12 12 11 11 
Nickerson 6ML 13 NA 33 16 9 18 
Norcatur 3 9 10 30 39 22 22 
North Newton 7M 10 6 27 9 15 13 
Norton 4 17 8 16 14 16 14 
Norton Co. RWD #01 4 11 15 8 8 11 11 
Nortonville 8M NA 5 7 15 15 10 
Norwich 6ML 8 NA 4 6 17 9 
Oakley 2 16 15 12 11 10 13 
Oberlin 3 20 21 23 24 25 23 
Offerle 5 28 25 5 23 33 23 
Ogden 7M 3 NA 3 NA 3 3 
Oketo 7S 11 10 NA 10 10 10 
Olathe 8L 16 9 10 14 12 12 
Olmitz 6S 3 NA 12 14 9 10 
Olpe 7M 11 9 8 NA NA 9 
Olsburg 7S 9 8 9 8 8 8 
Onaga 7M 7 8 7 5 6 7 
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Oneida 7S 18 14 13 9 11 13 
Osage City 7M 8 5 4 6 5 5 
Osage Co. RWD #02 7S 16 13 NA 12 10 13 
Osage Co. RWD #03 7M 12 22 15 17 17 16 
Osage Co. RWD #04 7M 19 16 9 6 NA 12 
Osage Co. RWD #05 7M 20 23 24 17 21 21 
Osage Co. RWD #06 7S 12 17 18 14 14 15 
Osage Co. RWD #07 7M 20 25 14 NA NA 19 
Osage Co. RWD #08 7M NA 11 17 NA NA 14 
Osawatomie 8M 14 11 14 15 13 14 
Osborne 6ML 20 15 15 15 14 16 
Osborne Co. RWD #01A 6S 48 39 46 19 25 35 
Osborne Co. RWD #02 6S NA 22 18 11 10 15 
Oskaloosa 8M NA 10 12 10 7 10 
Oswego 8M 6 NA 8 6 6 7 
Otis 5 5 7 15 12 9 10 
Ottawa 8L 9 11 10 8 7 9 
Ottawa Co. RWD #01 7S 20 17 10 26 26 20 
Ottawa Co. RWD #02 7M 22 11 10 12 6 12 
Overbrook 7M 22 24 13 17 12 18 
Oxford 7M 14 15 16 6 14 13 
Ozawkie 8M 9 NA 6 NA NA 7 
Palco 5 26 19 10 14 8 15 
Palmer 7S 9 17 12 12 18 14 
Paola 8M 14 16 12 9 11 12 
Paradise 6S NA 28 6 10 6 13 
Park 3 7 10 7 4 3 6 
Park City 7M 13 9 12 14 3 10 
Parker 8S NA 28 30 25 17 25 
Parsons 8L 11 12 11 7 17 12 
Pawnee Rock 6S 9 4 10 5 8 7 
Paxico 7S 6 7 4 NA 3 5 
Peabody 7M 8 10 15 NA 4 9 
Perry 8M 9 10 10 15 11 11 
Peru 7S NA 15 12 6 8 10 
Phillipsburg 5 11 19 16 21 21 18 
Pittsburg 8L 6 3 3 7 NA 5 
Plains 3 19 17 22 16 17 18 
Plainville 5 8 18 19 17 18 16 
Pleasanton 8M 12 9 6 7 6 8 
Pomona 8M 9 4 8 6 3 6 
Portis 6S 27 18 27 27 34 27 
Post Rock RWD 6ML 26 20 23 21 16 21 
Pottawatomie Co. RWD #01 7M 6 16 25 20 21 18 
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Pottawatomie Co. RWD #02 7M 40 20 32 29 20 28 
Pottawatomie Co. RWD #03 7M 15 13 11 3 11 11 
Pottawatomie Co. RWD #04 7M NA NA NA 9 7 8 
Potwin 7S NA NA NA 9 5 7 
Prairie View 5 8 16 5 14 20 13 
Pratt 6ML 15 15 17 16 16 16 
Prescott 8S 15 NA 8 8 12 10 
Preston 6S 100 100 100 100 21 84 
Pretty Prairie 6ML 17 16 10 31 19 19 
Princeton 8S NA 9 7 7 8 8 
Protection 5 8 11 12 3 4 8 
Quenemo 7S 8 7 10 10 6 8 
Quinter 3 15 10 12 10 5 10 
Randall 6S 12 6 10 8 5 8 
Randolph 7S 19 22 11 18 18 18 
Ransom 4 11 11 7 9 12 10 
Rantoul 8S 30 43 8 4 3 18 
Raymond 6S 8 8 9 21 8 11 
Reading 7S 19 16 17 19 12 16 
Red Bud Lake Improvement 7S NA 27 9 22 23 20 
Renn District 7S NA 4 NA NA NA 4 
Reno Co. RWD #01 6S 29 11 3 8 7 12 
Reno Co. RWD #03 6S NA 100 29 29 20 45 
Reno Co. RWD #04 6S NA 18 10 10 18 14 
Reno Co. RWD #08 6S 16 18 10 5 5 11 
Reno Co. WD #101 6S 6 10 8 7 9 8 
Republic 7S 20 17 21 13 18 18 
Republic Co. RWD #01 7S 20 23 23 21 19 21 
Republic Co. RWD #02 7M 23 22 29 26 13 22 
Reserve 8S 28 31 33 43 33 34 
Rexford 2 14 10 9 9 8 10 
Rice Co. RWD #01 6ML NA 3 6 7 6 5 
Richmond 8M 19 17 NA 12 8 14 
Riley 7M 34 32 32 31 25 31 
Riley Co. RWD #01 7M NA 7 13 15 8 10 
Robinson 8S 21 18 17 14 24 19 
Rocky Ford Water Co. 7S NA NA 100 NA NA 100 
Rocky Ford Water Company 7S 100 100 NA 100 100 100 
Rolla 1 9 8 20 9 9 11 
Rooks Co. RWD #01 5 NA NA 6 6 5 5 
Rooks Co. RWD #02 5 15 21 22 10 6 15 
Rooks Co. RWD #03 5 11 15 8 10 11 11 
Rose Hill 7M NA 3 NA 4 NA 4 
Roseland 8S NA NA NA 100 100 100 
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Rossville 7M 6 5 10 7 6 7 
Rozel 5 16 9 16 18 19 16 
Rush Center 5 14 14 17 10 3 12 
Rush Co. RWD #01 5 53 42 35 42 27 40 
Russell 6ML 16 14 23 4 9 13 
Russell Co. RWD #01 6S NA 100 100 13 25 59 
Russell Co. RWD #02 6S 100 100 100 100 100 100 
Russell Co. RWD #03 6ML NA 27 33 22 35 29 
Russell Co. RWD #04 6S 42 44 12 31 15 29 
Sabetha 7M 11 7 9 7 19 11 
Salina 7L 7 4 10 14 12 9 
Saline Co. RWD #01 7S 11 NA 7 10 8 9 
Saline Co. RWD #02 7S 45 28 33 26 11 29 
Saline Co. RWD #03 7M NA NA 6 NA NA 6 
Saline Co. RWD #04 7M 8 16 18 15 12 14 
Saline Co. RWD #06 7S 6 NA NA 6 8 7 
Saline Co. RWD #07 7S NA 15 18 21 19 18 
Saline Co. RWD #08 7S 15 13 11 NA 5 11 
Satanta 2 8 NA NA NA 3 5 
Sawyer 6S 3 4 NA 3 4 4 
Scammon 8M 19 NA 24 18 18 20 
Scandia 7S 14 6 10 13 10 10 
Scotsman Estates 7S NA NA 14 8 13 12 
Scott City 2 10 5 3 NA NA 6 
Scranton 7M NA 8 NA NA NA 8 
Sedan 7M 5 6 8 8 11 8 
Sedgwick 7M 3 NA NA NA NA 3 
Sedgwick Co. RWD #01 7M NA 15 9 12 10 11 
Sedgwick Co. RWD #03 7M NA 5 3 3 NA 3 
Sedgwick Co. RWD #04 7M 33 20 23 3 8 17 
Selden 3 13 10 5 4 4 7 
Seneca 7M 7 10 8 9 8 8 
Severy 7S 11 15 7 8 11 10 
Sharon 6S 15 13 13 11 20 14 
Sharon Springs 1 10 12 11 12 26 14 
Shawnee Co. RWD #01C 7M NA NA 7 13 5 8 
Shawnee Co. RWD #02C 7M 11 14 18 9 8 12 
Shawnee Co. RWD #03 7M 18 25 25 NA 5 18 
Shawnee Co. RWD #04 7M 17 22 20 15 10 17 
Shawnee Co. RWD #05 7M NA NA 12 9 NA 11 
Shawnee Co. RWD #06 7M NA 7 7 5 6 6 
Shawnee Co. RWD #07 7S NA NA NA 19 NA 19 
Shawnee Co. RWD #08 7M 8 15 9 11 12 11 
Shawnee Co. RWD #09 7S NA 5 NA NA NA 5 
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Silver Lake 7M 5 6 4 4 NA 5 
Simpson 6S 40 44 32 11 20 30 
Smith Center 6ML 26 25 22 20 24 23 
Smith Co. RWD #01 6S 16 18 15 18 22 18 
Soldier 7S NA NA NA 3 NA 3 
Solomon 7M 34 7 14 8 10 14 
South Haven 7S 23 16 14 43 53 30 
South Hutchinson 6ML NA 4 4 NA NA 4 
Spearville 4 13 10 5 NA 8 9 
Speed 5 10 12 16 3 NA 11 
Spivey 6S 14 4 4 6 NA 7 
Spring Hill 8M 5 7 11 8 10 8 
St. Francis 1 10 13 10 11 5 10 
St. George 7S 11 10 20 11 14 13 
St. John 6ML 10 9 10 14 15 11 
St. Marys 7M 7 15 8 7 3 8 
St. Paul 8M 13 14 15 14 14 14 
Stafford 6ML 7 6 8 18 6 9 
Sterling 6ML 9 NA 8 NA 4 7 
Stockton 5 13 22 16 13 13 16 
Strong City 7M 55 67 22 NA NA 48 
Sublette 2 8 9 9 NA 5 8 
Suburban Water Company 8M 9 88 11 4 3 23 
Summerfield 7S 11 9 9 5 5 8 
Sumner Co. RWD #01 7S NA 6 19 17 NA 14 
Sumner Co. RWD #02 7S NA 25 20 26 13 21 
Sumner Co. RWD #03 7S NA NA 13 22 8 15 
Sumner Co. RWD #04 7M NA 15 20 16 20 18 
Sumner Co. RWD #05 7M NA NA 9 17 NA 13 
Sumner Co. RWD #06 7S NA 12 NA 8 9 10 
Susank 6S NA 13 23 11 5 13 
Sylvan Grove 6S 5 9 15 8 25 12 
Sylvia 6S 36 41 37 36 34 37 
Syracuse 1 13 12 12 8 5 10 
Tatarrax Hills 7S 18 13 13 14 100 32 
Tescott 7S 8 6 8 10 10 8 
Thayer 8M 31 13 15 17 17 19 
Timber Creek Water & Sewer 7M 16 NA 10 14 15 14 
Timken 5 64 58 14 16 9 32 
Tipton 6S 9 8 NA 5 8 7 
Tonganoxie 8M 14 16 12 15 16 15 
Topeka 7L 10 11 7 13 15 11 
Toronto 7S 22 27 27 17 14 21 
Towanda 7M NA 10 8 11 5 8 
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Treece 8S NA 20 NA 11 NA 15 
Trego Co. RWD #01 4 5 5 10 11 13 9 
Trego Co. RWD #02 4 9 19 20 9 7 13 
Tribune 1 6 9 10 15 15 11 
Troy 8M 37 32 30 14 12 25 
Turon 6S 15 11 7 8 13 11 
Udall 7M 15 8 14 4 9 10 
Ulysses 2 9 8 8 14 7 9 
Uniontown 8S 15 6 7 8 8 9 
University Park Water 7S 15 19 16 13 13 15 
Utica 4 8 10 11 9 13 10 
Valley Center 7M 16 3 6 4 12 8 
Valley Falls 8M 9 14 15 15 19 15 
Vermillion 7S 34 30 NA 12 7 21 
Victoria 5 4 NA NA 7 7 6 
Viola 7S NA NA 6 10 8 8 
Virgil 7S 9 11 7 7 18 10 
Wabaunsee Co. RWD #01 7S NA NA 26 18 25 23 
Wabaunsee Co. RWD #02 7M 11 9 18 8 8 11 
Wakeeney 4 21 17 15 11 17 16 
Wakefield 7M 15 12 14 8 10 12 
Waldo 6S NA NA NA NA NA NA 
Wallace 1 13 13 13 12 38 18 
Wallace Co. RWD #01 1 100 100 100 3 4 61 
Walnut 8S NA NA NA 6 12 9 
Walton 7S NA NA NA 14 12 13 
Wamego 7M 8 7 7 8 NA 7 
Washington 7M 16 18 27 26 17 21 
Washington Co. RWD #01 7M 6 8 7 NA 4 7 
Washington Co. RWD #02 7M 16 17 23 16 18 18 
WaterOne - Johnson Co. 8L 7 8 9 5 8 7 
Waterville 7M 13 11 10 7 8 10 
Wathena 8M NA 10 6 10 12 10 
Waverly 7M 28 17 11 11 8 15 
Weir 8M 16 35 5 NA N 19 
Wellington 7M 18 23 12 15 9 16 
Wellsville 8M 16 19 14 11 NA 15 
West Hills Water Company 6S 100 100 100 100 100 100 
West Mineral 8S 6 15 14 14 15 13 
Westmoreland 7M 7 6 NA 9 10 8 
Wetmore 7S 16 23 13 14 15 16 
White City 7M 14 12 12 18 25 16 
White Cloud 8S 23 32 27 22 34 28 
Whitewater 7M 25 19 12 27 20 21 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)  

FOR PUBLIC WATER SUPPLIERS  
KANSAS, 1999-2003 

Public Water Supplier Region

1999 
Percent 

UFW 

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

AVG 
Percent 

UFW 
Whiting 7S 11 13 23 7 9 13 
Wichita 7L 17 7 9 3 NA 9 
Williamsburg 8S 8 3 9 13 NA 8 
Willis 8S NA NA NA 20 14 17 
Wilson 6ML 10 9 20 10 12 12 
Wilson Co. RWD #01 7S NA 22 28 29 9 22 
Wilson Co. RWD #02 7S NA NA 100 NA NA 100 
Wilson Co. RWD #03 7S NA 24 NA 33 NA 28 
Wilson Co. RWD #04 7S NA NA 25 7 11 14 
Wilson Co. RWD #05 7S NA 13 3 NA NA 8 
Wilson Co. RWD #06 7S NA 15 5 54 22 24 
Wilson Co. RWD #07 7S NA 29 26 NA NA 28 
Wilson Co. RWD #09 7S NA NA 22 NA NA 22 
Wilson Co. RWD #10 7M NA 26 25 NA NA 26 
Wilson Co. RWD #11 7M NA 24 20 18 17 20 
Wilson Co. RWD #12 7S NA 7 100 100 10 54 
Wilson Co. RWD #13 7S NA 27 NA 16 14 19 
Winchester 8M 5 5 NA 4 9 6 
Windom 7S NA NA NA NA 16 16 
Winfield 7L 8 8 11 12 9 10 
Winona 2 15 11 13 10 17 13 
Woodson Co. RWD #01 7M 23 19 25 23 21 22 
Woodston 5 4 8 9 14 10 9 
Yates Center 7M 20 22 21 17 20 20 
Zenda 6S 12 4 15 4 5 8 

 
Note: Percent unaccounted for water represents all unmetered water.  Systems that do not meter 

customer use or were unable to provide reliable data on customer sales are shown as having 100 
percent unaccounted for water.  “NA” is shown for systems that reported less than 3 percent 
unaccounted for water, and for years in which no water use report was filed. 
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INTRODUCTION 
 
Water use in Kansas is regulated by the Kansas Department of Agriculture, Division of Water 
Resources (DWR).  The DWR requires annual Water Use Reports from all public water 
suppliers with active water rights, as a condition of the Water Appropriations Act.  The DWR 
also requests annual water use reports from water suppliers purchasing water from State-
owned storage in Federal reservoirs through the Kansas Water Office (KWO) Water Marketing 
Program, and from water suppliers purchasing water wholesale from entities that have water 
rights or marketing contracts. 
 
The information shown in this publication was collected from 761 public water suppliers that filed 
2004 Municipal Water Use Reports.  This number includes cities and towns, rural water districts, 
and housing subdivisions.  These public water suppliers provide information on quantity of water 
diverted, water purchased from and sold to other suppliers, sales to retail customers, metered 
free and unaccounted for water, population served, and current water rates.  Annual water use 
reports for 2004 also were submitted by public wholesale water supply districts, mobile home 
parks or systems that serve predominantly mobile homes, and rural systems that serve fewer 
than 10 residential connections, seasonal customers, or predominantly commercial users.  The 
information from these reports is not included in this publication. 
 
The DWR, KWO, and U.S. Geological Survey–Water Resources Division (USGS) review the 
water use data to ensure that the information is as accurate and complete as possible, and to 
derive the statistics on per capita usage, percent metered free, percent unaccounted for water, 
and water rates that are published in this report.  The review process is also important for 
documenting atypical water use among certain suppliers, as well as for identifying problems with 
meter accuracy, bookkeeping, and water loss that may warrant special assistance.  The Kansas 
Water Plan provides some of the funding used to review annual water use reports and offer 
technical assistance when needed. 
 
The Kansas Municipal Water Use publication has been prepared each year since 1987.  The 
efforts of every water supplier completing annual water use reports are greatly appreciated.  
The data collected are valuable in administering water rights and marketing contracts, preparing 
population and water demand projections, and assessing progress toward meeting State 
conservation objectives.  The information provided in this annual publication can also be useful 
in evaluating individual systems’ needs for metering improvements, water loss reduction, water 
rate adjustments, and implementation of cost-effective, long-term water conservation measures. 
 
REGIONAL PER CAPITA WATER USE  
 
Water usage in gallons per capita per day (gpcd) is calculated for each water system from 
reported data on water use and population served.  Gpcd usage for individual suppliers is based 
on amounts of water sold for residential and commercial uses, free uses, and unaccounted for 
water.  Gpcd figures generally do not include sales to other suppliers, industries, bulk uses, or 
farmsteads using over 200,000 gallons per year.   
 
Average gpcd figures are calculated for water suppliers in eight regions of the State so that 
usage for individual suppliers can be compared to average usage for similar geographic areas.  
These regions, shown in Figure 1, correspond to general patterns of per capita water use and 
precipitation.  Gpcd usage increases from eastern to western Kansas, primarily due to greater 
outdoor water use in the drier, more arid parts of the state.  Another factor contributing to higher 
gpcd usage in western Kansas is that average water rates are lower in the western regions of 
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the State where ground water is the predominant source of supply.  Average gpcd usage by 
Kansas public water suppliers by region and size is shown in Table 1 (p. 7) for the years 2000-
2004.  Average gpcd usage in 2004 ranged from a high of 253 in Region 1 in westernmost 
Kansas to a low of 82 in Region 8 among small public water suppliers in easternmost Kansas.   
 
WATER USE STATISTICS BY REGION AND STATE 
 
The tables in the following sections of this publication are organized by region and size 
category.  Regions 6, 7, and 8 in central and eastern Kansas include many more public water 
suppliers than do the western Kansas regions, and were subdivided by population size.  Small 
public water suppliers serve fewer than 500 people, medium public water suppliers serve 
between 500 and 9,999 people, and large public water suppliers serve 10,000 people or more.   
 
Water use statistics for each supplier within each regional category are provided in Tables 2-14 
on pp. 8 - 32.  These tables rank each water supplier by gpcd usage, and show the percent 
difference from the respective 2004 regional average gpcd.  The tables also show the monthly 
cost for 10,000 gallons of water, the percentage of metered free water, and the percentage of 
unaccounted for water.  These data are useful in evaluating the gpcd figures.  Comparison of an 
individual supplier’s gpcd, water rates, and percentages of metered free and unaccounted for 
water to regional averages may indicate opportunities for more cost-effective and efficient use of 
water.  Lower gpcd figures may be indicative of conservation efforts by public water suppliers.  
These efforts include reductions in unaccounted for water, more accurate metering of raw water, 
and reduced usage due to higher prices. 
 
Per capita usage by a particular water supplier can be affected by circumstances such as 
customer use habits, water rates, amount of water needed for water treatment or other free 
uses, and system losses.  Inexpensive water rates, lack of metering, hot dry weather, frequent 
line breaks, water line replacement, tower repairs, or large amounts of water used for treatment 
and flushing can all contribute to a high gpcd.  High water rates, cool rainy weather, a system 
with few leaks, lack of significant free uses, or minimal need for water treatment can contribute 
to a low gpcd.    
 
Accuracy of the measurement of total water diverted also can influence a utility’s gpcd.  Public 
water suppliers typically determine total diversions using flowmeters, calculation of hours 
pumped times pump rates, or a combination of these methods.  A higher than expected gpcd 
may result if master meters are overregistering, actual pump rates are lower than reported, or 
check valves are malfunctioning.  A lower than expected gpcd may result if meters are 
underregistering or actual pump rates are higher than reported.  Inaccurate measurements of 
total water diverted also produce unreliable calculations of unaccounted for water.   
 
The percentage of unaccounted for water is a good indicator of meter accuracy and system 
efficiency.  Large percentages of unaccounted for water often result from over-reported total 
diversions, substantial amounts of unmetered use, or system losses.  In publications of Kansas 
Municipal Water Use prior to1998, the percent unaccounted for water applied only to systems 
that meter customer use.  Beginning with the 1998 data, the percent unaccounted for water has 
indicated all water that is not metered. Consequently, all unmetered water used by systems with 
flat water rates or by systems that were unable to provide data on customer sales is considered 
unaccounted for. 
 
For 2004, gpcd values ranged from a high of 453 (for the City of Herndon) to a low of 33 (for 
Marion Co. RWD No. 2).  However, to evaluate the water conservation efforts of any public 
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water supplier, each gpcd should be compared to usage by other utilities of similar size in the 
same geographic area.  Table 15 (p. 34) ranks the 20 public water suppliers with the highest 
gpcd usage in 2004 relative to their respective regional averages.  These suppliers tend to have 
large percentages of unaccounted for water due to system leaks or lack of metering.  Sixteen 
had 20 percent or greater unaccounted for water, including two that used a flat rate structure.  
Many are very small systems, where leaks can represent a large percentage of total water 
withdrawals.  Table 16 (p. 35) ranks the 20 public water suppliers with the lowest gpcd usage in 
2004 relative to their respective regional averages.  Most of these suppliers are very small 
towns, housing subdivisions, or rural water districts with little or no public use.  Many charge 
high rates for water service.   
 
WATER RATES  
 
Four basic types of water rate structures in Kansas are described as flat rate, decreasing block 
rate, uniform block rate, and increasing block rate.  Utilities with a flat rate charge each 
customer a fixed amount per month regardless of the amount of water used.  With a decreasing 
block rate, the unit cost of water decreases as usage increases.  The unit cost of water is the 
same for all levels of usage with a uniform block rate.  With an increasing block rate, the unit 
cost of water rises as usage increases.  Some utilities attach a surcharge to their regular water 
rates for excessive summer usage, usually defined as a certain percentage above average 
winter use.   
 
The type of rate structure can affect gpcd usage.  Systems with flat rates tend to use 
considerably more water per capita than systems that meter customer use.  The number of 
public water suppliers in Kansas that used flat rate structures declined from 29 in 1990 to 10 in 
2004. Table 17 (p. 36) lists the water suppliers that charged a flat rate for water service in 2004, 
and shows the percent difference between each gpcd and the respective regional average 
gpcd.  Public water suppliers with flat rate structures used an average of 29 percent more water 
per person than their peer communities in 2004. 
 
The other three types of rate structures, in which cost depends on amount of water used, have a 
less dramatic effect on gpcd.   Decreasing block rates are assumed to discourage conservation 
because customers are charged lower rates for high-volume usage.  Increasing block rates are 
considered an effective way to promote conservation among high-volume users while keeping 
the cost of moderate use affordable.  However, the use of these types of rate structures does 
not appear to influence usage by individual customers as much as does the total monthly water 
cost and the geographic area in which they live. 
 
Table 18 (p. 37) shows 2004 regional average cost for residential customer water use at five 
levels from 5,000 to 100,000 gallons per month.  In general, water rates increase from west to 
east across the state.  Average water rates tend to be higher in eastern Kansas due to the costs 
associated with operating, building, or rehabilitating surface water treatment facilities, and the 
costs associated with wholesale water distribution.   
 
METERED FREE AND UNACCOUNTED FOR WATER  
 
Percentages of metered free and unaccounted for water indicate the proportion of total water 
produced or purchased that is not sold through customer meters.  Metered free water typically 
includes public services (for example, golf courses, parks, pools and city buildings) plus any 
water given to nonpaying customers (for example, churches or owners of easements).  Metered 
free water often includes water treatment uses such as backwashing, lube line flows, draining of 
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known quantities from a water tower prior to repair, and measured hydrant flushing.  Metering 
as much ‘free’ water use as possible helps to identify actual system losses.  Metering of 
nonpaying services also helps a utility notice and correct any water leaks or excessive use at 
these connections. 
 
The number of public water suppliers in Kansas that meter free water has steadily increased 
each year since 1992, when amounts of metered free water were first shown on annual 
Municipal Water Use reports.  A total of 448 utilities reported some metered free use for 2004.  
Average percent free water by regional category varied from four to nine percent; the state 
average was five percent.   
 
Unaccounted for water includes any unmetered uses plus water loss in the distribution system.   
The percent unaccounted for water may be high if a system has major line breaks, has many 
underregistering customer meters, or has many unmetered uses.   Water taken from bulk 
outlets and hydrants for firefighting or road construction is often unaccounted for.  Unaccounted 
for water also may represent a large percentage of total water pumped due to distribution 
system replacement, water plant renovations, water tower repairs, faulty metering of raw water, 
or inadequate accounting of customer use.   
 
Unaccounted for water reported by public water suppliers for 2004 ranged from less than three 
percent to 100 percent. The average unaccounted for water among the systems that provided 
adequate information on metered customer use in 2004 was 14 percent statewide.  Average 
unaccounted for water for these systems by regional category ranged from 9 to 18 percent. 
 
ASSISTANCE WITH EXCESSIVE UNACCOUNTED FOR WATER 
 
The Kansas Water Plan includes a year 2010 objective that states:  “By 2010, reduce the 
number of public water supply systems with excessive unaccounted for water by first targeting 
those with 30 percent or more unaccounted for water.”   To meet the 2010 objective of reducing 
the number of public water supply systems with excessive unaccounted for water, suppliers are 
referred to the Kansas Rural Water Association for technical assistance in reducing apparent 
excess use shown on the previous year’s water use report.  As part of this ongoing contract, the 
KRWA visits these water suppliers on a quarterly basis, collects data on water withdrawals and 
sales, tests meters, makes recommendations, and monitors unaccounted for water until it is 
below 20 percent for two consecutive quarters.  In addition, each of these suppliers is 
encouraged to prepare a water conservation plan, or to review their plan if one has already 
been done.  The Kansas Rural Water Association may be contacted at (785) 336-3760. 
 
Free on-site assistance in preparing water conservation plans is available through the KWO.  
Conservation plans can help suppliers improve short-term and long-term management of their 
utility, and are often a requirement for obtaining water rights or loans for water supply system 
improvements.   Water conservation plans also are recommended for suppliers that are drought 
vulnerable or that have excessive unaccounted for water.  The documents entitled 1990 
Municipal Water Conservation Plan Guidelines and Water Conservation Measures for Kansas 
Communities emphasize cost-effective approaches to water conservation, and may be obtained 
by contacting the DWR or the KWO at the phone numbers listed on the front cover of this 
publication. 
 
The 39 water suppliers whose water use reports showed at least 30 percent unaccounted for 
water in 2004 are listed in Table 19 (p. 38).  This table does not include systems with flat rates 
or those who were unable to provide information on metered customer sales.  Table 19 also 
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shows the amount of water in thousands of gallons that would have been saved if only 15 
percent of the water had been unaccounted for.  This number can be used along with the 
production costs per thousand gallons to estimate potential savings from decreases in 
unaccounted for water. Table 19 also indicates the water conservation plan approval date for 
systems that have completed such plans. 
 
CONSERVATION PRACTICES TO REDUCE UNACCOUNTED FOR WATER 
 
Public water suppliers with large amounts of unaccounted for water have opportunities to save 
money if there is loss caused by system leaks, unmetered use, excessive use for public 
services, or underregistering customer meters.  Leak detection, additional metering, and regular 
service meter replacement can result in savings greater than the cost of implementing these 
conservation measures.  In some cases, curbing large water losses may serve to postpone 
acquisition of additional water supplies. 

 
There are many management practices that promote water conservation for public water 
suppliers by reducing their amount of unaccounted for water.  These practices include: 
 

 Measure raw or purchased water accurately.  If possible, install water meters at each 
intake, and test these meters for accuracy every three years. 

 Meter any water treatment use or lube line flows, so that these uses are not considered 
unaccounted for water. 

 Install meters at all service connections if possible, including free services and bulk 
outlets.  

 Read all meters on a regular basis.  If possible, compare production and use for 
corresponding time periods each month and calculate unaccounted for water. 

 Review meter readings and billing information promptly if there is an unexplained, large 
difference between water produced and water metered at service connections for any 
given month. 

 Replace service meters on a regular schedule to avoid losing water through old, 
underregistering meters. 

 If reliable records of water pumped, water sold, and free water indicate that unaccounted 
for water exceeds 15 percent, do leak detection. 

 
5-YEAR AVERAGE GPCD AND PERCENT UNACCOUNTED FOR WATER 
 
Annual and average GPCD figures for 820 active public water suppliers that completed water 
use reports during any years from 2000-2004 are listed in Table 20 (p. 39).  This table includes 
all cities, rural water districts, and subdivisions listed in Tables 2-14, plus systems that are still 
active but did not complete a 2004 water use report.   
 
Table 21 (p. 58) provides information on reported percent unaccounted for water for 820 active 
public water suppliers that completed water use reports during any years from 2000-2004.  
Percentages are shown for each year that data were available, and for the average of this time 
period. 
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TABLE 1 

AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE 
KANSAS, 2000-2004 

Year 
Regiona/ 2000 2001 2002 2003 2004 Average 

1 306 264 321 278 253 284 
2 271 239 273 248 234 253 
3 269 249 269 243 224 251 
4 197 189 211 198 179 195 
5 164 159 178 164 155 164 

6-ML 166 159 153 150 143 154 
6-S 138 132 133 130 124 131 
7-L 153 152 150 150 139 149 
7-M 115 111 111 108 102 109 
7-S 106 104 107 101 97 103 
8-L 130 130 130 144 128 132 
8-M 105 102 101 103 98 102 
8-S 95 90 91 87 82 89 

Kansas 133 128 133 128 120 128 
 
a/ Refer to Figure 1 for map regions.  For this analysis, utilities in Regions 6, 7, and 8 were 

subdivided into size categories.  Large (L) utilities are those serving 10,000 people or 
more.  Medium (M) utilities are those serving 500 to 9,999 people.  Small (S) utilities are 
those serving fewer than 500 people. 
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TABLE 2 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  
REGION 1, 2004 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Coolidge 375 253 +48 $13.00 4 52 
Bird City 331 253 +31 $22.10 3 27 
Wallace Co. RWD #01 325 253 +28 $6.00 0 5 
Elkhart 312 253 +23 $17.75 10 13 
Johnson City 312 253 +23 $19.00 10 14 
Syracuse 296 253 +17 $12.50 2 5 
Goodland 283 253 +12 $15.45 0 20 
St. Francis 282 253 +12 $18.00 4 NA 
Manter 257 253 +2 $23.00 <1 24 
Tribune 250 253 -1 $23.10 2 11 
Sharon Springs 247 253 -2 $24.00 1 23 
Kanorado 211 253 -17 $18.50 11 7 
Rolla 180 253 -29 $26.88 10 6 
Wallace 177 253 -30 $19.50 0 7 
Horace 119 253 -53 $26.30 0 3 
Hamilton Co. RWD #01 89 253 -65 $57.00 9 NA 
Average 253 253 -- $21.38 5 16 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2004, or as recently as rates provided. 
 
c/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 



 9

 
TABLE 3 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  
REGION 2, 2004 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Herndon 453 234 +94 $22.50 2 27 
Rexford 389 234 +66 $17.50 0 5 
Brewster 339 234 +45 $11.90 1 9 
Moscow 335 234 +43 $22.00 0 100 
Winona 307 234 +31 $14.50 2 15 
Colby 305 234 +30 $14.90 3 8 
McDonald 304 234 +30 $19.61 0 21 
Hugoton 276 234 +18 $10.80 1 9 
Oakley 265 234 +13 $11.66 2 7 
Scott City 252 234 +8 $16.98 2 7 
Sublette 245 234 +4 $14.00 14 7 
Lakin 242 234 +3 $25.75 18 9 
Satanta 234 234 0 $12.95 6 7 
Leoti 232 234 -1 $26.38 5 15 
Atwood 229 234 -2 $22.20 3 16 
Ulysses 216 234 -8 $20.35 4 6 
Garden City 185 234 -21 $20.00 17 4 
Kismet 170 234 -27 $16.25 23 24 
Liberal 153 234 -35 $24.90 18 3 
Deerfield 142 234 -39 $24.35 4 7 
Holcomb 133 234 -43 $21.45 2 7 
Garden Spot Rentals 75 234 -68 None 0 100 
Finney Co. RWD #01 74 234 -68 $46.50 0 17 
Farr Subdivision 67 234 -71 None 0 100 
Average  234 234  --  $19.88 7 11 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2004, or as recently as rates provided.  

“None” indicates no charge for water service.   
 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.   
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TABLE 4 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  
REGION  3, 2004 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Jennings 375 224 +67 $14.00 3 41 
Hoxie 311 224 +39 $18.00 0 28 
Montezuma 260 224 +16 $19.20 4 15 
Dighton 254 224 +14 $18.16 8 7 
Grinnell 252 224 +13 $13.00 5 5 
Plains 237 224 +6 $12.90 11 13 
Quinter 234 224 +5 $20.60 2 11 
Grainfield 233 224 +4 $7.70 0 11 
Cimarron 222 224 -1 $26.38 0 11 
Meade 218 224 -3 $17.55 7 16 
Gove 212 224 -5 $12.80 2 16 
Oberlin 211 224 -6 $15.04 0 16 
Copeland 210 224 -6 $25.00* 0 58 
Lane Co. RWD #01 207 224 -8 $18.50 <1 13 
Norcatur 203 224 -9 $25.00 1 22 
Selden 202 224 -10 $15.00 6 5 
Fowler 185 224 -17 $14.80 6 14 
Park 169 224 -24 $14.00 0 NA 
Ingalls 143 224 -36 $35.00 <1 NA 
Ensign 141 224 -37 $29.50 0 100 
Average  224 224  --  $18.61 4 18 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2004, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water used.   
 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted for water of 
less than 3.0. 
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TABLE 5 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  
REGION  4, 2004 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Englewood 383 179 +114 $20.00* 0 97 
Hanston 271 179 +51 $11.00 0 9 
Hill City 251 179 +40 $15.10 14 12 
Ford 249 179 +39 $18.00* 0 80 
Bucklin 239 179 +34 $14.00 1 29 
Jetmore 235 179 +32 $18.00 19 5 
Norton 229 179 +28 $15.61 5 12 
Ashland 220 179 +23 $17.00 1 NA 
Morland 219 179 +22 $20.50 4 8 
Dodge City 203 179 +13 $22.59 5 22 
Wakeeney 199 179 +11 $20.50 2 13 
Lenora 191 179 +7 $31.25 14 16 
Arnold 187 179 +5 $12.00* 0 100 
Minneola 185 179 +3 $24.00 0 9 
Bogue 183 179 +2 $17.00 0 9 
Utica 170 179 -5 $14.80 18 4 
Spearville 156 179 -13 $32.80 8 11 
Clayton 128 179 -29 $26.75 1 NA 
Bazine 128 179 -29 $21.50 3 8 
Almena 123 179 -31 $24.25 1 19 
Ness City 122 179 -32 $43.50 1 5 
Ransom 120 179 -33 $20.60 2 12 
Collyer 114 179 -36 $32.80 0 8 
Trego Co. RWD #01 96 179 -46 $51.00 0 6 
Trego Co. RWD #02 93 179 -48 $63.00 4 10 
Norton Co. RWD #01 77 179 -57 $34.50 0 11 
Brownell 58 179 -68 $12.50 0 8 
Average 179 179 --  $24.24 6 18 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2004, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water used.   
 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted for water of 
less than 3.0. 
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TABLE 6 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  
REGION 5, 2004 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Comanche Co. RWD #02 441 155 +185 $58.00 0 47 
Woodston 316 155 +104 $25.00 0 34 
Protection 248 155 +60 $20.00 29 NA 
Mullinville 244 155 +57 $22.00 8 19 
Rush Co. RWD #01 230 155 +49 $46.00 0 25 
Larned 228 155 +47 $15.00 14 11 
Coldwater 208 155 +34 $21.80 <1 16 
Phillipsburg 204 155 +32 $40.61 3 25 
Otis 201 155 +30 $21.10 <1 10 
Greensburg 187 155 +21 $23.15 2 8 
Lewis 186 155 +20 $18.75 31 12 
Logan 185 155 +19 $29.50 2 18 
Hays City Suburban 183 155 +18 None 0 100 
Rooks Co. RWD #03 183 155 +18 $41.50 1 18 
Offerle 181 155 +17 $16.62 0 7 
Rozel 174 155 +12 $18.50 0 14 
Haviland 173 155 +12 $13.00 1 13 
Bison 163 155 +5 $22.50 0 14 
Prairie View 156 155 +1 $25.00 1 8 
Long Island 153 155 -1 $12.00 0 5 
Burdett 144 155 -7 $14.20 1 10 
Rush Center 141 155 -9 $10.50 <1 13 
Palco 138 155 -11 $27.00 0 19 
Plainville 134 155 -14 $16.00 4 9 
Kirwin 129 155 -17 $26.50 0 27 
Stockton 127 155 -18 $35.70 2 37 
Belpre 122 155 -21 $30.50 0 21 
La Crosse 122 155 -22 $39.25 1 8 
Agra 121 155 -22 $27.40 1 23 
Belvidere 120 155 -23 $15.00* 0 100 
Glade 115 155 -26 $31.00 5 36 
Kinsley 114 155 -26 $34.12 4 14 
McCracken 114 155 -26 $41.90 2 3 
Speed 112 155 -28 $24.50 4 11 
Victoria 110 155 -29 $19.50 0 13 
Alexander 109 155 -30 $19.00 0 5 
Ellis Co. RWD #06 105 155 -32 $53.00 <1 17 
Ellis 101 155 -35 $33.60 12 5 
Timken 101 155 -35 $25.70 7 6 
Damar 99 155 -36 $32.15 0 NA 
Comanche Co. RWD #01 97 155 -37 $25.50 0 12 
Hays 92 155 -40 $37.96 3 7 
Ellis Co. RWD #01 87 155 -44 $23.20 0 9 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 5, 2004 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Rooks Co. RWD #02 84 155 -46 $25.50 0 22 
Liebenthal 77 155 -50 $33.00 2 8 
Ellis Co. RWD #03 58 155 -62 $29.40 0 100 
Average 155 155  -- $27.14 5 16 
 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2004, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water used.  “None” indicates no 
charge for water usage. 

 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
usage or did not provide sufficient information on customer sales, the percent unaccounted 
for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted for water of 
less than 3.0. 
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TABLE 7 

WATER USE STATISTICS FOR MEDIUM AND LARGE  
PUBLIC WATER SUPPLIERSa/  

REGION 6, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Medicine Lodge 235 143 +64 $18.59 0 12 
Mitchell Co. RWD #02 231 143 +61 $54.30 8 16 
Pratt 224 143 +57 $16.60 11 23 
Lyons 193 143 +35 $19.00 7 10 
Wilson 189 143 +32 $20.50 34 17 
Osborne 187 143 +31 $27.46 23 16 
Mankato 179 143 +25 $26.73 6 22 
Downs 170 143 +19 $20.88 1 16 
Kiowa 169 143 +18 $21.30 1 9 
Kensington 166 143 +16 $21.00 7 29 
Pretty Prairie 162 143 +14 $22.70 1 26 
Smith Center 158 143 +11 $35.58 1 25 
Russell 155 143 +8 $47.75 4 17 
Anthony 153 143 +7 $26.58 3 18 
Attica 146 143 +2 $19.60 0 16 
St. John 142 143 -1 $22.20 11 20 
Haven 139 143 -3 $14.80 1 25 
Cunningham 139 143 -3 $22.30 6 14 
South Hutchinson 136 143 -5 $18.02 3 7 
Little River 132 143 -7 $33.00 2 13 
Cawker City 131 143 -8 $22.25 3 7 
Post Rock RWD 131 143 -9 $83.10 7 20 
Stafford 130 143 -9 $13.83 4 6 
Russell Co. RWD #03 130 143 -9 $58.00 0 20 
Claflin 128 143 -10 $20.30 8 6 
Norwich 128 143 -11 $33.50 0 25 
Hutchinson 127 143 -11 $22.36 4 20 
Great Bend 124 143 -13 $25.86 0 12 
Lincoln Center 123 143 -14 $26.98 8 16 
Ellsworth 122 143 -15 $42.30 6 9 
Harper 120 143 -16 $28.00 0 13 
Buhler 118 143 -17 $17.55 2 8 
Kingman 118 143 -17 $35.00 0 16 
Rice Co. RWD #01 116 143 -19 $29.00 0 8 
Ellinwood 110 143 -23 $21.25 4 5 
Hoisington 101 143 -29 $34.00 3 15 
Beloit 99 143 -30 $41.85 4 12 
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TABLE 7 

WATER USE STATISTICS FOR MEDIUM AND LARGE  
PUBLIC WATER SUPPLIERSa/  

REGION 6, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Sterling 94 143 -34 $27.20 14 5 
Kanopolis 91 143 -36 $38.79 1 5 
Nickerson 78 143 -46 $48.25 2 14 
Average 143 143 --  $29.46 6 15 
 
a/ Includes public water suppliers in Region 6 that serve 500 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2004, or as recently as rates provided. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.   
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TABLE 8 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 6, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Osborne Co. RWD #01A 426 124 +244 $56.00 0 41 
Barber Co. RWD #02 234 124 +89 $30.00 0 28 
Hardtner 223 124 +80 $25.50 37 3 
Cullison 203 124 +64 $17.00 2 19 
Osborne Co. RWD #02 189 124 +52 $60.00 0 12 
West Hills Water Company 179 124 +44 $20.00* 0 100 
Russell Co. RWD #04 178 124 +43 $50.00 0 33 
Barber Co. RWD #01 169 124 +36 $26.75 0 100 
Smith Co. RWD #01 169 124 +36 $53.50 0 17 
Macksville 162 124 +31 $20.00 6 19 
Reno Co. RWD #01 161 124 +30 $37.00 0 NA 
Sylvia 159 124 +28 $20.90 5 37 
Glen Elder 158 124 +28 $39.10 2 9 
Jewell Co. RWD #01 154 124 +24 $48.30 7 18 
Reno Co. RWD #08 154 124 +24 $55.00 12 9 
Russell Co. RWD #02 149 124 +20 $20.00 0 100 
Russell Co. RWD #01 148 124 +19 $44.00 0 19 
Alton 143 124 +15 $24.50 2 5 
Sylvan Grove 142 124 +14 $35.00 0 22 
Coats 141 124 +14 $15.00 14 14 
Holyrood 140 124 +13 $22.03 5 15 
Bushton 140 124 +13 $20.00 <1 18 
Zenda 136 124 +10 $24.00 1 19 
Sawyer 130 124 +5 $22.50 2 6 
Isabel 126 124 +1 $18.00 0 16 
Raymond 125 124 +1 $19.00 8 11 
Sharon 123 124 -1 $18.50 <1 18 
Esbon 123 124 -1 $34.00 0 24 
Spivey 122 124 -2 $31.65 0 21 
Gaylord 121 124 -3 $26.12 3 8 
Abbyville 118 124 -5 $8.50 0 18 
Beverly 117 124 -5 $29.50 0 6 
Reno Co. WD #101 116 124 -7 $18.00 2 15 
Susank 116 124 -7 $43.35 0 31 
Albert 115 124 -8 $15.00 0 12 
Bunker Hill 113 124 -9 $49.00 9 16 
Chase 113 124 -9 $28.30 0 14 
Burr Oak 111 124 -10 $27.00 1 19 
Lucas 111 124 -11 $32.00 3 13 
Geneseo 109 124 -12 $24.00 1 15 
Hazelton 109 124 -12 $27.80 0 21 
Simpson 109 124 -12 $29.00 1 30 
Lebanon 108 124 -13 $39.55 4 19 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION 6, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Arlington 106 124 -14 $20.50 2 15 
Turon 105 124 -16 $17.50 3 7 
Preston 105 124 -16 $24.25 0 100 
Barton Co. RWD #01 104 124 -16 $43.50 0 15 
Natoma 103 124 -17 $25.00 3 13 
Portis 101 124 -19 $25.00 0 29 
Lorraine 100 124 -19 $21.00 2 9 
Tipton 99 124 -20 $45.50 4 13 
Paradise 99 124 -20 NA 0 11 
Bluff City 94 124 -24 $20.50 <1 20 
Randall 94 124 -24 $58.25 0 6 
Olmitz 93 124 -25 $16.50 0 16 
Luray 89 124 -29 $64.00 1 13 
Formoso 88 124 -29 $38.00 1 12 
Barber Co. RWD #03 81 124 -35 $59.00 0 18 
Jewell 80 124 -35 $51.00 1 7 
Iuka 79 124 -36 $31.00 <1 4 
Gorham 78 124 -37 $54.00 0 3 
Dorrance 75 124 -39 $35.00 <1 15 
Barton Hills WD 74 124 -41 $30.00 0 3 
Mitchell Co. RWD #01 73 124 -41 $52.56 0 NA 
Harper Co. RWD #04 71 124 -43 NA 0 13 
Barnard 70 124 -43 $40.00 0 20 
Pawnee Rock 70 124 -43 $28.50 3 4 
Reno Co. RWD #04 69 124 -44 NA 0 5 
Kingman Co. RWD #01 65 124 -48 $97.50 0 19 
Waldo 53 124 -58 $59.50 0 NA 
Average 124 124  -- $33.76 4 16 
 
a/ Includes public water suppliers in Region 6 that serve fewer than 500 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2004, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 
information available on current water rate. 

 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0.  For 
suppliers that do not meter any customer usage or did not provide sufficient information on 
customer sales, the percent unaccounted for water is 100. 
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TABLE 9 

WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

El Dorado 181 139 +31 $17.31 3 6 
Coffeyville 171 139 +23 $36.40 11 18 
Emporia 170 139 +22 $24.08 5 18 
McPherson 162 139 +16 $12.02 1 5 
Junction City 147 139 +5 $25.18 12 16 
Winfield 137 139 -2 $27.20 0 6 
Wichita 136 139 -2 $12.66 1 6 
Manhattan 135 139 -3 $26.34 5 11 
Independence 135 139 -3 $27.87 6 6 
Topeka 132 139 -5 $29.05 13 3 
Salina 123 139 -12 $31.53 2 13 
Arkansas City 120 139 -14 $45.71 9 14 
Newton 101 139 -27 $31.10 0 6 
Derby (El Paso Water Co.) 95 139 -32 $39.21 0 3 
Average 139 139  -- $27.55 6 9 
 
a/ Includes public water suppliers in Region 7 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2004, or as recently as rates provided. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.   
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Republic Co. RWD #02 187 102 +83 $38.00 1 35 
Goddard 181 102 +77 $10.00 <1 11 
Pottawatomie Co. RWD #04 166 102 +63 $69.00 36 5 
Abilene 158 102 +55 $39.00 5 12 
Cheney 158 102 +55 $22.90 36 3 
North Newton 157 102 +54 $34.14 <1 29 
Hesston 152 102 +49 $23.70 13 7 
Chapman 152 102 +49 $23.50 40 4 
Marysville 151 102 +48 $30.62 2 24 
Washington 146 102 +43 $22.70 0 22 
Belleville 145 102 +42 $24.14 2 10 
Caney 142 102 +39 $42.40 35 3 
Seneca 142 102 +39 $15.55 5 5 
Morris Co. RWD #01 141 102 +38 $54.00 3 6 
Concordia 140 102 +37 $32.68 4 13 
Lyon Co. RWD #02 140 102 +37 $35.51 0 NA 
Blue Rapids 140 102 +37 $17.80 1 8 
Moundridge 140 102 +37 $9.50 1 NA 
Alma 140 102 +37 $48.00 11 9 
Canton 139 102 +36 $16.66 5 11 
Clifton 138 102 +35 $16.30 4 10 
Marquette 136 102 +34 $34.00 25 7 
Clyde 133 102 +31 $26.30 5 13 
Pottawatomie Co. RWD #02 133 102 +30 $49.50 1 24 
Waterville 133 102 +30 $20.50 2 9 
Holton 132 102 +29 $45.50 6 24 
Neodesha 131 102 +29 $43.50 17 6 
Riley Co. RWD #01 131 102 +29 $51.25 <1 18 
Minneapolis 131 102 +28 $23.80 2 19 
Sabetha 131 102 +28 $44.52 4 27 
Inman 130 102 +27 $22.00 0 3 
Augusta 126 102 +24 $33.50 1 8 
St. Marys 126 102 +24 $26.90 19 4 
Fredonia 126 102 +24 $42.52 2 27 
Frankfort 124 102 +22 $22.06 6 18 
Pottawatomie Co. RWD #01 124 102 +21 $31.00 2 22 
Council Grove 122 102 +19 $23.01 9 15 
Hillsboro 121 102 +19 $41.29 7 7 
Marion Co. RWD #01 121 102 +18 $30.30 <1 17 
Strong City 120 102 +18 $53.50 27 4 
Herington 120 102 +18 $24.36 8 16 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Timber Creek Water & Sewer 120 102 +18 $38.50 0 16 
Marion 120 102 +18 $35.25 3 15 
Solomon 120 102 +17 $20.00 2 23 
McPherson Co. RWD #04 119 102 +16 $41.30 0 10 
Nemaha Co. RWD #03 116 102 +14 $41.30 0 8 
Mount Hope 115 102 +13 $16.30 8 7 
Shawnee Co. RWD #06 115 102 +13 $48.72 0 12 
Burlington 114 102 +12 $39.00 6 7 
Riley 114 102 +12 $22.00 0 22 
Eureka 113 102 +10 $36.35 5 7 
Sedan 112 102 +10 $37.80 12 15 
Valley Center 112 102 +10 $31.88 1 15 
Garden Plain 112 102 +9 $32.50 <1 11 
Dickinson Co. RWD #02 111 102 +9 $58.00 0 27 
Wellington 110 102 +8 $33.32 12 6 
Washington Co. RWD #02 110 102 +7 $57.30 0 17 
Burden 110 102 +7 $30.50 11 25 
Wamego 109 102 +7 $18.95 4 NA 
Galva 109 102 +7 $20.95 1 10 
Onaga 109 102 +7 $36.50 2 7 
Cowley Co. RWD #03 109 102 +7 $27.86 2 24 
Conway Springs 108 102 +6 $29.93 <1 18 
Hanover 107 102 +5 $39.75 2 19 
White City 107 102 +4 $17.00 3 30 
Lindsborg 106 102 +4 $30.00 3 4 
Bel Aire 106 102 +3 $41.81 1 13 
Eskridge 105 102 +3 $56.00 8 9 
Wakefield 105 102 +3 $25.00 2 11 
Howard 105 102 +3 $43.66 10 5 
Yates Center 104 102 +2 $43.75 1 20 
Argonia 103 102 +1 $27.50 3 11 
Jackson Co. RWD #03 103 102 +1 $59.17 0 23 
Halstead 102 102 0 $44.00 2 9 
Oxford 102 102 0 $33.00 6 18 
Ottawa Co. RWD #02 100 102 -2 $52.84 0 14 
Park City 100 102 -2 $37.55 1 NA 
Butler Co. RWD #01 100 102 -2 $61.00 0 15 
Greenwood Co. RWD #02 100 102 -2 $52.00 0 11 
Washington Co. RWD #01 99 102 -3 $45.20 3 6 
Caldwell 99 102 -3 $43.50 <1 13 
Clay Co. RWD #02 98 102 -4 $53.82 0 10 
Lyon Co. RWD #05 97 102 -5 $44.95 0 13 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Shawnee Co. RWD #04 97 102 -5 $37.70 6 15 
Sedgwick Co. RWD #04 97 102 -5 $68.50 0 14 
Marshall Co. RWD #03 97 102 -5 $53.43 0 10 
Belle Plaine 96 102 -6 $22.00 0 15 
Cedar Vale 96 102 -6 $51.50 2 22 
Burrton 95 102 -7 $28.87 3 9 
Sumner Co. RWD #04 94 102 -8 $68.50 <1 26 
Leon 94 102 -8 $37.75 2 10 
Goessel 94 102 -8 $27.88 <1 7 
Clay Center 94 102 -8 $25.37 <1 NA 
Osage Co. RWD #03 94 102 -8 $71.00 7 17 
Clearwater 93 102 -9 $36.00 6 12 
Ogden 92 102 -10 $24.00 1 NA 
Jackson Co. RWD #01 92 102 -10 $69.50 0 18 
Bennington 91 102 -10 $28.60 11 12 
Wabaunsee Co. RWD #02 91 102 -11 $66.00 20 9 
Pottawatomie Co. RWD #03 90 102 -11 $34.00 <1 8 
Elk Co. RWD #01 90 102 -12 NA 0 30 
Grandview Plaza 90 102 -12 $23.93 <1 10 
Osage Co. RWD #05 90 102 -12 $54.75 0 20 
Montgomery Co. RWD #06 89 102 -12 $53.00 0 18 
Haysville 89 102 -12 $19.38 4 12 
Westmoreland 89 102 -13 $30.25 1 10 
Osage City 89 102 -13 $37.22 <1 7 
Butler Co. RWD #02 88 102 -13 $59.30 0 28 
Miltonvale 88 102 -14 $19.00 3 9 
Madison 87 102 -14 $52.00 2 19 
Peabody 87 102 -14 $51.08 1 15 
Silver Lake 87 102 -14 $26.30 1 7 
Carbondale 87 102 -15 $62.75 4 14 
Montgomery Co. RWD #11 87 102 -15 $53.41 2 15 
Cherryvale 87 102 -15 $62.50 2 17 
Mulvane 86 102 -15 $42.20 1 10 
Udall 86 102 -15 $32.50 0 14 
Florence 86 102 -16 $58.00 2 13 
Rossville 85 102 -17 $33.20 0 10 
Andale 85 102 -17 $30.25 0 8 
Shawnee Co. RWD #08 85 102 -17 $31.00 1 16 
Saline Co. RWD #04 85 102 -17 $36.68 0 11 
Butler Co. RWD #06 84 102 -17 $75.00 0 15 
Osage Co. RWD #04 84 102 -17 $72.20 0 26 
Cottonwood Falls 83 102 -19 $43.00 18 4 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Centralia 82 102 -20 $43.00 0 5 
Geary Co. RWD #04 82 102 -20 $65.50 2 NA 
Whitewater 81 102 -20 $46.85 1 4 
Lyndon 81 102 -20 $63.25 1 15 
Cowley Co. RWD #05 81 102 -21 $61.50 0 17 
Lyon Co. RWD #01 81 102 -21 $51.50 0 6 
Maize 81 102 -21 $50.28 1 9 
Lebo 80 102 -22 $69.25 2 6 
Shawnee Co. RWD #01C 79 102 -22 $66.00 0 7 
Montgomery Co. RWD #02 79 102 -22 $72.20 0 8 
Douglass 78 102 -23 $52.55 2 12 
Enterprise 78 102 -24 $33.25 2 12 
Marion Co. RWD #04 78 102 -24 $47.10 0 14 
Waverly 78 102 -24 $71.00 2 10 
Milford 78 102 -24 $56.00 19 NA 
Dickinson Co. RWD #01 77 102 -24 $60.00 <1 29 
Cowley Co. RWD #06 77 102 -24 $20.18 <1 16 
Woodson Co. RWD #01 77 102 -24 $76.00 5 24 
Shawnee Co. RWD #02C 77 102 -25 $55.00 3 8 
Cowley Co. RWD #01 76 102 -25 $30.50 1 8 
Sedgwick 76 102 -26 $35.00 <1 NA 
Sedgwick Co. RWD #03 76 102 -26 NA 4 NA  
Burlingame 75 102 -26 $70.20 6 12 
Coffey Co. RWD #03 75 102 -26 $55.00 4 11 
Benton 75 102 -26 NA 1 NA 
Shawnee Co. RWD #05 75 102 -27 NA 0 4 
Rose Hill 74 102 -27 $41.82 1 NA 
Overbrook 74 102 -28 $70.50 2 9 
Glasco 73 102 -28 $49.30 0 3 
Sedgwick Co. RWD #01 73 102 -29 $51.00 0 8 
Olpe 72 102 -29 $52.00 <1 NA 
Colwich 72 102 -29 $51.50 1 7 
Wilson Co. RWD #11 71 102 -30 $67.00 0 22 
Hoyt 71 102 -30 $62.15 1 13 
Butler Co. RWD #05 71 102 -30 NA 0 11 
Montgomery Co. RWD #12 70 102 -31 $81.31 <1 17 
Hartford 68 102 -33 $53.29 0 9 
LeRoy 68 102 -34 $63.00 1 8 
Butler Co. RWD #04 68 102 -34 $51.00 0 NA 
Harvey Co. RWD #01 67 102 -35 $64.00 0 10 
Assaria 66 102 -36 $39.05 <1 3 
Butler Co. RWD #03 65 102 -36 $71.50 0 8 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Scranton 63 102 -38 $68.75 0 7 
Butler Co. RWD #07 62 102 -39 $65.00 0 8 
Cowley Co. RWD #02 61 102 -40 $36.00 0 10 
Butler Co. RWD #08 58 102 -43 $37.00 0 7 
Wilson Co. RWD #09 56 102 -45 NA 0 22 
Average 102 102 --  $42.51 5 13 

 
a/ Includes public water suppliers in Region 7 that serve between 500 and 9,999 people. 
 
b/ The figure for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2004, or as recently as rates provided.  

“NA” indicates no information available on current water rate. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a percent unaccounted for water of less than 3.0. 
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TABLE 11 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Elgin 319 97 +228 $19.00 <1 72 
Republic Co. RWD #01 223 97 +130 $24.00 0 23 
Elmdale 194 97 +100 $33.00 <1 49 
Elk City 190 97 +96 $43.15 14 21 
Byron 190 97 +96 $12.50* 0 100 
Scandia 188 97 +94 $8.50 2 18 
Howison Heights WD 167 97 +73 $47.00 0 41 
Munden 154 97 +58 $23.75 27 13 
Delphos 150 97 +55 $21.50 12 38 
Morganville 147 97 +51 $14.50 0 30 
Cowley Co. RWD #07 146 97 +51 NA 0 53 
Durham 145 97 +50 $26.00 1 34 
Mahaska 139 97 +43 $22.00 1 7 
Barnes 135 97 +39 $24.00 2 19 
Moline 135 97 +39 $40.00 <1 17 
Severy 133 97 +37 $49.75 54 6 
Vermillion 132 97 +36 $32.00 30 5 
Cuba 132 97 +36 $24.18 0 18 
Nemaha Co. RWD #04 132 97 +36 $58.00 0 16 
McPherson Co. RWD #01 132 97 +36 $24.50 0 15 
Blue River Hills Improvement 131 97 +35 $20.00* 0 100 
Greenleaf 130 97 +34 $25.50 5 8 
Buffalo 130 97 +34 $72.12 9 15 
Republic 129 97 +33 $15.50 1 29 
Palmer 127 97 +31 $26.00 10 13 
Courtland 126 97 +30 $22.90 1 24 
Montgomery Co. RWD #09 126 97 +30 $66.00 0 39 
Linn 122 97 +25 $36.50 0 10 
McPherson Co. RWD #02 118 97 +22 $37.50 0 4 
Geary Co. RWD #02 118 97 +21 $22.20* 0 100 
McPherson Co. RWD #03 116 97 +20 $22.50 0 NA 
Saline Co. RWD #02 116 97 +20 $39.00 0 12 
Clay Co. RWD #01 116 97 +19 $28.75 0 10 
Wilson Co. RWD #01 115 97 +19 NA 0 23 
Cloud Co. RWD #01 114 97 +17 $52.50 5 20 
Nemaha Co. RWD #01 112 97 +15 $37.50 0 10 
Beattie 109 97 +13 $36.75 3 14 
Bern 109 97 +12 $25.90 <1 13 
Lehigh 108 97 +12 $28.90 0 19 
Sumner Co. RWD #02 108 97 +11 $59.00 2 8 
Dexter 107 97 +11 $16.40 3 10 
Gypsum 106 97 +10 $25.25 <1 13 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Melvern 104 97 +7 $68.03 14 26 
Toronto 104 97 +7 $61.66 7 14 
Geary Co. RWD #01 103 97 +7 NA 0 8 
Little Bear Mound 103 97 +6 NA 0 100 
Cowley Co. RWD #04 103 97 +6 $68.50 0 5 
Morrowville 103 97 +6 $36.00 0 20 
Agenda 103 97 +6 $30.00 2 20 
Aurora 103 97 +6 $38.00 2 4 
Saline Co. RWD #06 102 97 +6 $47.50 0 8 
South Haven 100 97 +3 $26.50 <1 21 
Chautauqua Co. RWD #02 100 97 +3 $78.00 0 27 
Belvue 99 97 +3 $27.00 0 14 
Summerfield 95 97 -2 $20.00 <1 5 
New Strawn 95 97 -3 $63.75 7 9 
Paxico 94 97 -3 $32.00 1 NA 
Wilson Co. RWD #06 93 97 -4 $38.00 0 15 
Ottawa Co. RWD #01 93 97 -4 $36.50 0 20 
Harveyville 92 97 -5 $85.00 3 22 
Saline Co. RWD #08 92 97 -6 $45.00 0 12 
Cassoday 91 97 -6 $51.15 0 21 
Marshall Co. RWD #01 90 97 -7 $45.50 0 7 
Maple Hill 90 97 -8 $37.40 1 4 
Dwight 89 97 -9 $18.70 0 3 
Matfield Green 88 97 -9 $27.50 <1 18 
Potwin 88 97 -9 $55.56 1 9 
Longton 87 97 -10 $37.50 4 18 
Montgomery Co. RWD #01 87 97 -10 NA 0 NA 
Sumner Co. RWD #03 87 97 -10 NA 0 7 
Osage Co. RWD #02 87 97 -10 $52.00 0 12 
Chautauqua Co. RWD #01 86 97 -11 $42.00 0 17 
Oketo 86 97 -11 $31.25 <1 16 
Leonardville 86 97 -12 $34.00 0 9 
Hope 86 97 -12 $40.80 <1 NA 
Wetmore 85 97 -12 $45.50 8 15 
Chautauqua 85 97 -13 NA 0 30 
Admire 84 97 -14 $45.50 0 16 
Tescott 84 97 -14 $16.55 <1 9 
Olsburg 84 97 -14 $30.25 1 12 
Montgomery Co. RWD #10 83 97 -14 $50.35 0 8 
Osage Co. RWD #06 83 97 -15 $80.00 <1 11 
Dearing 82 97 -15 $35.75 0 6 
Newbury Extension 82 97 -15 NA 0 19 
Jamestown 82 97 -16 $41.20 0 13 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Sumner Co. RWD #06 82 97 -16 $43.00 0 10 
Wilson Co. RWD #04 82 97 -16 $60.00 0 22 
Alta Vista 81 97 -17 $40.75 2 10 
Axtell 80 97 -18 $40.00 <1 6 
Randolph 80 97 -18 $40.00 0 7 
Konza Valley Water District 80 97 -18 $69.80 0 3 
Chase Co. RWD #01 79 97 -18 $50.00 2 21 
Whiting 79 97 -18 $30.50 1 8 
Wabaunsee Co. RWD #01 79 97 -19 $88.00 <1 19 
Geuda Springs 79 97 -19 $29.00 <1 10 
Longford 77 97 -20 $47.50 3 3 
Wilson Co. RWD #13 77 97 -21 $66.50 0 17 
Dickinson Co. RWD #03 76 97 -21 NA 0 100 
Green 76 97 -22 $36.00 2 9 
Haddam 76 97 -22 $26.00 7 21 
Montgomery Co. RWD #13 75 97 -22 $88.00 0 20 
Gridley 75 97 -23 $61.00 <1 9 
Altoona 75 97 -23 $41.00 19 10 
Latham 73 97 -25 NA 0 15 
Reading 72 97 -26 $92.00 1 23 
Burns 72 97 -26 $31.00 <1 NA 
Emmett 70 97 -28 $25.65 0 22 
Goff 70 97 -28 $38.00 5 NA 
Grenola 69 97 -29 $57.70 2 10 
Hamilton 69 97 -29 $63.00 1 11 
Virgil 69 97 -29 $50.00 0 25 
McFarland 68 97 -30 $44.25 2 8 
Saline Co. RWD #01 67 97 -31 $40.00 0 13 
Delia 67 97 -31 $58.00 0 21 
Lyon Co. RWD #03 67 97 -31 $57.00 0 8 
Rocky Ford Water Company 66 97 -31 $20.00* 0 100 
Bremen 66 97 -32 $30.00 0 44 
Soldier 66 97 -32 NA 2 4 
Manchester 66 97 -32 NA 0 9 
Cambridge 65 97 -33 $73.80 <1 4 
University Park Water 65 97 -33 $33.00 0 NA 
Oneida 64 97 -34 $29.05 0 5 
Peru 64 97 -34 $56.00 <1 17 
Wilson Co. RWD #12 64 97 -34 $37.30 0 3 
Fall River 63 97 -35 $38.50 0 18 
Viola 63 97 -35 $42.00 0 10 
Atlanta 61 97 -37 $74.00 7 11 
Elbing 61 97 -37 $58.50 0 NA 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  7, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Mayfield 61 97 -38 $41.30 0 NA 
Red Bud Lake Improvement 60 97 -38 $77.72 0 38 
Greenwood Co. RWD #03 60 97 -39 $78.30 0 5 
Circleville 59 97 -39 $66.50 <1 11 
Cedar Point 58 97 -40 $42.50 0 7 
Allen 58 97 -41 $58.00 <1 15 
Montgomery Co. RWD #14 56 97 -42 $88.08 0 8 
Quenemo 56 97 -43 $67.60 2 13 
Culver 55 97 -43 $30.50 0 13 
Scotsman Estates 54 97 -45 $63.00 0 14 
Wilson Co. RWD #05 46 97 -53 $80.00 0 4 
Marion Co. RWD #02 33 97 -66 $37.00 0 9 
Average 97 97  -- $43.13 4 16 
 
a/ Includes public water suppliers in Region 7 that serve fewer than 500 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2003, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water use.  “NA” indicates no 
information available on current water rate. 

 
d/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customers 
water usage or did not provide sufficient information on customer sales, the percent 
unaccounted for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted 
for water of less than 3.0. 
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TABLE 12 

WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Kansas City BPU 202 128 +57 $47.28 23 19 
Atchison 191 128 +49 $40.22 2 24 
WaterOne - Johnson Co. 153 128 +19 $32.55 12 10 
Parsons 129 128 +1 $47.82 29 4 
Lawrence 116 128 -9 $27.75 12 8 
Pittsburg 112 128 -13 $35.65 4 4 
Gardner 99 128 -23 $45.77 6 16 
Leavenworth 99 128 -23 $43.87 <1 7 
Olathe 99 128 -23 $30.73 1 14 
Ottawa 83 128 -35 $27.57 <1 10 
Average 128 128  -- $37.92 9 11 

 
a/ Includes public water suppliers in Region 8 that serve 10,000 people or more. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2004, or as recently as rates provided. 
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.   
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TABLE 13 

WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Cherokee Co. RWD #01 230 98 +135 $40.00 <1 65 
Crawford Co. RWD #05 216 98 +121 $34.50 3 58 
DeSoto 160 98 +63 $57.58 5 42 
Cherokee Co. RWD #03 158 98 +61 $35.50 4 38 
Allen Co. RWD #08 153 98 +56 $52.00 0 37 
Fort Scott 142 98 +45 $30.23 1 27 
Highland 142 98 +45 $41.00 33 16 
Crawford Co. RWD #01C 141 98 +44 $45.00 0 5 
Osawatomie 139 98 +42 $34.27 14 18 
Paola 130 98 +33 $45.74 16 14 
Bonner Springs 130 98 +32 $35.85 6 25 
Galena 130 98 +32 $31.50 3 23 
Crawford Co. RWD #01 129 98 +31 $38.00 0 41 
Jefferson Co. RWD #13 127 98 +30 $48.20 10 29 
Baxter Springs 120 98 +23 $41.70 11 11 
Columbus 118 98 +20 $47.00 3 9 
Frontenac 116 98 +18 $32.24 8 11 
Wathena 115 98 +17 $62.00 1 26 
Crawford Co. RWD #06 115 98 +17 $78.50 10 22 
Chanute 114 98 +17 $28.03 1 10 
Neosho Co. RWD #07 114 98 +17 $47.00 0 21 
Thayer 112 98 +14 $47.00 5 10 
Girard 112 98 +14 $30.00 17 11 
Baldwin 111 98 +13 $73.79 <1 17 
Garnett 110 98 +12 $63.50 5 13 
Valley Falls 110 98 +12 $33.96 17 10 
Hiawatha 110 98 +12 $38.20 1 11 
Jefferson Co. RWD #07 109 98 +11 $36.50 0 22 
Troy 109 98 +11 $49.44 25 10 
Humboldt 108 98 +10 $67.95 16 15 
Erie 107 98 +10 $42.20 3 10 
Brown Co. RWD #01 107 98 +9 $30.50 0 31 
Jefferson Co. RWD #02 106 98 +9 $42.40 2 20 
Louisburg 105 98 +7 $70.25 8 13 
Spring Hill 105 98 +7 $60.00 9 19 
La Cygne 104 98 +7 $63.25 7 5 
Jefferson Co. RWD #03 104 98 +6 $28.50 0 30 
Oswego 103 98 +5 $46.25 13 6 
Cherokee 102 98 +4 $45.75 1 13 
Pleasanton 101 98 +3 $30.45 3 12 
St. Paul 100 98 +2 $34.75 0 16 
Chetopa 99 98 +2 $54.47 11 6 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Mound City 99 98 +1 $49.00 12 8 
Douglas Co. RWD #01 99 98 +1 $50.60 0 25 
Leavenworth Co. RWD #08 99 98 +1 $59.00 1 15 
Cherokee Co. RWD #02 99 98 +1 $29.50 0 28 
Moran 98 98 0 $42.50 2 9 
Jefferson Co. RWD #01 98 98 0 $29.60 0 19 
Iola 97 98 -1 $39.37 <1 9 
Neosho Co. RWD #04 97 98 -1 $50.50 0 12 
Crawford Co. RWD #02 97 98 -1 $49.00 0 17 
Anderson Co. RWD #04 96 98 -3 $57.30 0 17 
Johnson Co. RWD #07 95 98 -3 $58.25 0 13 
Cherokee Co. RWD #04 94 98 -4 $39.50 0 30 
Eudora 93 98 -5 $50.40 14 8 
Leavenworth Co. RWD #05 93 98 -5 $49.24 0 14 
Johnson Co. RWD #06C 93 98 -5 $62.80 5 13 
Linn Co. RWD #01 93 98 -5 $60.00 0 16 
Franklin Co. RWD #04 92 98 -6 $65.00 7 17 
Linn Co. RWD #03 92 98 -6 $85.40 0 25 
Mulberry 91 98 -7 $55.65 <1 27 
La Harpe 91 98 -8 $39.50 1 10 
Franklin Co. RWD #06 90 98 -8 $70.50 24 13 
Horton 90 98 -8 $38.27 6 14 
Bourbon Co. RWD #02C 89 98 -9 $35.00 1 23 
Tonganoxie 89 98 -9 $41.45 4 14 
Miami Co. RWD #02 88 98 -10 $56.00 0 16 
Franklin Co. RWD #05 87 98 -12 $50.50 0 12 
Perry 85 98 -13 $64.00 <1 13 
Jefferson Co. RWD #12 85 98 -14 $66.50 14 19 
Richmond 84 98 -14 $63.25 4 13 
Miami Co. RWD #01 84 98 -14 $42.92 4 27 
Crawford Co. RWD #04 84 98 -14 $38.00 17 7 
Leavenworth Co. RWD #09 84 98 -15 $52.50 2 27 
Oskaloosa 84 98 -15 $51.00 1 3 
Miami Co. RWD #03 83 98 -15 $75.00 0 27 
Douglas Co. RWD #03 83 98 -15 $59.50 <1 18 
Suburban Water Company 83 98 -15 $56.67 8 6 
Nortonville 83 98 -16 $39.39 <1 7 
Labette Co. RWD #08 82 98 -17 $65.00 0 21 
Leavenworth Co. RWD #01C 82 98 -17 $61.07 2 10 
Ozawkie 80 98 -18 $23.00 0 NA 
Effingham 79 98 -20 $40.00 2 3 
Douglas Co. RWD #04 79 98 -20 $78.25 <1 24 
Winchester 78 98 -20 $37.90 2 5 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Weir 78 98 -21 $44.50 0 10 
Gas 78 98 -21 $51.14 0 13 
Arma 77 98 -22 $31.60 0 4 
Pomona 76 98 -22 $54.35 0 14 
Neosho Co. RWD #01C 76 98 -22 $81.25 0 NA 
Douglas Co. RWD #06 75 98 -23 $33.00 0 NA 
Neosho Co. RWD #02 75 98 -24 $29.10 0 20 
Leavenworth Co. RWD #07 74 98 -24 $74.00 2 8 
Anderson Co. RWD #05 74 98 -25 $70.75 0 18 
Altamont 73 98 -25 $60.00 0 NA 
Lecompton 73 98 -25 $49.50 2 12 
Elwood 73 98 -26 $60.38 <1 7 
Brown Co. RWD #02 73 98 -26 $59.60 <1 6 
Douglas Co. RWD #05 71 98 -28 $58.00 0 9 
Linn Co. RWD #02 70 98 -29 $80.50 9 21 
Leavenworth Co. RWD #10 69 98 -29 $71.00 <1 NA 
Cherokee Co. RWD #08 67 98 -31 $42.00 5 9 
Franklin Co. RWD #01 65 98 -34 $67.29 0 7 
Anderson Co. RWD #01C 63 98 -36 $98.70 0 NA 
Labette Co. RWD #06 59 98 -40 $33.60 0 4 
Miami Co. RWD #04 58 98 -41 $97.50 0 12 
McLouth 57 98 -42 $73.80 4 7 
Edgerton 57 98 -42 $76.75 2 7 
Average 98 98  -- $51.12 6 17 
 
a/ Includes public water suppliers in Region 8 that serve between 500 and 9,999 people. 
 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
c/ Cost for water according to rates in effect during 2004, or as recently as rates provided.   
 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
“NA” is shown for suppliers reporting a recent unaccounted for water of less than 3.0. 
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TABLE 14 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Bourbon Co. RWD #04 172 82 110 $68.25 13 9 
Jefferson Co. RWD #11 155 82 90 $50.01 1 49 
Franklin Co. RWD #07 126 82 54 $25.00 0 82 
Allen Co. RWD #12 122 82 49 $45.00 0 NA 
Everest 120 82 46 $29.25 0 13 
Scammon 107 82 31 $18.25 5 17 
Blue Mound 106 82 29 $54.75 28 8 
Allen Co. RWD #06 105 82 28 $30.50 0 7 
Allen Co. RWD #04 105 82 28 $33.60 0 100 
Robinson 103 82 25 $36.00 3 8 
Labette Co. RWD #04 102 82 24 NA 0 6 
Bartlett 102 82 24 $62.00 0 9 
Neosho Co. RWD #06 101 82 24 $48.30 0 32 
Reserve 100 82 22 $50.50 0 26 
Labette Co. RWD #01 99 82 21 NA 0 12 
Lakeside Village Improvement 99 82 21 $32.00 12 33 
Doniphan Co. RWD #03 98 82 20 $37.00 0 23 
Cherokee Co. RWD #07 98 82 20 $48.92 0 36 
Neosho Co. RWD #03 96 82 17 $74.00 0 36 
Willis 93 82 13 NA 0 14 
White Cloud 91 82 11 $25.00 0 37 
Neosho Co. RWD #08 89 82 9 $48.00 0 16 
Jefferson Co. RWD #10 88 82 8 $60.50 9 29 
Labette Co. RWD #02 86 82 5 $56.40 0 9 
Galesburg 84 82 3 $43.20 1 19 
Crawford Co. RWD #03 84 82 2 $28.75 0 14 
Neosho Co. RWD #12 83 82 2 $40.30 0 4 
Neosho Co. RWD #05 83 82 1 $65.00 0 23 
Labette Co. RWD #03 82 82 0 $54.60 0 14 
Colony 82 82 -1 NA 0 7 
Fontana 81 82 -1 $61.50 1 15 
Chicopee Water Company 79 82 -4 $54.00 0 9 
Anderson Co. RWD #01 79 82 -4 $75.00 0 20 
Neosho Co. RWD #09 78 82 -5 $39.90 0 22 
Allen Co. RWD #16 77 82 -6 $23.00 0 100 
Uniontown 77 82 -6 $69.50 0 11 
Cherokee Co. RWD #06 76 82 -7 $62.50 0 12 
Muscotah 76 82 -7 $39.00 0 21 
McCune 76 82 -8 $65.04 1 8 
Jefferson Co. RWD #08 76 82 -8 $44.00 0 13 
Prescott 74 82 -9 $51.50 0 4 
Atchison Co. RWD #03 73 82 -10 $61.00 0 12 
Edna 73 82 -11 $78.50 1 8 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERSa/ 

REGION  8, 2004 

Public Water Supplier GPCDb/ 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/monthc/ 

Percent 
Metered 

Free 

Percent 
Unacc. 
Ford/ 

Bronson 73 82 -11 $62.50 2 12 
Arcadia 73 82 -11 $43.10 5 14 
Labette Co. RWD #07 72 82 -12 $47.50 0 18 
Princeton 72 82 -12 $42.50 1 18 
Roseland 71 82 -14 NA 0 100 
Cherokee Co. RWD #05 70 82 -15 NA 0 17 
Franklin Co. RWD #03 69 82 -15 $56.50 0 21 
West Mineral 69 82 -15 $61.00 <1 16 
Greeley 69 82 -16 $38.25 2 19 
Anderson Co. RWD #03 69 82 -16 $97.00 0 100 
Allen Co. RWD #10 69 82 -16 $95.00 0 5 
Doniphan Co. RWD #02 68 82 -17 $76.00 0 4 
Easton 67 82 -19 $35.20 23 NA 
Mound Valley 66 82 -19 $59.30 <1 NA 
Parker 65 82 -21 $92.00 8 8 
Atchison Co. RWD #01 65 82 -21 $43.25 0 9 
Doniphan Co. RWD #01 64 82 -22 $40.00 0 22 
Allen Co. RWD #13 63 82 -23 $54.70 0 10 
Jefferson Co. RWD #09 62 82 -24 $63.00 4 28 
Crawford Co. RWD #07 62 82 -24 $61.00 0 10 
Treece 62 82 -25 $58.35 0 7 
Linwood 61 82 -25 $41.50 <1 19 
Lane 60 82 -27 $56.00 1 7 
Morrill 59 82 -28 $58.50 0 NA 
Fulton 57 82 -30 $50.00 0 13 
Denison 57 82 -31 $64.25 0 8 
Allen Co. RWD #11 55 82 -33 NA 0 7 
Allen Co. RWD #15 55 82 -33 $30.50 0 NA 
Kincaid 54 82 -34 $65.50 1 5 
Jefferson Co. RWD #15 54 82 -35 $39.75 0 9 
Rantoul 52 82 -37 $49.75 4 4 
Average  82 82  --  $51.81 5 16 

a/ Includes public water suppliers in Region 8 that serve fewer than 500 people. 
b/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
c/ Cost for water according to rates in effect during 2004, or as recently as rates provided.  

“NA” indicates no information available on current water rate. 
d/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
For suppliers that did not provide sufficient information on customer sales, the percent 
unaccounted for water is 100.  “NA” is shown for suppliers reporting a percent unaccounted 
for water of less than 3.0. 
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TABLE 15 

PUBLIC WATER SUPPLIERS WITH HIGHEST GPCD'S RELATIVE TO THEIR  
REGION, RANKED BY PERCENT ABOVE REGIONAL AVERAGE 

KANSAS, 2004 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Osborne Co. RWD #01A 426 124 +244 $56.00 0 41 
Elgin 319 97 +228 $19.00 <1 72 
Comanche Co. RWD #02 441 155 +185 $58.00 0 47 
Cherokee Co. RWD #01 230 98 +135 $40.00 <1 65 
Republic Co. RWD #01 223 97 +130 $24.00 0 23 
Crawford Co. RWD #05 216 98 +121 $34.50 3 58 
Englewood 383 179 +114 $20.00* 0 97 
Bourbon Co. RWD #04 172 82 +110 $68.25 13 9 
Woodston 316 155 +104 $25.00 0 34 
Elmdale 194 97 +100 $33.00 <1 49 
Elk City 190 97 +96 $43.15 14 21 
Byron 190 97 +96 $12.50* 0 100 
Scandia 188 97 +94 $8.50 2 18 
Herndon 453 234 +94 $22.50 2 27 
Jefferson Co. RWD #11 155 82 +90 $50.01 1 49 
Barber Co. RWD #02 234 124 +89 $30.00 0 28 
Republic Co. RWD #02 187 102 +83 $38.00 1 35 
Hardtner 223 124 +80 $25.50 37 3 
Goddard 181 102 +77 $10.00 <1 11 
Howison Heights WD 167 97 +73 $47.00 0 41 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmstead using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2004, or as recently as rates provided.  “*” 

after cost indicates flat monthly rate for any amount of water use. 
 
c/ For suppliers that meter customer usage, unaccounted for water includes distribution system 

losses, unmetered water provided to customers, and unmetered water provided free for 
public services, treatment processes, etc.  For suppliers that do not meter any customer 
water usage the percent unaccounted for is 100.  For suppliers that meter only certain water 
uses, the percent unaccounted for includes all unmetered water.  
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TABLE 16 

PUBLIC WATER SUPPLIERS WITH LOWEST GPCD'S RELATIVE TO THEIR  
REGION, RANKED BY PERCENT BELOW REGIONAL AVERAGE 

KANSAS, 2004 

Public Water Supplier GPCDa/ 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/monthb/ 

Percent 
Metered 

Free 

Percent 
Unacc. 

Forc/ 

Farr Subdivision 67 234 -71 None 0 100 
Finney Co. RWD #01 74 234 -68 $46.50 0 17 
Garden Spot Rentals 75 234 -68 None 0 100 
Brownell 58 179 -68 $12.50 0 8 
Marion Co. RWD #02 33 97 -66 $37.00 0 9 
Hamilton Co. RWD #01 89 253 -65 $57.00 9 NA 
Ellis Co. RWD #03 58 155 -62 $29.40 0 100 
Waldo 53 124 -58 $59.50 0 NA 
Norton Co. RWD #01 77 179 -57 $34.50 0 11 
Horace 119 253 -53 $26.30 0 3 
Wilson Co. RWD #05 46 97 -53 $80.00 0 4 
Liebenthal 77 155 -50 $33.00 2 8 
Trego Co. RWD #02 93 179 -48 $63.00 4 10 
Kingman Co. RWD #01 65 124 -48 $97.50 0 19 
Trego Co. RWD #01 96 179 -46 $51.00 0 6 
Rooks Co. RWD #02 84 155 -46 $25.50 0 22 
Nickerson 78 143 -46 $48.25 2 14 
Wilson Co. RWD #09 56 102 -45 NA 0 22 
Scotsman Estates 54 97 -45 $63.00 0 14 
Reno Co. RWD #04 69 124 -44 NA 0 5 

 
a/ The figures for gallons per capita per day do not include water supplied for industry, bulk 

sales, stockwatering, or farmsteads using more than 200,000 gallons per year. 
 
b/ Cost for water according to rates in effect during 2004, or as recently as rates provided.  

“NA” indicates no information available on current water rates.  “None” indicates system that 
does not charge for water service. 

 
c/ Unaccounted for water includes distribution system losses, unmetered water provided to 

customers, and unmetered water provided free for public services, treatment processes, etc.  
For suppliers that do not meter any customer water usage or did not provide sufficient 
information on customer sales, the percent unaccounted for water is 100.  “NA” is shown for 
supplier reporting a percent unaccounted for water of less than 3.0. 
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TABLE 17 

WATER USE BY PUBLIC WATER SUPPLIERS WITH FLAT RATESa/ 

KANSAS, 2004 

Public Water Supplier Region

Cost per 
10,000 

gal/month GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Arnold 4 $12.00 187 179 +5 
Belvidere 5 $15.00 120 155 -23 
Blue River Hills Improvement 7S $20.00 131 97 +35 
Byron 7S $12.50 190 97 +96 
Copeland 3 $25.00 210 224 -6 
Englewood 4 $20.00 383 179 +114 
Ford 4 $18.00 249 179 +39 
Geary Co. RWD #02 7S $22.20 118 97 +21 
Rocky Ford Water Company 7S $20.00 66 97 -31 
West Hills Water Company 6S $20.00 179 124 +44 
Average         +29 

 
a/ Each customer is charged the same amount each month, regardless of how much water is 

used.   
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TABLE 18 

AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 
KANSAS, 2004 

Gallons of Water Used Per Month 

Region 

Number of 
Public Water 

Suppliers 5,000 10,000 25,000 50,000 100,000 

1 16 $14.64 $21.38 $42.59 $78.09 $149.46 
2 22 $14.20 $19.88 $37.68 $68.57 $130.08 
3 20 $12.43 $18.61 $37.92 $70.13 $141.28 
4 27 $17.73 $24.24 $45.06 $81.44 $156.55 
5 45 $18.38 $27.14 $55.01 $104.25 $202.87 
6 107 $20.89 $32.15 $65.94 $122.01 $232.24 
7 308 $26.28 $42.09 $88.73 $167.23 $323.76 
8 185 $30.22 $50.66 $110.82 $211.57 $410.83 

Kansas  730 $24.69 $39.45 $83.35 $157.19 $304.12 
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TABLE 19 

PUBLIC WATER SUPPLIERS WITH 30 PERCENT OR MORE 
UNACCOUNTED FOR WATER 

KANSAS, 2004 

Public Water Supplier 

Percent 
Unaccounted 

For 

Potential Water 
Gain (Thousand 

Gallons)a/ 
Water Conservation 
Plan Approval Date 

Allen Co. RWD #08 37 7,606 -- 
Bremen 44 365 -- 
Brown Co. RWD #01 31 7,913 April 20, 2004 
Chautauqua 30 660 January 17, 2002 
Cherokee Co. RWD #01 65 21,946 February 6, 1997 
Cherokee Co. RWD #03 38 26,137 January 14, 2002 
Cherokee Co. RWD #04 30 7,933 March 25, 2002 
Cherokee Co. RWD #07 36 1,184 September 8, 2003 
Comanche Co. RWD #02 47 7,084 March 17, 1997 
Coolidge 52 5,190 -- 
Cowley Co. RWD #07 53 3,458 August 11, 1999 
Crawford Co. RWD #01 41 6,243 March 25, 2002 
Crawford Co. RWD #05 58 61,777 April 8, 1997 
Delphos 38 5,973 May 22, 2000 
DeSoto 42 90,164 February 8, 1994 
Durham 34 1,177 -- 
Elgin 72 6,060 April 1, 1997 
Elk Co. RWD #01 30 3,565 -- 
Elmdale 49 1,294 July 1, 1991 
Glade 36 1,030 December 21, 2004 
Howison Heights WD 41 2,506 September 1, 1991 
Jefferson Co. RWD #03 30 9,628 June 22, 2000 
Jefferson Co. RWD #11 49 7,772 November 22, 1995 
Jennings 41 5,002 July 18, 2002 
Lakeside Village Improvement 33 1,974 -- 
Montgomery Co. RWD #09 39 3,950 March 19, 2003 
Morganville 30 2,288 -- 
Neosho Co. RWD #03 36 764 -- 
Neosho Co. RWD #06 32 2,807 February 26, 2003 
Osborne Co. RWD #01A 41 6,263 July 25, 1997 
Republic Co. RWD #02 35 21,188 May 24, 2001 
Russell Co. RWD #04 33 958 -- 
Simpson 30 704 June 10, 2002 
Stockton 37 16,161 November 5, 1997 
Susank 31 199 -- 
Sylvia 37 3,819 July 21, 2000 
White City 30 3,216 September 3, 1999 
White Cloud 37 1,849 August 1, 1991 
Woodston 34 4,441 January 29, 2003 

 
a/ Potential water gain is the amount of water that would be saved if only 15 percent of the 

total was unaccounted for.  
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Abbyville 6S 172 154 139 142 118 145 
Abilene 7M 179 170 193 149 158 170 
Admire 7S 91 100 89 85 84 90 
Agenda 7S 100 92 91 91 103 95 
Agra 5 149 133 152 140 121 139 
Albert 6S 114 121 126 129 115 121 
Alexander 5 132 150 161 137 109 138 
Allen 7S 64 59 60 58 58 60 
Allen Co. RWD #01 8S 76 57 NA 93 NA 75 
Allen Co. RWD #03 8S 135 119 123 119 NA 124 
Allen Co. RWD #04 8S 147 144 127 92 105 123 
Allen Co. RWD #06 8S 119 NA 88 121 105 108 
Allen Co. RWD #07 8S NA NA 74 NA NA 74 
Allen Co. RWD #08 8M 130 112 122 131 153 130 
Allen Co. RWD #10 8S 92 79 87 84 69 82 
Allen Co. RWD #11 8S NA 64 66 61 55 61 
Allen Co. RWD #12 8S 127 NA 129 119 122 124 
Allen Co. RWD #13 8S 60 NA 59 56 63 59 
Allen Co. RWD #15 8S 71 74 66 63 55 66 
Allen Co. RWD #16 8S 113 112 119 128 77 110 
Alma 7M 131 131 140 141 140 136 
Almena 4 178 131 166 132 123 146 
Alta Vista 7S 82 97 85 86 81 86 
Altamont 8M 80 83 77 78 73 78 
Alton 6S 167 221 220 144 143 179 
Altoona 7S 155 132 87 99 75 109 
Andale 7M 98 101 111 89 85 97 
Anderson Co. RWD #01 8S 123 96 81 87 79 93 
Anderson Co. RWD #01C 8M NA NA NA 66 63 64 
Anderson Co. RWD #02 8S 93 86 89 NA NA 89 
Anderson Co. RWD #03 8S 105 NA 73 85 69 83 
Anderson Co. RWD #04 8M 107 119 112 102 96 107 
Anderson Co. RWD #05 8M 77 73 60 75 74 72 
Anderson Co. RWD #06 8M 94 NA 83 NA NA 88 
Anthony 6ML 158 206 160 148 153 165 
Arcadia 8S 110 91 85 89 73 89 
Argonia 7M 191 146 104 117 103 132 
Arkansas City 7L 130 121 114 118 120 121 
Arlington 6S 139 132 117 116 106 122 
Arma 8M 89 82 87 84 77 84 
Arnold 4 165 198 271 270 187 218 
Ashland 4 259 226 240 260 220 241 
Assaria 7M 77 83 72 70 66 74 
Atchison 8L 144 129 121 234 191 164 
Atchison Co. RWD #01 8S 95 NA NA 91 65 83 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Atchison Co. RWD #02 8S NA 87 NA NA NA 87 
Atchison Co. RWD #03 8S 95 90 77 90 73 85 
Atchison Co. RWD #04 8S 120 137 127 119 NA 126 
Atchison Co. RWD #06 8M NA NA 116 NA NA 116 
Atlanta 7S 84 86 71 69 61 74 
Attica 6ML 202 179 195 166 146 177 
Atwood 2 265 221 260 219 229 239 
Augusta 7M 130 127 145 139 126 133 
Aurora 7S 99 104 143 107 103 111 
Axtell 7S 90 80 89 90 80 86 
Baldwin 8M 95 195 112 137 111 130 
Barber Co. RWD #01 6S 186 176 198 174 169 181 
Barber Co. RWD #02 6S 193 135 212 192 234 193 
Barber Co. RWD #03 6S 96 92 113 74 81 91 
Barnard 6S NA NA 72 77 70 73 
Barnes 7S 151 149 168 200 135 161 
Bartlett 8S 95 98 91 NA 102 96 
Barton Co. RWD #01 6S NA NA NA 110 104 107 
Barton Co. RWD #02 6ML 44 45 52 47 37 45 
Barton Hills WD 6S 96 101 80 78 74 86 
Baxter Springs 8M 107 170 133 116 120 129 
Bazine 4 122 157 143 122 128 134 
Beattie 7S 108 109 123 109 109 112 
Bel Aire 7M 130 128 123 112 106 120 
Belle Plaine 7M 122 114 104 104 96 108 
Belleville 7M 181 152 160 145 145 157 
Beloit 6ML 97 89 97 90 99 94 
Belpre 5 117 134 163 122 122 132 
Belvidere 5 220 244 232 218 120 207 
Belvue 7S 112 111 111 103 99 107 
Bennington 7M 97 95 97 91 91 94 
Benton 7M 93 79 84 82 75 83 
Bern 7S 99 99 107 111 109 105 
Beverly 6S 101 102 95 86 117 100 
Bird City 1 402 350 401 329 331 363 
Bison 5 143 136 134 115 163 138 
Blue Mound 8S 88 95 88 97 106 95 
Blue Rapids 7M 155 161 167 154 140 155 
Blue River Hills Improvement 7S 124 131 136 123 131 129 
Bluff City 6S 94 92 83 93 94 91 
Bogue 4 186 157 203 187 183 183 
Bonner Springs 8M 131 120 151 128 130 132 
Bourbon Co. RWD #02C 8M 81 82 79 90 89 84 
Bourbon Co. RWD #04 8S 199 179 206 166 172 185 
Bremen 7S 101 124 111 71 66 95 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Brewster 2 368 289 412 378 339 357 
Bronson 8S 80 79 76 76 73 77 
Brookville 7S NA NA 105 NA NA 105 
Brown Co. RWD #01 8M 99 89 96 96 107 98 
Brown Co. RWD #02 8M 89 81 92 89 73 85 
Brownell 4 74 132 86 60 58 82 
Bucklin 4 280 305 282 286 239 279 
Buffalo 7S 90 75 108 113 130 103 
Buhler 6ML 156 137 131 127 118 134 
Bunker Hill 6S 98 106 125 112 113 111 
Burden 7M 118 112 114 107 110 112 
Burdett 5 200 191 211 193 144 188 
Burlingame 7M 95 93 89 86 75 88 
Burlington 7M 151 139 130 129 114 133 
Burns 7S 98 77 84 79 72 82 
Burr Oak 6S 148 125 115 112 111 122 
Burrton 7M 112 108 108 108 95 106 
Bushton 6S 144 153 175 144 140 151 
Butler Co. RWD #01 7M 104 106 103 101 100 103 
Butler Co. RWD #02 7M 102 81 83 78 88 86 
Butler Co. RWD #03 7M 73 76 73 66 65 71 
Butler Co. RWD #04 7M 78 81 78 68 68 74 
Butler Co. RWD #05 7M 89 80 81 80 71 80 
Butler Co. RWD #06 7M 84 87 91 87 84 87 
Butler Co. RWD #07 7M 69 77 66 65 62 68 
Butler Co. RWD #08 7M 75 70 73 88 58 73 
Byron 7S 289 193 225 226 190 225 
Caldwell 7M 103 102 98 103 99 101 
Cambridge 7S 74 71 68 63 65 68 
Caney 7M 146 141 135 146 142 142 
Canton 7M 152 151 150 142 139 147 
Carbondale 7M 114 136 113 105 87 111 
Cassoday 7S 104 119 114 92 91 104 
Cawker City 6ML 148 128 130 130 131 133 
Cedar Point 7S 72 76 69 55 58 66 
Cedar Vale 7M 112 125 107 107 96 109 
Centralia 7M 117 88 88 87 82 92 
Chanute 8M 139 131 130 126 114 128 
Chapman 7M 166 153 171 157 152 160 
Chase 6S 160 98 114 126 113 122 
Chase Co. RWD #01 7S 92 84 83 85 79 85 
Chautauqua 7S NA 112 NA NA 85 98 
Chautauqua Co. RWD #01 7S 125 91 74 84 86 92 
Chautauqua Co. RWD #02 7S 101 107 106 77 100 98 
Chautauqua Co. RWD #03 7S NA 101 92 87 NA 93 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Cheney 7M 166 174 176 170 158 169 
Cherokee 8M 90 94 112 118 102 103 
Cherokee Co. RWD #01 8M 155 155 145 175 230 172 
Cherokee Co. RWD #02 8M 92 92 84 91 99 91 
Cherokee Co. RWD #03 8M 161 186 167 163 158 167 
Cherokee Co. RWD #04 8M 154 145 127 106 94 125 
Cherokee Co. RWD #05 8S 75 79 71 73 70 74 
Cherokee Co. RWD #06 8S 97 n 109 85 76 92 
Cherokee Co. RWD #07 8S 73 73 78 90 98 82 
Cherokee Co. RWD #08 8M 86 67 64 70 67 71 
Cherryvale 7M 82 89 87 84 87 86 
Chetopa 8M 125 136 130 101 99 118 
Chicopee Water Company 8S 83 85 92 88 79 85 
Cimarron 3 253 264 326 240 222 261 
Circleville 7S 66 55 63 62 59 61 
Claflin 6ML 157 152 141 138 128 143 
Clay Center 7M 204 156 125 111 94 138 
Clay Co. RWD #01 7S 134 130 126 118 116 125 
Clay Co. RWD #02 7M 102 101 105 99 98 101 
Clayton 4 105 172 122 123 128 130 
Clearwater 7M 99 100 96 95 93 97 
Clifton 7M 166 146 159 150 138 152 
Cloud Co. RWD #01 7S 128 107 111 120 114 116 
Clyde 7M 170 146 159 140 133 150 
Coal Hollow WD 8S 78 81 NA NA NA 79 
Coats 6S 137 147 143 142 141 142 
Coffey Co. RWD #02 7M 103 95 94 89 NA 95 
Coffey Co. RWD #03 7M 82 77 76 77 75 78 
Coffeyville 7L 136 142 168 215 171 166 
Colby 2 323 291 320 302 305 308 
Coldwater 5 232 243 229 217 208 226 
Collyer 4 166 139 153 151 114 145 
Colony 8S 86 94 94 96 82 90 
Columbus 8M 119 108 117 92 118 111 
Colwich 7M NA NA NA 82 72 77 
Comanche Co. RWD #01 5 176 64 93 124 97 111 
Comanche Co. RWD #02 5 435 431 427 411 441 429 
Concordia 7M 164 148 153 142 140 150 
Conway Springs 7M 100 112 106 129 108 111 
Coolidge 1 385 300 339 310 375 342 
Copeland 3 253 242 248 249 210 241 
Corning 7S 90 NA NA NA NA 90 
Cottonwood Falls 7M 100 97 92 90 83 92 
Council Grove 7M 126 123 121 122 122 123 
Courtland 7S 113 112 113 119 126 117 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Cowley Co. RWD #01 7M 120 118 112 101 76 105 
Cowley Co. RWD #02 7M 72 77 71 67 61 69 
Cowley Co. RWD #03 7M 136 127 NA 120 109 123 
Cowley Co. RWD #04 7S 173 130 107 113 103 125 
Cowley Co. RWD #05 7M 89 101 88 90 81 90 
Cowley Co. RWD #06 7M 120 90 78 86 77 90 
Cowley Co. RWD #07 7S NA 73 NA NA 146 110 
Cowley Co. RWD #08 7S 93 85 NA 86 NA 88 
Crawford Co. RWD #01 8M 106 116 96 113 129 112 
Crawford Co. RWD #01C 8M 114 127 116 125 141 124 
Crawford Co. RWD #02 8M 99 82 82 86 97 89 
Crawford Co. RWD #03 8S 106 100 107 95 84 98 
Crawford Co. RWD #04 8M 123 92 88 79 84 93 
Crawford Co. RWD #05 8M 125 111 115 174 216 148 
Crawford Co. RWD #06 8M 133 126 120 NA 115 123 
Crawford Co. RWD #07 8S 65 64 59 72 62 64 
Cuba 7S 137 128 133 135 132 133 
Cullison 6S 167 272 167 218 203 206 
Culver 7S 85 84 66 62 55 70 
Cunningham 6ML 197 194 187 182 139 180 
Damar 5 114 110 105 104 99 107 
Dearing 7S 69 79 71 100 82 80 
Deerfield 2 154 137 158 168 142 152 
Delia 7S 129 NA 79 NA 67 92 
Delphos 7S 160 151 184 176 150 164 
Denison 8S 76 68 67 65 57 66 
Derby (El Paso Water Co.) 7L 137 140 131 116 95 124 
DeSoto 8M 110 101 114 159 160 129 
Dexter 7S 131 119 102 96 107 111 
Dickinson Co. RWD #01 7M 124 108 98 72 77 96 
Dickinson Co. RWD #02 7M 115 101 114 102 111 109 
Dickinson Co. RWD #03 7S 66 65 64 NA 76 68 
Dighton 3 270 248 268 276 254 263 
Dodge City 4 206 224 218 208 203 212 
Doniphan Co. RWD #01 8S 76 67 59 61 64 65 
Doniphan Co. RWD #02 8S 78 66 72 72 68 71 
Doniphan Co. RWD #03 8S 72 77 86 76 98 82 
Doniphan Co. RWD #05 8M 91 NA 80 NA NA 85 
Dorrance 6S 88 87 88 77 75 83 
Douglas Co. RWD #01 8M 98 90 103 108 99 100 
Douglas Co. RWD #02 8M 97 NA NA NA NA 97 
Douglas Co. RWD #03 8M 96 90 92 88 83 90 
Douglas Co. RWD #04 8M 94 87 94 96 79 90 
Douglas Co. RWD #05 8M 94 80 79 81 71 81 
Douglas Co. RWD #06 8M 124 88 85 83 75 91 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Douglass 7M 93 90 87 80 78 86 
Downs 6ML 232 217 250 221 170 218 
Durham 7S 110 101 116 148 145 124 
Dwight 7S 97 88 84 87 89 89 
Easton 8S 80 127 102 75 67 90 
Edgerton 8M 63 63 NA NA 57 61 
Edna 8S 65 62 68 72 73 68 
Effingham 8M 109 79 84 92 79 89 
El Dorado 7L 199 200 200 185 181 193 
Elbing 7S 63 61 64 61 61 62 
Elgin 7S 239 268 288 267 319 276 
Elk City 7S 114 114 99 145 190 132 
Elk Co. RWD #01 7M NA NA NA 90 90 90 
Elkhart 1 335 288 350 354 312 328 
Ellinwood 6ML 123 117 125 123 110 120 
Ellis 5 116 112 115 97 101 108 
Ellis Co. RWD #01 5 94 85 88 91 87 89 
Ellis Co. RWD #01C 5 NA NA NA 117 NA 117 
Ellis Co. RWD #03 5 75 126 70 88 58 84 
Ellis Co. RWD #06 5 93 89 133 NA 105 105 
Ellsworth 6ML 167 132 136 138 122 139 
Elmdale 7S 78 150 149 163 194 147 
Elwood 8M 83 74 77 86 73 79 
Emmett 7S 117 83 80 77 70 85 
Emporia 7L 166 175 178 182 170 174 
Englewood 4 456 405 555 494 383 459 
Ensign 3 219 252 222 218 141 210 
Enterprise 7M 90 86 111 87 78 91 
Erie 8M 112 101 98 96 107 103 
Esbon 6S 130 132 142 135 123 132 
Eskridge 7M 149 163 127 112 105 131 
Eudora 8M 92 97 108 109 93 100 
Eureka 7M 141 127 124 119 113 125 
Everest 8S 104 111 120 135 120 118 
Fall River 7S NA 61 NA 62 63 62 
Farr Subdivision 2 107 68 67 68 67 75 
Finney Co. RWD #01 2 75 70 75 80 74 75 
Florence 7M 102 106 105 96 86 99 
Fontana 8S 95 91 82 81 81 86 
Ford 4 250 261 290 225 249 255 
Formoso 6S 98 107 94 111 88 99 
Fort Scott 8M 148 153 169 153 142 153 
Fowler 3 198 193 211 186 185 195 
Frankfort 7M 173 120 132 131 124 136 
Franklin Co. RWD #01 8M 98 87 74 70 65 79 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Franklin Co. RWD #02 8S NA 78 81 NA NA 80 
Franklin Co. RWD #03 8S 68 70 78 76 69 72 
Franklin Co. RWD #04 8M 116 95 85 97 92 97 
Franklin Co. RWD #05 8M 104 99 103 95 87 98 
Franklin Co. RWD #06 8M 112 110 114 108 90 107 
Franklin Co. RWD #07 8S 159 89 201 129 126 141 
Fredonia 7M 114 141 124 132 126 127 
Frontenac 8M 122 110 114 109 116 114 
Fulton 8S 68 83 84 66 57 72 
Galena 8M 159 143 136 130 130 140 
Galesburg 8S 96 NA 83 NA 84 88 
Galva 7M 116 126 127 122 109 120 
Garden City 2 195 180 212 186 185 192 
Garden Plain 7M 121 132 159 126 112 130 
Garden Spot Rentals 2 89 79 96 66 75 81 
Gardner 8L 100 112 120 112 99 109 
Garnett 8M 120 122 112 103 110 114 
Gas 8M 78 78 78 80 78 79 
Gaylord 6S 172 158 159 145 121 151 
Geary Co. RWD #01 7S 92 140 NA NA 103 112 
Geary Co. RWD #02 7S 158 151 134 119 118 136 
Geary Co. RWD #04 7M 89 76 78 83 82 82 
Geneseo 6S 91 106 104 108 109 104 
Geuda Springs 7S 91 115 160 98 79 109 
Girard 8M 132 122 117 128 112 122 
Glade 5 104 112 151 112 115 119 
Glasco 7M 86 80 79 77 73 79 
Glen Elder 6S 177 181 180 153 158 170 
Goddard 7M 174 229 235 206 181 205 
Goessel 7M 114 103 101 97 94 102 
Goff 7S 89 80 79 82 70 80 
Goodland 1 331 303 314 294 283 305 
Gorham 6S 80 79 82 87 78 81 
Gove 3 274 287 261 192 212 245 
Grainfield 3 292 234 295 280 233 267 
Grandview Plaza 7M 98 102 97 102 90 98 
Great Bend 6ML 139 136 133 131 124 133 
Greeley 8S 84 71 62 74 69 72 
Green 7S 81 77 84 78 76 79 
Greenleaf 7S 150 152 141 150 130 145 
Greensburg 5 161 160 160 161 187 166 
Greenwood Co. RWD #02 7M 78 99 102 102 100 96 
Greenwood Co. RWD #03 7S 53 69 68 66 60 63 
Grenola 7S 66 73 69 71 69 70 
Gridley 7S 91 94 114 108 75 96 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Grinnell 3 303 278 309 266 252 282 
Gypsum 7S 118 111 114 109 106 112 
Haddam 7S 100 84 87 88 76 87 
Halstead 7M 108 111 110 127 102 112 
Hamilton 7S 81 74 NA 75 69 75 
Hamilton Co. RWD #01 1 94 71 110 97 89 92 
Hanover 7M 105 93 101 106 107 102 
Hanston 4 310 266 269 285 271 280 
Hardtner 6S 241 230 244 201 223 228 
Harper 6ML 155 164 134 128 120 140 
Harper Co. RWD #01 6S 92 124 115 NA NA 110 
Harper Co. RWD #04 6S NA 125 98 80 71 93 
Harper Co. RWD #05 6S 119 136 NA NA NA 128 
Hartford 7M 73 72 69 74 68 71 
Harvey Co. RWD #01 7M 76 79 76 69 67 73 
Harveyville 7S 121 156 110 92 92 114 
Haven 6ML 163 169 158 160 139 158 
Havensville 7S 100 92 83 86 NA 90 
Haviland 5 180 183 198 190 173 185 
Hays 5 101 91 95 96 92 95 
Hays City Suburban 5 144 162 208 179 183 175 
Haysville 7M 96 101 103 103 89 98 
Hazelton 6S 140 169 179 118 109 143 
Herington 7M 105 103 105 118 120 110 
Herndon 2 500 405 533 469 453 472 
Hesston 7M 170 191 179 216 152 182 
Hiawatha 8M 120 114 120 118 110 116 
Highland 8M 115 117 115 123 142 122 
Hill City 4 221 215 280 241 251 242 
Hillsboro 7M 115 132 138 124 121 126 
Hoisington 6ML 116 109 117 110 101 111 
Holcomb 2 160 152 178 155 133 156 
Holton 7M 160 149 140 151 132 146 
Holyrood 6S 182 155 174 161 140 162 
Hope 7S 90 90 92 97 86 91 
Horace 1 NA 123 154 122 119 130 
Horton 8M 100 94 86 90 90 92 
Howard 7M 113 126 120 107 105 114 
Howison Heights WD 7S 99 127 167 183 167 149 
Hoxie 3 299 241 269 307 311 285 
Hoyt 7M 78 71 69 69 71 72 
Hugoton 2 347 301 360 299 276 317 
Humboldt 8M 111 128 122 113 108 116 
Hunter 6S 105 NA NA 90 NA 97 
Hutchinson 6ML 147 145 141 136 127 139 
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Independence 7L 157 153 145 140 135 146 
Ingalls 3 236 228 244 194 143 209 
Inman 7M 154 144 142 140 130 142 
Iola 8M 121 124 118 106 97 113 
Isabel 6S 136 127 144 163 126 139 
Iuka 6S 96 115 126 96 79 103 
Jackson Co. RWD #01 7M 90 87 100 100 92 94 
Jackson Co. RWD #03 7M 127 104 97 97 103 105 
Jamestown 7S 119 112 103 92 82 101 
Jefferson Co. RWD #01 8M 118 105 113 118 98 110 
Jefferson Co. RWD #02 8M 116 147 122 122 106 123 
Jefferson Co. RWD #03 8M 122 118 117 124 104 117 
Jefferson Co. RWD #07 8M 122 105 103 111 109 110 
Jefferson Co. RWD #08 8S 97 88 109 103 76 95 
Jefferson Co. RWD #09 8S 68 77 69 65 62 68 
Jefferson Co. RWD #10 8S 118 161 169 106 88 129 
Jefferson Co. RWD #11 8S 100 86 NA NA 155 114 
Jefferson Co. RWD #12 8M 120 103 106 107 85 104 
Jefferson Co. RWD #13 8M 104 156 123 128 127 128 
Jefferson Co. RWD #15 8S 71 63 62 58 54 62 
Jennings 3 389 395 413 424 375 399 
Jetmore 4 216 218 247 215 235 226 
Jewell 6S 101 80 91 86 80 88 
Jewell Co. RWD #01 6S 264 204 169 144 154 187 
Johnson City 1 368 290 365 335 312 334 
Johnson Co. RWD #06C 8M 102 81 99 107 93 96 
Johnson Co. RWD #07 8M 101 90 105 115 95 101 
Junction City 7L 160 153 146 146 147 150 
Kanopolis 6ML 95 109 109 103 91 101 
Kanorado 1 249 310 298 243 211 262 
Kansas City BPU 8L 184 211 176 184 202 191 
Kechi 7M 120 117 123 114 NA 119 
Kensington 6ML 175 169 183 168 166 172 
Kincaid 8S 80 NA 60 63 54 65 
Kingman 6ML 158 141 124 133 118 135 
Kingman Co. RWD #01 6S 117 72 73 78 65 81 
Kinsley 5 134 136 130 134 114 130 
Kiowa 6ML 128 135 148 163 169 149 
Kirwin 5 139 200 164 142 129 155 
Kismet 2 206 203 208 206 170 198 
Konza Valley Water District 7S 72 80 72 74 80 75 
La Crosse 5 121 115 124 122 122 121 
La Cygne 8M 94 91 91 103 104 97 
La Harpe 8M 104 92 100 102 91 98 
Labette Co. RWD #01 8S 93 101 94 106 99 99 



 48

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Labette Co. RWD #02 8S 76 72 76 85 86 79 
Labette Co. RWD #03 8S 93 94 89 85 82 88 
Labette Co. RWD #04 8S 78 108 97 98 102 97 
Labette Co. RWD #05 8M 99 NA NA NA NA 99 
Labette Co. RWD #06 8M 104 95 63 70 59 78 
Labette Co. RWD #07 8S 77 80 74 75 72 75 
Labette Co. RWD #08 8M 115 93 85 87 82 92 
Lakeside Village Improvement 8S 97 100 120 127 99 109 
Lakin 2 266 250 282 253 242 258 
Lancaster 8S NA 66 NA NA NA 66 
Lane 8S 58 73 69 66 60 65 
Lane Co. RWD #01 3 251 213 213 200 207 217 
Lansing (Lan-Del WC) 8M 108 98 102 99 NA 102 
Larned 5 199 196 238 238 228 220 
Latham 7S 73 84 86 80 73 79 
Lawrence 8L 139 128 139 137 116 132 
Leavenworth 8L 117 116 108 107 99 110 
Leavenworth Co. RWD #01C 8M 74 77 89 93 82 83 
Leavenworth Co. RWD #05 8M 124 108 103 107 93 107 
Leavenworth Co. RWD #06 8M 96 74 85 88 NA 86 
Leavenworth Co. RWD #07 8M 86 81 85 93 74 84 
Leavenworth Co. RWD #08 8M NA 112 112 114 99 109 
Leavenworth Co. RWD #09 8M 95 87 93 92 84 90 
Leavenworth Co. RWD #10 8M 95 80 NA NA 69 82 
Lebanon 6S 135 113 104 100 108 112 
Lebo 7M 94 83 83 83 80 85 
Lecompton 8M 80 77 77 73 73 76 
Lehigh 7S 120 119 110 113 108 114 
Lenora 4 198 164 202 224 191 196 
Leon 7M 98 92 99 110 94 99 
LeoNArdville 7S 124 100 114 100 86 105 
Leoti 2 235 221 260 239 232 237 
LeRoy 7M 92 82 76 76 68 79 
Lewis 5 232 174 193 191 186 195 
Liberal 2 265 209 203 174 153 201 
Liebenthal 5 63 65 90 73 77 74 
Lincoln Center 6ML 163 141 150 136 123 143 
Lindsborg 7M 118 119 122 112 106 115 
Linn 7S 135 154 132 128 122 134 
Linn Co. RWD #01 8M NA NA 94 93 93 93 
Linn Co. RWD #02 8M 95 89 83 76 70 83 
Linn Co. RWD #03 8M 129 94 91 92 92 100 
Linwood 8S 66 83 71 72 61 71 
Little Bear Mound 7S 83 NA NA 114 103 100 
Little River 6ML 138 159 173 158 132 152 



 49

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Logan 5 208 192 262 178 185 205 
Long Island 5 204 165 312 293 153 225 
Longford 7S 106 87 83 80 77 87 
Longton 7S 103 102 91 85 87 94 
Lorraine 6S 126 110 127 315 100 156 
Louisburg 8M 116 106 115 110 105 110 
Lucas 6S 119 110 152 114 111 121 
Luray 6S 99 88 99 92 89 93 
Lyndon 7M 93 88 89 87 81 88 
Lyon Co. RWD #01 7M 90 93 105 94 81 93 
Lyon Co. RWD #02 7M 152 126 143 182 140 149 
Lyon Co. RWD #03 7S 82 78 77 NA 67 76 
Lyon Co. RWD #04 7M 87 86 87 86 NA 86 
Lyon Co. RWD #05 7M 116 110 106 107 97 107 
Lyons 6ML 254 246 181 214 193 218 
Macksville 6S 195 180 183 185 162 181 
Madison 7M 100 95 91 86 87 92 
Mahaska 7S 201 147 103 89 139 136 
Maize 7M NA NA NA NA 81 81 
Manchester 7S NA NA NA NA 66 66 
Manhattan 7L 175 165 151 141 135 154 
Mankato 6ML 236 186 193 179 179 195 
Manter 1 298 275 352 305 257 298 
Maple Hill 7S 103 93 101 104 90 98 
Marion 7M 116 127 118 108 120 118 
Marion Co. Imp. Dist. #02 7S 72 73 91 76 65 75 
Marion Co. RWD #01 7M 123 108 124 121 121 119 
Marion Co. RWD #02 7S 45 34 37 35 33 37 
Marion Co. RWD #04 7M 89 97 84 83 78 86 
Marquette 7M 126 127 133 126 136 130 
Marshall Co. RWD #01 7S 95 91 103 102 90 96 
Marshall Co. RWD #02 7S 223 214 244 137 NA 204 
Marshall Co. RWD #03 7M 98 101 108 99 97 100 
Marysville 7M 132 136 148 143 151 142 
Matfield Green 7S 123 118 118 91 88 108 
Mayetta 7S 64 NA 68 70 NA 67 
Mayfield 7S 69 68 65 65 61 65 
McCracken 5 116 127 118 119 114 119 
McCune 8S NA NA NA NA 76 76 
McDonald 2 348 264 400 356 304 335 
McFarland 7S 78 73 75 77 68 74 
McLouth 8M 72 65 62 65 57 64 
McPherson 7L 174 180 172 173 162 172 
McPherson Co. RWD #01 7S 130 155 128 132 132 136 
McPherson Co. RWD #02 7S 141 136 126 127 118 130 
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
McPherson Co. RWD #03 7S NA 162 199 143 116 155 
McPherson Co. RWD #04 7M 143 118 116 123 119 124 
Meade 3 278 236 254 259 218 249 
Medicine Lodge 6ML 259 261 254 238 235 249 
Melvern 7S 110 130 113 126 104 116 
Miami Co. RWD #01 8M 98 93 100 82 84 91 
Miami Co. RWD #02 8M 101 95 102 97 88 97 
Miami Co. RWD #03 8M 80 71 71 87 83 78 
Miami Co. RWD #04 8M 51 60 60 63 58 58 
Milford 7M 75 74 76 73 78 75 
Miltonvale 7M 155 126 133 113 88 123 
Minneapolis 7M 176 166 166 153 131 158 
Minneola 4 215 203 220 197 185 204 
Mitchell Co. RWD #01 6S 260 NA NA NA 73 166 
Mitchell Co. RWD #02 6ML 249 262 204 200 231 229 
Moline 7S 121 106 145 114 135 124 
Montezuma 3 299 285 311 258 260 283 
Montgomery Co. RWD #01 7S NA 80 NA 87 87 85 
Montgomery Co. RWD #01C 7M 79 79 71 71 NA 75 
Montgomery Co. RWD #02 7M 83 83 78 85 79 82 
Montgomery Co. RWD #06 7M 94 NA 99 97 89 95 
Montgomery Co. RWD #08 7S 137 136 99 106 NA 120 
Montgomery Co. RWD #09 7S 91 110 118 112 126 111 
Montgomery Co. RWD #10 7S 90 102 100 89 83 93 
Montgomery Co. RWD #11 7M 88 106 88 NA 87 92 
Montgomery Co. RWD #12 7M 74 70 68 66 70 70 
Montgomery Co. RWD #13 7S 55 82 69 70 75 70 
Montgomery Co. RWD #14 7S NA NA NA NA 56 56 
Moran 8M 110 99 104 103 98 103 
Morganville 7S 150 139 162 143 147 148 
Morland 4 267 272 291 278 219 265 
Morrill 8S 65 62 53 58 59 59 
Morris Co. RWD #01 7M 124 120 147 141 141 135 
Morrowville 7S 95 98 125 113 103 107 
Moscow 2 413 393 276 286 335 341 
Mound City 8M 118 115 108 117 99 111 
Mound Valley 8S 74 68 66 61 66 67 
Moundridge 7M 149 182 193 187 140 170 
Mount Hope 7M 145 140 157 141 115 140 
Mulberry 8M 106 117 111 88 91 103 
Mullinville 5 225 246 250 235 244 240 
Mulvane 7M 87 86 81 77 86 83 
Munden 7S 119 97 102 156 154 126 
Muscotah 8S 87 68 67 75 76 75 
Natoma 6S 123 124 123 107 103 116 



 51

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Nemaha Co. RWD #01 7S 97 92 117 110 112 106 
Nemaha Co. RWD #02 7S 102 NA NA NA NA 102 
Nemaha Co. RWD #03 7M 121 116 113 115 116 116 
Nemaha Co. RWD #04 7S 88 99 101 113 132 107 
Neodesha 7M 116 126 117 130 131 124 
Neosho Co. RWD #01C 8M 77 85 80 78 76 79 
Neosho Co. RWD #02 8M 85 85 89 85 75 84 
Neosho Co. RWD #03 8S 118 107 103 99 96 105 
Neosho Co. RWD #04 8M 89 NA 88 89 97 91 
Neosho Co. RWD #05 8S NA 125 121 97 83 106 
Neosho Co. RWD #06 8S 129 114 98 116 101 112 
Neosho Co. RWD #07 8M 113 109 134 130 114 120 
Neosho Co. RWD #08 8S 102 96 105 88 89 96 
Neosho Co. RWD #09 8S 121 118 119 132 78 114 
Neosho Co. RWD #12 8S 98 82 88 91 83 88 
Ness City 4 137 131 141 142 122 135 
Netawaka 7S NA 80 NA 72 NA 76 
New Strawn 7S 157 123 96 106 95 115 
Newbury Extension 7S NA 71 85 94 82 83 
Newton 7L 116 121 118 112 101 114 
Nickerson 6ML 101 111 98 82 78 94 
Norcatur 3 176 203 305 196 203 217 
North Newton 7M 141 165 124 128 157 143 
Norton 4 254 233 272 239 229 246 
Norton Co. RWD #01 4 85 63 75 69 77 74 
Nortonville 8M 89 85 96 89 83 88 
Norwich 6ML 150 161 113 133 128 137 
Oakley 2 342 287 289 300 265 297 
Oberlin 3 325 275 296 242 211 270 
Offerle 5 235 235 272 308 181 246 
Ogden 7M 97 106 100 97 92 98 
Oketo 7S 72 85 103 90 86 87 
Olathe 8L 110 106 113 111 99 108 
Olmitz 6S 148 130 129 113 93 122 
Olpe 7M 102 93 74 82 72 85 
Olsburg 7S 83 70 87 83 84 81 
Onaga 7M 105 94 101 107 109 103 
Oneida 7S 69 75 73 72 64 71 
Osage City 7M 103 94 90 97 89 95 
Osage Co. RWD #02 7S 102 72 98 88 87 89 
Osage Co. RWD #03 7M 117 103 109 101 94 105 
Osage Co. RWD #04 7M 104 93 102 94 84 95 
Osage Co. RWD #05 7M 107 95 86 104 90 96 
Osage Co. RWD #06 7S 89 89 83 89 83 86 
Osage Co. RWD #07 7M 117 101 NA NA NA 109 
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Public Water Supplier Region 
2000 

GPCD 
2001 

GPCD 
2002 

GPCD 
2003 

GPCD 
2004 

GPCD 
AVG 

GPCD 
Osage Co. RWD #08 7M 93 90 NA 88 NA 91 
Osawatomie 8M 154 141 135 149 139 143 
Osborne 6ML 194 188 208 190 187 193 
Osborne Co. RWD #01A 6S 329 248 177 217 426 279 
Osborne Co. RWD #02 6S 176 197 176 199 189 187 
Oskaloosa 8M 97 96 99 95 84 94 
Oswego 8M 107 109 108 108 103 107 
Otis 5 174 228 228 209 201 208 
Ottawa 8L 103 101 101 91 83 96 
Ottawa Co. RWD #01 7S 122 125 123 117 93 116 
Ottawa Co. RWD #02 7M 119 117 127 116 100 116 
Overbrook 7M 99 91 92 88 74 89 
Oxford 7M 118 112 103 101 102 107 
Ozawkie 8M 102 90 95 99 80 93 
Palco 5 129 126 173 140 138 141 
Palmer 7S 127 118 163 145 127 136 
Paola 8M 139 128 135 140 130 134 
Paradise 6S 95 78 98 69 99 88 
Park 3 243 175 172 187 169 189 
Park City 7M 128 134 138 113 100 122 
Parker 8S 92 88 73 69 65 77 
Parsons 8L 116 110 119 170 129 129 
Pawnee Rock 6S 82 74 78 66 70 74 
Paxico 7S 98 89 88 93 94 93 
Peabody 7M 107 97 NA 83 87 94 
Perry 8M 81 85 80 75 85 81 
Peru 7S 70 68 57 55 64 63 
Phillipsburg 5 206 181 209 191 204 198 
Pittsburg 8L 123 121 124 113 112 119 
Plains 3 316 282 290 244 237 274 
Plainville 5 136 136 128 131 134 133 
Pleasanton 8M 107 93 92 88 101 96 
Pomona 8M 77 75 74 71 76 75 
Portis 6S 91 91 120 105 101 102 
Post Rock RWD 6ML 176 137 141 138 131 144 
Pottawatomie Co. RWD #01 7M 124 129 128 125 124 126 
Pottawatomie Co. RWD #02 7M 173 174 182 136 133 159 
Pottawatomie Co. RWD #03 7M 115 115 94 104 90 104 
Pottawatomie Co. RWD #04 7M NA NA 105 117 166 129 
Potwin 7S 88 89 88 89 88 88 
Prairie View 5 187 168 216 189 156 183 
Pratt 6ML 193 206 195 240 224 212 
Prescott 8S NA 83 83 79 74 80 
Preston 6S 189 113 141 138 105 137 
Pretty Prairie 6ML 150 142 182 161 162 160 



 53

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 
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Public Water Supplier Region 
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GPCD 
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GPCD 
2003 

GPCD 
2004 

GPCD 
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GPCD 
Princeton 8S 79 72 70 72 72 73 
Protection 5 227 199 198 199 248 214 
Quenemo 7S 63 63 61 56 56 59 
Quinter 3 271 239 258 230 234 247 
Randall 6S 101 106 117 107 94 105 
Randolph 7S 104 95 112 101 80 98 
Ransom 4 132 128 137 130 120 129 
Rantoul 8S 165 79 67 57 52 84 
Raymond 6S 161 167 179 150 125 156 
Reading 7S 82 85 88 77 72 81 
Red Bud Lake Improvement 7S 59 43 56 44 60 52 
Reno Co. RWD #01 6S 169 168 171 130 161 160 
Reno Co. RWD #03 6S 803 418 249 347 282 420 
Reno Co. RWD #04 6S 108 93 81 82 69 87 
Reno Co. RWD #08 6S 260 188 153 148 154 180 
Reno Co. WD #101 6S 97 114 117 117 116 112 
Republic 7S 145 136 119 127 129 131 
Republic Co. RWD #01 7S 228 236 208 199 223 219 
Republic Co. RWD #02 7M 177 155 181 180 187 176 
Reserve 8S 80 93 112 100 100 97 
Rexford 2 423 404 423 354 389 398 
Rice Co. RWD #01 6ML 131 129 127 120 116 124 
Richmond 8M 96 88 83 83 84 87 
Riley 7M 130 120 113 115 114 118 
Riley Co. RWD #01 7M 115 117 121 115 131 120 
Robinson 8S 104 91 102 111 103 102 
Rocky Ford Water Company 7S 144 92 122 73 66 99 
Rolla 1 274 259 257 187 180 231 
Rooks Co. RWD #01 5 52 63 68 67 68 64 
Rooks Co. RWD #02 5 95 86 95 93 84 90 
Rooks Co. RWD #03 5 166 116 134 153 183 150 
Rose Hill 7M 91 87 87 83 74 85 
Roseland 8S NA NA 63 59 71 64 
Rossville 7M 90 90 88 87 85 88 
Rozel 5 199 168 303 248 174 218 
Rush Center 5 176 170 178 168 141 167 
Rush Co. RWD #01 5 360 243 284 265 230 277 
Russell 6ML 146 148 117 128 155 139 
Russell Co. RWD #01 6S 65 75 125 129 148 108 
Russell Co. RWD #02 6S 118 119 187 207 149 156 
Russell Co. RWD #03 6ML 137 165 141 132 130 141 
Russell Co. RWD #04 6S 192 146 178 175 178 174 
Sabetha 7M 118 112 110 122 131 119 
Salina 7L 126 128 144 130 123 130 
Saline Co. RWD #01 7S 57 53 64 74 67 63 
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Public Water Supplier Region 
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GPCD 
2003 

GPCD 
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GPCD 
Saline Co. RWD #02 7S 132 140 150 127 116 133 
Saline Co. RWD #03 7M NA 95 NA NA NA 95 
Saline Co. RWD #04 7M 112 107 104 97 85 101 
Saline Co. RWD #06 7S 97 120 123 108 102 110 
Saline Co. RWD #07 7S 71 73 84 77 NA 76 
Saline Co. RWD #08 7S 104 115 88 105 92 101 
Satanta 2 260 256 284 260 234 259 
Sawyer 6S 111 137 148 143 130 134 
Scammon 8S NA 119 112 109 107 112 
Scandia 7S 186 145 234 200 188 191 
Scotsman Estates 7S NA 60 55 52 54 55 
Scott City 2 319 277 320 278 252 289 
Scranton 7M 75 NA NA NA 63 69 
Sedan 7M 142 115 106 120 112 119 
Sedgwick 7M 104 99 105 75 76 92 
Sedgwick Co. RWD #01 7M 92 86 86 81 73 84 
Sedgwick Co. RWD #03 7M 111 108 106 81 76 96 
Sedgwick Co. RWD #04 7M 122 126 93 93 97 106 
Selden 3 237 207 221 208 202 215 
Seneca 7M 136 109 137 159 142 137 
Severy 7S 108 119 118 120 133 119 
Sharon 6S 102 119 129 134 123 122 
Sharon Springs 1 260 231 263 271 247 254 
Shawnee Co. RWD #01C 7M 84 84 94 95 79 87 
Shawnee Co. RWD #02C 7M 87 85 86 83 77 83 
Shawnee Co. RWD #03 7M 93 73 NA 89 NA 85 
Shawnee Co. RWD #04 7M 113 101 102 102 97 103 
Shawnee Co. RWD #05 7M NA 78 80 86 75 80 
Shawnee Co. RWD #06 7M 167 164 152 148 115 149 
Shawnee Co. RWD #07 7S NA NA 96 NA NA 96 
Shawnee Co. RWD #08 7M 106 93 101 101 85 97 
Shawnee Co. RWD #09 7S 75 NA NA NA NA 75 
Silver Lake 7M 87 85 85 89 87 87 
Simpson 6S 144 98 84 99 109 107 
Smith Center 6ML 195 156 163 164 158 167 
Smith Co. RWD #01 6S 165 154 155 168 169 162 
Soldier 7S NA NA 62 69 66 66 
Solomon 7M 107 105 105 120 120 111 
South Haven 7S 101 99 143 173 100 123 
South Hutchinson 6ML 148 149 140 136 136 142 
Spearville 4 187 178 183 172 156 175 
Speed 5 126 113 146 111 112 122 
Spivey 6S 110 107 124 143 122 121 
Spring Hill 8M 105 108 104 113 105 107 
St. Francis 1 400 313 367 285 282 330 
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Public Water Supplier Region 
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GPCD 
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GPCD 
2003 

GPCD 
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St. George 7S 92 103 104 96 NA 99 
St. John 6ML 158 177 156 166 142 160 
St. Marys 7M 129 127 128 167 126 135 
St. Paul 8M 110 109 104 97 100 104 
Stafford 6ML 159 159 181 161 130 158 
Sterling 6ML 134 128 119 108 94 117 
Stockton 5 172 147 134 106 127 137 
Strong City 7M 342 160 133 115 120 174 
Sublette 2 309 290 309 287 245 288 
Suburban Water Company 8M 92 125 103 103 83 101 
Summerfield 7S 118 105 117 102 95 108 
Sumner Co. RWD #01 7S 138 174 166 NA NA 160 
Sumner Co. RWD #02 7S 89 118 122 111 108 110 
Sumner Co. RWD #03 7S NA 101 127 91 87 102 
Sumner Co. RWD #04 7M 99 106 93 92 94 97 
Sumner Co. RWD #05 7M NA 128 152 NA NA 140 
Sumner Co. RWD #06 7S 85 NA 80 73 82 80 
Susank 6S 89 74 80 75 116 87 
Sylvan Grove 6S 146 122 128 150 142 138 
Sylvia 6S 177 176 165 173 159 170 
Syracuse 1 393 330 394 325 296 348 
Tescott 7S 101 100 110 97 84 98 
Thayer 8M 107 101 136 115 112 114 
Timber Creek Water & Sewer 7M 127 112 134 120 120 123 
Timken 5 181 197 193 156 101 166 
Tipton 6S 112 106 109 98 99 105 
Tonganoxie 8M 92 101 98 108 89 98 
Topeka 7L 168 146 153 151 132 150 
Toronto 7S 133 190 122 112 104 132 
Towanda 7M 86 82 90 81 NA 85 
Towns Riverview 2 48 46 55 44 50 48 
Treece 8S 55 NA 87 NA 62 68 
Trego Co. RWD #01 4 63 71 114 117 96 92 
Trego Co. RWD #02 4 150 87 105 91 93 105 
Tribune 1 263 287 342 284 250 285 
Troy 8M 120 113 110 112 109 113 
Turon 6S 136 137 120 126 105 125 
Udall 7M 94 105 100 84 86 94 
Ulysses 2 232 218 269 233 216 234 
Uniontown 8S 80 91 84 81 77 83 
University Park Water 7S 74 65 62 74 65 68 
Utica 4 243 193 235 209 170 210 
Valley Center 7M 112 99 90 107 112 104 
Valley Falls 8M 109 107 105 119 110 110 
Vermillion 7S 158 169 172 130 132 152 
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2001 
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GPCD 
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GPCD 
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Victoria 5 107 99 115 111 110 108 
Viola 7S NA 73 71 70 63 69 
Virgil 7S 53 58 62 68 69 62 
Wabaunsee Co. RWD #01 7S NA 91 88 96 79 88 
Wabaunsee Co. RWD #02 7M 79 85 100 95 91 90 
Wakeeney 4 197 174 203 207 199 196 
Wakefield 7M 98 117 114 112 105 109 
Waldo 6S 74 54 53 48 53 56 
Wallace 1 228 234 345 294 177 255 
Wallace Co. RWD #01 1 433 396 484 419 325 411 
Walnut 8S NA NA 106 106 NA 106 
Walton 7S 75 NA 71 76 NA 74 
Wamego 7M 135 130 141 124 109 128 
Washington 7M 154 150 177 160 146 157 
Washington Co. RWD #01 7M 118 102 99 101 99 104 
Washington Co. RWD #02 7M 114 143 116 131 110 123 
WaterOne - Johnson Co. 8L 161 164 182 185 153 169 
Waterville 7M 173 138 149 139 133 146 
Wathena 8M 113 98 101 108 115 107 
Waverly 7M 90 81 84 83 78 83 
Weir 8M 104 73 76 72 78 81 
Wellington 7M 155 153 150 128 110 139 
Wellsville 8M 80 80 80 NA NA 80 
West Hills Water Company 6S 251 211 NA 282 179 231 
West Mineral 8S 74 65 70 72 69 70 
Westmoreland 7M 133 117 110 103 89 110 
Wetmore 7S 128 104 109 107 85 107 
White City 7M 103 97 92 97 107 99 
White Cloud 8S 94 87 83 95 91 90 
Whitewater 7M 95 97 115 108 81 99 
Whiting 7S 74 84 93 84 79 83 
Wichita 7L 147 153 146 141 136 144 
Williamsburg 8S 116 106 97 NA NA 107 
Willis 8S NA NA 84 103 93 93 
Wilson 6ML 132 141 124 127 189 142 
Wilson Co. RWD #01 7S 101 149 157 115 115 127 
Wilson Co. RWD #02 7S NA 77 NA NA NA 77 
Wilson Co. RWD #03 7S 66 NA 66 NA NA 66 
Wilson Co. RWD #04 7S NA 115 86 82 82 91 
Wilson Co. RWD #05 7S 61 57 NA 47 46 53 
Wilson Co. RWD #06 7S 84 91 163 141 93 114 
Wilson Co. RWD #07 7S 126 101 NA NA NA 113 
Wilson Co. RWD #09 7M NA 74 NA NA 56 65 
Wilson Co. RWD #10 7M 73 82 NA NA NA 78 
Wilson Co. RWD #11 7M 79 81 70 69 71 74 
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GPCD 
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GPCD 
Wilson Co. RWD #12 7S 68 83 89 76 64 76 
Wilson Co. RWD #13 7S 100 NA 84 73 77 84 
Winchester 8M 87 73 76 74 78 78 
Windom 7S 83 86 79 109 NA 89 
Winfield 7L 150 148 136 146 137 143 
Winona 2 304 280 353 336 307 316 
Woodson Co. RWD #01 7M 80 92 84 77 77 82 
Woodston 5 174 181 187 200 316 212 
Yates Center 7M 109 110 114 110 104 110 
Zenda 6S 137 149 125 136 136 137 

 
Note:  GPCD figures are based on reported water sold to residential and commercial customers, 

free water, and system losses.  GPCD figures do not include water supplied wholesale 
or for industry, bulk sales, or farmsteads using more than 200,000 gallons per year.  
“NA” is shown if no water use report was available or if the information submitted was 
insufficient to determine GPCD. 
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TABLE 21 

ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 
FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2000-2004 

Public Water Supplier Region

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

AVG 
Percent 

UFW 
Abbyville 6S 22 23 10 21 18 19 
Abilene 7M 6 12 20 16 12 13 
Admire 7S 21 24 16 17 16 19 
Agenda 7S 7 14 9 15 20 13 
Agra 5 28 17 21 24 23 22 
Albert 6S 3 4 20 14 12 10 
Alexander 5 10 14 12 5 5 9 
Allen 7S 5 5 5 8 15 8 
Allen Co. RWD #01 8S 100 100 NA 100 NA 100 
Allen Co. RWD #03 8S 9 3 4 21 NA 9 
Allen Co. RWD #04 8S 100 100 NA 100 100 100 
Allen Co. RWD #06 8S 7 NA NA 7 7 7 
Allen Co. RWD #07 8S NA NA 13 NA NA 13 
Allen Co. RWD #08 8M 23 19 23 22 37 25 
Allen Co. RWD #10 8S NA 11 25 3 5 11 
Allen Co. RWD #11 8S NA 4 NA 3 7 5 
Allen Co. RWD #12 8S 100 NA 100 NA NA 100 
Allen Co. RWD #13 8S 14 NA 100 11 10 34 
Allen Co. RWD #15 8S 100 5 NA 7 NA 37 
Allen Co. RWD #16 8S 7 6 9 100 100 45 
Alma 7M 13 17 15 17 9 14 
Almena 4 12 13 NA 21 19 16 
Alta Vista 7S 7 22 6 6 10 10 
Altamont 8M 6 7 6 NA NA 6 
Alton 6S 4 53 58 44 5 33 
Altoona 7S 13 23 13 16 10 15 
Andale 7M 6 8 12 8 8 8 
Anderson Co. RWD #01 8S 28 10 9 19 20 17 
Anderson Co. RWD #01C 8M NA NA NA 9 NA 9 
Anderson Co. RWD #02 8S 100 100 100 NA NA 100 
Anderson Co. RWD #03 8S NA NA 100 100 100 100 
Anderson Co. RWD #04 8M 8 15 15 15 17 14 
Anderson Co. RWD #05 8M 18 15 15 10 18 15 
Anderson Co. RWD #06 8M 26 NA 14 NA NA 20 
Anthony 6ML 18 7 21 12 18 15 
Arcadia 8S 25 11 8 25 14 17 
Argonia 7M 33 5 13 13 11 15 
Arkansas City 7L 13 4 13 13 14 11 
Arlington 6S 17 9 7 11 15 12 
Arma 8M 10 4 6 8 4 7 
Arnold 4 100 100 100 100 100 100 
Ashland 4 16 14 8 6 NA 11 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2000-2004 

Public Water Supplier Region

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

AVG 
Percent 

UFW 
Assaria 7M NA NA 3 NA 3 3 
Atchison 8L 11 9 7 24 24 15 
Atchison Co. RWD #01 8S 27 NA NA 28 9 21 
Atchison Co. RWD #02 8S NA 18 NA NA NA 18 
Atchison Co. RWD #03 8S 18 21 15 18 12 17 
Atchison Co. RWD #04 8S 50 52 49 43 NA 49 
Atchison Co. RWD #06 8M NA NA 26 NA NA 26 
Atlanta 7S 11 11 12 18 11 13 
Attica 6ML 13 8 11 15 16 12 
Atwood 2 NA 6 7 9 16 9 
Augusta 7M 4 5 10 7 8 7 
Aurora 7S 15 10 8 13 4 10 
Axtell 7S 11 7 15 6 6 9 
Baldwin 8M NA 40 7 19 17 21 
Barber Co. RWD #01 6S 100 100 100 100 100 100 
Barber Co. RWD #02 6S 18 8 21 26 28 20 
Barber Co. RWD #03 6S 10 10 37 7 18 16 
Barnard 6S NA NA 14 16 20 17 
Barnes 7S 18 18 21 36 19 22 
Bartlett 8S 9 10 7 NA 9 9 
Barton Co. RWD #01 6S NA NA NA NA 15 15 
Barton Co. RWD #02 6ML 58 59 57 54 51 56 
Barton Hills WD 6S 12 25 4 5 3 10 
Baxter Springs 8M 9 27 9 4 11 12 
Bazine 4 13 14 10 8 8 11 
Beattie 7S 20 21 16 18 14 18 
Bel Aire 7M 12 12 9 10 13 11 
Belle Plaine 7M 26 21 15 14 15 18 
Belleville 7M 9 7 11 10 10 9 
Beloit 6ML 10 10 8 10 12 10 
Belpre 5 12 18 24 NA 21 19 
Belvidere 5 100 100 100 100 100 100 
Belvue 7S 18 16 20 10 14 16 
Bennington 7M 9 10 10 12 12 10 
Benton 7M 16 NA 9 5 NA 10 
Bern 7S 9 17 17 13 13 14 
Beverly 6S 10 10 28 100 6 31 
Bird City 1 13 19 15 15 27 18 
Bison 5 35 30 25 16 14 24 
Blue Mound 8S 16 19 8 4 8 11 
Blue Rapids 7M 25 37 24 15 8 22 
Blue River Hills Improvement 7S 100 100 100 100 100 100 
Bluff City 6S 7 6 13 17 20 13 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2000-2004 

Public Water Supplier Region

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

AVG 
Percent 

UFW 
Bogue 4 12 11 10 11 9 11 
Bonner Springs 8M 16 16 27 19 25 21 
Bourbon Co. RWD #02C 8M 15 15 15 15 23 16 
Bourbon Co. RWD #04 8S 33 26 15 5 9 18 
Bremen 7S 40 47 30 20 44 36 
Brewster 2 5 6 12 15 9 9 
Bronson 8S 7 5 7 9 12 8 
Brookville 7S NA NA 26 NA NA 26 
Brown Co. RWD #01 8M 25 22 21 20 31 24 
Brown Co. RWD #02 8M 5 15 13 7 6 9 
Brownell 4 9 7 9 9 8 8 
Bucklin 4 39 24 30 40 29 32 
Buffalo 7S 20 7 6 7 15 11 
Buhler 6ML 11 8 7 3 8 8 
Bunker Hill 6S 7 10 6 16 16 11 
Burden 7M 24 20 22 21 25 22 
Burdett 5 13 31 20 11 10 17 
Burlingame 7M 21 22 21 14 12 18 
Burlington 7M 13 13 10 7 7 10 
Burns 7S 15 15 NA NA NA 15 
Burr Oak 6S 24 30 15 12 19 20 
Burrton 7M 4 6 8 7 9 7 
Bushton 6S 16 14 12 15 18 15 
Butler Co. RWD #01 7M 13 12 16 12 15 14 
Butler Co. RWD #02 7M 28 6 11 12 28 17 
Butler Co. RWD #03 7M 9 13 8 4 8 9 
Butler Co. RWD #04 7M NA 6 6 NA NA 6 
Butler Co. RWD #05 7M 9 9 8 10 11 9 
Butler Co. RWD #06 7M 10 11 13 16 15 13 
Butler Co. RWD #07 7M 10 14 7 6 8 9 
Butler Co. RWD #08 7M 8 13 7 30 7 13 
Byron 7S 100 100 100 100 100 100 
Caldwell 7M 10 8 6 12 13 10 
Cambridge 7S 9 NA 18 9 4 10 
Caney 7M 12 10 13 7 3 9 
Canton 7M 4 14 8 9 11 9 
Carbondale 7M 26 10 28 23 14 20 
Cassoday 7S 20 21 12 11 21 17 
Cawker City 6ML 12 5 11 9 7 9 
Cedar Point 7S NA 3 100 8 7 30 
Cedar Vale 7M 13 24 21 24 22 21 
Centralia 7M NA 10 10 6 5 8 
Chanute 8M 4 9 14 10 10 10 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2000-2004 

Public Water Supplier Region

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

AVG 
Percent 

UFW 
Chapman 7M 3 4 NA 3 4 3 
Chase 6S 41 8 10 18 14 18 
Chase Co. RWD #01 7S 23 23 19 11 21 19 
Chautauqua 7S NA 22 NA NA 30 26 
Chautauqua Co. RWD #01 7S 28 11 10 18 17 17 
Chautauqua Co. RWD #02 7S 27 25 26 9 27 23 
Chautauqua Co. RWD #03 7S NA 8 15 22 NA 15 
Cheney 7M 5 5 4 3 3 4 
Cherokee 8M 5 15 15 25 13 15 
Cherokee Co. RWD #01 8M 42 42 38 48 65 47 
Cherokee Co. RWD #02 8M 11 11 6 15 28 14 
Cherokee Co. RWD #03 8M 39 30 30 31 38 34 
Cherokee Co. RWD #04 8M 9 50 45 37 30 34 
Cherokee Co. RWD #05 8S 19 19 15 15 17 17 
Cherokee Co. RWD #06 8S 21 NA 29 12 12 19 
Cherokee Co. RWD #07 8S 16 11 17 17 36 19 
Cherokee Co. RWD #08 8M 12 9 6 7 9 9 
Cherryvale 7M 13 13 14 15 17 14 
Chetopa 8M 21 16 29 4 6 15 
Chicopee Water Company 8S 14 12 16 6 9 11 
Cimarron 3 10 5 8 6 11 8 
Circleville 7S 21 12 18 11 11 15 
Claflin 6ML 7 14 5 7 6 8 
Clay Center 7M 6 5 4 NA NA 5 
Clay Co. RWD #01 7S 3 12 NA 3 10 7 
Clay Co. RWD #02 7M 7 8 7 NA 10 8 
Clayton 4 NA NA NA NA NA NA 
Clearwater 7M 10 10 11 10 12 11 
Clifton 7M 12 10 14 15 10 12 
Cloud Co. RWD #01 7S 6 7 13 15 20 12 
Clyde 7M 29 20 19 16 13 19 
Coal Hollow WD 8S 100 NA NA NA NA 100 
Coats 6S 4 5 6 5 14 7 
Coffey Co. RWD #02 7M 23 14 16 9 NA 15 
Coffey Co. RWD #03 7M 8 10 14 13 11 11 
Coffeyville 7L 15 12 18 24 18 17 
Colby 2 3 NA 4 5 8 5 
Coldwater 5 13 10 7 5 16 10 
Collyer 4 29 28 19 19 8 21 
Colony 8S 10 NA NA NA 7 8 
Columbus 8M 10 6 29 17 9 14 
Colwich 7M NA NA NA 11 7 9 
Comanche Co. RWD #01 5 25 3 5 16 12 12 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2000-2004 

Public Water Supplier Region

2000 
Percent 

UFW 

2001 
Percent 
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2002 
Percent 
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2003 
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UFW 
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UFW 

AVG 
Percent 

UFW 
Comanche Co. RWD #02 5 49 54 52 45 47 50 
Concordia 7M 13 16 12 12 13 13 
Conway Springs 7M 8 13 12 21 18 15 
Coolidge 1 30 13 26 26 52 29 
Copeland 3 60 NA 59 58 58 58 
Corning 7S 8 NA NA NA NA 8 
Cottonwood Falls 7M 20 7 4 5 4 8 
Council Grove 7M 8 11 6 7 15 9 
Courtland 7S 9 16 9 12 24 14 
Cowley Co. RWD #01 7M 20 17 16 7 8 14 
Cowley Co. RWD #02 7M 6 9 14 11 10 10 
Cowley Co. RWD #03 7M 25 20 NA 28 24 24 
Cowley Co. RWD #04 7S 28 23 12 20 5 18 
Cowley Co. RWD #05 7M 22 24 10 11 17 17 
Cowley Co. RWD #06 7M 24 21 14 19 16 19 
Cowley Co. RWD #07 7S NA 40 NA NA 53 47 
Cowley Co. RWD #08 7S 6 9 NA NA NA 8 
Crawford Co. RWD #01 8M 32 39 19 32 41 32 
Crawford Co. RWD #01C 8M 8 10 4 14 5 8 
Crawford Co. RWD #02 8M 5 11 12 6 17 10 
Crawford Co. RWD #03 8S 29 15 27 19 14 21 
Crawford Co. RWD #04 8M 26 24 16 12 7 17 
Crawford Co. RWD #05 8M 16 18 18 39 58 30 
Crawford Co. RWD #06 8M 34 27 23 NA 22 27 
Crawford Co. RWD #07 8S 18 21 17 18 10 17 
Cuba 7S 19 19 22 18 18 19 
Cullison 6S 22 17 13 26 19 19 
Culver 7S 16 15 13 16 13 15 
Cunningham 6ML 20 20 17 6 14 16 
Damar 5 NA 12 5 NA NA 8 
Dearing 7S 3 9 6 NA 6 6 
Deerfield 2 8 8 6 8 7 8 
Delia 7S 30 NA 24 NA 21 25 
Delphos 7S 36 35 43 41 38 39 
Denison 8S 9 5 15 15 8 10 
Derby (El Paso Water Co.) 7L 5 5 6 7 3 5 
DeSoto 8M 19 20 20 29 42 26 
Dexter 7S 18 15 11 7 10 12 
Dickinson Co. RWD #01 7M 30 40 30 26 29 31 
Dickinson Co. RWD #02 7M 23 21 23 17 27 22 
Dickinson Co. RWD #03 7S 100 100 100 NA 100 100 
Dighton 3 9 7 5 13 7 8 
Dodge City 4 15 26 22 25 22 22 
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Percent 
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Doniphan Co. RWD #01 8S 21 100 19 11 22 35 
Doniphan Co. RWD #02 8S 12 9 10 11 4 9 
Doniphan Co. RWD #03 8S 14 21 10 14 23 16 
Doniphan Co. RWD #05 8M 20 NA 21 NA NA 20 
Dorrance 6S 11 15 17 17 15 15 
Douglas Co. RWD #01 8M 7 17 16 17 25 16 
Douglas Co. RWD #02 8M 12 NA NA NA NA 12 
Douglas Co. RWD #03 8M 10 16 14 11 18 14 
Douglas Co. RWD #04 8M 15 19 15 23 24 19 
Douglas Co. RWD #05 8M 14 9 9 7 9 10 
Douglas Co. RWD #06 8M 10 9 NA 8 NA 9 
Douglass 7M 4 8 12 NA 12 9 
Downs 6ML 27 28 37 6 16 23 
Durham 7S 21 8 23 36 34 25 
Dwight 7S 11 14 14 NA 3 11 
Easton 8S 10 30 24 3 NA 17 
Edgerton 8M 5 8 NA NA 7 7 
Edna 8S NA NA 4 7 8 6 
Effingham 8M 6 NA 3 4 3 4 
El Dorado 7L 6 7 7 3 6 6 
Elbing 7S NA 100 NA NA NA 100 
Elgin 7S 68 68 68 63 72 68 
Elk City 7S 8 9 13 23 21 15 
Elk Co. RWD #01 7M NA NA NA 31 30 31 
Elkhart 1 14 15 27 17 13 17 
Ellinwood 6ML 4 5 NA 4 5 4 
Ellis 5 6 12 6 3 5 6 
Ellis Co. RWD #01 5 14 13 12 12 9 12 
Ellis Co. RWD #01C 5 NA NA NA 11 NA 11 
Ellis Co. RWD #03 5 100 48 16 32 100 59 
Ellis Co. RWD #06 5 13 14 16 NA 17 15 
Ellsworth 6ML 11 10 11 13 9 11 
Elmdale 7S 29 45 15 40 49 35 
Elwood 8M 8 8 10 5 7 8 
Emmett 7S 10 23 21 18 22 19 
Emporia 7L 15 16 17 18 18 17 
Englewood 4 100 91 98 95 97 96 
Ensign 3 100 100 100 23 100 85 
Enterprise 7M 3 11 15 14 12 11 
Erie 8M 6 6 5 7 10 7 
Esbon 6S 27 25 32 32 24 28 
Eskridge 7M 12 19 14 9 9 13 
Eudora 8M 11 12 11 11 8 11 
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UFW 

AVG 
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Eureka 7M 15 9 8 8 7 10 
Everest 8S 21 13 14 11 13 14 
Fall River 7S NA 18 NA 17 18 18 
Farr Subdivision 2 100 100 100 100 100 100 
Finney Co. RWD #01 2 27 13 15 20 17 18 
Florence 7M 17 15 14 17 13 15 
Fontana 8S 10 13 13 18 15 14 
Ford 4 78 79 78 78 80 79 
Formoso 6S 23 3 12 4 12 11 
Fort Scott 8M 26 27 30 31 27 28 
Fowler 3 14 9 13 14 14 13 
Frankfort 7M 35 14 NA 4 18 18 
Franklin Co. RWD #01 8M 27 23 11 5 7 15 
Franklin Co. RWD #02 7S NA NA NA NA NA NA 
Franklin Co. RWD #03 8S 100 100 7 11 21 48 
Franklin Co. RWD #04 8M 18 19 14 20 17 17 
Franklin Co. RWD #05 8M 11 7 14 18 12 13 
Franklin Co. RWD #06 8M 23 15 25 15 13 18 
Franklin Co. RWD #07 8S 100 47 75 57 82 72 
Fredonia 7M 12 20 11 20 27 18 
Frontenac 8M 15 15 11 9 11 12 
Fulton 8S 22 23 27 18 13 21 
Galena 8M 39 29 22 17 23 26 
Galesburg 8S 16 NA 4 NA 19 13 
Galva 7M 7 17 17 14 10 13 
Garden City 2 NA 3 NA 7 4 5 
Garden Plain 7M 10 10 32 8 11 14 
Garden Spot Rentals 2 100 100 100 100 100 100 
Gardner 8L 15 22 11 13 16 15 
Garnett 8M 6 12 9 8 13 10 
Gas 8M 9 8 12 6 13 10 
Gaylord 6S 21 32 23 24 8 21 
Geary Co. RWD #01 7S 19 24 NA NA 8 17 
Geary Co. RWD #02 7S 100 100 100 100 100 100 
Geary Co. RWD #04 7M 3 NA 3 NA NA 3 
Geneseo 6S 14 8 12 13 15 13 
Geuda Springs 7S 16 24 50 18 10 24 
Girard 8M 17 15 15 13 11 14 
Glade 5 20 30 48 23 36 31 
Glasco 7M 3 6 NA 4 3 4 
Glen Elder 6S 3 7 7 9 9 7 
Goddard 7M 16 8 20 8 11 13 
Goessel 7M 8 9 9 9 7 8 
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Goff 7S 22 11 6 NA NA 13 
Goodland 1 18 13 16 19 20 17 
Gorham 6S 7 8 11 10 3 8 
Gove 3 8 18 17 NA 16 15 
Grainfield 3 17 8 12 9 11 11 
Grandview Plaza 7M 10 10 10 3 10 9 
Great Bend 6ML 11 13 10 8 12 11 
Greeley 8S 17 19 9 21 19 17 
Green 7S 15 15 20 12 9 14 
Greenleaf 7S 10 26 8 13 8 13 
Greensburg 5 NA NA NA 4 8 6 
Greenwood Co. RWD #02 7M 14 18 21 17 11 16 
Greenwood Co. RWD #03 7S NA 20 5 7 5 9 
Grenola 7S 11 8 10 8 10 9 
Gridley 7S 25 20 36 34 9 25 
Grinnell 3 11 11 9 9 5 9 
Gypsum 7S 8 9 11 14 13 11 
Haddam 7S 22 24 17 20 21 21 
Halstead 7M 8 11 15 23 9 13 
Hamilton 7S 20 16 NA 15 11 16 
Hamilton Co. RWD #01 1 9 8 7 5 NA 7 
Hanover 7M 12 9 11 12 19 13 
Hanston 4 33 14 6 25 9 17 
Hardtner 6S 3 3 4 4 3 3 
Harper 6ML 18 18 15 15 13 16 
Harper Co. RWD #01 6S 5 12 11 NA NA 9 
Harper Co. RWD #04 6S NA 37 22 15 13 22 
Harper Co. RWD #05 6S 17 25 NA NA NA 21 
Hartford 7M 7 13 7 8 9 9 
Harvey Co. RWD #01 7M 10 9 11 6 10 9 
Harveyville 7S 23 20 15 14 22 19 
Haven 6ML 26 21 20 20 25 22 
Havensville 7S 30 34 27 42 NA 33 
Haviland 5 19 22 17 14 13 17 
Hays 5 11 8 5 6 7 7 
Hays City Suburban 5 100 100 100 100 100 100 
Haysville 7M 11 13 14 15 12 13 
Hazelton 6S 8 18 21 22 21 18 
Herington 7M 13 10 13 14 16 13 
Herndon 2 22 9 9 20 27 17 
Hesston 7M 6 8 13 24 7 11 
Hiawatha 8M 21 9 9 9 11 12 
Highland 8M 12 14 14 16 16 14 
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Hill City 4 11 14 21 13 12 14 
Hillsboro 7M 20 20 11 7 7 13 
Hoisington 6ML 17 19 20 19 15 18 
Holcomb 2 10 11 10 5 7 9 
Holton 7M 21 18 17 17 24 20 
Holyrood 6S 20 17 8 18 15 16 
Hope 7S 6 4 3 8 NA 5 
Horace 1 NA 3 NA 3 3 3 
Horton 8M 13 12 11 11 14 12 
Howard 7M 5 20 11 11 5 10 
Howison Heights WD 7S 3 16 23 9 41 19 
Hoxie 3 9 15 11 19 28 16 
Hoyt 7M 12 15 6 10 13 11 
Hugoton 2 6 7 8 7 9 7 
Humboldt 8M 15 12 12 12 15 13 
Hunter 6S 12 NA NA 13 NA 12 
Hutchinson 6ML 9 5 14 8 20 11 
Independence 7L 14 23 22 12 6 15 
Ingalls 3 4 7 10 10 NA 8 
Inman 7M 13 10 9 8 3 9 
Iola 8M 8 16 15 9 9 12 
Isabel 6S 18 7 21 20 16 16 
Iuka 6S 6 9 27 6 4 10 
Jackson Co. RWD #01 7M NA 5 14 10 18 12 
Jackson Co. RWD #03 7M 5 19 8 9 23 13 
Jamestown 7S 10 26 13 12 13 15 
Jefferson Co. RWD #01 8M 15 18 22 25 19 20 
Jefferson Co. RWD #02 8M 17 24 21 24 20 21 
Jefferson Co. RWD #03 8M 20 24 25 28 30 25 
Jefferson Co. RWD #07 8M 18 16 11 15 22 16 
Jefferson Co. RWD #08 8S 18 13 23 16 13 16 
Jefferson Co. RWD #09 8S 28 40 29 20 28 29 
Jefferson Co. RWD #10 8S 35 61 62 31 29 44 
Jefferson Co. RWD #11 8S 6 6 NA NA 49 20 
Jefferson Co. RWD #12 8M 26 25 19 20 19 22 
Jefferson Co. RWD #13 8M 11 40 13 22 29 23 
Jefferson Co. RWD #15 8S 12 12 9 9 9 10 
Jennings 3 23 52 42 59 41 44 
Jetmore 4 9 NA NA NA 5 7 
Jewell 6S 8 7 6 7 7 7 
Jewell Co. RWD #01 6S 16 25 18 21 18 20 
Johnson City 1 16 17 20 11 14 16 
Johnson Co. RWD #06C 8M 14 3 8 15 13 11 
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Johnson Co. RWD #07 8M 7 16 5 8 13 10 
Junction City 7L 19 14 14 14 16 15 
Kanopolis 6ML 5 15 10 9 5 9 
Kanorado 1 15 19 26 9 7 15 
Kansas City BPU 8L 12 6 20 9 19 13 
Kechi 7M NA 10 11 10 NA 10 
Kensington 6ML 30 36 24 28 29 29 
Kincaid 8S 17 NA 5 5 5 8 
Kingman 6ML 24 20 16 9 16 17 
Kingman Co. RWD #01 6S 31 21 20 24 19 23 
Kinsley 5 14 12 12 17 14 14 
Kiowa 6ML 12 13 15 6 9 11 
Kirwin 5 16 54 21 17 27 27 
Kismet 2 22 18 16 18 24 20 
Konza Valley Water District 7S 10 20 10 14 3 12 
La Crosse 5 4 6 5 NA 8 6 
La Cygne 8M 13 10 8 5 5 8 
La Harpe 8M 13 14 12 23 10 14 
Labette Co. RWD #01 8S 13 21 10 12 12 13 
Labette Co. RWD #02 8S 10 9 10 10 9 10 
Labette Co. RWD #03 8S 13 12 12 12 14 13 
Labette Co. RWD #04 8S 21 45 27 11 6 22 
Labette Co. RWD #05 8M 8 NA NA NA NA 8 
Labette Co. RWD #06 8M NA NA NA NA 4 4 
Labette Co. RWD #07 8S 9 11 9 11 18 12 
Labette Co. RWD #08 8M 25 24 18 23 21 23 
Lakeside Village Improvement 8S 36 40 48 44 33 40 
Lakin 2 4 11 9 7 9 8 
Lancaster 8S NA NA NA NA NA NA 
Lane 8S 11 18 12 8 7 11 
Lane Co. RWD #01 3 22 23 NA 15 13 18 
Lansing (Lan-Del WC) 8M 13 16 14 8 NA 13 
Larned 5 5 8 9 9 11 9 
Latham 7S 8 14 16 15 15 13 
Lawrence 8L 6 4 6 6 8 6 
Leavenworth 8L 3 13 8 8 7 8 
Leavenworth Co. RWD #01C 8M NA 6 9 8 10 8 
Leavenworth Co. RWD #05 8M 18 25 14 17 14 17 
Leavenworth Co. RWD #06 8M 16 6 10 6 NA 9 
Leavenworth Co. RWD #07 8M 11 12 11 10 8 10 
Leavenworth Co. RWD #08 8M NA 25 20 18 15 19 
Leavenworth Co. RWD #09 8M 21 16 16 16 27 19 
Leavenworth Co. RWD #10 8M 3 NA NA NA NA 3 
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Lebanon 6S 28 5 10 15 19 15 
Lebo 7M 7 3 6 4 6 5 
Lecompton 8M 6 14 11 8 12 10 
Lehigh 7S 22 17 18 20 19 19 
Lenora 4 19 15 17 17 16 17 
Leon 7M 15 17 14 21 10 15 
Leonardville 7S 5 10 12 10 9 9 
Leoti 2 8 6 4 10 15 9 
LeRoy 7M 10 6 NA 18 8 10 
Lewis 5 16 13 12 13 12 13 
Liberal 2 14 9 12 7 3 9 
Liebenthal 5 NA 6 22 9 8 11 
Lincoln Center 6ML 21 23 20 21 16 20 
Lindsborg 7M 7 7 5 4 4 5 
Linn 7S 9 6 5 16 10 9 
Linn Co. RWD #01 8M NA NA 10 14 16 13 
Linn Co. RWD #02 8M 40 25 19 15 21 24 
Linn Co. RWD #03 8M 28 20 24 17 25 23 
Linwood 8S 10 9 9 8 19 11 
Little Bear Mound 7S 100 NA NA 100 100 100 
Little River 6ML 15 16 27 11 13 16 
Logan 5 9 7 8 10 18 10 
Long Island 5 14 13 100 4 5 27 
Longford 7S 16 12 3 NA 3 8 
Longton 7S 9 15 17 14 18 15 
Lorraine 6S 10 6 6 7 9 7 
Louisburg 8M 14 NA 3 16 13 11 
Lucas 6S 6 5 10 7 13 8 
Luray 6S 13 8 11 8 13 11 
Lyndon 7M 9 13 11 12 15 12 
Lyon Co. RWD #01 7M NA 14 6 7 6 8 
Lyon Co. RWD #02 7M 15 8 NA 13 NA 12 
Lyon Co. RWD #03 7S 8 10 4 NA 8 7 
Lyon Co. RWD #04 7M NA 4 6 6 NA 5 
Lyon Co. RWD #05 7M 11 5 8 NA 13 9 
Lyons 6ML 9 NA 5 7 10 8 
Macksville 6S 23 23 12 14 19 18 
Madison 7M 9 10 11 14 19 12 
Mahaska 7S 9 10 4 4 7 7 
Maize 7M NA NA NA NA 9 9 
Manchester 7S NA NA NA NA 9 9 
Manhattan 7L 24 26 12 12 11 17 
Mankato 6ML 30 27 20 15 22 23 
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Manter 1 10 13 14 15 24 15 
Maple Hill 7S 14 15 18 3 4 11 
Marion 7M 13 17 19 9 15 15 
Marion Co. Imp. Dist. #02 7S NA NA NA NA NA NA 
Marion Co. RWD #01 7M 24 18 19 13 17 18 
Marion Co. RWD #02 7S NA 3 NA NA 9 6 
Marion Co. RWD #04 7M 11 12 9 11 14 11 
Marquette 7M 10 8 8 9 7 8 
Marshall Co. RWD #01 7S 5 9 8 7 7 7 
Marshall Co. RWD #02 7S 6 16 24 12 NA 14 
Marshall Co. RWD #03 7M 10 12 17 11 10 12 
Marysville 7M 14 16 24 21 24 20 
Matfield Green 7S 29 33 31 18 18 26 
Mayetta 7S 5 NA 6 13 NA 8 
Mayfield 7S 5 NA 4 NA NA 4 
McCracken 5 13 20 15 18 3 14 
McCune 8S NA NA NA NA 8 8 
McDonald 2 25 16 27 23 21 22 
McFarland 7S 9 7 8 8 8 8 
McLouth 8M 10 8 12 NA 7 9 
McPherson 7L 5 9 6 5 5 6 
McPherson Co. RWD #01 7S 26 25 8 13 15 18 
McPherson Co. RWD #02 7S 3 NA NA 4 4 4 
McPherson Co. RWD #03 7S NA 7 NA NA NA 7 
McPherson Co. RWD #04 7M 13 8 3 7 10 8 
Meade 3 10 11 16 15 16 14 
Medicine Lodge 6ML 17 8 28 9 12 15 
Melvern 7S 21 15 18 22 26 21 
Miami Co. RWD #01 8M 4 3 17 15 27 13 
Miami Co. RWD #02 8M 7 8 18 14 16 13 
Miami Co. RWD #03 8M 25 23 20 22 27 23 
Miami Co. RWD #04 8M 13 12 6 12 12 11 
Milford 7M NA NA NA NA NA NA 
Miltonvale 7M 27 19 24 13 9 19 
Minneapolis 7M 12 14 10 10 19 13 
Minneola 4 13 16 17 12 9 13 
Mitchell Co. RWD #01 6S 100 NA NA NA NA 100 
Mitchell Co. RWD #02 6ML 16 21 14 13 16 16 
Moline 7S 14 4 19 10 17 13 
Montezuma 3 7 12 14 9 15 11 
Montgomery Co. RWD #01 7S NA NA NA 7 NA 7 
Montgomery Co. RWD #01C 7M 23 15 13 14 NA 16 
Montgomery Co. RWD #02 7M 8 9 8 12 8 9 
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Montgomery Co. RWD #06 7M 13 NA 13 19 18 16 
Montgomery Co. RWD #08 7S 47 43 17 32 NA 35 
Montgomery Co. RWD #09 7S 27 26 33 28 39 30 
Montgomery Co. RWD #10 7S 16 14 11 4 8 11 
Montgomery Co. RWD #11 7M 13 34 7 NA 15 17 
Montgomery Co. RWD #12 7M 14 10 12 13 17 13 
Montgomery Co. RWD #13 7S 7 17 11 19 20 15 
Montgomery Co. RWD #14 7S NA NA NA NA 8 8 
Moran 8M 12 11 11 11 9 11 
Morganville 7S 10 NA NA NA 30 20 
Morland 4 21 12 12 12 8 13 
Morrill 8S 18 19 9 9 NA 14 
Morris Co. RWD #01 7M 7 14 4 9 6 8 
Morrowville 7S 18 22 34 28 20 24 
Moscow 2 100 100 100 100 100 100 
Mound City 8M 14 17 18 18 8 15 
Mound Valley 8S NA NA NA NA NA NA 
Moundridge 7M NA NA 5 7 NA 6 
Mount Hope 7M 5 8 17 8 7 9 
Mulberry 8M 29 41 32 18 27 29 
Mullinville 5 18 20 16 23 19 19 
Mulvane 7M 8 8 8 8 10 8 
Munden 7S 14 5 NA NA 13 11 
Muscotah 8S 11 8 10 17 21 14 
Natoma 6S 14 15 21 15 13 16 
Nemaha Co. RWD #01 7S 10 10 13 11 10 11 
Nemaha Co. RWD #02 7S 8 NA NA NA NA 8 
Nemaha Co. RWD #03 7M 8 10 9 9 8 9 
Nemaha Co. RWD #04 7S 3 5 4 13 16 8 
Neodesha 7M 3 NA 6 6 6 5 
Neosho Co. RWD #01C 8M 3 3 NA NA NA 3 
Neosho Co. RWD #02 8M 14 16 17 18 20 17 
Neosho Co. RWD #03 8S 100 11 10 16 36 35 
Neosho Co. RWD #04 8M 12 NA 18 17 12 15 
Neosho Co. RWD #05 8S NA 20 32 23 23 25 
Neosho Co. RWD #06 8S 37 26 16 36 32 29 
Neosho Co. RWD #07 8M 22 13 35 27 21 23 
Neosho Co. RWD #08 8S 10 12 24 9 16 14 
Neosho Co. RWD #09 8S 10 9 15 39 22 19 
Neosho Co. RWD #12 8S 11 11 11 9 4 9 
Ness City 4 4 NA 3 4 5 4 
Netawaka 7S NA 4 NA 21 NA 12 
New Strawn 7S 28 22 10 6 9 15 



 71

TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2000-2004 

Public Water Supplier Region

2000 
Percent 

UFW 

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

AVG 
Percent 

UFW 
Newbury Extension 7S NA 10 18 17 19 16 
Newton 7L 11 12 12 11 6 10 
Nickerson 6ML NA 33 16 9 14 18 
Norcatur 3 10 30 39 22 22 25 
North Newton 7M 6 27 9 15 29 17 
Norton 4 8 16 14 16 12 13 
Norton Co. RWD #01 4 15 8 8 11 11 11 
Nortonville 8M 5 7 15 15 7 10 
Norwich 6ML NA 4 6 17 25 13 
Oakley 2 15 12 11 10 7 11 
Oberlin 3 21 23 24 25 16 22 
Offerle 5 25 5 23 33 7 19 
Ogden 7M NA 3 NA 3 NA 3 
Oketo 7S 10 NA 10 10 16 12 
Olathe 8L 9 10 14 12 14 12 
Olmitz 6S NA 12 14 9 16 13 
Olpe 7M 9 8 NA NA NA 9 
Olsburg 7S 8 9 8 8 12 9 
Onaga 7M 8 7 5 6 7 7 
Oneida 7S 14 13 9 11 5 10 
Osage City 7M 5 4 6 5 7 5 
Osage Co. RWD #02 7S 13 NA 12 10 12 12 
Osage Co. RWD #03 7M 22 15 17 17 17 17 
Osage Co. RWD #04 7M 16 9 6 NA 26 14 
Osage Co. RWD #05 7M 23 24 17 21 20 21 
Osage Co. RWD #06 7S 17 18 14 14 11 15 
Osage Co. RWD #07 7M 25 14 NA NA NA 19 
Osage Co. RWD #08 7M 11 17 NA NA NA 14 
Osawatomie 8M 11 14 15 13 18 14 
Osborne 6ML 15 15 15 14 16 15 
Osborne Co. RWD #01A 6S 39 46 19 25 41 34 
Osborne Co. RWD #02 6S 22 18 11 10 12 15 
Oskaloosa 8M 10 12 10 7 3 8 
Oswego 8M NA 8 6 6 6 7 
Otis 5 7 15 12 9 10 11 
Ottawa 8L 11 10 8 7 10 9 
Ottawa Co. RWD #01 7S 17 10 26 26 20 20 
Ottawa Co. RWD #02 7M 11 10 12 6 14 11 
Overbrook 7M 24 13 17 12 9 15 
Oxford 7M 15 16 6 14 18 14 
Ozawkie 8M NA 6 NA NA NA 6 
Palco 5 19 10 14 8 19 14 
Palmer 7S 17 12 12 18 13 14 
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Paola 8M 16 12 9 11 14 12 
Paradise 6S 28 6 10 6 11 12 
Park 3 10 7 4 3 NA 6 
Park City 7M 9 12 14 3 NA 9 
Parker 8S 28 30 25 17 8 22 
Parsons 8L 12 11 7 17 4 10 
Pawnee Rock 6S 4 10 5 8 4 6 
Paxico 7S 7 4 NA 3 NA 5 
Peabody 7M 10 15 NA 4 15 11 
Perry 8M 10 10 15 11 13 12 
Peru 7S 15 12 6 8 17 12 
Phillipsburg 5 19 16 21 21 25 21 
Pittsburg 8L 3 3 7 NA 4 4 
Plains 3 17 22 16 17 13 17 
Plainville 5 18 19 17 18 9 16 
Pleasanton 8M 9 6 7 6 12 8 
Pomona 8M 4 8 6 3 14 7 
Portis 6S 18 27 27 34 29 27 
Post Rock RWD 6ML 20 23 21 16 20 20 
Pottawatomie Co. RWD #01 7M 16 25 20 21 22 21 
Pottawatomie Co. RWD #02 7M 20 32 29 20 24 25 
Pottawatomie Co. RWD #03 7M 13 11 3 11 8 9 
Pottawatomie Co. RWD #04 7M NA NA 9 7 5 7 
Potwin 7S NA NA 9 5 9 8 
Prairie View 5 16 5 14 20 8 13 
Pratt 6ML 15 17 16 16 23 17 
Prescott 8S NA 8 8 12 4 8 
Preston 6S 100 100 100 21 100 84 
Pretty Prairie 6ML 16 10 31 19 26 20 
Princeton 8S 9 7 7 8 18 10 
Protection 5 11 12 3 4 NA 7 
Quenemo 7S 7 10 10 6 13 9 
Quinter 3 10 12 10 5 11 10 
Randall 6S 6 10 8 5 6 7 
Randolph 7S 22 11 18 18 7 15 
Ransom 4 11 7 9 12 12 10 
Rantoul 8S 43 8 4 3 4 12 
Raymond 6S 8 9 21 8 11 11 
Reading 7S 16 17 19 12 23 17 
Red Bud Lake Improvement 7S 27 9 22 23 38 24 
Reno Co. RWD #01 6S 11 3 8 7 NA 7 
Reno Co. RWD #03 6S 100 29 29 20 22 40 
Reno Co. RWD #04 6S 18 10 10 18 5 12 
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Reno Co. RWD #08 6S 18 10 5 5 9 9 
Reno Co. WD #101 6S 10 8 7 9 15 10 
Republic 7S 17 21 13 18 29 20 
Republic Co. RWD #01 7S 23 23 21 19 23 22 
Republic Co. RWD #02 7M 22 29 26 13 35 25 
Reserve 8S 31 33 43 33 26 33 
Rexford 2 10 9 9 8 5 8 
Rice Co. RWD #01 6ML 3 6 7 6 8 6 
Richmond 8M 17 NA 12 8 13 12 
Riley 7M 32 32 31 25 22 28 
Riley Co. RWD #01 7M 7 13 15 8 18 12 
Robinson 8S 18 17 14 24 8 16 
Rocky Ford Water Company 7S 100 100 100 100 100 100 
Rolla 1 8 20 9 9 6 10 
Rooks Co. RWD #01 5 NA 6 6 5 5 5 
Rooks Co. RWD #02 5 21 22 10 6 22 16 
Rooks Co. RWD #03 5 15 8 10 11 18 12 
Rose Hill 7M 3 NA 4 NA NA 4 
Roseland 8S NA NA 100 100 100 100 
Rossville 7M 5 10 7 6 10 8 
Rozel 5 9 16 18 19 14 15 
Rush Center 5 14 17 10 3 13 12 
Rush Co. RWD #01 5 42 35 42 27 25 34 
Russell 6ML 14 23 4 9 17 13 
Russell Co. RWD #01 6S 100 100 13 25 19 51 
Russell Co. RWD #02 6S 100 100 100 100 100 100 
Russell Co. RWD #03 6ML 27 33 22 35 20 27 
Russell Co. RWD #04 6S 44 12 31 15 33 27 
Sabetha 7M 7 9 7 19 27 14 
Salina 7L 4 10 14 12 13 11 
Saline Co. RWD #01 7S NA 7 10 8 13 9 
Saline Co. RWD #02 7S 28 33 26 11 12 22 
Saline Co. RWD #03 7M NA 6 NA NA NA 6 
Saline Co. RWD #04 7M 16 18 15 12 11 14 
Saline Co. RWD #06 7S NA NA 6 8 8 8 
Saline Co. RWD #07 7S 15 18 21 19 NA 18 
Saline Co. RWD #08 7S 13 11 NA 5 12 10 
Satanta 2 NA NA NA 3 7 5 
Sawyer 6S 4 NA 3 4 6 4 
Scammon 8S NA 24 18 18 17 19 
Scandia 7S 6 10 13 10 18 11 
Scotsman Estates 7S NA 14 8 13 14 12 
Scott City 2 5 3 NA NA 7 5 
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Scranton 7M 8 NA NA NA 7 7 
Sedan 7M 6 8 8 11 15 10 
Sedgwick 7M NA NA NA NA NA NA 
Sedgwick Co. RWD #01 7M 15 9 12 10 8 11 
Sedgwick Co. RWD #03 7M 5 3 3 NA NA 3 
Sedgwick Co. RWD #04 7M 20 23 3 8 14 14 
Selden 3 10 5 4 4 5 5 
Seneca 7M 10 8 9 8 5 8 
Severy 7S 15 7 8 11 6 9 
Sharon 6S 13 13 11 20 18 15 
Sharon Springs 1 12 11 12 26 23 17 
Shawnee Co. RWD #01C 7M NA 7 13 5 7 8 
Shawnee Co. RWD #02C 7M 14 18 9 8 8 11 
Shawnee Co. RWD #03 7M 25 25 NA 5 NA 18 
Shawnee Co. RWD #04 7M 22 20 15 10 15 16 
Shawnee Co. RWD #05 7M NA 12 9 NA 4 8 
Shawnee Co. RWD #06 7M 7 7 5 6 12 7 
Shawnee Co. RWD #07 7S NA NA 19 NA NA 19 
Shawnee Co. RWD #08 7M 15 9 11 12 16 13 
Shawnee Co. RWD #09 7S 5 NA NA NA NA 5 
Silver Lake 7M 6 4 4 NA 7 5 
Simpson 6S 44 32 11 20 30 28 
Smith Center 6ML 25 22 20 24 25 23 
Smith Co. RWD #01 6S 18 15 18 22 17 18 
Soldier 7S NA NA 3 NA 4 3 
Solomon 7M 7 14 8 10 23 12 
South Haven 7S 16 14 43 53 21 30 
South Hutchinson 6ML 4 4 NA NA 7 5 
Spearville 4 10 5 NA 8 11 8 
Speed 5 12 16 3 NA 11 11 
Spivey 6S 4 4 6 NA 21 8 
Spring Hill 8M 7 11 8 10 19 11 
St. Francis 1 13 10 11 5 NA 10 
St. George 7S 10 20 11 14 NA 14 
St. John 6ML 9 10 14 15 20 13 
St. Marys 7M 15 8 7 3 4 7 
St. Paul 8M 14 15 14 14 16 15 
Stafford 6ML 6 8 18 6 6 9 
Sterling 6ML NA 8 NA 4 5 6 
Stockton 5 22 16 13 13 37 21 
Strong City 7M 67 22 NA NA 4 31 
Sublette 2 9 9 NA 5 7 7 
Suburban Water Company 8M 88 11 4 3 6 22 
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Summerfield 7S 9 9 5 5 5 7 
Sumner Co. RWD #01 7S 6 19 17 NA NA 14 
Sumner Co. RWD #02 7S 25 20 26 13 8 18 
Sumner Co. RWD #03 7S NA 13 22 8 7 13 
Sumner Co. RWD #04 7M 15 20 16 20 26 19 
Sumner Co. RWD #05 7M NA 9 17 NA NA 13 
Sumner Co. RWD #06 7S 12 NA 8 9 10 10 
Susank 6S 13 23 11 5 31 16 
Sylvan Grove 6S 9 15 8 25 22 16 
Sylvia 6S 41 37 36 34 37 37 
Syracuse 1 12 12 8 5 5 8 
Tescott 7S 6 8 10 10 9 8 
Thayer 8M 13 15 17 17 10 14 
Timber Creek Water & Sewer 7M NA 10 14 15 16 14 
Timken 5 58 14 16 9 6 21 
Tipton 6S 8 NA 5 8 13 8 
Tonganoxie 8M 16 12 15 16 14 15 
Topeka 7L 11 7 13 15 3 10 
Toronto 7S 27 27 17 14 14 20 
Towanda 7M 10 8 11 5 NA 8 
Towns Riverview 2 NA 100 100 100 100 100 
Treece 8S 20 NA 11 NA 7 13 
Trego Co. RWD #01 4 5 10 11 13 6 9 
Trego Co. RWD #02 4 19 20 9 7 10 13 
Tribune 1 9 10 15 15 11 12 
Troy 8M 32 30 14 12 10 20 
Turon 6S 11 7 8 13 7 9 
Udall 7M 8 14 4 9 14 9 
Ulysses 2 8 8 14 7 6 9 
Uniontown 8S 6 7 8 8 11 8 
University Park Water 7S 19 16 13 13 NA 15 
Utica 4 10 11 9 13 4 9 
Valley Center 7M 3 6 4 12 15 8 
Valley Falls 8M 14 15 15 19 10 15 
Vermillion 7S 30 NA 12 7 5 14 
Victoria 5 NA NA 7 7 13 9 
Viola 7S NA 6 10 8 10 9 
Virgil 7S 11 7 7 18 25 14 
Wabaunsee Co. RWD #01 7S NA 26 18 25 19 22 
Wabaunsee Co. RWD #02 7M 9 18 8 8 9 10 
Wakeeney 4 17 15 11 17 13 14 
Wakefield 7M 12 14 8 10 11 11 
Waldo 6S NA NA NA NA NA NA 
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Wallace 1 13 13 12 38 7 16 
Wallace Co. RWD #01 1 100 100 3 4 5 42 
Walnut 8S NA NA 6 12 NA 9 
Walton 7S NA NA 14 12 NA 13 
Wamego 7M 7 7 8 NA NA 7 
Washington 7M 18 27 26 17 22 22 
Washington Co. RWD #01 7M 8 7 NA 4 6 6 
Washington Co. RWD #02 7M 17 23 16 18 17 18 
WaterOne - Johnson Co. 8L 8 9 5 8 10 8 
Waterville 7M 11 10 7 8 9 9 
Wathena 8M 10 6 10 12 26 13 
Waverly 7M 17 11 11 8 10 12 
Weir 8M 35 5 NA NA 10 17 
Wellington 7M 23 12 15 9 6 13 
Wellsville 8M 19 14 11 NA NA 15 
West Hills Water Company 6S 100 100 100 100 100 100 
West Mineral 8S 15 14 14 15 16 15 
Westmoreland 7M 6 NA 9 10 10 9 
Wetmore 7S 23 13 14 15 15 16 
White City 7M 12 12 18 25 30 20 
White Cloud 8S 32 27 22 34 37 30 
Whitewater 7M 19 12 27 20 4 16 
Whiting 7S 13 23 7 9 8 12 
Wichita 7L 7 9 3 NA 6 6 
Williamsburg 8S 3 9 13 NA NA 8 
Willis 8S NA NA 20 14 14 16 
Wilson 6ML 9 20 10 12 17 14 
Wilson Co. RWD #01 7S 22 28 29 9 23 22 
Wilson Co. RWD #02 7S NA 100 NA NA NA 100 
Wilson Co. RWD #03 7S 24 NA 33 NA NA 28 
Wilson Co. RWD #04 7S NA 25 7 11 22 16 
Wilson Co. RWD #05 7S 13 3 NA NA 4 7 
Wilson Co. RWD #06 7S 15 5 54 22 15 22 
Wilson Co. RWD #07 7S 29 26 NA NA NA 28 
Wilson Co. RWD #09 7M NA 22 NA NA 22 22 
Wilson Co. RWD #10 7M 26 25 NA NA NA 26 
Wilson Co. RWD #11 7M 24 20 18 17 22 20 
Wilson Co. RWD #12 7S 7 100 100 10 3 44 
Wilson Co. RWD #13 7S 27 NA 16 14 17 18 
Winchester 8M 5 NA 4 9 5 6 
Windom 7S NA NA NA 16 NA 16 
Winfield 7L 8 11 12 9 6 9 
Winona 2 11 13 10 17 15 13 
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Woodson Co. RWD #01 7M 19 25 23 21 24 23 
Woodston 5 8 9 14 10 34 15 
Yates Center 7M 22 21 17 20 20 20 
Zenda 6S 4 15 4 5 19 10 

 
Note: Percent unaccounted for water represents all unmetered water.  Systems that do not 

meter customer use or were unable to provide reliable data on customer sales are 
shown as having 100 percent unaccounted for water.  “NA” is shown for systems that 
reported less than 3 percent unaccounted for water, and for years in which no water use 
report was filed.   
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This annual Kansas Municipal Water Use publication is prepared through the 
cooperative efforts of State and Federal agencies, with partial funding from the Kansas 
Water Plan.  The information would not be possible without the efforts of all the 
individuals in Kansas cities, towns, and rural water districts who provide annual water 
use reports to the Division of Water Resources.  The Kansas Rural Water Association 
has helped to distribute this publication to these water suppliers because of its value in 
operating and managing water utilities. 
 
For additional copies, please contact the KRWA at (785) 337-3760 or the Division of 
Water Resources at (785) 296-1054.  This publication is also available on the KWO 
website at www.kwo.org. 
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INTRODUCTION 

 
Water use in Kansas is regulated by the Kansas Department of Agriculture, Division of Water 
Resources (DWR).  The DWR requires annual Water Use Reports from all public water suppliers 
with active water rights, as a condition of the Water Appropriations Act.  The DWR also requests 
annual water use reports from water suppliers purchasing water from State-owned storage in 
Federal reservoirs through the Kansas Water Office (KWO) Water Marketing Program, and from 
water suppliers purchasing water wholesale from entities that have water rights or marketing 
contracts. 
 
The information shown in this publication was collected from 769 public water suppliers that filed 
2005 Municipal Water Use Reports.  This number includes cities and towns, rural water districts, and 
housing subdivisions.  These public water suppliers provide information on quantity of water 
diverted, water purchased from and sold to other suppliers, sales to retail customers, metered free 
and unaccounted for water, population served, and current water rates.  Annual water use reports for 
2005 also were submitted by public wholesale water supply districts, mobile home parks or systems 
that serve predominantly mobile homes, and rural systems that serve fewer than 10 residential 
connections, seasonal customers, or predominantly commercial users.  The information from these 
reports is not included in this publication. 
 
The DWR, KWO, and U.S. Geological Survey–Water Resources Division (USGS) review the water 
use data to ensure that the information is as accurate and complete as possible, and to derive the 
statistics on per capita usage, percent metered free, percent unaccounted for water, and water rates 
that are published in this report.  The review process is also important for documenting atypical 
water use among certain suppliers, as well as for identifying problems with meter accuracy, 
bookkeeping, and water loss that may warrant special assistance.  The Kansas Water Plan provides 
some of the funding used to review annual water use reports and offer technical assistance when 
needed. 
 
The Kansas Municipal Water Use publication has been prepared each year since 1987.  The efforts 
of every water supplier completing annual water use reports are greatly appreciated.  The data 
collected are valuable in administering water rights and marketing contracts, preparing population 
and water demand projections, and assessing progress toward meeting State conservation 
objectives.  The information provided in this annual publication can also be useful in evaluating 
individual systems’ needs for metering improvements, water loss reduction, water rate adjustments, 
and implementation of cost-effective, long-term water conservation measures. 
 
REGIONAL PER CAPITA WATER USE  
 
Water usage in gallons per capita per day (gpcd) is calculated for each water system from reported 
data on water use and population served.  Gpcd usage for individual suppliers is based on amounts 
of water sold for residential and commercial uses, free uses, and unaccounted for water.  Gpcd 
figures generally do not include sales to other suppliers, industries, bulk uses, or farmsteads using 
over 200,000 gallons per year.   
 
Average gpcd figures are calculated for water suppliers in eight regions of the State so that usage 
for individual suppliers can be compared to average usage for similar geographic areas.  These 
regions, shown in Figure 1 (inside back cover), correspond to general patterns of per capita water 
use and precipitation.  Gpcd usage increases from eastern to western Kansas, primarily due to 
greater outdoor water use in the drier, more arid parts of the state.  Another factor contributing to 
higher gpcd usage in western Kansas is that average water rates are lower in the western regions of 
the State where ground water is the predominant source of supply.   
 
Average gpcd usage by Kansas public water suppliers by region and size is shown in Table 1 (p. 6) 
for the years 2001-2005.  Average gpcd usage in 2005 ranged from a high of 272 in Region 1 in 
westernmost Kansas to a low of 80 in Region 8 among small public water suppliers in easternmost 
Kansas.   
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WATER USE STATISTICS BY REGION AND STATE 
 
The tables in the following sections of this publication are organized by region and size 
category.  Regions 6, 7, and 8 in central and eastern Kansas include many more public water 
suppliers than do the western Kansas regions, and were subdivided by population size.  Small 
public water suppliers serve fewer than 500 people, medium public water suppliers serve 
between 500 and 9,999 people, and large public water suppliers serve 10,000 people or more.   
 
Water use statistics for each supplier within each regional category are provided in Tables 2-14 
on pp. 7-29.  These tables rank each water supplier by gpcd usage, and show the percent 
difference from the respective 2005 regional average gpcd.  The tables also show the monthly 
cost for 10,000 gallons of water, the percentage of metered free water, and the percentage of 
unaccounted for water.  These data are useful in evaluating the gpcd figures.  Comparison of an 
individual supplier’s gpcd, water rates, and percentages of metered free and unaccounted for 
water to regional averages may indicate opportunities for more cost-effective and efficient use of 
water.  Lower gpcd figures may be indicative of conservation efforts by public water suppliers.  
These efforts include reductions in unaccounted for water, more accurate metering of raw water, 
and reduced usage due to higher prices. 
 
Per capita usage by a particular water supplier can be affected by circumstances such as 
customer use habits, water rates, amount of water needed for water treatment or other free 
uses, and system losses.  Inexpensive water rates, lack of metering, hot dry weather, frequent 
line breaks, water line replacement, tower repairs, or large amounts of water used for treatment 
and flushing can all contribute to a high gpcd.  High water rates, cool rainy weather, a system 
with few leaks, lack of significant free uses, or minimal need for water treatment can contribute 
to a low gpcd.    
 
Accuracy of the measurement of total water diverted also can influence a utility’s gpcd.  Public 
water suppliers typically determine total diversions using flowmeters, calculation of hours 
pumped times pump rates, or a combination of these methods.  A higher than expected gpcd 
may result if master meters are overregistering, actual pump rates are lower than reported, or 
check valves are malfunctioning.  A lower than expected gpcd may result if meters are 
underregistering or actual pump rates are higher than reported.  Inaccurate measurements of 
total water diverted also produce unreliable calculations of unaccounted for water.   
 
The percentage of unaccounted for water is a good indicator of meter accuracy and system 
efficiency.  Large percentages of unaccounted for water often result from over-reported total 
diversions, substantial amounts of unmetered use, or system losses.  In publications of Kansas 
Municipal Water Use prior to 1998, the percent unaccounted for water applied only to systems 
that meter customer use.  Beginning with the 1998 data, the percent unaccounted for water has 
indicated all water that is not metered. Consequently, all unmetered water used by systems with 
flat water rates or by systems that were unable to provide data on customer sales is considered 
unaccounted for. For suppliers that reported less than 3 percent unaccounted for water, “na” is 
shown in the tables. Extremely low or negative loss indicates metering problems that prevent 
calculation of reasonable percent unaccounted for water. 
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For 2005, gpcd values ranged from a high of 475 (for the City of Englewood) to a low of 34 (for 
Marion Co. RWD No. 2).  However, to evaluate the water conservation efforts of any public 
water supplier, each gpcd should be compared to usage by other utilities of similar size in the 
same geographic area.  Table 15 (p. 30) ranks the 20 public water suppliers with the highest 
gpcd usage in 2005 relative to their respective regional averages.  These suppliers tend to have 
large percentages of unaccounted for water due to system leaks or lack of metering.  Eighteen 
of the twenty systems had 20 percent or greater unaccounted for water, including four that used 
a flat rate structure.  Many are very small systems, where leaks can represent a large 
percentage of total water withdrawals. Table 16 (p. 31) ranks the 20 public water suppliers with 
the lowest gpcd usage in 2005 relative to their respective regional averages.  Most of these 
suppliers are very small towns, housing subdivisions, or rural water districts with little or no 
public use.  Many charge high rates for water service.   
 
WATER RATES  
 
Four basic types of water rate structures in Kansas are described as flat rate, decreasing block 
rate, uniform block rate, and increasing block rate.  Utilities with a flat rate charge each 
customer a fixed amount per month regardless of the amount of water used.  With a decreasing 
block rate, the unit cost of water decreases as usage increases.  The unit cost of water is the 
same for all levels of usage with a uniform block rate.  With an increasing block rate, the unit 
cost of water rises as usage increases.  Some utilities attach a surcharge to their regular water 
rates for excessive summer usage, usually defined as a certain percentage above average 
winter use.   
 
The type of rate structure can affect gpcd usage.  Systems with flat rates tend to use 
considerably more water per capita than systems that meter customer use.  Only 10 public 
water suppliers in Kansas used flat rate structures in 2005. Table 17 (p. 32) lists these water 
suppliers, and shows the percent difference between each gpcd and the respective regional 
average gpcd.  Public water suppliers with flat rate structures used an average of 54 percent 
more water per person than their peer communities in 2005. 
 
The other three types of rate structures, in which cost depends on amount of water used, have a 
less dramatic effect on gpcd.   Decreasing block rates are assumed to discourage conservation 
because customers are charged lower rates for high-volume usage.  Increasing block rates are 
considered an effective way to promote conservation among high-volume users while keeping 
the cost of moderate use affordable.  However, the use of these types of rate structures does 
not appear to influence usage by individual customers as much as does the total monthly water 
cost and the geographic area in which they live. 
 
Table 18 (p. 33) shows 2005 regional average cost for residential customer water use at five 
levels from 5,000 to 100,000 gallons per month.  In general, water rates increase from west to 
east across the state.  Average water rates tend to be higher in eastern Kansas due to the costs 
associated with operating, building, or rehabilitating surface water treatment facilities, and the 
costs associated with wholesale water distribution.   
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METERED FREE AND UNACCOUNTED FOR WATER  
 
Percentages of metered free and unaccounted for water indicate the proportion of total water 
produced or purchased that is not sold through customer meters.  Metered free water typically 
includes public services (for example, golf courses, parks, pools and city buildings) plus any 
water given to nonpaying customers (for example, churches or owners of easements).  Metered 
free water often includes water treatment uses such as backwashing, lube line flows, draining of 
known quantities from a water tower prior to repair, and measured hydrant flushing.  Metering 
as much ‘free’ water use as possible helps to identify actual system losses.  Metering of 
nonpaying services also helps a utility notice and correct any water leaks or excessive use at 
these connections. 
 
The number of public water suppliers in Kansas that meter free water has steadily increased 
each year since 1992, when amounts of metered free water were first shown on annual 
Municipal Water Use reports.  A total of 470 utilities reported some metered free use for 2005.  
Average percent free water by regional category varied from four to eight percent; the state 
average was five percent.   
 
Unaccounted for water includes any unmetered uses plus water loss in the distribution system.   
The percent unaccounted for water may be high if a system has major line breaks, has many 
underregistering customer meters, or has many unmetered uses.   Water taken from bulk 
outlets and hydrants for firefighting or road construction is often unaccounted for.  Unaccounted 
for water also may represent a large percentage of total water pumped due to distribution 
system replacement, water plant renovations, water tower repairs, faulty metering of raw water, 
or inadequate accounting of customer use.   
 
Unaccounted for water reported by public water suppliers for 2005 ranged from less than three 
percent to 100 percent. The average unaccounted for water among the systems that provided 
adequate information on metered customer use in 2005 was 14 percent statewide.  Average 
unaccounted for water for these systems by regional category ranged from 11 to 17 percent. 
 
ASSISTANCE WITH EXCESSIVE UNACCOUNTED FOR WATER 
 
The Kansas Water Plan includes a year 2010 objective that states:  “By 2010, reduce the 
number of public water supply systems with excessive unaccounted for water by first targeting 
those with 30 percent or more unaccounted for water.”   To meet the 2010 objective of reducing 
the number of public water supply systems with excessive unaccounted for water, suppliers are 
referred to the Kansas Rural Water Association for technical assistance in reducing apparent 
excess use shown on the previous year’s water use report.  As part of this ongoing contract, the 
KRWA visits these water suppliers on a quarterly basis, collects data on water withdrawals and 
sales, tests meters, makes recommendations, and monitors unaccounted for water until it is 
below 20 percent for two consecutive quarters.  In addition, each of these suppliers is 
encouraged to prepare a water conservation plan, or to review their plan if one has already 
been done.  The Kansas Rural Water Association may be contacted at (785) 336-3760. 
 
Free on-site assistance in preparing water conservation plans is available through the KWO.  
Conservation plans can help suppliers improve short-term and long-term management of their 
utility, and are often a requirement for obtaining water rights or loans for water supply system 
improvements.   Water conservation plans also are recommended for suppliers that are drought 
vulnerable or that have excessive unaccounted for water.  The documents entitled 1990 
Municipal Water Conservation Plan Guidelines and Water Conservation Measures for Kansas 
Communities emphasize cost-effective approaches to water conservation, and may be obtained 
by contacting the DWR or the KWO at the phone numbers listed on the front cover of this 
publication. 
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The 34 water suppliers whose water use reports showed at least 30 percent unaccounted for 
water in 2005 are listed in Table 19 (p. 34).  This table does not include systems with flat rates 
or those who were unable to provide information on metered customer sales.  Table 19 also 
shows the amount of water in thousands of gallons that would have been saved if only 15 
percent of the water had been unaccounted for.  This number can be used along with the 
production costs per thousand gallons to estimate potential savings from decreases in 
unaccounted for water. Table 19 also indicates the water conservation plan approval date for 
systems that have completed such plans. 
 
CONSERVATION PRACTICES TO REDUCE UNACCOUNTED FOR WATER 
 
Public water suppliers with large amounts of unaccounted for water have opportunities to save 
money if there is loss caused by system leaks, unmetered use, excessive use for public 
services, or underregistering customer meters.  Leak detection, additional metering, and regular 
service meter replacement can result in savings greater than the cost of implementing these 
conservation measures.  In some cases, curbing large water losses may serve to postpone 
acquisition of additional water supplies. 

 
There are many management practices that promote water conservation for public water 
suppliers by reducing their amount of unaccounted for water.  These practices include: 
 

 Measure raw or purchased water accurately.  If possible, install water meters at each 
intake, and test these meters for accuracy every three years. 

 Meter any water treatment use or lube line flows, so that these uses are not considered 
unaccounted for water. 

 Install meters at all service connections if possible, including free services and bulk 
outlets.  

 Read all meters on a regular basis.  If possible, compare production and use for 
corresponding time periods each month and calculate unaccounted for water. 

 Review meter readings and billing information promptly if there is an unexplained, large 
difference between water produced and water metered at service connections for any 
given month. 

 Replace service meters on a regular schedule to avoid losing water through old, 
underregistering meters. 

 If reliable records of water pumped, water sold, and free water indicate that unaccounted 
for water exceeds 15 percent, do leak detection. 

 
5-YEAR AVERAGE GPCD AND PERCENT UNACCOUNTED FOR WATER 
 
Annual and average GPCD figures for 811 active public water suppliers that completed water 
use reports during any years from 2001-2005 are listed in Table 20 (p. 35).  This table includes 
all cities, rural water districts, and subdivisions listed in Tables 2-14, plus systems that are still 
active but did not complete a 2005 water use report.   
 
Table 21 (p. 52) provides information on reported percent unaccounted for water for 811 active 
public water suppliers that completed water use reports during any years from 2001-2005.  
Percentages are shown for each year that data were available, and for the average of this time 
period. 
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TABLE 1 

AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE 
KANSAS, 2001-2005 

Year 
Regiona/ 2001 2002 2003 2004 2005 Average 

1 264 321 278 253 272 278 
2 239 273 248 234 246 248 
3 249 269 243 224 221 241 
4 189 211 198 179 192 194 
5 159 178 164 155 150 161 

6-ML 159 153 150 143 145 150 
6-S 132 133 130 124 123 128 
7-L 152 150 150 139 137 146 
7-M 111 111 108 102 105 107 
7-S 104 107 101 97 97 101 
8-L 130 130 144 128 128 132 
8-M 102 101 103 98 99 101 
8-S 90 91 87 82 80 86 

Kansas 128 133 128 120 121 126 
 
a/  Refer to Figure 1 for map regions. For this analysis, utilities in Regions 6, 7, and 8 were 

subdivided into size categories. Large (L) utilities are those serving 10,000 people or more. 
Medium (M) utilities are those serving 500 to 9,999 people. Small (S) utilities are those 
serving fewer than 500 people. 
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TABLE 2 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 1, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Wallace Co. RWD #01 365 272 34 $6.00 0 6 
Bird City 349 272 28 $22.10 5 25 
Syracuse 341 272 25 $13.75 9 4 
Elkhart 339 272 25 $17.75 17 10 
Goodland 320 272 18 $17.45 0 21 
Johnson City 312 272 15 $19.00 9 15 
St. Francis 293 272 8 $20.00 4 8 
Coolidge 286 272 5 $23.00 5 29 
Manter 273 272 1 $28.00 2 24 
Wallace 267 272 -2 $19.50 0 4 
Tribune 259 272 -5 $23.10 1 14 
Sharon Springs 249 272 -8 $24.00 2 22 
Kanorado 223 272 -18 $22.10 9 19 
Rolla 202 272 -26 $26.88 7 9 
Horace 159 272 -42 $26.30 0 6 
Hamilton Co. RWD #01 112 272 -59 $57.00 2 8 
Average 272 272 -- $22.87 6 14 
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TABLE 3 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 2, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Brewster 437 246 78 $11.90 2 28 
Herndon 429 246 75 $22.50 3 29 
Rexford 391 246 59 $17.50 0 4 
Moscow 377 246 53 $22.00 0 37 
McDonald 372 246 51 $19.61 5 35 
Colby 328 246 34 $14.90 5 22 
Winona 299 246 21 $14.50 3 16 
Oakley 298 246 21 $11.66 2 16 
Hugoton 290 246 18 $18.00 3 10 
Scott City 277 246 13 $16.98 1 7 
Satanta 249 246 1 $12.95 7 5 
Lakin 242 246 -2 $25.75 15 12 
Sublette 242 246 -2 $14.00 11 9 
Leoti 221 246 -10 $26.38 4 12 
Ulysses 220 246 -11 $20.35 3 7 
Atwood 208 246 -16 $29.20 3 7 
Garden City 207 246 -16 $20.00 18 5 
Kismet 157 246 -36 $17.45 13 27 
Liberal 152 246 -38 $24.90 16 na 
Holcomb 145 246 -41 $21.45 1 12 
Deerfield 142 246 -42 $24.35 5 4 
Finney Co. RWD #01 81 246 -67 $46.50 0 6 
Farr Subdivision 65 246 -74 None 0 100 
Garden Spot Rentals 64 246 -74 None 0 100 
Average 246 246  -- $20.58 6 15 
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TABLE 4 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION  3, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Grinnell 290 221 31 $13.00 9 7 
Hoxie 288 221 30 $18.00 0 16 
Grainfield 276 221 25 $7.70 0 5 
Cimarron 267 221 21 $26.38 23 12 
Montezuma 261 221 18 $19.20 8 9 
Plains 248 221 12 $17.00 17 9 
Gove 240 221 9 $12.80 2 24 
Quinter 237 221 7 $21.20 4 9 
Dighton 235 221 6 $18.16 7 5 
Copeland 227 221 3 $40.00* 0 57 
Meade 221 221 0 $17.55 2 25 
Selden 219 221 -1 $16.00 6 4 
Oberlin 207 221 -6 $15.04 5 13 
Lane Co. RWD #01 200 221 -10 $21.00 0 13 
Jennings 194 221 -12 $16.00 1 23 
Ingalls 182 221 -18 $35.00 <1 28 
Park 176 221 -21 $14.00 0 3 
Fowler 163 221 -26 $18.00 6 12 
Norcatur 148 221 -33 $25.00 3 6 
Ensign 138 221 -38 $30.50 6 8 
Average 221 221  -- $20.08 6 12 

 
*Indicates flat monthly rate for water service.  
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TABLE 5 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION  4, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Englewood 475 192 148 $20.00* 0 92 
Ford 329 192 71 $18.00* 0 100 
Morland 268 192 39 $22.00 0 24 
Hanston 256 192 34 $11.80 0 8 
Ashland 249 192 30 $21.50 1 14 
Hill City 239 192 24 $15.10 18 14 
Bogue 232 192 21 $17.00 0 24 
Jetmore 227 192 18 $18.00 7 8 
Bucklin 218 192 14 $15.50 1 25 
Arnold 213 192 11 $12.00* 0 100 
Utica 204 192 6 $14.80 21 6 
Norton 202 192 5 $35.24 2 14 
Wakeeney 198 192 3 $20.50 3 18 
Minneola 196 192 2 $29.00 0 19 
Lenora 189 192 -2 $31.25 18 18 
Dodge City 185 192 -4 $23.15 4 17 
Spearville 145 192 -24 $32.80 7 4 
Ransom 139 192 -28 $33.00 2 14 
Bazine 139 192 -28 $21.50 4 8 
Trego Co. RWD #01 138 192 -28 $51.00 0 8 
Ness City 136 192 -29 $43.50 0 6 
Clayton 134 192 -30 $26.75 1 7 
Almena 113 192 -41 $24.25 3 17 
Collyer 101 192 -47 $32.80 0 na 
Trego Co. RWD #02 100 192 -48 $63.00 4 10 
Brownell 77 192 -60 $12.50 0 11 
Norton Co. RWD #01 70 192 -64 $34.50 0 11 
Average 192 192  -- $25.94 6 13 

 
*Indicates flat monthly rate for water service.  
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 5, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Comanche Co. RWD #02 452 150 201 $58.00 0 48 
Mullinville 305 150 104 $23.00 31 19 
Larned 226 150 51 $15.00 11 13 
Long Island 216 150 44 $12.00 0 3 
Otis 206 150 37 $21.10 <1 10 
Rozel 202 150 34 $18.50 0 19 
Protection 200 150 33 $20.00 1 16 
Belvidere 195 150 30 $15.00* 0 100 
Logan 186 150 24 $29.50 2 na 
Coldwater 184 150 23 $20.10 0 4 
Haviland 178 150 19 $13.00 2 14 
Greensburg 178 150 18 $23.15 2 8 
Offerle 166 150 11 $19.15 0 5 
Rooks Co. RWD #03 166 150 11 $41.50 1 17 
Hays City Suburban 165 150 10 None 0 100 
Burdett 159 150 6 $17.60 2 10 
Prairie View 155 150 3 $25.00 4 10 
Rush Center 153 150 2 $10.50 <1 10 
Lewis 143 150 -5 $18.75 7 10 
Belpre 142 150 -5 $30.50 <1 25 
Glade 139 150 -8 $31.00 1 42 
Woodston 138 150 -8 $25.00 0 na 
Rush Co. RWD #01 137 150 -9 $46.00 0 18 
Palco 136 150 -9 $27.00 0 7 
Plainville 133 150 -11 $20.00 15 14 
Phillipsburg 132 150 -12 $42.20 7 5 
Stockton 132 150 -12 $43.40 5 16 
Post Rock RWD  127 150 -15 $83.10 1 23 
Agra 126 150 -16 $27.40 3 29 
Kinsley 123 150 -18 $34.12 6 17 
La Crosse 122 150 -18 $41.80 2 9 
Ellis Co. RWD #06 121 150 -20 $65.00 0 14 
Victoria 120 150 -20 $19.50 0 14 
Kirwin 117 150 -22 $26.50 0 33 
Speed 114 150 -24 $24.50 3 11 
Alexander 113 150 -24 $25.00 0 9 
Bison 106 150 -29 $28.50 0 22 
Timken 105 150 -30 $26.85 9 8 
Ellis 97 150 -35 $33.60 6 4 
Hays 97 150 -35 $37.96 4 9 
McCracken 92 150 -38 $44.40 5 4 
Ellis Co. RWD #01 89 150 -41 $23.20 0 7 
Rooks Co. RWD #02 85 150 -43 $25.50 0 6 
Comanche Co. RWD #01 82 150 -45 $25.50 0 4 
Liebenthal 70 150 -53 $33.00 2 7 
Ellis Co. RWD #03 61 150 -59 $29.40 0 20 
Average 150 150   $29.35 5 14 
*Indicates flat monthly rate for water service.  
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE PUBLIC WATER SUPPLIERS 

REGION 6, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Mitchell Co. RWD #02 237 145 63 $57.08 8 17 
Pratt 230 145 59 $16.91 9 22 
Medicine Lodge 215 145 49 $18.59 0 15 
Lyons 200 145 38 $19.00 7 10 
Osborne 190 145 31 $27.46 24 15 
Mankato 176 145 21 $30.70 6 22 
Downs 169 145 17 $25.38 1 23 
Kiowa 168 145 16 $25.89 1 12 
Kensington 163 145 12 $29.00 5 33 
Attica 162 145 12 $19.60 0 9 
Russell 156 145 8 $62.25 4 18 
Cunningham 154 145 6 $22.30 7 5 
St. John 152 145 5 $22.20 10 22 
Anthony 152 145 5 $26.58 5 17 
Haven 147 145 1 $14.80 1 25 
Smith Center 146 145 1 $35.58 <1 21 
Ellsworth 142 145 -2 $42.30 5 17 
South Hutchinson 141 145 -3 $18.02 2 9 
Little River 140 145 -3 $33.00 2 8 
Pretty Prairie 138 145 -5 $22.70 3 14 
Stafford 136 145 -6 $13.83 5 4 
Great Bend 135 145 -7 $25.86 0 16 
Russell Co. RWD #03 135 145 -7 $58.00 0 19 
Lincoln Center 133 145 -9 $26.98 3 25 
Claflin 133 145 -9 $28.00 6 7 
Wilson 132 145 -9 $25.00 12 12 
Hutchinson 127 145 -12 $22.79 8 14 
Harper 124 145 -15 $33.00 0 11 
Buhler 123 145 -15 $17.55 3 7 
Ellinwood 120 145 -17 $23.00 3 4 
Norwich 119 145 -18 $33.50 0 23 
Kingman 119 145 -18 $35.00 0 13 
Rice Co. RWD #01 116 145 -20 $29.00 0 16 
Beloit 104 145 -28 $41.85 4 12 
Kanopolis 102 145 -30 $38.79 1 8 
Hoisington 99 145 -32 $39.00 4 13 
Sterling 98 145 -33 $29.25 13 4 
Nickerson 67 145 -54 $57.25 2 15 
Average 145 145 -- $30.18 5 15 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION 6, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Osborne Co. RWD #01A 447 123 263 $56.00 0 50 
West Hills Water Company 251 123 104 $20.00* 0 100 
Hardtner 192 123 56 $25.50 21 na 
Barber Co. RWD #02 181 123 47 $30.00 0 30 
Barber Co. RWD #01 181 123 47 $30.00 0 100 
Cullison 175 123 43 $17.00 2 24 
Bushton 171 123 39 $22.00 <1 16 
Bunker Hill 169 123 37 $49.00 4 40 
Glen Elder 164 123 33 $37.50 4 11 
Smith Co. RWD #01 163 123 32 $53.50 0 22 
Russell Co. RWD #02 162 123 32 $30.00 0 100 
Reno Co. RWD #08 159 123 29 $55.00 12 10 
Osborne Co. RWD #02 158 123 28 $60.00 0 11 
Russell Co. RWD #04 158 123 28 $50.00 0 23 
Reno Co. RWD #01 153 123 25 $37.00 0 na 
Coats 150 123 22 $15.00 20 13 
Cawker City 147 123 20 $26.25 2 16 
Russell Co. RWD #01 146 123 18 $50.00 0 12 
Holyrood 145 123 18 $22.03 6 9 
Sawyer 138 123 12 $22.50 2 7 
Zenda 138 123 12 $24.00 1 17 
Sylvia 138 123 12 $20.90 2 29 
Isabel 138 123 12 $18.00 0 14 
Macksville 132 123 7 $28.00 10 7 
Sylvan Grove 127 123 3 $42.00 0 9 
Albert 125 123 2 $15.00 0 12 
Harper Co. RWD #05 123 123 0 $77.00 0 22 
Raymond 123 123 0 $19.00 8 na 
Abbyville 121 123 -1 $8.50 0 21 
Jewell Co. RWD #01 119 123 -3 $48.30 3 13 
Chase 119 123 -3 $28.30 0 13 
Sharon 115 123 -7 $18.50 <1 17 
Gaylord 115 123 -7 $26.12 2 5 
Esbon 112 123 -9 $34.00 8 28 
Lebanon 112 123 -9 $39.55 5 21 
Lucas 112 123 -9 $32.00 5 6 
Lorraine 111 123 -10 $34.00 1 8 
Turon 110 123 -11 $17.50 3 9 
Spivey 109 123 -12 $42.90 0 22 
Arlington 107 123 -13 $20.50 2 7 
Reno Co. WD #101 104 123 -15 $20.50 0 4 
Tipton 104 123 -15 $45.50 3 10 
Portis 104 123 -16 $25.00 0 23 
Preston 104 123 -16 $24.25 <1 14 
Randall 102 123 -17 $58.25 0 10 
Geneseo 101 123 -18 $30.91 1 10 
Susank 99 123 -19 $45.00 0 18 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION 6, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Luray 97 123 -21 $64.00 4 8 
Burr Oak 95 123 -22 $27.00 1 12 
Alton 95 123 -23 $28.50 1 8 
Simpson 94 123 -23 $29.00 1 25 
Natoma 94 123 -24 $29.00 1 12 
Hazelton 93 123 -24 $27.80 0 87 
Beverly 92 123 -25 $29.50 0 3 
Bluff City 91 123 -26 $20.50 <1 21 
Jewell 91 123 -26 $51.00 0 12 
Barton Co. RWD #01 90 123 -27 $43.50 0 na 
Olmitz 89 123 -28 $26.00 0 10 
Formoso 86 123 -30 $46.00 2 8 
Iuka 83 123 -32 $31.00 1 5 
Barnard 77 123 -37 $41.00 0 21 
Gorham 76 123 -38 $54.00 0 7 
Dorrance 74 123 -40 $45.00 1 7 
Barber Co. RWD #03 71 123 -42 $59.00 0 10 
Barton Hills WD 70 123 -43 $30.00 0 9 
Kingman Co. RWD #01 69 123 -44 $97.50 0 12 
Reno Co. RWD #04 66 123 -47 $16.00 0 na 
Pawnee Rock 64 123 -48 $31.00 2 na 
Paradise 63 123 -49 $66.00 0 17 
Waldo 59 123 -52 $59.50 0 na 
Average 123 123  -- $35.77 4 15 
 
*Indicates flat monthly rate for water service.  
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TABLE 9 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERS 

REGION  7, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Coffeyville 177 137 29 $36.40 14 15 
Emporia 172 137 26 $24.08 5 17 
McPherson 166 137 21 $12.02 1 5 
El Dorado 166 137 21 $19.03 4 5 
Junction City 151 137 10 $25.18 24 6 
Wichita 146 137 6 $18.42 1 6 
Manhattan 144 137 5 $26.34 4 12 
Independence 135 137 -2 $27.87 4 5 
Winfield 134 137 -2 $27.20 0 9 
Arkansas City 130 137 -5 $45.71 5 18 
Salina 126 137 -8 $32.09 2 11 
Topeka 123 137 -10 $31.58 6 6 
Newton 108 137 -21 $31.10 <1 12 
Derby (El Paso Water Co.) 102 137 -26 $39.60 <1 na 
Shawnee Co. RWD #04C 83 137 -39 $37.70 <1 16 
Average 137 137 --  $28.95 5 10 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Republic Co. RWD #02 190 105 81 $52.83 4 30 
Pottawatomie Co. RWD #04 174 105 66 $69.00 21 20 
Chapman 172 105 64 $23.50 43 5 
Minneapolis 167 105 59 $26.30 17 18 
Caney 167 105 59 $45.20 26 21 
Augusta 163 105 55 $33.50 1 20 
Montgomery Co. RWD #01C 161 105 53 $56.00 <1 10 
Moundridge 160 105 52 $9.50 1 5 
Clyde 157 105 49 $26.30 5 11 
Goddard 156 105 49 $12.65 1 na 
Belleville 156 105 49 $24.14 3 9 
Clifton 155 105 48 $16.30 4 12 
Hesston 153 105 46 $23.70 13 4 
Washington 151 105 44 $22.70 0 15 
Cheney 151 105 44 $27.40 30 4 
Alma 151 105 43 $48.00 14 5 
Abilene 151 105 43 $39.00 16 10 
Marysville 145 105 38 $32.42 2 18 
Seneca 144 105 37 $15.55 2 na 
Blue Rapids 143 105 36 $17.80 1 17 
Waterville 140 105 33 $20.50 4 10 
Pottawatomie Co. RWD #02 138 105 31 $57.00 <1 23 
Pottawatomie Co. RWD #01 136 105 29 $41.00 3 24 
North Newton 135 105 29 $34.14 0 17 
Solomon 135 105 28 $20.00 1 35 
Canton 133 105 27 $16.66 4 na 
Frankfort 133 105 27 $22.06 7 18 
Concordia 132 105 26 $32.68 3 7 
Timber Creek Water & Sewer 132 105 26 $38.50 2 18 
Inman 132 105 25 $22.00 0 3 
Lyon Co. RWD #02 131 105 25 $35.51 0 na 
Neodesha 129 105 23 $54.75 12 12 
Wamego 129 105 23 $18.95 2 18 
Hillsboro 126 105 20 $41.29 11 12 
Sabetha 125 105 19 $44.52 9 17 
Mount Hope 124 105 18 $16.30 9 7 
Strong City 124 105 18 $53.50 25 8 
Shawnee Co. RWD #03C 123 105 17 $48.72 0 4 
Dickinson Co. RWD #02 122 105 16 $58.00 0 30 
Cowley Co. RWD #03 121 105 15 $28.56 6 20 
Argonia 120 105 15 $34.65 3 17 
Marquette 120 105 15 $34.00 10 7 
Burlington 120 105 14 $39.00 8 8 
Eureka 120 105 14 $36.35 4 9 
Herington 120 105 14 $38.15 16 11 
Garden Plain 120 105 14 $35.50 1 na 
Holton 119 105 14 $45.50 1 20 



 17

TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
McPherson Co. RWD #04 119 105 13 $41.30 0 8 
Riley Co. RWD #01 119 105 13 $51.25 <1 13 
Wellington 117 105 11 $33.32 12 10 
Saline Co. RWD #04 117 105 11 $36.68   32 
Sedan 117 105 11 $37.80 13 17 
Fredonia 116 105 11 $42.52 8 7 
Riley 116 105 10 $22.00 0 23 
Marion 115 105 10 $35.25 8 9 
Nemaha Co. RWD #03 114 105 9 $41.30 0 8 
Morris Co. RWD #01 114 105 9 $54.00 1 3 
Washington Co. RWD #02 114 105 8 $57.30 0 15 
Galva 113 105 8 $20.95 0 5 
Lindsborg 112 105 7 $30.00 2 7 
Onaga 111 105 6 $36.50 3 11 
Caldwell 111 105 6 $47.50 <1 19 
Burden 110 105 5 $51.00 4 14 
Bel Aire 110 105 4 $41.81 3 na 
Halstead 109 105 4 $54.00 2 10 
Wakefield 108 105 3 $25.00 1 13 
Yates Center 108 105 3 $43.75 5 16 
Marion Co. RWD #01 108 105 3 $30.30 <1 27 
Marshall Co. RWD #03 108 105 3 $53.43 0 13 
St. Marys 108 105 3 $26.90 5 3 
Kechi 107 105 2 $42.00 1 7 
Sumner Co. RWD #05 106 105 1 $62.75 <1 8 
Park City 106 105 1 $37.55 1 5 
Madison 105 105 0 $52.00 3 23 
Valley Center 105 105 0 $43.12 2 12 
Howard 105 105 0 $48.70 5 6 
Oxford 104 105 -1 $33.00 3 16 
Hanover 103 105 -2 $39.75 3 12 
Butler Co. RWD #01 102 105 -3 $61.00 0 14 
Goessel 102 105 -3 $27.88 <1 4 
Lyon Co. RWD #05 102 105 -3 $44.95 0 11 
Belle Plaine 102 105 -3 $22.00 0 9 
Miltonvale 101 105 -4 $20.50 3 8 
Greenwood Co. RWD #02 101 105 -4 $52.00 0 18 
Clay Co. RWD #02 101 105 -4 $53.82 0 10 
Osage Co. RWD #03 100 105 -5 $71.00 13 16 
Council Grove 100 105 -5 $29.06 6 11 
Geary Co. RWD #04 100 105 -5 $65.50 22 5 
Clay Center 100 105 -5 $25.37 1 4 
Ogden 99 105 -6 $24.00 1 4 
Jackson Co. RWD #03 98 105 -6 $59.17 <1 na 
Washington Co. RWD #01 98 105 -6 $45.20 4 8 
Cedar Vale 98 105 -7 $51.50 2 22 
Montgomery Co. RWD #11 97 105 -7 $53.41 4 21 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Haysville 97 105 -8 $19.38 4 12 
Sedgwick Co. RWD #04 97 105 -8 $68.50 0 12 
Conway Springs 97 105 -8 $29.93 <1 14 
Osage Co. RWD #05 96 105 -9 $58.96 <1 25 
Eskridge 95 105 -9 $56.00 9 8 
White City 95 105 -10 $33.00 2 23 
Wabaunsee Co. RWD #02 95 105 -10 $66.00 21 10 
Burrton 95 105 -10 $28.87 6 7 
Silver Lake 94 105 -10 $31.80 1 10 
Carbondale 94 105 -11 $62.75 1 21 
Grandview Plaza 93 105 -11 $23.93 <1 9 
Ottawa Co. RWD #02 93 105 -12 $52.84 0 13 
Clearwater 93 105 -12 $36.00 3 13 
Pottawatomie Co. RWD #03 92 105 -12 $34.00 <1 13 
Maple Hill 92 105 -12 $37.40 1 16 
Leon 92 105 -12 $55.00 3 13 
Sumner Co. RWD #04 92 105 -12 $68.50 <1 21 
Bennington 91 105 -14 $28.60 10 7 
Osage Co. RWD #04 90 105 -14 $75.20 0 23 
Montgomery Co. RWD #06 90 105 -15 $53.00 0 18 
Butler Co. RWD #02 89 105 -15 $59.30 0 23 
Cottonwood Falls 89 105 -15 $43.00 19 5 
Cherryvale 89 105 -15 $62.50 1 19 
Coffey Co. RWD #02 89 105 -16 $72.55 0 21 
Shawnee Co. RWD #08 89 105 -16 $38.00 1 14 
Osage City 88 105 -16 $37.22 <1 5 
Westmoreland 88 105 -16 $50.75 9 7 
Rossville 87 105 -17 $35.84 0 8 
Udall 87 105 -17 $39.25 0 10 
Waverly 87 105 -17 $85.20 2 19 
Whitewater 86 105 -18 $46.85 1 8 
Mulvane 86 105 -18 $42.20 0 8 
Benton 85 105 -19 $58.75 2 14 
Lyon Co. RWD #01 85 105 -19 $51.50 <1 4 
Shawnee Co. RWD #02C 85 105 -19 $55.00 9 9 
Sedgwick 85 105 -19 $35.00 8 na 
Towanda 85 105 -19 $54.60 0 7 
Elk Co. RWD #01 85 105 -19 $95.00 0 29 
Sedgwick Co. RWD #03 84 105 -20 $32.50 10 5 
Peabody 84 105 -20 $51.08 1 3 
Butler Co. RWD #05 84 105 -20 $47.60 0 12 
Centralia 83 105 -21 $43.00 0 5 
Butler Co. RWD #06 83 105 -21 $75.00 0 14 
Greenwood Co. RWD #01 82 105 -22 $95.00 0 43 
Jackson Co. RWD #01 82 105 -22 $71.50 0 13 
Dickinson Co. RWD #01 81 105 -23 $60.00 <1 28 
Maize 81 105 -23 $50.28 <1 6 



 19

TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Andale 81 105 -23 $30.25 0 8 
Burlingame 81 105 -23 $70.20 6 5 
Overbrook 80 105 -23 $70.50 2 11 
Montgomery Co. RWD #02 80 105 -24 $72.20 <1 6 
Lebo 80 105 -24 $69.25 <1 6 
Woodson Co. RWD #01 80 105 -24 $76.00 5 24 
Florence 79 105 -25 $58.00 1 10 
Shawnee Co. RWD #01C 79 105 -25 $66.00 0 3 
Douglass 78 105 -26 $63.15 2 14 
Enterprise 78 105 -26 $38.00 3 19 
Sedgwick Co. RWD #01 78 105 -26 $51.00 0 12 
Butler Co. RWD #07 78 105 -26 $65.00 0 7 
Hartford 77 105 -26 $53.29 0 22 
Dearing 77 105 -27 $35.75 0 na 
Cowley Co. RWD #06 77 105 -27 $20.18 <1 12 
Lyndon 77 105 -27 $79.25 2 11 
Rose Hill 76 105 -28 $41.82 1 na 
Cowley Co. RWD #01 76 105 -28 $34.00 1 6 
Cowley Co. RWD #05 75 105 -29 $70.00 0 9 
Butler Co. RWD #04 72 105 -31 $51.00 0 na 
Glasco 72 105 -31 $49.30 0 4 
Milford 72 105 -31 $71.00 22 na 
Hoyt 72 105 -32 $67.80 1 7 
Assaria 71 105 -33 $39.05 <1 na 
Harvey Co. RWD #01 69 105 -34 $64.00 0 12 
Cowley Co. RWD #02 68 105 -35 $37.00 0 11 
Colwich 68 105 -36 $51.50 1 4 
Olpe 67 105 -36 $52.00 <1 na 
Butler Co. RWD #08 66 105 -37 $48.00 0 3 
Coffey Co. RWD #03 66 105 -37 $55.00 3 5 
LeRoy 65 105 -38 $80.00 1 13 
Butler Co. RWD #03 62 105 -41 $77.50 0 3 
Scranton 62 105 -41 $68.75 0 6 
Wilson Co. RWD #11 59 105 -44 $72.00 0 14 
Average 105 105  -- $45.28 5 13 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Elgin 364 97 275 $19.00 <1 78 
Republic Co. RWD #01 249 97 157 $24.00 0 31 
Byron 243 97 151 $12.50* 0 100 
Scandia 194 97 100 $11.25 2 24 
Elk City 164 97 70 $45.85 9 20 
Moline 162 97 67 $47.50 1 26 
Clay Co. RWD #01 159 97 64 $45.00 0 12 
Elmdale 159 97 63 $33.00 0 39 
Barnes 155 97 60 $24.00 1 28 
Buffalo 149 97 53 $72.12 4 23 
Mahaska 148 97 52 $22.00 1 na 
McPherson Co. RWD #03 146 97 50 $22.50 0 8 
Severy 142 97 46 $63.75 56 7 
Nemaha Co. RWD #04 138 97 42 $58.00 0 26 
Howison Heights WD 135 97 39 $47.00 0 7 
Greenleaf 134 97 39 $25.50 4 13 
Delphos 133 97 38 $21.50 15 33 
Saline Co. RWD #02 133 97 37 $39.00 0 18 
Vermillion 128 97 32 $32.00 31 na 
McPherson Co. RWD #01 128 97 32 $24.50 0 13 
Wilson Co. RWD #01 127 97 30 $60.00 0 25 
Linn 126 97 30 $36.50 0 16 
Durham 126 97 30 $26.00 <1 26 
McPherson Co. RWD #02 125 97 29 $40.00 0 3 
Courtland 123 97 27 $22.90 2 18 
Republic 120 97 24 $15.50 2 22 
Palmer 120 97 24 $26.00 5 18 
Ottawa Co. RWD #01 120 97 23 $55.00 0 43 
Little Bear Mound 118 97 21 none 0 100 
Geary Co. RWD #02 117 97 20 $22.20* 0 100 
Morganville 116 97 19 $14.50 0 na 
Cuba 114 97 17 $24.18 0 15 
Cloud Co. RWD #01 111 97 15 $62.00 10 14 
Saline Co. RWD #06 111 97 14 $47.50 0 19 
Sumner Co. RWD #02 109 97 12 $59.00 <1 12 
Wilson Co. RWD #13 107 97 10 $66.50 0 61 
Saline Co. RWD #08 106 97 10 $45.00 0 18 
Sumner Co. RWD #01 106 97 10 $49.80 0 16 
Belvue 106 97 9 $27.00 0 13 
Cowley Co. RWD #08 106 97 9 $20.00 0 na 
Chautauqua Co. RWD #02 105 97 8 $88.00 0 29 
Toronto 104 97 7 $61.66 10 14 
Gypsum 103 97 7 $25.25 <1 14 
Tescott 103 97 6 $16.55 <1 11 
Morrowville 102 97 5 $36.00 0 15 
Leonardville 102 97 5 $34.00 0 11 
Harveyville 101 97 4 $85.00 13 17 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Blue River Hills Improvement 101 97 4 $20.00* 0 100 
Beattie 101 97 4 $36.75 2 20 
Dexter 99 97 2 $16.40 2 9 
Summerfield 99 97 2 $20.00 <1 5 
Olsburg 99 97 2 $33.00 1 23 
Matfield Green 98 97 1 $27.50 6 25 
Rocky Ford Water Company 98 97 1 $20.00* 0 100 
Randolph 97 97 0 $40.00 0 6 
Cowley Co. RWD #04 97 97 0 $68.50 0 7 
Paxico 96 97 -1 $32.00 2 4 
Agenda 96 97 -1 $30.00 1 13 
Cowley Co. RWD #07 96 97 -1 $26.00 <1 33 
Geary Co. RWD #01 96 97 -2 $36.61 0 na 
South Haven 95 97 -2 $32.00 <1 8 
Munden 95 97 -2 $23.75 0 3 
Bern 95 97 -2 $25.90 <1 3 
Whiting 94 97 -3 $46.00 2 21 
New Strawn 94 97 -3 $76.25 3 6 
Melvern 93 97 -4 $71.43 4 30 
Jamestown 92 97 -5 $41.20 0 11 
Lehigh 92 97 -5 $30.30 0 6 
Montgomery Co. RWD #07 91 97 -6 $53.00 6 17 
Admire 89 97 -8 $45.50 0 12 
Geuda Springs 89 97 -8 $29.00 4 7 
Nemaha Co. RWD #01 87 97 -10 $38.00 0 15 
Hope 87 97 -11 $40.80 0 17 
Aurora 87 97 -11 $38.00 1 14 
Montgomery Co. RWD #10 86 97 -11 $65.00 0 13 
Konza Valley Water District 86 97 -11 $69.80 0 17 
Sumner Co. RWD #06 86 97 -11 $43.00 0 12 
Longford 86 97 -11 $47.50 4 4 
Potwin 86 97 -11 $56.25 <1 5 
Narka 86 97 -12 $25.00 0 21 
Wilson Co. RWD #04 85 97 -12 $65.00 0 15 
Chautauqua Co. RWD #01 85 97 -13 $42.00 0 15 
Montgomery Co. RWD #13 84 97 -13 $88.00 0 22 
Wilson Co. RWD #06 84 97 -14 $53.00 0 9 
Wabaunsee Co. RWD #01 84 97 -14 $88.00 <1 20 
Altoona 83 97 -15 $46.50 23 8 
Axtell 83 97 -15 $40.00 <1 6 
Cassoday 83 97 -15 $51.15 0 15 
Hamilton 82 97 -15 $81.00 <1 32 
Oketo 82 97 -15 $31.25 0 na 
Green 82 97 -15 $36.00 13 5 
Marshall Co. RWD #01 82 97 -15 $45.50 0 11 
Wetmore 82 97 -16 $45.50 8 14 
Windom 81 97 -16 $32.00 0 9 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Longton 80 97 -18 $51.00 4 14 
Alta Vista 80 97 -18 $40.75 2 11 
Newbury Extension 78 97 -20 $48.50 0 13 
Grenola 78 97 -20 $73.00 <1 11 
Latham 77 97 -21 $43.00 0 8 
Chase Co. RWD #01 76 97 -21 $50.00 4 16 
Dwight 75 97 -22 $18.70 0 7 
Emmett 74 97 -23 $25.65 0 23 
Osage Co. RWD #06 74 97 -23 $80.00 0 10 
Fall River 74 97 -23 $43.00 0 21 
Brookville 74 97 -24 $47.50 0 6 
Lyon Co. RWD #03 73 97 -25 $57.00 0 10 
Haddam 73 97 -25 $39.00 5 24 
Dickinson Co. RWD #03 72 97 -26 $32.50 0 100 
Gridley 72 97 -26 $88.50 1 15 
Walton 72 97 -26 $99.60 11 na 
McFarland 71 97 -26 $44.25 2 10 
Oneida 71 97 -27 $29.05 0 18 
Netawaka 69 97 -28 na 1 18 
St. George 69 97 -29 $21.50 0 5 
Greenwood Co. RWD #03 69 97 -29 $78.30 0 9 
Reading 68 97 -30 $92.00 2 19 
Burns 68 97 -30 $31.00 <1 4 
Goff 67 97 -31 $38.00 10 3 
Saline Co. RWD #01 66 97 -32 $40.00 0 11 
Mayetta 65 97 -33 $87.00 <1 16 
Atlanta 65 97 -33 $74.00 8 10 
Osage Co. RWD #02 64 97 -34 $62.00 0 na 
Mayfield 63 97 -35 $41.30 1 3 
Elbing 62 97 -36 $63.50 0 na 
University Park Water 61 97 -37 $33.00 0 na 
Viola 61 97 -37 $42.00 0 8 
Peru 61 97 -37 $56.00 1 14 
Culver 60 97 -38 $30.50 0 9 
Delia 59 97 -39 $62.50 0 100 
Scotsman Estates 59 97 -39 $63.00 0 20 
Wilson Co. RWD #12 59 97 -40 $67.00 0 5 
Soldier 58 97 -40 $59.75 3 5 
Allen 58 97 -40 $58.00 1 11 
Circleville 57 97 -41 $66.50 0 14 
Cedar Point 55 97 -43 $50.50 0 11 
Cambridge 55 97 -43 $81.00 <1 7 
McPherson Co. RWD #06 55 97 -43 $90.10 0 11 
Virgil 53 97 -45 $50.00 0 12 
Quenemo 52 97 -46 $67.60 1 5 
Wilson Co. RWD #05 48 97 -51 $80.00 0 13 
Red Bud Lake Improvement 44 97 -54 $102.86 0 28 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Marion Co. RWD #02 34 97 -65 $45.00 0 12 
Average 97 97 --  $46.07 5 15 
 
*Indicates flat monthly rate for water service.  
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TABLE 12 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERS 

REGION  8, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Kansas City BPU 199 128 56 $47.28 17 21 
Atchison 176 128 37 $40.22 3 23 
WaterOne - Johnson Co. 160 128 25 $34.13 7 7 
Parsons 121 128 -5 $47.82 22 8 
Lawrence 121 128 -6 $27.75 12 3 
Pittsburg 114 128 -11 $39.45 3 9 
Gardner 107 128 -16 $45.77 19 14 
Olathe 99 128 -23 $31.36 1 13 
Leavenworth 97 128 -24 $45.19 <1 6 
Ottawa 89 128 -30 $27.57 <1 13 
Average 128 128 --  $38.65 8 11 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  8, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Cherokee Co. RWD #01 203 99 105 $40.00 0 59 
Allen Co. RWD #08 172 99 74 $52.00 0 49 
Crawford Co. RWD #05 160 99 61 $34.50 4 40 
Fort Scott 157 99 59 $30.23 2 24 
Cherokee Co. RWD #03 151 99 53 $35.50 5 41 
Bonner Springs 149 99 50 $35.85 6 27 
Bourbon Co. RWD #04 148 99 49 $68.25 17 5 
Osawatomie 146 99 48 $34.27 21 10 
Baxter Springs 138 99 39 $41.70 23 20 
Galena 134 99 36 $34.00 1 21 
Jefferson Co. RWD #02 128 99 29 $42.40 2 29 
Baldwin 127 99 29 $79.13 <1 20 
Neosho Co. RWD #07 126 99 27 $47.00 0 21 
Crawford Co. RWD #01C 126 99 27 $55.00 0 11 
Jefferson Co. RWD #13 126 99 27 $61.00 11 30 
Paola 123 99 25 $45.74 5 16 
Cherokee Co. RWD #04 123 99 24 $44.50 0 44 
Girard 121 99 22 $42.00 17 13 
Frontenac 120 99 21 $42.54 10 8 
Chanute 119 99 20 $28.03 1 10 
Louisburg 119 99 20 $70.25 10 12 
Columbus 119 99 20 $45.60 6 29 
Leavenworth Co. RWD #08 117 99 18 $59.00 3 24 
Troy 116 99 18 $51.42 21 15 
Highland 116 99 18 $52.00 20 17 
Valley Falls 115 99 16 $33.96 19 15 
Franklin Co. RWD #04 113 99 14 $65.00 12 25 
Cherokee 112 99 13 $45.75 <1 17 
Hiawatha 112 99 13 $38.20 2 8 
Thayer 110 99 11 $47.00 1 3 
Humboldt 110 99 11 $67.95 15 13 
Crawford Co. RWD #06 109 99 10 $78.50 7 19 
Jefferson Co. RWD #01 109 99 10 $29.60 0 23 
Erie 108 99 9 $42.20 2 11 
Johnson Co. RWD #07 107 99 8 $58.25 0 13 
Jefferson Co. RWD #07 105 99 6 $39.00 0 19 
Douglas Co. RWD #01 105 99 6 $60.60 0 25 
Mound City 104 99 5 $49.00 11 6 
Johnson Co. RWD #06C 104 99 5 $70.50 3 14 
Wathena 103 99 4 $62.00 1 20 
Garnett 103 99 4 $69.00 8 13 
Oswego 103 99 4 $58.25 10 8 
Cherokee Co. RWD #02 103 99 4 $29.50 0 22 
DeSoto 102 99 3 $57.58 7 15 
Chetopa 102 99 3 $54.47 10 7 
Crawford Co. RWD #01 101 99 2 $38.00 0 23 
La Cygne 100 99 1 $63.25 6 na 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  8, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Richmond 100 99 1 $63.25 6 15 
St. Paul 99 99 0 $34.75 0 13 
Iola 99 99 0 $39.37 <1 5 
Linn Co. RWD #01 99 99 0 $60.00 0 15 
Pleasanton 98 99 -1 $30.45 2 16 
Jefferson Co. RWD #03 98 99 -1 $28.50 0 20 
Eudora 97 99 -2 $50.40 16 8 
Moran 97 99 -2 $42.50 <1 15 
Crawford Co. RWD #02 97 99 -2 $49.00 0 19 
Tonganoxie 95 99 -4 $41.45 5 19 
Lansing (Lan-Del WC) 95 99 -4 $52.46 <1 na 
Leavenworth Co. RWD #05 95 99 -4 $49.24 0 16 
Miami Co. RWD #02 95 99 -4 $56.00 0 13 
Leavenworth Co. RWD #09 94 99 -5 $52.50 3 20 
Scammon 93 99 -6 $18.25 11 6 
Linn Co. RWD #03 93 99 -6 $85.40 0 20 
Perry 92 99 -7 $64.00 <1 18 
Franklin Co. RWD #06 92 99 -7 $70.50 28 14 
Labette Co. RWD #08 91 99 -8 $65.00 0 26 
Crawford Co. RWD #04 90 99 -9 $39.50 7 26 
Douglas Co. RWD #02 90 99 -9 $62.50 0 15 
Jefferson Co. RWD #12 90 99 -9 $66.50 11 17 
Brown Co. RWD #01 90 99 -10 $30.50 0 20 
Horton 90 99 -10 $38.27 2 14 
Neosho Co. RWD #04 89 99 -10 $66.16 0 24 
Brown Co. RWD #02 89 99 -11 $59.60 4 12 
Neosho Co. RWD #02 88 99 -11 $34.39 0 24 
Douglas Co. RWD #03 87 99 -12 $63.50 <1 20 
Nortonville 87 99 -12 $39.39 <1 7 
Leavenworth Co. RWD #07 86 99 -13 $79.90 2 12 
Bourbon Co. RWD #02C 86 99 -13 $35.00 1 9 
Mulberry 86 99 -13 $80.05 <1 27 
La Harpe 84 99 -15 $39.50 1 28 
Douglas Co. RWD #04 84 99 -15 $78.25 1 23 
Miami Co. RWD #01 84 99 -15 $56.92 2 18 
Leavenworth Co. RWD #01C 84 99 -16 $61.07 1 6 
Wellsville 83 99 -16 $55.22 1 9 
Miami Co. RWD #03 83 99 -16 $75.00 0 26 
Douglas Co. RWD #06 83 99 -16 $35.00 0 6 
Oskaloosa 83 99 -17 $51.00 1 na 
Spring Hill 82 99 -17 $60.00 <1 8 
Winchester 82 99 -17 $37.90 2 8 
Suburban Water Company 82 99 -17 $63.67 6 10 
Effingham 81 99 -18 $40.00 3 3 
Ozawkie 81 99 -18 $23.00 <1 3 
Franklin Co. RWD #05 80 99 -19 $50.50 0 16 
Weir 77 99 -22 $44.50 1 5 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  8, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Arma 77 99 -22 $31.60 0 8 
Altamont 77 99 -22 $60.00 <1 6 
Neosho Co. RWD #01C 77 99 -22 $81.25 0 na 
Elwood 77 99 -22 $60.38 <1 na 
Cherokee Co. RWD #08 75 99 -24 $42.00 5 16 
Gas 74 99 -25 $51.14 0 7 
Linn Co. RWD #02 73 99 -26 $80.50 15 19 
Douglas Co. RWD #05 72 99 -27 $67.50 0 8 
Anderson Co. RWD #05 71 99 -28 $70.75 0 18 
Franklin Co. RWD #01 70 99 -30 $67.29 0 8 
Labette Co. RWD #06 69 99 -30 $33.60 0 na 
Lecompton 69 99 -31 $54.50 2 6 
Pomona 67 99 -32 $54.35 0 5 
Miami Co. RWD #04 66 99 -33 $97.50 0 10 
Anderson Co. RWD #01C 64 99 -35 $103.50 0 20 
Franklin Co. RWD #02 62 99 -37 $50.71 0 na 
McLouth 60 99 -39 $76.80 4 10 
Atchison Co. RWD #06 60 99 -40 $60.70 0 60 
Edgerton 57 99 -42 $80.42 1 5 
Average 99 99 --  $52.87 6 17 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  8, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Allen Co. RWD #06 158 80 97 $30.50 0 31 
Franklin Co. RWD #07 117 80 46 $25.00 0 64 
Neosho Co. RWD #05 116 80 45 $65.00 0 36 
Jefferson Co. RWD #08 114 80 43 $44.00 0 38 
Labette Co. RWD #01 112 80 40 $70.00 0 15 
Everest 110 80 38 $29.25 0 17 
Allen Co. RWD #12 110 80 37 $45.00 0 na 
Robinson 106 80 32 $36.00 2 20 
Neosho Co. RWD #03 102 80 27 $74.00 0 16 
Labette Co. RWD #02 101 80 26 $56.40 0 16 
Blue Mound 100 80 25 $59.25 28 9 
Bartlett 99 80 24 $62.00 0 18 
Allen Co. RWD #03 99 80 24 $49.00 0 7 
Allen Co. RWD #04 96 80 20 $33.60 0 100 
Lakeside Village Improvement 96 80 19 $32.00 13 30 
Neosho Co. RWD #06 93 80 16 $48.30 0 21 
Neosho Co. RWD #12 92 80 15 $40.30 0 7 
Reserve 92 80 15 $50.50 0 24 
Neosho Co. RWD #08 92 80 15 $48.00 0 13 
Chicopee Water Company 87 80 8 $54.00 0 13 
Allen Co. RWD #16 86 80 8 $23.00 0 100 
Galesburg 84 80 5 $66.00 2 15 
Willis 84 80 5 $24.60 0 15 
Jefferson Co. RWD #10 84 80 5 $60.50 12 21 
White Cloud 83 80 4 $25.00 0 23 
Labette Co. RWD #03 82 80 3 $63.88 0 15 
Labette Co. RWD #04 82 80 3 $54.00 0 9 
Doniphan Co. RWD #03 82 80 2 $37.00 0 18 
Crawford Co. RWD #03 81 80 2 $28.75 1 12 
Cherokee Co. RWD #06 80 80 0 $62.50 0 22 
Colony 80 80 0 $41.00 0 11 
Neosho Co. RWD #09 80 80 0 $39.90 0 24 
Uniontown 78 80 -3 $69.50 1 9 
Edna 77 80 -3 $78.50 2 11 
Muscotah 77 80 -3 $39.00 0 29 
Allen Co. RWD #10 77 80 -4 $95.00 0 9 
Anderson Co. RWD #01 76 80 -5 $80.00 0 5 
Fontana 75 80 -6 $61.50 1 23 
Jefferson Co. RWD #11 75 80 -6 $50.01 1 15 
Bronson 75 80 -6 $62.50 2 11 
McCune 74 80 -8 $65.04 1 11 
Cherokee Co. RWD #07 74 80 -8 $48.92 0 26 
Doniphan Co. RWD #02 73 80 -9 $76.00 0 15 
Cherokee Co. RWD #05 71 80 -11 $59.10 0 17 
Princeton 71 80 -11 $42.50 <1 10 
Lane 70 80 -12 $56.00 <1 24 
Parker 70 80 -13 $92.00 9 25 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  8, 2005 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Mound Valley 69 80 -14 $59.30 <1 na 
Easton 69 80 -14 $43.47 21 11 
Atchison Co. RWD #03 69 80 -14 $61.00 0 6 
Labette Co. RWD #07 68 80 -14 $47.50 0 9 
Crawford Co. RWD #07 67 80 -16 $61.00 0 9 
Arcadia 67 80 -16 $43.10 5 15 
Prescott 67 80 -16 $51.50 0 7 
Allen Co. RWD #01 67 80 -17 $42.50 0 100 
Atchison Co. RWD #01 66 80 -17 $54.25 0 12 
West Mineral 66 80 -18 $61.00 <1 12 
Doniphan Co. RWD #01 65 80 -19 $40.00 0 35 
Treece 65 80 -19 $58.35 0 9 
Greeley 65 80 -19 $55.00 2 7 
Linwood 63 80 -21 $41.50 <1 15 
Franklin Co. RWD #03 63 80 -21 $56.50 0 9 
Jefferson Co. RWD #09 63 80 -21 $63.00 4 27 
Allen Co. RWD #13 61 80 -23 $54.70 0 15 
Allen Co. RWD #11 61 80 -23 na 0 4 
Fulton 61 80 -23 $55.00 0 15 
Coal Hollow WD 61 80 -24 $43.50 0 na 
Roseland 58 80 -27 $30.00 0 100 
Morrill 58 80 -27 $60.26 <1 na 
Allen Co. RWD #15 58 80 -28 $30.50 0 100 
Rantoul 57 80 -29 $49.75 2 3 
Jefferson Co. RWD #15 52 80 -35 $39.75 0 14 
Denison 52 80 -35 $74.25 0 na 
Average 80 80  -- $51.81 5 16 
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TABLE 15 
PUBLIC WATER SUPPLIERS WITH HIGHEST GPCD'S RELATIVE TO THEIR  

REGION, RANKED BY PERCENT ABOVE REGIONAL AVERAGE 
KANSAS, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Elgin 364 97 275 $19.00 <1 78 
Osborne Co. RWD #01A 447 123 263 $56.00 0 50 
Comanche Co. RWD #02 452 150 201 $58.00 0 48 
Republic Co. RWD #01 249 97 157 $24.00 0 31 
Byron 243 97 151 $12.50* 0 100 
Englewood 475 192 148 $20.00* 0 92 
Cherokee Co. RWD #01 203 99 105 $40.00 <1 59 
West Hills Water Company 251 123 104 $20.00* 0 100 
Mullinville 305 150 104 $23.00 31 19 
Scandia 194 97 100 $11.25 2 24 
Allen Co. RWD #06 158 80 97 $30.50 0 31 
Republic Co. RWD #02 190 105 81 $52.83 4 30 
Brewster 437 246 78 $11.90 2 28 
Herndon 429 246 75 $22.50 3 29 
Allen Co. RWD #08 172 99 74 $52.00 0 49 
Ford 329 192 71 $18.00* 0 100 
Elk City 164 97 70 $45.85 9 20 
Moline 162 97 67 $47.50 1 26 
Pottawatomie Co. RWD #04 174 105 66 $69.00 21 20 
Chapman 172 105 64 $23.50 43 5 
 
*Indicates flat monthly rate for water service.  
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TABLE 16 
PUBLIC WATER SUPPLIERS WITH LOWEST GPCD'S RELATIVE TO THEIR  

REGION, RANKED BY PERCENT BELOW REGIONAL AVERAGE 
KANSAS, 2005 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Garden Spot Rentals 64 246 -74 none 0 100 
Farr Subdivision 65 246 -74 none 0 100 
Finney Co. RWD #01 81 246 -67 $46.50 0 6 
Marion Co. RWD #02 34 97 -65 $45.00 0 12 
Norton Co. RWD #01 70 192 -64 $34.50 0 11 
Brownell 77 192 -60 $12.50 0 11 
Ellis Co. RWD #03 61 150 -59 $29.40 0 20 
Hamilton Co. RWD #01 112 272 -59 $57.00 2 8 
Red Bud Lake Improvement 44 97 -54 $102.86 0 28 
Nickerson 67 145 -54 $57.25 2 15 
Liebenthal 70 150 -53 $33.00 2 7 
Waldo 59 123 -52 $59.50 0 na 
Wilson Co. RWD #05 48 97 -51 $80.00 0 13 
Paradise 63 123 -49 $66.00 0 17 
Trego Co. RWD #02 100 192 -48 $63.00 4 10 
Pawnee Rock 64 123 -48 $31.00 2 na 
Collyer 101 192 -47 $32.80 0 na 
Reno Co. RWD #04 66 123 -47 $16.00 0 na 
Quenemo 52 97 -46 $67.60 1 5 
Comanche Co. RWD #01 82 150 -45 $25.50 0 4 
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TABLE 17 
WATER USE BY PUBLIC WATER SUPPLIERS WITH FLAT RATES 

KANSAS, 2005 

Public Water Supplier Region 

Cost per 
10,000 

gal/month GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Arnold 4 $12.00 213 192 +11 
Belvidere 5 $15.00 195 150 +30 
Blue River Hills Improvement 7S $20.00 101 97 +4 
Byron 7S $12.50 243 97 +151 
Copeland 3 $40.00 227 221 +3 
Englewood 4 $20.00 475 192 +148 
Ford 4 $18.00 329 192 +71 
Geary Co. RWD #02 7S $22.20 117 97 +20 
Rocky Ford Water Company 7S $20.00 98 97 +1 
West Hills Water Company 6S $20.00 251 123 +104 
Average         +54 
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TABLE 18 
AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 

KANSAS, 2005 
Gallons of Water Used Per Month 

Region 
Number of Public 
Water Suppliers 5,000 10,000 25,000 50,000 100,000 

1 16 $15.93 $22.87 $44.69 $81.20 $154.61 
2 22 $14.82 $20.58 $38.67 $69.53 $132.08 
3 20 $13.58 $20.08 $40.28 $74.04 $145.97 
4 27 $18.98 $25.94 $48.20 $86.94 $166.75 
5 45 $20.09 $29.35 $58.46 $110.98 $212.33 
6 108 $22.16 $33.80 $69.20 $128.15 $246.35 
7 330 $27.80 $44.88 $94.97 $178.21 $346.34 
8 195 $30.82 $51.75 $113.87 $217.63 $422.59 

Kansas  763 $26.01 $41.67 $88.23 $166.10 $321.96 
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TABLE 19 
PUBLIC WATER SUPPLIERS WITH 30 PERCENT OR MORE 

UNACCOUNTED FOR WATER 
KANSAS, 2005 

Public Water Supplier 
Percent 

Unaccounted For 

Potential Water 
Gain (Thousand 

Gallons) a/ 
Water Conservation 
Plan Approval Date 

Allen Co. RWD #06 31 690,400 -- 
Allen Co. RWD #08 49 13,256,400 -- 
Barber Co. RWD #02 30 6,454,700 -- 
Bunker Hill 40 1,611,000 February 25, 1998 
Cherokee Co. RWD #01 59 18,087,450 February 6, 1997 
Cherokee Co. RWD #03 41 29,331,250 February 3, 1998 
Cherokee Co. RWD #04 44 20,607,400 March 25, 2002 
Comanche Co. RWD #02 48 7,322,450 March 17, 1997 
Cowley Co. RWD #07 33 1,236,300 August 11, 1999 
Crawford Co. RWD #05 40 26,505,150 April 8, 1997 
Delphos 33 4,030,050 May 22, 2000 
Dickinson Co. RWD #02 30 10,503,250 June 16, 1992 
Doniphan Co. RWD #01 35 323,200 May 22, 2000 
Elgin 78 8,422,500 April 1, 1997 
Elmdale 39 712,350 July 1, 1991 
Glade 42 1,591,600 December 21, 2004 
Greenwood Co. RWD #01 43 10,714,350 -- 
Hamilton 32 1,736,550 -- 
Jefferson Co. RWD #08 38 585,150 -- 
Jefferson Co. RWD #13 30 20,835,450 October 29, 2001 
Kensington 33 5,539,350 February 21, 2005 
Kirwin 33 1,768,600 September 13, 1999 
Lakeside Village Improvement 30 1,590,300 -- 
McDonald 35 4,766,450 -- 
Melvern 30 2,176,850 July 6, 1992 
Moscow 37 29,609,400 -- 
Neosho Co. RWD #05 36 1,029,550 -- 
Osborne Co. RWD #01A 50 6,736,600 July 25, 1997 
Ottawa Co. RWD #01 43 1,346,600 -- 
Republic Co. RWD #01 31 12,145,050 September 26, 2000 
Republic Co. RWD #02 30 16,141,700 May 24, 2001 
Saline Co. RWD #04 32 6,664,150 August 30, 1999 
Solomon 35 10,942,450 December 17, 2002 
Wilson Co. RWD #13 61 3,254,750 February 26, 2003 

 
a/  Potential water gain is the amount of water that would be saved if only 15 percent of the total 

was unaccounted for. 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2001-2005 

Public Water Supplier Region
2001 

GPCD
2002 

GPCD
2003 

GPCD
2004 

GPCD 
2005 

GPCD 
AVG 

GPCD
Abbyville 6S 154 139 142 118 121 135 
Abilene 7M 170 193 149 158 151 164 
Admire 7S 100 89 85 84 89 89 
Agenda 7S 92 91 91 103 96 95 
Agra 5 133 152 140 121 126 135 
Albert 6S 121 126 129 115 125 123 
Alexander 5 150 161 137 109 113 134 
Allen 7S 59 60 58 58 58 59 
Allen Co. RWD #01 8S 57 na 93 na 67 72 
Allen Co. RWD #03 8S 119 123 119 na 99 115 
Allen Co. RWD #04 8S 144 127 92 105 96 113 
Allen Co. RWD #06 8S na 88 121 105 158 118 
Allen Co. RWD #07 8S na 74 na na na 74 
Allen Co. RWD #08 8M 112 122 131 153 172 138 
Allen Co. RWD #10 8S 79 87 84 69 77 79 
Allen Co. RWD #11 8S 64 66 61 55 61 61 
Allen Co. RWD #12 8S na 129 119 122 110 120 
Allen Co. RWD #13 8S na 59 56 63 61 60 
Allen Co. RWD #15 8S 74 66 63 55 58 63 
Allen Co. RWD #16 8S 112 119 128 77 86 105 
Alma 7M 131 140 141 140 151 140 
Almena 4 131 166 132 123 113 133 
Alta Vista 7S 97 85 86 81 80 86 
Altamont 8M 83 77 78 73 77 78 
Alton 6S 221 220 144 143 95 165 
Altoona 7S 132 87 99 75 83 95 
Andale 7M 101 111 89 85 81 93 
Anderson Co. RWD #01 8S 96 81 87 79 76 84 
Anderson Co. RWD #01C 8M na na 66 63 64 64 
Anderson Co. RWD #03 8S na 73 85 69 na 76 
Anderson Co. RWD #04 8M 119 112 102 96 na 107 
Anderson Co. RWD #05 8M 73 60 75 74 71 71 
Anthony 6ML 206 160 148 153 152 164 
Arcadia 8S 91 85 89 73 67 81 
Argonia 7M 146 104 117 103 120 118 
Arkansas City 7L 121 114 118 120 130 121 
Arlington 6S 132 117 116 106 107 116 
Arma 8M 82 87 84 77 77 81 
Arnold 4 198 271 270 187 213 228 
Ashland 4 226 240 260 220 249 239 
Assaria 7M 83 72 70 66 71 72 
Atchison 8L 129 121 234 191 176 170 
Atchison Co. RWD #01 8S na na 91 65 66 74 
Atchison Co. RWD #02 8S 87 na na na na 87 
Atchison Co. RWD #03 8S 90 77 90 73 69 80 
Atchison Co. RWD #06 8M na 116 na na 60 88 
Atlanta 7S 86 71 69 61 65 70 
Attica 6ML 179 195 166 146 162 170 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2001-2005 

Public Water Supplier Region
2001 

GPCD
2002 

GPCD
2003 

GPCD
2004 

GPCD 
2005 

GPCD 
AVG 

GPCD
Atwood 2 221 260 219 229 208 227 
Augusta 7M 127 145 139 126 163 140 
Aurora 7S 104 143 107 103 87 109 
Axtell 7S 80 89 90 80 83 84 
Baldwin 8M 195 112 137 111 127 137 
Barber Co. RWD #01 6S 176 198 174 169 181 180 
Barber Co. RWD #02 6S 135 212 192 234 181 191 
Barber Co. RWD #03 6S 92 113 74 81 71 86 
Barnard 6S na 72 77 70 77 74 
Barnes 7S 149 168 200 135 155 162 
Bartlett 8S 98 91 na 102 99 98 
Barton Co. RWD #01 6S na na 110 104 90 101 
Barton Co. RWD #02 6ML 45 52 47 37 44 45 
Barton Hills WD 6S 101 80 78 74 70 80 
Baxter Springs 8M 170 133 116 120 138 135 
Bazine 4 157 143 122 128 139 138 
Beattie 7S 109 123 109 109 101 110 
Bel Aire 7M 128 123 112 106 110 116 
Belle Plaine 7M 114 104 104 96 102 104 
Belleville 7M 152 160 145 145 156 152 
Beloit 6ML 89 97 90 99 104 96 
Belpre 5 134 163 122 122 142 137 
Belvidere 5 244 232 218 120 195 202 
Belvue 7S 111 111 103 99 106 106 
Bennington 7M 95 97 91 91 91 93 
Benton 7M 79 84 82 75 85 81 
Bern 7S 99 107 111 109 95 104 
Beverly 6S 102 95 86 117 92 98 
Bird City 1 350 401 329 331 349 352 
Bison 5 136 134 115 163 106 131 
Blue Mound 8S 95 88 97 106 100 97 
Blue Rapids 7M 161 167 154 140 143 153 
Blue River Hills Improvement 7S 131 136 123 131 101 124 
Bluff City 6S 92 83 93 94 91 91 
Bogue 4 157 203 187 183 232 192 
Bonner Springs 8M 120 151 128 130 149 136 
Bourbon Co. RWD #02C 8M 82 79 90 89 86 85 
Bourbon Co. RWD #04 8M 179 206 166 172 148 174 
Brewster 2 289 412 378 339 437 371 
Bronson 8S 79 76 76 73 75 76 
Brookville 7S na 105 na na 74 89 
Brown Co. RWD #01 8M 89 96 96 107 90 96 
Brown Co. RWD #02 8M 81 92 89 73 89 85 
Brownell 4 132 86 60 58 77 82 
Bucklin 4 305 282 286 239 218 266 
Buffalo 7S 75 108 113 130 149 115 
Buhler 6ML 137 131 127 118 123 127 
Bunker Hill 6S 106 125 112 113 169 125 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2001-2005 

Public Water Supplier Region
2001 

GPCD
2002 

GPCD
2003 

GPCD
2004 

GPCD 
2005 

GPCD 
AVG 

GPCD
Burden 7M 112 114 107 110 110 110 
Burdett 5 191 211 193 144 159 180 
Burlingame 7M 93 89 86 75 81 85 
Burlington 7M 139 130 129 114 120 127 
Burns 7S 77 84 79 72 68 76 
Burr Oak 6S 125 115 112 111 95 112 
Burrton 7M 108 108 108 95 95 103 
Bushton 6S 153 175 144 140 171 157 
Butler Co. RWD #01 7M 106 103 101 100 102 103 
Butler Co. RWD #02 7M 81 83 78 88 89 84 
Butler Co. RWD #03 7M 76 73 66 65 62 69 
Butler Co. RWD #04 7M 81 78 68 68 72 73 
Butler Co. RWD #05 7M 80 81 80 71 84 79 
Butler Co. RWD #06 7M 87 91 87 84 83 87 
Butler Co. RWD #07 7M 77 66 65 62 78 69 
Butler Co. RWD #08 7M 70 73 88 58 66 71 
Byron 7S 193 225 226 190 243 216 
Caldwell 7M 102 98 103 99 111 103 
Cambridge 7S 71 68 63 65 55 64 
Caney 7M 141 135 146 142 167 146 
Canton 7M 151 150 142 139 133 143 
Carbondale 7M 136 113 105 87 94 107 
Cassoday 7S 119 114 92 91 83 100 
Cawker City 6S 128 130 130 131 147 133 
Cedar Point 7S 76 69 55 58 55 63 
Cedar Vale 7M 125 107 107 96 98 106 
Centralia 7M 88 88 87 82 83 86 
Chanute 8M 131 130 126 114 119 124 
Chapman 7M 153 171 157 152 172 161 
Chase 6S 98 114 126 113 119 114 
Chase Co. RWD #01 7S 84 83 85 79 76 81 
Chautauqua 7S 112 na na 85 na 98 
Chautauqua Co. RWD #01 7S 91 74 84 86 85 84 
Chautauqua Co. RWD #02 7S 107 106 77 100 105 99 
Chautauqua Co. RWD #03 7S 101 92 87 na na 93 
Cheney 7M 174 176 170 158 151 166 
Cherokee 8M 94 112 118 102 112 107 
Cherokee Co. RWD #01 8M 155 145 175 230 203 181 
Cherokee Co. RWD #02 8M 92 84 91 99 103 94 
Cherokee Co. RWD #03 8M 186 167 163 158 151 165 
Cherokee Co. RWD #04 8M 145 127 106 94 123 119 
Cherokee Co. RWD #05 8S 79 71 73 70 71 73 
Cherokee Co. RWD #06 8S na 109 85 76 80 87 
Cherokee Co. RWD #07 8S 73 78 90 98 74 82 
Cherokee Co. RWD #08 8M 67 64 70 67 75 69 
Cherryvale 7M 89 87 84 87 89 87 
Chetopa 8M 136 130 101 99 102 114 
Chicopee Water Company 8S 85 92 88 79 87 86 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2001-2005 

Public Water Supplier Region
2001 

GPCD
2002 

GPCD
2003 

GPCD
2004 

GPCD 
2005 

GPCD 
AVG 

GPCD
Cimarron 3 264 326 240 222 267 264 
Circleville 7S 55 63 62 59 57 59 
Claflin 6ML 152 141 138 128 133 138 
Clay Center 7M 156 125 111 94 100 117 
Clay Co. RWD #01 7S 130 126 118 116 159 130 
Clay Co. RWD #02 7M 101 105 99 98 101 101 
Clayton 4 172 122 123 128 134 136 
Clearwater 7M 100 96 95 93 93 95 
Clifton 7M 146 159 150 138 155 150 
Cloud Co. RWD #01 7S 107 111 120 114 111 113 
Clyde 7M 146 159 140 133 157 147 
Coal Hollow WD 8S 81 na na na 61 71 
Coats 6S 147 143 142 141 150 144 
Coffey Co. RWD #02 7M 95 94 89 na 89 92 
Coffey Co. RWD #03 7M 77 76 77 75 66 74 
Coffeyville 7L 142 168 215 171 177 175 
Colby 2 291 320 302 305 328 309 
Coldwater 5 243 229 217 208 184 216 
Collyer 4 139 153 151 114 101 132 
Colony 8S 94 94 96 82 80 89 
Columbus 8M 108 117 92 118 119 111 
Colwich 7M na na 82 72 68 74 
Comanche Co. RWD #01 5 64 93 124 97 82 92 
Comanche Co. RWD #02 5 431 427 411 441 452 433 
Concordia 7M 148 153 142 140 132 143 
Conway Springs 7M 112 106 129 108 97 111 
Coolidge 1 300 339 310 375 286 322 
Copeland 3 242 248 249 210 227 235 
Cottonwood Falls 7M 97 92 90 83 89 90 
Council Grove 7M 123 121 122 122 100 117 
Courtland 7S 112 113 119 126 123 119 
Cowley Co. RWD #01 7M 118 112 101 76 76 97 
Cowley Co. RWD #02 7M 77 71 67 61 68 69 
Cowley Co. RWD #03 7M 127 na 120 109 121 119 
Cowley Co. RWD #04 7S 130 107 113 103 97 110 
Cowley Co. RWD #05 7M 101 88 90 81 75 87 
Cowley Co. RWD #06 7M 90 78 86 77 77 82 
Cowley Co. RWD #07 7S 73 na na 146 96 105 
Cowley Co. RWD #08 7S 85 na 86 na 106 92 
Crawford Co. RWD #01 8M 116 96 113 129 101 111 
Crawford Co. RWD #01C 8M 127 116 125 141 126 127 
Crawford Co. RWD #02 8M 82 82 86 97 97 89 
Crawford Co. RWD #03 8S 100 107 95 84 81 93 
Crawford Co. RWD #04 8M 92 88 79 84 90 86 
Crawford Co. RWD #05 8M 111 115 174 216 160 155 
Crawford Co. RWD #06 8M 126 120 na 115 109 117 
Crawford Co. RWD #07 8S 64 59 72 62 67 65 
Cuba 7S 128 133 135 132 114 128 
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Cullison 6S 272 167 218 203 175 207 
Culver 7S 84 66 62 55 60 65 
Cunningham 6ML 194 187 182 139 154 171 
Damar 5 110 105 104 99 na 105 
Dearing 7M 79 71 100 82 77 82 
Deerfield 2 137 158 168 142 142 149 
Delia 7S na 79 na 67 59 69 
Delphos 7S 151 184 176 150 133 159 
Denison 8S 68 67 65 57 52 62 
Derby (El Paso Water Co.) 7L 140 131 116 95 102 117 
DeSoto 8M 101 114 159 160 102 127 
Dexter 7S 119 102 96 107 99 105 
Dickinson Co. RWD #01 7M 108 98 72 77 81 87 
Dickinson Co. RWD #02 7M 101 114 102 111 122 110 
Dickinson Co. RWD #03 7S 65 64 na 76 72 69 
Dighton 3 248 268 276 254 235 256 
Dodge City 4 224 218 208 203 185 207 
Doniphan Co. RWD #01 8S 67 59 61 64 65 63 
Doniphan Co. RWD #02 8S 66 72 72 68 73 70 
Doniphan Co. RWD #03 8S 77 86 76 98 82 84 
Doniphan Co. RWD #05 8M na 80 na na na 80 
Dorrance 6S 87 88 77 75 74 80 
Douglas Co. RWD #01 8M 90 103 108 99 105 101 
Douglas Co. RWD #02 8M na na na na 90 90 
Douglas Co. RWD #03 8M 90 92 88 83 87 88 
Douglas Co. RWD #04 8M 87 94 96 79 84 88 
Douglas Co. RWD #05 8M 80 79 81 71 72 77 
Douglas Co. RWD #06 8M 88 85 83 75 83 83 
Douglass 7M 90 87 80 78 78 83 
Downs 6ML 217 250 221 170 169 206 
Durham 7S 101 116 148 145 126 127 
Dwight 7S 88 84 87 89 75 85 
Easton 8S 127 102 75 67 69 88 
Edgerton 8M 63 na na 57 57 59 
Edna 8S 62 68 72 73 77 71 
Effingham 8M 79 84 92 79 81 83 
El Dorado 7L 200 200 185 181 166 186 
Elbing 7S 61 64 61 61 62 62 
Elgin 7S 268 288 267 319 364 301 
Elk City 7S 114 99 145 190 164 142 
Elk Co. RWD #01 7M na na 90 90 85 88 
Elkhart 1 288 350 354 312 339 329 
Ellinwood 6ML 117 125 123 110 120 119 
Ellis 5 112 115 97 101 97 104 
Ellis Co. RWD #01 5 85 88 91 87 89 88 
Ellis Co. RWD #01C 5 na na 117 na na 117 
Ellis Co. RWD #03 5 126 70 88 58 61 81 
Ellis Co. RWD #06 5 89 133 na 105 121 112 
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Ellsworth 6ML 132 136 138 122 142 134 
Elmdale 7S 150 149 163 194 159 163 
Elwood 8M 74 77 86 73 77 77 
Emmett 7S 83 80 77 70 74 77 
Emporia 7L 175 178 182 170 172 175 
Englewood 4 405 555 494 383 475 463 
Ensign 3 252 222 218 141 138 194 
Enterprise 7M 86 111 87 78 78 88 
Erie 8M 101 98 96 107 108 102 
Esbon 6S 132 142 135 123 112 129 
Eskridge 7M 163 127 112 105 95 121 
Eudora 8M 97 108 109 93 97 101 
Eureka 7M 127 124 119 113 120 121 
Everest 8S 111 120 135 120 110 119 
Fall River 7S 61 na 62 63 74 65 
Farr Subdivision 2 68 67 68 67 65 67 
Finney Co. RWD #01 2 70 75 80 74 81 76 
Florence 7M 106 105 96 86 79 94 
Fontana 8S 91 82 81 81 75 82 
Ford 4 261 290 225 249 329 271 
Formoso 6S 107 94 111 88 86 97 
Fort Scott 8M 153 169 153 142 157 155 
Fowler 3 193 211 186 185 163 188 
Frankfort 7M 120 132 131 124 133 128 
Franklin Co. RWD #01 8M 87 74 70 65 70 73 
Franklin Co. RWD #02 8M 78 81 na na 62 74 
Franklin Co. RWD #03 8S 70 78 76 69 63 71 
Franklin Co. RWD #04 8M 95 85 97 92 113 97 
Franklin Co. RWD #05 8M 99 103 95 87 80 93 
Franklin Co. RWD #06 8M 110 114 108 90 92 103 
Franklin Co. RWD #07 8S 89 201 129 126 117 132 
Fredonia 7M 141 124 132 126 116 128 
Frontenac 8M 110 114 109 116 120 114 
Fulton 8S 83 84 66 57 61 70 
Galena 8M 143 136 130 130 134 135 
Galesburg 8S na 83 na 84 84 84 
Galva 7M 126 127 122 109 113 120 
Garden City 2 180 212 186 185 207 194 
Garden Plain 7M 132 159 126 112 120 130 
Garden Spot Rentals 2 79 96 66 75 64 76 
Gardner 8L 112 120 112 99 107 110 
Garnett 8M 122 112 103 110 103 110 
Gas 8M 78 78 80 78 74 78 
Gaylord 6S 158 159 145 121 115 139 
Geary Co. RWD #01 7S 140 na na 103 96 113 
Geary Co. RWD #02 7S 151 134 119 118 117 128 
Geary Co. RWD #04 7M 76 78 83 82 100 84 
Geneseo 6S 106 104 108 109 101 106 
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Geuda Springs 7S 115 160 98 79 89 108 
Girard 8M 122 117 128 112 121 120 
Glade 5 112 151 112 115 139 126 
Glasco 7M 80 79 77 73 72 76 
Glen Elder 6S 181 180 153 158 164 167 
Goddard 7M 229 235 206 181 156 201 
Goessel 7M 103 101 97 94 102 100 
Goff 7S 80 79 82 70 67 76 
Goodland 1 303 314 294 283 320 303 
Gorham 6S 79 82 87 78 76 80 
Gove 3 287 261 192 212 240 238 
Grainfield 3 234 295 280 233 276 264 
Grandview Plaza 7M 102 97 102 90 93 97 
Great Bend 6ML 136 133 131 124 135 132 
Greeley 8S 71 62 74 69 65 68 
Green 7S 77 84 78 76 82 79 
Greenleaf 7S 152 141 150 130 134 142 
Greensburg 5 160 160 161 187 178 169 
Greenwood Co. RWD #01 7M na na na na 82 82 
Greenwood Co. RWD #02 7M 99 102 102 100 101 101 
Greenwood Co. RWD #03 7S 69 68 66 60 69 66 
Grenola 7S 73 69 71 69 78 72 
Gridley 7S 94 114 108 75 72 92 
Grinnell 3 278 309 266 252 290 279 
Gypsum 7S 111 114 109 106 103 109 
Haddam 7S 84 87 88 76 73 81 
Halstead 7M 111 110 127 102 109 112 
Hamilton 7S 74 na 75 69 82 75 
Hamilton Co. RWD #01 1 71 110 97 89 112 96 
Hanover 7M 93 101 106 107 103 102 
Hanston 4 266 269 285 271 256 269 
Hardtner 6S 230 244 201 223 192 218 
Harper 6ML 164 134 128 120 124 134 
Harper Co. RWD #01 6S 124 115 na na na 119 
Harper Co. RWD #04 6S 125 98 80 71 na 93 
Harper Co. RWD #05 6S 136 na na na 123 130 
Hartford 7M 72 69 74 68 77 72 
Harvey Co. RWD #01 7M 79 76 69 67 69 72 
Harveyville 7S 156 110 92 92 101 110 
Haven 6ML 169 158 160 139 147 155 
Havensville 7S 92 83 86 na na 87 
Haviland 5 183 198 190 173 178 184 
Hays 5 91 95 96 92 97 94 
Hays City Suburban 5 162 208 179 183 165 180 
Haysville 7M 101 103 103 89 97 99 
Hazelton 6S 169 179 118 109 93 134 
Herington 7M 103 105 118 120 120 113 
Herndon 2 405 533 469 453 429 458 
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Hesston 7M 191 179 216 152 153 178 
Hiawatha 8M 114 120 118 110 112 115 
Highland 8M 117 115 123 142 116 123 
Hill City 4 215 280 241 251 239 245 
Hillsboro 7M 132 138 124 121 126 128 
Hoisington 6ML 109 117 110 101 99 107 
Holcomb 2 152 178 155 133 145 153 
Holton 7M 149 140 151 132 119 138 
Holyrood 6S 155 174 161 140 145 155 
Hope 7S 90 92 97 86 87 90 
Horace 1 123 154 122 119 159 135 
Horton 8M 94 86 90 90 90 90 
Howard 7M 126 120 107 105 105 112 
Howison Heights WD 7S 127 167 183 167 135 156 
Hoxie 3 241 269 307 311 288 283 
Hoyt 7M 71 69 69 71 72 70 
Hugoton 2 301 360 299 276 290 305 
Humboldt 8M 128 122 113 108 110 116 
Hunter 6S na na 90 na na 90 
Hutchinson 6ML 145 141 136 127 127 135 
Independence 7L 153 145 140 135 135 141 
Ingalls 3 228 244 194 143 182 198 
Inman 7M 144 142 140 130 132 137 
Iola 8M 124 118 106 97 99 109 
Isabel 6S 127 144 163 126 138 140 
Iuka 6S 115 126 96 79 83 100 
Jackson Co. RWD #01 7M 87 100 100 92 82 92 
Jackson Co. RWD #03 7M 104 97 97 103 98 100 
Jamestown 7S 112 103 92 82 92 96 
Jefferson Co. RWD #01 8M 105 113 118 98 109 108 
Jefferson Co. RWD #02 8M 147 122 122 106 128 125 
Jefferson Co. RWD #03 8M 118 117 124 104 98 112 
Jefferson Co. RWD #07 8M 105 103 111 109 105 107 
Jefferson Co. RWD #08 8S 88 109 103 76 114 98 
Jefferson Co. RWD #09 8S 77 69 65 62 63 67 
Jefferson Co. RWD #10 8S 161 169 106 88 84 122 
Jefferson Co. RWD #11 8S 86 na na 155 75 106 
Jefferson Co. RWD #12 8M 103 106 107 85 90 98 
Jefferson Co. RWD #13 8M 156 123 128 127 126 132 
Jefferson Co. RWD #15 8S 63 62 58 54 52 58 
Jennings 3 395 413 424 375 194 360 
Jetmore 4 218 247 215 235 227 228 
Jewell 6S 80 91 86 80 91 86 
Jewell Co. RWD #01 6S 204 169 144 154 119 158 
Johnson City 1 290 365 335 312 312 323 
Johnson Co. RWD #06C 8M 81 99 107 93 104 96 
Johnson Co. RWD #07 8M 90 105 115 95 107 102 
Junction City 7L 153 146 146 147 151 149 
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Kanopolis 6ML 109 109 103 91 102 103 
Kanorado 1 310 298 243 211 223 257 
Kansas City BPU 8L 211 176 184 202 199 194 
Kechi 7M 117 123 114 na 107 115 
Kensington 6ML 169 183 168 166 163 170 
Kincaid 8S na 60 63 54 na 59 
Kingman 6ML 141 124 133 118 119 127 
Kingman Co. RWD #01 6S 72 73 78 65 69 71 
Kinsley 5 136 130 134 114 123 127 
Kiowa 6ML 135 148 163 169 168 157 
Kirwin 5 200 164 142 129 117 151 
Kismet 2 203 208 206 170 157 189 
Konza Valley Water District 7S 80 72 74 80 86 78 
La Crosse 5 115 124 122 122 122 121 
La Cygne 8M 91 91 103 104 100 98 
La Harpe 8M 92 100 102 91 84 94 
Labette Co. RWD #01 8S 101 94 106 99 112 102 
Labette Co. RWD #02 8S 72 76 85 86 101 84 
Labette Co. RWD #03 8S 94 89 85 82 82 86 
Labette Co. RWD #04 8S 108 97 98 102 82 97 
Labette Co. RWD #06 8M 95 63 70 59 69 71 
Labette Co. RWD #07 8S 80 74 75 72 68 74 
Labette Co. RWD #08 8M 93 85 87 82 91 88 
Lakeside Village Improvement 8S 100 120 127 99 96 108 
Lakin 2 250 282 253 242 242 254 
Lancaster 8S 66 na na na na 66 
Lane 8S 73 69 66 60 70 68 
Lane Co. RWD #01 3 213 213 200 207 200 207 
Lansing (Lan-Del WC) 8M 98 102 99 na 95 99 
Larned 5 196 238 238 228 226 225 
Latham 7S 84 86 80 73 77 80 
Lawrence 8L 128 139 137 116 121 128 
Leavenworth 8L 116 108 107 99 97 106 
Leavenworth Co. RWD #01C 8M 77 89 93 82 84 85 
Leavenworth Co. RWD #05 8M 108 103 107 93 95 101 
Leavenworth Co. RWD #06 8M 74 85 88 na na 82 
Leavenworth Co. RWD #07 8M 81 85 93 74 86 84 
Leavenworth Co. RWD #08 8M 112 112 114 99 117 111 
Leavenworth Co. RWD #09 8M 87 93 92 84 94 90 
Leavenworth Co. RWD #10 8M 80 na na 69 na 75 
Lebanon 6S 113 104 100 108 112 107 
Lebo 7M 83 83 83 80 80 82 
Lecompton 8M 77 77 73 73 69 74 
Lehigh 7S 119 110 113 108 92 109 
Lenora 4 164 202 224 191 189 194 
Leon 7M 92 99 110 94 92 98 
Leonardville 7S 100 114 100 86 102 100 
Leoti 2 221 260 239 232 221 235 



 44

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2001-2005 

Public Water Supplier Region
2001 

GPCD
2002 

GPCD
2003 

GPCD
2004 

GPCD 
2005 

GPCD 
AVG 

GPCD
LeRoy 7M 82 76 76 68 65 73 
Lewis 5 174 193 191 186 143 177 
Liberal 2 209 203 174 153 152 178 
Liebenthal 5 65 90 73 77 70 75 
Lincoln Center 6ML 141 150 136 123 133 137 
Lindsborg 7M 119 122 112 106 112 114 
Linn 7S 154 132 128 122 126 132 
Linn Co. RWD #01 8M na 94 93 93 99 95 
Linn Co. RWD #02 8M 89 83 76 70 73 78 
Linn Co. RWD #03 8M 94 91 92 92 93 92 
Linwood 8S 83 71 72 61 63 70 
Little Bear Mound 7S na na 114 103 118 112 
Little River 6ML 159 173 158 132 140 153 
Logan 5 192 262 178 185 186 201 
Long Island 5 165 312 293 153 216 228 
Longford 7S 87 83 80 77 86 83 
Longton 7S 102 91 85 87 80 89 
Lorraine 6S 110 127 315 100 111 153 
Louisburg 8M 106 115 110 105 119 111 
Lucas 6S 110 152 114 111 112 120 
Luray 6S 88 99 92 89 97 93 
Lyndon 7M 88 89 87 81 77 85 
Lyon Co. RWD #01 7M 93 105 94 81 85 92 
Lyon Co. RWD #02 7M 126 143 182 140 131 144 
Lyon Co. RWD #03 7S 78 77 na 67 73 74 
Lyon Co. RWD #04 7M 86 87 86 na na 86 
Lyon Co. RWD #05 7M 110 106 107 97 102 105 
Lyons 6ML 246 181 214 193 200 207 
Macksville 6S 180 183 185 162 132 168 
Madison 7M 95 91 86 87 105 93 
Mahaska 7S 147 103 89 139 148 125 
Maize 7M na na na 81 81 81 
Manchester 7S na na na 66 na 66 
Manhattan 7L 165 151 141 135 144 147 
Mankato 6ML 186 193 179 179 176 183 
Manter 1 275 352 305 257 273 293 
Maple Hill 7M 93 101 104 90 92 96 
Marion 7M 127 118 108 120 115 118 
Marion Co. Imp. Dist. #02 7S 73 91 76 65 66 74 
Marion Co. RWD #01 7M 108 124 121 121 108 116 
Marion Co. RWD #02 7S 34 37 35 33 34 35 
Marion Co. RWD #04 7M 97 84 83 78 na 86 
Marquette 7M 127 133 126 136 120 129 
Marshall Co. RWD #01 7S 91 103 102 90 82 94 
Marshall Co. RWD #03 7M 101 108 99 97 108 102 
Marysville 7M 136 148 143 151 145 145 
Matfield Green 7S 118 118 91 88 98 103 
Mayetta 7S na 68 70 na 65 68 
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Mayfield 7S 68 65 65 61 63 64 
McCracken 5 127 118 119 114 92 114 
McCune 8S na na na 76 74 75 
McDonald 2 264 400 356 304 372 339 
McFarland 7S 73 75 77 68 71 73 
McLouth 8M 65 62 65 57 60 62 
McPherson 7L 180 172 173 162 166 171 
McPherson Co. RWD #01 7S 155 128 132 132 128 135 
McPherson Co. RWD #02 7S 136 126 127 118 125 127 
McPherson Co. RWD #03 7S 162 199 143 116 146 153 
McPherson Co. RWD #04 7M 118 116 123 119 119 119 
McPherson Co. RWD #06 7S na na na na 55 55 
Meade 3 236 254 259 218 221 238 
Medicine Lodge 6ML 261 254 238 235 215 240 
Melvern 7S 130 113 126 104 93 113 
Miami Co. RWD #01 8M 93 100 82 84 84 88 
Miami Co. RWD #02 8M 95 102 97 88 95 95 
Miami Co. RWD #03 8M 71 71 87 83 83 79 
Miami Co. RWD #04 8M 60 60 63 58 66 61 
Milford 7M 74 76 73 78 72 75 
Miltonvale 7M 126 133 113 88 101 112 
Minneapolis 7M 166 166 153 131 167 157 
Minneola 4 203 220 197 185 196 200 
Mitchell Co. RWD #01 6S na na na 73 na 73 
Mitchell Co. RWD #02 6ML 262 204 200 231 237 226 
Moline 7S 106 145 114 135 162 133 
Montezuma 3 285 311 258 260 261 275 
Montgomery Co. RWD #01 7S 80 na 87 87 na 85 
Montgomery Co. RWD #01C 7M 79 71 71 na 161 95 
Montgomery Co. RWD #02 7M 83 78 85 79 80 81 
Montgomery Co. RWD #06 7M na 99 97 89 90 94 
Montgomery Co. RWD #07 7S na na na na 91 91 
Montgomery Co. RWD #08 7S 136 99 106 na na 114 
Montgomery Co. RWD #09 7S 110 118 112 126 na 117 
Montgomery Co. RWD #10 7S 102 100 89 83 86 92 
Montgomery Co. RWD #11 7M 106 88 na 87 97 95 
Montgomery Co. RWD #12 7M 70 68 66 70 na 69 
Montgomery Co. RWD #13 7S 82 69 70 75 84 76 
Montgomery Co. RWD #14 7S na na na 56 na 56 
Moran 8M 99 104 103 98 97 100 
Morganville 7S 139 162 143 147 116 141 
Morland 4 272 291 278 219 268 265 
Morrill 8S 62 53 58 59 58 58 
Morris Co. RWD #01 7M 120 147 141 141 114 133 
Morrowville 7S 98 125 113 103 102 108 
Moscow 2 393 276 286 335 377 333 
Mound City 8M 115 108 117 99 104 109 
Mound Valley 8S 68 66 61 66 69 66 
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Moundridge 7M 182 193 187 140 160 172 
Mount Hope 7M 140 157 141 115 124 135 
Mulberry 8M 117 111 88 91 86 99 
Mullinville 5 246 250 235 244 305 256 
Mulvane 7M 86 81 77 86 86 83 
Munden 7S 97 102 156 154 95 121 
Muscotah 8S 68 67 75 76 77 73 
Narka 7S na na na na 86 86 
Natoma 6S 124 123 107 103 94 110 
Nemaha Co. RWD #01 7S 92 117 110 112 87 104 
Nemaha Co. RWD #03 7M 116 113 115 116 114 115 
Nemaha Co. RWD #04 7S 99 101 113 132 138 117 
Neodesha 7M 126 117 130 131 129 127 
Neosho Co. RWD #01C 8M 85 80 78 76 77 79 
Neosho Co. RWD #02 8M 85 89 85 75 88 84 
Neosho Co. RWD #03 8S 107 103 99 96 102 101 
Neosho Co. RWD #04 8M na 88 89 97 89 91 
Neosho Co. RWD #05 8S 125 121 97 83 116 108 
Neosho Co. RWD #06 8S 114 98 116 101 93 104 
Neosho Co. RWD #07 8M 109 134 130 114 126 123 
Neosho Co. RWD #08 8S 96 105 88 89 92 94 
Neosho Co. RWD #09 8S 118 119 132 78 80 106 
Neosho Co. RWD #12 8S 82 88 91 83 92 87 
Ness City 4 131 141 142 122 136 134 
Netawaka 7S 80 na 72 na 69 74 
New Strawn 7S 123 96 106 95 94 103 
Newbury Extension 7S 71 85 94 82 78 82 
Newton 7L 121 118 112 101 108 112 
Nickerson 6ML 111 98 82 78 67 87 
Norcatur 3 203 305 196 203 148 211 
North Newton 7M 165 124 128 157 135 142 
Norton 4 233 272 239 229 202 235 
Norton Co. RWD #01 4 63 75 69 77 70 71 
Nortonville 8M 85 96 89 83 87 88 
Norwich 6ML 161 113 133 128 119 131 
Oakley 2 287 289 300 265 298 288 
Oberlin 3 275 296 242 211 207 246 
Offerle 5 235 272 308 181 166 233 
Ogden 7M 106 100 97 92 99 99 
Oketo 7S 85 103 90 86 82 89 
Olathe 8L 106 113 111 99 99 106 
Olmitz 6S 130 129 113 93 89 111 
Olpe 7M 93 74 82 72 67 78 
Olsburg 7S 70 87 83 84 99 84 
Onaga 7M 94 101 107 109 111 104 
Oneida 7S 75 73 72 64 71 71 
Osage City 7M 94 90 97 89 88 92 
Osage Co. RWD #02 7S 72 98 88 87 64 82 
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Osage Co. RWD #03 7M 103 109 101 94 100 101 
Osage Co. RWD #04 7M 93 102 94 84 90 93 
Osage Co. RWD #05 7M 95 86 104 90 96 94 
Osage Co. RWD #06 7S 89 83 89 83 74 84 
Osage Co. RWD #07 7M 101 na na na na 101 
Osage Co. RWD #08 7M 90 na 88 na na 89 
Osawatomie 8M 141 135 149 139 146 142 
Osborne 6ML 188 208 190 187 190 193 
Osborne Co. RWD #01A 6S 248 177 217 426 447 303 
Osborne Co. RWD #02 6S 197 176 199 189 158 184 
Oskaloosa 8M 96 99 95 84 83 91 
Oswego 8M 109 108 108 103 103 106 
Otis 5 228 228 209 201 206 214 
Ottawa 8L 101 101 91 83 89 93 
Ottawa Co. RWD #01 7S 125 123 117 93 120 115 
Ottawa Co. RWD #02 7M 117 127 116 100 93 111 
Overbrook 7M 91 92 88 74 80 85 
Oxford 7M 112 103 101 102 104 104 
Ozawkie 8M 90 95 99 80 81 89 
Palco 5 126 173 140 138 136 143 
Palmer 7S 118 163 145 127 120 134 
Paola 8M 128 135 140 130 123 131 
Paradise 6S 78 98 69 99 63 81 
Park 3 175 172 187 169 176 176 
Park City 7M 134 138 113 100 106 118 
Parker 8S 88 73 69 65 70 73 
Parsons 8L 110 119 170 129 121 130 
Pawnee Rock 6S 74 78 66 70 64 71 
Paxico 7S 89 88 93 94 96 92 
Peabody 7M 97 na 83 87 84 88 
Perry 8M 85 80 75 85 92 83 
Peru 7S 68 57 55 64 61 61 
Phillipsburg 5 181 209 191 204 132 183 
Pittsburg 8L 121 124 113 112 114 117 
Plains 3 282 290 244 237 248 260 
Plainville 5 136 128 131 134 133 133 
Pleasanton 8M 93 92 88 101 98 94 
Pomona 8M 75 74 71 76 67 73 
Portis 6S 91 120 105 101 104 104 
Post Rock RWD 5 137 141 138 131 127 135 
Pottawatomie Co. RWD #01 7M 129 128 125 124 136 128 
Pottawatomie Co. RWD #02 7M 174 182 136 133 138 152 
Pottawatomie Co. RWD #03 7M 115 94 104 90 92 99 
Pottawatomie Co. RWD #04 7M na 105 117 166 174 141 
Potwin 7S 89 88 89 88 86 88 
Prairie View 5 168 216 189 156 155 177 
Pratt 6ML 206 195 240 224 230 219 
Prescott 8S 83 83 79 74 67 77 
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Preston 6S 113 141 138 105 104 120 
Pretty Prairie 6ML 142 182 161 162 138 157 
Princeton 8S 72 70 72 72 71 71 
Protection 5 199 198 199 248 200 209 
Quenemo 7S 63 61 56 56 52 57 
Quinter 3 239 258 230 234 237 240 
Randall 6S 106 117 107 94 102 105 
Randolph 7S 95 112 101 80 97 97 
Ransom 4 128 137 130 120 139 131 
Rantoul 8S 79 67 57 52 57 62 
Raymond 6S 167 179 150 125 123 149 
Reading 7S 85 88 77 72 68 78 
Red Bud Lake Improvement 7S 43 56 44 60 44 50 
Reno Co. RWD #01 6S 168 171 130 161 153 157 
Reno Co. RWD #03 6S 418 249 347 282 282 316 
Reno Co. RWD #04 6S 93 81 82 69 66 78 
Reno Co. RWD #08 6S 188 153 148 154 159 160 
Reno Co. WD #101 6S 114 117 117 116 104 114 
Republic 7S 136 119 127 129 120 126 
Republic Co. RWD #01 7S 236 208 199 223 249 223 
Republic Co. RWD #02 7M 155 181 180 187 190 178 
Reserve 8S 93 112 100 100 92 99 
Rexford 2 404 423 354 389 391 392 
Rice Co. RWD #01 6ML 129 127 120 116 116 121 
Richmond 8M 88 83 83 84 100 88 
Riley 7M 120 113 115 114 116 116 
Riley Co. RWD #01 7M 117 121 115 131 119 120 
Robinson 8S 91 102 111 103 106 102 
Rocky Ford Water Company 7S 92 122 73 66 98 90 
Rolla 1 259 257 187 180 202 217 
Rooks Co. RWD #01 5 63 68 67 68 53 64 
Rooks Co. RWD #02 5 86 95 93 84 85 88 
Rooks Co. RWD #03 5 116 134 153 183 166 150 
Rose Hill 7M 87 87 83 74 76 82 
Roseland 8S na 63 59 71 58 63 
Rossville 7M 90 88 87 85 87 88 
Rozel 5 168 303 248 174 202 219 
Rush Center 5 170 178 168 141 153 162 
Rush Co. RWD #01 5 243 284 265 230 137 232 
Russell 6ML 148 117 128 155 156 141 
Russell Co. RWD #01 6S 75 125 129 148 146 125 
Russell Co. RWD #02 6S 119 187 207 149 162 165 
Russell Co. RWD #03 6ML 165 141 132 130 135 141 
Russell Co. RWD #04 6S 146 178 175 178 158 167 
Sabetha 7M 112 110 122 131 125 120 
Salina 7L 128 144 130 123 126 130 
Saline Co. RWD #01 7S 53 64 74 67 66 65 
Saline Co. RWD #02 7S 140 150 127 116 133 133 
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Saline Co. RWD #03 7M 95 na na na na 95 
Saline Co. RWD #04 7M 107 104 97 85 117 102 
Saline Co. RWD #06 7S 120 123 108 102 111 113 
Saline Co. RWD #07 7S 73 84 77 na na 78 
Saline Co. RWD #08 7S 115 88 105 92 106 101 
Satanta 2 256 284 260 234 249 256 
Sawyer 6S 137 148 143 130 138 139 
Scammon 8M 119 112 109 107 93 108 
Scandia 7S 145 234 200 188 194 192 
Scotsman Estates 7S 60 55 52 54 59 56 
Scott City 2 277 320 278 252 277 281 
Scranton 7M na na na 63 62 63 
Sedan 7M 115 106 120 112 117 114 
Sedgwick 7M 99 105 75 76 85 88 
Sedgwick Co. RWD #01 7M 86 86 81 73 78 81 
Sedgwick Co. RWD #03 7M 108 106 81 76 84 91 
Sedgwick Co. RWD #04 7M 126 93 93 97 97 101 
Selden 3 207 221 208 202 219 211 
Seneca 7M 109 137 159 142 144 138 
Severy 7S 119 118 120 133 142 126 
Sharon 6S 119 129 134 123 115 124 
Sharon Springs 1 231 263 271 247 249 252 
Shawnee Co. RWD #01C 7M 84 94 95 79 79 86 
Shawnee Co. RWD #02C 7M 85 86 83 77 85 83 
Shawnee Co. RWD #03C 7M na na na na 123 123 
Shawnee Co. RWD #04C 7L na na na na 83 83 
Shawnee Co. RWD #08 7M 93 101 101 85 89 94 
Silver Lake 7M 85 85 89 87 94 88 
Simpson 6S 98 84 99 109 94 97 
Smith Center 6ML 156 163 164 158 146 157 
Smith Co. RWD #01 6S 154 155 168 169 163 162 
Soldier 7S na 62 69 66 58 64 
Solomon 7M 105 105 120 120 135 117 
South Haven 7S 99 143 173 100 95 122 
South Hutchinson 6ML 149 140 136 136 141 140 
Spearville 4 178 183 172 156 145 167 
Speed 5 113 146 111 112 114 119 
Spivey 6S 107 124 143 122 109 121 
Spring Hill 8M 108 104 113 105 82 102 
St. Francis 1 313 367 285 282 293 308 
St. George 7S 103 104 96 82 69 91 
St. John 6ML 177 156 166 142 152 159 
St. Marys 7M 127 128 167 126 108 131 
St. Paul 8M 109 104 97 100 99 102 
Stafford 6ML 159 181 161 130 136 153 
Sterling 6ML 128 119 108 94 98 109 
Stockton 5 147 134 106 127 132 129 
Strong City 7M 160 133 115 120 124 130 



 50

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2001-2005 

Public Water Supplier Region
2001 

GPCD
2002 

GPCD
2003 

GPCD
2004 

GPCD 
2005 

GPCD 
AVG 

GPCD
Sublette 2 290 309 287 245 242 274 
Suburban Water Company 8M 125 103 103 83 82 99 
Summerfield 7S 105 117 102 95 99 104 
Sumner Co. RWD #01 7S 174 166 na na 106 149 
Sumner Co. RWD #02 7S 118 122 111 108 109 114 
Sumner Co. RWD #03 7S 101 127 91 87 na 102 
Sumner Co. RWD #04 7M 106 93 92 94 92 95 
Sumner Co. RWD #05 7M 128 152 na na 106 129 
Sumner Co. RWD #06 7S na 80 73 82 86 80 
Susank 6S 74 80 75 116 99 89 
Sylvan Grove 6S 122 128 150 142 127 134 
Sylvia 6S 176 165 173 159 138 162 
Syracuse 1 330 394 325 296 341 337 
Tescott 7S 100 110 97 84 103 99 
Thayer 8M 101 136 115 112 110 115 
Timber Creek Water & Sewer 7M 112 134 120 120 132 124 
Timken 5 197 193 156 101 105 150 
Tipton 6S 106 109 98 99 104 103 
Tonganoxie 8M 101 98 108 89 95 98 
Topeka 7L 146 153 151 132 123 141 
Toronto 7S 190 122 112 104 104 126 
Towanda 7M 82 90 81 na 85 85 
Treece 8S na 87 na 62 65 71 
Trego Co. RWD #01 4 71 114 117 96 138 107 
Trego Co. RWD #02 4 87 105 91 93 100 95 
Tribune 1 287 342 284 250 259 284 
Troy 8M 113 110 112 109 116 112 
Turon 6S 137 120 126 105 110 120 
Udall 7M 105 100 84 86 87 92 
Ulysses 2 218 269 233 216 220 231 
Uniontown 8S 91 84 81 77 78 82 
University Park Water 7S 65 62 74 65 61 65 
Utica 4 193 235 209 170 204 202 
Valley Center 7M 99 90 107 112 105 103 
Valley Falls 8M 107 105 119 110 115 111 
Vermillion 7S 169 172 130 132 128 146 
Victoria 5 99 115 111 110 120 111 
Viola 7S 73 71 70 63 61 68 
Virgil 7S 58 62 68 69 53 62 
Wabaunsee Co. RWD #01 7S 91 88 96 79 84 87 
Wabaunsee Co. RWD #02 7M 85 100 95 91 95 93 
Wakeeney 4 174 203 207 199 198 196 
Wakefield 7M 117 114 112 105 108 111 
Waldo 6S 54 53 48 53 59 53 
Wallace 1 234 345 294 177 267 263 
Wallace Co. RWD #01 1 396 484 419 325 365 398 
Walnut 8S na 106 106 na na 106 
Walton 7S na 71 76 na 72 73 



 51

TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2001-2005 

Public Water Supplier Region
2001 

GPCD
2002 

GPCD
2003 

GPCD
2004 

GPCD 
2005 

GPCD 
AVG 

GPCD
Wamego 7M 130 141 124 109 129 126 
Washington 7M 150 177 160 146 151 157 
Washington Co. RWD #01 7M 102 99 101 99 98 100 
Washington Co. RWD #02 7M 143 116 131 110 114 123 
WaterOne - Johnson Co. 8L 164 182 185 153 160 169 
Waterville 7M 138 149 139 133 140 140 
Wathena 8M 98 101 108 115 103 105 
Waverly 7M 81 84 83 78 87 83 
Weir 8M 73 76 72 78 77 75 
Wellington 7M 153 150 128 110 117 132 
Wellsville 8M 80 80 na na 83 81 
West Hills Water Company 6S 211 na 282 179 251 230 
West Mineral 8S 65 70 72 69 66 68 
Westmoreland 7M 117 110 103 89 88 101 
Wetmore 7S 104 109 107 85 82 97 
White City 7M 97 92 97 107 95 97 
White Cloud 8S 87 83 95 91 83 88 
Whitewater 7M 97 115 108 81 86 97 
Whiting 7S 84 93 84 79 94 87 
Wichita 7L 153 146 141 136 146 144 
Williamsburg 8S 106 97 na na na 102 
Willis 8S na 84 103 93 84 91 
Wilson 6ML 141 124 127 189 132 142 
Wilson Co. RWD #01 7S 149 157 115 115 127 133 
Wilson Co. RWD #02 7S 77 na na na na 77 
Wilson Co. RWD #03 7S na 66 na na na 66 
Wilson Co. RWD #04 7S 115 86 82 82 85 90 
Wilson Co. RWD #05 7S 57 na 47 46 48 49 
Wilson Co. RWD #06 7S 91 163 141 93 84 114 
Wilson Co. RWD #07 7S 101 na na na na 101 
Wilson Co. RWD #09 7M 74 na na 56 na 65 
Wilson Co. RWD #10 7M 82 na na na na 82 
Wilson Co. RWD #11 7M 81 70 69 71 59 70 
Wilson Co. RWD #12 7S 83 89 76 64 59 74 
Wilson Co. RWD #13 7S na 84 73 77 107 85 
Winchester 8M 73 76 74 78 82 77 
Windom 7S 86 79 109 na 81 89 
Winfield 7L 148 136 146 137 134 140 
Winona 2 280 353 336 307 299 315 
Woodson Co. RWD #01 7M 92 84 77 77 80 82 
Woodston 5 181 187 200 316 138 205 
Yates Center 7M 110 114 110 104 108 110 
Zenda 6S 149 125 136 136 138 137 

 
Note: GPCD figures are based on reported water sold to residential and commercial customers, 
metered free water, and unaccounted for water. “Na” is shown if no water use report was 
provided, or if the information submitted was insufficient to determine GPCD. 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2001-2005 

Public Water Supplier Region

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

AVG 
Percent 

UFW 
Abbyville 6S 23 10 21 18 21 19 
Abilene 7M 12 20 16 12 10 14 
Admire 7S 24 16 17 16 12 17 
Agenda 7S 14 9 15 20 13 14 
Agra 5 17 21 24 23 29 23 
Albert 6S 4 20 14 12 12 12 
Alexander 5 14 12 5 5 9 9 
Allen 7S 5 5 8 15 11 9 
Allen Co. RWD #01 8S 100 na 100 na 100 100 
Allen Co. RWD #03 8S 3 4 21 na 7 9 
Allen Co. RWD #04 8S 100 na 100 100 100 100 
Allen Co. RWD #06 8S na na 7 7 31 15 
Allen Co. RWD #07 8S na 13 na na na 13 
Allen Co. RWD #08 8M 19 23 22 37 49 30 
Allen Co. RWD #10 8S 11 25 3 5 9 11 
Allen Co. RWD #11 8S 4 na 3 7 4 5 
Allen Co. RWD #12 8S na 100 na na na 100 
Allen Co. RWD #13 8S na 100 11 10 15 34 
Allen Co. RWD #15 8S 5 na 7 na 100 37 
Allen Co. RWD #16 8S 6 9 100 100 100 63 
Alma 7M 17 15 17 9 5 13 
Almena 4 13 na 21 19 17 17 
Alta Vista 7S 22 6 6 10 11 11 
Altamont 8M 7 6 na na 6 6 
Alton 6S 53 58 44 5 8 34 
Altoona 7S 23 13 16 10 8 14 
Andale 7M 8 12 8 8 8 9 
Anderson Co. RWD #01 8S 10 9 19 20 5 13 
Anderson Co. RWD #01C 8M na na 9 na 20 15 
Anderson Co. RWD #03 8S na 100 100 100 na 100 
Anderson Co. RWD #04 8M 15 15 15 17 na 15 
Anderson Co. RWD #05 8M 15 15 10 18 18 15 
Anthony 6ML 7 21 12 18 17 15 
Arcadia 8S 11 8 25 14 15 15 
Argonia 7M 5 13 13 11 17 12 
Arkansas City 7L 4 13 13 14 18 12 
Arlington 6S 9 7 11 15 7 10 
Arma 8M 4 6 8 4 8 6 
Arnold 4 100 100 100 100 100 100 
Ashland 4 14 8 6 na 14 10 
Assaria 7M na 3 na 3 na 3 
Atchison 8L 9 7 24 24 23 17 
Atchison Co. RWD #01 8S na na 28 9 12 16 
Atchison Co. RWD #02 8S 18 na na na na 18 
Atchison Co. RWD #03 8S 21 15 18 12 6 14 
Atchison Co. RWD #06 8M na 26 na na 60 43 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2001-2005 

Public Water Supplier Region

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

AVG 
Percent 

UFW 
Atlanta 7S 11 12 18 11 10 12 
Attica 6ML 8 11 15 16 9 12 
Atwood 2 6 7 9 16 7 9 
Augusta 7M 5 10 7 8 20 10 
Aurora 7S 10 8 13 4 14 10 
Axtell 7S 7 15 6 6 6 8 
Baldwin 8M 40 7 19 17 20 20 
Barber Co. RWD #01 6S 100 100 100 100 100 100 
Barber Co. RWD #02 6S 8 21 26 28 30 23 
Barber Co. RWD #03 6S 10 37 7 18 10 16 
Barnard 6S na 14 16 20 21 18 
Barnes 7S 18 21 36 19 28 24 
Bartlett 8S 10 7 na 9 18 11 
Barton Co. RWD #01 6S na na na 15 na 15 
Barton Co. RWD #02 6ML 59 57 54 51 54 55 
Barton Hills WD 6S 25 4 5 3 9 9 
Baxter Springs 8M 27 9 4 11 20 14 
Bazine 4 14 10 8 8 8 9 
Beattie 7S 21 16 18 14 20 18 
Bel Aire 7M 12 9 10 13 na 11 
Belle Plaine 7M 21 15 14 15 9 15 
Belleville 7M 7 11 10 10 9 9 
Beloit 6ML 10 8 10 12 12 11 
Belpre 5 18 24 na 21 25 22 
Belvidere 5 100 100 100 100 100 100 
Belvue 7S 16 20 10 14 13 15 
Bennington 7M 10 10 12 12 7 10 
Benton 7M na 9 5 na 14 9 
Bern 7S 17 17 13 13 3 13 
Beverly 6S 10 28 100 6 3 29 
Bird City 1 19 15 15 27 25 20 
Bison 5 30 25 16 14 22 22 
Blue Mound 8S 19 8 4 8 9 9 
Blue Rapids 7M 37 24 15 8 17 20 
Blue River Hills Improvement 7S 100 100 100 100 100 100 
Bluff City 6S 6 13 17 20 21 16 
Bogue 4 11 10 11 9 24 13 
Bonner Springs 8M 16 27 19 25 27 23 
Bourbon Co. RWD #02C 8M 15 15 15 23 9 15 
Bourbon Co. RWD #04 8M 26 15 5 9 5 12 
Brewster 2 6 12 15 9 28 14 
Bronson 8S 5 7 9 12 11 9 
Brookville 7S na 26 na na 6 16 
Brown Co. RWD #01 8M 22 21 20 31 20 23 
Brown Co. RWD #02 8M 15 13 7 6 12 11 
Brownell 4 7 9 9 8 11 9 



 54

TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2001-2005 

Public Water Supplier Region

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

AVG 
Percent 

UFW 
Bucklin 4 24 30 40 29 25 30 
Buffalo 7S 7 6 7 15 23 12 
Buhler 6ML 8 7 3 8 7 7 
Bunker Hill 6S 10 6 16 16 40 18 
Burden 7M 20 22 21 25 14 20 
Burdett 5 31 20 11 10 10 17 
Burlingame 7M 22 21 14 12 5 15 
Burlington 7M 13 10 7 7 8 9 
Burns 7S 15 na na na 4 10 
Burr Oak 6S 30 15 12 19 12 18 
Burrton 7M 6 8 7 9 7 7 
Bushton 6S 14 12 15 18 16 15 
Butler Co. RWD #01 7M 12 16 12 15 14 14 
Butler Co. RWD #02 7M 6 11 12 28 23 16 
Butler Co. RWD #03 7M 13 8 4 8 3 7 
Butler Co. RWD #04 7M 6 6 na na na na 
Butler Co. RWD #05 7M 9 8 10 11 12 10 
Butler Co. RWD #06 7M 11 13 16 15 14 14 
Butler Co. RWD #07 7M 14 7 6 8 7 8 
Butler Co. RWD #08 7M 13 7 30 7 3 12 
Byron 7S 100 100 100 100 100 100 
Caldwell 7M 8 6 12 13 19 12 
Cambridge 7S na 18 9 4 7 10 
Caney 7M 10 13 7 3 21 11 
Canton 7M 14 8 9 11 na 10 
Carbondale 7M 10 28 23 14 21 19 
Cassoday 7S 21 12 11 21 15 16 
Cawker City 6S 5 11 9 7 16 10 
Cedar Point 7S 3 100 8 7 11 26 
Cedar Vale 7M 24 21 24 22 22 23 
Centralia 7M 10 10 6 5 5 7 
Chanute 8M 9 14 10 10 10 11 
Chapman 7M 4 na 3 4 5 4 
Chase 6S 8 10 18 14 13 12 
Chase Co. RWD #01 7S 23 19 11 21 16 18 
Chautauqua 7S 22 na na 30 na 26 
Chautauqua Co. RWD #01 7S 11 10 18 17 15 14 
Chautauqua Co. RWD #02 7S 25 26 9 27 29 23 
Chautauqua Co. RWD #03 7S 8 15 22 na na 15 
Cheney 7M 5 4 3 3 4 4 
Cherokee 8M 15 15 25 13 17 17 
Cherokee Co. RWD #01 8M 42 38 48 65 59 50 
Cherokee Co. RWD #02 8M 11 6 15 28 22 16 
Cherokee Co. RWD #03 8M 30 30 31 38 41 34 
Cherokee Co. RWD #04 8M 50 45 37 30 44 41 
Cherokee Co. RWD #05 8S 19 15 15 17 17 17 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2001-2005 

Public Water Supplier Region

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

AVG 
Percent 

UFW 
Cherokee Co. RWD #06 8S na 29 12 12 22 19 
Cherokee Co. RWD #07 8S 11 17 17 36 26 21 
Cherokee Co. RWD #08 8M 9 6 7 9 16 9 
Cherryvale 7M 13 14 15 17 19 16 
Chetopa 8M 16 29 4 6 7 12 
Chicopee Water Company 8S 12 16 6 9 13 11 
Cimarron 3 5 8 6 11 12 9 
Circleville 7S 12 18 11 11 14 13 
Claflin 6ML 14 5 7 6 7 8 
Clay Center 7M 5 4 na na 4 5 
Clay Co. RWD #01 7S 12 na 3 10 12 9 
Clay Co. RWD #02 7M 8 7 na 10 10 9 
Clayton 4 na na na na 7 7 
Clearwater 7M 10 11 10 12 13 11 
Clifton 7M 10 14 15 10 12 12 
Cloud Co. RWD #01 7S 7 13 15 20 14 14 
Clyde 7M 20 19 16 13 11 16 
Coal Hollow WD 8S na na na na na na 
Coats 6S 5 6 5 14 13 8 
Coffey Co. RWD #02 7M 14 16 9 na 21 15 
Coffey Co. RWD #03 7M 10 14 13 11 5 11 
Coffeyville 7L 12 18 24 18 15 17 
Colby 2 na 4 5 8 22 10 
Coldwater 5 10 7 5 16 4 8 
Collyer 4 28 19 19 8 na 19 
Colony 8S na na na 7 11 9 
Columbus 8M 6 29 17 9 29 18 
Colwich 7M na na 11 7 4 7 
Comanche Co. RWD #01 5 3 5 16 12 4 8 
Comanche Co. RWD #02 5 54 52 45 47 48 49 
Concordia 7M 16 12 12 13 7 12 
Conway Springs 7M 13 12 21 18 14 16 
Coolidge 1 13 26 26 52 29 29 
Copeland 3 na 59 58 58 57 58 
Cottonwood Falls 7M 7 4 5 4 5 5 
Council Grove 7M 11 6 7 15 11 10 
Courtland 7S 16 9 12 24 18 16 
Cowley Co. RWD #01 7M 17 16 7 8 6 11 
Cowley Co. RWD #02 7M 9 14 11 10 11 11 
Cowley Co. RWD #03 7M 20 na 28 24 20 23 
Cowley Co. RWD #04 7S 23 12 20 5 7 13 
Cowley Co. RWD #05 7M 24 10 11 17 9 14 
Cowley Co. RWD #06 7M 21 14 19 16 12 17 
Cowley Co. RWD #07 7S 40 na na 53 33 42 
Cowley Co. RWD #08 7S 9 na na na na 9 
Crawford Co. RWD #01 8M 39 19 32 41 23 31 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2001-2005 

Public Water Supplier Region

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

AVG 
Percent 

UFW 
Crawford Co. RWD #01C 8M 10 4 14 5 11 9 
Crawford Co. RWD #02 8M 11 12 6 17 19 13 
Crawford Co. RWD #03 8S 15 27 19 14 12 18 
Crawford Co. RWD #04 8M 24 16 12 7 26 17 
Crawford Co. RWD #05 8M 18 18 39 58 40 35 
Crawford Co. RWD #06 8M 27 23 na 22 19 23 
Crawford Co. RWD #07 8S 21 17 18 10 9 15 
Cuba 7S 19 22 18 18 15 18 
Cullison 6S 17 13 26 19 24 20 
Culver 7S 15 13 16 13 9 13 
Cunningham 6ML 20 17 6 14 5 12 
Damar 5 12 5 na na na 8 
Dearing 7M 9 6 na 6 na 7 
Deerfield 2 8 6 8 7 4 7 
Delia 7S na 24 na 21 100 49 
Delphos 7S 35 43 41 38 33 38 
Denison 8S 5 15 15 8 na 11 
Derby (El Paso Water Co.) 7L 5 6 7 3 na 5 
DeSoto 8M 20 20 29 42 15 25 
Dexter 7S 15 11 7 10 9 10 
Dickinson Co. RWD #01 7M 40 30 26 29 28 30 
Dickinson Co. RWD #02 7M 21 23 17 27 30 24 
Dickinson Co. RWD #03 7S 100 100 na 100 100 100 
Dighton 3 7 5 13 7 5 8 
Dodge City 4 26 22 25 22 17 22 
Doniphan Co. RWD #01 8S 100 19 11 22 35 38 
Doniphan Co. RWD #02 8S 9 10 11 4 15 10 
Doniphan Co. RWD #03 8S 21 10 14 23 18 17 
Doniphan Co. RWD #05 8M na 21 na na na 21 
Dorrance 6S 15 17 17 15 7 14 
Douglas Co. RWD #01 8M 17 16 17 25 25 20 
Douglas Co. RWD #02 8M na na na na 15 15 
Douglas Co. RWD #03 8M 16 14 11 18 20 16 
Douglas Co. RWD #04 8M 19 15 23 24 23 21 
Douglas Co. RWD #05 8M 9 9 7 9 8 9 
Douglas Co. RWD #06 8M 9 na 8 na 6 8 
Douglass 7M 8 12 na 12 14 11 
Downs 6ML 28 37 6 16 23 22 
Durham 7S 8 23 36 34 26 26 
Dwight 7S 14 14 na 3 7 10 
Easton 8S 30 24 3 na 11 17 
Edgerton 8M 8 na na 7 5 7 
Edna 8S na 4 7 8 11 8 
Effingham 8M na 3 4 3 3 3 
El Dorado 7L 7 7 3 6 5 6 
Elbing 7S 100 na na na na 100 



 57

TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2001-2005 

Public Water Supplier Region

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

AVG 
Percent 

UFW 
Elgin 7S 68 68 63 72 78 70 
Elk City 7S 9 13 23 21 20 18 
Elk Co. RWD #01 7M na na 31 30 29 30 
Elkhart 1 15 27 17 13 10 17 
Ellinwood 6ML 5 na 4 5 4 4 
Ellis 5 12 6 3 5 4 6 
Ellis Co. RWD #01 5 13 12 12 9 7 11 
Ellis Co. RWD #01C 5 na na 11 na na 11 
Ellis Co. RWD #03 5 48 16 32 100 20 43 
Ellis Co. RWD #06 5 14 16 na 17 14 15 
Ellsworth 6ML 10 11 13 9 17 12 
Elmdale 7S 45 15 40 49 39 37 
Elwood 8M 8 10 5 7 na 7 
Emmett 7S 23 21 18 22 23 21 
Emporia 7L 16 17 18 18 17 17 
Englewood 4 91 98 95 97 92 95 
Ensign 3 100 100 23 100 8 66 
Enterprise 7M 11 15 14 12 19 15 
Erie 8M 6 5 7 10 11 8 
Esbon 6S 25 32 32 24 28 28 
Eskridge 7M 19 14 9 9 8 12 
Eudora 8M 12 11 11 8 8 10 
Eureka 7M 9 8 8 7 9 8 
Everest 8S 13 14 11 13 17 14 
Fall River 7S 18 na 17 18 21 18 
Farr Subdivision 2 100 100 100 100 100 100 
Finney Co. RWD #01 2 13 15 20 17 6 14 
Florence 7M 15 14 17 13 10 14 
Fontana 8S 13 13 18 15 23 16 
Ford 4 79 78 78 80 100 83 
Formoso 6S 3 12 4 12 8 8 
Fort Scott 8M 27 30 31 27 24 28 
Fowler 3 9 13 14 14 12 12 
Frankfort 7M 14 na 4 18 18 13 
Franklin Co. RWD #01 8M 23 11 5 7 8 11 
Franklin Co. RWD #02 8M na na na na na na 
Franklin Co. RWD #03 8S 100 7 11 21 9 30 
Franklin Co. RWD #04 8M 19 14 20 17 25 19 
Franklin Co. RWD #05 8M 7 14 18 12 16 14 
Franklin Co. RWD #06 8M 15 25 15 13 14 16 
Franklin Co. RWD #07 8S 47 75 57 82 64 65 
Fredonia 7M 20 11 20 27 7 17 
Frontenac 8M 15 11 9 11 8 11 
Fulton 8S 23 27 18 13 15 19 
Galena 8M 29 22 17 23 21 23 
Galesburg 8S na 4 na 19 15 13 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2001-2005 

Public Water Supplier Region

2001 
Percent 

UFW 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

AVG 
Percent 

UFW 
Galva 7M 17 17 14 10 5 13 
Garden City 2 3 na 7 4 5 5 
Garden Plain 7M 10 32 8 11 na 15 
Garden Spot Rentals 2 100 100 100 100 100 100 
Gardner 8L 22 11 13 16 14 15 
Garnett 8M 12 9 8 13 13 11 
Gas 8M 8 12 6 13 7 9 
Gaylord 6S 32 23 24 8 5 18 
Geary Co. RWD #01 7S 24 na na 8 na 16 
Geary Co. RWD #02 7S 100 100 100 100 100 100 
Geary Co. RWD #04 7M na 3 na na 5 4 
Geneseo 6S 8 12 13 15 10 12 
Geuda Springs 7S 24 50 18 10 7 22 
Girard 8M 15 15 13 11 13 13 
Glade 5 30 48 23 36 42 36 
Glasco 7M 6 na 4 3 4 4 
Glen Elder 6S 7 7 9 9 11 9 
Goddard 7M 8 20 8 11 na 12 
Goessel 7M 9 9 9 7 4 8 
Goff 7S 11 6 na na 3 7 
Goodland 1 13 16 19 20 21 18 
Gorham 6S 8 11 10 3 7 8 
Gove 3 18 17 na 16 24 19 
Grainfield 3 8 12 9 11 5 9 
Grandview Plaza 7M 10 10 3 10 9 8 
Great Bend 6ML 13 10 8 12 16 12 
Greeley 8S 19 9 21 19 7 15 
Green 7S 15 20 12 9 5 12 
Greenleaf 7S 26 8 13 8 13 14 
Greensburg 5 na na 4 8 8 7 
Greenwood Co. RWD #01 7M na na na na 43 43 
Greenwood Co. RWD #02 7M 18 21 17 11 18 17 
Greenwood Co. RWD #03 7S 20 5 7 5 9 9 
Grenola 7S 8 10 8 10 11 9 
Gridley 7S 20 36 34 9 15 23 
Grinnell 3 11 9 9 5 7 8 
Gypsum 7S 9 11 14 13 14 12 
Haddam 7S 24 17 20 21 24 21 
Halstead 7M 11 15 23 9 10 14 
Hamilton 7S 16 na 15 11 32 18 
Hamilton Co. RWD #01 1 8 7 5 na 8 7 
Hanover 7M 9 11 12 19 12 13 
Hanston 4 14 6 25 9 8 13 
Hardtner 6S 3 4 4 3 na 3 
Harper 6ML 18 15 15 13 11 15 
Harper Co. RWD #01 6S 12 11 na na na 11 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2001-2005 

Public Water Supplier Region

2001 
Percent 

UFW 

2002 
Percent 

UFW 
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Percent 

UFW 

2004 
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UFW 

2005 
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Percent 

UFW 
Harper Co. RWD #04 6S 37 22 15 13 na 22 
Harper Co. RWD #05 6S 25 na na na 22 24 
Hartford 7M 13 7 8 9 22 12 
Harvey Co. RWD #01 7M 9 11 6 10 12 9 
Harveyville 7S 20 15 14 22 17 17 
Haven 6ML 21 20 20 25 25 22 
Havensville 7S 34 27 42 na na 34 
Haviland 5 22 17 14 13 14 16 
Hays 5 8 5 6 7 9 7 
Hays City Suburban 5 100 100 100 100 100 100 
Haysville 7M 13 14 15 12 12 13 
Hazelton 6S 18 21 22 21 87 34 
Herington 7M 10 13 14 16 11 13 
Herndon 2 9 9 20 27 29 19 
Hesston 7M 8 13 24 7 4 11 
Hiawatha 8M 9 9 9 11 8 9 
Highland 8M 14 14 16 16 17 15 
Hill City 4 14 21 13 12 14 15 
Hillsboro 7M 20 11 7 7 12 11 
Hoisington 6ML 19 20 19 15 13 17 
Holcomb 2 11 10 5 7 12 9 
Holton 7M 18 17 17 24 20 19 
Holyrood 6S 17 8 18 15 9 13 
Hope 7S 4 3 8 na 17 8 
Horace 1 3 na 3 3 6 4 
Horton 8M 12 11 11 14 14 12 
Howard 7M 20 11 11 5 6 10 
Howison Heights WD 7S 16 23 9 41 7 19 
Hoxie 3 15 11 19 28 16 18 
Hoyt 7M 15 6 10 13 7 10 
Hugoton 2 7 8 7 9 10 8 
Humboldt 8M 12 12 12 15 13 13 
Hunter 6S na na 13 na na 13 
Hutchinson 6ML 5 14 8 20 14 12 
Independence 7L 23 22 12 6 5 14 
Ingalls 3 7 10 10 na 28 14 
Inman 7M 10 9 8 3 3 7 
Iola 8M 16 15 9 9 5 11 
Isabel 6S 7 21 20 16 14 15 
Iuka 6S 9 27 6 4 5 10 
Jackson Co. RWD #01 7M 5 14 10 18 13 12 
Jackson Co. RWD #03 7M 19 8 9 23 na 15 
Jamestown 7S 26 13 12 13 11 15 
Jefferson Co. RWD #01 8M 18 22 25 19 23 21 
Jefferson Co. RWD #02 8M 24 21 24 20 29 24 
Jefferson Co. RWD #03 8M 24 25 28 30 20 25 
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Jefferson Co. RWD #07 8M 16 11 15 22 19 17 
Jefferson Co. RWD #08 8S 13 23 16 13 38 21 
Jefferson Co. RWD #09 8S 40 29 20 28 27 29 
Jefferson Co. RWD #10 8S 61 62 31 29 21 41 
Jefferson Co. RWD #11 8S 6 na na 49 15 23 
Jefferson Co. RWD #12 8M 25 19 20 19 17 20 
Jefferson Co. RWD #13 8M 40 13 22 29 30 27 
Jefferson Co. RWD #15 8S 12 9 9 9 14 11 
Jennings 3 52 42 59 41 23 43 
Jetmore 4 na na na 5 8 6 
Jewell 6S 7 6 7 7 12 8 
Jewell Co. RWD #01 6S 25 18 21 18 13 19 
Johnson City 1 17 20 11 14 15 16 
Johnson Co. RWD #06C 8M 3 8 15 13 14 11 
Johnson Co. RWD #07 8M 16 5 8 13 13 11 
Junction City 7L 14 14 14 16 6 13 
Kanopolis 6ML 15 10 9 5 8 10 
Kanorado 1 19 26 9 7 19 16 
Kansas City BPU 8L 6 20 9 19 21 15 
Kechi 7M 10 11 10 na 7 10 
Kensington 6ML 36 24 28 29 33 30 
Kincaid 8S na 5 5 5 na 5 
Kingman 6ML 20 16 9 16 13 15 
Kingman Co. RWD #01 6S 21 20 24 19 12 19 
Kinsley 5 12 12 17 14 17 14 
Kiowa 6ML 13 15 6 9 12 11 
Kirwin 5 54 21 17 27 33 30 
Kismet 2 18 16 18 24 27 21 
Konza Valley Water District 7S 20 10 14 3 17 13 
La Crosse 5 6 5 na 8 9 7 
La Cygne 8M 10 8 5 5 na 7 
La Harpe 8M 14 12 23 10 28 17 
Labette Co. RWD #01 8S 21 10 12 12 15 14 
Labette Co. RWD #02 8S 9 10 10 9 16 11 
Labette Co. RWD #03 8S 12 12 12 14 15 13 
Labette Co. RWD #04 8S 45 27 11 6 9 20 
Labette Co. RWD #06 8M na na na 4 na 4 
Labette Co. RWD #07 8S 11 9 11 18 9 12 
Labette Co. RWD #08 8M 24 18 23 21 26 23 
Lakeside Village Improvement 8S 40 48 44 33 30 39 
Lakin 2 11 9 7 9 12 10 
Lancaster 8S na na na na na na 
Lane 8S 18 12 8 7 24 14 
Lane Co. RWD #01 3 23 na 15 13 13 16 
Lansing (Lan-Del WC) 8M 16 14 8 na na 13 
Larned 5 8 9 9 11 13 10 
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Latham 7S 14 16 15 15 8 13 
Lawrence 8L 4 6 6 8 3 5 
Leavenworth 8L 13 8 8 7 6 8 
Leavenworth Co. RWD #01C 8M 6 9 8 10 6 8 
Leavenworth Co. RWD #05 8M 25 14 17 14 16 17 
Leavenworth Co. RWD #06 8M 6 10 6 na na 7 
Leavenworth Co. RWD #07 8M 12 11 10 8 12 11 
Leavenworth Co. RWD #08 8M 25 20 18 15 24 20 
Leavenworth Co. RWD #09 8M 16 16 16 27 20 19 
Leavenworth Co. RWD #10 8M na na na na na na 
Lebanon 6S 5 10 15 19 21 14 
Lebo 7M 3 6 4 6 6 5 
Lecompton 8M 14 11 8 12 6 10 
Lehigh 7S 17 18 20 19 6 16 
Lenora 4 15 17 17 16 18 16 
Leon 7M 17 14 21 10 13 15 
Leonardville 7S 10 12 10 9 11 10 
Leoti 2 6 4 10 15 12 9 
LeRoy 7M 6 na 18 8 13 11 
Lewis 5 13 12 13 12 10 12 
Liberal 2 9 12 7 3 na 8 
Liebenthal 5 6 22 9 8 7 10 
Lincoln Center 6ML 23 20 21 16 25 21 
Lindsborg 7M 7 5 4 4 7 5 
Linn 7S 6 5 16 10 16 11 
Linn Co. RWD #01 8M na 10 14 16 15 14 
Linn Co. RWD #02 8M 25 19 15 21 19 20 
Linn Co. RWD #03 8M 20 24 17 25 20 21 
Linwood 8S 9 9 8 19 15 12 
Little Bear Mound 7S na na 100 100 100 100 
Little River 6ML 16 27 11 13 8 15 
Logan 5 7 8 10 18 na 11 
Long Island 5 13 100 4 5 3 25 
Longford 7S 12 3 na 3 4 5 
Longton 7S 15 17 14 18 14 16 
Lorraine 6S 6 6 7 9 8 7 
Louisburg 8M na 3 16 13 12 11 
Lucas 6S 5 10 7 13 6 8 
Luray 6S 8 11 8 13 8 10 
Lyndon 7M 13 11 12 15 11 12 
Lyon Co. RWD #01 7M 14 6 7 6 4 7 
Lyon Co. RWD #02 7M 8 na 13 na na 10 
Lyon Co. RWD #03 7S 10 4 na 8 10 8 
Lyon Co. RWD #04 7M 4 6 6 na na 5 
Lyon Co. RWD #05 7M 5 8 na 13 11 9 
Lyons 6ML na 5 7 10 10 8 
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Macksville 6S 23 12 14 19 7 15 
Madison 7M 10 11 14 19 23 15 
Mahaska 7S 10 4 4 7 na 6 
Maize 7M na na na 9 6 7 
Manchester 7S na na na 9 na 9 
Manhattan 7L 26 12 12 11 12 15 
Mankato 6ML 27 20 15 22 22 21 
Manter 1 13 14 15 24 24 18 
Maple Hill 7M 15 18 3 4 16 11 
Marion 7M 17 19 9 15 9 14 
Marion Co. Imp. Dist. #02 7S na na na na na na 
Marion Co. RWD #01 7M 18 19 13 17 27 19 
Marion Co. RWD #02 7S 3 na na 9 12 8 
Marion Co. RWD #04 7M 12 9 11 14 na 11 
Marquette 7M 8 8 9 7 7 8 
Marshall Co. RWD #01 7S 9 8 7 7 11 8 
Marshall Co. RWD #03 7M 12 17 11 10 13 13 
Marysville 7M 16 24 21 24 18 21 
Matfield Green 7S 33 31 18 18 25 25 
Mayetta 7S na 6 13 na 16 12 
Mayfield 7S na 4 na na 3 4 
McCracken 5 20 15 18 3 4 12 
McCune 8S na na na 8 11 9 
McDonald 2 16 27 23 21 35 24 
McFarland 7S 7 8 8 8 10 8 
McLouth 8M 8 12 na 7 10 9 
McPherson 7L 9 6 5 5 5 6 
McPherson Co. RWD #01 7S 25 8 13 15 13 15 
McPherson Co. RWD #02 7S na na 4 4 3 3 
McPherson Co. RWD #03 7S 7 na na na 8 8 
McPherson Co. RWD #04 7M 8 3 7 10 8 7 
McPherson Co. RWD #06 7S na na na na 11 11 
Meade 3 11 16 15 16 25 17 
Medicine Lodge 6ML 8 28 9 12 15 14 
Melvern 7S 15 18 22 26 30 22 
Miami Co. RWD #01 8M 3 17 15 27 18 16 
Miami Co. RWD #02 8M 8 18 14 16 13 14 
Miami Co. RWD #03 8M 23 20 22 27 26 24 
Miami Co. RWD #04 8M 12 6 12 12 10 11 
Milford 7M na na na na na na 
Miltonvale 7M 19 24 13 9 8 15 
Minneapolis 7M 14 10 10 19 18 14 
Minneola 4 16 17 12 9 19 14 
Mitchell Co. RWD #01 6S na na na na na na 
Mitchell Co. RWD #02 6ML 21 14 13 16 17 16 
Moline 7S 4 19 10 17 26 15 
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Montezuma 3 12 14 9 15 9 12 
Montgomery Co. RWD #01 7S na na 7 na na 7 
Montgomery Co. RWD #01C 7M 15 13 14 na 10 13 
Montgomery Co. RWD #02 7M 9 8 12 8 6 9 
Montgomery Co. RWD #06 7M na 13 19 18 18 17 
Montgomery Co. RWD #07 7S na na na na 17 17 
Montgomery Co. RWD #08 7S 43 17 32 na na 31 
Montgomery Co. RWD #09 7S 26 33 28 39 na 31 
Montgomery Co. RWD #10 7S 14 11 4 8 13 10 
Montgomery Co. RWD #11 7M 34 7 na 15 21 19 
Montgomery Co. RWD #12 7M 10 12 13 17 na 13 
Montgomery Co. RWD #13 7S 17 11 19 20 22 18 
Montgomery Co. RWD #14 7S na na na 8 na 8 
Moran 8M 11 11 11 9 15 11 
Morganville 7S na na na 30 na 30 
Morland 4 12 12 12 8 24 14 
Morrill 8S 19 9 9 na na 12 
Morris Co. RWD #01 7M 14 4 9 6 3 7 
Morrowville 7S 22 34 28 20 15 24 
Moscow 2 100 100 100 100 67 93 
Mound City 8M 17 18 18 8 6 13 
Mound Valley 8S na na na na na na 
Moundridge 7M na 5 7 na 5 6 
Mount Hope 7M 8 17 8 7 7 9 
Mulberry 8M 41 32 18 27 27 29 
Mullinville 5 20 16 23 19 19 19 
Mulvane 7M 8 8 8 10 8 8 
Munden 7S 5 na na 13 3 7 
Muscotah 8S 8 10 17 21 29 17 
Narka 7S na na na na 21 21 
Natoma 6S 15 21 15 13 12 15 
Nemaha Co. RWD #01 7S 10 13 11 10 15 12 
Nemaha Co. RWD #03 7M 10 9 9 8 8 9 
Nemaha Co. RWD #04 7S 5 4 13 16 26 13 
Neodesha 7M na 6 6 6 12 8 
Neosho Co. RWD #01C 8M 3 na na na na 3 
Neosho Co. RWD #02 8M 16 17 18 20 24 19 
Neosho Co. RWD #03 8S 11 10 16 36 16 18 
Neosho Co. RWD #04 8M na 18 17 12 24 18 
Neosho Co. RWD #05 8S 20 32 23 23 36 27 
Neosho Co. RWD #06 8S 26 16 36 32 21 26 
Neosho Co. RWD #07 8M 13 35 27 21 21 23 
Neosho Co. RWD #08 8S 12 24 9 16 13 15 
Neosho Co. RWD #09 8S 9 15 39 22 24 22 
Neosho Co. RWD #12 8S 11 11 9 4 7 9 
Ness City 4 na 3 4 5 6 4 
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Netawaka 7S 4 na 21 na 18 14 
New Strawn 7S 22 10 6 9 6 10 
Newbury Extension 7S 10 18 17 19 13 15 
Newton 7L 12 12 11 6 12 11 
Nickerson 6ML 33 16 9 14 15 17 
Norcatur 3 30 39 22 22 6 24 
North Newton 7M 27 9 15 29 17 19 
Norton 4 16 14 16 12 14 15 
Norton Co. RWD #01 4 8 8 11 11 11 10 
Nortonville 8M 7 15 15 7 7 10 
Norwich 6ML 4 6 17 25 23 15 
Oakley 2 12 11 10 7 16 11 
Oberlin 3 23 24 25 16 13 20 
Offerle 5 5 23 33 7 5 14 
Ogden 7M 3 na 3 na 4 3 
Oketo 7S na 10 10 16 na 12 
Olathe 8L 10 14 12 14 13 12 
Olmitz 6S 12 14 9 16 10 12 
Olpe 7M 8 na na na na 8 
Olsburg 7S 9 8 8 12 23 12 
Onaga 7M 7 5 6 7 11 7 
Oneida 7S 13 9 11 5 18 11 
Osage City 7M 4 6 5 7 5 5 
Osage Co. RWD #02 7S na 12 10 12 na 12 
Osage Co. RWD #03 7M 15 17 17 17 16 16 
Osage Co. RWD #04 7M 9 6 na 26 23 16 
Osage Co. RWD #05 7M 24 17 21 20 25 21 
Osage Co. RWD #06 7S 18 14 14 11 10 13 
Osage Co. RWD #07 7M 14 na na na na 14 
Osage Co. RWD #08 7M 17 na na na na 17 
Osawatomie 8M 14 15 13 18 10 14 
Osborne 6ML 15 15 14 16 15 15 
Osborne Co. RWD #01A 6S 46 19 25 41 50 36 
Osborne Co. RWD #02 6S 18 11 10 12 11 12 
Oskaloosa 8M 12 10 7 3 na 8 
Oswego 8M 8 6 6 6 8 7 
Otis 5 15 12 9 10 10 11 
Ottawa 8L 10 8 7 10 13 10 
Ottawa Co. RWD #01 7S 10 26 26 20 43 25 
Ottawa Co. RWD #02 7M 10 12 6 14 13 11 
Overbrook 7M 13 17 12 9 11 12 
Oxford 7M 16 6 14 18 16 14 
Ozawkie 8M 6 na na na 3 5 
Palco 5 10 14 8 19 7 11 
Palmer 7S 12 12 18 13 18 15 
Paola 8M 12 9 11 14 16 13 
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Paradise 6S 6 10 6 11 17 10 
Park 3 7 4 3 na 3 4 
Park City 7M 12 14 3 na 5 8 
Parker 8S 30 25 17 8 25 21 
Parsons 8L 11 7 17 4 8 9 
Pawnee Rock 6S 10 5 8 4 na 7 
Paxico 7S 4 na 3 na 4 3 
Peabody 7M 15 na 4 15 3 9 
Perry 8M 10 15 11 13 18 13 
Peru 7S 12 6 8 17 14 11 
Phillipsburg 5 16 21 21 25 5 18 
Pittsburg 8L 3 7 na 4 9 6 
Plains 3 22 16 17 13 9 15 
Plainville 5 19 17 18 9 14 15 
Pleasanton 8M 6 7 6 12 16 9 
Pomona 8M 8 6 3 14 5 7 
Portis 6S 27 27 34 29 23 28 
Post Rock RWD 5 23 21 16 20 23 21 
Pottawatomie Co. RWD #01 7M 25 20 21 22 24 22 
Pottawatomie Co. RWD #02 7M 32 29 20 24 23 26 
Pottawatomie Co. RWD #03 7M 11 3 11 8 13 9 
Pottawatomie Co. RWD #04 7M na 9 7 5 20 10 
Potwin 7S na 9 5 9 5 7 
Prairie View 5 5 14 20 8 10 12 
Pratt 6ML 17 16 16 23 22 19 
Prescott 8S 8 8 12 4 7 8 
Preston 6S 100 100 21 100 14 67 
Pretty Prairie 6ML 10 31 19 26 14 20 
Princeton 8S 7 7 8 18 10 10 
Protection 5 12 3 4 na 16 9 
Quenemo 7S 10 10 6 13 5 9 
Quinter 3 12 10 5 11 9 9 
Randall 6S 10 8 5 6 10 8 
Randolph 7S 11 18 18 7 6 12 
Ransom 4 7 9 12 12 14 11 
Rantoul 8S 8 4 3 4 3 4 
Raymond 6S 9 21 8 11 na 12 
Reading 7S 17 19 12 23 19 18 
Red Bud Lake Improvement 7S 9 22 23 38 28 24 
Reno Co. RWD #01 6S 3 8 7 na na 6 
Reno Co. RWD #03 6S 29 29 20 22 11 22 
Reno Co. RWD #04 6S 10 10 18 5 na 11 
Reno Co. RWD #08 6S 10 5 5 9 10 8 
Reno Co. WD #101 6S 8 7 9 15 4 9 
Republic 7S 21 13 18 29 22 21 
Republic Co. RWD #01 7S 23 21 19 23 31 23 
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Republic Co. RWD #02 7M 29 26 13 35 30 27 
Reserve 8S 33 43 33 26 24 32 
Rexford 2 9 9 8 5 4 7 
Rice Co. RWD #01 6ML 6 7 6 8 16 8 
Richmond 8M na 12 8 13 15 12 
Riley 7M 32 31 25 22 23 27 
Riley Co. RWD #01 7M 13 15 8 18 13 13 
Robinson 8S 17 14 24 8 20 17 
Rocky Ford Water Company 7S 100 100 100 100 100 100 
Rolla 1 20 9 9 6 9 11 
Rooks Co. RWD #01 5 6 6 5 5 na 5 
Rooks Co. RWD #02 5 22 10 6 22 6 13 
Rooks Co. RWD #03 5 8 10 11 18 17 13 
Rose Hill 7M na 4 na na na 4 
Roseland 8S na 100 100 100 100 100 
Rossville 7M 10 7 6 10 8 8 
Rozel 5 16 18 19 14 19 17 
Rush Center 5 17 10 3 13 10 11 
Rush Co. RWD #01 5 35 42 27 25 18 29 
Russell 6ML 23 4 9 17 18 14 
Russell Co. RWD #01 6S 100 13 25 19 12 34 
Russell Co. RWD #02 6S 100 100 100 100 100 100 
Russell Co. RWD #03 6ML 33 22 35 20 19 26 
Russell Co. RWD #04 6S 12 31 15 33 23 23 
Sabetha 7M 9 7 19 27 17 16 
Salina 7L 10 14 12 13 11 12 
Saline Co. RWD #01 7S 7 10 8 13 11 10 
Saline Co. RWD #02 7S 33 26 11 12 18 20 
Saline Co. RWD #03 7M 6 na na na na 6 
Saline Co. RWD #04 7M 18 15 12 11 32 17 
Saline Co. RWD #06 7S na 6 8 8 19 10 
Saline Co. RWD #07 7S 18 21 19 na na 19 
Saline Co. RWD #08 7S 11 na 5 12 18 12 
Satanta 2 na na 3 7 5 5 
Sawyer 6S na 3 4 6 7 5 
Scammon 8M 24 18 18 17 6 17 
Scandia 7S 10 13 10 18 24 15 
Scotsman Estates 7S 14 8 13 14 20 14 
Scott City 2 3 na na 7 7 6 
Scranton 7M na na na 7 6 7 
Sedan 7M 8 8 11 15 17 12 
Sedgwick 7M na na na na na na 
Sedgwick Co. RWD #01 7M 9 12 10 8 12 10 
Sedgwick Co. RWD #03 7M 3 3 na na 5 3 
Sedgwick Co. RWD #04 7M 23 3 8 14 12 12 
Selden 3 5 4 4 5 4 4 
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Seneca 7M 8 9 8 5 na 7 
Severy 7S 7 8 11 6 7 8 
Sharon 6S 13 11 20 18 17 16 
Sharon Springs 1 11 12 26 23 22 19 
Shawnee Co. RWD #01C 7M 7 13 5 7 3 7 
Shawnee Co. RWD #02C 7M 18 9 8 8 9 10 
Shawnee Co. RWD #03C 7M na na na na 4 4 
Shawnee Co. RWD #04C 7L na na na na 16 16 
Shawnee Co. RWD #08 7M 9 11 12 16 14 12 
Silver Lake 7M 4 4 na 7 10 6 
Simpson 6S 32 11 20 30 25 24 
Smith Center 6ML 22 20 24 25 21 22 
Smith Co. RWD #01 6S 15 18 22 17 22 19 
Soldier 7S na 3 na 4 5 4 
Solomon 7M 14 8 10 23 35 18 
South Haven 7S 14 43 53 21 8 28 
South Hutchinson 6ML 4 na na 7 9 7 
Spearville 4 5 na 8 11 4 7 
Speed 5 16 3 na 11 11 11 
Spivey 6S 4 6 na 21 22 13 
Spring Hill 8M 11 8 10 19 8 11 
St. Francis 1 10 11 5 na 8 8 
St. George 7S 20 11 14 na 5 13 
St. John 6ML 10 14 15 20 22 16 
St. Marys 7M 8 7 3 4 3 5 
St. Paul 8M 15 14 14 16 13 14 
Stafford 6ML 8 18 6 6 4 9 
Sterling 6ML 8 na 4 5 4 5 
Stockton 5 16 13 13 37 16 19 
Strong City 7M 22 na na 4 8 11 
Sublette 2 9 na 5 7 9 8 
Suburban Water Company 8M 11 4 3 6 10 7 
Summerfield 7S 9 5 5 5 5 6 
Sumner Co. RWD #01 7S 19 17 na na 16 17 
Sumner Co. RWD #02 7S 20 26 13 8 12 16 
Sumner Co. RWD #03 7S 13 22 8 7 na 13 
Sumner Co. RWD #04 7M 20 16 20 26 21 21 
Sumner Co. RWD #05 7M 9 17 na na 8 11 
Sumner Co. RWD #06 7S na 8 9 10 12 10 
Susank 6S 23 11 5 31 18 17 
Sylvan Grove 6S 15 8 25 22 9 16 
Sylvia 6S 37 36 34 37 29 35 
Syracuse 1 12 8 5 5 4 7 
Tescott 7S 8 10 10 9 11 10 
Thayer 8M 15 17 17 10 3 13 
Timber Creek Water & Sewer 7M 10 14 15 16 18 15 
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Timken 5 14 16 9 6 8 11 
Tipton 6S na 5 8 13 10 9 
Tonganoxie 8M 12 15 16 14 19 15 
Topeka 7L 7 13 15 3 6 9 
Toronto 7S 27 17 14 14 14 17 
Towanda 7M 8 11 5 na 7 8 
Treece 8S na 11 na 7 9 9 
Trego Co. RWD #01 4 10 11 13 6 8 9 
Trego Co. RWD #02 4 20 9 7 10 10 11 
Tribune 1 10 15 15 11 14 13 
Troy 8M 30 14 12 10 15 16 
Turon 6S 7 8 13 7 9 9 
Udall 7M 14 4 9 14 10 10 
Ulysses 2 8 14 7 6 7 8 
Uniontown 8S 7 8 8 11 9 9 
University Park Water 7S 16 13 13 na na 14 
Utica 4 11 9 13 4 6 8 
Valley Center 7M 6 4 12 15 12 10 
Valley Falls 8M 15 15 19 10 15 15 
Vermillion 7S na 12 7 5 <3 8 
Victoria 5 na 7 7 13 14 10 
Viola 7S 6 10 8 10 8 8 
Virgil 7S 7 7 18 25 12 14 
Wabaunsee Co. RWD #01 7S 26 18 25 19 20 22 
Wabaunsee Co. RWD #02 7M 18 8 8 9 10 10 
Wakeeney 4 15 11 17 13 18 15 
Wakefield 7M 14 8 10 11 13 11 
Waldo 6S na na na na na na 
Wallace 1 13 12 38 7 4 15 
Wallace Co. RWD #01 1 100 3 4 5 6 23 
Walnut 8S na 6 12 na na 9 
Walton 7S na 14 12 na na 13 
Wamego 7M 7 8 na na 18 11 
Washington 7M 27 26 17 22 15 22 
Washington Co. RWD #01 7M 7 na 4 6 8 6 
Washington Co. RWD #02 7M 23 16 18 17 15 18 
WaterOne - Johnson Co. 8L 9 5 8 10 7 8 
Waterville 7M 10 7 8 9 10 9 
Wathena 8M 6 10 12 26 20 15 
Waverly 7M 11 11 8 10 19 12 
Weir 8M 5 na na 10 5 7 
Wellington 7M 12 15 9 6 10 11 
Wellsville 8M 14 11 na na 9 11 
West Hills Water Company 6S 100 100 100 100 100 100 
West Mineral 8S 14 14 15 16 12 14 
Westmoreland 7M na 9 10 10 7 9 
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Wetmore 7S 13 14 15 15 14 14 
White City 7M 12 18 25 30 23 22 
White Cloud 8S 27 22 34 37 23 29 
Whitewater 7M 12 27 20 4 8 14 
Whiting 7S 23 7 9 8 21 14 
Wichita 7L 9 3 na 6 6 6 
Williamsburg 8S 9 13 na na na 11 
Willis 8S na 20 14 14 15 16 
Wilson 6ML 20 10 12 17 12 14 
Wilson Co. RWD #01 7S 28 29 9 23 25 23 
Wilson Co. RWD #02 7S 100 na na na na 100 
Wilson Co. RWD #03 7S na 33 na na na 33 
Wilson Co. RWD #04 7S 25 7 11 22 15 16 
Wilson Co. RWD #05 7S 3 na na 4 13 7 
Wilson Co. RWD #06 7S 5 54 22 15 9 21 
Wilson Co. RWD #07 7S 26 na na na na 26 
Wilson Co. RWD #09 7M 22 na na 22 na 22 
Wilson Co. RWD #10 7M 25 na na na na 25 
Wilson Co. RWD #11 7M 20 18 17 22 14 18 
Wilson Co. RWD #12 7S 100 100 10 3 5 43 
Wilson Co. RWD #13 7S na 16 14 17 61 27 
Winchester 8M na 4 9 5 8 6 
Windom 7S na na 16 na 9 13 
Winfield 7L 11 12 9 6 9 9 
Winona 2 13 10 17 15 16 14 
Woodson Co. RWD #01 7M 25 23 21 24 24 24 
Woodston 5 9 14 10 34 na 17 
Yates Center 7M 21 17 20 20 16 19 
Zenda 6S 15 4 5 19 17 12 
 
Note: Percent unaccounted for water represents all unmetered water. Systems that do not 
meter customer use or were unable to provide sales data are shown as having 100 percent 
unaccounted for water. “na” is shown for systems that reported less than 3 percent unaccounted 
for water, and for years in which no water use report was filed. 
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INTRODUCTION 

 
Water use in Kansas is regulated by the Kansas Department of Agriculture, Division of Water 
Resources (DWR).  The DWR requires annual Water Use Reports from all public water 
suppliers with active water rights, as a condition of the Water Appropriations Act.  The DWR 
also requests annual water use reports from water suppliers purchasing water from State-
owned storage in Federal reservoirs through the Kansas Water Office (KWO) Water Marketing 
Program, and from water suppliers purchasing water wholesale from entities that have water 
rights or marketing contracts. 
 
The information shown in this publication was collected from 771 public water suppliers that filed 
2006 Municipal Water Use Reports.  This number includes cities and towns, rural water districts, 
and housing subdivisions.  These public water suppliers provide information on quantity of water 
diverted, water purchased from and sold to other suppliers, sales to retail customers, metered 
free and unaccounted for water, population served, and current water rates.  Annual water use 
reports for 2006 also were submitted by public wholesale water supply districts, mobile home 
parks or systems that serve predominantly mobile homes, and rural systems that serve fewer 
than 10 residential connections, seasonal customers, or predominantly commercial users.  The 
information from these reports is not included in this publication. 
 
The DWR, KWO, and U.S. Geological Survey–Water Resources Division (USGS) review the 
water use data to ensure that the information is as accurate and complete as possible, and to 
derive the statistics on per capita usage, percent metered free, percent unaccounted for water, 
and water rates that are published in this report.  The review process is also important for 
documenting atypical water use among certain suppliers, as well as for identifying problems with 
meter accuracy, bookkeeping, and water loss that may warrant special assistance.  The Kansas 
Water Plan provides some of the funding used to review annual water use reports and offer 
technical assistance when needed. 
 
The Kansas Municipal Water Use publication has been prepared each year since 1987.  The 
efforts of every water supplier completing annual water use reports are greatly appreciated.  
The data collected are valuable in administering water rights and marketing contracts, preparing 
population and water demand projections, and assessing progress toward meeting State 
conservation objectives.  The information provided in this annual publication can also be useful 
in evaluating individual systems’ needs for metering improvements, water loss reduction, water 
rate adjustments, and implementation of cost-effective, long-term water conservation measures. 
 
REGIONAL PER CAPITA WATER USE  
 
Water usage in gallons per capita per day (gpcd) is calculated for each water system from 
reported data on water use and population served.  Gpcd usage for individual suppliers is based 
on amounts of water sold for residential and commercial uses, free uses, and unaccounted for 
water.  Gpcd figures generally do not include sales to other suppliers, industries, bulk uses, or 
farmsteads using over 200,000 gallons per year.   
 
Average gpcd figures are calculated for water suppliers in eight regions of the State so that 
usage for individual suppliers can be compared to average usage for similar geographic areas.  
These regions, shown in Figure 1 (inside back cover), correspond to general patterns of per 
capita water use and precipitation.  Gpcd usage increases from eastern to western Kansas, 
primarily due to greater outdoor water use in the drier, more arid parts of the state.  Another 
factor contributing to higher gpcd usage in western Kansas is that average water rates are lower 
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in the western regions of the State where ground water is the predominant source of supply.  
Average gpcd usage by Kansas public water suppliers by region and size is shown in Table 1 
(p. 6) for the years 2002-2006.  In 2006, average per-capita water usage ranged from 293 gpcd 
in Region 1 in westernmost Kansas to 84 gpcd in Region 8 among small public water suppliers 
in easternmost Kansas.   
 
WATER USE STATISTICS BY REGION AND STATE 
 
The tables in the following sections of this publication are organized by region and size 
category.  Regions 6, 7, and 8 in central and eastern Kansas include many more public water 
suppliers than do the western Kansas regions, and were subdivided by population size.  Small 
public water suppliers serve fewer than 500 people, medium public water suppliers serve 
between 500 and 9,999 people, and large public water suppliers serve 10,000 people or more.   
 
Water use statistics for each supplier within each regional category are provided in Tables 2-14 
on pp. 7-28.  These tables rank each water supplier by gpcd usage, and show the percent 
difference from the respective 2006 regional average gpcd.  The tables also show the monthly 
cost for 10,000 gallons of water, the percentage of metered free water, and the percentage of 
unaccounted for water.  These data are useful in evaluating the gpcd figures.  Comparison of an 
individual supplier’s gpcd, water rates, and percentages of metered free and unaccounted for 
water to regional averages may indicate opportunities for more cost-effective and efficient use of 
water.  Lower gpcd figures may be indicative of conservation efforts by public water suppliers.  
These efforts include reductions in unaccounted for water, more accurate metering of raw water, 
and reduced usage due to higher prices. 
 
Per capita usage by a particular water supplier can be affected by circumstances such as 
customer use habits, water rates, amount of water needed for water treatment or other free 
uses, and system losses.  Inexpensive water rates, lack of metering, hot dry weather, frequent 
line breaks, water line replacement, tower repairs, or large amounts of water used for treatment 
and flushing can all contribute to a high gpcd.  High water rates, cool rainy weather, a system 
with few leaks, lack of significant free uses, or minimal need for water treatment can contribute 
to a low gpcd.    
 
Accuracy of the measurement of total water diverted also can influence a utility’s gpcd.  Public 
water suppliers typically determine total diversions using flowmeters, calculation of hours 
pumped times pump rates, or a combination of these methods.  A higher than expected gpcd 
may result if master meters are overregistering, actual pump rates are lower than reported, or 
check valves are malfunctioning.  A lower than expected gpcd may result if meters are 
underregistering or actual pump rates are higher than reported.  Inaccurate measurements of 
total water diverted also produce unreliable calculations of unaccounted for water.   
 
The percentage of unaccounted for water is a good indicator of meter accuracy and system 
efficiency.  Large percentages of unaccounted for water often result from over-reported total 
diversions, substantial amounts of unmetered use, or system losses.  In publications of Kansas 
Municipal Water Use prior to1998, the percent unaccounted for water applied only to systems 
that meter customer use.  Beginning with the 1998 data, the percent unaccounted for water has 
indicated all water that is not metered. Consequently, all unmetered water used by systems with 
flat water rates or by systems that were unable to provide data on customer sales is considered 
unaccounted for. 
 
For 2006, gpcd values ranged from a high of 886 (for Osborne Co. RWD #1A) to a low of 29 (for 
Lake Wabaunsee Improvement District).  However, to evaluate the water conservation efforts of 
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any public water supplier, each gpcd should be compared to usage by other utilities of similar 
size in the same geographic area.  Table 15 (p. 30) ranks the 20 public water suppliers with the 
highest gpcd usage in 2006 relative to their respective regional averages.  Many of these 
suppliers had large percentages of unaccounted for water due to system leaks or lack of 
metering.  In very small systems, leaks can represent a large percentage of total water 
withdrawals.  Some suppliers have high gpcd because it is difficult to separate amounts of water 
provided to households from that provided for livestock. Table 16 (p. 31) ranks the 20 public 
water suppliers with the lowest gpcd usage in 2006 relative to their respective regional 
averages.  Most of these suppliers are very small towns, housing subdivisions, or rural water 
districts with little or no public use.  Many charge high rates for water service.   
 
WATER RATES  
 
Four basic types of water rate structures in Kansas are described as flat rate, decreasing block 
rate, uniform block rate, and increasing block rate.  Utilities with a flat rate charge each 
customer a fixed amount per month regardless of the amount of water used.  With a decreasing 
block rate, the unit cost of water decreases as usage increases.  The unit cost of water is the 
same for all levels of usage with a uniform block rate.  With an increasing block rate, the unit 
cost of water rises as usage increases.  Some utilities attach a surcharge to their regular water 
rates for excessive summer usage, usually defined as a certain percentage above average 
winter use.   
 
The type of rate structure can affect gpcd usage.  Systems with flat rates tend to use 
considerably more water per capita than systems that meter customer use.  Only 11 public 
water suppliers in Kansas used flat rate structures in 2006. Table 17 (p. 32) lists these water 
suppliers, and shows the percent difference between each gpcd and the respective regional 
average gpcd.  Public water suppliers with flat rate structures used an average of 57 percent 
more water per person than their peer communities in 2006. 
 
The other three types of rate structures, in which cost depends on amount of water used, have a 
less dramatic effect on gpcd.   Decreasing block rates are assumed to discourage conservation 
because customers are charged lower rates for high-volume usage.  Increasing block rates are 
considered an effective way to promote conservation among high-volume users while keeping 
the cost of moderate use affordable.  However, the use of these types of rate structures does 
not appear to influence usage by individual customers as much as does the total monthly water 
cost and the geographic area in which they live. 
 
Table 18 (p. 33) shows 2006 regional average cost for residential customer water use at five 
levels from 5,000 to 100,000 gallons per month.  In general, water rates increase from west to 
east across the state.  Average water rates tend to be higher in eastern Kansas due to the costs 
associated with operating, building, or rehabilitating surface water treatment facilities, and the 
costs associated with wholesale water distribution.   
 
METERED FREE AND UNACCOUNTED FOR WATER  
 
Percentages of metered free and unaccounted for water indicate the proportion of total water 
produced or purchased that is not sold through customer meters.  Metered free water typically 
includes public services (for example, golf courses, parks, pools and city buildings) plus any 
water given to nonpaying customers (for example, churches or owners of easements).  Metered 
free water often includes water treatment uses such as backwashing, lube line flows, draining of 
known quantities from a water tower prior to repair, and measured hydrant flushing.  Metering 
as much ‘free’ water use as possible helps to identify actual system losses.  Metering of 
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nonpaying services also helps a utility notice and correct any water leaks or excessive use at 
these connections. 
 
The number of public water suppliers in Kansas that meter free water has steadily increased 
each year since 1992, when amounts of metered free water were first shown on annual 
Municipal Water Use reports.  A total of 473 utilities reported some metered free use for 2006.  
Average percent free water by regional category varied from four to eight percent; the state 
average was five percent.   
 
Unaccounted for water includes any unmetered uses plus water loss in the distribution system.   
The percent unaccounted for water may be high if a system has major line breaks, has many 
underregistering customer meters, or has many unmetered uses.   Water taken from bulk 
outlets and hydrants for firefighting or road construction is often unaccounted for.  Other 
reasons for high percentages of unaccounted for water include line replacement, water plant 
renovations, water tower repairs, faulty metering of raw water, or inaccurate accounting of 
customer use.   
 
In 2006, public water suppliers reported unaccounted for water ranging from less than three 
percent to 100 percent. The average unaccounted for water among the systems that provided 
adequate information on metered customer use in 2006 was 14 percent statewide.  Average 
unaccounted for water for these systems by regional category ranged from 12 to 18 percent. 
 
ASSISTANCE WITH EXCESSIVE UNACCOUNTED FOR WATER 
 
The Kansas Water Plan includes a year 2010 objective that states:  “By 2010, reduce the 
number of public water supply systems with excessive unaccounted for water by first targeting 
those with 30 percent or more unaccounted for water.”   To meet the 2010 objective of reducing 
the number of public water supply systems with excessive unaccounted for water, suppliers are 
referred to the Kansas Rural Water Association for technical assistance in reducing apparent 
excess use shown on the previous year’s water use report.  As part of this ongoing contract, the 
KRWA visits these water suppliers on a quarterly basis, collects data on water withdrawals and 
sales, tests meters, makes recommendations, and monitors unaccounted for water until it is 
below 20 percent for two consecutive quarters.  In addition, each of these suppliers is 
encouraged to prepare a water conservation plan, or to review their plan if one has already 
been done.  The Kansas Rural Water Association may be contacted at (785) 336-3760. 
 
Free on-site assistance in preparing water conservation plans is available through the KWO.  
Conservation plans can help suppliers improve short-term and long-term management of their 
utility, and are often a requirement for obtaining water rights or loans for water supply system 
improvements.   Water conservation plans also are recommended for suppliers that are drought 
vulnerable or that have excessive unaccounted for water.  The 2007 Municipal Water 
Conservation Plan Guidelines emphasize cost-effective approaches to water conservation.  
Copies of this document may be obtained by contacting the KWO at 785-296-3185, or visiting 
the KWO website at www.kwo.org. 
 
The 25 water suppliers whose water use reports showed at least 30 percent unaccounted for 
water in 2006 are listed in Table 19 (p. 34).  This table does not include systems with flat rates 
or those who were unable to provide information on metered customer sales.  Table 19 also 
shows the amount of water that would have been saved if only 15 percent of the water had been 
unaccounted for.  This number can be used along with the production costs to estimate potential 
savings from decreases in unaccounted for water. Table 19 also indicates the water 
conservation plan approval date for systems that have completed such plans. 
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CONSERVATION PRACTICES TO REDUCE UNACCOUNTED FOR WATER 
 
Public water suppliers with large amounts of unaccounted for water have opportunities to save 
money if there is loss caused by system leaks, unmetered use, excessive use for public 
services, or underregistering customer meters.  Leak detection, additional metering, and regular 
service meter replacement can result in savings greater than the cost of implementing these 
conservation measures.  In some cases, curbing large water losses may serve to postpone 
acquisition of additional water supplies. 
 
There are many management practices that promote water conservation for public water 
suppliers by reducing their amount of unaccounted for water.  These practices include: 
 

 Measure raw or purchased water accurately.  If possible, install water meters at each 
intake, and test these meters for accuracy every three years. 

 Meter any water treatment use or lube line flows, so that these uses are not considered 
unaccounted for water. 

 Install meters at all service connections if possible, including free services and bulk 
outlets.  

 Read all meters on a regular basis.  If possible, compare production and use for 
corresponding time periods each month and calculate unaccounted for water. 

 Review meter readings and billing information promptly if there is an unexplained, large 
difference between water produced and water metered at service connections for 
any given month. 

 Replace service meters on a regular schedule to avoid losing water through old, 
underregistering meters. 

 If reliable records of water pumped, water sold, and free water indicate that unaccounted 
for water exceeds 15 percent, do leak detection. 

 
5-YEAR AVERAGE GPCD AND PERCENT UNACCOUNTED FOR WATER 
 
Annual and average GPCD figures for 815 active public water suppliers that completed water 
use reports during any years from 2002-2006 are listed in Table 20 (p. 35).  This table includes 
all cities, rural water districts, and subdivisions listed in Tables 2-14, plus systems that are still 
active but did not complete a 2006 water use report.   
 
Table 21 (p. 53) provides information on reported percent unaccounted for water for 815 active 
public water suppliers that completed water use reports during any years from 2002-2006.  
Percentages are shown for each year that data were available, and for the average of this time 
period. 
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TABLE 1 
AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE 

KANSAS, 2002-2006 
Year 

Regiona/ 2002 2003 2004 2005 2006 Average 
1 321 278 253 272 293 283 
2 273 248 234 246 258 252 
3 269 243 224 221 244 240 
4 211 198 179 192 188 194 
5 178 164 155 150 156 161 

6-ML 153 150 143 145 150 148 
6-S 133 130 124 123 138 130 
7-L 150 150 139 137 148 145 
7-M 111 108 102 105 107 107 
7-S 107 101 97 97 96 100 
8-L 130 144 128 128 130 132 
8-M 101 103 98 99 102 101 
8-S 91 87 82 80 84 85 

Kansas 133 128 120 121 126 126 
 

  a/  Refer to Figure 1 for map regions. For this analysis, utilities in Regions 6, 7, and 8 were  
  subdivided into size categories. Large (L) utilities are those serving 10,000 people or  
  more. Medium (M) utilities are those serving 500 to 9,999 people. Small (S) utilities are  
  those serving fewer than 500 people. 
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TABLE 2 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 1, 2006 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month

Percent 
Metered 

Free 
Percent 

Unacc. For
Manter 382 293 30 $28.00 <1 48 
Wallace Co. RWD #01 366 293 25 $12.00 0 5 
Wallace 356 293 22 $19.50 0 na 
Elkhart 354 293 21 $16.50 24 na 
Syracuse 348 293 19 $13.75 2 5 
Johnson City 337 293 15 $19.00 9 15 
Bird City 332 293 13 $25.20 1 42 
Goodland 317 293 8 $20.70 0 26 
Tribune 295 293 1 $23.10 3 10 
St. Francis 284 293 -3 $20.00 4 4 
Sharon Springs 282 293 -4 $24.00 2 18 
Coolidge 281 293 -4 $23.00 2 24 
Rolla 226 293 -23 $27.38 8 7 
Kanorado 221 293 -25 $22.10 13 13 
Hamilton Co. RWD #01 181 293 -38 $57.00 1 36 
Horace 130 293 -56 $26.30 0 4 
Average 293 293 -- $23.60 6 18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 8

TABLE 3 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 2, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Rexford 466 258 80 $17.50 0 4 
McDonald 443 258 72 $25.10 4 42 
Herndon 418 258 62 $22.50 3 23 
Winona 338 258 31 $14.50 4 14 
Colby 337 258 31 $14.90 5 20 
Hugoton 333 258 29 $18.00 4 7 
Brewster 333 258 29 $11.90 3 3 
Moscow 324 258 26 $22.00 <1 15 
Oakley 305 258 18 $11.66 2 15 
Scott City 301 258 17 $16.98 2 9 
Leoti 269 258 4 $26.38 4 na 
Sublette 265 258 3 $14.00 7 12 
Lakin 259 258 0 $25.75 15 11 
Satanta 257 258 -1 $14.35 8 6 
Ulysses 251 258 -3 $20.35 3 9 
Atwood 219 258 -15 $29.20 3 8 
Garden City 214 258 -17 $20.00 15 8 
Liberal 185 258 -28 $24.90 15 13 
Kismet 174 258 -32 $17.45 12 27 
Deerfield 159 258 -38 $29.45 5 6 
Holcomb 153 258 -41 $18.96 1 10 
Finney Co. RWD #01 64 258 -75 $46.50 0 na 
Farr Subdivision 60 258 -77 none 0 100 
Garden Spot Rentals 58 258 -77 none 0 100 
Average 258 258  -- $21.02 6 13 
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TABLE 4 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION  3, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Gove 353 244 45 $12.80 2 31 
Cimarron 324 244 33 $26.38 24 10 
Grinnell 299 244 22 $13.00 7 5 
Hoxie 297 244 22 $18.00 0 13 
Montezuma 290 244 19 $19.20 8 11 
Plains 286 244 17 $17.00 14 13 
Quinter 259 244 6 $21.80 4 10 
Meade 258 244 6 $17.55 4 14 
Copeland 241 244 -1 $40.00 0 58 
Selden 236 244 -3 $16.00 5 6 
Jennings 233 244 -4 $16.00 4 28 
Grainfield 232 244 -5 $9.80 0 9 
Dighton 225 244 -8 $18.16 7 8 
Lane Co. RWD #01 223 244 -9 $21.00 <1 12 
Ingalls 223 244 -9 $35.00 1 27 
Oberlin 216 244 -12 $15.04 7 9 
Park 202 244 -17 $14.00 0 12 
Fowler 177 244 -27 $18.00 9 9 
Ensign 157 244 -35 $30.50 <1 3 
Norcatur 154 244 -37 $25.00 1 na 
Average 244 244  -- $20.21 6 13 
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TABLE 5 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION  4, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Englewood 636 188 238 $20.00 0 95 
Ford 271 188 44 $18.00 0 89 
Hanston 246 188 31 $11.80 0 14 
Morland 243 188 29 $22.00 4 14 
Ashland 232 188 24 $24.00 1 6 
Utica 227 188 21 $14.80 19 6 
Hill City 219 188 17 $27.20 9 20 
WaKeeney 218 188 16 $20.50 2 13 
Bucklin 209 188 11 $26.00 1 21 
Bogue 208 188 11 $22.00 0 10 
Minneola 201 188 7 $29.00 0 6 
Norton 201 188 7 $35.24 6 13 
Dodge City 183 188 -3 $23.55 4 14 
Jetmore 181 188 -4 $18.00 4 13 
Arnold 177 188 -6 $20.00 0 100 
Spearville 162 188 -14 $32.80 8 9 
Lenora 156 188 -17 $31.25 <1 19 
Ransom 144 188 -24 $51.50 15 13 
Ness City 139 188 -26 $43.50 1 5 
Collyer 135 188 -28 $32.80 0 16 
Bazine 123 188 -34 $21.50 4 8 
Trego Co. RWD #02 117 188 -38 $63.00 <1 23 
Almena 116 188 -38 $24.25 4 18 
Clayton 96 188 -49 $26.75 1 na 
Trego Co. RWD #01 93 188 -50 $51.00 0 4 
Brownell 89 188 -53 $12.50 2 8 
Norton Co. RWD #01 46 188 -76 $34.50 0 9 
Average 188 188  -- $28.05 5 15 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS  

REGION 5, 2006 

Public Water Supplier GPCD 

Regional 
Avg. 

GPCD 
Percent 

Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Comanche Co. RWD #02 555 156 256 $58.00 0 40 
Mullinville 269 156 72 $23.00 8 29 
Long Island 240 156 54 $12.00 0 3 
Otis 234 156 50 $22.50 0 14 
Rozel 231 156 48 $18.50 12 16 
Larned 229 156 47 $15.00 10 10 
Belvidere 222 156 43 $15.00 0 100 
Protection 219 156 40 $28.00 1 15 
Greensburg 210 156 35 $23.15 1 17 
Coldwater 209 156 34 $20.10 0 0 
Haviland 193 156 24 $13.00 1 14 
Logan 186 156 19 $29.50 2 10 
Phillipsburg 185 156 19 $42.20 7 18 
Offerle 182 156 17 $19.15 0 8 
Woodston 174 156 11 $25.00 <1 8 
Prairie View 174 156 11 $25.00 2 20 
Rush Co. RWD #01 170 156 9 $46.00 0 16 
Burdett 166 156 6 $17.60 8 10 
Rooks Co. RWD #03 164 156 5 $51.00 0 16 
Lewis 158 156 2 $18.75 14 na 
Hays City Suburban 156 156 0 none 0 100 
Palco 148 156 -5 $27.00 0 11 
Rush Center 138 156 -12 $10.50 <1 10 
Plainville 137 156 -12 $20.00 14 15 
Post Rock RWD 137 156 -12 $95.60 7 12 
Ellis Co. RWD #06 129 156 -18 $65.00 <1 15 
Comanche Co. RWD #01 127 156 -18 $25.50 0 16 
Ellis Co. RWD #01C 125 156 -20 $78.00 0 4 
Stockton 124 156 -20 $43.40 4 16 
Timken 124 156 -21 $26.85 10 6 
Belpre 122 156 -21 $30.50 0 20 
La Crosse 122 156 -22 $43.80 <1 12 
Kinsley 120 156 -23 $35.12 5 17 
Bison 117 156 -25 $28.50 0 22 
Victoria 116 156 -26 $19.50 2 12 
Alexander 114 156 -27 $25.00 0 12 
Speed 104 156 -34 $24.50 4 na 
Rooks Co. RWD #01 104 156 -34 $35.25 0 5 
Agra 103 156 -34 $27.40 0 30 
Kirwin 102 156 -35 $26.50 8 16 
Hays 98 156 -37 $37.96 4 10 
Ellis 97 156 -38 $38.60 5 7 
Glade 94 156 -40 $46.00 3 29 
Ellis Co. RWD #01 83 156 -46 $23.20 0 8 
Liebenthal 77 156 -51 $33.00 1 9 
Rooks Co. RWD #02 76 156 -51 $25.50 0 13 
McCracken 75 156 -52 $44.40 3 na 
Ellis Co. RWD #03 64 156 -59 $29.40 0 14 
Average 156 156 --  $31.67 5 14 
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE 

PUBLIC WATER SUPPLIERS 
REGION 6, 2006 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month

Percent 
Metered 

Free 
Percent 

Unacc. For 
Mitchell Co. RWD #02 279 150 86 $57.08 9 17 
Medicine Lodge 227 150 51 $18.59 0 15 
Pratt 217 150 45 $17.18 11 11 
Lyons 197 150 31 $19.00 6 7 
Osborne 188 150 26 $29.93 24 14 
Kiowa 185 150 23 $25.25 1 13 
Attica 184 150 23 $19.60 0 5 
Mankato 174 150 16 $30.70 11 17 
South Hutchinson 174 150 16 $18.02 4 14 
Little River 171 150 14 $33.00 2 9 
Cawker City 164 150 9 $26.25 <1 29 
Haven 159 150 6 $14.80 1 24 
Anthony 159 150 6 $45.04 5 15 
Wilson 155 150 3 $25.00 5 24 
St. John 154 150 3 $22.20 11 17 
Downs 153 150 2 $28.50 1 14 
Cunningham 152 150 2 $22.30 5 15 
Lincoln Center 149 150 0 $26.98 3 25 
Smith Center 149 150 -1 $40.58 3 23 
Ellsworth 146 150 -3 $46.30 7 18 
Kensington 145 150 -3 $29.00 7 21 
Buhler 144 150 -4 $17.55 3 8 
Claflin 143 150 -5 $28.00 7 12 
Pretty Prairie 141 150 -6 $23.70 3 18 
Stafford 141 150 -6 $13.83 6 3 
Harper 140 150 -7 $34.00 0 13 
Russell Co. RWD #03 139 150 -7 $69.00 0 20 
Hutchinson 133 150 -11 $26.45 8 9 
Great Bend 131 150 -13 $25.86 0 19 
Russell 126 150 -16 $62.25 5 13 
Kingman 124 150 -17 $35.00 0 12 
Ellinwood 124 150 -17 $23.00 2 4 
Rice Co. RWD #01 123 150 -18 $29.00 0 3 
Norwich 108 150 -28 $33.50 0 18 
Hoisington 101 150 -33 $39.00 4 8 
Sterling 101 150 -33 $29.25 14 4 
Beloit 100 150 -33 $41.85 4 8 
Kanopolis 96 150 -36 $38.79 1 9 
Nickerson 66 150 -56 $76.25 4 12 
Average 150 150 -- $31.84 6 14 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION 6, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Osborne Co. RWD #01A 886 138 542 $56.00 0 60 
West Hills Water Company 317 138 130 $20.00 0 100 
Cullison 234 138 69 $17.00 3 22 
Osborne Co. RWD #02 226 138 64 $60.00 0 na 
Gaylord 208 138 51 $26.12 1 37 
Barber Co. RWD #01 206 138 49 $30.00 0 100 
Hardtner 186 138 35 $25.50 11 8 
Reno Co. RWD #08 186 138 34 $55.00 9 15 
Hazelton 181 138 31 $27.80 28 7 
Harper Co. RWD #05 181 138 31 $77.00 0 19 
Reno Co. RWD #01 177 138 28 $44.00 0 4 
Smith Co. RWD #01 175 138 27 $53.50 0 11 
Glen Elder 174 138 26 $37.50 6 13 
Isabel 174 138 26 $22.00 0 15 
Bushton 173 138 25 $26.00 <1 13 
Macksville 172 138 25 $28.00 23 8 
Raymond 169 138 22 $19.00 17 5 
Russell Co. RWD #02 163 138 18 $30.00 0 100 
Jewell Co. RWD #01 155 138 12 $48.30 1 15 
Abbyville 151 138 9 $8.50 0 21 
Zenda 146 138 6 $24.00 2 18 
Coats 146 138 6 $15.00 22 7 
Holyrood 145 138 5 $27.50 7 9 
Sharon 144 138 5 $18.50 <1 23 
Sylvan Grove 143 138 3 $42.00 0 6 
Reno Co. RWD #03 140 138 1 $55.00 0 16 
Russell Co. RWD #04 136 138 -1 $50.00 0 6 
Albert 136 138 -2 $26.00 0 10 
Russell Co. RWD #01 135 138 -2 $50.00 0 8 
Sawyer 129 138 -7 $22.50 1 6 
Spivey 128 138 -7 $42.90 0 31 
Sylvia 121 138 -12 $20.90 2 21 
Chase 116 138 -16 $32.30 0 14 
Reno Co. WD #101 116 138 -16 $20.50 0 na 
Arlington 113 138 -18 $28.00 1 7 
Lucas 112 138 -19 $32.00 5 6 
Geneseo 111 138 -19 $30.91 1 18 
Tipton 111 138 -19 $46.50 7 6 
Lebanon 111 138 -20 $39.55 7 8 
Turon 109 138 -21 $17.50 3 7 
Lorraine 109 138 -21 $34.00 2 11 
Barton Co. RWD #01 109 138 -21 $55.00 0 12 
Olmitz 107 138 -23 $26.00 0 19 
Bunker Hill 106 138 -23 $55.00 5 12 
Dorrance 
Portis 

106 
105 

138 
138 

-23 
-24 

$45.00 
$25.00 

<1 
0 

44 
21 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION 6, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Alton 
Randall 

102 
101 

138 
138 

-26 
-27 

$28.50 
$58.25 

2 
0 

10 
17 

Jewell 100 138 -27 $51.00 <1 26 
Hunter 97 138 -30 $43.00 <1 17 
Preston 96 138 -31 $24.25 2 10 
Burr Oak 94 138 -32 $27.00 2 16 
Susank 94 138 -32 $43.00 0 19 
Beverly 94 138 -32 $29.50 0 12 
Esbon 94 138 -32 $47.00 0 27 
Bluff City 91 138 -34 $20.50 0 18 
Simpson 90 138 -35 $29.00 1 19 
Luray 87 138 -37 $71.00 4 7 
Gorham 85 138 -39 $54.00 0 10 
Iuka 84 138 -39 $31.00 3 5 
Harper Co. RWD #04 83 138 -40 na 0 10 
Formoso 75 138 -45 $46.00 1 14 
Barber Co. RWD #03 73 138 -47 $59.00 0 11 
Reno Co. RWD #04 72 138 -48 $16.00 0 na 
Paradise 71 138 -49 $61.00 0 13 
Barnard 69 138 -50 $41.00 0 14 
Kingman Co. RWD #01 66 138 -52 $97.50 0 18 
Pawnee Rock 64 138 -54 $31.00 1 7 
Waldo 58 138 -58 $59.50 0 na 
Barton Hills WD 51 138 -63 $30.00 0 8 
Average 138 138  -- $37.55 5 15 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 15

TABLE 9 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERS 

REGION  7, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Coffeyville 218 148 47 $40.74 17 24 
McPherson 187 148 27 $12.02 1 5 
Emporia 179 148 21 $24.08 5 16 
El Dorado 179 148 21 $25.48 3 na 
Independence 173 148 17 $27.87 1 29 
Junction City 157 148 6 $25.18 5 17 
Wichita 155 148 5 $19.49 1 8 
Manhattan 145 148 -2 $26.34 6 10 
Winfield 143 148 -3 $32.55 0 11 
Topeka 131 148 -12 $34.09 7 7 
Salina 126 148 -15 $32.93 2 14 
Arkansas City 126 148 -15 $50.28 5 17 
Newton 115 148 -22 $31.10 1 10 
Derby (El Paso Water Co.) 106 148 -28 $39.60 0 na 
Shawnee Co. RWD #04C 85 148 -43 $37.70 <1 13 
Average 148 148  -- $30.63 4 14 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Hesston 191 107 79 $23.70 18 3 
Republic Co. RWD #02 185 107 73 $52.83 7 10 
Moundridge 178 107 67 $14.25 1 5 
Goddard 175 107 64 $12.65 <1 3 
Seneca 172 107 61 $24.25 7 5 
Clyde 171 107 60 $26.30 5 11 
Cheney 171 107 60 $27.40 35 4 
Lyon Co. RWD #02 165 107 54 $35.51 0 7 
Chapman 162 107 51 $23.50 42 4 
Belleville 160 107 50 $24.14 3 11 
Caney 159 107 48 $45.20 20 29 
Alma 158 107 48 $59.00 14 7 
Fredonia 157 107 46 $42.52 6 8 
Waterville 155 107 44 $20.50 2 4 
Abilene 154 107 44 $39.00 17 12 
Augusta 154 107 44 $33.50 1 21 
Timber Creek Water & Sewer 153 107 43 $38.50 0 16 
Minneapolis 151 107 41 $26.30 17 18 
Pottawatomie Co. RWD #02 149 107 39 $57.00 <1 29 
North Newton 148 107 39 $34.14 0 20 
Washington 147 107 38 $22.70 0 24 
Clifton 147 107 38 $16.30 4 12 
Blue Rapids 146 107 37 $19.05 1 17 
Morris Co. RWD #01 146 107 36 $54.00 2 na 
Marysville 143 107 34 $32.42 5 17 
Inman 142 107 33 $22.00 0 7 
Hillsboro 139 107 30 $41.29 13 12 
McPherson Co. RWD #04 138 107 29 $41.30 0 5 
Burlington 137 107 28 $39.00 8 12 
Neodesha 135 107 26 $54.75 14 8 
Frankfort 131 107 22 $24.05 8 17 
Wellington 131 107 22 $33.32 18 8 
Nemaha Co. RWD #04 130 107 22 $58.00 0 19 
Nemaha Co. RWD #03 130 107 22 $41.30 0 8 
Herington 130 107 21 $38.15 8 18 
Mount Hope 129 107 21 $16.30 7 9 
Pottawatomie Co. RWD #01 128 107 19 $41.00 1 9 
Concordia 128 107 19 $32.68 3 5 
Canton 127 107 19 $16.66 2 na 
Ogden 127 107 19 $24.00 2 8 
Pottawatomie Co. RWD #04 127 107 19 $73.00 23 na 
Goessel 125 107 17 $27.88 <1 13 
Cowley Co. RWD #03 125 107 17 $28.56 4 14 
Galva 124 107 16 $20.95 0 6 
Riley Co. RWD #01 
Eureka 

124 
124 

107 
107 

16 
16 

$51.25 
$36.35 

2 
3 

5 
6 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Marion 
Dickinson Co. RWD #02 

123 
122 

107 
107 

15 
14 

$35.25 
$64.50 

13 
<1 

15 
24 

Bel Aire 122 107 14 $41.81 1 3 
Lindsborg 122 107 14 $30.00 2 11 
Strong City 121 107 13 $53.50 37 na 
Wamego 121 107 13 $18.95 2 6 
Garden Plain 120 107 12 $35.50 1 8 
Solomon 119 107 12 $20.00 7 16 
Yates Center 118 107 10 $43.75 3 13 
Lyon Co. RWD #05 117 107 9 $44.95 0 9 
Marquette 117 107 9 $34.00 11 7 
Sumner Co. RWD #05 116 107 9 $62.75 0 8 
Shawnee Co. RWD #03C 116 107 8 $48.72 0 na 
Park City 115 107 8 $37.55 1 3 
Argonia 115 107 7 $34.65 4 8 
Riley 115 107 7 $22.00 1 19 
St. Marys 114 107 7 $26.90 6 6 
Greenwood Co. RWD #02 111 107 3 $63.00 0 15 
Wakefield 110 107 3 $25.00 1 10 
Clay Center 109 107 2 $25.37 1 5 
Sabetha 109 107 2 $47.18 5 5 
Butler Co. RWD #05 109 107 2 $47.60 0 23 
Onaga 108 107 1 $36.50 2 10 
Oxford 106 107 -1 $33.00 2 15 
Sumner Co. RWD #04 106 107 -1 $68.50 <1 20 
Clay Co. RWD #02 106 107 -1 $53.82 0 14 
Howard 105 107 -2 $48.70 7 3 
Holton 105 107 -2 $45.50 1 16 
Marion Co. RWD #04 105 107 -2 $47.10 0 21 
Saline Co. RWD #04 104 107 -3 $36.68 0 24 
Belle Plaine 104 107 -3 $25.52 0 13 
Montgomery Co. RWD #06 104 107 -3 $53.00 0 16 
Haysville 103 107 -3 $19.38 5 14 
Washington Co. RWD #02 103 107 -4 $57.30 0 14 
Hanover 103 107 -4 $39.75 3 18 
Wabaunsee Co. RWD #02 102 107 -5 $66.00 21 13 
Madison 101 107 -5 $52.00 2 24 
Caldwell 101 107 -6 $47.50 <1 14 
Pottawatomie Co. RWD #03 100 107 -7 $34.00 <1 15 
Osage Co. RWD #03 100 107 -7 $73.00 17 11 
Miltonvale 99 107 -7 $20.50 2 10 
Whitewater 99 107 -7 $59.50 14 4 
Leon 99 107 -7 $55.00 1 16 
Grandview Plaza 99 107 -7 $23.93 <1 12 
Marshall Co. RWD #03 
Council Grove 

99 
99 

107 
107 

-8 
-8 

$53.43 
$48.30 

0 
1 

10 
13 



 18

TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Geary Co. RWD #04 99 107 -8 $65.50 10 na 
Burrton 98 107 -8 $28.87 7 6 
Ottawa Co. RWD #02 
Conway Springs 

98 
97 

107 
107 

-8 
-9 

$52.84 
$41.42 

0 
<1 

14 
14 

Osage Co. RWD #07 97 107 -10 $64.20 0 18 
Burden 97 107 -10 $51.00 3 7 
Saline Co. RWD #03 96 107 -10 $39.34 0 13 
Cherryvale 96 107 -11 $62.50 4 18 
White City 95 107 -11 $33.00 2 20 
Osage Co. RWD #05 95 107 -11 $58.96 <1 17 
Halstead 95 107 -12 $57.40 2 9 
Udall 94 107 -12 $39.25 0 17 
Clearwater 94 107 -12 $36.00 4 13 
Eskridge 94 107 -12 $56.00 12 6 
Hartford 94 107 -12 $53.29 0 23 
Butler Co. RWD #01 94 107 -12 $70.00 0 11 
Cowley Co. RWD #01 94 107 -12 $34.00 7 8 
Osage City 93 107 -13 $37.22 <1 8 
Marion Co. RWD #01 93 107 -13 $30.30 <1 12 
Shawnee Co. RWD #08 93 107 -13 $38.00 1 14 
Montgomery Co. RWD #11 93 107 -13 $53.38 1 16 
Cottonwood Falls 93 107 -13 $43.00 20 5 
Montgomery Co. RWD #12 92 107 -14 $88.75 0 17 
Overbrook 92 107 -14 $70.50 1 25 
Sedan 92 107 -14 $62.80 5 14 
Andale 92 107 -14 $30.25 0 6 
Washington Co. RWD #01 91 107 -15 $47.70 3 4 
Cedar Vale 91 107 -15 $78.50 2 28 
Maple Hill 91 107 -15 $37.40 1 8 
Burlingame 90 107 -15 $70.20 6 18 
Mulvane 90 107 -16 $44.31 0 10 
Rossville 90 107 -16 $35.84 0 10 
Butler Co. RWD #02 89 107 -16 $69.30 0 12 
Towanda 89 107 -16 $54.60 0 8 
Silver Lake 89 107 -17 $31.80 1 4 
Jackson Co. RWD #01 88 107 -17 $71.50 0 20 
Westmoreland 88 107 -17 $50.75 3 7 
Centralia 88 107 -18 $43.00 6 4 
Cowley Co. RWD #05 87 107 -18 $70.00 0 na 
Glasco 87 107 -19 $49.30 0 22 
St. George 87 107 -19 $21.50 <1 14 
Jackson Co. RWD #03 87 107 -19 $68.47 1 17 
Montgomery Co. RWD #02 86 107 -19 $72.20 <1 10 
Bennington 86 107 -19 $28.60 9 5 
Coffey Co. RWD #02 
Benton 

86 
86 

107 
107 

-20 
-20 

$72.50 
$58.75 

0 
2 

11 
4 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
New Strawn 86 107 -20 $76.25 2 10 
Lyndon 85 107 -21 $79.25 2 16 
Maize 84 107 -21 $66.33 <1 14 
Valley Center 84 107 -21 $43.34 1 na 
Lyon Co. RWD #01 
Shawnee Co. RWD #02C 

84 
84 

107 
107 

-21 
-22 

$54.00 
$55.00 

<1 
5 

na 
14 

Cowley Co. RWD #06 83 107 -22 $20.18 <1 16 
Sedgwick Co. RWD #01 83 107 -23 $51.00 0 4 
Greenwood Co. RWD #01 81 107 -24 $95.00 0 36 
Milford 81 107 -25 $71.00 9 7 
Sedgwick Co. RWD #03 80 107 -25 $34.00 4 na 
Lebo 80 107 -25 $69.25 0 3 
Osage Co. RWD #04 80 107 -25 $75.20 0 14 
Shawnee Co. RWD #01C 79 107 -26 $68.00 0 na 
Rose Hill 79 107 -26 $45.58 1 na 
Douglass 78 107 -27 $68.15 2 7 
Sedgwick Co. RWD #04 78 107 -27 $68.50 0 11 
Montgomery Co. RWD #01C 77 107 -28 $56.00 5 10 
Wilson Co. RWD #11 76 107 -29 $72.00 0 27 
Dickinson Co. RWD #01 76 107 -29 $60.00 1 25 
Waverly 76 107 -29 $85.20 3 7 
Florence 76 107 -29 $58.00 14 na 
Butler Co. RWD #06 76 107 -29 $85.00 0 11 
Peabody 75 107 -30 $54.42 1 na 
Butler Co. RWD #08 75 107 -30 $48.00 0 12 
Woodson Co. RWD #01 75 107 -30 $76.00 7 14 
Sedgwick 73 107 -32 $35.00 16 na 
Cowley Co. RWD #02 73 107 -32 $37.00 0 11 
Enterprise 73 107 -32 $38.00 2 15 
Assaria 73 107 -32 $39.05 1 na 
Olpe 71 107 -33 $52.00 <1 na 
Harvey Co. RWD #01 71 107 -34 $64.00 0 9 
Hoyt 70 107 -34 $70.05 1 9 
Butler Co. RWD #07 69 107 -35 $85.00 0 7 
Butler Co. RWD #04 69 107 -35 $51.00 0 7 
Colwich 67 107 -37 $51.50 1 3 
Butler Co. RWD #03 67 107 -37 $87.50 0 10 
Carbondale 65 107 -39 $62.75 1 6 
Scranton 65 107 -39 $68.75 1 11 
Coffey Co. RWD #03 65 107 -39 $96.50 2 4 
LeRoy 63 107 -41 $80.00 1 11 
Average 107 107  -- $47.23 5 12 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Byron 253 96 164 $12.50 0 100 
Republic Co. RWD #01 242 96 152 $33.05 0 26 
McPherson Co. RWD #03 212 96 121 $22.50 0 na 
Scandia 185 96 93 $38.00 0 15 
Elk City 182 96 89 $11.25 2 28 
Elgin 179 96 87 $45.85 7 24 
Barnes 165 96 72 $19.00 1 60 
Severy 161 96 68 $24.00 1 23 
Geary Co. RWD #02 157 96 63 $63.75 55 14 
Greenleaf 156 96 63 $22.20 0 100 
Mahaska 155 96 62 $25.50 6 14 
Clay Co. RWD #01 155 96 61 $22.00 2 5 
Howison Heights WD 150 96 57 $45.00 0 4 
Nemaha Co. RWD #01 150 96 56 $47.00 0 na 
Elmdale 148 96 54 $33.00 0 25 
Vermillion 140 96 46 $32.00 38 na 
Wilson Co. RWD #01 136 96 41 $60.00 0 26 
Courtland 134 96 39 $22.90 2 22 
Linn 131 96 36 $36.50 0 4 
Moline 131 96 36 $47.50 1 15 
McPherson Co. RWD #02 130 96 35 $40.00 0 9 
Saline Co. RWD #08 129 96 35 $45.00 0 37 
South Haven 129 96 34 $32.00 <1 16 
McPherson Co. RWD #01 128 96 34 $24.50 0 8 
Cloud Co. RWD #01 127 96 33 $62.00 9 17 
Delphos 125 96 30 $21.50 15 28 
Morganville 125 96 30 $14.50 0 na 
Palmer 122 96 27 $26.00 6 7 
Buffalo 119 96 24 $72.12 5 3 
Durham 117 96 22 $26.00 1 16 
Saline Co. RWD #06 116 96 21 $60.00 0 12 
Green 113 96 18 $36.00 41 10 
Summerfield 113 96 18 $20.00 <1 7 
Dexter 113 96 17 $16.40 2 3 
Saline Co. RWD #02 112 96 17 $39.00 0 9 
Leonardville 110 96 14 $34.00 0 13 
Sumner Co. RWD #01 110 96 14 $49.80 0 na 
Blue River Hills Improvement 108 96 13 $20.00 0 100 
Belvue 108 96 12 $27.00 0 13 
Nemaha Co. RWD #02 107 96 11 $34.50 0 7 
Randolph 106 96 11 $40.00 0 8 
Sumner Co. RWD #02 105 96 9 $66.00 <1 7 
Republic 105 96 9 $17.00 2 13 
Geary Co. RWD #01 104 96 9 $36.61 0 na 
Hope 
Beattie 

104 
102 

96 
96 

8 
6 

$42.25 
$36.75 

<1 
1 

13 
26 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Harveyville 101 96 5 $85.00 16 15 
Chautauqua Co. RWD #02 
Dickinson Co. RWD #03 

100 
100 

96 
96 

5 
4 

$88.00 
$32.50 

0 
0 

26 
100 

Munden 100 96 4 $23.75 0 3 
Windom 100 96 4 $32.00 2 na 
Wilson Co. RWD #06 99 96 3 $53.00 0 18 
Cowley Co. RWD #04 99 96 3 $68.50 0 7 
Bern 99 96 3 $27.40 1 6 
Gypsum 99 96 3 $25.25 1 4 
Wilson Co. RWD #04 99 96 3 $75.00 0 10 
Chautauqua 98 96 2 na 0 21 
Geuda Springs 97 96 1 $29.00 1 11 
Cuba 95 96 -1 $24.18 0 12 
Wilson Co. RWD #02 95 96 -1 $60.00 0 100 
Cowley Co. RWD #08 95 96 -1 $20.00 0 na 
Admire 95 96 -1 $45.50 0 16 
Tescott 95 96 -1 $16.55 <1 12 
Morrowville 93 96 -3 $36.00 0 8 
Sumner Co. RWD #06 93 96 -3 $43.00 0 8 
Chautauqua Co. RWD #03 93 96 -3 na 0 20 
Matfield Green 93 96 -3 $43.00 <1 28 
Corning 92 96 -4 $22.50 3 na 
Paxico 91 96 -5 $32.00 3 7 
Agenda 90 96 -7 $36.00 1 12 
Marshall Co. RWD #01 89 96 -7 $45.50 0 8 
Cowley Co. RWD #07 88 96 -8 $26.00 0 33 
Longford 87 96 -9 $47.50 1 6 
Montgomery Co. RWD #10 87 96 -9 $65.00 0 8 
Montgomery Co. RWD #07 87 96 -9 $53.00 0 13 
Latham 86 96 -10 $57.00 0 6 
Wilson Co. RWD #13 86 96 -10 $66.50 0 22 
Melvern 86 96 -10 $71.43 4 23 
Aurora 86 96 -10 $38.00 10 11 
Newbury Extension 86 96 -11 $48.50 0 14 
Rocky Ford Water Company 85 96 -11 $20.00 0 100 
Whiting 85 96 -11 $68.50 3 16 
Altoona 84 96 -12 $46.50 13 10 
Chase Co. RWD #01 83 96 -13 $50.00 2 12 
Axtell 83 96 -14 $43.50 <1 4 
Ottawa Co. RWD #01 82 96 -14 $55.00 0 25 
Olsburg 82 96 -15 $33.00 <1 15 
Montgomery Co. RWD #13 82 96 -15 $88.00 0 19 
Cassoday 80 96 -17 $63.95 0 10 
Greenwood Co. RWD #03 80 96 -17 $78.30 0 12 
Wetmore 
Saline Co. RWD #07 

80 
79 

96 
96 

-17 
-17 

$45.50 
$79.80 

8 
0 

13 
11 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Jamestown 79 96 -17 $41.20 0 7 
Wabaunsee Co. RWD #01 79 96 -17 $88.00 1 15 
Osage Co. RWD #06 79 96 -18 $80.00 0 14 
Potwin 79 96 -18 $63.75 <1 na 
Oneida 
Longton 

77 
75 

96 
96 

-20 
-22 

$29.05 
$51.00 

0 
7 

12 
7 

Grenola 75 96 -22 $73.00 <1 13 
Montgomery Co. RWD #14 75 96 -22 $100.95 0 22 
Konza Valley Water District 74 96 -23 $69.80 0 8 
Lyon Co. RWD #03 74 96 -23 $57.00 0 9 
Alta Vista 74 96 -23 $40.75 2 7 
Burns 73 96 -24 $31.00 0 na 
Gridley 73 96 -24 $88.50 1 16 
Walton 73 96 -24 $87.00 2 na 
Haddam 72 96 -25 $39.00 7 17 
Osage Co. RWD #02 72 96 -25 $62.00 0 3 
Fall River 70 96 -27 $43.00 <1 19 
Toronto 69 96 -28 $83.22 3 na 
Delia 69 96 -28 $62.50 0 100 
Emmett 68 96 -29 $42.00 0 30 
Dwight 67 96 -30 $23.50 0 na 
Dearing 67 96 -30 $40.40 0 na 
Manchester 66 96 -31 $47.00 0 14 
Reading 66 96 -31 $92.00 2 12 
Netawaka 66 96 -31 na 0 na 
Goff 66 96 -31 $38.00 10 7 
University Park Water 66 96 -31 $40.00 0 4 
Mayfield 65 96 -32 $41.30 1 na 
Culver 65 96 -32 $35.50 0 15 
McFarland 65 96 -33 $44.25 3 7 
Viola 65 96 -33 $50.00 0 8 
Elbing 63 96 -34 $63.50 1 5 
Atlanta 63 96 -35 $74.00 9 12 
Oketo 62 96 -36 $35.25 0 7 
McPherson Co. RWD #06 62 96 -36 $90.10 0 5 
Soldier 61 96 -36 $59.75 1 4 
Wilson Co. RWD #12 61 96 -36 $66.00 0 na 
Saline Co. RWD #01 61 96 -36 $40.00 0 10 
Mayetta 59 96 -38 $87.00 <1 na 
Allen 58 96 -39 $58.00 0 7 
Cedar Point 57 96 -40 $50.50 0 14 
Chautauqua Co. RWD #01 57 96 -41 $42.00 0 na 
Circleville 56 96 -42 $69.00 0 9 
Quenemo 56 96 -42 $75.00 1 7 
Peru 
Cambridge 

56 
54 

96 
96 

-42 
-44 

$66.80 
$81.00 

1 
0 

5 
na 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Wilsey 54 96 -44 na 0 14 
Virgil 52 96 -45 $50.00 0 8 
Wilson Co. RWD #05 45 96 -53 $80.00 0 16 
Red Bud Lake Improvement 33 96 -65 $102.86 0 11 
Marion Co. RWD #02 31 96 -67 $45.00 0 na 
Average 96 96   $47.71 5 13 
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TABLE 12 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERS 

REGION  8, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Atchison 184 130 42 $40.22 4 24 
Kansas City BPU 183 130 41 $48.69 11 23 
WaterOne - Johnson Co. 173 130 33 $32.04 7 10 
Parsons 130 130 0 $47.82 27 3 
Lawrence 124 130 -5 $29.75 10 na 
Pittsburg 118 130 -10 $39.17 4 8 
Gardner 105 130 -20 $45.77 17 14 
Olathe 101 130 -23 $32.62 1 13 
Leavenworth 96 130 -26 $47.87 <1 10 
Ottawa 89 130 -32 $27.57 <1 12 
Average 130 130  -- $39.15 8 13 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  8, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Bourbon Co. RWD #04 164 102 61 $68.25 10 11 
Fort Scott 161 102 58 $30.23 2 23 
DeSoto 157 102 54 $57.58 5 47 
Bonner Springs 155 102 52 $37.55 7 23 
Baxter Springs 151 102 48 $40.83 4 33 
Thayer 146 102 43 $47.00 1 na 
Osawatomie 139 102 37 $39.06 16 15 
Chanute 139 102 36 $28.03 7 12 
Crawford Co. RWD #05 136 102 33 $34.50 4 29 
Highland 135 102 32 $52.00 29 18 
Cherokee Co. RWD #01 133 102 30 $40.00 <1 32 
Jefferson Co. RWD #13 130 102 28 $61.00 12 28 
Crawford Co. RWD #01C 129 102 26 $55.00 0 15 
Allen Co. RWD #08 128 102 26 $52.00 0 19 
Neosho Co. RWD #07 128 102 25 $50.30 0 12 
Paola 128 102 25 $45.74 14 9 
Frontenac 127 102 25 $42.54 7 9 
Cherokee Co. RWD #03 127 102 25 $52.75 2 24 
Jefferson Co. RWD #02 124 102 22 $49.00 3 25 
Louisburg 123 102 21 $70.25 8 4 
Girard 123 102 20 $42.00 17 15 
Crawford Co. RWD #01 123 102 20 $38.00 0 29 
Johnson Co. RWD #06C 122 102 20 $71.50 3 16 
Troy 121 102 19 $53.42 24 17 
Galena 121 102 19 $34.00 1 20 
Columbus 118 102 16 $48.10 7 26 
Valley Falls 117 102 15 $41.50 26 17 
Chetopa 117 102 14 $66.09 10 9 
Johnson Co. RWD #07 116 102 14 $58.25 0 14 
Humboldt 116 102 13 $67.95 13 15 
Hiawatha 115 102 13 $38.20 4 5 
Douglas Co. RWD #01 115 102 13 $60.60 0 21 
La Cygne 113 102 11 $63.25 2 9 
Leavenworth Co. RWD #08 113 102 11 $59.00 3 19 
Crawford Co. RWD #06 113 102 11 $88.50 5 13 
Iola 113 102 11 $50.56 <1 11 
Jefferson Co. RWD #07 111 102 9 $39.00 0 19 
Linn Co. RWD #01 110 102 8 $60.00 0 14 
Baldwin 110 102 8 $90.10 <1 17 
Cherokee Co. RWD #02 110 102 8 $34.75 0 27 
Erie 110 102 8 $51.20 2 10 
St. Paul 110 102 7 $43.75 0 4 
Garnett 108 102 6 $69.00 9 10 
Anderson Co. RWD #04 107 102 5 $67.90 <1 14 
Jefferson Co. RWD #12 
Eudora 

106 
106 

102 
102 

4 
4 

$66.50 
$50.40 

13 
16 

14 
7 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  8, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Mound City 
Jefferson Co. RWD #01 

105 
105 

102 
102 

3 
3 

$49.00 
$34.80 

12 
0 

12 
13 

Cherokee 105 102 3 $53.25 3 16 
Jefferson Co. RWD #03 103 102 1 $28.50 0 23 
Labette Co. RWD #08 102 102 0 $65.00 0 17 
Cherokee Co. RWD #04 102 102 0 $52.00 2 24 
Oswego 101 102 -1 $60.55 7 10 
Franklin Co. RWD #04 101 102 -1 $67.25 11 15 
Moran 99 102 -3 $57.50 2 13 
Leavenworth Co. RWD #02 96 102 -5 $66.50 0 33 
Wathena 96 102 -6 $57.00 1 19 
Miami Co. RWD #02 96 102 -6 $56.00 0 10 
Leavenworth Co. RWD #09 95 102 -7 $52.50 12 18 
Suburban Water Company 95 102 -7 $63.67 2 10 
Pleasanton 95 102 -7 $30.45 5 12 
Scammon 94 102 -8 $18.25 13 15 
Neosho Co. RWD #04 94 102 -8 $66.16 0 20 
Atchison Co. RWD #05C 94 102 -8 $72.90 0 12 
Douglas Co. RWD #03 94 102 -8 $65.50 <1 21 
Franklin Co. RWD #06 93 102 -9 $70.50 23 16 
Perry 93 102 -9 $70.40 <1 17 
Douglas Co. RWD #06 93 102 -9 $37.00 0 12 
Labette Co. RWD #05 92 102 -10 $66.00 0 4 
Brown Co. RWD #02 91 102 -11 $59.60 4 13 
Douglas Co. RWD #02 90 102 -11 $78.50 0 18 
Ozawkie 90 102 -11 $23.00 0 16 
Neosho Co. RWD #01C 90 102 -12 $81.25 0 na 
Brown Co. RWD #01 89 102 -12 $30.50 0 21 
Tonganoxie 89 102 -13 $42.99 3 14 
Bourbon Co. RWD #02C 89 102 -13 $50.00 1 14 
Crawford Co. RWD #04 89 102 -13 $39.50 6 14 
Lansing (Lan-Del WC) 88 102 -14 $52.46 <1 5 
Douglas Co. RWD #04 88 102 -14 $79.90 2 21 
Leavenworth Co. RWD #01C 88 102 -14 $61.07 4 3 
Leavenworth Co. RWD #07 87 102 -15 $79.90 3 11 
Leavenworth Co. RWD #05 87 102 -15 $49.24 0 7 
Labette Co. RWD #07 86 102 -15 $47.50 0 15 
Horton 85 102 -16 $38.27 6 7 
Richmond 85 102 -17 $63.25 3 16 
Nortonville 84 102 -18 $39.39 <1 6 
Leavenworth Co. RWD #06 83 102 -19 $58.00 0 10 
Oskaloosa 83 102 -19 $55.05 1 na 
Douglas Co. RWD #05 82 102 -20 $67.50 0 6 
Miami Co. RWD #03 82 102 -20 $75.00 0 20 
Neosho Co. RWD #02 
La Harpe 

82 
81 

102 
102 

-20 
-20 

$34.39 
$39.50 

0 
<1 

12 
20 



 27

TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  8, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Arma 81 102 -20 $35.40 0 6 
Franklin Co. RWD #05 81 102 -21 $66.35 0 18 
Mulberry 
Winchester 

80 
80 

102 
102 

-22 
-22 

$80.05 
$37.90 

<1 
3 

21 
5 

Altamont 79 102 -22 $60.00 0 4 
Effingham 79 102 -22 $40.00 5 na 
Wellsville 78 102 -23 $55.22 1 na 
Elwood 76 102 -26 $60.38 <1 9 
Cherokee Co. RWD #08 75 102 -27 $42.00 3 15 
Miami Co. RWD #04 75 102 -27 $97.50 0 11 
Gas 74 102 -28 $54.53 0 4 
Anderson Co. RWD #05 73 102 -28 $70.75 0 15 
Weir 72 102 -30 $53.00 <1 na 
Franklin Co. RWD #01 72 102 -30 $67.29 0 5 
Pomona 70 102 -31 $85.00 0 11 
Spring Hill 69 102 -32 $60.00 1 14 
Lecompton 68 102 -34 $54.50 3 4 
McLouth 66 102 -35 $88.00 3 12 
Anderson Co. RWD #01C 66 102 -36 $103.50 0 13 
Edgerton 57 102 -44 $80.42 1 8 
Average 102 102  -- $55.41 6 15 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  8, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Neosho Co. RWD #05 136 84 62 $65.00 0 48 
Franklin Co. RWD #07 133 84 58 $30.00 0 100 
Labette Co. RWD #04 129 84 54 $62.00 0 na 
Labette Co. RWD #01 128 84 52 $70.00 0 9 
Allen Co. RWD #04 126 84 50 $33.60 0 na 
Lakeside Village Improvement 123 84 47 $38.00 14 43 
Allen Co. RWD #16 123 84 47 $23.00 0 100 
Neosho Co. RWD #09 118 84 41 $51.90 0 20 
Neosho Co. RWD #06 116 84 39 $48.30 0 16 
Everest 114 84 35 $29.25 0 22 
Reserve 103 84 23 $50.50 0 43 
Neosho Co. RWD #12 102 84 21 $40.30 0 8 
Robinson 100 84 19 $36.00 1 14 
Allen Co. RWD #12 99 84 18 $45.00 0 na 
Labette Co. RWD #03 98 84 17 $63.88 0 12 
Labette Co. RWD #02 98 84 17 $56.40 0 12 
Atchison Co. RWD #02 97 84 15 $46.20 0 26 
Colony 96 84 14 $41.00 0 19 
Blue Mound 95 84 13 $70.25 29 9 
Neosho Co. RWD #08 95 84 13 $69.00 0 8 
Chicopee Water Company 94 84 12 $54.00 0 18 
Neosho Co. RWD #03 94 84 12 $74.00 0 na 
Jefferson Co. RWD #11 93 84 11 $54.10 6 16 
Galesburg 92 84 10 $66.00 1 15 
Uniontown 91 84 8 $74.00 0 15 
Anderson Co. RWD #01 90 84 8 $80.00 0 6 
Williamsburg 90 84 7 $40.50 0 100 
Doniphan Co. RWD #03 87 84 4 $37.00 0 25 
Crawford Co. RWD #03 87 84 4 $33.75 1 13 
White Cloud 82 84 -2 $25.00 0 17 
Allen Co. RWD #11 81 84 -4 na 0 8 
Cherokee Co. RWD #07 81 84 -4 $48.92 0 12 
Doniphan Co. RWD #01 79 84 -6 $40.00 0 36 
Jefferson Co. RWD #08 78 84 -7 $44.00 0 7 
Fontana 78 84 -7 $61.50 2 14 
Edna 78 84 -7 $78.50 <1 11 
McCune 77 84 -8 $77.92 1 5 
Atchison Co. RWD #03 76 84 -10 $61.00 0 17 
Jefferson Co. RWD #10 75 84 -10 $60.50 9 20 
Bronson 74 84 -12 $65.22 2 11 
Mound Valley 72 84 -14 $59.30 <1 3 
Princeton 72 84 -14 $42.50 <1 13 
Franklin Co. RWD #03 72 84 -14 $56.50 0 14 
Doniphan Co. RWD #02 71 84 -16 $76.00 0 16 
Prescott 
Treece 

70 
70 

84 
84 

-17 
-17 

$61.80 
$68.10 

0 
0 

8 
13 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  8, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Lane 
Allen Co. RWD #10 

70 
69 

84 
84 

-17 
-18 

$56.00 
$95.00 

<1 
0 

25 
10 

Jefferson Co. RWD #09 69 84 -18 $68.00 14 21 
Muscotah 69 84 -18 $39.00 0 20 
Linwood 68 84 -19 $41.50 <1 9 
Cherokee Co. RWD #05 68 84 -19 $63.80 0 12 
Allen Co. RWD #13 68 84 -19 $54.70 0 17 
Fulton 67 84 -20 $55.00 0 22 
Arcadia 65 84 -22 $66.00 5 11 
Crawford Co. RWD #07 65 84 -23 $61.00 <1 7 
West Mineral 64 84 -24 $67.00 1 13 
Lancaster 64 84 -24 $29.95 0 na 
Rantoul 63 84 -25 $49.75 1 3 
Easton 63 84 -25 $43.47 25 14 
Parker 60 84 -29 $92.00 1 22 
Greeley 59 84 -30 $55.00 2 6 
Morrill 59 84 -30 $62.04 <1 6 
Allen Co. RWD #15 59 84 -30 $35.50 0 8 
Kincaid 53 84 -37 $57.15 2 5 
Jefferson Co. RWD #15 52 84 -38 $39.75 0 9 
Denison 50 84 -40 $74.25 0 6 
Allen Co. RWD #01 47 84 -44 $42.50 0 100 
Average 84 84  -- $54.60 5 15 
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TABLE 15 
PUBLIC WATER SUPPLIERS WITH HIGHEST GPCD'S RELATIVE TO THEIR  

REGION, RANKED BY PERCENT ABOVE REGIONAL AVERAGE 
KANSAS, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Osborne Co. RWD #01A 886 138 542 $56.00 0 60 
Comanche Co. RWD #02 555 156 256 $58.00 0 40 
Englewood 636 188 238 $20.00 0 95 
Byron 253 96 164 $12.50 0 100 
Republic Co. RWD #01 242 96 152 $33.05 0 26 
West Hills Water Company 317 138 130 $20.00 0 100 
McPherson Co. RWD #03 212 96 121 $22.50 0 na 
Scandia 185 96 93 $11.25 2 28 
Elk City 182 96 89 $45.85 7 24 
Elgin 179 96 87 $19.00 1 60 
Mitchell Co. RWD #02 279 150 86 $57.08 9 17 
Rexford 466 258 80 $17.50 0 4 
Hesston 191 107 79 $23.70 18 3 
Republic Co. RWD #02 185 107 73 $52.83 7 10 
Mullinville 269 156 72 $23.00 8 29 
McDonald 443 258 72 $25.10 4 42 
Barnes 165 96 72 $24.00 1 23 
Cullison 234 138 69 $17.00 3 22 
Severy 161 96 68 $17.00 3 22 
Moundridge 178 107 67 $14.25 1 5 
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TABLE 16 
PUBLIC WATER SUPPLIERS WITH LOWEST GPCD'S RELATIVE TO THEIR  

REGION, RANKED BY PERCENT BELOW REGIONAL AVERAGE 
KANSAS, 2006 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Garden Spot Rentals 58 258 -77 none 0 100 
Farr Subdivision 60 258 -77 none 0 100 
Norton Co. RWD #01 46 188 -76 $34.50 0 9 
Finney Co. RWD #01 64 258 -75 $46.50 0 0 
Marion Co. RWD #02 31 97 -68 $45.00 0 0 
Red Bud Lake Improvement 33 97 -66 $102.86 0 11 
Barton Hills WD 51 138 -63 $30.00 0 8 
Ellis Co. RWD #03 64 156 -59 $29.40 0 14 
Waldo 58 138 -58 $59.50 0 0 
Horace 130 293 -56 $26.30 0 4 
Nickerson 66 150 -56 $76.25 4 12 
Pawnee Rock 64 138 -54 $31.00 1 7 
Wilson Co. RWD #05 45 97 -53 $80.00 0 16 
Brownell 89 188 -53 $12.50 2 8 
McCracken 75 156 -52 $44.40 3 0 
Kingman Co. RWD #01 66 138 -52 $97.50 0 18 
Rooks Co. RWD #02 76 156 -51 $25.50 0 13 
Liebenthal 77 156 -51 $33.00 1 9 
Trego Co. RWD #01 93 188 -50 $51.00 0 4 
Barnard 69 138 -50 $41.00 0 14 
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TABLE 17 
WATER USE BY PUBLIC WATER SUPPLIERS WITH FLAT RATES 

KANSAS, 2006 

Public Water Supplier Region

Cost per 
10,000 

gal/month GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Arnold 4 $20.00 177 188 -6 
Belvidere 5 $15.00 222 156 43 
Blue River Hills Improvement 7S $20.00 108 97 12 
Byron 7S $12.50 253 97 161 
Copeland 3 $40.00 241 244 -1 
Englewood 4 $20.00 636 188 238 
Ford 4 $18.00 271 188 44 
Geary Co. RWD #02 7S $22.20 157 97 62 
Reno Co. RWD #04 6S $16.00 72 138 -48 
Rocky Ford Water Company 7S $20.00 85 97 -12 
West Hills Water Company 6S $20.00 317 138 130 
Average         57 
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TABLE 18 
AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 

KANSAS, 2006 
Gallons of Water Used Per Month 

Region 

Number of 
Public Water 

Suppliers 5,000 10,000 25,000 50,000 100,000 
1 16 $16.37 $23.60 $46.22 $83.92 $159.33 
2 22 $15.12 $21.02 $39.41 $70.93 $134.71 
3 20 $13.67 $20.21 $40.54 $74.62 $150.00 
4 27 $20.76 $28.05 $51.14 $91.27 $173.86 
5 47 $21.76 $31.67 $63.22 $117.71 $226.83 
6 108 $23.38 $35.48 $72.58 $133.28 $255.90 
7 333 $28.94 $46.68 $99.07 $186.69 $362.75 
8 189 $32.23 $54.26 $119.10 $226.99 $440.11 

Kansas  762 $27.17 $43.47 $92.01 $173.04 $335.28 
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TABLE 19 
PUBLIC WATER SUPPLIERS WITH 30 PERCENT OR MORE 

UNACCOUNTED FOR WATER 
KANSAS, 2006 

Public Water Supplier 

Percent 
Unaccounted 

For 

Potential 
Water Gain  
(Gallons) 

Water 
Conservation Plan 

Approval Date 
Agra 30 1,545,250 Feb. 28, 2005 
Baxter Springs 33 62,646,000 June 11, 1998 
Bird City 42 14,785,800  -- 
Cherokee Co. RWD #01 32 4,716,850 Feb. 6, 1997 
Comanche Co. RWD #02 40 6,912,550  -- 
Cowley Co. RWD #07 33 1,245,750 Aug. 11, 1999 
DeSoto 47 108,028,100 Dec. 13, 1993 
Doniphan Co. RWD #01 36 338,550 May 22, 2000 
Dorrance 44 2,645,600 Mar. 10, 2004 
Elgin 60 2,823,550 Apr. 1, 1997 
Emmett 30 1,029,500  -- 
Gaylord 37 2,211,050 Dec. 11, 2002 
Gove 31 1,945,900  -- 
Greenwood Co. RWD #01 36 7,742,800  -- 
Hamilton Co. RWD #01 36 1,266,750 Aug. 25, 2003 
Lakeside Village Improvement 43 3,761,800  -- 
Leavenworth Co. RWD #02 33 3,493,450  -- 
Manter 48 8,444,800  -- 
McDonald 42 7,025,250  -- 
Neosho Co. RWD #05 48 2,160,200  -- 
Osborne Co. RWD #01A 60 15,540,450 Jul. 25, 1997 
Reserve 43 1,035,000 Jan. 29, 2002 
Saline Co. RWD #08 37 3,392,800 Aug. 23, 2004 
Spivey 31 729,900 Nov. 4, 1997 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Abbyville 6S 139 142 118 121 151 134 
Abilene 7M 193 149 158 151 154 161 
Admire 7S 89 85 84 89 95 88 
Agenda 7S 91 91 103 96 90 94 
Agra 5 152 140 121 126 103 129 
Albert 6S 126 129 115 125 136 126 
Alexander 5 161 137 109 113 114 127 
Allen 7S 60 58 58 58 58 58 
Allen Co. RWD #01 8S na 93 na 67 47 69 
Allen Co. RWD #03 8S 123 119 na 99 na 114 
Allen Co. RWD #04 8S 127 92 105 96 126 109 
Allen Co. RWD #06 8S 88 121 105 158 na 118 
Allen Co. RWD #07 8S 74 na na na na 74 
Allen Co. RWD #08 8M 122 131 153 172 128 141 
Allen Co. RWD #10 8S 87 84 69 77 69 77 
Allen Co. RWD #11 8S 66 61 55 61 81 65 
Allen Co. RWD #12 8S 129 119 122 110 99 116 
Allen Co. RWD #13 8S 59 56 63 61 68 61 
Allen Co. RWD #15 8S 66 63 55 58 59 60 
Allen Co. RWD #16 8S 119 128 77 86 123 107 
Alma 7M 140 141 140 151 158 146 
Almena 4 166 132 123 113 116 130 
Alta Vista 7S 85 86 81 80 74 81 
Altamont 8M 77 78 73 77 79 77 
Alton 6S 220 144 143 95 102 141 
Altoona 7S 87 99 75 83 84 85 
Andale 7M 111 89 85 81 92 91 
Anderson Co. RWD #01 8S 81 87 79 76 90 83 
Anderson Co. RWD #01C 8M na 66 63 64 66 65 
Anderson Co. RWD #03 8S 73 85 69 na na 76 
Anderson Co. RWD #04 8M 112 102 96 na 107 104 
Anderson Co. RWD #05 8M 60 75 74 71 73 71 
Anthony 6ML 160 148 153 152 159 154 
Arcadia 8S 85 89 73 67 65 76 
Argonia 7M 104 117 103 120 115 112 
Arkansas City 7L 114 118 120 130 126 121 
Arlington 6S 117 116 106 107 113 112 
Arma 8M 87 84 77 77 81 81 
Arnold 4 271 270 187 213 177 224 
Ashland 4 240 260 220 249 232 240 
Assaria 7M 72 70 66 71 73 70 
Atchison 8L 121 234 191 176 184 181 
Atchison Co. RWD #01 8S na 91 65 66 na 74 
Atchison Co. RWD #02 8S na na na na 97 97 
Atchison Co. RWD #03 8S 77 90 73 69 76 77 
Atchison Co. RWD #05C 
Atchison Co. RWD #06 

8M 
8M 

na 
116 

na 
na 

na 
na 

na 
60 

94 
na 

94 
88 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Atlanta 7S 71 69 61 65 63 66 
Attica 
Atwood 

6ML 
2 

195 
260 

166 
219 

146 
229 

162 
208 

184 
219 

171 
227 

Augusta 7M 145 139 126 163 154 145 
Aurora 7S 143 107 103 87 86 105 
Axtell 7S 89 90 80 83 83 85 
Baldwin 8M 112 137 111 127 110 119 
Barber Co. RWD #01 6S 198 174 169 181 206 185 
Barber Co. RWD #02 6S 212 192 234 181 na 205 
Barber Co. RWD #03 6S 113 74 81 71 73 82 
Barnard 6S 72 77 70 77 69 73 
Barnes 7S 168 200 135 155 165 165 
Bartlett 8S 91 na 102 99 na 97 
Barton Co. RWD #01 6S na 110 104 90 109 103 
Barton Hills WD 6S 80 78 74 70 51 71 
Baxter Springs 8M 133 116 120 138 151 131 
Bazine 4 143 122 128 139 123 131 
Beattie 7S 123 109 109 101 102 109 
Bel Aire 7M 123 112 106 110 122 114 
Belle Plaine 7M 104 104 96 102 104 102 
Belleville 7M 160 145 145 156 160 153 
Beloit 6ML 97 90 99 104 100 98 
Belpre 5 163 122 122 142 122 134 
Belvidere 5 232 218 120 195 222 197 
Belvue 7S 111 103 99 106 108 106 
Bennington 7M 97 91 91 91 86 91 
Benton 7M 84 82 75 85 86 82 
Bern 7S 107 111 109 95 99 104 
Beverly 6S 95 86 117 92 94 97 
Bird City 1 401 329 331 349 332 348 
Bison 5 134 115 163 106 117 127 
Blue Mound 8S 88 97 106 100 95 97 
Blue Rapids 7M 167 154 140 143 146 150 
Blue River Hills Improvement 7S 136 123 131 101 108 120 
Bluff City 6S 83 93 94 91 91 91 
Bogue 4 203 187 183 232 208 203 
Bonner Springs 8M 151 128 130 149 155 143 
Bourbon Co. RWD #02C 8M 79 90 89 86 89 87 
Bourbon Co. RWD #04 8M 206 166 172 148 164 171 
Brewster 2 412 378 339 437 333 380 
Bronson 8S 76 76 73 75 74 75 
Brookville 7S 105 na na 74 na 89 
Brown Co. RWD #01 8M 96 96 107 90 89 96 
Brown Co. RWD #02 8M 92 89 73 89 91 87 
Brownell 4 86 60 58 77 89 74 
Bucklin 
Buffalo 

4 
7S 

282 
108 

286 
113 

239 
130 

218 
149 

209 
119 

247 
123 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Buhler 6ML 131 127 118 123 144 129 
Bunker Hill 6S 125 112 113 169 106 125 
Burden 7M 114 107 110 110 97 107 
Burdett 5 211 193 144 159 166 175 
Burlingame 
Burlington 

7M 
7M 

89 
130 

86 
129 

75 
114 

81 
120 

90 
137 

84 
126 

Burns 7S 84 79 72 68 73 75 
Burr Oak 6S 115 112 111 95 94 106 
Burrton 7M 108 108 95 95 98 101 
Bushton 6S 175 144 140 171 173 161 
Butler Co. RWD #01 7M 103 101 100 102 94 100 
Butler Co. RWD #02 7M 83 78 88 89 89 85 
Butler Co. RWD #03 7M 73 66 65 62 67 67 
Butler Co. RWD #04 7M 78 68 68 72 69 71 
Butler Co. RWD #05 7M 81 80 71 84 109 85 
Butler Co. RWD #06 7M 91 87 84 83 76 84 
Butler Co. RWD #07 7M 66 65 62 78 69 68 
Butler Co. RWD #08 7M 73 88 58 66 75 72 
Byron 7S 225 226 190 243 253 228 
Caldwell 7M 98 103 99 111 101 102 
Cambridge 7S 68 63 65 55 54 61 
Caney 7M 135 146 142 167 159 150 
Canton 7M 150 142 139 133 127 138 
Carbondale 7M 113 105 87 94 65 93 
Cassoday 7S 114 92 91 83 80 92 
Cawker City 6ML 130 130 131 147 164 140 
Cedar Point 7S 69 55 58 55 57 59 
Cedar Vale 7M 107 107 96 98 91 100 
Centralia 7M 88 87 82 83 88 85 
Chanute 8M 130 126 114 119 139 126 
Chapman 7M 171 157 152 172 162 163 
Chase 6S 114 126 113 119 116 118 
Chase Co. RWD #01 7S 83 85 79 76 83 81 
Chautauqua 7S na na 85 na 98 91 
Chautauqua Co. RWD #01 7S 74 84 86 85 57 77 
Chautauqua Co. RWD #02 7S 106 77 100 105 100 98 
Chautauqua Co. RWD #03 7S 92 87 na na 93 91 
Cheney 7M 176 170 158 151 171 165 
Cherokee 8M 112 118 102 112 105 110 
Cherokee Co. RWD #01 8M 145 175 230 203 133 177 
Cherokee Co. RWD #02 8M 84 91 99 103 110 97 
Cherokee Co. RWD #03 8M 167 163 158 151 127 153 
Cherokee Co. RWD #04 8M 127 106 94 123 102 110 
Cherokee Co. RWD #05 8S 71 73 70 71 68 71 
Cherokee Co. RWD #06 8S 109 85 76 80 na 87 
Cherokee Co. RWD #07 
Cherokee Co. RWD #08 

8S 
8M 

78 
64 

90 
70 

98 
67 

74 
75 

81 
75 

84 
70 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Cherryvale 7M 87 84 87 89 96 88 
Chetopa 8M 130 101 99 102 117 110 
Chicopee Rural Water 8S 92 88 79 87 94 88 
Cimarron 3 326 240 222 267 324 276 
Circleville 7S 63 62 59 57 56 59 
Claflin 6ML 141 138 128 133 143 137 
Clay Center 7M 125 111 94 100 109 108 
Clay Co. RWD #01 
Clay Co. RWD #02 

7S 
7M 

126 
105 

118 
99 

116 
98 

159 
101 

155 
106 

135 
102 

Clayton 4 122 123 128 134 96 121 
Clearwater 7M 96 95 93 93 94 94 
Clifton 7M 159 150 138 155 147 150 
Cloud Co. RWD #01 7S 111 120 114 111 127 117 
Clyde 7M 159 140 133 157 171 152 
Coal Hollow WD 8S na na na 61 na 61 
Coats 6S 143 142 141 150 146 144 
Coffey Co. RWD #02 7M 94 89 na 89 86 90 
Coffey Co. RWD #03 7M 76 77 75 66 65 72 
Coffeyville 7L 168 215 171 177 218 190 
Colby 2 320 302 305 328 337 318 
Coldwater 5 229 217 208 184 209 209 
Collyer 4 153 151 114 101 135 131 
Colony 8S 94 96 82 80 96 90 
Columbus 8M 117 92 118 119 118 113 
Colwich 7M na 82 72 68 67 72 
Comanche Co. RWD #01 5 93 124 97 82 127 105 
Comanche Co. RWD #02 5 427 411 441 452 555 457 
Concordia 7M 153 142 140 132 128 139 
Conway Springs 7M 106 129 108 97 97 108 
Coolidge 1 339 310 375 286 281 318 
Copeland 3 248 249 210 227 241 235 
Corning 7S na na na na 92 92 
Cottonwood Falls 7M 92 90 83 89 93 89 
Council Grove 7M 121 122 122 100 99 113 
Courtland 7S 113 119 126 123 134 123 
Cowley Co. RWD #01 7M 112 101 76 76 94 92 
Cowley Co. RWD #02 7M 71 67 61 68 73 68 
Cowley Co. RWD #03 7M na 120 109 121 125 119 
Cowley Co. RWD #04 7S 107 113 103 97 99 104 
Cowley Co. RWD #05 7M 88 90 81 75 87 84 
Cowley Co. RWD #06 7M 78 86 77 77 83 80 
Cowley Co. RWD #07 7S na na 146 96 88 110 
Cowley Co. RWD #08 7S na 86 na 106 95 95 
Crawford Co. RWD #01 8M 96 113 129 101 123 112 
Crawford Co. RWD #01C 8M 116 125 141 126 129 127 
Crawford Co. RWD #02 
Crawford Co. RWD #03 

8M 
8S 

82 
107 

86 
95 

97 
84 

97 
81 

na 
87 

90 
91 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Crawford Co. RWD #04 8M 88 79 84 90 89 86 
Crawford Co. RWD #05 8M 115 174 216 160 136 160 
Crawford Co. RWD #06 8M 120 na 115 109 113 114 
Crawford Co. RWD #07 8S 59 72 62 67 65 65 
Cuba 7S 133 135 132 114 95 122 
Cullison 6S 167 218 203 175 234 200 
Culver 7S 66 62 55 60 65 62 
Cunningham 6ML 187 182 139 154 152 163 
Damar 5 105 104 99 na na 103 
Dearing 7S 71 100 82 77 67 80 
Deerfield 
Delia 

2 
7S 

158 
79 

168 
na 

142 
67 

142 
59 

159 
69 

154 
69 

Delphos 7S 184 176 150 133 125 154 
Denison 8S 67 65 57 52 50 58 
Derby (El Paso Water Co.) 7L 131 116 95 102 106 110 
DeSoto 8M 114 159 160 102 157 138 
Dexter 7S 102 96 107 99 113 103 
Dickinson Co. RWD #01 7M 98 72 77 81 76 81 
Dickinson Co. RWD #02 7M 114 102 111 122 122 114 
Dickinson Co. RWD #03 7S 64 na 76 72 100 78 
Dighton 3 268 276 254 235 225 252 
Dodge City 4 218 208 203 185 183 199 
Doniphan Co. RWD #01 8S 59 61 64 65 79 66 
Doniphan Co. RWD #02 8S 72 72 68 73 71 71 
Doniphan Co. RWD #03 8S 86 76 98 82 87 86 
Doniphan Co. RWD #05 8M 80 na na na na 80 
Dorrance 6S 88 77 75 74 106 84 
Douglas Co. RWD #01 8M 103 108 99 105 115 106 
Douglas Co. RWD #02 8M na na na 90 90 90 
Douglas Co. RWD #03 8M 92 88 83 87 94 89 
Douglas Co. RWD #04 8M 94 96 79 84 88 88 
Douglas Co. RWD #05 8M 79 81 71 72 82 77 
Douglas Co. RWD #06 8M 85 83 75 83 93 84 
Douglass 7M 87 80 78 78 78 80 
Downs 6ML 250 221 170 169 153 193 
Durham 7S 116 148 145 126 117 131 
Dwight 7S 84 87 89 75 67 80 
Easton 8S 102 75 66 69 63 75 
Edgerton 8M na na 57 57 57 57 
Edna 8S 68 72 73 77 78 74 
Effingham 8M 84 92 79 81 79 83 
El Dorado 7L 200 185 181 166 179 182 
Elbing 7S 64 61 61 62 63 62 
Elgin 7S 288 267 319 364 179 283 
Elk City 7S 99 145 190 164 182 156 
Elk Co. RWD #01 
Elkhart 

7M 
1 

na 
350 

90 
354 

90 
312 

85 
339 

na 
354 

88 
342 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Ellinwood 6ML 125 123 110 120 124 120 
Ellis 5 115 97 101 97 97 101 
Ellis Co. RWD #01 5 88 91 87 89 83 88 
Ellis Co. RWD #01C 5 na 117 na na 125 121 
Ellis Co. RWD #03 5 70 88 58 61 64 68 
Ellis Co. RWD #06 5 133 na 105 121 129 122 
Ellsworth 6ML 136 138 122 142 146 137 
Elmdale 7S 149 163 194 159 148 163 
Elwood 8M 77 86 73 77 76 78 
Emmett 7S 80 77 70 74 68 74 
Emporia 7L 178 182 170 172 179 176 
Englewood 4 555 494 383 475 636 509 
Ensign 3 222 218 141 138 157 175 
Enterprise 
Erie 

7M 
8M 

111 
98 

87 
96 

78 
107 

78 
108 

73 
110 

85 
104 

Esbon 6S 142 135 123 112 94 121 
Eskridge 7M 127 112 105 95 94 107 
Eudora 8M 108 109 93 97 106 103 
Eureka 7M 124 119 113 120 124 120 
Everest 8S 120 135 120 110 114 120 
Fall River 7S na 62 63 74 70 67 
Farr Subdivision 2 67 68 67 65 60 66 
Finney Co. RWD #01 2 75 80 74 81 64 75 
Florence 7M 105 96 86 79 76 88 
Fontana 8S 82 81 81 75 78 80 
Ford 4 290 225 249 329 271 273 
Formoso 6S 94 111 88 86 75 91 
Fort Scott 8M 169 153 142 157 161 157 
Fowler 3 211 186 185 163 177 185 
Frankfort 7M 132 131 124 133 131 130 
Franklin Co. RWD #01 8M 74 70 65 70 72 70 
Franklin Co. RWD #02 8M 81 na na 62 na 72 
Franklin Co. RWD #03 8S 78 76 69 63 72 72 
Franklin Co. RWD #04 8M 85 97 92 113 101 98 
Franklin Co. RWD #05 8M 103 95 87 80 81 89 
Franklin Co. RWD #06 8M 114 108 90 92 93 100 
Franklin Co. RWD #07 8S 201 129 126 117 133 141 
Fredonia 7M 124 132 126 116 157 131 
Frontenac 8M 114 109 116 120 127 117 
Fulton 8S 84 66 57 61 67 67 
Galena 8M 136 130 130 134 121 130 
Galesburg 8S 83 na 84 84 92 86 
Galva 7M 127 122 109 113 124 119 
Garden City 2 212 186 185 207 214 201 
Garden Plain 7M 159 126 112 120 120 127 
Garden Spot Rentals 
Gardner 

2 
8L 

96 
120 

66 
112 

75 
99 

64 
107 

58 
105 

72 
108 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Garnett 8M 112 103 110 103 108 107 
Gas 8M 78 80 78 74 74 77 
Gaylord 6S 159 145 121 115 208 149 
Geary Co. RWD #01 7S na na 103 96 104 101 
Geary Co. RWD #02 7S 134 119 118 117 157 129 
Geary Co. RWD #04 7M 78 83 82 100 99 88 
Geneseo 6S 104 108 109 101 111 107 
Geuda Springs 7S 160 98 79 89 97 105 
Girard 8M 117 128 112 121 123 120 
Glade 5 151 112 115 139 94 122 
Glasco 7M 79 77 73 72 87 78 
Glen Elder 6S 180 153 158 164 174 166 
Goddard 7M 235 206 181 156 175 191 
Goessel 7M 101 97 94 102 125 104 
Goff 7S 79 82 70 67 66 73 
Goodland 1 314 294 283 320 317 306 
Gorham 
Gove 

6S 
3 

82 
261 

87 
192 

78 
212 

76 
240 

85 
353 

82 
251 

Grainfield 3 295 280 233 276 232 263 
Grandview Plaza 7M 97 102 90 93 99 96 
Great Bend 6ML 133 131 124 135 131 131 
Greeley 8S 62 74 69 65 59 66 
Green 7S 84 78 76 82 113 87 
Greenleaf 7S 141 150 130 134 156 142 
Greensburg 5 160 161 187 178 210 179 
Greenwood Co. RWD #01 7M na na na 82 81 82 
Greenwood Co. RWD #02 7M 102 102 100 101 111 103 
Greenwood Co. RWD #03 7S 68 66 60 69 80 68 
Grenola 7S 69 71 69 78 75 72 
Gridley 7S 114 108 75 72 73 88 
Grinnell 3 309 266 252 290 299 283 
Gypsum 7S 114 109 106 103 99 106 
Haddam 7S 87 88 76 73 72 79 
Halstead 7M 110 127 102 109 95 109 
Hamilton 7S na 75 69 82 na 75 
Hamilton Co. RWD #01 1 110 97 89 112 181 118 
Hanover 7M 101 106 107 103 103 104 
Hanston 4 269 285 271 256 246 265 
Hardtner 6S 244 201 223 192 186 209 
Harper 6ML 134 128 120 124 140 129 
Harper Co. RWD #01 6S 115 na na na na 115 
Harper Co. RWD #04 6S 98 80 71 na 83 83 
Harper Co. RWD #05 6S na na na 123 181 152 
Hartford 7M 69 74 68 77 94 77 
Harvey Co. RWD #01 7M 76 69 67 69 71 70 
Harveyville 
Haven 

7S 
6ML 

110 
158 

92 
160 

92 
139 

101 
147 

101 
159 

99 
153 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Havensville 7S 83 86 na na na 84 
Haviland 5 198 190 173 178 193 186 
Hays 5 95 96 92 97 98 96 
Hays City Suburban 5 208 179 183 165 156 178 
Haysville 7M 103 103 89 97 103 99 
Hazelton 6S 179 118 109 93 181 136 
Herington 7M 105 118 120 120 130 119 
Herndon 2 533 469 453 429 418 461 
Hesston 7M 179 216 152 153 191 178 
Hiawatha 8M 120 118 110 112 115 115 
Highland 8M 115 123 142 116 135 126 
Hill City 4 280 241 251 239 219 246 
Hillsboro 7M 138 124 121 126 139 130 
Hoisington 6ML 117 110 101 99 101 106 
Holcomb 2 178 155 133 145 153 153 
Holton 7M 140 151 132 119 105 129 
Holyrood 6S 174 161 140 145 145 153 
Hope 7S 92 97 86 87 104 93 
Horace 1 154 122 119 159 130 137 
Horton 
Howard 

8M 
7M 

86 
120 

90 
107 

90 
105 

90 
105 

85 
105 

88 
108 

Howison Heights Water Dist. 7S 167 183 167 135 150 160 
Hoxie 3 269 307 311 288 297 295 
Hoyt 7M 69 69 71 72 70 70 
Hugoton 2 360 299 276 290 333 312 
Humboldt 8M 122 113 108 110 116 114 
Hunter 6S na 90 na na 97 93 
Hutchinson 6ML 141 136 127 127 133 133 
Independence 7L 145 140 135 135 173 145 
Ingalls 3 244 194 143 182 223 197 
Inman 7M 142 140 130 132 142 137 
Iola 8M 118 106 97 99 113 107 
Isabel 6S 144 163 126 138 174 149 
Iuka 6S 126 96 79 83 84 94 
Jackson Co. RWD #01 7M 100 100 92 82 88 92 
Jackson Co. RWD #03 7M 97 97 103 98 87 96 
Jamestown 7S 103 92 82 92 79 90 
Jefferson Co. RWD #01 8M 113 118 98 109 105 108 
Jefferson Co. RWD #02 8M 122 122 106 128 124 121 
Jefferson Co. RWD #03 8M 117 124 104 98 103 109 
Jefferson Co. RWD #07 8M 103 111 109 105 111 108 
Jefferson Co. RWD #08 8S 109 103 76 114 78 96 
Jefferson Co. RWD #09 8S 69 65 62 63 69 66 
Jefferson Co. RWD #10 8S 169 106 88 84 75 105 
Jefferson Co. RWD #11 8S na na 155 75 93 108 
Jefferson Co. RWD #12 
Jefferson Co. RWD #13 

8M 
8M 

106 
123 

107 
128 

85 
127 

90 
126 

106 
130 

99 
127 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Jefferson Co. RWD #15 8S 62 58 54 52 52 56 
Jennings 3 413 424 375 194 233 328 
Jetmore 4 247 215 235 227 181 221 
Jewell 6S 91 86 80 91 100 90 
Jewell Co. RWD #01 6S 169 144 154 119 155 148 
Johnson City 1 365 335 312 312 337 332 
Johnson Co. RWD #06C 8M 99 107 93 104 122 105 
Johnson Co. RWD #07 8M 105 115 95 107 116 108 
Junction City 7L 146 146 147 151 157 149 
Kanopolis 6ML 109 103 91 102 96 100 
Kanorado 1 298 243 211 223 221 239 
Kansas City BPU 8L 176 184 202 199 183 189 
Kechi 7M 123 114 na 107 na 115 
Kensington 6ML 183 168 166 163 145 165 
Kincaid 8S 60 63 54 na 53 58 
Kingman 6ML 124 133 118 119 124 124 
Kingman Co. RWD #01 6S 73 78 65 69 66 70 
Kinsley 5 130 134 114 123 120 124 
Kiowa 6ML 148 163 169 168 185 167 
Kirwin 5 164 142 129 117 102 131 
Kismet 2 208 206 170 157 174 183 
Konza Valley Water District 7S 72 74 80 86 74 77 
La Crosse 
La Cygne 

5 
8M 

124 
91 

122 
103 

122 
104 

122 
100 

122 
113 

122 
102 

La Harpe 8M 100 102 91 84 81 92 
Labette Co. RWD #01 8S 94 106 99 112 128 108 
Labette Co. RWD #02 8S 76 85 86 101 98 89 
Labette Co. RWD #03 8S 89 85 82 82 98 87 
Labette Co. RWD #04 8S 97 98 102 82 129 102 
Labette Co. RWD #05 8M na na na na 92 92 
Labette Co. RWD #06 8M 63 70 59 69 na 65 
Labette Co. RWD #07 8M 74 75 72 68 86 75 
Labette Co. RWD #08 8M 85 87 82 91 102 89 
Lake Wabaunsee Imp. Dist. 7M na na 24 27 29 27 
Lakeside Village Improvement 8S 120 127 99 96 123 113 
Lakin 2 282 253 242 242 259 255 
Lancaster 8S na na na na 64 64 
Lane 8S 69 66 60 70 70 67 
Lane Co. RWD #01 3 213 200 207 200 223 208 
Lansing (Lan-Del WC) 8M 102 99 na 95 88 96 
Larned 5 238 238 228 226 229 232 
Latham 7S 86 80 73 77 86 80 
Lawrence 8L 139 137 116 121 124 127 
Leavenworth 8L 108 107 99 97 96 102 
Leavenworth Co. RWD #01C 8M 89 93 82 84 88 87 
Leavenworth Co. RWD #02 
Leavenworth Co. RWD #05 

8M 
8M 

na 
103 

na 
107 

na 
93 

na 
95 

96 
87 

96 
97 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Leavenworth Co. RWD #06 8M 85 88 na na 83 85 
Leavenworth Co. RWD #07 8M 85 93 74 86 87 85 
Leavenworth Co. RWD #08 8M 112 114 99 117 113 111 
Leavenworth Co. RWD #09 8M 93 92 84 94 95 91 
Leavenworth Co. RWD #10 8M na na 69 na na 69 
Lebanon 6S 104 100 108 112 111 107 
Lebo 7M 83 83 80 80 80 81 
Lecompton 8M 77 73 73 69 68 72 
Lehigh 7S 110 113 108 92 na 106 
Lenora 4 202 224 191 189 156 192 
Leon 7M 99 110 94 92 99 99 
Leonardville 7S 114 100 86 102 110 102 
Leoti 2 260 239 232 221 269 244 
LeRoy 7M 76 76 68 65 63 70 
Lewis 5 193 191 186 143 158 174 
Liberal 2 203 174 153 152 185 173 
Liebenthal 5 90 73 77 70 77 77 
Lincoln Center 6ML 150 136 123 133 149 138 
Lindsborg 7M 122 112 106 112 122 115 
Linn 7S 132 128 122 126 131 128 
Linn Co. RWD #01 8M 94 93 93 99 110 98 
Linn Co. RWD #02 8M 83 76 70 73 na 76 
Linn Co. RWD #03 8M 91 92 92 93 na 92 
Linwood 8S 71 72 61 63 68 67 
Little Bear Mound 7S na 114 103 118 na 112 
Little River 
Logan 

6ML 
5 

173 
262 

158 
178 

132 
185 

140 
186 

171 
186 

155 
199 

Long Island 5 312 293 153 216 240 243 
Longford 7S 83 80 77 86 87 83 
Longton 7S 91 85 87 80 75 84 
Lorraine 6S 127 315 100 111 109 152 
Louisburg 8M 115 110 105 119 123 114 
Lucas 6S 152 114 111 112 112 120 
Luray 6S 99 92 89 97 87 93 
Lyndon 7M 89 87 81 77 85 84 
Lyon Co. RWD #01 7M 105 94 81 85 84 90 
Lyon Co. RWD #02 7M 143 182 140 131 165 152 
Lyon Co. RWD #03 7S 77 na 67 73 74 73 
Lyon Co. RWD #04 7M 87 86 na na na 86 
Lyon Co. RWD #05 7M 106 107 97 102 117 106 
Lyons 6ML 181 214 193 200 197 197 
Macksville 6S 183 185 162 132 172 167 
Madison 7M 91 86 87 105 101 94 
Mahaska 7S 103 89 139 148 155 127 
Maize 7M na na 81 81 84 82 
Manchester 
Manhattan 

7S 
7L 

na 
151 

na 
141 

66 
135 

na 
144 

66 
145 

66 
143 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Mankato 6ML 193 179 179 176 174 180 
Manter 1 352 305 257 273 382 314 
Maple Hill 7M 101 104 90 92 91 95 
Marion 7M 118 108 120 115 123 117 
Marion Co. Imp. Dist. #02 7S 91 76 65 66 51 70 
Marion Co. RWD #01 7M 124 121 121 108 93 113 
Marion Co. RWD #02 7S 37 35 33 34 31 34 
Marion Co. RWD #04 7M 84 83 78 na 105 88 
Marquette 7M 133 126 136 120 117 127 
Marshall Co. RWD #01 7S 103 102 90 82 89 93 
Marshall Co. RWD #03 7M 108 99 97 108 99 102 
Marysville 7M 148 143 151 145 143 146 
Matfield Green 7S 118 91 88 98 93 98 
Mayetta 7S 68 70 na 65 59 66 
Mayfield 7S 65 65 61 63 65 64 
McCracken 5 118 119 114 92 75 104 
McCune 8S na na 76 74 77 76 
McDonald 2 400 356 304 372 443 375 
McFarland 7S 75 77 68 71 65 71 
McLouth 8M 62 65 57 60 66 62 
McPherson 7L 172 173 162 166 187 172 
McPherson Co. RWD #01 7S 128 132 132 128 128 130 
McPherson Co. RWD #02 7S 126 127 118 125 130 125 
McPherson Co. RWD #03 7S 199 143 116 146 212 163 
McPherson Co. RWD #04 7M 116 123 119 119 138 123 
McPherson Co. RWD #06 7S na na na 55 62 58 
Meade 3 254 259 218 221 258 242 
Medicine Lodge 6ML 254 238 235 215 227 234 
Melvern 
Miami Co. RWD #01 

7S 
8M 

113 
100 

126 
82 

104 
84 

93 
84 

86 
na 

105 
87 

Miami Co. RWD #02 8M 102 97 88 95 96 96 
Miami Co. RWD #03 8M 71 87 83 83 82 81 
Miami Co. RWD #04 8M 60 63 58 66 75 64 
Milford 7M 76 73 78 72 81 76 
Miltonvale 7M 133 113 88 101 99 107 
Minneapolis 7M 166 153 131 167 151 154 
Minneola 4 220 197 185 196 201 200 
Mitchell Co. RWD #01 6S na na 73 na na 73 
Mitchell Co. RWD #02 6ML 204 200 231 237 279 230 
Moline 7S 145 114 135 162 131 137 
Montezuma 3 311 258 260 261 290 276 
Montgomery Co. RWD #01 7S na 87 87 na na 87 
Montgomery Co. RWD #01C 7M 71 71 na 69 77 72 
Montgomery Co. RWD #02 7M 78 85 79 80 86 82 
Montgomery Co. RWD #06 7M 99 97 89 90 104 96 
Montgomery Co. RWD #07 
Montgomery Co. RWD #08 

7S 
7S 

na 
99 

na 
106 

na 
na 

91 
na 

87 
na 

89 
103 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Montgomery Co. RWD #09 7S 118 112 126 na na 119 
Montgomery Co. RWD #10 7S 100 89 83 86 87 89 
Montgomery Co. RWD #11 7M 88 na 87 97 93 91 
Montgomery Co. RWD #12 7M 68 66 70 na 92 74 
Montgomery Co. RWD #13 7S 69 70 75 84 82 76 
Montgomery Co. RWD #14 7S na na 56 na 75 66 
Moran 8M 104 103 98 97 99 100 
Morganville 7S 162 143 147 116 125 138 
Morland 4 291 278 219 268 243 260 
Morrill 8S 53 58 59 58 59 57 
Morris Co. RWD #01 7M 147 141 141 114 146 138 
Morrowville 7S 125 113 103 102 93 107 
Moscow 2 276 286 335 377 324 320 
Mound City 8M 108 117 99 104 105 107 
Mound Valley 8S 66 61 66 69 72 67 
Moundridge 7M 193 187 140 160 178 172 
Mount Hope 7M 157 141 115 124 129 133 
Mulberry 8M 111 88 91 86 80 91 
Mullinville 5 250 235 244 305 269 261 
Mulvane 7M 81 77 86 86 90 84 
Munden 7S 102 156 154 95 100 121 
Muscotah 8S 67 75 76 77 69 73 
Narka 7S na na na 86 na 86 
Natoma 6S 123 107 103 94 na 106 
Nemaha Co. RWD #01 7S 117 110 112 138 150 125 
Nemaha Co. RWD #02 7S na na na na 107 107 
Nemaha Co. RWD #03 7M 113 115 116 114 130 118 
Nemaha Co. RWD #04 7M 101 113 132 138 130 123 
Neodesha 7M 117 130 131 129 135 128 
Neosho Co. RWD #01C 8M 80 78 76 77 90 80 
Neosho Co. RWD #02 8M 89 85 75 88 82 84 
Neosho Co. RWD #03 
Neosho Co. RWD #04 

8S 
8M 

103 
88 

99 
89 

96 
97 

102 
89 

94 
94 

99 
91 

Neosho Co. RWD #05 8S 121 97 83 116 136 111 
Neosho Co. RWD #06 8S 98 116 101 93 116 105 
Neosho Co. RWD #07 8M 134 130 114 126 128 127 
Neosho Co. RWD #08 8S 105 88 89 92 95 94 
Neosho Co. RWD #09 8S 119 132 78 80 118 106 
Neosho Co. RWD #12 8S 88 91 83 92 102 91 
Ness City 4 141 142 122 136 139 136 
Netawaka 7S na 72 na 69 66 69 
New Strawn 7M 96 106 95 94 86 95 
Newbury Extension 7S 85 94 82 78 86 85 
Newton 7L 118 112 101 108 115 111 
Nickerson 6ML 98 82 78 67 66 78 
Norcatur 
North Newton 

3 
7M 

305 
124 

196 
128 

203 
157 

148 
135 

154 
148 

201 
139 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Norton 4 272 239 229 202 201 229 
Norton Co. RWD #01 4 75 69 77 70 46 67 
Nortonville 8M 96 89 83 87 84 88 
Norwich 6ML 113 133 128 119 108 120 
Oakley 2 289 300 265 298 305 291 
Oberlin 3 296 242 211 207 216 234 
Offerle 5 272 308 181 166 182 222 
Ogden 7M 100 97 92 99 127 103 
Oketo 7S 103 90 86 82 62 85 
Olathe 8L 113 111 99 99 101 104 
Olmitz 6S 129 113 93 89 107 106 
Olpe 7M 74 82 72 67 71 74 
Olsburg 7S 87 83 84 99 82 87 
Onaga 7M 101 107 109 111 108 107 
Oneida 7S 73 72 64 71 77 72 
Osage City 7M 90 97 89 88 93 92 
Osage Co. RWD #02 7S 98 88 87 64 72 82 
Osage Co. RWD #03 7M 109 101 94 100 100 101 
Osage Co. RWD #04 7M 102 94 84 90 80 90 
Osage Co. RWD #05 7M 86 104 90 96 95 94 
Osage Co. RWD #06 7S 83 89 83 74 79 82 
Osage Co. RWD #07 7M na na na na 97 97 
Osage Co. RWD #08 7M na 88 na na na 88 
Osawatomie 8M 135 149 139 146 139 141 
Osborne 6ML 208 190 187 190 188 193 
Osborne Co. RWD #01A 6S 177 217 426 447 886 430 
Osborne Co. RWD #02 6S 176 199 189 158 226 189 
Oskaloosa 8M 99 95 84 83 83 88 
Oswego 8M 108 108 103 103 101 105 
Otis 5 228 209 201 206 234 215 
Ottawa 8L 101 91 83 89 89 91 
Ottawa Co. RWD #01 7S 123 117 93 120 82 107 
Ottawa Co. RWD #02 7M 127 116 100 93 98 107 
Overbrook 7M 92 88 74 80 92 85 
Oxford 
Ozawkie 

7M 
8M 

103 
95 

101 
99 

102 
80 

104 
81 

106 
90 

103 
89 

Palco 5 173 140 138 136 148 147 
Palmer 7S 163 145 127 120 122 135 
Paola 8M 135 140 130 123 128 131 
Paradise 6S 98 69 99 63 71 80 
Park 3 172 187 169 176 202 181 
Park City 7M 138 113 100 106 115 114 
Parker 8S 73 69 65 70 60 67 
Parsons 8L 119 170 129 121 130 134 
Pawnee Rock 6S 78 66 70 64 64 68 
Paxico 
Peabody 

7S 
7M 

88 
na 

93 
83 

94 
87 

96 
84 

91 
75 

92 
82 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Perry 8M 80 75 85 92 93 85 
Peru 7S 57 55 64 61 56 59 
Phillipsburg 5 209 191 204 132 185 184 
Pittsburg 8L 124 113 112 114 118 116 
Plains 3 290 244 237 248 286 261 
Plainville 5 128 131 134 133 137 133 
Pleasanton 8M 92 88 101 98 95 95 
Pomona 8M 74 71 76 67 70 72 
Portis 6S 120 105 101 104 105 107 
Post Rock RWD 5 141 138 131 127 137 135 
Pottawatomie Co. RWD #01 7M 128 125 124 136 128 128 
Pottawatomie Co. RWD #02 7M 182 136 133 138 149 148 
Pottawatomie Co. RWD #03 7M 94 104 90 92 100 96 
Pottawatomie Co. RWD #04 7M 105 117 166 174 127 138 
Potwin 7S 88 89 88 86 79 86 
Prairie View 5 216 189 156 155 174 178 
Pratt 6ML 195 240 224 230 217 221 
Prescott 8S 83 79 74 67 70 75 
Preston 6S 141 138 105 104 96 117 
Pretty Prairie 6ML 182 161 162 138 141 157 
Princeton 8S 70 72 72 71 72 72 
Protection 5 198 199 248 200 219 213 
Quenemo 7S 61 56 56 52 56 56 
Quinter 3 258 230 234 237 259 244 
Randall 6S 117 107 94 102 101 104 
Randolph 7S 112 101 80 97 106 99 
Ransom 4 137 130 120 139 144 134 
Rantoul 8S 67 57 52 57 63 59 
Raymond 6S 179 150 125 123 169 149 
Reading 7S 88 77 72 68 66 74 
Red Bud Lake Improvement 7S 56 44 60 44 33 48 
Reno Co. RWD #01 6S 171 130 161 153 177 159 
Reno Co. RWD #03 6S 249 347 282 282 140 260 
Reno Co. RWD #04 6S 81 82 69 66 72 74 
Reno Co. RWD #08 6S 153 148 154 159 186 160 
Reno Co. WD #101 6S 117 117 116 104 116 114 
Republic 7S 119 127 129 120 105 120 
Republic Co. RWD #01 
Republic Co. RWD #02 

7S 
7M 

208 
181 

199 
180 

223 
187 

249 
190 

242 
185 

224 
184 

Reserve 8S 112 100 100 92 103 101 
Rexford 2 423 354 389 391 466 404 
Rice Co. RWD #01 6ML 127 120 116 116 123 120 
Richmond 8M 83 83 84 100 85 87 
Riley 7M 113 115 114 116 115 114 
Riley Co. RWD #01 7M 121 115 131 119 124 122 
Robinson 
Rocky Ford Water Company 

8S 
7S 

102 
122 

111 
73 

103 
66 

106 
98 

100 
85 

104 
89 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Rolla 1 257 187 180 202 226 210 
Rooks Co. RWD #01 5 68 67 68 53 104 72 
Rooks Co. RWD #02 5 95 93 84 85 76 86 
Rooks Co. RWD #03 5 134 153 183 166 164 160 
Rose Hill 7M 87 83 74 76 79 80 
Roseland 8S 63 59 71 58 na 63 
Rossville 7M 88 87 85 87 90 88 
Rozel 5 303 248 174 202 231 231 
Rush Center 5 178 168 141 153 138 155 
Rush Co. RWD #01 5 284 265 230 137 170 217 
Russell 6ML 117 128 155 156 126 136 
Russell Co. RWD #01 6S 125 129 148 146 135 137 
Russell Co. RWD #02 6S 187 207 149 162 163 174 
Russell Co. RWD #03 6ML 141 132 130 135 139 135 
Russell Co. RWD #04 6S 178 175 178 158 136 165 
Sabetha 7M 110 122 131 125 109 120 
Salina 7L 144 130 123 126 126 130 
Saline Co. RWD #01 7S 64 74 67 66 61 66 
Saline Co. RWD #02 7S 150 127 116 133 112 127 
Saline Co. RWD #03 7M na na na na 96 96 
Saline Co. RWD #04 7M 104 97 85 117 104 101 
Saline Co. RWD #06 7S 123 108 102 111 116 112 
Saline Co. RWD #07 7S 84 77 na na 79 80 
Saline Co. RWD #08 7S 88 105 92 106 129 104 
Satanta 2 284 260 234 249 257 257 
Sawyer 6S 148 143 130 138 129 137 
Scammon 8M 112 109 107 93 94 103 
Scandia 7S 234 200 188 194 185 200 
Scotsman Estates 7S 55 52 54 59 na 55 
Scott City 2 320 278 252 277 301 286 
Scranton 7M na na 63 62 65 63 
Sedan 7M 106 120 112 117 92 109 
Sedgwick 7M 105 75 76 85 73 83 
Sedgwick Co. RWD #01 7M 86 81 73 78 83 80 
Sedgwick Co. RWD #03 7M 106 81 76 84 80 85 
Sedgwick Co. RWD #04 7M 93 93 97 97 78 91 
Selden 3 221 208 202 219 236 217 
Seneca 7M 137 159 142 144 172 151 
Severy 7S 118 120 133 142 161 135 
Sharon 6S 129 134 123 115 144 129 
Sharon Springs 
Shawnee Co. RWD #01C 

1 
7M 

263 
94 

271 
95 

247 
79 

249 
79 

282 
79 

262 
85 

Shawnee Co. RWD #02C 7M 86 83 77 85 84 83 
Shawnee Co. RWD #03C 7M na na na 123 116 119 
Shawnee Co. RWD #04C 7L na na na 83 85 84 
Shawnee Co. RWD #08 
Silver Lake 

7M 
7M 

101 
85 

101 
89 

85 
87 

89 
94 

93 
89 

94 
89 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Simpson 6S 84 99 109 94 90 95 
Smith Center 6ML 163 164 158 146 149 156 
Smith Co. RWD #01 6S 155 168 169 163 175 166 
Soldier 7S 62 69 66 58 61 63 
Solomon 7M 105 120 120 135 119 120 
South Haven 7S 143 173 100 95 129 128 
South Hutchinson 6ML 140 136 136 141 174 145 
Spearville 4 183 172 156 145 162 164 
Speed 5 146 111 112 114 104 117 
Spivey 6S 124 143 122 109 128 125 
Spring Hill 8M 104 113 105 82 69 95 
St. Francis 1 367 285 282 293 284 302 
St. George 7M 104 96 na 69 87 89 
St. John 6ML 156 166 142 152 154 154 
St. Marys 7M 128 167 126 108 114 129 
St. Paul 8M 104 97 100 99 110 102 
Stafford 6ML 181 161 130 136 141 150 
Sterling 6ML 119 108 94 98 101 104 
Stockton 5 134 106 127 132 124 125 
Strong City 7M 133 115 120 124 121 123 
Sublette 2 309 287 245 242 265 270 
Suburban Water Company 8M 103 103 83 82 95 93 
Summerfield 7S 117 102 95 99 113 105 
Sumner Co. RWD #01 7S 166 na na 106 110 127 
Sumner Co. RWD #02 7S 122 111 108 109 105 111 
Sumner Co. RWD #03 7S 127 91 87 na na 102 
Sumner Co. RWD #04 7M 93 92 94 92 106 95 
Sumner Co. RWD #05 7M 152 na na 106 116 125 
Sumner Co. RWD #06 7S 80 73 82 86 93 83 
Susank 6S 80 75 116 99 94 93 
Sylvan Grove 6S 128 150 142 127 143 138 
Sylvia 6S 165 173 159 138 121 151 
Syracuse 1 394 325 296 341 348 341 
Tescott 7S 110 97 84 103 95 97 
Thayer 8M 136 115 112 110 146 124 
Timber Creek Water & Sewer 7M 134 120 120 132 153 132 
Timken 5 193 156 101 105 124 136 
Tipton 6S 109 98 99 104 111 104 
Tonganoxie 8M 98 108 89 95 89 96 
Topeka 7L 153 151 132 123 131 138 
Toronto 7S 122 112 104 104 69 102 
Towanda 7M 90 81 na 85 89 86 
Treece 8S 87 na 62 65 70 71 
Trego Co. RWD #01 
Trego Co. RWD #02 

4 
4 

114 
105 

117 
91 

96 
93 

138 
100 

93 
117 

112 
101 

Tribune 
Troy 

1 
8M 

342 
110 

284 
112 

250 
109 

259 
116 

295 
121 

286 
114 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Turon 6S 120 126 105 110 109 114 
Udall 7M 100 84 86 87 94 90 
Ulysses 2 269 233 216 220 251 238 
Uniontown 8S 84 81 77 78 91 82 
University Park Water 7S 62 74 65 61 66 65 
Utica 4 235 209 170 204 227 209 
Valley Center 7M 90 107 112 105 84 100 
Valley Falls 8M 105 119 110 115 117 113 
Vermillion 7S 172 130 132 128 140 140 
Victoria 5 115 111 110 120 116 114 
Viola 7S 71 70 63 61 65 66 
Virgil 7S 62 68 69 53 52 61 
Wabaunsee Co. RWD #01 7S 88 96 79 84 79 85 
Wabaunsee Co. RWD #02 7M 100 95 91 95 102 97 
WaKeeney 4 203 207 199 198 218 205 
Wakefield 7M 114 112 105 108 110 110 
Waldo 6S 53 48 53 59 58 54 
Wallace 1 345 294 177 267 356 288 
Wallace Co. RWD #01 1 484 419 325 365 366 392 
Walnut 8S 106 106 na na na 106 
Walton 7S 71 76 na 72 73 73 
Wamego 7M 141 124 109 129 121 125 
Washington 7M 177 160 146 151 147 156 
Washington Co. RWD #01 7M 99 101 99 98 91 98 
Washington Co. RWD #02 7M 116 131 110 114 103 115 
WaterOne - Johnson Co. 8L 182 185 153 160 173 171 
Waterville 7M 149 139 133 140 155 143 
Wathena 8M 101 108 115 103 96 105 
Waverly 7M 84 83 78 87 76 82 
Weir 8M 76 72 78 77 72 75 
Wellington 7M 150 128 110 117 131 127 
Wellsville 8M 80 na na 83 78 80 
West Hills Water Company 6S na 282 179 251 317 257 
West Mineral 8S 70 72 69 66 64 68 
Westmoreland 7M 110 103 89 88 88 96 
Wetmore 7S 109 107 85 82 80 92 
White City 7M 92 97 107 95 95 97 
White Cloud 8S 83 95 91 83 82 87 
Whitewater 7M 115 108 81 86 99 98 
Whiting 7S 93 84 79 94 85 87 
Wichita 7L 146 141 136 146 155 145 
Williamsburg 8S 97 na na na 90 94 
Willis 8S 84 103 93 84 na 91 
Wilsey 7S na na na na 54 54 
Wilson 6ML 124 127 189 132 155 145 
Wilson Co. RWD #01 7S 157 115 115 127 136 130 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2002-2006 

Public Water Supplier Region
2002 

GPCD
2003 

GPCD
2004 

GPCD
2005 

GPCD 
2006 

GPCD 
AVG 

GPCD
Wilson Co. RWD #02 
Wilson Co. RWD #03 

7S 
7S 

na 
66 

na 
na 

na 
na 

na 
na 

95 
na 

95 
66 

Wilson Co. RWD #04 7S 86 82 82 85 99 87 
Wilson Co. RWD #05 7S na 47 46 48 45 47 
Wilson Co. RWD #06 7S 163 141 93 84 99 116 
Wilson Co. RWD #09 7M na na 56 na na 56 
Wilson Co. RWD #11 7M 70 69 71 59 76 69 
Wilson Co. RWD #12 7S 89 76 64 59 61 70 
Wilson Co. RWD #13 7S 84 73 77 107 86 85 
Winchester 8M 76 74 78 82 80 78 
Windom 7S 79 109 na 81 100 92 
Winfield 7L 136 146 137 134 143 139 
Winona 2 353 336 307 299 338 326 
Woodson Co. RWD #01 7M 84 77 77 80 75 79 
Woodston 5 187 200 316 138 174 203 
Yates Center 7M 114 110 104 108 118 111 
Zenda 6S 125 136 136 138 146 136 

 
Note:  GPCD figures are based on reported water sold to residential and commercial customers, 
metered free water, and unaccounted for water.  If insufficient information was provided to 
determine GPCD, or if no water use report was filed, "na" is shown. 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Abbyville 6S 10 21 18 21 21 18 
Abilene 7M 20 16 12 10 12 14 
Admire 7S 16 17 16 12 16 15 
Agenda 7S 9 15 20 13 12 14 
Agra 5 21 24 23 29 30 25 
Albert 6S 20 14 12 12 10 13 
Alexander 5 12 5 5 9 12 9 
Allen 7S 5 8 15 11 7 9 
Allen Co. RWD #01 8S na 100 na 100 100 100 
Allen Co. RWD #03 8S 4 21 na 7 na 10 
Allen Co. RWD #04 8S na 100 100 100 na 100 
Allen Co. RWD #06 8S na 7 7 31 na 15 
Allen Co. RWD #07 8S 13 na na na na 13 
Allen Co. RWD #08 8M 23 22 37 49 19 30 
Allen Co. RWD #10 8S 25 3 5 9 10 10 
Allen Co. RWD #11 8S na 3 7 4 8 6 
Allen Co. RWD #12 8S 100 na na na na 100 
Allen Co. RWD #13 8S 100 11 10 15 17 31 
Allen Co. RWD #15 8S na 7 na 100 8 38 
Allen Co. RWD #16 8S 9 100 100 100 100 82 
Alma 7M 15 17 9 5 7 11 
Almena 4 na 21 19 17 18 19 
Alta Vista 7S 6 6 10 11 7 8 
Altamont 8M 6 na na 6 4 5 
Alton 6S 58 44 5 8 10 25 
Altoona 7S 13 16 10 8 10 11 
Andale 7M 12 8 8 8 6 8 
Anderson Co. RWD #01 8S 9 19 20 5 6 12 
Anderson Co. RWD #01C 8M na 9 na 20 13 14 
Anderson Co. RWD #03 8S 100 100 100 na na 100 
Anderson Co. RWD #04 8M 15 15 17 na 14 15 
Anderson Co. RWD #05 8M 15 10 18 18 15 15 
Anthony 6ML 21 12 18 17 15 16 
Arcadia 8S 8 25 14 15 11 15 
Argonia 7M 13 13 11 17 8 12 
Arkansas City 7L 13 13 14 18 17 15 
Arlington 6S 7 11 15 7 7 10 
Arma 8M 6 8 4 8 6 7 
Arnold 4 100 100 100 100 100 100 
Ashland 4 8 6 na 14 6 8 
Assaria 7M 3 na 3 na na 3 
Atchison 8L 7 24 24 23 24 20 
Atchison Co. RWD #01 
Atchison Co. RWD #02 
Atchison Co. RWD #03 

8S 
8S 
8S 

na 
na 
15 

28 
na 
18 

9 
na 
12 

12 
na 
6 

na 
26 
17 

16 
26 
14 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Atchison Co. RWD #05C 
Atchison Co. RWD #06 

8M 
8M 

na 
26 

na 
na 

na 
na 

na 
60 

12 
na 

12 
43 

Atlanta 7S 12 18 11 10 12 13 
Attica 6ML 11 15 16 9 5 11 
Atwood 2 7 9 16 7 8 9 
Augusta 7M 10 7 8 20 21 13 
Aurora 7S 8 13 4 14 11 10 
Axtell 7S 15 6 6 6 4 7 
Baldwin 8M 7 19 17 20 17 16 
Barber Co. RWD #01 6S 100 100 100 100 100 100 
Barber Co. RWD #02 6S 21 26 28 30 na 26 
Barber Co. RWD #03 6S 37 7 18 10 11 17 
Barnard 6S 14 16 20 21 14 17 
Barnes 7S 21 36 19 28 23 25 
Bartlett 8S 7 na 9 18 na 11 
Barton Co. RWD #01 6S na na 15 na 12 14 
Barton Hills WD 6S 4 5 3 9 8 6 
Baxter Springs 8M 9 4 11 20 33 16 
Bazine 4 10 8 8 8 8 8 
Beattie 7S 16 18 14 20 26 19 
Bel Aire 7M 9 10 13 na 3 9 
Belle Plaine 7M 15 14 15 9 13 13 
Belleville 7M 11 10 10 9 11 10 
Beloit 6ML 8 10 12 12 8 10 
Belpre 5 24 na 21 25 20 22 
Belvidere 5 100 100 100 100 100 100 
Belvue 7S 20 10 14 13 13 14 
Bennington 7M 10 12 12 7 5 9 
Benton 7M 9 5 na 14 4 8 
Bern 7S 17 13 13 3 6 10 
Beverly 6S 28 100 6 3 12 30 
Bird City 1 15 15 27 25 42 25 
Bison 5 25 16 14 22 22 20 
Blue Mound 8S 8 4 8 9 9 7 
Blue Rapids 7M 24 15 8 17 17 16 
Blue River Hills Improvement 7S 100 100 100 100 100 100 
Bluff City 6S 13 17 20 21 18 18 
Bogue 4 10 11 9 24 10 13 
Bonner Springs 8M 27 19 25 27 23 24 
Bourbon Co. RWD #02C 8M 15 15 23 9 14 15 
Bourbon Co. RWD #04 8M 15 5 9 5 11 9 
Brewster 2 12 15 9 28 3 13 
Bronson 
Brookville 
Brown Co. RWD #01 

8S 
7S 
8M 

7 
26 
21 

9 
na 
20 

12 
na 
31 

11 
6 

20 

11 
na 
21 

10 
16 
23 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Brown Co. RWD #02 8M 13 7 6 12 13 10 
Brownell 4 9 9 8 11 8 9 
Bucklin 4 30 40 29 25 21 29 
Buffalo 
Buhler 

7S 
6ML 

6 
7 

7 
3 

15 
8 

23 
7 

3 
8 

11 
7 

Bunker Hill 6S 6 16 16 40 12 18 
Burden 7M 22 21 25 14 7 18 
Burdett 5 20 11 10 10 10 12 
Burlingame 7M 21 14 12 5 18 14 
Burlington 7M 10 7 7 8 12 9 
Burns 7S na na na 4 na 4 
Burr Oak 6S 15 12 19 12 16 15 
Burrton 7M 8 7 9 7 6 7 
Bushton 6S 12 15 18 16 13 15 
Butler Co. RWD #01 7M 16 12 15 14 11 14 
Butler Co. RWD #02 7M 11 12 28 23 12 17 
Butler Co. RWD #03 7M 8 4 8 3 10 7 
Butler Co. RWD #04 7M 6 na na na 7 6 
Butler Co. RWD #05 7M 8 10 11 12 23 13 
Butler Co. RWD #06 7M 13 16 15 14 11 14 
Butler Co. RWD #07 7M 7 6 8 7 7 7 
Butler Co. RWD #08 7M 7 30 7 3 12 12 
Byron 7S 100 100 100 100 100 100 
Caldwell 7M 6 12 13 19 14 13 
Cambridge 7S 18 9 4 7 na 10 
Caney 7M 13 7 3 21 29 15 
Canton 7M 8 9 11 na na 9 
Carbondale 7M 28 23 14 21 6 18 
Cassoday 7S 12 11 21 15 10 14 
Cawker City 6ML 11 9 7 16 29 14 
Cedar Point 7S 100 8 7 11 14 28 
Cedar Vale 7M 21 24 22 22 28 24 
Centralia 7M 10 6 5 5 4 6 
Chanute 8M 14 10 10 10 12 11 
Chapman 7M na 3 4 5 4 4 
Chase 6S 10 18 14 13 14 14 
Chase Co. RWD #01 7S 19 11 21 16 12 16 
Chautauqua 7S na na 30 na 21 26 
Chautauqua Co. RWD #01 7S 10 18 17 15 na 15 
Chautauqua Co. RWD #02 7S 26 9 27 29 26 23 
Chautauqua Co. RWD #03 7S 15 22 na na 20 19 
Cheney 7M 4 3 3 4 4 4 
Cherokee 
Cherokee Co. RWD #01 
Cherokee Co. RWD #02 

8M 
8M 
8M 

15 
38 
6 

25 
48 
15 

13 
65 
28 

17 
59 
22 

16 
32 
27 

17 
48 
20 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Cherokee Co. RWD #03 8M 30 31 38 41 24 33 
Cherokee Co. RWD #04 8M 45 37 30 44 24 36 
Cherokee Co. RWD #05 8S 15 15 17 17 12 15 
Cherokee Co. RWD #06 8S 29 12 12 22 na 19 
Cherokee Co. RWD #07 8S 17 17 36 26 12 22 
Cherokee Co. RWD #08 8M 6 7 9 16 15 11 
Cherryvale 
Chetopa 

7M 
8M 

14 
29 

15 
4 

17 
6 

19 
7 

18 
9 

17 
11 

Chicopee Rural Water 8S 16 6 9 13 18 12 
Cimarron 3 8 6 11 12 10 9 
Circleville 7S 18 11 11 14 9 13 
Claflin 6ML 5 7 6 7 12 7 
Clay Center 7M 4 na na 4 5 4 
Clay Co. RWD #01 7S na 3 10 12 4 7 
Clay Co. RWD #02 7M 7 na 10 10 14 10 
Clayton 4 na na na 7 na 7 
Clearwater 7M 11 10 12 13 13 12 
Clifton 7M 14 15 10 12 12 13 
Cloud Co. RWD #01 7S 13 15 20 14 17 16 
Clyde 7M 19 16 13 11 11 14 
Coal Hollow WD 8S na na na na na na 
Coats 6S 6 5 14 13 7 9 
Coffey Co. RWD #02 7M 16 9 na 21 11 14 
Coffey Co. RWD #03 7M 14 13 11 5 4 9 
Coffeyville 7L 18 24 18 15 24 20 
Colby 2 4 5 8 22 20 12 
Coldwater 5 7 5 16 4 na 8 
Collyer 4 19 19 8 na 16 16 
Colony 8S na na 7 11 19 12 
Columbus 8M 29 17 9 29 26 22 
Colwich 7M na 11 7 4 3 6 
Comanche Co. RWD #01 5 5 16 12 4 16 10 
Comanche Co. RWD #02 5 52 45 47 48 40 47 
Concordia 7M 12 12 13 7 5 10 
Conway Springs 7M 12 21 18 14 14 16 
Coolidge 1 26 26 52 29 24 31 
Copeland 3 59 58 58 57 58 58 
Corning 7S na na na na na na 
Cottonwood Falls 7M 4 5 4 5 5 5 
Council Grove 7M 6 7 15 11 13 10 
Courtland 7S 9 12 24 18 22 17 
Cowley Co. RWD #01 7M 16 7 8 6 8 9 
Cowley Co. RWD #02 
Cowley Co. RWD #03 
Cowley Co. RWD #04 

7M 
7M 
7S 

14 
na 
12 

11 
28 
20 

10 
24 
5 

11 
20 
7 

11 
14 
7 

11 
22 
10 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Cowley Co. RWD #05 7M 10 11 17 9 na 12 
Cowley Co. RWD #06 7M 14 19 16 12 16 16 
Cowley Co. RWD #07 7S na na 53 33 33 40 
Cowley Co. RWD #08 7S na na na na na na 
Crawford Co. RWD #01 8M 19 32 41 23 29 29 
Crawford Co. RWD #01C 8M 4 14 5 11 15 10 
Crawford Co. RWD #02 8M 12 6 17 19 na 13 
Crawford Co. RWD #03 8S 27 19 14 12 13 17 
Crawford Co. RWD #04 8M 16 12 7 26 14 15 
Crawford Co. RWD #05 
Crawford Co. RWD #06 

8M 
8M 

18 
23 

39 
na 

58 
22 

40 
19 

29 
13 

37 
19 

Crawford Co. RWD #07 8S 17 18 10 9 7 12 
Cuba 7S 22 18 18 15 12 17 
Cullison 6S 13 26 19 24 22 21 
Culver 7S 13 16 13 9 15 13 
Cunningham 6ML 17 6 14 5 15 11 
Damar 5 5 na na na na 5 
Dearing 7S 6 na 6 na na 6 
Deerfield 2 6 8 7 4 6 6 
Delia 7S 24 na 21 100 100 61 
Delphos 7S 43 41 38 33 28 36 
Denison 8S 15 15 8 na 6 11 
Derby (El Paso Water Co.) 7L 6 7 3 na na 5 
DeSoto 8M 20 29 42 15 47 31 
Dexter 7S 11 7 10 9 3 8 
Dickinson Co. RWD #01 7M 30 26 29 28 25 28 
Dickinson Co. RWD #02 7M 23 17 27 30 24 24 
Dickinson Co. RWD #03 7S 100 na 100 100 100 100 
Dighton 3 5 13 7 5 8 8 
Dodge City 4 22 25 22 17 14 20 
Doniphan Co. RWD #01 8S 19 11 22 35 36 25 
Doniphan Co. RWD #02 8S 10 11 4 15 16 11 
Doniphan Co. RWD #03 8S 10 14 23 18 25 18 
Doniphan Co. RWD #05 8M 21 na na na na 21 
Dorrance 6S 17 17 15 7 44 20 
Douglas Co. RWD #01 8M 16 17 25 25 21 21 
Douglas Co. RWD #02 8M na na na 15 18 16 
Douglas Co. RWD #03 8M 14 11 18 20 21 17 
Douglas Co. RWD #04 8M 15 23 24 23 21 21 
Douglas Co. RWD #05 8M 9 7 9 8 6 8 
Douglas Co. RWD #06 8M na 8 na 6 12 9 
Douglass 7M 12 na 12 14 7 11 
Downs 
Durham 
Dwight 

6ML 
7S 
7S 

37 
23 
14 

6 
36 
na 

16 
34 
3 

23 
26 
7 

14 
16 
na 

19 
27 
8 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Easton 8S 24 3 na 11 14 13 
Edgerton 8M na na 7 5 8 7 
Edna 8S 4 7 8 11 11 8 
Effingham 8M 3 4 3 3 na 3 
El Dorado 7L 7 3 6 5 na 5 
Elbing 7S na na na na 5 5 
Elgin 7S 68 63 72 78 60 68 
Elk City 7S 13 23 21 20 24 20 
Elk Co. RWD #01 7M na 31 30 29 na 30 
Elkhart 1 27 17 13 10 na 17 
Ellinwood 6ML na 4 5 4 4 4 
Ellis 5 6 3 5 4 7 5 
Ellis Co. RWD #01 
Ellis Co. RWD #01C 

5 
5 

12 
na 

12 
11 

9 
na 

7 
na 

8 
4 

10 
8 

Ellis Co. RWD #03 5 16 32 100 20 14 36 
Ellis Co. RWD #06 5 16 na 17 14 15 16 
Ellsworth 6ML 11 13 9 17 18 14 
Elmdale 7S 15 40 49 39 25 33 
Elwood 8M 10 5 7 na 9 8 
Emmett 7S 21 18 22 23 30 23 
Emporia 7L 17 18 18 17 16 17 
Englewood 4 98 95 97 92 95 96 
Ensign 3 100 23 100 8 3 47 
Enterprise 7M 15 14 12 19 15 15 
Erie 8M 5 7 10 11 10 8 
Esbon 6S 32 32 24 28 27 29 
Eskridge 7M 14 9 9 8 6 9 
Eudora 8M 11 11 8 8 7 9 
Eureka 7M 8 8 7 9 6 8 
Everest 8S 14 11 13 17 22 15 
Fall River 7S na 17 18 21 19 19 
Farr Subdivision 2 100 100 100 100 100 100 
Finney Co. RWD #01 2 15 20 17 6 na 14 
Florence 7M 14 17 13 10 na 13 
Fontana 8S 13 18 15 23 14 17 
Ford 4 78 78 80 100 89 85 
Formoso 6S 12 4 12 8 14 10 
Fort Scott 8M 30 31 27 24 23 27 
Fowler 3 13 14 14 12 9 12 
Frankfort 7M na 4 18 18 17 14 
Franklin Co. RWD #01 8M 11 5 7 8 5 7 
Franklin Co. RWD #02 8M na na na na na na 
Franklin Co. RWD #03 
Franklin Co. RWD #04 
Franklin Co. RWD #05 

8S 
8M 
8M 

7 
14 
14 

11 
20 
18 

21 
17 
12 

9 
25 
16 

14 
15 
18 

13 
18 
16 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Franklin Co. RWD #06 8M 25 15 13 14 16 17 
Franklin Co. RWD #07 8S 75 57 82 64 100 76 
Fredonia 7M 11 20 27 7 8 15 
Frontenac 8M 11 9 11 8 9 9 
Fulton 8S 27 18 13 15 22 19 
Galena 8M 22 17 23 21 20 21 
Galesburg 8S 4 na 19 15 15 13 
Galva 7M 17 14 10 5 6 10 
Garden City 2 na 7 4 5 8 6 
Garden Plain 7M 32 8 11 na 8 15 
Garden Spot Rentals 2 100 100 100 100 100 100 
Gardner 8L 11 13 16 14 14 14 
Garnett 8M 9 8 13 13 10 11 
Gas 8M 12 6 13 7 4 8 
Gaylord 6S 23 24 8 5 37 19 
Geary Co. RWD #01 
Geary Co. RWD #02 

7S 
7S 

na 
100 

na 
100 

8 
100 

na 
100 

na 
100 

8 
100 

Geary Co. RWD #04 7M 3 na na 5 na 4 
Geneseo 6S 12 13 15 10 18 14 
Geuda Springs 7S 50 18 10 7 11 19 
Girard 8M 15 13 11 13 15 13 
Glade 5 48 23 36 42 29 36 
Glasco 7M na 4 3 4 22 8 
Glen Elder 6S 7 9 9 11 13 10 
Goddard 7M 20 8 11 na 3 10 
Goessel 7M 9 9 7 4 13 8 
Goff 7S 6 na na 3 7 6 
Goodland 1 16 19 20 21 26 20 
Gorham 6S 11 10 3 7 10 8 
Gove 3 17 na 16 24 31 22 
Grainfield 3 12 9 11 5 9 9 
Grandview Plaza 7M 10 3 10 9 12 9 
Great Bend 6ML 10 8 12 16 19 13 
Greeley 8S 9 21 19 7 6 12 
Green 7S 20 12 9 5 10 11 
Greenleaf 7S 8 13 8 13 14 11 
Greensburg 5 na 4 8 8 17 9 
Greenwood Co. RWD #01 7M na na na 43 36 39 
Greenwood Co. RWD #02 7M 21 17 11 18 15 16 
Greenwood Co. RWD #03 7S 5 7 5 9 12 8 
Grenola 7S 10 8 10 11 13 10 
Gridley 7S 36 34 9 15 16 22 
Grinnell 
Gypsum 
Haddam 

3 
7S 
7S 

9 
11 
17 

9 
14 
20 

5 
13 
21 

7 
14 
24 

5 
4 

17 

7 
11 
20 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Halstead 7M 15 23 9 10 9 13 
Hamilton 7S na 15 11 32 na 19 
Hamilton Co. RWD #01 1 7 5 na 8 36 14 
Hanover 7M 11 12 19 12 18 14 
Hanston 4 6 25 9 8 14 12 
Hardtner 6S 4 4 3 na 8 5 
Harper 6ML 15 15 13 11 13 13 
Harper Co. RWD #01 7M 11 na na na na 11 
Harper Co. RWD #04 6S 22 15 13 na 10 15 
Harper Co. RWD #05 6S na na na 22 19 20 
Hartford 7M 7 8 9 22 23 14 
Harvey Co. RWD #01 7M 11 6 10 12 9 10 
Harveyville 7S 15 14 22 17 15 16 
Haven 6ML 20 20 25 25 24 23 
Havensville 7S 27 42 na na na 35 
Haviland 5 17 14 13 14 14 14 
Hays 5 5 6 7 9 10 7 
Hays City Suburban 5 100 100 100 100 100 100 
Haysville 
Hazelton 

7M 
6S 

14 
21 

15 
22 

12 
21 

12 
87 

14 
7 

13 
32 

Herington 7M 13 14 16 11 18 14 
Herndon 2 9 20 27 29 23 22 
Hesston 7M 13 24 7 4 3 10 
Hiawatha 8M 9 9 11 8 5 9 
Highland 8M 14 16 16 17 18 16 
Hill City 4 21 13 12 14 20 16 
Hillsboro 7M 11 7 7 12 12 10 
Hoisington 6ML 20 19 15 13 8 15 
Holcomb 2 10 5 7 12 10 9 
Holton 7M 17 17 24 20 16 19 
Holyrood 6S 8 18 15 9 9 12 
Hope 7S 3 8 na 17 13 10 
Horace 1 na 3 3 6 4 4 
Horton 8M 11 11 14 14 7 11 
Howard 7M 11 11 5 6 3 7 
Howison Heights Water Dist. 7S 23 9 41 7 na 20 
Hoxie 3 11 19 28 16 13 18 
Hoyt 7M 6 10 13 7 9 9 
Hugoton 2 8 7 9 10 7 8 
Humboldt 8M 12 12 15 13 15 13 
Hunter 6S na 13 na na 17 15 
Hutchinson 6ML 14 8 20 14 9 13 
Independence 
Ingalls 
Inman 

7L 
3 

7M 

22 
10 
9 

12 
10 
8 

6 
na 
3 

5 
28 
3 

29 
27 
7 

15 
19 
6 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Iola 8M 15 9 9 5 11 10 
Isabel 6S 21 20 16 14 15 17 
Iuka 6S 27 6 4 5 5 9 
Jackson Co. RWD #01 7M 14 10 18 13 20 15 
Jackson Co. RWD #03 7M 8 9 23 na 17 14 
Jamestown 7S 13 12 13 11 7 11 
Jefferson Co. RWD #01 8M 22 25 19 23 13 20 
Jefferson Co. RWD #02 8M 21 24 20 29 25 24 
Jefferson Co. RWD #03 8M 25 28 30 20 23 25 
Jefferson Co. RWD #07 8M 11 15 22 19 19 17 
Jefferson Co. RWD #08 8S 23 16 13 38 7 19 
Jefferson Co. RWD #09 8S 29 20 28 27 21 25 
Jefferson Co. RWD #10 8S 62 31 29 21 20 33 
Jefferson Co. RWD #11 8S na na 49 15 16 26 
Jefferson Co. RWD #12 8M 19 20 19 17 14 18 
Jefferson Co. RWD #13 8M 13 22 29 30 28 24 
Jefferson Co. RWD #15 8S 9 9 9 14 9 10 
Jennings 3 42 59 41 23 28 39 
Jetmore 4 na na 5 8 13 8 
Jewell 6S 6 7 7 12 26 12 
Jewell Co. RWD #01 6S 18 21 18 13 15 17 
Johnson City 
Johnson Co. RWD #06C 

1 
8M 

20 
8 

11 
15 

14 
13 

15 
14 

15 
16 

15 
13 

Johnson Co. RWD #07 8M 5 8 13 13 14 11 
Junction City 7L 14 14 16 6 17 13 
Kanopolis 6ML 10 9 5 8 9 8 
Kanorado 1 26 9 7 19 13 15 
Kansas City BPU 8L 20 9 19 21 23 18 
Kechi 7M 11 10 na 7 na 9 
Kensington 6ML 24 28 29 33 21 27 
Kincaid 8S 5 5 5 na 5 5 
Kingman 6ML 16 9 16 13 12 13 
Kingman Co. RWD #01 6S 20 24 19 12 18 19 
Kinsley 5 12 17 14 17 17 16 
Kiowa 6ML 15 6 9 12 13 11 
Kirwin 5 21 17 27 33 16 23 
Kismet 2 16 18 24 27 27 22 
Konza Valley Water District 7S 10 14 3 17 8 11 
La Crosse 5 5 na 8 9 12 8 
La Cygne 8M 8 5 5 na 9 7 
La Harpe 8M 12 23 10 28 20 19 
Labette Co. RWD #01 8S 10 12 12 15 9 11 
Labette Co. RWD #02 
Labette Co. RWD #03 
Labette Co. RWD #04 

8S 
8S 
8S 

10 
12 
27 

10 
12 
11 

9 
14 
6 

16 
15 
9 

12 
12 
na 

11 
13 
13 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Labette Co. RWD #05 8M na na na na 4 4 
Labette Co. RWD #06 8M na na 4 na na 4 
Labette Co. RWD #07 8M 9 11 18 9 15 13 
Labette Co. RWD #08 8M 18 23 21 26 17 21 
Lake Wabaunsee Imp. Dist. 7M na na 8 9 7 8 
Lakeside Village Improvement 8S 48 44 33 30 43 40 
Lakin 2 9 7 9 12 11 10 
Lancaster 8S na na na na na na 
Lane 8S 12 8 7 24 25 15 
Lane Co. RWD #01 3 na 15 13 13 12 13 
Lansing (Lan-Del WC) 8M 14 8 na na 5 9 
Larned 5 9 9 11 13 10 11 
Latham 7S 16 15 15 8 6 12 
Lawrence 8L 6 6 8 3 na 6 
Leavenworth 8L 8 8 7 6 10 8 
Leavenworth Co. RWD #01C 8M 9 8 10 6 3 7 
Leavenworth Co. RWD #02 8M na na na na 33 33 
Leavenworth Co. RWD #05 8M 14 17 14 16 7 14 
Leavenworth Co. RWD #06 8M 10 6 na na 10 9 
Leavenworth Co. RWD #07 8M 11 10 8 12 11 10 
Leavenworth Co. RWD #08 8M 20 18 15 24 19 19 
Leavenworth Co. RWD #09 8M 16 16 27 20 18 19 
Leavenworth Co. RWD #10 8M na na na na na na 
Lebanon 6S 10 15 19 21 8 15 
Lebo 
Lecompton 

7M 
8M 

6 
11 

4 
8 

6 
12 

6 
6 

3 
4 

5 
8 

Lehigh 7S 18 20 19 6 na 16 
Lenora 4 17 17 16 18 19 17 
Leon 7M 14 21 10 13 16 15 
Leonardville 7S 12 10 9 11 13 11 
Leoti 2 4 10 15 12 na 10 
LeRoy 7M na 18 8 13 11 13 
Lewis 5 12 13 12 10 na 12 
Liberal 2 12 7 3 na 13 9 
Liebenthal 5 22 9 8 7 9 11 
Lincoln Center 6ML 20 21 16 25 25 21 
Lindsborg 7M 5 4 4 7 11 6 
Linn 7S 5 16 10 16 4 10 
Linn Co. RWD #01 8M 10 14 16 15 14 14 
Linn Co. RWD #02 8M 19 15 21 19 na 18 
Linn Co. RWD #03 8M 24 17 25 20 na 21 
Linwood 8S 9 8 19 15 9 12 
Little Bear Mound 
Little River 
Logan 

7S 
6ML 

5 

na 
27 
8 

100 
11 
10 

100 
13 
18 

100 
8 

na 

na 
9 

10 

100 
14 
12 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Long Island 5 100 4 5 3 3 23 
Longford 7S 3 na 3 4 6 4 
Longton 7S 17 14 18 14 7 14 
Lorraine 6S 6 7 9 8 11 8 
Louisburg 8M 3 16 13 12 4 10 
Lucas 6S 10 7 13 6 6 8 
Luray 6S 11 8 13 8 7 9 
Lyndon 7M 11 12 15 11 16 13 
Lyon Co. RWD #01 7M 6 7 6 4 na 6 
Lyon Co. RWD #02 7M na 13 na na 7 10 
Lyon Co. RWD #03 7S 4 na 8 10 9 8 
Lyon Co. RWD #04 7M 6 6 na na na 6 
Lyon Co. RWD #05 7M 8 na 13 11 9 10 
Lyons 6ML 5 7 10 10 7 8 
Macksville 6S 12 14 19 7 8 12 
Madison 7M 11 14 19 23 24 18 
Mahaska 7S 4 4 7 na 5 5 
Maize 7M na na 9 6 14 10 
Manchester 7S na na 9 na 14 12 
Manhattan 7L 12 12 11 12 10 11 
Mankato 6ML 20 15 22 22 17 19 
Manter 1 14 15 24 24 48 25 
Maple Hill 7M 18 3 4 16 8 10 
Marion 7M 19 9 15 9 15 13 
Marion Co. Imp. Dist. #02 7S na na na na na na 
Marion Co. RWD #01 7M 19 13 17 27 12 17 
Marion Co. RWD #02 7S na na 9 12 na 10 
Marion Co. RWD #04 
Marquette 

7M 
7M 

9 
8 

11 
9 

14 
7 

na 
7 

21 
7 

14 
8 

Marshall Co. RWD #01 7S 8 7 7 11 8 8 
Marshall Co. RWD #03 7M 17 11 10 13 10 12 
Marysville 7M 24 21 24 18 17 21 
Matfield Green 7S 31 18 18 25 28 24 
Mayetta 7S 6 13 na 16 na 12 
Mayfield 7S 4 na na 3 na 4 
McCracken 5 15 18 3 4 na 10 
McCune 8S na na 8 11 5 8 
McDonald 2 27 23 21 35 42 30 
McFarland 7S 8 8 8 10 7 8 
McLouth 8M 12 na 7 10 12 10 
McPherson 7L 6 5 5 5 5 5 
McPherson Co. RWD #01 7S 8 13 15 13 8 12 
McPherson Co. RWD #02 
McPherson Co. RWD #03 
McPherson Co. RWD #04 

7S 
7S 
7M 

na 
na 
3 

4 
na 
7 

4 
na 
10 

3 
8 
8 

9 
na 
5 

5 
8 
7 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
McPherson Co. RWD #06 7S na na na 11 5 8 
Meade 3 16 15 16 25 14 17 
Medicine Lodge 6ML 28 9 12 15 15 16 
Melvern 7S 18 22 26 30 23 24 
Miami Co. RWD #01 8M 17 15 27 18 na 19 
Miami Co. RWD #02 8M 18 14 16 13 10 14 
Miami Co. RWD #03 8M 20 22 27 26 20 23 
Miami Co. RWD #04 8M 6 12 12 10 11 10 
Milford 7M na na na na 7 7 
Miltonvale 7M 24 13 9 8 10 13 
Minneapolis 7M 10 10 19 18 18 15 
Minneola 4 17 12 9 19 6 13 
Mitchell Co. RWD #01 6S na na na na na na 
Mitchell Co. RWD #02 6ML 14 13 16 17 17 15 
Moline 7S 19 10 17 26 15 17 
Montezuma 3 14 9 15 9 11 12 
Montgomery Co. RWD #01 7S na 7 na na na 7 
Montgomery Co. RWD #01C 7M 13 14 na 10 10 12 
Montgomery Co. RWD #02 7M 8 12 8 6 10 9 
Montgomery Co. RWD #06 7M 13 19 18 18 16 17 
Montgomery Co. RWD #07 7S na na na 17 13 15 
Montgomery Co. RWD #08 7S 17 32 na na na 25 
Montgomery Co. RWD #09 7S 33 28 39 na na 33 
Montgomery Co. RWD #10 7S 11 4 8 13 8 9 
Montgomery Co. RWD #11 7M 7 na 15 21 16 15 
Montgomery Co. RWD #12 7M 12 13 17 na 17 15 
Montgomery Co. RWD #13 7S 11 19 20 22 19 18 
Montgomery Co. RWD #14 7S na na 8 na 22 15 
Moran 8M 11 11 9 15 13 12 
Morganville 7S na na 30 na na 30 
Morland 
Morrill 

4 
8S 

12 
9 

12 
9 

8 
na 

24 
na 

14 
6 

14 
8 

Morris Co. RWD #01 7M 4 9 6 3 na 5 
Morrowville 7S 34 28 20 15 8 21 
Moscow 2 100 100 100 67 15 76 
Mound City 8M 18 18 8 6 12 13 
Mound Valley 8S na na na na 3 3 
Moundridge 7M 5 7 na 5 5 6 
Mount Hope 7M 17 8 7 7 9 9 
Mulberry 8M 32 18 27 27 21 25 
Mullinville 5 16 23 19 19 29 21 
Mulvane 7M 8 8 10 8 10 9 
Munden 
Muscotah 
Narka 

7S 
8S 
7S 

na 
10 
na 

na 
17 
na 

13 
21 
na 

3 
29 
21 

3 
20 
na 

6 
19 
21 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Natoma 6S 21 15 13 12 na 15 
Nemaha Co. RWD #01 7S 13 11 10 15 15 13 
Nemaha Co. RWD #02 7S na na na na 7 7 
Nemaha Co. RWD #03 7M 9 9 8 8 8 8 
Nemaha Co. RWD #04 7M 4 13 16 26 19 16 
Neodesha 7M 6 6 6 12 8 8 
Neosho Co. RWD #01C 8M na na na na na na 
Neosho Co. RWD #02 8M 17 18 20 24 12 18 
Neosho Co. RWD #03 8S 10 16 36 16 na 19 
Neosho Co. RWD #04 8M 18 17 12 24 20 18 
Neosho Co. RWD #05 8S 32 23 23 36 48 33 
Neosho Co. RWD #06 8S 16 36 32 21 16 24 
Neosho Co. RWD #07 8M 35 27 21 21 12 23 
Neosho Co. RWD #08 8S 24 9 16 13 8 14 
Neosho Co. RWD #09 8S 15 39 22 24 20 24 
Neosho Co. RWD #12 8S 11 9 4 7 8 8 
Ness City 4 3 4 5 6 5 4 
Netawaka 7S na 21 na 18 na 19 
New Strawn 7M 10 6 9 6 10 8 
Newbury Extension 7S 18 17 19 13 14 16 
Newton 7L 12 11 6 12 10 10 
Nickerson 6ML 16 9 14 15 12 13 
Norcatur 3 39 22 22 6 na 22 
North Newton 7M 9 15 29 17 20 18 
Norton 4 14 16 12 14 13 14 
Norton Co. RWD #01 4 8 11 11 11 9 10 
Nortonville 8M 15 15 7 7 6 10 
Norwich 6ML 6 17 25 23 18 18 
Oakley 2 11 10 7 16 15 12 
Oberlin 3 24 25 16 13 9 18 
Offerle 5 23 33 7 5 8 15 
Ogden 7M na 3 na 4 8 5 
Oketo 7S 10 10 16 na 7 11 
Olathe 
Olmitz 

8L 
6S 

14 
14 

12 
9 

14 
16 

13 
10 

13 
19 

13 
14 

Olpe 7M na na na na na na 
Olsburg 7S 8 8 12 23 15 13 
Onaga 7M 5 6 7 11 10 8 
Oneida 7S 9 11 5 18 12 11 
Osage City 7M 6 5 7 5 8 6 
Osage Co. RWD #02 7S 12 10 12 na 3 9 
Osage Co. RWD #03 7M 17 17 17 16 11 15 
Osage Co. RWD #04 
Osage Co. RWD #05 
Osage Co. RWD #06 

7M 
7M 
7S 

6 
17 
14 

na 
21 
14 

26 
20 
11 

23 
25 
10 

14 
17 
14 

17 
20 
13 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Osage Co. RWD #07 7M na na na na 18 18 
Osage Co. RWD #08 7M na na na na na na 
Osawatomie 8M 15 13 18 10 15 14 
Osborne 6ML 15 14 16 15 14 15 
Osborne Co. RWD #01A 6S 19 25 41 50 60 39 
Osborne Co. RWD #02 6S 11 10 12 11 na 11 
Oskaloosa 8M 10 7 3 na na 7 
Oswego 8M 6 6 6 8 10 7 
Otis 5 12 9 10 10 14 11 
Ottawa 8L 8 7 10 13 12 10 
Ottawa Co. RWD #01 7S 26 26 20 43 25 28 
Ottawa Co. RWD #02 7M 12 6 14 13 14 12 
Overbrook 7M 17 12 9 11 25 15 
Oxford 7M 6 14 18 16 15 14 
Ozawkie 8M na na na 3 16 10 
Palco 5 14 8 19 7 11 12 
Palmer 7S 12 18 13 18 7 13 
Paola 8M 9 11 14 16 9 12 
Paradise 6S 10 6 11 17 13 12 
Park 3 4 3 na 3 12 6 
Park City 7M 14 3 na 5 3 6 
Parker 8S 25 17 8 25 22 19 
Parsons 8L 7 17 4 8 3 8 
Pawnee Rock 6S 5 8 4 na 7 6 
Paxico 7S na 3 na 4 7 4 
Peabody 7M na 4 15 3 na 7 
Perry 8M 15 11 13 18 17 15 
Peru 7S 6 8 17 14 5 10 
Phillipsburg 5 21 21 25 5 18 18 
Pittsburg 8L 7 na 4 9 8 7 
Plains 3 16 17 13 9 13 13 
Plainville 5 17 18 9 14 15 14 
Pleasanton 8M 7 6 12 16 12 11 
Pomona 8M 6 3 14 5 11 8 
Portis 6S 27 34 29 23 21 27 
Post Rock RWD 5 21 16 20 23 12 18 
Pottawatomie Co. RWD #01 
Pottawatomie Co. RWD #02 

7M 
7M 

20 
29 

21 
20 

22 
24 

24 
23 

9 
29 

19 
25 

Pottawatomie Co. RWD #03 7M 3 11 8 13 15 10 
Pottawatomie Co. RWD #04 7M 9 7 5 20 na 10 
Potwin 7S 9 5 9 5 na 7 
Prairie View 5 14 20 8 10 20 15 
Pratt 
Prescott 
Preston 

6ML 
8S 
6S 

16 
8 

100 

16 
12 
21 

23 
4 

100 

22 
7 

14 

11 
8 

10 

17 
8 

49 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Pretty Prairie 6ML 31 19 26 14 18 21 
Princeton 8S 7 8 18 10 13 11 
Protection 5 3 4 na 16 15 10 
Quenemo 7S 10 6 13 5 7 8 
Quinter 3 10 5 11 9 10 9 
Randall 6S 8 5 6 10 17 9 
Randolph 7S 18 18 7 6 8 12 
Ransom 4 9 12 12 14 13 12 
Rantoul 8S 4 3 4 3 3 3 
Raymond 6S 21 8 11 na 5 11 
Reading 7S 19 12 23 19 12 17 
Red Bud Lake Improvement 7S 22 23 38 28 11 24 
Reno Co. RWD #01 6S 8 7 na na 4 6 
Reno Co. RWD #03 6S 29 20 22 11 16 20 
Reno Co. RWD #04 6S 10 18 5 na na 11 
Reno Co. RWD #08 6S 5 5 9 10 15 9 
Reno Co. WD #101 6S 7 9 15 4 na 9 
Republic 7S 13 18 29 22 13 19 
Republic Co. RWD #01 7S 21 19 23 31 26 24 
Republic Co. RWD #02 7M 26 13 35 30 10 23 
Reserve 8S 43 33 26 24 43 34 
Rexford 2 9 8 5 4 4 6 
Rice Co. RWD #01 6ML 7 6 8 16 3 8 
Richmond 8M 12 8 13 15 16 13 
Riley 7M 31 25 22 23 19 24 
Riley Co. RWD #01 7M 15 8 18 13 5 12 
Robinson 8S 14 24 8 20 14 16 
Rocky Ford Water Company 7S 100 100 100 100 100 100 
Rolla 1 9 9 6 9 7 8 
Rooks Co. RWD #01 5 6 5 5 na 5 5 
Rooks Co. RWD #02 5 10 6 22 6 13 11 
Rooks Co. RWD #03 5 10 11 18 17 16 14 
Rose Hill 7M 4 na na na na 4 
Roseland 8S 100 100 100 100 na 100 
Rossville 7M 7 6 10 8 10 8 
Rozel 5 18 19 14 19 16 17 
Rush Center 5 10 3 13 10 10 9 
Rush Co. RWD #01 5 42 27 25 18 16 26 
Russell 6ML 4 9 17 18 13 12 
Russell Co. RWD #01 
Russell Co. RWD #02 

6S 
6S 

13 
100 

25 
100 

19 
100 

12 
100 

8 
100 

15 
100 

Russell Co. RWD #03 6ML 22 35 20 19 20 23 
Russell Co. RWD #04 
Sabetha 
Salina 

6S 
7M 
7L 

31 
7 

14 

15 
19 
12 

33 
27 
13 

23 
17 
11 

6 
5 

14 

22 
15 
13 



 68

TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Saline Co. RWD #01 7S 10 8 13 11 10 10 
Saline Co. RWD #02 7S 26 11 12 18 9 16 
Saline Co. RWD #03 7M na na na na 13 13 
Saline Co. RWD #04 7M 15 12 11 32 24 19 
Saline Co. RWD #06 7S 6 8 8 19 12 11 
Saline Co. RWD #07 7S 21 19 na na 11 17 
Saline Co. RWD #08 7S na 5 12 18 37 18 
Satanta 2 na 3 7 5 6 5 
Sawyer 6S 3 4 6 7 6 5 
Scammon 8M 18 18 17 6 15 15 
Scandia 7S 13 10 18 24 28 19 
Scotsman Estates 7S 8 13 14 20 na 14 
Scott City 2 na na 7 7 9 8 
Scranton 7M na na 7 6 11 8 
Sedan 7M 8 11 15 17 14 13 
Sedgwick 7M na na na na na na 
Sedgwick Co. RWD #01 7M 12 10 8 12 4 9 
Sedgwick Co. RWD #03 7M 3 na na 5 na 4 
Sedgwick Co. RWD #04 7M 3 8 14 12 11 9 
Selden 3 4 4 5 4 6 4 
Seneca 7M 9 8 5 na 5 7 
Severy 7S 8 11 6 7 14 9 
Sharon 6S 11 20 18 17 23 18 
Sharon Springs 1 12 26 23 22 18 20 
Shawnee Co. RWD #01C 7M 13 5 7 3 na 7 
Shawnee Co. RWD #02C 7M 9 8 8 9 14 10 
Shawnee Co. RWD #03C 7M na na na 4 na 4 
Shawnee Co. RWD #04C 7L na na na 16 13 15 
Shawnee Co. RWD #08 7M 11 12 16 14 14 14 
Silver Lake 7M 4 na 7 10 4 6 
Simpson 6S 11 20 30 25 19 21 
Smith Center 6ML 20 24 25 21 23 23 
Smith Co. RWD #01 6S 18 22 17 22 11 18 
Soldier 7S 3 na 4 5 4 4 
Solomon 7M 8 10 23 35 16 18 
South Haven 7S 43 53 21 8 16 28 
South Hutchinson 6ML na na 7 9 14 10 
Spearville 4 na 8 11 4 9 8 
Speed 5 3 na 11 11 na 9 
Spivey 6S 6 na 21 22 31 20 
Spring Hill 8M 8 10 19 8 14 12 
St. Francis 1 11 5 na 8 4 7 
St. George 
St. John 
St. Marys 

7M 
6ML 
7M 

11 
14 
7 

14 
15 
3 

na 
20 
4 

5 
22 
3 

14 
17 
6 

11 
17 
5 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
St. Paul 8M 14 14 16 13 4 12 
Stafford 6ML 18 6 6 4 3 8 
Sterling 6ML na 4 5 4 4 4 
Stockton 5 13 13 37 16 16 19 
Strong City 7M na na 4 8 na 6 
Sublette 2 na 5 7 9 12 8 
Suburban Water Company 8M 4 3 6 10 10 7 
Summerfield 7S 5 5 5 5 7 5 
Sumner Co. RWD #01 7S 17 na na 16 na 16 
Sumner Co. RWD #02 7S 26 13 8 12 7 13 
Sumner Co. RWD #03 7S 22 8 7 na na 12 
Sumner Co. RWD #04 7M 16 20 26 21 20 21 
Sumner Co. RWD #05 7M 17 na na 8 8 11 
Sumner Co. RWD #06 7S 8 9 10 12 8 9 
Susank 6S 11 5 31 18 19 17 
Sylvan Grove 6S 8 25 22 9 6 14 
Sylvia 6S 36 34 37 29 21 31 
Syracuse 1 8 5 5 4 5 5 
Tescott 7S 10 10 9 11 12 10 
Thayer 8M 17 17 10 3 na 12 
Timber Creek Water & Sewer 7M 14 15 16 18 16 16 
Timken 5 16 9 6 8 6 9 
Tipton 6S 5 8 13 10 6 8 
Tonganoxie 8M 15 16 14 19 14 16 
Topeka 7L 13 15 3 6 7 9 
Toronto 7S 17 14 14 14 na 15 
Towanda 7M 11 5 na 7 8 8 
Treece 8S 11 na 7 9 13 10 
Trego Co. RWD #01 4 11 13 6 8 4 8 
Trego Co. RWD #02 4 9 7 10 10 23 12 
Tribune 1 15 15 11 14 10 13 
Troy 8M 14 12 10 15 17 14 
Turon 6S 8 13 7 9 7 9 
Udall 7M 4 9 14 10 17 11 
Ulysses 2 14 7 6 7 9 8 
Uniontown 8S 8 8 11 9 15 10 
University Park Water 7S 13 13 na na 4 10 
Utica 4 9 13 4 6 6 7 
Valley Center 7M 4 12 15 12 na 11 
Valley Falls 8M 15 19 10 15 17 15 
Vermillion 7S 12 7 5 na na 8 
Victoria 5 7 7 13 14 12 11 
Viola 
Virgil 
Wabaunsee Co. RWD #01 

7S 
7S 
7S 

10 
7 

18 

8 
18 
25 

10 
25 
19 

8 
12 
20 

8 
8 

15 

9 
14 
19 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Wabaunsee Co. RWD #02 
WaKeeney 

7M 
4 

8 
11 

8 
17 

9 
13 

10 
18 

13 
13 

9 
14 

Wakefield 7M 8 10 11 13 10 10 
Waldo 6S na na na na na na 
Wallace 1 12 38 7 4 na 15 
Wallace Co. RWD #01 1 3 4 5 6 5 4 
Walnut 8S 6 12 na na na 9 
Walton 7S 14 12 na na na 13 
Wamego 7M 8 na na 18 6 10 
Washington 7M 26 17 22 15 24 21 
Washington Co. RWD #01 7M na 4 6 8 4 5 
Washington Co. RWD #02 7M 16 18 17 15 14 16 
WaterOne - Johnson Co. 8L 5 8 10 7 10 8 
Waterville 7M 7 8 9 10 4 8 
Wathena 8M 10 12 26 20 19 18 
Waverly 7M 11 8 10 19 7 11 
Weir 8M na na 10 5 na 7 
Wellington 7M 15 9 6 10 8 10 
Wellsville 8M 11 na na 9 na 10 
West Hills Water Company 6S 100 100 100 100 100 100 
West Mineral 8S 14 15 16 12 13 14 
Westmoreland 7M 9 10 10 7 7 9 
Wetmore 7S 14 15 15 14 13 14 
White City 7M 18 25 30 23 20 23 
White Cloud 8S 22 34 37 23 17 27 
Whitewater 7M 27 20 4 8 4 13 
Whiting 7S 7 9 8 21 16 12 
Wichita 7L 3 na 6 6 8 6 
Williamsburg 8S 13 na na na 100 57 
Willis 8S 20 14 14 15 na 16 
Wilsey 7S na na na na 14 14 
Wilson 6ML 10 12 17 12 24 15 
Wilson Co. RWD #01 7S 29 9 23 25 26 22 
Wilson Co. RWD #02 7S na na na na 100 100 
Wilson Co. RWD #03 7S 33 na na na na 33 
Wilson Co. RWD #04 7S 7 11 22 15 10 13 
Wilson Co. RWD #05 7S na na 4 13 16 11 
Wilson Co. RWD #06 7S 54 22 15 9 18 24 
Wilson Co. RWD #09 7M na na 22 na na 22 
Wilson Co. RWD #11 7M 18 17 22 14 27 20 
Wilson Co. RWD #12 7S 100 10 3 5 na 29 
Wilson Co. RWD #13 7S 16 14 17 61 22 26 
Winchester 
Windom 
Winfield 

8M 
7S 
7L 

4 
na 
12 

9 
16 
9 

5 
na 
6 

8 
9 
9 

5 
na 
11 

6 
13 
9 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2002-2006 

Public Water Supplier Region 

2002 
Percent 

UFW 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

AVG 
Percent 

UFW 
Winona 2 10 17 15 16 14 14 
Woodson Co. RWD #01 7M 23 21 24 24 14 21 
Woodston 5 14 10 34 na 8 17 
Yates Center 
Zenda 

7M 
6S 

17 
4 

20 
5 

20 
19 

16 
17 

13 
18 

17 
13 
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state and federal agencies, with partial funding from the Kansas Water Plan. The information would 
not be possible without the efforts of all the individuals in Kansas cities, towns, and rural water 
districts who provide annual water use reports to the Division of Water Resources. The Kansas Rural 
Water Association has published and distributed this publication to public water suppliers because of 
its value in operating and managing water utilities. 
 
For additional copies, please contact the Kansas Rural Water Association at 785/336-3760 or the 
Division of Water Resources at 785/296-3717. This publication is also available on the Kansas Water 
Office website at www.kwo.org.  
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INTRODUCTION 

 
Water use in Kansas is regulated by the Kansas Department of Agriculture, Division of 

Water Resources (DWR).  The DWR requires annual Water Use Reports from all public water 
suppliers with active water rights, as a condition of the Water Appropriations Act.  The DWR 
also requests annual water use reports from water suppliers purchasing water from State-
owned storage in Federal reservoirs through the Kansas Water Office (KWO) Water Marketing 
Program, and from water suppliers purchasing water wholesale from entities that have water 
rights or marketing contracts. 
 

The information shown in this publication was collected from 775 public water suppliers 
that filed 2007 Municipal Water Use Reports.  This number includes cities and towns, rural 
water districts, and housing subdivisions.  These public water suppliers provide information on 
quantity of water diverted, water purchased from and sold to other suppliers, sales to retail 
customers, metered free and unaccounted for water, population served, and current water rates.  
Annual water use reports for 2007 also were submitted by public wholesale water supply 
districts, mobile home parks or systems that serve predominantly mobile homes, and rural 
systems that serve fewer than 10 residential connections, seasonal customers, or 
predominantly commercial users.  The information from these reports is not included in this 
publication. 
 

The DWR, KWO, and U.S. Geological Survey–Kansas Water Science Center (USGS) 
review the water use data to ensure that the information is as accurate and complete as 
possible, and to derive the statistics on per capita usage, percent metered free, percent 
unaccounted for water, and water rates that are published in this report.  The review process is 
also important for documenting atypical water use among certain suppliers, as well as for 
identifying problems with meter accuracy, bookkeeping, and water loss that may warrant special 
assistance.  The Kansas Water Plan provides some of the funding used to review annual water 
use reports and offer technical assistance when needed. 
 

The Kansas Municipal Water Use publication has been prepared each year since 1987.  
The efforts of every water supplier completing annual water use reports are greatly appreciated.  
The data collected are valuable in administering water rights and marketing contracts, preparing 
population and water demand projections, and assessing progress toward meeting State 
conservation objectives.  The information provided in this annual publication can also be useful 
in evaluating individual systems’ needs for metering improvements, water loss reduction, water 
rate adjustments, and implementation of cost-effective, long-term water conservation measures. 
 
REGIONAL PER CAPITA WATER USE  
 

Water usage in gallons per capita per day (gpcd) is calculated for each water system 
from reported data on water use and population served.  Gpcd usage for individual suppliers is 
based on amounts of water sold for residential and commercial uses, free uses, and 
unaccounted for water.  Gpcd figures generally do not include sales to other suppliers, 
industries, bulk uses, or farmsteads using over 200,000 gallons per year.   
 

Average gpcd figures are calculated for water suppliers in eight regions of the State so 
that usage for individual suppliers can be compared to average usage for similar geographic 
areas.  These regions, shown in Figure 1 (inside back cover), correspond to general patterns of 
per capita water use and precipitation.  Gpcd usage increases from eastern to western Kansas, 
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primarily due to greater outdoor water use in the drier, more arid parts of the state.  Another 
factor contributing to higher gpcd usage in western Kansas is that average water rates are lower 
in the western regions of the State where ground water is the predominant source of supply.  
Average gpcd usage by Kansas public water suppliers by region and size is shown in Table 1 
(p. 6) for the years 2003-2007.  In 2007, average per-capita water usage ranged from 272 gpcd 
in Region 1 in westernmost Kansas to 82 gpcd in Region 8 among small public water suppliers 
in easternmost Kansas.  Average state per-capita use in 2007 was 119, the lowest in the past 
five years. 
 
WATER USE STATISTICS BY REGION AND STATE 
 

The tables in the following sections of this publication are organized by region and size 
category.  Regions 6, 7, and 8 in central and eastern Kansas include many more public water 
suppliers than do the western Kansas regions, and were subdivided by population size.  Small 
public water suppliers serve fewer than 500 people, medium public water suppliers serve 
between 500 and 9,999 people, and large public water suppliers serve 10,000 people or more.   
 

Water use statistics for each supplier within each regional category are provided in 
Tables 2-14 on pp. 7-30.  These tables rank each water supplier by gpcd usage, and show the 
percent difference from the respective 2007 regional average gpcd.  The tables also show the 
monthly cost for 10,000 gallons of water, the percentage of metered free water, and the 
percentage of unaccounted for water.  These data are useful in evaluating the gpcd figures.  
Comparison of an individual supplier’s gpcd, water rates, and percentages of metered free and 
unaccounted for water to regional averages may indicate opportunities for more cost-effective 
and efficient use of water.  Lower gpcd figures may be indicative of conservation efforts by 
public water suppliers.  These efforts include reductions in unaccounted for water, more 
accurate metering of raw water, and reduced usage due to higher costs for service. 
 

Per capita usage by a particular water supplier can be affected by circumstances such 
as customer use habits, water rates, amount of water needed for water treatment or other free 
uses, and system losses.  Inexpensive water rates, lack of metering, hot dry weather, line 
breaks, water line replacement, tower repairs, or large amounts of water used for treatment and 
flushing can all contribute to a high gpcd.  High water rates, moderate weather, a system with 
few leaks, lack of significant free uses, or minimal water treatment can contribute to a low gpcd.    
 

Accuracy of the measurement of total water diverted also can influence a utility’s gpcd.  
Public water suppliers typically determine total diversions using flowmeters, calculation of hours 
pumped times pump rates, or a combination of these methods.  A higher than expected gpcd 
may result if master meters are over-registering, actual pump rates are lower than reported, or 
check valves are malfunctioning.  A lower than expected gpcd may result if meters are 
underregistering or actual pump rates are higher than reported.  Inaccurate measurements of 
total water diverted also produce unreliable calculations of unaccounted for water.   
 

The percentage of unaccounted for water is a good indicator of meter accuracy and 
system efficiency.  Large percentages of unaccounted for water often result from over-reported 
total diversions, substantial amounts of unmetered use, or system losses.  In publications of 
Kansas Municipal Water Use prior to 1998, the percent unaccounted for water applied only to 
systems that meter customer use.  Beginning with the 1998 data, the percent unaccounted for 
water has indicated all water that is not metered. Consequently, all unmetered water used by 
systems with flat water rates or by systems that were unable to provide data on customer sales 
is considered unaccounted for. 
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For 2007, gpcd values ranged from a high of 643 (for Osborne Co. RWD #1A) to a low of 

37 (for Norton Co. RWD #01).  However, to evaluate the water conservation efforts of any public 
water supplier, each gpcd should be compared to usage by other utilities of similar size in the 
same geographic area.  Table 15 (p. 32) ranks the 20 public water suppliers with the highest 
gpcd usage in 2007 relative to their respective regional averages.  Many of these suppliers had 
large percentages of unaccounted for water due to system leaks or lack of metering.  In very 
small systems, leaks can represent a large percentage of total water withdrawals.  Some 
suppliers have high gpcd because it is difficult to separate amounts of water provided to 
households from that provided for livestock. Table 16 (p. 33) ranks the 20 public water suppliers 
with the lowest gpcd usage in 2007 relative to their respective regional averages.  Most of these 
suppliers are very small towns, housing subdivisions, or rural water districts with little or no 
public use.  Many charge high rates for water service.   
 
WATER RATES  
 

Four basic types of water rate structures in Kansas are described as flat rate, decreasing 
block rate, uniform block rate, and increasing block rate.  Utilities with a flat rate charge each 
customer a fixed amount per month regardless of the amount of water used.  With a decreasing 
block rate, the unit cost of water decreases as usage increases.  The unit cost of water is the 
same for all levels of usage with a uniform block rate.  With an increasing block rate, the unit 
cost of water rises as usage increases.  Some utilities attach a surcharge to their regular water 
rates for excessive summer usage, usually defined as a certain percentage above average 
winter use.   
 

The type of rate structure can affect gpcd usage.  Systems with flat rates tend to use 
considerably more water per capita than systems that meter customer use.  Only 10 public 
water suppliers filing Kansas water use reports used flat rate structures in 2007, and all of them 
were very small systems. Table 17 (p. 34) lists these water suppliers, and shows the percent 
difference between each gpcd and the respective regional average gpcd.  Public water suppliers 
with flat rate structures used an average of 56 percent more water per person than their peer 
communities in 2007. 
 

The other three types of rate structures, in which cost depends on amount of water used, 
have a less dramatic effect on gpcd.   Decreasing block rates are assumed to discourage 
conservation because customers are charged lower rates for high-volume usage.  Increasing 
block rates are considered an effective way to promote conservation among high-volume users 
while keeping the cost of moderate use affordable.  However, the use of these types of rate 
structures does not appear to influence usage by individual customers as much as does the 
total monthly water cost and the geographic area in which they live. 
 

Table 18 (p. 35) shows 2007 regional average cost for residential customer water use at 
five levels from 5,000 to 100,000 gallons per month.  Water rates were lowest in Region 3, 
where the average cost for 10,000 gallons per month was $21.22 in 2007.  Rates were highest 
in Region 8, where the same amount of water cost an average of $55.58.  In general, water 
rates increase from west to east across the state.  Average water rates tend to be higher in 
eastern Kansas due to the costs associated with operating, building, or rehabilitating surface 
water treatment facilities, and the costs associated with wholesale water distribution.   
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METERED FREE AND UNACCOUNTED FOR WATER  
 

Percentages of metered free and unaccounted for water indicate the proportion of total 
water produced or purchased that is not sold through customer meters.  Metered free water 
typically includes public services (for example, golf courses, parks, pools and city buildings) plus 
any water given to nonpaying customers (for example, churches or owners of easements).  
Metered free water often includes water treatment uses such as backwashing, lube line flows, 
draining of known quantities from a water tower prior to repair, and measured hydrant flushing.  
Metering as much ‘free’ water use as possible helps to identify actual system losses.  Metering 
of nonpaying services also helps a utility control any water leaks or excessive use at these 
connections. 
 

The number of public water suppliers in Kansas that meter free water has steadily 
increased each year since 1992, when amounts of metered free water were first shown on 
annual Municipal Water Use reports.  A total of 483 utilities reported some metered free use for 
2007.  Average percent free water by regional category varied from four to eight percent; the 
state average was five percent.   
 

Unaccounted for water includes any unmetered uses plus water loss in the distribution 
system.   The percent unaccounted for water may be high if a system has major line breaks, has 
many underregistering customer meters, or has many unmetered uses.   Water taken from bulk 
outlets and hydrants for firefighting or road construction is often unaccounted for.  Other 
reasons for high percentages of unaccounted for water include line replacement, water plant 
renovations, water tower repairs, faulty metering of raw water, or inaccurate accounting of 
customer use.   
 

In 2007, public water suppliers reported unaccounted for water ranging from less than 
three percent to 100 percent. The average unaccounted for water among the systems that 
provided adequate information on metered customer use in 2007 was 15 percent statewide.  
Average unaccounted for water for these systems by regional category ranged from 12 to 18 
percent. 
 
ASSISTANCE WITH EXCESSIVE UNACCOUNTED FOR WATER 
 

To meet the Kansas Water Plan 2010 objective of reducing the number of public water 
supply systems with excessive unaccounted for water, suppliers with 30 percent or more 
unaccounted for water are referred to the Kansas Rural Water Association for technical 
assistance.  As part of this ongoing contract, the KRWA visits willing water suppliers on a 
quarterly basis to collect data on water withdrawals and sales, test meters, and make 
recommendations. Systems are monitored until unaccounted for water is below 20 percent for 
two consecutive quarters.  In addition, each of these suppliers is encouraged to prepare a water 
conservation plan, or to review their existing plan.  The Kansas Rural Water Association may be 
contacted at (785) 336-3760. 
 

Free on-site assistance in preparing water conservation plans is available through the 
KWO.  Conservation plans can help suppliers improve short-term and long-term management of 
their utility, and are often a requirement for obtaining water rights or loans for water supply 
system improvements.   Water conservation plans also are recommended for suppliers that are 
drought vulnerable or that have excessive unaccounted for water.  The 2007 Municipal Water 
Conservation Plan Guidelines emphasize cost-effective approaches to water conservation.  
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Copies of this document may be obtained by contacting the KWO at 785-296-3185, or visiting 
the KWO website at www.kwo.org. 
 

The 48 water suppliers whose water use reports showed at least 30 percent 
unaccounted for water in 2007 are listed in Table 19 (p. 36).  This table does not include 
systems with flat rates or those unable to provide information on metered customer sales.  
Leaks were the most common reason for the large percentage unaccounted for water.  Other 
reasons included tower repairs, new line construction, flushing, and unmetered services.  The 
potential water gain shown in Table 19 is the amount of water that would have been saved if 
only 15 percent of the water had been unaccounted for.  This number can be used along with 
the production costs to estimate potential cost savings from decreases in unaccounted for 
water. Table 19 also indicates the water conservation plan approval date for systems that have 
completed them. 
 
CONSERVATION PRACTICES TO REDUCE UNACCOUNTED FOR WATER 
 

Public water suppliers with large amounts of unaccounted for water have opportunities to 
save money if there is loss caused by system leaks, unmetered use, excessive use for public 
services, or underregistering customer meters.  Leak detection, additional metering, and regular 
service meter replacement can result in savings greater than the cost of implementing these 
conservation measures.  In some cases, curbing large water losses may serve to postpone 
acquisition of additional water supplies. 

 
There are many management practices that promote water conservation for public water 

suppliers by reducing their amount of unaccounted for water.  These practices include: 
 

 Measure raw or purchased water accurately.  If possible, install water meters at each 
intake, and test these meters for accuracy every three years. 

 Meter any water treatment use or lube line flows, so that these uses are not considered 
unaccounted for water. 

 Install meters at all service connections if possible, including free services and bulk 
outlets.  

 Read all meters on a regular basis.  If possible, compare production and use for 
corresponding time periods each month and calculate unaccounted for water. 

 Review meter readings and billing information promptly if there is an unexplained, large 
difference between water produced and water metered at service connections for any 
given month. 

 Replace service meters on a regular schedule to avoid losing water through old, 
underregistering meters. 

 If reliable records of water pumped, water sold, and free water indicate that unaccounted 
for water exceeds 15 percent, do leak detection. 

 
5-YEAR AVERAGE GPCD AND PERCENT UNACCOUNTED FOR WATER 
 

Annual and average GPCD figures for 810 active public water suppliers that completed 
water use reports during any years from 2003-2007 are listed in Table 20 (p. 38).  This table 
includes all cities, rural water districts, and subdivisions listed in Tables 2-14, plus systems that 
are still active but did not complete a 2007 water use report (indicated by ‘na’).  Table 21 (p. 57) 
provides information on reported percent unaccounted for water for the 810 systems.  
Percentages are shown for each year that data were available, and for the average of this time 
period.  Percentages less than 3 are not shown or used to calculate the average. 
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TABLE 1 

AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE 
KANSAS, 2003-2007 

Region Year Average 
2003 2004 2005 2006 2007 

1 278 253 272 293 272 274 
2 248 234 246 258 245 246 
3 243 224 221 244 241 235 
4 198 179 192 188 170 185 
5 164 155 150 156 149 155 

6-ML 150 143 145 150 135 145 
6-S 130 124 123 138 125 128 
7-L 150 139 137 147 135 142 
7-M 108 102 105 107 101 105 
7-S 101 97 97 96 92 97 
8-L 144 128 128 130 130 132 
8-M 103 98 99 102 98 100 
8-S 87 82 80 84 82 83 

Kansas 128 120 121 126 119 123 
 
a/  Refer to Figure 1 for map regions. For this analysis, utilities in Regions 6, 7, and 8 were 

subdivided into size categories. Large (L) utilities are those serving 10,000 people or more. 
Medium (M) utilities are those serving 500 to 9,999 people. Small (S) utilities are those 
serving fewer than 500 people. 
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TABLE 2 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
REGION 1, 2007 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Bird City 400 272 +47 $25.20 3 39 
Syracuse 346 272 +27 $13.75 2 5 
Johnson City 336 272 +23 $19.00 7 17 
Wallace Co. RWD #01 334 272 +23 $12.00 0 6 
Elkhart 331 272 +22 $16.50 10 20 
Goodland 317 272 +17 $20.70 0 25 
St. Francis 310 272 +14 $20.00 4 10 
Coolidge 282 272 +4 $23.00 1 16 
Tribune 282 272 +4 $23.10 3 9 
Sharon Springs 263 272 -3 $24.00 1 15 
Manter 261 272 -4 $28.00 1 28 
Wallace 244 272 -10 $19.50 0 3 
Rolla 219 272 -20 $27.38 11 9 
Kanorado 209 272 -23 $22.10 4 22 
Horace 124 272 -54 $26.30 0 8 
Hamilton Co. RWD #01 86 272 -68 $57.00 3 7 
Average 272 272 -- $23.60 4 15 
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TABLE 3 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
REGION 2, 2007 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
McDonald 481 245 +96 $25.10 4 50 
Rexford 463 245 +89 $17.50 0 4 
Herndon 389 245 +59 $22.50 14 24 
Moscow 324 245 +32 $22.00 <1 9 
Winona 324 245 +32 $14.50 3 20 
Brewster 318 245 +30 $11.90 2 12 
Colby 313 245 +28 $14.90 4 21 
Hugoton 310 245 +27 $18.00 4 7 
Oakley 277 245 +13 $11.66 3 13 
Sublette 274 245 +12 $14.00 10 9 
Scott City 258 245 +5 $19.60 2 9 
Lakin 255 245 +4 $24.95 17 6 
Satanta 238 245 -3 $14.35 7 4 
Leoti 234 245 -4 $26.38 3 13 
Ulysses 224 245 -9 $20.35 3 5 
Garden City 196 245 -20 $20.00 19 4 
Atwood 191 245 -22 $34.97 4 6 
Liberal 176 245 -28 $24.90 16 9 
Kismet 165 245 -33 $29.60 17 22 
Deerfield 153 245 -37 $29.45 3 5 
Holcomb 142 245 -42 $18.96 3 12 
Garden Spot Rentals 61 245 -75 none 0 100 
Farr Subdivision 58 245 -76 none 0 100 
Finney Co. RWD #01 55 245 -77 $46.50 0 na 
Average 245 245 -- $21.91 7 12 
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TABLE 4 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
REGION  3, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Cimarron 387 241 +61 $26.38 32 9 
Gove 385 241 +60 $12.80 1 23 
Grinnell 287 241 +19 $13.00 3 na 
Hoxie 286 241 +19 $18.00 <1 11 
Montezuma 277 241 +15 $19.20 9 13 
Plains 277 241 +15 $17.00 14 15 
Grainfield 249 241 +3 $9.80 0 5 
Meade 247 241 +2 $17.55 3 13 
Selden 245 241 +2 $16.00 3 8 
Copeland 244 241 +1 $40.00 0 59 
Norcatur 241 241 0 $25.00 0 9 
Quinter 235 241 -2 $22.40 4 18 
Dighton 233 241 -3 $18.16 7 12 
Park 212 241 -12 $14.00 0 3 
Jennings 200 241 -17 $22.00 5 24 
Oberlin 190 241 -21 $15.04 5 11 
Lane Co. RWD #01 185 241 -23 $21.00 0 19 
Fowler 170 241 -30 $18.00 7 11 
Ingalls 158 241 -34 $35.00 0 18 
Ensign 119 241 -50 $44.00 <1 8 
Average 241 241 -- $21.22 7 13 
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TABLE 5 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
REGION  4, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Englewood 607 170 +257 $25.00 0 97 
Ford 265 170 +56 $18.00 0 100 
Dodge City 259 170 +53 $23.95 3 13 
Hill City 218 170 +28 $27.20 12 19 
Morland 216 170 +27 $22.00 6 9 
Ashland 215 170 +26 $24.00 <1 5 
Bogue 211 170 +24 $22.00 0 9 
Minneola 205 170 +20 $29.00 0 12 
Norton 202 170 +19 $35.24 5 16 
WaKeeney 189 170 +11 $20.50 6 16 
Lenora 188 170 +11 $31.25 5 18 
Jetmore 185 170 +9 $18.00 19 11 
Bucklin 175 170 +3 $44.00 2 15 
Hanston 166 170 -3 $11.80 0 17 
Utica 153 170 -10 $14.80 17 8 
Spearville 133 170 -22 $32.80 10 9 
Ness City 131 170 -23 $43.50 1 na 
Collyer 107 170 -37 $32.80 0 10 
Almena 105 170 -38 $24.25 2 14 
Bazine 99 170 -42 $21.50 3 10 
Arnold 97 170 -43 $20.00 0 100 
Trego Co. RWD #02 90 170 -47 $63.00 0 16 
Ransom 88 170 -48 $51.50 6 na 
Brownell 86 170 -49 $12.50 2 13 
Clayton 86 170 -50 $26.75 3 na 
Trego Co. RWD #01 71 170 -58 $51.00 0 5 
Norton Co. RWD #01 37 170 -78 $34.50 0 11 
Average 170 170 -- $28.73 6 16 
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TABLE 6 

WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 
REGION 5, 2007 

Public Water Supplier GPCD 

Regional 
Avg. 

GPCD 
Percent 

Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Comanche Co. RWD #02 566 149 +280 $58.00 0 52 
Rush Co. RWD #01 262 149 +76 $46.00 0 24 
Greensburg 223 149 +50 $23.15 <1 12 
Woodston 222 149 +49 $30.00 <1 26 
Larned 211 149 +42 $19.10 9 16 
Mullinville 211 149 +42 $23.00 9 21 
Otis 204 149 +37 $22.50 0 12 
Belvidere 198 149 +33 $15.00 0 100 
Long Island 196 149 +32 $27.00 6 14 
Phillipsburg 195 149 +31 $46.54 13 9 
Coldwater 178 149 +19 $20.10 0 na 
Protection 176 149 +18 $28.00 2 15 
Logan 172 149 +15 $29.50 2 10 
Haviland 169 149 +14 $13.00 1 14 
Rozel 156 149 +5 $18.50 1 13 
Post Rock RWD 153 149 +3 $95.60 7 10 
Offerle 152 149 +2 $19.15 0 5 
Burdett 151 149 +1 $17.60 6 20 
Stockton 149 149 0 $52.90 27 9 
Prairie View 144 149 -3 $25.00 2 6 
Hays Suburban Estates 141 149 -5 none 0 100 
Palco 140 149 -6 $27.00 0 27 
Rooks Co. RWD #03 136 149 -8 $54.50 2 12 
Plainville 134 149 -10 $20.00 23 15 
La Crosse 127 149 -15 $43.80 1 19 
Timken 125 149 -16 $26.85 4 3 
Glade 123 149 -17 $46.00 3 50 
Comanche Co. RWD #01 123 149 -17 $25.50 0 12 
Kinsley 119 149 -20 $35.12 5 19 
Lewis 117 149 -21 $19.75 4 8 
Rush Center 110 149 -26 $10.50 0 na 
Belpre 110 149 -26 $30.50 0 17 
Ellis Co. RWD #06 109 149 -27 $65.00 0 15 
Rooks Co. RWD #01 107 149 -28 $35.25 0 5 
Victoria 107 149 -28 $19.50 2 18 
Agra 103 149 -31 $35.00 2 17 
Alexander 100 149 -33 $31.00 3 11 
Speed 99 149 -34 $24.50 0 3 
Kirwin 98 149 -34 $26.50 1 22 
Hays 96 149 -36 $37.96 3 9 
Ellis 90 149 -40 $64.63 11 5 
Liebenthal 75 149 -50 $33.00 1 5 
Ellis Co. RWD #01 75 149 -50 $23.20 0 10 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION 5, 2007 

Public Water Supplier GPCD 

Regional 
Avg. 

GPCD 
Percent 

Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
McCracken 72 149 -52 $44.40 7 na 
Rooks Co. RWD #02 64 149 -57 $25.50 0 10 
Ellis Co. RWD #03 57 149 -61 $29.40 0 4 
Average 149 149 -- $32.53 5 15 
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TABLE 7 

WATER USE STATISTICS FOR MEDIUM AND LARGE 
PUBLIC WATER SUPPLIERS 

REGION 6, 2007 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month

Percent 
Metered 

Free 
Percent 

Unacc. For 
Mitchell Co. RWD #02 215 135 +59 $57.08 7 9 
Medicine Lodge 201 135 +49 $28.91 1 28 
Lyons 189 135 +40 $19.00 7 11 
Pratt 184 135 +36 $17.46 11 6 
Attica 179 135 +32 $19.60 0 9 
Mankato 171 135 +27 $30.70 3 26 
Kiowa 166 135 +23 $25.25 2 14 
Osborne 157 135 +16 $29.93 22 13 
South Hutchinson 156 135 +16 $18.58 4 11 
Anthony 156 135 +15 $46.31 5 21 
Downs 141 135 +4 $28.50 2 22 
Lincoln Center 141 135 +4 $26.98 4 28 
Kensington 138 135 +2 $29.00 6 23 
Smith Center 138 135 +2 $40.58 2 23 
Haven 137 135 +2 $14.80 3 29 
St. John 136 135 +1 $22.20 10 16 
Little River 136 135 0 $33.00 1 12 
Stafford 133 135 -1 $13.83 13 6 
Ellsworth 132 135 -2 $46.30 6 17 
Claflin 131 135 -3 $28.00 4 25 
Great Bend 131 135 -3 $25.86 0 25 
Pretty Prairie 130 135 -4 $23.70 3 5 
Russell Co. RWD #03 130 135 -4 $69.00 0 23 
Harper 129 135 -5 $34.00 0 11 
Hutchinson 126 135 -7 $30.05 7 9 
Rice Co. RWD #01 122 135 -9 $29.00 0 15 
Buhler 117 135 -13 $17.55 2 6 
Kingman 114 135 -16 $35.00 0 10 
Wilson 108 135 -20 $38.00 1 12 
Russell 107 135 -21 $62.25 6 7 
Ellinwood 101 135 -25 $23.00 1 5 
Hoisington 97 135 -28 $39.00 4 14 
Norwich 92 135 -31 $33.50 0 14 
Sterling 92 135 -32 $29.25 10 na 
Kanopolis 91 135 -33 $38.79 1 13 
Beloit 90 135 -33 $41.85 5 8 
Nickerson 67 135 -50 $62.25 7 7 
Average 135 135 -- $32.65 5 15 
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TABLE 8 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 
REGION 6, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Osborne Co. RWD #01A 643 125 +415 $56.00 13 50 
West Hills Water Company 296 125 +137 $20.00 0 100 
Cullison 223 125 +79 $17.00 5 20 
Harper Co. RWD #05 190 125 +52 $77.00 0 30 
Barber Co. RWD #01 189 125 +51 $30.00 0 100 
Russell Co. RWD #02 186 125 +48 $30.00 0 100 
Cawker City 184 125 +47 $26.25 4 33 
Gaylord 183 125 +46 $26.12 2 48 
Lorraine 180 125 +44 $34.00 1 61 
Hardtner 171 125 +36 $25.50 19 10 
Osborne Co. RWD #02 169 125 +35 $65.00 0 6 
Glen Elder 168 125 +34 $37.50 2 12 
Jewell Co. RWD #01 165 125 +32 $48.30 1 19 
Smith Co. RWD #01 154 125 +23 $53.50 0 7 
Cunningham 151 125 +21 $22.30 4 9 
Russell Co. RWD #01 149 125 +19 $50.00 0 21 
Reno Co. RWD #08 144 125 +15 $55.00 7 9 
Isabel 143 125 +15 $22.00 0 14 
Sharon 143 125 +14 $18.50 1 18 
Reno Co. RWD #01 143 125 +14 $44.00 0 na 
Randall 137 125 +10 $58.25 0 12 
Sawyer 128 125 +3 $22.50 1 6 
Sylvan Grove 126 125 +1 $42.00 0 6 
Raymond 124 125 0 $19.00 15 10 
Coats 123 125 -2 $15.00 16 15 
Macksville 122 125 -2 $28.00 7 13 
Bushton 122 125 -3 $30.00 <1 14 
Natoma 121 125 -3 $29.00 0 34 
Zenda 121 125 -4 $24.00 4 36 
Abbyville 120 125 -4 $8.50 0 17 
Russell Co. RWD #04 120 125 -4 $50.00 0 18 
Alton 119 125 -4 $28.50 <1 7 
Chase 117 125 -6 $32.30 0 18 
Reno Co. RWD #03 116 125 -7 $55.00 0 14 
Albert 115 125 -8 $26.00 0 5 
Geneseo 112 125 -10 $30.91 3 33 
Lucas 111 125 -11 $32.00 1 28 
Reno Co. WD #101 111 125 -11 $20.50 0 5 
Esbon 108 125 -13 $47.00 0 10 
Bluff City 108 125 -14 $20.50 2 23 
Bunker Hill 106 125 -15 $55.00 22 7 
Sylvia 105 125 -16 $30.50 4 26 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION 6, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Holyrood 103 125 -18 $27.50 9 3 
Turon 102 125 -18 $17.50 3 10 
Tipton 102 125 -18 $55.50 3 11 
Burr Oak 102 125 -19 $27.00 1 15 
Hazelton 100 125 -20 $27.80 <1 12 
Preston 99 125 -21 $24.25 1 15 
Arlington 99 125 -21 $38.00 9 5 
Olmitz 95 125 -24 $36.50 0 21 
Spivey 94 125 -25 $42.90 0 34 
Lebanon 91 125 -27 $58.00 1 8 
Gorham 90 125 -28 $54.00 <1 19 
Portis 90 125 -28 $25.00 0 16 
Susank 89 125 -29 $43.00 0 12 
Beverly 88 125 -30 $29.50 3 19 
Hunter 83 125 -34 $48.00 2 19 
Simpson 83 125 -34 $31.00 1 17 
Barton Co. RWD #01 81 125 -36 $55.00 0 12 
Luray 80 125 -36 $71.00 2 10 
Waldo 80 125 -36 $59.50 0 na 
Barber Co. RWD #03 79 125 -37 $59.00 0 19 
Formoso 78 125 -38 $46.00 2 17 
Jewell 77 125 -38 $25.75 1 10 
Pawnee Rock 75 125 -40 $31.00 1 15 
Iuka 74 125 -41 $31.00 <1 4 
Paradise 74 125 -41 $61.00 0 13 
Harper Co. RWD #04 74 125 -41 $68.00 0 20 
Reno Co. RWD #04 68 125 -45 $55.11 0 9 
Dorrance 68 125 -45 $45.00 1 17 
Kingman Co. RWD #01 58 125 -54 $97.50 0 20 
Barnard 54 125 -57 $41.00 0 15 
Barton Hills WD 46 125 -63 $30.00 0 8 
Average 125 125 -- $38.68 4 17 
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TABLE 9 

WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERS 
REGION  7, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Coffeyville 232 135 +72 $44.88 21 23 
Emporia 176 135 +31 $27.73 5 18 
Junction City 150 135 +11 $25.18 4 21 
McPherson 146 135 +8 $24.00 1 7 
El Dorado 145 135 +7 $25.48 2 na 
Wichita 141 135 +5 $19.49 1 4 
Independence 141 135 +4 $27.87 1 22 
Manhattan 141 135 +4 $26.34 6 9 
Topeka 138 135 +2 $35.85 6 16 
Winfield 129 135 -5 $32.55 0 14 
Arkansas City 125 135 -8 $59.12 3 23 
Salina 116 135 -14 $35.93 2 11 
Newton 103 135 -24 $31.10 1 8 
Haysville 94 135 -30 $19.38 4 11 
Derby (El Paso Water Co.) 93 135 -31 $39.60 <1 na 
Average 135 135 -- $32.01 4 14 
 



17 
 

 
TABLE 10 

WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 
REGION  7, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Seneca 168 101 +67 $24.25 4 7 
Marysville 164 101 +63 $32.42 4 31 
Republic Co. RWD #02 159 101 +58 $52.83 5 27 
Fredonia 158 101 +56 $42.52 3 15 
Cheney 158 101 +56 $33.70 29 9 
Hesston 156 101 +54 $23.70 16 4 
Morris Co. RWD #01 155 101 +53 $54.00 1 7 
Goddard 150 101 +48 $12.65 <1 na 
Pottawatomie Co. RWD #02 149 101 +47 $78.00 0 31 
Clyde 148 101 +47 $26.30 5 8 
Hillsboro 147 101 +45 $49.52 12 18 
Augusta 146 101 +45 $34.00 1 22 
Minneapolis 145 101 +44 $53.23 15 24 
Neodesha 145 101 +44 $54.75 15 13 
Abilene 144 101 +43 $39.00 9 18 
Waterville 144 101 +42 $20.50 2 9 
Chapman 143 101 +41 $23.50 30 8 
Belleville 141 101 +40 $25.64 7 9 
Caney 140 101 +38 $45.20 13 24 
Washington 139 101 +38 $22.70 0 24 
Blue Rapids 138 101 +37 $19.05 2 26 
Wakefield 137 101 +36 $25.00 1 24 
Clifton 137 101 +35 $19.00 4 13 
Sumner Co. RWD #05 136 101 +34 $63.25 <1 15 
Lyon Co. RWD #02 134 101 +33 $35.51 0 4 
Butler Co. RWD #02 133 101 +32 $69.30 0 47 
Timber Creek Water & Sewer 132 101 +31 $38.50 0 12 
Frankfort 130 101 +29 $24.05 16 16 
Pottawatomie Co. RWD #04 130 101 +29 $73.00 22 11 
Strong City 129 101 +28 $53.50 33 na 
North Newton 129 101 +28 $37.31 0 23 
Concordia 129 101 +28 $32.68 4 11 
Washington Co. RWD #02 128 101 +27 $57.30 0 22 
Herington 126 101 +25 $38.15 21 6 
Wellington 124 101 +23 $36.67 24 3 
Marion 123 101 +22 $35.25 7 19 
Riley 122 101 +21 $22.00 1 30 
Mount Hope 122 101 +21 $16.30 8 9 
Nemaha Co. RWD #04 121 101 +20 $58.00 0 17 
Goessel 120 101 +18 $27.88 <1 22 
Sabetha 119 101 +18 $48.62 7 6 
Wamego 118 101 +17 $18.95 3 7 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Alma 117 101 +16 $59.00 0 na 
Moundridge 117 101 +16 $14.25 1 na 
Dickinson Co. RWD #02 116 101 +15 $64.50 1 27 
Galva 116 101 +15 $20.95 <1 13 
Burlington 115 101 +14 $39.00 3 14 
Miltonvale 115 101 +14 $20.50 3 25 
Yates Center 114 101 +12 $43.75 2 15 
Conway Springs 113 101 +12 $41.42 0 22 
Eureka 112 101 +11 $36.35 6 9 
Park City 111 101 +10 $37.55 1 8 
Dickinson Co. RWD #01 111 101 +10 $60.00 0 47 
Canton 111 101 +10 $26.65 2 na 
Pottawatomie Co. RWD #01 111 101 +9 $41.00 1 na 
Inman 111 101 +9 $22.00 0 7 
McPherson Co. RWD #04 110 101 +9 $61.00 0 6 
Solomon 109 101 +8 $28.00 6 13 
Ogden 109 101 +7 $24.00 2 7 
Nemaha Co. RWD #03 108 101 +7 $41.30 0 7 
Sumner Co. RWD #04 107 101 +6 $70.50 0 32 
Riley Co. RWD #01 107 101 +6 $51.25 2 6 
Argonia 107 101 +6 $34.65 5 8 
Marquette 107 101 +6 $34.00 8 4 
Hanover 106 101 +5 $39.75 5 13 
Shawnee Co. RWD #03C 106 101 +5 $61.12 0 na 
Onaga 106 101 +5 $38.50 3 5 
Bel Aire 106 101 +5 $43.54 1 4 
Jackson Co. RWD #03 104 101 +3 $68.47 1 21 
Marshall Co. RWD #03 104 101 +3 $53.43 0 15 
Lindsborg 103 101 +2 $30.00 1 8 
Pottawatomie Co. RWD #03 103 101 +2 $34.00 1 20 
St. Marys 102 101 +1 $26.90 2 3 
Overbrook 102 101 +1 $70.50 2 29 
Halstead 101 101 0 $60.80 1 15 
Marion Co. RWD #01 101 101 0 $30.30 <1 9 
Greenwood Co. RWD #02 100 101 -1 $63.00 0 16 
Holton 100 101 -1 $45.50 9 6 
Cowley Co. RWD #03 100 101 -1 $28.56 4 16 
Osage Co. RWD #03 100 101 -1 $73.00 10 17 
Clay Center 99 101 -2 $25.37 1 10 
Leon 99 101 -2 $55.00 3 19 
Sedgwick Co. RWD #04 96 101 -4 $68.50 0 20 
Belle Plaine 96 101 -5 $25.52 <1 15 
Cottonwood Falls 96 101 -5 $43.00 27 4 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Oxford 96 101 -5 $33.00 6 14 
Montgomery Co. RWD #06 95 101 -6 $53.00 0 20 
Osage City 95 101 -6 $37.22 <1 8 
Cherryvale 95 101 -6 $62.50 3 23 
Sedan 94 101 -7 $62.80 4 16 
White City 94 101 -7 $33.00 3 20 
Burrton 93 101 -8 $28.87 7 11 
Grandview Plaza 92 101 -9 $28.61 <1 15 
Burden 92 101 -9 $63.27 2 7 
Cowley Co. RWD #05 92 101 -9 $70.00 0 20 
Washington Co. RWD #01 92 101 -9 $47.70 3 9 
Howard 91 101 -10 $48.70 9 6 
Cowley Co. RWD #01 91 101 -10 $34.00 2 6 
Council Grove 91 101 -10 $48.30 <1 13 
Eskridge 90 101 -11 $56.00 11 4 
Butler Co. RWD #01 90 101 -11 $70.00 0 17 
Clearwater 90 101 -11 $36.00 2 12 
Ottawa Co. RWD #02 90 101 -11 $52.84 0 15 
Clay Co. RWD #02 90 101 -11 $53.82 0 9 
Hartford 89 101 -11 $78.75 0 26 
Garden Plain 89 101 -12 $35.50 1 4 
Burlingame 88 101 -12 $76.95 3 24 
Benton 88 101 -13 $58.75 4 10 
Mulvane 88 101 -13 $46.60 0 12 
Madison 88 101 -13 $52.00 2 15 
Maple Hill 88 101 -13 $37.40 2 6 
Shawnee Co. RWD #08 87 101 -14 $38.00 1 13 
Lyndon 87 101 -14 $79.25 1 23 
Geary Co. RWD #04 87 101 -14 $65.50 15 5 
Osage Co. RWD #08 87 101 -14 $75.00 0 22 
Saline Co. RWD #04 87 101 -14 $36.68 0 19 
Wabaunsee Co. RWD #02 87 101 -14 $66.00 20 12 
Shawnee Co. RWD #02C 87 101 -14 $55.00 2 20 
Kechi 87 101 -14 $42.00 2 5 
Westmoreland 86 101 -15 $50.75 1 13 
Osage Co. RWD #05 86 101 -15 $58.96 1 17 
Rossville 86 101 -15 $35.84 0 11 
Bennington 86 101 -15 $28.60 9 4 
Elk Co. RWD #01 85 101 -16 $95.00 0 30 
Lyon Co. RWD #05 85 101 -16 $44.95 2 14 
Caldwell 85 101 -16 $49.50 <1 14 
Milford 85 101 -16 $71.00 9 11 
Enterprise 84 101 -16 $38.00 3 12 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Montgomery Co. RWD #11 84 101 -17 $76.25 1 19 
Jackson Co. RWD #01 84 101 -17 $71.50 0 18 
Whitewater 83 101 -17 $62.50 2 7 
Silver Lake 83 101 -18 $31.80 1 8 
Carbondale 83 101 -18 $65.50 1 17 
Osage Co. RWD #07 83 101 -18 $64.20 0 20 
Andale 83 101 -18 $30.25 0 5 
Centralia 83 101 -18 $43.00 5 na 
Osage Co. RWD #04 81 101 -20 $85.40 0 17 
Coffey Co. RWD #02 81 101 -20 $72.50 0 13 
Peabody 80 101 -21 $54.42 2 13 
Marion Co. RWD #04 80 101 -21 $47.10 0 11 
Cedar Vale 79 101 -21 $94.00 2 20 
Montgomery Co. RWD #02 78 101 -23 $72.20 0 13 
Udall 78 101 -23 $39.25 1 na 
Waverly 78 101 -23 $85.20 2 8 
Douglass 77 101 -24 $68.15 4 13 
Shawnee Co. RWD #01C 77 101 -24 $72.00 2 6 
Sedgwick Co. RWD #03 77 101 -24 $34.00 6 na 
Maize 76 101 -25 $68.33 <1 9 
Montgomery Co. RWD #12 75 101 -25 $88.75 0 21 
Florence 75 101 -26 $58.00 9 8 
St. George 75 101 -26 $41.45 <1 8 
Sedgwick Co. RWD #01 74 101 -26 $51.00 0 9 
Rose Hill 74 101 -27 $45.58 1 3 
Butler Co. RWD #05 74 101 -27 $47.60 3 8 
Assaria 74 101 -27 $39.05 4 5 
Valley Center 74 101 -27 $51.11 2 4 
Cowley Co. RWD #06 74 101 -27 $20.18 <1 18 
Hoyt 73 101 -27 $70.05 1 4 
Woodson Co. RWD #01 73 101 -27 $76.00 6 15 
Glasco 73 101 -28 $61.64 0 7 
Harvey Co. RWD #01 73 101 -28 $64.00 0 12 
Greenwood Co. RWD #01 72 101 -28 $95.00 4 31 
Butler Co. RWD #03 71 101 -29 $87.50 0 15 
Lebo 71 101 -30 $69.25 2 4 
Olpe 70 101 -31 $54.90 <1 na 
Butler Co. RWD #07 70 101 -31 $85.00 0 7 
Butler Co. RWD #06 70 101 -31 $85.00 0 11 
Sedgwick 69 101 -31 $47.00 1 na 
LeRoy 67 101 -34 $80.00 1 na 
Colwich 66 101 -35 $51.50 2 na 
Butler Co. RWD #08 64 101 -37 $48.00 0 12 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Scranton 64 101 -37 $68.75 1 10 
Wilson Co. RWD #11 64 101 -37 $72.00 0 25 
Coffey Co. RWD #03 63 101 -38 $96.50 1 6 
Cowley Co. RWD #02 62 101 -39 $47.50 2 8 
Lyon Co. RWD #04 61 101 -39 $60.00 0 3 
Lyon Co. RWD #01 60 101 -41 $54.00 0 na 
Average 101 101 -- $49.40 5 14 
 



22 
 

 
TABLE 11 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 
REGION  7, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Republic Co. RWD #01 333 92 +262 $33.05 0 34 
Byron 219 92 +138 $12.50 0 100 
Mahaska 182 92 +98 $22.00 1 5 
Elmdale 181 92 +97 $33.00 0 30 
Elk City 173 92 +88 $45.85 14 16 
Scandia 167 92 +81 $12.25 7 7 
Elgin 166 92 +80 $25.00 1 58 
Barnes 159 92 +72 $33.00 3 34 
Clay Co. RWD #01 158 92 +71 $58.50 0 13 
Cloud Co. RWD #01 143 92 +56 $62.00 <1 36 
Republic 143 92 +56 $17.00 17 17 
Little Bear Mound 143 92 +56 na 0 100 
Greenleaf 141 92 +54 $25.50 7 18 
Nemaha Co. RWD #01 129 92 +41 $40.00 0 12 
Montgomery Co. RWD #08 127 92 +38 $64.63 0 44 
Vermillion 127 92 +38 $32.00 33 na 
Saline Co. RWD #02 124 92 +35 $39.00 0 27 
Morganville 122 92 +33 $14.50 0 na 
Wilson Co. RWD #01 119 92 +30 $60.00 0 24 
Delphos 119 92 +29 $21.50 16 30 
Howison Heights WD 118 92 +29 $47.00 0 6 
Sumner Co. RWD #02 117 92 +27 $66.00 0 8 
Harveyville 117 92 +27 $85.00 31 10 
South Haven 115 92 +25 $32.00 2 13 
Sumner Co. RWD #01 114 92 +24 $49.80 0 14 
Palmer 113 92 +23 $32.50 5 9 
Linn 113 92 +23 $36.50 0 5 
Buffalo 112 92 +21 $69.33 4 18 
Courtland 111 92 +21 $39.00 2 8 
Wilson Co. RWD #06 109 92 +19 $53.00 0 19 
McPherson Co. RWD #01 109 92 +19 $24.50 0 na 
Severy 108 92 +18 $71.25 36 17 
Dexter 107 92 +16 $20.52 1 10 
Leonardville 106 92 +16 $34.00 0 11 
Tescott 105 92 +15 $16.55 2 18 
McPherson Co. RWD #03 104 92 +13 $22.50 0 na 
McPherson Co. RWD #02 104 92 +13 $40.00 0 4 
Moline 104 92 +13 $47.50 1 13 
Durham 104 92 +13 $36.00 <1 10 
Montgomery Co. RWD #10 104 92 +13 $65.00 0 32 
Montgomery Co. RWD #01 104 92 +13 $56.80 0 na 
Bern 103 92 +12 $34.90 <1 5 
Cuba 99 92 +7 $24.18 0 21 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Chautauqua Co. RWD #02 98 92 +6 $88.00 0 28 
Geuda Springs 97 92 +6 $29.00 2 11 
Hope 97 92 +6 $42.25 0 3 
Narka 97 92 +5 $25.00 16 20 
Beattie 97 92 +5 $36.75 1 19 
Windom 96 92 +5 $32.00 1 11 
New Strawn 96 92 +4 $76.25 5 15 
Belvue 96 92 +4 $27.00 0 7 
Geary Co. RWD #02 94 92 +3 $22.20 0 100 
Saline Co. RWD #06 93 92 +1 $60.00 0 10 
Chase Co. RWD #01 92 92 0 $50.00 4 19 
Summerfield 91 92 -1 $20.00 <1 7 
Saline Co. RWD #08 91 92 -1 $45.00 0 13 
Sumner Co. RWD #06 91 92 -1 $43.00 0 9 
Gypsum 90 92 -2 $25.25 <1 na 
Marshall Co. RWD #01 90 92 -2 $45.50 0 12 
Blue River Hills Improvement 90 92 -2 $20.00 0 100 
Nemaha Co. RWD #02 90 92 -2 $34.50 0 7 
Morrowville 89 92 -3 $36.00 0 16 
Toronto 88 92 -4 $83.22 6 12 
Ottawa Co. RWD #01 88 92 -5 $55.00 0 3 
Aurora 86 92 -7 $38.00 0 10 
Cowley Co. RWD #07 85 92 -7 $30.00 0 46 
Cowley Co. RWD #04 85 92 -7 $68.50 0 10 
Altoona 85 92 -7 $46.50 13 12 
Green 84 92 -8 $36.00 17 16 
Paxico 84 92 -8 $35.00 0 na 
Osage Co. RWD #06 84 92 -9 $80.00 0 18 
Wilson Co. RWD #04 83 92 -9 $80.00 0 8 
Longton 83 92 -9 $51.00 8 19 
Sumner Co. RWD #03 83 92 -10 $43.20 0 na 
Agenda 82 92 -11 $36.00 <1 3 
Chautauqua Co. RWD #03 82 92 -11 na 0 13 
Cowley Co. RWD #08 81 92 -12 $25.00 0 na 
Axtell 80 92 -13 $43.50 1 4 
Greenwood Co. RWD #03 80 92 -13 $78.30 0 13 
Latham 80 92 -13 $57.00 0 13 
Wetmore 79 92 -14 $45.50 8 13 
Montgomery Co. RWD #13 78 92 -15 $88.00 0 28 
Melvern 78 92 -15 $71.43 5 11 
Haddam 78 92 -16 $39.00 5 30 
Wabaunsee Co. RWD #01 77 92 -16 $88.00 <1 13 
Dwight 77 92 -16 $38.00 0 na 
Longford 76 92 -17 $47.50 1 7 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Matfield Green 76 92 -17 $43.00 <1 20 
Alta Vista 76 92 -18 $75.00 2 9 
Delia 76 92 -18 $62.50 0 100 
Admire 75 92 -18 $45.50 0 19 
Potwin 75 92 -18 $66.00 <1 7 
Wilson Co. RWD #13 75 92 -18 $66.50 0 28 
Montgomery Co. RWD #07 74 92 -19 $53.00 0 14 
Rocky Ford Water Company 74 92 -20 $20.00 0 100 
Osage Co. RWD #02 74 92 -20 $62.00 0 12 
Randolph 74 92 -20 $40.00 0 12 
Walton 74 92 -20 $87.00 <1 na 
Newbury Extension 73 92 -20 $48.50 0 5 
Olsburg 73 92 -20 $33.00 3 5 
Grenola 73 92 -21 $73.00 <1 18 
Cedar Point 72 92 -21 $50.50 0 25 
Cassoday 72 92 -22 $63.95 0 9 
Jamestown 71 92 -23 $47.60 0 na 
Saline Co. RWD #07 71 92 -23 $79.80 0 7 
Dearing 70 92 -24 $44.82 0 na 
Gridley 69 92 -24 $88.50 <1 17 
Oketo 69 92 -25 $35.25 0 20 
Lehigh 69 92 -25 $33.20 0 na 
Red Bud Lake Improvement 68 92 -26 $102.86 0 47 
Burns 68 92 -26 $31.00 <1 5 
Wilson Co. RWD #12 68 92 -26 $66.00 0 7 
Montgomery Co. RWD #14 68 92 -26 $100.95 0 22 
McFarland 68 92 -27 $62.00 2 10 
Atlanta 67 92 -27 $74.00 5 26 
Manchester 67 92 -27 $47.00 0 14 
Fall River 67 92 -27 $43.00 0 18 
Viola 67 92 -27 $50.00 0 13 
Wilson Co. RWD #09 67 92 -28 $50.00 0 19 
Mayetta 66 92 -29 $87.00 <1 7 
Reading 65 92 -29 $92.00 1 na 
Oneida 65 92 -30 $29.05 0 13 
Konza Valley Water District 64 92 -30 $69.80 0 9 
Mayfield 64 92 -30 $41.30 0 na 
Elbing 64 92 -31 $65.00 <1 7 
Goff 63 92 -31 $38.00 15 5 
Whiting 63 92 -31 $68.50 1 23 
Hamilton 63 92 -32 $81.00 1 9 
Soldier 61 92 -34 $59.75 1 8 
Lyon Co. RWD #03 61 92 -34 $67.00 0 9 
Cambridge 60 92 -35 $81.00 <1 6 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
McPherson Co. RWD #06 60 92 -35 $90.10 0 9 
Saline Co. RWD #01 60 92 -35 $40.00 0 15 
Allen 59 92 -36 $68.00 1 9 
Emmett 59 92 -36 $42.00 0 16 
Wilson Co. RWD #02 58 92 -37 $60.00 0 100 
Circleville 57 92 -38 $69.00 0 21 
Culver 56 92 -40 $35.50 0 11 
Wilsey 55 92 -40 $35.17 0 4 
Peru 55 92 -40 $71.80 1 9 
University Park Water 54 92 -42 $40.00 0 6 
Wilson Co. RWD #05 53 92 -42 $80.00 0 33 
Quenemo 52 92 -44 $85.00 <1 na 
Scotsman Estates 50 92 -45 $85.00 0 11 
Virgil 49 92 -47 $50.00 0 13 
Chautauqua Co. RWD #01 48 92 -48 $47.00 0 na 
Average 92 92 -- $50.33 5 15 

 



26 
 

 
TABLE 12 

WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERS 
REGION  8, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Atchison 226 130 +74 $40.22 8 29 
Kansas City BPU 204 130 +57 $52.16 24 17 
WaterOne - Johnson Co. 155 130 +19 $33.69 6 9 
Parsons 118 130 -9 $47.82 20 11 
Lawrence 115 130 -11 $29.75 9 3 
Pittsburg 111 130 -15 $39.17 3 6 
Gardner 98 130 -25 $45.77 6 16 
Leavenworth 97 130 -26 $46.29 <1 11 
Olathe 94 130 -28 $34.12 <1 13 
Ottawa 84 130 -35 $27.57 <1 12 
Average 130 130 -- $39.66 8 13 

 



27 
 

 
TABLE 13 

WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 
REGION  8, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
DeSoto 186 98 +90 $57.58 4 54 
Bourbon Co. RWD #04 170 98 +73 $68.25 11 13 
Fort Scott 156 98 +60 $41.94 2 27 
Bonner Springs 147 98 +50 $51.00 10 23 
Jefferson Co. RWD #02 138 98 +40 $49.00 3 36 
Iola 137 98 +40 $50.56 1 21 
Paola 136 98 +38 $45.74 14 15 
Osawatomie 133 98 +36 $39.06 13 17 
Baxter Springs 132 98 +35 $40.83 4 31 
Cherokee Co. RWD #03 132 98 +35 $52.75 2 39 
Thayer 132 98 +34 $47.00 2 8 
Chanute 130 98 +33 $28.03 9 12 
Allen Co. RWD #08 129 98 +31 $52.00 0 23 
Crawford Co. RWD #05 128 98 +31 $34.50 4 34 
Neosho Co. RWD #07 128 98 +31 $50.30 0 33 
Jefferson Co. RWD #13 127 98 +29 $66.50 12 27 
Crawford Co. RWD #06 125 98 +28 $88.50 17 18 
Crawford Co. RWD #01C 124 98 +27 $55.00 4 16 
Galena 121 98 +24 $34.00 2 20 
Cherokee Co. RWD #01 119 98 +22 $50.00 <1 37 
Highland 119 98 +21 $57.25 23 17 
Hiawatha 118 98 +20 $38.20 4 5 
Frontenac 118 98 +20 $42.54 8 13 
Linn Co. RWD #01 117 98 +20 $60.00 0 21 
Jefferson Co. RWD #03 113 98 +15 $28.50 0 54 
Louisburg 112 98 +15 $70.25 5 6 
Troy 112 98 +14 $53.42 24 8 
Wathena 112 98 +14 $57.00 1 29 
Humboldt 110 98 +12 $73.95 15 15 
Columbus 109 98 +11 $48.10 9 26 
Anderson Co. RWD #04 109 98 +11 $81.00 0 21 
Johnson Co. RWD #06C 108 98 +10 $80.00 2 17 
Valley Falls 107 98 +10 $46.50 26 16 
Girard 106 98 +9 $37.25 13 16 
Cherokee Co. RWD #04 106 98 +8 $52.00 2 29 
Jefferson Co. RWD #07 104 98 +6 $39.00 0 21 
Atchison Co. RWD #05C 104 98 +6 $72.90 0 14 
Jefferson Co. RWD #01 103 98 +5 $34.80 0 25 
Chetopa 103 98 +5 $66.09 11 4 
Jefferson Co. RWD #12 102 98 +4 $66.50 15 11 
Johnson Co. RWD #07 102 98 +4 $59.93 0 9 
Crawford RWD #01 102 98 +4 $38.00 0 29 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  8, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Erie 101 98 +3 $51.20 3 11 
Douglas Co. RWD #01 101 98 +3 $60.60 0 17 
Elwood 101 98 +3 $60.38 <1 8 
Leavenworth Co. RWD #08 100 98 +3 $59.00 2 20 
Baldwin 100 98 +2 $93.44 <1 13 
Leavenworth Co. RWD #02 99 98 +1 $66.50 0 36 
Garnett 98 98 0 $69.00 5 13 
Mound City 97 98 -1 $49.00 6 na 
La Cygne 96 98 -2 $63.25 3 6 
Douglas Co. RWD #02 96 98 -2 $78.50 0 23 
Pleasanton 96 98 -2 $54.19 5 16 
Leavenworth Co. RWD #01C 95 98 -3 $61.07 2 8 
Oswego 94 98 -4 $60.55 14 4 
Douglas Co. RWD #06 94 98 -4 $37.00 0 na 
Franklin Co. RWD #06 94 98 -5 $70.50 25 15 
Suburban Water Company 92 98 -6 $63.67 2 10 
Horton 92 98 -6 $38.27 6 9 
Brown Co. RWD #01 92 98 -6 $30.50 0 21 
Linn Co. RWD #03 92 98 -6 $85.40 0 26 
Cherokee Co. RWD #02 91 98 -7 $40.60 0 18 
Cherokee 91 98 -7 $53.25 <1 7 
Perry 90 98 -8 $70.40 <1 15 
Winchester 90 98 -8 $37.90 12 4 
Spring Hill 90 98 -8 $60.00 3 5 
Bourbon Co. RWD #02C 90 98 -8 $50.00 <1 11 
Eudora 89 98 -9 $50.40 18 6 
Douglas Co. RWD #03 89 98 -10 $65.50 2 20 
Neosho Co. RWD #02 88 98 -10 $34.39 1 26 
Labette Co. RWD #08 88 98 -10 $65.00 0 26 
Miami Co. RWD #02 88 98 -10 $56.00 0 9 
Scammon 88 98 -10 $18.25 13 14 
Tonganoxie 88 98 -10 $42.99 3 16 
Lansing (Lan-Del WC) 87 98 -11 $54.09 <1 6 
Moran 87 98 -11 $57.50 1 10 
St. Paul 86 98 -12 $43.75 0 7 
Ozawkie 86 98 -13 $23.00 0 14 
Leavenworth Co. RWD #05 85 98 -13 $49.24 0 8 
Nortonville 85 98 -14 $39.39 <1 8 
Crawford Co. RWD #04 84 98 -14 $39.50 6 19 
Labette Co. RWD #05 84 98 -14 $66.00 0 4 
Douglas Co. RWD #04 84 98 -14 $84.00 2 21 
Neosho Co. RWD #04 84 98 -15 $66.16 0 23 
Oskaloosa 84 98 -15 $59.55 1 na 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  8, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Mulberry 83 98 -15 $80.05 <1 24 
Effingham 82 98 -16 $40.00 5 3 
Leavenworth Co. RWD #07 82 98 -16 $79.90 3 9 
Neosho Co. RWD #01C 82 98 -16 $81.25 0 na 
Franklin Co. RWD #04 82 98 -16 $67.25 4 13 
Miami Co. RWD #03 80 98 -18 $75.00 0 19 
Leavenworth Co. RWD #09 78 98 -20 $56.20 1 20 
Franklin Co. RWD #01 77 98 -21 $67.29 0 7 
Arma 77 98 -22 $35.40 0 8 
Anderson Co. RWD #05 76 98 -22 $70.75 <1 14 
La Harpe 76 98 -22 $39.50 2 7 
Linn Co. RWD #02 76 98 -22 $80.50 9 27 
Altamont 76 98 -22 $60.00 0 7 
Brown Co. RWD #02 76 98 -23 $59.60 2 7 
Wellsville 74 98 -24 $55.22 0 5 
Richmond 73 98 -25 $63.25 2 9 
Franklin Co. RWD #05 73 98 -26 $66.35 0 16 
Miami Co. RWD #01 73 98 -26 $56.92 1 11 
Gas 72 98 -26 $54.53 0 4 
Cherokee Co. RWD #08 72 98 -26 $42.00 2 13 
McLouth 71 98 -27 $98.00 3 12 
Lecompton 70 98 -29 $54.50 2 13 
Weir 69 98 -29 $53.00 <1 5 
Douglas Co. RWD #05 69 98 -30 $77.00 0 5 
Pomona 67 98 -32 $85.00 0 na 
Labette Co. RWD #07 63 98 -35 $47.50 0 11 
Labette Co. RWD #06 63 98 -36 $33.60 0 na 
Anderson Co. RWD #01C 58 98 -41 $118.30 0 15 
Edgerton 51 98 -48 $83.64 1 6 
Average 98 98 -- $56.89 6 16 
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TABLE 14 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 
REGION  8, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Lakeside Village Improvement 152 82 +86 $38.00 2 62 
Allen Co. RWD #03 129 82 +58 $49.00 0 35 
Neosho Co. RWD #03 129 82 +57 $74.00 0 36 
Neosho Co. RWD #05 125 82 +53 $65.00 0 26 
Muscotah 120 82 +46 $39.00 0 56 
Labette Co. RWD #04 118 82 +44 $62.00 0 20 
Labette Co. RWD #01 113 82 +38 $70.00 0 17 
Neosho Co. RWD #09 112 82 +37 $51.90 0 22 
Everest 112 82 +36 $29.25 0 25 
Franklin Co. RWD #07 108 82 +32 $30.00 0 87 
Chicopee Rural Water 107 82 +31 $54.00 0 35 
Anderson Co. RWD #01 105 82 +28 $80.00 0 7 
Neosho Co. RWD #06 104 82 +27 $48.30 0 19 
Allen Co. RWD #16 104 82 +26 $23.00 0 100 
Cherokee Co. RWD #07 97 82 +18 $48.92 0 39 
Robinson 95 82 +16 $36.00 4 20 
Doniphan Co. RWD #03 95 82 +16 $37.00 24 8 
Galesburg 92 82 +12 $66.00 1 13 
Allen Co. RWD #04 91 82 +11 $33.60 0 3 
Reserve 90 82 +10 $50.50 0 30 
Labette Co. RWD #02 90 82 +10 $56.40 0 18 
Leavenworth Co. RWD #06 90 82 +9 $58.00 0 9 
Colony 88 82 +8 $41.00 0 6 
Neosho Co. RWD #08 86 82 +5 $69.00 0 8 
Jefferson Co. RWD #11 84 82 +2 $81.40 4 19 
Uniontown 82 82 0 $74.00 2 14 
White Cloud 82 82 0 $48.00 0 16 
Neosho Co. RWD #12 82 82 0 $40.30 0 9 
Labette Co. RWD #03 81 82 -2 $63.88 0 8 
Morrill 81 82 -2 $62.04 <1 28 
Williamsburg 80 82 -3 $40.50 0 100 
Atchison Co. RWD #01 79 82 -4 $54.25 0 23 
Allen Co. RWD #09 78 82 -5 na 0 100 
Bartlett 78 82 -5 $62.00 0 16 
Jefferson Co. RWD #08 78 82 -5 $46.00 0 7 
Crawford Co. RWD #03 78 82 -5 $33.75 3 15 
Jefferson Co. RWD #10 77 82 -6 $60.50 14 17 
Bronson 76 82 -7 $65.22 3 12 
Mound Valley 76 82 -8 $59.30 <1 8 
Edna 75 82 -8 $90.00 1 11 
Allen Co. RWD #13 75 82 -9 $54.70 0 20 
Blue Mound 72 82 -13 $70.25 19 8 



31 
 

TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  8, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Crawford Co. RWD #07 71 82 -13 $61.00 <1 16 
Doniphan Co. RWD #02 71 82 -13 $76.00 0 15 
Linwood 69 82 -15 $41.50 <1 10 
McCune 69 82 -15 $77.92 <1 20 
Allen Co. RWD #12 69 82 -16 $55.00 0 na 
Allen Co. RWD #10 69 82 -16 $95.00 0 12 
Rantoul 69 82 -16 $51.50 1 8 
Allen Co. RWD #11 68 82 -17 $50.30 0 na 
Easton 67 82 -18 $43.47 23 12 
Princeton 67 82 -18 $42.50 <1 9 
Lancaster 66 82 -20 $29.95 0 na 
Franklin Co. RWD #03 65 82 -20 $66.50 0 6 
Jefferson Co. RWD #09 65 82 -20 $68.00 2 29 
Prescott 63 82 -23 $61.80 0 na 
Lane 62 82 -25 $56.00 1 11 
Arcadia 60 82 -27 $66.00 7 7 
Parker 60 82 -27 $92.00 0 20 
West Mineral 59 82 -28 $67.00 1 14 
Jefferson Co. RWD #15 59 82 -28 $39.75 0 14 
Cherokee Co. RWD #05 59 82 -28 $63.80 0 11 
Fulton 58 82 -29 $65.00 0 21 
Greeley 57 82 -30 $55.00 2 na 
Allen Co. RWD #15 56 82 -31 $35.50 0 na 
Kincaid 52 82 -37 $57.15 2 3 
Denison 52 82 -37 $74.25 0 8 
Doniphan Co. RWD #01 51 82 -38 $40.00 0 18 
Coal Hollow WD 48 82 -41 $43.50 0 100 
Average 82 82 -- $55.76 5 18 
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TABLE 15 

PUBLIC WATER SUPPLIERS WITH HIGHEST GPCD'S RELATIVE TO THEIR 
REGION, RANKED BY PERCENT ABOVE REGIONAL AVERAGE 

KANSAS, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Osborne Co. RWD #01A 643 125 +415 $56.00 13 50 
Comanche Co. RWD #02 566 149 +280 $58.00 0 52 
Republic Co. RWD #01 333 92 +262 $33.05 0 34 
Englewood 607 170 +257 $20.00 0 97 
Byron 219 92 +138 $12.50 0 100 
West Hills Water Company 296 125 +137 $20.00 0 100 
Mahaska 182 92 +98 $22.00 1 5 
Elmdale 181 92 +97 $33.00 0 30 
McDonald 481 245 +96 $25.10 4 50 
DeSoto 186 98 +90 $57.58 4 54 
Rexford 463 245 +89 $17.50 0 4 
Elk City 173 92 +88 $45.85 14 16 
Lakeside Village Improvement 152 82 +86 $38.00 2 62 
Scandia 167 92 +81 $12.25 7 7 
Elgin 166 92 +80 $25.00 1 58 
Cullison 223 125 +79 $17.00 5 20 
Rush Co. RWD #01 262 149 +76 $46.00 0 24 
Atchison 226 130 +74 $40.22 8 29 
Bourbon Co. RWD #04 170 98 +73 $68.25 11 13 
Barnes 159 92 +72 $33.00 3 34 
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TABLE 16 

PUBLIC WATER SUPPLIERS WITH LOWEST GPCD'S RELATIVE TO THEIR 
REGION, RANKED BY PERCENT BELOW REGIONAL AVERAGE 

KANSAS, 2007 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Norton Co. RWD #01 37 170 -77 $34.50 0 11 
Finney Co. RWD #01 55 245 -77 $46.50 0 na 
Farr Subdivision 58 245 -76 none 0 100 
Garden Spot Rentals 61 245 -75 none 0 100 
Hamilton Co. RWD #01 86 272 -68 $57.00 3 7 
Barton Hills WD 46 125 -66 $30.00 0 8 
Ellis Co. RWD #03 57 149 -63 $29.40 0 4 
Trego Co. RWD #01 71 170 -59 $51.00 0 5 
Rooks Co. RWD #02 64 149 -58 $25.50 0 10 
Barnard 54 125 -56 $41.00 0 15 
Horace 124 272 -56 $26.30 0 8 
Kingman Co. RWD #01 58 125 -54 $97.50 0 20 
McCracken 72 149 -53 $44.40 7 na 
Ensign 119 241 -53 $44.00 <1 8 
Nickerson 67 135 -52 $62.25 7 7 
Ellis Co. RWD #01 75 149 -52 $23.20 0 10 
Clayton 86 170 -51 $26.75 3 na 
Liebenthal 75 149 -51 $33.00 1 5 
Brownell 86 170 -50 $12.50 2 13 
Ransom 88 170 -50 $51.50 6 na 
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TABLE 17 

WATER USE BY PUBLIC WATER SUPPLIERS WITH FLAT RATES 
KANSAS, 2007 

Public Water Supplier Region 

Cost per 
10,000 

gal/month GPCD 

Regional 
Average 
GPCD 

Percent 
Difference

Arnold 4 $20.00 97 170 -43 
Belvidere 5 $15.00 198 149 +33 
Blue River Hills Improvement 7S $20.00 90 92 -2 
Byron 7S $12.50 219 92 +138 
Copeland 3 $40.00 244 241 +1 
Englewood 4 $25.00 607 170 +257 
Ford 4 $18.00 265 170 +56 
Geary Co. RWD #02 7S $22.20 94 92 +3 
Rocky Ford Water Company 7S $20.00 74 92 -20 
West Hills Water Company 6S $20.00 296 125 +137 
Average     +56 
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TABLE 18 

AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 
KANSAS, 2007 

Region 

Number of 
Public Water 

Suppliers 

Gallons of Water Used Per Month 

5,000 10,000 25,000 50,000 100,000 
1 16 $16.37 $23.60 $46.22 $83.92 $159.33 
2 22 $15.92 $21.91 $41.17 $75.42 $145.69 
3 20 $14.54 $21.22 $41.66 $76.73 $152.86 
4 27 $21.25 $28.73 $52.40 $93.49 $178.01 
5 45 $22.59 $32.53 $64.13 $118.27 $226.30 
6 110 $24.19 $36.65 $76.14 $141.17 $272.06 
7 337 $30.41 $48.97 $103.35 $194.40 $377.69 
8 192 $32.89 $55.58 $122.62 $234.13 $454.82 

Kansas 769 $28.23 $45.14 $95.57 $179.86 $348.76 
 



36 
 

 
TABLE 19 

PUBLIC WATER SUPPLIERS WITH 30 PERCENT OR MORE 
UNACCOUNTED FOR WATER 

KANSAS, 2007 

Public Water Supplier 

Percent 
Unaccounted 

For 

Potential Water 
Gain  

(Gallons)a/ 
Water Conservation 
Plan Approval Date 

Barnes 34 1,597,700 Oct. 13, 2003 
Baxter Springs 31 50,232,500 June 11,1998 
Bird City 39 15,991,550 -- 
Butler Co. RWD #02 47 21,128,600 Aug. 31, 1998 
Cawker City 33 5,829,950 Mar. 10, 2004 
Cherokee Co. RWD #01 37 5,431,250 Nov. 2, 2007 
Cherokee Co. RWD #03 39 24,935,250 Feb. 3, 1998 
Cherokee Co. RWD #07 39 1,339,550 Sep. 8, 2003 
Chicopee Rural Water 35 3,318,450 -- 
Cloud Co. RWD #01 36 5,407,350 Apr. 30,2001 
Comanche Co. RWD #02 52 9,059,200 Mar. 17, 1997 
Cowley Co. RWD #07 46 2,318,800 Aug. 11, 1999 
Crawford Co. RWD #05 34 17,358,000 Mar. 26, 1997 
Delphos 30 2,839,450 May 22, 2000 
DeSoto 54 159,618,700 Dec. 13, 1993 
Dickinson Co. RWD #01 47 13,702,250 Feb. 11, 2003 
Elgin 58 2,455,800 Apr. 1, 1997 
Elk Co. RWD #01 30 4,164,150 -- 
Elmdale 30 494,950 -- 
Gaylord 48 3,352,400 Dec. 11, 2002 
Geneseo 33 2,196,450 Oct. 21, 2004 
Glade 50 1,702,950 Dec. 21, 2004 
Greenwood Co. RWD #01 31 5,442,900 -- 
Haddam 30 691,800 -- 
Harper Co. RWD #05 30 2,848,600 July 24, 2007 
Jefferson Co. RWD #02 36 7,754,300 -- 
Jefferson Co. RWD #03 54 29,561,050 June 22, 2000 
Lakeside Village Improvement 62 7,831,550 -- 
Leavenworth Co. RWD #02 36 4,157,900 -- 
Lorraine 61 4,718,850 June 30, 2005 
Marysville 31 32,099,800 Oct. 6, 2003 
McDonald 50 9,098,750 -- 
Montgomery Co. RWD #08 44 4,039,250 July 22, 2002 
Montgomery Co. RWD #10 32 2,134,900 -- 
Muscotah 56 3,774,650 -- 
Natoma 34 2,878,500 Nov. 24, 2008 
Neosho Co. RWD #03 36 783,200 -- 
Neosho Co. RWD #07 33 5,165,600 Dec. 27, 1999 
Osborne Co. RWD #01A 50 9,101,300 July 25, 1997 
Pottawatomie Co. RWD #02 31 7,094,250 Oct. 30, 2008 
Red Bud Lake Improvement 47 615,600 -- 
Republic Co. RWD #01 34 16,307,200 Sep. 26, 2000 
Reserve 30 355,950 Jan. 29, 2002 
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TABLE 19 
PUBLIC WATER SUPPLIERS WITH 30 PERCENT OR MORE 

UNACCOUNTED FOR WATER 
KANSAS, 2007 

Public Water Supplier 

Percent 
Unaccounted 

For 

Potential Water 
Gain  

(Gallons)a/ 
Water Conservation 
Plan Approval Date 

Riley 30 5,944,450 Apr. 24, 2001 
Spivey 34 642,850 Nov. 4, 1997 
Sumner Co. RWD #04 32 6,270,200 -- 
Wilson Co. RWD #05 33 519,300 Feb. 11, 2003 
Zenda 36 1,117,350 -- 

 
 
a/  Potential water gain is the amount of unaccounted water in excess of 15 percent of the total.
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TABLE 20 

ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007 

Public Water Supplier Region 2003 
GPCD

2004 
GPCD

2005 
GPCD

2006 
GPCD 

2007 
GPCD 

AVG 
GPCD

Abbyville 6S 142 118 121 151 120 130 
Abilene 7M 149 158 151 154 144 151 
Admire 7S 85 84 89 95 75 86 
Agenda 7S 91 103 96 90 82 92 
Agra 5 140 121 126 103 103 119 
Albert 6S 129 115 125 136 115 124 
Alexander 5 137 109 113 114 100 115 
Allen 7S 58 58 58 58 59 58 
Allen Co. RWD #01 8S 93 na 67 47 na 69 
Allen Co. RWD #03 8S 119 na 99 na 129 116 
Allen Co. RWD #04 8S 92 105 96 126 91 102 
Allen Co. RWD #06 8S 121 105 158 na na 128 
Allen Co. RWD #08 8M 131 153 172 128 129 143 
Allen Co. RWD #09 8S na na na na 78 78 
Allen Co. RWD #10 8S 84 69 77 69 69 74 
Allen Co. RWD #11 8S 61 55 61 81 68 65 
Allen Co. RWD #12 8S 119 122 110 99 69 104 
Allen Co. RWD #13 8S 56 63 61 68 75 65 
Allen Co. RWD #15 8S 63 55 58 59 56 58 
Allen Co. RWD #16 8S 128 77 86 123 104 104 
Alma 7M 141 140 151 158 117 141 
Almena 4 132 123 113 116 105 118 
Alta Vista 7S 86 81 80 74 76 79 
Altamont 8M 78 73 77 79 76 77 
Alton 6S 144 143 95 102 119 121 
Altoona 7S 99 75 83 84 85 85 
Andale 7M 89 85 81 92 83 86 
Anderson Co. RWD #01 8S 87 79 76 90 105 87 
Anderson Co. RWD #01C 8M 66 63 64 66 58 63 
Anderson Co. RWD #03 8S 85 69 na na na 77 
Anderson Co. RWD #04 8M 102 96 na 107 109 103 
Anderson Co. RWD #05 8M 75 74 71 73 76 74 
Anthony 6ML 148 153 152 159 156 154 
Arcadia 8S 89 73 67 65 60 71 
Argonia 7M 117 103 120 115 107 112 
Arkansas City 7L 118 120 130 126 125 124 
Arlington 6S 116 106 107 113 99 108 
Arma 8M 84 77 77 81 77 79 
Arnold 4 270 187 213 177 97 189 
Ashland 4 260 220 249 232 215 235 
Assaria 7M 70 66 71 73 74 71 
Atchison 8L 234 191 176 184 226 202 
Atchison Co. RWD #01 8S 91 65 66 na 79 75 
Atchison Co. RWD #02 8S na na na 97 na 97 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2003-2007 

Public Water Supplier Region 2003 
GPCD

2004 
GPCD

2005 
GPCD

2006 
GPCD 

2007 
GPCD 

AVG 
GPCD

Atchison Co. RWD #03 8S 90 73 69 76 na 77 
Atchison Co. RWD #05C 8M na na na 94 104 99 
Atchison Co. RWD #06 8M na na 60 na na 60 
Atlanta 7S 69 61 65 63 67 65 
Attica 6ML 166 146 162 184 179 167 
Atwood 2 219 229 208 219 191 213 
Augusta 7M 139 126 163 154 146 146 
Aurora 7S 107 103 87 86 86 94 
Axtell 7S 90 80 83 83 80 83 
Baldwin 8M 137 111 127 110 100 117 
Barber Co. RWD #01 6S 174 169 181 206 189 184 
Barber Co. RWD #02 6S 192 234 181 na na 202 
Barber Co. RWD #03 6S 74 81 71 73 79 75 
Barnard 6S 77 70 77 69 54 70 
Barnes 7S 200 135 155 165 159 163 
Bartlett 8S na 102 99 na 78 93 
Barton Co. RWD #01 6S 110 104 90 109 81 99 
Barton Co. RWD #02 6ML 47 37 44 39 47 42 
Barton Hills WD 6S 78 74 70 51 46 64 
Baxter Springs 8M 116 120 138 151 132 131 
Bazine 4 122 128 139 123 99 122 
Beattie 7S 109 109 101 102 97 103 
Bel Aire 7M 112 106 110 122 106 111 
Belle Plaine 7M 104 96 102 104 96 100 
Belleville 7M 145 145 156 160 141 149 
Beloit 6ML 90 99 104 100 90 97 
Belpre 5 122 122 142 122 110 124 
Belvidere 5 218 120 195 222 198 191 
Belvue 7S 103 99 106 108 96 102 
Bennington 7M 91 91 91 86 86 89 
Benton 7M 82 75 85 86 88 83 
Bern 7S 111 109 95 99 103 103 
Beverly 6S 86 117 92 94 88 95 
Bird City 1 329 331 349 332 400 348 
Bison 5 115 163 106 117 na 125 
Blue Mound 8S 97 106 100 95 72 94 
Blue Rapids 7M 154 140 143 146 138 144 
Blue River Hills Improvement 7S 123 131 101 108 90 111 
Bluff City 6S 93 94 91 91 108 96 
Bogue 4 187 183 232 208 211 204 
Bonner Springs 8M 128 130 149 155 147 142 
Bourbon Co. RWD #02C 8M 90 89 86 89 90 89 
Bourbon Co. RWD #04 8M 166 172 148 164 170 164 
Brewster 2 378 339 437 333 318 361 
Bronson 8S 76 73 75 74 76 75 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2003-2007 

Public Water Supplier Region 2003 
GPCD

2004 
GPCD

2005 
GPCD

2006 
GPCD 

2007 
GPCD 

AVG 
GPCD

Brookville 7S na na 74 na na 74 
Brown Co. RWD #01 8M 96 107 90 89 92 95 
Brown Co. RWD #02 8M 89 73 89 91 76 83 
Brownell 4 60 58 77 89 86 74 
Bucklin 4 286 239 218 209 175 226 
Buffalo 7S 113 130 149 119 112 124 
Buhler 6ML 127 118 123 144 117 126 
Bunker Hill 6S 112 113 169 106 106 121 
Burden 7M 107 110 110 97 92 103 
Burdett 5 193 144 159 166 151 163 
Burlingame 7M 86 75 81 90 88 84 
Burlington 7M 129 114 120 137 115 123 
Burns 7S 79 72 68 73 68 72 
Burr Oak 6S 112 111 95 94 102 103 
Burrton 7M 108 95 95 98 93 98 
Bushton 6S 144 140 171 173 122 150 
Butler Co. RWD #01 7M 101 100 102 94 90 97 
Butler Co. RWD #02 7M 78 88 89 89 133 96 
Butler Co. RWD #03 7M 66 65 62 67 71 66 
Butler Co. RWD #04 7M 68 68 72 69 na 69 
Butler Co. RWD #05 7M 80 71 84 109 74 83 
Butler Co. RWD #06 7M 87 84 83 76 70 80 
Butler Co. RWD #07 7M 65 62 78 69 70 69 
Butler Co. RWD #08 7M 88 58 66 75 64 70 
Byron 7S 226 190 243 253 219 226 
Caldwell 7M 103 99 111 101 85 100 
Cambridge 7S 63 65 55 54 60 59 
Caney 7M 146 142 167 159 140 151 
Canton 7M 142 139 133 127 111 130 
Carbondale 7M 105 87 94 65 83 87 
Cassoday 7S 92 91 83 80 72 84 
Cawker City 6S 130 131 147 164 184 151 
Cedar Point 7S 55 58 55 57 72 60 
Cedar Vale 7M 107 96 98 91 79 94 
Centralia 7M 87 82 83 88 83 84 
Chanute 8M 126 114 119 139 130 126 
Chapman 7M 157 152 172 162 143 157 
Chase 6S 126 113 119 116 117 118 
Chase Co. RWD #01 7S 85 79 76 83 92 83 
Chautauqua 7S na 85 na 98 na 91 
Chautauqua Co. RWD #01 7S 84 86 85 57 48 72 
Chautauqua Co. RWD #02 7S 77 100 105 100 98 96 
Chautauqua Co. RWD #03 7S 87 na na 93 82 87 
Cheney 7M 170 158 151 171 158 161 
Cherokee 8M 118 102 112 105 91 105 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2003-2007 

Public Water Supplier Region 2003 
GPCD

2004 
GPCD

2005 
GPCD

2006 
GPCD 

2007 
GPCD 

AVG 
GPCD

Cherokee Co. RWD #01 8M 175 230 203 133 119 172 
Cherokee Co. RWD #02 8M 91 99 103 110 91 99 
Cherokee Co. RWD #03 8M 163 158 151 127 132 146 
Cherokee Co. RWD #04 8M 106 94 123 102 106 106 
Cherokee Co. RWD #05 8S 73 70 71 68 59 68 
Cherokee Co. RWD #06 8S 85 76 80 na na 80 
Cherokee Co. RWD #07 8S 90 98 74 81 97 88 
Cherokee Co. RWD #08 8M 70 67 75 75 72 72 
Cherryvale 7M 84 87 89 96 95 90 
Chetopa 8M 101 99 102 117 103 104 
Chicopee Rural Water 8S 88 79 87 94 107 91 
Cimarron 3 240 222 267 324 387 288 
Circleville 7S 62 59 57 56 57 58 
Claflin 6ML 138 128 133 143 131 135 
Clay Center 7M 111 94 100 109 99 102 
Clay Co. RWD #01 7S 118 116 159 155 158 141 
Clay Co. RWD #02 7M 99 98 101 106 90 99 
Clayton 4 123 128 134 96 86 113 
Clearwater 7M 95 93 93 94 90 93 
Clifton 7M 150 138 155 147 137 145 
Cloud Co. RWD #01 7S 120 114 111 127 143 123 
Clyde 7M 140 133 157 171 148 150 
Coal Hollow WD 8S na na 61 na 48 55 
Coats 6S 142 141 150 146 123 140 
Coffey Co. RWD #02 7M 89 na 89 86 81 86 
Coffey Co. RWD #03 7M 77 75 66 65 63 69 
Coffeyville 7L 215 171 177 218 232 203 
Colby 2 302 305 328 337 313 317 
Coldwater 5 217 208 184 209 178 199 
Collyer 4 151 114 101 135 107 122 
Colony 8S 96 82 80 96 88 88 
Columbus 8M 92 118 119 118 109 111 
Colwich 7M 82 72 68 67 66 71 
Comanche Co. RWD #01 5 124 97 82 127 123 111 
Comanche Co. RWD #02 5 411 441 452 555 566 485 
Concordia 7M 142 140 132 128 129 134 
Conway Springs 7M 129 108 97 97 113 109 
Coolidge 1 310 375 286 281 282 307 
Copeland 3 249 210 227 241 244 234 
Corning 7S na na na 92 na 92 
Cottonwood Falls 7M 90 83 89 93 96 90 
Council Grove 7M 122 122 100 99 91 106 
Courtland 7S 119 126 123 134 111 123 
Cowley Co. RWD #01 7M 101 76 76 94 91 87 
Cowley Co. RWD #02 7M 67 61 68 73 62 66 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2003-2007 

Public Water Supplier Region 2003 
GPCD

2004 
GPCD

2005 
GPCD

2006 
GPCD 

2007 
GPCD 

AVG 
GPCD

Cowley Co. RWD #03 7M 120 109 121 125 100 115 
Cowley Co. RWD #04 7S 113 103 97 99 85 99 
Cowley Co. RWD #05 7M 90 81 75 87 92 85 
Cowley Co. RWD #06 7M 86 77 77 83 74 80 
Cowley Co. RWD #07 7S na 146 96 88 85 104 
Cowley Co. RWD #08 7S 86 na 106 95 81 92 
Crawford Co. RWD #01 8M 113 129 101 123 102 113 
Crawford Co. RWD #01C 8M 125 141 126 129 124 129 
Crawford Co. RWD #02 8M 86 97 97 na na 93 
Crawford Co. RWD #03 8S 95 84 81 87 78 85 
Crawford Co. RWD #04 8M 79 84 90 89 84 85 
Crawford Co. RWD #05 8M 174 216 160 136 128 163 
Crawford Co. RWD #06 8M na 115 109 113 125 115 
Crawford Co. RWD #07 8S 72 62 67 65 71 67 
Cuba 7S 135 132 114 95 99 115 
Cullison 6S 218 203 175 234 223 211 
Culver 7S 62 55 60 65 56 59 
Cunningham 6S 182 139 154 152 151 156 
DeSoto 8M 159 160 102 157 186 153 
Dearing 7S 100 82 77 67 70 79 
Deerfield 2 168 142 142 159 153 153 
Delia 7S na 67 59 69 76 68 
Delphos 7S 176 150 133 125 119 141 
Denison 8S 65 57 52 50 52 55 
Derby (El Paso Water Co.) 7L 116 95 102 106 93 102 
Dexter 7S 96 107 99 113 107 104 
Dickinson Co. RWD #01 7M 72 77 81 76 111 83 
Dickinson Co. RWD #02 7M 102 111 122 122 116 115 
Dighton 3 276 254 235 225 233 245 
Dodge City 4 208 203 185 183 259 208 
Doniphan Co. RWD #01 8S 61 64 65 79 51 64 
Doniphan Co. RWD #02 8S 72 68 73 71 71 71 
Doniphan Co. RWD #03 8S 76 98 82 87 95 88 
Dorrance 6S 77 75 74 106 68 80 
Douglas Co. RWD #01 8M 108 99 105 115 101 106 
Douglas Co. RWD #02 8M na na 90 90 96 92 
Douglas Co. RWD #03 8M 88 83 87 94 89 88 
Douglas Co. RWD #04 8M 96 79 84 88 84 86 
Douglas Co. RWD #05 8M 81 71 72 82 69 75 
Douglas Co. RWD #06 8M 83 75 83 93 94 86 
Douglass 7M 80 78 78 78 77 78 
Downs 6ML 221 170 169 153 141 171 
Durham 7S 148 145 126 117 104 128 
Dwight 7S 87 89 75 67 77 79 
Easton 8S 75 67 69 63 67 68 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2003-2007 

Public Water Supplier Region 2003 
GPCD

2004 
GPCD

2005 
GPCD

2006 
GPCD 

2007 
GPCD 

AVG 
GPCD

Edgerton 8M na 57 57 57 51 56 
Edna 8S 72 73 77 78 75 75 
Effingham 8M 92 79 81 79 82 83 
El Dorado 7L 185 181 166 163 145 168 
Elbing 7S 61 61 62 63 64 62 
Elgin 7S 267 319 364 179 166 259 
Elk City 7S 145 190 164 182 173 171 
Elk Co. RWD #01 7M 90 90 85 na 85 87 
Elkhart 1 354 312 339 354 331 338 
Ellinwood 6ML 123 110 120 124 101 115 
Ellis 5 97 101 97 97 90 96 
Ellis Co. RWD #01 5 91 87 89 83 75 85 
Ellis Co. RWD #01C 5 117 na na 125 na 121 
Ellis Co. RWD #03 5 88 58 61 64 57 66 
Ellis Co. RWD #06 5 na 105 121 129 109 116 
Ellsworth 6ML 138 122 142 146 132 136 
Elmdale 7S 163 194 159 148 181 169 
Elwood 8M 86 73 77 76 101 82 
Emmett 7S 77 70 74 68 59 70 
Emporia 7L 182 170 172 179 176 176 
Englewood 4 494 383 475 636 607 519 
Ensign 3 218 141 138 157 119 155 
Enterprise 7M 87 78 78 73 84 80 
Erie 8M 96 107 108 110 101 104 
Esbon 6S 135 123 112 94 108 114 
Eskridge 7M 112 105 95 94 90 99 
Eudora 8M 109 93 97 106 89 99 
Eureka 7M 119 113 120 124 112 118 
Everest 8S 135 120 110 114 112 118 
Fall River 7S 62 63 74 70 67 67 
Farr Subdivision 2 68 67 65 60 58 64 
Finney Co. RWD #01 2 80 74 81 64 55 71 
Florence 7M 96 86 79 76 75 82 
Fontana 8S 81 81 75 78 na 79 
Ford 4 225 249 329 271 265 268 
Formoso 6S 111 88 86 75 78 88 
Fort Scott 8M 153 142 157 161 156 154 
Fowler 3 186 185 163 177 170 176 
Frankfort 7M 131 124 133 131 130 130 
Franklin Co. RWD #01 8M 70 65 70 72 77 71 
Franklin Co. RWD #02 8M na na 62 na na 62 
Franklin Co. RWD #03 8S 76 69 63 72 65 69 
Franklin Co. RWD #04 8M 97 92 113 101 82 97 
Franklin Co. RWD #05 8M 95 87 80 81 73 83 
Franklin Co. RWD #06 8M 108 90 92 93 94 95 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2003-2007 

Public Water Supplier Region 2003 
GPCD

2004 
GPCD

2005 
GPCD

2006 
GPCD 

2007 
GPCD 

AVG 
GPCD

Franklin Co. RWD #07 8S 129 126 117 133 108 123 
Fredonia 7M 132 126 116 157 158 138 
Frontenac 8M 109 116 120 127 118 118 
Fulton 8S 66 57 61 67 58 62 
Galena 8M 130 130 134 121 121 127 
Galesburg 8S na 84 84 92 92 88 
Galva 7M 122 109 113 124 116 117 
Garden City 2 186 185 207 214 196 198 
Garden Plain 7M 126 112 120 120 89 113 
Garden Spot Rentals 2 66 75 64 58 61 65 
Gardner 8L 112 99 107 105 98 104 
Garnett 8M 103 110 103 108 98 104 
Gas 8M 80 78 74 74 72 76 
Gaylord 6S 145 121 115 208 183 154 
Geary Co. RWD #01 7S na 103 96 105 na 101 
Geary Co. RWD #02 7S 119 118 117 157 94 121 
Geary Co. RWD #04 7M 83 82 100 99 87 90 
Geneseo 6S 108 109 101 111 112 108 
Geuda Springs 7S 98 79 89 97 97 92 
Girard 8M 128 112 121 123 106 118 
Glade 5 112 115 139 94 123 117 
Glasco 7M 77 73 72 87 73 77 
Glen Elder 6S 153 158 164 174 168 164 
Goddard 7M 206 181 156 175 150 174 
Goessel 7M 97 94 102 125 120 108 
Goff 7S 82 70 67 66 63 70 
Goodland 1 294 283 320 317 317 306 
Gorham 6S 87 78 76 85 90 83 
Gove 3 192 212 240 353 385 276 
Grainfield 3 280 233 276 232 249 254 
Grandview Plaza 7M 102 90 93 99 92 95 
Great Bend 6ML 131 124 135 131 131 130 
Greeley 8S 74 69 65 59 57 65 
Green 7S 78 76 82 113 84 87 
Greenleaf 7S 150 130 134 156 141 143 
Greensburg 5 161 187 178 210 223 192 
Greenwood Co. RWD #01 7M na na 82 81 72 79 
Greenwood Co. RWD #02 7M 102 100 101 111 100 103 
Greenwood Co. RWD #03 7S 66 60 69 80 80 71 
Grenola 7S 71 69 78 75 73 73 
Gridley 7S 108 75 72 73 69 79 
Grinnell 3 266 252 290 299 287 279 
Gypsum 7S 109 106 103 99 90 102 
Haddam 7S 88 76 73 72 78 77 
Halstead 7M 127 102 109 95 101 107 
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Hamilton 7S 75 69 82 na 63 72 
Hamilton Co. RWD #01 1 97 89 112 181 86 113 
Hanover 7M 106 107 103 103 106 105 
Hanston 4 285 271 256 246 166 245 
Hardtner 6S 201 223 192 186 171 195 
Harper 6ML 128 120 124 140 129 128 
Harper Co. RWD #04 6S 80 71 na 83 74 77 
Harper Co. RWD #05 6S na na 123 181 190 165 
Hartford 7M 74 68 77 94 89 81 
Harvey Co. RWD #01 7M 69 67 69 71 73 70 
Harveyville 7S 92 92 101 101 117 101 
Haven 6ML 160 139 147 159 137 148 
Havensville 7S 86 na na na na 86 
Haviland 5 190 173 178 193 169 181 
Hays 5 96 92 97 98 96 96 
Hays Suburban Estates 5 179 183 165 156 141 165 
Haysville 7L 103 89 97 103 94 97 
Hazelton 6S 118 109 93 181 100 120 
Herington 7M 118 120 120 130 126 123 
Herndon 2 469 453 429 418 389 432 
Hesston 7M 216 152 153 191 156 174 
Hiawatha 8M 118 110 112 115 118 114 
Highland 8M 123 142 116 135 119 127 
Hill City 4 241 251 239 219 218 234 
Hillsboro 7M 124 121 126 139 147 131 
Hoisington 6ML 110 101 99 101 97 102 
Holcomb 2 155 133 145 153 142 146 
Holton 7M 151 132 119 105 100 122 
Holyrood 6S 161 140 145 145 103 139 
Hope 7S 97 86 87 104 97 94 
Horace 1 122 119 159 130 124 131 
Horton 8M 90 90 90 85 92 89 
Howard 7M 107 105 105 105 91 103 
Howison Heights Water District 7S 183 167 135 150 118 151 
Hoxie 3 307 311 288 297 286 298 
Hoyt 7M 69 71 72 70 73 71 
Hugoton 2 299 276 290 333 310 302 
Humboldt 8M 113 108 110 116 110 111 
Hunter 6S 90 na na 97 83 90 
Hutchinson 6ML 136 127 127 133 126 130 
Independence 7L 140 135 135 173 141 145 
Ingalls 3 194 143 182 223 158 180 
Inman 7M 140 130 132 142 111 131 
Iola 8M 106 97 99 113 137 111 
Isabel 6S 163 126 138 174 143 149 
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Iuka 6S 96 79 83 84 74 83 
Jackson Co. RWD #01 7M 100 92 82 88 84 89 
Jackson Co. RWD #03 7M 97 103 98 87 104 98 
Jamestown 7S 92 82 92 79 71 83 
Jefferson Co. RWD #01 8M 118 98 109 105 103 106 
Jefferson Co. RWD #02 8M 122 106 128 124 138 124 
Jefferson Co. RWD #03 8M 124 104 98 103 113 108 
Jefferson Co. RWD #07 8M 111 109 105 111 104 108 
Jefferson Co. RWD #08 8S 103 76 114 78 78 90 
Jefferson Co. RWD #09 8S 65 62 63 69 65 65 
Jefferson Co. RWD #10 8S 106 88 84 75 77 86 
Jefferson Co. RWD #11 8S na 155 75 93 84 102 
Jefferson Co. RWD #12 8M 107 85 90 106 102 98 
Jefferson Co. RWD #13 8M 128 127 126 130 127 128 
Jefferson Co. RWD #15 8S 58 54 52 52 59 55 
Jennings 3 424 375 194 233 200 285 
Jetmore 4 215 235 227 181 185 209 
Jewell 6S 86 80 91 100 77 87 
Jewell Co. RWD #01 6S 144 154 119 155 165 147 
Johnson City 1 335 312 312 337 336 326 
Johnson Co. RWD #06C 8M 107 93 104 122 108 107 
Johnson Co. RWD #07 8M 115 95 107 116 102 107 
Junction City 7L 146 147 151 157 150 150 
Kanopolis 6ML 103 91 102 96 91 97 
Kanorado 1 243 211 223 221 209 221 
Kansas City BPU 8L 184 202 199 183 204 194 
Kechi 7M 114 na 107 na 87 103 
Kensington 6ML 168 166 163 145 138 156 
Kincaid 8S 63 54 na 53 52 56 
Kingman 6ML 133 118 119 124 114 121 
Kingman Co. RWD #01 6S 78 65 69 66 58 67 
Kinsley 5 134 114 123 120 119 122 
Kiowa 6ML 163 169 168 185 166 170 
Kirwin 5 142 129 117 102 98 118 
Kismet 2 206 170 157 174 165 175 
Konza Valley Water District 7S 74 80 86 74 64 76 
La Crosse 5 122 122 122 122 127 123 
La Cygne 8M 103 104 100 113 96 104 
La Harpe 8M 102 91 84 81 76 87 
Labette Co. RWD #01 8S 106 99 112 128 113 112 
Labette Co. RWD #02 8S 85 86 101 98 90 92 
Labette Co. RWD #03 8S 85 82 82 98 81 86 
Labette Co. RWD #04 8S 98 102 82 129 118 106 
Labette Co. RWD #05 8M na na na 92 84 88 
Labette Co. RWD #06 8M 70 59 69 na 63 65 
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Labette Co. RWD #07 8M 75 72 68 86 63 73 
Labette Co. RWD #08 8M 87 82 91 102 88 90 
Lakeside Village Improvement 8S 127 99 96 123 152 120 
Lakin 2 253 242 242 259 255 250 
Lancaster 8S na na na 64 66 65 
Lane 8S 66 60 70 70 62 66 
Lane Co. RWD #01 3 200 207 200 223 185 203 
Lansing (Lan-Del WC) 8M 99 na 95 88 87 93 
Larned 5 238 228 226 229 211 226 
Latham 7S 80 73 77 86 80 79 
Lawrence 8L 137 116 121 124 115 123 
LeRoy 7M 76 68 65 63 67 68 
Leavenworth 8L 107 99 97 96 97 99 
Leavenworth Co. RWD #01C 8M 93 82 84 88 95 88 
Leavenworth Co. RWD #02 8M na na na 96 99 98 
Leavenworth Co. RWD #05 8M 107 93 95 87 85 93 
Leavenworth Co. RWD #06 8S 88 na na 83 90 87 
Leavenworth Co. RWD #07 8M 93 74 86 87 82 84 
Leavenworth Co. RWD #08 8M 114 99 117 113 100 109 
Leavenworth Co. RWD #09 8M 92 84 94 95 78 88 
Leavenworth Co. RWD #10 8M na 69 na na na 69 
Lebanon 6S 100 108 112 111 91 104 
Lebo 7M 83 80 80 80 71 79 
Lecompton 8M 73 73 69 68 70 70 
Lehigh 7S 113 108 92 99 69 96 
Lenora 4 224 191 189 156 188 190 
Leon 7M 110 94 92 99 99 99 
Leonardville 7S 100 86 102 110 106 101 
Leoti 2 239 232 221 269 234 239 
Lewis 5 191 186 143 158 117 159 
Liberal 2 174 153 152 185 176 168 
Liebenthal 5 73 77 70 77 75 75 
Lincoln Center 6ML 136 123 133 149 141 136 
Lindsborg 7M 112 106 112 122 103 111 
Linn 7S 128 122 126 131 113 124 
Linn Co. RWD #01 8M 93 93 99 110 117 102 
Linn Co. RWD #02 8M 76 70 73 na 76 74 
Linn Co. RWD #03 8M 92 92 93 na 92 92 
Linwood 8S 72 61 63 68 69 67 
Little Bear Mound 7S 114 103 118 na 143 119 
Little River 6ML 158 132 140 171 136 147 
Logan 5 178 185 186 186 172 181 
Long Island 5 293 153 216 240 196 220 
Longford 7S 80 77 86 87 76 81 
Longton 7S 85 87 80 75 83 82 
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Lorraine 6S 315 100 111 109 180 163 
Louisburg 8M 110 105 119 123 112 114 
Lucas 6S 114 111 112 112 111 112 
Luray 6S 92 89 97 87 80 89 
Lyndon 7M 87 81 77 85 87 83 
Lyon Co. RWD #01 7M 94 81 85 84 60 81 
Lyon Co. RWD #02 7M 182 140 131 165 134 150 
Lyon Co. RWD #03 7S na 67 73 74 61 69 
Lyon Co. RWD #04 7M 86 na na na 61 73 
Lyon Co. RWD #05 7M 107 97 102 117 85 102 
Lyons 6ML 214 193 200 197 189 199 
Macksville 6S 185 162 132 172 122 155 
Madison 7M 86 87 105 101 88 94 
Mahaska 7S 89 139 148 155 182 143 
Maize 7M na 81 81 84 76 80 
Manchester 7S na 66 na 66 67 66 
Manhattan 7L 141 135 144 145 141 141 
Mankato 6ML 179 179 176 174 171 176 
Manter 1 305 257 273 382 261 296 
Maple Hill 7M 104 90 92 91 88 93 
Marion 7M 108 120 115 123 123 118 
Marion Co. Imp. Dist. #02 7S 76 65 66 51 48 61 
Marion Co. RWD #01 7M 121 121 108 93 101 109 
Marion Co. RWD #02 7S 35 33 34 31 na 33 
Marion Co. RWD #04 7M 83 78 na 105 80 86 
Marquette 7M 126 136 120 117 107 121 
Marshall Co. RWD #01 7S 102 90 82 89 90 91 
Marshall Co. RWD #03 7M 99 97 108 99 104 101 
Marysville 7M 143 151 145 143 164 149 
Matfield Green 7S 91 88 98 93 76 89 
Mayetta 7S 70 na 65 59 66 65 
Mayfield 7S 65 61 63 65 64 64 
McCracken 5 119 114 92 75 72 94 
McCune 8S na 76 74 77 69 74 
McDonald 2 356 304 372 443 481 391 
McFarland 7S 77 68 71 65 68 70 
McLouth 8M 65 57 60 66 71 64 
McPherson 7L 173 162 166 187 146 167 
McPherson Co. RWD #01 7S 132 132 128 128 109 126 
McPherson Co. RWD #02 7S 127 118 125 130 104 121 
McPherson Co. RWD #03 7S 143 116 146 212 104 144 
McPherson Co. RWD #04 7M 123 119 119 138 110 122 
McPherson Co. RWD #06 7S na na 55 62 60 59 
Meade 3 259 218 221 258 247 241 
Medicine Lodge 6ML 238 235 215 227 201 223 
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Melvern 7S 126 104 93 86 78 98 
Miami Co. RWD #01 8M 82 84 84 na 73 81 
Miami Co. RWD #02 8M 97 88 95 96 88 93 
Miami Co. RWD #03 8M 87 83 83 82 80 83 
Miami Co. RWD #04 8M 63 58 66 75 na 65 
Milford 7M 73 78 72 81 85 78 
Miltonvale 7M 113 88 101 99 115 103 
Minneapolis 7M 153 131 167 151 145 149 
Minneola 4 197 185 196 201 205 197 
Mitchell Co. RWD #01 6S na 73 na na na 73 
Mitchell Co. RWD #02 6ML 200 231 237 279 215 232 
Moline 7S 114 135 162 131 104 129 
Montezuma 3 258 260 261 290 277 269 
Montgomery Co. RWD #01 7S 87 87 na na 104 93 
Montgomery Co. RWD #01C 7M 71 na 69 77 na 72 
Montgomery Co. RWD #02 7M 85 79 80 86 78 82 
Montgomery Co. RWD #06 7M 97 89 90 104 95 95 
Montgomery Co. RWD #07 7S na na 91 87 74 84 
Montgomery Co. RWD #08 7S 106 na na na 127 117 
Montgomery Co. RWD #09 7S 112 126 na na na 119 
Montgomery Co. RWD #10 7S 89 83 86 87 104 90 
Montgomery Co. RWD #11 7M na 87 97 93 84 90 
Montgomery Co. RWD #12 7M 66 70 na 92 75 76 
Montgomery Co. RWD #13 7S 70 75 84 82 78 78 
Montgomery Co. RWD #14 7S na 56 na 75 68 66 
Moran 8M 103 98 97 99 87 97 
Morganville 7S 143 147 116 125 122 130 
Morland 4 278 219 268 243 216 245 
Morrill 8S 58 59 58 59 81 63 
Morris Co. RWD #01 7M 141 141 114 146 155 139 
Morrowville 7S 113 103 102 93 89 100 
Moscow 2 286 335 377 324 324 329 
Mound City 8M 117 99 104 105 97 105 
Mound Valley 8S 61 66 69 72 76 69 
Moundridge 7M 187 140 160 178 117 156 
Mount Hope 7M 141 115 124 129 122 126 
Mulberry 8M 88 91 86 80 83 85 
Mullinville 5 235 244 305 269 211 253 
Mulvane 7M 77 86 86 90 88 86 
Munden 7S 156 154 95 100 na 126 
Muscotah 8S 75 76 77 69 120 83 
Narka 7S na na 86 na 97 91 
Natoma 6S 107 103 94 na 121 106 
Nemaha Co. RWD #01 7S 110 112 87 186 129 125 
Nemaha Co. RWD #02 7S na na na 107 90 98 
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Nemaha Co. RWD #03 7M 115 116 114 130 108 117 
Nemaha Co. RWD #04 7M 113 132 138 130 121 127 
Neodesha 7M 130 131 129 135 145 134 
Neosho Co. RWD #01C 8M 78 76 77 90 82 80 
Neosho Co. RWD #02 8M 85 75 88 82 88 84 
Neosho Co. RWD #03 8S 99 96 102 94 129 104 
Neosho Co. RWD #04 8M 89 97 89 94 84 91 
Neosho Co. RWD #05 8S 97 83 116 136 125 111 
Neosho Co. RWD #06 8S 116 101 93 116 104 106 
Neosho Co. RWD #07 8M 130 114 126 128 128 125 
Neosho Co. RWD #08 8S 88 89 92 95 86 90 
Neosho Co. RWD #09 8S 132 78 80 118 112 104 
Neosho Co. RWD #12 8S 91 83 92 102 82 90 
Ness City 4 142 122 136 139 131 134 
Netawaka 7S 72 na 69 66 na 69 
New Strawn 7S 106 95 94 86 96 95 
Newbury Extension 7S 94 82 78 86 73 83 
Newton 7L 112 101 108 115 103 108 
Nickerson 6ML 82 78 67 66 67 72 
Norcatur 3 196 203 148 154 241 188 
North Newton 7M 128 157 135 148 129 140 
Norton 4 239 229 202 201 202 215 
Norton Co. RWD #01 4 69 77 70 46 37 60 
Nortonville 8M 89 83 87 84 85 85 
Norwich 6ML 133 128 119 108 92 116 
Oakley 2 300 265 298 305 277 289 
Oberlin 3 242 211 207 216 190 213 
Offerle 5 308 181 166 182 152 198 
Ogden 7M 97 92 99 127 109 105 
Oketo 7S 90 86 82 62 69 78 
Olathe 8L 111 99 99 101 94 101 
Olmitz 6S 113 93 89 107 95 99 
Olpe 7M 82 72 67 71 70 73 
Olsburg 7S 83 84 99 82 73 84 
Onaga 7M 107 109 111 108 106 108 
Oneida 7S 72 64 71 77 65 70 
Osage City 7M 97 89 88 93 95 92 
Osage Co. RWD #02 7S 88 87 64 72 74 77 
Osage Co. RWD #03 7M 101 94 100 100 100 99 
Osage Co. RWD #04 7M 94 84 90 80 81 86 
Osage Co. RWD #05 7M 104 90 96 95 86 94 
Osage Co. RWD #06 7S 89 83 74 79 84 82 
Osage Co. RWD #07 7M na na na 97 83 90 
Osage Co. RWD #08 7M 88 na na na 87 88 
Osawatomie 8M 149 139 146 139 133 141 
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Osborne 6ML 190 187 190 188 157 182 
Osborne Co. RWD #01A 6S 217 426 447 886 643 524 
Osborne Co. RWD #02 6S 199 189 158 226 169 188 
Oskaloosa 8M 95 84 83 83 84 85 
Oswego 8M 108 103 103 101 94 102 
Otis 5 209 201 206 234 204 211 
Ottawa 8L 91 83 89 89 84 87 
Ottawa Co. RWD #01 7S 117 93 120 82 88 100 
Ottawa Co. RWD #02 7M 116 100 93 98 90 99 
Overbrook 7M 88 74 80 92 102 87 
Oxford 7M 101 102 104 106 96 102 
Ozawkie 8M 99 80 81 90 86 87 
Palco 5 140 138 136 148 140 140 
Palmer 7S 145 127 120 122 113 125 
Paola 8M 140 130 123 128 136 131 
Paradise 6S 69 99 63 71 74 75 
Park 3 187 169 176 202 212 189 
Park City 7M 113 100 106 115 111 109 
Parker 8S 69 65 70 60 60 65 
Parsons 8L 170 129 121 130 118 134 
Pawnee Rock 6S 66 70 64 64 75 68 
Paxico 7S 93 94 96 91 84 92 
Peabody 7M 83 87 84 75 80 82 
Perry 8M 75 85 92 93 90 87 
Peru 7S 55 64 61 56 55 58 
Phillipsburg 5 191 204 132 185 195 181 
Pittsburg 8L 113 112 114 118 111 113 
Plains 3 244 237 248 286 277 258 
Plainville 5 131 134 133 137 134 134 
Pleasanton 8M 88 101 98 95 96 95 
Pomona 8M 71 76 67 70 67 70 
Portis 6S 105 101 104 105 90 101 
Post Rock RWD 5 138 131 127 137 153 137 
Pottawatomie Co. RWD #01 7M 125 124 136 128 111 125 
Pottawatomie Co. RWD #02 7M 136 133 138 149 149 141 
Pottawatomie Co. RWD #03 7M 104 90 92 100 103 98 
Pottawatomie Co. RWD #04 7M 117 166 174 127 130 143 
Potwin 7S 89 88 86 79 75 83 
Prairie View 5 189 156 155 174 144 163 
Pratt 6ML 240 224 230 217 184 219 
Prescott 8S 79 74 67 70 63 71 
Preston 6S 138 105 104 96 99 108 
Pretty Prairie 6ML 161 162 138 141 130 147 
Princeton 8S 72 72 71 72 67 71 
Protection 5 199 248 200 219 176 208 
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Quenemo 7S 56 56 52 56 52 54 
Quinter 3 230 234 237 259 235 239 
Randall 6S 107 94 102 101 137 108 
Randolph 7S 101 80 97 106 74 92 
Ransom 4 130 120 139 144 88 124 
Rantoul 8S 57 52 57 63 69 59 
Raymond 6S 150 125 123 169 124 138 
Reading 7S 77 72 68 66 65 70 
Red Bud Lake Improvement 7S 44 60 44 33 68 50 
Reno Co. RWD #01 6S 130 161 153 177 143 153 
Reno Co. RWD #03 6S 347 282 282 140 116 233 
Reno Co. RWD #04 6S 82 69 66 72 68 72 
Reno Co. RWD #08 6S 148 154 159 186 144 158 
Reno Co. WD #101 6S 117 116 104 116 111 113 
Republic 7S 127 129 120 105 143 125 
Republic Co. RWD #01 7S 199 223 249 242 333 249 
Republic Co. RWD #02 7M 180 187 190 185 159 180 
Reserve 8S 100 100 92 103 90 97 
Rexford 2 354 389 391 466 463 412 
Rice Co. RWD #01 6ML 120 116 116 123 122 119 
Richmond 8M 83 84 100 85 73 85 
Riley 7M 115 114 116 115 122 116 
Riley Co. RWD #01 7M 115 131 119 124 107 119 
Robinson 8S 111 103 106 100 95 103 
Rocky Ford Water Company 7S 73 66 98 85 74 79 
Rolla 1 187 180 202 226 219 203 
Rooks Co. RWD #01 5 67 68 53 104 107 80 
Rooks Co. RWD #02 5 93 84 85 76 64 80 
Rooks Co. RWD #03 5 153 183 166 164 136 161 
Rose Hill 7M 83 74 76 79 74 77 
Roseland 8S 59 71 58 na na 63 
Rossville 7M 87 85 87 90 86 87 
Rozel 5 248 174 202 231 156 202 
Rush Center 5 168 141 153 138 110 142 
Rush Co. RWD #01 5 265 230 137 170 262 213 
Russell 6ML 128 155 156 126 107 134 
Russell Co. RWD #01 6S 129 148 146 135 149 141 
Russell Co. RWD #02 6S 207 149 162 163 186 173 
Russell Co. RWD #03 6ML 132 130 135 139 130 133 
Russell Co. RWD #04 6S 175 178 158 136 120 153 
Sabetha 7M 122 131 125 109 119 121 
Salina 7L 130 123 126 126 116 124 
Saline Co. RWD #01 7S 74 67 66 61 60 66 
Saline Co. RWD #02 7S 127 116 133 112 124 122 
Saline Co. RWD #03 7M na na na 96 na 96 
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Saline Co. RWD #04 7M 97 85 117 104 87 98 
Saline Co. RWD #06 7S 108 102 111 116 93 106 
Saline Co. RWD #07 7S 77 na na 79 71 76 
Saline Co. RWD #08 7S 105 92 106 129 91 105 
Satanta 2 260 234 249 257 238 247 
Sawyer 6S 143 130 138 129 128 134 
Scammon 8M 109 107 93 94 88 98 
Scandia 7S 200 188 194 185 167 187 
Scotsman Estates 7S 52 54 59 na 50 54 
Scott City 2 278 252 277 301 258 273 
Scranton 7M na 63 62 65 64 64 
Sedan 7M 120 112 117 92 94 107 
Sedgwick 7M 75 76 85 73 69 76 
Sedgwick Co. RWD #01 7M 81 73 78 83 74 78 
Sedgwick Co. RWD #03 7M 81 76 84 80 77 79 
Sedgwick Co. RWD #04 7M 93 97 97 78 96 92 
Selden 3 208 202 219 236 245 222 
Seneca 7M 159 142 144 172 168 157 
Severy 7S 120 133 142 161 108 133 
Sharon 6S 134 123 115 144 143 132 
Sharon Springs 1 271 247 249 282 263 263 
Shawnee Co. RWD #01C 7M 95 79 79 79 77 82 
Shawnee Co. RWD #02C 7M 83 77 85 84 87 83 
Shawnee Co. RWD #03C 7M na na 123 116 106 115 
Shawnee Co. RWD #04C 7L na na 83 85 86 85 
Shawnee Co. RWD #08 7M 101 85 89 93 87 91 
Silver Lake 7M 89 87 94 89 83 89 
Simpson 6S 99 109 94 90 83 95 
Smith Center 6ML 164 158 146 149 138 151 
Smith Co. RWD #01 6S 168 169 163 175 154 166 
Soldier 7S 69 66 58 61 61 63 
Solomon 7M 120 120 135 119 109 120 
South Haven 7S 173 100 95 129 115 122 
South Hutchinson 6ML 136 136 141 174 156 149 
Spearville 4 172 156 145 162 133 154 
Speed 5 111 112 114 104 99 108 
Spivey 6S 143 122 109 128 94 119 
Spring Hill 8M 113 105 82 69 90 92 
St. Francis 1 285 282 293 284 310 291 
St. George 7M 96 na 69 87 75 82 
St. John 6ML 166 142 152 154 136 150 
St. Marys 7M 167 126 108 114 102 123 
St. Paul 8M 97 100 99 110 86 98 
Stafford 6ML 161 130 136 141 133 140 
Sterling 6ML 108 94 98 101 92 99 
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Stockton 5 106 127 132 124 149 128 
Strong City 7M 115 120 124 121 129 122 
Sublette 2 287 245 242 265 274 262 
Suburban Water Company 8M 103 83 82 95 92 91 
Summerfield 7S 102 95 99 113 91 100 
Sumner Co. RWD #01 7S na na 106 110 114 110 
Sumner Co. RWD #02 7S 111 108 109 105 117 110 
Sumner Co. RWD #03 7S 91 87 na na 83 87 
Sumner Co. RWD #04 7M 92 94 92 106 107 98 
Sumner Co. RWD #05 7M na na 106 116 136 119 
Sumner Co. RWD #06 7S 73 82 86 93 91 85 
Susank 6S 75 116 99 94 89 95 
Sylvan Grove 6S 150 142 127 143 126 137 
Sylvia 6S 173 159 138 121 105 139 
Syracuse 1 325 296 341 348 346 331 
Tescott 7S 97 84 103 95 105 97 
Thayer 8M 115 112 110 146 132 123 
Timber Creek Water & Sewer 7M 120 120 132 153 132 131 
Timken 5 156 101 105 124 125 122 
Tipton 6S 98 99 104 111 102 103 
Tonganoxie 8M 108 89 95 89 88 94 
Topeka 7L 151 132 123 131 138 135 
Toronto 7S 112 104 104 69 88 95 
Towanda 7M 81 na 85 89 na 85 
Treece 8S na 62 65 70 na 66 
Trego Co. RWD #01 4 117 96 138 93 71 103 
Trego Co. RWD #02 4 91 93 100 117 90 98 
Tribune 1 284 250 259 295 282 274 
Troy 8M 112 109 116 121 112 114 
Turon 6S 126 105 110 109 102 110 
Udall 7M 84 86 87 94 78 86 
Ulysses 2 233 216 220 251 224 229 
Uniontown 8S 81 77 78 91 82 82 
University Park Water 7S 74 65 61 66 54 64 
Utica 4 209 170 204 227 153 193 
Valley Center 7M 107 112 105 84 74 96 
Valley Falls 8M 119 110 115 117 107 114 
Vermillion 7S 130 132 128 140 127 131 
Victoria 5 111 110 120 116 107 113 
Viola 7S 70 63 61 65 67 65 
Virgil 7S 68 69 53 52 49 58 
Wabaunsee Co. RWD #01 7S 96 79 84 79 77 83 
Wabaunsee Co. RWD #02 7M 95 91 95 102 87 94 
WaKeeney 4 207 199 198 218 189 202 
Wakefield 7M 112 105 108 110 137 115 
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2005 
GPCD

2006 
GPCD 

2007 
GPCD 

AVG 
GPCD

Waldo 6S 48 53 59 58 80 59 
Wallace 1 294 177 267 356 244 268 
Wallace Co. RWD #01 1 419 325 365 366 334 362 
Walnut 8S 106 na na na na 106 
Walton 7S 76 na 72 73 74 73 
Wamego 7M 124 109 129 121 118 120 
Washington 7M 160 146 151 147 139 149 
Washington Co. RWD #01 7M 101 99 98 91 92 96 
Washington Co. RWD #02 7M 131 110 114 103 128 117 
WaterOne - Johnson Co. 8L 185 153 160 173 155 165 
Waterville 7M 139 133 140 155 144 142 
Wathena 8M 108 115 103 96 112 107 
Waverly 7M 83 78 87 76 78 80 
Weir 8M 72 78 77 72 69 74 
Wellington 7M 128 110 117 131 124 122 
Wellsville 8M na na 83 78 74 79 
West Hills Water Company 6S 282 179 251 317 296 265 
West Mineral 8S 72 69 66 64 59 66 
Westmoreland 7M 103 89 88 88 86 91 
Wetmore 7S 107 85 82 80 79 86 
White City 7M 97 107 95 95 94 97 
White Cloud 8S 95 91 83 82 82 87 
Whitewater 7M 108 81 86 99 83 92 
Whiting 7S 84 79 94 85 63 81 
Wichita 7L 141 136 146 155 141 144 
Williamsburg 8S na na na 90 80 85 
Willis 8S 103 93 84 na na 93 
Wilsey 7S na na na 54 55 54 
Wilson 6ML 127 189 132 155 108 142 
Wilson Co. RWD #01 7S 115 115 127 136 119 122 
Wilson Co. RWD #02 7S na na na 95 58 76 
Wilson Co. RWD #04 7S 82 82 85 99 83 86 
Wilson Co. RWD #05 7S 47 46 48 45 53 48 
Wilson Co. RWD #06 7S 141 93 84 99 109 105 
Wilson Co. RWD #09 7S na 56 na na 67 61 
Wilson Co. RWD #11 7M 69 71 59 76 64 68 
Wilson Co. RWD #12 7S 76 64 59 61 68 65 
Wilson Co. RWD #13 7S 73 77 107 86 75 84 
Winchester 8M 74 78 82 80 90 81 
Windom 7S 109 na 81 100 96 97 
Winfield 7L 146 137 134 143 129 138 
Winona 2 336 307 299 338 324 321 
Woodson Co. RWD #01 7M 77 77 80 75 73 76 
Woodston 5 200 316 138 174 222 210 
Yates Center 7M 110 104 108 118 114 111 
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TABLE 20 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2003-2007 

Public Water Supplier Region 2003 
GPCD

2004 
GPCD

2005 
GPCD

2006 
GPCD 

2007 
GPCD 

AVG 
GPCD

Zenda 6S 136 136 138 146 121 135 
 
Note:  GPCD figures are based on reported water sold to residential and commercial customers, 
metered free water, and unaccounted for water.  If insufficient information was provided to 
determine GPCD, or if no water use report was filed, "na" is shown. 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007

Public Water Supplier Region 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

AVG 
Percent 

UFW 
Abbyville 6S 21 18 21 21 17 20 
Abilene 7M 16 12 10 12 18 14 
Admire 7S 17 16 12 16 19 16 
Agenda 7S 15 20 13 12 3 13 
Agra 5 24 23 29 30 17 25 
Albert 6S 14 12 12 10 5 11 
Alexander 5 5 5 9 12 11 8 
Allen 7S 8 15 11 7 9 10 
Allen Co. RWD #01 8S 100 na 100 100 na 100 
Allen Co. RWD #03 8S 21 na 7 na 35 21 
Allen Co. RWD #04 8S 100 100 100 na 3 76 
Allen Co. RWD #06 8S 7 7 31 na na 15 
Allen Co. RWD #08 8M 22 37 49 19 23 30 
Allen Co. RWD #09 8S na na na na 100 100 
Allen Co. RWD #10 8S 3 5 9 10 12 8 
Allen Co. RWD #11 8S 3 7 4 8 na 6 
Allen Co. RWD #12 8S na na na na na na 
Allen Co. RWD #13 8S 11 10 15 17 20 15 
Allen Co. RWD #15 8S 7 na 100 8 na 38 
Allen Co. RWD #16 8S 100 100 100 100 100 100 
Alma 7M 17 9 5 7 na 10 
Almena 4 21 19 17 18 14 18 
Alta Vista 7S 6 10 11 7 9 9 
Altamont 8M na na 6 4 7 6 
Alton 6S 44 5 8 10 7 15 
Altoona 7S 16 10 8 10 12 11 
Andale 7M 8 8 8 6 5 7 
Anderson Co. RWD #01 8S 19 20 5 6 7 11 
Anderson Co. RWD #01C 8M 9 na 20 13 15 14 
Anderson Co. RWD #03 8S 100 100 na na na 100 
Anderson Co. RWD #04 8M 15 17 na 14 21 17 
Anderson Co. RWD #05 8M 10 18 18 15 14 15 
Anthony 6ML 12 18 17 15 21 17 
Arcadia 8S 25 14 15 11 7 14 
Argonia 7M 13 11 17 8 8 11 
Arkansas City 7L 13 14 18 17 23 17 
Arlington 6S 11 15 7 7 5 9 
Arma 8M 8 4 8 6 8 7 
Arnold 4 100 100 100 100 100 100 
Ashland 4 6 na 14 6 5 8 
Assaria 7M na 3 na na 5 4 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007 

Public Water Supplier Region 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

AVG 
Percent 

UFW 
Atchison 8L 24 24 23 24 29 25 
Atchison Co. RWD #01 8S 28 9 12 na 23 18 
Atchison Co. RWD #02 8S na na na 26 na 26 
Atchison Co. RWD #03 8S 18 12 6 17 na 13 
Atchison Co. RWD #05C 8M na na na 12 14 13 
Atchison Co. RWD #06 8M na na 60 na na 60 
Atlanta 7S 18 11 10 12 26 15 
Attica 6ML 15 16 9 5 9 11 
Atwood 2 9 16 7 8 6 9 
Augusta 7M 7 8 20 21 22 16 
Aurora 7S 13 4 14 11 10 10 
Axtell 7S 6 6 6 4 4 5 
Baldwin 8M 19 17 20 17 13 17 
Barber Co. RWD #01 6S 100 100 100 100 100 100 
Barber Co. RWD #02 6S 26 28 30 na na 28 
Barber Co. RWD #03 6S 7 18 10 11 19 13 
Barnard 6S 16 20 21 14 15 17 
Barnes 7S 36 19 28 23 34 28 
Bartlett 8S na 9 18 na 16 14 
Barton Co. RWD #01 6S na 15 na 12 12 13 
Barton Co. RWD #02 6ML 54 51 54 48 na 52 
Barton Hills WD 6S 5 3 9 8 8 7 
Baxter Springs 8M 4 11 20 33 31 20 
Bazine 4 8 8 8 8 10 8 
Beattie 7S 18 14 20 26 19 19 
Bel Aire 7M 10 13 na 3 4 8 
Belle Plaine 7M 14 15 9 13 15 13 
Belleville 7M 10 10 9 11 9 10 
Beloit 6ML 10 12 12 8 8 10 
Belpre 5 na 21 25 20 17 21 
Belvidere 5 100 100 100 100 100 100 
Belvue 7S 10 14 13 13 7 11 
Bennington 7M 12 12 7 5 4 8 
Benton 7M 5 na 14 4 10 8 
Bern 7S 13 13 3 6 5 8 
Beverly 6S 100 6 3 12 19 28 
Bird City 1 15 27 25 42 39 30 
Bison 5 16 14 22 22 na 19 
Blue Mound 8S 4 8 9 9 8 8 
Blue Rapids 7M 15 8 17 17 26 17 
Blue River Hills Improvement 7S 100 100 100 100 100 100 
Bluff City 6S 17 20 21 18 23 20 
Bogue 4 11 9 24 10 9 13 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007 

Public Water Supplier Region 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

AVG 
Percent 

UFW 
Bonner Springs 8M 19 25 27 23 23 23 
Bourbon Co. RWD #02C 8M 15 23 9 14 11 14 
Bourbon Co. RWD #04 8M 5 9 5 11 13 9 
Brewster 2 15 9 28 3 12 13 
Bronson 8S 9 12 11 11 12 11 
Brookville 7S na na 6 na na 6 
Brown Co. RWD #01 8M 20 31 20 21 21 23 
Brown Co. RWD #02 8M 7 6 12 13 7 9 
Brownell 4 9 8 11 8 13 10 
Bucklin 4 40 29 25 21 15 26 
Buffalo 7S 7 15 23 3 18 13 
Buhler 6ML 3 8 7 8 6 6 
Bunker Hill 6S 16 16 40 12 7 18 
Burden 7M 21 25 14 7 7 15 
Burdett 5 11 10 10 10 20 12 
Burlingame 7M 14 12 5 18 24 15 
Burlington 7M 7 7 8 12 14 10 
Burns 7S na na 4 na 5 5 
Burr Oak 6S 12 19 12 16 15 15 
Burrton 7M 7 9 7 6 11 8 
Bushton 6S 15 18 16 13 14 15 
Butler Co. RWD #01 7M 12 15 14 11 17 14 
Butler Co. RWD #02 7M 12 28 23 12 47 24 
Butler Co. RWD #03 7M 4 8 3 10 15 8 
Butler Co. RWD #04 7M na na na 7 na 7 
Butler Co. RWD #05 7M 10 11 12 23 8 13 
Butler Co. RWD #06 7M 16 15 14 11 11 13 
Butler Co. RWD #07 7M 6 8 7 7 7 7 
Butler Co. RWD #08 7M 30 7 3 12 12 13 
Byron 7S 100 100 100 100 100 100 
Caldwell 7M 12 13 19 14 14 14 
Cambridge 7S 9 4 7 na 6 7 
Caney 7M 7 3 21 29 24 17 
Canton 7M 9 11 na na na 10 
Carbondale 7M 23 14 21 6 17 16 
Cassoday 7S 11 21 15 10 9 13 
Cawker City 6S 9 7 16 29 33 19 
Cedar Point 7S 8 7 11 14 25 13 
Cedar Vale 7M 24 22 22 28 20 23 
Centralia 7M 6 5 5 4 na 5 
Chanute 8M 10 10 10 12 12 11 
Chapman 7M 3 4 5 4 8 5 
Chase 6S 18 14 13 14 18 15 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007 

Public Water Supplier Region 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

AVG 
Percent 

UFW 
Chase Co. RWD #01 7S 11 21 16 12 19 16 
Chautauqua 7S na 30 na 21 na 26 
Chautauqua Co. RWD #01 7S 18 17 15 na na 17 
Chautauqua Co. RWD #02 7S 9 27 29 26 28 24 
Chautauqua Co. RWD #03 7S 22 na na 20 13 18 
Cheney 7M 3 3 4 4 9 5 
Cherokee 8M 25 13 17 16 7 16 
Cherokee Co. RWD #01 8M 48 65 59 32 37 48 
Cherokee Co. RWD #02 8M 15 28 22 27 18 22 
Cherokee Co. RWD #03 8M 31 38 41 24 39 35 
Cherokee Co. RWD #04 8M 37 30 44 24 29 33 
Cherokee Co. RWD #05 8S 15 17 17 12 11 14 
Cherokee Co. RWD #06 8S 12 12 22 na na 15 
Cherokee Co. RWD #07 8S 17 36 26 12 39 26 
Cherokee Co. RWD #08 8M 7 9 16 15 13 12 
Cherryvale 7M 15 17 19 18 23 18 
Chetopa 8M 4 6 7 9 4 6 
Chicopee Rural Water 8S 6 9 13 18 35 16 
Cimarron 3 6 11 12 10 9 10 
Circleville 7S 11 11 14 9 21 13 
Claflin 6ML 7 6 7 12 25 11 
Clay Center 7M na na 4 5 10 6 
Clay Co. RWD #01 7S 3 10 12 4 13 8 
Clay Co. RWD #02 7M na 10 10 14 9 11 
Clayton 4 na na 7 na na 7 
Clearwater 7M 10 12 13 13 12 12 
Clifton 7M 15 10 12 12 13 12 
Cloud Co. RWD #01 7S 15 20 14 17 36 20 
Clyde 7M 16 13 11 11 8 12 
Coal Hollow WD 8S na na na na 100 100 
Coats 6S 5 14 13 7 15 11 
Coffey Co. RWD #02 7M 9 na 21 11 13 14 
Coffey Co. RWD #03 7M 13 11 5 4 6 8 
Coffeyville 7L 24 18 15 24 23 21 
Colby 2 5 8 22 20 21 15 
Coldwater 5 5 16 4 na na 8 
Collyer 4 19 8 na 16 10 13 
Colony 8S na 7 11 19 6 11 
Columbus 8M 17 9 29 26 26 21 
Colwich 7M 11 7 4 3 na 6 
Comanche Co. RWD #01 5 16 12 4 16 12 12 
Comanche Co. RWD #02 5 45 47 48 40 52 46 
Concordia 7M 12 13 7 5 11 10 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007 

Public Water Supplier Region 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

AVG 
Percent 

UFW 
Conway Springs 7M 21 18 14 14 22 18 
Coolidge 1 26 52 29 24 16 29 
Copeland 3 58 58 57 58 59 58 
Corning 7S na na na na na na 
Cottonwood Falls 7M 5 4 5 5 4 5 
Council Grove 7M 7 15 11 13 13 12 
Courtland 7S 12 24 18 22 8 17 
Cowley Co. RWD #01 7M 7 8 6 8 6 7 
Cowley Co. RWD #02 7M 11 10 11 11 8 10 
Cowley Co. RWD #03 7M 28 24 20 14 16 20 
Cowley Co. RWD #04 7S 20 5 7 7 10 10 
Cowley Co. RWD #05 7M 11 17 9 na 20 14 
Cowley Co. RWD #06 7M 19 16 12 16 18 16 
Cowley Co. RWD #07 7S na 53 33 33 46 41 
Cowley Co. RWD #08 7S na na na na na na 
Crawford Co. RWD #01 8M 32 41 23 29 29 31 
Crawford Co. RWD #01C 8M 14 5 11 15 16 12 
Crawford Co. RWD #02 8M 6 17 19 na na 14 
Crawford Co. RWD #03 8S 19 14 12 13 15 15 
Crawford Co. RWD #04 8M 12 7 26 14 19 16 
Crawford Co. RWD #05 8M 39 58 40 29 34 40 
Crawford Co. RWD #06 8M na 22 19 13 18 18 
Crawford Co. RWD #07 8S 18 10 9 7 16 12 
Cuba 7S 18 18 15 12 21 17 
Cullison 6S 26 19 24 22 20 22 
Culver 7S 16 13 9 15 11 13 
Cunningham 6S 6 14 5 15 9 10 
Dearing 7S na 6 na na na 6 
Deerfield 2 8 7 4 6 5 6 
Delia 7S na 21 100 100 100 80 
Delphos 7S 41 38 33 28 30 34 
Denison 8S 15 8 na 6 8 9 
Derby (El Paso Water Co.) 7L 7 3 na na na 5 
DeSoto 8M 29 42 15 47 54 37 
Dexter 7S 7 10 9 3 10 8 
Dickinson Co. RWD #01 7M 26 29 28 25 47 31 
Dickinson Co. RWD #02 7M 17 27 30 24 27 25 
Dighton 3 13 7 5 8 12 9 
Dodge City 4 25 22 17 14 13 18 
Doniphan Co. RWD #01 8S 11 22 35 36 18 24 
Doniphan Co. RWD #02 8S 11 4 15 16 15 12 
Doniphan Co. RWD #03 8S 14 23 18 25 8 18 
Dorrance 6S 17 15 7 44 17 20 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007 

Public Water Supplier Region 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

AVG 
Percent 

UFW 
Douglas Co. RWD #01 8M 17 25 25 21 17 21 
Douglas Co. RWD #02 8M na na 15 18 23 19 
Douglas Co. RWD #03 8M 11 18 20 21 20 18 
Douglas Co. RWD #04 8M 23 24 23 21 21 22 
Douglas Co. RWD #05 8M 7 9 8 6 5 7 
Douglas Co. RWD #06 8M 8 na 6 12 na 9 
Douglass 7M na 12 14 7 13 12 
Downs 6ML 6 16 23 14 22 16 
Durham 7S 36 34 26 16 10 24 
Dwight 7S na 3 7 na na 5 
Easton 8S 3 na 11 14 12 10 
Edgerton 8M na 7 5 8 6 7 
Edna 8S 7 8 11 11 11 10 
Effingham 8M 4 3 3 na 3 3 
El Dorado 7L 3 6 5 na na 5 
Elbing 7S na na na 5 7 6 
Elgin 7S 63 72 78 60 58 66 
Elk City 7S 23 21 20 24 16 21 
Elk Co. RWD #01 7M 31 30 29 na 30 30 
Elkhart 1 17 13 10 na 20 15 
Ellinwood 6ML 4 5 4 4 5 4 
Ellis 5 3 5 4 7 5 5 
Ellis Co. RWD #01 5 12 9 7 8 10 9 
Ellis Co. RWD #01C 5 11 na na 4 na 8 
Ellis Co. RWD #03 5 32 100 20 14 4 34 
Ellis Co. RWD #06 5 na 17 14 15 15 15 
Ellsworth 6ML 13 9 17 18 17 15 
Elmdale 7S 40 49 39 25 30 37 
Elwood 8M 5 7 na 9 8 7 
Emmett 7S 18 22 23 30 16 22 
Emporia 7L 18 18 17 16 18 17 
Englewood 4 95 97 92 95 97 95 
Ensign 3 23 100 8 3 8 28 
Enterprise 7M 14 12 19 15 12 14 
Erie 8M 7 10 11 10 11 10 
Esbon 6S 32 24 28 27 10 24 
Eskridge 7M 9 9 8 6 4 7 
Eudora 8M 11 8 8 7 6 8 
Eureka 7M 8 7 9 6 9 8 
Everest 8S 11 13 17 22 25 18 
Fall River 7S 17 18 21 19 18 19 
Farr Subdivision 2 100 100 100 100 100 100 
Finney Co. RWD #01 2 20 17 6 na na 14 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007 

Public Water Supplier Region 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

AVG 
Percent 

UFW 
Florence 7M 17 13 10 na 8 12 
Fontana 8S 18 15 23 14 na 18 
Ford 4 78 80 100 89 100 89 
Formoso 6S 4 12 8 14 17 11 
Fort Scott 8M 31 27 24 23 27 26 
Fowler 3 14 14 12 9 11 12 
Frankfort 7M 4 18 18 17 16 15 
Franklin Co. RWD #01 8M 5 7 8 5 7 6 
Franklin Co. RWD #02 8M na na na na na na 
Franklin Co. RWD #03 8S 11 21 9 14 6 12 
Franklin Co. RWD #04 8M 20 17 25 15 13 18 
Franklin Co. RWD #05 8M 18 12 16 18 16 16 
Franklin Co. RWD #06 8M 15 13 14 16 15 15 
Franklin Co. RWD #07 8S 57 82 64 100 87 78 
Fredonia 7M 20 27 7 8 15 15 
Frontenac 8M 9 11 8 9 13 10 
Fulton 8S 18 13 15 22 21 18 
Galena 8M 17 23 21 20 20 20 
Galesburg 8S na 19 15 15 13 16 
Galva 7M 14 10 5 6 13 10 
Garden City 2 7 4 5 8 4 6 
Garden Plain 7M 8 11 na 8 4 8 
Garden Spot Rentals 2 100 100 100 100 100 100 
Gardner 8L 13 16 14 14 16 15 
Garnett 8M 8 13 13 10 13 11 
Gas 8M 6 13 7 4 4 7 
Gaylord 6S 24 8 5 37 48 24 
Geary Co. RWD #01 7S na 8 na na na 8 
Geary Co. RWD #02 7S 100 100 100 100 100 100 
Geary Co. RWD #04 7M na na 5 na 5 5 
Geneseo 6S 13 15 10 18 33 18 
Geuda Springs 7S 18 10 7 11 11 11 
Girard 8M 13 11 13 15 16 14 
Glade 5 23 36 42 29 50 36 
Glasco 7M 4 3 4 22 7 8 
Glen Elder 6S 9 9 11 13 12 11 
Goddard 7M 8 11 na 3 na 7 
Goessel 7M 9 7 4 13 22 11 
Goff 7S na na 3 7 5 5 
Goodland 1 19 20 21 26 25 22 
Gorham 6S 10 3 7 10 19 10 
Gove 3 na 16 24 31 23 24 
Grainfield 3 9 11 5 9 5 8 
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TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007 

Public Water Supplier Region 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

AVG 
Percent 

UFW 
Grandview Plaza 7M 3 10 9 12 15 10 
Great Bend 6ML 8 12 16 19 25 16 
Greeley 8S 21 19 7 6 na 13 
Green 7S 12 9 5 10 16 10 
Greenleaf 7S 13 8 13 14 18 13 
Greensburg 5 4 8 8 17 12 10 
Greenwood Co. RWD #01 7M na na 43 36 31 37 
Greenwood Co. RWD #02 7M 17 11 18 15 16 15 
Greenwood Co. RWD #03 7S 7 5 9 12 13 9 
Grenola 7S 8 10 11 13 18 12 
Gridley 7S 34 9 15 16 17 18 
Grinnell 3 9 5 7 5 na 7 
Gypsum 7S 14 13 14 4 na 11 
Haddam 7S 20 21 24 17 30 22 
Halstead 7M 23 9 10 9 15 13 
Hamilton 7S 15 11 32 na 9 17 
Hamilton Co. RWD #01 1 5 na 8 36 7 14 
Hanover 7M 12 19 12 18 13 15 
Hanston 4 25 9 8 14 17 15 
Hardtner 6S 4 3 na 8 10 6 
Harper 6ML 15 13 11 13 11 13 
Harper Co. RWD #04 6S 15 13 na 10 20 15 
Harper Co. RWD #05 6S na na 22 19 30 24 
Hartford 7M 8 9 22 23 26 18 
Harvey Co. RWD #01 7M 6 10 12 9 12 10 
Harveyville 7S 14 22 17 15 10 16 
Haven 6ML 20 25 25 24 29 25 
Havensville 7S 42 na na na na 42 
Haviland 5 14 13 14 14 14 14 
Hays 5 6 7 9 10 9 8 
Hays Suburban Estates 5 100 100 100 100 100 100 
Haysville 7L 15 12 12 14 11 13 
Hazelton 6S 22 21 87 7 12 30 
Herington 7M 14 16 11 18 6 13 
Herndon 2 20 27 29 23 24 25 
Hesston 7M 24 7 4 3 4 8 
Hiawatha 8M 9 11 8 5 5 8 
Highland 8M 16 16 17 18 17 17 
Hill City 4 13 12 14 20 19 16 
Hillsboro 7M 7 7 12 12 18 11 
Hoisington 6ML 19 15 13 8 14 14 
Holcomb 2 5 7 12 10 12 9 
Holton 7M 17 24 20 16 6 17 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007 

Public Water Supplier Region 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

AVG 
Percent 

UFW 
Holyrood 6S 18 15 9 9 3 11 
Hope 7S 8 na 17 13 3 10 
Horace 1 3 3 6 4 8 5 
Horton 8M 11 14 14 7 9 11 
Howard 7M 11 5 6 3 6 6 
Howison Heights WD 7S 9 41 7 na 6 16 
Hoxie 3 19 28 16 13 11 17 
Hoyt 7M 10 13 7 9 4 9 
Hugoton 2 7 9 10 7 7 8 
Humboldt 8M 12 15 13 15 15 14 
Hunter 6S 13 na na 17 19 16 
Hutchinson 6ML 8 20 14 9 9 12 
Independence 7L 12 6 5 29 22 15 
Ingalls 3 10 na 28 27 18 21 
Inman 7M 8 3 3 7 7 6 
Iola 8M 9 9 5 11 21 11 
Isabel 6S 20 16 14 15 14 16 
Iuka 6S 6 4 5 5 4 5 
Jackson Co. RWD #01 7M 10 18 13 20 18 16 
Jackson Co. RWD #03 7M 9 23 na 17 21 18 
Jamestown 7S 12 13 11 7 na 11 
Jefferson Co. RWD #01 8M 25 19 23 13 25 21 
Jefferson Co. RWD #02 8M 24 20 29 25 36 27 
Jefferson Co. RWD #03 8M 28 30 20 23 54 31 
Jefferson Co. RWD #07 8M 15 22 19 19 21 19 
Jefferson Co. RWD #08 8S 16 13 38 7 7 16 
Jefferson Co. RWD #09 8S 20 28 27 21 29 25 
Jefferson Co. RWD #10 8S 31 29 21 20 17 24 
Jefferson Co. RWD #11 8S na 49 15 16 19 25 
Jefferson Co. RWD #12 8M 20 19 17 14 11 16 
Jefferson Co. RWD #13 8M 22 29 30 28 27 27 
Jefferson Co. RWD #15 8S 9 9 14 9 14 11 
Jennings 3 59 41 23 28 24 35 
Jetmore 4 na 5 8 13 11 9 
Jewell 6S 7 7 12 26 10 12 
Jewell Co. RWD #01 6S 21 18 13 15 19 17 
Johnson City 1 11 14 15 15 17 14 
Johnson Co. RWD #06C 8M 15 13 14 16 17 15 
Johnson Co. RWD #07 8M 8 13 13 14 9 11 
Junction City 7L 14 16 6 17 21 15 
Kanopolis 6ML 9 5 8 9 13 9 
Kanorado 1 9 7 19 13 22 14 
Kansas City BPU 8L 9 19 21 23 17 18 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007 

Public Water Supplier Region 
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Percent 
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AVG 
Percent 

UFW 
Kechi 7M 10 na 7 na 5 7 
Kensington 6ML 28 29 33 21 23 27 
Kincaid 8S 5 5 na 5 3 5 
Kingman 6ML 9 16 13 12 10 12 
Kingman Co. RWD #01 6S 24 19 12 18 20 19 
Kinsley 5 17 14 17 17 19 17 
Kiowa 6ML 6 9 12 13 14 11 
Kirwin 5 17 27 33 16 22 23 
Kismet 2 18 24 27 27 22 24 
Konza Valley Water District 7S 14 3 17 8 9 10 
La Crosse 5 na 8 9 12 19 12 
La Cygne 8M 5 5 na 9 6 6 
La Harpe 8M 23 10 28 20 7 18 
Labette Co. RWD #01 8S 12 12 15 9 17 13 
Labette Co. RWD #02 8S 10 9 16 12 18 13 
Labette Co. RWD #03 8S 12 14 15 12 8 12 
Labette Co. RWD #04 8S 11 6 9 na 20 12 
Labette Co. RWD #05 8M na na na 4 4 4 
Labette Co. RWD #06 8M na 4 na na na 4 
Labette Co. RWD #07 8M 11 18 9 15 11 13 
Labette Co. RWD #08 8M 23 21 26 17 26 23 
Lakeside Village Improvement 8S 44 33 30 43 62 42 
Lakin 2 7 9 12 11 6 9 
Lancaster 8S na na na na na na 
Lane 8S 8 7 24 25 11 15 
Lane Co. RWD #01 3 15 13 13 12 19 14 
Lansing (Lan-Del WC) 8M 8 na na 5 6 6 
Larned 5 9 11 13 10 16 12 
Latham 7S 15 15 8 6 13 11 
Lawrence 8L 6 8 3 na 3 5 
Leavenworth 8L 8 7 6 10 11 8 
Leavenworth Co. RWD #01C 8M 8 10 6 3 8 7 
Leavenworth Co. RWD #02 8M na na na 33 36 35 
Leavenworth Co. RWD #05 8M 17 14 16 7 8 12 
Leavenworth Co. RWD #06 8S 6 na na 10 9 8 
Leavenworth Co. RWD #07 8M 10 8 12 11 9 10 
Leavenworth Co. RWD #08 8M 18 15 24 19 20 19 
Leavenworth Co. RWD #09 8M 16 27 20 18 20 20 
Leavenworth Co. RWD #10 8M na na na na na na 
Lebanon 6S 15 19 21 8 8 14 
Lebo 7M 4 6 6 3 4 5 
Lecompton 8M 8 12 6 4 13 9 
Lehigh 7S 20 19 6 na na 15 
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Lenora 4 17 16 18 19 18 18 
Leon 7M 21 10 13 16 19 16 
Leonardville 7S 10 9 11 13 11 11 
Leoti 2 10 15 12 na 13 13 
LeRoy 7M 18 8 13 11 na 13 
Lewis 5 13 12 10 na 8 11 
Liberal 2 7 3 na 13 9 8 
Liebenthal 5 9 8 7 9 5 8 
Lincoln Center 6ML 21 16 25 25 28 23 
Lindsborg 7M 4 4 7 11 8 7 
Linn 7S 16 10 16 4 5 10 
Linn Co. RWD #01 8M 14 16 15 14 21 16 
Linn Co. RWD #02 8M 15 21 19 na 27 21 
Linn Co. RWD #03 8M 17 25 20 na 26 22 
Linwood 8S 8 19 15 9 10 12 
Little Bear Mound 7S 100 100 100 na 100 100 
Little River 6ML 11 13 8 9 12 11 
Logan 5 10 18 na 10 10 12 
Long Island 5 4 5 3 3 14 6 
Longford 7S na 3 4 6 7 5 
Longton 7S 14 18 14 7 19 14 
Lorraine 6S 7 9 8 11 61 19 
Louisburg 8M 16 13 12 4 6 10 
Lucas 6S 7 13 6 6 28 12 
Luray 6S 8 13 8 7 10 9 
Lyndon 7M 12 15 11 16 23 15 
Lyon Co. RWD #01 7M 7 6 4 na na 6 
Lyon Co. RWD #02 7M 13 na na 7 4 8 
Lyon Co. RWD #03 7S na 8 10 9 9 9 
Lyon Co. RWD #04 7M 6 na na na 3 5 
Lyon Co. RWD #05 7M na 13 11 9 14 12 
Lyons 6ML 7 10 10 7 11 9 
Macksville 6S 14 19 7 8 13 12 
Madison 7M 14 19 23 24 15 19 
Mahaska 7S 4 7 na 5 5 5 
Maize 7M na 9 6 14 9 10 
Manchester 7S na 9 na 14 14 12 
Manhattan 7L 12 11 12 10 9 11 
Mankato 6ML 15 22 22 17 26 20 
Manter 1 15 24 24 48 28 28 
Maple Hill 7M 3 4 16 8 6 7 
Marion 7M 9 15 9 15 19 13 
Marion Co. Imp. Dist. #02 7S na na na na na na 
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Marion Co. RWD #01 7M 13 17 27 12 9 16 
Marion Co. RWD #02 7S na 9 12 na na 11 
Marion Co. RWD #04 7M 11 14 na 21 11 14 
Marquette 7M 9 7 7 7 4 7 
Marshall Co. RWD #01 7S 7 7 11 8 12 9 
Marshall Co. RWD #03 7M 11 10 13 10 15 12 
Marysville 7M 21 24 18 17 31 22 
Matfield Green 7S 18 18 25 28 20 22 
Mayetta 7S 13 na 16 na 7 12 
Mayfield 7S na na 3 na na 3 
McCracken 5 18 3 4 na na 8 
McCune 8S na 8 11 5 20 11 
McDonald 2 23 21 35 42 50 34 
McFarland 7S 8 8 10 7 10 9 
McLouth 8M na 7 10 12 12 10 
McPherson 7L 5 5 5 5 7 5 
McPherson Co. RWD #01 7S 13 15 13 8 na 12 
McPherson Co. RWD #02 7S 4 4 3 9 4 5 
McPherson Co. RWD #03 7S na na 8 na na 8 
McPherson Co. RWD #04 7M 7 10 8 5 6 7 
McPherson Co. RWD #06 7S na na 11 5 9 8 
Meade 3 15 16 25 14 13 17 
Medicine Lodge 6ML 9 12 15 15 28 16 
Melvern 7S 22 26 30 23 11 22 
Miami Co. RWD #01 8M 15 27 18 na 11 18 
Miami Co. RWD #02 8M 14 16 13 10 9 12 
Miami Co. RWD #03 8M 22 27 26 20 19 23 
Miami Co. RWD #04 8M 12 12 10 11 na 11 
Milford 7M na na na 7 11 9 
Miltonvale 7M 13 9 8 10 25 13 
Minneapolis 7M 10 19 18 18 24 18 
Minneola 4 12 9 19 6 12 12 
Mitchell Co. RWD #01 6S na na na na na na 
Mitchell Co. RWD #02 6ML 13 16 17 17 9 14 
Moline 7S 10 17 26 15 13 16 
Montezuma 3 9 15 9 11 13 11 
Montgomery Co. RWD #01 7S 7 na na na na 7 
Montgomery Co. RWD #01C 7M 14 na 10 10 na 11 
Montgomery Co. RWD #02 7M 12 8 6 10 13 10 
Montgomery Co. RWD #06 7M 19 18 18 16 20 18 
Montgomery Co. RWD #07 7S na na 17 13 14 15 
Montgomery Co. RWD #08 7S 32 na na na 44 38 
Montgomery Co. RWD #09 7S 28 39 na na na 34 
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Montgomery Co. RWD #10 7S 4 8 13 8 32 13 
Montgomery Co. RWD #11 7M na 15 21 16 19 18 
Montgomery Co. RWD #12 7M 13 17 na 17 21 17 
Montgomery Co. RWD #13 7S 19 20 22 19 28 22 
Montgomery Co. RWD #14 7S na 8 na 22 22 17 
Moran 8M 11 9 15 13 10 12 
Morganville 7S na 30 na na na 30 
Morland 4 12 8 24 14 9 13 
Morrill 8S 9 na na 6 28 14 
Morris Co. RWD #01 7M 9 6 3 na 7 6 
Morrowville 7S 28 20 15 8 16 17 
Moscow 2 100 100 67 15 9 58 
Mound City 8M 18 8 6 12 na 11 
Mound Valley 8S na na na 3 8 6 
Moundridge 7M 7 na 5 5 na 6 
Mount Hope 7M 8 7 7 9 9 8 
Mulberry 8M 18 27 27 21 24 23 
Mullinville 5 23 19 19 29 21 22 
Mulvane 7M 8 10 8 10 12 10 
Munden 7S na 13 3 3 na 6 
Muscotah 8S 17 21 29 20 56 29 
Narka 7S na na 21 na 20 21 
Natoma 6S 15 13 12 na 34 19 
Nemaha Co. RWD #01 7S 11 10 15 15 12 13 
Nemaha Co. RWD #02 7S na na na 7 7 7 
Nemaha Co. RWD #03 7M 9 8 8 8 7 8 
Nemaha Co. RWD #04 7M 13 16 26 19 17 18 
Neodesha 7M 6 6 12 8 13 9 
Neosho Co. RWD #01C 8M na na na na na na 
Neosho Co. RWD #02 8M 18 20 24 12 26 20 
Neosho Co. RWD #03 8S 16 36 16 na 36 26 
Neosho Co. RWD #04 8M 17 12 24 20 23 19 
Neosho Co. RWD #05 8S 23 23 36 48 26 31 
Neosho Co. RWD #06 8S 36 32 21 16 19 25 
Neosho Co. RWD #07 8M 27 21 21 12 33 23 
Neosho Co. RWD #08 8S 9 16 13 8 8 11 
Neosho Co. RWD #09 8S 39 22 24 20 22 25 
Neosho Co. RWD #12 8S 9 4 7 8 9 7 
Ness City 4 4 5 6 5 na 5 
Netawaka 7S 21 na 18 na na 20 
New Strawn 7S 6 9 6 10 15 9 
Newbury Extension 7S 17 19 13 14 5 14 
Newton 7L 11 6 12 10 8 9 
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Nickerson 6ML 9 14 15 12 7 11 
Norcatur 3 22 22 6 na 9 15 
North Newton 7M 15 29 17 20 23 21 
Norton 4 16 12 14 13 16 14 
Norton Co. RWD #01 4 11 11 11 9 11 11 
Nortonville 8M 15 7 7 6 8 9 
Norwich 6ML 17 25 23 18 14 19 
Oakley 2 10 7 16 15 13 12 
Oberlin 3 25 16 13 9 11 15 
Offerle 5 33 7 5 8 5 12 
Ogden 7M 3 na 4 8 7 6 
Oketo 7S 10 16 na 7 20 13 
Olathe 8L 12 14 13 13 13 13 
Olmitz 6S 9 16 10 19 21 15 
Olpe 7M na na na na na na 
Olsburg 7S 8 12 23 15 5 13 
Onaga 7M 6 7 11 10 5 8 
Oneida 7S 11 5 18 12 13 12 
Osage City 7M 5 7 5 8 8 7 
Osage Co. RWD #02 7S 10 12 na 3 12 9 
Osage Co. RWD #03 7M 17 17 16 11 17 16 
Osage Co. RWD #04 7M na 26 23 14 17 20 
Osage Co. RWD #05 7M 21 20 25 17 17 20 
Osage Co. RWD #06 7S 14 11 10 14 18 13 
Osage Co. RWD #07 7M na na na 18 20 19 
Osage Co. RWD #08 7M na na na na 22 22 
Osawatomie 8M 13 18 10 15 17 15 
Osborne 6ML 14 16 15 14 13 14 
Osborne Co. RWD #01A 6S 25 41 50 60 50 45 
Osborne Co. RWD #02 6S 10 12 11 na 6 10 
Oskaloosa 8M 7 3 na na na 5 
Oswego 8M 6 6 8 10 4 7 
Otis 5 9 10 10 14 12 11 
Ottawa 8L 7 10 13 12 12 11 
Ottawa Co. RWD #01 7S 26 20 43 25 3 23 
Ottawa Co. RWD #02 7M 6 14 13 14 15 12 
Overbrook 7M 12 9 11 25 29 17 
Oxford 7M 14 18 16 15 14 15 
Ozawkie 8M na na 3 16 14 11 
Palco 5 8 19 7 11 27 14 
Palmer 7S 18 13 18 7 9 13 
Paola 8M 11 14 16 9 15 13 
Paradise 6S 6 11 17 13 13 12 
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Park 3 3 na 3 12 3 5 
Park City 7M 3 na 5 3 8 5 
Parker 8S 17 8 25 22 20 18 
Parsons 8L 17 4 8 3 11 9 
Pawnee Rock 6S 8 4 na 7 15 9 
Paxico 7S 3 na 4 7 na 5 
Peabody 7M 4 15 3 na 13 9 
Perry 8M 11 13 18 17 15 15 
Peru 7S 8 17 14 5 9 11 
Phillipsburg 5 21 25 5 18 9 16 
Pittsburg 8L na 4 9 8 6 7 
Plains 3 17 13 9 13 15 13 
Plainville 5 18 9 14 15 15 14 
Pleasanton 8M 6 12 16 12 16 12 
Pomona 8M 3 14 5 11 na 8 
Portis 6S 34 29 23 21 16 25 
Post Rock RWD 5 16 20 23 12 10 16 
Pottawatomie Co. RWD #01 7M 21 22 24 9 na 19 
Pottawatomie Co. RWD #02 7M 20 24 23 29 31 25 
Pottawatomie Co. RWD #03 7M 11 8 13 15 20 13 
Pottawatomie Co. RWD #04 7M 7 5 20 na 11 11 
Potwin 7S 5 9 5 na 7 7 
Prairie View 5 20 8 10 20 6 13 
Pratt 6ML 16 23 22 11 6 16 
Prescott 8S 12 4 7 8 na 8 
Preston 6S 21 100 14 10 15 32 
Pretty Prairie 6ML 19 26 14 18 5 16 
Princeton 8S 8 18 10 13 9 12 
Protection 5 4 na 16 15 15 13 
Quenemo 7S 6 13 5 7 na 8 
Quinter 3 5 11 9 10 18 11 
Randall 6S 5 6 10 17 12 10 
Randolph 7S 18 7 6 8 12 10 
Ransom 4 12 12 14 13 na 13 
Rantoul 8S 3 4 3 3 8 4 
Raymond 6S 8 11 na 5 10 9 
Reading 7S 12 23 19 12 na 17 
Red Bud Lake Improvement 7S 23 38 28 11 47 29 
Reno Co. RWD #01 6S 7 na na 4 na 6 
Reno Co. RWD #03 6S 20 22 11 16 14 17 
Reno Co. RWD #04 6S 18 5 na na 9 11 
Reno Co. RWD #08 6S 5 9 10 15 9 10 
Reno Co. WD #101 6S 15 4 na 5 8 15 
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Republic 7S 29 22 13 17 20 29 
Republic Co. RWD #01 7S 23 31 26 34 27 23 
Republic Co. RWD #02 7M 35 30 10 27 23 35 
Reserve 8S 26 24 43 30 31 26 
Rexford 2 5 4 4 4 5 5 
Rice Co. RWD #01 6ML 8 16 3 15 10 8 
Richmond 8M 13 15 16 9 12 13 
Riley 7M 22 23 19 30 24 22 
Riley Co. RWD #01 7M 18 13 5 6 10 18 
Robinson 8S 8 20 14 20 17 8 
Rocky Ford Water Company 7S 100 100 100 100 100 100 
Rolla 1 6 9 7 9 8 6 
Rooks Co. RWD #01 5 5 na 5 5 5 5 
Rooks Co. RWD #02 5 22 6 13 10 11 22 
Rooks Co. RWD #03 5 18 17 16 12 15 18 
Rose Hill 7M na na na 3 3 na 
Roseland 8S 100 100 na na 100 100 
Rossville 7M 10 8 10 11 9 10 
Rozel 5 14 19 16 13 16 14 
Rush Center 5 13 10 10 na 9 13 
Rush Co. RWD #01 5 25 18 16 24 22 25 
Russell 6ML 17 18 13 7 13 17 
Russell Co. RWD #01 6S 19 12 8 21 17 19 
Russell Co. RWD #02 6S 100 100 100 100 100 100 
Russell Co. RWD #03 6ML 20 19 20 23 23 20 
Russell Co. RWD #04 6S 33 23 6 18 19 33 
Sabetha 7M 27 17 5 6 15 27 
Salina 7L 13 11 14 11 12 13 
Saline Co. RWD #01 7S 13 11 10 15 11 13 
Saline Co. RWD #02 7S 12 18 9 27 15 12 
Saline Co. RWD #03 7M na na 13 na 13 na 
Saline Co. RWD #04 7M 11 32 24 19 20 11 
Saline Co. RWD #06 7S 8 19 12 10 11 8 
Saline Co. RWD #07 7S na na 11 7 12 na 
Saline Co. RWD #08 7S 12 18 37 13 17 12 
Satanta 2 7 5 6 4 5 7 
Sawyer 6S 6 7 6 6 6 6 
Scammon 8M 17 6 15 14 14 17 
Scandia 7S 18 24 28 7 17 18 
Scotsman Estates 7S 14 20 na 11 15 14 
Scott City 2 7 7 9 9 8 7 
Scranton 7M 7 6 11 10 9 7 
Sedan 7M 11 15 17 14 16 15 
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Sedgwick 7M na na na na na na 
Sedgwick Co. RWD #01 7M 10 8 12 4 9 9 
Sedgwick Co. RWD #03 7M na na 5 na na 5 
Sedgwick Co. RWD #04 7M 8 14 12 11 20 13 
Selden 3 4 5 4 6 8 5 
Seneca 7M 8 5 na 5 7 6 
Severy 7S 11 6 7 14 17 11 
Sharon 6S 20 18 17 23 18 19 
Sharon Springs 1 26 23 22 18 15 21 
Shawnee Co. RWD #01C 7M 5 7 3 na 6 5 
Shawnee Co. RWD #02C 7M 8 8 9 14 20 12 
Shawnee Co. RWD #03C 7M na na 4 na na 4 
Shawnee Co. RWD #04C 7L na na 16 13 14 14 
Shawnee Co. RWD #08 7M 12 16 14 14 13 14 
Silver Lake 7M na 7 10 4 8 7 
Simpson 6S 20 30 25 19 17 22 
Smith Center 6ML 24 25 21 23 23 23 
Smith Co. RWD #01 6S 22 17 22 11 7 16 
Soldier 7S na 4 5 4 8 5 
Solomon 7M 10 23 35 16 13 19 
South Haven 7S 53 21 8 16 13 22 
South Hutchinson 6ML na 7 9 14 11 10 
Spearville 4 8 11 4 9 9 8 
Speed 5 na 11 11 na 3 8 
Spivey 6S na 21 22 31 34 27 
Spring Hill 8M 10 19 8 14 5 11 
St. Francis 1 5 na 8 4 10 7 
St. George 7M 14 na 5 14 8 10 
St. John 6ML 15 20 22 17 16 18 
St. Marys 7M 3 4 3 6 3 4 
St. Paul 8M 14 16 13 4 7 11 
Stafford 6ML 6 6 4 3 6 5 
Sterling 6ML 4 5 4 4 na 4 
Stockton 5 13 37 16 16 9 18 
Strong City 7M na 4 8 na na 6 
Sublette 2 5 7 9 12 9 8 
Suburban Water Company 8M 3 6 10 10 10 8 
Summerfield 7S 5 5 5 7 7 6 
Sumner Co. RWD #01 7S na na 16 na 14 15 
Sumner Co. RWD #02 7S 13 8 12 7 8 10 
Sumner Co. RWD #03 7S 8 7 na na na 8 
Sumner Co. RWD #04 7M 20 26 21 20 32 24 
Sumner Co. RWD #05 7M na na 8 8 15 10 
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Sumner Co. RWD #06 7S 9 10 12 8 9 10 
Susank 6S 5 31 18 19 12 17 
Sylvan Grove 6S 25 22 9 6 6 14 
Sylvia 6S 34 37 29 21 26 29 
Syracuse 1 5 5 4 5 5 5 
Tescott 7S 10 9 11 12 18 12 
Thayer 8M 17 10 3 na 8 10 
Timber Creek Water & Sewer 7M 15 16 18 16 12 15 
Timken 5 9 6 8 6 3 6 
Tipton 6S 8 13 10 6 11 10 
Tonganoxie 8M 16 14 19 14 16 16 
Topeka 7L 15 3 6 7 16 9 
Toronto 7S 14 14 14 na 12 14 
Towanda 7M 5 na 7 8 na 7 
Treece 8S na 7 9 13 na 10 
Trego Co. RWD #01 4 13 6 8 4 5 7 
Trego Co. RWD #02 4 7 10 10 23 16 13 
Tribune 1 15 11 14 10 9 12 
Troy 8M 12 10 15 17 8 12 
Turon 6S 13 7 9 7 10 9 
Udall 7M 9 14 10 17 na 13 
Ulysses 2 7 6 7 9 5 7 
Uniontown 8S 8 11 9 15 14 11 
University Park Water 7S 13 na na 4 6 8 
Utica 4 13 4 6 6 8 7 
Valley Center 7M 12 15 12 na 4 11 
Valley Falls 8M 19 10 15 17 16 15 
Vermillion 7S 7 5 na na na 6 
Victoria 5 7 13 14 12 18 13 
Viola 7S 8 10 8 8 13 9 
Virgil 7S 18 25 12 8 13 15 
Wabaunsee Co. RWD #01 7S 25 19 20 15 13 18 
Wabaunsee Co. RWD #02 7M 8 9 10 13 12 10 
WaKeeney 4 17 13 18 13 16 15 
Wakefield 7M 10 11 13 10 24 14 
Waldo 6S na na na na na na 
Wallace 1 38 7 4 na 3 13 
Wallace Co. RWD #01 1 4 5 6 5 6 5 
Walnut 8S 12 na na na na 12 
Walton 7S 12 na na na na 12 
Wamego 7M na na 18 6 7 10 
Washington 7M 17 22 15 24 24 20 
Washington Co. RWD #01 7M 4 6 8 4 9 6 



75 
 

TABLE 21 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2003-2007 

Public Water Supplier Region 

2003 
Percent 

UFW 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

AVG 
Percent 

UFW 
Washington Co. RWD #02 7M 18 17 15 14 22 17 
WaterOne - Johnson Co. 8L 8 10 7 10 9 9 
Waterville 7M 8 9 10 4 9 8 
Wathena 8M 12 26 20 19 29 21 
Waverly 7M 8 10 19 7 8 10 
Weir 8M na 10 5 na 5 7 
Wellington 7M 9 6 10 8 3 7 
Wellsville 8M na na 9 na 5 7 
West Hills Water Company 6S 100 100 100 100 100 100 
West Mineral 8S 15 16 12 13 14 14 
Westmoreland 7M 10 10 7 7 13 9 
Wetmore 7S 15 15 14 13 13 14 
White City 7M 25 30 23 20 20 24 
White Cloud 8S 34 37 23 17 16 25 
Whitewater 7M 20 4 8 4 7 9 
Whiting 7S 9 8 21 16 23 15 
Wichita 7L na 6 6 8 4 6 
Williamsburg 8S na na na 100 100 100 
Willis 8S 14 14 15 na na 14 
Wilsey 7S na na na 14 4 9 
Wilson 6ML 12 17 12 24 12 15 
Wilson Co. RWD #01 7S 9 23 25 26 24 21 
Wilson Co. RWD #02 7S na na na 100 100 100 
Wilson Co. RWD #04 7S 11 22 15 10 8 13 
Wilson Co. RWD #05 7S na 4 13 16 33 17 
Wilson Co. RWD #06 7S 22 15 9 18 19 17 
Wilson Co. RWD #09 7S na 22 na na 19 21 
Wilson Co. RWD #11 7M 17 22 14 27 25 21 
Wilson Co. RWD #12 7S 10 3 5 na 7 6 
Wilson Co. RWD #13 7S 14 17 61 22 28 28 
Winchester 8M 9 5 8 5 4 6 
Windom 7S 16 na 9 na 11 12 
Winfield 7L 9 6 9 11 14 10 
Winona 2 17 15 16 14 20 16 
Woodson Co. RWD #01 7M 21 24 24 14 15 20 
Woodston 5 10 34 na 8 26 20 
Yates Center 7M 20 20 16 13 15 17 
Zenda 6S 5 19 17 18 36 19 
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INTRODUCTION 

 
Water use in Kansas is regulated by the Kansas Department of Agriculture, Division of 

Water Resources (DWR).  The DWR requires annual Water Use Reports from all public water 
suppliers with active water rights, as a condition of the Water Appropriations Act.  The DWR 
also requests annual water use reports from water suppliers purchasing water from State-
owned storage in Federal reservoirs through the Kansas Water Office (KWO) Water Marketing 
Program, and from water suppliers purchasing water wholesale from entities that have water 
rights or marketing contracts. 
 

The information shown in this publication was collected from 754 public water suppliers 
that filed 2008 Municipal Water Use Reports.  This number includes cities and towns, rural 
water districts, and housing subdivisions.  These public water suppliers provide information on 
quantity of water diverted, water purchased from and sold to other suppliers, sales to retail 
customers, metered free and unaccounted for water, population served, and current water rates.  
Annual water use reports for 2008 also were submitted by public wholesale water supply 
districts, mobile home parks or systems that serve predominantly mobile homes, and rural 
systems that serve fewer than 10 residential connections, seasonal customers, or 
predominantly commercial users.  The information from these reports is not included in this 
publication. 
 

The DWR, KWO, and U.S. Geological Survey–Kansas Water Science Center (USGS) 
review the water use data to ensure that the information is as accurate and complete as 
possible, and to derive the statistics on per capita usage, percent metered free, percent 
unaccounted for water, and water rates that are published in this report.  The review process is 
also important for documenting atypical water use among certain suppliers, as well as for 
identifying problems with meter accuracy, bookkeeping, and water loss that may warrant special 
assistance.  The Kansas Water Plan provides some of the funding used to review annual water 
use reports and offer technical assistance when needed. 
 

The Kansas Municipal Water Use publication has been prepared each year since 1987.  
The efforts of every water supplier completing annual water use reports are greatly appreciated.  
The data collected are valuable in administering water rights and marketing contracts, preparing 
population and water demand projections, and assessing progress toward meeting State 
conservation objectives.  The information provided in this annual publication can also be useful 
in evaluating individual systems’ needs for metering improvements, water loss reduction, water 
rate adjustments, and implementation of cost-effective, long-term water conservation measures. 
 
REGIONAL PER CAPITA WATER USE  
 

Water usage in gallons per capita per day (gpcd) is calculated for each water system 
from reported data on water use and population served.  Gpcd usage for individual suppliers is 
based on amounts of water sold for residential and commercial uses, free uses, and 
unaccounted for water.  Gpcd figures generally do not include sales to other suppliers, 
industries, bulk uses, or farmsteads using over 200,000 gallons per year.   
 

Average gpcd figures are calculated for water suppliers in eight regions of the State so 
that usage for individual suppliers can be compared to average usage for similar geographic 
areas.  These regions, shown in Figure 1 (inside back cover), correspond to general patterns of 
per capita water use and precipitation.  Gpcd usage increases from eastern to western Kansas, 
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primarily due to greater outdoor water use in the drier, more arid parts of the state.  Another 
factor contributing to higher gpcd usage in western Kansas is that average water rates are lower 
in the western regions of the State where ground water is the predominant source of supply.  
Average gpcd usage by Kansas public water suppliers by region and size is shown in Table 1 
(p. 3) for the years 2004-2008.  In 2008, average per-capita water usage ranged from 273 
gallons per day in Region 1 in westernmost Kansas to 81 gallons per day in Region 8 among 
small public water suppliers in easternmost Kansas.  Average state per-capita use in 2008 was 
115 gallons per day, which is the lowest observed in the 22 years that these analyses have 
been made. 
 
WATER USE STATISTICS BY REGION AND STATE 
 

The tables in this publication are organized by region and size category.  Regions 6, 7, 
and 8 in central and eastern Kansas include many more public water suppliers than do the 
western Kansas regions, and were subdivided by population size.  Small public water suppliers 
serve fewer than 500 people, medium public water suppliers serve between 500 and 9,999 
people, and large public water suppliers serve 10,000 people or more.   
 

Water use statistics for each supplier within each regional category are provided in 
Tables 2-14 on pp. 4-27.  These tables rank each water supplier by gpcd usage, and show the 
percent difference from the respective 2008 regional average gpcd.  The tables also show the 
monthly cost for 10,000 gallons of water, the percentage of metered free water, and the 
percentage of unaccounted for water.  These data are useful in evaluating the gpcd figures.  
Comparison of an individual supplier’s gpcd, water rates, and percentages of metered free and 
unaccounted for water to regional averages may indicate opportunities for more cost-effective 
and efficient use of water.  Lower gpcd figures may be indicative of conservation efforts by 
public water suppliers.  These efforts include reductions in unaccounted for water, more 
accurate metering of raw water, and reduced usage due to higher costs for service. 

 
Table 15 (p. 28) shows the regional average cost of water for residential customers in 

2008.  In general, water rates increase from west to east across the state.  
 
 
5-YEAR AVERAGE GPCD AND PERCENT UNACCOUNTED FOR WATER 
 

Annual and average GPCD figures for 803 active public water suppliers that completed 
water use reports during any years from 2004-2008 are listed in Table 16 (p. 29).  This table 
includes all cities, rural water districts, and subdivisions listed in Tables 2-14, plus systems that 
are still active but did not complete a 2008 water use report (indicated by ‘na’).  Table 17 (p. 48) 
shows the percent unaccounted for water for each of the 803 systems for each year that data 
were available, and for the average of those years.  Percentages less than 3 are not shown 
or used to calculate the average. 
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TABLE 1 
AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE 

KANSAS, 2004-2008 

Region Year Average 
2004 2005 2006 2007 2008 

1 253 272 293 272 273 273 
2 234 246 258 245 241 245 
3 224 221 244 241 229 232 
4 179 192 188 170 168 179 
5 155 150 156 149 142 150 

6-ML 143 145 150 135 133 141 
6-S 124 123 138 125 121 126 
7-L 139 137 147 135 128 137 
7-M 102 105 107 101 96 102 
7-S 97 97 96 92 89 94 
8-L 128 128 130 130 123 128 
8-M 98 99 102 98 92 98 
8-S 82 80 84 82 81 82 

Kansas 120 121 126 119 115 120 
 
 

 Refer to Figure 1 for map regions. For this analysis, utilities in Regions 6, 7, and 8 were 
subdivided into size categories. Large (L) utilities are those serving 10,000 people or more. 
Medium (M) utilities are those serving 500 to 9,999 people. Small (S) utilities are those serving 
fewer than 500 people. 
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TABLE 2 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION 1, 2008 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Bird City 390 273 +43 $25.20 0 24 
Syracuse 377 273 +38 $13.75 3 6 
Johnson City 360 273 +32 $19.00 9 13 
Elkhart 346 273 +27 $16.50 11 13 
Wallace Co. RWD #01 335 273 +23 $12.00 <1 5 
Tribune 321 273 +18 $23.10 3 13 
Goodland 302 273 +11 $20.70 0 25 
Coolidge 279 273 +2 $25.00 1 28 
St. Francis 274 273 0 $22.00 4 7 
Sharon Springs 264 273 -3 $24.00 1 12 
Manter 245 273 -10 $28.00 3 12 
Rolla 243 273 -11 $27.38 10 6 
Wallace 220 273 -19 $19.50 0 na 
Kanorado 190 273 -30 $22.10 7 8 
Horace 139 273 -49 $26.30 0 9 
Hamilton Co. RWD #01 89 273 -67 $57.00 3 8 
Average 273 273 -- $23.85 5 13 

 
  



5 
 

TABLE 3 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION 2, 2008 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
McDonald 487 241 +102 $25.10 2 44 
Rexford 456 241 +89 $17.50 0 10 
Hugoton 354 241 +47 $18.00 4 7 
Colby 333 241 +38 $14.90 4 23 
Winona 306 241 +27 $29.00 1 16 
Moscow 306 241 +27 $22.00 2 15 
Brewster 287 241 +19 $11.90 2 4 
Oakley 268 241 +11 $15.80 2 15 
Lakin 262 241 +9 $24.95 16 7 
Satanta 259 241 +7 $14.35 7 14 
Scott City 258 241 +7 $19.60 2 9 
Ulysses 253 241 +5 $20.35 4 6 
Sublette 248 241 +3 $14.00 9 8 
Leoti 241 241 0 $29.38 4 na 
Herndon 229 241 -5 $22.50 <1 12 
Garden City 190 241 -21 $20.00 19 na 
Liberal 188 241 -22 $24.90 17 9 
Atwood 186 241 -23 $41.36 4 10 
Kismet 163 241 -32 $29.60 9 28 
Deerfield 156 241 -35 $29.45 3 11 
Holcomb 147 241 -39 $18.96 3 9 
Garden Spot Rentals 76 241 -68 none 0 100 
Farr Subdivision 65 241 -73 none 0 100 
Finney Co. RWD #01 61 241 -75 $46.50 0 na 
Average 241 241 -- $23.19 6 13 
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TABLE 4 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION  3, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Gove 302 229 +32 $12.80 1 45 
Cimarron 299 229 +30 $28.09 24 12 
Plains 286 229 +25 $17.00 12 17 
Hoxie 271 229 +18 $18.00 0 15 
Copeland 270 229 +18 $40.00 0 59 
Montezuma 265 229 +16 $19.20 9 9 
Grinnell 257 229 +12 $13.00 8 7 
Grainfield 253 229 +11 $9.80 0 11 
Meade 252 229 +10 $21.65 3 20 
Norcatur 238 229 +4 $25.00 0 6 
Dighton 229 229 0 $18.16 3 12 
Quinter 208 229 -9 $23.00 5 15 
Jennings 206 229 -10 $22.00 2 36 
Lane Co. RWD #01 201 229 -12 $23.50 0 19 
Selden 198 229 -14 $17.70 1 7 
Ingalls 189 229 -18 $35.00 0 na 
Oberlin 187 229 -18 $24.02 8 9 
Park 170 229 -26 $14.00 0 3 
Fowler 168 229 -27 $18.00 9 11 
Ensign 128 229 -44 $45.00 0 5 
Average 229 229 -- $22.25 7 14 
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TABLE 5 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION  4, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Englewood 539 168 +221 $20.00 0 97 
Ford 295 168 +76 $28.00 0 98 
Morland 222 168 +32 $22.00 4 10 
Hanston 212 168 +26 $11.80 0 10 
Norton 208 168 +24 $35.24 14 17 
Minneola 206 168 +23 $29.00 0 16 
Dodge City 203 168 +21 $25.79 3 19 
Ashland 200 168 +19 $24.00 1 9 
WaKeeney 199 168 +18 $20.50 16 11 
Hill City 191 168 +14 $27.20 9 18 
Jetmore 178 168 +6 $18.00 4 7 
Utica 175 168 +4 $14.80 17 4 
Lenora 163 168 -3 $31.25 12 19 
Bogue 163 168 -3 $22.00 0 10 
Bucklin 147 168 -13 $44.00 <1 18 
Ness City 147 168 -13 $43.50 1 13 
Almena 133 168 -21 $28.75 7 39 
Arnold 125 168 -25 $20.00 0 100 
Spearville 123 168 -27 $56.80 9 6 
Ransom 110 168 -34 $51.50 18 na 
Collyer 109 168 -35 $32.80 0 na 
Trego Co. RWD #02 101 168 -40 $63.00 14 11 
Bazine 97 168 -42 $27.50 2 11 
Clayton 87 168 -48 $26.75 2 na 
Brownell 84 168 -50 $15.00 1 10 
Trego Co. RWD #01 81 168 -52 $51.00 0 6 
Norton Co. RWD #01 40 168 -76 $34.50 0 9 
Average 168 168 -- $30.54 7 13 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION 5, 2008 

Public Water Supplier GPCD 

Regional 
Avg. 

GPCD 
Percent 

Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Comanche Co. RWD #02 678 142 +377 $58.00 0 45 
Mullinville 266 142 +87 $23.00 3 25 
Woodston 255 142 +80 $30.00 <1 25 
Belvidere 224 142 +58 $15.00 0 100 
Larned 203 142 +43 $19.10 9 17 
Burdett 191 142 +35 $17.60 2 41 
Haviland 185 142 +30 $13.00 1 13 
Otis 184 142 +30 $22.50 <1 11 
Long Island 180 142 +27 $27.00 5 na 
Protection 180 142 +26 $28.00 1 18 
Greensburg 173 142 +22 $23.15 14 16 
Logan 173 142 +22 $29.50 1 23 
Coldwater 165 142 +16 $32.00 0 7 
Rozel 161 142 +14 $18.50 0 14 
Prairie View 159 142 +12 $25.00 0 13 
Rush Co. RWD #01 156 142 +10 $64.00 0 17 
Post Rock RWD 149 142 +5 $95.60 3 24 
Lewis 138 142 -3 $24.50 5 5 
Rooks Co. RWD #03 137 142 -3 $54.50 0 19 
Phillipsburg 130 142 -8 $46.54 5 6 
Comanche Co. RWD #01 129 142 -9 $25.50 0 23 
Kinsley 128 142 -10 $35.12 5 22 
Plainville 123 142 -13 $20.00 22 11 
La Crosse 123 142 -13 $51.50 1 23 
Palco 118 142 -17 $27.00 0 10 
Rush Center 116 142 -18 $19.38 <1 11 
Ellis Co. RWD #06 115 142 -19 $65.00 <1 19 
Stockton 114 142 -20 $52.90 11 25 
Belpre 109 142 -23 $37.50 0 29 
Victoria 107 142 -25 $26.00 2 22 
Glade 106 142 -25 $46.00 3 38 
Offerle 101 142 -29 $19.15 0 7 
Hays City Suburban 96 142 -33 none 0 100 
Ellis 93 142 -35 $64.63 10 8 
Hays 92 142 -35 $38.44 3 11 
Kirwin 90 142 -37 $26.50 4 20 
Speed 89 142 -37 $27.50 5 15 
Agra 89 142 -38 $35.00 1 15 
Ellis Co. RWD #01 87 142 -39 $23.20 9 14 
Liebenthal 78 142 -45 $30.00 1 10 
McCracken 78 142 -45 $44.40 4 3 
Alexander 78 142 -45 $31.00 1 6 
Bison 78 142 -45 $28.50 0 16 
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TABLE 6 
WATER USE STATISTICS FOR PUBLIC WATER SUPPLIERS 

REGION 5, 2008 

Public Water Supplier GPCD 

Regional 
Avg. 

GPCD 
Percent 

Difference 

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Rooks Co. RWD #01 70 142 -51 $35.25 0 na 
Rooks Co. RWD #02 70 142 -51 $25.50 0 16 
Timken 69 142 -51 $26.85 6 21 
Ellis Co. RWD #03 53 142 -62 $34.40 0 7 
Average 142 142 -- $34.04 4 17 
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TABLE 7 
WATER USE STATISTICS FOR MEDIUM AND LARGE 

PUBLIC WATER SUPPLIERS 
REGION 6, 2008 

Public Water Supplier GPCD 

Regional 
Average 
GPCD 

Percent 
Difference 

Cost per 
10,000 

gal/month

Percent 
Metered 

Free 
Percent 

Unacc. For 
Attica 215 133 +62 $19.60 0 33 
Medicine Lodge 199 133 +49 $28.91 2 31 
Pratt 192 133 +45 $17.79 7 15 
Mitchell Co. RWD #02 190 133 +43 $75.50 8 12 
Kiowa 184 133 +39 $25.25 1 18 
Lyons 180 133 +36 $19.00 3 10 
Mankato 170 133 +27 $39.39 7 35 
Rice Co. RWD #01 168 133 +26 $33.50 0 27 
Downs 160 133 +20 $28.50 6 12 
Osborne 159 133 +20 $29.93 17 21 
Smith Center 146 133 +10 $40.58 1 34 
Lincoln Center 138 133 +4 $26.98 5 27 
St. John 135 133 +2 $22.20 8 21 
Kensington 134 133 +1 $29.00 7 26 
Russell 133 133 0 $62.25 6 21 
South Hutchinson 130 133 -2 $18.58 3 6 
Great Bend 130 133 -2 $25.86 0 24 
Anthony 128 133 -4 $46.31 8 11 
Ellsworth 128 133 -4 $46.30 7 17 
Russell Co. RWD #03 127 133 -5 $69.00 13 14 
Pretty Prairie 125 133 -6 $23.70 2 9 
Haven 120 133 -9 $25.58 1 27 
Little River 119 133 -10 $38.00 1 9 
Harper 119 133 -11 $34.00 0 7 
Stafford 118 133 -11 $21.57 6 5 
Claflin 117 133 -12 $28.00 5 20 
Buhler 111 133 -17 $20.70 2 4 
Hutchinson 110 133 -17 $33.92 8 8 
Kingman 108 133 -19 $41.00 0 9 
Wilson 104 133 -22 $38.00 2 13 
Kanopolis 101 133 -24 $46.79 1 25 
Ellinwood 100 133 -25 $23.00 1 3 
Hoisington 98 133 -26 $39.00 2 21 
Nickerson 86 133 -36 $70.25 <1 37 
Norwich 83 133 -38 $33.50 1 9 
Sterling 82 133 -38 $29.25 8 6 
Beloit 80 133 -39 $50.55 5 11 
Average 133 133 -- $35.17 5 17 
 
  



11 
 

TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION 6, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Osborne Co. RWD #01A 524 121 +333 $70.00 32 33 
West Hills Water Company 233 121 +93 $20.00 0 100 
Cullison 216 121 +78 $17.00 6 25 
Reno Co. RWD #03 210 121 +73 $55.00 0 18 
Hardtner 207 121 +71 $25.50 34 4 
Barber Co. RWD #01 186 121 +53 $50.00 0 na 
Russell Co. RWD #02 177 121 +46 $30.00 0 na 
Jewell Co. RWD #01 177 121 +46 $48.30 <1 27 
Cawker City 159 121 +31 $26.25 5 25 
Glen Elder 156 121 +29 $37.50 3 13 
Sawyer 152 121 +26 $22.50 17 5 
Cunningham 150 121 +24 $29.80 7 8 
Reno Co. RWD #08 146 121 +21 $55.00 7 10 
Bluff City 143 121 +18 $20.50 31 14 
Abbyville 143 121 +18 $8.50 0 36 
Russell Co. RWD #01 140 121 +15 $50.00 0 18 
Osborne Co. RWD #02 138 121 +14 $65.00 0 22 
Alton 138 121 +14 $28.50 <1 10 
Reno Co. RWD #01 137 121 +13 $44.00 0 6 
Natoma 137 121 +13 $41.00 20 17 
Sharon 136 121 +13 $22.50 2 15 
Hazelton 134 121 +11 $27.80 <1 40 
Smith Co. RWD #01 134 121 +11 $53.50 0 9 
Macksville 132 121 +9 $28.00 6 18 
Isabel 127 121 +5 $22.00 0 4 
Gaylord 127 121 +5 $29.00 1 16 
Bushton 123 121 +2 $30.00 2 14 
Zenda 122 121 +1 $24.00 2 19 
Coats 119 121 -1 $15.00 14 10 
Russell Co. RWD #04 119 121 -2 $65.00 0 27 
Randall 118 121 -2 $82.00 0 12 
Tipton 115 121 -5 $55.50 3 na 
Holyrood 113 121 -7 $27.50 9 7 
Albert 112 121 -8 $26.00 0 7 
Simpson 111 121 -8 $31.00 <1 47 
Sylvan Grove 109 121 -10 $42.00 0 11 
Burr Oak 106 121 -12 $27.00 1 24 
Reno Co. WD #101 105 121 -13 $20.50 0 5 
Harper Co. RWD #04 104 121 -14 $68.00 0 43 
Chase 103 121 -15 $32.30 0 12 
Spivey 101 121 -17 $42.90 0 39 
Turon 101 121 -17 $21.50 4 10 
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TABLE 8 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION 6, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Arlington 99 121 -18 $38.00 13 7 
Geneseo 98 121 -19 $30.91 4 18 
Olmitz 98 121 -19 $36.50 0 14 
Sylvia 97 121 -20 $30.50 3 23 
Esbon 93 121 -23 $47.00 0 14 
Portis 93 121 -23 $25.00 0 14 
Pawnee Rock 93 121 -23 $31.00 0 14 
Bunker Hill 92 121 -24 $55.00 11 10 
Preston 91 121 -24 $24.25 <1 na 
Lucas 89 121 -26 $32.00 <1 12 
Lorraine 89 121 -26 $34.00 1 7 
Raymond 89 121 -27 $19.00 15 10 
Gorham 84 121 -30 $72.00 0 19 
Hunter 84 121 -30 $48.00 <1 16 
Lebanon 84 121 -30 $58.00 1 19 
Barber Co. RWD #03 78 121 -36 $59.00 0 23 
Luray 77 121 -36 $71.00 1 6 
Iuka 72 121 -41 $31.00 <1 4 
Reno Co. RWD #04 71 121 -41 $55.11 0 4 
Paradise 71 121 -41 $61.00 0 13 
Formoso 70 121 -42 $59.00 1 16 
Jewell 67 121 -44 $25.75 1 6 
Beverly 66 121 -46 $29.60 0 na 
Waldo 64 121 -47 $59.50 0 9 
Dorrance 58 121 -52 $48.00 1 13 
Kingman Co. RWD #01 56 121 -54 $100.50 0 20 
Barton Hills WD 42 121 -65 $30.00 0 7 
Barnard 40 121 -67 $55.00 0 9 
Average 121 121 -- $40.04 7 16 
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TABLE 9 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERS 

REGION  7, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Coffeyville 177 128 +38 $44.88 19 15 
El Dorado 169 128 +32 $25.48 3 5 
Emporia 152 128 +19 $27.73 6 21 
Junction City 151 128 +18 $23.59 5 25 
Independence 147 128 +15 $27.87 1 27 
Arkansas City 135 128 +6 $64.60 2 28 
McPherson 131 128 +2 $24.00 1 6 
Wichita 130 128 +1 $16.22 1 8 
Manhattan 129 128 0 $30.33 6 11 
Topeka 129 128 0 $42.88 17 9 
Winfield 128 128 0 $32.55 0 11 
Salina 109 128 -15 $37.71 2 12 
Derby (El Paso Water Co.) 100 128 -22 $27.28 0 na 
Newton 95 128 -26 $45.24 1 9 
Haysville 86 128 -32 $19.38 5 11 
Shawnee Co. RWD #04C 80 128 -38 $48.00 <1 14 
Average 128 128 -- $33.61 5 14 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Augusta 186 96 +93 $34.00 1 36 
Hillsboro 182 96 +90 $70.44 35 5 
Republic Co. RWD #02 179 96 +87 $52.83 7 28 
Clyde 158 96 +65 $26.30 3 15 
Belleville 154 96 +60 $25.64 5 10 
Minneapolis 152 96 +59 $53.23 35 5 
Chapman 146 96 +52 $26.50 25 8 
Washington Co. RWD #02 144 96 +50 $57.30 0 17 
Pottawatomie Co. RWD #02 143 96 +49 $78.00 1 35 
Morris Co. RWD #01 142 96 +48 $60.65 3 12 
Frankfort 138 96 +44 $24.05 16 21 
Goddard 137 96 +43 $12.65 <1 na 
Washington 134 96 +40 $26.75 <1 12 
Clifton 132 96 +37 $19.00 5 13 
Pottawatomie Co. RWD #04 129 96 +35 $86.00 27 9 
Hesston 129 96 +34 $29.70 5 15 
Nemaha Co. RWD #04 127 96 +33 $58.00 0 19 
Eureka 127 96 +32 $48.85 6 12 
Caney 126 96 +31 $50.41 12 24 
Cheney 126 96 +31 $27.40 26 10 
Wellington 125 96 +31 $36.67 15 11 
Marysville 125 96 +30 $40.55 3 17 
Waterville 125 96 +30 $20.50 3 8 
Timber Creek Water & Sewer 125 96 +30 $38.50 0 17 
Clay Center 125 96 +30 $46.45 2 8 
Herington 123 96 +28 $38.15 9 20 
Blue Rapids 122 96 +27 $21.00 1 19 
Abilene 121 96 +26 $39.00 5 13 
Concordia 120 96 +25 $32.68 3 12 
Goessel 120 96 +25 $27.88 <1 22 
Seneca 119 96 +24 $24.25 1 na 
Neodesha 118 96 +23 $54.75 17 7 
Pottawatomie Co. RWD #01 118 96 +23 $41.00 1 na 
Moundridge 116 96 +21 $17.25 2 na 
Marion 116 96 +21 $35.25 5 na 
Fredonia 116 96 +21 $42.52 6 7 
Marshall Co. RWD #03 115 96 +20 $53.43 0 17 
Cowley Co. RWD #03 113 96 +18 $28.56 <1 30 
Inman 113 96 +17 $22.00 0 6 
Wakefield 112 96 +16 $25.00 2 15 
Alma 111 96 +16 $59.00 1 12 
Dickinson Co. RWD #02 111 96 +15 $64.50 6 28 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Wamego 109 96 +14 $23.80 5 5 
Holton 108 96 +12 $60.50 8 16 
Hanover 106 96 +10 $39.75 3 17 
Mount Hope 104 96 +8 $16.30 8 8 
Solomon 104 96 +8 $28.00 7 16 
Lindsborg 103 96 +7 $30.00 1 14 
McPherson Co. RWD #04 102 96 +7 $61.00 0 17 
Greenwood Co. RWD #02 102 96 +6 $63.00 0 19 
Burlington 102 96 +6 $70.40 3 7 
Nemaha Co. RWD #03 102 96 +6 $41.30 0 7 
Marquette 102 96 +6 $34.00 9 7 
Galva 101 96 +6 $20.95 <1 5 
Peabody 101 96 +5 $54.42 31 7 
Miltonvale 101 96 +5 $20.50 2 18 
Yates Center 101 96 +5 $43.75 1 11 
Park City 100 96 +4 $37.55 2 8 
Oxford 100 96 +4 $33.00 2 24 
Lyon Co. RWD #02 99 96 +3 $40.30 0 4 
Shawnee Co. RWD #03C 99 96 +3 $61.12 0 na 
Riley 99 96 +3 $50.00 1 30 
St. Marys 98 96 +2 $26.90 2 5 
Onaga 96 96 0 $38.50 2 6 
Canton 96 96 0 $26.65 <1 na 
Dickinson Co. RWD #01 96 96 0 $60.00 0 32 
White City 96 96 0 $39.00 1 37 
Osage Co. RWD #03 95 96 -1 $73.00 18 14 
North Newton 95 96 -1 $37.31 0 10 
Cowley Co. RWD #05 95 96 -1 $70.00 0 21 
Ogden 95 96 -1 $24.00 2 7 
Sabetha 95 96 -1 $50.06 4 3 
Belle Plaine 95 96 -2 $25.52 2 17 
Halstead 94 96 -2 $64.20 2 14 
Burden 94 96 -2 $63.27 1 9 
Jackson Co. RWD #03 94 96 -3 $83.30 4 17 
Riley Co. RWD #01 94 96 -3 $61.25 <1 5 
Conway Springs 93 96 -3 $41.42 <1 15 
Cottonwood Falls 93 96 -3 $43.00 32 3 
Eskridge 93 96 -3 $56.00 10 4 
Sumner Co. RWD #04 93 96 -3 $70.50 0 31 
Osage City 93 96 -3 $58.60 <1 12 
Council Grove 93 96 -3 $48.30 5 14 
Bel Aire 93 96 -4 $44.42 3 6 
Butler Co. RWD #01 93 96 -4 $70.00 0 23 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Sedgwick Co. RWD #04 91 96 -5 $68.50 0 39 
Cowley Co. RWD #06 91 96 -5 $25.72 <1 30 
Saline Co. RWD #04 91 96 -5 $36.68 13 17 
Madison 90 96 -6 $52.00 2 19 
Pottawatomie Co. RWD #03 89 96 -7 $36.30 <1 16 
Shawnee Co. RWD #08 89 96 -7 $43.00 1 16 
Bennington 89 96 -7 $28.60 12 4 
Washington Co. RWD #01 88 96 -8 $52.04 3 9 
Montgomery Co. RWD #06 88 96 -8 $53.00 0 20 
Grandview Plaza 88 96 -9 $28.61 <1 11 
Wabaunsee Co. RWD #02 87 96 -9 $81.00 20 11 
Caldwell 87 96 -9 $49.50 2 18 
Westmoreland 87 96 -9 $57.50 1 7 
Strong City 87 96 -10 $56.40 3 6 
Osage Co. RWD #05 87 96 -10 $58.96 1 21 
Maple Hill 86 96 -11 $37.40 1 7 
Leon 85 96 -11 $55.00 3 21 
Osage Co. RWD #07 85 96 -12 $77.00 0 26 
Cherryvale 84 96 -12 $78.00 3 18 
Carbondale 84 96 -12 $65.50 2 16 
Cowley Co. RWD #04 84 96 -13 $68.50 0 19 
Udall 84 96 -13 $39.25 1 18 
Howard 83 96 -13 $48.70 17 6 
Rossville 83 96 -14 $35.84 0 13 
Benton 83 96 -14 $70.50 8 na 
Valley Center 83 96 -14 $48.74 1 13 
Montgomery Co. RWD #02 83 96 -14 $69.50 0 7 
Andale 82 96 -14 $30.25 0 6 
Clay Co. RWD #02 82 96 -14 $58.82 2 11 
Ottawa Co. RWD #02 82 96 -14 $52.84 1 12 
Shawnee Co. RWD #02C 82 96 -14 $55.00 5 12 
Burrton 82 96 -15 $28.87 8 4 
Geary Co. RWD #04 82 96 -15 $65.50 2 4 
Mulvane 81 96 -15 $46.60 0 11 
Clearwater 81 96 -16 $36.00 1 15 
Sedan 81 96 -16 $69.50 5 15 
Butler Co. RWD #06 80 96 -16 $85.00 0 23 
Butler Co. RWD #05 80 96 -17 $91.00 0 9 
Silver Lake 80 96 -17 $31.80 1 4 
Enterprise 80 96 -17 $39.00 8 11 
Whitewater 80 96 -17 $62.50 2 5 
Osage Co. RWD #08 79 96 -17 $75.00 0 20 
Marion Co. RWD #01 79 96 -18 $35.50 <1 16 
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TABLE 10 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  7, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Montgomery Co. RWD #11 79 96 -18 $76.25 2 14 
Cowley Co. RWD #01 78 96 -19 $34.00 1 4 
St. George 77 96 -20 $54.95 0 9 
Maize 76 96 -21 $70.33 <1 7 
Greenwood Co. RWD #01 76 96 -21 $100.00 3 32 
Hartford 75 96 -21 $78.75 0 28 
Waverly 75 96 -22 $93.60 2 6 
Jackson Co. RWD #01 75 96 -22 $75.60 0 20 
Douglass 75 96 -22 $68.15 2 12 
Marion Co. RWD #04 75 96 -22 $47.10 0 13 
Olpe 74 96 -22 $54.90 <1 na 
Lyndon 74 96 -23 $79.25 2 12 
Burlingame 73 96 -24 $78.03 5 7 
Sedgwick Co. RWD #03 73 96 -24 $60.20 8 na 
Garden Plain 73 96 -24 $35.50 2 3 
Butler Co. RWD #03 73 96 -24 $87.50 0 12 
Florence 73 96 -24 $58.00 9 18 
Osage Co. RWD #04 72 96 -25 $87.40 0 17 
Coffey Co. RWD #02 72 96 -25 $116.64 0 13 
Harvey Co. RWD #01 71 96 -26 $65.50 0 21 
Sedgwick 71 96 -26 $47.00 9 4 
Butler Co. RWD #08 71 96 -26 $48.00 3 10 
Rose Hill 70 96 -27 $45.58 1 3 
Lyon Co. RWD #05 70 96 -27 $52.00 4 4 
Hoyt 70 96 -27 $71.49 1 4 
Overbrook 69 96 -28 $76.14 2 6 
Shawnee Co. RWD #01C 69 96 -29 $79.00 0 na 
Cedar Vale 68 96 -29 $94.00 3 17 
Butler Co. RWD #02 68 96 -30 $69.30 0 5 
Lebo 67 96 -30 $79.50 1 4 
Wilson Co. RWD #11 67 96 -30 $72.00 0 28 
Montgomery Co. RWD #12 67 96 -31 $93.10 5 16 
Butler Co. RWD #07 65 96 -32 $85.00 0 11 
Scranton 64 96 -34 $68.75 1 15 
Woodson Co. RWD #01 63 96 -34 $76.00 4 14 
Sedgwick Co. RWD #01 63 96 -34 $51.00 0 na 
Lyon Co. RWD #01 62 96 -35 $54.00 <1 na 
Montgomery Co. RWD #01C 62 96 -36 $56.00 0 17 
Cowley Co. RWD #02 60 96 -37 $47.50 6 9 
Colwich 59 96 -39 $51.50 1 na 
Coffey Co. RWD #03 57 96 -41 $106.50 2 9 
Average 96 96 -- $52.14 5 14 
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TABLE 11 

WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 
REGION  7, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Republic Co. RWD #01 327 89 +267 $33.05 0 40 
Nemaha Co. RWD #01 208 89 +134 $44.00 0 23 
Byron 204 89 +130 $12.50 0 100 
Elk City 193 89 +117 $45.85 16 18 
Elmdale 174 89 +95 $33.00 0 52 
Elgin 170 89 +91 $25.00 0 51 
Clay Co. RWD #01 154 89 +73 $58.50 0 25 
Sumner Co. RWD #01 145 89 +63 $59.80 0 31 
Barnes 145 89 +63 $42.00 18 27 
Little Bear Mound 142 89 +59 na 0 100 
Scandia 134 89 +50 $12.25 7 22 
Elk Co. RWD #01 130 89 +46 $105.00 0 34 
Cloud Co. RWD #01 128 89 +44 $62.00 <1 31 
Mahaska 126 89 +42 $22.00 2 3 
Republic 125 89 +40 $17.00 1 24 
Greenleaf 123 89 +38 $25.50 4 13 
Vermillion 120 89 +35 $38.50 29 5 
Palmer 117 89 +32 $32.50 2 8 
Saline Co. RWD #02 116 89 +30 $46.20 0 17 
Howison Heights WD 114 89 +28 $47.00 0 20 
Delphos 113 89 +27 $27.50 15 30 
McPherson Co. RWD #01 113 89 +27 $27.50 0 12 
South Haven 110 89 +24 $32.00 <1 16 
Sumner Co. RWD #02 110 89 +23 $76.20 0 8 
Bern 105 89 +18 $34.90 <1 9 
Morganville 104 89 +17 $14.50 0 na 
Courtland 104 89 +17 $39.00 2 11 
Argonia 104 89 +17 $36.98 3 5 
Montgomery Co. RWD #08 103 89 +16 $75.90 0 37 
Cedar Point 100 89 +13 $50.50 0 29 
Buffalo 100 89 +13 $69.33 3 23 
Linn 100 89 +12 $36.50 3 7 
Newbury Extension 100 89 +12 $48.50 0 30 
Chautauqua Co. RWD #02 99 89 +11 $88.00 0 20 
Toronto 98 89 +11 $83.22 7 13 
Munden 98 89 +10 $23.75 0 24 
Montgomery Co. RWD #01 98 89 +10 $42.00 0 na 
McPherson Co. RWD #02 97 89 +9 $56.00 0 na 
Durham 97 89 +9 $36.00 <1 9 
Geary Co. RWD #02 96 89 +8 $22.20 0 100 
Beattie 96 89 +7 $36.75 <1 26 
Leonardville 96 89 +7 $35.00 0 9 
Geuda Springs 95 89 +7 $29.00 <1 11 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Tescott 95 89 +7 $16.55 <1 12 
Wilson Co. RWD #06 95 89 +6 $53.00 0 16 
Oketo 94 89 +6 $35.25 0 16 
Altoona 93 89 +5 $46.50 17 10 
Dexter 92 89 +3 $27.00 2 9 
Cuba 91 89 +2 $24.18 0 22 
Wilson Co. RWD #04 90 89 +1 $80.00 0 19 
Blue River Hills Improvement 90 89 +1 $30.00 0 100 
Wabaunsee Co. RWD #01 90 89 +1 $88.00 1 17 
Saline Co. RWD #06 89 89 +1 $60.00 <1 10 
Osage Co. RWD #06 89 89 0 $80.00 0 16 
Moline 89 89 0 $47.50 2 7 
Hope 88 89 -1 $42.25 0 3 
Belvue 88 89 -1 $27.00 0 10 
Longton 87 89 -2 $51.00 8 23 
Marshall Co. RWD #01 87 89 -2 $45.50 0 14 
Cowley Co. RWD #08 86 89 -3 $40.00 0 na 
New Strawn 86 89 -4 $76.25 4 3 
Ottawa Co. RWD #01 85 89 -4 $55.00 0 38 
Cowley Co. RWD #07 85 89 -4 $30.00 0 38 
Harveyville 84 89 -5 $78.00 13 10 
Sumner Co. RWD #06 84 89 -6 $43.00 0 4 
Narka 84 89 -6 $25.00 1 na 
Milford 83 89 -6 $71.00 14 8 
Saline Co. RWD #08 83 89 -6 $45.00 0 15 
Osage Co. RWD #02 83 89 -7 $62.00 0 13 
Aurora 83 89 -7 $38.00 0 6 
Windom 83 89 -7 $60.00 1 13 
Summerfield 82 89 -7 $20.00 <1 6 
Wetmore 81 89 -9 $45.50 9 18 
McPherson Co. RWD #03 81 89 -9 $40.50 0 na 
Greenwood Co. RWD #03 80 89 -10 $78.30 0 25 
Centralia 79 89 -11 $43.00 4 4 
Sumner Co. RWD #03 79 89 -11 $57.80 0 na 
Montgomery Co. RWD #10 78 89 -12 $65.00 0 8 
Severy 78 89 -12 $71.25 15 22 
Paxico 78 89 -13 $35.00 2 na 
Lehigh 78 89 -13 $34.70 0 na 
Oneida 77 89 -13 $29.05 0 13 
Axtell 77 89 -13 $43.50 1 11 
Morrowville 77 89 -13 $36.00 1 16 
Agenda 77 89 -14 $36.00 <1 13 
Lyon Co. RWD #03 75 89 -16 $67.00 0 17 
Glasco 73 89 -18 $61.64 0 8 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Haddam 73 89 -18 $39.00 7 30 
Green 73 89 -18 $43.00 7 17 
Alta Vista 73 89 -18 $75.00 2 10 
Melvern 73 89 -18 $97.61 5 9 
Assaria 72 89 -19 $33.30 2 4 
Longford 72 89 -19 $47.50 1 na 
Atlanta 71 89 -20 $109.50 5 22 
Cassoday 71 89 -20 $63.95 0 8 
Fall River 71 89 -20 $75.00 0 22 
Gridley 71 89 -20 $103.50 0 13 
Randolph 71 89 -21 $50.00 0 5 
Admire 71 89 -21 $56.00 0 20 
Olsburg 70 89 -21 $33.00 2 5 
Grenola 70 89 -21 $73.00 <1 17 
Gypsum 70 89 -21 $25.25 <1 3 
Hamilton 69 89 -22 $81.00 2 17 
Jamestown 69 89 -22 $47.60 0 13 
Chautauqua Co. RWD #01 69 89 -23 $47.00 0 na 
McFarland 68 89 -24 $62.00 2 17 
Dearing 68 89 -24 $44.82 0 5 
Delia 67 89 -24 $62.50 0 100 
Potwin 67 89 -24 $84.00 <1 7 
Walton 67 89 -25 $93.00 1 19 
Reading 66 89 -25 $92.00 1 na 
Goff 66 89 -26 $38.00 0 12 
Montgomery Co. RWD #07 66 89 -26 $55.84 0 14 
Dwight 65 89 -27 $38.00 0 7 
Wilson Co. RWD #12 65 89 -27 $77.50 0 11 
Latham 64 89 -28 $57.00 0 8 
Whiting 64 89 -28 $68.50 3 11 
Burns 63 89 -29 $35.84 6 na 
Peru 63 89 -29 $71.80 1 8 
Matfield Green 62 89 -30 $43.00 0 24 
Soldier 62 89 -31 $79.50 2 3 
Emmett 61 89 -31 $84.00 0 21 
Red Bud Lake Improvement 61 89 -31 $107.00 0 16 
Circleville 61 89 -32 $114.50 0 24 
Saline Co. RWD #07 60 89 -33 $53.80 0 4 
Elbing 59 89 -33 $78.50 <1 7 
Montgomery Co. RWD #14 58 89 -34 $104.00 0 16 
Viola 58 89 -35 $50.00 0 9 
Konza Valley Water District 57 89 -36 $69.80 0 3 
Cambridge 55 89 -38 $81.00 <1 6 
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TABLE 11 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  7, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
McPherson Co. RWD #06 55 89 -38 $90.10 0 8 
Wilsey 54 89 -39 $35.17 0 4 
Saline Co. RWD #01 53 89 -40 $52.20 0 na 
Allen 52 89 -42 $68.00 0 10 
Mayetta 51 89 -43 $87.00 <1 3 
Culver 50 89 -44 $52.50 0 15 
Wilson Co. RWD #05 49 89 -45 $80.00 0 29 
Quenemo 48 89 -46 $85.00 <1 9 
University Park Water 47 89 -47 $40.00 0 4 
Rocky Ford Water Company 46 89 -48 $20.00 0 100 
Virgil 45 89 -49 $50.00 0 13 
Scotsman Estates 39 89 -56 $85.00 0 8 
Average 89 89 -- $53.30 4 15 
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TABLE 12 
WATER USE STATISTICS FOR LARGE PUBLIC WATER SUPPLIERS 

REGION  8, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Kansas City BPU 187 123 +52 $52.16 20 20 
Atchison 184 123 +50 $40.22 8 17 
WaterOne - Johnson Co. 145 123 +18 $39.46 10 13 
Parsons 119 123 -4 $47.82 22 8 
Pittsburg 112 123 -9 $41.70 3 12 
Lawrence 108 123 -12 $31.85 10 5 
Gardner 101 123 -18 $49.45 9 18 
Olathe 96 123 -22 $35.63 <1 12 
Leavenworth 91 123 -26 $47.28 <1 10 
Ottawa 89 123 -28 $30.07 <1 20 
Average 123 123 -- $41.56 8 14 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  8, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Jefferson Co. RWD #02 201 92 +118 $49.00 3 56 
Cherokee Co. RWD #03 162 92 +76 $52.75 2 49 
Fort Scott 160 92 +74 $45.12 1 32 
Bonner Springs 155 92 +68 $53.42 11 22 
Jefferson Co. RWD #13 132 92 +43 $66.50 7 44 
DeSoto 128 92 +40 $57.58 5 36 
Crawford Co. RWD #05 127 92 +38 $34.50 4 38 
Bourbon Co. RWD #04 126 92 +37 $68.25 9 11 
Baxter Springs 122 92 +32 $46.85 3 28 
Osawatomie 121 92 +32 $39.06 11 17 
Allen Co. RWD #08 119 92 +29 $56.50 0 28 
Hiawatha 116 92 +26 $42.62 5 6 
Valley Falls 115 92 +25 $51.00 23 21 
Columbus 113 92 +22 $48.10 4 15 
Iola 112 92 +22 $50.56 <1 17 
Chanute 112 92 +21 $28.03 5 11 
Pleasanton 111 92 +21 $54.19 25 18 
Chetopa 109 92 +19 $66.09 10 23 
Louisburg 109 92 +19 $70.25 2 10 
Humboldt 108 92 +18 $73.95 17 14 
Miami Co. RWD #02 108 92 +18 $56.00 0 10 
Frontenac 108 92 +17 $35.97 0 23 
Highland 108 92 +17 $57.25 16 11 
Galena 105 92 +14 $46.00 1 19 
Atchison Co. RWD #05C 105 92 +14 $72.90 0 27 
Girard 104 92 +13 $37.25 14 18 
Crawford Co. RWD #06 104 92 +13 $88.50 9 19 
Franklin Co. RWD #06 103 92 +12 $70.50 29 14 
Wathena 103 92 +12 $57.00 1 30 
Jefferson Co. RWD #07 103 92 +12 $41.50 0 27 
Erie 103 92 +12 $51.20 5 21 
Paola 102 92 +10 $52.00 5 12 
Crawford Co. RWD #01C 102 92 +10 $55.00 4 17 
Cherokee Co. RWD #04 101 92 +10 $62.00 2 30 
Elwood 100 92 +8 $60.38 <1 10 
Leavenworth Co. RWD #02 98 92 +6 $66.50 0 38 
Johnson Co. RWD #07 97 92 +5 $61.82 0 na 
Brown Co. RWD #01 97 92 +5 $30.50 0 20 
Leavenworth Co. RWD #08 95 92 +3 $59.00 1 26 
Neosho Co. RWD #07 95 92 +3 $62.50 0 25 
Anderson Co. RWD #04 95 92 +3 $81.00 0 22 
Mulberry 94 92 +3 $80.05 <1 38 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  8, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Jefferson Co. RWD #03 94 92 +2 $33.50 0 27 
Brown Co. RWD #02 93 92 +1 $59.60 13 9 
Mound City 93 92 +1 $74.00 7 na 
Jefferson Co. RWD #01 92 92 0 $34.80 0 20 
Bourbon Co. RWD #02C 92 92 0 $50.00 1 15 
Garnett 92 92 0 $69.00 5 14 
Linn Co. RWD #01 91 92 -1 $120.00 0 14 
Troy 91 92 -1 $53.42 26 4 
Jefferson Co. RWD #12 91 92 -1 $74.00 14 11 
Leavenworth Co. RWD #10 91 92 -2 $85.92 <1 16 
St. Paul 90 92 -2 $52.26 0 15 
Douglas Co. RWD #01 89 92 -3 $70.60 0 21 
Douglas Co. RWD #03 89 92 -3 $72.00 1 28 
Suburban Water Company 89 92 -3 $63.67 1 11 
Oswego 88 92 -4 $63.35 15 na 
Cherokee Co. RWD #02 87 92 -5 $57.00 0 20 
Eudora 87 92 -6 $51.96 19 7 
Perry 86 92 -7 $70.40 <1 15 
Crawford Co. RWD #01 86 92 -7 $46.50 0 16 
Douglas Co. RWD #06 85 92 -7 $41.50 0 4 
Horton 85 92 -8 $38.27 8 6 
Cherokee 85 92 -8 $53.25 <1 5 
Crawford Co. RWD #04 84 92 -9 $39.50 6 21 
Moran 83 92 -10 $57.50 2 4 
La Cygne 82 92 -10 $63.25 5 6 
Douglas Co. RWD #04 82 92 -11 $89.50 4 22 
Baldwin 82 92 -11 $93.44 <1 8 
Leavenworth Co. RWD #05 82 92 -11 $49.24 0 9 
Oskaloosa 82 92 -11 $59.55 1 10 
Tonganoxie 80 92 -13 $43.99 5 13 
Lansing (Lan-Del WC) 80 92 -13 $57.12 <1 6 
Spring Hill 79 92 -15 $60.00 1 7 
Nortonville 78 92 -15 $39.39 1 10 
Leavenworth Co. RWD #01C 78 92 -15 $61.07 3 6 
Winchester 78 92 -15 $46.00 3 9 
Franklin Co. RWD #04 78 92 -15 $72.85 2 17 
Leavenworth Co. RWD #09 77 92 -16 $58.20 8 13 
Johnson Co. RWD #06C 77 92 -16 $80.00 2 12 
Effingham 77 92 -17 $66.20 3 na 
La Harpe 76 92 -17 $41.50 1 4 
Richmond 75 92 -18 $63.25 3 14 
Douglas Co. RWD #02 75 92 -18 $87.00 0 17 
Leavenworth Co. RWD #07 74 92 -19 $79.90 4 7 
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TABLE 13 
WATER USE STATISTICS FOR MEDIUM PUBLIC WATER SUPPLIERS 

REGION  8, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Weir 73 92 -21 $58.50 <1 12 
Neosho Co. RWD #04 73 92 -21 $66.16 0 12 
Franklin Co. RWD #05 72 92 -22 $66.35 5 10 
Ozawkie 71 92 -22 $23.00 0 14 
McLouth 70 92 -23 $92.00 4 11 
Altamont 70 92 -24 $60.00 0 5 
Wellsville 70 92 -24 $55.22 2 10 
Labette Co. RWD #06 69 92 -25 $43.50 0 na 
Arma 69 92 -25 $38.94 0 9 
Neosho Co. RWD #02 68 92 -26 $39.50 2 14 
Miami Co. RWD #03 67 92 -27 $75.00 3 9 
Labette Co. RWD #08 67 92 -27 $65.00 0 na 
Miami Co. RWD #01 67 92 -27 $56.92 2 16 
Miami Co. RWD #04 66 92 -28 $97.50 3 15 
Lecompton 66 92 -28 $57.21 1 11 
Cherokee Co. RWD #08 65 92 -29 $42.00 1 13 
Anderson Co. RWD #01C 64 92 -30 $118.30 0 24 
Pomona 64 92 -30 $85.00 0 7 
Gas 62 92 -33 $54.53 0 na 
Douglas Co. RWD #05 62 92 -33 $77.00 0 3 
Labette Co. RWD #07 60 92 -34 $47.50 0 12 
Edgerton 52 92 -43 $104.73 3 8 
Average 92 92 -- $59.87 6 17 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  8, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Lakeside Village Improvement 177 81 +119 $38.00 0 68 
Allen Co. RWD #16 165 81 +104 $28.98 0 na 
Franklin Co. RWD #07 144 81 +78 $30.00 0 na 
Cherokee Co. RWD #01 138 81 +71 $57.50 <1 40 
Everest 114 81 +41 $29.25 0 27 
Labette Co. RWD #04 110 81 +36 $71.00 0 20 
Anderson Co. RWD #01 107 81 +32 $80.00 0 13 
Galesburg 105 81 +30 $66.00 <1 27 
Cherokee Co. RWD #07 103 81 +27 $48.92 0 41 
Neosho Co. RWD #03 102 81 +26 $74.00 0 40 
Reserve 101 81 +25 $50.00 0 41 
Scammon 101 81 +25 $52.50 11 23 
Labette Co. RWD #01 98 81 +21 $80.00 0 19 
Neosho Co. RWD #08 96 81 +18 $69.00 0 5 
Neosho Co. RWD #06 95 81 +18 $58.30 0 34 
Neosho Co. RWD #01C 95 81 +18 $81.00 0 6 
Robinson 93 81 +14 $36.00 2 19 
Allen Co. RWD #02 92 81 +13 $61.00 0 19 
Muscotah 92 81 +13 $39.00 0 36 
Neosho Co. RWD #05 90 81 +12 $65.00 0 na 
Leavenworth Co. RWD #06 90 81 +11 $58.50 0 16 
Labette Co. RWD #02 89 81 +10 $56.40 0 37 
Morrill 85 81 +5 $65.84 <1 25 
Treece 84 81 +4 $78.70 0 21 
Neosho Co. RWD #09 83 81 +3 $51.90 0 11 
Jefferson Co. RWD #11 83 81 +3 $81.40 4 15 
Chicopee Rural Water 81 81 0 $54.00 0 14 
Colony 80 81 -1 $41.50 0 9 
Uniontown 80 81 -2 $74.00 4 15 
Crawford Co. RWD #03 79 81 -2 $41.00 3 20 
White Cloud 79 81 -2 $48.00 0 16 
Doniphan Co. RWD #02 78 81 -4 $76.00 0 26 
Jefferson Co. RWD #08 76 81 -6 $54.00 0 10 
Allen Co. RWD #10 76 81 -6 $95.00 0 14 
Crawford Co. RWD #07 75 81 -7 $61.00 <1 23 
Jefferson Co. RWD #10 74 81 -8 $63.00 10 24 
Easton 74 81 -9 $49.92 20 10 
Williamsburg 74 81 -9 $60.50 0 16 
Arcadia 71 81 -12 $66.00 8 15 
Bronson 71 81 -12 $65.22 2 11 
Allen Co. RWD #13 71 81 -12 $54.70 0 29 
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TABLE 14 
WATER USE STATISTICS FOR SMALL PUBLIC WATER SUPPLIERS 

REGION  8, 2008 

Public Water Supplier GPCD

Regional 
Average 
GPCD 

Percent 
Difference

Cost per 
10,000 

gal/month 

Percent 
Metered 

Free 

Percent 
Unacc. 

For 
Neosho Co. RWD #12 71 81 -13 $45.30 0 10 
Prescott 69 81 -14 $71.45 1 7 
Mound Valley 69 81 -15 $59.30 1 5 
Doniphan Co. RWD #03 69 81 -15 $39.00 0 8 
McCune 68 81 -16 $77.92 1 13 
Lane 68 81 -16 $54.00 <1 24 
Allen Co. RWD #11 67 81 -18 $50.30 0 17 
Allen Co. RWD #15 66 81 -18 $35.50 0 na 
Allen Co. RWD #12 66 81 -19 $55.00 0 na 
Fontana 66 81 -19 $61.50 1 18 
Labette Co. RWD #03 66 81 -19 $63.88 0 11 
Rantoul 66 81 -19 $51.50 1 7 
Linwood 64 81 -20 $61.50 <1 17 
Allen Co. RWD #04 64 81 -21 $33.60 0 na 
Franklin Co. RWD #03 62 81 -23 $66.50 0 10 
Blue Mound 62 81 -23 $90.25 7 12 
Lancaster 61 81 -24 $29.95 0 na 
Princeton 61 81 -25 $61.25 <1 9 
Jefferson Co. RWD #09 56 81 -31 $68.00 7 22 
Cherokee Co. RWD #05 56 81 -31 $63.80 0 13 
Fulton 55 81 -32 $87.50 0 14 
Denison 53 81 -34 $74.25 0 5 
Greeley 52 81 -35 $55.00 1 na 
West Mineral 52 81 -36 $67.00 1 10 
Doniphan Co. RWD #01 52 81 -36 $40.00 0 27 
Parker 50 81 -38 $92.00 0 18 
Coal Hollow WD 42 81 -48 $50.00 0 na 
Jefferson Co. RWD #15 41 81 -49 $69.75 0 4 
Average 81 81 -- $59.23 3 18 
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TABLE 15 
AVERAGE MONTHLY CHARGE FOR CUSTOMER WATER USE BY REGION 

KANSAS, 2008 

Region 

Number of 
Public Water 

Suppliers 

Gallons of Water Used Per Month 

5,000 10,000 25,000 50,000 100,000 
1 16 $16.46 $23.85 $46.94 $85.42 $162.39 
2 22 $16.93 $23.19 $42.78 $77.86 $153.63 
3 20 $15.19 $22.25 $44.15 $82.40 $168.75 
4 27 $22.51 $30.54 $55.78 $99.52 $189.34 
5 46 $23.62 $34.04 $67.02 $124.77 $242.29 
6 107 $25.21 $38.36 $79.26 $147.24 $283.97 
7 326 $32.12 $51.73 $109.87 $207.56 $400.78 
8 186 $34.78 $58.65 $128.94 $246.06 $476.18 

Kansas 750 $29.69 $47.46 $100.57 $189.73 $366.85 
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TABLE 16 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Abbyville 6S 118 121 151 120 143 131 
Abilene 7M 158 151 154 144 121 146 
Admire 7S 84 89 95 75 71 83 
Agenda 7S 103 96 90 82 77 90 
Agra 5 121 126 103 103 89 108 
Albert 6S 115 125 136 115 112 121 
Alexander 5 109 113 114 100 78 103 
Allen 7S 58 58 58 59 52 57 
Allen Co. RWD #02 8S na na na na 92 92 
Allen Co. RWD #04 8S 105 96 126 91 64 96 
Allen Co. RWD #06 8S 105 158 na na na 132 
Allen Co. RWD #08 8M 153 172 128 129 119 140 
Allen Co. RWD #10 8S 69 77 69 69 76 72 
Allen Co. RWD #11 8S 55 61 81 68 67 66 
Allen Co. RWD #12 8S 122 110 99 69 66 93 
Allen Co. RWD #13 8S 63 61 68 75 71 68 
Allen Co. RWD #15 8S 55 58 59 56 66 59 
Allen Co. RWD #16 8S 77 86 123 104 165 111 
Alma 7M 140 151 158 117 111 135 
Almena 4 123 113 116 105 133 118 
Alta Vista 7S 81 80 74 76 73 77 
Altamont 8M 73 77 79 76 70 75 
Alton 6S 143 95 102 119 138 119 
Altoona 7S 75 83 84 85 93 84 
Andale 7M 85 81 92 83 82 85 
Anderson Co. RWD #01 8S 79 76 90 105 107 91 
Anderson Co. RWD #01C 8M 63 64 66 58 64 63 
Anderson Co. RWD #03 8S 69 na na na na 69 
Anderson Co. RWD #04 8M 96 na 107 109 95 102 
Anderson Co. RWD #05 8M 74 71 73 76 na 74 
Anthony 6ML 153 152 159 156 128 150 
Arcadia 8S 73 67 65 60 71 67 
Argonia 7S 103 120 115 107 104 110 
Arkansas City 7L 120 130 126 125 135 127 
Arlington 6S 106 107 113 99 99 105 
Arma 8M 77 77 81 77 69 76 
Arnold 4 187 213 177 97 125 160 
Ashland 4 220 249 232 215 200 223 
Assaria 7S 66 71 73 74 72 71 
Atchison 8L 191 176 184 226 184 192 
Atchison Co. RWD #01 8S 65 66 na 79 na 70 
Atchison Co. RWD #03 8S 73 69 76 na na 73 
Atchison Co. RWD #05C 8M na na 94 104 105 101 
Atchison Co. RWD #06 8M na 60 na na na 60 
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TABLE 16 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Atlanta 7S 61 65 63 67 71 65 
Attica 6ML 146 162 184 179 215 177 
Atwood 2 229 208 219 191 186 207 
Augusta 7M 126 163 154 146 186 155 
Aurora 7S 103 87 86 86 83 89 
Axtell 7S 80 83 83 80 77 81 
Baldwin 8M 111 127 110 100 82 106 
Barber Co. RWD #01 6S 169 181 206 189 186 186 
Barber Co. RWD #03 6S 81 71 73 79 78 76 
Barnard 6S 70 77 69 54 40 62 
Barnes 7S 135 155 165 159 145 152 
Bartlett 8S 102 99 na 78 na 93 
Barton Hills WD 6S 74 70 51 46 42 57 
Baxter Springs 8M 120 138 151 132 122 133 
Bazine 4 128 139 123 99 97 117 
Beattie 7S 109 101 102 97 96 101 
Bel Aire 7M 106 110 122 106 93 107 
Belle Plaine 7M 96 102 104 96 95 99 
Belleville 7M 145 156 160 141 154 151 
Beloit 6ML 99 104 100 90 80 95 
Belpre 5 122 142 122 110 109 121 
Belvidere 5 120 195 222 198 224 192 
Belvue 7S 99 106 108 96 88 99 
Bennington 7M 91 91 86 86 89 89 
Benton 7M 75 85 86 88 83 83 
Bern 7S 109 95 99 103 105 102 
Beverly 6S 117 92 94 88 66 91 
Bird City 1 331 349 332 400 390 360 
Bison 5 163 106 117 na 78 116 
Blue Mound 8S 106 100 95 72 62 87 
Blue Rapids 7M 140 143 146 138 122 138 
Blue River Hills Improvement 7S 131 101 108 90 90 104 
Bluff City 6S 94 91 91 108 143 105 
Bogue 4 183 232 208 211 163 199 
Bonner Springs 8M 130 149 155 147 155 147 
Bourbon Co. RWD #02C 8M 89 86 89 90 92 89 
Bourbon Co. RWD #04 8M 172 148 164 170 126 156 
Brewster 2 339 437 333 318 287 343 
Bronson 8S 73 75 74 76 71 74 
Brookville 7S na 74 na na na 74 
Brown Co. RWD #01 8M 107 90 89 92 97 95 
Brown Co. RWD #02 8M 73 89 91 76 93 84 
Brownell 4 58 77 89 86 84 79 
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TABLE 16 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Bucklin 4 239 218 209 175 147 198 
Buffalo 7S 130 149 119 112 100 122 
Buhler 6ML 118 123 144 117 111 123 
Bunker Hill 6S 113 169 106 106 92 117 
Burden 7M 110 110 97 92 94 101 
Burdett 5 144 159 166 151 191 162 
Burlingame 7M 75 81 90 88 73 81 
Burlington 7M 114 120 137 115 102 118 
Burns 7S 72 68 73 68 63 69 
Burr Oak 6S 111 95 94 102 106 102 
Burrton 7M 95 95 98 93 82 93 
Bushton 6S 140 171 173 122 123 146 
Butler Co. RWD #01 7M 100 102 94 90 93 96 
Butler Co. RWD #02 7M 88 89 89 133 68 93 
Butler Co. RWD #03 7M 65 62 67 71 73 68 
Butler Co. RWD #04 7M 68 72 69 na na 70 
Butler Co. RWD #05 7M 71 84 109 74 80 84 
Butler Co. RWD #06 7M 84 83 76 70 80 79 
Butler Co. RWD #07 7M 62 78 69 70 65 69 
Butler Co. RWD #08 7M 58 66 75 64 71 67 
Byron 7S 190 243 253 219 204 222 
Caldwell 7M 99 111 101 85 87 97 
Cambridge 7S 65 55 54 60 55 58 
Caney 7M 142 167 159 140 126 147 
Canton 7M 139 133 127 111 96 121 
Carbondale 7M 87 94 65 83 84 83 
Cassoday 7S 91 83 80 72 71 79 
Cawker City 6S 131 147 164 184 159 157 
Cedar Point 7S 58 55 57 72 100 68 
Cedar Vale 7M 96 98 91 79 68 86 
Centralia 7S 82 83 88 83 79 83 
Chanute 8M 114 119 139 130 112 123 
Chapman 7M 152 172 162 143 146 155 
Chase 6S 113 119 116 117 103 114 
Chase Co. RWD #01 7S 79 76 83 92 na 83 
Chautauqua 7S 85 na 98 na na 92 
Chautauqua Co. RWD #01 7S 86 85 57 48 69 69 
Chautauqua Co. RWD #02 7S 100 105 100 98 99 100 
Chautauqua Co. RWD #03 7S na na 93 82 na 88 
Cheney 7M 158 151 171 158 126 153 
Cherokee 8M 102 112 105 91 85 99 
Cherokee Co. RWD #01 8S 230 203 133 119 138 165 
Cherokee Co. RWD #02 8M 99 103 110 91 87 98 
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TABLE 16 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Cherokee Co. RWD #03 8M 158 151 127 132 162 146 
Cherokee Co. RWD #04 8M 94 123 102 106 101 105 
Cherokee Co. RWD #05 8S 70 71 68 59 56 65 
Cherokee Co. RWD #06 8S 76 80 na na na 78 
Cherokee Co. RWD #07 8S 98 74 81 97 103 91 
Cherokee Co. RWD #08 8M 67 75 75 72 65 71 
Cherryvale 7M 87 89 96 95 84 90 
Chetopa 8M 99 102 117 103 109 106 
Chicopee Rural Water 8S 79 87 94 107 81 90 
Cimarron 3 222 267 324 387 299 300 
Circleville 7S 59 57 56 57 61 58 
Claflin 6ML 128 133 143 131 117 130 
Clay Center 7M 94 100 109 99 125 105 
Clay Co. RWD #01 7S 116 159 155 158 154 148 
Clay Co. RWD #02 7M 98 101 106 90 82 95 
Clayton 4 128 134 96 86 87 106 
Clearwater 7M 93 93 94 90 81 90 
Clifton 7M 138 155 147 137 132 142 
Cloud Co. RWD #01 7S 114 111 127 143 128 125 
Clyde 7M 133 157 171 148 158 153 
Coal Hollow WD 8S na 61 na 48 42 50 
Coats 6S 141 150 146 123 119 136 
Coffey Co. RWD #02 7M na 89 86 81 72 82 
Coffey Co. RWD #03 7M 75 66 65 63 57 65 
Coffeyville 7L 171 177 218 232 177 195 
Colby 2 305 328 337 313 333 323 
Coldwater 5 208 184 209 178 165 189 
Collyer 4 114 101 135 107 109 113 
Colony 8S 82 80 96 88 80 85 
Columbus 8M 118 119 118 109 113 115 
Colwich 7M 72 68 67 66 59 66 
Comanche Co. RWD #01 5 97 82 127 123 129 112 
Comanche Co. RWD #02 5 441 452 555 566 678 538 
Concordia 7M 140 132 128 129 120 130 
Conway Springs 7M 108 97 97 113 93 102 
Coolidge 1 375 286 281 282 279 301 
Copeland 3 210 227 241 244 270 238 
Corning 7S na na 92 na na 92 
Cottonwood Falls 7M 83 89 93 96 93 91 
Council Grove 7M 122 100 99 91 93 101 
Courtland 7S 126 123 134 111 104 120 
Cowley Co. RWD #01 7M 76 76 94 91 78 83 
Cowley Co. RWD #02 7M 61 68 73 62 60 65 
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TABLE 16 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Cowley Co. RWD #03 7M 109 121 125 100 113 114 
Cowley Co. RWD #04 7M 103 97 99 85 84 94 
Cowley Co. RWD #05 7M 81 75 87 92 95 86 
Cowley Co. RWD #06 7M 77 77 83 74 91 80 
Cowley Co. RWD #07 7S 146 96 88 85 85 100 
Cowley Co. RWD #08 7S na 106 95 81 86 92 
Crawford Co. RWD #01 8M 129 101 123 na 86 110 
Crawford Co. RWD #01C 8M 141 126 129 124 102 124 
Crawford Co. RWD #02 8M 97 97 na na na 97 
Crawford Co. RWD #03 8S 84 81 87 78 79 82 
Crawford Co. RWD #04 8M 84 90 89 84 84 86 
Crawford Co. RWD #05 8M 216 160 136 128 127 153 
Crawford Co. RWD #06 8M 115 109 113 125 104 113 
Crawford Co. RWD #07 8S 62 67 65 71 75 68 
Cuba 7S 132 114 95 99 91 106 
Cullison 6S 203 175 234 223 216 210 
Culver 7S 55 60 65 56 50 57 
Cunningham 6S 139 154 152 151 150 149 
Damar 5 99 na na na na 99 
Dearing 7S 82 77 67 70 68 73 
Deerfield 2 142 142 159 153 156 150 
Delia 7S 67 59 69 76 67 68 
Delphos 7S 150 133 125 119 113 128 
Denison 8S 57 52 50 52 53 53 
Derby (El Paso Water Co.) 7L 95 102 106 93 100 99 
DeSoto 8M 160 102 157 186 128 147 
Dexter 7S 107 99 113 107 92 104 
Dickinson Co. RWD #01 7M 77 81 76 111 96 88 
Dickinson Co. RWD #02 7M 111 122 122 116 111 116 
Dighton 3 254 235 225 233 229 235 
Dodge City 4 203 185 183 259 203 207 
Doniphan Co. RWD #01 8S 64 65 79 51 52 62 
Doniphan Co. RWD #02 8S 68 73 71 71 78 72 
Doniphan Co. RWD #03 8S 98 82 87 95 69 86 
Dorrance 6S 75 74 106 68 58 76 
Douglas Co. RWD #01 8M 99 105 115 101 89 102 
Douglas Co. RWD #02 8M na 90 90 96 75 88 
Douglas Co. RWD #03 8M 83 87 94 89 89 88 
Douglas Co. RWD #04 8M 79 84 88 84 82 83 
Douglas Co. RWD #05 8M 71 72 82 69 62 71 
Douglas Co. RWD #06 8M 75 83 93 94 85 86 
Douglass 7M 78 78 78 77 75 77 
Downs 6ML 170 169 153 141 160 159 
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TABLE 16 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Durham 7S 145 126 117 104 97 118 
Dwight 7S 89 75 67 77 65 75 
Easton 8S 67 69 63 67 74 68 
Edgerton 8M 57 57 57 51 52 55 
Edna 8S 73 77 78 75 na 76 
Effingham 8M 79 81 79 82 77 80 
El Dorado 7L 181 166 179 145 169 168 
Elbing 7S 61 62 63 64 59 62 
Elgin 7S 319 364 179 166 170 240 
Elk City 7S 190 164 182 173 193 180 
Elk Co. RWD #01 7S 90 85 na 85 130 98 
Elkhart 1 312 339 354 331 346 336 
Ellinwood 6ML 110 120 124 101 100 111 
Ellis 5 101 97 97 90 93 96 
Ellis Co. RWD #01 5 87 89 83 75 87 84 
Ellis Co. RWD #01C 5 na na 125 na na 125 
Ellis Co. RWD #03 5 58 61 64 57 53 59 
Ellis Co. RWD #06 5 105 121 129 109 115 116 
Ellsworth 6ML 122 142 146 132 128 134 
Elmdale 7S 194 159 148 181 174 171 
Elwood 8M 73 77 76 101 100 85 
Emmett 7S 70 74 68 59 61 66 
Emporia 7L 170 172 179 176 152 170 
Englewood 4 383 475 636 607 539 528 
Ensign 3 141 138 157 119 128 137 
Enterprise 7M 78 78 73 84 80 79 
Erie 8M 107 108 110 101 103 106 
Esbon 6S 123 112 94 108 93 106 
Eskridge 7M 105 95 94 90 93 95 
Eudora 8M 93 97 106 89 87 94 
Eureka 7M 113 120 124 112 127 119 
Everest 8S 120 110 114 112 114 114 
Fall River 7S 63 74 70 67 71 69 
Farr Subdivision 2 67 65 60 58 65 63 
Finney Co. RWD #01 2 74 81 64 55 61 67 
Florence 7M 86 79 76 75 73 78 
Fontana 8S 81 75 78 na 66 75 
Ford 4 249 329 271 265 295 282 
Formoso 6S 88 86 75 78 70 79 
Fort Scott 8M 142 157 161 156 160 155 
Fowler 3 185 163 177 170 168 173 
Frankfort 7M 124 133 131 130 138 131 
Franklin Co. RWD #01 8M 65 70 72 77 na 71 
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TABLE 16 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Franklin Co. RWD #02 8M na 62 na na na 62 
Franklin Co. RWD #03 8S 69 63 72 65 62 66 
Franklin Co. RWD #04 8M 92 113 101 82 78 93 
Franklin Co. RWD #05 8M 87 80 81 73 72 79 
Franklin Co. RWD #06 8M 90 92 93 94 103 94 
Franklin Co. RWD #07 8S 126 117 133 108 144 126 
Fredonia 7M 126 116 157 158 116 135 
Frontenac 8M 116 120 127 118 108 118 
Fulton 8S 57 61 67 58 55 60 
Galena 8M 130 134 121 121 105 122 
Galesburg 8S 84 84 92 92 105 91 
Galva 7M 109 113 124 116 101 113 
Garden City 2 185 207 214 196 190 198 
Garden Plain 7M 112 120 120 89 73 103 
Garden Spot Rentals 2 75 64 58 61 76 67 
Gardner 8L 99 107 105 98 101 102 
Garnett 8M 110 103 108 98 92 102 
Gas 8M 78 74 74 72 62 72 
Gaylord 6S 121 115 208 183 127 151 
Geary Co. RWD #01 7S 103 96 105 na na 101 
Geary Co. RWD #02 7S 118 117 157 94 96 116 
Geary Co. RWD #04 7M 82 100 99 87 82 90 
Geneseo 6S 109 101 111 112 98 106 
Geuda Springs 7S 79 89 97 97 95 91 
Girard 8M 112 121 123 106 104 113 
Glade 5 115 139 94 123 106 115 
Glasco 7S 73 72 87 73 73 76 
Glen Elder 6S 158 164 174 168 156 164 
Goddard 7M 181 156 175 150 137 160 
Goessel 7M 94 102 125 120 120 112 
Goff 7S 70 67 66 63 66 66 
Goodland 1 283 320 317 317 302 308 
Gorham 6S 78 76 85 90 84 83 
Gove 3 212 240 353 385 302 298 
Grainfield 3 233 276 232 249 253 249 
Grandview Plaza 7M 90 93 99 92 88 92 
Great Bend 6ML 124 135 131 131 130 130 
Greeley 8S 69 65 59 57 52 60 
Green 7S 76 82 113 84 73 86 
Greenleaf 7S 130 134 156 141 123 137 
Greensburg 5 187 178 210 223 173 194 
Greenwood Co. RWD #01 7M na 82 81 72 76 78 
Greenwood Co. RWD #02 7M 100 101 111 100 102 103 
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Greenwood Co. RWD #03 7S 60 69 80 80 80 74 
Grenola 7S 69 78 75 73 70 73 
Gridley 7S 75 72 73 69 71 72 
Grinnell 3 252 290 299 287 257 277 
Gypsum 7S 106 103 99 90 70 94 
Haddam 7S 76 73 72 78 73 74 
Halstead 7M 102 109 95 101 94 100 
Hamilton 7S 69 82 na 63 69 71 
Hamilton Co. RWD #01 1 89 112 181 86 89 111 
Hanover 7M 107 103 103 106 106 105 
Hanston 4 271 256 246 166 212 230 
Hardtner 6S 223 192 186 171 207 196 
Harper 6ML 120 124 140 129 119 126 
Harper Co. RWD #04 6S 71 na 83 74 104 83 
Harper Co. RWD #05 6S na 123 181 190 na 165 
Hartford 7M 68 77 94 89 75 81 
Harvey Co. RWD #01 7M 67 69 71 73 71 70 
Harveyville 7S 92 101 101 117 84 99 
Haven 6ML 139 147 159 137 120 140 
Haviland 5 173 178 193 169 185 180 
Hays 5 92 97 98 96 92 95 
Hays Suburban Estates 5 183 165 156 141 96 148 
Haysville 7L 89 97 103 94 86 94 
Hazelton 6S 109 93 181 100 134 123 
Herington 7M 120 120 130 126 123 124 
Herndon 2 453 429 418 389 229 384 
Hesston 7M 152 153 191 156 129 156 
Hiawatha 8M 110 112 115 118 116 114 
Highland 8M 142 116 135 119 108 124 
Hill City 4 251 239 219 218 191 224 
Hillsboro 7M 121 126 139 147 182 143 
Hoisington 6ML 101 99 101 97 98 99 
Holcomb 2 133 145 153 142 147 144 
Holton 7M 132 119 105 100 108 113 
Holyrood 6S 140 145 145 103 113 129 
Hope 7S 86 87 104 97 88 92 
Horace 1 119 159 130 124 139 134 
Horton 8M 90 90 85 92 85 88 
Howard 7M 105 105 105 91 83 98 
Howison Heights WD 7S 167 135 150 118 114 137 
Hoxie 3 311 288 297 286 271 291 
Hoyt 7M 71 72 70 73 70 71 
Hugoton 2 276 290 333 310 354 313 
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Public Water Supplier Region 2004 
GPCD
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GPCD

2006 
GPCD

2007 
GPCD 
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Humboldt 8M 108 110 116 110 108 110 
Hunter 6S na na 97 83 84 88 
Hutchinson 6ML 127 127 133 126 110 125 
Independence 7L 135 135 173 141 147 146 
Ingalls 3 143 182 223 158 189 179 
Inman 7M 130 132 142 111 113 126 
Iola 8M 97 99 113 137 112 112 
Isabel 6S 126 138 174 143 127 142 
Iuka 6S 79 83 84 74 72 78 
Jackson Co. RWD #01 7M 92 82 88 84 75 84 
Jackson Co. RWD #03 7M 103 98 87 104 94 97 
Jamestown 7S 82 92 79 71 69 79 
Jefferson Co. RWD #01 8M 98 109 105 103 92 101 
Jefferson Co. RWD #02 8M 106 128 124 138 201 139 
Jefferson Co. RWD #03 8M 104 98 103 113 94 102 
Jefferson Co. RWD #07 8M 109 105 111 104 103 106 
Jefferson Co. RWD #08 8S 76 114 78 78 76 84 
Jefferson Co. RWD #09 8S 62 63 69 65 56 63 
Jefferson Co. RWD #10 8S 88 84 75 77 74 80 
Jefferson Co. RWD #11 8S 155 75 93 84 83 98 
Jefferson Co. RWD #12 8M 85 90 106 102 91 95 
Jefferson Co. RWD #13 8M 127 126 130 127 132 128 
Jefferson Co. RWD #15 8S 54 52 52 59 41 52 
Jennings 3 375 194 233 200 206 242 
Jetmore 4 235 227 181 185 178 201 
Jewell 6S 80 91 100 77 67 83 
Jewell Co. RWD #01 6S 154 119 155 165 177 154 
Johnson City 1 312 312 337 336 360 331 
Johnson Co. RWD #06C 8M 93 104 122 108 77 101 
Johnson Co. RWD #07 8M 95 107 116 102 97 103 
Junction City 7L 147 151 157 150 151 151 
Kanopolis 6ML 91 102 96 91 101 96 
Kanorado 1 211 223 221 209 190 211 
Kansas City BPU 8L 202 199 183 204 187 195 
Kechi 7M na 107 na 87 na 97 
Kensington 6ML 166 163 145 138 134 149 
Kincaid 8S 54 na 53 52 na 53 
Kingman 6ML 118 119 124 114 108 117 
Kingman Co. RWD #01 6S 65 69 66 58 56 63 
Kinsley 5 114 123 120 119 128 121 
Kiowa 6ML 169 168 185 166 184 174 
Kirwin 5 129 117 102 98 90 107 
Kismet 2 170 157 174 165 163 166 
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Konza Valley Water District 7S 80 86 74 64 57 72 
La Crosse 5 122 122 122 127 123 123 
La Cygne 8M 104 100 113 96 82 99 
La Harpe 8M 91 84 81 76 76 82 
Labette Co. RWD #01 8S 99 112 128 113 98 110 
Labette Co. RWD #02 8S 86 101 98 90 89 93 
Labette Co. RWD #03 8S 82 82 98 81 66 82 
Labette Co. RWD #04 8S 102 82 129 118 110 108 
Labette Co. RWD #05 8M na na 92 84 na 88 
Labette Co. RWD #06 8M 59 69 na 63 69 65 
Labette Co. RWD #07 8M 72 68 86 63 60 70 
Labette Co. RWD #08 8M 82 91 102 88 67 86 
Lakeside Village Improvement 8S 99 96 123 152 177 129 
Lakin 2 242 242 259 255 262 252 
Lancaster 8S na na 64 66 61 64 
Lane 8S 60 70 70 62 68 66 
Lane Co. RWD #01 3 207 200 223 185 201 203 
Lansing (Lan-Del WC) 8M na 95 88 87 80 88 
Larned 5 228 226 229 211 203 219 
Latham 7S 73 77 86 80 64 76 
Lawrence 8L 116 121 124 115 108 117 
Leavenworth 8L 99 97 96 97 91 96 
Leavenworth Co. RWD #01C 8M 82 84 88 95 78 85 
Leavenworth Co. RWD #02 8M na na 96 99 98 98 
Leavenworth Co. RWD #05 8M 93 95 87 85 82 88 
Leavenworth Co. RWD #06 8S na na 83 90 90 88 
Leavenworth Co. RWD #07 8M 74 86 87 82 74 81 
Leavenworth Co. RWD #08 8M 99 117 113 100 95 105 
Leavenworth Co. RWD #09 8M 84 94 95 78 77 86 
Leavenworth Co. RWD #10 8M 69 na na na 91 80 
Lebanon 6S 108 112 111 91 84 101 
Lebo 7M 80 80 80 71 67 76 
Lecompton 8M 73 69 68 70 66 69 
Lehigh 7S 108 92 99 69 78 89 
Lenora 4 191 189 156 188 163 177 
Leon 7M 94 92 99 99 85 94 
Leonardville 7S 86 102 110 106 96 100 
Leoti 2 232 221 269 234 241 239 
LeRoy 7M 68 65 63 67 na 66 
Lewis 5 186 143 158 117 138 148 
Liberal 2 153 152 185 176 188 171 
Liebenthal 5 77 70 77 75 78 75 
Lincoln Center 6ML 123 133 149 141 138 137 
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Lindsborg 7M 106 112 122 103 103 109 
Linn 7S 122 126 131 113 100 118 
Linn Co. RWD #01 8M 93 99 110 117 91 102 
Linn Co. RWD #02 8M 70 73 na 76 na 73 
Linn Co. RWD #03 8M 92 93 na 92 na 92 
Linwood 8S 61 63 68 69 64 65 
Little Bear Mound 7S 103 118 na 143 142 127 
Little River 6ML 132 140 171 136 119 140 
Logan 5 185 186 186 172 173 180 
Long Island 5 153 216 240 196 180 197 
Longford 7S 77 86 87 76 72 80 
Longton 7S 87 80 75 83 87 82 
Lorraine 6S 100 111 109 180 89 118 
Louisburg 8M 105 119 123 112 109 114 
Lucas 6S 111 112 112 111 89 107 
Luray 6S 89 97 87 80 77 86 
Lyndon 7M 81 77 85 87 74 81 
Lyon Co. RWD #01 7M 81 85 84 60 62 74 
Lyon Co. RWD #02 7M 140 131 165 134 99 134 
Lyon Co. RWD #03 7S 67 73 74 61 75 70 
Lyon Co. RWD #04 7M na na na 61 na 61 
Lyon Co. RWD #05 7M 97 102 117 85 70 94 
Lyons 6ML 193 200 197 189 180 192 
Macksville 6S 162 132 172 122 132 144 
Madison 7M 87 105 101 88 90 94 
Mahaska 7S 139 148 155 182 126 150 
Maize 7M 81 81 84 76 76 80 
Manchester 7S 66 na 66 67 na 66 
Manhattan 7L 135 144 145 141 129 139 
Mankato 6ML 179 176 174 171 170 174 
Manter 1 257 273 382 261 245 284 
Maple Hill 7M 90 92 91 88 86 89 
Marion 7M 120 115 123 123 116 119 
Marion Co. Imp. Dist. #02 7S 65 66 51 48 43 55 
Marion Co. RWD #01 7M 121 108 93 101 79 100 
Marion Co. RWD #02 8M 33 34 31 na na 33 
Marion Co. RWD #04 7M 78 na 105 80 75 85 
Marquette 7M 136 120 117 107 102 116 
Marshall Co. RWD #01 7S 90 82 89 90 87 88 
Marshall Co. RWD #03 7M 97 108 99 104 115 105 
Marysville 7M 151 145 143 164 125 146 
Matfield Green 7S 88 98 93 76 62 83 
Mayetta 7S na 65 59 66 51 60 
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TABLE 16 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Mayfield 7S 61 63 65 64 na 63 
McCracken 5 114 92 75 72 78 86 
McCune 8S 76 74 77 69 68 73 
McDonald 2 304 372 443 481 487 417 
McFarland 7S 68 71 65 68 68 68 
McLouth 8M 57 60 66 71 70 65 
McPherson 7L 162 166 187 146 131 158 
McPherson Co. RWD #01 7S 132 128 128 109 113 122 
McPherson Co. RWD #02 7S 118 125 130 104 97 115 
McPherson Co. RWD #03 7S 116 146 212 104 81 132 
McPherson Co. RWD #04 7M 119 119 138 110 102 118 
McPherson Co. RWD #06 7S na 55 62 60 55 58 
Meade 3 218 221 258 247 252 239 
Medicine Lodge 6ML 235 215 227 201 199 215 
Melvern 7S 104 93 86 78 73 87 
Miami Co. RWD #01 8M 84 84 na 73 67 77 
Miami Co. RWD #02 8M 88 95 96 88 108 95 
Miami Co. RWD #03 8M 83 83 82 80 67 79 
Miami Co. RWD #04 8M 58 66 75 na 66 66 
Milford 7S 78 72 81 85 83 80 
Miltonvale 7M 88 101 99 115 101 101 
Minneapolis 7M 131 167 151 145 152 149 
Minneola 4 185 196 201 205 206 199 
Mitchell Co. RWD #01 6S 73 na na na na 73 
Mitchell Co. RWD #02 6ML 231 237 279 215 190 230 
Moline 7S 135 162 131 104 89 124 
Montezuma 3 260 261 290 277 265 271 
Montgomery Co. RWD #01 7S 87 na na 104 98 96 
Montgomery Co. RWD #01C 7M na 69 77 na 62 69 
Montgomery Co. RWD #02 7M 79 80 86 78 83 81 
Montgomery Co. RWD #06 7M 89 90 104 95 88 93 
Montgomery Co. RWD #07 7S na 91 87 74 66 80 
Montgomery Co. RWD #08 7S na na na 127 103 115 
Montgomery Co. RWD #09 7S 126 na na na na 126 
Montgomery Co. RWD #10 7S 83 86 87 104 78 88 
Montgomery Co. RWD #11 7M 87 97 93 84 79 88 
Montgomery Co. RWD #12 7M 70 na 92 75 67 76 
Montgomery Co. RWD #13 7S 75 84 82 78 na 80 
Montgomery Co. RWD #14 7S 56 na 75 68 58 64 
Moran 8M 98 97 99 87 83 93 
Morganville 7S 147 116 125 122 104 123 
Morland 4 219 268 243 216 222 234 
Morrill 8S 59 58 59 81 85 68 
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TABLE 16 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Morris Co. RWD #01 7M 141 114 146 155 142 140 
Morrowville 7S 103 102 93 89 77 93 
Moscow 2 335 377 324 324 306 333 
Mound City 8M 99 104 105 97 93 100 
Mound Valley 8S 66 69 72 76 69 70 
Moundridge 7M 140 160 178 117 116 142 
Mount Hope 7M 115 124 129 122 104 119 
Mulberry 8M 91 86 80 83 94 87 
Mullinville 5 244 305 269 211 266 259 
Mulvane 7M 86 86 90 88 81 86 
Munden 7S 154 95 100 na 98 112 
Muscotah 8S 76 77 69 120 92 87 
Narka 7S na 86 na 97 84 89 
Natoma 6S 103 94 na 121 137 114 
Nemaha Co. RWD #01 7S 112 87 186 129 208 144 
Nemaha Co. RWD #02 7S na na 107 90 na 99 
Nemaha Co. RWD #03 7M 116 114 130 108 102 114 
Nemaha Co. RWD #04 7M 132 138 130 121 127 130 
Neodesha 7M 131 129 135 145 118 132 
Neosho Co. RWD #01C 8S 76 77 90 82 95 84 
Neosho Co. RWD #02 8M 75 88 82 88 68 80 
Neosho Co. RWD #03 8S 96 102 94 129 102 105 
Neosho Co. RWD #04 8M 97 89 94 84 73 87 
Neosho Co. RWD #05 8S 83 116 136 125 90 110 
Neosho Co. RWD #06 8S 101 93 116 104 95 102 
Neosho Co. RWD #07 8M 114 126 128 128 95 118 
Neosho Co. RWD #08 8S 89 92 95 86 96 92 
Neosho Co. RWD #09 8S 78 80 118 112 83 94 
Neosho Co. RWD #12 8S 83 92 102 82 71 86 
Ness City 4 122 136 139 152 147 139 
Netawaka 7S na 69 66 na na 68 
New Strawn 7S 95 94 86 96 86 91 
Newbury Extension 7S 82 78 86 73 100 84 
Newton 7L 101 108 115 103 95 104 
Nickerson 6ML 78 67 66 67 86 73 
Norcatur 3 203 148 154 241 238 197 
North Newton 7M 157 135 148 129 95 133 
Norton 4 229 202 201 202 208 208 
Norton Co. RWD #01 4 77 70 46 37 40 54 
Nortonville 8M 83 87 84 85 78 83 
Norwich 6ML 128 119 108 92 83 106 
Oakley 2 265 298 305 277 268 283 
Oberlin 3 211 207 216 190 187 202 
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TABLE 16 
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Offerle 5 181 166 182 152 101 156 
Ogden 7M 92 99 127 109 95 104 
Oketo 7S 86 82 62 69 94 79 
Olathe 8L 99 99 101 94 96 98 
Olmitz 6S 93 89 107 95 98 96 
Olpe 7M 72 67 71 70 74 71 
Olsburg 7S 84 99 82 73 70 82 
Onaga 7M 109 111 108 106 96 106 
Oneida 7S 64 71 77 65 77 71 
Osage City 7M 89 88 93 95 93 92 
Osage Co. RWD #02 7S 87 64 72 74 83 76 
Osage Co. RWD #03 7M 94 100 100 100 95 98 
Osage Co. RWD #04 7M 84 90 80 81 72 81 
Osage Co. RWD #05 7M 90 96 95 86 87 91 
Osage Co. RWD #06 7S 83 74 79 84 89 82 
Osage Co. RWD #07 7M na na 97 83 85 88 
Osage Co. RWD #08 7M na na na 87 79 83 
Osawatomie 8M 139 146 139 133 121 136 
Osborne 6ML 187 190 188 157 159 176 
Osborne Co. RWD #01A 6S 426 447 886 643 524 585 
Osborne Co. RWD #02 6S 189 158 226 169 138 176 
Oskaloosa 8M 84 83 83 84 82 83 
Oswego 8M 103 103 101 94 88 98 
Otis 5 201 206 234 204 184 206 
Ottawa 8L 83 89 89 84 89 87 
Ottawa Co. RWD #01 7S 93 120 82 88 85 94 
Ottawa Co. RWD #02 7M 100 93 98 90 82 93 
Overbrook 7M 74 80 92 102 69 83 
Oxford 7M 102 104 106 96 100 102 
Ozawkie 8M 80 81 90 86 71 82 
Palco 5 138 136 148 140 118 136 
Palmer 7S 127 120 122 113 117 120 
Paola 8M 130 123 128 136 102 124 
Paradise 6S 99 63 71 74 71 76 
Park 3 169 176 202 212 170 186 
Park City 7M 100 106 115 111 100 106 
Parker 8S 65 70 60 60 50 61 
Parsons 8L 129 121 130 118 119 123 
Pawnee Rock 6S 70 64 64 75 93 73 
Paxico 7S 94 96 91 84 78 89 
Peabody 7M 87 84 75 80 101 85 
Perry 8M 85 92 93 90 86 89 
Peru 7S 64 61 56 55 63 60 
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Phillipsburg 5 204 132 185 195 130 169 
Pittsburg 8L 112 114 118 111 112 113 
Plains 3 237 248 286 277 286 267 
Plainville 5 134 133 137 134 123 132 
Pleasanton 8M 101 98 95 96 111 100 
Pomona 8M 76 67 70 67 64 69 
Portis 6S 101 104 105 90 93 99 
Post Rock RWD 5 131 127 137 153 149 139 
Pottawatomie Co. RWD #01 7M 124 136 128 111 118 123 
Pottawatomie Co. RWD #02 7M 133 138 149 149 143 142 
Pottawatomie Co. RWD #03 7M 90 92 100 103 89 95 
Pottawatomie Co. RWD #04 7M 166 174 127 130 129 145 
Potwin 7S 88 86 79 75 67 79 
Prairie View 5 156 155 174 144 159 158 
Pratt 6ML 224 230 217 184 192 209 
Prescott 8S 74 67 70 63 69 69 
Preston 6S 105 104 96 99 91 99 
Pretty Prairie 6ML 162 138 141 130 125 139 
Princeton 8S 72 71 72 67 61 69 
Protection 5 248 200 219 176 180 205 
Quenemo 7S 56 52 56 52 48 53 
Quinter 3 234 237 259 235 208 235 
Randall 6S 94 102 101 137 118 110 
Randolph 7S 80 97 106 74 71 86 
Ransom 4 120 139 144 88 110 120 
Rantoul 8S 52 57 63 69 66 61 
Raymond 6S 125 123 169 124 89 126 
Reading 7S 72 68 66 65 66 67 
Red Bud Lake Improvement 7S 60 44 33 68 61 53 
Reno Co. RWD #01 6S 161 153 177 143 137 154 
Reno Co. RWD #03 6S 282 282 140 116 210 206 
Reno Co. RWD #04 6S 69 66 72 68 71 69 
Reno Co. RWD #08 6S 154 159 186 144 146 158 
Reno Co. WD #101 6S 116 104 116 111 105 110 
Republic 7S 129 120 105 143 125 124 
Republic Co. RWD #01 7S 223 249 242 333 327 275 
Republic Co. RWD #02 7M 187 190 185 159 179 180 
Reserve 8S 100 92 103 90 101 97 
Rexford 2 389 391 466 463 456 433 
Rice Co. RWD #01 6ML 116 116 123 122 168 129 
Richmond 8M 84 100 85 73 75 83 
Riley 7M 114 116 115 122 99 113 
Riley Co. RWD #01 7M 131 119 124 107 94 115 
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD

2005 
GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 

AVG 
GPCD

Robinson 8S 103 106 100 95 93 99 
Rocky Ford Water Company 7S 66 98 85 74 46 74 
Rolla 1 180 202 226 219 243 214 
Rooks Co. RWD #01 5 68 53 104 107 70 80 
Rooks Co. RWD #02 5 84 85 76 64 70 76 
Rooks Co. RWD #03 5 183 166 164 136 137 157 
Rose Hill 7M 74 76 79 74 70 75 
Roseland 8S 71 58 na na na 65 
Rossville 7M 85 87 90 86 83 86 
Rozel 5 174 202 231 156 161 185 
Rush Center 5 141 153 138 110 116 132 
Rush Co. RWD #01 5 230 137 170 262 156 191 
Russell 6ML 155 156 126 107 133 135 
Russell Co. RWD #01 6S 148 146 135 149 140 144 
Russell Co. RWD #02 6S 149 162 163 186 177 167 
Russell Co. RWD #03 6ML 130 135 139 130 127 132 
Russell Co. RWD #04 6S 178 158 136 120 119 142 
Sabetha 7M 131 125 109 119 95 116 
Salina 7L 123 126 126 116 109 120 
Saline Co. RWD #01 7S 67 66 61 60 53 61 
Saline Co. RWD #02 7S 116 133 112 124 116 120 
Saline Co. RWD #03 7M na na 96 na na 96 
Saline Co. RWD #04 7M 85 117 104 87 91 97 
Saline Co. RWD #06 7S 102 111 116 93 89 102 
Saline Co. RWD #07 7S na na 79 71 60 70 
Saline Co. RWD #08 7S 92 106 129 91 83 100 
Satanta 2 234 249 257 238 259 247 
Sawyer 6S 130 138 129 128 152 135 
Scammon 8S 107 93 94 88 101 97 
Scandia 7S 188 194 185 167 134 174 
Scotsman Estates 7S 54 59 na 50 39 51 
Scott City 2 252 277 301 258 258 269 
Scranton 7M 63 62 65 64 64 64 
Sedan 7M 112 117 92 94 81 99 
Sedgwick 7M 76 85 73 69 71 75 
Sedgwick Co. RWD #01 7M 73 78 83 74 63 74 
Sedgwick Co. RWD #03 7M 76 84 80 77 73 78 
Sedgwick Co. RWD #04 7M 97 97 78 96 91 92 
Selden 3 202 219 236 245 198 220 
Seneca 7M 142 144 172 168 119 149 
Severy 7S 133 142 161 108 78 124 
Sharon 6S 123 115 144 143 136 132 
Sharon Springs 1 247 249 282 263 264 261 
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Public Water Supplier Region 2004 
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GPCD

2006 
GPCD

2007 
GPCD 

2008 
GPCD 
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GPCD

Shawnee Co. RWD #01C 7M 79 79 79 77 69 77 
Shawnee Co. RWD #02C 7M 77 85 84 87 82 83 
Shawnee Co. RWD #03C 7M na 123 116 106 99 111 
Shawnee Co. RWD #04C 7L na 83 85 86 80 84 
Shawnee Co. RWD #08 7M 85 89 93 87 89 89 
Silver Lake 7M 87 94 89 83 80 87 
Simpson 6S 109 94 90 83 111 97 
Smith Center 6ML 158 146 149 138 146 147 
Smith Co. RWD #01 6S 169 163 175 154 134 159 
Soldier 7S 66 58 61 61 62 62 
Solomon 7M 120 135 119 109 104 117 
South Haven 7S 100 95 129 115 110 110 
South Hutchinson 6ML 136 141 174 156 130 147 
Spearville 4 156 145 162 133 123 144 
Speed 5 112 114 104 99 89 104 
Spivey 6S 122 109 128 94 101 111 
Spring Hill 8M 105 82 69 90 79 85 
St. Francis 1 282 293 284 310 274 289 
St. George 7M na 69 87 75 77 77 
St. John 6ML 142 152 154 136 135 144 
St. Marys 7M 126 108 114 102 98 110 
St. Paul 8M 100 99 110 86 90 97 
Stafford 6ML 130 136 141 133 118 132 
Sterling 6ML 94 98 101 92 82 93 
Stockton 5 127 132 124 149 114 129 
Strong City 7M 120 124 121 129 87 116 
Sublette 2 245 242 265 274 248 255 
Suburban Water Company 8M 83 82 95 92 89 88 
Summerfield 7S 95 99 113 91 82 96 
Sumner Co. RWD #01 7S na 106 110 114 145 119 
Sumner Co. RWD #02 7S 108 109 105 117 110 110 
Sumner Co. RWD #03 7S 87 na na 83 79 83 
Sumner Co. RWD #04 7M 94 92 106 107 93 98 
Sumner Co. RWD #05 7M na 106 116 136 na 119 
Sumner Co. RWD #06 7S 82 86 93 91 84 87 
Susank 6S 116 99 94 89 na 100 
Sylvan Grove 6S 142 127 143 126 109 129 
Sylvia 6S 159 138 121 105 97 124 
Syracuse 1 296 341 348 346 377 342 
Tescott 7S 84 103 95 105 95 96 
Thayer 8M 112 110 146 132 na 125 
Timber Creek Water & Sewer 7M 120 132 153 132 125 132 
Timken 5 101 105 124 125 69 105 
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KANSAS, 2004-2008 

Public Water Supplier Region 2004 
GPCD
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GPCD

2006 
GPCD

2007 
GPCD 
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GPCD 
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Tipton 6S 99 104 111 102 115 106 
Tonganoxie 8M 89 95 89 88 80 88 
Topeka 7L 132 123 131 138 129 131 
Toronto 7S 104 104 69 88 98 93 
Towanda 7M na 85 89 na na 87 
Treece 8S 62 65 70 na 84 70 
Trego Co. RWD #01 4 96 138 93 71 81 96 
Trego Co. RWD #02 4 93 100 117 90 101 100 
Tribune 1 250 259 295 282 321 281 
Troy 8M 109 116 121 112 91 110 
Turon 6S 105 110 109 102 101 105 
Udall 7M 86 87 94 78 84 86 
Ulysses 2 216 220 251 224 253 233 
Uniontown 8S 77 78 91 82 80 82 
University Park Water 7S 65 61 66 54 47 59 
Utica 4 170 204 227 153 175 186 
Valley Center 7M 112 105 84 74 83 92 
Valley Falls 8M 110 115 117 107 115 113 
Vermillion 7S 132 128 140 127 120 129 
Victoria 5 110 120 116 107 107 112 
Viola 7S 63 61 65 67 58 63 
Virgil 7S 69 53 52 49 45 54 
Wabaunsee Co. RWD #01 7S 79 84 79 77 90 82 
Wabaunsee Co. RWD #02 7M 91 95 102 87 87 92 
WaKeeney 4 199 198 218 189 199 201 
Wakefield 7M 105 108 110 137 112 114 
Waldo 6S 53 59 58 80 64 63 
Wallace 1 177 267 356 244 220 253 
Wallace Co. RWD #01 1 325 365 366 334 335 345 
Walton 7S na 72 73 74 67 72 
Wamego 7M 109 129 121 118 109 117 
Washington 7M 146 151 147 139 134 143 
Washington Co. RWD #01 7M 99 98 91 92 88 94 
Washington Co. RWD #02 7M 110 114 103 128 144 120 
WaterOne - Johnson Co. 8L 153 160 173 155 145 157 
Waterville 7M 133 140 155 144 125 139 
Wathena 8M 115 103 96 112 103 106 
Waverly 7M 78 87 76 78 75 79 
Weir 8M 78 77 72 69 73 74 
Wellington 7M 110 117 131 124 125 121 
Wellsville 8M na 83 78 74 70 76 
West Hills Water Company 6S 179 251 317 296 233 255 
West Mineral 8S 69 66 64 59 52 62 
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Westmoreland 7M 89 88 88 86 87 88 
Wetmore 7S 85 82 80 79 81 81 
White City 7M 107 95 95 94 96 97 
White Cloud 8S 91 83 82 82 79 83 
Whitewater 7M 81 86 99 83 80 86 
Whiting 7S 79 94 85 63 64 77 
Wichita 7L 136 146 155 141 130 142 
Williamsburg 8S na na 90 80 74 81 
Willis 8S 93 84 na na na 89 
Wilsey 7S na na 54 55 54 54 
Wilson 6ML 189 132 155 108 104 138 
Wilson Co. RWD #01 7S 115 127 136 119 na 124 
Wilson Co. RWD #02 7S na na 95 58 na 77 
Wilson Co. RWD #04 7S 82 85 99 83 90 88 
Wilson Co. RWD #05 7S 46 48 45 53 49 48 
Wilson Co. RWD #06 7S 93 84 99 109 95 96 
Wilson Co. RWD #09 7S 56 na na 67 na 62 
Wilson Co. RWD #11 7M 71 59 76 64 67 67 
Wilson Co. RWD #12 7S 64 59 61 68 65 63 
Wilson Co. RWD #13 7S 77 107 86 75 na 86 
Winchester 8M 78 82 80 90 78 82 
Windom 7S na 81 100 96 83 90 
Winfield 7L 137 134 143 129 128 134 
Winona 2 307 299 338 324 306 315 
Woodson Co. RWD #01 7M 77 80 75 73 63 74 
Woodston 5 316 138 174 222 255 221 
Yates Center 7M 104 108 118 114 101 109 
Zenda 6S 136 138 146 121 122 133 

 
 
 
Note:  GPCD figures are based on reported water sold to residential and commercial customers, 
metered free water, and unaccounted for water.  If insufficient information was provided to 
determine GPCD, or if no water use report was filed, "na" is shown. 
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TABLE 17 

ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 
FOR PUBLIC WATER SUPPLIERS 

KANSAS, 2004-2008 

Public Water Supplier Region 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

2008 
Percent 

UFW 

AVG 
Percent 

UFW 
Abbyville 6S 18 21 21 17 36 23 
Abilene 7M 12 10 12 18 13 13 
Admire 7S 16 12 16 19 20 17 
Agenda 7S 20 13 12 3 13 12 
Agra 5 23 29 30 17 15 23 
Albert 6S 12 12 10 5 7 9 
Alexander 5 5 9 12 11 6 9 
Allen 7S 15 11 7 9 10 10 
Allen Co. RWD #02 8S na na na na 19 19 
Allen Co. RWD #04 8S na na na 3 na 3 
Allen Co. RWD #06 8S 7 31 na na na 19 
Allen Co. RWD #08 8M 37 49 19 23 28 31 
Allen Co. RWD #10 8S 5 9 10 12 14 10 
Allen Co. RWD #11 8S 7 4 8 na 17 9 
Allen Co. RWD #12 8S na na na na na na 
Allen Co. RWD #13 8S 10 15 17 20 29 18 
Allen Co. RWD #15 8S na na 8 na na 8 
Allen Co. RWD #16 8S na na na na na na 
Alma 7M 9 5 7 na 12 8 
Almena 4 19 17 18 14 39 21 
Alta Vista 7S 10 11 7 9 10 9 
Altamont 8M na 6 4 7 5 6 
Alton 6S 5 8 10 7 10 8 
Altoona 7S 10 8 10 12 10 10 
Andale 7M 8 8 6 5 6 7 
Anderson Co. RWD #01 8S 20 5 6 7 13 10 
Anderson Co. RWD #01C 8M na 20 13 15 24 18 
Anderson Co. RWD #03 8S na na na na na na 
Anderson Co. RWD #04 8M 17 na 14 21 22 19 
Anderson Co. RWD #05 8M 18 18 15 14 na 16 
Anthony 6ML 18 17 15 21 11 16 
Arcadia 8S 14 15 11 7 15 12 
Argonia 7S 11 17 8 8 5 10 
Arkansas City 7L 14 18 17 23 28 20 
Arlington 6S 15 7 7 5 7 8 
Arma 8M 4 8 6 8 9 7 
Arnold 4 100 100 100 100 100 100 
Ashland 4 na 14 6 5 9 9 
Assaria 7S 3 na na 5 4 4 
Atchison 8L 24 23 24 29 17 23 
Atchison Co. RWD #01 8S 9 12 na 23 na 15 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2004-2008 

Public Water Supplier Region 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

2008 
Percent 

UFW 

AVG 
Percent 

UFW 
Atchison Co. RWD #03 8S 12 6 17 na na 12 
Atchison Co. RWD #05C 8M na na 12 14 27 18 
Atchison Co. RWD #06 8M na na na na na na 
Atlanta 7S 11 10 12 26 22 16 
Attica 6ML 16 9 5 9 33 14 
Atwood 2 16 7 8 6 10 9 
Augusta 7M 8 20 21 22 36 21 
Aurora 7S 4 14 11 10 6 9 
Axtell 7S 6 6 4 4 11 6 
Baldwin 8M 17 20 17 13 8 15 
Barber Co. RWD #01 6S na na na na na na 
Barber Co. RWD #03 6S 18 10 11 19 23 16 
Barnard 6S 20 21 14 15 9 16 
Barnes 7S 19 28 23 34 27 26 
Bartlett 8S 9 18 na 16 na 14 
Barton Hills WD 6S 3 9 8 8 7 7 
Baxter Springs 8M 11 20 33 31 28 25 
Bazine 4 8 8 8 10 11 9 
Beattie 7S 14 20 26 19 26 21 
Bel Aire 7M 13 na 3 4 6 7 
Belle Plaine 7M 15 9 13 15 17 14 
Belleville 7M 10 9 11 9 10 10 
Beloit 6ML 12 12 8 8 11 10 
Belpre 5 21 25 20 17 29 22 
Belvidere 5 100 100 100 100 100 100 
Belvue 7S 14 13 13 7 10 11 
Bennington 7M 12 7 5 4 4 6 
Benton 7M na 14 4 10 na 9 
Bern 7S 13 3 6 5 9 7 
Beverly 6S 6 3 12 19 na 10 
Bird City 1 27 25 42 39 24 31 
Bison 5 14 22 22 na 16 19 
Blue Mound 8S 8 9 9 8 12 9 
Blue Rapids 7M 8 17 17 26 19 17 
Blue River Hills Improvement 7S 100 100 100 100 100 100 
Bluff City 6S 20 21 18 23 14 19 
Bogue 4 9 24 10 9 10 12 
Bonner Springs 8M 25 27 23 23 22 24 
Bourbon Co. RWD #02C 8M 23 9 14 11 15 14 
Bourbon Co. RWD #04 8M 9 5 11 13 11 10 
Brewster 2 9 28 3 12 4 11 
Bronson 8S 12 11 11 12 11 11 
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2004-2008 

Public Water Supplier Region 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
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UFW 

2008 
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UFW 

AVG 
Percent 

UFW 
Brookville 7S na 6 na na na 6 
Brown Co. RWD #01 8M 31 20 21 21 20 23 
Brown Co. RWD #02 8M 6 12 13 7 9 9 
Brownell 4 8 11 8 13 10 10 
Bucklin 4 29 25 21 15 18 22 
Buffalo 7S 15 23 3 18 23 16 
Buhler 6ML 8 7 8 6 4 7 
Bunker Hill 6S 16 40 12 7 10 17 
Burden 7M 25 14 7 7 9 12 
Burdett 5 10 10 10 20 41 18 
Burlingame 7M 12 5 18 24 7 13 
Burlington 7M 7 8 12 14 7 10 
Burns 7S na 4 na 5 na 5 
Burr Oak 6S 19 12 16 15 24 17 
Burrton 7M 9 7 6 11 4 7 
Bushton 6S 18 16 13 14 14 15 
Butler Co. RWD #01 7M 15 14 11 17 23 16 
Butler Co. RWD #02 7M 28 23 12 47 5 23 
Butler Co. RWD #03 7M 8 3 10 15 12 10 
Butler Co. RWD #04 7M na na 7 na na 7 
Butler Co. RWD #05 7M 11 12 23 8 9 13 
Butler Co. RWD #06 7M 15 14 11 11 23 15 
Butler Co. RWD #07 7M 8 7 7 7 11 8 
Butler Co. RWD #08 7M 7 3 12 12 10 9 
Byron 7S 100 100 100 100 100 100 
Caldwell 7M 13 19 14 14 18 16 
Cambridge 7S 4 7 na 6 6 6 
Caney 7M 3 21 29 24 24 20 
Canton 7M 11 na na na na 11 
Carbondale 7M 14 21 6 17 16 15 
Cassoday 7S 21 15 10 9 8 13 
Cawker City 6S 7 16 29 33 25 22 
Cedar Point 7S 7 11 14 25 29 17 
Cedar Vale 7M 22 22 28 20 17 22 
Centralia 7S 5 5 4 na 4 5 
Chanute 8M 10 10 12 12 11 11 
Chapman 7M 4 5 4 8 8 6 
Chase 6S 14 13 14 18 12 14 
Chase Co. RWD #01 7S 21 16 12 19 na 17 
Chautauqua 7S 30 na 21 na na 26 
Chautauqua Co. RWD #01 7S 17 15 na na na 16 
Chautauqua Co. RWD #02 7S 27 29 26 28 20 26 
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Chautauqua Co. RWD #03 7S na na 20 13 na 17 
Cheney 7M 3 4 4 9 10 6 
Cherokee 8M 13 17 16 7 5 12 
Cherokee Co. RWD #01 8S 65 59 32 37 40 47 
Cherokee Co. RWD #02 8M 28 22 27 18 20 23 
Cherokee Co. RWD #03 8M 38 41 24 39 49 38 
Cherokee Co. RWD #04 8M 30 44 24 29 30 31 
Cherokee Co. RWD #05 8S 17 17 12 11 13 14 
Cherokee Co. RWD #06 8S 12 22 na na na 17 
Cherokee Co. RWD #07 8S 36 26 12 39 41 31 
Cherokee Co. RWD #08 8M 9 16 15 13 13 13 
Cherryvale 7M 17 19 18 23 18 19 
Chetopa 8M 6 7 9 4 23 10 
Chicopee Rural Water 8S 9 13 18 35 14 18 
Cimarron 3 11 12 10 9 12 11 
Circleville 7S 11 14 9 21 24 16 
Claflin 6ML 6 7 12 25 20 14 
Clay Center 7M na 4 5 10 8 7 
Clay Co. RWD #01 7S 10 12 4 13 25 13 
Clay Co. RWD #02 7M 10 10 14 9 11 11 
Clayton 4 na 7 na na na 7 
Clearwater 7M 12 13 13 12 15 13 
Clifton 7M 10 12 12 13 13 12 
Cloud Co. RWD #01 7S 20 14 17 36 31 24 
Clyde 7M 13 11 11 8 15 12 
Coal Hollow WD 8S na na na na na na 
Coats 6S 14 13 7 15 10 12 
Coffey Co. RWD #02 7M na 21 11 13 13 15 
Coffey Co. RWD #03 7M 11 5 4 6 9 7 
Coffeyville 7L 18 15 24 23 15 19 
Colby 2 8 22 20 21 23 19 
Coldwater 5 16 4 na na 7 9 
Collyer 4 8 na 16 10 na 11 
Colony 8S 7 11 19 6 9 10 
Columbus 8M 9 29 26 26 15 21 
Colwich 7M 7 4 3 na na 5 
Comanche Co. RWD #01 5 12 4 16 12 23 13 
Comanche Co. RWD #02 5 47 48 40 52 45 46 
Concordia 7M 13 7 5 11 12 10 
Conway Springs 7M 18 14 14 22 15 17 
Coolidge 1 52 29 24 16 28 30 
Copeland 3 58 57 58 59 59 58 
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Corning 7S na na na na na na 
Cottonwood Falls 7M 4 5 5 4 3 4 
Council Grove 7M 15 11 13 13 14 13 
Courtland 7S 24 18 22 8 11 17 
Cowley Co. RWD #01 7M 8 6 8 6 4 6 
Cowley Co. RWD #02 7M 10 11 11 8 9 10 
Cowley Co. RWD #03 7M 24 20 14 16 30 21 
Cowley Co. RWD #04 7M 5 7 7 10 19 10 
Cowley Co. RWD #05 7M 17 9 na 20 21 17 
Cowley Co. RWD #06 7M 16 12 16 18 30 18 
Cowley Co. RWD #07 7S 53 33 33 46 38 41 
Cowley Co. RWD #08 7S na na na na na na 
Crawford Co. RWD #01 8M 41 23 29 na 16 27 
Crawford Co. RWD #01C 8M 5 11 15 16 17 13 
Crawford Co. RWD #02 8M 17 19 na na na 18 
Crawford Co. RWD #03 8S 14 12 13 15 20 15 
Crawford Co. RWD #04 8M 7 26 14 19 21 17 
Crawford Co. RWD #05 8M 58 40 29 34 38 40 
Crawford Co. RWD #06 8M 22 19 13 18 19 18 
Crawford Co. RWD #07 8S 10 9 7 16 23 13 
Cuba 7S 18 15 12 21 22 18 
Cullison 6S 19 24 22 20 25 22 
Culver 7S 13 9 15 11 15 13 
Cunningham 6S 14 5 15 9 8 10 
Damar 5 na na na na na na 
Dearing 7S 6 na na na 5 6 
Deerfield 2 7 4 6 5 11 7 
Delia 7S 21 na na na na 21 
Delphos 7S 38 33 28 30 30 32 
Denison 8S 8 na 6 8 5 7 
Derby (El Paso Water Co.) 7L 3 na na na na 3 
DeSoto 8M 42 15 47 54 36 39 
Dexter 7S 10 9 3 10 9 8 
Dickinson Co. RWD #01 7M 29 28 25 47 32 32 
Dickinson Co. RWD #02 7M 27 30 24 27 28 27 
Dighton 3 7 5 8 12 12 9 
Dodge City 4 22 17 14 13 19 17 
Doniphan Co. RWD #01 8S 22 35 36 18 27 28 
Doniphan Co. RWD #02 8S 4 15 16 15 26 15 
Doniphan Co. RWD #03 8S 23 18 25 8 8 16 
Dorrance 6S 15 7 44 17 13 19 
Douglas Co. RWD #01 8M 25 25 21 17 21 22 
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Douglas Co. RWD #02 8M na 15 18 23 17 18 
Douglas Co. RWD #03 8M 18 20 21 20 28 21 
Douglas Co. RWD #04 8M 24 23 21 21 22 22 
Douglas Co. RWD #05 8M 9 8 6 5 3 6 
Douglas Co. RWD #06 8M na 6 12 na 4 7 
Douglass 7M 12 14 7 13 12 12 
Downs 6ML 16 23 14 22 12 17 
Durham 7S 34 26 16 10 9 19 
Dwight 7S 3 7 na na 7 6 
Easton 8S na 11 14 12 10 12 
Edgerton 8M 7 5 8 6 8 7 
Edna 8S 8 11 11 11 na 10 
Effingham 8M 3 3 na 3 na 3 
El Dorado 7L 6 5 na na 5 5 
Elbing 7S na na 5 7 7 6 
Elgin 7S 72 78 60 58 51 64 
Elk City 7S 21 20 24 16 18 20 
Elk Co. RWD #01 7S 30 29 na 30 34 31 
Elkhart 1 13 10 na 20 13 14 
Ellinwood 6ML 5 4 4 5 3 4 
Ellis 5 5 4 7 5 8 6 
Ellis Co. RWD #01 5 9 7 8 10 14 10 
Ellis Co. RWD #01C 5 na na 4 na na 4 
Ellis Co. RWD #03 5 100 20 14 4 7 29 
Ellis Co. RWD #06 5 17 14 15 15 19 16 
Ellsworth 6ML 9 17 18 17 17 16 
Elmdale 7S 49 39 25 30 52 39 
Elwood 8M 7 na 9 8 10 9 
Emmett 7S 22 23 30 na 21 24 
Emporia 7L 18 17 16 18 21 18 
Englewood 4 97 92 95 97 97 96 
Ensign 3 na 8 3 8 5 6 
Enterprise 7M 12 19 15 12 11 14 
Erie 8M 10 11 10 11 21 13 
Esbon 6S 24 28 27 10 14 21 
Eskridge 7M 9 8 6 4 4 6 
Eudora 8M 8 8 7 6 7 7 
Eureka 7M 7 9 6 9 12 9 
Everest 8S 13 17 22 25 27 21 
Fall River 7S 18 21 19 18 22 20 
Farr Subdivision 2 100 100 100 100 100 100 
Finney Co. RWD #01 2 17 6 na na na 12 
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Florence 7M 13 10 na 8 18 12 
Fontana 8S 15 23 14 na 18 18 
Ford 4 80 100 89 100 98 93 
Formoso 6S 12 8 14 17 16 13 
Fort Scott 8M 27 24 23 27 32 27 
Fowler 3 14 12 9 11 11 11 
Frankfort 7M 18 18 17 16 21 18 
Franklin Co. RWD #01 8M 7 8 5 7 na 7 
Franklin Co. RWD #02 8M na na na na na na 
Franklin Co. RWD #03 8S 21 9 14 6 10 12 
Franklin Co. RWD #04 8M 17 25 15 13 17 17 
Franklin Co. RWD #05 8M 12 16 18 16 10 14 
Franklin Co. RWD #06 8M 13 14 16 15 14 14 
Franklin Co. RWD #07 8S na na na na na na 
Fredonia 7M 27 7 8 15 7 13 
Frontenac 8M 11 8 9 13 23 13 
Fulton 8S 13 15 22 21 14 17 
Galena 8M 23 21 20 20 19 21 
Galesburg 8S 19 15 15 13 27 18 
Galva 7M 10 5 6 13 5 8 
Garden City 2 4 5 8 4 na 5 
Garden Plain 7M 11 na 8 4 3 7 
Garden Spot Rentals 2 100 100 100 100 100 100 
Gardner 8L 16 14 14 16 18 16 
Garnett 8M 13 13 10 13 14 13 
Gas 8M 13 7 4 4 na 7 
Gaylord 6S 8 5 37 48 16 23 
Geary Co. RWD #01 7S 8 na na na na 8 
Geary Co. RWD #02 7S 100 100 100 100 100 100 
Geary Co. RWD #04 7M na 5 na 5 4 5 
Geneseo 6S 15 10 18 33 18 19 
Geuda Springs 7S 10 7 11 11 11 10 
Girard 8M 11 13 15 16 18 15 
Glade 5 36 42 29 50 38 39 
Glasco 7S 3 4 22 7 8 9 
Glen Elder 6S 9 11 13 12 13 12 
Goddard 7M 11 na 3 na na 7 
Goessel 7M 7 4 13 22 22 14 
Goff 7S na 3 7 5 12 7 
Goodland 1 20 21 26 25 25 23 
Gorham 6S 3 7 10 19 19 12 
Gove 3 16 24 31 23 45 28 
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Grainfield 3 11 5 9 5 11 8 
Grandview Plaza 7M 10 9 12 15 11 11 
Great Bend 6ML 12 16 19 25 24 19 
Greeley 8S 19 7 6 na na 11 
Green 7S 9 5 10 16 17 11 
Greenleaf 7S 8 13 14 18 13 13 
Greensburg 5 8 8 17 12 16 12 
Greenwood Co. RWD #01 7M na 43 36 31 32 36 
Greenwood Co. RWD #02 7M 11 18 15 16 19 16 
Greenwood Co. RWD #03 7S 5 9 12 13 25 13 
Grenola 7S 10 11 13 18 17 14 
Gridley 7S 9 15 16 17 13 14 
Grinnell 3 5 7 5 na 7 6 
Gypsum 7S 13 14 4 na 3 9 
Haddam 7S 21 24 17 30 30 24 
Halstead 7M 9 10 9 15 14 11 
Hamilton 7S 11 32 na 9 17 17 
Hamilton Co. RWD #01 1 na 8 36 7 8 15 
Hanover 7M 19 12 18 13 17 16 
Hanston 4 9 8 14 17 10 12 
Hardtner 6S 3 na 8 10 4 6 
Harper 6ML 13 11 13 11 7 11 
Harper Co. RWD #04 6S 13 na 10 20 43 22 
Harper Co. RWD #05 6S na 22 19 30 na 24 
Hartford 7M 9 22 23 26 28 22 
Harvey Co. RWD #01 7M 10 12 9 12 21 13 
Harveyville 7S 22 17 15 10 10 15 
Haven 6ML 25 25 24 29 27 26 
Haviland 5 13 14 14 14 13 14 
Hays 5 7 9 10 9 11 9 
Hays City Suburban 5 100 100 100 100 100 100 
Haysville 7L 12 12 14 11 11 12 
Hazelton 6S 21 87 7 12 40 33 
Herington 7M 16 11 18 6 20 14 
Herndon 2 27 29 23 24 12 23 
Hesston 7M 7 4 3 4 15 7 
Hiawatha 8M 11 8 5 5 6 7 
Highland 8M 16 17 18 17 11 16 
Hill City 4 12 14 20 19 18 17 
Hillsboro 7M 7 12 12 18 5 11 
Hoisington 6ML 15 13 8 14 21 14 
Holcomb 2 7 12 10 12 9 10 
        



56 
 

TABLE 17 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2004-2008 

Public Water Supplier Region 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

2008 
Percent 

UFW 

AVG 
Percent 

UFW 
Holton 7M 24 20 16 6 16 16 
Holyrood 6S 15 9 9 3 7 9 
Hope 7S na 17 13 3 3 9 
Horace 1 3 6 4 8 9 6 
Horton 8M 14 14 7 9 6 10 
Howard 7M 5 6 3 6 6 5 
Howison Heights WD 7S 41 7 na 6 20 19 
Hoxie 3 28 16 13 11 15 17 
Hoyt 7M 13 7 9 4 4 7 
Hugoton 2 9 10 7 7 7 8 
Humboldt 8M 15 13 15 15 14 14 
Hunter 6S na na 17 19 16 17 
Hutchinson 6ML 20 14 9 9 8 12 
Independence 7L 6 5 29 22 27 18 
Ingalls 3 na 28 27 18 na 24 
Inman 7M 3 3 7 7 6 5 
Iola 8M 9 5 11 21 17 13 
Isabel 6S 16 14 15 14 4 13 
Iuka 6S 4 5 5 4 4 4 
Jackson Co. RWD #01 7M 18 13 20 18 20 18 
Jackson Co. RWD #03 7M 23 na 17 21 17 20 
Jamestown 7S 13 11 7 na 13 11 
Jefferson Co. RWD #01 8M 19 23 13 25 20 20 
Jefferson Co. RWD #02 8M 20 29 25 36 56 33 
Jefferson Co. RWD #03 8M 30 20 23 54 27 31 
Jefferson Co. RWD #07 8M 22 19 19 21 27 22 
Jefferson Co. RWD #08 8S 13 38 7 7 10 15 
Jefferson Co. RWD #09 8S 28 27 21 29 22 25 
Jefferson Co. RWD #10 8S 29 21 20 17 24 22 
Jefferson Co. RWD #11 8S 49 15 16 19 15 23 
Jefferson Co. RWD #12 8M 19 17 14 11 11 14 
Jefferson Co. RWD #13 8M 29 30 28 27 44 32 
Jefferson Co. RWD #15 8S 9 14 9 14 4 10 
Jennings 3 41 23 28 24 36 30 
Jetmore 4 5 8 13 11 7 9 
Jewell 6S 7 12 26 10 6 12 
Jewell Co. RWD #01 6S 18 13 15 19 27 18 
Johnson City 1 14 15 15 17 13 15 
Johnson Co. RWD #06C 8M 13 14 16 17 12 14 
Johnson Co. RWD #07 8M 13 13 14 9 na 12 
Junction City 7L 16 6 17 21 25 17 
Kanopolis 6ML 5 8 9 13 25 12 
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Kanorado 1 7 19 13 22 8 14 
Kansas City BPU 8L 19 21 23 17 20 20 
Kechi 7M na 7 na 5 na 6 
Kensington 6ML 29 33 21 23 26 26 
Kincaid 8S 5 na 5 3 na 4 
Kingman 6ML 16 13 12 10 9 12 
Kingman Co. RWD #01 6S 19 12 18 20 20 18 
Kinsley 5 14 17 17 19 22 18 
Kiowa 6ML 9 12 13 14 18 13 
Kirwin 5 27 33 16 22 20 24 
Kismet 2 24 27 27 22 28 26 
Konza Valley Water District 7S 3 17 8 9 3 8 
La Crosse 5 8 9 12 19 23 14 
La Cygne 8M 5 na 9 6 6 7 
La Harpe 8M 10 28 20 7 4 14 
Labette Co. RWD #01 8S 12 15 9 17 19 14 
Labette Co. RWD #02 8S 9 16 12 18 37 18 
Labette Co. RWD #03 8S 14 15 12 8 11 12 
Labette Co. RWD #04 8S 6 9 na 20 20 14 
Labette Co. RWD #05 8M na na 4 4 na 4 
Labette Co. RWD #06 8M 4 na na na na 4 
Labette Co. RWD #07 8M 18 9 15 11 12 13 
Labette Co. RWD #08 8M 21 26 17 26 na 23 
Lakeside Village Improvement 8S 33 30 43 62 68 47 
Lakin 2 9 12 11 6 7 9 
Lancaster 8S na na na na na na 
Lane 8S 7 24 25 11 24 18 
Lane Co. RWD #01 3 13 13 12 19 19 15 
Lansing (Lan-Del WC) 8M na na 5 6 6 6 
Larned 5 11 13 10 16 17 13 
Latham 7S 15 8 6 13 8 10 
Lawrence 8L 8 3 na 3 5 5 
Leavenworth 8L 7 6 10 11 10 9 
Leavenworth Co. RWD #01C 8M 10 6 3 8 6 7 
Leavenworth Co. RWD #02 8M na na 33 36 38 36 
Leavenworth Co. RWD #05 8M 14 16 7 8 9 11 
Leavenworth Co. RWD #06 8S na na 10 9 16 12 
Leavenworth Co. RWD #07 8M 8 12 11 9 7 9 
Leavenworth Co. RWD #08 8M 15 24 19 20 26 21 
Leavenworth Co. RWD #09 8M 27 20 18 20 13 20 
Leavenworth Co. RWD #10 8M na na na na 16 16 
Lebanon 6S 19 21 8 8 19 15 
        



58 
 

TABLE 17 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2004-2008 

Public Water Supplier Region 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

2008 
Percent 

UFW 

AVG 
Percent 

UFW 
Lebo 7M 6 6 3 4 4 5 
Lecompton 8M 12 6 4 13 11 9 
Lehigh 7S 19 6 6 na na 10 
Lenora 4 16 18 19 18 19 18 
Leon 7M 10 13 16 19 21 16 
Leonardville 7S 9 11 13 11 9 11 
Leoti 2 15 12 na 13 na 13 
LeRoy 7M 8 13 11 na na 11 
Lewis 5 12 10 na 8 5 9 
Liberal 2 3 na 13 9 9 9 
Liebenthal 5 8 7 9 5 10 8 
Lincoln Center 6ML 16 25 25 28 27 24 
Lindsborg 7M 4 7 11 8 14 9 
Linn 7S 10 16 4 5 7 8 
Linn Co. RWD #01 8M 16 15 14 21 14 16 
Linn Co. RWD #02 8M 21 19 na 27 na 22 
Linn Co. RWD #03 8M 25 20 na 26 na 24 
Linwood 8S 19 15 9 10 17 14 
Little Bear Mound 7S 100 100 na 100 100 100 
Little River 6ML 13 8 9 12 9 10 
Logan 5 18 na 10 10 23 15 
Long Island 5 5 3 3 14 na 6 
Longford 7S 3 4 6 7 na 5 
Longton 7S 18 14 7 19 23 16 
Lorraine 6S 9 8 11 61 7 19 
Louisburg 8M 13 12 4 6 10 9 
Lucas 6S 13 6 6 28 12 13 
Luray 6S 13 8 7 10 6 9 
Lyndon 7M 15 11 16 23 12 15 
Lyon Co. RWD #01 7M 6 4 na na na 5 
Lyon Co. RWD #02 7M na na 7 4 4 5 
Lyon Co. RWD #03 7S 8 10 9 9 17 11 
Lyon Co. RWD #04 7M na na na 3 na 3 
Lyon Co. RWD #05 7M 13 11 9 14 4 10 
Lyons 6ML 10 10 7 11 10 10 
Macksville 6S 19 7 8 13 18 13 
Madison 7M 19 23 24 15 19 20 
Mahaska 7S 7 na 5 5 3 5 
Maize 7M 9 6 14 9 7 9 
Manchester 7S 9 na 14 14 na 12 
Manhattan 7L 11 12 10 9 11 11 
Mankato 6ML 22 22 17 26 35 24 
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Manter 1 24 24 48 28 12 27 
Maple Hill 7M 4 16 8 6 7 8 
Marion 7M 15 9 15 19 na 15 
Marion Co. Imp. Dist. #02 7S na na na na 4 4 
Marion Co. RWD #01 7M 17 27 12 9 16 16 
Marion Co. RWD #02 7S 9 12 na na na 11 
Marion Co. RWD #04 7M 14 na 21 11 13 15 
Marquette 7M 7 7 7 4 7 6 
Marshall Co. RWD #01 7S 7 11 8 12 14 10 
Marshall Co. RWD #03 7M 10 13 10 15 17 13 
Marysville 7M 24 18 17 31 17 21 
Matfield Green 7S 18 25 28 20 24 23 
Mayetta 7S na 16 na 7 3 9 
Mayfield 7S na 3 na na na 3 
McCracken 5 3 4 na na 3 3 
McCune 8S 8 11 5 20 13 11 
McDonald 2 21 35 42 50 44 38 
McFarland 7S 8 10 7 10 17 10 
McLouth 8M 7 10 12 12 11 10 
McPherson 7L 5 5 5 7 6 6 
McPherson Co. RWD #01 7S 15 13 8 na 12 12 
McPherson Co. RWD #02 7S 4 3 9 4 na 5 
McPherson Co. RWD #03 7S na 8 na na na 8 
McPherson Co. RWD #04 7M 10 8 5 6 17 9 
McPherson Co. RWD #06 7S na 11 5 9 8 8 
Meade 3 16 25 14 13 20 18 
Medicine Lodge 6ML 12 15 15 28 31 20 
Melvern 7S 26 30 23 11 9 20 
Miami Co. RWD #01 8M 27 18 na 11 16 18 
Miami Co. RWD #02 8M 16 13 10 9 10 12 
Miami Co. RWD #03 8M 27 26 20 19 9 20 
Miami Co. RWD #04 8M 12 10 11 na 15 12 
Milford 7S na na 7 11 8 9 
Miltonvale 7M 9 8 10 25 18 14 
Minneapolis 7M 19 18 18 24 5 17 
Minneola 4 9 19 6 12 16 12 
Mitchell Co. RWD #01 6S na na na na na na 
Mitchell Co. RWD #02 6ML 16 17 17 9 12 14 
Moline 7S 17 26 15 13 7 16 
Montezuma 3 15 9 11 13 9 11 
Montgomery Co. RWD #01 7S na na na na na na 
Montgomery Co. RWD #01C 7M na 10 10 na 17 12 
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Montgomery Co. RWD #02 7M 8 6 10 13 7 9 
Montgomery Co. RWD #06 7M 18 18 16 20 20 18 
Montgomery Co. RWD #07 7S na 17 13 14 14 15 
Montgomery Co. RWD #08 7S na na na 44 37 41 
Montgomery Co. RWD #09 7S 39 na na na na 39 
Montgomery Co. RWD #10 7S 8 13 8 32 8 14 
Montgomery Co. RWD #11 7M 15 21 16 19 14 17 
Montgomery Co. RWD #12 7M 17 na 17 21 16 18 
Montgomery Co. RWD #13 7S 20 22 19 28 na 22 
Montgomery Co. RWD #14 7S 8 na 22 22 16 17 
Moran 8M 9 15 13 10 4 10 
Morganville 7S 30 na na na na 30 
Morland 4 8 24 14 9 10 13 
Morrill 8S na na 6 28 25 20 
Morris Co. RWD #01 7M 6 3 na 7 12 7 
Morrowville 7S 20 15 8 16 16 15 
Moscow 2 100 67 15 9 15 41 
Mound City 8M 8 6 12 na na 9 
Mound Valley 8S na na 3 8 5 5 
Moundridge 7M na 5 5 na na 5 
Mount Hope 7M 7 7 9 9 8 8 
Mulberry 8M 27 27 21 24 38 27 
Mullinville 5 19 19 29 21 25 23 
Mulvane 7M 10 8 10 12 11 10 
Munden 7S 13 3 3 na 24 11 
Muscotah 8S 21 29 20 56 36 32 
Narka 7S na 21 na 20 na 21 
Natoma 6S 13 12 na 34 17 19 
Nemaha Co. RWD #01 7S 10 15 15 12 23 15 
Nemaha Co. RWD #02 7S na na 7 7 na 7 
Nemaha Co. RWD #03 7M 8 8 8 7 7 8 
Nemaha Co. RWD #04 7M 16 26 19 17 19 19 
Neodesha 7M 6 12 8 13 7 9 
Neosho Co. RWD #01C 8S na na na na 6 6 
Neosho Co. RWD #02 8M 20 24 12 26 14 19 
Neosho Co. RWD #03 8S 36 16 na 36 40 32 
Neosho Co. RWD #04 8M 12 24 20 23 12 18 
Neosho Co. RWD #05 8S 23 36 48 26 na 33 
Neosho Co. RWD #06 8S 32 21 16 19 34 24 
Neosho Co. RWD #07 8M 21 21 12 33 25 22 
Neosho Co. RWD #08 8S 16 13 8 8 5 10 
Neosho Co. RWD #09 8S 22 24 20 22 11 20 
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Neosho Co. RWD #12 8S 4 7 8 9 10 8 
Ness City 4 5 6 5 15 13 9 
Netawaka 7S na 18 na na na 18 
New Strawn 7S 9 6 10 15 3 9 
Newbury Extension 7S 19 13 14 5 30 16 
Newton 7L 6 12 10 8 9 9 
Nickerson 6ML 14 15 12 7 37 17 
Norcatur 3 22 6 na 9 6 11 
North Newton 7M 29 17 20 23 10 20 
Norton 4 12 14 13 16 17 14 
Norton Co. RWD #01 4 11 11 9 11 9 10 
Nortonville 8M 7 7 6 8 10 8 
Norwich 6ML 25 23 18 14 9 18 
Oakley 2 7 16 15 13 15 13 
Oberlin 3 16 13 9 11 9 12 
Offerle 5 7 5 8 5 7 6 
Ogden 7M na 4 8 7 7 7 
Oketo 7S 16 na 7 20 16 15 
Olathe 8L 14 13 13 13 12 13 
Olmitz 6S 16 10 19 21 14 16 
Olpe 7M na na na na na na 
Olsburg 7S 12 23 15 5 5 12 
Onaga 7M 7 11 10 5 6 8 
Oneida 7S 5 18 12 13 13 12 
Osage City 7M 7 5 8 8 12 8 
Osage Co. RWD #02 7S 12 na 3 12 13 10 
Osage Co. RWD #03 7M 17 16 11 17 14 15 
Osage Co. RWD #04 7M 26 23 14 17 17 19 
Osage Co. RWD #05 7M 20 25 17 17 21 20 
Osage Co. RWD #06 7S 11 10 14 18 16 14 
Osage Co. RWD #07 7M na na 18 20 26 21 
Osage Co. RWD #08 7M na na na 22 20 21 
Osawatomie 8M 18 10 15 17 17 15 
Osborne 6ML 16 15 14 13 21 16 
Osborne Co. RWD #01A 6S 41 50 60 50 33 47 
Osborne Co. RWD #02 6S 12 11 na 6 22 13 
Oskaloosa 8M 3 na na na 10 7 
Oswego 8M 6 8 10 4 na 7 
Otis 5 10 10 14 12 11 11 
Ottawa 8L 10 13 12 12 20 13 
Ottawa Co. RWD #01 7S 20 43 25 3 38 26 
Ottawa Co. RWD #02 7M 14 13 14 15 12 14 
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TABLE 17 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2004-2008 

Public Water Supplier Region 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

2008 
Percent 

UFW 

AVG 
Percent 

UFW 
Overbrook 7M 9 11 25 29 6 16 
Oxford 7M 18 16 15 14 24 17 
Ozawkie 8M na 3 16 14 14 12 
Palco 5 19 7 11 27 10 15 
Palmer 7S 13 18 7 9 8 11 
Paola 8M 14 16 9 15 12 13 
Paradise 6S 11 17 13 13 13 13 
Park 3 na 3 12 3 3 5 
Park City 7M na 5 3 8 8 6 
Parker 8S 8 25 22 20 18 19 
Parsons 8L 4 8 3 11 8 7 
Pawnee Rock 6S 4 na 7 15 14 10 
Paxico 7S na 4 7 na na 6 
Peabody 7M 15 3 na 13 7 10 
Perry 8M 13 18 17 15 15 16 
Peru 7S 17 14 5 9 8 11 
Phillipsburg 5 25 5 18 9 6 13 
Pittsburg 8L 4 9 8 6 12 8 
Plains 3 13 9 13 15 17 13 
Plainville 5 9 14 15 15 11 13 
Pleasanton 8M 12 16 12 16 18 15 
Pomona 8M 14 5 11 na 7 9 
Portis 6S 29 23 21 16 14 21 
Post Rock RWD 5 20 23 12 10 24 18 
Pottawatomie Co. RWD #01 7M 22 24 9 na na 18 
Pottawatomie Co. RWD #02 7M 24 23 29 31 35 28 
Pottawatomie Co. RWD #03 7M 8 13 15 20 16 14 
Pottawatomie Co. RWD #04 7M 5 20 na 11 9 11 
Potwin 7S 9 5 na 7 7 7 
Prairie View 5 8 10 20 6 13 11 
Pratt 6ML 23 22 11 6 15 15 
Prescott 8S 4 7 8 na 7 7 
Preston 6S na 14 10 15 na 13 
Pretty Prairie 6ML 26 14 18 5 9 14 
Princeton 8S 18 10 13 9 9 12 
Protection 5 na 16 15 15 18 16 
Quenemo 7S 13 5 7 na 9 9 
Quinter 3 11 9 10 18 15 13 
Randall 6S 6 10 17 12 12 11 
Randolph 7S 7 6 8 12 5 8 
Ransom 4 12 14 13 na na 13 
Rantoul 8S 4 3 3 8 7 5 
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TABLE 17 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2004-2008 

Public Water Supplier Region 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

2008 
Percent 

UFW 

AVG 
Percent 

UFW 
Raymond 6S 11 na 5 10 10 9 
Reading 7S 23 19 12 na na 18 
Red Bud Lake Improvement 7S 38 28 11 47 16 28 
Reno Co. RWD #01 6S na na 4 na 6 5 
Reno Co. RWD #03 6S 22 11 16 14 18 16 
Reno Co. RWD #04 6S 5 na na 9 4 6 
Reno Co. RWD #08 6S 9 10 15 9 10 11 
Reno Co. WD #101 6S 15 4 na 5 5 7 
Republic 7S 29 22 13 17 24 21 
Republic Co. RWD #01 7S 23 31 26 34 40 31 
Republic Co. RWD #02 7M 35 30 10 27 28 26 
Reserve 8S 26 24 43 30 41 33 
Rexford 2 5 4 4 4 10 5 
Rice Co. RWD #01 6ML 8 16 3 15 27 14 
Richmond 8M 13 15 16 9 14 13 
Riley 7M 22 23 19 30 30 25 
Riley Co. RWD #01 7M 18 13 5 6 5 9 
Robinson 8S 8 20 14 20 19 16 
Rocky Ford Water Company 7S 100 100 100 100 100 100 
Rolla 1 6 9 7 9 6 7 
Rooks Co. RWD #01 5 5 na 5 5 na 5 
Rooks Co. RWD #02 5 22 6 13 10 16 13 
Rooks Co. RWD #03 5 18 17 16 12 19 16 
Rose Hill 7M na na na 3 3 3 
Roseland 8S na na na na na na 
Rossville 7M 10 8 10 11 13 10 
Rozel 5 14 19 16 13 14 15 
Rush Center 5 13 10 10 na 11 11 
Rush Co. RWD #01 5 25 18 16 24 17 20 
Russell 6ML 17 18 13 7 21 15 
Russell Co. RWD #01 6S 19 12 8 21 18 16 
Russell Co. RWD #02 6S na na na na na na 
Russell Co. RWD #03 6ML 20 19 20 23 14 19 
Russell Co. RWD #04 6S 33 23 6 18 27 21 
Sabetha 7M 27 17 5 6 3 12 
Salina 7L 13 11 14 11 12 12 
Saline Co. RWD #01 7S 13 11 10 15 na 12 
Saline Co. RWD #02 7S 12 18 9 27 17 17 
Saline Co. RWD #03 7M na na 13 na na 13 
Saline Co. RWD #04 7M 11 32 24 19 17 21 
Saline Co. RWD #06 7S 8 19 12 10 10 12 
Saline Co. RWD #07 7S na na 11 7 4 7 
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TABLE 17 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2004-2008 

Public Water Supplier Region 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

2008 
Percent 

UFW 

AVG 
Percent 

UFW 
Saline Co. RWD #08 7S 12 18 37 13 15 19 
Satanta 2 7 5 6 4 14 7 
Sawyer 6S 6 7 6 6 5 6 
Scammon 8S 17 6 15 14 23 15 
Scandia 7S 18 24 28 7 22 20 
Scotsman Estates 7S 14 20 na 11 8 13 
Scott City 2 7 7 9 9 9 8 
Scranton 7M 7 6 11 10 15 10 
Sedan 7M 15 17 14 16 15 15 
Sedgwick 7M na na na na 4 4 
Sedgwick Co. RWD #01 7M 8 12 4 9 na 8 
Sedgwick Co. RWD #03 7M na 5 na na na 5 
Sedgwick Co. RWD #04 7M 14 12 11 20 39 19 
Selden 3 5 4 6 8 7 6 
Seneca 7M 5 na 5 7 na 6 
Severy 7S 6 7 14 17 22 13 
Sharon 6S 18 17 23 18 15 18 
Sharon Springs 1 23 22 18 15 12 18 
Shawnee Co. RWD #01C 7M 7 3 na 6 na 5 
Shawnee Co. RWD #02C 7M 8 9 14 20 12 13 
Shawnee Co. RWD #03C 7M na 4 na na na 4 
Shawnee Co. RWD #04C 7L na 16 13 14 14 14 
Shawnee Co. RWD #08 7M 16 14 14 13 16 15 
Silver Lake 7M 7 10 4 8 4 7 
Simpson 6S 30 25 19 17 47 28 
Smith Center 6ML 25 21 23 23 34 25 
Smith Co. RWD #01 6S 17 22 11 7 9 13 
Soldier 7S 4 5 4 8 3 5 
Solomon 7M 23 35 16 13 16 21 
South Haven 7S 21 8 16 13 16 15 
South Hutchinson 6ML 7 9 14 11 6 9 
Spearville 4 11 4 9 9 6 8 
Speed 5 11 11 na 3 15 10 
Spivey 6S 21 22 31 34 39 29 
Spring Hill 8M 19 8 14 5 7 11 
St. Francis 1 na 8 4 10 7 7 
St. George 7M na 5 14 8 9 9 
St. John 6ML 20 22 17 16 21 19 
St. Marys 7M 4 3 6 3 5 4 
St. Paul 8M 16 13 4 7 15 11 
Stafford 6ML 6 4 3 6 5 5 
Sterling 6ML 5 4 4 na 6 5 
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TABLE 17 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2004-2008 

Public Water Supplier Region 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

2008 
Percent 

UFW 

AVG 
Percent 

UFW 
Stockton 5 37 16 16 9 25 21 
Strong City 7M 4 8 na na 6 6 
Sublette 2 7 9 12 9 8 9 
Suburban Water Company 8M 6 10 10 10 11 9 
Summerfield 7S 5 5 7 7 6 6 
Sumner Co. RWD #01 7S na 16 na 14 31 20 
Sumner Co. RWD #02 7S 8 12 7 8 8 9 
Sumner Co. RWD #03 7S 7 na na na na 7 
Sumner Co. RWD #04 7M 26 21 20 32 31 26 
Sumner Co. RWD #05 7M na 8 8 15 na 10 
Sumner Co. RWD #06 7S 10 12 8 9 4 9 
Susank 6S 31 18 19 12 na 20 
Sylvan Grove 6S 22 9 6 6 11 11 
Sylvia 6S 37 29 21 26 23 27 
Syracuse 1 5 4 5 5 6 5 
Tescott 7S 9 11 12 18 12 12 
Thayer 8M 10 3 na 8 na 7 
Timber Creek Water & Sewer 7M 16 18 16 12 17 16 
Timken 5 6 8 6 3 21 9 
Tipton 6S 13 10 6 11 na 10 
Tonganoxie 8M 14 19 14 16 13 15 
Topeka 7L 3 6 7 16 9 8 
Toronto 7S 14 14 na 12 13 13 
Towanda 7M na 7 8 na na 8 
Treece 8S 7 9 13 na 21 13 
Trego Co. RWD #01 4 6 8 4 5 6 6 
Trego Co. RWD #02 4 10 10 23 16 11 14 
Tribune 1 11 14 10 9 13 11 
Troy 8M 10 15 17 8 4 11 
Turon 6S 7 9 7 10 10 9 
Udall 7M 14 10 17 na 18 15 
Ulysses 2 6 7 9 5 6 7 
Uniontown 8S 11 9 15 14 15 13 
University Park Water 7S na na 4 6 4 5 
Utica 4 4 6 6 8 4 6 
Valley Center 7M 15 12 na 4 13 11 
Valley Falls 8M 10 15 17 16 21 16 
Vermillion 7S 5 na na na 5 5 
Victoria 5 13 14 12 18 22 16 
Viola 7S 10 8 8 13 9 10 
Virgil 7S 25 12 8 13 13 14 
Wabaunsee Co. RWD #01 7S 19 20 15 13 17 17 
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TABLE 17 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2004-2008 

Public Water Supplier Region 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

2008 
Percent 

UFW 

AVG 
Percent 

UFW 
Wabaunsee Co. RWD #02 7M 9 10 13 12 11 11 
WaKeeney 4 13 18 13 16 11 14 
Wakefield 7M 11 13 10 24 15 15 
Waldo 6S na na na na 9 9 
Wallace 1 7 4 na 3 na 5 
Wallace Co. RWD #01 1 5 6 5 6 5 5 
Walton 7S na na na na 19 19 
Wamego 7M na 18 6 7 5 9 
Washington 7M 22 15 24 24 12 19 
Washington Co. RWD #01 7M 6 8 4 9 9 7 
Washington Co. RWD #02 7M 17 15 14 22 17 17 
WaterOne - Johnson Co. 8L 10 7 10 9 13 10 
Waterville 7M 9 10 4 9 8 8 
Wathena 8M 26 20 19 29 30 25 
Waverly 7M 10 19 7 8 6 10 
Weir 8M 10 5 na 5 12 8 
Wellington 7M 6 10 8 3 11 8 
Wellsville 8M na 9 na 5 10 8 
West Hills Water Company 6S 100 100 100 100 100 100 
West Mineral 8S 16 12 13 14 10 13 
Westmoreland 7M 10 7 7 13 7 9 
Wetmore 7S 15 14 13 13 18 15 
White City 7M 30 23 20 20 37 26 
White Cloud 8S 37 23 17 16 16 22 
Whitewater 7M 4 8 4 7 5 6 
Whiting 7S 8 21 16 23 11 16 
Wichita 7L 6 6 8 4 8 6 
Williamsburg 8S na na na na 16 16 
Willis 8S 14 15 na na na 15 
Wilsey 7S na na 14 4 4 7 
Wilson 6ML 17 12 24 12 13 16 
Wilson Co. RWD #01 7S 23 25 26 24 na 25 
Wilson Co. RWD #02 7S na na na na na na 
Wilson Co. RWD #04 7S 22 15 10 8 19 15 
Wilson Co. RWD #05 7S 4 13 16 33 29 19 
Wilson Co. RWD #06 7S 15 9 18 19 16 15 
Wilson Co. RWD #09 7S 22 na na 19 na 21 
Wilson Co. RWD #11 7M 22 14 27 25 28 23 
Wilson Co. RWD #12 7S 3 5 na 7 11 7 
Wilson Co. RWD #13 7S 17 61 22 28 na 32 
Winchester 8M 5 8 5 4 9 6 
Windom 7S na 9 na 11 13 11 
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TABLE 17 
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW) 

FOR PUBLIC WATER SUPPLIERS 
KANSAS, 2004-2008 

Public Water Supplier Region 

2004 
Percent 

UFW 

2005 
Percent 

UFW 

2006 
Percent 

UFW 

2007 
Percent 

UFW 

2008 
Percent 

UFW 

AVG 
Percent 

UFW 
Winfield 7L 6 9 11 14 11 10 
Winona 2 15 16 14 20 16 16 
Woodson Co. RWD #01 7M 24 24 14 15 14 18 
Woodston 5 34 na 8 26 25 23 
Yates Center 7M 20 16 13 15 11 15 
Zenda 6S 19 17 18 36 19 22 

 
 
 

Note:  Percent unaccounted for water represents all unmetered usage divided by total water 
produced or purchased.  If insufficient information was provided to determine unaccounted for water, 
or if no water use report was filed, "na" is shown. 
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KANSAS MUNICIPAL WATER USE 2009 
 

The Kansas Municipal Water Use publication has been prepared annually since 
1987 to show comparative statistics for all public water suppliers that have filed water 
use reports with the Kansas Department of Agriculture, Division of Water Resources 
(DWR). For 2009, these data are shown in the following three tables: 

 
 Table 1 summarizes 5-year regional averages for water use in terms of gallons 

per capita per day (GPCD).   
 

 Table 2 shows the 5-year and average GPCD usage for individual water 
suppliers.   
 

 Table 3 shows the 5-year and average percent unaccounted for water (UFW) for 
individual water suppliers.   
 
Because average annual precipitation in Kansas increases from west to east, the 

State is divided into eight regions (shown in Figure 1) for analysis of GPCD averages.  
Public water suppliers in the three most populous regions (6, 7, and 8) also are grouped 
by size range.  The region and size for each water supplier is shown in Tables 2 and 3.  
The corresponding regional average GPCD for any supplier can be found in Table 1. 

 
Completion of the annual water use report by personnel at every water supply 

system is greatly appreciated.  The data collected are valuable in administering water 
rights and marketing contracts, and can be useful for evaluating individual systems’ 
needs.  Please contact the DWR at (785) 296-3717 with any questions about the water 
use report program. 

 
 



2005 2006 2007 2008 2009

1 272 293 272 273 227 267
2 246 258 245 241 199 238
3 221 244 241 229 195 226
4 192 188 170 168 156 175
5 150 156 149 142 138 147

6-ML 145 150 135 133 131 139
6-S 123 138 125 121 116 125
7-L 137 147 135 128 124 134
7-M 105 107 101 96 94 101
7-S 97 96 92 89 88 92
8-L 128 130 130 123 122 127
8-M 99 102 98 92 89 96
8-S 80 84 82 81 78 81

Kansas 121 126 119 115 109 118

Average gallons per capita per day (GPCD) use includes water sold to residential and 
commercial customers, metered free uses, and unaccounted for water.  GPCD use does 
not include sales to other suppliers, industries, bulk uses, or farmsteads using more than 
200,000 gallons per year.  

Refer to Figure 1 for map regions.  For this analysis, Regions 6, 7, and 8 were subdivided 
into size categories.  Large (L) utilities serve 10,000 people or more.  Medium (M) utilities 
serve 500 to 9,999 people.  Small (S) utilities serve fewer than 500 people.

AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE
TABLE 1

Region
Year

Average

KANSAS, 2005-2009
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Public Water Supplier Region
2005 

GPCD
2006 

GPCD
2007 

GPCD
2008 

GPCD
2009 

GPCD
AVG 

GPCD

Abbyville 6S 121 151 120 143 101 127
Abilene 7M 151 154 144 121 147 143
Admire 7S 89 95 75 71 64 79
Agenda 7S 96 90 82 77 86 86
Agra 5 126 103 103 89 91 102
Albert 6S 125 136 115 112 91 116
Alexander 5 113 114 100 78 93 100
Allen 7S 58 58 59 52 56 57
Allen Co. RWD #01 8S 67 47 na na na 57
Allen Co. RWD #02 8S na na na 92 na 92
Allen Co. RWD #04 8S 96 126 91 64 101 96
Allen Co. RWD #06 8S 158 na na na na 158
Allen Co. RWD #08 8M 172 128 129 119 121 134
Allen Co. RWD #09 8S na na 78 73 na 76
Allen Co. RWD #10 8S 77 69 69 76 75 73
Allen Co. RWD #11 8S 61 81 68 67 63 68
Allen Co. RWD #12 8S 110 99 69 66 61 81
Allen Co. RWD #13 8S 61 68 75 71 102 75
Allen Co. RWD #15 8S 58 59 56 66 61 60
Allen Co. RWD #16 8S 86 123 104 165 129 121
Alma 7M 151 158 117 111 111 130
Almena 4 113 116 105 133 83 110
Alta Vista 7S 80 74 76 73 74 75
Altamont 8M 77 79 76 70 74 75
Alton 6S 95 102 119 138 117 114
Altoona 7S 83 84 85 93 74 84
Andale 7M 81 92 83 82 85 85
Anderson Co. RWD #01 8S 76 90 105 107 101 96
Anderson Co. RWD #01C 8M 64 66 58 64 62 63
Anderson Co. RWD #04 8M na 107 109 95 104 104
Anderson Co. RWD #05 8M 71 73 76 na 76 74
Anthony 6ML 152 159 156 128 130 145
Arcadia 8S 67 65 60 71 66 66
Argonia 7M 120 115 107 104 93 108
Arkansas City 7L 130 126 125 135 143 132
Arlington 6S 107 113 99 99 83 100
Arma 8M 77 81 77 69 76 76
Arnold 4 213 177 97 125 111 145
Ashland 4 249 232 215 200 213 222
Assaria 7M 71 73 74 72 59 70
Atchison 8L 176 184 226 184 206 195
Atchison Co. RWD #01 8M 66 na 79 na 79 75
Atchison Co. RWD #03 8S 69 76 na na na 73
Atchison Co. RWD #05C 8M na 94 104 105 na 101
Atchison Co. RWD #06 8M 60 na na na na 60
Atlanta 7S 65 63 67 71 62 66
Attica 6ML 162 184 179 215 200 188
Atwood 2 208 219 191 186 156 192
Augusta 7M 163 154 146 186 169 164

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2005-2009
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Public Water Supplier Region
2005 

GPCD
2006 

GPCD
2007 

GPCD
2008 

GPCD
2009 

GPCD
AVG 

GPCD

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2005-2009

Aurora 7S 87 86 86 83 67 82
Axtell 7S 83 83 80 77 77 80
Baldwin 8M 127 110 100 82 88 101
Barber Co. RWD #01 6S 181 206 189 186 203 193
Barber Co. RWD #03 6S 71 73 79 78 85 77
Barnard 6S 77 69 54 40 41 56
Barnes 7S 155 165 159 145 132 151
Bartlett 8S 99 na 78 na na 89
Barton Co. RWD #01 6S 90 109 81 88 86 91
Barton Co. RWD #02 6ML 44 39 47 57 37 45
Barton Hills WD 6S 70 51 46 42 40 50
Baxter Springs 8M 138 151 132 122 124 133
Bazine 4 139 123 99 97 90 110
Beattie 7S 101 102 97 96 92 98
Bel Aire 7M 110 122 106 93 94 105
Belle Plaine 7M 102 104 96 95 97 99
Belleville 7M 156 160 141 154 154 153
Beloit 6ML 104 100 90 80 84 92
Belpre 5 142 122 110 109 107 118
Belvidere 5 195 222 198 224 214 211
Belvue 7S 106 108 96 88 84 96
Bennington 7M 91 86 86 89 89 88
Benton 7M 85 86 88 83 72 83
Bern 7S 95 99 103 105 101 101
Beverly 6S 92 94 88 66 70 82
Bird City 1 349 332 400 390 264 347
Bison 5 106 117 na 78 94 99
Blue Mound 8S 100 95 72 62 61 78
Blue Rapids 7M 143 146 138 122 121 134
Blue River Hills Improvement 7S 101 108 90 90 96 97
Bluff City 6S 91 91 108 143 82 103
Bogue 4 232 208 211 163 148 192
Bonner Springs 8M 149 155 147 155 141 149
Bourbon Co. RWD #02C 8M 86 89 90 92 97 91
Bourbon Co. RWD #04 8M 148 164 170 126 117 145
Brewster 2 437 333 318 287 199 315
Bronson 8S 75 74 76 71 69 73
Brookville 7S 74 na na na na 74
Brown Co. RWD #01 8M 90 89 92 97 84 90
Brown Co. RWD #02 8M 89 91 76 93 84 87
Brownell 4 77 89 86 84 141 95
Bucklin 4 218 209 175 147 139 178
Buffalo 7S 149 119 112 100 108 118
Buhler 6ML 123 144 117 111 120 123
Bunker Hill 6S 169 106 106 92 100 115
Burden 7M 110 97 92 94 85 96
Burdett 5 159 166 151 191 134 160
Burlingame 7M 81 90 88 73 82 83
Burlington 7M 120 137 115 102 98 114
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Public Water Supplier Region
2005 

GPCD
2006 

GPCD
2007 

GPCD
2008 

GPCD
2009 

GPCD
AVG 

GPCD

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2005-2009

Burns 7S 68 73 68 63 68 68
Burr Oak 6S 95 94 102 106 131 106
Burrton 7M 95 98 93 82 81 90
Bushton 6S 171 173 122 123 109 140
Butler Co. RWD #01 7M 102 94 90 93 82 92
Butler Co. RWD #02 7M 89 89 133 68 67 89
Butler Co. RWD #03 7M 62 67 71 73 74 69
Butler Co. RWD #04 7M 72 69 na na na 71
Butler Co. RWD #05 7M 84 109 74 80 73 84
Butler Co. RWD #06 7M 83 76 70 80 73 76
Butler Co. RWD #07 7M 78 69 70 65 63 69
Butler Co. RWD #08 7M 66 75 64 71 69 69
Byron 7S 243 253 219 204 200 224
Caldwell 7M 111 101 85 87 94 96
Cambridge 7S 55 54 60 55 62 57
Caney 7M 167 159 140 126 122 143
Canton 7M 133 127 111 96 93 112
Carbondale 7M 94 65 83 84 104 86
Cassoday 7S 83 80 72 71 89 79
Cawker City 6S 147 164 184 159 134 158
Cedar Point 7S 55 57 72 100 77 72
Cedar Vale 7M 98 91 79 68 67 81
Centralia 7S 83 88 83 79 79 82
Chanute 8M 119 139 130 112 102 120
Chapman 7M 172 162 143 146 160 157
Chase 6S 119 116 117 103 129 117
Chase Co. RWD #01 7S 76 83 92 na 97 87
Chautauqua 7S na 98 na na na 98
Chautauqua Co. RWD #01 7S 85 57 48 69 70 66
Chautauqua Co. RWD #02 7S 105 100 98 99 90 98
Chautauqua Co. RWD #03 8M na 93 82 na na 88
Cheney 7M 151 171 158 126 139 149
Cherokee 8M 112 105 91 85 80 95
Cherokee Co. RWD #01 8S 203 133 119 138 122 143
Cherokee Co. RWD #02 8M 103 110 91 87 82 95
Cherokee Co. RWD #03 8M 151 127 132 162 146 144
Cherokee Co. RWD #04 8M 123 102 106 101 108 108
Cherokee Co. RWD #05 8S 71 68 59 56 55 62
Cherokee Co. RWD #06 8S 80 na na na 58 69
Cherokee Co. RWD #07 8S 74 81 97 103 97 90
Cherokee Co. RWD #08 8M 75 75 72 65 60 69
Cherryvale 7M 89 96 95 84 165 106
Chetopa 8M 102 117 103 109 113 109
Chicopee Rural Water 8S 87 94 107 81 76 89
Cimarron 3 267 324 387 299 258 307
Circleville 7S 57 56 57 61 61 58
Claflin 6ML 133 143 131 117 123 129
Clay Center 7M 100 109 99 125 119 110
Clay Co. RWD #01 7S 159 155 158 154 180 161
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Public Water Supplier Region
2005 

GPCD
2006 

GPCD
2007 

GPCD
2008 

GPCD
2009 

GPCD
AVG 

GPCD

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2005-2009

Clay Co. RWD #02 7M 101 106 90 82 62 88
Clayton 4 134 96 86 87 93 99
Clearwater 7M 93 94 90 81 83 88
Clifton 7M 155 147 137 132 110 136
Cloud Co. RWD #01 7S 111 127 143 128 128 127
Clyde 7M 157 171 148 158 127 152
Coal Hollow WD 8S 61 na 48 42 na 50
Coats 6S 150 146 123 119 112 130
Coffey Co. RWD #02 7M 89 86 81 72 79 81
Coffey Co. RWD #03 7M 66 65 63 57 53 61
Coffeyville 7L 177 218 232 177 154 192
Colby 2 328 337 313 333 277 318
Coldwater 5 184 209 178 165 189 185
Collyer 4 101 135 107 109 89 108
Colony 8S 80 96 88 80 80 85
Columbus 8M 119 118 109 113 112 114
Colwich 7M 68 67 66 59 59 64
Comanche Co. RWD #01 5 82 127 123 129 131 118
Comanche Co. RWD #02 5 452 555 566 678 694 589
Concordia 7M 132 128 129 120 122 126
Conway Springs 7M 97 97 113 93 115 103
Coolidge 1 286 281 282 279 211 268
Copeland 3 227 241 244 270 233 243
Corning 7S na 92 na na na 92
Cottonwood Falls 7M 89 93 96 93 91 92
Council Grove 7M 100 99 91 93 92 95
Courtland 7S 123 134 111 104 104 115
Cowley Co. RWD #01 7M 76 94 91 78 75 83
Cowley Co. RWD #02 7M 68 73 62 60 56 64
Cowley Co. RWD #03 7M 121 125 100 113 99 112
Cowley Co. RWD #04 7M 97 99 85 84 78 89
Cowley Co. RWD #05 7M 75 87 92 95 90 88
Cowley Co. RWD #06 7M 77 83 74 91 75 80
Cowley Co. RWD #07 7S 96 88 85 85 81 87
Cowley Co. RWD #08 7S 106 95 81 86 86 91
Crawford Co. RWD #01 8M 101 123 na 86 116 107
Crawford Co. RWD #01C 8M 126 129 124 102 125 121
Crawford Co. RWD #02 8M 97 na na na na 97
Crawford Co. RWD #03 8S 81 87 78 79 71 79
Crawford Co. RWD #04 8M 90 89 84 84 87 87
Crawford Co. RWD #05 8M 160 136 128 127 135 137
Crawford Co. RWD #06 8M 109 113 125 104 103 111
Crawford Co. RWD #07 8S 67 65 71 75 64 68
Cuba 7S 114 95 99 91 113 102
Cullison 6S 175 234 223 216 171 204
Culver 7S 60 65 56 50 61 58
Cunningham 6S 154 152 151 150 173 156
Dearing 7S 77 67 70 68 73 71
Deerfield 2 142 159 153 156 137 149
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Public Water Supplier Region
2005 

GPCD
2006 

GPCD
2007 

GPCD
2008 

GPCD
2009 

GPCD
AVG 

GPCD

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2005-2009

Delia 7S 59 69 76 67 53 65
Delphos 7S 133 125 119 113 126 123
Denison 8S 52 50 52 53 53 52
Derby (El Paso Water Co.) 7L 102 106 93 100 89 98
DeSoto 8M 102 157 186 128 133 141
Dexter 7S 99 113 107 92 67 96
Dickinson Co. RWD #01 7M 81 76 111 96 103 93
Dickinson Co. RWD #02 7M 122 122 116 111 111 116
Dighton 3 235 225 233 229 204 225
Dodge City 4 185 183 259 203 172 200
Doniphan Co. RWD #01 8S 65 79 51 52 44 58
Doniphan Co. RWD #02 8S 73 71 71 78 76 74
Doniphan Co. RWD #03 8S 82 87 95 69 57 78
Doniphan Co. RWD #05 8M na na na na 81 81
Dorrance 6S 74 106 68 58 50 71
Douglas Co. RWD #01 8M 105 115 101 89 78 98
Douglas Co. RWD #02 8M 90 90 96 75 82 87
Douglas Co. RWD #03 8M 87 94 89 89 78 87
Douglas Co. RWD #04 8M 84 88 84 82 79 83
Douglas Co. RWD #05 8M 72 82 69 62 62 69
Douglas Co. RWD #06 8M 83 93 94 85 75 86
Douglass 7M 78 78 77 75 77 77
Downs 6ML 169 153 141 160 166 158
Durham 7S 126 117 104 97 76 104
Dwight 7S 75 67 77 65 57 68
Easton 8S 69 63 67 74 79 70
Edgerton 8M 57 57 51 52 52 54
Edna 8S 77 78 75 na 71 75
Effingham 8M 81 79 82 77 76 79
El Dorado 7L 166 163 145 169 172 163
Elbing 7S 62 63 64 59 58 61
Elgin 7S 364 179 166 170 153 206
Elk City 7S 164 182 173 193 235 189
Elk Co. RWD #01 7S 85 na 85 130 na 100
Elkhart 1 339 354 331 346 309 336
Ellinwood 6ML 120 124 101 100 97 108
Ellis 5 97 97 90 93 91 94
Ellis Co. RWD #01 5 89 83 75 87 85 84
Ellis Co. RWD #01C 5 na 125 na na na 125
Ellis Co. RWD #03 5 61 64 57 53 50 57
Ellis Co. RWD #06 5 121 129 109 115 123 119
Ellsworth 6ML 142 146 132 128 130 136
Elmdale 7S 159 148 181 174 131 159
Elwood 8M 77 76 101 100 89 89
Emmett 7S 74 68 na 61 61 66
Emporia 7L 172 179 176 152 147 165
Englewood 4 475 636 607 539 442 540
Ensign 3 138 157 119 128 112 131
Enterprise 7M 78 73 84 80 72 77
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Erie 8M 108 110 101 103 91 103
Esbon 6S 112 94 108 93 97 101
Eskridge 7M 95 94 90 93 95 93
Eudora 8M 97 106 89 87 83 92
Eureka 7M 120 124 112 127 116 120
Everest 8S 110 114 112 114 110 112
Fall River 7S 74 70 67 71 66 70
Farr Subdivision 2 65 60 58 65 70 64
Finney Co. RWD #01 2 81 64 55 61 109 74
Florence 7M 79 76 75 73 65 74
Fontana 8S 75 78 na 66 73 73
Ford 4 329 271 265 295 274 287
Formoso 6S 86 75 78 70 83 78
Fort Scott 8M 157 161 156 160 138 154
Fowler 3 163 177 170 168 159 167
Frankfort 7M 133 131 130 138 151 137
Franklin Co. RWD #01 8M 70 72 77 na na 73
Franklin Co. RWD #02 8M 62 na na na na 62
Franklin Co. RWD #03 8S 63 72 65 62 63 65
Franklin Co. RWD #04 8M 113 101 82 78 76 90
Franklin Co. RWD #05 8M 80 81 73 72 65 74
Franklin Co. RWD #06 8M 92 93 94 103 112 99
Franklin Co. RWD #07 8S 117 133 108 144 125 125
Fredonia 7M 116 157 158 116 108 131
Frontenac 8M 120 127 118 108 103 115
Fulton 8S 61 67 58 55 54 59
Galena 8M 134 121 121 105 106 117
Galesburg 8S 84 92 92 105 95 94
Galva 7M 113 124 116 101 98 110
Garden City 2 207 214 196 190 179 197
Garden Plain 7M 120 120 89 73 78 96
Garden Spot Rentals 2 64 58 61 76 58 63
Gardner 8L 107 105 98 101 94 101
Garnett 8M 103 108 98 92 83 97
Gas 8M 74 74 72 62 66 70
Gaylord 6S 115 208 183 127 106 148
Geary Co. RWD #01 7S 96 105 na na na 101
Geary Co. RWD #02 7S 117 157 94 96 93 111
Geary Co. RWD #04 7M 100 99 87 82 80 90
Geneseo 6S 101 111 112 98 83 101
Geuda Springs 7S 89 97 97 95 100 96
Girard 8M 121 123 106 104 104 112
Glade 5 139 94 123 106 99 112
Glasco 7S 72 87 73 73 95 80
Glen Elder 6S 164 174 168 156 145 161
Goddard 7M 156 175 150 137 146 153
Goessel 7M 102 125 120 120 103 114
Goff 7S 67 66 63 66 62 65
Goodland 1 320 317 317 302 258 303
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Gorham 6S 76 85 90 84 70 81
Gove 3 240 353 385 302 167 289
Grainfield 3 276 232 249 253 220 246
Grandview Plaza 7M 93 99 92 88 99 94
Great Bend 6ML 135 131 131 130 120 129
Greeley 8S 65 59 57 52 53 57
Green 7S 82 113 84 73 81 87
Greenleaf 7S 134 156 141 123 123 135
Greensburg 5 178 210 223 173 242 205
Greenwood Co. RWD #01 7M 82 81 72 76 65 75
Greenwood Co. RWD #02 7M 101 111 100 102 100 103
Greenwood Co. RWD #03 7S 69 80 80 80 75 77
Grenola 7S 78 75 73 70 65 72
Gridley 7S 72 73 69 71 67 70
Grinnell 3 290 299 287 257 216 270
Gypsum 7S 103 99 90 70 112 95
Haddam 7S 73 72 78 73 101 79
Halstead 7M 109 95 101 94 90 98
Hamilton 7S 82 na 63 69 91 76
Hamilton Co. RWD #01 1 112 181 86 89 87 111
Hanover 7M 103 103 106 106 na 105
Hanston 4 256 246 166 212 194 215
Hardtner 6S 192 186 171 207 189 189
Harper 6ML 124 140 129 119 121 127
Harper Co. RWD #04 6S na 83 74 104 118 95
Harper Co. RWD #05 6S 123 181 190 na 124 155
Hartford 7M 77 94 89 75 78 83
Harvey Co. RWD #01 7M 69 71 73 71 56 68
Harveyville 7S 101 101 117 84 80 97
Haven 6ML 147 159 137 120 119 136
Haviland 5 178 193 169 185 129 171
Hays 5 97 98 96 92 85 94
Hays City Suburban 5 165 156 141 96 138 139
Haysville 7L 97 103 94 86 86 93
Hazelton 6S 93 181 100 134 107 123
Herington 7M 120 130 126 123 110 122
Herndon 2 429 418 389 229 284 350
Hesston 7M 153 191 156 129 131 152
Hiawatha 8M 112 115 118 116 114 115
Highland 8M 116 135 119 108 112 118
Hill City 4 239 219 218 191 226 219
Hillsboro 7M 126 139 147 182 118 142
Hoisington 6ML 99 101 97 98 94 98
Holcomb 2 145 153 142 147 132 144
Holton 7M 119 105 100 108 103 107
Holyrood 6S 145 145 103 113 111 123
Hope 7S 87 104 97 88 89 93
Horace 1 159 130 124 139 122 135
Horton 8M 90 85 92 85 75 85
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Howard 7M 105 105 91 83 95 96
Howison Heights WD 7S 135 150 118 114 125 128
Hoxie 3 288 297 286 271 236 276
Hoyt 7M 72 70 73 70 67 70
Hugoton 2 290 333 310 354 315 320
Humboldt 8M 110 116 110 108 110 111
Hunter 6S na 97 83 84 na 88
Hutchinson 6ML 127 133 126 110 111 121
Independence 7L 135 173 141 147 138 147
Ingalls 3 182 223 158 189 na 188
Inman 7M 132 142 111 113 119 123
Iola 8M 99 113 137 112 106 113
Isabel 6S 138 174 143 127 125 141
Iuka 6S 83 84 74 72 81 79
Jackson Co. RWD #01 7M 82 88 84 75 72 80
Jackson Co. RWD #03 7M 98 87 104 94 96 96
Jamestown 7S 92 79 71 69 62 75
Jefferson Co. RWD #01 8M 109 105 103 92 87 99
Jefferson Co. RWD #02 8M 128 124 138 201 122 143
Jefferson Co. RWD #03 8M 98 103 113 94 88 99
Jefferson Co. RWD #07 8M 105 111 104 103 93 103
Jefferson Co. RWD #08 8S 114 78 78 76 78 85
Jefferson Co. RWD #09 8S 63 69 65 56 49 60
Jefferson Co. RWD #10 8S 84 75 77 74 87 79
Jefferson Co. RWD #11 8S 75 93 84 83 90 85
Jefferson Co. RWD #12 8M 90 106 102 91 72 92
Jefferson Co. RWD #13 8M 126 130 127 132 100 123
Jefferson Co. RWD #15 8S 52 52 59 41 41 49
Jennings 3 194 233 200 206 158 198
Jetmore 4 227 181 185 178 171 188
Jewell 6S 91 100 77 67 69 81
Jewell Co. RWD #01 6S 119 155 165 177 182 160
Johnson City 1 312 337 336 360 313 332
Johnson Co. RWD #06C 8M 104 122 108 77 63 95
Johnson Co. RWD #07 8M 107 116 102 97 94 103
Junction City 7L 151 157 150 151 133 148
Kanopolis 6ML 102 96 91 101 85 95
Kanorado 1 223 221 209 190 121 193
Kansas City BPU 8L 199 183 204 187 171 189
Kechi 7M 107 na 87 na na 97
Kensington 6ML 163 145 138 134 110 138
Kincaid 8S na 53 52 na 74 60
Kingman 6ML 119 124 114 108 114 116
Kingman Co. RWD #01 6S 69 66 58 56 51 60
Kinsley 5 123 120 119 128 121 122
Kiowa 6ML 168 185 166 184 172 175
Kirwin 5 117 102 98 90 82 98
Kismet 2 157 174 165 163 141 160
Konza Valley Water District 7S 86 74 64 57 65 69
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La Crosse 5 122 122 127 123 125 124
La Cygne 8M 100 113 96 82 68 92
La Harpe 8M 84 81 76 76 78 79
Labette Co. RWD #01 8S 112 128 113 98 98 110
Labette Co. RWD #02 8S 101 98 90 89 103 96
Labette Co. RWD #03 8S 82 98 81 66 73 80
Labette Co. RWD #04 8S 82 129 118 110 108 109
Labette Co. RWD #05 8M na 92 84 na na 88
Labette Co. RWD #06 8M 69 na 63 69 na 67
Labette Co. RWD #07 8M 68 86 63 60 63 68
Labette Co. RWD #08 8M 91 102 88 67 95 89
Lakeside Village Improvement 8S 96 123 152 177 143 138
Lakin 2 242 259 255 262 213 246
Lancaster 8S na 64 66 61 60 63
Lane 8S 70 70 62 68 56 65
Lane Co. RWD #01 3 200 223 185 201 170 196
Lansing (Lan-Del WC) 8M 95 88 87 80 79 86
Larned 5 226 229 211 203 176 209
Latham 7S 77 86 80 64 64 74
Lawrence 8L 121 124 115 108 97 113
Leavenworth 8L 97 96 97 91 91 94
Leavenworth Co. RWD #01C 8M 84 88 95 78 78 85
Leavenworth Co. RWD #02 8M na 96 99 98 86 95
Leavenworth Co. RWD #05 8M 95 87 85 82 84 87
Leavenworth Co. RWD #06 8S na 83 90 90 78 85
Leavenworth Co. RWD #07 8M 86 87 82 74 61 78
Leavenworth Co. RWD #08 8M 117 113 100 95 78 101
Leavenworth Co. RWD #09 8M 94 95 78 77 68 82
Leavenworth Co. RWD #10 8M na na na 91 na 91
Lebanon 6S 112 111 91 84 90 98
Lebo 7M 80 80 71 67 69 73
Lecompton 8M 69 68 70 66 61 67
Lehigh 7S 92 99 69 78 76 83
Lenora 4 189 156 188 163 150 169
Leon 7M 92 99 99 85 97 94
Leonardville 7S 102 110 106 96 96 102
Leoti 2 221 269 234 241 193 232
LeRoy 7M 65 63 67 na 62 64
Lewis 5 143 158 117 138 114 134
Liberal 2 152 185 176 188 163 173
Liebenthal 5 70 77 75 49 66 67
Lincoln Center 6ML 133 149 141 138 142 141
Lindsborg 7M 112 122 103 103 102 108
Linn 7S 126 131 113 100 100 114
Linn Co. RWD #01 8M 99 110 117 91 98 103
Linn Co. RWD #02 8M 73 na 76 na 76 75
Linn Co. RWD #03 8M 93 na 92 na 93 93
Linwood 8S 63 68 69 64 65 66
Little Bear Mound 7S 118 na 143 142 99 126
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Little River 6ML 140 171 136 119 142 142
Logan 5 186 186 172 173 134 170
Long Island 5 216 240 196 180 172 201
Longford 7S 86 87 76 72 71 78
Longton 7S 80 75 83 87 89 83
Lorraine 6S 111 109 180 89 85 115
Louisburg 8M 119 123 112 109 102 113
Lucas 6S 112 112 111 89 80 101
Luray 6S 97 87 80 77 86 85
Lyndon 7M 77 85 87 74 75 80
Lyon Co. RWD #01 7M 85 84 60 62 63 71
Lyon Co. RWD #02 7M 131 165 134 99 113 128
Lyon Co. RWD #03 7S 73 74 61 75 70 71
Lyon Co. RWD #04 7M na na 61 na na 61
Lyon Co. RWD #05 7M 102 117 85 70 63 87
Lyons 6ML 200 197 189 180 161 185
Macksville 6S 132 172 122 132 133 138
Madison 7M 105 101 88 90 71 91
Mahaska 7S 148 155 182 126 137 150
Maize 7M 81 84 76 76 72 78
Manchester 7S na 66 67 na 65 66
Manhattan 7L 144 145 141 129 127 137
Mankato 6ML 176 174 171 170 205 179
Manter 1 273 382 261 245 222 277
Maple Hill 7M 92 91 88 86 81 88
Marion 7M 115 123 123 116 106 117
Marion Co. Imp. Dist. #02 7S 66 51 48 43 41 50
Marion Co. RWD #01 7M 108 93 101 79 77 92
Marion Co. RWD #02 8M 34 31 na na na 33
Marion Co. RWD #04 7M na 105 80 75 68 82
Marquette 7M 120 117 107 102 107 111
Marshall Co. RWD #01 7S 82 89 90 87 131 96
Marshall Co. RWD #03 7M 108 99 104 115 103 106
Marysville 7M 145 143 164 125 119 139
Matfield Green 7S 98 93 76 62 95 85
Mayetta 7S 65 59 66 51 51 58
Mayfield 7S 63 65 64 na na 64
McCracken 5 92 75 72 78 77 79
McCune 8S 74 77 69 68 68 71
McDonald 2 372 443 481 487 205 398
McFarland 7S 71 65 68 68 81 71
McLouth 8M 60 66 71 70 60 65
McPherson 7L 166 187 146 131 130 152
McPherson Co. RWD #01 7S 128 128 109 113 103 116
McPherson Co. RWD #02 7S 125 130 104 97 96 110
McPherson Co. RWD #03 7S 146 212 104 81 81 125
McPherson Co. RWD #04 7M 119 138 110 102 91 112
McPherson Co. RWD #06 7S 55 62 60 55 na 58
Meade 3 221 258 247 252 214 238
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Medicine Lodge 6ML 215 227 201 199 164 201
Melvern 7S 93 86 78 na 78 84
Miami Co. RWD #01 8M 84 na 73 67 75 75
Miami Co. RWD #02 8M 95 96 88 108 95 96
Miami Co. RWD #03 8M 83 82 80 67 64 75
Miami Co. RWD #04 8M 66 75 na 66 65 68
Milford 7M 72 81 85 83 79 80
Miltonvale 7M 101 99 115 101 98 103
Minneapolis 7M 167 151 145 152 109 145
Minneola 4 196 201 205 206 174 196
Mitchell Co. RWD #02 6ML 237 279 215 190 193 223
Moline 7S 162 131 104 89 86 114
Montezuma 3 261 290 277 265 259 270
Montgomery Co. RWD #01 7S na na 104 98 93 98
Montgomery Co. RWD #01C 7M 69 77 na 62 72 70
Montgomery Co. RWD #02 7M 80 86 78 83 81 82
Montgomery Co. RWD #06 7M 90 104 95 88 101 96
Montgomery Co. RWD #07 7S 91 87 74 66 75 79
Montgomery Co. RWD #08 7S na na 127 103 80 103
Montgomery Co. RWD #10 7S 86 87 104 78 90 89
Montgomery Co. RWD #11 7M 97 93 84 79 na 88
Montgomery Co. RWD #12 7M na 92 75 67 83 79
Montgomery Co. RWD #13 7S 84 82 78 na 60 76
Montgomery Co. RWD #14 7S na 75 68 58 69 68
Moran 8M 97 99 87 83 84 90
Morganville 7S 116 125 122 104 82 110
Morland 4 268 243 216 222 177 225
Morrill 8S 58 59 81 85 60 69
Morris Co. RWD #01 7M 114 146 155 142 160 143
Morrowville 7S 102 93 89 77 80 88
Moscow 2 377 324 324 306 229 312
Mound City 8M 104 105 97 93 80 96
Mound Valley 8S 69 72 76 69 71 71
Moundridge 7M 160 178 117 116 116 137
Mount Hope 7M 124 129 122 104 108 117
Mulberry 8M 86 80 83 94 73 83
Mullinville 5 305 269 211 266 206 251
Mulvane 7M 86 90 88 81 81 85
Munden 7S 95 100 na 98 84 94
Muscotah 8S 77 69 120 92 55 83
Narka 7S 86 na 97 84 92 90
Natoma 6S 94 na 121 137 96 112
Nemaha Co. RWD #01 7S 87 186 129 208 105 143
Nemaha Co. RWD #02 7S na 107 90 na na 99
Nemaha Co. RWD #03 7M 114 130 108 102 94 110
Nemaha Co. RWD #04 7M 138 130 121 127 138 131
Neodesha 7M 129 135 145 118 120 129
Neosho Co. RWD #01C 8M 77 90 82 95 104 90
Neosho Co. RWD #02 8M 88 82 88 68 71 79
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Neosho Co. RWD #03 8S 102 94 129 102 68 99
Neosho Co. RWD #04 8M 89 94 84 73 92 86
Neosho Co. RWD #05 8S 116 136 125 90 94 112
Neosho Co. RWD #06 8S 93 116 104 95 83 98
Neosho Co. RWD #07 8M 126 128 128 95 104 116
Neosho Co. RWD #08 8S 92 95 86 96 102 94
Neosho Co. RWD #09 8S 80 118 112 83 78 94
Neosho Co. RWD #12 8S 92 102 82 71 71 84
Ness City 4 136 139 131 147 132 137
Netawaka 7S 69 66 na na 70 68
New Strawn 7S 94 86 96 86 89 90
Newbury Extension 7S 78 86 73 100 91 86
Newton 7L 108 115 103 95 93 103
Nickerson 6ML 67 66 67 86 69 71
Norcatur 3 148 154 241 238 133 183
North Newton 7M 135 148 129 95 93 120
Norton 4 202 201 202 208 191 201
Norton Co. RWD #01 4 70 46 37 40 48 48
Nortonville 8M 87 84 85 78 80 83
Norwich 6ML 119 108 92 83 82 97
Oakley 2 298 305 277 268 224 274
Oberlin 3 207 216 190 187 172 194
Offerle 5 166 182 152 101 135 147
Ogden 7M 99 127 109 95 84 103
Oketo 7S 82 62 69 94 82 78
Olathe 8L 99 101 94 96 114 101
Olmitz 6S 89 107 95 98 99 98
Olpe 7M 67 71 70 74 73 71
Olsburg 7S 99 82 73 70 65 78
Onaga 7M 111 108 106 96 99 104
Oneida 7S 71 77 65 77 86 75
Osage City 7M 88 93 95 93 90 92
Osage Co. RWD #02 7S 64 72 74 83 81 75
Osage Co. RWD #03 7M 100 100 100 95 83 96
Osage Co. RWD #04 7M 90 80 81 72 74 79
Osage Co. RWD #05 7M 96 95 86 87 82 89
Osage Co. RWD #06 7S 74 79 84 89 87 83
Osage Co. RWD #07 7M na 97 83 85 90 89
Osage Co. RWD #08 7M na na 87 79 na 83
Osawatomie 8M 146 139 133 121 114 131
Osborne 6ML 190 188 157 159 136 166
Osborne Co. RWD #01A 6S 447 886 643 524 405 581
Osborne Co. RWD #02 6S 158 226 169 138 98 158
Oskaloosa 8M 83 83 84 82 75 81
Oswego 8M 103 101 94 88 84 94
Otis 5 206 234 204 184 136 193
Ottawa 8L 89 89 84 89 85 87
Ottawa Co. RWD #01 7S 120 82 88 85 82 91
Ottawa Co. RWD #02 7M 93 98 90 82 78 88
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Overbrook 7M 80 92 102 69 77 84
Oxford 7M 104 106 96 100 78 97
Ozawkie 8M 81 90 86 71 79 81
Palco 5 136 148 140 118 106 130
Palmer 7S 120 122 113 117 139 122
Paola 8M 123 128 136 102 97 117
Paradise 6S 63 71 74 71 80 72
Park 3 176 202 212 170 152 182
Park City 7M 106 115 111 100 98 106
Parker 8S 70 60 60 50 50 58
Parsons 8L 121 130 118 119 113 120
Pawnee Rock 6S 64 64 75 93 85 76
Paxico 7S 96 91 84 78 70 84
Peabody 7M 84 75 80 101 93 87
Perry 8M 92 93 90 86 82 89
Peru 7S 61 56 55 63 63 60
Phillips Co. RWD #01 5 na na na na 49 49
Phillipsburg 5 132 185 195 130 121 153
Pittsburg 8L 114 118 111 112 106 112
Plains 3 248 286 277 286 249 269
Plainville 5 133 137 134 123 130 131
Pleasanton 8M 98 95 96 111 102 100
Pomona 8M 67 70 67 64 57 65
Portis 6S 104 105 90 93 59 90
Post Rock RWD 5 127 137 153 149 145 142
Pottawatomie Co. RWD #01 7M 136 128 111 118 121 123
Pottawatomie Co. RWD #02 7M 138 149 149 143 131 142
Pottawatomie Co. RWD #03 7M 92 100 103 89 92 95
Pottawatomie Co. RWD #04 7M 174 127 130 129 127 137
Potwin 7S 86 79 75 67 na 77
Prairie View 5 155 174 144 159 123 151
Pratt 6ML 230 217 184 192 187 202
Prescott 8S 67 70 63 69 64 67
Preston 6S 104 96 99 91 76 93
Pretty Prairie 6ML 138 141 130 125 136 134
Princeton 8S 71 72 67 61 63 67
Protection 5 200 219 176 180 194 194
Quenemo 7S 52 56 52 48 na 52
Quinter 3 237 259 235 208 184 225
Randall 6S 102 101 137 118 124 116
Randolph 7S 97 106 74 71 77 85
Ransom 4 139 144 88 110 108 118
Rantoul 8S 57 63 69 66 60 63
Raymond 6S 123 169 124 89 91 119
Reading 7S 68 66 65 66 na 66
Red Bud Lake Improvement 7S 44 33 68 61 47 51
Reno Co. RWD #01 6S 153 177 143 137 116 145
Reno Co. RWD #03 6S 282 140 116 210 238 197
Reno Co. RWD #04 6S 66 72 68 71 67 69
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Reno Co. RWD #08 6S 159 186 144 146 148 157
Reno Co. WD #101 6S 104 116 111 105 125 112
Republic 7S 120 105 143 125 114 121
Republic Co. RWD #01 7S 249 242 333 327 269 284
Republic Co. RWD #02 7M 190 185 159 179 160 175
Reserve 8S 92 103 90 101 105 98
Rexford 2 391 466 463 456 292 414
Rice Co. RWD #01 6ML 116 123 122 168 na 132
Richmond 8M 100 85 73 75 75 82
Riley 7M 116 115 122 99 96 110
Riley Co. RWD #01 7M 119 124 107 94 105 110
Robinson 8S 106 100 95 93 109 101
Rolla 1 202 226 219 243 202 218
Rooks Co. RWD #01 5 53 104 107 70 73 81
Rooks Co. RWD #02 5 85 76 64 70 68 73
Rooks Co. RWD #03 5 166 164 136 137 130 147
Rose Hill 7M 76 79 74 70 68 73
Roseland 8S 58 na na na na 58
Rossville 7M 87 90 86 83 78 85
Rozel 5 202 231 156 161 150 180
Rush Center 5 153 138 110 116 135 130
Rush Co. RWD #01 5 137 170 262 156 169 179
Russell 6ML 156 126 107 133 151 135
Russell Co. RWD #01 6S 146 135 149 140 116 137
Russell Co. RWD #02 6S 162 163 186 177 154 168
Russell Co. RWD #03 6ML 135 139 130 127 121 130
Russell Co. RWD #04 6S 158 136 120 119 161 139
Sabetha 7M 125 109 119 95 108 111
Salina 7L 126 126 116 109 110 117
Saline Co. RWD #01 7S 66 61 60 53 75 63
Saline Co. RWD #02 7S 133 112 124 116 118 121
Saline Co. RWD #03 7M na 96 na na 80 88
Saline Co. RWD #04 7M 117 104 87 91 84 97
Saline Co. RWD #06 7S 111 116 93 89 102 102
Saline Co. RWD #07 7S na 79 71 60 70 70
Saline Co. RWD #08 7S 106 129 91 83 81 98
Satanta 2 249 257 238 259 220 245
Sawyer 6S 138 129 128 152 144 138
Scammon 8M 93 94 88 101 80 91
Scandia 7S 194 185 167 134 151 166
Scotsman Estates 7S 59 na 50 39 48 49
Scott City 2 277 301 258 258 216 262
Scranton 7M 62 65 64 64 na 64
Sedan 7M 117 92 94 81 73 91
Sedgwick 7M 85 73 69 71 72 74
Sedgwick Co. RWD #01 7M 78 83 74 63 65 73
Sedgwick Co. RWD #03 7M 84 80 77 73 72 77
Sedgwick Co. RWD #04 7M 97 78 96 91 79 88
Selden 3 219 236 245 198 202 220
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Seneca 7M 144 172 168 119 105 142
Severy 7S 142 161 108 78 80 114
Sharon 6S 115 144 143 136 120 132
Sharon Springs 1 249 282 263 264 224 256
Shawnee Co. RWD #01C 7M 79 79 77 69 79 77
Shawnee Co. RWD #02C 7M 85 84 87 82 83 84
Shawnee Co. RWD #03C 7M 123 116 106 99 94 108
Shawnee Co. RWD #04C 7L 83 85 86 80 92 85
Shawnee Co. RWD #08 7M 89 93 87 89 91 90
Silver Lake 7M 94 89 83 80 72 84
Simmons Subdivision 7S na na na na 42 42
Simpson 6S 94 90 83 111 140 104
Smith Center 6ML 146 149 138 146 162 148
Smith Co. RWD #01 6S 163 175 154 134 178 161
Soldier 7S 58 61 61 62 63 61
Solomon 7M 135 119 109 104 89 111
South Haven 7S 95 129 115 110 97 109
South Hutchinson 6ML 141 174 156 130 155 151
Spearville 4 145 162 133 123 128 138
Speed 5 114 104 99 89 129 107
Spivey 6S 109 128 94 101 165 119
Spring Hill 8M 82 69 90 79 74 79
St. Francis 1 293 284 310 274 232 279
St. George 7M 69 87 75 77 87 79
St. John 6ML 152 154 136 135 123 140
St. Marys 7M 108 114 102 98 98 104
St. Paul 8M 99 110 86 90 89 95
Stafford 6ML 136 141 133 118 114 128
Sterling 6ML 98 101 92 82 82 91
Stockton 5 132 124 149 114 98 123
Strong City 7M 124 121 129 87 96 111
Sublette 2 242 265 274 248 220 250
Suburban Water Company 8M 82 95 92 89 71 86
Summerfield 7S 99 113 91 82 102 97
Sumner Co. RWD #01 7S 106 110 114 145 134 122
Sumner Co. RWD #02 7S 109 105 117 110 131 114
Sumner Co. RWD #03 7S na na 83 79 80 81
Sumner Co. RWD #04 7M 92 106 107 93 90 98
Sumner Co. RWD #05 7M 106 116 136 na 109 117
Sumner Co. RWD #06 7S 86 93 91 84 86 88
Susank 6S 99 94 89 na na 94
Sylvan Grove 6S 127 143 126 109 113 124
Sylvia 6S 138 121 105 97 93 111
Syracuse 1 341 348 346 377 349 352
Tescott 7S 103 95 105 95 96 99
Thayer 8S 110 146 132 na 122 128
Timber Creek Water & Sewer 7M 132 153 132 125 111 131
Timken 5 105 124 125 69 47 94
Tipton 6S 104 111 102 115 104 107
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TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2005-2009

Tonganoxie 8M 95 89 88 80 80 86
Topeka 7L 123 131 138 129 120 128
Toronto 7S 104 69 88 98 87 89
Towanda 7M 85 89 na na na 87
Treece 8S 65 70 na 84 90 77
Trego Co. RWD #01 4 138 93 71 81 67 90
Trego Co. RWD #02 4 100 117 90 101 114 104
Tribune 1 259 295 282 321 288 289
Troy 8M 116 121 112 91 107 109
Turon 6S 110 109 102 101 96 104
Udall 7M 87 94 78 84 83 85
Ulysses 2 220 251 224 253 240 238
Uniontown 8S 78 91 82 80 84 83
University Park Water 7S 61 66 54 47 45 55
Utica 4 204 227 153 175 176 187
Valley Center 7M 105 84 74 83 80 85
Valley Falls 8M 115 117 107 115 114 114
Vermillion 7S 128 140 127 120 110 125
Victoria 5 120 116 107 107 95 109
Viola 7S 61 65 67 58 58 62
Virgil 7S 53 52 49 45 47 49
Wabaunsee Co. RWD #01 7S 84 79 77 90 91 84
Wabaunsee Co. RWD #02 7M 95 102 87 87 81 90
WaKeeney 4 198 218 189 199 172 195
Wakefield 7M 108 110 137 112 100 113
Waldo 6S 59 58 80 64 79 68
Wallace 1 267 356 244 220 203 258
Wallace Co. RWD #01 1 365 366 334 335 224 325
Walton 7S 72 73 74 67 na 72
Wamego 7M 129 121 118 109 94 114
Washington 7M 151 147 139 134 134 141
Washington Co. RWD #01 7M 98 91 92 88 95 93
Washington Co. RWD #02 7M 114 103 128 144 121 122
WaterOne - Johnson Co. 8L 160 173 155 145 139 154
Waterville 7M 140 155 144 125 126 138
Wathena 8M 103 96 112 103 99 103
Waverly 7M 87 76 78 75 72 78
Weir 8M 77 72 69 73 68 72
Wellington 7M 117 131 124 125 130 125
Wellsville 8M 83 78 74 70 67 74
West Hills Water Company 6S 251 317 296 233 226 265
West Mineral 8S 66 64 59 52 64 61
Westmoreland 7M 88 88 86 87 76 85
Wetmore 7S 82 80 79 81 82 81
White City 7M 95 95 94 96 76 91
White Cloud 8S 83 82 82 79 71 79
Whitewater 7M 86 99 83 80 77 85
Whiting 7S 94 85 63 64 68 75
Wichita 7L 146 155 141 130 126 140
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Williamsburg 8S na 90 80 74 71 79
Willis 8S 84 na na na 118 101
Wilsey 7S na 54 55 54 60 56
Wilson 6ML 132 155 108 104 106 121
Wilson Co. RWD #01 7S 127 136 119 na na 127
Wilson Co. RWD #02 7S na 95 58 na na 77
Wilson Co. RWD #03 7S na na na 61 61 61
Wilson Co. RWD #04 7S 85 99 83 90 97 91
Wilson Co. RWD #05 7S 48 45 53 49 44 48
Wilson Co. RWD #06 7S 84 99 109 95 99 97
Wilson Co. RWD #09 7S na na 67 na na 67
Wilson Co. RWD #11 7M 59 76 64 67 78 69
Wilson Co. RWD #12 7S 59 61 68 65 65 64
Wilson Co. RWD #13 7S 107 86 75 na 70 85
Winchester 8M 82 80 90 78 81 82
Windom 7S 81 100 96 83 92 90
Winfield 7L 134 143 129 128 124 132
Winona 2 299 338 324 306 295 312
Woodson Co. RWD #01 7M 80 75 73 63 66 71
Woodston 5 138 174 222 255 250 208
Yates Center 7M 108 118 114 101 100 108
Zenda 6S 138 146 121 122 109 127

Note:  GPCD figures are based on reported water sold to residential and commercial customers, 
metered free uses, and unaccounted for water.  If insufficient information was provided to 
determine GPCD, or if no water use report was filed, "na" is shown.
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Abbyville 6S 21 21 17 36 10 21
Abilene 7M 10 12 18 13 15 14
Admire 7S 12 16 19 20 16 17
Agenda 7S 13 12 3 13 na 10
Agra 5 29 30 17 15 10 20
Albert 6S 12 10 5 7 11 9
Alexander 5 9 12 11 6 4 8
Allen 7S 11 7 9 10 9 9
Allen Co. RWD #01 8S 100 100 na na na 100
Allen Co. RWD #02 8S na na na 19 na 19
Allen Co. RWD #04 8S 100 na 3 na 4 36
Allen Co. RWD #06 8S 31 na na na na 31
Allen Co. RWD #08 8M 49 19 23 28 28 29
Allen Co. RWD #09 8S na na 100 100 na 100
Allen Co. RWD #10 8S 9 10 12 14 27 14
Allen Co. RWD #11 8S 4 8 na 17 8 9
Allen Co. RWD #12 8S na na na na na na
Allen Co. RWD #13 8S 15 17 20 29 37 24
Allen Co. RWD #15 8S 100 8 na na na 54
Allen Co. RWD #16 8S 100 100 100 100 100 100
Alma 7M 5 7 na 12 5 7
Almena 4 17 18 14 39 46 27
Alta Vista 7S 11 7 9 10 9 9
Altamont 8M 6 4 7 5 na 6
Alton 6S 8 10 7 10 16 10
Altoona 7S 8 10 12 10 10 10
Andale 7M 8 6 5 6 4 6
Anderson Co. RWD #01 8S 5 6 7 13 6 7
Anderson Co. RWD #01C 8M 20 13 15 24 23 19
Anderson Co. RWD #04 8M na 14 21 22 18 19
Anderson Co. RWD #05 8M 18 15 14 na 24 18
Anthony 6ML 17 15 21 11 11 15
Arcadia 8S 15 11 7 15 15 13
Argonia 7M 17 8 8 5 4 8
Arkansas City 7L 18 17 23 28 28 23
Arlington 6S 7 7 5 7 4 6
Arma 8M 8 6 8 9 10 8
Arnold 4 100 100 100 100 100 100
Ashland 4 14 6 5 9 17 10
Assaria 7M na na 5 4 3 4
Atchison 8L 23 24 29 17 31 25
Atchison Co. RWD #01 8M 12 na 23 na 25 20
Atchison Co. RWD #03 8S 6 17 na na na 12
Atchison Co. RWD #05C 8M na 12 14 27 na 18
Atchison Co. RWD #06 8M 60 na na na na 60
Atlanta 7S 10 12 26 22 11 16
Attica 6ML 9 5 9 33 41 19

TABLE 3
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)

KANSAS, 2005-2009
FOR PUBLIC WATER SUPPLIERS
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Atwood 2 7 8 6 10 13 9
Augusta 7M 20 21 22 36 30 26
Aurora 7S 14 11 10 6 na 10
Axtell 7S 6 4 4 11 7 6
Baldwin 8M 20 17 13 8 21 16
Barber Co. RWD #01 6S 100 100 100 100 100 100
Barber Co. RWD #03 6S 10 11 19 23 30 19
Barnard 6S 21 14 15 9 15 15
Barnes 7S 28 23 34 27 40 30
Bartlett 8S 18 na 16 na na 17
Barton Co. RWD #01 6S na 12 12 23 11 15
Barton Co. RWD #02 6ML 54 48 na na na 51
Barton Hills WD 6S 9 8 8 7 6 8
Baxter Springs 8M 20 33 31 28 29 28
Bazine 4 8 8 10 11 12 10
Beattie 7S 20 26 19 26 25 23
Bel Aire 7M na 3 4 6 na 4
Belle Plaine 7M 9 13 15 17 14 14
Belleville 7M 9 11 9 10 9 10
Beloit 6ML 12 8 8 11 9 10
Belpre 5 25 20 17 29 29 24
Belvidere 5 100 100 100 100 100 100
Belvue 7S 13 13 7 10 4 9
Bennington 7M 7 5 4 4 7 5
Benton 7M 14 4 10 na 8 9
Bern 7S 3 6 5 9 10 7
Beverly 6S 3 12 19 na na 11
Bird City 1 25 42 39 24 41 34
Bison 5 22 22 na 16 21 20
Blue Mound 8S 9 9 8 12 9 9
Blue Rapids 7M 17 17 26 19 20 20
Blue River Hills Improvement 7S 100 100 100 100 100 100
Bluff City 6S 21 18 23 14 32 22
Bogue 4 24 10 9 10 10 13
Bonner Springs 8M 27 23 23 22 26 24
Bourbon Co. RWD #02C 8M 9 14 11 15 24 15
Bourbon Co. RWD #04 8M 5 11 13 11 14 11
Brewster 2 28 3 12 4 4 10
Bronson 8S 11 11 12 11 11 11
Brookville 7S 6 na na na na 6
Brown Co. RWD #01 8M 20 21 21 20 18 20
Brown Co. RWD #02 8M 12 13 7 9 10 10
Brownell 4 11 8 13 10 16 12
Bucklin 4 25 21 15 18 31 22
Buffalo 7S 23 3 18 23 25 18
Buhler 6ML 7 8 6 4 na 6
Bunker Hill 6S 40 12 7 10 9 16
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Burden 7M 14 7 7 9 7 9
Burdett 5 10 10 20 41 19 20
Burlingame 7M 5 18 24 7 na 14
Burlington 7M 8 12 14 7 10 10
Burns 7S 4 na 5 na na 5
Burr Oak 6S 12 16 15 24 25 18
Burrton 7M 7 6 11 4 8 7
Bushton 6S 16 13 14 14 16 15
Butler Co. RWD #01 7M 14 11 17 23 15 16
Butler Co. RWD #02 7M 23 12 47 5 6 19
Butler Co. RWD #03 7M 3 10 15 12 15 11
Butler Co. RWD #04 7M na 7 na na na 7
Butler Co. RWD #05 7M 12 23 8 9 11 13
Butler Co. RWD #06 7M 14 11 11 23 14 15
Butler Co. RWD #07 7M 7 7 7 11 6 8
Butler Co. RWD #08 7M 3 12 12 10 6 9
Byron 7S 100 100 100 100 100 100
Caldwell 7M 19 14 14 18 21 17
Cambridge 7S 7 na 6 6 18 9
Caney 7M 21 29 24 24 22 24
Canton 7M na na na na na na
Carbondale 7M 21 6 17 16 27 17
Cassoday 7S 15 10 9 8 16 12
Cawker City 6S 16 29 33 25 na 26
Cedar Point 7S 11 14 25 29 25 21
Cedar Vale 7M 22 28 20 17 14 20
Centralia 7S 5 4 na 4 na 4
Chanute 8M 10 12 12 11 10 11
Chapman 7M 5 4 8 8 15 8
Chase 6S 13 14 18 12 22 16
Chase Co. RWD #01 7S 16 12 19 na 37 21
Chautauqua 7S na 21 na na na 21
Chautauqua Co. RWD #01 7S 15 na na na na 15
Chautauqua Co. RWD #02 7S 29 26 28 20 20 25
Chautauqua Co. RWD #03 8M na 20 13 na na 17
Cheney 7M 4 4 9 10 8 7
Cherokee 8M 17 16 7 5 12 11
Cherokee Co. RWD #01 8S 59 32 37 40 31 40
Cherokee Co. RWD #02 8M 22 27 18 20 14 20
Cherokee Co. RWD #03 8M 41 24 39 49 40 39
Cherokee Co. RWD #04 8M 44 24 29 30 29 31
Cherokee Co. RWD #05 8S 17 12 11 13 8 12
Cherokee Co. RWD #06 8S 22 na na na 9 16
Cherokee Co. RWD #07 8S 26 12 39 41 37 31
Cherokee Co. RWD #08 8M 16 15 13 13 13 14
Cherryvale 7M 19 18 23 18 18 19
Chetopa 8M 7 9 4 23 11 11
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Chicopee Rural Water 8S 13 18 35 14 10 18
Cimarron 3 12 10 9 12 11 11
Circleville 7S 14 9 21 24 23 18
Claflin 6ML 7 12 25 20 20 17
Clay Center 7M 4 5 10 8 6 7
Clay Co. RWD #01 7S 12 4 13 25 21 15
Clay Co. RWD #02 7M 10 14 9 11 12 11
Clayton 4 7 na na na 5 6
Clearwater 7M 13 13 12 15 13 13
Clifton 7M 12 12 13 13 17 13
Cloud Co. RWD #01 7S 14 17 36 31 32 26
Clyde 7M 11 11 8 15 10 11
Coal Hollow WD 8S na na 100 100 na 100
Coats 6S 13 7 15 10 11 11
Coffey Co. RWD #02 7M 21 11 13 13 28 17
Coffey Co. RWD #03 7M 5 4 6 9 5 6
Coffeyville 7L 15 24 23 15 9 17
Colby 2 22 20 21 23 23 22
Coldwater 5 4 na na 7 22 11
Collyer 4 na 16 10 na 9 12
Colony 8S 11 19 6 9 4 10
Columbus 8M 29 26 26 15 21 23
Colwich 7M 4 3 na na na 4
Comanche Co. RWD #01 5 4 16 12 23 19 15
Comanche Co. RWD #02 5 48 40 52 45 63 50
Concordia 7M 7 5 11 12 20 11
Conway Springs 7M 14 14 22 15 19 17
Coolidge 1 29 24 16 28 5 20
Copeland 3 57 58 59 59 58 58
Corning 7S na na na na na na
Cottonwood Falls 7M 5 5 4 3 10 5
Council Grove 7M 11 13 13 14 10 12
Courtland 7S 18 22 8 11 8 13
Cowley Co. RWD #01 7M 6 8 6 4 6 6
Cowley Co. RWD #02 7M 11 11 8 9 7 9
Cowley Co. RWD #03 7M 20 14 16 30 18 20
Cowley Co. RWD #04 7M 7 7 10 19 13 11
Cowley Co. RWD #05 7M 9 na 20 21 25 19
Cowley Co. RWD #06 7M 12 16 18 30 17 19
Cowley Co. RWD #07 7S 33 33 46 38 na 38
Cowley Co. RWD #08 7S na na na na na na
Crawford Co. RWD #01 8M 23 29 na 16 10 20
Crawford Co. RWD #01C 8M 11 15 16 17 21 16
Crawford Co. RWD #02 8M 19 na na na na 19
Crawford Co. RWD #03 8S 12 13 15 20 14 15
Crawford Co. RWD #04 8M 26 14 19 21 24 21
Crawford Co. RWD #05 8M 40 29 34 38 43 37
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Crawford Co. RWD #06 8M 19 13 18 19 23 18
Crawford Co. RWD #07 8S 9 7 16 23 5 12
Cuba 7S 15 12 21 22 22 18
Cullison 6S 24 22 20 25 25 23
Culver 7S 9 15 11 15 15 13
Cunningham 6S 5 15 9 8 11 10
Dearing 7S na na na 5 na 5
Deerfield 2 4 6 5 11 6 6
Delia 7S 100 100 100 100 100 100
Delphos 7S 33 28 30 30 34 31
Denison 8S na 6 8 5 4 6
Derby (El Paso Water Co.) 7L na na na na na na
DeSoto 8M 15 47 54 36 46 40
Dexter 7S 9 3 10 9 9 8
Dickinson Co. RWD #01 7M 28 25 47 32 22 31
Dickinson Co. RWD #02 7M 30 24 27 28 21 26
Dighton 3 5 8 12 12 12 10
Dodge City 4 17 14 13 19 10 15
Doniphan Co. RWD #01 8S 35 36 18 27 34 30
Doniphan Co. RWD #02 8S 15 16 15 26 29 20
Doniphan Co. RWD #03 8S 18 25 8 8 23 16
Doniphan Co. RWD #05 8M na na na na 21 21
Dorrance 6S 7 44 17 13 13 19
Douglas Co. RWD #01 8M 25 21 17 21 13 19
Douglas Co. RWD #02 8M 15 18 23 17 24 19
Douglas Co. RWD #03 8M 20 21 20 28 22 22
Douglas Co. RWD #04 8M 23 21 21 22 22 22
Douglas Co. RWD #05 8M 8 6 5 3 13 7
Douglas Co. RWD #06 8M 6 12 na 4 na 7
Douglass 7M 14 7 13 12 11 11
Downs 6ML 23 14 22 12 21 18
Durham 7S 26 16 10 9 9 14
Dwight 7S 7 na na 7 13 9
Easton 8S 11 14 12 10 5 10
Edgerton 8M 5 8 6 8 3 6
Edna 8S 11 11 11 na 13 12
Effingham 8M 3 na 3 na na 3
El Dorado 7L 5 na na 5 3 4
Elbing 7S na 5 7 7 6 6
Elgin 7S 78 60 58 51 54 60
Elk City 7S 20 24 16 18 19 19
Elk Co. RWD #01 7S 29 na 30 34 na 31
Elkhart 1 10 na 20 13 20 16
Ellinwood 6ML 4 4 5 3 4 4
Ellis 5 4 7 5 8 10 7
Ellis Co. RWD #01 5 7 8 10 14 6 9
Ellis Co. RWD #01C 5 na 4 na na na 4
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Ellis Co. RWD #03 5 20 14 4 7 100 29
Ellis Co. RWD #06 5 14 15 15 19 18 16
Ellsworth 6ML 17 18 17 17 17 17
Elmdale 7S 39 25 30 52 28 35
Elwood 8M na 9 8 10 11 10
Emmett 7S 23 30 na 21 17 23
Emporia 7L 17 16 18 21 18 18
Englewood 4 92 95 97 97 95 95
Ensign 3 8 3 8 5 4 6
Enterprise 7M 19 15 12 11 13 14
Erie 8M 11 10 11 21 15 14
Esbon 6S 28 27 10 14 26 21
Eskridge 7M 8 6 4 4 3 5
Eudora 8M 8 7 6 7 7 7
Eureka 7M 9 6 9 12 11 9
Everest 8S 17 22 25 27 25 23
Fall River 7S 21 19 18 22 22 20
Farr Subdivision 2 100 100 100 100 100 100
Finney Co. RWD #01 2 6 na na na 5 6
Florence 7M 10 na 8 18 15 13
Fontana 8S 23 14 na 18 20 19
Ford 4 100 89 100 98 99 97
Formoso 6S 8 14 17 16 13 14
Fort Scott 8M 24 23 27 32 9 23
Fowler 3 12 9 11 11 3 9
Frankfort 7M 18 17 16 21 13 17
Franklin Co. RWD #01 8M 8 5 7 na na 7
Franklin Co. RWD #02 8M na na na na na na
Franklin Co. RWD #03 8S 9 14 6 10 15 11
Franklin Co. RWD #04 8M 25 15 13 17 17 17
Franklin Co. RWD #05 8M 16 18 16 10 14 15
Franklin Co. RWD #06 8M 14 16 15 14 18 15
Franklin Co. RWD #07 8S 64 100 87 100 100 90
Fredonia 7M 7 8 15 7 8 9
Frontenac 8M 8 9 13 23 16 14
Fulton 8S 15 22 21 14 11 17
Galena 8M 21 20 20 19 21 20
Galesburg 8S 15 15 13 27 26 19
Galva 7M 5 6 13 5 5 7
Garden City 2 5 8 4 na 3 5
Garden Plain 7M na 8 4 3 3 5
Garden Spot Rentals 2 100 100 100 100 100 100
Gardner 8L 14 14 16 18 14 15
Garnett 8M 13 10 13 14 11 12
Gas 8M 7 4 4 na 6 5
Gaylord 6S 5 37 48 16 5 22
Geary Co. RWD #01 7S na na na na na na
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Geary Co. RWD #02 7S 100 100 100 100 100 100
Geary Co. RWD #04 7M 5 na 5 4 3 4
Geneseo 6S 10 18 33 18 8 17
Geuda Springs 7S 7 11 11 11 15 11
Girard 8M 13 15 16 18 11 15
Glade 5 42 29 50 38 48 41
Glasco 7S 4 22 7 8 11 10
Glen Elder 6S 11 13 12 13 9 12
Goddard 7M na 3 na na 4 4
Goessel 7M 4 13 22 22 21 16
Goff 7S 3 7 5 12 7 7
Goodland 1 21 26 25 25 27 25
Gorham 6S 7 10 19 19 7 12
Gove 3 24 31 23 45 26 30
Grainfield 3 5 9 5 11 21 10
Grandview Plaza 7M 9 12 15 11 12 12
Great Bend 6ML 16 19 25 24 18 20
Greeley 8S 7 6 na na 4 6
Green 7S 5 10 16 17 29 15
Greenleaf 7S 13 14 18 13 17 15
Greensburg 5 8 17 12 16 17 14
Greenwood Co. RWD #01 7M 43 36 31 32 20 32
Greenwood Co. RWD #02 7M 18 15 16 19 19 17
Greenwood Co. RWD #03 7S 9 12 13 25 14 15
Grenola 7S 11 13 18 17 9 14
Gridley 7S 15 16 17 13 6 13
Grinnell 3 7 5 na 7 7 7
Gypsum 7S 14 4 na 3 10 8
Haddam 7S 24 17 30 30 31 26
Halstead 7M 10 9 15 14 13 12
Hamilton 7S 32 na 9 17 15 18
Hamilton Co. RWD #01 1 8 36 7 8 4 13
Hanover 7M 12 18 13 17 na 15
Hanston 4 8 14 17 10 16 13
Hardtner 6S na 8 10 4 38 15
Harper 6ML 11 13 11 7 11 11
Harper Co. RWD #04 6S na 10 20 43 54 32
Harper Co. RWD #05 6S 22 19 30 na 16 22
Hartford 7M 22 23 26 28 19 24
Harvey Co. RWD #01 7M 12 9 12 21 13 13
Harveyville 7S 17 15 10 10 7 12
Haven 6ML 25 24 29 27 24 26
Haviland 5 14 14 14 13 13 14
Hays 5 9 10 9 11 7 9
Hays City Suburban 5 100 100 100 100 100 100
Haysville 7L 12 14 11 11 9 11
Hazelton 6S 87 7 12 40 26 34
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Herington 7M 11 18 6 20 12 13
Herndon 2 29 23 24 12 40 26
Hesston 7M 4 3 4 15 16 8
Hiawatha 8M 8 5 5 6 8 6
Highland 8M 17 18 17 11 15 16
Hill City 4 14 20 19 18 27 20
Hillsboro 7M 12 12 18 5 8 11
Hoisington 6ML 13 8 14 21 22 16
Holcomb 2 12 10 12 9 7 10
Holton 7M 20 16 6 16 14 14
Holyrood 6S 9 9 3 7 8 7
Hope 7S 17 13 3 3 na 9
Horace 1 6 4 8 9 10 7
Horton 8M 14 7 9 6 5 8
Howard 7M 6 3 6 6 7 6
Howison Heights WD 7S 7 na 6 20 19 13
Hoxie 3 16 13 11 15 13 14
Hoyt 7M 7 9 4 4 5 6
Hugoton 2 10 7 7 7 6 7
Humboldt 8M 13 15 15 14 17 15
Hunter 6S na 17 19 16 na 17
Hutchinson 6ML 14 9 9 8 14 11
Independence 7L 5 29 22 27 19 20
Ingalls 3 28 27 18 100 na 43
Inman 7M 3 7 7 6 7 6
Iola 8M 5 11 21 17 21 15
Isabel 6S 14 15 14 4 na 12
Iuka 6S 5 5 4 4 5 5
Jackson Co. RWD #01 7M 13 20 18 20 10 16
Jackson Co. RWD #03 7M na 17 21 17 17 18
Jamestown 7S 11 7 na 13 17 12
Jefferson Co. RWD #01 8M 23 13 25 20 13 19
Jefferson Co. RWD #02 8M 29 25 36 56 37 37
Jefferson Co. RWD #03 8M 20 23 54 27 26 30
Jefferson Co. RWD #07 8M 19 19 21 27 25 22
Jefferson Co. RWD #08 8S 38 7 7 10 21 17
Jefferson Co. RWD #09 8S 27 21 29 22 20 24
Jefferson Co. RWD #10 8S 21 20 17 24 40 24
Jefferson Co. RWD #11 8S 15 16 19 15 13 16
Jefferson Co. RWD #12 8M 17 14 11 11 13 13
Jefferson Co. RWD #13 8M 30 28 27 44 32 32
Jefferson Co. RWD #15 8S 14 9 14 4 4 9
Jennings 3 23 28 24 36 30 28
Jetmore 4 8 13 11 7 20 12
Jewell 6S 12 26 10 6 8 12
Jewell Co. RWD #01 6S 13 15 19 27 26 20
Johnson City 1 15 15 17 13 11 14
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Johnson Co. RWD #06C 8M 14 16 17 12 4 13
Johnson Co. RWD #07 8M 13 14 9 na na 12
Junction City 7L 6 17 21 25 18 17
Kanopolis 6ML 8 9 13 25 18 15
Kanorado 1 19 13 22 8 12 15
Kansas City BPU 8L 21 23 17 20 17 20
Kechi 7M 7 na 5 na na 6
Kensington 6ML 33 21 23 26 20 25
Kincaid 8S na 5 3 na 15 8
Kingman 6ML 13 12 10 9 9 11
Kingman Co. RWD #01 6S 12 18 20 20 24 19
Kinsley 5 17 17 19 22 19 19
Kiowa 6ML 12 13 14 18 15 14
Kirwin 5 33 16 22 20 17 22
Kismet 2 27 27 22 28 24 26
Konza Valley Water District 7S 17 8 9 3 10 9
La Crosse 5 9 12 19 23 20 17
La Cygne 8M na 9 6 6 na 7
La Harpe 8M 28 20 7 4 12 14
Labette Co. RWD #01 8S 15 9 17 19 17 15
Labette Co. RWD #02 8S 16 12 18 37 36 24
Labette Co. RWD #03 8S 15 12 8 11 17 13
Labette Co. RWD #04 8S 9 na 20 20 8 14
Labette Co. RWD #05 8M na 4 4 na na 4
Labette Co. RWD #06 8M na na na na na na
Labette Co. RWD #07 8M 9 15 11 12 14 12
Labette Co. RWD #08 8M 26 17 26 100 24 39
Lakeside Village Improvement 8S 30 43 62 68 60 53
Lakin 2 12 11 6 7 8 9
Lancaster 8S na na na na na na
Lane 8S 24 25 11 24 7 18
Lane Co. RWD #01 3 13 12 19 19 14 15
Lansing (Lan-Del WC) 8M na 5 6 6 na 6
Larned 5 13 10 16 17 14 14
Latham 7S 8 6 13 8 9 9
Lawrence 8L 3 na 3 5 4 4
Leavenworth 8L 6 10 11 10 11 10
Leavenworth Co. RWD #01C 8M 6 3 8 6 9 6
Leavenworth Co. RWD #02 8M na 33 36 38 28 34
Leavenworth Co. RWD #05 8M 16 7 8 9 12 10
Leavenworth Co. RWD #06 8S na 10 9 16 13 12
Leavenworth Co. RWD #07 8M 12 11 9 7 10 10
Leavenworth Co. RWD #08 8M 24 19 20 26 17 21
Leavenworth Co. RWD #09 8M 20 18 20 13 10 16
Leavenworth Co. RWD #10 8M na na na 16 na 16
Lebanon 6S 21 8 8 19 16 14
Lebo 7M 6 3 4 4 4 4
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Lecompton 8M 6 4 13 11 11 9
Lehigh 7S 6 6 na na 18 10
Lenora 4 18 19 18 19 34 22
Leon 7M 13 16 19 21 30 20
Leonardville 7S 11 13 11 9 11 11
Leoti 2 12 na 13 na na 13
LeRoy 7M 13 11 na na 7 10
Lewis 5 10 na 8 5 7 8
Liberal 2 na 13 9 9 8 10
Liebenthal 5 7 9 5 10 11 8
Lincoln Center 6ML 25 25 28 27 30 27
Lindsborg 7M 7 11 8 14 13 11
Linn 7S 16 4 5 7 5 7
Linn Co. RWD #01 8M 15 14 21 14 25 18
Linn Co. RWD #02 8M 19 na 27 na 34 27
Linn Co. RWD #03 8M 20 na 26 na 31 26
Linwood 8S 15 9 10 17 20 14
Little Bear Mound 7S 100 na 100 100 100 100
Little River 6ML 8 9 12 9 15 11
Logan 5 na 10 10 23 30 18
Long Island 5 3 3 14 na 95 29
Longford 7S 4 6 7 na na 6
Longton 7S 14 7 19 23 29 18
Lorraine 6S 8 11 61 7 3 18
Louisburg 8M 12 4 6 10 9 8
Lucas 6S 6 6 28 12 10 12
Luray 6S 8 7 10 6 11 8
Lyndon 7M 11 16 23 12 17 16
Lyon Co. RWD #01 7M 4 na na na na 4
Lyon Co. RWD #02 7M na 7 4 4 18 8
Lyon Co. RWD #03 7S 10 9 9 17 12 11
Lyon Co. RWD #04 7M na na 3 na na 3
Lyon Co. RWD #05 7M 11 9 14 4 4 8
Lyons 6ML 10 7 11 10 16 11
Macksville 6S 7 8 13 18 18 13
Madison 7M 23 24 15 19 11 18
Mahaska 7S na 5 5 3 5 5
Maize 7M 6 14 9 7 5 8
Manchester 7S na 14 14 na 31 20
Manhattan 7L 12 10 9 11 13 11
Mankato 6ML 22 17 26 35 31 26
Manter 1 24 48 28 12 19 26
Maple Hill 7M 16 8 6 7 8 9
Marion 7M 9 15 19 na 9 13
Marion Co. Imp. Dist. #02 7S na na na 4 4 4
Marion Co. RWD #01 7M 27 12 9 16 17 16
Marion Co. RWD #02 7S 12 na na na na 12
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Marion Co. RWD #04 7M na 21 11 13 10 14
Marquette 7M 7 7 4 7 7 6
Marshall Co. RWD #01 7S 11 8 12 14 13 12
Marshall Co. RWD #03 7M 13 10 15 17 14 14
Marysville 7M 18 17 31 17 15 20
Matfield Green 7S 25 28 20 24 50 29
Mayetta 7S 16 na 7 3 10 9
Mayfield 7S 3 na na na na 3
McCracken 5 4 na na 3 na 4
McCune 8S 11 5 20 13 20 14
McDonald 2 35 42 50 44 40 42
McFarland 7S 10 7 10 17 23 13
McLouth 8M 10 12 12 11 14 12
McPherson 7L 5 5 7 6 7 6
McPherson Co. RWD #01 7S 13 8 na 12 na 11
McPherson Co. RWD #02 7S 3 9 4 na 3 5
McPherson Co. RWD #03 7S 8 na na na 100 54
McPherson Co. RWD #04 7M 8 5 6 17 7 9
McPherson Co. RWD #06 7S 11 5 9 8 na 8
Meade 3 25 14 13 20 20 18
Medicine Lodge 6ML 15 15 28 31 15 21
Melvern 7S 30 23 11 9 20 19
Miami Co. RWD #01 8M 18 na 11 16 15 15
Miami Co. RWD #02 8M 13 10 9 10 9 10
Miami Co. RWD #03 8M 26 20 19 9 6 16
Miami Co. RWD #04 8M 10 11 na 15 12 12
Milford 7M na 7 11 8 5 8
Miltonvale 7M 8 10 25 18 18 16
Minneapolis 7M 18 18 24 5 11 15
Minneola 4 19 6 12 16 17 14
Mitchell Co. RWD #02 6ML 17 17 9 12 13 14
Moline 7S 26 15 13 7 8 14
Montezuma 3 9 11 13 9 13 11
Montgomery Co. RWD #01 7S na na na na na na
Montgomery Co. RWD #01C 7M 10 10 na 17 13 13
Montgomery Co. RWD #02 7M 6 10 13 7 5 8
Montgomery Co. RWD #06 7M 18 16 20 20 25 20
Montgomery Co. RWD #07 7S 17 13 14 14 8 13
Montgomery Co. RWD #08 7S na na 44 37 26 36
Montgomery Co. RWD #10 7S 13 8 32 8 19 16
Montgomery Co. RWD #11 7M 21 16 19 14 na 18
Montgomery Co. RWD #12 7M na 17 21 16 28 21
Montgomery Co. RWD #13 7S 22 19 28 na 13 21
Montgomery Co. RWD #14 7S na 22 22 16 20 20
Moran 8M 15 13 10 4 5 9
Morganville 7S na na na na na na
Morland 4 24 14 9 10 9 13
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Morrill 8S na 6 28 25 4 16
Morris Co. RWD #01 7M 3 na 7 12 5 7
Morrowville 7S 15 8 16 16 11 13
Moscow 2 67 15 9 15 19 25
Mound City 8M 6 12 na na na 9
Mound Valley 8S na 3 8 5 3 5
Moundridge 7M 5 5 na na na 5
Mount Hope 7M 7 9 9 8 12 9
Mulberry 8M 27 21 24 38 23 27
Mullinville 5 19 29 21 25 16 22
Mulvane 7M 8 10 12 11 10 10
Munden 7S 3 3 na 24 10 10
Muscotah 8S 29 20 56 36 10 30
Narka 7S 21 na 20 na 28 23
Natoma 6S 12 na 34 17 19 21
Nemaha Co. RWD #01 7S 15 15 12 23 7 14
Nemaha Co. RWD #02 7S na 7 7 na na 7
Nemaha Co. RWD #03 7M 8 8 7 7 6 7
Nemaha Co. RWD #04 7M 26 19 17 19 22 21
Neodesha 7M 12 8 13 7 11 10
Neosho Co. RWD #01C 8M na na na 6 28 17
Neosho Co. RWD #02 8M 24 12 26 14 18 19
Neosho Co. RWD #03 8S 16 na 36 40 11 26
Neosho Co. RWD #04 8M 24 20 23 12 30 22
Neosho Co. RWD #05 8S 36 48 26 na 28 35
Neosho Co. RWD #06 8S 21 16 19 34 20 22
Neosho Co. RWD #07 8M 21 12 33 25 33 25
Neosho Co. RWD #08 8S 13 8 8 5 7 8
Neosho Co. RWD #09 8S 24 20 22 11 21 20
Neosho Co. RWD #12 8S 7 8 9 10 7 8
Ness City 4 6 5 na 13 4 7
Netawaka 7S 18 na na na 23 21
New Strawn 7S 6 10 15 3 9 9
Newbury Extension 7S 13 14 5 30 23 17
Newton 7L 12 10 8 9 12 10
Nickerson 6ML 15 12 7 37 31 20
Norcatur 3 6 na 9 6 6 7
North Newton 7M 17 20 23 10 15 17
Norton 4 14 13 16 17 19 16
Norton Co. RWD #01 4 11 9 11 9 11 10
Nortonville 8M 7 6 8 10 7 8
Norwich 6ML 23 18 14 9 12 15
Oakley 2 16 15 13 15 16 15
Oberlin 3 13 9 11 9 10 10
Offerle 5 5 8 5 7 14 8
Ogden 7M 4 8 7 7 7 7
Oketo 7S na 7 20 16 na 14

31



Public Water Supplier Region
2005 

Percent 
UFW

2006 
Percent 

UFW

2007 
Percent 

UFW

2008 
Percent 

UFW

2009 
Percent 

UFW

AVG 
Percent 

UFW

TABLE 3
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)

KANSAS, 2005-2009
FOR PUBLIC WATER SUPPLIERS

Olathe 8L 13 13 13 12 15 13
Olmitz 6S 10 19 21 14 15 16
Olpe 7M na na na na na na
Olsburg 7S 23 15 5 5 na 12
Onaga 7M 11 10 5 6 8 8
Oneida 7S 18 12 13 13 13 14
Osage City 7M 5 8 8 12 11 9
Osage Co. RWD #02 7S na 3 12 13 15 11
Osage Co. RWD #03 7M 16 11 17 14 7 13
Osage Co. RWD #04 7M 23 14 17 17 17 18
Osage Co. RWD #05 7M 25 17 17 21 18 20
Osage Co. RWD #06 7S 10 14 18 16 29 17
Osage Co. RWD #07 7M na 18 20 26 26 23
Osage Co. RWD #08 7M na na 22 20 na 21
Osawatomie 8M 10 15 17 17 9 14
Osborne 6ML 15 14 13 21 14 15
Osborne Co. RWD #01A 6S 50 60 50 33 54 49
Osborne Co. RWD #02 6S 11 na 6 22 11 13
Oskaloosa 8M na na na 10 10 10
Oswego 8M 8 10 4 na na 7
Otis 5 10 14 12 11 7 11
Ottawa 8L 13 12 12 20 17 15
Ottawa Co. RWD #01 7S 43 25 3 38 na 27
Ottawa Co. RWD #02 7M 13 14 15 12 14 14
Overbrook 7M 11 25 29 6 15 17
Oxford 7M 16 15 14 24 3 14
Ozawkie 8M 3 16 14 14 12 12
Palco 5 7 11 27 10 13 14
Palmer 7S 18 7 9 8 12 11
Paola 8M 16 9 15 12 14 13
Paradise 6S 17 13 13 13 18 15
Park 3 3 12 3 3 25 9
Park City 7M 5 3 8 8 7 6
Parker 8S 25 22 20 18 12 19
Parsons 8L 8 3 11 8 3 7
Pawnee Rock 6S na 7 15 14 14 13
Paxico 7S 4 7 na na na 6
Peabody 7M 3 na 13 7 17 10
Perry 8M 18 17 15 15 10 15
Peru 7S 14 5 9 8 5 8
Phillips Co. RWD #01 5 na na na na 13 13
Phillipsburg 5 5 18 9 6 8 9
Pittsburg 8L 9 8 6 12 15 10
Plains 3 9 13 15 17 15 14
Plainville 5 14 15 15 11 17 14
Pleasanton 8M 16 12 16 18 14 15
Pomona 8M 5 11 na 7 3 7

32



Public Water Supplier Region
2005 

Percent 
UFW

2006 
Percent 

UFW

2007 
Percent 

UFW

2008 
Percent 

UFW

2009 
Percent 

UFW

AVG 
Percent 

UFW

TABLE 3
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)

KANSAS, 2005-2009
FOR PUBLIC WATER SUPPLIERS

Portis 6S 23 21 16 14 16 18
Post Rock RWD 5 23 12 10 24 17 17
Pottawatomie Co. RWD #01 7M 24 9 na na na 17
Pottawatomie Co. RWD #02 7M 23 29 31 35 35 31
Pottawatomie Co. RWD #03 7M 13 15 20 16 15 16
Pottawatomie Co. RWD #04 7M 20 na 11 9 12 13
Potwin 7S 5 na 7 7 na 6
Prairie View 5 10 20 6 13 28 15
Pratt 6ML 22 11 6 15 10 13
Prescott 8S 7 8 na 7 10 8
Preston 6S 14 10 15 na 8 12
Pretty Prairie 6ML 14 18 5 9 10 11
Princeton 8S 10 13 9 9 11 10
Protection 5 16 15 15 18 26 18
Quenemo 7S 5 7 na 9 na 7
Quinter 3 9 10 18 15 15 13
Randall 6S 10 17 12 12 11 12
Randolph 7S 6 8 12 5 15 9
Ransom 4 14 13 na na 5 11
Rantoul 8S 3 3 8 7 6 5
Raymond 6S na 5 10 10 5 8
Reading 7S 19 12 na na na 16
Red Bud Lake Improvement 7S 28 11 47 16 5 21
Reno Co. RWD #01 6S na 4 na 6 5 5
Reno Co. RWD #03 6S 11 16 14 18 22 16
Reno Co. RWD #04 6S na na 9 4 na 7
Reno Co. RWD #08 6S 10 15 9 10 25 14
Reno Co. WD #101 6S 4 na 5 5 13 7
Republic 7S 22 13 17 24 23 20
Republic Co. RWD #01 7S 31 26 34 40 39 34
Republic Co. RWD #02 7M 30 10 27 28 30 25
Reserve 8S 24 43 30 41 50 38
Rexford 2 4 4 4 10 9 6
Rice Co. RWD #01 6ML 16 3 15 27 na 15
Richmond 8M 15 16 9 14 13 13
Riley 7M 23 19 30 30 28 26
Riley Co. RWD #01 7M 13 5 6 5 na 7
Robinson 8S 20 14 20 19 26 20
Rolla 1 9 7 9 6 6 7
Rooks Co. RWD #01 5 na 5 5 na na 5
Rooks Co. RWD #02 5 6 13 10 16 13 12
Rooks Co. RWD #03 5 17 16 12 19 17 16
Rose Hill 7M na na 3 3 na 3
Roseland 8S 100 na na na na 100
Rossville 7M 8 10 11 13 8 10
Rozel 5 19 16 13 14 7 14
Rush Center 5 10 10 na 11 12 11
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Rush Co. RWD #01 5 18 16 24 17 16 18
Russell 6ML 18 13 7 21 24 17
Russell Co. RWD #01 6S 12 8 21 18 19 16
Russell Co. RWD #02 6S 100 100 100 100 100 100
Russell Co. RWD #03 6ML 19 20 23 14 19 19
Russell Co. RWD #04 6S 23 6 18 27 4 16
Sabetha 7M 17 5 6 3 6 7
Salina 7L 11 14 11 12 11 12
Saline Co. RWD #01 7S 11 10 15 na 8 11
Saline Co. RWD #02 7S 18 9 27 17 27 20
Saline Co. RWD #03 7M na 13 na na 5 9
Saline Co. RWD #04 7M 32 24 19 17 8 20
Saline Co. RWD #06 7S 19 12 10 10 13 13
Saline Co. RWD #07 7S na 11 7 4 18 10
Saline Co. RWD #08 7S 18 37 13 15 17 20
Satanta 2 5 6 4 14 10 8
Sawyer 6S 7 6 6 5 8 6
Scammon 8M 6 15 14 23 24 16
Scandia 7S 24 28 7 22 11 18
Scotsman Estates 7S 20 na 11 8 15 14
Scott City 2 7 9 9 9 7 8
Scranton 7M 6 11 10 15 na 11
Sedan 7M 17 14 16 15 15 15
Sedgwick 7M na na na 4 3 4
Sedgwick Co. RWD #01 7M 12 4 9 na 6 8
Sedgwick Co. RWD #03 7M 5 na na na na 5
Sedgwick Co. RWD #04 7M 12 11 20 39 22 21
Selden 3 4 6 8 7 28 11
Seneca 7M na 5 7 na 3 5
Severy 7S 7 14 17 22 21 16
Sharon 6S 17 23 18 15 15 18
Sharon Springs 1 22 18 15 12 10 15
Shawnee Co. RWD #01C 7M 3 na 6 na 6 5
Shawnee Co. RWD #02C 7M 9 14 20 12 17 14
Shawnee Co. RWD #03C 7M 4 na na na na 4
Shawnee Co. RWD #04C 7L 16 13 14 14 14 14
Shawnee Co. RWD #08 7M 14 14 13 16 18 15
Silver Lake 7M 10 4 8 4 10 7
Simmons Subdivision 7S na na na na 21 21
Simpson 6S 25 19 17 47 52 32
Smith Center 6ML 21 23 23 34 31 26
Smith Co. RWD #01 6S 22 11 7 9 12 12
Soldier 7S 5 4 8 3 na 5
Solomon 7M 35 16 13 16 4 17
South Haven 7S 8 16 13 16 6 12
South Hutchinson 6ML 9 14 11 6 7 9
Spearville 4 4 9 9 6 13 8
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Speed 5 11 na 3 15 46 19
Spivey 6S 22 31 34 39 32 32
Spring Hill 8M 8 14 5 7 12 9
St. Francis 1 8 4 10 7 8 7
St. George 7M 5 14 8 9 20 11
St. John 6ML 22 17 16 21 19 19
St. Marys 7M 3 6 3 5 8 5
St. Paul 8M 13 4 7 15 na 10
Stafford 6ML 4 3 6 5 6 5
Sterling 6ML 4 4 na 6 4 5
Stockton 5 16 16 9 25 14 16
Strong City 7M 8 na na 6 na 7
Sublette 2 9 12 9 8 9 9
Suburban Water Company 8M 10 10 10 11 na 10
Summerfield 7S 5 7 7 6 4 6
Sumner Co. RWD #01 7S 16 na 14 31 28 22
Sumner Co. RWD #02 7S 12 7 8 8 29 13
Sumner Co. RWD #03 7S na na na na na na
Sumner Co. RWD #04 7M 21 20 32 31 32 27
Sumner Co. RWD #05 7M 8 8 15 na 4 9
Sumner Co. RWD #06 7S 12 8 9 4 8 8
Susank 6S 18 19 12 na na 16
Sylvan Grove 6S 9 6 6 11 6 8
Sylvia 6S 29 21 26 23 25 25
Syracuse 1 4 5 5 6 8 6
Tescott 7S 11 12 18 12 15 14
Thayer 8S 3 na 8 na 9 7
Timber Creek Water & Sewer 7M 18 16 12 17 15 16
Timken 5 8 6 3 21 8 9
Tipton 6S 10 6 11 na na 9
Tonganoxie 8M 19 14 16 13 13 15
Topeka 7L 6 7 16 9 10 10
Toronto 7S 14 na 12 13 14 13
Towanda 7M 7 8 na na na 8
Treece 8S 9 13 na 21 24 17
Trego Co. RWD #01 4 8 4 5 6 4 5
Trego Co. RWD #02 4 10 23 16 11 13 15
Tribune 1 14 10 9 13 13 12
Troy 8M 15 17 8 4 5 10
Turon 6S 9 7 10 10 12 10
Udall 7M 10 17 na 18 16 15
Ulysses 2 7 9 5 6 6 7
Uniontown 8S 9 15 14 15 13 13
University Park Water 7S na 4 6 4 4 5
Utica 4 6 6 8 4 20 9
Valley Center 7M 12 na 4 13 10 10
Valley Falls 8M 15 17 16 21 15 17
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Vermillion 7S na na na 5 na 5
Victoria 5 14 12 18 22 18 17
Viola 7S 8 8 13 9 9 9
Virgil 7S 12 8 13 13 9 11
Wabaunsee Co. RWD #01 7S 20 15 13 17 16 16
Wabaunsee Co. RWD #02 7M 10 13 12 11 11 11
WaKeeney 4 18 13 16 11 17 15
Wakefield 7M 13 10 24 15 21 17
Waldo 6S na na na 9 25 17
Wallace 1 4 na 3 na na 4
Wallace Co. RWD #01 1 6 5 6 5 3 5
Walton 7S na na na 19 na 19
Wamego 7M 18 6 7 5 8 9
Washington 7M 15 24 24 12 24 20
Washington Co. RWD #01 7M 8 4 9 9 13 9
Washington Co. RWD #02 7M 15 14 22 17 20 18
WaterOne - Johnson Co. 8L 7 10 9 13 14 11
Waterville 7M 10 4 9 8 10 8
Wathena 8M 20 19 29 30 28 25
Waverly 7M 19 7 8 6 11 10
Weir 8M 5 na 5 12 15 9
Wellington 7M 10 8 3 11 16 10
Wellsville 8M 9 na 5 10 7 8
West Hills Water Company 6S 100 100 100 100 100 100
West Mineral 8S 12 13 14 10 12 12
Westmoreland 7M 7 7 13 7 9 9
Wetmore 7S 14 13 13 18 19 15
White City 7M 23 20 20 37 19 24
White Cloud 8S 23 17 16 16 32 21
Whitewater 7M 8 4 7 5 4 6
Whiting 7S 21 16 23 11 14 17
Wichita 7L 6 8 4 8 8 7
Williamsburg 8S na 100 100 16 4 55
Willis 8S 15 na na na 16 16
Wilsey 7S na 14 4 4 6 7
Wilson 6ML 12 24 12 13 14 15
Wilson Co. RWD #01 7S 25 26 24 na na 25
Wilson Co. RWD #02 7S na 100 100 na na 100
Wilson Co. RWD #03 7S na na na 100 100 100
Wilson Co. RWD #04 7S 15 10 8 19 22 15
Wilson Co. RWD #05 7S 13 16 33 29 29 24
Wilson Co. RWD #06 7S 9 18 19 16 32 19
Wilson Co. RWD #09 7S na na 19 na na 19
Wilson Co. RWD #11 7M 14 27 25 28 44 28
Wilson Co. RWD #12 7S 5 na 7 11 10 8
Wilson Co. RWD #13 7S 61 22 28 na 13 31
Winchester 8M 8 5 4 9 12 8
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Windom 7S 9 na 11 13 16 12
Winfield 7L 9 11 14 11 13 12
Winona 2 16 14 20 16 5 14
Woodson Co. RWD #01 7M 24 14 15 14 15 16
Woodston 5 na 8 26 25 24 21
Yates Center 7M 16 13 15 11 8 13
Zenda 6S 17 18 36 19 19 22

Note:  Percent unaccounted for water represents all unmetered usage divided by total water produced or 
purchased.  If insufficient information was provided to determine unaccounted for water, or if no water 
use report was filed, "na" is shown.
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KANSAS MUNICIPAL WATER USE 2010 

 

The Kansas Municipal Water Use publication has been prepared annually since 1987 to show 
comparative statistics for active public water suppliers that have filed water use reports with the Kansas 
Department of Agriculture, Division of Water Resources (DWR). Statistics shown in this report include per 
capita water usage and percent unaccounted for water.  Per capita use is shown in gallons per capita per 
day (GPCD) and is based on water use by residential and commercial customers, public uses, and 
unaccounted for water.  GPCD usage generally excludes water use by large industries and farmsteads 
using more than 200,000 gallons per year.  Percent unaccounted for water (UFW) is calculated as the 
amount of unsold, unmetered water divided by the total amount of water pumped or purchased. 

Average GPCD is calculated for eight different regions of the State so that individual GPCD can 
be compared to average usage for similar geographic areas.  These regions are shown in Figure 1 (see 
back cover) and correspond to general patterns of precipitation and per capita use.  GPCD usage tends 
to increase from eastern to western Kansas, primarily due to differences in precipitation.  GPCD averages 
also are calculated for different sizes of public water suppliers in the three most populous regions (6, 7, 
and 8).  

Annual data for GPCD usage and percent UFW are shown along with data from the previous four 
years to provide running 5-year averages.  The three tables in this report present data for the years 2006 
through 2010: 

 Table 1 summarizes 2006 through 2010 GPCD and 5-year average GPCD by region and 
size group. 
 

 Table 2 shows 2006 through 2010 GPCD and 5-year average GPCD for individual water 
suppliers that have filed reports during these years.   

 
 Table 3 shows 2006 through 2010 percent UFW and 5-year average percent UFW for 

individual water suppliers that have filed reports during these years.   

These tables do not include reported water use information from wholesale water supply districts, 
mobile home parks, or water systems that serve fewer than 10 residential connections or seasonal 
customers.  Regional GPCD averages do not include usage by rural water systems unable to separate 
residential from livestock watering use.  

Completion of the annual water use report by personnel at every water supply system is greatly 
appreciated.  The data collected are valuable in administering water rights and marketing contracts, and 
can be useful for evaluating individual systems’ needs.  Please contact DWR at (785) 296-3717 with any 
questions about the water use report program or this publication. 

Note: Corrections to reported data (usually population served) from previous years occasionally 
causes a change in GPCD for a water supplier.  For this reason, some GPCD values shown in this report 
may differ from previously published values for certain water suppliers. 



2006 2007 2008 2009 2010

1 293 272 273 228 259 265
2 258 245 241 199 224 233
3 244 241 229 195 223 226
4 188 170 168 156 168 170
5 156 149 142 139 137 145

6-ML 150 135 133 131 139 138
6-S 138 126 121 117 114 123
7-L 147 135 128 124 134 134
7-M 107 101 96 94 98 99
7-S 96 92 89 87 87 90
8-L 130 130 123 122 125 126
8-M 102 98 92 89 93 95
8-S 84 82 81 78 79 81

Kansas 126 119 115 109 114 117

Average gallons per capita per day (GPCD) use includes water sold to residential and 
commercial customers, metered free uses, and unaccounted for water.  GPCD use does 
not include sales to other suppliers, industries, bulk uses, or farmsteads using more than 
200,000 gallons per year.  

Refer to Figure 1 for map regions.  For this analysis, Regions 6, 7, and 8 were subdivided 
into size categories.  Large (L) utilities serve 10,000 people or more.  Medium (M) utilities 
serve 500 to 9,999 people.  Small (S) utilities serve fewer than 500 people.

AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE
TABLE 1

Region
Year

Average

KANSAS, 2006-2010



Public Water Supplier Region
2006 

GPCD
2007 

GPCD
2008 

GPCD
2009 

GPCD
2010 

GPCD
AVG 

GPCD

Abbyville 6S 151 120 143 101 111 125
Abilene 7M 154 144 121 147 137 141
Admire 7S 95 75 71 64 69 75
Agenda 7S 90 82 77 86 70 81
Agra 5 103 103 89 91 101 97
Albert 6S 136 115 112 107 125 119
Alexander 5 114 100 78 93 114 100
Allen 7S 58 59 52 56 48 55
Allen Co. RWD #01 8S 47 na na na na 47
Allen Co. RWD #02 8S na na 92 na na 92
Allen Co. RWD #04 8S 126 91 64 101 67 90
Allen Co. RWD #08 8M 128 129 119 121 128 125
Allen Co. RWD #09 8S na 78 73 na na 76
Allen Co. RWD #10 8S 69 69 76 75 na 72
Allen Co. RWD #11 8S 81 68 67 63 92 74
Allen Co. RWD #12 8S 99 69 66 61 60 71
Allen Co. RWD #13 8S 68 75 71 102 121 87
Allen Co. RWD #15 8S 59 56 66 61 58 60
Allen Co. RWD #16 8S 123 104 165 129 77 120
Alma 7M 158 117 111 111 107 121
Almena 4 116 105 133 83 84 104
Alta Vista 7S 74 76 73 74 78 75
Altamont 8M 79 76 70 74 79 76
Alton 6S 102 119 138 117 117 119
Altoona 7S 84 85 93 74 63 80
Andale 7M 92 83 82 85 89 86
Anderson Co. RWD #01 8S 90 105 107 101 106 102
Anderson Co. RWD #01C 8M 66 58 64 62 73 65
Anderson Co. RWD #04 8M 107 109 95 94 82 97
Anderson Co. RWD #05 8M 73 76 na 76 72 74
Anthony 6ML 159 156 128 130 131 141
Arcadia 8S 65 60 71 66 67 66
Argonia 7M 115 107 104 93 95 103
Arkansas City 7L 126 125 135 143 144 135
Arlington 6S 113 99 99 83 102 99
Arma 8M 81 77 69 76 71 75
Arnold 4 177 97 125 111 124 127
Ashland 4 232 215 200 213 218 216
Assaria 7S 73 74 72 78 112 82
Atchison 8L 184 226 184 206 199 200
Atchison Co. RWD #01 8S na 79 na 79 na 79
Atchison Co. RWD #03 8S 76 na na na na 76
Atchison Co. RWD #05C 8M 94 104 105 na na 101
Atchison Co. RWD #06 8M na na na na 88 88
Atlanta 7S 63 67 71 62 63 65
Attica 6ML 184 179 215 200 245 205

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2006-2010
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TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2006-2010

Atwood 2 219 191 186 156 182 187
Augusta 7M 154 146 186 169 168 165
Aurora 7S 86 86 83 67 83 81
Axtell 7S 83 80 77 77 77 79
Baldwin 8M 110 100 82 88 96 95
Barber Co. RWD #01 6S 206 189 186 203 198 196
Barber Co. RWD #02 6S na na na na 449 449
Barber Co. RWD #03 6S 73 79 78 85 78 79
Barnard 6S 69 54 40 41 70 55
Barnes 7S 165 159 145 132 115 143
Bartlett 8S na 78 na na 100 89
Barton Co. RWD #01 6S 109 81 88 86 93 91
Barton Co. RWD #02 6ML 39 47 57 37 45 45
Barton Hills WD 6S 51 46 42 40 33 42
Baxter Springs 8M 151 132 122 124 123 130
Bazine 4 123 99 97 90 115 105
Beattie 7S 102 97 96 92 81 94
Bel Aire 7M 122 106 93 94 114 106
Belle Plaine 7M 104 96 95 97 105 99
Belleville 7M 160 141 154 154 157 153
Beloit 6ML 100 90 80 84 84 88
Belpre 5 122 110 109 107 130 116
Belvidere 5 222 198 224 214 297 231
Belvue 7S 108 96 88 84 72 90
Bennington 7M 86 86 89 89 90 88
Benton 7M 86 88 83 72 74 81
Bern 7S 99 103 105 101 117 105
Beverly 6S 94 88 66 70 87 81
Bird City 1 332 400 390 264 275 332
Bison 5 117 na 78 94 89 95
Blue Mound 8S 95 72 62 61 67 71
Blue Rapids 7M 146 138 122 121 132 132
Blue River Hills Improvement 7S 108 90 90 96 101 97
Bluff City 6S 91 108 143 82 95 104
Bogue 4 208 211 163 148 198 186
Bonner Springs 8M 155 147 155 141 144 148
Bourbon Co. RWD #02C 8M 89 90 92 97 105 95
Bourbon Co. RWD #04 8M 164 170 126 117 122 140
Brewster 2 333 318 287 199 227 273
Bronson 8S 74 76 71 69 77 73
Brown Co. RWD #01 8M 89 92 97 84 103 93
Brown Co. RWD #02 8M 91 76 93 84 115 92
Brownell 4 89 86 84 141 107 101
Bucklin 4 209 175 147 139 148 164
Buffalo 7S 119 112 100 108 56 99
Buhler 6ML 144 117 111 120 130 124
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Bunker Hill 6S 106 106 92 100 101 101
Burden 7M 97 92 94 85 97 93
Burdett 5 166 151 191 134 169 162
Burlingame 7M 90 88 73 82 83 83
Burlington 7M 137 115 102 98 113 113
Burns 7S 73 68 63 68 67 68
Burr Oak 6S 94 102 106 131 108 108
Burrton 7M 98 93 82 81 86 88
Bushton 6S 173 122 123 109 127 131
Butler Co. RWD #01 7M 94 90 93 82 84 89
Butler Co. RWD #02 7M 89 133 68 67 82 88
Butler Co. RWD #03 7M 67 71 73 74 85 74
Butler Co. RWD #04 7M 69 na na na na 69
Butler Co. RWD #05 7M 109 74 80 73 74 82
Butler Co. RWD #06 7M 76 70 80 73 78 75
Butler Co. RWD #07 7M 69 70 65 63 67 67
Butler Co. RWD #08 7M 75 64 71 69 70 70
Byron 7S 253 219 204 200 146 204
Caldwell 7M 101 85 87 94 98 93
Cambridge 7S 54 60 55 62 61 58
Caney 7M 159 140 126 122 128 135
Canton 7M 127 111 96 93 106 107
Carbondale 7M 65 83 84 104 85 84
Cassoday 7S 80 72 71 89 100 82
Cawker City 6S 164 184 159 134 127 154
Cedar Point 7S 57 72 100 77 67 75
Cedar Vale 7M 91 79 68 67 na 76
Centralia 7M 88 83 79 79 77 81
Chanute 8M 139 130 112 102 104 117
Chapman 7M 162 143 146 160 158 154
Chase 6S 116 117 103 129 123 118
Chase Co. RWD #01 7S 83 92 na 97 na 91
Chautauqua 7S 98 na na na 80 89
Chautauqua Co. RWD #01 7S 57 48 69 70 65 62
Chautauqua Co. RWD #02 7S 100 98 99 90 101 98
Chautauqua Co. RWD #03 7S 93 82 na na 81 85
Cheney 7M 171 158 126 139 155 150
Cherokee 8M 105 91 85 80 72 87
Cherokee Co. RWD #01 8M 133 119 138 122 102 123
Cherokee Co. RWD #02 8M 110 91 87 82 85 91
Cherokee Co. RWD #03 8M 127 132 162 146 162 146
Cherokee Co. RWD #04 8M 102 106 101 108 117 107
Cherokee Co. RWD #05 8S 68 59 56 55 59 59
Cherokee Co. RWD #06 8S na na na 58 52 55
Cherokee Co. RWD #07 8S 81 97 103 97 98 95
Cherokee Co. RWD #08 8M 75 72 65 60 68 68
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Cherryvale 7M 96 95 84 84 90 90
Chetopa 8M 117 103 109 113 120 112
Chicopee Rural Water 8S 94 107 81 76 72 86
Cimarron 3 324 387 299 258 275 309
Circleville 7S 56 57 61 61 55 58
Claflin 6ML 143 131 117 123 134 130
Clay Center 7M 109 99 125 119 166 124
Clay Co. RWD #01 7S 155 158 154 180 221 174
Clay Co. RWD #02 7M 106 90 82 62 68 82
Clayton 4 96 86 87 93 100 92
Clearwater 7M 94 90 81 83 86 87
Clifton 7M 147 137 132 110 108 127
Cloud Co. RWD #01 7S 127 143 128 128 103 126
Clyde 7M 171 148 158 127 126 146
Coal Hollow WD 8S na 48 42 na na 45
Coats 6S 146 123 119 112 143 129
Coffey Co. RWD #02 7M 86 81 72 79 68 77
Coffey Co. RWD #03 7M 65 63 57 53 59 59
Coffeyville 7L 218 232 177 154 193 195
Colby 2 337 313 333 277 319 316
Coldwater 5 209 178 165 189 208 190
Collyer 4 135 107 109 89 89 106
Colony 8S 96 88 80 80 84 86
Columbus 8M 118 109 113 112 103 111
Colwich 7M 67 66 59 59 60 62
Comanche Co. RWD #01 5 127 123 129 131 183 139
Comanche Co. RWD #02 5 555 566 678 694 703 639
Concordia 7M 128 129 120 122 125 125
Conway Springs 7M 97 113 93 115 104 104
Coolidge 1 281 282 279 211 280 267
Copeland 3 241 244 270 233 289 255
Corning 7S 92 na na na na 92
Cottonwood Falls 7M 93 96 93 91 117 98
Council Grove 7M 99 91 93 92 90 93
Courtland 7S 134 111 104 104 107 112
Cowley Co. RWD #01 7M 94 91 78 75 77 83
Cowley Co. RWD #02 7M 73 62 60 56 63 63
Cowley Co. RWD #03 7M 125 100 113 99 103 108
Cowley Co. RWD #04 7M 99 85 84 78 98 89
Cowley Co. RWD #05 7M 87 92 95 90 116 96
Cowley Co. RWD #06 7M 83 74 91 75 79 80
Cowley Co. RWD #07 7S 88 85 85 81 127 93
Cowley Co. RWD #08 7S 95 81 86 86 91 88
Crawford Co. RWD #01 8M 123 na 86 116 101 107
Crawford Co. RWD #01C 8M 129 124 102 125 144 125
Crawford Co. RWD #03 8S 87 78 79 71 78 79
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Crawford Co. RWD #04 8M 89 84 84 87 87 86
Crawford Co. RWD #05 8M 136 128 127 135 179 141
Crawford Co. RWD #06 8M 113 125 104 103 96 108
Crawford Co. RWD #07 8S 65 71 75 64 68 69
Cuba 7S 95 99 91 113 122 104
Cullison 6S 234 223 216 171 237 216
Culver 7S 65 56 50 61 61 59
Cunningham 6S 152 151 150 173 193 164
Damar 5 na na na na 119 119
Dearing 7S 67 70 68 73 78 71
Deerfield 2 159 153 156 137 149 151
Delia 7S 69 76 67 53 na 66
Delphos 7S 125 119 113 126 136 124
Denison 8S 50 52 53 53 na 52
Derby (El Paso Water Co.) 7L 106 93 100 89 102 98
DeSoto 8M 157 186 128 133 155 152
Dexter 7S 113 107 92 67 82 92
Dickinson Co. RWD #01 7M 76 111 96 103 120 101
Dickinson Co. RWD #02 7M 122 116 111 111 111 114
Dighton 3 225 233 229 204 236 225
Dodge City 4 183 259 203 172 164 196
Doniphan Co. RWD #01 8S 79 51 52 44 59 57
Doniphan Co. RWD #02 8S 71 71 78 76 87 77
Doniphan Co. RWD #03 8S 87 95 69 57 59 73
Doniphan Co. RWD #05 8M na na na 81 81 81
Dorrance 6S 106 68 58 50 57 68
Douglas Co. RWD #01 8M 115 101 89 78 91 95
Douglas Co. RWD #02 8M 90 96 75 82 82 85
Douglas Co. RWD #03 7M 94 89 89 78 74 85
Douglas Co. RWD #04 8M 88 84 82 79 81 83
Douglas Co. RWD #05 8M 82 69 62 62 71 69
Douglas Co. RWD #06 8M 93 94 85 75 na 87
Douglass 7M 78 77 75 77 83 78
Downs 6ML 153 141 160 166 160 156
Durham 7S 117 104 97 76 96 98
Dwight 7S 67 77 65 57 73 68
Easton 8S 63 67 74 79 107 78
Edgerton 8M 57 51 52 52 58 54
Edna 8S 78 75 na 71 70 74
Effingham 8M 79 82 77 76 84 80
El Dorado 7L 163 145 169 172 170 164
Elbing 7S 63 64 59 58 58 60
Elgin 7S 179 166 170 153 190 172
Elk City 7S 182 173 193 235 128 182
Elk Co. RWD #01 7S na 85 130 na 123 113
Elkhart 1 354 331 346 309 343 337
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Ellinwood 6ML 124 101 100 97 108 106
Ellis 5 97 90 93 91 97 94
Ellis Co. RWD #01 5 83 75 87 85 86 83
Ellis Co. RWD #01C 5 125 na na na na 125
Ellis Co. RWD #03 5 64 57 53 50 56 56
Ellis Co. RWD #06 5 129 109 115 123 141 123
Ellsworth 6ML 146 132 128 130 127 133
Elmdale 7S 148 181 174 131 122 151
Elwood 8M 76 101 100 89 89 91
Emmett 7S 68 na 61 61 61 63
Emporia 7L 179 176 152 147 135 158
Englewood 4 636 607 539 442 398 524
Ensign 3 157 119 128 112 181 139
Enterprise 7M 73 84 80 72 73 76
Erie 8M 110 101 103 91 97 100
Esbon 6S 94 108 93 97 92 97
Eskridge 7M 94 90 93 95 101 95
Eudora 8M 106 89 87 83 86 90
Eureka 7M 124 112 127 116 131 122
Everest 8S 114 112 114 110 156 121
Fall River 7S 70 67 71 66 49 65
Farr Subdivision 2 60 58 65 70 67 64
Finney Co. RWD #01 2 64 55 61 109 114 81
Florence 7M 76 75 73 65 75 73
Fontana 8S 78 na 66 73 64 70
Ford 4 271 265 295 274 249 271
Formoso 6S 75 78 70 83 82 78
Fort Scott 8M 161 156 160 138 128 149
Fowler 3 177 170 168 159 163 167
Frankfort 7M 131 130 138 151 153 141
Franklin Co. RWD #01 8M 72 77 na na na 75
Franklin Co. RWD #03 8S 72 65 62 63 60 64
Franklin Co. RWD #04 8M 101 82 78 76 80 83
Franklin Co. RWD #05 8M 81 73 72 65 66 71
Franklin Co. RWD #06 8M 93 94 103 112 96 100
Fredonia 7M 157 158 116 108 88 125
Frontenac 8M 127 118 108 103 103 112
Fulton 8S 67 58 55 54 56 58
Galena 8M 121 121 105 106 100 111
Galesburg 8S 92 92 105 95 81 93
Galva 7M 124 116 101 98 109 110
Garden City 2 214 196 190 179 204 197
Garden Plain 7M 120 89 73 78 94 91
Garden Spot Rentals 2 58 61 76 58 81 67
Gardner 8L 105 98 101 94 96 99
Garnett 8M 108 98 92 83 90 94
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Gas 8M 74 72 62 66 64 68
Gaylord 6S 208 183 127 106 97 144
Geary Co. RWD #01 7S 105 na na na na 105
Geary Co. RWD #02 7S 157 94 96 93 94 107
Geary Co. RWD #04 7M 99 87 82 80 98 89
Geneseo 6S 111 112 98 83 89 99
Geuda Springs 7S 97 97 95 100 97 97
Girard 8M 123 106 104 104 105 108
Glade 5 94 123 106 99 124 109
Glasco 7S 87 73 73 95 93 84
Glen Elder 6S 174 168 156 145 143 157
Goddard 7M 175 150 137 146 152 152
Goessel 7M 125 120 120 103 120 118
Goff 7S 66 63 66 62 59 63
Goodland 1 317 317 302 258 285 296
Gorham 6S 85 90 84 70 71 80
Gove 3 353 385 302 167 193 280
Grainfield 3 232 249 253 220 222 235
Grandview Plaza 7M 99 92 88 99 81 92
Great Bend 6ML 131 131 130 120 117 126
Greeley 8S 59 57 52 53 58 56
Green 7S 113 84 73 81 79 86
Greenleaf 7S 156 141 123 123 111 131
Greensburg 5 210 223 173 242 259 221
Greenwood Co. RWD #01 7M 81 72 76 65 80 75
Greenwood Co. RWD #02 7M 111 100 102 100 107 104
Greenwood Co. RWD #03 7S 80 80 80 75 85 80
Grenola 7S 75 73 70 65 68 70
Gridley 7S 73 69 71 67 74 71
Grinnell 3 299 287 257 216 242 260
Gypsum 7S 99 90 70 112 94 93
Haddam 7S 72 78 73 101 77 80
Halstead 7M 95 101 94 90 94 95
Hamilton 7S na 63 69 65 73 68
Hamilton Co. RWD #01 1 181 86 89 87 80 105
Hanover 7M 103 106 106 na na 105
Hanston 4 246 166 212 194 202 204
Hardtner 6S 186 171 207 189 226 196
Harper 6ML 140 129 119 121 139 130
Harper Co. RWD #04 6S 83 74 104 118 141 104
Harper Co. RWD #05 6S 181 190 na 124 na 165
Hartford 7M 94 89 75 78 70 81
Harvey Co. RWD #01 7M 71 73 71 56 70 68
Harveyville 7S 101 117 84 80 83 93
Haven 6ML 159 137 120 119 124 132
Haviland 5 193 169 185 154 154 171
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Hays 5 98 96 92 85 91 92
Hays City Suburban 5 156 141 96 138 133 133
Haysville 7L 103 94 86 86 95 93
Hazelton 6S 181 100 134 107 123 129
Herington 7M 130 126 123 110 129 124
Herndon 2 418 389 229 284 410 346
Hesston 7M 191 156 129 131 174 156
Hiawatha 8M 115 118 116 114 112 115
Highland 8M 135 119 108 112 107 116
Hill City 4 219 218 191 226 225 216
Hillsboro 7M 139 147 182 118 105 138
Hoisington 6ML 101 97 98 94 98 98
Holcomb 2 153 142 147 132 143 143
Holton 7M 105 100 108 103 104 104
Holyrood 6S 145 103 113 111 134 121
Hope 7S 104 97 88 89 89 93
Horace 1 130 124 139 137 193 145
Horton 8M 85 92 85 75 87 85
Howard 7M 105 91 83 95 106 96
Howison Heights WD 7S 150 118 114 125 143 130
Hoxie 3 297 286 271 236 258 270
Hoyt 7M 70 73 70 67 63 69
Hugoton 2 333 310 354 315 289 320
Humboldt 8M 116 110 108 110 131 115
Hunter 6S 97 83 84 na na 88
Hutchinson 6ML 133 126 110 111 165 129
Independence 7L 173 141 147 138 136 147
Ingalls 3 223 158 189 na 260 208
Inman 7M 142 111 113 119 141 125
Iola 8M 113 137 112 106 108 115
Isabel 6S 174 143 127 125 125 139
Iuka 6S 84 74 72 81 84 79
Jackson Co. RWD #01 7M 88 84 75 72 na 80
Jackson Co. RWD #03 7M 87 104 94 96 98 96
Jamestown 7S 79 71 69 62 65 69
Jefferson Co. RWD #01 8M 105 103 92 87 87 95
Jefferson Co. RWD #02 8M 124 138 201 122 118 141
Jefferson Co. RWD #03 8M 103 113 94 88 87 97
Jefferson Co. RWD #07 8M 111 104 103 93 102 103
Jefferson Co. RWD #08 8S 78 78 76 78 76 77
Jefferson Co. RWD #09 8S 69 65 56 49 54 59
Jefferson Co. RWD #10 8S 75 77 74 87 na 78
Jefferson Co. RWD #11 8S 93 84 83 90 83 87
Jefferson Co. RWD #12 8M 106 102 91 72 80 90
Jefferson Co. RWD #13 8M 130 127 132 100 103 118
Jefferson Co. RWD #15 8S 52 59 41 41 41 47
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Jennings 3 233 200 206 158 171 194
Jetmore 4 181 185 178 171 175 178
Jewell 6S 100 77 67 69 75 78
Jewell Co. RWD #01 6S 155 165 177 182 151 166
Johnson City 1 337 336 360 313 339 337
Johnson Co. RWD #06C 8M 122 108 89 75 83 95
Johnson Co. RWD #07 8M 116 102 97 94 116 105
Junction City 7L 157 150 151 133 161 150
Kanopolis 6ML 96 91 101 85 102 95
Kanorado 1 221 209 190 121 151 178
Kansas City BPU 8L 183 204 187 171 165 182
Kechi 7M na 87 na na na 87
Kensington 6ML 145 138 134 110 115 128
Kincaid 8S 53 52 na 74 na 60
Kingman 6ML 124 114 108 114 129 118
Kingman Co. RWD #01 6S 66 58 56 51 55 57
Kinsley 5 120 119 128 121 118 121
Kiowa 6ML 185 166 184 172 163 174
Kirwin 5 102 98 90 82 146 104
Kismet 2 174 165 163 141 182 165
Konza Valley Water District 7S 74 64 57 65 73 67
La Crosse 5 122 127 123 125 139 127
La Cygne 8M 113 96 82 68 73 86
La Harpe 8M 81 76 76 78 74 77
Labette Co. RWD #01 8S 128 113 98 98 105 108
Labette Co. RWD #02 8S 98 90 89 103 na 95
Labette Co. RWD #03 8S 98 81 66 73 80 80
Labette Co. RWD #04 8S 129 118 110 108 na 116
Labette Co. RWD #05 8M 92 84 na na na 88
Labette Co. RWD #06 8M na 63 69 na 63 65
Labette Co. RWD #07 8M 86 63 60 63 68 68
Labette Co. RWD #08 8M 102 88 67 95 97 90
Lakeside Village Improvement 8S 123 152 177 143 118 143
Lakin 2 259 255 262 213 226 243
Lancaster 8S 64 66 61 60 56 61
Lane 8S 70 62 68 56 63 64
Lane Co. RWD #01 3 223 185 201 170 201 196
Lansing (Lan-Del WC) 8M 88 87 80 79 81 83
Larned 5 229 211 203 176 200 204
Latham 7S 86 80 64 64 64 72
Lawrence 8L 124 115 108 97 103 109
Leavenworth 8L 96 97 91 91 96 94
Leavenworth Co. RWD #01C 8M 88 95 78 78 89 86
Leavenworth Co. RWD #02 8M 96 99 98 86 87 93
Leavenworth Co. RWD #05 8M 87 85 82 84 101 88
Leavenworth Co. RWD #06 8S 83 90 90 78 80 84
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Leavenworth Co. RWD #07 8M 87 82 74 61 65 74
Leavenworth Co. RWD #08 8M 113 100 95 78 77 93
Leavenworth Co. RWD #09 8M 95 78 77 68 68 77
Leavenworth Co. RWD #10 8M na na 91 na na 91
Lebanon 6S 111 91 84 90 80 91
Lebo 7M 80 71 67 69 67 71
Lecompton 8M 68 70 66 61 71 67
Lehigh 7S 99 69 78 76 108 86
Lenora 4 156 188 163 150 189 169
Leon 7M 99 99 85 97 110 98
Leonardville 7S 110 106 96 96 98 101
Leoti 2 269 234 241 193 235 234
LeRoy 7M 63 67 na 62 60 63
Lewis 5 158 117 138 114 136 133
Liberal 2 185 176 188 163 179 178
Liebenthal 5 77 75 78 66 63 72
Lincoln Center 6ML 149 141 138 142 136 141
Lindsborg 7M 122 103 103 102 108 108
Linn 7S 131 113 100 100 95 108
Linn Co. RWD #01 8M 110 117 91 98 113 106
Linn Co. RWD #02 8M na 76 na 76 60 71
Linn Co. RWD #03 8M na 92 na 93 110 98
Linwood 8S 68 69 64 65 68 67
Little Bear Mound 7S na 143 142 99 na 128
Little River 6ML 171 136 119 142 158 145
Logan 5 186 172 173 134 167 166
Long Island 5 240 196 180 172 193 196
Longford 7S 87 76 72 71 83 78
Longton 7S 75 83 87 89 93 85
Lorraine 6S 109 180 89 85 85 110
Louisburg 8M 123 112 109 102 91 107
Lucas 6S 112 111 89 80 86 96
Luray 6S 87 80 77 86 86 83
Lyndon 7M 85 87 74 75 72 79
Lyon Co. RWD #01 7M 84 60 62 63 59 66
Lyon Co. RWD #02 7M 165 134 99 113 121 126
Lyon Co. RWD #03 7S 74 61 75 70 75 71
Lyon Co. RWD #04 7M na 61 na na na 61
Lyon Co. RWD #05 7M 117 85 70 63 89 85
Lyons 6ML 197 189 180 161 173 180
Macksville 6S 172 122 132 133 140 140
Madison 7M 101 88 90 71 84 87
Mahaska 7S 155 182 126 137 129 146
Maize 7M 84 76 76 72 96 81
Manchester 7S 66 67 na 65 na 66
Manhattan 7L 145 141 129 127 133 135
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Mankato 6ML 174 171 170 205 189 182
Manter 1 382 261 245 222 219 266
Maple Hill 7M 91 88 86 81 83 86
Marion 7M 123 123 116 106 115 117
Marion Co. Imp. Dist. #02 7S 51 48 43 41 40 45
Marion Co. RWD #01 7M 93 101 79 77 82 86
Marion Co. RWD #02 8M 31 na na na na 31
Marion Co. RWD #04 7M 105 80 75 68 76 81
Marquette 7M 117 107 102 107 116 110
Marshall Co. RWD #01 7S 89 90 87 96 88 90
Marshall Co. RWD #03 7M 99 104 115 103 104 105
Marysville 7M 143 164 125 119 109 132
Matfield Green 7S 93 76 62 95 66 78
Mayetta 7S 59 66 51 51 64 58
Mayfield 7S 65 64 na na 69 66
McCracken 5 75 72 78 77 82 77
McCune 8S 77 69 68 68 69 70
McDonald 2 443 481 487 205 180 359
McFarland 7S 65 68 68 81 83 73
McLouth 8M 66 71 70 60 56 65
McPherson 7L 187 146 131 130 154 150
McPherson Co. RWD #01 7S 128 109 113 103 110 113
McPherson Co. RWD #02 7S 130 104 97 96 106 107
McPherson Co. RWD #03 7S 212 104 81 81 78 111
McPherson Co. RWD #04 7M 138 110 102 91 104 109
McPherson Co. RWD #06 7S 62 60 55 na na 59
Meade 3 258 247 252 214 206 235
Medicine Lodge 6ML 227 201 199 164 179 194
Melvern 7S 86 78 73 78 77 78
Miami Co. RWD #01 8M na 73 67 75 73 72
Miami Co. RWD #02 8M 96 88 108 95 98 97
Miami Co. RWD #03 8M 82 80 67 64 67 72
Miami Co. RWD #04 8M 75 na 66 65 79 71
Milford 7M 81 85 83 79 77 81
Miltonvale 7M 99 115 101 98 116 106
Minneapolis 7M 151 145 152 109 103 132
Minneola 4 201 205 206 174 184 194
Mitchell Co. RWD #02 6ML 279 215 190 193 197 215
Moline 7S 131 104 89 86 87 99
Montezuma 3 290 277 265 259 278 274
Montgomery Co. RWD #01 7S na 104 98 93 101 99
Montgomery Co. RWD #01C 7M 77 na 62 72 na 70
Montgomery Co. RWD #02 7M 86 78 83 81 74 80
Montgomery Co. RWD #02C 7M na na na na 80 80
Montgomery Co. RWD #06 7M 104 95 88 101 107 99
Montgomery Co. RWD #08 7S na 127 103 80 70 95
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Montgomery Co. RWD #12 7M 92 75 67 83 82 80
Montgomery Co. RWD #13 7S 82 78 na 60 60 70
Montgomery Co. RWD #14 7S 75 68 58 69 73 69
Moran 8M 99 87 83 84 83 87
Morganville 7S 125 122 104 82 91 105
Morland 4 243 216 222 177 255 223
Morrill 8S 59 81 85 60 78 73
Morris Co. RWD #01 7M 146 155 142 160 179 156
Morrowville 7S 93 89 77 80 88 85
Moscow 2 324 324 306 229 304 297
Mound City 8M 105 97 93 80 77 90
Mound Valley 8S 72 76 69 71 69 71
Moundridge 7M 178 117 116 116 148 135
Mount Hope 7M 129 122 104 108 122 117
Mulberry 8M 80 83 94 73 73 81
Mullinville 5 269 211 266 206 242 239
Mulvane 7M 90 88 81 81 82 84
Munden 7S 100 na 98 84 91 93
Muscotah 8S 69 120 92 55 63 80
Narka 7S na 97 84 92 80 88
Natoma 6S na 121 137 96 109 116
Nemaha Co. RWD #01 7S 186 129 208 105 117 149
Nemaha Co. RWD #02 7S 107 90 na na 78 92
Nemaha Co. RWD #03 7M 130 108 102 94 114 110
Nemaha Co. RWD #04 7M 130 121 127 138 119 127
Neodesha 7M 135 145 118 120 100 124
Neosho Co. RWD #01C 8M 90 82 95 104 127 100
Neosho Co. RWD #02 8M 82 88 68 71 72 76
Neosho Co. RWD #03 8S 94 129 102 68 73 93
Neosho Co. RWD #04 8M 94 84 73 92 81 85
Neosho Co. RWD #05 8S 136 125 90 94 108 111
Neosho Co. RWD #06 8S 116 104 95 83 114 102
Neosho Co. RWD #07 8M 128 128 95 104 99 111
Neosho Co. RWD #08 8S 95 86 96 102 100 96
Neosho Co. RWD #09 8S 118 112 83 78 100 98
Neosho Co. RWD #12 8S 102 82 71 71 77 81
Ness City 4 139 131 147 132 161 142
Netawaka 7S 66 na na 70 70 69
New Strawn 7S 86 96 86 89 81 88
Newton 7L 115 103 95 93 97 101
Nickerson 6ML 66 67 86 69 68 71
Norcatur 3 154 241 238 133 174 188
North Newton 7M 148 129 95 93 97 112
Norton 4 201 202 208 191 199 200
Norton Co. RWD #01 4 46 37 40 48 43 43
Nortonville 8M 84 85 78 80 76 81
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Norwich 6ML 108 92 83 82 92 91
Oakley 2 305 277 268 224 329 281
Oberlin 3 216 190 187 172 196 192
Offerle 5 182 152 101 135 158 146
Ogden 7M 127 109 95 84 75 98
Oketo 7S 62 69 94 82 80 77
Olathe 8L 101 94 96 114 128 107
Olmitz 6S 107 95 98 99 103 100
Olpe 7M 71 70 74 73 76 73
Olsburg 7S 82 73 70 65 72 72
Onaga 7M 108 106 96 99 84 99
Oneida 7S 77 65 77 86 67 74
Osage City 7M 93 95 93 90 89 92
Osage Co. RWD #02 7S 72 74 83 81 66 75
Osage Co. RWD #03 7M 100 100 95 83 100 96
Osage Co. RWD #04 7M 80 81 72 74 79 77
Osage Co. RWD #05 7M 95 86 87 82 96 89
Osage Co. RWD #06 7S 79 84 89 87 117 91
Osage Co. RWD #07 7M 97 83 85 90 91 89
Osage Co. RWD #08 7M na 87 79 na na 83
Osawatomie 8M 139 133 121 114 134 128
Osborne 6ML 188 157 159 136 124 153
Osborne Co. RWD #01A 6S 886 643 524 405 797 651
Osborne Co. RWD #02 6S 226 169 138 98 112 149
Oskaloosa 8M 83 84 82 75 74 80
Oswego 8M 101 94 88 84 86 91
Otis 5 234 204 184 136 152 182
Ottawa 8L 89 84 89 85 87 87
Ottawa Co. RWD #01 7S 82 88 85 87 108 90
Ottawa Co. RWD #02 7M 98 90 82 78 73 84
Overbrook 7M 92 102 69 77 66 81
Oxford 7M 106 96 100 78 84 93
Ozawkie 8M 90 86 71 79 88 83
Palco 5 148 140 118 106 126 128
Palmer 7S 122 113 117 139 122 123
Paola 8M 128 136 102 97 100 113
Paradise 6S 71 74 71 80 88 77
Park 3 202 212 170 152 156 178
Park City 7M 115 111 100 98 106 106
Parker 8S 60 60 50 50 53 55
Parsons 8L 130 118 119 113 123 121
Pawnee Rock 6S 64 75 93 85 64 76
Paxico 7S 91 84 78 70 70 79
Peabody 7M 75 80 101 93 94 89
Perry 8M 93 90 86 82 82 87
Peru 7S 56 55 63 63 64 60
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Phillips Co. RWD #01 5 na na na 63 66 65
Phillipsburg 5 185 195 130 121 114 149
Pittsburg 8L 118 111 112 106 112 112
Plains 3 286 277 286 249 258 271
Plainville 5 137 134 123 130 146 134
Pleasanton 8M 95 96 111 102 107 102
Pomona 8M 70 67 64 57 61 64
Portis 6S 105 90 93 79 82 90
Post Rock RWD 5 137 153 149 145 162 149
Pottawatomie Co. RWD #01 7M 128 111 118 121 103 116
Pottawatomie Co. RWD #02 7M 149 149 143 131 134 141
Pottawatomie Co. RWD #03 7M 100 103 89 92 85 94
Pottawatomie Co. RWD #04 7M 127 130 129 127 97 122
Potwin 7S 79 75 67 na na 74
Prairie View 5 174 144 159 123 107 141
Pratt 6ML 217 184 192 187 203 197
Prescott 8S 70 63 69 64 68 67
Preston 6S 96 99 91 76 90 90
Pretty Prairie 6ML 141 130 125 136 129 132
Princeton 8S 72 67 61 63 na 66
Protection 5 219 176 180 194 175 189
Quenemo 7S 56 52 48 na 51 52
Quinter 3 259 235 208 184 206 218
Randall 6S 101 137 118 124 na 120
Randolph 7S 106 74 71 77 78 81
Ransom 4 144 88 110 108 128 116
Rantoul 8S 63 69 66 60 57 63
Raymond 6S 169 124 89 91 101 115
Reading 7S 66 65 66 na na 66
Red Bud Lake Improvement 7S 33 68 61 47 36 49
Reno Co. RWD #01 6S 177 143 137 116 156 146
Reno Co. RWD #03 6S 140 116 210 238 198 180
Reno Co. RWD #04 6S 72 68 71 67 79 71
Reno Co. RWD #08 6S 186 144 146 148 161 157
Reno Co. WD #101 6S 116 111 105 125 127 117
Republic 7S 105 143 125 114 123 122
Republic Co. RWD #01 7S 242 333 327 269 266 287
Republic Co. RWD #02 7M 185 159 179 160 167 170
Reserve 8S 103 90 101 105 107 101
Rexford 2 466 463 456 292 287 393
Rice Co. RWD #01 6ML 123 122 168 na 109 131
Richmond 8S 85 73 75 75 77 77
Riley 7M 115 122 99 96 102 107
Riley Co. RWD #01 7M 124 107 94 105 na 108
Robinson 8S 100 95 93 109 94 98
Rocky Ford Water Company 7S 85 74 46 41 41 57
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Rolla 1 226 219 243 202 199 218
Rooks Co. RWD #01 5 104 107 70 73 71 85
Rooks Co. RWD #02 5 76 64 70 68 72 70
Rooks Co. RWD #03 5 164 136 137 130 132 140
Rose Hill 7M 79 74 70 68 77 74
Roseland 8S na na na na 60 60
Rossville 7M 90 86 83 78 86 85
Rozel 5 231 156 161 150 230 186
Rush Center 5 138 110 116 135 140 128
Rush Co. RWD #01 5 170 262 156 169 198 191
Russell 6ML 126 107 133 151 166 137
Russell Co. RWD #01 6S 135 149 140 116 152 138
Russell Co. RWD #02 6S 163 186 177 154 135 163
Russell Co. RWD #03 6ML 139 130 127 121 162 136
Russell Co. RWD #04 6S 136 120 119 161 154 138
Sabetha 7M 109 119 95 108 117 110
Salina 7L 126 116 109 110 121 116
Saline Co. RWD #01 7S 61 60 53 75 79 66
Saline Co. RWD #02 7S 112 124 116 118 97 113
Saline Co. RWD #03 7M 96 na na 80 78 85
Saline Co. RWD #04 7M 104 87 91 84 95 92
Saline Co. RWD #06 7S 116 93 89 102 112 102
Saline Co. RWD #07 7S 79 71 60 70 72 70
Saline Co. RWD #08 7S 129 91 83 81 91 95
Satanta 2 257 238 259 220 225 240
Sawyer 6S 129 128 152 144 140 139
Scammon 8S 94 88 101 80 98 92
Scandia 7S 185 167 134 151 171 162
Scott City 2 301 258 258 216 230 253
Scranton 7M 65 64 64 na 60 63
Sedan 7M 92 94 81 73 89 86
Sedgwick 7M 73 69 71 72 76 72
Sedgwick Co. RWD #01 7M 83 74 63 65 78 73
Sedgwick Co. RWD #03 7M 80 77 73 72 77 76
Sedgwick Co. RWD #04 7M 78 96 91 79 80 85
Selden 3 236 245 198 202 292 235
Seneca 7M 172 168 119 118 150 145
Severy 7S 161 108 78 80 72 100
Sharon 6S 144 143 136 120 130 135
Sharon Springs 1 282 263 264 224 255 258
Shawnee Co. RWD #01C 7M 79 77 69 79 83 77
Shawnee Co. RWD #02C 7M 84 87 82 83 85 84
Shawnee Co. RWD #03C 7M 116 106 99 94 97 102
Shawnee Co. RWD #04C 7L 85 86 80 92 98 88
Shawnee Co. RWD #08 7M 93 87 89 91 92 90
Silver Lake 7M 89 83 80 72 73 79
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Simmons Subdivision 7S na na na 72 74 73
Simpson 6S 90 83 111 140 94 104
Smith Center 6ML 149 138 146 162 158 151
Smith Co. RWD #01 6S 175 154 134 178 196 167
Soldier 7S 61 61 62 63 55 60
Solomon 7M 119 109 104 89 90 102
South Haven 7S 129 115 110 97 101 110
South Hutchinson 6ML 174 156 130 155 151 153
Spearville 4 162 133 123 128 131 135
Speed 5 104 99 89 129 87 102
Spivey 6S 128 127 140 165 119 136
Spring Hill 8M 69 90 79 74 88 80
St. Francis 1 284 310 274 232 287 277
St. George 7M 87 75 77 87 75 80
St. John 6ML 154 136 135 123 154 140
St. Marys 7M 114 102 98 98 91 101
St. Paul 8M 110 86 90 89 96 94
Stafford 6ML 141 133 118 114 121 125
Sterling 6ML 101 92 82 82 95 90
Stockton 5 124 149 114 98 101 117
Strong City 7M 121 129 87 96 102 107
Sublette 2 265 274 248 220 276 257
Suburban Water Company 8M 95 92 89 71 82 86
Summerfield 7S 113 91 82 102 90 96
Sumner Co. RWD #01 7S 110 114 145 134 93 119
Sumner Co. RWD #02 7S 105 117 110 131 103 113
Sumner Co. RWD #03 7S na 83 79 80 93 84
Sumner Co. RWD #04 7M 106 107 93 90 90 97
Sumner Co. RWD #05 7M 116 136 na 109 87 112
Sumner Co. RWD #06 7S 93 91 84 86 95 90
Susank 6S 94 89 na na 91 91
Sylvan Grove 6S 143 126 109 113 102 119
Sylvia 6S 121 105 97 93 87 101
Syracuse 1 348 346 377 349 379 360
Tescott 7S 95 105 95 96 95 97
Thayer 8S 146 132 na 122 107 127
Timber Creek Water & Sewe 7M 153 132 125 111 125 129
Timken 5 124 125 69 47 59 85
Tipton 6S 111 102 115 104 95 105
Tonganoxie 8M 89 88 80 80 82 84
Topeka 7L 131 138 129 120 129 129
Toronto 7S 69 88 98 87 89 86
Towanda 7M 89 na na na na 89
Treece 8S 70 na 84 90 na 81
Trego Co. RWD #01 4 93 71 81 67 116 86
Trego Co. RWD #02 4 117 90 101 114 129 110
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Tribune 1 295 282 321 288 314 300
Troy 8M 121 112 91 107 109 108
Turon 6S 109 102 101 96 114 104
Udall 7M 94 78 84 83 96 87
Ulysses 2 251 224 253 240 255 245
Uniontown 8S 91 82 80 84 99 87
University Park Water 7S 66 54 47 45 46 52
Utica 4 227 153 175 176 214 189
Valley Center 7M 84 74 83 80 100 84
Valley Falls 8M 117 107 115 114 127 116
Vermillion 7S 140 127 120 110 100 119
Victoria 5 116 107 107 95 105 106
Viola 7S 65 67 58 58 85 67
Virgil 7S 52 49 45 47 50 49
Wabaunsee Co. RWD #01 7S 79 77 90 91 96 87
Wabaunsee Co. RWD #02 7M 102 87 87 81 85 88
WaKeeney 4 218 189 199 172 178 191
Wakefield 7M 110 137 112 100 125 117
Waldo 6S 58 80 64 79 62 69
Wallace 1 356 244 220 203 250 255
Wallace Co. RWD #01 1 366 334 335 224 303 312
Walton 7S 73 74 67 na na 71
Wamego 7M 121 118 109 94 107 110
Washington 7M 147 139 134 134 137 138
Washington Co. RWD #01 7M 91 92 88 95 84 90
Washington Co. RWD #02 7M 103 128 144 121 155 130
WaterOne - Johnson Co. 8L 173 155 145 139 146 152
Waterville 7M 155 144 125 126 121 134
Wathena 8M 96 112 103 99 104 103
Waverly 7M 76 78 75 72 77 76
Weir 8M 72 69 73 68 70 70
Wellington 7M 131 124 125 130 141 130
Wellsville 8M 78 74 70 67 63 70
West Hills Water Company 6S 317 296 233 226 440 302
West Mineral 8S 64 59 52 64 53 58
Westmoreland 7M 88 86 87 76 79 83
Wetmore 7S 80 79 81 82 84 81
White City 7M 95 94 96 76 77 88
White Cloud 8S 82 82 79 71 71 77
Whitewater 7M 99 83 80 77 74 83
Whiting 7S 85 63 64 68 62 68
Wichita 7L 155 141 130 126 133 137
Williamsburg 8S 90 80 74 71 72 77
Willis 8S na na na 118 131 125
Wilsey 7S 54 55 54 60 62 57
Wilson 6ML 155 108 104 106 110 117
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Wilson Co. RWD #01 7S 136 119 na na 87 114
Wilson Co. RWD #02 7S 95 58 na na 60 71
Wilson Co. RWD #03 7S na na 61 61 45 56
Wilson Co. RWD #04 7S 99 83 90 97 na 92
Wilson Co. RWD #05 7S 45 53 49 44 33 45
Wilson Co. RWD #06 7S 99 109 95 99 84 97
Wilson Co. RWD #09 7S na 67 na na na 67
Wilson Co. RWD #11 7M 76 64 67 78 73 72
Wilson Co. RWD #12 7S 61 68 65 65 63 64
Wilson Co. RWD #13 7S 86 75 na 70 68 75
Winchester 8M 80 90 78 81 74 81
Windom 7S 100 96 83 92 92 93
Winfield 7L 143 129 128 124 143 133
Winona 2 338 324 306 295 278 308
Woodbine 7S na na na na 58 58
Woodson Co. RWD #01 7M 75 73 63 66 60 67
Woodston 5 174 222 255 250 157 212
Yates Center 7M 118 114 101 100 105 108
Zenda 6S 146 121 122 109 124 124

Note:  GPCD figures are based on reported water sold to residential and commercial customers, 
metered free uses, and unaccounted for water.  If insufficient information was provided to 
determine GPCD, or if no water use report was filed, "na" is shown.
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Abbyville 6S 21 17 36 10 9 19
Abilene 7M 12 18 13 15 18 15
Admire 7S 16 19 20 16 22 19
Agenda 7S 12 3 13 na 4 8
Agra 5 30 17 15 10 11 17
Albert 6S 10 5 7 11 8 8
Alexander 5 12 11 6 4 20 11
Allen 7S 7 9 10 9 4 8
Allen Co. RWD #01 8S 100 na na na na 100
Allen Co. RWD #02 8S na na 19 na na 19
Allen Co. RWD #04 8S na 3 na 4 na 4
Allen Co. RWD #08 8M 19 23 28 28 6 21
Allen Co. RWD #09 8S na 100 100 na na 100
Allen Co. RWD #10 8S 10 12 14 27 na 16
Allen Co. RWD #11 8S 8 na 17 8 33 17
Allen Co. RWD #12 8S na na na na na na
Allen Co. RWD #13 8S 17 20 29 37 43 29
Allen Co. RWD #15 8S 8 na na na 6 7
Allen Co. RWD #16 8S 100 100 100 100 100 100
Alma 7M 7 na 12 5 5 7
Almena 4 18 14 39 46 8 25
Alta Vista 7S 7 9 10 9 11 9
Altamont 8M 4 7 5 na na 5
Alton 6S 10 7 10 16 34 15
Altoona 7S 10 12 10 10 na 11
Andale 7M 6 5 6 4 8 6
Anderson Co. RWD #01 8S 6 7 13 6 11 9
Anderson Co. RWD #01C 8M 13 15 24 23 24 20
Anderson Co. RWD #04 8M 14 21 22 18 16 18
Anderson Co. RWD #05 8M 15 14 na 24 20 18
Anthony 6ML 15 21 11 11 17 15
Arcadia 8S 11 7 15 15 17 13
Argonia 7M 8 8 5 4 5 6
Arkansas City 7L 17 23 28 28 28 25
Arlington 6S 7 5 7 4 6 6
Arma 8M 6 8 9 10 6 8
Arnold 4 100 100 100 100 100 100
Ashland 4 6 5 9 17 20 11
Assaria 7M na 5 4 3 29 10
Atchison 8L 24 29 17 31 28 26
Atchison Co. RWD #01 8M na 23 na 25 na 24
Atchison Co. RWD #03 8S 17 na na na na 17
Atchison Co. RWD #05C 8M 12 14 27 na na 18
Atchison Co. RWD #06 8M na na na na 16 16
Atlanta 7S 12 26 22 11 18 18

TABLE 3
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)

KANSAS, 2006-2010
FOR PUBLIC WATER SUPPLIERS
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Attica 6ML 5 9 33 41 45 27
Atwood 2 8 6 10 13 10 9
Augusta 7M 21 22 36 30 23 26
Aurora 7S 11 10 6 na na 9
Axtell 7S 4 4 11 7 6 6
Baldwin 8M 17 13 8 21 22 16
Barber Co. RWD #01 6S 100 100 100 100 100 100
Barber Co. RWD #02 6S na na na na 32 32
Barber Co. RWD #03 6S 11 19 23 30 17 20
Barnard 6S 14 15 9 15 5 12
Barnes 7S 23 34 27 40 30 31
Bartlett 8S na 16 na na 10 13
Barton Co. RWD #01 6S 12 12 23 11 20 16
Barton Co. RWD #02 6ML 48 na na na na 48
Barton Hills WD 6S 8 8 7 6 6 7
Baxter Springs 8M 33 31 28 29 31 30
Bazine 4 8 10 11 12 16 11
Beattie 7S 26 19 26 25 13 22
Bel Aire 7M 3 4 6 na na 4
Belle Plaine 7M 13 15 17 14 12 14
Belleville 7M 11 9 10 9 6 9
Beloit 6ML 8 8 11 9 9 9
Belpre 5 20 17 29 29 25 24
Belvidere 5 100 100 100 100 100 100
Belvue 7S 13 7 10 4 12 9
Bennington 7M 5 4 4 7 na 5
Benton 7M 4 10 na 8 10 8
Bern 7S 6 5 9 10 12 8
Beverly 6S 12 19 na na na 16
Bird City 1 42 39 24 41 25 34
Bison 5 22 na 16 21 11 18
Blue Mound 8S 9 8 12 9 10 10
Blue Rapids 7M 17 26 19 20 29 22
Blue River Hills Improvement 7S 100 100 100 100 100 100
Bluff City 6S 18 23 14 32 11 20
Bogue 4 10 9 10 10 8 9
Bonner Springs 8M 23 23 22 26 25 24
Bourbon Co. RWD #02C 8M 14 11 15 24 30 19
Bourbon Co. RWD #04 8M 11 13 11 14 23 14
Brewster 2 3 12 4 4 4 5
Bronson 8S 11 12 11 11 13 12
Brown Co. RWD #01 8M 21 21 20 18 29 22
Brown Co. RWD #02 8M 13 7 9 10 21 12
Brownell 4 8 13 10 16 8 11
Bucklin 4 21 15 18 31 14 20
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Buffalo 7S 3 18 23 25 16 17
Buhler 6ML 8 6 4 na na 6
Bunker Hill 6S 12 7 10 9 10 10
Burden 7M 7 7 9 7 8 8
Burdett 5 10 20 41 19 28 24
Burlingame 7M 18 24 7 na 6 14
Burlington 7M 12 14 7 10 13 11
Burns 7S na 5 na na na 5
Burr Oak 6S 16 15 24 25 20 20
Burrton 7M 6 11 4 8 9 8
Bushton 6S 13 14 14 16 13 14
Butler Co. RWD #01 7M 11 17 23 15 12 16
Butler Co. RWD #02 7M 12 47 5 6 22 18
Butler Co. RWD #03 7M 10 15 12 15 22 15
Butler Co. RWD #04 7M 7 na na na na 7
Butler Co. RWD #05 7M 23 8 9 11 8 12
Butler Co. RWD #06 7M 11 11 23 14 15 15
Butler Co. RWD #07 7M 7 7 11 6 9 8
Butler Co. RWD #08 7M 12 12 10 6 14 11
Byron 7S 100 100 100 100 100 100
Caldwell 7M 14 14 18 21 27 19
Cambridge 7S na 6 6 18 5 9
Caney 7M 29 24 24 22 29 26
Canton 7M na na na na 5 5
Carbondale 7M 6 17 16 27 17 17
Cassoday 7S 10 9 8 16 16 12
Cawker City 6S 29 33 25 na 10 24
Cedar Point 7S 14 25 29 25 7 20
Cedar Vale 7M 28 20 17 14 na 20
Centralia 7M 4 na 4 na na 4
Chanute 8M 12 12 11 10 10 11
Chapman 7M 4 8 8 15 6 8
Chase 6S 14 18 12 22 14 16
Chase Co. RWD #01 7S 12 19 na 37 na 23
Chautauqua 7S 21 na na na 12 17
Chautauqua Co. RWD #01 7S na na na na na na
Chautauqua Co. RWD #02 7S 26 28 20 20 17 22
Chautauqua Co. RWD #03 7S 20 13 na na 25 19
Cheney 7M 4 9 10 8 6 7
Cherokee 8M 16 7 5 12 11 10
Cherokee Co. RWD #01 8M 32 37 40 31 30 34
Cherokee Co. RWD #02 8M 27 18 20 14 17 19
Cherokee Co. RWD #03 8M 24 39 49 40 49 40
Cherokee Co. RWD #04 8M 24 29 30 29 43 31
Cherokee Co. RWD #05 8S 12 11 13 8 13 11
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Cherokee Co. RWD #06 8S na na na 9 3 6
Cherokee Co. RWD #07 8S 12 39 41 37 37 33
Cherokee Co. RWD #08 8M 15 13 13 13 16 14
Cherryvale 7M 18 23 18 18 23 20
Chetopa 8M 9 4 23 11 17 13
Chicopee Rural Water 8S na 35 14 10 8 17
Cimarron 3 10 9 12 11 8 10
Circleville 7S 9 21 24 23 11 18
Claflin 6ML 12 25 20 20 22 20
Clay Center 7M 5 10 8 6 6 7
Clay Co. RWD #01 7S 4 13 25 21 28 18
Clay Co. RWD #02 7M 14 9 11 12 16 12
Clayton 4 na na na 5 na 5
Clearwater 7M 13 12 15 13 15 14
Clifton 7M 12 13 13 17 10 13
Cloud Co. RWD #01 7S 17 36 31 32 21 27
Clyde 7M 11 8 15 10 20 13
Coal Hollow WD 8S na 100 100 na na 100
Coats 6S 7 15 10 11 10 11
Coffey Co. RWD #02 7M 11 13 13 28 15 16
Coffey Co. RWD #03 7M 4 6 9 5 11 7
Coffeyville 7L 24 23 15 9 17 18
Colby 2 20 21 23 23 18 21
Coldwater 5 na na 7 22 5 11
Collyer 4 16 10 na 9 4 10
Colony 8S 19 6 9 4 5 9
Columbus 8M 26 26 15 21 16 21
Colwich 7M 3 na na na na 3
Comanche Co. RWD #01 5 16 12 23 19 30 20
Comanche Co. RWD #02 5 40 52 45 63 58 52
Concordia 7M 5 11 12 20 10 12
Conway Springs 7M 14 22 15 19 12 16
Coolidge 1 24 16 28 5 30 21
Copeland 3 58 59 59 58 59 59
Corning 7S na na na na na na
Cottonwood Falls 7M 5 4 3 10 20 8
Council Grove 7M 13 13 14 10 9 12
Courtland 7S 22 8 11 8 7 11
Cowley Co. RWD #01 7M 8 6 4 6 6 6
Cowley Co. RWD #02 7M 11 8 9 7 6 8
Cowley Co. RWD #03 7M 14 16 30 18 15 19
Cowley Co. RWD #04 7M 7 10 19 13 21 14
Cowley Co. RWD #05 7M na 20 21 25 38 26
Cowley Co. RWD #06 7M 16 18 30 17 14 19
Cowley Co. RWD #07 7S 33 46 38 33 41 38
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Cowley Co. RWD #08 7S na na na na na na
Crawford Co. RWD #01 8M 29 na 16 10 34 22
Crawford Co. RWD #01C 8M 15 16 17 21 20 18
Crawford Co. RWD #03 8S 13 15 20 14 9 14
Crawford Co. RWD #04 8M 14 19 21 24 21 20
Crawford Co. RWD #05 8M 29 34 38 43 49 39
Crawford Co. RWD #06 8M 13 18 19 23 22 19
Crawford Co. RWD #07 8S 7 16 23 5 5 11
Cuba 7S 12 21 22 22 15 18
Cullison 6S 22 20 25 25 34 25
Culver 7S 15 11 15 15 17 15
Cunningham 6S 15 9 8 11 20 13
Damar 5 na na na na 15 15
Dearing 7S na na 5 na 12 9
Deerfield 2 6 5 11 6 18 9
Delia 7S 100 100 100 100 na 100
Delphos 7S 28 30 30 34 30 30
Denison 8S 6 8 5 4 na 6
Derby (El Paso Water Co.) 7L na na na na 4 4
DeSoto 8M 47 54 36 46 50 47
Dexter 7S 3 10 9 9 13 9
Dickinson Co. RWD #01 7M 25 47 32 22 45 34
Dickinson Co. RWD #02 7M 24 27 28 21 29 26
Dighton 3 8 12 12 12 9 11
Dodge City 4 14 13 19 10 6 12
Doniphan Co. RWD #01 8S 36 18 27 34 23 28
Doniphan Co. RWD #02 8S 16 15 26 29 27 23
Doniphan Co. RWD #03 8S 25 8 8 23 18 16
Doniphan Co. RWD #05 8M na na na 21 21 21
Dorrance 6S 44 17 13 13 8 19
Douglas Co. RWD #01 8M 21 17 21 13 17 18
Douglas Co. RWD #02 8M 18 23 17 24 11 19
Douglas Co. RWD #03 7M 21 20 28 22 16 21
Douglas Co. RWD #04 8M 21 21 22 22 23 22
Douglas Co. RWD #05 8M 6 5 3 13 15 8
Douglas Co. RWD #06 8M 12 na 4 na na 8
Douglass 7M 7 13 12 11 13 11
Downs 6ML 14 22 12 21 28 19
Durham 7S 16 10 9 9 26 14
Dwight 7S na na 7 13 13 11
Easton 8S 14 12 10 5 23 13
Edgerton 8M 8 6 8 3 7 6
Edna 8S 11 11 na 13 6 10
Effingham 8M na 3 na na 12 8
El Dorado 7L na na 5 3 na 4
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Elbing 7S 5 7 7 6 5 6
Elgin 7S 60 58 51 54 64 57
Elk City 7S 24 16 18 19 7 17
Elk Co. RWD #01 7S na 30 34 na 32 32
Elkhart 1 na 20 13 20 21 19
Ellinwood 6ML 4 5 3 4 4 4
Ellis 5 7 5 8 10 11 8
Ellis Co. RWD #01 5 8 10 14 6 26 13
Ellis Co. RWD #01C 5 4 na na na na 4
Ellis Co. RWD #03 5 14 4 7 100 100 45
Ellis Co. RWD #06 5 15 15 19 18 18 17
Ellsworth 6ML 18 17 17 17 14 17
Elmdale 7S 25 30 52 28 23 32
Elwood 8M 9 8 10 11 8 9
Emmett 7S 30 na 21 17 13 20
Emporia 7L 16 18 21 18 12 17
Englewood 4 95 97 97 95 93 95
Ensign 3 3 8 5 4 3 5
Enterprise 7M 15 12 11 13 18 14
Erie 8M 10 11 21 15 13 14
Esbon 6S 27 10 14 26 23 20
Eskridge 7M 6 4 4 3 6 5
Eudora 8M 7 6 7 7 6 7
Eureka 7M 6 9 12 11 12 10
Everest 8S 22 25 27 25 46 29
Fall River 7S 19 18 22 22 12 19
Farr Subdivision 2 100 100 100 100 100 100
Finney Co. RWD #01 2 na na na 5 5 5
Florence 7M na 8 18 15 31 18
Fontana 8S 14 na 18 20 15 17
Ford 4 89 100 98 99 100 97
Formoso 6S 14 17 16 13 12 14
Fort Scott 8M 23 27 32 9 19 22
Fowler 3 9 11 11 3 5 8
Frankfort 7M 17 16 21 13 20 17
Franklin Co. RWD #01 8M 5 7 na na na 6
Franklin Co. RWD #03 8S 14 6 10 15 9 11
Franklin Co. RWD #04 8M 15 13 17 17 24 17
Franklin Co. RWD #05 8M 18 16 10 14 11 14
Franklin Co. RWD #06 8M 16 15 14 18 21 17
Fredonia 7M 8 15 7 8 na 10
Frontenac 8M 9 13 23 16 8 14
Fulton 8S 22 21 14 11 11 16
Galena 8M 20 20 19 21 14 19
Galesburg 8S 15 13 27 26 23 21
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Galva 7M 6 13 5 5 4 7
Garden City 2 8 4 na 3 na 5
Garden Plain 7M 8 4 3 3 13 6
Garden Spot Rentals 2 100 100 100 100 100 100
Gardner 8L 14 16 18 14 15 15
Garnett 8M 10 13 14 11 7 11
Gas 8M 4 4 na 6 9 6
Gaylord 6S 37 48 16 5 8 23
Geary Co. RWD #01 7S na na na na na na
Geary Co. RWD #02 7S 100 100 100 100 100 100
Geary Co. RWD #04 7M na 5 4 3 5 4
Geneseo 6S 18 33 18 8 14 18
Geuda Springs 7S 11 11 11 15 15 13
Girard 8M 15 16 18 11 14 15
Glade 5 29 50 38 48 42 41
Glasco 7S 22 7 8 11 10 12
Glen Elder 6S 13 12 13 9 12 12
Goddard 7M 3 na na 4 na 4
Goessel 7M 13 22 22 21 14 18
Goff 7S 7 5 12 7 na 8
Goodland 1 26 25 25 27 24 25
Gorham 6S 10 19 19 7 5 12
Gove 3 31 23 45 26 10 27
Grainfield 3 9 5 11 21 16 12
Grandview Plaza 7M 12 15 11 12 13 13
Great Bend 6ML 19 25 24 18 12 20
Greeley 8S 6 na na 4 4 5
Green 7S 10 16 17 29 29 20
Greenleaf 7S 14 18 13 17 15 15
Greensburg 5 17 12 16 17 18 16
Greenwood Co. RWD #01 7M 36 31 32 20 32 30
Greenwood Co. RWD #02 7M 15 16 19 19 20 18
Greenwood Co. RWD #03 7S 12 13 25 14 24 18
Grenola 7S 13 18 17 9 13 14
Gridley 7S 16 17 13 6 16 14
Grinnell 3 5 na 7 7 4 6
Gypsum 7S 4 na 3 10 8 6
Haddam 7S 17 30 30 31 23 26
Halstead 7M 9 15 14 13 12 13
Hamilton 7S na 9 17 15 15 14
Hamilton Co. RWD #01 1 36 7 8 4 na 14
Hanover 7M 18 13 17 na na 16
Hanston 4 14 17 10 16 17 15
Hardtner 6S 8 10 4 38 35 19
Harper 6ML 13 11 7 11 9 10
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Harper Co. RWD #04 6S 10 20 43 54 54 36
Harper Co. RWD #05 6S 19 30 na 16 na 22
Hartford 7M 23 26 28 19 15 22
Harvey Co. RWD #01 7M 9 12 21 13 17 14
Harveyville 7S 15 10 10 7 5 9
Haven 6ML 24 29 27 24 23 25
Haviland 5 14 14 13 13 14 14
Hays 5 10 9 11 7 7 9
Hays City Suburban 5 100 100 100 100 100 100
Haysville 7L 14 11 11 9 14 12
Hazelton 6S 7 12 40 26 45 26
Herington 7M 18 6 20 12 19 15
Herndon 2 23 24 12 40 49 30
Hesston 7M 3 4 15 16 15 11
Hiawatha 8M 5 5 6 8 6 6
Highland 8M 18 17 11 15 14 15
Hill City 4 20 19 18 27 24 22
Hillsboro 7M 12 18 5 8 na 11
Hoisington 6ML 8 14 21 22 20 17
Holcomb 2 10 12 9 7 11 10
Holton 7M 16 6 16 14 11 13
Holyrood 6S 9 3 7 8 6 7
Hope 7S 13 3 3 na 5 6
Horace 1 4 8 9 10 16 9
Horton 8M 7 9 6 5 11 8
Howard 7M 3 6 6 7 5 5
Howison Heights WD 7S na 6 20 19 26 18
Hoxie 3 13 11 15 13 7 12
Hoyt 7M 9 4 4 5 7 6
Hugoton 2 7 7 7 6 8 7
Humboldt 8M 15 15 14 17 24 17
Hunter 6S 17 19 16 na na 17
Hutchinson 6ML 9 9 8 14 13 11
Independence 7L 29 22 27 19 26 25
Ingalls 3 27 18 na na na 23
Inman 7M 7 7 6 7 6 7
Iola 8M 11 21 17 21 18 18
Isabel 6S 15 14 4 na 12 11
Iuka 6S 5 4 4 5 6 5
Jackson Co. RWD #01 7M 20 18 20 10 na 17
Jackson Co. RWD #03 7M 17 21 17 17 16 18
Jamestown 7S 7 na 13 17 20 14
Jefferson Co. RWD #01 8M 13 25 20 13 12 17
Jefferson Co. RWD #02 8M 25 36 56 37 30 37
Jefferson Co. RWD #03 8M 23 54 27 26 28 32
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Jefferson Co. RWD #07 8M 19 21 27 25 26 24
Jefferson Co. RWD #08 8S 7 7 10 21 3 10
Jefferson Co. RWD #09 8S 21 29 22 20 na 23
Jefferson Co. RWD #10 8S 20 17 24 40 na 25
Jefferson Co. RWD #11 8S 16 19 15 13 10 15
Jefferson Co. RWD #12 8M 14 11 11 13 5 11
Jefferson Co. RWD #13 8M 28 27 44 32 20 30
Jefferson Co. RWD #15 8S 9 14 4 4 4 7
Jennings 3 28 24 36 30 29 29
Jetmore 4 13 11 7 20 9 12
Jewell 6S 26 10 6 8 17 13
Jewell Co. RWD #01 6S 15 19 27 26 28 23
Johnson City 1 15 17 13 11 11 13
Johnson Co. RWD #06C 8M 16 17 12 4 5 11
Johnson Co. RWD #07 8M 14 9 na na 23 15
Junction City 7L 17 21 25 18 17 20
Kanopolis 6ML 9 13 25 18 31 19
Kanorado 1 13 22 8 12 15 14
Kansas City BPU 8L 23 17 20 17 19 19
Kechi 7M na 5 na na na 5
Kensington 6ML 21 23 26 20 10 20
Kincaid 8S 5 3 na 15 na 8
Kingman 6ML 12 10 9 9 11 10
Kingman Co. RWD #01 6S 18 20 20 24 34 23
Kinsley 5 17 19 22 19 12 18
Kiowa 6ML 13 14 18 15 11 14
Kirwin 5 16 22 20 17 43 24
Kismet 2 27 22 28 24 34 27
Konza Valley Water District 7S 8 9 3 10 14 9
La Crosse 5 12 19 23 20 19 19
La Cygne 8M 9 6 6 na 3 6
La Harpe 8M 20 7 4 12 9 10
Labette Co. RWD #01 8S 9 17 19 17 23 17
Labette Co. RWD #02 8S 12 18 37 36 na 26
Labette Co. RWD #03 8S 12 8 11 17 14 12
Labette Co. RWD #04 8S na 20 20 8 na 16
Labette Co. RWD #05 8M 4 4 na na na 4
Labette Co. RWD #06 8M na na na na na na
Labette Co. RWD #07 8M 15 11 12 14 13 13
Labette Co. RWD #08 8M 17 26 100 24 32 40
Lakeside Village Improvement 8S 43 62 68 60 59 58
Lakin 2 11 6 7 8 10 8
Lancaster 8S na na na na na na
Lane 8S 25 11 24 7 18 17
Lane Co. RWD #01 3 12 19 19 14 14 16
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Lansing (Lan-Del WC) 8M 5 6 6 na 7 6
Larned 5 10 16 17 14 15 14
Latham 7S 6 13 8 9 9 9
Lawrence 8L na 3 5 4 na 4
Leavenworth 8L 10 11 10 11 15 11
Leavenworth Co. RWD #01C 8M 3 8 6 9 17 9
Leavenworth Co. RWD #02 8M 33 36 38 28 36 34
Leavenworth Co. RWD #05 8M 7 8 9 12 26 12
Leavenworth Co. RWD #06 8S 10 9 16 13 12 12
Leavenworth Co. RWD #07 8M 11 9 7 10 4 8
Leavenworth Co. RWD #08 8M 19 20 26 17 7 18
Leavenworth Co. RWD #09 8M 18 20 13 10 15 15
Leavenworth Co. RWD #10 8M na na 16 na na 16
Lebanon 6S 8 8 19 16 11 12
Lebo 7M 3 4 4 4 5 4
Lecompton 8M 4 13 11 11 21 12
Lehigh 7S 6 na na 18 na 12
Lenora 4 19 18 19 34 35 25
Leon 7M 16 19 21 30 25 22
Leonardville 7S 13 11 9 11 7 10
Leoti 2 na 13 na na 5 9
LeRoy 7M 11 na na 7 9 9
Lewis 5 na 8 5 7 3 6
Liberal 2 13 9 9 8 9 10
Liebenthal 5 9 5 10 11 12 9
Lincoln Center 6ML 25 28 27 30 18 26
Lindsborg 7M 11 8 14 13 13 12
Linn 7S 4 5 7 5 7 6
Linn Co. RWD #01 8M 14 21 14 25 26 20
Linn Co. RWD #02 8M na 27 na 34 22 28
Linn Co. RWD #03 8M na 26 na 31 39 32
Linwood 8S 9 10 17 20 19 15
Little Bear Mound 7S na 100 100 100 na 100
Little River 6ML 9 12 9 15 18 13
Logan 5 10 10 23 30 23 19
Long Island 5 3 14 na na na 37
Longford 7S 6 7 na na 3 5
Longton 7S 7 19 23 29 27 21
Lorraine 6S 11 61 7 3 5 17
Louisburg 8M 4 6 10 9 6 7
Lucas 6S 6 28 12 10 na 14
Luray 6S 7 10 6 11 na 9
Lyndon 7M 16 23 12 17 12 16
Lyon Co. RWD #01 7M na na na na na na
Lyon Co. RWD #02 7M 7 4 4 18 7 8
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Lyon Co. RWD #03 7S 9 9 17 12 14 12
Lyon Co. RWD #04 7M na 3 na na na 3
Lyon Co. RWD #05 7M 9 14 4 4 13 9
Lyons 6ML 7 11 10 16 13 11
Macksville 6S 8 13 18 18 16 15
Madison 7M 24 15 19 11 16 17
Mahaska 7S 5 5 3 5 na 5
Maize 7M 14 9 7 5 28 13
Manchester 7S 14 14 na 31 na 20
Manhattan 7L 10 9 11 13 13 11
Mankato 6ML 17 26 35 31 25 27
Manter 1 48 28 12 19 21 26
Maple Hill 7M 8 6 7 8 9 8
Marion 7M 15 19 na 9 4 12
Marion Co. Imp. Dist. #02 7S na na 4 4 4 4
Marion Co. RWD #01 7M 12 9 16 17 17 14
Marion Co. RWD #02 8M na na na na na na
Marion Co. RWD #04 7M 21 11 13 10 8 13
Marquette 7M 7 4 7 7 10 7
Marshall Co. RWD #01 7S 8 12 14 13 6 11
Marshall Co. RWD #03 7M 10 15 17 14 17 15
Marysville 7M 17 31 17 15 19 20
Matfield Green 7S 28 20 24 50 27 30
Mayetta 7S na 7 3 10 5 6
Mayfield 7S na na na na na na
McCracken 5 na na 3 na 3 3
McCune 8S 5 20 13 20 na 15
McDonald 2 42 50 44 40 18 39
McFarland 7S 7 10 17 23 25 16
McLouth 8M 12 12 11 14 12 12
McPherson 7L 5 7 6 7 6 6
McPherson Co. RWD #01 7S 8 na 12 na na 10
McPherson Co. RWD #02 7S 9 4 na 3 4 5
McPherson Co. RWD #03 7S na na na 100 na 100
McPherson Co. RWD #04 7M 5 6 17 7 11 9
McPherson Co. RWD #06 7S 5 9 8 na na 7
Meade 3 14 13 20 20 22 18
Medicine Lodge 6ML 15 28 31 15 15 21
Melvern 7S 23 11 9 20 16 16
Miami Co. RWD #01 8M na 11 16 15 17 15
Miami Co. RWD #02 8M 10 9 10 9 4 8
Miami Co. RWD #03 8M 20 19 9 6 13 13
Miami Co. RWD #04 8M 11 na 15 12 12 13
Milford 7M 7 11 8 5 8 8
Miltonvale 7M 10 25 18 18 14 17
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Minneapolis 7M 18 24 5 11 9 13
Minneola 4 6 12 16 17 15 13
Mitchell Co. RWD #02 6ML 17 9 12 13 13 13
Moline 7S 15 13 7 8 10 11
Montezuma 3 11 13 9 13 13 12
Montgomery Co. RWD #01 7S na na na na na na
Montgomery Co. RWD #01C 7M 10 na 17 13 na 13
Montgomery Co. RWD #02 7M 10 13 7 5 4 8
Montgomery Co. RWD #02C 7M na na na na 12 12
Montgomery Co. RWD #06 7M 16 20 20 25 27 22
Montgomery Co. RWD #08 7S na 44 37 26 18 31
Montgomery Co. RWD #12 7M 17 21 16 28 14 19
Montgomery Co. RWD #13 7S 19 28 na 13 14 19
Montgomery Co. RWD #14 7S 22 22 16 20 10 18
Moran 8M 13 10 4 5 7 8
Morganville 7S na na na na na na
Morland 4 14 9 10 9 8 10
Morrill 8S 6 28 25 4 14 15
Morris Co. RWD #01 7M na 7 12 5 16 10
Morrowville 7S 8 16 16 11 15 13
Moscow 2 15 9 15 19 23 16
Mound City 8M 12 na na na na 12
Mound Valley 8S 3 8 5 3 na 5
Moundridge 7M 5 na na na 6 6
Mount Hope 7M 9 9 8 12 24 12
Mulberry 8M 21 24 38 23 21 25
Mullinville 5 29 21 25 16 24 23
Mulvane 7M 10 12 11 10 9 10
Munden 7S 3 na 24 10 12 12
Muscotah 8S 20 56 36 10 na 31
Narka 7S na 20 na 28 27 25
Natoma 6S na 34 17 19 15 21
Nemaha Co. RWD #01 7S 15 12 23 7 7 13
Nemaha Co. RWD #02 7S 7 7 na na 3 6
Nemaha Co. RWD #03 7M 8 7 7 6 10 8
Nemaha Co. RWD #04 7M 19 17 19 22 6 17
Neodesha 7M 8 13 7 11 na 10
Neosho Co. RWD #01C 8M na na 6 28 40 25
Neosho Co. RWD #02 8M 12 26 14 18 25 19
Neosho Co. RWD #03 8S na 36 40 11 9 24
Neosho Co. RWD #04 8M 20 23 12 30 21 21
Neosho Co. RWD #05 8S 48 26 na 28 41 36
Neosho Co. RWD #06 8S 16 19 34 20 41 26
Neosho Co. RWD #07 8M 12 33 25 33 23 25
Neosho Co. RWD #08 8S 8 8 5 7 7 7
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Neosho Co. RWD #09 8S 20 22 11 21 33 21
Neosho Co. RWD #12 8S 8 9 10 7 12 9
Ness City 4 5 na 13 4 12 9
Netawaka 7S na na na 23 8 16
New Strawn 7S 10 15 3 9 11 10
Newton 7L 10 8 9 12 14 11
Nickerson 6ML 12 7 37 31 25 22
Norcatur 3 na 9 6 6 24 11
North Newton 7M 20 23 10 15 8 15
Norton 4 13 16 17 19 16 16
Norton Co. RWD #01 4 9 11 9 11 9 10
Nortonville 8M 6 8 10 7 5 7
Norwich 6ML 18 14 9 12 10 13
Oakley 2 15 13 15 16 36 19
Oberlin 3 9 11 9 10 5 9
Offerle 5 8 5 7 14 19 11
Ogden 7M 8 7 7 7 3 6
Oketo 7S 7 20 16 na na 14
Olathe 8L 13 13 12 15 17 14
Olmitz 6S 19 21 14 15 20 18
Olpe 7M na na na na 3 3
Olsburg 7S 15 5 5 na 7 8
Onaga 7M 10 5 6 8 5 7
Oneida 7S 12 13 13 13 7 12
Osage City 7M 8 8 12 11 11 10
Osage Co. RWD #02 7S 3 12 13 15 10 11
Osage Co. RWD #03 7M 11 17 14 7 6 11
Osage Co. RWD #04 7M 14 17 17 17 16 16
Osage Co. RWD #05 7M 17 17 21 18 19 18
Osage Co. RWD #06 7S 14 18 16 29 46 25
Osage Co. RWD #07 7M 18 20 26 26 30 24
Osage Co. RWD #08 7M na 22 20 na na 21
Osawatomie 8M 15 17 17 9 6 13
Osborne 6ML 14 13 21 14 13 15
Osborne Co. RWD #01A 6S 60 50 33 54 48 49
Osborne Co. RWD #02 6S na 6 22 11 8 12
Oskaloosa 8M na na 10 10 3 8
Oswego 8M 10 4 na na 4 6
Otis 5 14 12 11 7 8 10
Ottawa 8L 12 12 20 17 17 16
Ottawa Co. RWD #01 7S 25 3 38 na 46 28
Ottawa Co. RWD #02 7M 14 15 12 14 7 12
Overbrook 7M 25 29 6 15 3 16
Oxford 7M 15 14 24 3 15 14
Ozawkie 8M 16 14 14 12 18 15
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Palco 5 11 27 10 13 18 16
Palmer 7S 7 9 8 12 12 10
Paola 8M 9 15 12 14 15 13
Paradise 6S 13 13 13 18 17 15
Park 3 12 3 3 25 32 15
Park City 7M 3 8 8 7 6 6
Parker 8S 22 20 18 12 8 16
Parsons 8L 3 11 8 3 10 7
Pawnee Rock 6S 7 15 14 14 10 12
Paxico 7S 7 na na na na 7
Peabody 7M na 13 7 17 26 16
Perry 8M 17 15 15 10 7 13
Peru 7S 5 9 8 5 8 7
Phillips Co. RWD #01 5 na na na 13 14 14
Phillipsburg 5 18 9 6 8 11 10
Pittsburg 8L 8 6 12 15 15 11
Plains 3 13 15 17 15 18 16
Plainville 5 15 15 11 17 18 15
Pleasanton 8M 12 16 18 14 17 15
Pomona 8M 11 na 7 3 5 7
Portis 6S 21 16 14 16 26 19
Post Rock RWD 5 12 10 24 17 26 18
Pottawatomie Co. RWD #01 7M 9 na na na 18 14
Pottawatomie Co. RWD #02 7M 29 31 35 35 32 32
Pottawatomie Co. RWD #03 7M 15 20 16 15 14 16
Pottawatomie Co. RWD #04 7M na 11 9 12 4 9
Potwin 7S na 7 7 na na 7
Prairie View 5 20 6 13 28 18 17
Pratt 6ML 11 6 15 10 15 11
Prescott 8S 8 na 7 10 na 8
Preston 6S 10 15 na 8 39 18
Pretty Prairie 6ML 18 5 9 10 13 11
Princeton 8S 13 9 9 11 na 11
Protection 5 15 15 18 26 9 17
Quenemo 7S 7 na 9 na 12 9
Quinter 3 10 18 15 15 9 13
Randall 6S 17 12 12 11 na 13
Randolph 7S 8 12 5 15 8 10
Ransom 4 13 na na 5 5 8
Rantoul 8S 3 8 7 6 5 6
Raymond 6S 5 10 10 5 na 8
Reading 7S 12 na na na na 12
Red Bud Lake Improvement 7S 11 47 16 5 5 17
Reno Co. RWD #01 6S 4 na 6 5 na 5
Reno Co. RWD #03 6S 16 14 18 22 27 19
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Reno Co. RWD #04 6S na 9 4 na 3 5
Reno Co. RWD #08 6S 15 9 10 25 11 14
Reno Co. WD #101 6S na 5 5 13 13 9
Republic 7S 13 17 24 23 21 20
Republic Co. RWD #01 7S 26 34 40 39 38 35
Republic Co. RWD #02 7M 10 27 28 30 29 25
Reserve 8S 43 30 41 50 36 40
Rexford 2 4 4 10 9 9 7
Rice Co. RWD #01 6ML 3 15 27 na 9 14
Richmond 8S 16 9 14 13 14 13
Riley 7M 19 30 30 28 28 27
Riley Co. RWD #01 7M 5 6 5 na na 5
Robinson 8S 14 20 19 26 17 19
Rocky Ford Water Company 7S 100 100 100 100 100 100
Rolla 1 7 9 6 6 9 7
Rooks Co. RWD #01 5 5 5 na na na 5
Rooks Co. RWD #02 5 13 10 16 13 10 12
Rooks Co. RWD #03 5 16 12 19 17 18 16
Rose Hill 7M na 3 3 na 5 4
Roseland 8S na na na na na #DIV/0!
Rossville 7M 10 11 13 8 6 10
Rozel 5 16 13 14 7 27 15
Rush Center 5 10 na 11 12 10 11
Rush Co. RWD #01 5 16 24 17 16 15 18
Russell 6ML 13 7 21 24 27 18
Russell Co. RWD #01 6S 8 21 18 19 15 16
Russell Co. RWD #02 6S 100 100 100 100 100 100
Russell Co. RWD #03 6ML 20 23 14 19 25 20
Russell Co. RWD #04 6S 6 18 27 4 19 15
Sabetha 7M 5 6 3 6 8 6
Salina 7L 14 11 12 11 14 12
Saline Co. RWD #01 7S 10 15 na 8 na 11
Saline Co. RWD #02 7S 9 27 17 27 9 18
Saline Co. RWD #03 7M 13 na na 5 14 11
Saline Co. RWD #04 7M 24 19 17 8 20 18
Saline Co. RWD #06 7S 12 10 10 13 14 12
Saline Co. RWD #07 7S 11 7 4 18 17 11
Saline Co. RWD #08 7S 37 13 15 17 11 19
Satanta 2 6 4 14 10 8 8
Sawyer 6S 6 6 5 8 6 6
Scammon 8S 15 14 23 24 23 20
Scandia 7S 28 7 22 11 16 17
Scott City 2 9 9 9 7 3 7
Scranton 7M 11 10 15 na 12 12
Sedan 7M 14 16 15 15 4 13
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Sedgwick 7M na na 4 3 9 5
Sedgwick Co. RWD #01 7M 4 9 na 6 12 8
Sedgwick Co. RWD #03 7M na na na na na na
Sedgwick Co. RWD #04 7M 11 20 39 22 4 19
Selden 3 6 8 7 28 27 15
Seneca 7M 5 7 na 3 4 5
Severy 7S 14 17 22 21 30 21
Sharon 6S 23 18 15 15 16 17
Sharon Springs 1 18 15 12 10 11 13
Shawnee Co. RWD #01C 7M na 6 na 6 6 6
Shawnee Co. RWD #02C 7M 14 20 12 17 19 16
Shawnee Co. RWD #03C 7M na na na na 3 3
Shawnee Co. RWD #04C 7L 13 14 14 14 12 13
Shawnee Co. RWD #08 7M 14 13 16 18 13 15
Silver Lake 7M 4 8 4 10 4 6
Simmons Subdivision Sanitation 7S na na na 21 na 21
Simpson 6S 19 17 47 52 31 33
Smith Center 6ML 23 23 34 31 26 27
Smith Co. RWD #01 6S 11 7 9 12 14 11
Soldier 7S 4 8 3 na 7 6
Solomon 7M 16 13 16 4 na 12
South Haven 7S 16 13 16 6 17 14
South Hutchinson 6ML 14 11 6 7 8 9
Spearville 4 9 9 6 13 8 9
Speed 5 na 3 15 46 10 19
Spivey 6S 31 34 39 32 5 28
Spring Hill 8M 14 5 7 12 11 10
St. Francis 1 4 10 7 8 13 8
St. George 7M 14 8 9 20 17 14
St. John 6ML 17 16 21 19 27 20
St. Marys 7M 6 3 5 8 6 6
St. Paul 8M 4 7 15 na 8 9
Stafford 6ML 3 6 5 6 na 5
Sterling 6ML 4 na 6 4 12 7
Stockton 5 16 9 25 14 10 15
Strong City 7M na na 6 na na 6
Sublette 2 12 9 8 9 8 9
Suburban Water Company 8M 10 10 11 na 5 9
Summerfield 7S 7 7 6 4 8 6
Sumner Co. RWD #01 7S na 14 31 28 na 24
Sumner Co. RWD #02 7S 7 8 8 29 14 13
Sumner Co. RWD #03 7S na na na na 10 10
Sumner Co. RWD #04 7M 20 32 31 32 41 31
Sumner Co. RWD #05 7M 8 15 na 4 17 11
Sumner Co. RWD #06 7S 8 9 4 8 9 8
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Susank 6S 19 12 na na 17 16
Sylvan Grove 6S 6 6 11 6 10 8
Sylvia 6S 21 26 23 25 22 23
Syracuse 1 5 5 6 8 8 6
Tescott 7S 12 18 12 15 10 13
Thayer 8S na 8 na 9 5 7
Timber Creek Water & Sewer 7M 16 12 17 15 11 14
Timken 5 6 3 21 8 4 8
Tipton 6S 6 11 na na 9 9
Tonganoxie 8M 14 16 13 13 15 14
Topeka 7L 7 16 9 10 12 11
Toronto 7S na 12 13 14 14 13
Towanda 7M 8 na na na na 8
Treece 8S 13 na 21 24 na 19
Trego Co. RWD #01 4 4 5 6 4 7 5
Trego Co. RWD #02 4 23 16 11 13 12 15
Tribune 1 10 9 13 13 17 12
Troy 8M 17 8 4 5 6 8
Turon 6S 7 10 10 12 20 12
Udall 7M 17 na 18 16 27 20
Ulysses 2 9 5 6 6 6 6
Uniontown 8S 15 14 15 13 17 15
University Park Water 7S 4 6 4 4 na 5
Utica 4 6 8 4 20 11 10
Valley Center 7M na 4 13 10 10 9
Valley Falls 8M 17 16 21 15 18 17
Vermillion 7S na na 5 na 6 6
Victoria 5 12 18 22 18 16 17
Viola 7S 8 13 9 9 10 10
Virgil 7S 8 13 13 9 22 13
Wabaunsee Co. RWD #01 7S 15 13 17 16 17 16
Wabaunsee Co. RWD #02 7M 13 12 11 11 10 11
WaKeeney 4 13 16 11 17 8 13
Wakefield 7M 10 24 15 21 25 19
Waldo 6S na na 9 25 na 17
Wallace 1 na 3 na na 6 5
Wallace Co. RWD #01 1 5 6 5 3 6 5
Walton 7S na na 19 na na 19
Wamego 7M 6 7 5 8 6 6
Washington 7M 24 24 12 24 17 20
Washington Co. RWD #01 7M 4 9 9 13 7 8
Washington Co. RWD #02 7S 14 22 17 20 28 20
WaterOne - Johnson Co. 8L 10 9 13 14 12 12
Waterville 7M 4 9 8 10 5 7
Wathena 8M 19 29 30 28 27 27
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Waverly 7M 7 8 6 11 12 9
Weir 8M na 5 12 15 15 12
Wellington 7M 8 3 11 16 19 11
Wellsville 8M na 5 10 7 na 7
West Hills Water Company 6S 100 100 100 100 na 100
West Mineral 8S 13 14 10 12 na 12
Westmoreland 7M 7 13 7 9 10 9
Wetmore 7S 13 13 18 19 17 16
White City 7M 20 20 37 19 na 24
White Cloud 8S 17 16 16 32 31 22
Whitewater 7M 4 7 5 4 3 5
Whiting 7S 16 23 11 14 11 15
Wichita 7L 8 4 8 8 7 7
Williamsburg 8S 100 100 16 4 4 45
Willis 8S na na na 16 41 29
Wilsey 7S 14 4 4 6 na 7
Wilson 6ML 24 12 13 14 14 15
Wilson Co. RWD #01 7S 26 24 na na 12 21
Wilson Co. RWD #02 7S 100 100 na na 28 76
Wilson Co. RWD #03 7S na na 100 100 100 100
Wilson Co. RWD #04 7S 10 8 19 22 na 15
Wilson Co. RWD #05 7S 16 33 29 29 12 24
Wilson Co. RWD #06 7S 18 19 16 32 13 20
Wilson Co. RWD #09 7S na 19 na na na 19
Wilson Co. RWD #11 7M 27 25 28 44 47 34
Wilson Co. RWD #12 7S na 7 11 10 9 9
Wilson Co. RWD #13 7S 22 28 na 13 23 22
Winchester 8M 5 4 9 12 13 9
Windom 7S na 11 13 16 21 15
Winfield 7L 11 14 11 13 7 11
Winona 2 14 20 16 5 16 14
Woodbine 7S na na na na 3 3
Woodson Co. RWD #01 7M 14 15 14 15 14 14
Woodston 5 8 26 25 24 9 18
Yates Center 7M 13 15 11 8 8 11
Zenda 6S 18 36 19 19 21 23

Note:  Percent unaccounted for water represents all unmetered usage divided by total water produced or 
purchased.  If insufficient information was provided to determine the percent unaccounted for water, or 
if no water use report was filed, "na" is shown.
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KANSAS MUNICIPAL WATER USE 2011 

 

The Kansas Municipal Water Use publication has been prepared annually since 1987 to show 
comparative statistics for active public water suppliers that have filed water use reports with the Kansas 
Department of Agriculture, Division of Water Resources (DWR). Statistics shown in this report include per 
capita water usage and percent unaccounted for water for 2007 to 2011 for 795 public water suppliers, 
not including wholesale water supply districts, mobile home parks, or water systems that serve fewer than 
10 residential connections or seasonal customers.  Per capita use is shown in gallons per capita per day 
(GPCD) and is based on water use by residential and commercial customers, public uses, and 
unaccounted for water.  GPCD usage generally excludes water use by large industries and farmsteads 
using more than 200,000 gallons per year.  Percent unaccounted for water (UFW) is calculated as the 
amount of unsold, unmetered water divided by the total amount of water pumped or purchased.   

Average GPCD is calculated for eight different regions of the State so that individual GPCD can 
be compared to average usage for similar geographic areas.  These regions are shown in Figure 1 (see 
back cover) and correspond to general patterns of precipitation and per capita use.  GPCD usage tends 
to increase from eastern to western Kansas, primarily due to differences in precipitation.  GPCD averages 
also are calculated for different sizes of public water suppliers in the three most populous regions (6, 7, 
and 8).   

Table 1 shows annual and 5-year average GPCD for 2007 to 2011 by region and size group. 
Average per capita water use for 2011 ranged from 282 GPCD in western Kansas (Region 1) to 81 
GPCD among small public water suppliers in eastern Kansas (Region 8S).  State average per capita use 
in 2011 was 122 GPCD, an increase of 7 percent GPCD compared to 2010.   

Table 2 shows annual and 5-year average GPCD for individual water suppliers. GPCD values for 
many public water suppliers show an increase for 2011 compared to previous years.  Many of these 
changes reflect increased water use during the drought; other increases in GPCD are related to 
reductions in estimated population served.  For some cities, the 2010 Census population data (released 
in 2011) and the 2011 population updates (released in 2012) showed smaller numbers of residents than 
in previous years.  Particularly for very small systems, a large percent reduction in the population served 
can result in a large apparent increase in GPCD. 

Table 3 shows annual and 5-year average percent UFW for individual water suppliers. Regional 
average unaccounted for water in 2011 ranged from 12% to 17% of the total produced; the State average 
was 15%.  Many public water suppliers also identify amounts of metered unsold water on the annual 
water use reports, such as for public services and water treatment needs.  Regional average metered 
free water in 2011 ranged from 3% to 11% of the total produced; the State average was 6%. 

Completion of the annual water use report by personnel at every water supply system is greatly 
appreciated.  The data collected are valuable to DWR in administering water rights, to the Kansas Water 
Office (KWO) for preparing water conservation plans, and to the Kansas Rural Water Association (KRWA) 
in providing technical assistance with excessive unaccounted for water.  Additional information on the 
water use report program is available from DWR at www.ksda.gov/appropriation/ or call (785) 296-3717.  
For information on water conservation planning, please visit the KWO at www.kwo.org/ or call (785) 296-
3185.  For information on technical assistance to water suppliers, please visit the KRWA at 
www.krwa.net/ or call (785) 336-3760. 



2007 2008 2009 2010 2011

1 272 273 228 259 282 263
2 245 241 199 224 237 229
3 241 229 195 223 229 223
4 170 168 156 168 196 172
5 149 142 139 137 149 143

6-ML 135 133 131 139 151 138
6-S 126 121 117 114 134 122
7-L 135 128 124 134 140 132
7-M 101 96 94 98 103 98
7-S 92 89 87 87 93 90
8-L 130 123 122 125 130 126
8-M 98 92 89 93 94 93
8-S 82 81 78 79 81 80

Kansas 119 115 109 114 122 116

Average gallons per capita per day (GPCD) use includes water sold to residential and 

commercial customers, metered free uses, and unaccounted for water.  GPCD use does 

not include sales to other suppliers, industries, bulk uses, or farmsteads using more than 

200,000 gallons per year.  

Refer to Figure 1 for map regions.  For this analysis, Regions 6, 7, and 8 were subdivided 

into size categories.  Large (L) utilities serve 10,000 people or more.  Medium (M) utilities 

serve 500 to 9,999 people.  Small (S) utilities serve fewer than 500 people.

AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE

TABLE 1

Region
Year

Average

KANSAS, 2007-2011



Public Water Supplier Region
2007 

GPCD
2008 

GPCD
2009 

GPCD
2010 

GPCD
2011 

GPCD
AVG 

GPCD

Abbyville 6S 120 143 101 111 213 138
Abilene 7M 144 121 147 137 136 137
Admire 7S 75 71 64 69 75 71
Agenda 7S 82 77 86 70 78 79
Agra 5 103 89 91 101 115 100
Albert 6S 115 112 107 125 158 123
Alexander 5 100 78 93 114 99 97
Allen 7S 59 52 56 48 61 55
Allen Co. RWD #02 8S na 92 na na na 92
Allen Co. RWD #04 8S 91 64 101 67 85 82
Allen Co. RWD #08 8M 129 119 121 128 123 124
Allen Co. RWD #09 8S 78 73 na na na 76
Allen Co. RWD #10 8S 69 76 75 na na 73
Allen Co. RWD #11 8S 68 67 63 92 74 73
Allen Co. RWD #12 8S 69 66 61 60 86 68
Allen Co. RWD #13 8S 75 71 102 121 132 100
Allen Co. RWD #15 8S 56 66 61 58 57 60
Allen Co. RWD #16 8S 104 165 129 77 113 118
Alma 7M 117 111 111 107 118 113
Almena 4 105 133 83 84 104 102
Alta Vista 7S 76 73 74 78 75 75
Altamont 8M 76 70 74 79 83 76
Alton 6S 119 138 117 117 132 125
Altoona 7S 85 93 74 63 55 74
Andale 7M 83 82 85 89 91 86
Anderson Co. RWD #01 8S 105 107 101 106 80 100
Anderson Co. RWD #01C 8M 58 64 62 73 70 65
Anderson Co. RWD #04 8M 109 95 94 82 75 91
Anderson Co. RWD #05 8M 76 na 76 72 77 75
Anthony 6ML 156 128 130 131 139 137
Arcadia 8S 60 71 66 67 87 70
Argonia 7M 107 104 93 95 113 102
Arkansas City 7L 125 135 143 144 130 135
Arlington 6S 99 99 83 102 122 101
Arma 8M 77 69 76 71 69 72
Arnold 4 97 125 111 124 98 111
Ashland 4 215 200 213 218 276 224
Assaria 7S 74 72 78 112 91 85
Atchison 8L 226 184 206 199 158 195
Atchison Co. RWD #01 8S 79 na 79 na 77 78
Atchison Co. RWD #05C 8M 104 105 na na na 105
Atchison Co. RWD #06 8M na na na 88 na 88
Atlanta 7S 67 71 62 63 85 70
Attica 6ML 179 215 200 245 272 222
Atwood 2 191 186 156 182 175 178
Augusta 7M 146 186 169 168 157 165

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2007-2011



Public Water Supplier Region
2007 

GPCD
2008 

GPCD
2009 

GPCD
2010 

GPCD
2011 

GPCD
AVG 

GPCD

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2007-2011

Aurora 7S 86 83 67 83 118 87
Axtell 7S 80 77 77 77 74 77
Baldwin 8M 100 82 88 96 102 94
Barber Co. RWD #01 6S 189 186 203 198 193 194
Barber Co. RWD #02 6S na na na 449 581 515
Barber Co. RWD #03 6S 79 78 85 78 95 83
Barnard 6S 54 40 41 70 60 53
Barnes 7S 159 145 132 115 105 131
Bartlett 8S 78 na na 100 na 89
Barton Co. RWD #01 6S 81 88 86 93 107 91
Barton Co. RWD #02 6ML 47 57 37 45 60 49
Barton Hills WD 6S 46 42 40 33 145 61
Baxter Springs 8M 132 122 124 123 148 130
Bazine 4 99 97 90 115 123 105
Beattie 7S 97 96 92 81 110 95
Bel Aire 7M 106 93 94 114 127 107
Belle Plaine 7M 96 95 97 105 81 95
Belleville 7M 141 154 154 157 152 152
Beloit 6ML 90 80 84 84 126 93
Belpre 5 110 109 107 130 174 126
Belvidere 5 198 224 214 297 355 258
Belvue 7S 96 88 84 72 86 85
Bennington 7M 86 89 89 90 81 87
Benton 7M 88 83 72 74 97 83
Bern 7S 103 105 101 117 162 118
Beverly 6S 88 66 70 87 94 81
Bird City 1 400 390 264 275 358 337
Bison 5 na 78 94 89 74 84
Blue Mound 8S 72 62 61 67 71 67
Blue Rapids 7M 138 122 121 132 110 125
Blue River Hills Improvement 7S 90 90 96 101 78 91
Bluff City 6S 108 143 82 95 113 108
Bogue 4 211 163 148 198 211 186
Bonner Springs 8M 147 155 141 144 136 145
Bourbon Co. RWD #02C 8M 90 92 97 105 93 95
Bourbon Co. RWD #04 8M 170 126 117 122 120 131
Brewster 2 318 287 199 227 234 253
Bronson 8S 76 71 69 77 70 73
Brown Co. RWD #01 8M 92 97 84 103 115 98
Brown Co. RWD #02 8M 76 93 84 115 108 95
Brownell 4 86 84 141 107 189 121
Bucklin 4 175 147 139 148 175 157
Buffalo 7S 112 100 108 56 69 89
Buhler 6ML 117 111 120 130 143 124
Bunker Hill 6S 106 92 100 101 100 100
Burden 7M 92 94 85 97 125 99



Public Water Supplier Region
2007 

GPCD
2008 

GPCD
2009 

GPCD
2010 

GPCD
2011 

GPCD
AVG 

GPCD

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2007-2011

Burdett 5 151 191 134 169 178 165
Burlingame 7M 88 73 82 83 91 83
Burlington 7M 115 102 98 113 99 105
Burns 7S 68 63 68 67 81 69
Burr Oak 6S 102 106 131 108 150 119
Burrton 7M 93 82 81 86 99 88
Bushton 6S 122 123 109 127 149 126
Butler Co. RWD #01 7M 90 93 82 84 97 89
Butler Co. RWD #02 7M 133 68 67 82 108 92
Butler Co. RWD #03 7M 71 73 74 85 89 78
Butler Co. RWD #05 7M 74 80 73 74 82 77
Butler Co. RWD #06 7M 70 80 73 78 85 77
Butler Co. RWD #07 7M 70 65 63 67 50 63
Butler Co. RWD #08 7M 64 71 69 70 77 70
Byron 7S 219 204 200 146 164 187
Caldwell 7M 85 87 94 98 108 94
Cambridge 7S 60 55 62 61 62 60
Caney 7M 140 126 122 128 122 128
Canton 7M 111 96 93 106 152 112
Carbondale 7M 83 84 104 85 76 86
Cassoday 7S 72 71 89 100 107 88
Cawker City 6S 184 159 134 127 142 149
Cedar Point 7S 72 100 77 67 84 80
Cedar Vale 7M 79 68 67 na 79 73
Centralia 7S 83 79 79 77 79 79
Chanute 8M 130 112 102 104 117 113
Chapman 7M 143 146 160 158 174 156
Chase 6S 117 103 129 123 146 124
Chase Co. RWD #01 7S 92 na 97 na 111 100
Chautauqua 7S na na na 80 80 80
Chautauqua Co. RWD #01 7S 48 69 70 65 69 64
Chautauqua Co. RWD #02 7S 98 99 90 101 118 101
Chautauqua Co. RWD #03 7S 82 na na 81 na 82
Chautauqua RWD #04 7S na na na na 49 49
Cheney 7M 158 126 139 155 193 154
Cherokee 8M 91 85 80 72 73 80
Cherokee Co. RWD #01 8M 119 138 122 102 107 118
Cherokee Co. RWD #02 8M 91 87 82 85 89 87
Cherokee Co. RWD #03 8M 132 162 146 162 161 153
Cherokee Co. RWD #04 8M 106 101 108 117 106 108
Cherokee Co. RWD #05 8S 59 56 55 59 67 59
Cherokee Co. RWD #06 8S na na 58 52 54 55
Cherokee Co. RWD #07 8S 97 103 97 98 113 102
Cherokee Co. RWD #08 8M 72 65 60 68 69 67
Cherryvale 7M 95 84 84 90 86 88
Chetopa 8M 103 109 113 120 120 113



Public Water Supplier Region
2007 

GPCD
2008 

GPCD
2009 

GPCD
2010 

GPCD
2011 

GPCD
AVG 

GPCD

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2007-2011

Chicopee Rural Water 8S 107 81 76 72 77 83
Cimarron 3 387 299 258 275 313 306
Circleville 7S 57 61 61 55 60 59
Claflin 6ML 131 117 123 134 158 133
Clay Center 7M 99 125 119 166 174 137
Clay Co. RWD #01 7S 158 154 180 221 150 173
Clay Co. RWD #02 7M 90 82 62 68 67 74
Clayton 4 86 87 93 100 97 93
Clearwater 7M 90 81 83 86 77 83
Clifton 7M 137 132 110 108 115 120
Cloud Co. RWD #01 7S 143 128 128 103 92 119
Clyde 7M 148 158 127 126 126 137
Coal Hollow WD 8S 48 42 na na na 45
Coats 6S 123 119 112 143 175 134
Coffey Co. RWD #02 7M 81 72 79 68 79 76
Coffey Co. RWD #03 7M 63 57 53 59 97 66
Coffeyville 7L 232 177 154 193 173 186
Colby 2 313 333 277 319 269 302
Coldwater 5 178 165 189 208 226 193
Collyer 4 107 109 89 89 107 100
Colony 8S 88 80 80 84 na 83
Columbus 8M 109 113 112 103 102 108
Colwich 7M 66 59 59 60 69 63
Comanche Co. RWD #01 5 123 129 131 183 126 138
Comanche Co. RWD #02 5 566 678 694 703 800 688
Concordia 7M 129 120 122 125 129 125
Conway Springs 7M 113 93 115 104 115 108
Coolidge 1 282 279 211 280 253 261
Copeland 3 244 270 233 289 318 271
Cottonwood Falls 7M 96 93 91 117 91 98
Council Grove 7M 91 93 92 90 92 92
Courtland 7S 111 104 104 107 116 108
Cowley Co. RWD #01 7M 91 78 75 77 93 83
Cowley Co. RWD #02 7M 62 60 56 63 na 60
Cowley Co. RWD #03 7M 100 113 99 103 110 105
Cowley Co. RWD #04 7M 85 84 78 98 118 93
Cowley Co. RWD #05 7M 92 95 90 116 139 106
Cowley Co. RWD #06 7M 74 91 75 79 97 83
Cowley Co. RWD #07 7S 85 85 81 127 96 95
Cowley Co. RWD #08 7S 81 86 86 91 90 87
Crawford Co. RWD #01 8S na 86 116 101 114 104
Crawford Co. RWD #01C 8M 124 102 125 144 177 134
Crawford Co. RWD #03 8S 78 79 71 78 68 75
Crawford Co. RWD #04 8M 84 84 87 87 90 86
Crawford Co. RWD #05 8M 128 127 135 179 130 140
Crawford Co. RWD #06 8M 125 104 103 96 94 104



Public Water Supplier Region
2007 

GPCD
2008 

GPCD
2009 

GPCD
2010 

GPCD
2011 

GPCD
AVG 

GPCD

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2007-2011

Crawford Co. RWD #07 8S 71 75 64 68 71 70
Cuba 7S 99 91 113 122 119 109
Cullison 6S 223 216 171 237 214 212
Culver 7S 56 50 61 61 81 62
Cunningham 6S 151 150 173 193 228 179
Damar 5 na na na 119 100 110
Dearing 7S 70 68 73 78 76 73
Deerfield 2 153 156 137 149 195 158
Delia 7S 76 67 53 na na 65
Delphos 7S 119 113 126 136 143 127
Denison 8S 52 53 53 na 49 52
Derby (El Paso Water Co.) 7L 93 100 89 102 116 100
DeSoto 8M 186 128 133 155 172 155
Dexter 7S 107 92 67 82 115 93
Dickinson Co. RWD #01 7M 111 96 103 120 139 114
Dickinson Co. RWD #02 7M 116 111 111 111 110 112
Dighton 3 233 229 204 236 260 232
Dodge City 4 259 203 172 164 199 199
Doniphan Co. RWD #01 8S 51 52 44 59 na 52
Doniphan Co. RWD #02 8S 71 78 76 87 74 77
Doniphan Co. RWD #03 8S 95 69 57 59 86 73
Doniphan Co. RWD #05 8M na na 81 81 na 81
Dorrance 6S 68 58 50 57 82 63
Douglas Co. RWD #01 8M 101 89 78 91 109 94
Douglas Co. RWD #02 8M 96 75 82 82 96 86
Douglas Co. RWD #03 7M 89 89 78 74 74 81
Douglas Co. RWD #04 8M 84 82 79 81 74 80
Douglas Co. RWD #05 8M 69 62 62 71 75 68
Douglas Co. RWD #06 8M 94 85 75 na 88 86
Douglass 7M 77 75 77 83 80 78
Downs 6ML 141 160 166 160 149 155
Durham 7S 104 97 76 96 110 97
Dwight 7S 77 65 57 73 74 69
Easton 8S 67 74 79 107 131 92
Edgerton 8M 51 52 52 58 60 55
Edna 8S 75 na 71 70 68 71
Effingham 8M 82 77 76 84 74 79
El Dorado 7L 145 169 172 170 190 169
Elbing 7S 64 59 58 58 62 60
Elgin 7S 166 170 153 190 174 171
Elk City 7S 173 193 235 128 121 170
Elk Co. RWD #01 7S 85 130 na 123 132 118
Elkhart 1 331 346 309 343 368 339
Ellinwood 6ML 101 100 97 108 125 106
Ellis 5 90 93 91 97 101 94
Ellis Co. RWD #03 5 57 53 50 56 53 54
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2008 

GPCD
2009 

GPCD
2010 

GPCD
2011 

GPCD
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TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2007-2011

Ellis Co. RWD #06 5 109 115 123 141 150 128
Ellsworth 6ML 132 128 130 127 117 127
Elmdale 7S 181 174 131 122 na 152
Elwood 8M 101 100 89 89 92 94
Emmett 7S na 61 61 61 68 63
Emporia 7L 176 152 147 135 127 147
Englewood 4 607 539 442 398 677 533
Ensign 3 119 128 112 181 184 145
Enterprise 7M 84 80 72 73 72 76
Erie 8M 101 103 91 97 93 97
Esbon 6S 108 93 97 92 141 106
Eskridge 7M 90 93 95 101 114 99
Eudora 8M 89 87 83 86 94 88
Eureka 7M 112 127 116 131 138 125
Everest 8S 112 114 110 156 78 114
Fall River 7S 67 71 66 49 64 63
Farr Subdivision 2 58 65 70 67 66 65
Finney Co. RWD #01 2 55 61 109 114 155 99
Florence 7S 75 73 65 75 102 78
Fontana 8S na 66 73 64 62 66
Ford 4 265 295 274 249 289 274
Formoso 6S 78 70 83 82 90 81
Fort Scott 8M 156 160 138 128 125 141
Fowler 3 170 168 159 163 172 166
Frankfort 7M 130 138 151 153 168 148
Franklin Co. RWD #01 8M 77 na na na na 77
Franklin Co. RWD #02 8M na na na na 59 59
Franklin Co. RWD #03 8S 65 62 63 60 65 63
Franklin Co. RWD #04 8M 82 78 76 80 97 83
Franklin Co. RWD #05 8M 73 72 65 66 62 68
Franklin Co. RWD #06 8M 94 103 112 96 102 101
Fredonia 7M 158 116 108 88 125 119
Frontenac 8M 118 108 103 103 104 107
Fulton 8S 58 55 54 56 61 57
Galena 8M 121 105 106 100 124 111
Galesburg 8S 92 105 95 81 72 89
Galva 7M 116 101 98 109 134 112
Garden City 2 196 190 179 204 226 199
Garden Plain 7M 89 73 78 94 115 90
Garden Spot Rentals 2 61 76 58 81 96 74
Gardner 8L 98 101 94 96 104 99
Garnett 8M 98 92 83 90 89 90
Gas 8M 72 62 66 64 64 66
Gaylord 6S 183 127 106 97 115 126
Geary Co. RWD #02 7S 94 96 93 94 107 97
Geary Co. RWD #04 7M 87 82 80 98 103 90
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TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2007-2011

Geneseo 6S 112 98 83 89 122 101
Geuda Springs 7S 97 95 100 97 91 96
Girard 8M 106 104 104 105 115 107
Glade 5 123 106 99 124 69 104
Glasco 7S 73 73 95 93 70 81
Glen Elder 6S 168 156 145 143 128 148
Goddard 7M 150 137 146 152 146 146
Goessel 7M 120 120 103 120 131 119
Goff 7S 63 66 62 59 67 63
Goodland 1 317 302 258 285 270 286
Gorham 6S 90 84 70 71 75 78
Gove 3 385 302 167 193 165 242
Grainfield 3 249 253 220 222 229 235
Grandview Plaza 7M 92 88 99 81 80 88
Great Bend 6ML 131 130 120 117 122 124
Greeley 8S 57 52 53 58 62 56
Green 7S 84 73 81 79 81 80
Greenleaf 7S 141 123 123 111 119 123
Greensburg 5 223 173 242 259 309 241
Greenwood Co. RWD #01 7M 72 76 65 80 97 78
Greenwood Co. RWD #02 7M 100 102 100 107 119 106
Greenwood Co. RWD #03 7S 80 80 75 85 89 82
Grenola 7S 73 70 65 68 na 69
Gridley 7S 69 71 67 74 77 72
Grinnell 3 287 257 216 242 276 256
Gypsum 7S 90 70 112 94 101 93
Haddam 7S 78 73 101 77 80 82
Halstead 7M 101 94 90 94 99 96
Hamilton 7S 63 69 65 73 71 68
Hamilton Co. RWD #01 1 86 89 87 80 98 88
Hanover 7M 106 106 na na 98 103
Hanston 4 166 212 194 202 213 197
Hardtner 6S 171 207 189 226 275 214
Harper 6ML 129 119 121 139 165 135
Harper Co. RWD #04 6S 74 104 118 141 111 110
Harper Co. RWD #05 6S 190 na 124 na na 157
Hartford 7M 89 75 78 70 na 78
Harvey Co. RWD #01 7M 73 71 56 70 75 69
Harveyville 7S 117 84 80 83 78 88
Haven 6ML 137 120 119 124 140 128
Haviland 5 169 185 154 154 174 167
Hays 5 96 92 85 91 99 93
Hays City Suburban 5 141 96 138 133 162 134
Haysville 7L 94 86 86 95 93 91
Hazelton 6S 100 134 107 123 128 118
Herington 7M 126 123 110 129 136 125
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Herndon 2 389 229 284 410 297 322
Hesston 7M 156 129 131 174 240 166
Hiawatha 8M 118 116 114 112 108 114
Highland 8M 119 108 112 107 102 110
Hill City 4 218 191 226 225 227 217
Hillsboro 7M 147 182 118 105 114 133
Hoisington 6ML 97 98 94 98 113 100
Holcomb 2 142 147 132 143 173 147
Holton 7M 100 108 103 104 110 105
Holyrood 6S 103 113 111 134 160 124
Hope 7S 97 88 89 89 106 94
Horace 1 124 139 137 193 206 160
Horton 8M 92 85 75 87 77 83
Howard 7M 91 83 95 106 108 97
Howison Heights WD 7S 118 114 125 143 135 127
Hoxie 3 286 271 236 258 244 259
Hoyt 7M 73 70 67 63 na 68
Hugoton 2 310 354 315 289 375 329
Humboldt 8M 110 108 110 131 124 117
Hunter 6S 83 84 na na na 84
Hutchinson 6ML 126 110 111 165 155 133
Independence 7L 141 147 138 136 168 146
Ingalls 3 158 189 na 260 na 202
Inman 7M 111 113 119 141 135 124
Iola 8M 137 112 106 108 126 118
Isabel 6S 143 127 125 125 160 136
Iuka 6S 74 72 81 84 82 79
Jackson Co. RWD #01 7M 84 75 72 na 71 76
Jackson Co. RWD #03 7M 104 94 96 98 88 96
Jamestown 7S 71 69 62 65 92 72
Jefferson Co. RWD #01 8M 103 92 87 87 104 95
Jefferson Co. RWD #02 8M 138 201 122 118 108 137
Jefferson Co. RWD #03 8M 113 94 88 87 92 95
Jefferson Co. RWD #07 8M 104 103 93 102 113 103
Jefferson Co. RWD #08 8S 78 76 78 76 82 78
Jefferson Co. RWD #09 8S 65 56 49 54 64 58
Jefferson Co. RWD #10 7S 77 74 87 na 126 91
Jefferson Co. RWD #11 8S 84 83 90 83 85 85
Jefferson Co. RWD #12 8M 102 91 72 80 72 83
Jefferson Co. RWD #13 8M 127 132 100 103 98 112
Jefferson Co. RWD #15 8S 59 41 41 41 43 45
Jennings 3 200 206 158 171 232 193
Jetmore 4 185 178 171 175 222 186
Jewell 6S 77 67 69 75 63 70
Jewell Co. RWD #01 6S 165 177 182 151 273 190
Johnson City 1 336 360 313 339 365 343
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Johnson Co. RWD #06C 8M 108 89 75 83 na 89
Johnson Co. RWD #07 8M 102 97 94 116 122 106
Junction City 7L 150 151 133 161 156 150
Kanopolis 6S 91 101 85 102 92 94
Kanorado 1 209 190 121 151 183 171
Kansas City BPU 8L 204 187 171 165 172 180
Kechi 7M 87 na na na na 87
Kensington 6ML 138 134 110 115 113 122
Kincaid 8S 52 na 74 na na 63
Kingman 6ML 114 108 114 129 131 119
Kingman Co. RWD #01 6S 58 56 51 55 66 57
Kinsley 5 119 128 121 118 126 122
Kiowa 6ML 166 184 172 163 157 168
Kirwin 5 98 90 82 146 125 108
Kismet 2 165 163 141 182 240 178
Konza Valley Water District 7S 64 57 65 73 67 65
La Crosse 5 127 123 125 139 145 132
La Cygne 8M 96 82 68 73 69 78
La Harpe 8M 76 76 78 74 82 77
Labette Co. RWD #01C 8S na na na na 115 115
Labette Co. RWD #03 8M 81 66 73 80 63 73
Labette Co. RWD #05 8M 84 na na na na 84
Labette Co. RWD #06 8M 63 69 na 63 63 65
Labette Co. RWD #07 8M 63 60 63 68 84 68
Labette Co. RWD #08 8M 88 67 95 97 107 91
Lakeside Village Improvement 8S 152 177 143 118 134 145
Lakin 2 255 262 213 226 243 240
Lancaster 8S 66 61 60 56 53 59
Lane 8S 62 68 56 63 68 63
Lane Co. RWD #01 3 185 201 170 201 240 199
Lansing (Lan-Del WC) 8M 87 80 79 81 83 82
Larned 5 211 203 176 200 225 203
Latham 7S 80 64 64 64 67 68
Lawrence 8L 115 108 97 103 111 107
Leavenworth 8L 97 91 91 96 129 101
Leavenworth Co. RWD #01C 8M 95 78 78 89 90 86
Leavenworth Co. RWD #02 8M 99 98 86 87 95 93
Leavenworth Co. RWD #05 8M 85 82 84 101 87 88
Leavenworth Co. RWD #06 8M 90 90 78 80 82 84
Leavenworth Co. RWD #07 8M 82 74 61 65 64 69
Leavenworth Co. RWD #08 8M 100 95 78 77 73 85
Leavenworth Co. RWD #09 8M 78 77 68 68 76 73
Leavenworth Co. RWD #10 8M na 91 na na na 91
Lebanon 6S 91 84 90 80 84 86
Lebo 7M 71 67 69 67 73 69
Lecompton 8M 70 66 61 71 66 67
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Lehigh 7S 69 78 76 108 112 89
Lenora 4 188 163 150 189 209 180
Leon 7M 99 85 97 110 121 102
Leonardville 7S 106 96 96 98 75 94
Leoti 2 234 241 193 235 208 222
LeRoy 7M 67 na 62 60 60 62
Lewis 5 117 138 114 136 154 132
Liberal 2 176 188 163 179 200 181
Liebenthal 5 75 78 66 63 78 72
Lincoln Center 6ML 141 138 142 136 114 134
Lindsborg 7M 103 103 102 108 113 106
Linn 7S 113 100 100 95 104 102
Linn Co. RWD #01 8M 117 91 98 113 100 104
Linn Co. RWD #02 8M 76 na 76 60 60 68
Linn Co. RWD #03 8M 92 na 93 110 123 105
Linwood 8S 69 64 65 68 59 65
Little Bear Mound 7S 143 142 99 na na 128
Little River 6ML 136 119 142 158 149 141
Logan 5 172 173 134 167 174 164
Long Island 5 196 180 210 193 202 196
Longford 7S 76 72 71 83 90 78
Longton 7S 83 87 89 93 97 90
Lorraine 6S 180 89 85 85 104 109
Louisburg 8M 112 109 102 91 97 102
Lucas 6S 111 89 80 86 87 91
Luray 6S 80 77 86 86 79 82
Lyndon 7M 87 74 75 72 74 76
Lyon Co. RWD #01 7M 60 62 63 59 60 61
Lyon Co. RWD #02 7M 134 99 113 121 108 115
Lyon Co. RWD #03 7S 61 75 70 75 84 73
Lyon Co. RWD #04 7M 61 na na na na 61
Lyon Co. RWD #05 7M 85 70 63 89 82 78
Lyons 6ML 189 180 161 173 253 191
Macksville 6ML 122 132 133 140 135 132
Madison 7M 88 90 71 84 100 87
Mahaska 7S 182 126 137 129 156 146
Maize 7M 76 76 72 96 63 77
Manchester 7S 67 na 65 na 97 76
Manhattan 7L 141 129 127 133 144 135
Mankato 6ML 171 170 205 189 184 184
Manter 1 261 245 222 219 269 243
Maple Hill 7M 88 86 81 83 76 83
Marion 7M 123 116 106 115 105 113
Marion Co. Imp. Dist. #02 7S 48 43 41 40 39 42
Marion Co. RWD #01 7M 101 79 77 82 86 85
Marion Co. RWD #04 7M 80 75 68 76 81 76
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Marquette 7M 107 102 107 116 129 112
Marshall Co. RWD #01 7S 90 87 96 88 87 90
Marshall Co. RWD #03 7M 104 115 103 104 99 105
Marysville 7M 164 125 119 109 124 128
Matfield Green 7S 76 62 95 66 52 70
Mayetta 7S 66 51 51 64 63 59
Mayfield 7S 64 na na 69 65 66
McCracken 5 72 78 77 82 67 75
McCune 8S 69 68 68 69 69 69
McDonald 2 481 487 205 180 257 322
McFarland 7S 68 68 81 83 76 75
McLouth 8M 71 70 60 56 61 64
McPherson 7L 146 131 130 154 183 149
McPherson Co. RWD #01 7S 109 113 103 110 123 112
McPherson Co. RWD #02 7S 104 97 96 106 129 106
McPherson Co. RWD #03 7S 104 81 81 78 106 90
McPherson Co. RWD #04 7M 110 102 91 104 128 107
McPherson Co. RWD #06 7S 60 55 na na na 58
Meade 3 247 252 214 206 232 230
Medicine Lodge 6ML 201 199 164 179 180 185
Melvern 7S 78 73 78 77 99 81
Miami Co. RWD #01 8M 73 67 75 73 72 72
Miami Co. RWD #02 8M 88 108 95 98 96 97
Miami Co. RWD #03 8M 80 67 64 67 73 70
Miami Co. RWD #04 8M na 66 65 79 82 73
Milford 7M 85 83 79 77 79 81
Miltonvale 7M 115 101 98 116 98 106
Minneapolis 7M 145 152 109 103 123 126
Minneola 4 205 206 174 184 241 202
Mitchell Co. RWD #02 6ML 215 190 193 197 193 198
Moline 7S 104 89 86 87 na 92
Montezuma 3 277 265 259 278 351 286
Montgomery Co. RWD #01 7S 104 98 93 101 na 99
Montgomery Co. RWD #01C 7M na 62 72 na 67 67
Montgomery Co. RWD #02 7M 78 83 81 74 79 79
Montgomery Co. RWD #02C 7M na na na 80 69 75
Montgomery Co. RWD #06 7M 95 88 101 107 106 99
Montgomery Co. RWD #08 7S 127 103 80 70 na 95
Montgomery Co. RWD #12 7M 75 67 83 82 76 77
Montgomery Co. RWD #13 7S 78 na 60 60 72 68
Montgomery Co. RWD #14 7S 68 58 69 73 62 66
Moran 8M 87 83 84 83 89 85
Morganville 7S 122 104 82 91 92 98
Morland 4 216 222 177 255 195 213
Morrill 8S 81 85 60 78 55 72
Morris Co. RWD #01 7M 155 142 160 179 164 160
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Morrowville 7S 89 77 80 88 88 84
Moscow 2 324 306 229 304 305 294
Mound City 8M 97 93 80 77 91 88
Mound Valley 8S 76 69 71 69 78 73
Moundridge 7M 117 116 116 148 183 136
Mount Hope 7M 122 104 108 122 144 120
Mulberry 8M 83 94 73 73 99 84
Mullinville 5 211 266 206 242 266 238
Mulvane 7M 88 81 81 82 81 83
Munden 7S na 98 84 91 101 94
Muscotah 8S 120 92 55 63 70 80
Narka 7S 97 84 92 80 105 92
Natoma 6S 121 137 96 109 107 114
Nemaha Co. RWD #01 7S 129 208 105 117 151 142
Nemaha Co. RWD #02 7S 90 na na 78 66 78
Nemaha Co. RWD #03 7M 108 102 94 114 114 106
Nemaha Co. RWD #04 7M 121 127 138 119 137 128
Neodesha 7M 145 118 120 100 111 119
Neosho Co. RWD #01C 8M 82 95 104 127 na 102
Neosho Co. RWD #02 8M 88 68 71 72 79 76
Neosho Co. RWD #03 8S 129 102 68 73 na 93
Neosho Co. RWD #04 8M 84 73 92 81 76 81
Neosho Co. RWD #05 8S 125 90 94 108 na 104
Neosho Co. RWD #06 8S 104 95 83 114 92 98
Neosho Co. RWD #07 8M 128 95 104 99 88 103
Neosho Co. RWD #08 8S 86 96 102 100 93 95
Neosho Co. RWD #09 8S 112 83 78 100 98 94
Neosho Co. RWD #12 8S 82 71 71 77 86 77
Ness City 4 131 147 132 161 153 145
Netawaka 7S na na 70 70 81 74
New Strawn 7S 96 86 89 81 79 86
Newton 7L 103 95 93 97 105 99
Nickerson 6ML 67 86 69 68 84 75
Norcatur 3 241 238 133 174 119 181
North Newton 7M 129 95 93 97 90 101
Norton 4 202 208 191 199 175 195
Norton Co. RWD #01 4 37 40 48 43 46 43
Nortonville 8M 85 78 80 76 70 78
Norwich 6S 92 83 82 92 128 95
Oakley 2 277 268 224 329 258 271
Oberlin 3 190 187 172 196 172 183
Offerle 5 152 101 135 158 183 146
Ogden 7M 109 95 84 75 75 88
Oketo 7S 69 94 82 80 84 82
Olathe 8L 94 96 114 128 124 111
Olmitz 6S 95 98 99 103 151 109



Public Water Supplier Region
2007 

GPCD
2008 

GPCD
2009 

GPCD
2010 

GPCD
2011 

GPCD
AVG 

GPCD

TABLE 2
ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2007-2011

Olpe 7M 70 74 73 76 91 77
Olsburg 7S 73 70 65 72 67 69
Onaga 7M 106 96 99 84 81 93
Oneida 7S 65 77 86 67 62 71
Osage City 7M 95 93 90 89 87 91
Osage Co. RWD #02 7S 74 83 81 66 71 75
Osage Co. RWD #03 7M 100 95 83 100 109 97
Osage Co. RWD #04 7M 81 72 74 79 84 78
Osage Co. RWD #05 7M 86 87 82 96 92 89
Osage Co. RWD #06 7S 84 89 87 117 90 93
Osage Co. RWD #07 7M 83 85 90 91 78 85
Osage Co. RWD #08 7M 87 79 na na 72 79
Osawatomie 8M 133 121 114 134 134 127
Osborne 6ML 157 159 136 124 144 144
Osborne Co. RWD #01A 6S 643 524 405 797 559 586
Osborne Co. RWD #02 6S 169 138 98 112 117 127
Oskaloosa 8M 84 82 75 74 na 79
Oswego 8M 94 88 84 86 109 92
Otis 5 204 184 136 152 268 189
Ottawa 8L 84 89 85 87 89 87
Ottawa Co. RWD #01 7S 88 85 87 108 160 106
Ottawa Co. RWD #02 7M 90 82 78 73 90 83
Overbrook 7M 102 69 77 66 66 76
Oxford 7M 96 100 78 84 108 93
Ozawkie 8M 86 71 79 88 82 81
Palco 5 140 118 106 126 111 120
Palmer 7S 113 117 139 122 111 120
Paola 8M 136 102 97 100 94 106
Paradise 6S 74 71 80 88 92 81
Park 3 212 170 152 156 233 185
Park City 7M 111 100 98 106 129 109
Parker 8S 60 50 50 53 58 54
Parsons 8L 118 119 113 123 144 123
Pawnee Rock 6S 75 93 85 64 102 84
Paxico 7S 84 78 70 70 70 74
Peabody 7M 80 101 93 94 88 91
Perry 8M 90 86 82 82 80 84
Peru 7S 55 63 63 64 83 66
Phillips Co. RWD #01 5 na na 63 66 93 74
Phillipsburg 5 195 130 121 114 139 140
Pittsburg 8L 111 112 106 112 114 111
Plains 3 277 286 249 258 325 279
Plainville 5 134 123 130 146 149 136
Pleasanton 8M 96 111 102 107 107 105
Pomona 8M 67 64 57 61 82 66
Portis 6S 90 93 79 82 99 89
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Post Rock RWD 5 153 149 145 162 174 157
Pottawatomie Co. RWD #01 7M 111 118 121 103 114 113
Pottawatomie Co. RWD #02 7M 149 143 131 134 126 137
Pottawatomie Co. RWD #03 7M 103 89 92 85 88 91
Pottawatomie Co. RWD #04 7M 130 129 127 97 104 117
Potwin 7S 75 67 na na 70 71
Prairie View 5 144 159 123 107 133 133
Pratt 6ML 184 192 187 203 210 195
Prescott 8S 63 69 64 68 78 68
Preston 6S 99 91 76 90 117 95
Pretty Prairie 6ML 130 125 136 129 142 132
Princeton 8S 67 61 63 na 76 67
Protection 5 176 180 194 175 196 184
Quenemo 7S 52 48 na 51 59 53
Quinter 3 235 208 184 206 212 209
Randall 6S 137 118 124 na 102 120
Randolph 7S 74 71 77 78 76 75
Ransom 4 88 110 108 128 130 113
Rantoul 8S 69 66 60 57 67 64
Raymond 6S 124 89 91 101 162 113
Reading 7S 65 66 na na na 66
Red Bud Lake Improvement 7S 68 61 47 36 35 49
Reno Co. RWD #01 6S 143 137 116 156 185 147
Reno Co. RWD #03 6S 116 210 238 198 161 185
Reno Co. RWD #04 6S 68 71 67 79 81 73
Reno Co. RWD #08 6S 144 146 148 161 153 150
Reno Co. WD #101 6S 111 105 125 127 119 117
Republic 7S 143 125 114 123 92 119
Republic Co. RWD #01 7S 333 327 269 266 302 299
Republic Co. RWD #02 7M 159 179 160 167 169 167
Reserve 8S 90 101 105 107 75 96
Rexford 2 463 456 292 287 259 351
Rice Co. RWD #01 6ML 122 168 na 109 133 133
Richmond 8S 73 75 75 77 83 77
Riley 7M 122 99 96 102 84 101
Riley Co. RWD #01 7M 107 94 105 na 113 105
Robinson 8S 95 93 109 94 90 96
Rocky Ford Water Company 7S 74 46 41 41 35 47
Rolla 1 219 243 202 199 291 231
Rolling Hills Inc. 2 498 501 na na na 500
Rooks Co. RWD #01 5 107 70 73 71 75 79
Rooks Co. RWD #02 5 64 70 68 72 100 75
Rooks Co. RWD #03 5 136 137 130 132 175 142
Rose Hill 7M 74 70 68 77 na 72
Roseland 8S na na na 60 na 60
Rossville 7M 86 83 78 86 78 82
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Rozel 5 156 161 150 230 238 187
Rush Center 5 110 116 135 140 155 131
Rush Co. RWD #01 5 262 156 169 198 276 212
Russell 6ML 107 133 151 166 146 141
Russell Co. RWD #01 6S 149 140 116 152 120 135
Russell Co. RWD #02 6S 186 177 154 135 182 167
Russell Co. RWD #03 6ML 130 127 121 162 153 139
Russell Co. RWD #04 6S 120 119 161 154 258 162
Sabetha 7M 119 95 108 117 114 111
Salina 7L 116 109 110 121 117 115
Saline Co. RWD #01 7S 60 53 75 79 58 65
Saline Co. RWD #02 7S 124 116 118 97 134 118
Saline Co. RWD #03 7M na na 80 78 86 81
Saline Co. RWD #04 7M 87 91 84 95 90 89
Saline Co. RWD #06 7S 93 89 102 112 118 103
Saline Co. RWD #07 7S 71 60 70 72 71 69
Saline Co. RWD #08 7S 91 83 81 91 112 92
Satanta 2 238 259 220 225 316 252
Sawyer 6S 128 152 144 140 191 151
Scammon 8S 88 101 80 98 92 92
Scandia 7S 167 134 151 171 157 156
Schoenchen 5 na na na na 72 72
Scott City 2 258 258 216 230 256 244
Scranton 7M 64 64 na 60 na 63
Sedan 7M 94 81 73 89 82 84
Sedgwick 7M 69 71 72 76 80 74
Sedgwick Co. RWD #01 7M 74 63 65 78 83 73
Sedgwick Co. RWD #02 7M na na na na 94 94
Sedgwick Co. RWD #03 7M 77 73 72 77 82 76
Sedgwick Co. RWD #04 7M 96 91 79 80 115 92
Selden 3 245 198 202 292 294 246
Seneca 7M 168 119 118 150 121 135
Severy 7S 108 78 80 72 102 88
Sharon 6S 143 136 120 130 210 148
Sharon Springs 1 263 264 224 255 243 250
Shawnee Co. RWD #01C 7M 77 69 79 83 88 79
Shawnee Co. RWD #02C 7M 87 82 83 85 80 83
Shawnee Co. RWD #03C 7M 106 99 94 97 112 102
Shawnee Co. RWD #04C 7L 86 80 92 98 106 92
Shawnee Co. RWD #08 7M 87 89 91 92 83 88
Silver Lake 7M 83 80 72 73 74 76
Simmons Subdivision Sanitation 7S na na 72 74 103 83
Simpson 6S 83 111 140 94 108 107
Smith Center 6ML 138 146 162 158 168 154
Smith Co. RWD #01 6S 154 134 178 196 162 165
Soldier 7S 61 62 63 55 51 58
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Solomon 7M 109 104 89 90 94 97
South Haven 7S 115 110 97 101 120 109
South Hutchinson 6ML 156 130 155 151 173 153
Spearville 4 133 123 128 131 194 142
Speed 5 99 89 129 87 109 103
Spivey 6S 127 140 165 119 138 138
Spring Hill 8M 90 79 74 88 61 78
St. Francis 1 310 274 232 287 277 276
St. George 7M 75 77 87 75 82 79
St. John 6ML 136 135 123 154 166 143
St. Marys 7M 102 98 98 91 94 97
St. Paul 8M 86 90 89 96 101 92
Stafford 6ML 133 118 114 121 151 127
Sterling 6ML 92 82 82 95 107 92
Stockton 5 149 114 98 101 115 115
Strong City 7M 129 87 96 102 86 100
Sublette 2 274 248 220 276 322 268
Suburban Water Company 8M 92 89 71 82 92 85
Summerfield 7S 91 82 102 90 102 93
Sumner Co. RWD #01 7S 114 145 134 93 128 123
Sumner Co. RWD #02 7S 117 110 131 103 124 117
Sumner Co. RWD #03 7S 83 79 80 93 105 88
Sumner Co. RWD #04 7M 107 93 90 90 99 96
Sumner Co. RWD #05 7M 136 na 109 87 83 104
Sumner Co. RWD #06 7S 91 84 86 95 96 90
Susank 6S 89 na na 91 107 96
Sylvan Grove 6S 126 109 113 102 117 113
Sylvia 6S 105 97 93 87 124 101
Syracuse 1 346 377 349 379 397 370
Tescott 7S 105 95 96 95 81 94
Thayer 8S 132 na 122 107 118 120
Timber Creek Water & Sewer 7M 132 125 111 125 142 127
Timken 5 125 69 47 59 67 73
Tipton 6S 102 115 104 95 110 105
Tonganoxie 8M 88 80 80 82 73 81
Topeka 7L 138 129 120 129 131 129
Toronto 7S 88 98 87 89 99 92
Trego Co. RWD #01 4 71 81 67 116 132 93
Trego Co. RWD #02 4 90 101 114 129 163 119
Tribune 1 282 321 288 314 292 299
Troy 8M 112 91 107 109 108 105
Turon 6S 102 101 96 114 130 109
Udall 7M 78 84 83 96 104 89
Ulysses 2 224 253 240 255 263 247
Uniontown 8S 82 80 84 99 na 86
University Park Water 7S 54 47 45 46 44 47
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Utica 4 153 175 176 214 257 195
Valley Center 7M 74 83 80 100 100 87
Valley Falls 8M 107 115 114 127 107 114
Vermillion 7S 127 120 110 100 104 112
Victoria 5 107 107 95 105 110 105
Viola 7S 67 58 58 85 97 73
Virgil 7S 49 45 47 50 58 50
Wabaunsee Co. RWD #01 7S 77 90 91 96 114 94
Wabaunsee Co. RWD #02 7M 87 87 81 85 91 86
WaKeeney 4 189 199 172 178 181 184
Wakefield 7M 137 112 100 125 120 119
Waldo 6S 80 64 79 62 60 69
Wallace 1 244 220 203 250 319 247
Wallace Co. RWD #01 1 334 335 224 303 324 304
Walnut 8S na na na na 176 176
Walton 7S 74 67 na na 77 73
Wamego 7M 118 109 94 107 136 113
Washington 7M 139 134 134 137 138 136
Washington Co. RWD #01 7M 92 88 95 84 97 91
Washington Co. RWD #02 7S 128 144 121 155 176 145
WaterOne - Johnson Co. 8L 155 145 139 146 155 148
Waterville 7M 144 125 126 121 144 132
Wathena 8M 112 103 99 104 132 110
Waverly 7M 78 75 72 77 75 75
Weir 8M 69 73 68 70 69 70
Wellington 7M 124 125 130 141 136 131
Wellsville 8M 74 70 67 63 63 67
West Hills Water Company 6S 296 233 226 440 397 318
West Mineral 8S 59 52 64 53 55 57
Westmoreland 7M 86 87 76 79 77 81
Wetmore 7S 79 81 82 84 90 83
White City 7M 94 96 76 77 66 82
White Cloud 8S 82 79 71 71 83 77
Whitewater 7M 83 80 77 74 75 78
Whiting 7S 63 64 68 62 59 63
Wichita 7L 141 130 126 133 143 135
Williamsburg 8S 80 74 71 72 62 72
Willis 8S na na 118 131 96 115
Wilsey 7S 55 54 60 62 72 61
Wilson 6ML 108 104 106 110 109 107
Wilson Co. RWD #01 7S 119 na na 87 101 102
Wilson Co. RWD #02 7S 58 na na 60 64 61
Wilson Co. RWD #03 7S na 61 61 45 na 56
Wilson Co. RWD #04 7S 83 90 97 na na 90
Wilson Co. RWD #05 7S 53 49 44 33 42 44
Wilson Co. RWD #06 7S 109 95 99 84 110 99
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Wilson Co. RWD #09 7S 67 na na na na 67
Wilson Co. RWD #11 7M 64 67 78 73 60 68
Wilson Co. RWD #12 7S 68 65 65 63 87 70
Wilson Co. RWD #13 7S 75 na 70 68 78 73
Winchester 8M 90 78 81 74 78 80
Windom 7S 96 83 92 92 113 95
Winfield 7L 129 128 124 143 152 135
Winona 2 324 306 295 278 309 302
Woodbine 7S na na na 58 53 56
Woodson Co. RWD #01 7M 73 63 66 60 64 65
Woodston 5 222 255 250 157 92 195
Yates Center 7M 114 101 100 105 103 105
Zenda 6S 121 122 109 124 196 134

Note:  GPCD figures are based on reported water sold to residential and commercial customers, 
metered free uses, and unaccounted for water.  If insufficient information was provided to 
determine GPCD, or if no water use report was filed, "na" is shown.
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Abbyville 6S 17 36 10 9 6 16
Abilene 7M 18 13 15 18 11 15
Admire 7S 19 20 16 22 21 20
Agenda 7S 3 13 na 4 4 6
Agra 5 17 15 10 11 11 13
Albert 6S 5 7 11 8 na 8
Alexander 5 11 6 4 20 17 12
Allen 7S 9 10 9 4 14 9
Allen Co. RWD #02 8S na 19 na na na 19
Allen Co. RWD #04 8S 3 na 4 na 7 5
Allen Co. RWD #08 8M 23 28 28 6 8 19
Allen Co. RWD #09 8S 100 100 na na na 100
Allen Co. RWD #10 8S 12 14 27 na na 18
Allen Co. RWD #11 8S na 17 8 33 17 19
Allen Co. RWD #12 8S na na na na na na
Allen Co. RWD #13 8S 20 29 37 43 34 33
Allen Co. RWD #15 8S na na na 6 4 5
Allen Co. RWD #16 8S 100 100 100 100 5 81
Alma 7M na 12 5 5 14 9
Almena 4 14 39 46 8 11 24
Alta Vista 7S 9 10 9 11 17 11
Altamont 8M 7 5 na na 3 5
Alton 6S 7 10 16 34 18 17
Altoona 7S 12 10 10 na 13 11
Andale 7M 5 6 4 8 5 6
Anderson Co. RWD #01 8S 7 13 6 11 12 10
Anderson Co. RWD #01C 8M 15 24 23 24 13 20
Anderson Co. RWD #04 8M 21 22 18 16 10 17
Anderson Co. RWD #05 8M 14 na 24 20 20 20
Anthony 6ML 21 11 11 17 8 14
Arcadia 8S 7 15 15 17 15 14
Argonia 7M 8 5 4 5 4 5
Arkansas City 7L 23 28 28 28 23 26
Arlington 6S 5 7 4 6 7 6
Arma 8M 8 9 10 6 7 8
Arnold 4 100 100 100 100 100 100
Ashland 4 5 9 17 20 15 13
Assaria 7S 5 4 3 29 9 10
Atchison 8L 29 17 31 28 19 25
Atchison Co. RWD #01 8S 23 na 25 na 16 21
Atchison Co. RWD #05C 8M 14 27 na na na 21
Atchison Co. RWD #06 8M na na na 16 na 16
Atlanta 7S 26 22 11 18 16 19
Attica 6ML 9 33 41 45 43 34
Atwood 2 6 10 13 10 15 11

TABLE 3
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)

KANSAS, 2007-2011
FOR PUBLIC WATER SUPPLIERS
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Augusta 7M 22 36 30 23 17 26
Aurora 7S 10 6 na na 6 7
Axtell 7S 4 11 7 6 3 6
Baldwin 8M 13 8 21 22 19 17
Barber Co. RWD #01 6S 100 100 100 100 na 100
Barber Co. RWD #02 6S na na na 32 6 19
Barber Co. RWD #03 6S 19 23 30 17 20 22
Barnard 6S 15 9 15 5 6 10
Barnes 7S 34 27 40 30 27 32
Bartlett 8S 16 na na 10 na 13
Barton Co. RWD #01 6S 12 23 11 20 24 18
Barton Co. RWD #02 6ML na na na na na na
Barton Hills WD 6S 8 7 6 6 10 7
Baxter Springs 8M 31 28 29 31 38 31
Bazine 4 10 11 12 16 9 12
Beattie 7S 19 26 25 13 19 20
Bel Aire 7M 4 6 na na 3 4
Belle Plaine 7M 15 17 14 12 na 15
Belleville 7M 9 10 9 6 7 8
Beloit 6ML 8 11 9 9 14 10
Belpre 5 17 29 29 25 20 24
Belvidere 5 100 100 100 100 100 100
Belvue 7S 7 10 4 12 3 7
Bennington 7M 4 4 7 na 17 8
Benton 7M 10 na 8 10 30 15
Bern 7S 5 9 10 12 22 12
Beverly 6S 19 na na na na 19
Bird City 1 39 24 41 25 42 34
Bison 5 na 16 21 11 19 17
Blue Mound 8S 8 12 9 10 13 10
Blue Rapids 7M 26 19 20 29 19 23
Blue River Hills Improvement 7S 100 100 100 100 100 100
Bluff City 6S 23 14 32 11 na 20
Bogue 4 9 10 10 8 11 10
Bonner Springs 8M 23 22 26 25 27 25
Bourbon Co. RWD #02C 8M 11 15 24 30 11 18
Bourbon Co. RWD #04 8M 13 11 14 23 25 17
Brewster 2 12 4 4 4 7 6
Bronson 8S 12 11 11 13 7 11
Brown Co. RWD #01 8M 21 20 18 29 31 24
Brown Co. RWD #02 8M 7 9 10 21 19 13
Brownell 4 13 10 16 8 5 10
Bucklin 4 15 18 31 14 9 17
Buffalo 7S 18 23 25 16 14 19
Buhler 6ML 6 4 na na na 5
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Bunker Hill 6S 7 10 9 10 6 8
Burden 7M 7 9 7 8 9 8
Burdett 5 20 41 19 28 13 24
Burlingame 7M 24 7 na 6 3 10
Burlington 7M 14 7 10 13 4 10
Burns 7S 5 na na na na 5
Burr Oak 6S 15 24 25 20 45 26
Burrton 7M 11 4 8 9 31 13
Bushton 6S 14 14 16 13 11 14
Butler Co. RWD #01 7M 17 23 15 12 17 17
Butler Co. RWD #02 7M 47 5 6 22 33 23
Butler Co. RWD #03 7M 15 12 15 22 23 17
Butler Co. RWD #05 7M 8 9 11 8 8 9
Butler Co. RWD #06 7M 11 23 14 15 9 14
Butler Co. RWD #07 7M 7 11 6 9 9 8
Butler Co. RWD #08 7M 12 10 6 14 16 12
Byron 7S 100 100 100 100 100 100
Caldwell 7M 14 18 21 27 20 20
Cambridge 7S 6 6 18 5 12 9
Caney 7M 24 24 22 29 30 26
Canton 7M na na na 5 12 9
Carbondale 7M 17 16 27 17 20 19
Cassoday 7S 9 8 16 16 18 13
Cawker City 6S 33 25 na 10 10 20
Cedar Point 7S 25 29 25 7 12 20
Cedar Vale 7M 20 17 14 na 14 16
Centralia 7S na 4 na na na 4
Chanute 8M 12 11 10 10 13 11
Chapman 7M 8 8 15 6 7 9
Chase 6S 18 12 22 14 18 17
Chase Co. RWD #01 7S 19 na 37 na 45 34
Chautauqua 7S na na na 12 11 12
Chautauqua Co. RWD #01 7S na na na na 7 7
Chautauqua Co. RWD #02 7S 28 20 20 17 28 23
Chautauqua Co. RWD #03 7S 13 na na 25 na 19
Chautauqua RWD #04 7S na na na na 20 20
Cheney 7M 9 10 8 6 4 7
Cherokee 8M 7 5 12 11 10 9
Cherokee Co. RWD #01 8M 37 40 31 30 31 34
Cherokee Co. RWD #02 8M 18 20 14 17 18 17
Cherokee Co. RWD #03 8M 39 49 40 49 43 44
Cherokee Co. RWD #04 8M 29 30 29 43 36 33
Cherokee Co. RWD #05 8S 11 13 8 13 19 13
Cherokee Co. RWD #06 8S na na 9 3 15 9
Cherokee Co. RWD #07 8S 39 41 37 37 44 40
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Cherokee Co. RWD #08 8M 13 13 13 16 16 14
Cherryvale 7M 23 18 18 23 17 20
Chetopa 8M 4 23 11 17 27 16
Chicopee Rural Water 8S 35 14 10 8 8 15
Cimarron 3 9 12 11 8 3 9
Circleville 7S 21 24 23 11 17 19
Claflin 6ML 25 20 20 22 21 22
Clay Center 7M 10 8 6 6 8 8
Clay Co. RWD #01 7S 13 25 21 28 19 21
Clay Co. RWD #02 7M 9 11 12 16 11 12
Clayton 4 na na 5 na 3 4
Clearwater 7M 12 15 13 15 14 14
Clifton 7M 13 13 17 10 12 13
Cloud Co. RWD #01 7S 36 31 32 21 15 27
Clyde 7M 8 15 10 20 19 14
Coal Hollow WD 8S 100 100 na na na 100
Coats 6S 15 10 11 10 11 11
Coffey Co. RWD #02 7M 13 13 28 15 16 17
Coffey Co. RWD #03 7M 6 9 5 11 8 8
Coffeyville 7L 23 15 9 17 17 16
Colby 2 21 23 23 18 15 20
Coldwater 5 na 7 22 5 4 10
Collyer 4 10 na 9 4 na 8
Colony 8S 6 9 4 5 na 6
Columbus 8M 26 15 21 16 11 18
Colwich 7M na na na na 8 8
Comanche Co. RWD #01 5 12 23 19 30 18 20
Comanche Co. RWD #02 5 52 45 63 58 47 53
Concordia 7M 11 12 20 10 15 14
Conway Springs 7M 22 15 19 12 17 17
Coolidge 1 16 28 5 30 20 20
Copeland 3 59 59 58 59 57 58
Cottonwood Falls 7M 4 3 10 20 na 9
Council Grove 7M 13 14 10 9 8 11
Courtland 7S 8 11 8 7 9 9
Cowley Co. RWD #01 7M 6 4 6 6 8 6
Cowley Co. RWD #02 7M 8 9 7 6 na 8
Cowley Co. RWD #03 7M 16 30 18 15 11 18
Cowley Co. RWD #04 7M 10 19 13 21 24 17
Cowley Co. RWD #05 7M 20 21 25 38 17 24
Cowley Co. RWD #06 7M 18 30 17 14 23 20
Cowley Co. RWD #07 7S 46 38 33 41 33 38
Cowley Co. RWD #08 7S na na na na na na
Crawford Co. RWD #01 8S na 16 10 34 33 23
Crawford Co. RWD #01C 8M 16 17 21 20 19 19
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Crawford Co. RWD #03 8S 15 20 14 9 6 13
Crawford Co. RWD #04 8M 19 21 24 21 23 22
Crawford Co. RWD #05 8M 34 38 43 49 24 38
Crawford Co. RWD #06 8M 18 19 23 22 17 20
Crawford Co. RWD #07 8S 16 23 5 5 7 11
Cuba 7S 21 22 22 15 13 19
Cullison 6S 20 25 25 34 29 27
Culver 7S 11 15 15 17 18 15
Cunningham 6S 9 8 11 20 16 13
Damar 5 na na na 15 na 15
Dearing 7S na 5 na 12 7 8
Deerfield 2 5 11 6 18 12 10
Delia 7S 100 100 100 na na 100
Delphos 7S 30 30 34 30 30 31
Denison 8S 8 5 4 na 4 5
Derby (El Paso Water Co.) 7L na na na 4 4 4
DeSoto 8M 54 36 46 50 46 46
Dexter 7S 10 9 9 13 13 11
Dickinson Co. RWD #01 7M 47 32 22 45 39 37
Dickinson Co. RWD #02 7M 27 28 21 29 21 25
Dighton 3 12 12 12 9 8 11
Dodge City 4 13 19 10 6 11 12
Doniphan Co. RWD #01 8M 18 27 34 23 na 26
Doniphan Co. RWD #02 8S 15 26 29 27 19 23
Doniphan Co. RWD #03 8S 8 8 23 18 36 19
Doniphan Co. RWD #05 8M na na 21 21 na 21
Dorrance 6S 17 13 13 8 8 12
Douglas Co. RWD #01 8M 17 21 13 17 21 18
Douglas Co. RWD #02 8M 23 17 24 11 8 17
Douglas Co. RWD #03 7M 20 28 22 16 11 19
Douglas Co. RWD #04 8M 21 22 22 23 6 19
Douglas Co. RWD #05 8M 5 3 13 15 14 10
Douglas Co. RWD #06 8M na 4 na na 5 5
Douglass 7M 13 12 11 13 12 12
Downs 6ML 22 12 21 28 13 19
Durham 7S 10 9 9 26 20 15
Dwight 7S na 7 13 13 7 10
Easton 8S 12 10 5 23 29 16
Edgerton 8M 6 8 3 7 na 6
Edna 8S 11 na 13 6 8 10
Effingham 8M 3 na na 12 6 7
El Dorado 7L na 5 3 na 3 4
Elbing 7S 7 7 6 5 5 6
Elgin 7S 58 51 54 64 66 59
Elk City 7S 16 18 19 7 15 15



Public Water Supplier Region
2007 

Percent 
UFW

2008 
Percent 

UFW

2009 
Percent 

UFW

2010 
Percent 

UFW

2011 
Percent 

UFW

AVG 
Percent 

UFW

TABLE 3
ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)

KANSAS, 2007-2011
FOR PUBLIC WATER SUPPLIERS

Elk Co. RWD #01 7S 30 34 na 32 24 30
Elkhart 1 20 13 20 21 26 20
Ellinwood 6ML 5 3 4 4 na 4
Ellis 5 5 8 10 11 12 9
Ellis Co. RWD #03 5 4 7 100 100 100 62
Ellis Co. RWD #06 5 15 19 18 18 25 19
Ellsworth 6ML 17 17 17 14 13 16
Elmdale 7S 30 52 28 23 na 33
Elwood 8M 8 10 11 8 12 10
Emmett 7S na 21 17 13 17 17
Emporia 7L 18 21 18 12 8 15
Englewood 4 97 97 95 93 94 95
Ensign 3 8 5 4 3 6 5
Enterprise 7M 12 11 13 18 17 14
Erie 8M 11 21 15 13 10 14
Esbon 6S 10 14 26 23 37 22
Eskridge 7M 4 4 3 6 6 5
Eudora 8M 6 7 7 6 5 6
Eureka 7M 9 12 11 12 14 12
Everest 8S 25 27 25 46 10 27
Fall River 7S 18 22 22 12 29 21
Farr Subdivision 2 100 100 100 100 na 100
Finney Co. RWD #01 2 na na 5 5 6 5
Florence 7S 8 18 15 31 29 20
Fontana 8S na 18 20 15 16 17
Ford 4 100 98 99 100 na 99
Formoso 6S 17 16 13 12 24 16
Fort Scott 8M 27 32 9 19 18 21
Fowler 3 11 11 3 5 10 8
Frankfort 7M 16 21 13 20 24 19
Franklin Co. RWD #01 8M 7 na na na na 7
Franklin Co. RWD #02 8M na na na na 5 5
Franklin Co. RWD #03 8S 6 10 15 9 4 9
Franklin Co. RWD #04 8M 13 17 17 24 19 18
Franklin Co. RWD #05 8M 16 10 14 11 6 11
Franklin Co. RWD #06 8M 15 14 18 21 18 17
Fredonia 7M 15 7 8 na 13 11
Frontenac 8M 13 23 16 8 12 14
Fulton 8S 21 14 11 11 20 15
Galena 8M 20 19 21 14 25 20
Galesburg 8S 13 27 26 23 7 19
Galva 7M 13 5 5 4 5 6
Garden City 2 4 na 3 na na 4
Garden Plain 7M 4 3 3 13 27 10
Garden Spot Rentals 2 100 100 100 100 100 100
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Gardner 8L 16 18 14 15 17 16
Garnett 8M 13 14 11 7 8 11
Gas 8M 4 na 6 9 4 6
Gaylord 6S 48 16 5 8 11 18
Geary Co. RWD #02 7S 100 100 100 100 100 100
Geary Co. RWD #04 7M 5 4 3 5 4 4
Geneseo 6S 33 18 8 14 33 21
Geuda Springs 7S 11 11 15 15 25 15
Girard 8M 16 18 11 14 14 15
Glade 5 50 38 48 42 16 39
Glasco 7S 7 8 11 10 9 9
Glen Elder 6S 12 13 9 12 12 12
Goddard 7M na na 4 na 9 7
Goessel 7M 22 22 21 14 15 19
Goff 7S 5 12 7 na na 8
Goodland 1 25 25 27 24 16 23
Gorham 6S 19 19 7 5 8 12
Gove 3 23 45 26 10 na 26
Grainfield 3 5 11 21 16 14 13
Grandview Plaza 7M 15 11 12 13 8 12
Great Bend 6ML 25 24 18 12 7 17
Greeley 8S na na 4 4 5 4
Green 7S 16 17 29 29 28 24
Greenleaf 7S 18 13 17 15 4 13
Greensburg 5 12 16 17 18 15 16
Greenwood Co. RWD #01 7M 31 32 20 32 40 31
Greenwood Co. RWD #02 7M 16 19 19 20 18 18
Greenwood Co. RWD #03 7S 13 25 14 24 17 19
Grenola 7S 18 17 9 13 na 14
Gridley 7S 17 13 6 16 18 14
Grinnell 3 na 7 7 4 5 6
Gypsum 7S na 3 10 8 10 8
Haddam 7S 30 30 31 23 23 27
Halstead 7M 15 14 13 12 11 13
Hamilton 7S 9 17 15 15 12 14
Hamilton Co. RWD #01 1 7 8 4 na na 6
Hanover 7M 13 17 na na 17 16
Hanston 4 17 10 16 17 24 17
Hardtner 6S 10 4 38 35 13 20
Harper 6ML 11 7 11 9 12 10
Harper Co. RWD #04 6S 20 43 54 54 26 39
Harper Co. RWD #05 6S 30 na 16 na na 23
Hartford 7M 26 28 19 15 na 22
Harvey Co. RWD #01 7M 12 21 13 17 19 16
Harveyville 7S 10 10 7 5 3 7
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Haven 6ML 29 27 24 23 23 25
Haviland 5 14 13 13 14 6 12
Hays 5 9 11 7 7 11 9
Hays City Suburban 5 100 100 100 100 100 100
Haysville 7L 11 11 9 14 8 11
Hazelton 6S 12 40 26 45 5 26
Herington 7M 6 20 12 19 35 18
Herndon 2 24 12 40 49 28 31
Hesston 7M 4 15 16 15 13 13
Hiawatha 8M 5 6 8 6 6 6
Highland 8M 17 11 15 14 15 14
Hill City 4 19 18 27 24 19 21
Hillsboro 7M 18 5 8 na 9 10
Hoisington 6ML 14 21 22 20 12 18
Holcomb 2 12 9 7 11 14 11
Holton 7M 6 16 14 11 15 12
Holyrood 6S 3 7 8 6 10 7
Hope 7S 3 3 na 5 17 7
Horace 1 8 9 10 16 11 11
Horton 8M 9 6 5 11 10 8
Howard 7M 6 6 7 5 12 7
Howison Heights WD 7S 6 20 19 26 20 18
Hoxie 3 11 15 13 7 11 11
Hoyt 7M 4 4 5 7 na 5
Hugoton 2 7 7 6 8 6 7
Humboldt 8M 15 14 17 24 20 18
Hunter 6S 19 16 na na na 18
Hutchinson 6ML 9 8 14 13 9 11
Independence 7L 22 27 19 26 30 25
Ingalls 3 18 100 na 100 na 73
Inman 7M 7 6 7 6 6 6
Iola 8M 21 17 21 18 20 19
Isabel 6S 14 4 na 12 11 10
Iuka 6S 4 4 5 6 na 5
Jackson Co. RWD #01 7M 18 20 10 na 9 14
Jackson Co. RWD #03 7M 21 17 17 16 13 17
Jamestown 7S na 13 17 20 20 18
Jefferson Co. RWD #01 8M 25 20 13 12 15 17
Jefferson Co. RWD #02 8M 36 56 37 30 27 37
Jefferson Co. RWD #03 8M 54 27 26 28 33 34
Jefferson Co. RWD #07 8M 21 27 25 26 28 25
Jefferson Co. RWD #08 8S 7 10 21 3 6 9
Jefferson Co. RWD #09 8S 29 22 20 na 24 24
Jefferson Co. RWD #10 7S 17 24 40 na 48 32
Jefferson Co. RWD #11 8S 19 15 13 10 9 13
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Jefferson Co. RWD #12 8M 11 11 13 5 12 10
Jefferson Co. RWD #13 8M 27 44 32 20 15 28
Jefferson Co. RWD #15 8S 14 4 4 4 12 8
Jennings 3 24 36 30 29 31 30
Jetmore 4 11 7 20 9 8 11
Jewell 6S 10 6 8 17 8 10
Jewell Co. RWD #01 6S 19 27 26 28 32 26
Johnson City 1 17 13 11 11 16 14
Johnson Co. RWD #06C 8M 17 12 4 5 na 10
Johnson Co. RWD #07 8M 9 na na 23 18 17
Junction City 7L 21 25 18 17 23 21
Kanopolis 6S 13 25 18 31 14 20
Kanorado 1 22 8 12 15 17 15
Kansas City BPU 8L 17 20 17 19 18 18
Kechi 7M 5 na na na na 5
Kensington 6ML 23 26 20 10 22 20
Kincaid 8S 3 na 15 na na 9
Kingman 6ML 10 9 9 11 6 9
Kingman Co. RWD #01 6S 20 20 24 34 28 25
Kinsley 5 19 22 19 12 5 15
Kiowa 6ML 14 18 15 11 na 15
Kirwin 5 22 20 17 43 14 23
Kismet 2 22 28 24 34 19 25
Konza Valley Water District 7S 9 3 10 14 5 8
La Crosse 5 19 23 20 19 22 21
La Cygne 8M 6 6 na 3 4 5
La Harpe 8M 7 4 12 9 7 8
Labette Co. RWD #01C 8S na na na na 19 19
Labette Co. RWD #03 8M 8 11 17 14 16 13
Labette Co. RWD #05 8M 4 na na na na 4
Labette Co. RWD #06 8M na na na na na na
Labette Co. RWD #07 8M 11 12 14 13 19 14
Labette Co. RWD #08 8M 26 100 24 32 31 43
Lakeside Village Improvement 8S 62 68 60 59 62 62
Lakin 2 6 7 8 10 6 7
Lancaster 8S na na na na 6 6
Lane 8S 11 24 7 18 13 15
Lane Co. RWD #01 3 19 19 14 14 13 16
Lansing (Lan-Del WC) 8M 6 6 na 7 4 6
Larned 5 16 17 14 15 9 14
Latham 7S 13 8 9 9 4 9
Lawrence 8L 3 5 4 na na 4
Leavenworth 8L 11 10 11 15 14 12
Leavenworth Co. RWD #01C 8M 8 6 9 17 15 11
Leavenworth Co. RWD #02 8M 36 38 28 36 40 36
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Leavenworth Co. RWD #05 8M 8 9 12 26 na 14
Leavenworth Co. RWD #06 8M 9 16 13 12 24 15
Leavenworth Co. RWD #07 8M 9 7 10 4 6 7
Leavenworth Co. RWD #08 8M 20 26 17 7 15 17
Leavenworth Co. RWD #09 8M 20 13 10 15 18 15
Leavenworth Co. RWD #10 8M na 16 na na na 16
Lebanon 6S 8 19 16 11 12 13
Lebo 7M 4 4 4 5 7 5
Lecompton 8M 13 11 11 21 15 14
Lehigh 7S na na 18 100 100 73
Lenora 4 18 19 34 35 37 29
Leon 7M 19 21 30 25 27 24
Leonardville 7S 11 9 11 7 5 9
Leoti 2 13 na na 5 6 8
LeRoy 7M na na 7 9 na 8
Lewis 5 8 5 7 3 7 6
Liberal 2 9 9 8 9 9 9
Liebenthal 5 5 10 11 12 15 11
Lincoln Center 6ML 28 27 30 18 18 24
Lindsborg 7M 8 14 13 13 10 12
Linn 7S 5 7 5 7 5 6
Linn Co. RWD #01 8M 21 14 25 26 17 21
Linn Co. RWD #02 8M 27 na 34 22 18 25
Linn Co. RWD #03 8M 26 na 31 39 29 31
Linwood 8S 10 17 20 19 27 19
Little Bear Mound 7S 100 100 100 na na 100
Little River 6ML 12 9 15 18 8 12
Logan 5 10 23 30 23 13 20
Long Island 5 14 na 60 50 44 42
Longford 7S 7 na na 3 na 5
Longton 7S 19 23 29 27 31 26
Lorraine 6S 61 7 3 5 14 18
Louisburg 8M 6 10 9 6 20 10
Lucas 6S 28 12 10 na na 17
Luray 6S 10 6 11 na 11 10
Lyndon 7M 23 12 17 12 13 15
Lyon Co. RWD #01 7M na na na na na na
Lyon Co. RWD #02 7M 4 4 18 7 4 7
Lyon Co. RWD #03 7S 9 17 12 14 10 12
Lyon Co. RWD #04 7M 3 na na na na 3
Lyon Co. RWD #05 7M 14 4 4 13 9 9
Lyons 6ML 11 10 16 13 23 15
Macksville 6ML 13 18 18 16 13 16
Madison 7M 15 19 11 16 8 14
Mahaska 7S 5 3 5 na 10 6
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Maize 7M 9 7 5 28 6 11
Manchester 7S 14 na 31 na 22 22
Manhattan 7L 9 11 13 13 14 12
Mankato 6ML 26 35 31 25 13 26
Manter 1 28 12 19 21 12 18
Maple Hill 7M 6 7 8 9 7 7
Marion 7M 19 na 9 4 4 9
Marion Co. Imp. Dist. #02 7S na 4 4 4 3 4
Marion Co. RWD #01 7M 9 16 17 17 16 15
Marion Co. RWD #04 7M 11 13 10 8 14 11
Marquette 7M 4 7 7 10 11 8
Marshall Co. RWD #01 7S 12 14 13 6 8 11
Marshall Co. RWD #03 7M 15 17 14 17 13 15
Marysville 7M 31 17 15 19 25 21
Matfield Green 7S 20 24 50 27 16 27
Mayetta 7S 7 3 10 5 6 6
Mayfield 7S na na na na na na
McCracken 5 na 3 na 3 3 3
McCune 8S 20 13 20 99 na 38
McDonald 2 50 44 40 18 35 37
McFarland 7S 10 17 23 25 20 19
McLouth 8M 12 11 14 12 10 12
McPherson 7L 7 6 7 6 5 6
McPherson Co. RWD #01 7S na 12 na na 6 9
McPherson Co. RWD #02 7S 4 na 3 4 4 4
McPherson Co. RWD #03 7S na na 100 na 100 100
McPherson Co. RWD #04 7M 6 17 7 11 14 11
McPherson Co. RWD #06 7S 9 8 na na na 9
Meade 3 13 20 20 22 9 17
Medicine Lodge 6ML 28 31 15 15 18 21
Melvern 7S 11 9 20 16 22 16
Miami Co. RWD #01 8M 11 16 15 17 16 15
Miami Co. RWD #02 8M 9 10 9 4 na 8
Miami Co. RWD #03 8M 19 9 6 13 9 11
Miami Co. RWD #04 8M na 15 12 12 11 13
Milford 7M 11 8 5 8 4 7
Miltonvale 7M 25 18 18 14 16 18
Minneapolis 7M 24 5 11 9 18 13
Minneola 4 12 16 17 15 14 15
Mitchell Co. RWD #02 6ML 9 12 13 13 13 12
Moline 7S 13 7 8 10 na 10
Montezuma 3 13 9 13 13 12 12
Montgomery Co. RWD #01 7S na na na na na na
Montgomery Co. RWD #01C 7M na 17 13 na 19 16
Montgomery Co. RWD #02 7M 13 7 5 4 6 7
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Montgomery Co. RWD #02C 7M na na na 12 19 16
Montgomery Co. RWD #06 7M 20 20 25 27 27 24
Montgomery Co. RWD #08 7S 44 37 26 18 na 31
Montgomery Co. RWD #12 7M 21 16 28 14 6 17
Montgomery Co. RWD #13 7S 28 na 13 14 21 19
Montgomery Co. RWD #14 7S 22 16 20 10 7 15
Moran 8M 10 4 5 7 11 7
Morganville 7S na na na na na na
Morland 4 9 10 9 8 8 9
Morrill 8S 28 25 4 14 na 18
Morris Co. RWD #01 7M 7 12 5 16 12 10
Morrowville 7S 16 16 11 15 12 14
Moscow 2 9 15 19 23 26 18
Mound City 8M na na na na 9 9
Mound Valley 8S 8 5 3 na 5 5
Moundridge 7M na na na 6 na 6
Mount Hope 7M 9 8 12 24 9 12
Mulberry 8M 24 38 23 21 34 28
Mullinville 5 21 25 16 24 15 20
Mulvane 7M 12 11 10 9 9 10
Munden 7S na 24 10 12 31 19
Muscotah 8S 56 36 10 na 9 28
Narka 7S 20 na 28 27 43 30
Natoma 6S 34 17 19 15 25 22
Nemaha Co. RWD #01 7S 12 23 7 7 8 11
Nemaha Co. RWD #02 7S 7 na na 3 3 4
Nemaha Co. RWD #03 7M 7 7 6 10 8 8
Nemaha Co. RWD #04 7M 17 19 22 6 13 15
Neodesha 7M 13 7 11 na na 10
Neosho Co. RWD #01C 8M na 6 28 40 na 25
Neosho Co. RWD #02 8M 26 14 18 25 22 21
Neosho Co. RWD #03 8S 36 40 11 9 na 24
Neosho Co. RWD #04 8M 23 12 30 21 12 20
Neosho Co. RWD #05 8S 26 na 28 41 na 32
Neosho Co. RWD #06 8S 19 34 20 41 16 26
Neosho Co. RWD #07 8M 33 25 33 23 9 25
Neosho Co. RWD #08 8S 8 5 7 7 7 7
Neosho Co. RWD #09 8S 22 11 21 33 34 24
Neosho Co. RWD #12 8S 9 10 7 12 16 11
Ness City 4 na 13 4 12 6 9
Netawaka 7S na na 23 8 11 14
New Strawn 7S 15 3 9 11 12 10
Newton 7L 8 9 12 14 14 11
Nickerson 6ML 7 37 31 25 32 26
Norcatur 3 9 6 6 24 8 11
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North Newton 7M 23 10 15 8 na 14
Norton 4 16 17 19 16 18 17
Norton Co. RWD #01 4 11 9 11 9 11 10
Nortonville 8M 8 10 7 5 9 8
Norwich 6S 14 9 12 10 7 10
Oakley 2 13 15 16 36 21 20
Oberlin 3 11 9 10 5 8 9
Offerle 5 5 7 14 19 17 12
Ogden 7M 7 7 7 3 4 6
Oketo 7S 20 16 na na na 18
Olathe 8L 13 12 15 17 15 14
Olmitz 6S 21 14 15 20 36 21
Olpe 7M na na na 3 8 6
Olsburg 7S 5 5 na 7 na 6
Onaga 7M 5 6 8 5 13 7
Oneida 7S 13 13 13 7 8 11
Osage City 7M 8 12 11 11 7 10
Osage Co. RWD #02 7S 12 13 15 10 18 14
Osage Co. RWD #03 7M 17 14 7 6 5 10
Osage Co. RWD #04 7M 17 17 17 16 17 17
Osage Co. RWD #05 7M 17 21 18 19 22 19
Osage Co. RWD #06 7S 18 16 29 46 34 29
Osage Co. RWD #07 7M 20 26 26 30 21 25
Osage Co. RWD #08 7M 22 20 na na 10 17
Osawatomie 8M 17 17 9 6 7 11
Osborne 6ML 13 21 14 13 12 15
Osborne Co. RWD #01A 6S 50 33 54 48 45 46
Osborne Co. RWD #02 6S 6 22 11 8 16 13
Oskaloosa 8M na 10 10 3 na 8
Oswego 8M 4 na na 4 15 8
Otis 5 12 11 7 8 16 11
Ottawa 8L 12 20 17 17 11 15
Ottawa Co. RWD #01 7S 3 38 na 46 46 33
Ottawa Co. RWD #02 7M 15 12 14 7 10 12
Overbrook 7M 29 6 15 3 3 11
Oxford 7M 14 24 3 15 18 15
Ozawkie 8M 14 14 12 18 14 14
Palco 5 27 10 13 18 11 16
Palmer 7S 9 8 12 12 4 9
Paola 8M 15 12 14 15 13 14
Paradise 6S 13 13 18 17 15 15
Park 3 3 3 25 32 28 18
Park City 7M 8 8 7 6 3 6
Parker 8S 20 18 12 8 11 14
Parsons 8L 11 8 3 10 15 9
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Pawnee Rock 6S 15 14 14 10 na 13
Paxico 7S na na na na na na
Peabody 7M 13 7 17 26 na 16
Perry 8M 15 15 10 7 15 12
Peru 7S 9 8 5 8 23 11
Phillips Co. RWD #01 5 na na 13 14 26 18
Phillipsburg 5 9 6 8 11 5 8
Pittsburg 8L 6 12 15 15 22 14
Plains 3 15 17 15 18 18 17
Plainville 5 15 11 17 18 15 15
Pleasanton 8M 16 18 14 17 16 16
Pomona 8M na 7 3 5 4 5
Portis 6S 16 14 16 26 29 20
Post Rock RWD 5 10 24 17 26 20 19
Pottawatomie Co. RWD #01 7M na na na 18 14 16
Pottawatomie Co. RWD #02 7M 31 35 35 32 30 33
Pottawatomie Co. RWD #03 7M 20 16 15 14 17 16
Pottawatomie Co. RWD #04 7M 11 9 12 4 5 8
Potwin 7S 7 7 na na 5 6
Prairie View 5 6 13 28 18 17 16
Pratt 6ML 6 15 10 15 11 11
Prescott 8S na 7 10 na 7 8
Preston 6S 15 na 8 39 27 22
Pretty Prairie 6ML 5 9 10 13 15 10
Princeton 8S 9 9 11 na 17 12
Protection 5 15 18 26 9 6 15
Quenemo 7S na 9 na 12 5 9
Quinter 3 18 15 15 9 7 13
Randall 6S 12 12 11 na 10 11
Randolph 7S 12 5 15 8 10 10
Ransom 4 na na 5 5 19 10
Rantoul 8S 8 7 6 5 8 7
Raymond 6S 10 10 5 na 9 9
Reading 7S na na na na na na
Red Bud Lake Improvement 7S 47 16 5 5 5 16
Reno Co. RWD #01 6S na 6 5 na 3 5
Reno Co. RWD #03 6S 14 18 22 27 16 19
Reno Co. RWD #04 6S 9 4 na 3 12 7
Reno Co. RWD #08 6S 9 10 25 11 10 13
Reno Co. WD #101 6S 5 5 13 13 5 8
Republic 7S 17 24 23 21 na 21
Republic Co. RWD #01 7S 34 40 39 38 40 38
Republic Co. RWD #02 7M 27 28 30 29 23 27
Reserve 8S 30 41 50 36 33 38
Rexford 2 4 10 9 9 10 8
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Rice Co. RWD #01 6ML 15 27 na 9 10 15
Richmond 8S 9 14 13 14 22 14
Riley 7M 30 30 28 28 8 25
Riley Co. RWD #01 7M 6 5 na na 10 7
Robinson 8S 20 19 26 17 24 21
Rocky Ford Water Company 7S 100 100 100 100 100 100
Rolla 1 9 6 6 9 11 8
Rolling Hills Inc. 2 100 100 na na na 100
Rooks Co. RWD #01 5 5 na na na na 5
Rooks Co. RWD #02 5 10 16 13 10 30 16
Rooks Co. RWD #03 5 12 19 17 18 20 17
Rose Hill 7M 3 3 na 5 na 4
Roseland 8S na na na na na na
Rossville 7M 11 13 8 6 4 8
Rozel 5 13 14 7 27 12 15
Rush Center 5 na 11 12 10 13 12
Rush Co. RWD #01 5 24 17 16 15 11 17
Russell 6ML 7 21 24 27 23 20
Russell Co. RWD #01 6S 21 18 19 15 22 19
Russell Co. RWD #02 6S 100 100 100 100 100 100
Russell Co. RWD #03 6ML 23 14 19 25 25 21
Russell Co. RWD #04 6S 18 27 4 19 48 23
Sabetha 7M 6 3 6 8 5 6
Salina 7L 11 12 11 14 9 11
Saline Co. RWD #01 7S 15 na 8 na na 12
Saline Co. RWD #02 7S 27 17 27 9 22 20
Saline Co. RWD #03 7M na na 5 14 13 11
Saline Co. RWD #04 7M 19 17 8 20 15 16
Saline Co. RWD #06 7S 10 10 13 14 22 14
Saline Co. RWD #07 7S 7 4 18 17 9 11
Saline Co. RWD #08 7S 13 15 17 11 19 15
Satanta 2 4 14 10 8 5 8
Sawyer 6S 6 5 8 6 5 6
Scammon 8S 14 23 24 23 17 20
Scandia 7S 7 22 11 16 6 12
Schoenchen 5 na na na na 3 3
Scott City 2 9 9 7 3 4 6
Scranton 7M 10 15 na 12 na 12
Sedan 7M 16 15 15 4 9 12
Sedgwick 7M na 4 3 9 na 5
Sedgwick Co. RWD #01 7M 9 na 6 12 5 8
Sedgwick Co. RWD #02 7M na na na na na na
Sedgwick Co. RWD #03 7M na na na na 3 3
Sedgwick Co. RWD #04 7M 20 39 22 4 33 24
Selden 3 8 7 28 27 27 19
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ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)

KANSAS, 2007-2011
FOR PUBLIC WATER SUPPLIERS

Seneca 7M 7 na 3 4 5 5
Severy 7S 17 22 21 30 15 21
Sharon 6S 18 15 15 16 14 16
Sharon Springs 1 15 12 10 11 13 12
Shawnee Co. RWD #01C 7M 6 na 6 6 4 6
Shawnee Co. RWD #02C 7M 20 12 17 19 9 15
Shawnee Co. RWD #03C 7M na na na 3 3 3
Shawnee Co. RWD #04C 7L 14 14 14 12 4 12
Shawnee Co. RWD #08 7M 13 16 18 13 10 14
Silver Lake 7M 8 4 10 4 7 7
Simmons Subdivision Sanitation 7S na na 21 93 15 43
Simpson 6S 17 47 52 31 28 35
Smith Center 6ML 23 34 31 26 33 29
Smith Co. RWD #01 6S 7 9 12 14 10 10
Soldier 7S 8 3 na 7 20 10
Solomon 7M 13 16 4 na 5 10
South Haven 7S 13 16 6 17 11 13
South Hutchinson 6ML 11 6 7 8 11 9
Spearville 4 9 6 13 8 9 9
Speed 5 3 15 46 10 4 16
Spivey 6S 34 39 32 5 na 28
Spring Hill 8M 5 7 12 11 5 8
St. Francis 1 10 7 8 13 7 9
St. George 7M 8 9 20 17 14 14
St. John 6ML 16 21 19 27 15 20
St. Marys 7M 3 5 8 6 7 6
St. Paul 8M 7 15 na 8 3 8
Stafford 6ML 6 5 6 na na 6
Sterling 6ML na 6 4 12 na 7
Stockton 5 9 25 14 10 4 12
Strong City 7M na 6 na na 6 6
Sublette 2 9 8 9 8 6 8
Suburban Water Company 8M 10 11 na 5 11 9
Summerfield 7S 7 6 4 8 11 7
Sumner Co. RWD #01 7S 14 31 28 na 11 21
Sumner Co. RWD #02 7S 8 8 29 14 23 16
Sumner Co. RWD #03 7S na na na 10 11 11
Sumner Co. RWD #04 7M 32 31 32 41 35 34
Sumner Co. RWD #05 7M 15 na 4 17 24 15
Sumner Co. RWD #06 7S 9 4 8 9 6 7
Susank 6S 12 na na 17 20 16
Sylvan Grove 6S 6 11 6 10 18 10
Sylvia 6S 26 23 25 22 20 23
Syracuse 1 5 6 8 8 4 6
Tescott 7S 18 12 15 10 4 12
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Thayer 8S 8 na 9 5 12 9
Timber Creek Water & Sewer 7M 12 17 15 11 7 12
Timken 5 3 21 8 4 4 8
Tipton 6S 11 na na 9 5 8
Tonganoxie 8M 16 13 13 15 15 14
Topeka 7L 16 9 10 12 11 12
Toronto 7S 12 13 14 14 11 13
Trego Co. RWD #01 4 5 6 4 7 9 6
Trego Co. RWD #02 4 16 11 13 12 11 13
Tribune 1 9 13 13 17 13 13
Troy 8M 8 4 5 6 12 7
Turon 6S 10 10 12 20 12 13
Udall 7M na 18 16 27 24 21
Ulysses 2 5 6 6 6 7 6
Uniontown 8S 14 15 13 17 na 15
University Park Water 7S 6 4 4 na na 5
Utica 4 8 4 20 11 17 12
Valley Center 7M 4 13 10 10 25 12
Valley Falls 8M 16 21 15 18 4 15
Vermillion 7S na 5 na 6 8 6
Victoria 5 18 22 18 16 17 18
Viola 7S 13 9 9 10 12 11
Virgil 7S 13 13 9 22 na 14
Wabaunsee Co. RWD #01 7S 13 17 16 17 21 17
Wabaunsee Co. RWD #02 7M 12 11 11 10 11 11
WaKeeney 4 16 11 17 8 12 13
Wakefield 7M 24 15 21 25 28 23
Waldo 6S na 9 25 na na 17
Wallace 1 3 na na 6 na 5
Wallace Co. RWD #01 1 6 5 3 6 9 6
Walnut 8S na na na na 100 100
Walton 7S na 19 na na na 19
Wamego 7M 7 5 8 6 na 7
Washington 7M 24 12 24 17 17 19
Washington Co. RWD #01 7M 9 9 13 7 12 10
Washington Co. RWD #02 7S 22 17 20 28 20 21
WaterOne - Johnson Co. 8L 9 13 14 12 11 12
Waterville 7M 9 8 10 5 25 11
Wathena 8M 29 30 28 27 40 31
Waverly 7M 8 6 11 12 11 10
Weir 8M 5 12 15 15 15 12
Wellington 7M 3 11 16 19 14 13
Wellsville 8M 5 10 7 na 11 8
West Hills Water Company 6S 100 100 100 100 100 100
West Mineral 8S 14 10 12 na na 12
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Westmoreland 7M 13 7 9 10 13 10
Wetmore 7S 13 18 19 17 23 18
White City 7M 20 37 19 na 7 21
White Cloud 8S 16 16 32 31 26 24
Whitewater 7M 7 5 4 3 10 6
Whiting 7S 23 11 14 11 11 14
Wichita 7L 4 8 8 7 8 7
Williamsburg 8S 100 16 4 4 na 31
Willis 8S na na 16 41 33 30
Wilsey 7S 4 4 6 na na 5
Wilson 6ML 12 13 14 14 17 14
Wilson Co. RWD #01 7S 24 na na 12 14 17
Wilson Co. RWD #02 7S 100 na na 28 100 76
Wilson Co. RWD #03 7S na 100 100 100 na 100
Wilson Co. RWD #04 7S 8 19 22 na na 16
Wilson Co. RWD #05 7S 33 29 29 12 7 22
Wilson Co. RWD #06 7S 19 16 32 13 21 20
Wilson Co. RWD #09 7S 19 na na na na 19
Wilson Co. RWD #11 7M 25 28 44 47 18 32
Wilson Co. RWD #12 7S 7 11 10 9 7 9
Wilson Co. RWD #13 7S 28 na 13 23 31 24
Winchester 8M 4 9 12 13 13 10
Windom 7S 11 13 16 21 5 13
Winfield 7L 14 11 13 7 5 10
Winona 2 20 16 5 16 7 13
Woodbine 7S na na na 3 5 4
Woodson Co. RWD #01 7M 15 14 15 14 11 14
Woodston 5 26 25 24 9 na 21
Yates Center 7M 15 11 8 8 9 10
Zenda 6S 36 19 19 21 22 23

Note:  Percent unaccounted for water represents all unmetered usage divided by total water produced 
or purchased.  If insufficient information was provided to determine the percent unaccounted for 
water, or if percent unaccounted for water was less than 2.5, or if no water use report was filed, "na" 
is shown.
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KANSAS MUNICIPAL WATER USE 2012 

 

The Kansas Municipal Water Use publication has been prepared annually since 1987 to show 
comparative statistics for active public water suppliers that have filed water use reports with the Kansas 
Department of Agriculture, Division of Water Resources (DWR). Statistics shown in this report include per 
capita water usage and percent unaccounted for water for the years 2008 to 2012 for 795 public water 
suppliers, not including wholesale water supply districts, mobile home parks, or water systems that serve 
fewer than 10 residential connections or seasonal customers.  Per capita use is shown in gallons per 
capita per day (GPCD) and is based on water use by residential and commercial customers, public uses, 
and unaccounted for water.  GPCD usage generally excludes water use by large industries and 
farmsteads using more than 200,000 gallons per year.  For some rural systems, separation of domestic 
and livestock use is not possible.  Percent unaccounted for water (UFW) is calculated as the amount of 
unsold, unmetered water divided by the total amount of water pumped or purchased.   

Average GPCD is calculated for eight different regions of the State so that individual GPCD can 
be compared to average usage for similar geographic areas.  These regions are shown in Figure 1 (see 
inside back cover) and correspond to general patterns of precipitation and per capita use.  GPCD usage 
tends to increase from eastern to western Kansas, primarily due to differences in precipitation.  GPCD 
averages also are calculated for different sizes of public water suppliers in the three most populous 
regions (6, 7, and 8).   

Table 1 shows annual and 5-year average GPCD for the years 2008 to 2012 by region and size 
group. Average per capita water use for 2012 ranged from 316 GPCD in western Kansas (Region 1) to 81 
GPCD among small public water suppliers in eastern Kansas (Region 8S).  State average per capita use 
in 2012 was 125 GPCD.  This average is the highest since 2006 but still far below the state average 
GPCD of 156 in 1988 and 1991.   

Table 2 shows annual and 5-year average GPCD for individual water suppliers. GPCD values for 
many public water suppliers show an increase for 2012 compared to 2011, reflecting increased water use 
during the drought.  

Table 3 shows annual and 5-year average percent UFW for individual water suppliers. Regional 
average unaccounted for water in 2012 ranged from 12% to 16% of the total produced; the State average 
was 14%.  Many public water suppliers also identify amounts of metered unsold water on the annual 
water use reports, such as for public services and water treatment needs.  Regional average metered 
free water in 2012 ranged from 3% to 8% of the total produced; the State average was 6%. 

Completion of the annual water use report by personnel at each water supply system is greatly 
appreciated.  The data collected are valuable to DWR in administering water rights, to the Kansas Water 
Office (KWO) for preparing water conservation plans, and to the Kansas Rural Water Association (KRWA) 
in providing technical assistance with excessive unaccounted for water.  For additional information on the 
DWR water use report program, please visit www.ksda.gov/appropriation/ or call (785) 296-3717.  For 
information on water conservation planning, please visit the KWO at www.kwo.org/ or call (785) 296-
3185.  For information on technical assistance to water suppliers, please visit the KRWA at 
www.krwa.net/ or call (785) 336-3760. 



 



2008 2009 2010 2011 2012

1 273 228 259 282 316 272
2 241 199 224 237 261 232
3 229 195 223 229 256 226
4 168 156 168 196 199 177
5 142 139 137 149 149 143

6-ML 133 131 139 151 152 141
6-S 121 117 114 134 131 123
7-L 128 124 134 140 139 133
7-M 96 94 98 103 105 99
7-S 89 87 87 93 93 90
8-L 123 122 125 130 134 127
8-M 92 89 93 94 95 93
8-S 81 78 79 81 81 80

Kansas 115 109 114 122 125 117

Average gallons per capita per day (GPCD) use includes water sold to residential and 

commercial customers, metered free uses, and unaccounted for water.  GPCD use does 

not include sales to other suppliers, industries, bulk uses, or farmsteads using more than 

200,000 gallons per year.  

Refer to Figure 1 for map regions.  For this analysis, Regions 6, 7, and 8 were subdivided 

into size categories.  Large (L) utilities serve 10,000 people or more.  Medium (M) utilities 

serve 500 to 9,999 people.  Small (S) utilities serve fewer than 500 people.

AVERAGE GPCD USE FOR PUBLIC WATER SUPPLIERS BY REGION AND SIZE

TABLE 1

Region
Year

Average

KANSAS, 2008-2012



 



Public Water Supplier Region
2008 
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2009 
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2010 
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2011 
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2012 

GPCD

AVG 

GPCD

Abbyville 6S 143 101 111 213 216 157
Abilene 7M 121 147 137 136 155 139
Admire 7S 71 64 69 75 74 71
Agenda 7S 77 86 70 78 93 81
Agra 5 89 91 101 115 105 100
Albert 6S 112 107 125 158 171 135
Alexander 5 78 93 114 99 123 101
Allen 7S 52 56 48 61 70 57
Allen Co. RWD #02 8S 92 na na na na 92
Allen Co. RWD #04 8S 64 101 67 85 109 85
Allen Co. RWD #07 8S na na na na 63 63
Allen Co. RWD #08 8M 119 121 128 123 111 120
Allen Co. RWD #09 8S 73 na na na na 73
Allen Co. RWD #10 8S 76 75 na na 55 69
Allen Co. RWD #11 8S 67 63 92 74 na 74
Allen Co. RWD #12 8S 66 61 60 86 91 73
Allen Co. RWD #13 8S 71 102 121 132 66 98
Allen Co. RWD #15 8S 66 61 58 57 63 61
Allen Co. RWD #16 8S 165 129 77 113 172 131
Alma 7M 111 111 107 118 133 116
Almena 4 133 83 84 104 166 114
Alta Vista 7S 73 74 78 75 67 73
Altamont 8M 70 74 79 83 81 77
Alton 6S 138 117 117 132 131 127
Altoona 7S 93 74 63 55 na 71
Andale 7M 82 85 89 91 89 87
Anderson Co. RWD #01 8S 107 101 106 80 94 98
Anderson Co. RWD #01C 8M 64 62 73 70 82 70
Anderson Co. RWD #04 8M 95 94 82 75 91 87
Anderson Co. RWD #05 8M na 76 72 77 72 74
Anthony 6ML 128 130 131 139 143 134
Arcadia 8S 71 66 67 87 na 73
Argonia 7M 104 93 95 113 108 103
Arkansas City 7L 135 143 144 130 156 142
Arlington 6S 99 83 102 122 99 101
Arma 8M 69 76 71 69 76 72
Arnold 4 125 111 124 98 109 113
Ashland 4 200 213 218 276 286 239
Assaria 7S 72 78 112 91 85 88
Atchison 8L 184 206 199 158 177 185
Atchison Co. RWD #01 8M na 79 na 77 54 70
Atchison Co. RWD #05C 8M 105 na na na na 105
Atchison Co. RWD #06 8M na na 88 na na 88
Atlanta 7S 71 62 63 85 79 72
Attica 6ML 215 200 245 272 249 236
Atwood 2 186 156 182 175 234 187

TABLE 2

ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2008-2012
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TABLE 2

ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2008-2012

Augusta 7M 186 169 168 157 137 163
Aurora 7S 83 67 83 118 82 87
Axtell 7S 77 77 77 74 84 78
Baldwin 8M 82 88 96 101 110 95
Barber Co. RWD #01 6S 186 203 198 193 184 193
Barber Co. RWD #02 6S na na 449 581 551 527
Barber Co. RWD #03 6S 78 85 78 95 85 84
Barnard 6S 40 41 70 60 106 63
Barnes 7S 145 132 115 105 103 120
Bartlett 8S na na 100 na 114 107
Barton Co. RWD #01 6S 88 86 93 107 123 99
Barton Co. RWD #02 6ML 57 37 45 60 59 52
Barton Hills WD 6S 42 40 33 145 42 60
Baxter Springs 8M 122 124 123 148 149 133
Bazine 4 97 90 115 123 135 112
Beattie 7S 96 92 81 110 114 99
Bel Aire 7M 93 94 114 127 130 112
Belle Plaine 7M 95 97 105 81 95 95
Belleville 7M 154 154 157 152 176 159
Beloit 6ML 80 84 84 126 141 103
Belpre 5 109 107 130 174 195 143
Belvidere 5 224 214 297 355 218 262
Belvue 7S 88 84 72 86 77 81
Bennington 7M 89 89 90 81 85 87
Benton 7M 83 72 74 97 74 80
Bern 7S 105 101 117 162 123 122
Beverly 6S 66 70 87 94 92 82
Bird City 1 390 264 275 358 404 338
Bison 5 78 94 89 74 94 86
Blue Mound 8S 62 61 67 71 60 64
Blue Rapids 7M 122 121 132 110 127 122
Blue River Hills Improvement 7S 90 96 101 78 88 91
Bluff City 6S 143 82 95 113 80 103
Bogue 4 163 148 198 211 282 200
Bonner Springs 8M 155 141 144 136 132 142
Bourbon Co. RWD #02C 8M 92 97 105 93 83 94
Bourbon Co. RWD #04 8M 126 117 122 120 108 119
Brewster 2 287 199 227 234 331 256
Bronson 8S 71 69 77 70 61 70
Brown Co. RWD #01 8M 97 84 103 115 86 97
Brown Co. RWD #02 8M 93 84 115 108 104 101
Brownell 4 84 141 107 189 188 142
Bucklin 4 147 139 148 175 169 156
Buffalo 7S 100 108 56 69 55 78
Buhler 6ML 111 120 130 143 157 132
Bunker Hill 6S 92 100 101 100 108 100
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TABLE 2

ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2008-2012

Burden 7M 94 85 97 125 113 103
Burdett 5 191 134 169 178 223 179
Burlingame 7M 73 82 83 91 89 84
Burlington 7M 102 98 113 99 99 102
Burns 7S 63 68 67 81 87 73
Burr Oak 6S 106 131 108 150 183 136
Burrton 7M 82 81 86 99 92 88
Bushton 6S 123 109 127 149 147 131
Butler Co. RWD #01 7M 93 82 84 97 89 89
Butler Co. RWD #02 7M 68 67 82 108 103 86
Butler Co. RWD #03 7M 73 74 85 89 79 80
Butler Co. RWD #05 7M 80 73 74 82 76 77
Butler Co. RWD #06 7M 80 73 78 85 88 81
Butler Co. RWD #07 7M 65 63 67 50 66 62
Butler Co. RWD #08 7M 71 69 70 77 77 73
Byron 7S 204 200 146 164 245 192
Caldwell 7M 87 94 98 108 101 98
Cambridge 7S 55 62 61 62 na 60
Caney 7M 126 122 128 122 116 123
Canton 7M 96 93 106 152 143 118
Carbondale 7M 84 104 85 76 78 85
Cassoday 7S 71 89 100 107 116 97
Cawker City 6S 159 134 127 142 152 143
Cedar Point 7S 100 77 67 84 100 86
Cedar Vale 7M 68 67 na 79 73 72
Centralia 7M 79 79 77 79 79 79
Chanute 8M 112 102 104 117 107 108
Chapman 7M 146 160 158 174 172 162
Chase 6S 103 129 123 146 133 127
Chase Co. RWD #01 7S na 97 na 111 108 105
Chautauqua 7S na na 80 80 57 72
Chautauqua Co. RWD #01 7S 69 70 65 69 85 72
Chautauqua Co. RWD #02 7S 99 90 101 118 117 105
Chautauqua Co. RWD #03 7S na na 81 na 88 85
Chautauqua RWD #04 7M na na na 49 45 47
Cheney 7M 126 139 155 193 164 155
Cherokee 8M 85 80 72 73 70 76
Cherokee Co. RWD #01 8M 138 122 102 107 95 113
Cherokee Co. RWD #02 8M 87 82 85 89 85 86
Cherokee Co. RWD #03 8M 162 146 162 161 160 158
Cherokee Co. RWD #04 8M 101 108 117 106 109 108
Cherokee Co. RWD #05 8S 56 55 59 67 65 60
Cherokee Co. RWD #06 8S na 58 52 54 na 55
Cherokee Co. RWD #07 8S 103 97 98 113 103 103
Cherokee Co. RWD #08 8M 65 60 68 69 65 65
Cherryvale 7M 84 84 90 86 81 85
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2008-2012

Chetopa 8M 109 113 120 120 115 115
Chicopee Rural Water 8S 81 76 72 77 84 78
Cimarron 3 299 258 275 313 302 289
Circleville 7S 61 61 55 60 51 58
Claflin 6ML 117 123 134 158 168 140
Clay Center 7M 125 119 166 174 178 152
Clay Co. RWD #01 7S 154 180 221 150 107 162
Clay Co. RWD #02 7M 82 62 68 67 74 71
Clayton 4 87 93 100 97 85 92
Clearwater 7M 81 83 86 77 78 81
Clifton 7M 132 110 108 115 140 121
Cloud Co. RWD #01 7S 128 128 103 92 117 114
Clyde 7M 158 127 126 126 143 136
Coal Hollow WD 8S 42 na na na 60 51
Coats 6S 119 112 143 175 135 137
Coffey Co. RWD #02 7M 72 79 68 79 86 77
Coffey Co. RWD #03 7M 57 53 59 97 87 71
Coffeyville 7L 177 154 193 173 175 174
Colby 2 333 277 319 269 320 304
Coldwater 5 165 189 208 226 235 205
Collyer 4 109 89 89 107 140 107
Colony 8S 80 80 84 na na 81
Columbus 8M 113 112 103 102 101 106
Colwich 7M 59 59 60 69 81 66
Comanche Co. RWD #01 5 129 131 183 126 147 143
Comanche Co. RWD #02 5 678 694 703 800 702 715
Concordia 7M 120 122 125 129 138 127
Conway Springs 7M 93 115 104 115 92 104
Coolidge 1 279 211 280 253 159 236
Copeland 3 270 233 289 318 203 263
Corning 7S na na na na 112 112
Cottonwood Falls 7M 93 91 117 91 87 96
Cottonwood MHP 2 111 122 na 117 na 117
Council Grove 7M 93 92 90 92 94 92
Courtland 7S 104 104 107 116 117 110
Cowley Co. RWD #01 7M 78 75 77 93 101 85
Cowley Co. RWD #02 7M 60 56 63 na na 60
Cowley Co. RWD #03 7M 113 99 103 110 104 106
Cowley Co. RWD #04 7M 84 78 98 118 136 103
Cowley Co. RWD #05 7M 95 90 116 139 117 111
Cowley Co. RWD #06 7M 91 75 79 97 81 85
Cowley Co. RWD #07 7S 85 81 127 96 67 91
Cowley Co. RWD #08 7S 86 86 91 90 na 88
Crawford Co. RWD #01 8M 86 116 101 114 64 96
Crawford Co. RWD #01C 8M 102 125 144 177 177 145
Crawford Co. RWD #02 8M na na na na 86 86
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ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2008-2012

Crawford Co. RWD #03 8S 79 71 78 68 75 74
Crawford Co. RWD #04 8M 84 87 87 90 89 87
Crawford Co. RWD #05 8M 127 135 179 130 76 129
Crawford Co. RWD #06 8M 104 103 96 94 108 101
Crawford Co. RWD #07 8S 75 64 68 71 72 70
Cuba 7S 91 113 122 119 115 112
Cullison 6S 216 171 237 214 185 205
Culver 7S 50 61 61 81 66 64
Cunningham 6S 150 173 193 228 231 195
Damar 5 na na 119 100 93 104
Dearing 7S 68 73 78 76 62 71
Deerfield 2 156 137 149 195 210 169
Delia 7S 67 53 na na na 60
Delphos 7S 113 126 136 143 156 135
Denison 8S 53 53 na 49 51 52
Derby (El Paso Water Co.) 7L 100 89 102 116 117 105
DeSoto 8M 128 133 155 172 127 143
Dexter 7S 92 67 82 115 104 92
Dickinson Co. RWD #01 7M 96 103 120 139 149 121
Dickinson Co. RWD #02 7M 111 111 111 110 116 112
Dighton 3 229 204 236 260 273 240
Dodge City 4 203 172 164 199 183 184
Doniphan Co. RWD #01 8S 52 44 59 na na 52
Doniphan Co. RWD #02 8S 78 76 87 74 73 78
Doniphan Co. RWD #03 8S 69 57 59 86 74 69
Doniphan Co. RWD #05 8M na 81 81 na na 81
Dorrance 6S 58 50 57 82 126 75
Douglas Co. RWD #01 8M 89 78 91 109 124 98
Douglas Co. RWD #02 8M 75 82 82 96 110 89
Douglas Co. RWD #03 7M 89 78 74 74 88 81
Douglas Co. RWD #04 8M 82 79 81 74 83 80
Douglas Co. RWD #05 8M 62 62 71 75 82 70
Douglas Co. RWD #06 8M 85 75 na 88 93 85
Douglass 7M 75 77 83 80 77 78
Downs 6ML 160 166 160 149 181 163
Durham 7S 97 76 96 110 105 97
Dwight 7S 65 57 73 74 77 69
Easton 8S 74 79 107 131 131 104
Edgerton 8M 52 52 58 60 63 57
Edna 8S na 71 70 68 70 70
Effingham 8M 77 76 84 74 81 78
El Dorado 7L 169 172 170 190 188 178
Elbing 7S 59 58 58 62 63 60
Elgin 7S 170 153 190 174 147 167
Elk City 7S 193 235 128 121 100 155
Elk Co. RWD #01 7S 130 na 123 132 na 128
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Elkhart 1 346 309 343 368 334 340
Ellinwood 6ML 100 97 108 125 135 113
Ellis 5 93 91 97 101 109 98
Ellis Co. RWD #03 5 53 50 56 53 55 53
Ellis Co. RWD #06 5 115 123 141 150 167 139
Ellsworth 6ML 128 130 127 117 128 126
Elmdale 7S 174 131 122 na na 142
Elwood 8M 100 89 89 92 86 91
Emmett 7S 61 61 61 68 60 62
Emporia 7L 152 147 135 127 138 140
Englewood 4 539 442 398 677 444 500
Ensign 3 128 112 181 184 144 150
Enterprise 7M 80 72 73 72 76 75
Erie 8M 103 91 97 93 95 96
Esbon 6S 93 97 92 141 137 112
Eskridge 7M 93 95 101 114 113 103
Eudora 8M 87 83 86 94 89 88
Eureka 7M 127 116 131 138 131 129
Everest 8S 114 110 156 78 92 110
Fall River 7S 71 66 49 64 57 61
Farr Subdivision 2 65 70 67 66 64 66
Finney Co. RWD #01 2 61 109 114 125 133 108
Florence 7S 73 65 75 102 99 83
Fontana 8S 66 73 64 62 64 66
Ford 4 295 274 249 289 317 285
Formoso 6S 70 83 82 90 91 83
Fort Scott 8M 160 138 128 125 147 140
Fowler 3 168 159 163 172 179 168
Frankfort 7M 138 151 153 168 132 148
Franklin Co. RWD #01 8M na na na na 110 110
Franklin Co. RWD #02 8M na na na 59 na 59
Franklin Co. RWD #03 8S 62 63 60 65 53 61
Franklin Co. RWD #04 8M 78 76 80 97 89 84
Franklin Co. RWD #05 8M 72 65 66 62 71 67
Franklin Co. RWD #06 8M 103 112 96 102 98 102
Fredonia 7M 116 108 88 125 122 112
Frontenac 8M 108 103 103 104 99 103
Fulton 8S 55 54 56 61 60 57
Galena 8M 105 106 100 111 100 104
Galesburg 8S 105 95 81 72 80 87
Galva 7M 101 98 109 134 137 116
Garden City 2 190 179 204 226 229 206
Garden Plain 7M 73 78 94 115 84 89
Garden Spot Rentals 2 76 58 81 96 37 70
Gardner 8L 101 94 96 104 105 100
Garnett 8M 92 83 90 89 91 89



Public Water Supplier Region
2008 

GPCD

2009 

GPCD

2010 

GPCD

2011 

GPCD

2012 

GPCD

AVG 

GPCD

TABLE 2

ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS
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Gas 8M 62 66 64 64 63 64
Gaylord 6S 127 106 97 115 171 123
Geary Co. RWD #01 7S na na na na 79 79
Geary Co. RWD #02 7S 96 93 94 107 105 99
Geary Co. RWD #04 7M 82 80 98 103 120 97
Geneseo 6S 98 83 89 122 132 105
Geuda Springs 7S 95 100 97 91 111 99
Girard 8M 104 104 105 115 120 110
Glade 5 106 99 124 69 77 95
Glasco 7S 73 95 93 70 74 81
Glen Elder 6S 156 145 143 128 139 142
Goddard 7M 137 146 152 146 158 148
Goessel 7M 120 103 120 131 125 120
Goff 7S 66 62 59 67 78 66
Goodland 1 302 258 285 270 318 287
Gorham 6S 84 70 71 75 81 76
Gove 3 302 167 193 165 215 208
Grainfield 3 253 220 222 229 245 234
Grandview Plaza 7M 88 99 81 80 72 84
Great Bend 6ML 130 120 117 122 131 124
Greeley 8S 52 53 58 62 56 56
Green 7S 73 81 79 81 84 80
Greenleaf 7S 123 123 111 119 130 121
Greensburg 5 173 242 259 309 362 269
Greenwood Co. RWD #01 7M 76 65 80 97 126 89
Greenwood Co. RWD #02 7M 102 100 107 119 104 106
Greenwood Co. RWD #03 7S 80 75 85 89 97 85
Grenola 7S 70 65 68 na 65 67
Gridley 7S 71 67 74 77 74 73
Grinnell 3 257 216 242 276 300 258
Gypsum 7S 70 112 94 101 94 94
Haddam 7S 73 101 77 80 83 83
Halstead 7M 94 90 94 99 83 92
Hamilton 7S 69 65 73 71 69 69
Hamilton Co. RWD #01 1 89 87 80 98 77 86
Hanover 7M 106 na na 98 na 102
Hanston 4 212 194 202 213 223 209
Hardtner 6S 207 189 226 275 255 230
Harper 6ML 119 121 139 165 147 138
Harper Co. RWD #04 6S 104 118 141 111 99 115
Harper Co. RWD #05 6S na 124 na na na 124
Hartford 7M 75 78 70 na 81 76
Harvey Co. RWD #01 7M 71 56 70 75 61 67
Harveyville 7S 84 80 83 78 74 80
Haven 6ML 120 119 124 140 124 125
Haviland 5 185 154 154 174 189 171
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Hays 5 92 85 91 99 102 94
Hays City Suburban 5 96 138 133 162 183 142
Haysville 7L 86 86 95 93 97 91
Hazelton 6S 134 107 123 128 159 130
Herington 7M 123 110 129 136 157 131
Herndon 2 229 284 410 297 509 346
Hesston 7M 129 131 174 240 224 180
Hiawatha 8M 116 114 112 108 121 114
Highland 8M 108 112 107 102 112 108
Hill City 4 191 226 225 227 247 223
Hillsboro 7M 182 118 105 114 131 130
Hoisington 6ML 98 94 98 113 103 101
Holcomb 2 147 132 143 173 174 154
Holton 7M 108 103 104 110 109 107
Holyrood 6S 113 111 134 160 170 138
Hope 7S 88 89 89 106 100 94
Horace 1 139 137 193 206 326 200
Horton 8M 85 75 87 77 89 83
Howard 7M 83 95 106 108 91 97
Howison Heights WD 7S 114 125 143 135 117 127
Hoxie 3 271 236 258 244 311 264
Hoyt 7M 70 67 63 na 65 66
Hugoton 2 354 315 289 375 382 343
Humboldt 8M 108 110 131 124 114 117
Hunter 6S 84 na na na na 84
Hutchinson 6ML 110 111 165 155 153 139
Independence 7L 147 138 136 168 144 147
Ingalls 3 189 na 260 na 249 233
Inman 7M 113 119 141 135 155 133
Iola 8M 112 106 108 126 133 117
Isabel 6S 127 125 125 160 132 134
Iuka 6S 72 81 84 82 75 79
Jackson Co. RWD #01 7M 75 72 na 71 70 72
Jackson Co. RWD #03 7M 94 96 98 88 90 93
Jamestown 7S 69 62 65 92 146 87
Jefferson Co. RWD #01 8M 92 87 87 104 93 93
Jefferson Co. RWD #02 8M 201 122 118 108 118 133
Jefferson Co. RWD #03 8M 94 88 87 92 101 92
Jefferson Co. RWD #07 8M 103 93 102 113 126 107
Jefferson Co. RWD #08 8S 76 78 76 82 102 83
Jefferson Co. RWD #09 8S 56 49 54 64 64 57
Jefferson Co. RWD #10 7S 74 87 na 126 148 109
Jefferson Co. RWD #11 8S 83 90 83 85 114 91
Jefferson Co. RWD #12 8M 91 72 80 72 86 80
Jefferson Co. RWD #13 8M 132 100 103 98 110 109
Jefferson Co. RWD #15 8S 41 41 41 43 52 44
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Jennings 3 206 158 171 232 321 218
Jetmore 4 178 171 175 222 230 195
Jewell 6S 67 69 75 63 69 69
Jewell Co. RWD #01 6S 177 182 151 273 149 186
Johnson City 1 360 313 339 365 352 346
Johnson Co. RWD #06C 8M 89 75 83 na na 82
Johnson Co. RWD #07 8M 97 94 116 122 130 112
Junction City 7L 151 133 161 156 160 152
Kanopolis 6S 101 85 102 92 87 93
Kanorado 1 190 121 151 183 357 200
Kansas City BPU 8L 187 171 165 172 180 175
Kechi 7M na na na na 85 85
Kensington 6S 134 110 115 113 159 126
Kincaid 8S na 74 na na na 74
Kingman 6ML 108 114 129 131 138 124
Kingman Co. RWD #01 6S 56 51 55 66 58 57
Kinsley 5 128 121 118 126 127 124
Kiowa 6ML 184 172 163 157 114 158
Kirwin 5 90 82 146 125 120 113
Kismet 2 163 141 182 240 232 192
Konza Valley Water District 7S 57 65 73 67 78 68
La Crosse 5 123 125 139 145 159 138
La Cygne 8M 82 68 73 69 90 76
La Harpe 8M 76 78 74 82 88 80
Labette Co. RWD #01C 8S na na na 115 85 100
Labette Co. RWD #03 8S 66 73 80 90 88 79
Labette Co. RWD #06 8M 69 na 63 63 45 60
Labette Co. RWD #07 8M 60 63 68 84 74 70
Labette Co. RWD #08 8M 67 95 97 107 102 94
Lakeside Village Improvement 8S 177 143 118 134 132 141
Lakin 2 262 213 226 243 217 232
Lancaster 8S 61 60 56 53 56 57
Lane 8S 68 56 63 68 64 64
Lane Co. RWD #01 3 201 170 201 240 345 231
Lansing (Lan-Del WC) 8M 80 79 81 83 100 85
Larned 5 203 176 200 225 218 204
Latham 7S 64 64 64 67 70 66
Lawrence 8L 108 97 103 111 131 110
Leavenworth 8L 91 91 96 129 129 107
Leavenworth Co. RWD #01C 8M 78 78 89 90 102 87
Leavenworth Co. RWD #02 8M 98 86 87 95 110 95
Leavenworth Co. RWD #05 8M 82 84 101 87 89 89
Leavenworth Co. RWD #06 8M 90 78 80 82 88 84
Leavenworth Co. RWD #07 8M 74 61 65 64 79 69
Leavenworth Co. RWD #08 8M 95 78 77 73 93 83
Leavenworth Co. RWD #09 8M 77 68 68 76 94 77
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Leavenworth Co. RWD #10 8M 91 na na na 74 83
Lebanon 6S 84 90 80 84 87 85
Lebo 7M 67 69 67 73 72 70
Lecompton 8M 66 61 71 66 59 65
Lehigh 7S 78 76 108 112 115 98
Lenora 4 163 150 189 209 175 177
Leon 7M 85 97 110 121 141 111
Leonardville 7S 96 96 98 75 81 89
Leoti 2 241 193 235 208 254 226
LeRoy 7M na 62 60 60 59 60
Lewis 5 138 114 136 154 133 135
Liberal 2 188 163 179 200 207 187
Liebenthal 5 78 66 63 78 79 73
Lincoln Center 6ML 138 142 136 114 113 129
Lindsborg 7M 103 102 108 113 121 109
Linn 7S 100 100 95 104 109 102
Linn Co. RWD #01 8M 91 98 113 100 94 99
Linn Co. RWD #02 8M na 76 60 60 74 68
Linn Co. RWD #03 8M na 93 110 123 125 113
Linwood 8S 64 65 68 59 64 64
Little River 6ML 119 142 158 149 118 137
Logan 5 173 134 167 174 197 169
Long Island 5 180 172 193 202 212 192
Longford 7S 72 71 83 90 80 79
Longton 7S 87 89 93 97 100 93
Lorraine 6S 89 85 85 104 102 93
Louisburg 8M 109 102 91 97 115 103
Lucas 6S 89 80 86 87 96 88
Luray 6S 77 86 86 79 88 83
Lyndon 7M 74 75 72 74 77 74
Lyon Co. RWD #01 7M 62 63 59 60 52 59
Lyon Co. RWD #02 7M 99 113 121 108 108 110
Lyon Co. RWD #03 7S 75 70 75 84 88 78
Lyon Co. RWD #05 7M 70 63 89 82 88 78
Lyons 6ML 180 161 173 253 231 200
Macksville 6ML 132 133 140 135 137 135
Madison 7M 90 71 84 100 102 89
Mahaska 7S 126 137 129 156 106 131
Maize 7M 76 72 96 63 70 75
Manchester 7S na 65 na 97 69 77
Manhattan 7L 129 127 133 144 140 135
Mankato 6ML 170 205 189 184 206 191
Manter 1 245 222 219 269 255 242
Maple Hill 7M 86 81 83 76 77 81
Marion 7M 116 106 115 105 114 111
Marion Co. Imp. Dist. #02 7S 43 41 40 39 44 41
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Marion Co. RWD #01 7M 79 77 82 86 116 88
Marion Co. RWD #04 7M 75 68 76 81 85 77
Marquette 7M 102 107 116 129 137 118
Marshall Co. RWD #01 7S 87 96 88 87 84 88
Marshall Co. RWD #03 7M 115 103 104 99 106 105
Marysville 7M 125 119 109 124 142 124
Matfield Green 7S 62 95 66 52 69 69
Mayetta 7S 51 51 64 63 65 59
Mayfield 7S na na 69 65 62 65
McCracken 5 78 77 82 67 80 77
McCune 8S 68 68 69 69 68 68
McDonald 2 487 205 180 257 386 303
McFarland 7S 68 81 83 76 80 78
McLouth 8M 70 60 56 61 59 61
McPherson 7L 131 130 154 183 158 151
McPherson Co. RWD #01 7S 113 103 110 123 123 114
McPherson Co. RWD #02 7S 97 96 106 129 142 114
McPherson Co. RWD #03 7S 81 81 78 106 140 97
McPherson Co. RWD #04 7M 102 91 104 128 146 114
McPherson Co. RWD #06 7S 55 na na na na 55
Meade 3 252 214 206 232 218 224
Medicine Lodge 6ML 199 164 179 180 159 176
Melvern 7S 73 78 77 99 85 82
Miami Co. RWD #01 8M 67 75 73 72 84 74
Miami Co. RWD #02 8L 108 95 98 96 100 99
Miami Co. RWD #03 8M 67 64 67 73 73 69
Miami Co. RWD #04 8M 66 65 79 82 79 74
Milford 7M 83 79 77 79 71 78
Miltonvale 7M 101 98 116 98 115 106
Minneapolis 7M 152 109 103 123 117 121
Minneola 4 206 174 184 241 215 204
Mitchell Co. RWD #02 6ML 190 193 197 193 245 204
Moline 7S 89 86 87 na 88 88
Montezuma 3 265 259 278 351 291 289
Montgomery Co. RWD #01 7S 98 93 101 na 112 101
Montgomery Co. RWD #01C 7M 62 72 na 67 71 68
Montgomery Co. RWD #02 7M 83 81 74 79 134 90
Montgomery Co. RWD #02C 7M na na 80 69 63 71
Montgomery Co. RWD #06 7M 88 101 107 106 91 99
Montgomery Co. RWD #08 7S 103 80 70 na na 84
Montgomery Co. RWD #12 7M 67 83 82 76 92 80
Montgomery Co. RWD #13 7S na 60 60 72 83 69
Montgomery Co. RWD #14 7S 58 69 73 62 63 65
Moran 8M 83 84 83 89 na 85
Morganville 7S 104 82 91 92 90 92
Morland 4 222 177 255 195 255 221
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Morrill 8S 85 60 78 55 60 68
Morris Co. RWD #01 7M 142 160 179 164 173 164
Morrowville 7S 77 80 88 88 101 87
Moscow 2 306 229 304 305 244 278
Mound City 8M 93 80 77 91 88 86
Mound Valley 8S 69 71 69 78 73 72
Moundridge 7M 116 116 148 183 178 148
Mount Hope 7M 104 108 122 144 142 124
Mulberry 8M 94 73 73 99 71 82
Mullinville 5 266 206 242 266 215 239
Mulvane 7M 81 81 82 81 90 83
Munden 7S 98 84 91 101 101 95
Muscotah 8S 92 55 63 70 98 76
Narka 7S 84 92 80 105 95 91
Natoma 6S 137 96 109 107 110 112
Nemaha Co. RWD #01 7S 208 105 117 151 150 146
Nemaha Co. RWD #02 7S na na 78 66 67 70
Nemaha Co. RWD #03 7M 102 94 114 114 115 108
Nemaha Co. RWD #04 7M 127 138 119 137 130 130
Neodesha 7M 118 120 100 111 112 112
Neosho Co. RWD #01C 8M 95 104 127 na na 109
Neosho Co. RWD #02 8M 68 71 72 79 70 72
Neosho Co. RWD #03 8S 102 68 73 na 65 77
Neosho Co. RWD #04 8M 73 92 81 76 86 82
Neosho Co. RWD #05 8S 90 94 108 na na 97
Neosho Co. RWD #06 8S 95 83 114 92 74 92
Neosho Co. RWD #07 8M 95 104 99 88 86 94
Neosho Co. RWD #08 8S 96 102 100 93 89 96
Neosho Co. RWD #09 8S 83 78 100 98 98 91
Neosho Co. RWD #12 8S 71 71 77 86 76 76
Ness City 4 147 132 161 153 142 147
Netawaka 7S na 70 70 81 86 77
New Strawn 7M 86 89 81 79 77 82
Newton 7L 95 93 97 105 99 98
Nickerson 6ML 86 69 68 84 85 78
Norcatur 3 238 133 174 119 144 162
North Newton 7M 95 93 97 90 87 92
Norton 4 208 191 199 175 211 197
Norton Co. RWD #01 4 40 48 43 46 58 47
Nortonville 8M 78 80 76 70 71 75
Norwich 6S 83 82 92 128 123 102
Oakley 2 268 224 329 258 302 276
Oberlin 3 187 172 196 172 229 191
Offerle 5 101 135 158 183 161 148
Ogden 7M 95 84 75 75 76 81
Oketo 7S 94 82 80 84 89 86
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Olathe 8L 96 114 128 124 114 115
Olmitz 6S 98 99 103 151 134 117
Olpe 7M 74 73 76 91 87 80
Olsburg 7S 70 65 72 67 73 69
Onaga 7M 96 99 84 81 87 89
Oneida 7S 77 86 67 62 71 73
Osage City 7M 93 90 89 87 89 90
Osage Co. RWD #02 7S 83 81 66 71 69 74
Osage Co. RWD #03 7M 95 83 100 109 118 101
Osage Co. RWD #04 7M 72 74 79 84 89 80
Osage Co. RWD #05 7M 87 82 96 92 95 90
Osage Co. RWD #06 7S 89 87 117 90 107 98
Osage Co. RWD #07 7M 85 90 91 78 70 83
Osage Co. RWD #08 7M 79 na na 72 na 76
Osawatomie 8M 121 114 134 134 140 129
Osborne 6ML 159 136 124 144 191 151
Osborne Co. RWD #01A 6S 524 405 797 559 971 651
Osborne Co. RWD #02 6S 138 98 112 117 109 115
Oskaloosa 8M 82 75 74 80 86 79
Oswego 8M 88 84 86 109 108 95
Otis 5 184 136 152 268 176 183
Ottawa 8L 89 85 87 89 101 90
Ottawa Co. RWD #01 7S 85 87 108 160 117 111
Ottawa Co. RWD #02 7M 82 78 73 90 89 82
Overbrook 7M 69 77 66 66 65 69
Oxford 7M 100 78 84 108 94 93
Ozawkie 8M 71 79 88 82 98 84
Palco 5 118 106 126 111 111 114
Palmer 7S 117 139 122 111 144 127
Paola 8M 102 97 100 94 105 100
Paradise 6S 71 80 88 92 78 82
Park 3 170 152 156 233 282 199
Park City 7M 100 98 106 129 154 117
Parker 8S 50 50 53 58 138 70
Parsons 8L 119 113 123 144 146 129
Pawnee Rock 6S 93 85 64 102 91 87
Paxico 7S 78 70 70 70 72 72
Peabody 7M 101 93 94 88 101 95
Perry 8M 86 82 82 80 80 82
Peru 7S 63 63 64 83 68 68
Phillips Co. RWD #01 5 na 63 66 93 99 80
Phillipsburg 5 130 121 114 139 168 134
Pittsburg 8L 112 106 112 114 107 110
Plains 3 286 249 258 325 315 287
Plainville 5 123 130 146 149 139 137
Pleasanton 8M 111 102 107 107 112 108
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Pomona 8M 64 57 61 82 83 69
Portis 6S 93 79 82 99 115 94
Post Rock RWD 5 149 145 162 174 175 161
Pottawatomie Co. RWD #01 7M 118 121 103 114 134 118
Pottawatomie Co. RWD #02 7M 143 131 134 126 122 131
Pottawatomie Co. RWD #03 7M 89 92 85 88 105 92
Pottawatomie Co. RWD #04 7M 129 127 97 104 108 113
Potwin 7S 67 na na 70 62 66
Prairie View 5 159 123 107 133 174 139
Pratt 6ML 192 187 203 210 224 203
Prescott 8S 69 64 68 78 80 72
Preston 6S 91 76 90 117 92 93
Pretty Prairie 6ML 125 136 129 142 126 132
Princeton 8S 61 63 na 76 75 69
Protection 5 180 194 175 196 192 187
Quenemo 7S 48 na 51 59 54 53
Quinter 3 208 184 206 212 255 213
Randall 6S 118 124 na 102 98 111
Randolph 7S 71 77 78 76 91 79
Ransom 4 110 108 128 130 124 120
Rantoul 8S 66 60 57 67 55 61
Raymond 6S 89 91 101 162 146 118
Reading 7S 66 na na na 67 67
Red Bud Lake Improvement 7S 61 47 36 35 43 44
Reno Co. RWD #01 6S 137 116 156 185 140 147
Reno Co. RWD #03 6S 210 238 198 161 181 198
Reno Co. RWD #04 6S 71 67 79 81 78 75
Reno Co. RWD #08 6S 146 148 161 153 148 151
Reno Co. WD #101 6S 105 125 127 119 118 119
Republic 7S 125 114 123 92 135 118
Republic Co. RWD #01 7S 327 269 266 302 306 294
Republic Co. RWD #02 7M 179 160 167 169 193 174
Reserve 8S 101 105 107 75 70 92
Rexford 2 456 292 287 259 286 316
Rice Co. RWD #01 6ML 168 na 109 133 124 134
Richmond 8S 75 75 77 83 82 78
Riley 7M 99 96 102 84 87 94
Riley Co. RWD #01 7M 94 105 na 113 103 104
Robinson 8S 93 109 94 90 92 96
Rocky Ford Water Company 7S 46 41 41 35 94 51
Rolla 1 243 202 199 291 273 242
Rooks Co. RWD #01 5 70 73 71 75 74 73
Rooks Co. RWD #02 5 70 68 72 100 87 79
Rooks Co. RWD #03 5 137 130 132 175 146 144
Rose Hill 7M 70 68 77 na 71 72
Roseland 8S na na 60 na na 60



Public Water Supplier Region
2008 

GPCD

2009 

GPCD

2010 

GPCD

2011 

GPCD

2012 

GPCD

AVG 

GPCD

TABLE 2

ANNUAL AND AVERAGE GPCD USAGE FOR PUBLIC WATER SUPPLIERS

KANSAS, 2008-2012

Rossville 7M 83 78 86 78 80 81
Rozel 5 161 150 230 238 177 191
Rush Center 5 116 135 140 155 139 137
Rush Co. RWD #01 5 156 169 198 276 283 216
Russell 6ML 133 151 166 146 149 149
Russell Co. RWD #01 6S 140 116 152 120 111 128
Russell Co. RWD #02 6S 177 154 135 182 207 171
Russell Co. RWD #03 6ML 127 121 162 153 125 138
Russell Co. RWD #04 6S 119 161 154 258 158 170
Sabetha 7M 95 108 117 114 128 112
Salina 7L 109 110 121 117 120 115
Saline Co. RWD #01 7S 53 75 79 58 68 67
Saline Co. RWD #02 7S 116 118 97 134 124 118
Saline Co. RWD #03 7M na 80 78 86 91 84
Saline Co. RWD #04 7M 91 84 95 90 97 91
Saline Co. RWD #06 7S 89 102 112 118 128 110
Saline Co. RWD #07 7S 60 70 72 71 72 69
Saline Co. RWD #08 7S 83 81 91 112 112 96
Satanta 2 259 220 225 316 292 262
Sawyer 6S 152 144 140 191 158 157
Scammon 8S 101 80 98 92 79 90
Scandia 7S 134 151 171 157 157 154
Schoenchen 5 na na na 72 84 78
Scott City 2 258 216 230 256 291 250
Scranton 7M 64 na 60 na 66 63
Sedan 7M 81 73 89 82 87 82
Sedgwick 7M 71 72 76 80 77 75
Sedgwick Co. RWD #01 7M 63 65 78 83 80 74
Sedgwick Co. RWD #02 7M na na na 94 na 94
Sedgwick Co. RWD #03 7M 73 72 77 82 81 77
Sedgwick Co. RWD #04 7M 91 79 80 115 85 90
Selden 3 198 202 292 294 298 257
Seneca 7M 119 118 150 121 148 131
Severy 7S 78 80 72 102 120 90
Sharon 6S 136 120 130 210 218 163
Sharon Springs 1 264 224 255 243 321 261
Shawnee Co. RWD #01C 7M 69 79 83 88 106 85
Shawnee Co. RWD #02C 7M 82 83 85 80 92 84
Shawnee Co. RWD #03C 7M 99 94 97 112 99 100
Shawnee Co. RWD #04C 7L 80 92 98 106 101 95
Shawnee Co. RWD #08 7M 89 91 92 83 112 93
Silver Lake 7M 80 72 73 74 85 77
Simmons Subdivision Sanitation 7S na 72 74 103 70 80
Simpson 6S 111 140 94 108 98 110
Smith Center 6ML 146 162 158 168 181 163
Smith Co. RWD #01 6S 134 178 196 162 204 175
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Soldier 7S 62 63 55 51 na 58
Solomon 7M 104 89 90 94 100 95
South Haven 7S 110 97 101 120 87 103
South Hutchinson 6ML 130 155 151 173 165 155
Spearville 4 123 128 131 194 177 151
Speed 5 89 129 87 109 118 106
Spivey 6S 140 165 119 138 135 139
Spring Hill 8M 79 74 88 64 95 80
St. Francis 1 274 232 287 277 347 283
St. George 7M 77 87 75 82 99 84
St. John 6ML 135 123 154 166 150 146
St. Marys 7M 98 98 91 94 104 97
St. Paul 8M 90 89 96 101 101 95
Stafford 6ML 118 114 121 151 155 132
Sterling 6ML 82 82 95 107 100 93
Stockton 5 114 98 101 115 121 110
Strong City 7S 87 96 102 86 92 93
Sublette 2 248 220 276 322 289 271
Suburban Water Company 8M 89 71 82 92 105 88
Summerfield 7S 82 102 90 102 107 97
Sumner Co. RWD #01 7S 145 134 93 128 127 125
Sumner Co. RWD #02 7S 110 131 103 124 107 115
Sumner Co. RWD #03 7S 79 80 93 105 91 90
Sumner Co. RWD #04 7M 93 90 90 99 101 95
Sumner Co. RWD #05 7M na 109 87 83 113 98
Sumner Co. RWD #06 7S 84 86 95 96 115 95
Susank 6S na na 91 107 na 99
Sylvan Grove 6S 109 113 102 117 130 114
Sylvia 6S 97 93 87 124 131 106
Syracuse 1 377 349 379 397 428 386
Tescott 7S 95 96 95 81 86 91
Thayer 8S na 122 107 118 126 118
Timber Creek Water & Sewer 7M 125 111 125 142 170 135
Timken 5 69 47 59 67 87 66
Tipton 6S 115 104 95 110 123 109
Tonganoxie 8M 80 80 82 73 83 80
Topeka 7L 129 120 129 131 138 129
Toronto 7S 98 87 89 99 85 92
Trego Co. RWD #01 4 81 67 116 132 143 108
Trego Co. RWD #02 4 101 114 129 163 206 143
Tribune 1 321 288 314 292 356 314
Troy 8M 91 107 109 108 104 104
Turon 6S 101 96 114 130 134 115
Udall 7M 84 83 96 104 95 92
Ulysses 2 253 240 255 263 244 251
Uniontown 8S 80 84 99 na 101 91
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University Park Water 7S 47 45 46 44 53 47
Utica 4 175 176 214 257 255 215
Valley Center 7M 83 80 100 100 101 93
Valley Falls 8M 115 114 127 107 104 113
Vermillion 7S 120 110 100 104 109 109
Victoria 5 107 95 105 110 113 106
Viola 7S 58 58 85 97 89 77
Virgil 7S 45 47 50 58 62 52
Wabaunsee Co. RWD #01 7S 90 91 96 114 123 103
Wabaunsee Co. RWD #02 7M 87 81 85 91 104 90
WaKeeney 4 199 172 178 181 214 189
Wakefield 7M 112 100 125 120 105 112
Waldo 6S 64 79 62 60 119 77
Wallace 1 220 203 250 319 332 265
Wallace Co. RWD #01 1 335 224 303 324 426 322
Walnut 8S na na na 176 na 176
Walton 7S 67 na na 77 69 71
Wamego 7M 109 94 107 136 136 116
Washington 7M 134 134 137 138 162 141
Washington Co. RWD #01 7M 88 95 84 97 120 97
Washington Co. RWD #02 7M 144 121 155 176 143 148
WaterOne - Johnson Co. 8L 145 139 146 155 182 153
Waterville 7M 125 126 121 144 123 128
Wathena 8M 103 99 104 132 135 115
Waverly 7M 75 72 77 75 76 75
Weir 8M 73 68 70 69 60 68
Wellington 7M 125 130 141 136 134 133
Wellsville 8M 70 67 63 63 73 67
West Hills Water Company 6S 233 226 440 397 639 387
West Mineral 8S 52 64 53 55 60 57
Westmoreland 7M 87 76 79 77 83 80
Wetmore 7S 81 82 84 90 91 86
White City 7M 96 76 77 66 86 80
White Cloud 8S 79 71 71 83 82 77
Whitewater 7M 80 77 74 75 82 78
Whiting 7S 64 68 62 59 68 64
Wichita 7L 130 126 133 143 140 134
Williamsburg 8S 74 71 72 62 63 68
Willis 8S na 118 131 96 na 115
Wilsey 7S 54 60 62 72 77 65
Wilson 6ML 104 106 110 109 112 108
Wilson Co. RWD #01 7S na na 87 101 97 95
Wilson Co. RWD #02 7S na na 60 64 57 60
Wilson Co. RWD #03 7S 61 61 45 na 70 59
Wilson Co. RWD #04 7S 90 97 na na na 94
Wilson Co. RWD #05 7S 49 44 33 42 34 40
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Wilson Co. RWD #06 7S 95 99 84 110 84 94
Wilson Co. RWD #11 7M 67 78 73 60 50 66
Wilson Co. RWD #12 7S 65 65 63 87 75 71
Wilson Co. RWD #13 7S na 70 68 78 74 73
Winchester 8M 78 81 74 78 73 77
Windom 7S 83 92 92 113 na 95
Winfield 7L 128 124 143 152 150 139
Winona 2 306 295 278 309 399 317
Woodbine 7S na na 58 53 60 57
Woodson Co. RWD #01 7M 63 66 60 64 58 62
Woodston 5 255 250 157 92 129 177
Yates Center 7M 101 100 105 103 98 101
Zenda 6S 122 109 124 196 178 146

Note:  GPCD figures are based on reported water sold to residential and commercial customers, 

metered free uses, and unaccounted for water.  If insufficient information was provided to determine 

GPCD, or if no water use report was filed, "na" is shown.
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Abbyville 6S 36 10 9 6 7 14
Abilene 7M 13 15 18 11 4 12
Admire 7S 20 16 22 21 34 23
Agenda 7S 13 na 4 4 na 7
Agra 5 15 10 11 11 9 11
Albert 6S 7 11 8 na 12 10
Alexander 5 6 4 20 17 23 14
Allen 7S 10 9 4 14 26 13
Allen Co. RWD #02 8S 19 na na na na 19
Allen Co. RWD #04 8S na 4 na 7 14 8
Allen Co. RWD #07 8S na na na na 12 12
Allen Co. RWD #08 8M 28 28 6 8 20 18
Allen Co. RWD #09 8S 100 na na na na 100
Allen Co. RWD #10 8S 14 27 na na 9 17
Allen Co. RWD #11 8S 17 8 33 17 na 19
Allen Co. RWD #12 8S na na na na na na
Allen Co. RWD #13 8S 29 37 43 34 11 31
Allen Co. RWD #15 8S na na 6 4 13 8
Allen Co. RWD #16 8S 100 100 100 5 34 68
Alma 7M 12 5 5 14 8 9
Almena 4 39 46 8 11 na 26
Alta Vista 7S 10 9 11 17 5 10
Altamont 8M 5 na na 3 na 4
Alton 6S 10 16 34 18 5 17
Altoona 7S 10 10 na 13 na 11
Andale 7M 6 4 8 5 6 6
Anderson Co. RWD #01 8S 13 6 11 12 9 10
Anderson Co. RWD #01C 8M 24 23 24 13 12 19
Anderson Co. RWD #04 8M 22 18 16 10 9 15
Anderson Co. RWD #05 8M na 24 20 20 16 20
Anthony 6ML 11 11 17 8 10 11
Arcadia 8S 15 15 17 15 na 16
Argonia 7M 5 4 5 4 8 5
Arkansas City 7L 28 28 28 23 30 27
Arlington 6S 7 4 6 7 6 6
Arma 8M 9 10 6 7 na 8
Arnold 4 100 100 100 100 100 100
Ashland 4 9 17 20 15 19 16
Assaria 7S 4 3 29 9 8 11
Atchison 8L 17 31 28 19 20 23
Atchison Co. RWD #01 8M na 25 na 16 6 16
Atchison Co. RWD #05C 8M 27 na na na na 27
Atchison Co. RWD #06 8M na na 16 na na 16
Atlanta 7S 22 11 18 16 9 15
Attica 6ML 33 41 45 43 35 39

TABLE 3
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KANSAS, 2008-2012
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Atwood 2 10 13 10 15 16 13
Augusta 7M 36 30 23 17 6 22
Aurora 7S 6 na na 6 na 6
Axtell 7S 11 7 6 3 4 6
Baldwin 8M 8 21 22 19 18 18
Barber Co. RWD #01 6S 100 100 100 100 100 100
Barber Co. RWD #02 6S na na 32 6 24 21
Barber Co. RWD #03 6S 23 30 17 20 20 22
Barnard 6S 9 15 5 6 10 9
Barnes 7S 27 40 30 27 9 27
Bartlett 8S na na 10 na 18 14
Barton Co. RWD #01 6S 23 11 20 24 33 22
Barton Co. RWD #02 6ML na na na na na na
Barton Hills WD 6S 7 6 6 10 6 7
Baxter Springs 8M 28 29 31 38 48 35
Bazine 4 11 12 16 9 9 11
Beattie 7S 26 25 13 19 18 20
Bel Aire 7M 6 na na 3 4 4
Belle Plaine 7M 17 14 12 na 14 14
Belleville 7M 10 9 6 7 6 8
Beloit 6ML 11 9 9 14 4 9
Belpre 5 29 29 25 20 29 26
Belvidere 5 100 100 100 100 100 100
Belvue 7S 10 4 12 3 na 7
Bennington 7M 4 7 na 17 19 12
Benton 7M na 8 10 30 5 13
Bern 7S 9 10 12 22 5 12
Beverly 6S na na na na na na
Bird City 1 24 41 25 42 35 33
Bison 5 16 21 11 19 16 17
Blue Mound 8S 12 9 10 13 8 10
Blue Rapids 7M 19 20 29 19 23 22
Blue River Hills Improvement 7S 100 100 100 100 100 100
Bluff City 6S 14 32 11 na na 19
Bogue 4 10 10 8 11 9 10
Bonner Springs 8M 22 26 25 27 20 24
Bourbon Co. RWD #02C 8M 15 24 30 11 9 18
Bourbon Co. RWD #04 8M 11 14 23 25 11 17
Brewster 2 4 4 4 7 na 5
Bronson 8S 11 11 13 7 9 10
Brown Co. RWD #01 8M 20 18 29 31 21 24
Brown Co. RWD #02 8M 9 10 21 19 16 15
Brownell 4 10 16 8 5 5 9
Bucklin 4 18 31 14 9 7 16
Buffalo 7S 23 25 16 14 10 18
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Buhler 6ML 4 na na na 3 4
Bunker Hill 6S 10 9 10 6 5 8
Burden 7M 9 7 8 9 10 9
Burdett 5 41 19 28 13 36 27
Burlingame 7M 7 na 6 3 6 6
Burlington 7M 7 10 13 4 na 9
Burns 7S na na na na 6 6
Burr Oak 6S 24 25 20 45 49 33
Burrton 7M 4 8 9 31 26 16
Bushton 6S 14 16 13 11 9 13
Butler Co. RWD #01 7M 23 15 12 17 11 16
Butler Co. RWD #02 7M 5 6 22 33 31 19
Butler Co. RWD #03 7M 12 15 22 23 13 17
Butler Co. RWD #05 7M 9 11 8 8 6 8
Butler Co. RWD #06 7M 23 14 15 9 11 14
Butler Co. RWD #07 7M 11 6 9 9 8 9
Butler Co. RWD #08 7M 10 6 14 16 9 11
Byron 7S 100 100 100 100 100 100
Caldwell 7M 18 21 27 20 21 21
Cambridge 8S 6 18 5 12 na 10
Caney 7M 24 22 29 30 32 27
Canton 7M na na 5 12 17 11
Carbondale 7M 16 27 17 20 17 19
Cassoday 7S 8 16 16 18 16 15
Cawker City 6S 25 na 10 10 7 13
Cedar Point 7S 29 25 7 12 40 23
Cedar Vale 7M 17 14 na 14 17 16
Centralia 7M 4 na na na na 4
Chanute 8M 11 10 10 13 13 11
Chapman 7M 8 15 6 7 3 8
Chase 6S 12 22 14 18 27 19
Chase Co. RWD #01 7S na 37 na 45 23 35
Chautauqua 7S na na 12 11 8 10
Chautauqua Co. RWD #01 7S na na na 7 10 9
Chautauqua Co. RWD #02 7S 20 20 17 28 25 22
Chautauqua Co. RWD #03 7S na na 25 na 26 26
Chautauqua RWD #04 7M na na na 20 14 17
Cheney 7M 10 8 6 4 5 7
Cherokee 8M 5 12 11 10 10 10
Cherokee Co. RWD #01 8M 40 31 30 31 19 30
Cherokee Co. RWD #02 8M 20 14 17 18 15 17
Cherokee Co. RWD #03 8M 49 40 49 43 42 45
Cherokee Co. RWD #04 8M 30 29 43 36 39 35
Cherokee Co. RWD #05 8S 13 8 13 19 19 14
Cherokee Co. RWD #06 8S na 9 3 15 na 9
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Cherokee Co. RWD #07 8S 41 37 37 44 29 38
Cherokee Co. RWD #08 8M 13 13 16 16 11 14
Cherryvale 7M 18 18 23 17 16 18
Chetopa 8M 23 11 17 27 28 21
Chicopee Rural Water 8S 14 10 8 8 13 11
Cimarron 3 12 11 8 3 9 9
Circleville 7S 24 23 11 17 9 17
Claflin 6ML 20 20 22 21 19 20
Clay Center 7M 8 6 6 8 7 7
Clay Co. RWD #01 7S 25 21 28 19 na 23
Clay Co. RWD #02 7M 11 12 16 11 9 12
Clayton 4 na 5 na 3 na 4
Clearwater 7M 15 13 15 14 9 13
Clifton 7M 13 17 10 12 16 14
Cloud Co. RWD #01 7S 31 32 21 15 na 25
Clyde 7M 15 10 20 19 20 17
Coal Hollow WD 8S 100 na na na na 100
Coats 6S 10 11 10 11 11 11
Coffey Co. RWD #02 7M 13 28 15 16 11 17
Coffey Co. RWD #03 7M 9 5 11 8 11 9
Coffeyville 7L 15 9 17 17 16 15
Colby 2 23 23 18 15 11 18
Coldwater 5 7 22 5 4 12 10
Collyer 4 na 9 4 na 5 6
Colony 8S 9 4 5 na na 6
Columbus 8M 15 21 16 11 22 17
Colwich 7M na na na 8 16 12
Comanche Co. RWD #01 5 23 19 30 18 20 22
Comanche Co. RWD #02 5 45 63 58 47 47 52
Concordia 7M 12 20 10 15 17 15
Conway Springs 7M 15 19 12 17 11 15
Coolidge 1 28 5 30 20 na 21
Copeland 3 59 58 59 57 8 48
Corning 7S na na na na 20 20
Cottonwood Falls 7M 3 10 20 na na 11
Council Grove 7M 14 10 9 8 10 10
Courtland 7S 11 8 7 9 3 8
Cowley Co. RWD #01 7M 4 6 6 8 13 7
Cowley Co. RWD #02 7M 9 7 6 na na 7
Cowley Co. RWD #03 7M 30 18 15 11 9 17
Cowley Co. RWD #04 7M 19 13 21 24 34 22
Cowley Co. RWD #05 7M 21 25 38 17 9 22
Cowley Co. RWD #06 7M 30 17 14 23 17 20
Cowley Co. RWD #07 7S 38 33 41 33 18 33
Cowley Co. RWD #08 7S na na na na na na
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Crawford Co. RWD #01 8M 16 10 34 33 na 23
Crawford Co. RWD #01C 8M 17 21 20 19 3 16
Crawford Co. RWD #01C 8M 17 21 20 19 3 16
Crawford Co. RWD #02 8M na na na na 17 17
Crawford Co. RWD #03 8S 20 14 9 6 8 11
Crawford Co. RWD #04 8M 21 24 21 23 21 22
Crawford Co. RWD #05 8M 38 43 49 24 4 32
Crawford Co. RWD #06 8M 19 23 22 17 14 19
Crawford Co. RWD #07 8S 23 5 5 7 4 9
Cuba 7S 22 22 15 13 16 18
Cullison 6S 25 25 34 29 32 29
Culver 7S 15 15 17 18 16 16
Cunningham 6S 8 11 20 16 20 15
Damar 5 na na 15 na na 15
Dearing 7S 5 na 12 7 na 8
Deerfield 2 11 6 18 12 8 11
Delia 7S 100 100 na na na 100
Delphos 7S 30 34 30 30 36 32
Denison 8S 5 4 na 4 na 4
Derby (El Paso Water Co.) 7L na na 4 4 7 5
DeSoto 8M 36 46 50 46 24 40
Dexter 7S 9 9 13 13 10 11
Dickinson Co. RWD #01 7M 32 22 45 39 43 36
Dickinson Co. RWD #02 7M 28 21 29 21 25 25
Dighton 3 12 12 9 8 4 9
Dodge City 4 19 10 6 11 12 12
Doniphan Co. RWD #01 8S 27 34 23 na na 28
Doniphan Co. RWD #02 8S 26 29 27 19 20 24
Doniphan Co. RWD #03 8S 8 23 18 36 26 22
Doniphan Co. RWD #05 8M na 21 21 na na 21
Dorrance 6S 13 13 8 8 14 11
Douglas Co. RWD #01 8M 21 13 17 21 22 19
Douglas Co. RWD #02 8M 17 24 11 8 8 14
Douglas Co. RWD #03 7M 28 22 16 11 14 18
Douglas Co. RWD #04 8M 22 22 23 6 6 16
Douglas Co. RWD #05 8M 3 13 15 14 12 11
Douglas Co. RWD #06 8M 4 na na 5 17 9
Douglass 7M 12 11 13 12 8 11
Downs 6ML 12 21 28 13 21 19
Durham 7S 9 9 26 20 7 14
Dwight 7S 7 13 13 7 3 9
Easton 8S 10 5 23 29 25 18
Edgerton 8M 8 3 7 na na 6
Edna 8S na 13 6 8 8 9
Effingham 8M na na 12 6 5 8
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El Dorado 7L 5 3 na 3 4 4
Elbing 7S 7 6 5 5 12 7
Elgin 7S 51 54 64 66 46 56
Elk City 7S 18 19 7 15 11 14
Elk Co. RWD #01 7S 34 na 32 24 na 30
Elkhart 1 13 20 21 26 18 20
Ellinwood 6ML 3 4 4 na 6 4
Ellis 5 8 10 11 12 13 11
Ellis Co. RWD #03 5 7 100 100 100 3 62
Ellis Co. RWD #06 5 19 18 18 25 24 21
Ellsworth 6ML 17 17 14 13 22 17
Elmdale 7S 52 28 23 na na 34
Elwood 8M 10 11 8 12 11 10
Emmett 7S 21 17 13 17 5 15
Emporia 7L 21 18 12 8 10 14
Englewood 4 97 95 93 94 98 95
Ensign 3 5 4 3 6 6 5
Enterprise 7M 11 13 18 17 21 16
Erie 8M 21 15 13 10 6 13
Esbon 6S 14 26 23 37 32 26
Eskridge 7M 4 3 6 6 5 5
Eudora 8M 7 7 6 5 7 6
Eureka 7M 12 11 12 14 12 12
Everest 8S 27 25 46 10 18 25
Fall River 7S 22 22 12 29 25 22
Farr Subdivision 2 100 100 100 na 100 100
Finney Co. RWD #01 2 na 5 5 6 5 5
Florence 7S 18 15 31 29 14 21
Fontana 8S 18 20 15 16 29 20
Ford 4 98 99 100 na 100 99
Formoso 6S 16 13 12 24 15 16
Fort Scott 8M 32 9 19 18 28 21
Fowler 3 11 3 5 10 7 7
Frankfort 7M 21 13 20 24 6 17
Franklin Co. RWD #01 8M na na na na 5 5
Franklin Co. RWD #02 8M na na na 5 na 5
Franklin Co. RWD #03 8S 10 15 9 4 3 8
Franklin Co. RWD #04 8M 17 17 24 19 12 18
Franklin Co. RWD #05 8M 10 14 11 6 12 11
Franklin Co. RWD #06 8M 14 18 21 18 11 16
Fredonia 7M 7 8 na 13 21 12
Frontenac 8M 23 16 8 12 12 14
Fulton 8S 14 11 11 20 24 16
Galena 8M 19 21 14 17 17 18
Galesburg 8S 27 26 23 7 13 19
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Galva 7M 5 5 4 5 8 5
Garden City 2 na 3 na na 7 5
Garden Plain 7M 3 3 13 27 6 10
Garden Spot Rentals 2 100 100 100 100 100 100
Gardner 8L 18 14 15 17 13 15
Garnett 8M 14 11 7 8 10 10
Gas 8M na 6 9 4 5 6
Gaylord 6S 16 5 8 11 16 11
Geary Co. RWD #01 7S na na na na na na
Geary Co. RWD #02 7S 100 100 100 100 100 100
Geary Co. RWD #04 7M 4 3 5 4 3 4
Geneseo 6S 18 8 14 33 51 25
Geuda Springs 7S 11 15 15 25 22 18
Girard 8M 18 11 14 14 16 15
Glade 5 38 48 42 16 7 30
Glasco 7S 8 11 10 9 13 10
Glen Elder 6S 13 9 12 12 11 11
Goddard 7M na 4 na 9 na 7
Goessel 7M 22 21 14 15 14 17
Goff 7S 12 7 na na 16 12
Goodland 1 25 27 24 16 14 21
Gorham 6S 19 7 5 8 13 10
Gove 3 45 26 10 na na 27
Grainfield 3 11 21 16 14 16 16
Grandview Plaza 7M 11 12 13 8 6 10
Great Bend 6ML 24 18 12 7 17 16
Greeley 8S na 4 4 5 4 4
Green 7S 17 29 29 28 20 25
Greenleaf 7S 13 17 15 4 4 11
Greensburg 5 16 17 18 15 11 15
Greenwood Co. RWD #01 7M 32 20 32 40 51 35
Greenwood Co. RWD #02 7M 19 19 20 18 16 18
Greenwood Co. RWD #03 7S 25 14 24 17 14 19
Grenola 7S 17 9 13 na 9 12
Gridley 7S 13 6 16 18 11 13
Grinnell 3 7 7 4 5 10 7
Gypsum 7S 3 10 8 10 na 8
Haddam 7S 30 31 23 23 32 28
Halstead 7M 14 13 12 11 6 11
Hamilton 7S 17 15 15 12 14 15
Hamilton Co. RWD #01 1 8 4 na na na 6
Hanover 7M 17 na na 17 na 17
Hanston 4 10 16 17 24 15 16
Hardtner 6S 4 38 35 13 12 20
Harper 6ML 7 11 9 12 4 9
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Harper Co. RWD #04 6S 43 54 54 26 31 42
Harper Co. RWD #05 6S na 16 na na na 16
Hartford 7M 28 19 15 na 14 19
Harvey Co. RWD #01 7M 21 13 17 19 11 16
Harveyville 7S 10 7 5 3 5 6
Haven 6ML 27 24 23 23 20 23
Haviland 5 13 13 14 6 7 11
Hays 5 11 7 7 11 7 9
Hays City Suburban 5 100 100 100 100 100 100
Haysville 7L 11 9 14 8 15 11
Hazelton 6S 40 26 45 5 13 26
Herington 7M 20 12 19 35 30 23
Herndon 2 12 40 49 28 47 35
Hesston 7M 15 16 15 13 na 15
Hiawatha 8M 6 8 6 6 11 7
Highland 8M 11 15 14 15 15 14
Hill City 4 18 27 24 19 15 21
Hillsboro 7M 5 8 na 9 6 7
Hoisington 6ML 21 22 20 12 6 16
Holcomb 2 9 7 11 14 14 11
Holton 7M 16 14 11 15 13 14
Holyrood 6S 7 8 6 10 7 8
Hope 7S 3 na 5 17 na 8
Horace 1 9 10 16 11 22 14
Horton 8M 6 5 11 10 8 8
Howard 7M 6 7 5 12 8 8
Howison Heights WD 7S 20 19 26 20 28 23
Hoxie 3 15 13 7 11 11 11
Hoyt 7M 4 5 7 na 11 7
Hugoton 2 7 6 8 6 6 7
Humboldt 8M 14 17 24 20 14 18
Hunter 6S 16 na na na na 16
Hutchinson 6ML 8 14 13 9 6 10
Independence 7L 27 19 26 30 27 26
Ingalls 3 100 na 100 na na 100
Inman 7M 6 7 6 6 7 6
Iola 8M 17 21 18 20 7 17
Isabel 6S 4 na 12 11 14 10
Iuka 6S 4 5 6 na na 5
Jackson Co. RWD #01 7M 20 10 na 9 7 12
Jackson Co. RWD #03 7M 17 17 16 13 14 15
Jamestown 7S 13 17 20 20 52 24
Jefferson Co. RWD #01 8M 20 13 12 15 16 15
Jefferson Co. RWD #02 8M 56 37 30 27 23 35
Jefferson Co. RWD #03 8M 27 26 28 33 33 29
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Jefferson Co. RWD #07 8M 27 25 26 28 25 26
Jefferson Co. RWD #08 8S 10 21 3 6 3 9
Jefferson Co. RWD #09 8S 22 20 na 24 22 22
Jefferson Co. RWD #10 7S 24 40 na 48 52 41
Jefferson Co. RWD #11 8S 15 13 10 9 6 11
Jefferson Co. RWD #12 8M 11 13 5 12 19 12
Jefferson Co. RWD #13 8M 44 32 20 15 13 25
Jefferson Co. RWD #15 8S 4 4 4 12 30 11
Jennings 3 36 30 29 31 32 32
Jetmore 4 7 20 9 8 16 12
Jewell 6S 6 8 17 8 12 10
Jewell Co. RWD #01 6S 27 26 28 32 21 27
Johnson City 1 13 11 11 16 15 13
Johnson Co. RWD #06C 8M 12 4 5 na na 7
Johnson Co. RWD #07 8M na na 23 18 5 15
Junction City 7L 25 18 17 23 25 22
Kanopolis 6S 25 18 31 14 10 20
Kanorado 1 8 12 15 17 9 12
Kansas City BPU 8L 20 17 19 18 16 18
Kechi 7M na na na na 4 4
Kensington 6S 26 20 10 22 11 18
Kincaid 8S na 15 na na na 15
Kingman 6ML 9 9 11 6 8 9
Kingman Co. RWD #01 6S 20 24 34 28 30 27
Kinsley 5 22 19 12 5 13 14
Kiowa 6ML 18 15 11 na na 15
Kirwin 5 20 17 43 14 22 23
Kismet 2 28 24 34 19 25 26
Konza Valley Water District 7S 3 10 14 5 4 7
La Crosse 5 23 20 19 22 23 21
La Cygne 8M 6 na 3 4 11 6
La Harpe 8M 4 12 9 7 18 10
Labette Co. RWD #01C 8S na na na 19 24 22
Labette Co. RWD #03 8S 11 17 14 16 16 15
Labette Co. RWD #06 8M na na na na na na
Labette Co. RWD #07 8M 12 14 13 19 7 13
Labette Co. RWD #08 8M 100 24 32 31 26 43
Lakeside Village Improvement 8S 68 60 59 62 60 62
Lakin 2 7 8 10 6 6 7
Lancaster 8S na na na 6 9 8
Lane 8S 24 7 18 13 19 16
Lane Co. RWD #01 3 19 14 14 13 16 15
Lansing (Lan-Del WC) 8M 6 na 7 4 6 6
Larned 5 17 14 15 9 8 13
Latham 7S 8 9 9 4 10 8
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Lawrence 8L 5 4 na na na 5
Leavenworth 8L 10 11 15 14 14 13
Leavenworth Co. RWD #01C 8M 6 9 17 15 10 11
Leavenworth Co. RWD #02 8M 38 28 36 40 42 37
Leavenworth Co. RWD #05 8M 9 12 26 na 10 14
Leavenworth Co. RWD #06 8M 16 13 12 24 22 17
Leavenworth Co. RWD #07 8M 7 10 4 6 10 7
Leavenworth Co. RWD #08 8M 26 17 7 15 17 16
Leavenworth Co. RWD #09 8M 13 10 15 18 19 15
Leavenworth Co. RWD #10 8M 16 na na na 14 15
Lebanon 6S 19 16 11 12 7 13
Lebo 7M 4 4 5 7 5 5
Lecompton 8M 11 11 21 15 11 14
Lehigh 7S na 18 100 100 18 59
Lenora 4 19 34 35 37 15 28
Leon 7M 21 30 25 27 44 29
Leonardville 7S 9 11 7 5 8 8
Leoti 2 na na 5 6 7 6
LeRoy 7M na 7 9 na 11 9
Lewis 5 5 7 3 7 7 6
Liberal 2 9 8 9 9 10 9
Liebenthal 5 10 11 12 15 15 13
Lincoln Center 6ML 27 30 18 18 12 21
Lindsborg 7M 14 13 13 10 10 12
Linn 7S 7 5 7 5 6 6
Linn Co. RWD #01 8M 14 25 26 17 8 18
Linn Co. RWD #02 8M na 34 22 18 22 24
Linn Co. RWD #03 8M na 31 39 29 29 32
Linwood 8S 17 20 19 27 24 21
Little River 6ML 9 15 18 8 na 13
Logan 5 23 30 23 13 14 21
Long Island 5 na 95 na 44 22 54
Longford 7S na na 3 na 6 5
Longton 7S 23 29 27 31 36 29
Lorraine 6S 7 3 5 14 18 9
Louisburg 8M 10 9 6 20 23 14
Lucas 6S 12 10 na na na 11
Luray 6S 6 11 na 11 8 9
Lyndon 7M 12 17 12 13 13 13
Lyon Co. RWD #01 7M na na na na na na
Lyon Co. RWD #02 7M 4 18 7 4 6 8
Lyon Co. RWD #03 7S 17 12 14 10 9 12
Lyon Co. RWD #05 7M 4 4 13 9 4 7
Lyons 6ML 10 16 13 23 23 17
Macksville 6ML 18 18 16 13 8 15
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Madison 7M 19 11 16 8 10 13
Mahaska 7S 3 5 na 10 na 6
Maize 7M 7 5 28 6 7 11
Manchester 7S na 31 na 22 9 21
Manhattan 7L 11 13 13 14 na 13
Mankato 6ML 35 31 25 13 24 26
Manter 1 12 19 21 12 19 17
Maple Hill 7M 7 8 9 7 10 8
Marion 7M na 9 4 4 13 8
Marion Co. Imp. Dist. #02 7S 4 4 4 3 3 4
Marion Co. RWD #01 7M 16 17 17 16 21 17
Marion Co. RWD #04 7M 13 10 8 14 5 10
Marquette 7M 7 7 10 11 7 8
Marshall Co. RWD #01 7S 14 13 6 8 9 10
Marshall Co. RWD #03 7M 17 14 17 13 7 14
Marysville 7M 17 15 19 25 25 20
Matfield Green 7S 24 50 27 16 13 26
Mayetta 7S 3 10 5 6 3 5
Mayfield 7S na na na na na na
McCracken 5 3 na 3 3 3 3
McCune 8S 13 20 99 na na 44
McDonald 2 44 40 18 35 30 33
McFarland 7S 17 23 25 20 19 21
McLouth 8M 11 14 12 10 13 12
McPherson 7L 6 7 6 5 7 6
McPherson Co. RWD #01 7S 12 na na 6 5 8
McPherson Co. RWD #02 7S na 3 4 4 8 5
McPherson Co. RWD #03 7S na 100 na 100 3 68
McPherson Co. RWD #04 7M 17 7 11 14 18 13
McPherson Co. RWD #06 7S 8 na na na na 8
Meade 3 20 20 22 9 13 17
Medicine Lodge 6ML 31 15 15 18 10 18
Melvern 7S 9 20 16 22 13 16
Miami Co. RWD #01 8M 16 15 17 16 11 15
Miami Co. RWD #02 8L 10 9 4 na 12 9
Miami Co. RWD #03 8M 9 6 13 9 na 9
Miami Co. RWD #04 8M 15 12 12 11 na 13
Milford 7M 8 5 8 4 5 6
Miltonvale 7M 18 18 14 16 8 15
Minneapolis 7M 5 11 9 18 na 11
Minneola 4 16 17 15 14 10 14
Mitchell Co. RWD #02 6ML 12 13 13 13 16 13
Moline 7S 7 8 10 na 18 11
Montezuma 3 9 13 13 12 5 10
Montgomery Co. RWD #01 7S na na na na na na
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Montgomery Co. RWD #01C 7M 17 13 na 19 20 17
Montgomery Co. RWD #02 7M 7 5 4 6 71 19
Montgomery Co. RWD #02C 7M na na 12 19 3 11
Montgomery Co. RWD #06 7M 20 25 27 27 21 24
Montgomery Co. RWD #08 7S 37 26 18 na na 27
Montgomery Co. RWD #12 7M 16 28 14 6 30 19
Montgomery Co. RWD #13 7S na 13 14 21 22 18
Montgomery Co. RWD #14 7S 16 20 10 7 9 12
Moran 8M 4 5 7 11 na 7
Morganville 7S na na na na na na
Morland 4 10 9 8 8 5 8
Morrill 8S 25 4 14 na 3 12
Morris Co. RWD #01 7M 12 5 16 12 14 12
Morrowville 7S 16 11 15 12 4 12
Moscow 2 15 19 23 26 8 18
Mound City 8M na na na 9 12 11
Mound Valley 8S 5 3 na 5 8 5
Moundridge 7M na na 6 na na 6
Mount Hope 7M 8 12 24 9 11 13
Mulberry 8M 38 23 21 34 18 27
Mullinville 5 25 16 24 15 14 19
Mulvane 7M 11 10 9 9 6 9
Munden 7S 24 10 12 31 28 21
Muscotah 8S 36 10 na 9 27 21
Narka 7S na 28 27 43 7 26
Natoma 6S 17 19 15 25 23 20
Nemaha Co. RWD #01 7S 23 7 7 8 8 11
Nemaha Co. RWD #02 7S na na 3 3 na 3
Nemaha Co. RWD #03 7M 7 6 10 8 8 8
Nemaha Co. RWD #04 7M 19 22 6 13 na 15
Neodesha 7M 7 11 na na na 9
Neosho Co. RWD #01C 8M 6 28 40 na na 25
Neosho Co. RWD #02 8M 14 18 25 22 21 20
Neosho Co. RWD #03 8S 40 11 9 na 7 17
Neosho Co. RWD #04 8M 12 30 21 12 19 19
Neosho Co. RWD #05 8S na 28 41 na na 35
Neosho Co. RWD #06 8S 34 20 41 16 na 28
Neosho Co. RWD #07 8M 25 33 23 9 12 20
Neosho Co. RWD #08 8S 5 7 7 7 15 8
Neosho Co. RWD #09 8S 11 21 33 34 33 26
Neosho Co. RWD #12 8S 10 7 12 16 8 11
Ness City 4 13 4 12 6 na 9
Netawaka 7S na 23 8 11 18 15
New Strawn 7M 3 9 11 12 7 8
Newton 7L 9 12 14 14 13 12
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Nickerson 6ML 37 31 25 32 20 29
Norcatur 3 6 6 24 8 8 10
North Newton 7M 10 15 8 na na 11
Norton 4 17 19 16 18 17 17
Norton Co. RWD #01 4 9 11 9 11 18 12
Nortonville 8M 10 7 5 9 5 7
Norwich 6S 9 12 10 7 5 9
Oakley 2 15 16 36 21 15 21
Oberlin 3 9 10 5 8 3 7
Offerle 5 7 14 19 17 19 15
Ogden 7M 7 7 3 4 4 5
Oketo 7S 16 na na na na 16
Olathe 8L 12 15 17 15 20 16
Olmitz 6S 14 15 20 36 16 20
Olpe 7M na na 3 8 3 5
Olsburg 7S 5 na 7 na na 6
Onaga 7M 6 8 5 13 4 7
Oneida 7S 13 13 7 8 14 11
Osage City 7M 12 11 11 7 10 10
Osage Co. RWD #02 7S 13 15 10 18 13 14
Osage Co. RWD #03 7M 14 7 6 5 8 8
Osage Co. RWD #04 7M 17 17 16 17 14 16
Osage Co. RWD #05 7M 21 18 19 22 16 19
Osage Co. RWD #06 7S 16 29 46 34 13 28
Osage Co. RWD #07 7M 26 26 30 21 12 23
Osage Co. RWD #08 7M 20 na na 10 na 15
Osawatomie 8M 17 9 6 7 5 9
Osborne 6ML 21 14 13 12 12 14
Osborne Co. RWD #01A 6S 33 54 48 45 45 45
Osborne Co. RWD #02 6S 22 11 8 16 7 13
Oskaloosa 8M 10 10 3 10 11 9
Oswego 8M na na 4 15 15 11
Otis 5 11 7 8 16 9 10
Ottawa 8L 20 17 17 11 17 16
Ottawa Co. RWD #01 7S 38 na 46 46 20 38
Ottawa Co. RWD #02 7M 12 14 7 10 8 10
Overbrook 7M 6 15 3 3 10 7
Oxford 7M 24 3 15 18 na 15
Ozawkie 8M 14 12 18 14 20 16
Palco 5 10 13 18 11 na 13
Palmer 7S 8 12 12 4 5 8
Paola 8M 12 14 15 13 14 14
Paradise 6S 13 18 17 15 19 16
Park 3 3 25 32 28 46 27
Park City 7M 8 7 6 3 3 5



Public Water Supplier Region

2008 

Percent 

UFW

2009 

Percent 

UFW

2010 

Percent 

UFW

2011 

Percent 

UFW

2012 

Percent 

UFW

AVG 

Percent 

UFW

TABLE 3

ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)

KANSAS, 2008-2012

FOR PUBLIC WATER SUPPLIERS

Parker 8S 18 12 8 11 7 11
Parsons 8L 8 3 10 15 10 9
Pawnee Rock 6S 14 14 10 na 3 10
Paxico 7S na na na na na na
Peabody 7M 7 17 26 na na 17
Perry 8M 15 10 7 15 10 11
Peru 7S 8 5 8 23 15 12
Phillips Co. RWD #01 5 na 13 14 26 14 17
Phillipsburg 5 6 8 11 5 8 8
Pittsburg 8L 12 15 15 22 21 17
Plains 3 17 15 18 18 18 17
Plainville 5 11 17 18 15 12 15
Pleasanton 8M 18 14 17 16 14 16
Pomona 8M 7 3 5 4 4 5
Portis 6S 14 16 26 29 31 23
Post Rock RWD 5 24 17 26 20 18 21
Pottawatomie Co. RWD #01 7M na na 18 14 19 17
Pottawatomie Co. RWD #02 7M 35 35 32 30 17 30
Pottawatomie Co. RWD #03 7M 16 15 14 17 17 16
Pottawatomie Co. RWD #04 7M 9 12 4 5 6 7
Potwin 7S 7 na na 5 na 6
Prairie View 5 13 28 18 17 8 17
Pratt 6ML 15 10 15 11 14 13
Prescott 8S 7 10 na 7 14 10
Preston 6S na 8 39 27 11 21
Pretty Prairie 6ML 9 10 13 15 9 11
Princeton 8S 9 11 na 17 12 12
Protection 5 18 26 9 6 7 13
Quenemo 7S 9 na 12 5 4 8
Quinter 3 15 15 9 7 9 11
Randall 6S 12 11 na 10 5 10
Randolph 7S 5 15 8 10 16 11
Ransom 4 na 5 5 19 13 11
Rantoul 8S 7 6 5 8 10 7
Raymond 6S 10 5 na 9 11 9
Reading 7S na na na na 5 5
Red Bud Lake Improvement 7S 16 5 5 5 na 8
Reno Co. RWD #01 6S 6 5 na 3 na 5
Reno Co. RWD #03 6S 18 22 27 16 24 21
Reno Co. RWD #04 6S 4 na 3 12 na 6
Reno Co. RWD #08 6S 10 25 11 10 12 14
Reno Co. WD #101 6S 5 13 13 5 5 8
Republic 7S 24 23 21 na 22 23
Republic Co. RWD #01 7S 40 39 38 40 39 39
Republic Co. RWD #02 7M 28 30 29 23 27 27
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Reserve 8S 41 50 36 33 23 37
Rexford 2 10 9 9 10 8 9
Rice Co. RWD #01 6ML 27 na 9 10 4 13
Richmond 8S 14 13 14 22 19 16
Riley 7M 30 28 28 8 8 20
Riley Co. RWD #01 7M 5 na na 10 na 8
Robinson 8S 19 26 17 24 23 22
Rocky Ford Water Company 7S 100 100 100 100 100 100
Rolla 1 6 6 9 11 9 8
Rooks Co. RWD #01 5 na na na na na na
Rooks Co. RWD #02 5 16 13 10 30 33 20
Rooks Co. RWD #03 5 19 17 18 20 14 18
Rose Hill 7M 3 na 5 na na 4
Roseland 8S na na na na na na
Rossville 7M 13 8 6 4 3 7
Rozel 5 14 7 27 12 7 13
Rush Center 5 11 12 10 13 na 12
Rush Co. RWD #01 5 17 16 15 11 12 14
Russell 6ML 21 24 27 23 27 24
Russell Co. RWD #01 6S 18 19 15 22 16 18
Russell Co. RWD #02 6S 100 100 100 100 100 100
Russell Co. RWD #03 6ML 14 19 25 25 16 20
Russell Co. RWD #04 6S 27 4 19 48 7 21
Sabetha 7M 3 6 8 5 9 6
Salina 7L 12 11 14 9 9 11
Saline Co. RWD #01 7S na 8 na na na 8
Saline Co. RWD #02 7S 17 27 9 22 11 17
Saline Co. RWD #03 7M na 5 14 13 9 10
Saline Co. RWD #04 7M 17 8 20 15 17 15
Saline Co. RWD #06 7S 10 13 14 22 23 16
Saline Co. RWD #07 7S 4 18 17 9 7 11
Saline Co. RWD #08 7S 15 17 11 19 6 14
Satanta 2 14 10 8 5 3 8
Sawyer 6S 5 8 6 5 5 6
Scammon 8S 23 24 23 17 15 20
Scandia 7S 22 11 16 6 4 12
Schoenchen 5 na na na 3 16 10
Scott City 2 9 7 3 4 4 5
Scranton 7M 15 na 12 na 14 14
Sedan 7M 15 15 4 9 na 11
Sedgwick 7M 4 3 9 na na 5
Sedgwick Co. RWD #01 7M na 6 12 5 5 7
Sedgwick Co. RWD #02 7M na na na na na na
Sedgwick Co. RWD #03 7M na na na 3 na 3
Sedgwick Co. RWD #04 7M 39 22 4 33 5 21
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Selden 3 7 28 27 27 12 20
Seneca 7M na 3 4 5 na 4
Severy 7S 22 21 30 15 16 21
Sharon 6S 15 15 16 14 12 14
Sharon Springs 1 12 10 11 13 10 11
Shawnee Co. RWD #01C 7M na 6 6 4 10 7
Shawnee Co. RWD #02C 7M 12 17 19 9 5 12
Shawnee Co. RWD #03C 7M na na 3 3 na 3
Shawnee Co. RWD #04C 7L 14 14 12 4 6 10
Shawnee Co. RWD #08 7M 16 18 13 10 14 14
Silver Lake 7M 4 10 4 7 9 7
Simmons Subdivision Sanitation 7S na 21 93 15 9 35
Simpson 6S 47 52 31 28 19 35
Smith Center 6ML 34 31 26 33 27 30
Smith Co. RWD #01 6S 9 12 14 10 14 12
Soldier 7S 3 na 7 20 na 10
Solomon 7M 16 4 na 5 8 8
South Haven 7S 16 6 17 11 3 11
South Hutchinson 6ML 6 7 8 11 8 8
Spearville 4 6 13 8 9 11 9
Speed 5 15 46 10 4 na 19
Spivey 6S 39 32 5 na 22 25
Spring Hill 8M 7 12 11 8 12 10
St. Francis 1 7 8 13 7 10 9
St. George 7M 9 20 17 14 14 15
St. John 6ML 21 19 27 15 14 19
St. Marys 7M 5 8 6 7 4 6
St. Paul 8M 15 na 8 3 16 11
Stafford 6ML 5 6 na na 13 8
Sterling 6ML 6 4 12 na 3 6
Stockton 5 25 14 10 4 11 13
Strong City 7S 6 na na 6 10 7
Sublette 2 8 9 8 6 6 7
Suburban Water Company 8M 11 na 5 11 14 10
Summerfield 7S 6 4 8 11 11 8
Sumner Co. RWD #01 7S 31 28 na 11 14 21
Sumner Co. RWD #02 7S 8 29 14 23 16 18
Sumner Co. RWD #03 7S na na 10 11 3 8
Sumner Co. RWD #04 7M 31 32 41 35 40 36
Sumner Co. RWD #05 7M na 4 17 24 16 15
Sumner Co. RWD #06 7S 4 8 9 6 na 7
Susank 6S na na 17 20 na 19
Sylvan Grove 6S 11 6 10 18 10 11
Sylvia 6S 23 25 22 20 35 25
Syracuse 1 6 8 8 4 3 6
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Tescott 7S 12 15 10 4 12 11
Thayer 8S na 9 5 12 21 12
Timber Creek Water & Sewer 7M 17 15 11 7 5 11
Timken 5 21 8 4 4 3 8
Tipton 6S na na 9 5 11 8
Tonganoxie 8M 13 13 15 15 16 14
Topeka 7L 9 10 12 11 6 10
Toronto 7S 13 14 14 11 9 12
Trego Co. RWD #01 4 6 4 7 9 6 6
Trego Co. RWD #02 4 11 13 12 11 15 12
Tribune 1 13 13 17 13 11 13
Troy 8M 4 5 6 12 6 7
Turon 6S 10 12 20 12 11 13
Udall 7M 18 16 27 24 21 21
Ulysses 2 6 6 6 7 3 6
Uniontown 8S 15 13 17 na 19 16
University Park Water 7S 4 4 na na na 4
Utica 4 4 20 11 17 12 13
Valley Center 7M 13 10 10 25 27 17
Valley Falls 8M 21 15 18 4 6 13
Vermillion 7S 5 na 6 8 3 6
Victoria 5 22 18 16 17 19 18
Viola 7S 9 9 10 12 6 9
Virgil 7S 13 9 22 na 15 15
Wabaunsee Co. RWD #01 7S 17 16 17 21 23 19
Wabaunsee Co. RWD #02 7M 11 11 10 11 12 11
WaKeeney 4 11 17 8 12 8 11
Wakefield 7M 15 21 25 28 11 20
Waldo 6S 9 25 na na 32 22
Wallace 1 na na 6 na na 6
Wallace Co. RWD #01 1 5 3 6 9 na 6
Walnut 8S na na na 100 na 100
Walton 7S 19 na na na 11 15
Wamego 7M 5 8 6 na 3 6
Washington 7M 12 24 17 17 21 18
Washington Co. RWD #01 7M 9 13 7 12 15 11
Washington Co. RWD #02 7M 17 20 28 20 18 21
WaterOne - Johnson Co. 8L 13 14 12 11 9 12
Waterville 7M 8 10 5 25 8 11
Wathena 8M 30 28 27 40 38 33
Waverly 7M 6 11 12 11 12 10
Weir 8M 12 15 15 15 na 14
Wellington 7M 11 16 19 14 19 16
Wellsville 8M 10 7 na 11 9 9
West Hills Water Company 6S 100 100 100 100 100 100



Public Water Supplier Region

2008 

Percent 

UFW

2009 

Percent 

UFW

2010 

Percent 

UFW

2011 

Percent 

UFW

2012 

Percent 

UFW

AVG 

Percent 

UFW

TABLE 3

ANNUAL AND AVERAGE PERCENT UNACCOUNTED FOR WATER (UFW)

KANSAS, 2008-2012

FOR PUBLIC WATER SUPPLIERS

West Mineral 8S 10 12 na na 14 12
Westmoreland 7M 7 9 10 13 na 10
Wetmore 7S 18 19 17 23 20 19
White City 7M 37 19 na 7 36 25
White Cloud 8S 16 32 31 26 36 28
Whitewater 7M 5 4 3 10 16 8
Whiting 7S 11 14 11 11 12 12
Wichita 7L 8 8 7 8 10 8
Williamsburg 8S 16 4 4 na 4 7
Willis 8S na 16 41 33 na 30
Wilsey 7S 4 6 na na na 5
Wilson 6ML 13 14 14 17 11 14
Wilson Co. RWD #01 7S na na 12 14 8 11
Wilson Co. RWD #02 7S na na 28 100 100 76
Wilson Co. RWD #03 7S 100 100 100 na 100 100
Wilson Co. RWD #04 7S 19 22 na na na 21
Wilson Co. RWD #05 7S 29 29 12 7 7 17
Wilson Co. RWD #06 7S 16 32 13 21 13 19
Wilson Co. RWD #11 7M 28 44 47 18 16 31
Wilson Co. RWD #12 7S 11 10 9 7 na 9
Wilson Co. RWD #13 7S na 13 23 31 36 26
Winchester 8M 9 12 13 13 16 13
Windom 7S 13 16 21 5 na 14
Winfield 7L 11 13 7 5 13 10
Winona 2 16 5 16 7 15 12
Woodbine 7S na na 3 5 9 6
Woodson Co. RWD #01 7M 14 15 14 11 10 13
Woodston 5 25 24 9 na 8 17
Yates Center 7M 11 8 8 9 10 9
Zenda 6S 19 19 21 22 na 20

Note:  Percent unaccounted for water represents all unmetered usage divided by total water produced or 

purchased.  If insufficient information was provided to determine the percent unaccounted for water, or 

if percent unaccounted for water was less than 2.5, or if no water use report was filed, "na" is shown.
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HAYS, KANSAS 

WATER SUPPLY MEMORANDUM 

July 5, 1977 

A. INTRODUCTION 

The purpose of this memorandum is to review Hays' current water 

supply situation, examine existing and anticipated future water require

ments, and recommend a course of action to expand the City's total water 

supply to me.et current and immediate future water requirements~ 

B. EXISTING WATER SUPPLY CAPABILITIES 

Hays obtains its water from two shallow ground water aquifers: 

the Big Creek basin within and immediately adjacent to the City, and the 

Smoky Hi II River basin in an area eleven miles south of Hays. 

1. Big Creek Supply System. Currently there are eight Big Creek 

or '1City" wells capable of producing and delivering water to the distri

bution system. Five .of these wells transmit water to the treatment plant 

for softening, wh i I e ·the remaining three .we I Is pump d·i rectI y into the 

distribution system and are maintained as a standby emergency reserve. 

The five "City" we I Is pumping to the treatment· pI ant were previous I y 

rated to have a combined maximum day capacity of 1 .. 1 mgd. A number of 

hydraulic restrictions in the Big Creek supply system have been removed 

during the course of new construction at the Water Treatment Plant. These 

improvements have reduced required discharge pressures and consequently 

increased production capacities of these five "City" wei Is. Under an 

assumed treatment flow rate of 6.0 mgd, these "City" wells are rated as 

foil ows: 

oWR 00740 
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TABLE 1 

BIG CREEK BASIN WELL YIELDS 
(Wet Is Pumping to Plant) 

Well Rated Maximum Day 
Number Ca~acit:i Ca~acity 

(gpm) ( mgd) 

14 100 • 144 

19 205 .295 

20 185 .267 

27 215 .310 

28 150 .216 

Total 855 1.232 

Wells 17, 21 and 24 which pump directly into the distrib ution system are 

rated at.a combined total capacity of 345 gpm, or 0.50 mgd. 

Two existing wei Is, No. 22 and No. 23, have not been used since 1964 

because they were reported,as contaminated. Recently, the water of these 

wei Is was retested. It was found that while these waters exhibit~d an odor 

of petroleum or gasoline, signific<;mt levels of contaminating chemical· 

constituents were not found. It seems I ikely that the odor of this water 

can be eliminated by aeration and, if so, the water could be uti I ized if 

the we~ls were piped to the aerator at the water plant. These wells had 

rated ~apacities of 150 gpm and 165 gpm, respectively, in 1964. Conserv

atively rating these wei Is at 125 gpm each, they wil I add about 0.36 mgd 

maximum day capacity to the system • 

In summary, the City's Big Creek wei Is are capable of supplying water 

at the following maximum day rates: 

DWR 00741 
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1. Wells 14 ,· 19, 20, 27 & 28 

2. Wells 17, 21 & 24 

3. Wells 22 & 23 

Total Big Creek Supply 

* Not presently ava i I ab I e. 

Capacity 

855 

345 

Maximum Day 
Yield 

1.23mgd 

.50 mgd 

.36 mgd* 

2.09 mgd 

The City has a vested right to appropriate water from the Big Creek 

aquifer in the amount of 2,027 acre-feet per year at a maximum withdrawal 

rate of 1,250 gpm (equivalent to 1.8 mgd). By piping wei Is No. 22 and 

No. 23 to the treatment plant, the City would have the capacity to produce 

and treat Big Creek water at the maximum day rate of 1.59 mgd. Assuming 

75 per cent annual utilization of these seven wells, the City would be 

capable of withdrawing about 1,335 acre-feet per year from the Big Creek 

aquifer. 

2. Smoky Hill Supply System. Hays has two appropriative water rights 

to ground water in the Smoky Hi I I River basin. Water Right No. 1248 for 

1,600 acre-feet per year at a maximum withdrawal rate of 2,000 gpm and a 

priority date of March 4, 1953. Water Right No. 5757, with a priority date 

of July 3, 1956. enlarges the total of combined right to a total annual 

withdrawal of 2,500 acre-feet per year at a combined maximum ~ithdrawal · 

rate of 2,900 gpm, or about 4.2 mgd. 

There are ten wells .located In the Sl]lC)ky River basin near the town of 

Schoenchen 11 miles south of Hays, with individual well capacities ranging 

from 250 to 450 bpm. The well collection system is arranged so that 5 wells 

pump water approximately 10,000 feet through a 12-inch pipeline to Booster 

Station No. 1 while the remaining 5 wei Is pump water to Booster Station 

No. 1 through approximately 11,500 feet of 16-inch pipe line. From Booster 

Station No. 1 the water is transmitted 45,350 feet through para! tel 12-inch 
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and 20-inch pipe I ines to the water treatment plant in Hays. Originally 

(1966) the ins~al led capacity of this system was slightly in excess of 

·4.2 mgd. 

A pumping test was conducted on the Smoky system on May 26, 1977. 

The results of this test indicated that It Is no longer possible to deliver 

the design capacity through the system. Withal I available Smoky wei Is 

pumping together and with booster pumps 1 and 3 in the booster station 

operating, the maximum rate of flow totaled only 2, 775 gpm or 4.0 mgd. 

Further, at this rate of flow severe booster pump cavitation was experienc~d, 

an unacceptable operating condition. The observed pump suction pressure 

was zero or less. 

From these observations it was concluded that the transmissibility or 

"C-factor" of the transmission I i nes between the we I Is and the booster 

station has deteriorated. This factor, coupled with a decline in the ground 

water level, has resulted in a condition where the well pumps are no longer 

able to deliver the design rate of flow from the we! Is to the booster pumps 

at a pressure sufficient to provide the necessary positive· pump suction 

head. 

3. Total Available Supply Capacity. In summary, Hays' combined Big 

Creek and Smoky water supply is capable of supplying water to the treatment 

plant atmaximum day rates of 1.23 mgd from Big Creek and 4.0 mgd from the 

Smoky wells for a total of 5.23 mgd. When City wells 22 and 23. are piped 

to the water plant, the total maximum day supply capacity wil I be increased 

to 5.59 mgd. 

C. WATER REQUIREMENTS 

Hays has continued to grow throughout the seve~ties as evidenced by 

its 21.6 per cent increase in water customers from 4,139 in 1970 to 5,034 

at the end of 1976. While reduced enrollments at Fort Hays State Col lege 

DWR 00743 

4 



.t·· 
' 

' -
' I 
• .: 
I 
~ 
I 

-
-
' 
' -
' 
' II 

-

have held the increase in the water service population to a level of 12.5 

per cent greater than 1970 levels, growth in residential and commercial 

areas has resulted in increased levels of water demands as shown in Table 2. 

TABLE 2 

HISTORICAL WATER USE RATES 

Total Annual Demand Maximum Day 

Year ( mg/yr) (acre-ft/yr) (ave. mgd) Demand 
(mgd) 

1968 587.6 1, 803 1.61 3.23 

1969 544.3 1, 670 1.49 2.94 

1970 610.6 1, 874 1.67 3 .. 49 

1973 880.4 2,702 2.42 5.40 

1974 972.8 2,986 2.66 5.01 

1975 1002.7 3,077 2,75 4.84 

1976 915.6 2,810 2.50 5.08 

The City's water service population ( 16,711 in 1970 and estimated to 
v 

be about 18,800 in 1975), is anticipated to continue increasing in the years 

ahead, and has been projected to reach a. level between 31,000 and 35,000 

by the year 2000. The higher of these projections was presented in the 

1972 Water and Wastewater Facilities Study, while the lower was made in 

1976 Wastewater Faci I ities Planning Study. A comparison of.these service 

population projections at interim five-year intervals is shown in Table 3. 

Uti I izing an average water use rate 6f 145 gal Ions per capita per day, 

a maximum to average day ratio of 2.25 and the. projected population levels 

set forth in Table 3, projected drouth condition water requirements are as 

set forth in Table 4. 
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Year 

1977 

1980 

1985 

1990 

1995 

2000 

r (-I, 

TABLE 3 

PROJECTED SERVICE POPULATION 

Low High 
Y.ear Project ion Pro.j ect ion 

1977 19,600 19,900 

1980 20,890 21,440 

1985 23,200 24,000 

1990 25,800 27' 300 

1995 28,400 31,000 

2000 31,000 35,000 

TABLE 4 

PROJECTED WATER REQUIREMENTS 

Total Annual 
Low 
Pro,j ect ion 
( acre-ft /yr) 

3185 

3405 

3765 

4180 

4605 

5035 

Demand 
High 
Projection 
(acre-ft/yr) 

3230 

3480 

3900 

44.35 

5035 

5685 

Potential 
Maximum Day Demand 

·.Low High 
Projection Pro.iection 
(mgd) (mgd) 

6.4 6.5 

6.8 7.0 

7.6 7.8 

8.4 8.9 

9.3 10. 1 

1 0. 1 11.4 

The projected maximum day water demands have been plotted onFigure 1. 

CONCLUSIONS AND RECOMMENDATIONS 

A reliable municipal water supply should be capable of producing and 

delivering water to the system maximum day rates sufficient to meet 

customer demands under a variety of adverse climatic conditions. Critical 
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periods are generally experienced during hot, dry weather following extended 

drouth conditions such as has been recently experienced in western Kansas 

and many other localities throughout the great plains and western states. 

At these times high water demands coincide with greatly reduced supplies 

of avai !able surface water and lowered ground water levels. 

As may be seen on Figure 1, the potential maximum day demand projected 

for the Hays system is about 6.4 mgd while the treatable capacity of the 

supply system currently stands at 5.23 mgd, a deficiency of 1.17 mgd. In 

our opinion the probabi I ity of demands exceeding available supply capacity 

sometime during the remainder of 1977 or during 1978 is extremely high. 

If such conditions are experienced before additional supply capacity is 

avai !able, reservoir storage wi II ·be quickly depleted to the danger point 

with regard to fire protection and water restrictions wil I have to be 

imposed. 

If Hays were a static community exhibiting I ittle or no growth, 

occasional water restrictions to hold demands within the available capacity 

of supply facilities would be an economical and reasonably safe course of 

action to follow. This, however, is not the case. Hays has been growing 

at a relatively strong rate for at least the past 20 years and current 

conditions do not indicate that this ~stab I ished trend wi I I be broken in 

the immediate future. Under these circumstances maximum day demands may 

be ~xpected to continue to increase in concert with the increasing number 

of water customers. Without system enlargement extended water rationing 

would become an annual affair and the reliabi I ity of the system would 

diminish to an unacceptable level. 

It is recommended that the City immediately undertake a coordinated 

program to increase the capacity of its raw water supply and transmission 

system. 

DWR 00746 
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An exploratory program was conducted by the City in 1974 to examine 

and establish the potential for development of additional ground water 

suppl fes for Hays.ln the Saline River and Big Creek aquifers. The results 

o_f this exploration indicated that water supply development in the Saline 

Val ley was not economically feasible. Additional potential wei I sites were 

located adjacent to Big Creek to the west of the City. However, total 

capacity of the closest wei I grouping was estimated to be less than 1.0 mgd. 

Due to the length (and cost) of the transmission I ine required to deliver 

this water to the treatment plant, approximately 4 miles of 12-inch I ine, 

development is not recommended at this time. 

It is our opinion that additional wei Is having individual capacities 

of 300 to 400 gpm or about 0.5 mgd per wei I can be located in the Smoky 

Hi II River basin both east and west of the City's· existing wei I fields 

without great difficulty. There are two problems associated with additional 

ground water development in the Smoky basin: 

1. The City's existing water rights I imit the maxrm·um rate of 

diversion to 4.2 mgd. Diversions in excess of this amount wil I 

require the f i I i ng of an app I i cation for add it I ona I water rights 

and this additional water wi I I carry a junior date of priority. 

During drouth conditions it is probable that uti I ization of this 

right would come in conflict with other more senior water 

appropriations, for example the City of Russel I 's right to transfer 

surface water from Cedar Bluff Reservoir down the Smoky Hi I I 

River. 

2~ Existing transmission faci I ities between the wei Is and the end of 

the 20-inch transmission I ine (including Booster Station No. 1) 

require improvement to allow for transmission of greater rates of 

flow. 

DWR 00747 
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We have examined various facility improvements which can be undertaken 

to expand the capacity of the Smoky supply system. The results of this 

examination are shown in Table 5. 

TABLE 5 

EVALUATION OF I ~1PROVEMENTS TO SMOKY SUPPLY SYSTEM 

Improvement 

1. Clean exist. 1211 & 1611 I ines 

2. Negotiate agreements with property 
owners· 

3. Explore for add. wei t sites east 
& west of existing wei Is 

4. Parallel exist. 1211 Trans. I ine 
from east field to Booster Sta. 

5. Modify pumps- Booster Sta. No. -6. Add 4 new wei Is- East Field 

7. Add 4 new wells- West Field 

8. Parallel exist. 16n Trans. I ine 
to Booster Sta. and modify pumps 
in Booster Stations No. 1 & No. 2. 

9. Add4 new wells- West Field & 
ex-t:end para I I e I 16" I i ne 

Increased 
Maximum 
Capacity 
(mgd) 

0.3 

0.8* 

0.8* 

0.8 

1.4** 

1.3 

Cumulative 
Total 
Capacity 
( mgd) 

4.3 

5.1 

5.9 

6.7 

8. 1 

9.4 

Estimated 
Cost 
$ 

30,000 

? 

30,000 

340,000* 

75,000 

290,000 

·350,000 

620,000 

.760,000 

*Assumed riew 12" pipe I ine; a larger I ine would yield a greater amount. 

** Assumed new para II e I 15..: inch I i ne. 

The above schedule out! ines steps for staged expansion of the Smoky 

supply system up to a maximum day rate of 9.4 mgd from this source. This 

amount, when coupled with the City's existing Big Creek supply should be 

sufficient to meet the City's projected requirements to the year 2000. At 

some intermediate stage it wil I probably prove economical to expand the 

City's Big ~reek supply by development of the western wei Is before con

tinuing the next stage of expansion of the Smoky supply. 

oWR 00748 
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During the Smoky pumping test previously discussed it was noted that 

the C-factors of the transmission lines between the wei Is and Booster 

Station No. 1 have deteriorated over the years since 1965. During 

previous examinations of these pipe I ines a tendency for iron deposits to 

build up in these pipe I ines was noted. We have investigated the costs of 

cleaning these I ines and estimate that cleaning of bo_th the 12-inch and 

16-lnch I ines would cost about $30,000, .could probably be accomplished in 

a relatively short time, and would probably in.crease the transmiss.ion 

capacity of the Smoky system by about 0.3 mgd or better. 

It is recommended that the City budget the necessary funds to proceed 

with steps 1 through 5 in.Table 5 together with the piping of City wells 

22 and 23 to the treatment pI ant within the next year. Wh i I e the amount 

necessary to negotiate agreements with property owners in the wei I field 

area is unknown at this time, a budget amount of $550,000 to $600,000 

should be sufficient to cover the work recommended. Items of work to be 

undertaken immediately should include: 

1. Cleaning of the 12" and 16" I ines. 

2. Negotiation with property owners. 

3. Piping of City wei Is 22 and 23 to the treatment plant. 

4. Exploration for wei I sites in the Smoky basin. 

In order to provide the needed additional capacity for next season, 

survey and design of the I ine to parallel the existing 12-inch 1 ine between 

the east wei I field and Booster Station No. 1 should be authorized in the 

near future. It is hoped that the ground water exploration phas.e could be 

completed in time to provide the location of potential new wei Is to aid in 

properly sizing the proposed new parallel transmission line. 

The exploration phase of the work should also yield information per

taining to certain water rights questions, particularly with regard to 

alternatives for improving the rei iabi 1 ity of the junior appropriation 

OWR 00749 10 
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for proposed expansion of Smoky supply and for evaluating the feasible 

ultimate capac.ity which can be developed from this source. 
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THE STATE OF KANSAS 

STATE BOARD OF AGRICULTURE DIVISION OF WATER RESOURCES 

W, W. Duitsman, Secretary Guy E: Gibson, Chief Engineer-Director 

and {Prrf©~~nf[JI 
J FEB 17 1981 I_W 

APPROVAL OF APPLICATION 

PERMIT TO PROCEED 
DiVIEfON ~~LD OFFICE 

ST~~~~ RESOURCES 
(This Is Not a Certificate of Appropriation) N 

This is to certify that I have examined Application No. 33,296 

of the applicant The City of Hays, Kansas 
P.O. Box 490 
Hays, Kansas 67601 

for a permit to appropriate water to beneficial use, together with 

the maps, plans and other submitted data, and that the application 

is hereby approved and the applicant is hereby authorized, subject 

to vested rights and prior appropriations, to proceed with the con

struction of the proposed diversi~n works and to proceed with all 

steps necessary for the application of the water to the approved and 

proposed beneficial use and otherwise perfect the proposed appropria~ 

tion subject to the following terms, conditions and limitations: 

1. That the priority date assigned to such application is July 

19, 1979. 

2. That the water sought to be appropriated shall be used for 

municipal purposes in the Water Utility Service Area of the City of 

Hays, Kansas. 

3. That the source from which the appropriation is made shall 

be from groundwater in the drainage basin of the Smoky Hill River 

to be withdrawn by means of two (2) wells: Well A located in the . 

Northeast Quarter of the Southeast Quarter of the Southeast Quarter 

(NE~ SE!:i SE\) and Well B located in the Southwest Quarter of the North-

east Quarter of the Southeast Quarter (SW!:t NEl:a: SEl:t) in Section 27, 

DWR 01439 
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'l'ownship 15 south, Range 18 West, in Jil:llis County, Kansas, located 

substantially as $hown on the aerial photograph accompanying the application. 

4. That the approptiatlon sought shall be limited to a maximum 

.. · dhersion rate not in excess of 

Well A- 3SO gallons per minu~e (0.78 c.f.s.) 

Well B - 350 gallons per minute (0.78 o.f.s.} 

ana to a quantity of bot to exoeed 97 .B milUo.n gallons (300 acre

feet) for any cal!iindar year. 

5. ThAt installat;:ion of works for diversion of water shall 

be completed on or bdore December 3l, 1982. The applicant shall 

. notify the Chief Engineer of the Division of Water Resources when 

construction of the works has been completed. 

6. That the proposed appropriation shall be perfected by the 

aotual applieation of water to the proposed beneficial use on or be

fot'e D~cember 31, 1986 •• 

1. That the applicant shall maintain recoJ;ds from which the 

quantity of water actually diverted dudng each oalendar year may 

btt readily determined. SUch records shall be furnished to the Chief 

.· E~gtneer as soon as practicable after the close of each calendar year. 

8. That tbe applicant shall not be deemed to have acquh:ed 

a water approptiation for a quantity in excess of the amount approved 

herein nor in excess of the amount found by tbe Chief Engineer to 

have been actually used ~or the approved purpose during one calendar 

year subsequent. bo apptoval of the application and within the time 

ably affect the publlo interest 

10. 

fie quantity of water and such right must allow for a reasonable raising 

or lowering of the static water level and for the reasonable increase 

or decrease of the streamflow at the appropriator's point of 4iversiori. 
~"'"'""""' . 

11. That this permit does not constitute authority under K.S.A. 
' 

82a-301 to 305a to oonstruat any dam or other obatruction; it does 

oWR 01440 
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-not give any right-of-way, or authorhe any injury to, or trespass 

upon, public Q.l!' private property; it does not obviate the necessity 

of obtaining. assent from Federal or Looal Gov~rnmental authorities 

• 

when necessary. 

12. That failure without oause to comply with ptovisions of 

the permit ano lt1!l terms, oonditiona and limitations will result in 

the forfe-iture of the priority date, revocation of the permit and 

dismissal of t:b,e application. 

13:. That the applicant in constructing the wells shall construct 

such observat.iQn wells and perform an aquifer test in the vicinity 

of the proposed Wiitlle in such a manner as is acceptable to the Chief 

En9ineer. 

14. That the applicant shall furnish, install, pay for, operate 

and maintain a flow meter, acceptable to the Chief Engineer, on each 

of the_ well pump discharge pipes. 

15. 'l'hat the applicant shall furnish, install, pay for, operate 

and maintain, or otberwis- provide for, a recording stream flow gauging 

~Station, acceptabl.e to the Chief Engineer, at a point in the Smoky 

Hill River which is l.ess than on.e-half mile downstr4\i!am from the pro

posed Well "A"; that the applioant shall keep a complete file of records 

from the stteam flow gauging s,tation and shall furnish the Chief Enginli!er 

with copies or summaries of suob recGrds upon request by the Chief 

Engineer or his authorized r~presentative. 

16. That the Chief Engineer specifically retains jurisdiction 

in. this matter with authar:ity to make such reasonable reductions in 

the approved xates of diversion and quantities authorized to be per

fected and such ohanges in othet terms, conditions and Umitations 

set forth in this Approval and. Perm! t to Proceed as may be deemed 

to be in the public interest. 

Dated this j 0~ day of Janu<~Jry, 1981 

rm~rrn~~W~flll lm FEB 1. 71981 'IJ) 

~:y E: ~:;.E. 
oWR 01441 

Chief Engineer~Direotor 
Division of Water Resources 

_Kansas State Boar:d of Agriculture 
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"+ ,.-> STATE OF KANSAS 
* 2 L*-.,,.-- D I V I S I O N  OF WATER RESOURCES . . .  

TATE OF KANSAS KANSAS STATE BOARD OF AGRICULTURE STATE OF # A N A S ,  COUNTY OF 
LLlS COUNTY TOPEKA, KANSAS TREGO. THIS IHSTRUMEIT WAS 

chis  instrument was filed for -mrd rlLED FOR RECORD June 2 
BEFORE 

RECORDED IN BOOK &,PAGE 
DAVID L.  POPE, CHIEF ENGINEER-DIRECTOR 397 FEE:$ 26.00 

DIVISION OF WATER RESOURCES 
KANSAS STATE BOARD OF AGRICULTURE 

NTERIM ORDER I N  THE MATTER OF DESIGNATION OF 
AN INTENSIVE GROUNDWATER USE CONTROL AREA I N  TREGO, 

ELLIS, RUSH AND RUSSELL COUNTIES, KANSAS 

The C h i e f  E n g i n e e r - D i r e c t o r ,  D i v i s i o n  o f  Water Resources, Kansas S t a t e  

Board o f  A g r i c u l t u r e ,  a f t e r  h a v i n g  g i v e n  due c o n s i d e r a t i o n  t o  ev idence,  

t e s t i m o n y  and o t h e r  i n f o r m a t i o n  p resen ted  t o  h im a t ,  o r  as a  r e s u l t  o f ,  t h e  

h e a r i n g  h e l d  i n  Hays, Kansas, on February  23 and 24, 1984, r e g a r d i n g  t h e  proposed 

d e s i g n a t i o n  o f  an a r e a  a l o n g  t h e  Smoky H i l l  R i v e r  i n  Trego, E l l i s ,  Rush and 

Russel 1  Count ies ,  Kansas, as an i n t e n s i v e  groundwater use c o n t r o l  area,  makes t h e  

f o l l o w i n g  f i n d i n g s ,  c o n c l u s i o n s  and o r d e r :  

FINDINGS 

1. That based upon i n f o r m a t i o n  c o n t a i n e d  i n  t h e  f i l e s  o f  t h e  o f f i c e  o f  t h e  

C h i e f  E n g i n e e r - D i r e c t o r  c o n d i t i o n s  e x i s t  w i t h i n  t h e  a1 l u v i  a1 groundwater  of 

t h e  Smoky H i  11 R i v e r  Val  l e y  between Cedar B l u f f  R e s e r v o i r  and t h e  c o n f l u e n c e  

o f  t h e  Smoky H i l l  R i v e r  w i t h  B i g  Creek which r e q u i r e  r e g u l a t i o n  i n  t h e  

p u b l i c  i n t e r e s t .  

2. That  i n  accordance w i t h  t h e  p r o v i s i o n s  o f  K.S.A. 1982 Supp. 82a-1036 t h r o u g h  

K.S.A. 1982 Supp. 82a-1040, t h e  C h i e f  E n g i n e e r - D i r e c t o r  of  t h e  D i v i s i o n  of  

Water Resources may, upon h i s  own i n i t i a t i v e ,  i n i t i a t e  p roceed ings  f o r  

d e s i g n a t i o n  o f  an i n t e n s i v e  groundwater use c o n t r o l  a rea  whenever he o r  she 

has reason  t o  be1 i e v e  t h a t  c o n d i t i o n s  e x i s t  w i t h i n  an area i n  q u e s t i o n  which 

r e q u i r e  r e g u l a t i o n  i n  t h e  p u b l i c  i n t e r e s t .  

3. That  on November 30, 1983, t h e  C h i e f  E n g i n e e r - D i r e c t o r  i s s u e d  a  f i n d i n g s  and 

!' 
o r d e r  i n i t i a t i n g  t h e  p roceed ings  f o r  d e s i g n a t i o n  o f  an i n t e n s i v e  ground- 

to - 
rct- wate r  use c o n t r o l  a rea  w i t h i n  t h e  a l l u v i u m  o f  t h e  Smoky H i l l  R i v e r  i n  t h e  
1rect- 

/ 
meiical- r e a c h  between Cedar B l u f f  Dam i n  Trego County, Kansas, and t h e  c o n f l u e n c e  of 

tf 
c .-I -e -- 

t h e  Smoky H i l l  R i v e r  w i t h  B i g  Creek i n  R u s s e l l  County, Kansas, i n  an area 

d e s c r i b e d  as f 01 1  ows : 
state ol'kanm ~usssll County, 6s - 

6 8 3  
$ 2 '7 ?/18inspp 'yr,m 

M. Recorded in 

F 

432 
L, "A 652 4 P- 
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A t r a c t  o f  l a n d  t o t a l l y  w i t h i n  t h e  d r a i n a g e  b a s i n  o f  t h e  Smoky H i l l  

R i v e r ,  i n c l u d i n g  a1 1  o f  t h e  v a l l e y  a1 l u v i u m  between Cedar B l u f f  Dam and 

t h e  mouth of B i g  Creek, and l y i n g  p a r t i a l l y  i n  Trego, E l l i s ,  Rush and 

R u s s e l l  Coun t ies  i n  Kansas, and b e i n g  more p a r t i c u l a r l y  d e s c r i b e d  as a  

t r a c t  o f  l a n d  bounded by a  1  i n e  b e g i n n i n g  a t  t h e  west q u a r t e r  c o r n e r  o f  

S e c t i o n  25, Township 14  South, Range 22 West, i n  Trego County, thence  

e a s t e r l y  a  d i s t a n c e  o f  f i v e  ( 5 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  o f  

S e c t i o n  26, Township 14 South, Range 21  West; thence s o u t h e r l y  a  

d i s t a n c e  o f  o n e - h a l f  ( 1 / 2 )  m i l e  t o  t h e  southwest  c o r n e r  o f  t h e  same 

s a i d  S e c t i o n  26; thence  e a s t e r l y  a  d i s t a n c e  o f  f o u r  ( 4 )  m i l e s  t o  t h e  
&' 

n o r t h w e s t  c o r n e r  o f  S e c t i o n  33, Township 14  South, Range 20 West; 

thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  -o f  

same s a i d  S e c t i o n  33; thence  e a s t e r l y .  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  
& 

t h e  n o r t h w e s t  c o r n e r  of S e c t i o n  1, Township 15 South, Range 20 West; @ 
thence  s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  

same s a i d  S e c t i o n  1; thence  e a s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  
iw 

t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  9, Township 15 South, Range 19 v e s t ;  Jk 
t hence  s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  of 

same s a i d  S e c t i o n  9; thence  e a s t e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  

4f n o r t h w e s t  c o r n e r  o f  S e c t i o n  15, Township 15 South, Range 19 West; JI( 
thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  

same s a i d  S e c t i o n  15; thence  e a s t e r l y  a  d i s t a n c e  o f  s i x  ( 6 )  m i l e s  t o -  
% 

t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  22, Township 15 South, Range 18  ~ e s t ; g  

thence  s o u t h e r l y  a d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  of  . 
w d' S e c t i o n  27, Township 15 South, Range 18  West; t hence  e a s t e r l y  a  

d i s t a n c e  o f  n i n e  ( 9 )  m i l e s  t o  t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  3 0 , k  * 
Township 15 South, Range 16 West; thence n o r t h e r l y  a  d i s t a n c e  o f  one- 

% h a l f  ( 1 / 2 )  m i l e  t o  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  19, ownship 15 

South, Range 16 West; thence e a s t e r l y  a  d i s t a n c e  o f  f i v e  ( 5 )  m i l e s  t o  

4f 
t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  24, Township 15 South, Range 16  k 
West; thence n o r t h e r l y  a  d i s t a n c e  o f  one and o n e - h a l f  ( 1  1 / 2 )  m i l e s  t o  , 

w 
t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  13, Township 15 South, Range 16 West; # 
thence e a s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  n o r t h w e s t  c o r n e r  

o f  S e c t i o n  16, Township 15 South, Range 15 West; thence n o r t h e r l y  a  
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d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  9, Township 

15 South, Range 15 West; thence e a s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  

t h e  no r thwes t  c o r n e r  o f  S e c t i o n  11, Township 15 South, Range 15 West; 

thence n o r t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  of  

S e c t i o n  2, Township 15 South, Range 15 West; thence e a s t e r l y  a  d i s t a n c e  

o f  two ( 2 )  m i l e s  t o  t h e  southwest  c o r n e r  o f  S e c t i o n  31, Township 1 5 .  

South, Range 14  West; thence n o r t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  

t h e  n o r t h w e s t  c o r n e r  o f  same s a i d  S e c t i o n  31; thence  e a s t e r l y  a  

d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h e a s t  c o r n e r  o f  same s a i d  S e c t i o n  

31; thence s o u t h e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  sou theas t  

c o r n e r  o f  S e c t i o n  6, Township 15 South, Range 14 West; thence w e s t e r l y  

a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest c o r n e r  o f  same s a i d  S e c t i o n  

6; thence s o u t h e r l y  a  d i s t a n c e  o f  one and o n e - h a l f  ( 1  112) m i l e s  t o  t h e  

e a s t  q u a r t e r  c o r n e r  o f  S e c t i o n  13, Township 15 South, Range 15 West; 

thence w e s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  e a s t  q u a r t e r  c o r n e r  

o f  S e c t i o n  15, Township 15 South, Range 15 West; t hence  s o u t h e r l y  a  

d i s t a n c e  o f  one and o n e - h a l f  ( 1  112)  m i l e s  t o  t h e  sou theas t  c o r n e r  o f  

S e c t i o n  22, Township 15 South, Range 15 West; thence w e s t e r l y  a  

d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  n o r t h e a s t  c o r n e r  o f  S e c t i o n  30, 

Township 15 South, Range 15 West; thence s o u t h e r l y  a  d i s t a n c e  of one 

( 1 )  m i l e  t o  t h e  sou theas t  c o r n e r  o f  same s a i d  S e c t i o n  30; thence  

w e s t e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  same 

s a i d  S e c t i o n  30; thence s o u t h e r 1  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  

ik 
sou theas t  c o r n e r  o f  S e c t i o n  36, Township 15 South, Range 16 West; Y 
thence w e s t e r l y  a  d i s t a n c e  o f  a p p r o x i m a t e l y  e i g h t  and o n e - h a l f  ( 8  112)  

m i l e s  t o  t h e  n o r t h e a s t  c o r n e r  o f  S e c t i o n  4, Township 16 South, Range 17 

west; thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  s o u t h e a s t  

c o r n e r  o f  same s a i d  S e c t i o n  4; thence w e s t e r l y  a  d i s t a n c e  o f  f o u r  ( 4 )  

m i l e s  t o  t h e  southwest  c o r n e r  o f  S e c t i o n  1, Township 16 South, Range 18  

West; t hence  n o r t h e r l y  a  d i s t a n c e  o f  o n e - h a l f  ( 1 / 2 )  m i l e  t o - t h e  west  

q u a r t e r  c o r n e r  o f  same s a i d  S e c t i o n  1; thence  w e s t e r l y  a  d i s t a n c e  o f  

f i v e  ( 5 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  6, Township 16 

South, Range 1 8  West; thence n o r t h e r l y  a  d i s t a n c e  o f  o n e - h a l f  (112)  

m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  same s a i d  S e c t i o n  6; thence w e s t e r l y  a  
- 



d i s t a n c e  o f  a p p r o x i m a t e l y  one and s i x  t e n t h s  (1.6)  m i l e s  t o  t h e  
w 

sou theas t  c o r n e r  o f  S e c t i o n  36; Township 15 South, Range 19 West; & 
thence n o r t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  

same s a i d  S e c t i o n  36; thence  w e s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  

V t h e  southwest c o r n e r  o f  S e c t i o n  28, Township 15 South, Range 19  West; rg( 
thence n o r t h e r l y  a  d i s t a n c e  o f  one and o n e - h a l f  ( 1  1 / 2 )  m i l e s  t o  t h e  

bk e a s t  q u a r t e r  c o r n e r  o f  S e c t i o n  20, Township 15 South, Range 19  West; if 
thence w e s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  west  q u a r t e r  

'k 
c o r n e r  o f  S e c t i o n  24, Township 15 South, Range 20 West; $hence 

n o r t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  e a s t  q u a r t e r  c o r n e r  o f  

4% 
S e c t i o n  14, Township 15 South, Range 20 West;<hence w e s t e r l y  a  

d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  a s t  q u a r t e r  c o r n e r  o f  S e c t i o n  17, & d 
Township 15 South, Range 20 West; thence n o r t h e r l y  a  d i s t a n c e  o f  one- 

h a l f  (1 /2 )  m i l e  t o  t h e  n o r t h e a s t  c o r n e r  o f  t h e  same s a i d  S e c t i o n  17; 

thence  w e s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  southwest  c o r n e r  o f  
4k dc 

S e c t i o n  7, Township 15 South, Range 20 West; t hence  n o r t h e r l y  a  

d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  same s a i d  S e c t i o n  

7; thence w e s t e r l y  a  d i s t a n c e  o f  two ( 2 )  mi l e s  t o  t h e  southwest  c o r n e r  

o f  S e c t i o n  2, Township 15 South, Range 21 West; t hence  n o r t h e r l y  a  

d i s t a n c e  o f  o n e - h a l f  ( 1 / 2 )  m i l e  t o  t h e  west  q u a r t e r  c o r n e r  o f  same s a i d  

S e c t i o n  2; thence  w e s t e r l y  a  d i s t a n c e  o f  f i v e  ( 5 )  m i l e s  t o  t h e  west  

q u a r t e r  c o r n e r  o f  S e c t i o n  1, Township 15 South, Range 22 West; t hence  

n o r t h e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  of 

S e c t i o n  25, Township 14 South, Range 22 West, wh ich i s  t h e  p o i n t  of  

beg inn ing .  

Sa id  t r a c t  c o n t a i n s  113 square m i l e s ,  more o r  l e s s .  

4. That  t h e  C h i e f  E n g i n e e r - D i r e c t o r  f u r t h e r  o rde red  t h a t  a l l  a p p l i c a t i o n s  t o  

a p p r o p r i a t e  wa te r  f o r  b e n e f i c i a l  use ( o t h e r  t h a n  f o r  domes t i c  use, 

temporary  p e r m i t s  and s h o r t  t e r m  p e r m i t s )  r e c e i v e d  on o r  a f t e r  November 30, 

1983, wh ich propose t h e  a p p r o p r i a t i o n  o f  groundwater f r o m  t h e  a l l u v i u m  o f  

t h e  Smoky H i l l  R i v e r  i n  t h e  r e a c h  between Cedar B l u f f  Dam i n  Trego County, 

Kansas, and t h e  c o n f l u e n c e  o f  t h e  Smoky H i l l  R i v e r  w i t h  B i g  Creek i n  R u s s e l l  

County, Kansas, w i t h i n  t h e  a rea  d e s c r i b e d  above, w i l l  be r e c e i v e d  and 

ass igned a  p r i o r i t y  and a  f i l e  number, i f  accep tab le  f o r  f i l i n g ,  b u t  w i l l  

' rc  ' P A G E ~ J ~ ,  BOOK c 
- 435 



no t  be f u r t h e r  processed u n t i l  a  d e c i s i o n  i s  made as t o  whether an i n t e n s i v e  

groundwater use c o n t r o l  area w i  11 be e s t a b l i s h e d  i n  t h e  above desc r i bed  

area. A t  t h e  conc lus i on  of t h e  proceedings, a l l  a p p l i c a t i o n s  f i l e d  on o r  

a f t e r  November 30, 1983, w i l l  be processed i n  accordance w i t h  t h e  p r o v i s i o n s  

of t h e  Kansas Water A p p r o p r i a t i o n  Act,  t h e  r u l e s  and r e g u l a t i o n s ,  t h e  

a d m i n i s t r a t i v e  p o l i c i e s  and procedures i n  e f f e c t  i n  t h a t  area, and i n  

accordance w i t h  t h e  c o r r e c t i v e  c o n t r o l  p r o v i s i o n s  o f  t h e  i n t e n s i v e  ground- 

water use c o n t r o l  area, i f  any. Other a c t i o n s  o f  t h e  Ch ie f  Engineer-  

D i r e c t o r  w i t h i n  t h e  above descr ibed  area w i l l  n o t  be a f f e c t e d .  

5. That on January 12, 1984, n o t i c e  o f  hea r i ng  was sent  t o  eve ry  water  r i g h t  

ho lde r  o f  r eco rd  and a l l  known landowners w i t h i n  t h e  boundar ies o f  t h e  

proposed i n t e n s i v e  groundwater use c o n t r o l  area. No t i ces  were a l s o  sent  t o  

t h e  Kansas Reg i s te r ,  The Hays D a i l y  News, Rush County News, Russe l l  D a i l y  

News, and Western World, Inc . ,  and va r i ous  governmental o f f  i c i  a1 s, s t a t e  

agencies, and members o f  t h e  Kansas Water A u t h o r i t y .  The n o t i c e  s t a t e d  t h a t  

a  p u b l i c  hea r i ng  would be h e l d  a t  9:00 a.m. on Thursday, February  23, 1984, 

a t  t h e  Aud i t o r i um  o f  t h e  F o r t  Hays S t a t e  U n i v e r s i t y  Exper iment S t a t i o n ,  

Hays, Kansas, a t  which t ime  a l l  i n t e r e s t e d  p a r t i e s  w i l l  have an o p p o r t u n i t y  

t o  be heard r ega rd i ng  t h e  proposed des igna t i on  o f  an i n t e n s i v e  groundwater 

use c o n t r o l  area. 

6. That on February  23 and 24, 1984, a  p u b l i c  hea r i ng  was h e l d  a t  t h e  t ime  and 

p l a c e  s e t  f o r t h  i n  t h e  n o t i c e  o f  hear ing .  

7 .  That E v e r e t t  Watson, C i v i l  Engineer on t h e  s t a f f  o f  t h e  D i v i s i o n  o f  Water 

Resources, t e s t i f i e d  concern ing a  " P r e l i m i n a r y  Eng ineer ing  Report  - Pro-  

possd Smoky H i l l  R i v e r  I n t e n s i v e  Groundwater Use Cont ro l  Area" which was 

prepared under h i s  supe rv i s i on .  The e n t i r e  r e p o r t  was en te red  i n t o  evidence 

a t  t h e  hear ing .  

8. That t h e  r e p o r t  i n d i c a t e s  t h e  water  l e v e l s  i n  Cedar B l u f f  Reservo i r  have 

r e c e n t l y  reached an a l l  t ime  low. The l a k e  l e v e l  as o f  February  14, 1984, 

was 2101 f e e t  above mean sea l e v e l ;  t h e  t o p  o f  t h e  conse rva t i on  poo l  i s  2144 

f ee t ,  and t h e  t o p  o f  t h e  i n a c t i v e  pool  i s  2107.8 f e e t .  The mass curve  f o r  

t h e  Arno ld  gage on t h e  Smoky H i l l  R i ve r  above Cedar B l u f f  Reservo i r  

i n d i c a t e s  an average annual f l o w  o f  13,000 ac re - f ee t  pe r  year  f o r  t h e  p e r i o d  

1960 th rough  1980. However, t h e  s lope  of t h e  cu rve  f o r  t h e  p e r i o d  1972 



th rough  1982 i n d i c a t e s  an average runo f f  of 8,800 a c r e - f e e t  pe r  year .  The 

p r o j e c t e d  f u t u r e  r u n o f f  a t  t h e  Arno ld  gage i s  es t imated  t o  be 9,000 acre-  

f e e t  pe r  year .  The dra inage area between t h e  Arno ld  gage and Cedar B l u f f  

Reservo i r  i s  es t imated  t o  c o n t r i b u t e  approx imate ly  530 a c r e - f e e t  annua l l y ,  

w h i l e  t h e  p r o j e c t e d  average annual consumptive use f o r  t h e  same area i s  

1,530 ac re - f ee t  per  year .  Thus t h e  p r o j e c t e d  average annual f u t u r e  i n f l o w  

t o  Cedar B l u f f  Reservo i r  i s  es t imated  t o  be approx imate ly  8,000 a c r e - f e e t  

pe r  year ,  s u b s t a n t i a l l y  l e s s  than  t h e  13,000 a c r e - f e e t  per  yea r  average f o r  

t h e  p e r i o d  1960 th rough  1980. 

9. That t h e  r e p o r t  i n d i c a t e s  r e l eases  f r om Cedar B l u f f  Reservo i r  have been made 

i n  t h e  pas t  f o r  t h r e e  e n t i t i e s :  U.S. F i s h  and W i l d l i f e  Se rv i ce  ( t o  opera te  

a  f i s h  ha t che ry ) ,  Cedar B l u f f  I r r i g a t i o n  D i s t r i c t  No. 6, and t h e  C i t y  o f  

Russe l l ,  Kansas, each under t h e  a u t h o r i t y  o f  approved a p p l i c a t i o n s  f o r  

p e r m i t  t o  app rop r i a t e  water .  The re l eases  f o r  t h e  i r r i g a t i o n  d i s t r i c t  were 

begun i n  1963 a t  wh ich  t ime  an' i n c rease  i n f l o w  o f  f o u r  t o  s i x  c . f  .s. was 

measured i n  t h e  f i r s t  t h r e e  ( 3 )  m i l e s  i n  t h e  r i v e r  channel below t h e  dam. By 

1966 groundwater l e v e l s  i n  t h e  t e r r a c e  d e p o s i t s  which u n d e r l i e  t h e  

i r r i g a t i o n  d i s t r i c t  were b u i l d i n g  up and su r f ace  water  f l o w s  i n  t h e  Smoky 

Hi11 R i ve r  between t h e  dam and t h e  Schoenchen gage had inc reased  by 

approx imate ly  10 c . f . s .  The re l eases  f o r  t h e  f i s h  ha t che ry  were begun i n  

1959 and t h e  re l eases  f o r  t h e  City o f  Russel 1, which were r e l e a s e d  d i r e c t l y  

i n t o  t h e  channel of t h e  Smoky H i1  1  R i v e r  were a l s o  begun i n  1959. Releases 

f o r  t h e  i r r i g a t i o n  d i s t r i c t  were d i scon t i nued  subsequent t o  1978 and t h e  

f i s h  ha tchery  was c l osed  on March 31, 1983. Subsequent t o  1978, groundwater 

l e v e l s  i n  t h e  t e r r a c e  depos i t s  ment ioned above began t o  d e c l i n e  and were 

s t i l l  d e c l i n i n g  i n  1983. Ana l ys i s  o f  s t reamf low reco rds  a t  t h e  Schoenchen 

gage f o r  water yea rs  1979 th rough  1982 show a  d e c l i n i n g  t r e n d  when t h e  

e f f e c t s  o f  d i r e c t  s to rm r u n o f f  were es t imated  f r om t h e  d a i l y  f l o w  reco rds .  

The Smoky H i l l  R i v e r  f r om  Cedar B l u f f  Dam t o  below t h e  Hays w e l l  f i e l d  i n  t h e  

a1 l uv i um o f  t h e  Smoky Hi  11 R i ve r  Val l e y  near Schoenchen was r e p o r t e d  t o  have 

ceased f l o w i n g  d u r i n g  t h e  summer and f a l l  o f  1983. The r e p o r t  concludes 

t h a t  when t h e r e  was adequate water  supply  i n  Cedar B l u f f  Reservo i r  t o  f u l l y  

i r r i g a t e  t h e  Cedar B l u f f  I r r i g a t i o n  D i s t r i c t ,  t h e r e  was adequate recharge 

t o  t h e  Smoky H i1  1  R i ve r  and v a l l e y  a l l u v i u m  t o  meet au tho r i zed  uses i n  t h e  

proposed c o n t r o l  area. 



10. That t h e  r e p o r t  i n d i c a t e s  groundwater l e v e l s  have begun t o  d e c l i n e  s i n c e  

1980 i n  t h e  Hays w e l l  f i e l d  and s i n c e  1982 i n  t h e  R u s s e l l  w e l l  f i e l d  i n  t h e  

Smoky H i l l  R i v e r  V a l l e y  a l l u v i u m  near  P f e i f e r .  The r e p o r t  conc ludes t h a t  

p r e s e n t  water  supp l  i e s  i n  t h e  proposed c o n t r o l  a rea a r e  n o t  adequate t o  meet 

p r e s e n t  needs, t h a t  t h e  supp ly  i s  n o t  adequate f o r  any a d d i t i o n a l  

a p p r o p r i a t i o n s  o f  water ,  and t h a t  c o n s t r a i n t s  on wa te r  use may become 

necessary  i n  t h e  proposed c o n t r o l  area.  

11. That  Danny Rogers, Area E x t e n s i o n  I r r i g a t i o n  Engineer  f o r  Kansas S t a t e  

U n i v e r s i t y  s t a t i o n e d  a t  Colby, Kansas, t e s t i f i e d  concern ing  c r o p  wa te r  use. 

M r .  Rogers t e s t i f i e d  t h a t  f o r  Rush, E l  1  i s ,  and Trego Count ies ,  Kansas, based 

on 80% chance o f  r a i n f a l l ,  t h e  n e t  i r r i g a t i o n  r e q u i r e m e n t s  f o r  f u l l  

i r r i g a t i o n  o f  corn ,  soybeans, g r a i n  sorghum and wheat a r e  14.8 inches ,  11.9 

inches ,  12.4 i n c h e s  and 10.6 inches ,  r e s p e c t i v e l y .  The n e t  i r r i g a t i o n  

requ i rements  under a  l i m i t e d  i r r i g a t i o n  program f o r  t h e  same area,  based on 

80% chance o f  r a i n f a l l ,  i s  f r o m  s i x  t o  e i g h t  i n c h e s  f o r  g r a i n  sorghum. M r .  

Rogers a l s o  t e s t i f i e d  t h a t  i t  would be p o s s i b l e  w i t h i n  t h e  proposed c o n t r o l  

a rea t o  e s t a b l i s h  l e v e l s  which would reduce wa te r  usage b u t  s t i l l  a l l o w  t h e  

economic use o f  e x i s t i n g  i r r i g a t i o n  systems. 

12. That  Laren D i n k e l ,  Water and Sewage P l a n t  Super in tenden t  f o r  t h e  C i t y  o f  

Hays, t e s t i f i e d  concern ing  t h e  amount o f  wa te r  d i v e r t e d  by t h e  C i t y  o f  Hays 

f r o m  i t s  w e l l  f i e l d s  a l o n g  B i g  Creek and t h e  Smoky H i l l  R i v e r ,  t h e  amount o f  

water  t r e a t e d  a t  i t s  t r e a t m e n t  p l a n t  and t h e  v a r i o u s  uses,  metered and 

unrnetered, t o  wh ich such water  i s  p u t  w i t h i n  t h e  area served by  t h e  C i t y  o f  

Hays. That Leo Wel lbrock,  P u b l i c  Works D i r e c t o r  f o r  t h e  C i t y  o f  Hays, 

t e s t i f i e d  concern ing  t h e  e f f o r t s  made by t h e  c i t y  t o  l o c a t e  a l t e r n a t e  

sources o f  wa te r  supp ly .  That  Ken C a r t e r ,  C i t y  Manager f o r  t h e  C i t y  o f  Hays, 

t e s t i f i e d  concern ing  wa te r  usage and proposed c o n s e r v a t i o n  measures by t h e  

c i t y .  M r .  C a r t e r  a l s o  t e s t i f i e d  t h a t  i t  was t h e  i n t e n t  o f  t h e  Hays C i t y  

Commissioners t o  e n a c t  some ve ry  s t renuous  wa te r  c o n s e r v a t i o n  measures. 

13. That L a r r y  F. Werth, a  r e s i d e n t  about a  q u a r t e r  o f  a  mi l e  west o f  Schoenchen, 

Kansas, t e s t i f i e d  t h a t  he has a  w e l l  i n  t h e  basement o f  h i s  house which he 

has deepened t w i c e  between 1971 and 1982. That  s a i d  w e l l  began suck ing  a i r  

i n  J u l y  o f  1982 and t h a t  t h e  w e l l  was n o t  f u r t h e r  deepened because o f  i r o n  

i n  t h e  water  a t  t h e  deeper l e v e l s  o f  t h e  a l l u v i u m .  
. . 



14. That Eddie Roth, a  r e s i d e n t  about a  q u a r t e r  o f  a  m i l e  west o f  P f e i f e r ,  

Kansas, on t h e  Smoky H i l l  R ive r ,  t e s t i f i e d  t h a t  he has a  domest ic w e l l  near  

h i s  house t h a t  went d r y  i n  June of 1983. That he r e d r i l l e d  s a i d  w e l l  c l o s e r  

t o  t h e  Smoky H i l l  R i v e r  and t h a t  s a i d  r e d r i l l e d  w e l l  went d r y  i n  October o f  

1983. 

15. That Loran Zimmerman, Chairman o f  Rura l  Water D i s t r i c t  No. 1, E l l i s  County, 

which i s  l o c a t e d  near Schoenchen, t e s t i f i e d  t h a t  t h e  r u r a l  water  d i s t r i c t ' s  

we1 1  s  began t o  suck a i r  i n  t h e  m idd le  o f  t h e  summer. That i n  1982 a  deeper 

w e l l  was d r i l l e d  f o r  t h e  r u r a l  water  d i s t r i c t .  That  t h e  water  i n  t h e  deeper 

w e l l  had t o  be t r e a t e d  f o r  i r o n .  

16. That George N. Crawford, Jr . ,  a  r e s i d e n t  i n  Sec t i on  3, Township 15 South, 

Range 2 1  West, i n  Trego County, about f o u r  and one-ha l f  ( 4  1 /2 )  m i l e s  below 

Cedar B l u f f  Dam on t h e  South s i d e  o f  t h e  Smoky H i l l  R ive r ,  t e s t i f i e d  t h a t  he 

was i n  f a v o r  o f  ex tend ing  t h e  boundar ies o f  t h e  proposed i n t e n s i v e  

groundwater use c o n t r o l  area t o  i n c l u d e  t h e  Smoky H i l l  R i v e r  V a l l e y  above 

Cedar B l u f f  Dam t o  t h e  Colorado 1  i n e .  That he was o f  t h e  o p i n i o n  t h a t  people  

i n  t h e  area would suppor t  mandatory me te r i ng  o f  a1 1  su r f ace  and groundwater 

d i v e r s i o n s  w i t h i n  t h e  proposed c o n t r o l  area. That he was a l s o  i n  f a v o r  of 

see ing an a d d i t i o n a l  gag ing s t a t i o n  i n s t a l l e d  on t h e  Smoky H i l l  R i v e r  about 

two and one-ha l f  ( 2  1 /2)  m i l e s  eas t  o f  Cedar B l u f f  Dam. 

17. That Glen H i l l ,  C i t y  Manager o f  Russe l l ,  Kansas, t e s t i f i e d  on b e h a l f  o f  t h e  

C i t y  o f  Russe l l  concern ing  t h e  c o n s t r u c t i o n  o f  a  p i p e l i n e  i n  1981 f r om i t s  

we1 1  f i e l d  i n  t h e  a1 l uv i um o f  t h e  Smoky Hi  11 R i v e r  Val l e y  near  P f e i f e r  t o  t h e  

C i t y  o f  Russe l l .  That s a i d  p i p e l i n e  has r e s u l t e d  i n  a  r e d u c t i o n  i n  t h e  

amount o f  water d i v e r t e d  f r om e i t h e r  t h e  r i v e r  o r  t h e  w e l l s  f o r  mun i c i pa l  

use by  t h e  C i t y  o f  Russe l l .  That he a l s o  t e s t i f i e d  concern ing  water  usage 

by t h e  C i t y  o f  Russe l l .  That he t e s t i f i e d  t h a t  t h e  C i t y  o f  Russe l l  opposes 

t h e  f o rma t i on  o r  ex tens ion  o f  t h e  proposed c o n t r o l  area i n t o  t h e  P f e i f e r  

area i f  i t  would adverse ly  impact upon t h e  water  r i g h t s  h e l d  by t h e  C i t y  o f  

Russel 1. 

18. That Kenneth L.  Brunson, Stream I n v e s t i g a t i o n  and Development B i o l o g i s t  f o r  

t h e  Kansas F i s h  and Game Commission, t e s t i f i e d  t h a t  t h e  Kansas F i s h  and Game 

Commission suppor ts  t h e  d e s i g n a t i o n  of t h e  proposed c o n t r o l  area. 
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19. That  G i l b e r t  Dinges, a  r e s i d e n t  j u s t  n o r t h  o f  Schoenchen, t e s t i f i e d  t h a t  

t r e e s  and marsh grasses on h i s  p r o p e r t y  have been d y i n g  o u t  f o r  t h e  l a s t  

t h r e e  years .  That  t h i s  phenomenon i s  n o t  observed everywhere a l o n g  t h e  

r i v e r ,  b u t  occu rs  m a i n l y  i n  t h e  v i c i n i t y  o f  t h e  Hays w e l l  f i e l d .  That  t h r e e  

( 3 )  domest ic  w e l l s  on h i s  p r o p e r t y  have gone d r y .  

20. That  E a r l  J. Munsch, Mayor o f  Schoenchen, and a l s o  a  member o f  t h e  board  o f  

d i r e c t o r s  o f  Rura l  Water D i s t r i c t  No. 1, E l l i s  County, t e s t i f i e d  t h a t  when 

t h e  r u r a l  wa te r  d i s t r i c t  was formed i n  1964 i t  was d i f f i c u l t  t o  g e t  peop le  

t o  s i g n  on and i n i t i a l l y  o n l y  about 30 d i d  so. The y e a r  t h a t  t h e  C j t y  o f  Hays, 

i n s t a l  l e d  we1 1s No. 9 and No. 10 some o f  t h e  r e s i d e n t s  o f  Schoenchen had 

t h e i r  w e l l s  go d r y  and subsequent ly  ano the r  15 o r  20 more hook-ups were 

added t o  t h e  r u r a l  w a t e r  d i s t r i c t .  That  c u r r e n t l y  t h e r e  a r e  around 80  t o  85 

hook-ups . 
That  H a r o l d  G. Kraus, a  fa rmer  and i r r i g a t o r  and a  r e s i d e n t  i n  S e c t i o n  16, w 
Township 15 South, Range 19 West, E l l  i s  County, t e s t i f i e d  c o n c e r n i n g  h i s  ,#( 
c r o p p i n g  p r a c t i c e s  and i r r i g a t i o n  wa te r  use. Mr. Kraus s t a t e d  t h a t  he has 

f l o w  meters  i n s t a l l e d  on h i s  i r r i g a t i o n  system and p r o v i d e d  i n f o r m a t i o n  on 

a c t u a l  wa te r  use f o r  c r o p s  grown i n  t h e  l a s t  s e v e r a l  y e a r s .  M r .  Kraus s t a t e d  

t h a t  he c o u l d  grow a  mi l o  c r o p  under a  c e n t e r  p i v o t  system w i t h  o n l y  14 

inches  o f  water .  

22. That  P.  A l l e n  Mac fa r lane ,  a  h y d r o l o g i s t  employed by  t h e  Kansas G e o l o g i c a l  

Survey, has been c o n d u c t i n g  a  s t u d y  o f  t h e  groundwater r e s o u r c e s  of  t h e  

Smoky H i l l  R i v e r  V a l l e y  between Cedar B l u f f  Dam and K a n o p o l i s  Dam. That  a  

comple te  and f i n a l  r e p o r t  o f  t h e  s t u d y  i s  expected t o  be r e a d y  by January, 

1985. The p r e l i m i n a r y  f i n d i n g s  o f  t h e  s t u d y  show t h a t  t h e  s u r f a c e  and 

groundwater i n  t h e  a l l u v i a l  system a r e  v e r y  i n t i m a t e l y  connected.  
- .  

23. That  F l o y d  C l i n e ,  a  r e s i d e n t  i n  t h e  Eas t  H a l f  o f  t h e  Southeast  Q u a r t e r  (E1/2 

SE1/4) o f  S e c t i o n  35, Township 15 South, Range 17 West, wh ich i s  j u s t  west  4f' 

o f  P f e i f e r ,  Kansas, t e s t i f i e d  t h a t  some cot tonwood t r e e s  a l o n g  t h e  Smoky 

H i l l  R i v e r  near  t h e  R u s s e l l  we1 1  f i e l d  have d i e d .  M r .  C l i n e  a l s o  expressed 

h i s  d e s i r e  t o  see P f e i f e r  i n c l u d e d  i n  t h e  proposed c o n t r o l  area.  M r .  C l i n e  

a l s o  t e s t i f i e d  t h a t  t h e r e  had been a  l o s s  o f  y i e l d  i n  some o f  t h e  domest ic  

w e l l s  i n  h i s  area.  
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24. That  A l v i n  Werth, a  r e s i d e n t  one ( 1 )  m i l e  n o r t h  o f  Schoenchen, t e s t i f i e d  

t h a t  t h e r e  was a  p r o d u c i n g  o i  1  and gas f i e l d  about  t h r e e  ( 3 )  m i l e s  n o r t h  o f  

Schoenchen and t h a t  t e s t  h o l e s  d r i l l e d  i n  t h e  summer o f  1983 on t h e  

& 
N o r t h e a s t  Q u a r t e r  (NE114) o f  S e c t i o n  29, Township 15 South, Range 1 8  West, k' 
have wa te r  i n  them which i s  t o o  s a l t y  even f o r  l i v e s t o c k .  

25. That  Ron Parks t e s t i f i e d  c o n c e r n i n g  dead t r e e s  and o t h e r  env i ronmenta l  

concerns i n  t h e  v i c i n i t y  o f  t h e  Hays we1 1  f i e l d  as a  r e s u l t  o f  no f l o w  i n  t h e  

Smoky H i l l  R i v e r .  M r .  Parks  a l s o  i n d i c a t e d  h i s  suppor t  f o r  t h e  e s t a b -  

l i s h m e n t  o f  t h e  proposed c o n t r o l  area.  

26. That  Ann M i l l h o l l a n d ,  a  r e s i d e n t  o f  Hays and V i c e  P r e s i d e n t  o f  t h e  Hays 

League o f  Women Vo te rs ,  t e s t i f i e d  t h a t  t h e  League o f  Women Vo te rs  s u p p o r t s  

a l l  measures t h a t  would i n c r e a s e  t h e  c o n s e r v a t i o n  o f  wa te r .  

27. That  Howard Reynolds, a  r e s i d e n t  o f  Hays and P r o f e s s o r  Emer i tus  a t  F o r t  Hays 

S t a t e  U n i v e r s i t y ,  t e s t i f i e d  t h a t  he suppor ts  t h e  e s t a b l i s h m e n t  o f  t h e  

proposed c o n t r o l  area.  

28. That  t h e  h e a r i n g  was c o n t i n u e d  f o r  a  p e r i o d  o f  45 days o r  any such o t h e r  t i m e  

as may be deemed necessary  f o r  i n t e r v e n i n g  p a r t i e s  t o  f u r n i s h  i n f o r m a t i o n  

reques ted  a t  t h e  h e a r i n g .  

29. That  a  l e t t e r  d a t e d  March 12, 1984, f r o m  t h e  E l l i s  County Conserva t ion  

D i s t r i c t  s igned  by  Rober t  J. B inder ,  Chairman, was r e c e i v e d  i n  t h e  o f f i c e  of 

t h e  C h i e f  E n g i n e e r - D i r e c t o r  on March 14, 1984. The l e t t e r  i n d i c a t e s  t h e  

d i s t r i c t ' s  suppor t  f o r  t h e  proposed c o n t r o l  a rea  and f u r t h e r  recommends 

t h a t  t h e  Chief  E n g i n e e r - D i r e c t o r  c o n s i d e r  a  s t u d y  and c o n t r o l  a rea  o f  t h e  

Smoky H i l l  R i v e r  and i t s  watershed above Cedar B l u f f  R e s e r v o i r .  

30. That a  l e t t e r  da ted  March 19, 1984, f r o m  L a r r y  J. R e i c h e r t  was r e c e i v e d  i n  

t h e  o f f i c e  o f  t h e  C h i e f  E n g i n e e r - D i r e c t o r  on March 22, 1984. The l e t t e r  

s t a t e s  t h a t  h e a r i n g s  shou ld  be h e l d  t o  c o n s i d e r  e x t e n d i n g  t h e  c o n t r o l  a rea  

west o f  Cedar B l u f f  Dam t o  t h e  r i v e r ' s  source.  

31. That  a  l e t t e r  da ted  March 23, 1984, f r o m  t h e  Bureau o f  Rec lamat ion s igned  by  

Rober t  D. Kutz ,  P r o j e c t  Manager f o r  t h e  Nebraska-Kansas P r o j e c t s  O f f i c e ,  

was r e c e i v e d  on March 26, 1984. The l e t t e r  i n d i c a t e d  t h a t  a  s i g n i f i c a n t  

amount o f  t h e  problems downstream o f  Cedar B l u f f  R e s e r v o i r  a r e  caused and/or 

c r e a t e d  by c o n d i t i o n s  above t h e  dam and t h e r e f o r e  t h i s  shou ld  j u s t i f y  t h e  

e x t e n s i o n  o f  t h e  c o n t r o l  a rea t o  t h e  r i v e r  a l l u v i u m  a d j a c e n t  t o  t h e  r i v e r  

upstream o f  t h e  r e s e r v o i r .  

442 BCOK P A G E Z ~ ~ ~ ~  :. 



32. That based upon tes t imony  presented a t  t h e  hear ing ,  and on a f f i d a v i t s  

p rov i ded  by  c l i e n t s  o f  M r .  Ed Larson as requested a t  t h e  hear ing ,  ves ted  and 

sen io r  a p p r o p r i a t i o n  r i g h t s  t o  t h e  use o f  water  f o r  domest ic purposes e x i s t  

w i t h i n  t h e  proposed c o n t r o l  area. 

33. That K.S.A. 1981 Supp. 82a-1038 p rov i des :  

" ( a )  I n  any case where t h e  c h i e f  eng ineer  f i n d s  t h a t  any one 
o r  more o f  t h e  c i rcumstances s e t  f o r t h  i n  K.S.A. 1978 Supp. 
82a-1036 e x i s t  and t h a t  t h e  p u b l i c  i n t e r e s t  r e q u i r e s  t h a t  
any one o r  more c o r r e c t i v e  c o n t r o l s  be adopted, s a i d  c h i e f  
eng ineer  s h a l l  des ignate,  by o rde r ,  t h e  area i n  quest ion,  o r  
any p a r t  t h e r e o f ,  as an i n t e n s i v e  groundwater use c o n t r o l  
area. 
( b )  The o rde r  o f  t h e  c h i e f  eng ineer  s h a l l  d e f i n e  spec i -  
f i c a l l y  t h e  boundar ies o f  t h e  i n t e n s i v e  groundwater use 
c o n t r o l  area and s h a l l  i n d i c a t e  t h e  c i rcumstances upon which 
h i s  o r  her  f i n d i n g s  a re  made. The o rde r  o f  t h e  c h i e f  
eng ineer  may i n c l u d e  any one o r  more o f  t h e  f o l l o w i n g  
c o r r e c t i v e  c o n t r o l  p r o v i s i o n s  : ( 1 )  A p r o v i s i o n  c l o s i n g  t h e  
i n t e n s i v e  groundwater use c o n t r o l  area t o  any f u r t h e r  
a p p r o p r i a t i o n  o f  groundwater i n  which even t  t h e  c h i e f  
eng ineer  s h a l l  t h e r e a f t e r  r e f u s e  t o  accept any a p p l i c a t i o n  
f o r  a  p e r m i t  t o  app rop r i a t e  groundwater l o c a t e d  w i t h i n  such 
area; ( 2 )  a  p r o v i s i o n  de te rm in i ng  t h e  p e r m i s s i b l e  t o t a l  
w i thd rawa l  o f  groundwater i n  t h e  i n t e n s i v e  groundwater use 
c o n t r o l  area each day, month o r  year ,  and, i n s o f a r  as may be 
reasonably  done, t h e  c h i e f  eng ineer  s h a l l  appo r t i on  such 
p e r m i s s i b l e  t o t a l  w i thd rawa l  among t h e  v a l i d  groundwater 
r i g h t  ho lde rs  i n  such area i n  accordance w i t h  t h e  r e l a t i v e  
dates o f  p r i o r i t y  o f  such r i g h t s ;  ( 3 )  a  p r o v i s i o n  r educ ing  
t h e  p e r m i s s i b l e  w i thd rawa l  o f  groundwater by  any one o r  more 
a p p r o p r i a t o r s  t h e r e o f ,  o r  by w e l l s  i n  t h e  i n t e n s i v e  ground- 
water  use c o n t r o l  area; ( 4 )  a  p r o v i s i o n  r e q u i r i n g  and 
s p e c i f y i n g  a  system o f  r o t a t i o n  o f  groundwater use i n  t h e  
i n t e n s i v e  groundwater use c o n t r o l  area; ( 5 )  any one o r  more 
o t h e r  p r o v i s i o n s  making such a d d i t i o n a l  requ i rements  as a re  
necessary t o  p r o t e c t  t h e  p u b l i c  i n t e r e s t .  
( c )  The o rde r  o f  d e s i g n a t i o n  o f  an i n t e n s i v e  groundwater 
use c o n t r o l  area s h a l l  be i n  f u l l  f o r c e  and e f f e c t  f r om  t h e  
da te  o f  i t s  e n t r y  i n  t h e  r eco rds  o f  t h e  c h i e f  e n g i n e e r ' s  
o f f i c e  un less  and u n t i l  i t s  o p e r a t i o n  s h a l l  be s tayed by an 
appeal t he re f r om i n  accordance w i t h  t h e  p r o v i s i o n s  o f  
subsec t ion  ( d )  o f  K.S.A. 1978 Supp. 60-2101. The c h i e f  
eng ineer  upon reques t  s h a l l  d e l i v e r  a  copy o f  such o rde r  t o  
any i n t e r e s t e d  person who i s  a f f e c t e d  by such o rder ,  and 
s h a l l  f i l e  a  copy o f  t h e  same w i t h  t h e  r e g i s t e r  o f  deeds o f  
any coun ty  w i t h i n  which such des ignated c o n t r o l  area l i e s . "  

CONCLUSIONS 

1. That groundwater l e v e l s  i n  t h e  area i n  ques t i on  have dec l i ned .  

2. ' That t h e  p resen t  r a t e  o f  w i thd rawa l  o f  water f r om  t h e  area i n  ques t i on  

exceeds t h e  r a t e  o f  i n f l o w  o r  recharge t o  t h e  area. 

3. That o t h e r  c o n d i t i o n s  e x i s t  i n  t h e  area i n  ques t i on  which r e q u i r e  r e g u l a t i o n  

i n  t h e  p u b l i c  i n t e r e s t ,  s p e c i f i c a l l y  t h e  i n t e r r e l a t i o n s h i p  o f  su r f ace  water  

and groundwater i n  t h e  area i n  ques t ion .  



4. That an i n t e n s i v e  groundwater use c o n t r o l  area should  be e s t a b l i s h e d  w i t h i n  

t h e  boundar ies as s e t  f o r t h  i n  F i n d i n g  No. 3. 

5. That t h e  area i n  ques t i on  should  be c l osed  t o  any f u r t h e r  a p p r o p r i a t i o n  o f  

groundwater and su r f ace  water  except  f o r  domest ic uses, temporary p e r m i t s  

and s h o r t  term p e r m i t s  and c o r r e c t i v e  c o n t r o l  p r o v i s i o n s  a re  necessary t o  

p r o t e c t  t h e  p u b l i c  i n t e r e s t .  

6. That c o n d i t i o n s  e x i s t  w i t h i n  t h e  a1 l uv i um o f  t h e  Smoky H i l l  R i v e r  V a l l e y  and 

i t s  major  t r i b u t a r i e s  between Cedar B l u f f  Dam and a  p o i n t  about f o u r  m i l e s  

n o r t h  and west o f  Sharon Spr ings, Kansas, which r e q u i r e  r e g u l a t i o n  i n  t h e  

p u b l i c  i n t e r e s t .  



ORDER 

NOW, THEREFORE, I t  i s  t h e  d e c i s i o n  and o r d e r  o f  t h e  C h i e f  E n g i n e e r - D i r e c t o r ,  

D i v i s i o n  o f  Water Resources, Kansas S t a t e  Board o f  A g r i c u l t u r e ,  t h a t  an i n t e n s i v e  

groundwater use c o n t r o l  a rea  shou ld  be and i s  hereby e s t a b l i s h e d  i n  Rush, Trego, 

E l l i s  and R u s s e l l  Count ies ,  Kansas, w i t h i n  t h e  boundar ies  s e t  f o r t h  below, and 

t h e  f o l l o w i n g  c o r r e c t i v e  c o n t r o l  p r o v i s i o n s  s h a l l  be i n  f u l l  f o r c e  and e f f e c t  

w i t h i n  t h e  a rea  d e s c r i b e d  f r o m  and a f t e r  t h e  d a t e  o f  t h i s  Order:  

1. That  t h e  boundar ies  o f  t h e  D i s t r i c t  s h a l l  be as f o l l o w s :  

A  t r a c t  of  l a n d  t o t a l l y  w i t h i n  t h e  d r a i n a g e  b a s i n  o f  t h e  Smoky 

H i l l  R i v e r ,  i n c l u d i n g  a l l  o f  t h e  v a l l e y  a l l u v i u m  between Cedar 

B l u f f  Dam and t h e  mouth o f  B i g  Creek, and l y i n g  p a r t i a l l y  i n  

Trego, E l l i s ,  Rush and R u s s e l l  Coun t ies  i n  Kansas, and b e i n g  more 

p a r t i c u l a r l y  d e s c r i b e d  as a  t r a c t  o f  l a n d  bounded by  a  l i n e  

b e g i n n i n g  a t  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  25, Township 14 

South, Range 22 West, i n  Trego County, thence  e a s t e r l y  a  d i s t a n c e  

o f  f i v e  ( 5 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  26, 

Township 14  South, Range 21  West; t hence  s o u t h e r l y  a  d i s t a n c e  o f  

o n e - h a l f  (112)  m i l e  t o  t h e  southwest c o r n e r  o f  t h e  same s a i d  

S e c t i o n  26; thence e a s t e r l y  a  d i s t a n c e  o f  f o u r  ( 4 )  m i l e s  t o  t h e  
AY 

n o r t h w e s t  c o r n e r  o f  S e c t i o n  33, Township 14  South, Range 20 West; J); 

thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  

c o r n e r  o f  same s a i d  S e c t i o n  33; thence  e a s t e r l y  a  d i s t a n c e  o f  
k 

t h r e e  ( 3 )  m i l e s  t o  t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  1, Township 15 JZ( 
South, Range 20 West; t hence  s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  

t o  t h e  southwest c o r n e r  o f  same s a i d  S e c t i o n  1; thence  e a s t e r l y  a  

d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  n  r t h w e s t  c o r n e r  o f  S e c t i o n  9, JK" 
& 

Township 15 South, Range 19 West; t hence  s o u t h e r l y  a  d i s t a n c e  o f  

one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  same s a i d  S e c t i o n  9; 

thence e a s t e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  

Y w o f  S e c t i o n  15, ownship 15 South, Range 19 West; t hence  s o u t h e r l y  

a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  same s a i d  

S e c t i o n  15; thence  e a s t e r l y  a  d i s t a n c e  o f  s i x  ( 6 )  m i l e s  t o  t h e  * .  
n o r t h w e s t  c o r n e r  of S e c t i o n  22, Township 15 South, Range 18 West; 

IGsc 



thence s o u t h e r l y  a  d i  tance  o f  one (1 )  m i l e  t o  t h e  nor thwes t  4 6 corner  o f  Sec t i on  27, ownship 15 South, Range 18 West; thence 

e a s t e r l y  a  i s t a n c e  o f  n i n e  (9 )  m i l e s  t o  t h e  nor thwes t  co rne r  o f  4 & Sect ion  30, ownship 15 South, Range 16 West; thence n o r t h e r l y  a  

d i s t ance  o f  one-ha l f  ( 1 / 2 )  m i l e  t o  t h e  west q u a r t e r  co rne r  o f  

d(( w Sect ion  19, Township 15 South, Range 16 West; thence e a s t e r l y  a  

o f  f i v e  ( 5 )  m i l e s  t o  t h e  west q u a r t e r  co rne r  o f  Sec t i on  
3$(' 

15 South, Range 16 West; thence n o r t h e r l y  a  d i s t a n c e  

o f  one and one-ha l f  ( 1  1 /2 )  m i l e s  t o  t h e  nor thwes t  co rne r  o f  

Jk iw 
Sect ion  13, Township 15 South, Range 16 West; thence e a s t e r l y  a  

d i s t ance  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  nor thwes t  co rner  o f  Sec t i on  16, 

Township 15 South, Range 15 West; thence n o r t h e r l y  a  d i s t a n c e  of 

one ( 1 )  m i l e  t o  t h e  nor thwes t  co rne r  o f  Sec t i on  9, Township 15 

South, Range 15 West; thence e a s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  

t o  t h e  nor thwes t  co rne r  o f  Sec t i on  11, Township 15 South, Range 15 

West; thence n c r t h e r l y  a  d i s t ance  o f  one ( 1 )  m i l e  t o  t h e  nor thwes t  

co rner  o f  Sec t i on  2, Township 15 South, Range 15 West; thence 

e a s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  southwest co rne r  o f  

Sec t ion  31, Township 15 South, Range 14 West; thence n o r t h e r l y  a  

d i s t ance  o f  one ( 1 )  m i l e  t o  t h e  nor thwes t  co rne r  o f  same s a i d  

Sec t i on  31; thence e a s t e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  

no r t heas t  co rner  o f  same s a i d  Sec t i on  31; thence s o u t h e r l y  a  

d i s t ance  o f  two ( 2 )  m i l e s  t o  t h e  southeast  co rne r  o f  Sec t i on  6, 

Township 15 South, Range 14 West; thence w e s t e r l y  a  d i s t a n c e  o f  

one ( 1 )  m i l e  t o  t h e  southwest co rner  o f  same s a i d  Sec t i on  6; 

thence s o u t h e r l y  a  d i s t ance  o f  one and one-ha l f  ( 1  1 /2 )  m i l e s  t o  

t h e  eas t  q u a r t e r  co rner  o f  Sec t i on  13, Township 15 South, Range 15 

West; thence w e s t e r l y  a  d i s t ance  o f  two ( 2 )  m i l e s  t o  t h e  e a s t  

q u a r t e r  co rne r  o f  Sec t i on  15, Township 15 South, Range 15 West; 

thence s o u t h e r l y  a  d i s t a n c e  o f  one and one -ha l f  ( 1  1 /2 )  m i l e s  t o  

t h e  southeast  co rner  o f  Sec t i on  22, Township 15 South, Range 15 

West; thence w e s t e r l y  a  d i s t ance  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  

no r t heas t  co rne r  o f  Sec t i on  30, Township 15 South, Range 15 West; 

thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southeast  
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c o r n e r  o f  same s a i d  S e c t i o n  30; thence w e s t e r l y  a  d i s t a n c e  o f  one 

( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  same s a i d  S e c t i o n  30; thence  

s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  sou theas t  c o r n e r  o f  

% Jv S e c t i o n  36, ownship 15 South, Range 16 West; t hence  w e s t e r l y  a  

d i s t a n c e  o f  a p p r o x i m a t e l y  e i g h t  and o n e - h a l f  ( 8  112) m i l e s  t o  t h e  

n o r t h e a s t  c o r n e r  o f  S e c t i o n  4, Township 16 South, Range 17 West; 

thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  sou theas t  

c o r n e r  o f  same s a i d  S e c t i o n  4; thence w e s t e r l y  a  d i s t a n c e  of  f o u r  

( 4 )  m i l e s  t o  t h e  southwest  c o r n e r  o f  S e c t i o n  1, Township 16 South, 

Range 18 West; t hence  n o r t h e r l y  a  d i s t a n c e  o f  o n e - h a l f  (112)  m i l e  

t o  t h e  west  q u a r t e r  c o r n e r  o f  same s a i d  S e c t i o n  1; thence  w e s t e r l y  

a  d i s t a n c e  o f  f i v e  ( 5 )  m i l e s  t o  t h e  west  q u a r t e r  c o r n e r  o f  S e c t i o n  

6, Township 16 South, Range 18  West; t hence  n o r t h e r l y  a  d i s t a n c e  

o f  o n e - h a l f  ( 1 / 2 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  same s a i d  

S e c t i o n  6; thence w e s t e r l y  a  d i s t a n c e  o f  a p p r o x i m a t e l y  one and 

s i x  t e n t h s  (1 .6 )  m i l e s  t o  t h e  sou theas t  c o r n e r  o f  S e c t i o n  36; JC 
Township 15 South, Range 19 West; thence n o r t h e r l y  a  d i s t a n c e  o f  

one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  same s a i d  S e c t i o n  36; 

thence w e s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  southwest  

4k bK 
c o r n e r  o f  S e c t i o n  28, Township 15 South, Range 19 West; t hence  

n o r t h e r l y  a  d i s t a n c e  o f  one and o n e - h a l f  ( 1  112) m i l e s  t o  t h e  e a s t  

L q u a r t e r  c o r n e r  o f  S e c t i o n  20, Township 15 South, Range 19 West; & 
thence w e s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  west  q u a r t e r  

4' J)c c o r n e r  o f  S e c t i o n  24, Township 15 South, Range 20 West; thence 

a$ 
i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  e a s t  q u a r t e r  c o r n e r  o f  

AY 
S e c t i o n  14, Township 15 South, Range 20 West; t hence  w e s t e r l y  a  

d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  e a s t  u a r t e r  c o r n e r  o f  S e c t i o n  
&? 

17, Township 15 South, Range 20 West; t hknce  n o r t h e r l y  a  d i s t a n c e  

o f  o n e - h a l f  (112)  m i l e  t o  t h e  n o r t h e a s t  c o r n e r  o f  t h e  same s a i d  

S e c t i o n  17; thence  w e s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  
t Jk 

southwest c o r n e r  o f  S e c t i o n  7, Township 15 South, Range 20 West; 

thence n o r t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  

c o r n e r  of  same s a i d  S e c t i o n  7; thence w e s t e r l y  a  d i s t a n c e  o f  two 

( 2 )  m i l e s  t o  t h e  southwest  c o r n e r  o f  S e c t i o n  2, Township 15 South, 



Range 21  West; thence n o r t h e r l y  a  d i s t a n c e  o f  o n e - h a l f  (1 /2 )  m i l e  

t o  t h e  west q u a r t e r  c o r n e r  o f  same s a i d  S e c t i o n  2; thence  w e s t e r l y  

a  d i s t a n c e  o f  f i v e  ( 5 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  

1, Township 15 South, Range 22 West; t hence  n o r t h e r l y  a  d i s t a n c e  

o f  two ( 2 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  25, 

Township 14 South, Range 22 West, wh ich i s  t h e  p o i n t  o f  beg inn ing .  

Sa id  t r a c t  c o n t a i n s  113 square m i l e s ,  more o r  l e s s .  

2. That  t h i s  i n t e n s i v e  groundwater use c o n t r o l  a rea  s h a l l  be c l o s e d  t o  

f u r t h e r  groundwater and s u r f a c e  wa te r  a p p r o p r i a t i o n ,  excep t  f o r  domes- 

t i c  use o r  any use a u t h o r i z e d  by  temporary  p e r m i t  g r a n t e d  under t h e  

a u t h o r i t y  o f  K.S.A. 82a-727; t h a t  t h e  C h i e f  Eng ineer -Di  r e c t o r  s h a l l  

r e f u s e  t o  accep t  any o t h e r  a p p l i c a t i o n  f o r  a  p e r m i t  t o  a p p r o p r i a t e  

groundwater o r  s u r f a c e  wa te r  w i t h i n  t h e  i n t e n s i v e  groundwater use 

c o n t r o l  area, excep t  t h a t  t h e  C h i e f  E n g i n e e r - D i r e c t o r  f u r t h e r  r e s e r v e s  

t h e  r i g h t  t o  accept ,  cons ide r ,  approve, r e j e c t  o r  m o d i f y  any a p p l i -  

c a t i o n  t o  a p p r o p r i a t e  groundwater o r  s u r f  ace wa te r  r e q u e s t i n g  approva l  

f o r  t h e  use o f  wa te r  f o r  a  p e r i o d  n o t  t o  exceed one c a l e n d a r  y e a r  w i t h i n  

t h e  i n t e n s i v e  groundwater use c o n t r o l  area; t h a t  any such a p p l i c a t i o n  

approved by  t h e  C h i e f  E n g i n e e r - D i r e c t o r  s h a l l  be s u b j e c t  t o  such 

terms,  c o n d i t i o n s  and l i m i t a t i o n s  as t h e  C h i e f  E n g i n e e r - D i r e c t o r  s h a l l  

deem necessary  i n  t h e  p u b l i c  i n t e r e s t .  

3. Tha t  a l l  a p p l i c a t i o n s  t o  a p p r o p r i a t e  wa te r  f i l e d  on o r  a f t e r  November 

30, 1983, and p r i o r  t o  t h e  d a t e  o f  t h i s  Order d e c l a r i n g  an i n t e n s i v e  

groundwater use c o n t r o l  area,  s h a l l  be d i sm issed .  

4. That  by J u l y  1, 1984, o r  w i t h i n  any a u t h o r i z e d  e x t e n s i o n  o f  t i m e  

t h e r e o f  f o r  good cause shown b y  t h e  wa te r  use r ,  f l o w  mete rs  s h a l l  be 

i n s t a l l e d  on a1 1  wa te r  we1 1s and s u r f a c e  wa te r  d i v e r s i o n  f a c i l i t i e s -  

now e x i s t i n g  i n  t h e  i n t e n s i v e  groundwater use c o n t r o l  a rea  excep t  on 

those  w e l l s  and s u r f a c e  w a t e r  d i v e r s i o n  f a c i l i t i e s  used s o l e l y  f o r  

domest ic  purposes and those  w e l l s  a u t h o r i z e d  by  temporary  p e r m i t s ;  

t h a t  these  mete rs  s h a l l  meet o r  exceed t h e  s p e c i f i c a t i o n s  f o r  f l o w  

mete rs  adopted by  t h e  C h i e f  E n g i n e e r - D i r e c t o r  on March 27, 1980, and 

amended on March 16, 1981, u n l e s s  a  w r i t t e n  wa ive r  i s  o b t a i n e d  f r o m  t h e  

Chief  E n g i n e e r - D i r e c t o r  p r i o r  t o  t h e  use o f  t h e  w e l l  o r  s u r f a c e  w a t e r  



d i v e r s i o n  f a c i l i t y ;  t h a t  f l o w  meters  s h a l l  be i n s t a l l e d  on a l l  water 

w e l l s  and su r f ace  water  d i v e r s i o n  f a c i l i t i e s ,  except  those  t o  be used 

s o l e l y  f o r  domest ic purposes and those au tho r i zed  by temporary 

permi ts ,  cons t ruc ted  a f t e r  t h e  da te  o f  t h i s  Order; and those f l o w  

meters  s h a l l  meet o r  exceed t h e  s p e c i f i c a t i o n s  r e q u i r e d  by  t h e  Ch ie f  

Eng ineer -D i rec to r  a t  t h e  t i m e  t h e  w e l l  o r  su r f ace  wate r  d i v e r s i o n  

f a c i l i t y  i s  cons t ruc ted  un less  a  w r i t t e n  wa ive r  i s  ob ta i ned  f r om t h e  

Ch ie f  Eng inee r -D i r ec to r  p r i o r  t o  use o f  t h e  w e l l  o r  su r f ace  water  

d i v e r s i o n  f a c i l i t y ;  t h a t  each water  r i g h t  ho lde r  i n  t h e  i n t e n s i v e  

groundwater use c o n t r o l  area s h a l l  f i l e  water  use r e p o r t s  no 1  a t e r  t h a n  

March 1 o f  t h e  yea r  f o l l o w i n g  t h e  usage o r  such o t h e r  t ime  as may be 

i n d i c a t e d  by  t h e  Ch ie f  Eng ineer -D i rec to r ;  t h a t  i n  a d d i t i o n  t o  r e -  

p o r t i n g  t h e  i n f o r m a t i o n  no rma l l y  r e q u i r e d  i n  t h e  water  use r e p o r t s ,  

each water  r i g h t  ho lde r  s h a l l  a l s o  r e p o r t :  ( a )  t h e  depth t o  s t a t i c  

water  l e v e l  i n  each w e l l  i n  t h e  i n t e n s i v e  groundwater use c o n t r o l  a rea  

determined and i n  a  manner accep tab le  t o  t h e  Ch ie f  Eng ineer -D i rec to r ,  

( b )  t h e  s e r i a l  number o f  t h e  water  meter, and ( c )  t h e  meter  r ead ing  a t  

t h e  beg inn ing  and end o f  t h e  ca lendar  year .  

5. That t h e  meters  i n s t a l l e d  i n  accordance w i t h  paragraph number 4 s h a l l  

be ma in ta ined  i n  a  c o n d i t i o n  s a t i s f a c t o r y  t o  t h e  Ch ie f  Engineer-  

D i r e c t o r ;  

6. That paragraph numbers 4 and 5 o f  t h i s  Order a re  hereby i nco rpo ra ted  as 

terms, c o n d i t i o n s  and l i m i t a t i o n s  o f  each approved a p p l i c a t i o n  f o r  a  

p e r m i t  t o  a p p r o p r i a t e  water  f o r  b e n e f i c i a l  use, c e r t i f i c a t e  o f  

a p p r o p r i a t i o n  o r  vested r i g h t  f o r  a l l  w e l l s  and su r f ace  water  

d i v e r s i o n  f a c i l i t i e s  l o c a t e d  w i t h i n  t h e  i n t e n s i v e  groundwater use 

c o n t r o l  area as descr ibed  i n  paragraph number 1. 

7. That i n  a l l  o t h e r  r espec t s  n o t  i n c o n s i s t e n t  w i t h  t h i s  Order, t h e  Ch ie f  

Eng inee r -D i r ec to r  s h a l l  con t i nue  t o  adm in i s t e r  water r i g h t s  and 

process a p p l i c a t i o n s  f i l e d  pursuant  t o  t h e  Kansas Water A p p r o p r i a t i o n  

Ac t  i n  accordance w i t h  t h e  Kansas Water A p p r o p r i a t i o n  Ac t  and r u l e s  and 

r e g u l a t i o n s  and p o l i c i e s  o f  t h e  D i v i s i o n  o f  Water Resources, Kansas 

S t a t e  Board o f  A g r i c u l t u r e .  



8. That  usage under a l l  a p p r o p r i a t i o n  r i g h t s  and approved a p p l i c a t i o n s  

f o r  pe rm i t  t o  a p p r o p r i a t e  water f o r  i r r i g a t i o n  use w i t h i n  t h e  

boundar ies o f  t h e  c o n t r o l  area s h a l l  be r e s t r i c t e d  u n t i l  such t ime  as 

may be m o d i f i e d  by any subsequent o rde r  o f  t h e  Ch ie f  Engineer-  

D i r e c t o r ,  t o :  1 )  an amount n o t  t o  exceed an average o f  15 acre- inches 

p e r  acre on t h e  maximum number o f  au tho r i zed  acres i r r i g a t e d  under 

those  r i g h t s  and approved a p p l i c a t i o n s  d u r i n g  any one o f  t h e  ca lendar  

yea rs  1977 th rough  1982 as determined by t h e  Ch ie f  Eng ineer -D i rec to r ,  

o r  2 )  t h e  amount au tho r i zed  under s a i d  r i g h t s  o r  approved a p p l i -  

c a t i o n s ,  whichever i s  l e s s .  

9. That usage under a l l  a p p r o p r i a t i o n  r i g h t s  and approved a p p l i c a t i o n s  

f o r  pe rm i t  t o  app rop r i a t e  water  f o r  any uses o t h e r  than  i r r i g a t i o n  o r  

domest ic w i t h i n  t h e  boundar ies o f  t h e  c o n t r o l  area s h a l l  be r e s t r i c t e d  

f o r  ca lendar  yea r  1984 t o  an amount n o t  t o  exceed 95 percen t  o f  t h e  

maximum usage f o r  any one o f  t h e  ca lendar  years  1981, 1982 and 1983. 

That usage under s a i d  r i g h t s  and approved a p p l i c a t i o n s  s h a l l  be 

r e s t r i c t e d  f o r  ca lendar  year  1985 and any subsequent ca lendar  year ,  

u n t i l  such t i m e  as may be m o d i f i e d  by  any subsequent o r d e r  o f  t h e  Ch ie f  

Eng ineer -D i rec to r ,  t o  an amount n o t  t o  exceed 90 percen t  o f  t h e  maximum 

usage f o r  any one o f  t h e  ca lendar  yea rs  1981, 1982 and 1983. That i n  

no case s h a l l  t h e  usage p rov i ded  f o r  above be a l lowed t o  exceed t h e  

amount au tho r i zed  under s a i d  r i g h t s  and approved a p p l i c a t i o n s .  

10. That a  t ask  f o r c e  i s  hereby appo in ted  t o  f u r t h e r  s tudy  t h e  water  supp ly  

and demand s i t u a t i o n  w i t h i n  t h e  c o n t r o l  area and t o  make recom- 

mendations t o  t h e  Ch ie f  Eng ineer -D i rec to r  as t o  what f u r t h e r  c o n t r o l  

p r o v i s i o n s ,  i f  any, should be implemented w i t h i n  t h e  c o n t r o l  area. 

Such t a s k  f o r c e  s h a l l  make r e p o r t s  as requested by t h e  Ch ie f  Engineer-  

D i r e c t o r .  The t a s k  f o r c e  s h a l l  be c o n s t i t u t e d  as f o l l o w s :  

a. One ( 1 )  r e p r e s e n t a t i v e  chosen f rom t h e  membership o f  any o f  t h e  

boards o f  d i r e c t o r s  o f  t h e  Conservat ion D i s t r i c t s  o f  E l l i s ,  

Trego, Rush and Russe l l  Count ies.  

b. One ( 1 )  r e p r e s e n t a t i v e  f r om  t h e  membership o f  any o f  t h e  boards o f  

d i r e c t o r s  o f  t h e  r u r a l  water  d i s t r i c t s  w i t h i n  t h e  c o n t r o l  area. 



c.  One (1) r e p r e s e n t a t i v e  f r om  t h e  C i t y  o f  Hays. 

d. One (1 )  r e p r e s e n t a t i v e  f r om  t h e  C i t y  o f  Russel 1. 

e. One (1) r e p r e s e n t a t i v e  who i s  t h e  h o l d e r  o f  a  water  r i g h t  o r  

approved a p p l i c a t i o n  f o r  p e r m i t  t o  app rop r i a t e  groundwater f o r  

i r r i g a t i o n  use w i t h i n  t h e  c o n t r o l  area. 

f .  One (1 )  r e p r e s e n t a t i v e  f r om  the  Cedar B l u f f  I r r i g a t i o n  D i s t r i c t .  

g. One ( 1 )  r e p r e s e n t a t i v e  who i s  a  domest ic user  w i t h i n  t h e  c o n t r o l  

area. 

h. One ( 1 )  r e p r e s e n t a t i v e  f r om  t h e  Kansas Water O f f i c e .  

i. One (1 )  r e p r e s e n t a t i v e  f r om  t h e  Kansas Geo log ica l  Survey. 

j. One ( 1 )  r e p r e s e n t a t i v e  f r om  t h e  U.S. Bureau o f  Reclamat ion. 

k. One (1) r e p r e s e n t a t i v e  o f  t h e  Kansas Water A u t h o r i t y .  

That t h e  t ask  f o r c e  members r e p r e s e n t i n g  e n t i t i e s  descr ibed  i n  

subparagraphs a, b y  c, d, f, h, i, j and k  s h a l l  be appo in ted  by t h e  

e n t i t i e s  represen ted .  That t h e  task  f o r c e  members desc r i bed  i n  

subparagraphs e  and g  s h a l l  be se l ec ted  by t h e  Ch ie f  Eng inee r -D i r ec to r  

a f t e r  c o n s i d e r a t i o n  o f  nominat ions by t h e  water  users  i n  t h e  ca tego ry  

represented.  That t h e  Ch ie f  Eng ineer -D i rec to r  s h a l l  des igna te  t h e  

cha i r pe rson  o f  s a i d  t ask  f o r c e  a f t e r  t h e  r e p r e s e n t a t i v e s  have been 

se lec ted .  That t h e  t a s k  f o r c e  s h a l l  be s p e c i f i c a l l y  charged w i t h  

p r o v i d i n g  adv ice  and recommendations t o  t h e  Ch ie f  Eng inee r -D i r ec to r  on 

p l ans  and a l t e r n a t i v e s  f o r  b r i n g i n g  t h e  s t ream-aqu i fe r  system i n  t o  

b a l  ance between water  supp ly  and demand w i t h i n  t h e  c o n t r o l  area, i n  so 

f a r  as may be poss ib l e ,  i n c l u d i n g  b u t  n o t  1  i m i  t e d  t o  recommendations as 

t o :  

a. Poss ib l e  changes t o  t h e  o p e r a t i o n  and/or use o f  wa te r  s t o r e d  i n  

Cedar B l u f f  Reservo i r .  

b. L i m i t a t i o n s  on t h e  w i thdrawa l  o f  water  f r om  t h e  area. 

c .  A l t e r n a t i v e  sources o f  water  f o r  use by e x i s t i n g  water users  i n  

t h e  area. 

d. Conservat ion p l ans  f o r  water  use i n  t h e  area. 

e.  Such o t h e r  i tems as may be deewed necessary t o  e f f e c t u a t e  a  l o n g  

te rm s o l u t i o n  t o  t h e  wate r  supp ly  problem i n  t h e  area. 



That  Dav id  L. Pope, C h i e f  E n g i n e e r - D i r e c t o r ,  D i v i s i o n  o f  Water 

Resources, Kansas S t a t e  Board o f  A g r i c u l t u r e ,  hereby, on h i s  own 

i n i t i a t i v e ,  i n i t i a t e s  p roceed ings  f o r  t h e  e x t e n s i o n  o f  t h e  i n t e n s i v e  

groundwater use c o n t r o l  a rea t o  i n c l u d e  t h e  a1 l u v i u m  o f  t h e  Smoky H i  11 

R i v e r  V a l l e y  and i t s  ma jo r  t r i b u t a r i e s  i n  t h e  r e a c h  between Cedar B l u f f  

Dam i n  Trego County, Kansas, and a p o i n t  about  f o u r  m i l e s  n o r t h  and 

west  o f  Sharon Spr ings,  Kansas, i n  an a rea  d e s c r i b e d  as f o l l o w s :  

Hackberry  Creek and A1 l u v i u m  

Sect  i o n s  

Township 13 South, Range 25 West, 30-33 

Township 14  South, Range 25 West, 4-6, 9-16, 24 

Township 13 South, Range 26 West, 17-20, 25-30, 32-36 

Township 13 South, Range 27 West, 6-10, 13-26 

Township 12 South, Range 28 West, 31, 32 

Township 13 South, Range 28 West, 1-6, 8-16, 23, 24 

Township 12 South, Range 29 West, 31-36 , 

Township 13 South, Range 29 West, 1-9, 17, 18  

Sa id  t r a c t  c o n t a i n i n g  86 square m i l e s ,  more o r  l e s s ;  and 

Smoky H i l l  R i v e r  and A l l u v i u m  

Township 14  South, Range 22 West, 

Township 15 South, Range 22 West, 

Township 14 South, Range 23 West, 

Township 15 South, Range 23 West, 

Township 14 South, Range 24 West, 

Township 15 South, Range 24 West, 

Township 14 South, Range 25 West, 

Township 15 South, Range 25 West, 

Township 14 South, Range 26 West, 

Township 15 South, Range 26 West, 

S e c t i o n s  

26-35 

2-6 

31-36 

1-6 

27-36 

1, 2 

25, 26, 31-36 

6, 7 

33-36 

1-12, 18, 19 

Township 15 South, Range 27 West, 1, 2, 11-24 

Township 15 South, Range 28 West, 13-24 



Township 15 South, Range 29 West, 13-24 

Township 15 South, Range 30 West, 7-10, 13-18, 22-24 

Township 14 South, Range 3 1  West, 31-33 

Township 15 South, Range 31 West, 2-6, 10-15 

Township 14 South, Range 32 West, 19, 20, 26-30, 32-36 

Township 15 South, Range 32 West, 1-5, 8-10 

Township 13 South, Range 33 West, 31-33 

Township 14 South, Range 33 West, 4-6, 8-10, 14-16, 21-26 

Township 13 South, Range 34 West, 25-36 

Township 14 South, Range 34 West, 1, 2 

Township 13 South, Range 35 West, 19-30, 35, 36 

Township 13 South, Range 36 West, 13-30 

Township 13 South, Range 37 West, 9, 10, 13-16, 19-30 

Township 13 South, Range 38 West, 21-32 

Township 13 South, Range 39 West, 18-21, 25-36 

Township 13 South, Range 40 West, 2-18, 24, 25, 36 

Sa id  t r a c t  c o n t a i n i n g  284 square m i l e s ,  more o r  l e s s ;  

a t o t a l  o f  370 square m i l e s ,  more o r  l e s s .  

12. That  t h e  C h i e f  E n g i n e e r - D i r e c t o r  o r d e r s  t h a t  a l l  a p p l i c a t i o n s  t o  

a p p r o p r i a t e  wa te r  f o r  b e n e f i c i a l  use ( o t h e r  t h a n  f o r  domest ic  use, 

temporary  p e r m i t s  and s h o r t  t e r m  p e r m i t s )  r e c e i v e d  on o r  a f t e r  t h e  

d a t e  o f  t h i s  Order,  wh ich propose t h e  a p p r o p r i  a t  i o n  o f  groundwater 

f r o m  t h e  a l l u v i u m  o f  t h e  Smoky H i l l  R i v e r  V a l l e y  and i t s  ma jo r  

t r i b u t a r i e s  i n  t h e  reach  between Cedar B l u f f  Dam i n  Trego County, 

Kansas, and a p o i n t  about f o u r  mi  l e s  n o r t h  and west o f  Sharon Spr ings ,  

Kansas, w i t h i n  t h e  area d e s c r i b e d  i n  C o n d i t i o n  No. 11 above, w i l l  be 

r e c e i v e d  and ass igned a p r i o r i t y  and a f i l e  number, i f  a c c e p t a b l e  f o r  

f i l i n g ,  b u t  w i l l  n o t  be f u r t h e r  processed u n t i l  a d e c i s i o n  i s  made as 

t o  whether t h e  i n t e n s i v e  groundwater use c o n t r o l  a r e a  w i l l  be ex tended 

t o  i n c l u d e  t h e  above d e s c r i b e d  area.  A t  t h e  c o n c l u s i o n  o f  t h e  

proceedings,  a1 1 a p p l i c a t i o n s  f i l e d  on o r  a f t e r  t h e  d a t e  o f  t h i s  Order,  

w i l l  be processed i n  accordance w i t h  t h e  p r o v i s i o n s  o f  t h e  Kansas Water 

A p p r o p r i a t i o n  Act ,  t h e  r u l e s  and r e g u l a t i o n s ,  t h e  a d m i n i s t r a t i v e  

p o l i c i e s  and p rocedures  i n  e f f e c t  i n  t h a t  area,  and i n  accordance w i t h  



t h e  c o n t r o l  p r o v i s i o n s  o f  t h e  i n t e n s i v e  groundwater use c o n t r o l  area, 

i f  any. Other a c t i o n s  o f  t h e  Ch ie f  Eng ineer -D i rec to r  w i t h i n  t h e  above 

desc r i bed  area w i l l  n o t  be a f f e c t e d .  

13. That t h e  Chief Eng ineer -D i rec to r  s p e c i f i c a l l y  r e t a i n s  j u r i s d i c t i o n  i n  

t h i s  ma t t e r  w i t h  a u t h o r i t y  t o  make such changes i n  t h e  boundar ies o f  

t h e  i n t e n s i v e  groundwater use c o n t r o l  area o r  t h e  c o r r e c t i v e  c o n t r o l  

p r o v i s i o n s  which have been i n s t i t u t e d  o r  any o t h e r  p r o v i s i o n s  o f  t h i s  

Order, and t o  h o l d  any subsequent hear ings  i n  t h e  m a t t e r  o f  t h e  c o n t r o l  

area o r  t h e  c o r r e c t i v e  c o n t r o l  p r o v i s i o n s ,  which he o r  she may deem t o  

be i n  t h e  p u b l i c  i n t e r e s t .  

Dated a t  Topeka, Kansas, t h i s  31s t  day o f  May, 1984. 

s i o n  o f  Water Resources 
S t a t e  Board o f  A g r i c u l t u r e  

S ta te  o f  Kansas ) 
ss 

County o f  Shawnee) 

The fo rego ing  ins t rument  was acknowledged be fo re  me t h i s  31s t  day o f  May, 
1984, by David L. Pope, P.E., Ch ie f  Eng ineer -D i rec to r ,  D i v i s i o n  o f  Water 
Resources, Kansas S t a t e  Board o f  A g r i c u l t u r e .  
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DEPARTMENT OF THE ARMY 
KANSAS CITY DISTRICT, CORPS OF ENGINEERS 

700 FEDERAL BUILDING 

REPLY TO 

ATTENTION OF: 

Regulatory Branch 
(3138) 

Mr. Ken Carter 
City Manager 
City of Hays 
Hays, Kansas 67601 

Dear Mr. Carter: 

KANSAS CITY, MISSOURI 64106-2896 

May 22, 1990 

As requested by your application, dated May 1, 1989, 

I have enclosed a proposed Department of the Army permit, 

in duplicate, with drawings attached. When executed, the 

permit will authorize the one-time construction of three 

temporary instream dams to hold water in an attempt to 

recharge the aquifer in the vicinity of the city-owned 

well field. The location of the project site is the 

Smoky Hill River in Sections 27 and 28, Township 15 south, 

Range 18 west near the city of Hays, Ellis County, Kansas. 

As you are aware your proposed work has created some 

concern among the landowners and other city officials 

downstream of your project. Depending upon weather 

conditions, there could be a loss of water in the stream. 

If water rights becomes an issue, you must resolve these 

concerns with the State of Kansas Division of Water 

Resources. 

An engineering review of your proposed plans has 

identified some potential problems. We strongly recom

mend you consider that, during high water, the overflow 

will cause considerable scour below each control structure. 

You may need a rock apron on the downstream side of each 

dam. Also, you may need to extend the rock fill along both 

sides of the bank to retard bank erosion. These structures 

should have a top grade that declines from each end toward 

the center to ensure breaching would occur in mid-stream. 

Since additional rock may be required for downstream bank 

protection, please notify us when you plan to construct the 

three instream dams. 

mcampbell
Rectangular Exhibit Stamp
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Please sign the original and duplicate copy of the 

enclosed permit document. Each copy of the permit docu

ment should be signed on page 3 above the word "Permittee," 

dated, and returned within 30 days from the date of this 

letter. A preaddressed envelope is enclosed for your 

convenience. Upon receipt of the properly signed docu

ments, the permit may then be executed and returned to 

you for your files. 

If you have any questions concerning this matter, please 

feel free to write or call Dr. John Tatschl at 816-426-2118. 

Sincerely, 

t:~~~i} iJt,~~l!e 
Carro! t. Blackwell 
Chief, Operations Division 

Enclosures 

Copies Furnished: 

Environmental Protection Agency, 

Wetlands Protection Section we/enclosures 

U.S. Fish and Wildlife Service, 

Manhattan, Kansas we/enclosures 

Kansas Department of Wildlife and Parks 

we/enclosures 



. . 
DEPARTMENT OF THE ARMY 

KANSAS CITY DISTRICT, CORPS OF ENGINEERS 

700 FEDERAL BUILDING 

KANSAS CITY. MISSOURI 64106-2896 
June 27, 1990 

REPLY TO 
ATTENTION OF: 

Permit Processing Section 
(3138) 

Mr. Ken Carter 
City Manager 
City of Hays 
Hays, Kansas 67601 

Dear Mr. Carter: 

Permit No. 2SB OXR 1 3138 has been executed. One 
copy is enclosed for your records and one copy has been 
retained for our files. Also, an ENG Form 4336, Notice 
of Authorization, is enclosed and should be conspicuously 
displayed at the site of work. When you are ready to 
begin work, it is necessary that you contact our Wilson 
Project Office by writing to Mr. Bradley R. Myers, u.s. Army 
Corps of Engineers, Route 1, Box 241, Sylvan Grove, Kansas 
67481, or by calling 913-658-2551. 

Sincerely, 

C::utl! ~~et 
Carrol L. Blackwell 
Chief, Operations Division 

Enclosures 

Copies Furnished: 

Environmental Protection Agency, 
Wetlands Protection Section wjenclosures 

u.s. Fish and Wildlife. Service, 
Manhattan, Kansas wjenclosures 

Kansas Department of Wildlife 
and Parks wjenclosures 



THIS NOTICE OF AUTHORIZATION MUST BE CONSPICUOUSLY DISPLAYED 

AT THE SITE OF WORK. 

Unit~d States Armv Cores of En~in~ers 

I 

1 9 90------ . -----

A p e r m i t t o ~ns t~~c t tl!E~e;.. t~QJ~ty__sf119.ll ea..t:the.u._daw.s ..... J:ac_h~~EJ2r.£Xi.~Jla teJy __ l 00 ~f eg_L __ 

long requiring approximately 370 cubic yards of fill 

-·---------------------------------------------·-· 

- ---·-----------------------------------------.. ----·-- ------· --

~ t _Smoky -~il_l_~!~er ih__Sections 27 and 28, TownshiQ 1~ southJang.e...j..8_J.!ZeS.t.~car_
tlle.sitY. e>f _ 

Hays, Ellis County, Kansas 

--·----------------------
has been issued to l:11::.._.Ken_Cm;.t_er ______________ on _}u!:!_e_ 27..l __ l 9 9Q ___ _ 

City Manager 

A d d r e s s o t P e r m i t t e e -~ULQ.f~...K.ausas.
_.l2.7.f>OL _____________ --·-- _ -·--

Permit Number 

[------------
---------] 

·2SB OXR 1 3138 ---------------------
E. NG F C!t-m u..33~·. J 1.1l 81 

d~~£ e£c£~tP 
- ...... -·-··---·----- ·-··--·- ····-- .... 
District Commander 

BY: . CARROL L -BlACKWEll 

?tief, Operations Division 
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DEPARTMENT OF THE ARMY PERMIT 

Permittee __ Ci;:;;';;.;t;J.y__:o;..;;f;.....;;.Ha~y_s...~..,_Ka_n_sa_s_ 

Permit No. _.=2;;;.:SB:;.._;;0;;;.;~~1::;;.....;;3~1;,;;.3..;;..8 __ _ 
I 

IsauingOffice U. S. Army Engineer Dis~rict, Kansas City 

NOTE: The term "you" and its derivatives, as Used in this permit, means the permittee or any future transferee. The term 

"this office" refers to the appropriate district or division office of the Corps of Engineers having jurisdiction over the permitted 

activity or the appropriate official of that office acting under the authority of the commanding officer. 

You are authorized to perform work in accordanc~ with the terms and conditions specified below. 

Project Description: (Proposed Work) 
Construct three temporary small earthen dams, each approximately 100 feet long 

requiring approximately 370 cubic yards of fill 

See attached drawings, Sheet 1 of 3 through Sheet 3 of 3, dated 3/26/90 

Project Location: Smoky Hill River in Section 27 and 28, Township 15 south, Range 18 
wes~near the city of Hays, Ellis County, Kansas 

(Latitude: 38° 43' 03"N - Longitude: 99° 19' 41"W) 

Permit Conditions: 

General Conditions: 

1. The time limit for completing the work authorized ends on December 31. 1992 . If you find that you need 

more time to complete the authorized activity, submit your request for a time extension to this office for consideration at least 

one month before the above date is reached. 

2. You must maintain the activity authorized by this permit in good condition and in conformance with the terms and condi

tions of this permit. You are not relieved of this requirement if you abandon the permitted activity, although you may make 

a good faith transfer to a third party in compliance with General Condition 4 below. Should you wish to cease to maintain 

the authorized activity or should you desire to abandon it without a good faith transfer, you must obtain a modification of 

this permit from this office, which may require restoration of the area. 

3. If you discover any previously unknown historic or archeological remains while accomplishing the activity authorized by . 

this permit, you must immediately notify this office of what you have found. We will initiate the Federal and state coordina

tion required to determine if the remains warrant a recovery effort or if the site is eligible for listing in the National Register 

of Historic Places. 

ENG FORM 1721, Nov 86 EDITION OF SEP 82 IS OBSOLETE. (33 CFR 320-330) 

1 



4. If you aell the property 8110ciated with thia permit, you must obtain the aignature of the new owner in the apace provided and forward a copy of the permit to thia office to validate the transfer of thia authorization. 

5. If a conditioned water quality certification hu been issued for your project, you muat comply with the conditiona specified in the certification u special conditions to this permit. For your convenience, a copy of the certification ia attached if it con. taina such conditiona. 

6. You must allow representatives from thia office to inapect the authorized activity at any time deemed neceuary to enaure that it is being or hu been accomplished in accordance with the terms and conditiona of your permit. 

Special Conditiona: 

See continuation sheets, pages 4 and 5 of this document. 

Further Information: 

1. Congreuional Authoritiea: You have been authorized to undertake the activity described above pursuant to: 

( ) Section 10 of the Rivera and Harbors Act of 1899 (33 U.S.C. 403). 

(4ction 404 of the Clean Water Act (33 U.S.C. 1344). 

( ) Section 103 of the Marine Protection, Research and Sanctuaries Act of 1972 (33 U.S.C. 1413). 

2. Limits of thia authorization. 

a. This permit does not obviate the need to obtain other Federal, state, or local authorizations required by law. 

b. Thia permit does not grant any property rights or exclusive privileges. 

c. Thia permit does not authorize any injury to the property or rights of others. 

d. This permit does not authorize interference with any exiating or proposed Federal project. 

S. Limits of Federal Liability. In issuing this permit, the Federal Government does not auume any liability for the following: 

I a. Damages to the permitted project or uses thereof as a result of other permitted or unpermitted activities or from natural, causes. 

b. Damages to the permitted project or uses thereof as a result of current or future activities undertaken by or on behalf of the United States in the public interest.· 

c. Damages to persona, property, or to other permitted or unpermitted activities or structures caused by the activity authorized by thia permit. 

d. Design or construction deficiencies associated with the permitted work. 
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e. Damage claims associated with any future modification, suspension, or revocation of this permit. 

4. Reliance on Applicant's Data: The determination of this office that issuance of this permit is not contrary to the public 

interest was made in reliance on the information you provided. 

5. Reevaluation of Permit Decision. This office may reevaluate its decision on this permit at any time the circumstances 

warrant. Circumstances that could require a reevaluation include, but are not limited to, the following: 

a. You fail to comply with the terms and conditions of this permit. 

b. The information provided by you in support of your permit application proves to have been false, incomplete, or 

inaccurate (See 4 above). 

c. Significant new information surfaces which this office did not consider in reaching the original public interest decision. 

Such a reevaluation may result in a determination that it is appropriate to use the suspension, modification, and revocation 

procedures contained in 33 CFR 325.7 or enforcement procedures such as those contained in 33 CFR 326.4 and 326.5. The 

referenced enforcement procedures provide for the issuance of an administrative order requiring you to comply with the terms 

and conditions of your permit and for the initiation of legal action where appropriate. You will be required to pay for any 

corrective measures ordered by this office, and if you fail to comply with such directive, this office may in certain situations 

(such as those specified in 33 CFR 209.170) accomplish the corrective measures by contract or otherwise and bill you for the 

cost. 

6. Extensions. General condition 1 establishes a time limit for the completion of the activity authorized by this permit. Unleu 

there are circumstances requiring either a prompt completion of the authorized activity or a reevaluation of the public interest 

decision, the Corps will normally give favorable consideration to a request for an extension of this time limit. 

Your siJnature below, as permittee, indicates that you accept and agree to comply with the terms and conditions of this permit. 

6-L(-9(') 
(DATE) 

This permit becomes effective when the Federal official, designated to act for the Secretary of the Army, has signed below. 

June 27, 1990 

(DISTRICT ENGINEERl 
JOHN H. ATKINSON, Colonel 

(DATE) 

BY: CARROL L. BlACKWEll. 
Chief, Operations Division 

When the structures or work authorized by this permit are still in existence at the time the property is transferred, the terms and 

conditions of this permit will continue to be binding on the new owner(s) of the property. To validate the transfer of this permit 

and the associated liabilities associated with compliance with its terms and conditions, have the transferee sign and date below. 

(TRANSFEREE) 
(DATE) 

3 
,U.S. GPO: 1988-520.324 



Special Conditions: 

a. You must implement the one-time construction of three temporary darns only during an emergency water storage. 

b. You must remove the proposed dams immediately following the recharge of the city of Hays well field or the elimination of an emergency water situation. 

c. You must reseed all disturbed areas with native grass species. 

d. You must investigate for water supply intakes or other activities downstream of this project which may be affected by turbidity increases resulting from this work. You must provide formal notice to such interests, where appropriate, in sufficient time to allow preparation for such increases. 

e. If any part of the authorized work is performed by a contractor, before starting work you must discuss the terms and conditions of this permit with the contractor; and, you must give a copy of this entire permit to the contractor. 

f. You must immediately remove and properly dispose of all debris during every phase of the project in order to prevent the accumulation of unsightly, deleterious and/or toxic materials in or near the water body. 

g. You must not dispose of any construction debris or waste materials below the ordinary high water mark of any water body, in a wetland area, or at any location where the materials could be introduced into the water body or an adjacent wetland as a result of runoff, flooding, wind, or other natural forces. 

h. You must store all construction materials and equipment, when not in use, above anticipated high water levels. 

i. You must use clean, nonpolluting materials for fill in order to minimize excessive turbidity by leaching of fines, as well as to preclude the entrance of deleterious and/or toxic materials into the waters of the United States by natural runoff or by leaching. 

j. You must not unduly restrict the floodway except for temporary channel blockage~~and" ~ssure that changes in the flood elevation due to bridging structures, approaches, ·· ··- al5tltments, and protection conform to Kansas and Federal highway hydrological requirements, Executive Order 11988, and the Federal Disaster Protection Act of 1973. You must furnish data substantiating this assurance upon request of the Corps of Engineers. If channel blockage appears to have a detrimental effect on the floodway, you agree to take whatever remedial action is required. 

4 



Special Conditions (cont'd): 

k. You must place any fuel or oil storage containers, 

located near any water body, at a location and in a manner 

which would prevent the spread of liquids in case of leakage. 

1. You must conduct the work during periods of low or 

average flows. 

m. You must not allow construction activities to result 

in an unreasonable interference with flood control works or 

other public facilities. 

n. You must not clear timber and other vegetation beyond 

the absolute minimum required to prosecute the work. 

5 
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ADJACENT PROPERTY OWNERS: 

1. Ray & Leola Gottschalk 

• 2. Alta Grabbe 
! 3. Firma Herl 

'. 4. Gilbert & Alfreda Dinges 

6. Carl & Doris Zimmerman, Jr. 

7. Larry F. Werth 

8. City of Schoenchen 

9. Alvin & Edna M. Dinges 

5. Michael Richard 10. Dennis McLaughlin 
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9400 Ward Parkway 
Kansas CifYt Missouri 64114-3319 
Tel: 816 333-9400 
Fax: 816 333-3690 
www.burnsmcd.com 

June 15, 2004 

Mr. Joe Obholz 
Water Division Superintendent 
City of Hays 
1002 Vine Street 
Hays, Kansas 67601 

Phase II Report 
Smoky Hill Well Field Study 
BMcD Project 30159-3.20 

Dear Mr. Obholz: 

··s~oky; 

f''~~ Pon. S/CJ 
-Y\ 

Proje c:.t .t-;/e:_ 
# 

Presented herewith is our letter report on the Phase II investigations for the Smoky Hill River 
Well Field Study for the City of Hays in accordance with our initial contract dated April 1, 2002 
for Phase I and Amendment Number 1 dated July 10, 2003 for Phase II. The purpose of the 
project is to upgrade the Smoky Hill Well Field so that the City's full water right can be 
developed without significant interference drawdown between wells or with other water users and 
to maximize use of groundwater in aquifer storage during times of drought 

The Phase I study included review of existing data from City records, review of water right 
issues, two pump tests at existing wells, groundwater modeling and presentation of a preliminary 
plan to improve the well field to meet the City's objectives. The Phase I interim report presented 
several alternatives for well field expansion. The City's Well Field committee selected a 
combination of options that include an expansion to the east and west by relocation several 
existing wells. The recommendations were presented to the City Commission on June 19, 2003. 

Phase II of the study included field investigations to site the wells for the alternatives accepted by 
the City Commission in the eastern part of the well field, confirmation of sites previously 
identified for westward expansion and preparation of a capital improvement plan in the form of 
an opinion of probable cost for the well field improvements. 

This letter summarizes the results of the additional field investigations performed to locate 
suitable well sites on the eastern part of the well field, develop final recommendations for well 
field improvements, and develop a Capital Improvement Plan with an opinion of probable cost to 
construct the project 

A. Background 

The City of Hays' Smoky Hill River well field contains 12 wells that operate under three water 
rights issued by the Kansas Department of Agriculture, Division of Water Resources. The water 
right permits are listed below: 

File Status 
1 ,248 Certified 
5, 757 Certified 
33,296 Certified 

Priority Date Wells 
March 2, 1953 
July 3, 1956 
July 19,1979 16& 17 

Original total 

Quantity (AFY) ~R:!:!.at~ec..l.(~gp~m.!..!.)L-____ _ 
1,600 2,000 when operated simultaneously 

900 2,900 (combined with file 1,248) 
300 615 

2,800 

mcampbell
Rectangular Exhibit Stamp
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Mr. Joe Obholz 
June 15, 2004 
Page 2 

The well field lies within the Smoky Hill Intensive Groundwater Use Control Area (IGUCA). 
With the creation of the IGUCA, the City's water rights in the Smoky Hill River Well Field were 
limited to an annual diversion of 2,285 acre-feet per year {AFY). In recent years, due to mutual 
interference between wells and uncertainties regarding overall safe yield, production was limited 
to about 1,000 AFY to prevent deterioration of the well field. 

In an effort to evaluate the actual yield of the well field under normal and drought conditions and 
improve/reconfigure the well field to be able to pump the full amount of its authorized water 
rights, the City initiated a series of investigations and studies. The City was interested in 
modifying the well field to produce its full water right with minimal interference between wells 
and other nearby water users. No additional water rights are being requested with these 
improvements. 

B. Previous Studies 

Groundwater Associates submitted a report in December 1995 that included recommendations for 
well rehabilitation and details investigations to locate sites for well replacement. The work 
included drilling 32 test holes, installing five test wells and conducting limited aquifer tests. The 
findings ofthe investigation included proposed locations for two wells southwest of the existing 
well field. This would expand the well field about Y2 mile upstream. This is the basis for the 
western alternative in Burns & McDonnell's Phase I Report. 

Studies by the University of Texas- Dallas (UTD) evaluated the Smoky Hill River watershed and 
storage capacity of the river alluvium in the Hays well field area. The final report titled 
Sustainable Yield from the Smoky Hill River Wei/field, Schoenchen, KS, is dated November 15, 
2002. The report recommended eastward expansion of the well field of approximately 1 Y2 miles 
in order to capture stored groundwater in times of drought in quantities to sustain the City's basic 
water supply. The report evaluates the "Historical Drought-Proof Yield" which is an estimate of 
yield the City could expect in an extended droughts. Subsequent to their report, information was 
provided by UTD for incremental increases in drought water yield for Y2 mile increases in well 
field expansion. UTD evaluated aquifer conditions at several locations on lands adjacent to the 
Smoky Hill River in southern Ellis County using surface geophysical methods. Their studies 
were limited due to right of entry restrictions. 

The UTD report is the basis for three of the alternatives presented in Burns & McDonnell's 
Phase I Report. 

The draft Phase I study conducted by Burns & McDonnell, dated June 4, 2003, included review 
of existing data from City records, review of water right issues, two pump tests at existing wells, 
groundwater modeling and presentation of a preliminary plan to improve the well field to meet 
the City's objectives. The Phase I interim report presented the following alternatives for 
consideration. 

SHRWF Phll6-17-04 2 
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• Option 1: An eastward expansion of the well field moving up to Y2 mile and the replacement 
of two existing wells. 

• Option 2: An eastward expansion of the well field moving up to 1 mile and the replacement 
of three existing wells. 

• Option 3: An eastward expansion of the well field moving up to 1 Y2 mile and the replacement 
of three existing wells. 

• Option 4: A westward expansion of the well field moving up to Y2 mile and the replacement 
of one existing wells. 

Well Field Expansion Options 

Option Number "Historical Additional Annual Yield 
of New Drought-Proof' 
Wells Yield Incremental Total 

(AFY) 1 (AFY) (AFY) 

Current Well Field - 1620 - -
Option I 2 1819 199 199 
Option 2 3 2060 241 440 
Option 3 4 2108 48 488 
Option 4 I _2 - -

Notes: 
1 From Dr. Brikowski memorandum to Paul Montoia, December 2, 2002. 
2 The UTD study did not evaluate additional storage available with a western 

expansion. 

The City's Well Field committee selected a combination of options (options 2 and 4) that include 
an expansion to the east moving up to 1 mile and replacing three wells and to the west by moving 
up Y2 mile and replacing one well. The recommendations were presented to the City Commission 
on June 19, 2003. 

C. Phase ll Investigations 

Bums & McDonnell has completed Phase II of the Smoky Hill River Well Field Study which 
includes field investigations to determine final locations for well relocation. Initial field activities 
included drilling at the western expansion locations to obtain samples for grain-size analysis and 
drilling test holes and a piezometer at a location in the eastern area were the City had right of 
entry. After right of entry was obtained at additional locations, candidate sites were selected and 

SHRWF Phil 6-17-04 3 
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tested using Geoprobe methods at 5 selected sites. Subsequently, a test well was installed at one 
of the sites and a 24-hour constant rate aquifer test was performed. 

Preliminary Screening of Sites 
Available geological and hydrogeological information from studies, reports, databases, and GIS 
maps was obtained and reviewed. The information included publications of Kansas Geological 
Survey (KGS) and water well records from KGS and the City. 

Initial test drilling for Phase II was performed between January 13 and January 15, 2004. During 
Phase II, four test holes and one piezometer were drilled and installed at locations shown in 
Figure 1. Test holes drilled in the NE 1;4 of section 32 served to confirm the geologic conditions 
at potential well sites identified in a previous study by Groundwater Associates. A Burns & 
McDonnell geologist was present at the site to supervise the fieldwork and prepare drilling logs 
for each boring. Soil samples were collected during drilling and grain size analyses were 
performed on selected samples to provide information for well screen design. Drilling logs and 
grain size results are presented in Attachments 1 and 2. 

Layne Western of Kansas City, Kansas performed all drilling and piezometer construction work 
using a truck mounted drilling rig and mud rotary techniques. Borehole total depths ranged from 
approximately 52 to 63 feet below ground surface (bgs). At each location, a 6-inch diameter 
borehole was drilled to bedrock. A 2-inch diameter PVC piezometer was installed in boring 
MSTH-04. Following construction, the piezometer was developed using a submersible pump to 
remove drilling fluid from the area around the well screen and to enhance communication 
between the piezometer and the aquifer. This development procedure continued until the well 
water was observed to be clean. 

Geoprobe Drilling Work 
A total of five ( 5) areas were selected in the eastern area for Geoprobe testing to screen initial 
well sites. In each selected area (Figure 2) a series of Geoprobes were drilled in a line generally 
perpendicular to the major stream valley of the Smoky Hill River. 

Geoprobe Testing 
Geoprobe testing was conducted along five (5) lines perpendicular to the Smoky Hill River. The 
work was performed by Plains Environmental Services, Inc. of Salina, Kansas. A BMcD 
geologist was present to direct the work and to log any soil samples that were collected. 
Conductivity logs and drilling logs from the Geoprobe testing are contained in Attachments 1 and 
3. 

Geoprobe Results 
Significant thickness of saturated sand and gravel deposits were found during Geoprobe testing at 
each location with the exception of Geoprobe Line 3, where bedrock was encountered at depths 
of less than 20 feet below ground surface (bgs ). Conductivity profiles of each test line are 
presented as cross sections in Figures 3, 4, 5, 6 and 7. 

SHRWF Phll6-17-04 4 
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Geoprobe data for Lines 1, 2, and 4 indicate the presence of significant sand and gravel deposits. 
Approximately 43 feet of saturated sand and gravel was encountered in Geoprobe Borings GP 1-1 
and GPl-2. Approximately 30 feet of saturated sand and gravel was encountered in Geoprobe 
Borings GP2-1 and GP2-2. Geoprobe Borings GP4-4 through GP4-6 contained approximately 40 
feet of saturated sand and gravel. The owner of the land indicated that his former irrigation well 
(located approximately 100 feet east ofGP4-5) is approximately 57 feet deep and pumped 600 
gallons per minute (gpm) for extended periods of use. 

Soil samples were collected for grain size analyses from Geoprobe Borings GP 1-1, GP2-1, and 
GP4-4 and submitted to Alpha Omega Geotech ofKansas City, Kansas. Results of the grain size 
analyses are presented in Attachment 2. 

Test Well and Piezometer Installation 
Drilling for a test well was performed between May 12 and May 20, 2004. During Phase II, two 
piezometers and one test well were drilled and installed at a location near Geoprobe GP2-1 as 
shown in Figure 2. A Bums & McDonnell geologist was present at the site to supervise the 
fieldwork and prepare drilling logs for each boring. The configuration of the test well and 
piezometers are shown in Figure 8. 

Karst Water Well Drilling & Service, Inc. (Karst), of Hays, Kansas performed all drilling and 
piezometer construction work using a truck mounted drilling rig and mud rotary techniques. At 
each location, a 6-inch diameter borehole was drilled to bedrock and 2-inch diameter PVC 
piezometers were installed in each boring. Borehole total depths ranged from approximately 51 
to 53 feet below ground surface (bgs). Following construction, each piezometer was developed 
by air lifting to remove drilling fluid from the area around the well screen and to enhance 
communication between the piezometer and the aquifer. This development procedure continued 
until the well water was observed to be clean after starting and stopping the air compressor 
several times. 

Data obtained from Phase I test drilling was used to select a test well location and to design the 
test well (TW). Karst performed all test well drilling and construction work using mud rotary 
techniques. At the test hole location, a 1 0-inch diameter borehole was drilled to bedrock at a 
depth of 53 feet below ground surface (bgs). Subsequently, the test well was constructed of 5-
inch diameter PVC casing with 20 feet of PVC screen with 0.03-inch openings set to a depth of 
53 feet. Following construction, the test well was developed first by air lifting and bailing until 
the water was clear. Additional development was performed by surging and pumping with a 
submersible pump to remove drilling fluid from the area around the well screen and to enhance 
communication between the test well and the aquifer. This development procedure continued 
until the well water was observed to be clean after starting and stopping the pump several times. 
Total well development time was approximately 6 hours. 

Aquifer Testing 
Following installation and development of the test well, Karst conducted a 24-hour constant-rate 
test using a submersible electric pump. Flow rate was measured using an in-line meter. The 
discharge from the test well was piped to the Smoky Hill River through temporary piping. 

SHRWF Ph116-17-04 5 
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The 24-hour constant-rate test was conducted from May 19, 2004 to May 20,2004. Water level 

and flow rate measurements were collected during the test at regular intervals in the test well and 

the piezometers before, during, and at the completion of the 24-hour test period. The data was 

collected electronically using an In-Situ Hermit 3000 recorder, and manually using electric water 

level indicators. 

Investigation Results 
The following describes the results of the piezometer and test well construction and the results of 

aquifer testing performed at the site. 

Piezometer and Test Well Construction 
The material encountered in the test borings at the site is Smoky Hill River alluvium consisting of 

approximately 53 feet of medium- to coarse-grained sand, fine-grained gravel, and scattered 

boulders with occasional interbedded clay and silt. Bedrock underlying the sand and gravel 

consists of weathered shale and/or limestone and was encountered at depths ranging from 51 to 

53 feet. Pre-test groundwater levels were approximately 10 feet below ground surface (bgs). 

Table 1 summarizes the piezometer and test well construction data and pre-test water levels. 

Drilling logs and well construction details for the test well and piezometers are presented in 

Attachment 1. 

Boring 
Number 
TWl 
OWl 
OW2 

Table 1 
Test Well and Piezometer Data 

Depth to Top 
of Sand (ft) 

5 
5 
0 

Depth to Depth to 
Bedrock (ft) Water (ft)* 

53 11.92 
53 11.26 
51 11.01 

* 
** 

Below top of casing 
Corrected for casing height above grade 

24-Hour Constant Rate Test 

Saturated 
Thickness (ft)** 

43 
43 
42 

A 24-hour constant rate-pumping test was performed as described on Page 5. The average 

pumping rate during the test was 227 gallons per minute. Water levels changes recorded during 

the test are presented in Figure 9. In addition, the flow rate in the Smoky Hill River is shown for 

comparison to water levels measured during the test. In general, water levels recorded 

electronically closely match those recorded with the electronic water level indicator. Aquifer test 

data and calculations of aquifer parameters are presented in Attachment 4. 

Analysis 
Aquifer parameters of transmissivity (T) and storativity (S) were calculated using several 

methods. These included methods developed by Theis (1935), Cooper and Jacob (1946), and 

Rorabaugh (1956). 

SHRWF Phll6-17-04 6 
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Transmissivity is defined as the rate at which water is transmitted through a unit width of aquifer 
under a unit hydraulic gradient. Storativity, also know as the storage coefficient, is the volume of 
water an aquifer releases or takes into storage per unit surface area of the aquifer per unit change 
in head. 

Analysis results are presented in Table 2. In general, time-drawdown analyses will give better 
indications of aquifer conditions near the pumping well and distance-drawdown analyses give 
better indications of conditions near the edge of the cone of depression. These analyses are 
complicated by the effect of recharge from the nearby stream. 

D. 

Table 2 
24-Hour Pumping Test 

Time-Cirawdown: Thein Method 
Well Transmissivity Storage 

Number (gpd/ft) (unitlessj_ 
OW1 30,370 0.0005 
OW2 35,900 0.0002 

Average 33,135 0.0004 

Uistance-Drawdown: Cooper-Jacob Method 
Transmissivity_ Stora_g_e 

Time (gpd/ft) (unitless) 
24-Hours 51,400 0.0016 

Recommendations 

Options selected by the City from the Phase I report included the relocation of four wells to 
reduce mutual interference and to make use of additional groundwater storage during drought. 
Subsequent to the option selection, the City requested that additional work be included in the 
capital improvement package. The expanded work includes the replacement of two additional 
wells in association with the westward expansion due to continued yield deterioration and the 
resulting high maintenance costs. Also included is the replacement of the east chlorination 
facility and equipment, evaluation and replacement or modification of raw water transmission 
lines within the existing well field and upgrades to the SCADA system. 

Geoprobe investigation and aquifer pumping tests have aided in the identification of suitable sites 
for proposed well relocations. Sites for five wells to be relocated have been selected. Because of 
on-going maintenance problems the City desires to replace one well at it current location and 
relocate a second well to the west to reduce drawdown interference. 

SHRWF Phil 6-17-04 7 
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Because of regulatory restrictions that prohibit a change in "relative priority" of water rights, 
when replacement wells are drilled downstream, the relative position water rights will have to 
maintained as currently exist. This means that a well with an older water right cannot be 
relocated downstream of a younger water right. The proposed well relocations to implement the 
options selected by the City are shown in Figure 10 and are as follows: 

• Well No.6 to be redrilled upstream approximately 12 mile and renamed 6a. 
• Well No.7 to be redrilled within 50 feet of its current location and renamed 7a. 
• Well No.8 to be redrilled upstream approximately Y2 mile and renamed 8a. 
• Well No. 15 to be redrilled downstream approximately 1 mile and renamed 15a. 
• Well No. 16 to be redrilled downstream approximately 1 mile and renamed 16a. 
• Well No. 17 to be redrilled downstream approximately lmile and renamed 17a. 
• Water right for Well No. 12 to be relocated to existing well No. 16 and renamed 12a. 

(Well No. 12 will be maintained as an emergency standby well) 

The above described well field modifications and improvements will effectively increase the 
average well spacing from 1080 feet to an average spacing of 1850 feet thus significantly reduce 
the potential for drawdown interference. These well field improvements will also increase the 
length or reach of the well field along the Smoky Hill River from approximately 12,000 feet to 
20,000 feet. The increase in the length of the well field will add valuable aquifer storage for use 
during extended drought periods. 

A hydraulic analysis of the well field collection system is recommended to aid in the proper 
sizing and design of the new piping, pump design and connections to the existing system. The 
analysis would provide information about the limits of the delivery system and obstacles that may 
impede delivery of water from the well field improvements. 

E. Opinion of Probable Cost 

Introduction 
Three well alternatives are explored for the City of Hays, Kansas in the well field relocation 
project. This project has two sections, the West Side and East Side Relocation. The well 
relocation project does not include the construction of more wells than are currently in place, 
rather the relocation of existing wells to new locations that are more likely to supply the full 
amount of water allotted to the City of Hays under their current water rights. The three 
alternatives include: 
• Wells with a submersible pump with a pitless adapter. 
• Wells with a vertical turbine pump with a well house. 
• Wells with a submersible pump with a well house. 

All three alternatives are explored for the East and West Side well relocations. Improvements to 
the East and West chlorination facilities and the existing raw water transmission line are included 
in the cost tables as well. 

SHRWF Phil 6-17-04 8 
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Alternative #1 
The first alternative consists of a 500-gpm submersible pump and a pitless adapter. This 
alternative replaces the need for a well house. The pitless adapter would house the 500-gpm 
pump and discharge lines to the valve vault. The valve vault houses all valves, meters, and other 
piping appurtenances underground that are typically found in a well house. An electrical 
platform is required with this alternative for a power supply, motor control center, and SCADA 
controls. The estimated opinion of probable cost for this alternative is $3.0 million. A complete 
list of particular line items and associated costs for both areas can be found in tables presented in 
Attachment 5. 

Alternative #2 
The second alternative consists of a 500-gpm vertical turbine pump located in a well house. The 
well house would include all piping appurtenances, SCADA controls, and power supply 
connections. This alternative will require enough backfill to raise the base slab elevation equal 
with the 100-year flood elevation as to avoid flooding issues in the flood plain. The estimated 
opinion of probable cost for this alternative is $3.0 million. A complete list of particular line 
items and associated costs for both areas can be found in tables presented in Attachment 5. 

Alternative #3 - Recommended Alternative 
The third, and recommended alternative, consists of a 500-gpm submersible pump located in a 
well house. This option is a combination of the previous two alternatives and is consistent with 
the current setup of wells operating in the well field and will facilitate typical equipment 
maintenance and well rehabilitation activities. This alternative does not include a pitless adapter, 
electrical platform, or valve vault. This alternative eliminates the potential need for confined 
space permitting commonly associated with a valve vault. The equipment associated with this 
alternative will be located within a well house at each proposed well location. The estimated 
opinion of probable cost for this alternative is $2.9 million. Further description of how this cost 
was developed can be found in the following paragraphs and the complete list of all line items 
and associated costs are presented in Attachment 5. The following description only applies to the 
third alternative, a 500-gpm submersible pump located in a well house. 

Capital Cost Description 
The preliminary opinion of capital cost is based on the amount of project detail completed. The 
further that a project progresses towards final drawings, the greater the accuracy in the estimates. 
At the preliminary stage, many of the cost estimates are based on general details and concepts. 

1. Well Construction & Pump Line Items 
Construction costs are based on a well 60 feet deep. These costs consist of the 
mobilization, labor, material, and equipment for all drilling and the installation of a 
stainless steel screen, gravel packing, and steel casing. Well development and testing 
(test pump installation and consequent well testing) is included in the construction costs. 
Pump services, such as pump mobilization, demobilization, and installation of a 500-gpm 
submersible pump, are also included in the construction costs. 

SHRWF Phil 6-17-04 9 
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Layne-Western has been the preferred service contractor for the existing wells. 
Assuming that the City of Hays has been pleased with the product's performance and 
would prefer to continue using their product, the 500-gpm pump cost was derived directly 
from Layne-Western sales engineers. 

2. Well House & Monitoring Well Line Items 
Well house costs are developed from visual inspection, drawings, and photographs of the 
existing well houses in the well field. However, incorporating a preliminary structural. 
piping, and electrical layout yields a slightly larger well house dimension than the 
existing well houses (see Figure 11). The well house cost includes the structural aspects 
such as foundation work, pre-cast building, and protective coatings. The well house costs 
also include check and butterfly valves, mag meter, isolation flange, pressure gauge, 
pressure transmitters, pipe reducers, well level transducer, spool pieces and elbows. This 
line item is independent of the electrical and transmission costs in the tables. 

Monitoring well costs are derived from recent previous experience on similar jobs. It is 
recommended that monitoring wells be placed at each new well relocation to observe the 
activity and impact the new wells will have within their drawdown area . 

3. Electrical & SCADA Line Items 
Electrical and SCADA line item costs are developed from recent contact with vendors 
highly recognizable within their industries and the City of Hays. The East Side SCAD A 
installation consists of wells S-12, -15, -16, -17, and the West Side SCADA installation 
consists of wells S-6, 7, and -8. Items such as lighting, HVAC, general-purpose items, 
power distribution equipment, and motor controls are included in the electrical line item. 

4. Transmission Line Item 
Transmission costs are developed for a 12-inch diameter pipe and the linear footage of 
the pipeline as shown in the conceptual piping plan prepared for the West and East Side 
well relocations (see Figure 12). The transmission plan was developed to minimize the 
distance between each new well site and existing connections to the City's infrastructure. 
The East Side does include a line item for two river crossings. The costs associated with 
this line item are based on a crossing 200 feet long coupled with the cost of pipe for the 
same length. 

5. Site Work Line Item 
The site work costs consist of access roads and backfill for a well house. A gravel access 
road would be placed along the pipeline easement for the West Side improvements and 
off the main road directly to the wells for the East Side improvements. A typical site 
layout can be seen in Figure 13. The amount ofbackfill for each well site consists of a 
buildup four feet high with a 10: 1 entrance slope and a 4: 1 slope for the remaining three 
sides. The proposed 2-acre well site provides sufficient lay-down area for equipment and 
material during construction. The costs associated with the backfill include only the 
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transportation of said backfill to each location. It is assumed that the City has sufficient 
backfill material in stock to accommodate each well site. 

Right of way and land acquisition is not included in the probable project cost tables. It is 
understood that once construction commences, all property will have been acquired 
directly by the City. A power supply line item is included in the tables but no costs have 
been asserted due to the power service area the West and East Side well relocations lie in. 
On going talks with the respective power companies have taken place but no final course 
of action has been determined. 

6. Demolition Line Item 
Demolition costs include all debris or material to be loaded and hauled to a site for proper 
disposal and plugging the existing well. Demolition activities will not begin until the 
City has completed equipment salvage operations. The West Side well relocation 
involves the complete demolition of existing well S-6, S-8, and partial modifications to 
S-7. The proposed S-7 well house will continue to use the power supply and pipeline 
from the existing S-7 well house due to its close proximity (approximately 50 feet), but 
the well still needs to be plugged. The existing S-8 well house needs to be plugged and 
demolished, but the power supply will remain in service as a future power connection 
from the proposed S-6 and S-8 wells. For simplicity, the demolition line item cost for the 
West Side includes the complete demolition of2 wells. The East Side demolition line 
item includes wells S-15 and S-17. The existing S-12 well will remain intact as a backup 
unit for the City. 

7. Chloriantion Facility Line Items 
The West Side Chlorination Facility improvements include new SCADA equipment only. 
The East Side Chlorination Facility improvements include the demolition of the existing 
facility and construction of a new building, new equipment, and SCAD A controls. The 
SCADA costs are developed directly from the R.E. Pedrotti Company, Inc. The 
chlorination equipment cost and prefabricated building are developed directly from the 
Ray Lindsey Company and the scrubber costs are developed directly from US Filter. 

8. Contingencies & Other Costs 
Opinions of project cost are based on construction and other cost allowances including 
contingency, engineering, surveying, legal and other related costs are summarized in the 
attached tables. Unit cost data and component cost information for the proposed 
improvements are based on historical projects and vendor's cost information. 

Project costs include construction costs, contingencies, and other costs. A contingency of 
25 percent plus other costs at 25 percent is added to the opinions of probable cost. 
Contingency covers items that are not anticipated, changes in condition, or other factors 
that may increase the cost. 

Other costs accounts for technical, professional, and special services are required to 
execute the project. These include environmental, technical, and geotechnical studies, 
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design and resident engineering fees, construction material testing, legal fees, project 
insurance, land surveying and legal descriptions, project design surveying, operation and 

maintenance manuals, and personnel training. 

Land and right-of-way costs for each improvement are not included in the cost opinions. 

These order-of-magnitude cost opinions are based on experience and judgement as a professional 

consultant combined with information from past experience, vendors, and published sources, such 

as Means. The line item costs are based on an Engineering News Record Construction Cost 
Index of7111.60 for Kansas City for May 2004. Since Bums & McDonnell has no control over 

weather, cost and availability oflabor, material and equipment, labor productivity, construction 

contractor's procedures and methods, unavoidable delays, construction contractor's method of 

pricing, economic conditions, government regulations and laws, competitive bidding or market 

conditions and other factors affecting such opinions or projection, Bums & McDonnell does not 

guarantee the actual rates, costs, etc. will not vary from the opinions and projections developed 

herein. 

Schedule 
Given the scope and details of the project thus far, a preliminary schedule was prepared. The 
proposed schedule is aggressive and has a 12 to 13-month duration (design-bid-build approach) 

beginning as soon as mid-July 2004 in order to have the improvements operational in July 2005. 
The proposed schedule is included as Attachment 6. 

The schedule consists of four main activities; the notice to proceed, finalize lease/purchase 

agreement, water rights application and verification, final design and construction. It is important 

to emphasize that this schedule is by no means all-inclusive or final and the estimated amount of 

time to complete each activity may change once construction commences due to unforeseen 

events or other dilemmas. Other activities may have to be added once construction begins as 
these items reveal themselves. 
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We appreciate the confidence you have placed in us to assist you in improving and ensuring the 

reliability of your groundwater source of supply for the City of Hays. The assistance provided by 

the staff of the City of Hays during the course of this study is greatly appreciated. The project 

team remains ready to discuss the details of this report at your convenience. If you have any 

questions or comments, please contact me at 316-941-3921 or David Stous at 816-822-3088. 

Sincerely, 

Brian Meier. 
Project Coordinator 

:it~.G. 
C?3~ 
David Stous, P.E., P.G. 
Hydrogeologist 

cc Pat Higgins 
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Attachment 1 

Drilling Logs 



l 
l 

l 

l 

Drill in 

Kansas 

Drilling Company Layne Western 

Drilling Rig 

Date 1-13-03 To 1-13-03 

Boring Number 

Drillers (s) Rusty Bowles, Dan Henry 

Type of 
Penetration Test None 

Field Observer (s) R. Jaques 

Blow Field 

TH9-04 

1 of 1 

Depth Description Class Count Strength Recov. 

Sample 
or 

Box No. Remarks 

Gravelly sand-sandy gravel, fine to medium grained, 
yellowish brown (10ylil/4), loose, well graded, 
subangular to rounded; limestone, chert, quartz, and 
siltstone grains, trace clay, fine to medium gravel 

Sandy gravel, fine to coarse grained, yellowish brown 
(10ylil/4), loose, well graded, subangular to rounded, 
fine to coarse sand 

Sandy grained, gray (10ylil/1), 
loose, well graded, subangular to rounded, fine to 
coarse sand 

Gravel and some clay 

NA NA NA 

1354 Set up; 
Getting water from 
City Well No. 6; 
added 1 501b bag of 
Quik Gel; 1430 
begin drilling; Hays 
personnel 
measured water 
level in TW9 and 
estimated depth to 
be 16ft bgs 

1442 at 20ft; hole 
taking water; added 
1 bag of Quik Gel 
and more water 

1505 at 35ft 

Hole taking water
added 1 bag of 
Quik Gel and more 
water 

1526 at 50 ft; hole 
taking water 

1545 at 61ft; stop 
drilling; tripped out 
of hole and 
abandoned with 
cuttings and 3 50 lb 
bags of medium 
Hole Plug; sampled 
from 30-60 ft at 5 ft 
intervals for grain 
size analyses 



Drilli 

Drilling Company 

Drilling Rig 

Date 1-13-04 To 1-14-04 

Depth Description 

Silt clay, pale brown (10yr6/3}, soft, medium plasticity 

Sand, very fine to fine grained, yellowish brown 
(1 Oyr15/4 }, loose, poorly graded, subangular to rounded, 
trace clay 

Sandy gravel, to coarse 
(10yr15/4}, loose, well graded, subangular to rounded; 
limestone, chert, quartz, and siltstone grains 

}. 
loose, well graded, subangular to ium to 
coarse sand, occasional coarse gravel and cobbles; 
finer gravel beginning at 48 ft 

Log 
Boring Number 

TH10-04 

Rusty Bowles, Dan Henry 

Test None 

R. Jaques 

Blow Field 
Class Count Strength Recov. 

NA NA NA 

1 of 

Sample 
or 

Box No. 

NA 

Remarks 

1630 Set up; using 
water from City 
Well No. 6 as drillig 
fluid; added 1 50 lb 
bag of Quik Gel 

1707 at 20; stop for 
today 
1-14-03 730-
thawing out 
equipment and 
getting water; 900 
resume drilling at 
20ft 

910 at 35ft; hole 
taking water- added 
1 bag of Quik Gel 
and more water 

920 at 50ft 

939 at 63 ft; stop 
drilling; tripped out 
and abandoned 
hole with cuttings 
and 3 50 lb bags of 
medium Hole Plug; 
sampled from 30-60 
ft at 5 ft intervals for 
grain size analyses 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

I 

l 

Drillin 
Boring Number 

MSTH1-04 OW 

Drilling Company Layne Western 

Drilling Rig D-5 

Date 1-14-03 To 1-14-03 

Depth Description 

Sandy gravel, fine to medium grained, gray (10yr6/1 ), 
loose, well graded, subangular-rounded, trace coarse 

gray 
loose, well graded, subangular to rounded, trace coarse 
and cobbles, quartz, chert, limestone, and siltstone 
grains 

Drillers (s) Rusty Bowles, Dan Henry 

Type of 
Penetration Test None 

Field Observer (s) R. Jaques 

Blow Field 
Class Count Strength Recov. 

NA NA No 
Sample 

1 of 2 

Sample 
or 

Box No. Remarks 

1225 Set up; added 
1 50 lb bag of Quik 
Gel to drilling water. 
Water is from City 
Well No.6 
1241 begin 

1254 at 20ft 

Hole taking water
added 1 50 lb bag 
of Quik Gel and 
more water 
1310 at 35ft; 1328 
Hole taking water
stop to refill water 
tank 
1427 Water truck 
returns - added 
Quik Gel and water 
and resumed 
drilling 

1438 at 50ft 

1500 at 56 ft; 
circulate at 56 ft 
and called office. 

Set 2-in dis. PVC 
monitoring well with 
20 ft of 20-slot PVC 
screen; placed 
1/8x1/4 sand pack 
from TO to 20 ft bgs 
-used 5 100 lb 
bags; sealed well 



Drilling , continued I 
I 
I Description 

Blow Field 
Class Count Strength Recov. 

20ft to 
with 2 50 lb bags of 

I medium Hole Plug 
Well TO = 54.30 ft 
btoc; Stick up is 
2.80 ft; capped well 
with J-plug. I Developed well 
1-14 and 1-15 with 
3 gpm submersible 
pump approx. 3 

I hours total. 

Collected samples 
from 25-55 at five ft 
intervals for grain 

I size analyses 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Drilling Log 
Boring Number 

MSTH2-04 

Drilling Company 

Drilling Rig 0-5 

Date 1-14-03 To 1-15-03 

Depth Description 

Gravelly sand, fine to coarse grained, yellowish brown 
(1 Oyr6/4 ), loose, well graded, subangular to rounded, 
fine to medium gravel; quartz, limestone, chert, and 
siltstone grains 

Sandy gravel, fine to medium grained, gray ( 1 Oyr6/1 ), 
loose, well graded, subangular to rounded, fine to 
coarse grained sand, occasional cobbles 

Gravelly sand, fine to coarse grained, gray (10yr6/1}, 
loose, well graded, subangular to rounded, fine gravel, 
occasional cobbles 

Rusty Bowles, Dan Henry 

Test None 

Field Observer (s) R. Jaques 

Blow Field 
Count Strength Recov. 

NA NA No 
Sample 

1 of 1 

Sample 
or 

Box No. 

NA 
Remarks 

1615 Set up; 1639 
begin; added 1 50 
lb bag of Quik Gel 
to drilling water. 
Water is from City 
Well No.6. 

1647 Hole taking 
water - water tank is 
empty so stop for 
today 
1-15-03 800-
Thawing out 
equipment; 900 
Resume drilling at 
20ft. 

920 at 35 ft; hole 
taking water -
added more Quik 
Gel and water 

934 at 50ft 

948 at 52 ft; trip out 
and abandoned 
hole with 3 50 lb 
bags of Hole Plug; 
sampled from 25-50 
ft bgs at 5 ft 
intervals for grain 
size analyses; 1040 
left site 



Drilli 

Drilling Company 

Drilling Rig 

Date 4-7-04 To 4-7-04 

Description 

Silty sand, very to medium grained, grayish brown 
(10yr5/2), loose, dry, poorly gradedd, trace clay 

10~r-=-~--~~~----~~~~~----~~~ sand, to coarse grained, yellowish brown 
(1 Oyr6/4), moist loose, poorly graded, subangular to 
rounded, fine gravel, wet at -13 ft. 

Gravelly sand, medium to coarse grained, light brown 
(1 Oyr6/4), loose, wet, well graded, subangular to 
rounded, fine gravel, trace coarse, wet 

Boring 

GP1-2 

1 of 1 

Jesse Talvig, Jason Auemheimer 

Test none 

R. Jaques 

Sample 
Field or 

Strength Recov. Box No. 

4/ 
4 

31 
1244 

4 

31 
1250 

4 

2/ 
1252 

4 

2/ 
1257 

4 

1.5/ 1305 

4 

4/ 
1317 

4 

3/ 1330 

4 

1/ 1338 

4 

31 
1350 

4 

2/ 
1407 

4 

2/ 
1423 

4 

3/ 1450 

4 

2/ 
1505 

4 

1525 

I 
I 
I 
I 
I 

Remarks I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Drilling Log 
Project Name Boring Number GP

2
_
1 

City of Hays, Kansas 

Project No. 
Page 

30159 
1 of 1 

Ground Elevation I Location 
Total Footage 

1 900.0 ft. msl N 14058267.22 E 1556951.59 55.749 

Drilling Type Hole Size OvAriJurden Footage Bedrock Footage No. Of Samples No. Core Boxes Depth to Water Date 

Geoprobe 1.5 in 55.75 _Q 

" 
_n;~. 3 -13ft Estimated 

Drilling Company Plains Environmental Drillers (s) Jesse Talvig, Jason Auernheimer 

Drilling Rig 
~~r:e_.of 
:_""'""'uu• Test 

none 

Date 4-7-04 To 4-7-04 Field Observer (s) R. Jaques 

Sample 
Blow Field or 

Depth Description Class Count Strength Recov. Box No. Remarks 

-
---- -

--
-
-

10- -

----- -
-
--

No 

- Sample 

20- -
-
-
--- -
--- No 

30_: 
Sample 

-
-
-
-
-- -
-- Sand, fine to medium grained, gray (10yrtl/1), wet, SP 3/ - loose, poorly graded, subangular to rounded. 4 

40- Gravelly sand, fine to coarse grained, gray (1 Oyrtl/1 ), ~8PG\ 

- wet, loose, poorly graded, subangular to rounded, fine o Do 4/ 
1700 

- gravel 4 

-- Silt, orav f10vr5/1). sl. olaticitv. medium_stiff I NIL I 
- No - 17:15 

-- Sample 

-- Gravelly sand, fine to coarse grained, gray (10yrtl/1 ), ~8PG\. 4/ 
50- wet, loose, poorly graded, subangular to rounded, fine o Do -

- gravel 
4 

- 1735 

-- -
- 1745 stop back fill 

- hole with bentonite. 

- 1600 left site 

so-= -
----- -
---

70 -



I 
Drilling Log 

Project Name Boring Number 

GP4-4 City of Hays, Kansas I 
Project No. Page 

30159 1 of 1 
Ground Elevation I Location Total Footage 

11}()0.0 ft._ msl N 1.._~, r r ,j.7 E 1560394.817 58.899 I 
Drilling Type Hole Size Overburden Footage Bedrock Footage No. Of Samples No. Core Boxes Depth to Water Date Measured 

Geoprobe 1.5 in -15ft Estimated I 
Drilling Company Plains Environmental Drillers (s) Jesse Talvig, Jason Auemheimer 

Drilling Rig Type of 
Penetration Test 

Date 4-7-04 To 4-7-04 Field Observer (s) R. Jaques I 
Sample 

Blow Field or 
Depth Description Class Count Strength Recov. Box No. Remarks I 

- NA ---- - I --
--

10- --
No I -- Sample 

-- --- I -
20-= --

-- I -
Gravelly sand, fine to coarse grained, light brown ~~~:::::~ 1030 - 21 -- (10yr6/2), wet loose, trace green clay, poorly graded, 

~::::::;: 4 - subangular to rounded, fine gravel 

- I 30- ---
--- - I -
-

No -
Sample -

40- -- I ---- --
i1! -
~ -

Gravelly sand, fine to coarse grained, light brown ~SPO\. 1045 .., -
3/ 

i 
50- (10yr6/2), loose, wet, well graded, fine to medium 0 (J 0 4 

-- gravel, trace coarse, subangular to rounded 

-

I 
I 

~' -- -
al -

-

~ 
-

so-= -

! 
----- -

~ --
~ 

-
70 -

I 
I 
I 
I 
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I 

I • 
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Drilling 

Drilling Company 

Drilling Rig 

Date 5-12-04 To 5-12-04 

medium stiff, medium plasticity, some 

20 

Gravelly sand, fine to coarse grained, gray, 
occassional fine gravel. 

None 

Field Observer (s) R. Jaques 

Blow Field 
Count Strength Recov. 

NA NA NA 

1 of 1 

Sample 
or 

Box No. Remarks 

14:17 setup; 14:23 
begin 

14:37 at 15ft 

14:40 at 30ft 

14:48 at 45ft; Hole 
is taking water; 
14:59 Bit plugged 
up, tripped out 
1506 circulate and 
resume drilling 

1519 at 60ft; hole 
is taking alot of 
water
approximately 2000 
gallons since 
beginning drilling; 
driller does not 
have drilling mud so 
will stop drilling 
here. 



Drill in 
Boring 

ow 2-04 1 
Page 

1 of 1 

Drilling Company Richard Froelic, Bill Skeen, Terry Freed 

Drilling Rig Truck Mounted None 

Date 5-12-04 To 5-12-04 Field Observer (s) R. Jaques 

Description 

Gravelly sand, cardium to very coarse 
brown, well graded, subangular to round, fine gravel, 
trace medium, abundant rust colored chert 

Sand, medium to very coarse grained, gray, poorly 
graded, subangular to rounded, trace clay at 29 feet 

to medium grained, gray, poorly graded 

40~r-~~~--~------~~----~-----4~~ , medium to very coarse grained, gray, 
graded, subangular to rounded 

Blow Field 
Count Strength Recov. 

NA NA NA 

Sample 
or 

Box No. Remarks 

930 setup; 9:35 
begin drilling 

944 at 30 feet 

954 at 45 ft; hole is 
taking water 

10:00 Stop drilling 
at 51 ft bgs; 
circulate; 1 005 trip 
out; 1011 set well 
1011 set 2 inch dia. 
PVC observation 
well - 20 ft 20-slot 
screen with 
centralizers at 50 
and 30 feet. Gravel 
pack is coarse 
gravelly sand to 15 
ft bgs; sealed hole 
with 6 50 lb. bags of 
medium bentonite 
chips to surface. 
Final well TO is 50 
ft btoc 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Drilling Log 

Drilling Company 

Drilling Rig Truck Mounted 

Date 5-12-04 To 5-12-04 

Depth 

Gravelly sand, medium to very coarse grained, light 
brown, well graded, subangular to rounded, fine gravel, 
trace medium, abundant rust colored chert 

Sand, medium to coarse grained, gray, poorly graded, 

subangular to rounded 

Gravelly sand, medium to very coarse, gray, well 
graded, subangular to rounded, fine gravel with trace 
medium 

to very coarse, gray, 
graded, subangular to rounded, fine gravel with trace 
medium 

Boring Number 

ow 2-04 2 
Page 

1 of 1 

Richard Froelic, Bill Skeen, Terry Freed 

Test None 

Field Observer {s) R. Jaques 

Blow Field 
Class Count Strength Recov. 

NA NA NA 

Sample 
or 

Box No. 

NA 
Remai'Xs 

1047 setup; 1056 
begin drilling 

1059 at 15ft 

Hole taking water 

1107 at 30ft 

Hole taking water 

1128 circulate at 54 
ft; 1133 trip out to 
set well; used 20 ft 
of 20-slot PVC 2-in 
dia. screen and 30 
feet of 2-in diameter 
PVC riser; gravel 
pack is well graded 
sandy gravel to 15 
ft bgs; medium 
bentonite chips to 
surface. Stablizers 
at 50 and 30 feet. 
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Grain Size Analyses 
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January 23, 2004 Gi:Oi:i:CI-1 
GEOTECHNICAL SERVICES: DESIGN • CONSTRUCTION • FORENSIC 

Mr. Pat Higgins 
Bums & McDonnell 
9400 Ward Parkway 
Kansas City, MO 64114 

Fax# (816) 822-3414 

HAYS, (A-OG Project #04-129T) 

Dear Mr. Higgins: 

We have completed our laboratory testing services for your above-referenced 

project. 

The detai!ed results of these tests are enclosed. As you directed, these testing 

services were provided in accordance with test methods that you specified. 

If you have any questions regarding this information or require any further testing, 

please contact me at your convenience. We enjoy doing business with you. 

Sincerely, 
ALPHA-OMEGA GEOTECH, INC. 

~~<~ P- ~.£>1 
Thomas { Burdick 
Laboratory Manager 

Enclosures 

Alpha-Omega Geotech, Inc. 
1 701 State Avenue 

Kansas Ci1y, Kansas 661 02 
(913) 371-0000 

FAX (913)371-671 0 



~ ~ rw· ~ ... ~ ... ~ ~ .. ~ _., lliJil!l'l .,. pi!!"' ~ "' ..... "" 
SUMMARY OF LABORATORY TESTING Ill 

PROJECT NAME: PROJECT NUMBER: 4-129T HAYS 
PROJECT LOCATION: DATE: 1122/2004 GEOtECt-1 

Boring Sample Depth Description Natural Dry Unit Atterberg uses % Unconfined % Remarks 

Number Number or Moisture Weight Limits Class. Passing Compression Swell 

Elevation (%) {pel) LL PL PI No. 2CD PSF ~Vc 

Well-graded sand with 

9-04 I 35'-40' silt and gravel SW-SM 5.9 

9-04 2 45'-50' Silty sand with gravel SM 13.6 

Poorly graded sand 

9-04 3 55'-60' with gravel SP 2.6 

Well graded sand 

10-04 I 35'-40' with gravel sw 2.4 

Poor! y graded sand 

10-04 2 45'-50' with gravel SP 2.4 

Poor I y graded sand 

10-04 3 55'-60' with silt SP-SM 5.9 

MSTHI-04 I 25'-30' Poorly graded sand SP 2.8 

MSTHI-04 2 35'-40' Poor! y graded sand SP 2.9 

MSTHI-04 3 45'-50' Poorly graded sand SP 2.9 

MSTH2-04 I 25'-30' Poorly graded sand SP 3.0 

Alpha-Omega Geotech, Inc. 

4-129T S xis 
Page 1 of 2 



..•. ,::, --'-~.,~~·~ ·-!. ....·~ ;,~ ·.> •• .;,.,~ "~~ 

SUMMARY OF LABORATORY TESTING Ill PROJECT NAME: PROJECT NUMBER: 4-129T HAYS 
PROJECT LOCATION: DATE: 1/22/2004 Gi!Oi:i!CI-1 

Boring Sample Depth Description Natural Dry Unit Atterberg uses % Unconfined % Remarks 

Number Number or Moisture Weight Limits Class. Passing Compression Swell 

Elevation (%) (pel) LL PL PI No. 200 PSF o/oe 

Well-graded sand with 

MSTH2-04 2 35'-40' silt and gravel SW-SM 5.9 

MSTH2-04 3 45'-50' Poor) y graded sand SP 2.0 

Alpha-Omega Geotech, Inc. 

4-129T S.xls Page 2 of 2 

- - - - - - - - - - - - - - - - - - -
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0.01 0 001 

0/o FINES 

CRS. I FINE CRS. _I MEDIUM j FINE SILT I CLAY 

o.o I 20.1 

PERCENT SPEC.* 

FINER PERCENT 

100.0 
98.8 
95.2 
79.9 
41.9 
19.6 
9.6 
7.1 
6.5 
6.3 
5.9 

38.0 I 32.3 I 3.7 

PASS? 

(X=NO) 

Soil Description 

Well-graded sand with silt and gravel 

PL= 
Atterberg Limits 

LL= 

Coefficients 
o60= 2.99 
015= 0.651 
Cc= 1.44 

Classification 
USCS= SW-SM AASHTO= 

Remarks 

5.9 

PI= 

• (no specification provided) 

Sample No.: 1 
Location: 9-04 

Source of Sample: 

Alpha-Omega 
Geotech, Inc. 

Client: Bums & McDonnell 

Project: HAYS 

Project No: 4-129T 

Date: 1/22/04 
Elev./Depth: 35'-40' 

Figure 1 
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GRAIN SIZE - mm 

o;, GRAVEL o;, SAND 

CRS. I FINE CRS. I 
0.0 I 15.1 29.8 I 

SPEC.* PASS? 

PERCENT (X=NO) 

MEDIUM I FINE SILT 

35.6 I 5.9 

Soil Description 
Silty sand with gravel 

PL= 
Atterberg Limits 

LL= 

Coefficients 
o60= 2.28 
o15= o.204 
Cc= 

Classification 

i ' 

I:' 

O.Q1 

%FINES 

13.6 

PI= 

USCS= SM AASHTO= 

Remarks 

(no spec1ficauon prov1ded) 

0.001 

I CLAY 

Sample No.: 2 
Location: 9-04 

Source of Sample: Date: 1/22/04 
Elev./Depth: 45'-50' 

Alpha·Omega 
Geotech, Inc. 

Client: Bums & McDonnell 

Project: HAYS 

Pro ect No: 4-1 29T Fi ure 
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GRAIN SIZE - mm 

%+ 3" 
%GRAVEL %SAND "lo FINES 

CRS. I FINE CRS. I MEDIUM I FINE SILT I CLAY 

0.0 o.o I 19.2 36.3 I 36.5 I 5.4 2.6 

SIEVE 

SIZE 

PERCENT 

FINER 

SPEC.* PASS? 

PERCENT (X=NO) 

Soil Description 

Poorly graded sand with gravel 

.75 in. 
.5 in. 

.375 in. 
#4 

#10 
#20 
#40 
#60 
#80 

#100 
#200 

100.0 
99.1 
95.5 
80.8 
44.5 
21.7 

8.0 
4.0 
3.2 
3.0 
2.6 

• (no specification provided) 

PL= 

o85= 5.46 
o30= 1.23 
Cu= 5.94 

USCS= SP 

Sample No.: 3 

Location: 9-04 

Source of Sample: 

Ill 
CiOi:iC .. I 

Alpha·Omega 
Geotech, Inc. 

Client: Burns & McDonnell 

Project: HAYS 

Project No: 4-129T 

Atterberg Limits 
LL= 

Coefficients 
o60= 2.88 
o15= o.628 
Cc= 1.08 

Classification 

PI= 

o50= 2.3o 
o10= 0.485 

AASHTO= 

Remarks 

Date: 1/22/04 

Elev./Depth: 55'-60' 

Figure 1 
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GRAIN SIZE- mm 
-Jo GRAVEL 

CRS. I MEDIUM I CRS. I FINE 
%+3" 

%SAND %FINES 

FINE SILT I CLAY 

0.0 o.o I 21.1 31.0 I 39.0 I 5.9 2.4 

SIEVE 

SIZE 

PERCENT 

FINER 

SPEC.* PASS? 

PERCENT (X=NO) 

Soil Description 

Well graded sand with gravel 

.75 in. 
.5 in. 

.375 in. 
#4 

#10 
#20 
#40 
#60 
#80 

#100 
#200 

100.0 
98.0 
94.1 
78.3 
47.3 
25.8 

8.3 
3.7 
2.9 
2.7 
2.4 

* {no specification provided) 

PL= 

uses= sw 

Sample No.: I 
Location: 10-04 

Source of Sample: 

Ill 
GiOtiCI-1 

Alpha-Omega 
Geotech, Inc. 

Client: Burns & McDonnell 

Project: HAYS 

Project No: 4-129T 

Atterberg Limits 
LL= 

Coefficients 
o60= 2.86 
015= 0.573 
Cc= 0.76 

Classification 

PI= 

AASHTO= 

Remarks 

Date: 1/22/04 
Elev./Depth: 35'-40' 

Figure 1 
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"lo GRAVEL •;, SAND "lo FINES 

%+3" 
CRS. I FINE CRS. I MEDIUM I FINE SILT I CLAY 

0.0 1.2 I 9.1 27.6 I 

SIEVE PERCENT SPEC.* PASS? 

SIZE FINER PERCENT (X•NO) 

I in. 100.0 
.75 in. 98.8 

.5 in. 96.9 
.375 in. 96.1 

#4 89.7 
#10 62.1 
#20 27.3 
#40 8.1 
#60 3.7 
#80 2.9 

#100 2.7 
#200 2.4 

• (no specificatiOn prov1ded) 

Sample No.: 2 Source of Sample: 

Location: 10-04 

54.0 I 5.7 2.4 

Soli pescription 

Poorly graded sand with gravel 

PL= 

o85= 3.87 
o30= o.914 
Cu= 4.03 

uses= sp 

Atterberg Limits 
LL= PI= 

Coefficients 
Dso= I.9o o50= 1.49 
o15= o.582 o10= oAn 
Cc= 0.93 

Classification 
AASHTO= 

Remarks 

Date: 1/22/04 
Elev./Depth: 45'-50' 

- Alpha·Omega 
Client: Burns & McDonnell 

Project: HAYS 

Geotech, Inc. Gi:Ot'i:CI-1 Pro ect No: 4-129T Fi ure 
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100 1 0.1 
GRAIN SIZE • mm 

%GRAVEL %SAND 

. .... 
'' 

I, 

. . . ! 

0.01 0.001 

%FINES 
CRS. I FINE CRS. I MEDIUM l FINE SILT I CLAY 

0.0 I 7.4 21.9 I 

PERCENT SPEC.* PASS? 

FINER PERCENT (X=NO) 

100.0 
99.6 
92.6 
70.7 
39.5 
18.1 
9.0 
7.0 
6.5 
5.9 

52.6 I 12.2 

Soil Description 
Poorly graded sand with silt 

Atterberg Limits 

5.9 

PL= LL= PI= 

o85= 3.29 
o30= o.645 
Cu= 5.39 

USCS= SP-SM 

Coefficients 
o60= t.48 
015= 0.370 
Cc= 1.03 

Classification 
AASHTO= 

Remarks 

o50= 1.13 
D10= 0.274 

(no specification prov1ded) 

Sample No.: 3 Source of Sample: Date: 1/19/04 
Elev./Depth: 55'-60' Location: 10-04 

Client: Bums & McDonnell 

Project: HAYS 

Gi:Oi:'i:CI-1 

Alpha-Omega 
Geotech, Inc. 

Pro ect No: 4-129T Fi ure 
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GRAIN SIZE- mm 
%SAND 

CRS. i FINE CRS. I MEDIUM I 
0.0 I 5.3 24.1 I 62.7 I 

I' 

I I' i 
•• L -~ • -· 

I'., 
I • •.• , 

' ' 
' 

~, ' ' ' ,. 1 

''I;! 

0.1 

FINE 

5.1 

SILT 

PERCENT SPEC.* PASS? Soil Description 

Poorly graded sand FINER PERCENT 

100.0 
99.7 
98.8 
94.7 
70.6 
28.6 

7.9 
3.9 
3.2 
3.1 
2.8 

(X=NO) 

PL= 
Atterberg Limits 

LL= 

Coefficients 
o60- I.6o 
o15= o.5ss 
Cc= 1.01 

Classification 

I, 

I 
0.01 

%FINES 

2.8 

PI= 

USCS= SP AASHTO= 

Remarks 

I 

. 
(no specificatiOn provided) 

Sample No.: Source of Sample: Date: 

Location: MSTHi-04 Elev./Depth: 

- Alpha·Omega 
Client: Bums & McDonnell 

Project: HAYS 

Geotech, Inc. 
GiOtiCI-1 Pro ect No: 4- I 29T Fi ure 

0.001 

CLAY 

1/22/04 
25'-30' 



a::: 
w z 
u::: 
..... 
z 
w 
u 
a::: 

100 

90 

80 

70 

60 ' I 

50 

w 40 
a. 

30 --

20 _ _;_ 

10 

·--r 

j 
' 

Particle Size Distribution Report 
E 

5 
~ 

5 
.5 .5 .5 .!i 

~ s "' ~ N - ·-
i: i I I 
-! L~ ; ·-·- j:.. 

I 
I ! 1 

~r:--T--~~- r- · 

'··l1 · 
I . 

: ! I· 1 1 
! ' ~ 

.. -· . , -· .... - •. - .;..,--. I :: !_ : -
, I 

J 'I ) o 1 

' ' I ; ' I :'I ' 1: ' ! 'I: 

0 0 0 
0 .. 0 
- - N .. .. .. 

••j I. I • 

I I ~ 

r+- ~ 
I 
I 

' ! 

. I : 
•. ~ - t -~ 

i':'; l ; I ' II:'. ::: : : : i 'i I ; ..!, .. -. ---, ----FhTT-r-c-f-1Tfi:!T·;---r- . 1--·-r---- 1 

r:i:'j!.l::!,·!:l'l ~~:ri::·: !!:! 
.1 .. __ __:,._c_l __ ~ :--'---+-~~: L; .:_:_l,-'-i---"-1--:L' L.- I - ---~--L+ ; __ 

' 'I : i I: ) I ! I 

I i; I ' I 

! ': 'I' ' ' I ' . 'I 
·'r~·--t- ·-t;t--·~--·~ ·<~·~i·~~.t--·- t. -~jr·--· i-
f! ~- ! .; ~' ]~ , I, I 

, I' 

I.' 
I, 

'[·,,.! 1.._·-/• , I 
0 ~s~o~o--._~1~o~o--~--~----1~o~~----~---1~·~· --~~~--~0.~1-·~~------~o~.0~1~-------no.~oo~1 

•t. + 3" 
•t. GRAVEL 

CRS. I FINE 

0.0 0.0 I 6.0 

SIEVE PERCENT SPEC.* 

SIZE FINER PERCENT 

.75 in. 100.0 
.5 in. 99.5 

.375 in. 99.3 
#4 94.0 

#10 68.6 
#20 25.8 
#40 9.5 
#60 4.9 
#80 3.6 

#100 3.3 
#200 2.9 

. 
(no specification prov1ded) 

GRAIN SIZE- mm 

CRS .. I 
25.4 I 

PASS? 

(X=NO) 

%SAND 
MEDIUM I FINE SILT 

59.1 I 6.6 

Soli Description 
Poorly graded sand 

PL= 

o85= 3.12 
o30= o.939 
Cu= 3.80 

Atterberg Limits 
LL= 

Coefficients 
o60= 1.68 
o15= o.592 
Cc= I. 19 

Classification 

%FINES 

I CLAY 

2.9 

PI= 

Dso= 1.39 
o10= o.442 

USCS= SP AASHTO= 

Remarks 

Sample No.: 2 Source of Sample: Date: 1/22/04 
Location: MSTHI-04 Elev./Depth: 35'-40' 

1111 Alpha·Omega Client: Bums & McDonnell 

Project: HAYS 

Geotech, Inc. Gi:Oi:i:CI-1 Pro ect No: 4-129T Fl ure 
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SIZE 
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100 10 1 0.1 0.01 0.001 

GRAIN SIZE- mm 
o/eGRAVEL %SAND %FINES 

CRS. I FINE CRS. I MEDIUM I FINE SILT I CLAY 

o.o I 11.6 22.5 I 56.3 I 6.7 2.9 

PERCENT 

FINER 

SPEC.* 

PERCENT 

PASS? 

(X=NO) 

Soli Description 

Poorly graded sand 

100.0 
98.2 
94.7 
88.4 
65.9 
26.2 

9.6 
4.6 
3.6 
3.3 
2.9 

PL= 

USGS= SP 

Atterberg Limits 
LL= 

Coefficients 
o60= 1.75 
o15= o.579 
Cc= 1.14 

Classification 
AASHTO= 

Remarks 

PI= 

o50= 1.42 
D1o= 0.437 

' (no specification provided) 

Sample No.: 3 
Location: MSTH1-04 

Source of Sample: Date: 1/22/04 

Elev./Depth: 45'-50' 

- Alpha·Omega 
Geotech, Inc. 

Client: Bums & McDonnell 

Project: HAYS 

Gi:Oi:i:CI-1 Project No: 4-129T Figure 1 
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Soli Description 
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Sample No.: 2 
Location: MSTH2-04 

Source of Sample: Date: 1/22/04 

Elev./Depth: 35'-40' 

- Alpha· Omega 
Geotech, Inc. 

Client: Burns & McDonnell 

Project: HAYS 

GEOLECI-1 Pro ect No: 4-129T Fi ure 
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PERCENT SPEC.* PASS? Soil Description 
Poorly graded sand FINER PERCENT (X=NO) 
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(no spec1ficauon prov1ded) 

Sample No.: 3 
Location: MSTH2-04 

Source of Sample: 

Client: Bums & McDonnell 
Alpha·Omega Project: HAYS 

Geotech, Inc. 
Pro ect No: 4-129T 
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Elev./Depth: 45'-50' 
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Cost Tables 

l 

HAYS, KANSAS 

WELL RELOCATION 

OPINION OF PROBABLE PROJECT COST 

Item Quantity Unit 

ALTERNATIVE #1 

Submersible Pump (with pitless adaptor) 

East Side 

Well Construction 3 EA 

500 gpm Pump 3 EA 

Pitless Adaptor & Valve Vault 3 EA 

Monitoring Well 3 EA 

Transmission 11,400 LF 

River Crossing 1 LS 

Power Supply 1 LS 

Electrical (Platform) 3 EA 

Power Dist. Equipment & Motor Controls 3 EA 

SCADA (includes WTP Improvements) 4 EA 

Site Work (access road, backfill) 1 LS 

Demolition (Wells S15 & S17J 2 EA 

Chlorination Facility 

Building 1 EA 

Equipment 1 EA 

SCAD A/Instruments 1 EA 

Demolition (Existing Facility) 1 EA 

Subtotal 
Contingency @ 25% 

East Side Total 

West Side 
Well Construction 3 EA 

500 gpm Pump 3 EA 

Pitless Adaptor & Valve Vault 2 EA 

Well S-7 Piping Connect 1 EA 

Monitoring Well 3 EA 

Transmission 2700 LF 

Power Supj)ly_ 1 LS 

Electrical (Platform) 3 EA 

Power Dist. Equipment & Motor Controls 3 EA 

SCADA (includes WTP Improvements) 3 EA 

Site Work (access road, backfill) 1 LS 

Demolition 2 EA 

Chlorination Facility (SCADA/Instruments only) 1 EA 

Subtotal 
Contingency @ 25% 

West Side Total 

Subtotal 
10ther Costs@ 25% 

Alternative #1 Project Cost 

Note: 

Unit Cost Cost($) 

$51,000 $153,000 

$11,000 $33,000 

$62,000 $186,000 

$1,500 $4,500 

$48 $547,000 

na $44,000 

$0 $0 

$20,000 $60,000 

$16,000 $48,000 

$15,000 $60,000 

na $29,000 

$4,000 $8,000 

$9,000 $9,000 

$46,000 $46,000 

$24,000 $24,000 

$3,000 $3,000 

$1,255,000 

$314,000 
$1,569,000 

$51,000 $153,000 

$11,000 $33,000 

$62,000 $124,000 

$10,000 $10,000 

$1,500 $4,500 

$48 $130,000 

$0 $0 

$20,000 $60,000 

$16,000 $48,000 

$15,000 $45,000 

na $21,000 

$4,100 $8,200 

$24,000 $24,000 

$661,000 

$165,000 
$826,000 

$2,395,000 

$599,000 

$2,994,000 

1. Includes development of raw water model, hydrologic modeling for obstructions in streams permit, and 

water rights permitting. 

6/16/04 



Cost Tables 

HAYS, KANSAS 
WELL RELOCATION 

OPINION OF PROBABLE PROJECT COST 

Item Quantity Unit 
ALTERNATIVE #2 
Vertical Turbine Pump (with well house) 

East Side 
Well Construction 3 EA 
Well House & Piping Appurtenances 3 EA 
500 gpm Pump 3 EA 
Monitoring Well 3 EA 
Transmission 11,400 LF 
River Crossing 1 LS 
Electrical 3 EA 
Power Supply 1 LS 
SCADA (includes WTP Improvements) 4 EA 
Site Work (access roads, backfill) 1 LS 
Demolition (Wells S15 & S17) 2 EA 

Chlorination Facility 
Building 1 EA 
Equipment 1 EA 
SCADA!Instruments 1 EA 
Demolition 1 EA 

Subtotal 
Contingency @ 25% 
East Side Total 

West Side 
Well Construction 3 EA 
Well House & Piping ~purtenances 2 EA 
Well S-7 Piping Connect 1 EA 
500gpm Pum() 3 EA 
Monitoring Well 3 EA 
Transmission 2700 LF 
Electrical 3 EA 
Power Sup_Qiy 1 LS 
SCADA (includes WTP Improvements) 3 EA 
Site Work{_access roads, backfill}_ 1 LS 
Demolition (Wells S6 & S8) 2 EA 

Chlorination Facility (SCADA/Instruments only) 1 EA 

Subotal 
Contingency @ 25% 
West Side Total 

Subtotal 
10ther Costs@ 25% 

Alternative #2 Project Cost 
Note. 

Unit Cost Cost($) 

$51,000 $153,000 
$58,000 $174,000 
$27,000 $81,000 
$1,500 $4,500 

$48 $547,000 
na $44,000 

$21,500 $64,500 
$0 $0 

$15,000 $60,000 
na $45,000 

$4,000 $8,000 

$9,000 $9,000 
$46,000 $46,000 
$24,000 $24,000 
$3,000 $3,000 

$1,263,000 
$316,000 

$1,579,000 

$51,000 $153,000 
$58,000 $116,000 
$10,000 $10,000 
$27,000 $81,000 
$1,500 $4,500 

$48 $130,000 
$21,500 $64,500 

$0 $0 
$15,000 $45,000 

na $37,000 
$4,100 $8,200 

$24,000 $24,000 

$673,000 
$168,000 
$841,000 

$2,420,000 
$605,000 

$3,025,000 

1. Includes development of raw water model, hydrologic modeling for obstructions in streams permit, and water rights permitting. 
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HAYS, KANSAS 

WELL RELOCATION 

OPINION OF PROBABLE PROJECT COST 

Item Quantity Unit 

ALTERNATIVE #3 

Submersible Pump (with well house) 

East Side 
Well Construction 3 EA 

Well House 3 EA 

500gpm Pump 3 EA 

Monitoring Well 3 EA 

Transmission 11,400 LF 

River Crossing 1 LS 

Power Supply 1 LS 

Electrical 3 EA 

SCADA (includes WTP lmQ~"ovements) 4 EA 

Site Work (access roads, backfill) 1 LS 

Demolition (Wells S15 & 517) 2 EA 

Chlorination Facility 

Building 1 EA 

Equipment 1 EA 

SCADA/Instruments 1 EA 

Demolition 1 EA 

Subtotal 
Contingency @ 25% 
East Side Total 

West Side 
Well Construction 3 EA 

Well House 2 EA 

Well S-7 Piping Connect 1 EA 

500gpm Pump 3 EA 

Monitoring Well 3 EA 

Transmission 2700 LF 

Power Supp_ly 1 LS 

Electrical 3 EA 

SCADA (includes WTP Improvements) 3 EA 

Site Work (access road, backfill) 1 LS 

Demolition 2 EA 

Chlorination Facility (SCADA/Instruments only) 1 EA 

Subtotal 
Contingency @ 25% 

West Side Total 

Subtotal 
1 Other Costs @ 25% 

Alternative #3 Project Cost 

Note. 

Unit Cost Cost($) 

$51,000 $153,000 

$58,000 $174,000 

$11,000 $33,000 

$1,500 $4,500 

$48 $547,000 

na $44,000 

$0 $0 

$21,500 $64,500 

$15,000 $60,000 

na $45,000 

$4,000 $8,000 

$9,000 $9,000 

$46,000 $46,000 

$24,000 $24,000 

$3,000 $3,000 

$1,215,000 
$304,000 

$1,519,000 

$51,000 $153,000 

$58,000 $116,000 

$10,000 $10,000 

$11,000 $33,000 

$1,500 $4,500 

$48 $130,000 

$0 $0 
$21,500 $64,500 

$15,000 $45,000 

na $37,000 

$4,100 $8,200 

$24,000 $24,000 

$625,000 
$156,000 
$781,000 

$2,300,000 

$575,000 

$2,875,000 

1. Includes development of raw water model, hydrologic modeling for obstructions in streams permit, and 

water rights permitting. 
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Task Name 
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Finalize Lease or Purchase Agreement (City) 

Water Rights 
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DWR Review and Approval 

Final Design and Construction 

Hydraulic Analysis 
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Final Design (Prepare Plans and Specs) 
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Duration 
1 day 

28 edays 

84 days 

21 edays 

97 edays 

270 days 

90 edays 

42 edays 

120 edays 

14 edays 

14 edays 

45 edays 

150 edays 

14 edays 

30 days 

City of Hays 
Smoky Hill Well Field Improvement Project 

Start 

Thu 07/15104 

Thu 07/15104 

Thu 07/15104 

Thu 07/15104 

Thu 08/05104 

Thu 07/15104 

Thu 07/15/04 

Thu 07/15104 

Thu 08/05/04 

Fri 12/03/04 

Fri 12/17/04 

Fri 12/31/04 

Man 02/14/05 

Thu 07/14/05 

Man 12/06/04 

104 
Finish I J I A s 0 N 

:~:::::II ~~~:~1 

- ···-1'1~,,,,\,,,,,\,,,,,\,: 
-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-

Thu 08/05104 

Wed 11110/04 

Thu 07128/05 

Wed 10/131041 R==== lf=== =~~~ =~+== = = = ===+=== l 
Thu 08/26104 ~=~=J:~::::::: J 

Fri 12/03104 

Fri 12/17/04 

Fri 12/31/04 

Man 02/14/05 

Thu 07/14/05 

Thu 07/28/05 

Fri 01/14/05 

=~=~=~=~=~=~=~=~=~=;=~=~=~=~=;=~=~=~=~=~=~=~=~ 

Page 1 

2005 

0 F M A M A s 0 

... 



. . ~ • ' 

Final Report: Sustainable Yield from the Smoky Hill 
River Wellfield, Schoenchen, KS1 

Tom Brikowski2, Tai-Chyi Shei 
Geosciences Department, The University of Texas at Dallas 

November 15, 2002 

1 Version: L44 
2Mail Stop F0-21, P.O. Box 830688, Richardson, TX 75083-0688, brikowi@utdallas.edu 

02646l 

mcampbell
Rectangular Exhibit Stamp



' ' • 
Final Report, UTD-SHRW Study, November 15, 2002 

Contents , 

1 Executive Summary 

101 Recommendations 0 

2 Introduction 

201 Historical Performance 

3 Average Sustainable Yield Estimates 

301 Sustainable Yield Calculations/Methodology 

302 Local Average Sustainable Yield 0 

303 Drought Yield 0 0 0 0 0 0 0 0 0 0 

4 Refinements on Yield Estimates 

401 Effect of Cedar Bluff Reservoir 0 

402 Impact of Seasonal Variations 0 

5 Enhancements to Sustainable Yield 

501 SHRW Aquifer Storage vso Water Level 0 

502 Suggested Locations for Eastern Wells 

6 Conclusions 

List of Figures 

Location of Smoky Hill River Wellfield 

• 

1 

2 

3 

4 

5 

SHRW precipitation, stream flow, pumping and water levels 1949-2001 

Monthly discharge at Arnold gauge 

Estimated aquifer storage, 1991-92 

Annual discharge at stream gauges above and below SHRW wellfield 0 

1 

3 

4 

6 

6 

9 

9 

13 

18 

19 

19 

22 

24 

25 

26 

27 

7 

8 

9 

10 

13 

026462 



' ' 

6 

7 

8 

• • 
SHRW aquifer thickness . . . . . . . . . . . 16 

Valley cross-section above Big Timber Creek 17 

Distribution of average annual discharge from SHRW 17 

9 Aquifer storage and cumulative pumping in excess of streamflow at SHRW 19 

10 Discharge comparison along Smoky Hill River . . . . 21 

11 Monthly average streamflow and pumping at SHRW . 22 

12 Monthly mass balance 1983-93 . . . . . . . . . . . . . 23 

13 Monthly average streamflow minus average SHRW pumping 24 

14 Estimated aquifer storage vs depth to water, SHRW . 26 

15 East-West cross-section along paleochannel . . . . . . 27 

List of Tables 

1 Summary of wellfield-yield estimate scenarios at SHRW 5 

2 Estimated Ranges of SHRW hydraulic variables . . . . 11 

3 Sustainable-yield estimates for various assumptions at SHRW 14 

4 Estimated percentage of overdraft months, SHRW . . . . . . . 23 

6 Formulae for aquifer storage vs. water level for wells S-6, S-12, S-13 and S-16 
at SHRW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

026463 



I' • • 
Final Report, UTD-SHRW Study, November 15, 2002 3 

1 Executive Summary 

The Smoky Hill River aquifer is a valuable water resource for the City of Hays, and has clear 
advantages and limitations that must be recognized in order to maximize its yield. On the average 
(based on 40 years of historical record), the Smoky Hill River Wellfield (SHRW) area can supply the 
full original water right amount owned by the city. Limited stream flow in the summer will often 
require temporary groundwater overdraft (extraction greater than inflow) for 1-3 months. Longer 
droughts may deplete the aquifer sufficiently that only limited extraction (e.g. 1000 acre-ft/yr) 
is possible until the drought ends. A useful analogy is that the SHRW system is like a partially 
sedimented culvert with impermeable sides and bottom. By far the majority of water is carried 
in the river above the sediment surface, and the volume and flow of water in the subsurface is 
quite limited. It is an ample water resource when the stream is flowing, but with minimal storage 
capability to rely on in times of limited stream flow. Installation of wells 1-2 miles east of the 
current wellfield should essentially "drought-proof" the SHRW, resumption of releases from Cedar 
Bluff reservoir would halve the risk of aquifer depletion. 

Average Performance: Mass balance calculations based on the historical record show that when 
monthly pumping exceeds average stream flow upstream from SHRW, water levels will begin to 
drop. Such conditions are relatively rare, and since 1965, the SHRW has had sufficient stream 
flow on an average annual basis to provide the full original water right (2700 acy-;ft) 95% of the 
time. In the future, maximum yields from the current wellfield can be obtained by extracting the 
maximum possible volume (i.e. up to the average monthly discharge at the USGS stream gauge 
above Schoenchen) during high stream flow periods. 

Drought Performance During low stream flow periods, extraction in excess of stream flow should 
trigger gradual reduction in SHRW pumping. If recharge into the aquifer were to cease indefinitely 
(i.e. no groundwater or streamflow), approximately 3800 acre-ft of groundwater would remain 
available for extraction via the current wellfield. In general it can be expected that around 70% of 
this amount would be extractable because of heterogeneity of the aquifer. 

Worst Historical Case : The worst streamflow experience recorded at SHRW was July 1990 
through May 1992, when flow was 1% of normal. For the existing wellfield, annual pumping 
exceeding 1500 acr;;ft for such a period could risk near-total depletion of the aquifer (50% of the 

stored volume was depleted during that time for production of 1704 acr;-ft, compare scenarios 4 
and 6, Table 1). New production wells east of the current SHRW (in sec. 35-36) should increase 
this limit to 2000 acr;-ft, and probably to the IGUCA-limited water right of 2350 acr;;ft (scenarios 
7 and 11, Table 1). Note that installation of these eastern wells should eliminate the risk of total 
aquifer depletion for this worst historical case for production rates up to the full water right. No 
other change would be as effective. 

Worst Hypothetical Case: Assuming no new inflow (no streamflow or groundwater "underflow") 
into an initially full SHRW aquifer, extraction of 1000 acr;r-ft (the current rate) could continue for 
between 1.5 and 3 years, depending on aquifer heterogeneity (scenario# 1, Table 1). Assuming the 
more realistic case that groundwater inflow into the system would persist results in an additional 
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year of production at 1000 acr;;ft (scenario #2, Table 1). Installation of well(s) east of SHRW 
would provide access to an additional 2300 acre-ft of stored water, adding another year at 1000 
acr;;ft of pumping. Assuming underflow would continue into the aquifer, production of 1500 acr;-ft 
should be possible for 5 years in the absence of streamflow (scenario #3, Table 1, as discussed in 
Brikowski and Shei, 2002). 

Upstream Impacts: The sensitivity of SHRW water levels to stream flow means that upstream 
activities directly impact the city's ability to extract its due water right from SHRW. In particular, 
lack of regular releases of water from Cedar Bluff Reservoir amplifies stream flow reduction during 
dry periods. Since regular releases were curtailed in 1979, the probability has doubled (to 36%) 
that a net loss of water will occur in the Smoky Hill River as it passes through the reservoir in any 
given month. This "consumption" of water at Cedar Bluff directly contributed to SHRW aquifer 
performance problems in the period 1983-92, and is likely to affect future drought performance. 

1.1 Recommendations 

The following recommendations for improving SHRW management and increasing wellfield yield 
are listed in increasing order of arbitrarily estimated cost/benefit: 

1. Set SHRW monthly pumping rates based on upstream discharge information (i.e. when 
monthly pumping exceeds USGS "Near-Schoenchen" stream gauge monthly average discharge 
warn water planners) 

2. Develop an aquifer storage reduction policy, determining water supply management steps 
to be taken at selected water levels (e.g. decreased per-capita usage allocation and reduced 
pumping from SHRW) 

3. Develop cost-benefit analysis for installation of wells in the eastern part of the SHRW water
right area as a means of "drought proofing" (allowing more complete extraction of stored 
water). Determine what wellfield changes will be allowed by the Kansas Division of Water 
Resources. 

4. Explore ways of remediating the impact of non-release policies at Cedar Bluff Reservoir. The 
optimal solution for Hays is to pipe water from the reservoir as some fraction of traditional 
reservoir releases (e.g. 500-1000 acr;;ft). 

5. As a last resort, explore the possibility of adding artificial storage somewhere along the SHRW 
water pipeline. A remote possibility is that this could be accomplished by injection into the 
Dakota Formation, or by constructed surface facilities. To fully drought-proof the SHRW, this 
facility should provide 100-150 acre-ft for municipal use during extended droughts; therefore mo 
cost-effectiveness of this approach may be questionable. 
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Table 1: Summary of wellfield-yield estimate scenarios at SHRW. Upper table (No Stream
flow) lists unsustainable hypothetical scenarios in which no stream recharge occurs to the 
system; estimated time to depletion of the aquifer (conservatively defined as withdrawal of 
50% of storage) is given in the last column. Lower table (Historical Streamflow) lists various 
scenarios assuming historical streamflow performance; estimated percentage of months of 
groundwater overdraft and months of greater than 50% storage depletion are given in the 
last two columns. Values associated with each assumption are summarized in Table 3. "J"' 
indicates water supply from a given source, "-" indicates no supply. "Underflow" refers to 
groundwater flow into the SHRW Qal aquifer, primarily from the west, and is conservatively 
assumed to total 500 acre-ft. "Cedar Bluff Releases" indicates streamflow records from the yr 
period 1963-2001 (frequent Cedar Bluff releases) are used, otherwise records from 1979-2001 
(essentially no Cedar Bluff releases) are used. "Eastern Wells" indicates pumping from fu
ture wells in sections 35-36, assumed to add 1000 acre-ft of extractible storage. Scenario 4 
represents the most probable outcome at SHRW if no changes are made, scenario 7 is the 
most feasible option in this author's opinion. 
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2 Introduction 

This report provides an analysis and set of recommendations for optimizing production from 
the Smoky Hill River Wellfield (Fig. 1). This analysis is based primarily upon the results 
of an initial study defining the three-dimensional geometry of the SHRW aquifer (Brikowski 
and Shei, 2002; Brikowski et al., 2002). The goal of this portion of the study is to determine 
a sustainable yield for SHRW. Sustainable yield describes the portion of natural discharge in 
the system that can be captured with minimal environmental impacts (Sophocleous, 2000). 
It is a more restrictive definition than the typical concept of safe yield, which has in many 
ways been discredited (Bredehoeft, 1997; Sophocleous, 1997). At the very least it has lo
cally varying meaning, and is dependent on political/regulatory factors as well as hydrologic 
factors. Sustainable yield for a single wellfield can either be viewed as the maximum yield 
that avoids adverse impacts locally, or regionally. At SHRW, regional restrictions relate to 
minimum stream flow requirements, which do not apply to water rights as old as those owned 
by City of Hays. This report will adopt the local view, requiring minimum stream flow in 
the area directly affected by the wellfield. In this case, the sustainable yield for SHRW is 
some fraction df the total discharge from the SHRW "water right area" (e.g. from about 1/2 
mile above wells S-7 and S-8 to the confluence with Big Timber Creek). Sustainable yield 
determinations are best made first from average water flux data, e.g. using annual averages 
(section 3.2 below). These initial results can then be adjusted to account for seasonal and 
short-term climate variations (i.e. drought, section 3.3). 

2.1 Historical Performance 

The SHRW has historically provided about half the municipal water supply used by Hays. 
In most years this water source has been highly reliable, with a few notable exceptions 
during extreme droughts. In fact, the combination of upstream changes in water use and an 
extended period of reduced precipitation led to severe reduction in SHRW water levels in 
the early 1990's (Fig. 2). 

The City of Hays owns a water right at SHRW for production of 2350 a~ft of ground

water (reducedfrom an original right of 2500 ac;;ft by the 1987 IGUCA for the Middle Smoky 
Hill River Watershed, KDWR, 2001). Prior to 1991, Hays had been able to produce as much 
water as had been needed up to the reduced water right. Since 1992, partly in response to 
a worst-case assessment (Black & Veatch, 1993), Hays has restricted itself to pumping no 
more than 1000 a~~ft from SHRW, and water levels have remained high within the aquifer 
(see Sat. Thickness line, Fig. 2). 

The SHRW area has been subject to a number of short-term periods of below average 
stream flow since record-keeping began in 1964 (Fig. 2). One nearly 10 year period of severely 
reduced stream flow occurred from 1983-1993, and this period will be used as the reference 

2http://wwv4.ncdc.noaa. gov/cgi-win/wwcgi.dll?WWDI-StnSrch-Name-hays-KS 
3http://water.usgs.gov/nwis/uv?dd_cd=04&dd_cd=05&format=g&period= 7&site_no=06862700 
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Figure 1: Location of the Smoky Hill River Wellfield (SHRW) and other pertinent hydrologic 
and cultural features. SHRW lies in the vicinity of Schoenchen, extending to the easternmost 
stream gauge on the map. Stream gauge west of Cedar Bluff Reservoir is the Arnold gauge 
(USGS Station 06861000). Gauge west of Schoenchen is USGS Station 06862700 ("Above
Schoenchen"), and below SHRW is USGS/Hays Station 06862850 ("Below-Schoenchen"). 
Axes show UTM coordinates (zone 14). 
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SHRW Historical Conditions 
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Figure 2: SHRW precipitation, stream flow, pumping and water levels 1949-2001 (modified 
from a chart prepared by P. Montoia). Precipitation records for "Hays 28" weather station2 

(pink line, 12-month moving average), water level in state monitoring well (between S-12 and 
813 along Highway 183, dark blue line, no record 1973-83), stream flow at "Near Schoenchen" 
gauge3 above SHRW (cfs, yellow line, 12-month moving average, gauge installed 1963). 
SHRW monthly pumping shown in cyan (gal/10); after 1992 average annual pumping was 
limited to 1000 acre-ft . 
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drought in the following discussion. Although more severe periods of reduced rainfall have 
been experienced at Hays (e.g. 1952-57, Fig. 2), inferring from discharge records at the 
Arnold gauge, 1983-1993 had the period of lowest streamflow since 1950 (Fig. 3). Water 
levels in the SHRW aquifer also declined severely during this time period, but not during 
other low-precipitation times. In fact, water levels in the aquifer have been observed to drop 
severely only during extended periods of low stream flow and high pumping, giving some 
indication of the limitations of the SHRW aquifer during drought times. Given an estimate 
of aquifer storage, it appears that only during the 1990-92 drought was the aquifer placed 
under severe stress, and at the end of the drought approximately 50% of avaliable storage 
had been depleted (Fig. 4). 

Discharge at Arnold Gauge. Smoky Hill Rivet, KS 

Year 

Figure 3: Monthly discharge at Arnold gauge4 (upstream from Cedar Bluff) for 1950-2001. 
Although 1952-57 was a severe precipitation drought, streamflow was lower during 1983-92. 
Similar conditions are assumed at Schoenchen, making the latter period the most important 
drought of record for this study. 

3 Average Sustainable Yield Estimates 

3.1 Sustainable Yield Calculations/Methodology 

A variety of yield numbers are given in this report for various climate and production sce
narios, and are summarized in Tables 1 and 3. These are based on hypothetical or observed 
historical extremes in streamflow, pumpage, and water level changes. To allow reproduction 
of the scenarios discussed above, or construction of other assumed combinations of parame
ters, the ranges that were deemed most useful for this report are summarized below (Table 
2). 

4http://water.usgs.gov/nwis/uv?dd_cd=04&dd_cd=05&format=g&period= 7&site_no=06861000 

026470 



• • 
Final Report, UTD-SHRW Study, November 15, 2002 

-...... "r 
0 
ro -(I) 
0> 
ro ..... 
0 -Cl) 
..... 
~ 
::3 
C"' 
<( 

AquiferS torage Changes, SHRW Aquifer, 1991-1992 
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Figure 4: Monthly storage changes, SHRW aquifer, 1991-92. Calculated using an average of 
water levels in the wellfield, aquifer volume determined from VES surveys (Brikowski and 
Shei, 2002), porosity assumed to be 20%. 
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Table 2: Estimated Ranges of SHRW hydraulic variables 

Parameter Minimum Average or Explanation (min/max) 
Maximum 

Aquifer Vol- 5.58x101S ft3 8.90x101S ft<~ Current SHRW wellfield/including sec. 35-
ume (1.58x107 m3 ) (2.52x107 m3 ) 36. Both probably underestimated by 20% 

(flat valley bottom NOT assumed). 
Porosity 20% 30% Standard range for alluvial sand 
Stored 2562 ac-ft 6129 ac-ft Min. porosity times min volume/max 
Groundwater porosity times max volume. 
Extractability 50% 80% Fraction of stored water accessible by wells 
Streamflow 10 000 ac-:.!! 14 000 a.c :.!! Annual average, no Cedar Bluff release 
(above-

) yr ' yr 
(1980-2001 records)/with releases (1'963-

Schoenchen) 2001 records). Zero is worst-case scenario 
Underflow 500 a.c :.!! 1500 a.c:n Computed groundwater flow just above yr yr 

Big Timber Creek/wild guess adding lat-
eral flow from Qt on valley walls. Models 
suggest correct value is 1000 a.c;ft 

Pumping 1000 a.c ::!! 2500 ac;n Hays self-imposed minimum/ full water yr yr 
right 
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Given the tabulated ranges, scenarios can be developed as follows. For example, the 
a scenario assuming well access to the entire SHRW water-right area with no streamflow 
resupplying the aquifer, but allowing for groundwater flow into the aquifer (also shown as 
scenario 3 in Tables 1 and 3): Brikowski and Shei (2002): 

: 
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6129 ac-ft 0.8 "--v-' .......,_, 
Max stored volume Max. extractibility 

+ 500 ac-ft · 5 yrs 
yr 

Min. underflow 

Other scenarios are quantitatively developed in Table 3. 

3.2 Local Average Sustainable Yield 

• 
13 

7500 ac-ft 

;::;;J 1500 ~ · 5 yrs 

"Conventional" Drought Yield 

An average sustainable yield determination utilizes smoothed water inflow and outflow data 
to find the general availability of extractable water. "Local" sustainable yield does not 
account for any downstream flow requirements. Note that stream flow at SHRW is highly 
influenced by individual storm events and short-term climate variations (Fig. 5), making 
estimates based on averages highly uncertain. 

Mean Annual Discharge, Smoky Hill River, SHAW area 
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Figure 5: Annual discharge at stream gauges above5and below6 the SHRW wellfield. Green 
line shows 40-year average of stream flow, cyan line shows SHRW full water right. Note 
that only 5% of the record shows annual stream flows below the SHRW water right. USGS
computed annual average available only through year 2000 at time of this publication. 

Sustainable yield is based on natural discharge from the system. At SHRW, system 
discharge is composed of stream flow in the Smoky Hill River and groundwater flow just 

//waterdata.usgs. gov/nwis/uv?dd_cd=04&dd_cd=05&format=gif&p eriod=7&site_no= 
06862700 

6http://waterdata.usgs. gov/nwis/uv?dd_cd=04&dd_cd=05&format=gif&p eriod=7&site_no= 
06862850 
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Table 3: Sustainable-yield estimates for various assumptions at SHRW. Scenarios 1-3 assume no streamflow, 2-13 assume minimum 
groundwater recharge of 500 acr:r-ft ("Underflow"). "Duration" refers to the number of years the specified annual yield can be 
produced. Scenarios 4-13 compare computed monthly pumping (distributed as in Fig. 11, annual total as specified in "Annual 
Extraction") to actual monthly streamflow records at the Above-Schoenchen gauge for the given "Streamflow Records" period. The 
impact of regular Cedar Bluff Reservoir releases is estimated by using streamflow records from 1963 to present; the impact of lack 
of releases is estimated using records from 1979-present. Months where pumping excee<_:l.ed streamflow + underflow were counted 
to determine the "Overdraft" (fraction of months of streamflow record). Months where cumulative overdraft exceeded 50% of the 
specified storage were counted to determine the "Depletion". 

# Underflow ExtractiblE Annual Duration Explanation 
( ac-ft) Storage Extrac-

yr 
(ac-ft) tion 

(ac-ft) 

1 0 2049 1000 1.5-3 yr Absolute worst case (nearly impossible), no recharge of any 
kind to aquifer 

2 500 2049 1000 2-3 yr Realistic worst case, only minimal groundwater recharge to 
aquifer 

3 500 4082 1500 5 yr Realistic worst case, minimal groundwater recharge, wells 
added in Sec. 35-36 

# Streamflow ExtractiblE Annual Over- Deple- Explanation 
Records Storage Ext rae- draft tion 

(ac-ft) tion Months Months 
(ac-ft) 

4 1979-2001 2049 1000 51/264 0 Minimum-extraction scenario. #4 without Cedar Bluff 
releases, 

5 1965-2001 2049 1000 54/453 0 #5 with. Drought-safe for all records since 1963 
6 1979-2001 2049 1704 77/264 7/264 1983-93 average extraction scenario. #6-7 
7 1979-2001 4082 1704 77/264 0 without Cedar Bluff releases, #8-9 with. 
8 1963-2001 2049 1704 48/453 7/453 #7 & 9 with storage in eastern aquifer 
9 1963-2001 4082 1704 48/453 0 
10 1979-2001 2049 2500 92/264 15/264 Max. water right extraction. #10-11 without 
11 1979-2001 4082 2500 92/264 2/264 Cedar Bluff releases, #12-13 with; #11 & 13 
12 1963-2001 2049 2500 100/453 15/453 with storage in eastern aquifer 
13 1963-2001 4082 2500 100/453 0 
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above Big Timber Creek, and pumping from the wellfield. Only the groundwater flow is 
unknown, and can be estimated given aquifer and water table geometry. These are available 
from the electrical resistivity portion of this study, see Brikowski and Shei (2002) for details. 

The SHRW aquifer is composed of young silt and sand (termed "Qal" in this study) 
deposited in a valley eroded into very low permeability Cretaceous bedrock (see Fig. 1 
of Brikowski and Shei, 2002). A contour map of Qal thickness clearly demonstrates the 
presence of a channel eroded into the top of the bedrock throughout the project area (Fig. 
6). Existing water supply wells are located along this channel, benefitting from the greater 
thickness and therefore greater transmissivity (ability to transmit groundwater) of the aquifer 
there. Three-dimensional models of the aquifer geometry were generated based on this data, 
allowing estimation of total aquifer volume and cross-sectional area at the downstream end 
of the project area. A north-south cross-section of the Qal can be made at the east, discharge 
end of the system (just upstream from the confluence with Big Timber Creek in section 36), 
and groundwater discharge through this section can be estimated. Given the cross-sectional 
area (yellow Qal area, Fig. 7), and an estimate of water-table slope and aquifer porosity, 
total discharge can be calculated. In this case, cross-sectional area (of saturated aquifer) is 
3600 m2 , head gradient is estimated to be 6.4x10-3 ~' and porosity is assumed to be 30%, 
giving an average groundwater discharge of 404 acre-ft ( 4.98x105 m

3 
). Stream gauges in the 

yr yr 

area indicate an average discharge of 19.3 ft
3 

(cfs, or 0.55 m
3

), with a standard deviation of 
sec sec 

27.5 cfs (0.78 m
3

), for an annual total of 14,000 acre-ft (1.74x107 
m

3
). Current production 

sec yr yr 

from the wellfield averages 1000 acre-ft (2.85x105 m
3 

). Since the standard deviation of the 
yr yr 

stream flow observations exceeds the average value, estimates based on these values must 
be regarded as highly uncertain (i.e. absurd values of discharge < 0 lie within the 90% 
confidence interval of certainty for this dataset). 

In terms of annual average discharge, current SHRW well production (1000 acre-ft/yr) 
is approximately 2.5% of total discharge from the area, and groundwater discharge is ap
proximately 7% of the total (Fig. 8). In this view, SHRW possesses ample water supplies 
to furnish the entire original water right owned by City of Hays. Seasonal and short-term 
climate variations add considerable complication to this picture, however, and must be eval
uated to quantify the expected drought performance of SHRW. 
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Figure 6: SHRW aquifer thickness, showing well and VES locations (geophysical measurements, red circles), distribution 
of paleochannel eroded in bedrock, and distribution of existing wells along this channel (blue circles). Lithology test wells 
indicated by yellow circles. Area of no-data gives erroneous apparent thinning of Qal in right center of image. 
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Figure 7: North-South cross-section showing geometry of saturated aquifer just above con
fluence with Big Timber Creek. Vertical exaggeration 5x. Water table is shown within the 
Qal unit, gray area above water table is unsaturated Qal, yellow shows saturated aquifer. 
Cross-section based on VES sounding data (shown as boreholes in this image) projected to 
the line of section. 

SHRW Average Annual Discharge Distribution 

Figure 8: Distribution of average annual discharge from SHRW. Below Schoenchen stream 
gauge indicates average annual discharge of 13,400 acre-ft, 3D aquifer model indicates 400 
acre-ft of groundwater discharge, and pumping at 1000 acre-ft shown. On an average basis, 
more than enough water is present to allow pumping of the IGUCA-limited SHRW water 
right of 2350 acre-ft. 
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3.3 Drought Yield 

In the period 1949-1973, prior to large-volume pumping at SHRW, water levels show a weak 
correlation with precipitation, and slightly stronger correlation with at least high stream flow 
(Fig. 2). Note that during the worst drought experienced since 1949 (1951-56), water levels 
remained essentially constant. Pumping at SHRW began in 1957, and only after that time 
did water levels drop below 28 ft (average level) in the monitoring well. This strongly suggests 
that the lowest two-thirds of the aquifer acts as a "bathtub", trapping groundwater within 
the valley which can only leave via wells. This aquifer storage represents groundwater that 
should remain available even in the worst imaginable scenario where surface and groundwater 
inflow into the SHRW ceases. 

The impact of upstream activities on the SHRW aquifer becomes evident in the period 
after 1979. Beginning in 1979, stream flow above Schoenchen declined by at least a factor of 
5, coincident with the cessation of agricultural releases from Cedar Bluff Reservoir upstream. 
During the previous 5 years, although precipitation had decreased to below average values, 
stream flow remained near its 1949-1973 average. In the period 1983-1993 stream flow 
was less than 10% of its prior average, while pumping was at or near the IGUCA-reduced 
SHRW water right. This combination profoundly affected water levels (i.e. aquifer storage), 
eventually leading to severe drawdowns in 1990-2. At that time, Hays voluntarily curtailed 
pumping to 1000 acr;-ft, as suggested by a rough worst-case-scenario calculation (Black & 
Veatch, 1993). In 1994 precipitation was well above normal, and therefore stream flow 
increased, allowing aquifer water levels to return to normal. Given the limited pumping, 
water levels have remained near normal since that time. 

For times of high pumping, there appears to be a strong and immediate link between 
stream flow and water level reduction (e.g. in 1983, presumably beginning in 1981, Fig. 2). 
This indicates minimal barriers to water flow between aquifer and river at SHRW. Water 
levels in SHRW wells generally recover to static conditions within 24 hours after pumping 
stops, strongly supporting the likelihood of a close link between wells and river. Since surface 
flow is by far the most dominant water flux at SHRW (Fig. 8), groundwater flow can be 
neglected in developing a general water mass balance for SHRW. Then stream outflow from 
SHRW (i.e. discharge at the Below-Schoenchen gauge) plus pumping should roughly equal 
stream inflow (discharge at the Above-Schoenchen gauge). Such a system is conceptually 
simple: during wet times (e.g. spring) the wells extract primarily from stream flow; as the 
dry season begins, stream flow declines (and more quickly at the Below-Schoenchen gauge) 
until the wells begin to extract water from aquifer storage, and aquifer water levels decline. 

This transition to groundwater overdraft allows quantification of inflow into the system, 
since water levels will begin to decline when extraction exceeds recharge into the aquifer. 
Given the 3-D geometric model of the aquifer (Brikowski and Shei, 2002), changes in aquifer 
water levels can be used to determine changes in stored groundwater volume. This in turn can 
be compared to inflow volume, as recorded by the Above-Schoenchen stream gauge. In this 
simplified view, cumulative pumpage in excess of stream flow should be roughly equivalent 
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to calculated reduction in aquifer storage. During the lowest performing historical period 
for the SHRW aquifer (1983-92) the cumulative excess pumpage (bottom, red lines, Fig. 
9) is approximately equal to the reduction in storage (decrease in height of top blue lines, 
Fig. 9). In other words the total length of the red plus blue line at any time in the figure 
is approximately constant. This inferred relationship is not perfect, for the period 1991-2 
SHRW produced about 500 acre-ft more water than was removed from storage. 

SHRW Monthly Water Mass Balance, 1983-93 
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Figure 9: Aquifer storage and cumulative pumping in excess of streamflow at SHRW. When 
cumulative pumping (bottom, red bars) exceeds streamflow input to SHRW, water is removed 
from storage (mined, top blue bars). Approximate constant total length of the bars shows 
predominant mass balance between these two water fluxes. This indicates extremely good 
connection between the river and aquifer, and that stream inflow to the SHRW area is by 
far the greatest determiner of sustainable yield. 

A crucial management tool for SHRW is awareness that when monthly pumping ex
ceeds average monthly streamflow (i.e. ignore storm discharge events), water levels can be 
expected to begin declining at SHRW. This provides an excellent "yellow flag", where plan
ning for potential reduction in pumping from SHRW should begin. As water levels decline 
in the aquifer, pre-planned reductions in pumping could then be phased in to avoid extreme 
overdraft of the aquifer. 

4 Refinements on Yield Estimates 

4.1 Effect of Cedar Bluff Reservoir 

Wellfield yield at SHRW during droughts appears to be closely linked to streamflow into 
the wellfield area (i.e. discharge at Above-Schoenchen gauge). As noted in Section 3.3, any 
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upstream impacts on streamflow may directly affect SHRW yield during dry periods. In 
fact such impacts by the Cedar Bluff Reservoir are discussed in the KGS Public Information 
Circular 96

. This article notes that insufficient water resources are present in the Smoky 
Hill River watershed to support the intended agricultural use of impounded water at Cedar 
Bluff. For this reason, reservoir releases to water right holders ceased after 1979. Essentially 
no releases occurred for the period 1980-1998 (blue area absent, Fig. 10). 

Discharge vs. position downstream over time indicates significant impact by Cedar Bluff 
Reservoir on the Smoky Hill River. In most undisturbed streams, discharge increases progres
sively downstream as catchment area increases. Only in unusual cases where a large sink or 
diversion for water is present will discharge decrease downstream. For the Smoky Hill River, 
natural behavior is observed only when releases are occurring from Cedar Bluff Reservoir 
(Fig. 10). Times of unnatural behavior are indicated where the green-filled area (discharge 
at Above-Schoenchen gauge) is obscured by the red-filled area (discharge above Cedar Bluff 
at the Arnold gauge), i.e. when discharge decreases downstream. For the period prior to 
curtailment of irrigation releases from Cedar Bluff (1964-1980), the few times where the 
upstream discharge exceeds downstream discharge appear to be related to aquifer/ reservoir 
"refilling" events when discharge increased after a prolonged drier period. During the period 
when no discharges took place from Cedar Bluff Reservoir (no blue area, Fig. 10) discharge 
was normally lower downstream from Cedar Bluff Reservoir (and immediately upstream from 
SHRW) than upstream from the reservoir. Comparing streamflow records for the Arnold and 
Above-Schoenchen gauges during the July 1990-May 1992 near-zero streamflow period, aver
age monthly streamflow was 80% lower at the Above Schoenchen gauge for the same period. 
Evidently significant loss of water is occurring between the two gauges, either via evapora
tion, reservoir storage increase or leakage from Cedar Bluff). From this evidence, it seems 
clear that Cedar Bluff Reservoir directly impacts streamflow at SHRW during dry periods, 
and therefore directly impacts wellfield yield. Since the SHRW water right is apparently 
senior to that of the reservoir, this impact does not appear to be consistent with state water 
law. Quantitatively put, for the period of record 1964-1979, when Cedar Bluff Reservoir was 
making regular releases (especially in summer) monthly average stream discharge decreased 
downstream (from Arnold to Above-Schoenchen) 15% of the time. After 1979, when irriga
tion releases were curtailed from Cedar Bluff, stream discharge decreased downstream 36% 
of the time. In other words non-release policies at Cedar Bluff reservoir coincided with a 
doubling of probability of reduced streamflow at SHRW. After many consecutive years of 
this status, given cumulative drawdown of aquifer storage, SHRW was unable to produce 
more than 1000 acre-ftjyr by 1993. 

6http://www.kgs.ukans.edu/Publications/pic9/watershed.htrnl 
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Figure 10: Discharge comparison along Smoky Hill River. Shown are discharges vs. time 
measured at the Arnold gauge upstream from Cedar Bluff Reservoir (red-filled, "Above Res" 
curve), discharge in the river immediately below the dam (blue, "Below Dam"), and the Near
Schoenchen gauge upstream from SHRW (green, "Above Schoenchen"). During periods of 
no discharge from the reservoir (blue area absent), a net water loss is experienced between 
the Arnold and Near Schoenchen gauges (shown by red at the top of the curves). A clear 
temporal correlation is evident between normal stream behavior (gain of water downstream) 
and discharges from the reservoir. 
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4.2 Impact of Seasonal Variations 

Some idea of the impact of seasonal or short-term climate variations on the above sustainable
yield estimates can be gleaned from the period of worst SHRW aquifer performance, 1983-92. 
While on the average the monthly SHRW pumping is only 10% of the streamflow at the Above 
Schoenchen gauge (Figs. 8 and 11), some extended periods of very low streamflow have been 
experienced at that gauge. Of particular concern are summers during dry periods, where 
streamflow at the Above Schoenchen gauge can drop to zero (e.g. the summers of 1983, 
1984, 1986, 1988, 1991; red areas, Fig. 12). 

Figure 11: Monthly average streamflow (1963-2001) and pumping (1983-93) at SHRW. In 
terms of averages, streamflow exceeds pumping by an order of magnitude, indicating that 
groundwater overdrafts will be an unusual phenomenon at SHRW. 

Using the criterion that groundwater overdrafts occur when monthly pumping exceeds 
streamflow at the Above Schoenchen gauge, the probability that given production rates will 
exceed streamflow can be estimated from the historical data. Choosing the period 1983-1993 
to reflect typical dry-climate production rates from SHRW, an average monthly production 
can be determined (pumping curve, Fig. 11). That average totals 1704 ac;;ft production. 
Examining the historical discharge record for the Above Schoenchen gauge, it is apparent 
that during 20% of the record period (1963-2001) the average monthly SHRW production 
would have exceeded monthly streamflow, and a groundwater overdraft situation would exist. 
Other scenarios can be evaluated as well for the existing wellfield configuration (Table 4). 
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Figure 12: Monthly mass balance 1983-93. Essentially a close-up of this time period from 
Figure 2. Red areas show times when monthly total pumping from SHRW (orange line) 
exceeded average streamflow (yellow line). Water levels (blue line) consistently declined 
during these times, and the final aquifer "crisis" occurred after two years of groundwater 
overdraft 

Table 4: Estimated percentage of overdraft months, SHRW, assuming monthly production 
distribution as shown in Figure 11 (adjusted to reach the indicated annual total) and ne
glecting underflow. 1983-93 average monthly production is compared to observed monthly 
streamflow at the Above Schoenchen gauge for the indicated time periods, percentage of 
months showing overdraft (pumping exceeds streamflow) is indicated. The period 1963-
2001 is dominated by times when Cedar Bluff Reservoir made regular summertime water 
releases, 1979-2001 experienced very few releases from the reservoir. Fig. 13 shows the time 
distribution of overdraft months for 2285 ac-ft production. 

yr 

Overdraft Months 
Annual Production a.c:rft 1963-2oo1 1 1979-2oo1 

1000 16.4% 26.7% 
1704 20.2% 33.0% 
2285 22.8% 37.4% 
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Estimated Groundwater Mining, SHRW 

! ~ 
Date 

Figure 13: Monthly average streamflow minus average SHRW pumping. Streamflow at 
Above-Schoenchen gauge, pumping based on average monthly distribution from 1983-1993 
adjusted upward to total 2285 acre-ft. 

yr 

5 Enhancements to Sustainable Yield 

A variety of options are possible to increase sustainable yield at SHRW, and based on the 
above discussion they can be assessed in terms of their potential impact. The present rate 
of pumping, 1000 acre-ft would be possible in all droughts indicated in the historical record 

yr 

(1963-present). Increased pumping, at the 1983-92 rate of 1700 acre-ft (and distributed as in 
yr 

Fig. 11) would be p()ssible in all historical droughts if Cedar Bluff releases resume, otherwise 
the SHRW would near depletion 2. 7% of the time. The record indicates that groundwater 
overdraft would be necessary for up to 1.5 years during droughts at that extraction rate 
(see scenario #6, Table 1), or 18-29% of the months depending on Cedar Bluff releases. 
Pumping at the IGUCA rate should deplete accessible aquifer storage after 1.5-2 years, and 
would produce an overdraft up to 35% of the time. In this case, and without wellfield 
changes, the SHRW could be unusable 3.3% of the time (or 5. 7% of the time in the absence 
ofreleases from Cedar Bluff Reservoir, i.e. based on the historical record from 1979-present). 

Based on this and other calculations above, the options for enhancing SHRW sustain
ability can be assessed. These are listed below in order of increasing probable cost: 
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No Change SHRW will experience groundwater overdraft conditions 20-35% 
of the time (monthly, Table 1 or 4), depending on production 
rate. Near-complete depletion of aquifer storage will occur 6% 
of the years (based on historical record) at full production, and 
effectively never at current production rates (1000 ru::Y:ft) 

Cedar Bluff Re- If Cedar Bluff resumes water releases during dry summers (suf
leases ficient to increase streamflow at the Above Schoenchen gauge), 

frequency of monthly groundwater overdraft at SHRW drops to 
12-22% of the time. Full depletion of aquifer storage is extremely 
unlikely under this scenario, even at full production (2285 yr 
Note this scenario is unrealistic in extremely dry summers, since 
releases are unlikely to be detectable at Schoenchen. 

Eastern Wells Addition of well(s) in section 35-36 to access additional ground
water storage. These wells are unlikely to change the frequency 
of groundwater overdraft conditions; however since these wells 
would essentially double the accessible aquifer storage, such 
wells would eliminate the risk of full aquifer depletion for the 
observed droughts of 1963-2001. 

Offstream Storage Construction of water storage facilities somewhere along the 
Schoenchen pipeline. This would be in lieu of adding the eastern 
wells, but is likely to be far m.ore expensive. For such a facility 
to drought-proof the SHRW it must be able to provide 100-200 
ac:~ft for the duration of the drought (up to 1.5 years, based on 
1963-2001 records). 

5.1 SHRW Aquifer Storage vs. Water Level 

25 

Water levels in selected indicator wells can be used to estimate total remaining storage given 
the three-dimensional aquifer model obtained by Brikowski and Shei (2002) and estimates 
of aquifer porosity (see Table 2). These estimates for selected water levels can be fit using 
an algebraic equation to provide a direct means of calculating estimated storage vs. water 
level. Equations were derived for the wells S-6, S-12, S-13 and S-16 (Table 6). All curves 
fit the estimated volume data with an R2 ~ 0.99, but are subject to uncertainty in the 
true elevation of ground surface at the well. Since aquifer volume is likely to have been 
underestimated in this model, and a conservative value of %20 was used for porosity, the 
resulting storage volume estimates should be minimums. Recall that anywhere between 50-
80% of this volume will be recoverable, depending on the nature of aquifer heterogeneity. 
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For rapid estimates, approximate storage can be read from a plot of the depth-to-water vs. 
stored volume curves (Fig. 14). 

Table 6: Formulae for aquifer storage vs. water level for wells S-6, S-12, S--13 and S-16 at 
SHRW. Volume determined from 3D aquifer model of Brikowski and Shei (2002), porosity 
assumed to be 20%. z is depth to water from ground surface. This will be a smaller value 
than that currently reported by the City of Hays SCADA system. Recommended usage is 
to average the results from all equations to get a best estimate. Using just one equation 
implicitly assumes a uniformly dipping water table toward the east throughout SHRW. 
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Figure 14: Estimated aquifer storage vs depth to water, SHRW, using formulae listed in Table 
6. Note depth is measured from ground surface, and 20% porosity was assumed (slightly 
conservative). 

5.2 Suggested Locations for Eastern Wells 

The optimum location for wells in section 35-36 is somewhat uncertain, primarily because of 
lack of access to section 35. The Kansas Department of Water Resources will also need to 
approve the relocation of any SHRW wells to the east. Based strictly on the data obtained 
in this study, two sites will bear further exploration, preferably by drilling, to confirm the 
geophysical results. The thickest aquifer determinations made in the VES study (Appendix 
1, Table 1 Brikowski and Shei, 2002) in that area were in decreasing order: VES-9, VES-
10 and VES-20 with estimated thicknesses of 75, 72 and 68 feet (23, 22 and 21 meters) 
respectively. VES-9 is located north of the Smoky Hill River (Brikowski and Shei, 2002, 
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see Fig. 4, ), while VES-10 and VES-20 are on the south side of the river. Road access is 
somewhat better to the south. Close examination of Figure 6 indicates that the paleochannel 
is against the south Qt contact in the vicinity of VES-10 (along N-S centerline of Sec. 36), 
and swings to the north side of the river at VES-9 (and presumably down to the confluence 
with Big Timber Creek). 

The major source of uncertainty is the apparent increase in topographic and bedrock 
erosional surface dip to the east, beginning somewhere east of well S-17 (located at the 
western edge of section 35). One possibility is that a "bathtub rim" is present between 
S-17 and the eastern edge of section 35 (approximately the location of VES-10, Fig. 15), 
in which case the well(s) should be located just west of the rim. Lacking such a rim, well 
locations farther east should capture more water. Economic, access, and legal implications 
will determine the optimum location for such a well. Note that the eastern well(s) only 
serve to access additional aquifer storage, limiting drawdowns during extended periods of 
low streamflow. During normal streamflow, these wells will not affect wellfield yield. 

Figure 15: East-West cross-section along paleochannel, vertical exaggeration 50x. Bore
holes/YES soundings projected onto section, some are labeled, yellow represents Qal aquifer, 
blue is bedrock. Gap between S-17 and VES-10 is section 35 (no field access) where aquifer 
geometry is inferred. Apparent rim in vicinity of VES-10 probably indicates paloechannel 
location lies out-of-section line. Note increased dip of bedrock contact from VES-10 east
ward, this dip may extend farther west. No data avaliable east of VES-9, thinning of aquifer 
to the east of that. point is an artifact. Compare to thickness contours in Figure 6. 

6 Conclusions 

The Smoky Hill River valley near Schoenchen has contained sufficient water resources to 
provide the full SHRW water right for more than 95% of the last 40 years, on an annual 
average. The aquifer at SHRW is thin, and provides little storage volume relative to the 
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amount of water flowing in the river annually. In combination, these two facts demonstrate 
that the current SHRW wellfield is a useful, reliable water resource for Hays in all but the 
most severe droughts, provided it is managed carefully. Given minimal natural storage, the 
most straightforward way to make full use of the resource is to pump most heavily during 
high stream flow periods, and/or extend the wellfield to access additional storage to the 
east. Monitoring Smoky Hill River discharge at the USGS gauge above Schoenchen provides 
a simple way to alert the city to impending lowering of aquifer water levels (groundwater 
overdraft). During typical years this overdraft will be temporary, and may only warrant 
increased attention to water levels. During drought years, water level declines below several 
indicator values should trigger automatic reduction in pumping. In the worst case, SHRW 
can provide water at current pumping rates for up to three years before the aquifer is 
exhausted. In general the high connectivity between stream and aquifer at SHRW means 
that small rearrangements of well configuration (within the current wellfield area), artificial 
recharge projects, etc. will have little effect on wellfield yield. 

On a multi-year basis, sustainable production is possible at around 1700 acr;-ft from 
the SHRW. In any given year there is a significant liklihood of reduction in groundwater 
storage, i.e. short-term groundwater mining. Yield during periods of minimal streamflow 
(i.e. when production is primarily from storage) can be significantly increased by adding 
wells to the east of the present wellfield. By far the most important factor determining yield 
will be intelligent, informed management of pumping rates based on changes in stream flow 
at SHRW. 
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9400 Ward Mwqy 

February 14. 2003 

Mr. Lavern D. Squier 
Executive Director 
Public Wholesale Water Supply District # 1 5  
Ellis County Coalition 
1301 Pinc S1rcc1 
llay�. KS 67601 

PWWSD #l5 
Wilson Lake and Kanopolis Reservoir Water Supply Evaluation 
Water Supply Alternatives 
Project No. 3 1322 

Dear Mr. Squier: 

Since 1ssumg the draft report in October 2003, several is�ucs aro..,c. The Schoenchen 
Well Field study was completed by the University of Texas Dallas (UTD). 
Additionally. McLaughlin completed their evaluation of the Cedar Bluff Reservoir 
Alternative. These topics and their impact on the Kanopolis/Wilson supply options arc 
discus.,ed below. 

In November 2002, Hays increased their safe yield estimate for the existing Schoenchen 
Well Field from 1,000 acre-feet per year to 1,500 acre-feet per year based on the UTD 
study completed in late 2002. Lateral expansion of the well field could incrca..,c the firm 
yield to a minimum of 1,700 acre-feet per year up to the full IGUCA water right. Their 
study included the following tasks: 
• Ba;;m yield analysis. 
• Field studies of the Smoky I Jill River alluvium. 
• Groundwater modeling. 

The UTD study recommended lateral expansion of the well field through relocation of 
wells to help "drought-proof' the Schoenchen Well Field. The UTD study abo stated 
that th1; existing Schoenchen Well Field water right of 2.285 acre-feet per year (2.0 
MGD) could be pumped 95 percent of the lime. These improvements increase the total 
safe yield of the Hays raw water system from 2 . 1 8  MGD to 2.8 MGD. This increase in 
safe yield reduces the projected year 2050 maximum day net waler need from 8.2 10 6.9 
MGD, extends Hays' need for water until about 201 1, and reduces the \IZC and co ... t of 
the ultimate improvement!>. 

Kansas Citr. Minacit1 64114 3319 
Tel: 816 3339400 02.7722 Fax.· 816 333 3690 
www.burrrsmctl. rom 
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ill."!� Mr. Lavern Squier 
February 14, 2003 
Page 2 

Additional improvements to the Hays raw water system could mcrease their safe yield to 
match their total 3.28 MGD water right. lmprovemenls could include evaluation of firm 
yield from Dakota wells and use of reverse o�mosis treatment lo maximi1e use of that 
supply. operational adju�tment-., and potential off-system storage. 

Improvements to allow full u;.e of Hays' water right.<> would reduce the projected year 
2050 maximum day net water need lo 6.0 MGD and extend the need for water until about 
year 20 .15. Installation of local improvements to increase sate yield to their full water 
right. which should be the eoal for Hay<>, anrl would �ignitkantly reduce the •>11e and cost 
of the ultimate improvements. 

Kanopolis Re>.ervoir and Wilson Lake alternatives were reevaluated for a maximum day 
demand of 6.0 MGD and that information was provided al the PWWSD #15 meeting on 
December 2, 2002. These alternatives include the install at ion of several items not 
included in the 8.2 MGD option>., such as four 400 gpm wells, associated header piping. 
Russell pump \talion, I MGD reverse osmosis plant, and dl'>posal well all to help Russell 
meet immediate water need>.. These facili11e-. account for $5.2 million of the Pha-.e I cost 
and can continue to be used after the Kanopolis or Wih.on project is complete or can 
serve as a back-up supply. The other Phase I improvements will be integrated into the 
Kanopolis or Wilson alternative. 

Other water supply options were developed to evaluate 1.5 MGD supply options for 
Russell, smce they have the immediate need and Hays does not need any add111onal 
supply until at least year 201 1 .  The Cedar Bluff Reservoir Alternative evaluates a 
maximum day supply of 8.2 MOD and a average day of 4.2 MGD (4,700 acre-feet per 
year) and includes an intake, water plant, pump station, 24-inch diameter pipeline, and a 
Russell txxhter pump station at a cost of about $48 million 

Rus.,el I ha-. a water right for 2,000 acre-feet per year in Cedar Bluff Reservoir. Directly 
piping thb waler to the I lays and Russell water plants or treating this water at the 
reservoir and pumping treated water to the cities would be an less expensive alternative 10 
supply a portion of the projected demand; however, Cedar Bluff Reservoir must have a 

firm, reliable supply and the water must be available from the State. Completion of 
this project could delay the need of the Kanopolis or Wilson water supply project until 
about the year 2030. 

Based on conversations with the Kansas Water Office and a copy of their February 12. 
2003 letter to concerned citi7ens. they state "The Kansas Water Office ha� completed 

an analysis that indicates that Cedar Bluff Lake is not a \iable option for 
sustainable, significant, long-term public water supply." A copy of this letter 1s 
enclosed. 

02712� 
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We recommend the District, Hays and Russdl resolve the availability and reliability of 
water supply from Cedar Bluff Reservoir with the State before further investments of 
time and money are made on this alternative. We further recommend the District, Hays 
and Rllssell continue to pursue acquisition of water rights for the South Russell Project to 
avoid a water supply deficit for Russell. Russell has the immediate need for additional 
supply and Hays has a projected water deficit in year 20 I I with the existing system and 
year 2015 deficit if improvements arc made to fully utilize their water right. 

If you have any questions or comments, please do not hesitate to contact us. 

Sincerely, 

!JJJ7o� 
David F. Oligschlaeger, P.E. 
Project Manager 

Jk021403 
Enclosures 

L. Jeffrey Klein, P.E. 
Assistant Project Manager 
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June 3, 2003 

Mr. Joe Obholz, Water Superintendent 
City of Hays 
1002 Vine St. 
Hays, Kansas 67601 

Summary Report 
Smoky Hill River Well Field Study 
BMcD Project Hays 30159 

Dear Mr. Obholz: 

Presented herewith is a summary report on the Smoky Hill River Well Field Study for the 
City of Hays. The purpose of the project is to evaluate the yield of the Smoky Hill River 
Well Field and determine measures needed to enable the City to pump its full water right. 

The City's original water rights were reduced with the implementation of the Smoky Hill 

River Intensive Groundwater Use Control Area (IGUCA). This report summarizes the 

study findings, presents options for well field improvements and includes 
recommendations for additional professional services needed for final implementation of 

the selected options. 

Analysis of the well field included evaluation of existing data, analysis of the aquifer 

system using geophysical methods, aquifer testing and groundwater modeling performed 

by the University of Texas, Dallas (UTD) and Bums & McDonnell. Results ofthe 
studies indicate that the City should be able to obtain its full (IGUCA) water right under 

different river conditions using several variations of well configuration and pumpage. 

When the river has flow, the current well field configuration should be sufficient 
(assuming that all wells are maintained in good conditions) to produce the maximum 

water allowable. 

During periods of very low river flow, water can be pumped from aquifer (removed from 

aquifer storage) which will1ower the water table. The water will be replaced during the 
next period of river flow. 

For extended dry periods, additional water from storage may be required as discussed in 
the UTD report. The additional water from storage can be obtained by additional 

lowering of the water level and/or lateral expansion of the well field to include a greater 

storage volume. 
IIGII•IIf• MIJIIflm e«<I..III1UfS 
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Mr. Joe Obholz 
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Operationally, during periods of drought, the City may need to increase the number of 

wells pumping and reduce the pumping rates in order to maximize yield and minimize 

draw down. 

Expamion ofthe Smoky Hill River Well Field to the east and/or west will help provide 

the City's full (IGUCA) water right during extended dry conditions. The expansion will 

make additional water that is in aquifer storage available for recovery during times of no 

river flow and will improve spacing between wells which will reduce the effects of 

interference drawdown. The UTD report recommends an expansion of the well field to 

Big Timber Creek. This expansion will add significantly to the water in storage. 

However this expansion, a move of a relatively long distance, presents potential 

regulatory obstacles. Additionally multiple wells may need to be relocated to capture the 

water available in storage. 

In order to evaluate benefits of incremental expansion, a number of well field expansion 

options were developed based on the UTD analysis of storage available in incremental 

distances for an eastward expansion. The expansion options selected by City staff and 

members of the advisory committee includes an eastward expansion of the well field 

caving up to 1 mile with the relocation of three existing wells, and a westward expansion 

of the well field caving up to Y2 mile with the relocation of one existing well. 

The proposed westward expansion is into an area where the alluvium is relative wide and 

deep. Initial observation leads to a conclusion that the westward expansion would 

increase "Historical Drought- Proof Yield" by approximately 199 acre feet per year 

(AF/yr) or an amount equal to a Y2 mile eastward expansion as outlined in the UTD 

report. If this is correct, the combination of the 1-mile eastward and the Y2 mile westward 

expansions would provide a "Historical Drought-Proof Yield" that would allow full use 

of the City's IGUCA water right during extended drought conditions. Additionally, 

pipeline and power supply lines extensions associated with the westward expansion 

would be shorter than the easterly expansion recommended in the UTD report. 

Based on the study results, City Staff and members of the advisory committee have 

expressed a desire to pursue implementation of these options. The preliminary cost 

estimate for the design and construction of these options is approximately $1,750,000 

including the cost of the phase 2 aquifer investigation The phase 2 investigation 

includes exploration and field testing of the area proposed for well field expansion. The 

attached map shows the proposed areas for the expansion. 

The exploratory phase of the study will provide drilling and testing needed to locate, 

design and determine an estimate of probable cost for the well or wells for the selected 



Mr. Joe Obholz 
June 3, 2003 
Page 3 

well field expansion options. Additionally the exploratory phase will secure information 

to support the applications for change in the point of diversion that are required by the 

Division of Water Resources permitting process. See attachments for a list of required 

tasks in a generalized sequence, a cost estimate for the exploratory phase and a proposed 

schedule for the exploratory phase (assuming authorization for a June 2003 start date) 

and future design and construction efforts. 

Bums & McDonnell is pleased to be of service to the City of Hays. The assistance 

provided by the staff of the City of Hays during the course of this study is greatly 

appreciated. The project team remains ready to discuss the details of this report at your 

convenience. 

Sincerely, 

David Stous, P.G., P.E. 
Hydrogeologist 

Brian Meier 
Assistant Project Manager 

Don Novak, P.E. 
Water Supply Engineer 
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BASIC SERVICES 

Scope of Basic Services and Additional Services 
Smoky Hill Well Field Study 

Phase 2 - Exploration/Siting/Cost Development 

1. Investigations/Exploration: 

• Compile list of land owners in the proposed investigation area. 
• Develop and obtain right of entry (ROE) agreements for additional geophysical investigation 

and subsequent test drilling operations. Purchase and easement options to be included in the 
initial agreement if possible. 

• Perform additional geophysical testing as required in the proposed expansion areas. 
• Evaluate geophysical data and select test drilling locations. 
• Modify ROE agreements as required to reflect selected test drilling locations. 
• Complete test drilling and piezometer construction at selected locations for water level 

monitoring and water quality analysis (four or five locations to be completed as 2-inch 
piezometers). 

• Complete test well drilling and construction at selected location (one 8-inch well). 
• Complete minimum 24-hour pumping test and collect water quality sampling 

All exploration activities will include site coordination and oversight by a Bums & 
McDonnell geologist. 

2. Analysis and Reports: 

Provide a summary report containing the results of the Phase 2 investigations. 
The summary report will include analysis regarding suitability of tested sites and 
recommendations for new production well locations. The report will also include discussion 
of water right issues associated with the selected locations. 

After the final acceptance of the Summary Report and selection of the preferred well field 
improvement option including selection of wells to be relocated, a Phase 2 Report will be 
completed and will include a Capital Improvement Plan containing recommended 
improvements, schedule for implementation and opinions of probable project costs. Change 
applications will be submitted following approval of the Phase 2 Report. 

PAYMENT TO ENGINEER 
Projected maximum cost for Phase 2, including project administration and QA/QC, is estimated to 
be $99,000. Please refer to the attached cost detail. 



Unit Price for Additional Services 

Phase 2 includes additional field work required to finalize water right change applications and select 
expansion options. In the event additional services are required the following unit prices will apply: 

Subcontractor Costs 

Drilling 

Labor 

Additional mobilization 
Additional test hole (completed as a piezometer) 
Piezometer well head completion 
Additional test well and pumping test 
Additional 12-hour pumping test 

Surveyor 
Per hour (50 hours included in base scope) 

Right-of-way Agent 
Per hour ( 60 hours included in base scope) 

GeoProbe Investigation 
Per day 

Additional meetings or presentations 

$1,650 
$2,840 

$550 
$9,500 
$1,320 

$115 

$70 

$1,980 

$2,474 

Oversight for authorized additional Geoprobe investigation or drilling will be at the established 
hourly rate. 



BURNS MCDONNELL 
WATER SUPPLY DEPT. 

COST ESTIMATE 
TEST DRILLING AND ANALYSIS 

for 
PHASE II of 

SMOKY HILL RIVER WELL FIELD EVALUATION 

Summary Totals 

Phase 2 - lnvestigations/Ex!;!loration/Re!;!ort 
LABOR 

Senior Level 12 
Senior Level 13 
Associate Level14 
Associate Level 15 

Subtotal Labor 

EXPENSE 
BMcD Travel 
BMcD Non-Travel 
Contractor Fees 
10% Procured Expense Markup 

Subtotal Expense 

Total Estimated Fee for Engineering Services 

04118103 

No. Total 
Hours Cost 

144 
21 
54 
53 

272 $ 33,753 

$ 1,607 
$ 2,494 
$ 55,425 
$ 5,728 
$ 65,254 

272 $ 99,007 



BURNS MCDONNELL 
WATER SUPPLY DEPT. 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

COST ESTIMATE 
TEST DRILLING AND ANALYSIS 

for 
PHASE II of 

SMOKY HILL RIVER WELL FIELD EVALUATION 

PHASE 2 - INVESTIGATIONSIEXPLORA TIONIREPORT 

LABOR 

Preliminary Work 
Compile list of landowners, perform site reconnaissance, kickoff meeting 

Associate Leve/14 
ASSOCiate Levellb 

Sub total 

Develop and Obtain Rights of Entry (ROE) 
Work with land agent to obtain ROE agreements for additional investigation operations 

Senior Leve/13 
Associate Leve/14 
ASSOCiate Levellb 

Sub total 

Additional Geoprobe/Geophyslcal T estlng 

Hours 

12 
8 

2 
8 
8 

Perform geoprobe profiling w/downhole conductivity testing across river valley at selected sites 

1. Mobilization/Demobilization ·assume 1 trips 

Senior Leve/12 6 

2. Site reconnaissance; utility clearance 

Senior Leve/12 2 

3. Observe Geoprobe Work • 5 sites 
Drillilng logs and field oversight 

::>en1or Levell<! 40 

Sub total 

Data Evaluation 
Evaluate geoprobe/geophysical data and select test drilling locations 

Senior Leve/12 4 

Associate Leve/14 4 
AsSOCiate Levellb 4 

Sub total 

Modify ROE Agreements 
Modify ROE agreements as required to reflect test drilling locations and work 

Associate Leve/14 4 
Assoc•ate Levellb 4 

Sub total 

Test Drilling and Ple~ometer Construction 
Perform test dnlling, piezometer construction at selected locations for water level monitoring. Select 

site and coordinate test well drilling and construction 

1. Mobilization/Demobilization • 1 trip 

Senior Leve/12 6 

2. Site reconnaissance; utility clearance 

Senior Leve/12 2 

3. Observe Test Drilling/Select Test Well Site 
Drillilng logs and field oversight 

Senior Leve/12 32 

Associate Leve/14 2 
ASSOCiate Levellb 2 

Sub total 

Test Well Construction and Aquifer Test 
1. Observe test well drilling and construction, complete lithologic log, observe development 

Senior Leve/12 20 

2. Set up equipment, oversee 24-hour (minimum) aquifer pumping test 

::>en1or Levell<! 20 

Sub total 

04/18103 

Total Cost 

'I> :.!, 'f~ 

!I> 2,4(4 

~ !:>,4:.!4 

~ 1,560 

~ 1,114 

~ b,Uf 

~ .~~~ 



BURNS MCDONNELL 
WATER SUPPLY DEPT. 

H. 

I. 

J. 

A. 

B. 

c. 

COST ESTIMATE 
TEST DRILLING AND ANALYSIS 

for 
PHASE II of 

SMOKY HILL RIVER WELL FIELD EVALUATION 

Analysis and Reports 

Prepare a summary report including a Capital Improvement Plan 

Senior Level 12 
Associate Leve/14 
ASSOCiate Leve/1b 

Sub total 

Project Administration 
Project setup, contract procurement, project management 

Senior Leve/13 

QA/QC 
Quality assurance/quality control review of all data and procedures. 

Senior Level 13 
Associate Level 14 
ASSOCiate Levellb 

Sub total 

Subtotal Labor 

PHASE 2 -INVESTIGAT/ONS/EXPLORA TIONIREPORT 

EXPENSES 

Travel 
1. Company Vehicle (daily charge) 
2. Company Vehicle (mileage) 
3. Lodging 
4. Meals (per diem for 1) 
Total Travel 

Non-Travel 
1. Teclhnology Charge (computer, phone, mail, fax) 

2. Misc. Equipment and Supplies 
Total Non-Travel 

Contractors and Outside Rentals 
1. Land Agent 
2. Geoprobe Contractor. Mob., Sampling and Logging at $1800/day 

3. Drilling Contractor • DriiVInstall Monitoring Wells (assume 6 total) 

4. Drilling Contractor- Drill/Install Test Wells, Aquifer Pumping Test 

5. Surveyor 
6. Analytical Lab ·Water Analyses 
7. Soils Lab -Soils Analyses 
B. 
Total Contractor and Outside Rentals 

Plus 10% Markup on Procured Item Expense 

Subtotal Expenses 

04!18103 

12 
24 
24 

_$ ~0 

16 

3 

3 

~ :l,lbU 

272 $ 33,753 

No. Total 

Units Cost 

13 $ 845 
1550 $ 372 

13 $ 845 
13 $ 390 

$ 1,607 

272 $ 2,244 
1 $ 250 

$ 2,494 

1 $ 4,000 
1 $ 7,450 
1 $ 19,500 
1 $ 15,500 
1 $ 5,500 
2 $ 2,500 

15 $ 975 

$ 55,425 

$ 5,728 

$ 65,254 
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1 i Final Siting 

Select test locatton 

Right of Entry(easemenUoptions) 

Test dnlling 

Select finallocat1on 

Ctty Revtew and Selection of Option 

Conduct aqurfer test 

(test well to be abandond) 

Complete analysis 
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-' ,, 
April 1, 2003 

Mr. Elden Hammerschmidt, Director of Public Works 
City of Hays 
1002 Vine St. 
Hays, Kansas 67601 

Interim Report 
Smoky Hill Well Field Study 
BMcD Project Hays 30159 

Dear Mr. Hammerschmidt: 

Draft 

Presented herewith is our letter report on the Smoky Hill River Wellfield Study for the City of Hays in accordance 
with our contract dated April 1, 2002. The purpose of the project is to evaluate the yield of the Smoky Hill Well 
Field and determine measures needed to enable the City to pump their full water right. This letter summarizes the 
results of the data review, well testing, groundwater modeling, water rights review and includes formulation of 
recommendations for additional professional services and improvements for the wellfield. 

A. Data Review 
Burns & McDonnell met with City water plant personnel to review existing records of well performance and 
capacities, previous well-field testing, and to obtain well construction information. The geological and well 
performance data, in addition to information obtained from discussions with City personnel, was used to select 
wells for aquifer testing. 

Specific capacity is a good measure of well performance. Specific capacity is the number of gallons per minute 
(gpm) per foot of drawdown developed in a well (gpm/ft-dd). Comparison of a well's original specific capacity to 
its current specific capacity give indications of loss of well efficiency. Original and current well performance is 
summarized in the following table. 

Specific Capacity Data 
Original Most Recent 

Well Date sc Flow sc Flow Date Percent 
Installed Rate Rate of 

oriqinal 
S-06 01/15/1957 28 305 21 305 04/22/2002 75 
S-07 01/15/1957 29 573 23* 299 07/25/2001 79 
S-08 02/23/1957 27 600 20 463 10/--/2002 74 
S-10 01/17/1967 29 339 30 472 10/--/2002 100+ 
S-11 04/25/1972 38 548 42 540 05/22/2002 100+ 
S-12 07/26/1977 35 600 39 600 07/01/2002 100+ 
S-13 07/18/1977 32 700 36 600 05/03/2002 100+ 
S-14 07/20/1977 43 700 42 600 05/16/2002 98 
S-15 01/14/1980 29 316 31 317 05/11/2002 100+ 
S-16 12/05/1982 39 506 51 557 07/--/2001 100+ 
S-17 12/10/1982 25 506 16* 266 10/17/2001 66 
S-18 07/30/1990 24 400 23 510 06/27/2002 96 .. 

*Wells treated and rehabthtated m October 2002. 
Well S-7 Specific capacity 27 gpm/ft-dd at 409 gpm, 93% of original 
Well S-17 Specific capacity 21 gpm/ft-dd at 513 gpm, 84% of original 

SHRWFSrptr4 4-17-03 1 
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Additionally, City records contained information concerning previous test drilling and pumping tests. Some of 
these tests were conducted at a relatively low pumping rate. The results may not reflect well yield conditions at 
higher rates, but can give a general idea of aquifer parameters at the test location. The previous testing 
information is summarized in the following table: 

Well 

TW 9-95 

TW 9-95 

TW 10-95 

TW 11-95 

TW 12-95 

TW 13-95 

S-7 

S-10 

S-12 

S-13 

S-16 

S-17 

Notes: 

Monitoring Distance 
Well {ft) 

Pumping 1 
Well 

20-94 140 

1-95 120 

Pumping 1 
Well 

15-94 20 

8-95 10 

Pumping 1 
Well 

Pumping 1 
Well 

Pumping 1 
Well 

Pumping 1 
Well 

Pumping 1 
Well 

Pumping 1 
Well 

Previous Pumping Test Data 
Smoky Hill Well Field 

Test Flow Solution Duration 
Date (gpm) 

1/24/95 94.2 Cooper- 4 hours 
Jacob 

1/24/95 94.2 Theis 4 Hours 

1/25/95 94.2 Theis 4 Hours 

1/25/95 94.2 Cooper- 4 Hours 
Jacob 

1/26/95 94.2 Theis 4 Hours 

1/26/95 94.2 Theis 4 Hours 

8/3/95 380 Cooper- 6 Hours 
Jacob 

1/9/92 340 Cooper- 6 Hours 
Jacob 

1/14/92 335 Cooper- 6 Hours 
Jacob 

1/15/92 150 Cooper- 6 Hours 
Jacob 

1/17/92 205 Cooper- 6 Hours 
Jacob 

1/20/92 335 Cooper- 6 Hours 
Jacob 

T s Data Source 
ft2/day 
4,733 NA GWA 1995 

Report 
6,861 0.00015 GWA 1995 

Report 
14,544 1.7 E-5 GWA 1995 

Report 
7,562 NA GWA 1995 

Report 
6,461 8.1 E-5 GWA 1995 

Report 
8,402 6.1 E-7 GWA 1995 

Report 
8,938 NA Hays Water 

Plant 
7,430 NA Hays Water 

Plant 
8,961 NA Hays Water 

Plant 
4,780 NA Hays Water 

Plant 
4,173 NA Hays Water 

Plant 
4,115 NA Hays Water 

Plant 

T =Transmissivity, S = Storativity, NA =not applicable (S could not be calculated). Storativity must be 
analyzed from observation well data. This data was not provided or sufficient for analysis of Wells 8, 11, 14, 
15, and 18. Transmissivity is a measure of the ability of an aquifer to transmit water. It is a function of the 
aquifer thickness and aquifer permeability. Storativity is the volume of water that can be released or taken 
into storage (same as storage coefficient) 

B. Aquifer Pumping Tests 
Wells S-7 and S-17 were selected for additional aquifer testing. Testing of Well S-7 occurred on June 12, 2002. 
Water levels were monitored in the well and in the nearby monitoring well. After initial pumping, it was 
determined that the monitoring well was clogged and not in good communication with the aquifer. Layne
Western attempted to re-develop the monitoring well, but final test data indicated that their efforts were not 
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successful. Data from the pumping well provided a good estimate of transmissivity; however, the storativity can 
not be determined from pumping well data alone. The results indicate a transmissivity of approximately 5,500 
feet2/day 

Testing of Well S-17 occurred on June 11,2002. A new 2-inch PVC monitoring well was installed near wellS-

17 as part of this study. The data were analyzed using Theis, Cooper-Jacob and distance-drawdown methods. 
The values oftransmissivity from the monitoring well and the distance-drawdown analysis generally agree, 

averaging about 2,650 fed/day. Storativity evaluated from the monitoring well is 0.009, which indicates a semi
confined condition due to the overlying clay layers. 

The test data and analyses for the well tests are summarized in the table below. The information was provided to 
the University of Texas - Dallas (UTD) for input to the groundwater model of the well field developed as part of 
their project assignment. 

Well Distance 
(ft) 

S-17 1 
MW-17 39 

S-7 1 

Results for 
2002 Pumping Test Data 

Smoky Hill Wellfield 

Test Flow Solution Duration 
Date (gpm) 

6/11/02 350 Theis 24 hours 
6/11/02 350 Cooper- 24 hours 

Jacob 
Distance- 24 hours 
Drawdown 

6/12/02 350 Theis 24 hours 

T s 
Ft2/min ft2/day 

3.94 5,674 NA 
1.93 2,779 0.009 

2,562 0.4** 

3.78 5,450 NA 
MW-7 24 6/12/02 350 Theis 24 hours Data Unreliable 

Distance- 24 hours Data Unreliable 
Drawdown 

Notes: Monitoring Well MW-7 appeared not to fully respond to pumping of Well S-7 
**-Value is outside the range normally observed for alluvial aquifers -data may be 

unreliable 

C. Step Test Analyses 
As part of its assignment, Bums & McDonnell was requested to conduct step tests on two ofthe City's wells to 

evaluate well efficiency and pumping equipment condition. 

Step tests were performed on Wells S-7 and S-17 prior to the constant rate pumping test conducted in June 2002. 

During the step tests, depth to water, discharge rate and discharge pressure measurements were recorded. 
Pumping test information is included in Appendix A. 
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1. Well efficiency 
Well S-7 
The step test for S-7 was conducted on June 12, 2002. Each step consisted of pumping the well 
continuously for 30 minutes at the specified rate. The following table shows the pumping rate, drawdown 
and calculated specific capacity for each step. The 24-hour specific capacity at the conclusion of the 
constant rate test is also shown for comparison. The pumping levels and general configuration of the well 
is shown in Figure 1. 

Step Test for Well S-7 

Step Rate Drawdown Specific Capacity 
1 146 4.79 30.5 
2 363 13.21 27.5 
3 503 18.79 26.8 

24 hour 351 11.8 29.7 

The original specific capacity of Well S-7 is reported to be 31.2 gpm/ft-dd. Data from the recent tests 
shows that Well S-7 specific capacity is near original, indicating the recent maintenance has been 
effective in keeping the well operating near its installed efficiency. 

Well S-17 
The step test for S-17 was conducted on June 11, 2002. The following table shows the pumping rate, 
drawdown and calculated specific capacity for each step and the 24-hour specific capacity at the 
conclusion of the constant rate test. The pumping levels and general configuration of the well is shown in 
Figure 2. 

Step Test for Well S-17 

Step Rate Drawdown Specific Capacity 
1 184 10.58 17.4 
2 404 21.50 18.8 
3 545 29.08 18.7 

24 hour 350 17.6 17.6 

The original specific capacity of Well S-17 is reported to be 17.2 gpm/ft-dd. Data from the recent tests 
shows that Well S-1 7 specific capacity is slightly above original. It is not uncommon for well specific 
capacity to increase with time. Well treatments or normal use can continue to "develop" (remove fine 
sediment) the well, making it more efficient. If sediment is entering the well during normal operation, 
pump wear may occur and sediment buildup can occur in the collection pipeline. 

2. Pump Efficiency 
Data from the step test was used to develop a field pump curve. The data points were plotted on copies of 
the original pump curve for comparison and are shown in Figures 3 and 4. The original and current field 
pump curve for well S-7 are very close, possibly indicating a slight amount of wear. The small difference 
between the two curves may also be due to minor inaccuracies in the pressure gage or discharge meter 
readings. In general, the pump in S-7 appears to be in good condition. 
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Field test data for the pump in S-17 indicates reduced performance when compared to the original pump 
curve. This difference is more pronounced with increasing flow, indicating pump wear or plugging in the 
pump and column pipe. At the 400-gpm rate, tests indicate about a 20 to 25 percent decline in pump 
capacity meaning the pump will produce less water under normal system pressures than when it was new. 

These results suggest that the well and pump should be scheduled for inspection (and cleaning and 
maintenance if needed) in the relatively near future. If the impellers or wear rings are worn, the well 
should also be inspected for sediment entering the well. 

Field pump curves should be developed for all wells every 3 to 5 years. This information is used to 
evaluate pump performance and to schedule maintenance to reduce the incidence of catastrophic failure 
and unscheduled repairs. 

D. Water Rights Review 
The City of Hays' Smoky Hill River Wellfield contains 12 wells that operate under three water rights issued by 
the Kansas Department of Agriculture, Division of Water Resources. The water right permits are listed below: 

File Status Priority Date Wells Quantitv (AFY) Rate (gnm) 
1,248 Certified March 2, 1953 1,600 2,000 when operated simultaneously 
5,757 Certified July 3, 1956 900 2,900 (combined with file 1,284) 
33,296 Certified July 19,1979 16 & 17 300 615 

Original total 2,800 

The well field lies within the Smoky Hill Intensive Groundwater Use Control Area (IGUCA). With the creation 
of the IGUCA, annual quantities of the well field was limited to 2,285 acre-feet per year. The IGUCA limited 
quantity is the volume used for the drought yield studies conducted by UTD. 

Recent studies in the well field by UTD have been centered on the potential expansion of the well field in an 
easterly direction to provide well separation and provide additional available storage to use during drought 
periods. The area targeted by UTD for expansion falls within the river valley in Section 36. 

Although some area water rights have recently been dismissed, the Division of Water Resources indicates that 
they consider the area closed and no additional water rights are available. Even if new rights were available, they 
would be subject to minimum desirable streamflow restrictions (MDS). K.S.A 82a-703b. MDS restrictions 
would potentially result in a new welVwater right being unavailable during critical drought periods. 

Because of the early priority dates, Hays' existing water rights within the SHRWF are exempt from MDS and can 
be pumped even during periods of little or no flow in the Smoky Hill River. Therefore, development of the full 
(IGUCA) water right by expanding the well field is the only apparent alternative to insure additional water during 
dry periods. Well field expansion can be implemented through the transfer of existing wells/water rights to the 
area targeted for expansion. 

The regulatory mechanism for the transfer would be filing an Application for Change in Point of Diversion. 
Historical guidance regarding maximum allowable distances for changes has been lh. mile. However the 
regulations indicate that a change in the point of diversion is acceptable when it falls within "the same local 
source of supply" and meets applicable spacing requirements. Thus the easterly limit for an expansion facilitated 
through a change in the point of diversion would be the confluence of the Smoky Hill River and Big Timber 
Creek (BTC). Additionally the Y4-mile spacing would be required between the new diversion point and an 
existing water right near the Smoky Hill River and Big Timber Creek confluence. 
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An expansion of the well field to the western edge of Section 36 would constitute a change in the point of 
diversion greater than one mile. Thus, approval of a "change" application would be contingent on providing proof 
that the selected diversion point in Section 36 falls within the same local source of supply. DWR has historically 
allowed moves of similar distances for surface water diversions and for wells in alluvial systems. Geologic and 
aquifer test data that would be developed during the exploration phase could potentially be utilized to provide the 
required information. 

A portion of the above information was derived from a meeting with Scott Ross (DWR Stockton Field Office) on 
August 14, 2002 in Stockton, KS. Additional information was received through discussions with the Topeka 
DWR office and research of existing regulations. 

Following a letter received from Scott Ross addressing several questions about the potential change of the point of 
diversion, a teleconference was held on February 10, 2003 for a more in depth discussion of the issues. The 
issues identified are listed below: 

• Relocations must be in the same local source of supply (no adverse impacts to other users can be allowed) 
• The relative priority of water right should not change 
• Relocations in a closed basin can not be moved any closer to a river than 10 percent of the original 

distance between well and river 
• The USGS gaging station "below Scheonchen" was installed as a part of the permit approval of Hays 

water right 33,296. Impacts to the intent will have to be considered. 
• Well spacing of 114 mile must be maintained between the proposed well location and existing large 

capacity wells. 

Details of each of the identified issues are presented below. The information comes from the exchange of letters 
from DWR, two conference calls and discussions with individual DWR staff. 

• Same Local Source of Supply 
The purpose of requiring a well to be relocated in the same local source of supply is to prevent new 
impacts to other users due to a well move. Typically, DWR has restricted a well relocation to Yz mile to 
insure the well is in the same local source of supply. However, in river and river alluvial systems, moves 
of greater distances have been approved if the same local source can be proved with no impacts to other 
users. The UTD study recommended expansion of the well field to the confluence of the Smoky Hill 
River with Big Timber Creek. This expansion is beyond the normal 1;2 mile relocation limit. The 
following items discuss the DWR concerns about the proposed limit. 

Continuous Hydraulic Connection: 
The UTD report was submitted to support the concept that the alluvial aquifer is continuous from the 
existing well field to the confluence with Big Timber Creek. In the UTD report, a figure appears to 
show no alluvium in reaches of the river; however, due to land access issues this portion of the river 
channel was not included in the recently completed UTD geophysical study. As a result, specific 
geologic detail is not available for a portion of the river channel between the existing well field and 
the proposed new well locations in section 36. Based on probable geological processes in the 
formation of the river valley and alluvial aquifer, it is a high probably that the aquifer is continuous. 
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Surface Water Impacts: 
Flow duration curves have been provided to illustrate the impact of the proposed well field 
reconfiguration and subsequent operation on surface water flows. The flow duration information 
indicates that river flows would not be decreased in comparison to historical data. 

Groundwater Impacts: 
Groundwater model runs have been completed to illustrate the groundwater impacts of wells 
operating at the proposed new locations. The model run does not indicate the potential for 
impairment of any existing groundwater right holders. An additional model run may be developed 
when a final well location is determined. 

• Relative Priority of Water Rights: 
This issue involves the potential movement of senior water rights to a point down stream of a junior water 
right and the potential impact in regard to future administration of the water rights. 

This issue could be eliminated by well field reconfiguration scenario detailed on the attached map. The 
junior water rights associated with S 16 & S 17 would be transferred to section 3 6 to points near the 
confluence of SHR and Big Timber Creek (BTC). 

• USGS River Gage Below the Hays Well Field: 
A river gage was installed in section 26 as a component of the approval of file 33,296. The river gage is 
approximately Y2 mile east or down stream of S 17. The changes indicated on the attached map would 
result in the gage being located upstream from the proposed locations of S 16 and S 17. Scott Ross is 
going to research the relationship of the gage to the administration of file 33,296. 

• Application of the 10% Rule: 
This rule basically states that the replacement location for any well within a closed area cannot be moved 
more than 10% closer to the river. The intent of the rule is to prevent any increase in the percentage of 
surface water that is diverted by a groundwater well. Scott Ross was going to provide the City of Hays 
with the exact language of this statute. Adherence to this rule in conjunction with relocation of wells to 
the east of the existing well field, specifically section 36 will become very difficult due to the narrow 
river channel in this area. A USGS method to evaluate rate and volume of stream depletion by wells 
(known as the Jenkins method) will be used to analyze any resulting change to surface water diversions· 
resulting from a well relocation and provide support for a request for a variance of this rule. 

• Well Spacing Waiver: 
Relocation of well S-17 to a point near the confluence with Big Timber Creek, as recommended by the 
UTD study, would place the new well within the well spacing limit with a well located in the alluvium of 
Big Timber Creek. The attached map shows a proposed location for the replacement of S 17. The UTD 
study indicates an apparent hydraulic barrier between the proposed well location and the existing well. 
Additional information from UTD will be provided to further document the hydraulic barrier in support 
for a variance request to allow well construction at the proposed location. 

In response to the issues identified by DWR, Bums & McDonnell prepared and submitted a package of 
supplemental material, included in Appendix B, to show that there is no additional impact to other water users due 
to the proposed relocation options. The supplemental material includes groundwater modeling to evaluate 
groundwater impacts, several flow duration curves to demonstrate that there will be very little additional impact to 
the surface water system from Hays utilizing their full IGUCA water rights, and an evaluation of the amount of 
flow diverted from the river if a well was relocated closer to the river than 10 percent of it's current location. The 
flow diversion analysis was prepared utilizing the Jenkins method as documented by the USGS. 
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After initial review and general acceptance of the methodology, DWR stated that they could not make further 
comments until the actual change application(s) is filed. The application will have to have specific field 
information to be considered (test boring logs, etc). 

E. Groundwater Modeling 
Smoky Hill River Well Field simulations were made using a groundwater flow model provided by Tom 
Brikowski at UTD. The model, in steady-state mode, was used to simulate various pumping scenarios to 
determine an optimal well field configuration and pumping rates that would allow the City to obtain its full 
(IGUCA) water right of 2,285 acre-feet per year (AFNR). Presented in this section are the model construction, 
well field simulations, and conclusions related to the well field modeling. 

The well field simulation modeling was performed using MODFLOW, a modular, three-dimensional, 
finite-difference groundwater flow model. The model was constructed under the supervision of Dr. Tom 
Brikowski at UTD. MODFLOW is a well-documented groundwater model that is widely used and accepted by 
many regulatory agencies. Refinement of the model calibration by UTD is ongoing. No attempt was made by 
Burns & McDonnell to perform additional calibration of the model. In addition, simulation of "no river flow" 
conditions was not attempted because steady-state modeling is not appropriate in this case. 

1. Model Construction 
An exhaustive discussion of the model construction is beyond the scope of this letter report. Details of 
the model construction will be available from UTD at a later date. A brief summary of the model 
construction is presented in the following paragraphs. 

The model consists of five layers. Layers 1, 2, and 3 represent the valley fill material, including the 
Smoky Hill sand and gravel aquifer. Layers 4 and 5 represent bedrock underlying the aquifer. 

Boundary conditions in the model include no-flow boundaries (where the aquifer is not present), stream 
cell boundaries (simulating the Smoky Hill River), and wells (simulating the Schoenchen Well Field). 
Well cells were also used to simulate inflow to the aquifer from the western boundary of the model. 
Stream inflow is set at 50 cubic feet per second (cfs) and each stream cell has a constant water depth of 
0.5 meter. 

Model transmissivity (the ability ofthe aquifer to transmit water) and leakance (the rate of flow between 
model layers) were set by UTD based on lithology and pumping tests perfonned in the well field during 
the summer of 2002. The model also simulates recharge at the margins of the aquifer. 

2. Well Field Simulations 
Initial water level conditions for each modeling scenario were calculated by performing a modeling run 
with no well pumpage (see attached Figure 5 at the end of the text section). Subsequently, five modeling 
scenarios were performed to aid in determining the optimal configuration and pumping rates necessary for 
the City to obtain its full water right of 2,285 AFNR. Later scenario 6 was run for DWR to demonstrate 
that groundwater impacts of the new well location are not greater than what is currently being 
experienced in the aquifer. 

The scenarios are listed below: 

Scenario 1 10 existing wells pumping at 141.6 gallons per minute per well (gpm/well) 

Scenario 2 4 existing wells (8, 10, 11, and 17) at 354 gpm/well 

Scenario 3 3 existing wells (8, 10, and 11) and 1 new well (in Section 36) pumping at 354 gpm/well 
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Scenario 4 9 existing wells and 1 new well (in Section 36) pumping at 141.6 gpm/well 

Scenario 5 2 existing wells and 2 replacement wells pumping at 141.6 gpm/well 

Scenario 6 Well17 pumping at current location and at proposed location near Big Timber Creek 

3. Model Results 
The initial water table condition as simulated by the model is shown in Figure 5. Results of the modeled 

pumping scenarios are presented in Figures 6 to 10 at the end of the text section. Based on the conditions 

set in the model, it appears that each of the configurations would be capable of supplying the City's full 

(IGUCA) water right of 2,285 AFNR when the river is flowing. Several of the high-capacity scenarios 

show draw down that could cause water levels to fall below the tops of the screens if wells are not kept at 
top efficiency. 

The model results indicate maximum draw downs of less than 6 meters at any individual well for 
simulated steady-state conditions. The model assumes steady-state operation (well operating all the 
time); however, wells are actually operated periodically, which allows recovery of the water levels when 

the well is not being pumped. Drawdown shown in the model output is the average for the entire model 

cell which is representative for the aquifer. The drawdown shown is not representative of pumping water 
levels in a well. 

F. Conclusions 
Based on the modeling results and review of existing data, the City should be able to obtain its full (IGUCA) 

water right using several variations of well configuration and pumpage. During conditions with river flow, the 

current well field configuration should be sufficient (assuming that all wells are in good conditions) to produce 

the water needed. During dry conditions the City may need to increase the number of wells pumping and reduce 

the pumping rates in order to maximize yield and minimize drawdown as shown in Model Scenarios 1 and 4. For 

extended dry periods, additional water from storage may be required as discussed in the UTD report. The 

additional water from storage can be obtained by lowering water levels and/or laterally expanding the well field to 

include a greater storage volume. 

A general rule of thumb for alluvial aquifers such as the Smoky Hill River Well Field is that the maximum 

amount of water that can reasonably be recover is about 50 percent. Greater amounts are possible with special 

techniques. There are several dangers in routinely operating the well field in a drastically drawn down condition. 

These include accelerated deterioration of the well, well screen, surrounding gravel pack and aquifer materials, 

and potential water quality deterioration because of aeration of the aquifer materials. 

In addition to the well field configuration, the individual wells and pumps must be maintained in good condition 

to be able to extract the water from the aquifer. Additionally, the collection and delivery system must be 

maintained in a good condition so that there is not a restriction of flow being transported to the City. Specific 

recommendations are presented below: 

G. Recommendations 
1. Data review of the existing wells show that most appear to have satisfactory performance 

characteristics. The following graph presents a generalized overview of well condition and ability to 
produce. In the graph, yield in gpm is plotted with the current well efficiency as a percent of the 

well's original specific capacity. The graph visually identifies wells that should be scheduled for 

maintenance, considered for additional analysis or possible replacement. Current specific capacity 
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data provided by City staff indicates that wells 6, 7, 8, 12, 14, 15 and 17 are in need of well 
rehabilitation at this time. 

At a minimum, Wells S-6 and S-8 should be scheduled for cleaning or rehabilitation. However if 

analysis of a wells maintenance history indicates poor response to treatment or a large number of 

treatments are required to keep the well operating efficiently, the well(s) may be a candidate for 

replacement. If the wells need to be replaced, more frequent monitoring and possible well treatments 

should be provided to help insure that the wells can operate sufficiently to help meet system demands 

until their replacement is operational, especially in times of drought. 

Although Well S-15 is at its original specific capacity, its test rate was one ofthe lowest. Additional 

evaluation will determine if this well has potential for higher yields. 
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In the event any well loses specific capacity rapidly after treatment, further analysis of the well should 

be conducted to determine the cause of well efficiency loss and determine if the well should be 

replaced or if operational changes would help. If partial plugging of wells is causing pumping water 

levels to drop into the screen, accelerated plugging and declines in efficiency will occur. If screens 
are exposed to the air, oxidation of minerals in the groundwater will accelerate mineral encrustation. 

When well screens become plugged or encrusted with minerals, there is less open space for water to 

enter. Smaller open area caused faster water-entrance velocity, which accelerates the plugging 

process. Reducing pumping rates is one operational change that may be beneficial in extending the 

period between well maintenance by maintaining water levels above the top of screens. 
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From a well efficiency consideration, it appears that Well S-6 would be the first well to be replaced. 
Well S-8 may also need replace in the near future because of its low efficiency. 

2. The City is taking a good approach to well maintenance by monitoring specific capacity and 

scheduling maintenance as needed. Some additional items are suggested for inclusion in a 

maintenance plan to provide additional information for operation personnel. These suggestions will 

help City monitor the "health" ofthe wells and pumps, allowing the City to plan for needed 
maintenance and to reduce the incidence of catastrophic failure. These suggestions include: 

• Evaluate graphs of pumping water levels in each well and specific capacity of each well on a 

quarterly basis (Trends are much easier to detect in graphs than in tables of numbers). Wells that 

fall below 85 percent of their original specific capacity should be scheduled for treatment and 

rehabilitation. The general rule of thumb is that wells should be treated if their specific capacity 

falls below 75 percent of original; however, all well fields are different and operating experience 

in the Smoky Hill Well Field indicates that it is more cost effective to treat a well when it drops 

85 percent. Smoky Hill wells that drop to 75 percent have been found to require multiple 

treatments to return a well to its original efficiency whereas treatment of a well when it drops to 

85 percent generally requires only a single treatment at a lower over all cost. Wells that exhibit 

change in trends should be monitored more closely for potential problems. 
• Wells should be sounded (measure the depth to the bottom) on a quarterly basis to determine if 

sediment is accumulating in the well that will potentially block water inflow. Wells with more 
than three (3) feet of sediment should be scheduled for treatment and rehabilitation. 

• Wells and pumps should be "step-tested" every 2 to 3 years. The step-tests can also be conducted 

in conjunction with scheduled well rehabilitation treatments. Data from the step test is used to 

develop a field pump curve. Comparison of the field pump curve with the original pump curve 

will provide indication of pump wear. Pumps with significant wear can be scheduled for repair. 

3. Expanding the Smoky Hill Well Field will help provide the City's full (IGUCA) water right during 

extended dry conditions. 

Expanding to the east and/or west will make additional water that is in aquifer storage available for 

recovery during times of no river flow. The well locations recommended by UTD will add 
significantly to the water in storage available to the City by moving a relatively long distance from 

the existing wells assuming that water in storage between the wells can be captured. Several wells 

may be needed to fully capture the available water in storage. 

Expansion to the west will not make as much water in storage available; however, the aquifer is 

deeper which would allow higher capacity wells. Additionally, pipeline and power supply lines 

would be shorter than the easterly expansion. 

In order to evaluate benefits of incremental expansion, a number for well field expansion options 

were developed based UTD analysis of storage available in incremental distances for an eastward 

expansion. The expansion options are summarized in the following table. Maps of the options are 

included Appendix C. 
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Well Field Expansion Options 

Option Number "Historical Additional Annual Yield Relative 

of New Drought-Proof' Costs5 

Wells Yield Incremental Total 

(AF/yr) 1 (AF/yr) (AF/yr) 

Current Well Field - 1620 - - -
Option 1 
Option 2 :J. 
Option 3 
Option 43 

~ 

Notes: 
1 
2 
3 

4 
5 

2 1819 199 199 
32 2060 241 440 
42 2108 48 488 

1 
4 - - -

From Dr. Brikowski memorandum to Paul Montoia, December 2, 2002 

Wells could be phased, not all would have to be installed immediately 

$700 000 
$1,200 000 
$1,400 000 

$450,000 

Option 4 can be combined with any other options for better well spacing and additional 

storage capacity. 
The UTD study did not evaluate additional storage available with a western expansion. 

Relative costs are for comparison only and do not represent a complete budgetary 

analysis or detailed engineering estimates. 

The proposed location for a well in option 4 is in an area where the alluvium is relative wide and 

deep. Initial observation leads to a conclusion that option 4 would increase "Historical Drought

Proof Yield" as much as option 1. If this is correct, option 2 plus option 4 would provide a 

"Historical Drought-Proof Yield" that would allow full use ofthe City's water right in extended 

drought conditions. 

Options 1 and 4 represent the scenarios most compatible with standard DWR "change in point of 

diversion" limitations and are most likely to be approved. 

The combination of options 1 and 4 would provide approximately 400 AF/yr of storage, thus raising 

the "Historical Drought-Proof' yield to 2020 AF/yr. This equates to 88% of maximum IGUCA 

diversion quantity. Based on the data provided in the UTD study and the implementation of options 1 

and 4 the well field will be capable of producing the full IGUCA water right approximately 99.4% of 

the time. 

4. The exploratory phase of the study will provide drilling and testing needed to locate, design and 

determine an estimate of probable cost for the well or wells for the selected well field expansion 

option. See Attachment A for a list of required tasks in a generalized sequence, a cost estimate for the 

exploratory phase and a proposed schedule for the exploratory phase and future design and 

construction efforts. 

5. An operation plan for the Smoky Hill River Well Field should be completed to establish well and well 

field pumping rates for various river flows. The following plan is proposed for discussion: 

• River flow greater than 2 cfs - Operate wells as needed with the City's standard operating and 

maintenance plans. 
• River flow less than 2 cfs- Operate alternating wells only (no adjacent wells). Begin weekly 

water level measurements in each well. 
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• No river flow - Begin daily water level measurements. Reduce individual well pumping rates to 

maintain pumping water level three (3) feet above screens. Adjacent wells can be operated at 

rates of 200 gpm or less. 

Maintaining pumping water levels above well screens is critically important. Aeration of the screens 

will accelerate encrustation and plugging of the screen and gravel pack. Prolonged exposure to air 

can facilitate encrustation that may be impossible to remove. Exposing screens in wells should only 

be allowed on an emergency basis. 

As static water levels decline, the "available drawdown" of the well is reduced. Available drawdown 

is the distance from static water level to the top of the screen. For example if "normal available 

drawdown" is 20 feet and actual drawdown is 15 feet, there remains 5 feet of submergence (water 

above the top of the screen). However, if the static water level declines 10 feet and there is no 

reduction in pumping rate, the pumping level is dropped to 5 feet below the top of the screen. This is 

illustrated in Figure 11. The recommendation of reducing pumping rates when water levels reach 3 -

5 feet above the screen is to allow a safety factor for well operation. See Attachment B for costs 

associated with developing a Smoky Hill Well Field Operation Plan. 

6. Consideration should be given to the development of a formal "Well Rehabilitation and Pump 

Maintenance Plan" for the Smoky Hill River Well Field. A formal plan would be based on an in 

depth review of the maintenance history of individual wells and their response to rehabilitation 

procedures. The plan would also establish guidelines for data collection related to monitoring well 

and pump performance. The goal of a the plan would be to establish standardized monitoring and 

maintenance procedures thus reducing well rehabilitation and maintenance costs while increasing 

reliability. See Attachment B for costs associated with developing a "Well Rehabilitation and Pump 

Maintenance Plan 

7. An engineering study to develop a "Combined Well Field Operation Plan" is suggested. Each City 

well field has operating constraints and does not individually provide a firm supply (a supply that 

would totally meet the demand under all conditions). Additionally, the City is using water being 

treated from remediation sites that must be used continuously. The Combined Well Field Operation 

Plan would detail when and how much water to use from each well field to meet demands to optimize 

use of available water resources. The plan would also allow evaluation of operational costs to 

optimize the entire water supply system. See Attachment B for costs associated with developing a 

"Combined Well Field Operation Plan." 

8. A hydraulic analysis of the well field collection system is suggested. The hydraulic analysis of the 

collection system would provide information about the limits of the delivery system and obstacles 

that may impede delivery of additional water from the well field improvements. A hydraulic model 

would provide an operational tool with the ability to predict total raw water production under 

different operating scenarios. At present, our understanding is that the booster pumps are not 

operated. See Attachment B for costs associated with completing a hydraulic analysis of the Smoky 

Hill River Well Field raw water collection system. 

9. In accordance with Mr. Montoia's request, a preliminary opinion of probable cost to replace the East 

Chlorination Station has been prepared. The design assumptions are that the station will treat up to 

1,200 gpm to a level of 2 mg/L of sodium hypochlorite. For general planning purposes, the cost is 

estimated to be $150,000. Attachment B contains costs associated with a more detailed engineering 

evaluation ofthe collection system, chlorination procedures, location of chlorination facilities and 

developing options for potential chlorination system upgrades. 
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For future consideration, a feasibility study for an aquifer storage and recovery plan is suggested. Such a study 

would investigate storage of excess water from the Smoky Hill River Well Field during times of high flows. The 

stored water would then be recovered in times of water shortages. The feasibility study would consider the 

geochemical compatibility of the water to be stored with in situ groundwater, the anticipated volume that could be 

stored, regulatory and treatment requirements, and cost of the project, if feasible. 

Burns & McDonnell is pleased to be of service to the City of Hays. The assistance provided by the staff of the 

City of Hays during the course of this study is greatly appreciated. The project team remains ready to discuss the 

details of this report at your convenience. 

Sincerely, 

David Stous, P.G., P.E. 
Hydrogeologist 

Brian Meier 
Assistant Project Manager 
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Appendix A 
Well testing information 
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Time (min) 

THEIS VERIFICATION 

Data Set: D:\AQTSLVE\S7NEW.AQT 
Date: 06/24/02 Time: 15:31:55 

PROJECT INFORMATION 

Company: Hays 
Project: 30159-3.20 
Test Location: Smoky Hill Well Field 
Test Well: S-7 

-
Test Date: 6-11-2002 

AQUIFER DATA 

Saturated Thickness: 40. ft Anisotropy Ratio (Kz/Kr): 1. 
- -

WELL DATA 

Pumping Wells Observation Wells 

I Well Name 
I 

X (ft) 
I 

y (ft) 11 Well Name I X (ft) 
0 0 I 1 S-7 I 0 S-7 

SOLUTION 

Aquifer Model: Unconfined T = 3. 785 tt2/min 

Solution Method: Theis s = 0.001408 

I y (ft) I 
I 0 I 



. 
• 

¢? -.... c 
Q) 

E 
Q) 
0 
CIS 
a. 
(/) 

i5 
"0 
2 
0 

~ 
0 

(..) 

10. 

1. 

0.1 

-·---------------------------
--------.---------

1. 10. 100. 1000. 1.E+04 

Time (min) 
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Data Set: D:\AQTSLVE\MW7NEW.AQT 
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PROJECT INFORMATION 

Company: Hays 
Project: 30159-3.20 
Test Location: Smoky Hill Well Field 
Test Well: S-7 

-
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AQUIFER DATA 

Saturated Thickness: 40. ft Anisotropy Ratio (Kz/Kr): 1. 
- -

WELL DATA 

Pumping Wells Observation Wells 

I Well Name 
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X (ft) 

I 
y (ft) II Well Name 

I 
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SOLUTION 

Aquifer Model: Unconfined T = 26.04 tt2/min 

Solution Method: Theis s = 0.05432 
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THEIS VERIFICATION 

Data Set: D:\AQTSLVE\MW7NEW.AQT 

Date: 06/24/02 Time: 15:34:16 

PROJECT INFORMATION 

Company: Hays 
Project: 30159-3.20 
Test Location: Smokl' Hill Well Field 
Test Well: S-7 
Test Date: 6-11-2002 

AQUIFER DATA 

Saturated Thickness: 40. ft Anisotropy Ratio (Kz/Kr): 1. 
-- -

WELL DATA 

Pumping Wells Observation Wells 

I Well Name 
I 

X (ft) 
I 

y (ft) II Well Name 
I 

X (ft) 
I 

y (ft) 

I S-7 0 0 o MW-7 24 0 

SOLUTION 

Aquifer Model: Unconfined T = 32.33 tt2/min 

Solution Method: Cooper-Jacob s = 0.04449 
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THEIS VERIFICATION 

Data Set: D:\AQTSLVE\S17NEW.AQT 
Date: 06/19/02 Time: 13:36:33 

PROJECT INFORMATION 

Company: Hays 
Project: 30159-3.20 
Test Location: Smoky Hill Well Field 
Test Well: §!!_ 
Test Date: 6-11-2002 

AQUIFER DATA 

Saturated Thickness: 40. ft Anisotropy Ratio (Kz/Kr): 1. 
- -

--

WELL DATA 

Pumping Wells Observation Wells 

I Well Name 
I 

X (ft) 

I 
y (ft) II Well Name 

I 
X (ft) 

I 
y (ft) 

I 0 0 1 0 S-17 o S-17 

SOLUTION 

Aquifer Model: Unconfined T = 3.94 tt2/min 

Solution Method: Theis s = 1.059E-05 
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THEIS VERIFICATION 

Data Set: O:\AQTSLVE\MW17NEW.AQT 

Date: 06/19/02 Time: 14:03:42 

PROJECT INFORMATION 

Company: Hays 
Project: 30159-3.20 
Test Location: Smoky Hill Well Field 

Test Well: S-7 
-

Test Date: 6-11-2002 

AQUIFER DATA 

Saturated Thickness: 40. ft Anisotropy Ratio (Kz/Kr): 1. 
- -

WELL DATA 

Pumping Wells Observation Wells 

I Well Name 
I 

X (ft) 
I 

y (ft) II Well Name 
I 

X (ft) 

I 
y (ft) 

I 0 0 39 0 
S-17 o MW-17 

SOLUTION 

Aquifer Model: Unconfined T = 1.932 tt2/min 

Solution Method: Cooper-Jacob s = 0.009289 
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Appendix B 

Supple1nental Information Provided to 
Division of Water Resources 
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City of Hays 
Smoky Hill River Well Field 

Evaluation of impacts on surface water due to proposed well relocation using USGS 

TWRl-Books, Chapter D 1, Computation of Rate and Volume of Stream Depletions by 

Wells, by C. T. Jenkins, 1977. 

This method provides several types of graphical evaluation of well impacts to a river 

based on aquifer parameters of transmissivity and storitivity, pumping rate, pumping time 

and distance between a well and river. 

The basic analysis allows determination of the ratio of stream depletion to well pumpage 

(q/Q) from the "A" curve by determining the value of pumping time divided by the 

"stream depletion factor" (t/sdt). 

The stream depletion factor (sdt) = a2S/T, where 

a = distance between the well and river 
S = storitivity 
T = transmissivity 

The following aquifer parameters were derived from a 24-hour pumping test of well S-17 

on June 11, 2002. 

T = 2,800 ttl/day (5,700 ft2/day from the pumping well) 

s = 0.009 

The map distance from S-17 to the Smoky Hill River appears to be about 660 feet. 

According to the Division of Water Resources permit, Well S-17 is allowed to pump 52.1 

mgy at a rate of300 gpm. The rate would allow 120 days of pumping per year. 

The initial Jenkins analysis for Well S-17 is given below. 

T= 2800 
S= 0.009 
t= 120 
a= 660 

sdf = 1.40 

t/sdf = 85.7 

from chart A 
q/Q 0.937 



Assuming that the aquifer parameters are the same and the well is now 330 feet from the 

river, the analysis is as follows. 

T= 
S= 
t= 
a= 

sdf = 

tlsdf = 

from chart A 

2800 
0.009 

120 
330 

0.35 

342.8 

q/Q 0.960 

The analysis show at if the well were pumped 120 days, the percent diversion would 

increase from 93.7 percent to 96.0 percent, a 2.3 percent increase in river diversion for 

Well S-17 being moved from 660 feet from the river to 330 feet from the river. If T = 

5,700 ft2/day is used, the percentage increase is about the same, 95 percent increasing to 

97.7 percent. 

The Jenkins curves and tables are dimensionless and can be used with any units. If the 

well was pumping 300 gpm, the analysis suggests that 281 gpm is currently being 

diverted from the river. The rate would increase to 288 gpm with the move. 

A graph of the Jenkins curves with the data plotted is included. 
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BASIC SERVICES 

Attachment A 
Scope of Basic Services and Additional Services 

Smoky Hill Well Field Study 

Phase 2 - Exploration/Siting/Cost Development 

1. Investigations/Exploration: 

• Compile list of land owners in the proposed investigation area 

Draft 

• Develop and obtain right of entry(ROE) agreements for additional geophysical investigation 
and subsequent test drilling operations. Purchase and easement options to be included in the 
initial agreement if possible. 

• Perform additional geophysical testing throughout section 26 

• Evaluate geophysical data and select test drilling locations(4 in section 26, 1 in section 36 
and 1 in section 32) 

• Modify ROE agreements as required to reflect selected test drilling locations 

• Complete test drilling and piezometer construction at selected locations for water level 
monitoring and water quality analysis( four or five locations to be completed as 2-inch 
piezometers) 

• Complete test well drilling and construction at selected location (one 8-inch well) 

• Complete minimum 24-hour pumping test and collect water quality sampling 

All exploration activities will include site coordination and oversight by Burns & 

McDonnell 

2. Analysis and Reports: 
Provide a summary report containing the results of the Phase 2 investigations .. 
The summary report will include analysis regarding suitability oftested sites and 
recommendations for new production well locations. The report will also include discussion 
of water right issues associated with the selected locations. 

After the final acceptance of the Summary Report and selection of the preferred well field 
improvement option including selection of wells to be relocated, a Phase 2 Report will be 
completed and will include a Capital Improvement Plan containing recommended 
improvements, schedule for implementation and opinions of probable project costs. Change 
applications would be submitted following approval of the Phase 2 Report. 

Phase 2 total cost, including project administration and QA/QC, is estimated to be $99,000 but is 

not a guaranteed maximum. Please refer to the attached cost detail. 



• 
BURNS MCDONNELL 

WATER SUPPLY DEPT. 

COST ESTIMATE 
TEST DRILLING AND ANALYSIS 

for 
PHASE II of 

SMOKY HILL RIVER WELL FIELD EVALUATION 

Summary Totals 

Phase 2 • lnvestigations/Ex[!loration/Re[!Ort 
LABOR 

Senior Level12 
Senior Level 13 
Associate Level 14 
Associate Leve/15 

Subtotal Labor 

EXPENSE 
BMcD Travel 
BMcD Non-Travel 
Contractor Fees 
10% Procured Expense Markup 

Subtotal Expense 

Total Estimated Fee for Engineering Services 

04118103 

No. Total 
Hours Cost 

144 
21 
54 
53 

272 $ 33,753 

$ 1,607 
$ 2,494 
$ 55,425 
$ 5,728 
$ 65,254 

272 $ 99,007 
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BURNS MCDONNELL 
WATER SUPPLY DEPT. 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

COST ESTIMATE 

TEST DRILLING AND ANALYSIS 
for 

PHASE II of 

SMOKY HILL RIVER WELL FIELD EVALUATION 

PHASE 2 - INVESTIGA T/ONS/EXPLORA TION/REPORT 

LABOR Hours 

Preliminary Work 
Compile list of landowners, perform site reconnaissance, kickoff meeting 

Associate Leve/14 12 

ASSOCiate L8V911tl 8 
Sub total 

Develop and Obtain Rights of Entry (ROE) 
Work with land agent to obtain ROE agreements for additional investigation operations 

Senior Leve/13 2 

Associate Leve/14 8 

ASSOCiate Leve/1b 8 

Sub total 

Additional Geoprobe/Geophysical Testing 

Perform !'jeoprobe profilin!'l w/downhole conductivity testin!'l across river valley at selected sites 

1. Mobilization/Demobilization - assume 1 trips 

Senior Leve/12 6 

2. Site reconnaissance; utility clearance 

Senior Leve/12 2 

3. Observe Geoprobe Work- 5 sites 
Drillilng logs and field oversight 

::;em or LBVB/1;! 40 

Subtotal 

Data Evaluation 
Evaluate geoprobe/geophysical data and select test drilling locations 

Senior Level 12 4 

Associate Leve/14 4 

ASSOCiate Level1b 4 

Sub total 

Modify ROE Agreements 
Modify ROE agreements as required to reflect test drilling locations and work 

Associate Leve/14 4 

ASSOCiate LBVB/1b 4 

Sub total 

Test Drilling and Piezometer Construction 
Perform test drilling, piezometer construction at selected locations for water level monitoring. Select 

site and coordinate test well drilling and construction 

1. Mobilization/Demobilization - 1 trip 

Senior Leve/12 6 

2. Site reconnaissance; utility clearance 

Senior Leve/12 2 

3. Observe Test Drilling/Select Test Well Site 
Drillllng logs and field oversight 

Senior Leve/12 32 

Associate Leve/14 2 

ASSOCiate Level1b 2 

Sub total 

Test Well Construction and Aquifer Test 

1. Observe test well drilling and construction, complete lithologic log, observe development 

Senior Leve/12 20 

2. Set up equipment, oversee 24-hour (minimum) aquifer pumping test 

::;en tor Level1:l 20 

Sub total 

04118103 

Total Cost 

~ :l, '18 

$ 2,474 

~ b,4l4 

~ ,bljlj 

$ 1,114 

_!_ b,OT 

!iii 4,520 
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BURNS MCDONNELL 
WATER SUPPLY DEPT. 

H. 

I. 

J. 

A. 

B. 

c. 

COST ESTIMATE 
TEST DRILLING AND ANALYSIS 

for 
PHASE II of 

SMOKY HILL RIVER WELL FIELD EVALUATION 

Analysis and Reports 

Prepare a summary report including a Capital Improvement Plan 

Senior Level 12 
Associate Level 14 
ASSOCiate Level 10 

Sub total 

Project Administration 
Project setup, contract procurement, project management 

Senior Level 13 

QA/QC 
Quality assurance/quality control review of all data and procedures. 

Senior Level 13 

Associate Level 14 
ASSOCiate Leve110 

Sub total 

Subtotal Labor 

PHASE 2 - INVESTIGATIONS/EXPLORATION/REPORT 

EXPENSES 

Travel 
1. Company Vehicle {daily charge) 
2. Company Vehicle (mileage) 
3. lodging 
4. Meals (per diem for 1) 
Tolal Travel 

Non-Travel 
1. Technology Charge (compuler, phone, mail, fax) 
2. Misc. Equipment and Supplies 
Total Non-Travel 

Conlraclors and Outside Rentals 
1. Land Agent 
2. Geoprobe Contractor- Mob., Sampling and Logging at $1800/day 

3. Drilling Contractor- Drill/Install Monitoring Wells (assume 6 total) 

4. Drilling Contractor- Drill/Install Test Wells, Aquifer Pumping Test 

5. Surveyor 
6. Analytical Lab - Water Analyses 
7. Soils Lab - Soils Analyses 
8. 
Total Contractor and Outside Rentals 

Plus 10% Markup on Procured Item Expense 

Subtotal Expenses 

04118103 

12 
24 
24 

~- -8,040 

16 

3 

3 

''I> 2,760 

272 $ 33,753 

No. Total 

Units Coat 

13 $ 845 
1550 $ 372 

13 $ 845 
13 $ 390 

$ 1,607 

272 $ 2,244 
1 $ 250 

$ 2,494 

1 $ 4,000 
1 $ 7,450 
1 $ 19,500 
1 $ 15,500 
1 $ 5,500 
2 $ 2,500 

15 $ 975 

$ 55,425 

$ 5,728 

$ 65,254 
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Attachment A (continued) 

Unit Price for Additional Services 

Phase 2 includes additional field work required to finalize water right change 

applications and select expansion options. In the event additional services are 

required the following unit prices will apply: 

Subcontractor Costs 

Labor 

Drilling 
Additional mobilization 
Additional test hole (completed as a piezometer) 

Piezometer well head completion 

Additional test well and pumping test 

Additional 12-hour pumping test 

Surveyor 
Per hour (50 hours included in base scope) 

Right-of-way Agent 
Per hour ( 60 hours included in base scope) 

GeoProbe Investigation 
Per day 

Additional meetings or presentations 

$1,650 
$2,840 

$550 
$9,500 
$1,320 

$115 

$70 

$1,980 

$2,474 

Oversight for authorized additional Geoprobe investigation or drilling will be at the 

established hourly rate. 
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Smoky Hill Well Field lnprovement Project 
? 

d Quarter 3rd Quarter 4th Quarter 1st Quarter 2nd Quarter 3 

10 Task Name Duratior M~ Jut JL AL Se ()< Nc De Ja Fe M< AI M~ Jut Jul .. 

1 Final Siting 162d ,.. l 

2 Select test location 7d 

~ ~ Right of Entry(easemenUoptions) 30d 
3 h 

• 

4 Test drilling 30d 4[ ,,,,, .• _h 

5 Select final location 7d 

-----··· .. ---- ---------- ------------- -------· 
6 City Review and Selection of Option 14d ?::\: 

7 Conduct aquifer test 30d 

8 (test well to be abandon d) 30d ~1' ;plf ' ~ 

9 Complete analysis 14d ~ 
10 Finalize lease or purchase agreement 30d I;[ . ' h ~ :~<;' 

11 

12 Water Rights 21d ,.. 
-- - - --- ·- - . --.- ----·- - ·---··-· 

13 File chage application 21d ~ . 
......................... ,, __________ ,,, ........ ..........•....... 

14 

15 Final Design and Construstuction 147d • • 
I 16 Hydraulic analysis 14d b -- -·· - - ------- -------- -- --

17 Final Design & prepare plans and specs 21d 

18 Bid Project 21d ~ 

19 Construction 90d r ,; ;; , ": ~, . r 1r· 'h .. ,;twt:"'·,., ,. h 
. ... ··-······ .... 

20 Project startup 1d 

r I . 
7/6 

21 Operation plan 30d 

I. 
~ '~!',, ,," u.· 

Page 1 



' . . 

Attachment B 
Recommended Additional Water System Services 

Hays, Kansas 

Based on the observations and findings for the Interim Report for the Smoky Hill Well Field Study, several 

additional evaluations or development of formalized plans are recommend for the City's water supply system. 

Some of the recommended plans or evaluations are for the Smoky Hill Well Field and others are for the entire 

water supply system. The recommend additional services are listed below: 

1. Smoky Hill River Well Field Operation Plan 

A Smoky Hill River Well Field Operation Plan will establish well and well field pumping rates for various 

river flows and drought conditions. Maintaining pumping water levels above well screens is critically 

important. Aeration of the screens will accelerate encrustation and plugging of the screen and gravel pack. 

Prolonged exposure to air can facilitate encrustation that may be impossible to remove. Exposing screens in 

wells should only be allowed on an emergency basis. 

The plan will establish well field operation to maximize production within limits of safe well operation. A 

basic example was presented in the interim report for initial discussion. Components of the plan include 

reducing pumping rates at certain water levels, increased well level monitoring at certain river levels, lengths 

of well operation and recovery periods, and record keeping to evaluate well and well field condition. 

Estimated cost: $5,000 

2. Well Rehabilitation and Pump Maintenance Plan 

A formal Well Rehabilitation and Pump Maintenance Plan for the Smoky Hill River Well Field would be 

based on an in depth review of the maintenance history of individual wells and their response to rehabilitation 

procedures. The plan would also establish guidelines for data collection related to monitoring well and pump 

performance. The goal of a the plan would be to establish standardized monitoring and maintenance 

procedures thus reducing well rehabilitation and maintenance costs while increasing reliability. 

Estimated cost: $8,000 - $10,000 

3. Combined Well Field Operating Plan 

Each City well field has operating constraints and does not individually provide a firm supply (a supply that 

would totally meet the demand under all conditions). Additionally, the City is using water being treated from 

remediation sites that must be used continuously. The Combined Well Field Operation Plan would detail 

when and how much water to use from each well field to meet demands to optimize use of available water 

resources. The plan would also allow evaluation of operational costs to optimize the entire water supply 

system. The work would require an analysis of all Big Creek, Dakota, and in-town wells to determine 

volumes available and pumping costs. 

Estimated cost: $50,000 - $60,000 

4. Hydraulic analysis of the Smoky Hill Well Field collection system and pipeline 

The hydraulic analysis of the collection system would provide information about the limits of the delivery 

system and obstacles that may impede delivery of additional water from the well field improvements. A 

hydraulic model would provide an operational tool with the ability to predict total raw water production under 

different operating scenarios and help identify and prioritize needed system improvements. Work would 

include: 

SHRWFSrptr4 4-17-03 21 
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• Review available drawings and information on well field pipelines, valves, pipe conditions, tanks and 

pump stations. 

• Field testing to determine pressure response in the pipeline to different pumping rate and detennine 

current conditions of the system. 

• Develop a computer hydraulic model in WaterCAD of the raw water delivery system. 

• Determine the capacity of the existing system and improvements necessary to increase delivery capacity 

to the City's desired rate (e.g., peak day or pennitted maximum rate, etc.). 

• Prepare a report detailing the collected information, findings, results and recommendations. 

Estimated cost: $30,000- $35,000 

5. Evaluation of the Smoky Hill Well Field chlorination system. 

The Smoky Hill Well Field currently has two chlorination stations with one in need of repair or replacement. 

The evaluation will analyze costs for improvements or replacement, consider current safety regulations, 

evaluate the type and method of chlorination, and evaluate the appropriate location considering the current 

and potential future collection pipeline system. 

Estimated cost: $5,000- $10,000 

Estimated costs are for budgetary purposes. A detailed cost will be presented after a specific scope is developed 

with the City. Additionally, items 4 and 5 have some common elements that can provide some cost savings if 

competed together. 
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DEPARTMENT OF AGRICULTURE 
ADRIAN J. POLANSKY, SECRETARY 

IN THE MATTER OF 

APPUCATIONS TO CHANGE 
POINTS OF DIVERSION WATER RIGHT, 
FILE NOS. 1,248, 5,757, AND33,296, 

City of Hays, 

APPLICANT. 

) 
) 
) 
) 
) 
) 
) 
) 
) 

INITIAL ORDER 

KATHLEEN SEBELIUS, GOVERNOR 

Case No. 06 WATER 3849 

APPROVING APPLICATIONS TO REWCATE WELLS S-6, S-7, S-12, S-15, S-16 AND 
S-17, WITH CONDITIONS, DENYING APPLICATIONS TO RELOCATE ~L S-8 
AND DENYING APPLICATIONS TO RETAIN WELL S-12 AS A STAND-BY WELL 

COMES NOW THE CHIBF ENGINEER, Division of Water Resources, Kansas 
Department of Agriculture ("Chief Engineer"), and after having given due consideration to all 
evidence, testimony and other information presented to him at an adjudicative hearing held in the 
above-captioned matter, makes the following findings, conclusions and initial order. 

FINDINGS 

The Applications 

1. On October 7, 2004, the Division of Water Resources (DWR) received from the city of 
Hays separate applications for approval to change the locations of the point of diversion 
authorized under Water Right, File Nos. 1,248, 5, 757 and 33,296 and the required filing 
fee for each application. (DWR Ex. 1 at Bates 1 - 27.) 

2. Water Right, Fde Nos. 1,248 and 5, 757 authorize diversions from 10 groundwater wells 
for municipal use within the city of Hays and the immediate vicinity. The water rights 
authorize the diversion from the same 10 wells. The pending applications request the Chief 
Engineer's permission to move four of the wells, referred to as S-6, S-8, S-12 and S-15 and 
to retain well S-12 as a stand-by well. (DWR Ex. 1 at Bates 1 - 22.) 

3. Water Right, File No. 33,296 authorizes diversions from two groundwater wells, also for 
municipal use within the city of Hays and the immediate vicinity. This pending application 
requests the Chief Engineer's permission to move these wells, which are referred to as S-16 
and S-17. (DWR Ex. 1 at Bates 23 - 27.) 

Division of Water Resources David L. Pope, Chief Engineer 
l.09 SW 9th St., 2nd Floor Topeka, KS 66612-1283 

Voice (785) 296-3717 Fox (785) 296-1176 http://www.ksdo.gov 

mcampbell
Rectangular Exhibit Stamp



4. In a letter dated Dec-ember 22, 2004 DWR asked the City to publish notice of its 
applications in a local newspaper once per week for three consecutive weeks. (DWR Ex. 1 
at Bates 28-30.) 

5. On January 7, 2005 the City ofHa:ys published a notice in the Hays Daily News. (DWR 
Ex. I at Bates 28 - 30.) 

6. By letter dated February 10, 2005 the City's consultant, Bums & McDonnell, submitted 
infonnation and data to supplement its applications. This information included the 
locations and owners of domestic wells within l 000 feet of the proposed locations of the 
replacement groundwater wells and the approximate distances from these wells to the 
SmokyHillRiver. (DWREx. 1 atBates31-39.) 

7. DWR notified the owners of domestic wells identified in the City's letter dated Febrwuy 
10, 2005 of the changes proposed by the City. (DWR Ex. I at Bates 40-63.) 

8. Negative comments were received in response to the public notice the City published in the 
Hays Daily News in January 2006 and in response to DWR's notification letters. Included 
was a "Petition from the Citizens of Kansas" signed by over 600 persons. (DWR Ex. 1 at 
Bates 233 - 245, 247 - 371.) 

9. By letter dated April 25, 200S DWR requested the Kansas Department of Wildlife and 
Parks' advice concerning the existence of endangered or threatened species or their critical 
habitat in the reach of the Smoky Hill River befow Cedar BlnffDam and above its 
confluence with Big Creek. The Kansas Department of Wildlife and Parks responded, by 
letter dated May 16, 2005,. that there are no designated critical habitat for any threatened or 
endangered species but that some listed species may occur in or along this reach of the 
Smoky Hill River. (DWR Ex. 1 at Bates 64 - 66.) 

10. By letter dated June 13, 200S DWR. returned the applications to the City with advice that 
its failure to complete and refile the applications by August 15, 2005, or within any 
authorized extension of the deadline, would result in the dismissal of the applications. This 
letter notified the City that its applications did not meet the specifications of K.AR. 5-4-4 
in that the proposed locations of two of the wells (S-6a and S-12) were closer than 1,320 
feet from the City's other existing or replacement wells (S-Sa, S-11, S-13) and a 
groundwater pit authorized under Water Right, File No. 42,503. This letter also notified 
the City that its applications did not meet the specifications ofK.AR. 5-5-13 in that the 
proposed locations of five of the wells (S-8a, S-12a, S-15a, S-16a and S-17a) would be 
more than I 00/o closer to the centerline of the Smoky Hm River. This letter also requested 
that the City provide additional bydrologic analyses to demonstrate, pursuant to K.SA 
82a-708b(a)(2), that the proposed changes are reasonable and will not impair existing 
water rights and, pursuant to K.S.A 82a-708b(aX3), that the proposed changes relate to 
the same local source of supply. (DWR Ex. 1 at Bates 101 - 103.) 
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11. The City requested and obtained extensions of the deadline to refile its applications, and the 
ultimate deadline was October 15, 2005. (DWREx. 1 at Bates 226 - 230.) 

12. DWR obtained the names of the owners of wells in the Smoky Hill River valley and notified 
these owners of the changes proposed by the City by letter dated June 14, 2005. (DWR 
Ex. 1 at Bates 67, 68, 104- 203.) 

13. The City refiled its applications on October 7, 2005, with requests for waivers of the 
provisions ofK.A.R. 5-5-5 and K.A.R. 5-5-13, additional hydrologic analyses in the fonn 
of a groundwater modeling report and other information in support of its applications. 
(DWREx. 2 and 3.) 

The Hearing 

14. On January 26, 2006, the Chief Engineer served notice on the city ofllays (City) and its 
counsel ofrecord, John T. Bird and David M. Traster, stating that he would hold a fonnal 
hearing to consider City's applications. 

15. Notice of the hearing was published in the Hays Daily News on January 30, 2006. 

16. The Chief Engineer presided at a pre-hearing conference on March 13, 2006 at the Kansas 
Department of Agriculture, 109 SW 9th Street, in Topeka, Kansas. Making appearances in 
person were John T. Bird and David M. Traster, counsel for the City, and Barbara T. 
Hodgson, Staff Attorney for the Kansas Department of Agriculture, attorney for the Chief 
Engineer. Appearing by telephone on their requests for intervention were John F. Werth 
representing himself and Gary N. Werth owners of Water Right, File Nos. 6,637 and 
13,874, Harvey J. Werth representing Water Right, File Nos. 11,631 and 15,654 and Jason 
Dinges representing himself and the Dinges Family Trust, Gilbert Dinges and Alfiieda 
Dinges. The Chief Engineer granted the requests for intef\lention of all of these parties. 

17. Following the pre-hearing conference, the Chief Engineer issued a Pre-Hearing Order, on 
March 16, 2006 and an Amended Pre-Hearing Order, on March 23, 2006. These orders 
control the proceedings in this matter. 

18. In a memorandum of law filed on May 12, 2006, counsel for the City requested a ruling on 
two issues oflaw. The Chief Engineer ruled on these issues from the bench immediately 
prior to the beginning of the hearing on May 15, 2006. The ruling is referred to elsewhere 
in this order. 

19. The Chief Engineer convened the hearing at the Holiday Inn in Hays at approximately 2:00 
pm on May 15, 2006. Barbara T. Hodgson, Staff Attorney for the Kansas Department of 
Agriculture, assisted the Chief Engineer. Its attorneys John T. Bird and David M. Traster 
represented the City. John F. Werth represented himself and Gary N. Werth, Harvey J. 
Werth appeared in person and was represented by his son Blake Werth; Jason Dinges 
represented himself, the Dinges Family Trust, Gilbert Dinges and Alfrieda Dinges. (Tr. 
Vol I, 1-11). 
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20. All parties were provided with the opportunity to present opening statements, which were 
followed by the introduction ofDWR Exhibits 1, 2 and 3 by Brent Turney ofDWR. The 
parties were provided with the opportunity to examine Mr. Tumey concerning the 
documents contained in the exhibits, and these exhibits were admitted into evidence. (Tr. 
Vol. I, 36-105; Vol. Il, 1-19). 

21. The City presented its case in chief, which consisted of the testimony of Randy Gustafson, 
John Braun, Dr. Tom Brikowski, Wayland Anderson, Robert Vincent, Brian Meier and 
David Stous. All parties were provided with the opportunity to cross-examine these 
witnesses. Opportunities for re-direct and re-cross examinations also were provided. The 
City's Exhibits ~ B and C and the following Bates-numbered exhibits were admitted into 
evidence. (Tr. Vol. IT, 1-236; Vol. Ill, 1-283; Vol. IV, 1-197). 

2397 4453-4455 
2518-2566 4461 -4474 
2940-2948 4477-4494 
2973-2975 4496 
3478- 3501 4597-4909 
3631- 3722 4915-5018 
3753-3855 5021-5048 
4018-4044 8000-8663 

22. The Dinges Interveners (Dinges) presented their case in chief, which included the testimony 
of Jerry Green, Gilbert Dinges and Larry Werth. All parties were provided with the 
opportunity to cross-examine these witnesses. Opportunities for re-direct and re-cross 
examinations also were provided. Dinges Exhibits A (1 - 7), B, C and D and Bates
numbered exhibits 9001 -9129 were admitted into evidence. (Tr. Vol. V, 1-120.) 

23. John F. Werth presented his case in chief, which included the testimony of Jason Staub. All 
parties were provided with the opportunity to cross-examine the witness. Opportunities for 
re-direct and re-cross examinations also were provided. Werth Exhibits ~ G, J, ·and V and 
Bates-numbered exhibits 9130-9213 were admitted into evidence. (Tr. Vol. V, 121-175.) 

24. Blake Werth presented Harvey Werth's case in chief. Opportunities for re-direct and re
cross examinations also were provided. Their Bates-numbered exhibits 9214 - 9232 were 
admitted into evidence. (Tr. Vol. V, 175-221.) 

25. The Chief Engineer received written closing arguments from all parties on May 30, 2006. 
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26. The Chief Engineer heard public comments on the evening ofMonday, May IS,. 2002~ a:t 
the Holiday Inn in Hays. A transcript of the public hearing is part of this record. 

27. Oral comments in favor of the City's applications were given by Wayne Billinger,. Mayor of 
Hays, Glenn Staab, Kent Steward, and Henry Schwaller. These commenters generally 
support the City's wa:ter conservation efforts and the economic benefits the City wilt realize 
from its plans to relocate some ofits wells and believe the City's plan to relocate some of 
the wells will have a less detrimental effect on the aquifer. 

. 
28. Oral comments objecting to the City's applications were given by Frederick. Heinl~ 

Darrell van Feldt, Jason Dinges, Gene Zimmer, Phil Reynolds, Bill Scott, Gerald Zimmer, 
Gilbert Dinges, Sandy Haselhorst, Blake Werth, Kevin Zimmer and Mike Werth. Many of 
these commenters believe that the City's well field has caused the Smoky Hill River and 
domestic wells to run dry a:t Schoenchen, tha:t relocating some of the City's wells wilt cause 
more of the River to dry up, that more water conservation is needed by the City and that 
the City's application is only a short-term fix for a larger problem. 

29. Two commenters, Harold Krauss and Alan States, did not state whether they are in favor 
ofor opposed to the City's applications. 

30. Written comments were received from Gene Zimmer. Bill S~ Gerald Zimmer, Harold Cl 
Kraus, Blake J. Werth, John and Esther Gottschalk, Ernest Werth Jr. and Geralyn Werth, 
Robin Bailey, Marie Rohleder, Wayne Gottschalk, Cecilia Quint, Oomer Stukesbary, Linda 
Yakshaw, Kourtney Gross. Loran C. Zimmerman (on behalf ofHays Wellfield 
Development Task Force), Loran C. Zimmerman (on behalf of Schoenchen and Elis 
CountyRWD #1), Sandra Werth, Blaine Werth, Gordon Steckline, Jason W. Schneider, 
Marian Zimmer Spettles, Leslie Werth, Carl Zimmerman and the City of Mays. All but two 
of these commenters (Harold Kraus and the City) are opposed to the City's applications. 
The concerns expressed by these commenters are similar to the oral comments tha:t were 
given. It is not clear whether Mr. Kraus is opposed to or in favor of the applications. The 
City's letter, which was dated May 19, 2006 and was hand-delivered to the Chief Engineer 
on that date, addressed and rebutted the oral comments given by Phil Reynolds. The City's 
letter is discussed in this order under Preliminary Rulings. 

31. The adjudicative hearing was concluded on May 19, 2002, at approximately 5:30 pm. 

32. Just prior to the conclusion of the adjudicative hearing, the Chief Engineer requested tha:t 
the City provide additional data relative to its groundwater model. On June 21, 2006 the 
City's consultants provided a representative sample of the MODJ<LOW input files to the 
Chief Engineer's technical assistant. 

33. On May 23 and 31, 2006, counsel for the Chief Engineer transmitted a copy of the written 
comments received in this matter to the parties. 

34. :By way of a letter dated June 6, 2006, the Chief Engineer notified the parties tha:t their 
responses to any of the oral or written comments would be included in the record of these 
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proceedings if filed by June 29, 2006. Jason ~eS" submitted: a written response to the 
City's letter of May 19, 2006. Additionally, comments were submitted by Harvey J. Werth 
and John and Gary Werth in letters dated in a letter dated June 27 and June 29, 2006, 
respectively. 

35. The record in this matter was closed on June 29, 2006. 

36. On August 2, 2006 counsel for the Chief Engineer notified the partieS" that the Chief 
Engineer would take official notice of the USGS Liebenthal Quadrangle, Kansas, 7.5 
Minute Series (Topographic), published 1968 as a source for land surface contours. 

Water Right, File Nos. 1,248 an~ 5,757 

37. On September 22, 1980 Guy E. Gibson, Chief Engineer, issued a Certificate of 
Appropriation for Beneficial Water, Application Mo. 1,248 (Certificate, File No. 1,248). 
The Certificate authorizeS" the appropriation of up to 1,600 acre-feet (521,361,600 gallons) 
of water from the same 10 wells in the drainage basin of the Smoky Hill River for municipal 
use in the city of Hays and immediate vicinity to be pumped at. a maximum combined rate 
ofNot to exceed 2,000 gallons per minute (gpm), or, 4.46 cubic feet per second (cfs), 
when all wells are pumped simultaneously. (City Ex. Bates 2 - 4.) 

38. Also on September 22, 1980 Chief Engineer Gibson issued a Certificate of Appropriation 
for Beneficial Water, Application No. 5,757 (Certificate, File No. 5,757). The Certificate 
authorizes the appropriation of up to 900 acre-feet (293,270,000 gallons) of water from 10 
wells in the drainage basin of the Smoky Hill River for municipal use in the city of Hays and 
immediate vicinity. (City Ex. Bates 635 -637.) 

39. The Certificate, File No. 5,757 further .limited appropriations of water under this water 
right when combined with the water right under the Certificate, File No. 1,248 to a 
maximum diversion rate not to exceed 2,900 ~ or, 6.46 cfs when all wells are pumped 
simultaneously. (City Ex. Bates 635.) 

40. Additionally the Certificate, File No. 1,248 and the Certificate, File No. 5, 757 authorize 
diversions up to a specific rate from the 10 wells authorized under these water rights. 
These rates, the well locations and the City's well designations are as follows. (City Ex. 
Bates 1 - 3; 542 - 543.) 

Well S-0 
Location: 

Rate: 
Well S-7 

Location: 

Rate: 
Well S-8 

Southwest Quarter of the Northwest Quarter of the Southwest 
Quarter, Section 28, Township 15 South, Range 18 West 
Not to exceed 576 gpm (1.28 cfs) 

Northeast Quarter of the S01,1theast Quarter of the Southeast 
Quarter, Section 29, Township 15 South, Range 18 West 
Not to exceed 700 gpm (1.56 cfs) 
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Location: 

Rare: 
Well S-9 

Location: 

Rare: 
Well S-10 

Location: 

Rare: 
Well S-11 

Location: 

Rare: 
Well S-12 

Location: 

Rare: 
Well S-13 

Location: 

Rare: 
Well S-14 

Location: 

Rare: 
Well S-15 

Location: 

Rate: 

Southeast Quarter of the Southeast Quarter of the Southeast 
Quarter Section 29, Township 15 South, Range 18 West 
Norro exceed635 gpm(l.41 cfs) 

Southwest Quarter of the Northeast Quarter of the Southwest 
Quarter Section 28, Township 15 South, Range 18 West 
Norm exceed 570- gpm (1.27 cfs) 

Southeast Quarter of the Northeast Quarter of the Southwest 
Quarter Section 28, Township 15 South, Range 18 West 
N'5r to exceed 615 gpm (1.37 cfs) 

Southwest Quarter of the Northeast Quarter of the Southeast 
Quarter Section 28, Township 15 South, Range 18 West 
Narro exceed 530-gpm (l.18 cfs) 

Southeast Quarter of the Northeast Quarter of the Southeast 
Quarter Section 28, Township 15 South, Range 18 West 
Norro exceed 675 gpm (l.50-cfs) 

Northwest Quarter ofthe Southwest Quarter of the Southwest 
Quarter, Section 27, Township 15 South, Range 18 West 
Norm exceed 295 gpm (0-.66 cfs) 

Southwest Quarter of the Northeast Quarter of the Southwest 
Quarter, Section 27, Township 15 South, Range 18 West 
Nor r'5 e:xceed 280- gpm (0.62 cfs) 

Southeast Quarter of the Northwest Quarter of the Southwest 
Quarter, Section 27, Township 15 South, Range 18 West 
Not to exceed 530 gpm (1.18 cfs) 

41. On September 17, 1990 Scott Ross, Water Commissioner, Stockton Field Office, approved 
applications to replace well S-9 within 300 feet of the location authorized under Certificate, 
File Nos. 1,248 and S, 151. The replacement well was designated as well 8-18. These 
approvals did not change the authorized rate of diversion for this well. (City Ex. Bates 
288-289~ 1165-1166.) 

42. The City has reported diverting water from some or all of wells authorized under 
Certificate File Nos. 1,248 and 5,757 since 1958. (City Ex. Bates 403 - 628.) 

43. Water Right, File No. 1,248 has a priority date of March 4, 1953. (City Ex. Bates I.) 

44. Water Right, File No. 5,757 has a priority date of July 3, 1956. (City Ex. Bates 635.) 
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Water Right, File No. 33,296 

45. On August 17, 1995 David L. Pope, Chief Engineer, issued a Certificate of Appropriation 
for Beneficial Water, Water Right, File No. 33,296 (Certificate, File No. 33,296). The 
Certificate authorizes the appropriation of a combined total of up to 300 acre-feet 
(97,756,000 gallons) of water from two wells in the drainage basin of the Smoky Hill River 
for municipal use in the city of Hays and immediate vicinity. (City Ex. Bates 1316 -1317.) 

46. Certificate, File No. 33,296 authorizes diversions up to a specific quantity and rate from the 
two wells located as follows. The City's designation is given for each well. (City Ex. Bates 
1316-1317; 542-543.) 

Well 5-16 
Location: 

Quantity: 
Rate: 

Well S-17 
Location: 

Quantity: 
Rate: 

Southwest Quarter of the Northeast Quarter of the Southeast 
Quarter, Section 27, Township 15 South, Range 18 West 
155.2 acre-feet (57,560,000 gallons) 
Not to exceed 31S gpm (0.71 Cf's) 

Northeast Quarter of the Southeast Quarter of the Southeast 
Quarter, Section 27, Township 15 South, Range 18 West 
176.96 l!Cfe-feet (57,576,000 gallons) 

Not to exceed 300 gpm (0.67 cfs) 

47. The City has reported diverting water from Wells S-16 and S-17 since 1983. (City Ex. 
Bates 1206 - 141 L) 

48. Water Right, File No. 33 ,296 has a priority date of July 19, 1979. (City Ex. Bates 1316.) 

Smoky Hill River lntensiye Groundwater Use Control Area (IGUCA} 

49. On May 31, 1984 the Chief :Bngine:er issued an order establishing an IGUCA within a 
certain portion of the Smoky Hill River drainage basin (referred to herein as, "IGUCA 
Order"), including that portion in which the City's Wells S-6 through S-18 are located. 
(City Ex. Bates 2539 - 2561.) 

50. Among other things, the IGUCA Order restricted the use of water within the IGUCA for 
all purposes except domestic use for the year 1984 and the following years and closed the 
IGUCA to "further groundwater and surface water appropriation, except for domestic use 
or any use authorized by temporary permit." (City Ex. Bates 2555, 2557.) 

51. As a result of the IGUCA Order, water use under Water Right, File Nos. 1,248, 5,757 and 
33,296, combined, was restricted to 2,285.8 acre-feet (744.8 million gallons) annually 
beginning in 1985. Neither the quantity limitations specified for Welt S-16 and S-17 nor 
the rate limitations for any of the wells were changed as a result of the IGUCA Order. (City 
Ex. Bates 1410.) 
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52. The IGUCA Order subsequently was corrected and supplemented and the IGUCA area 
was expanded. None of these subsequent actions changed the effect of the Order on the 
City's water rights. (City Ex. Bates 2518 - 2538.) 

Smoky Hill River Well Field 

53. The wells authorized under Water Right, File Nos. 1,248, 5, 7 57 and 33,296 are referred to 
in many of the exhibits as, the ''Hays Smoky Hill well field, or, Hays well field, or Hays 
well field at Schoenchen." (For example, City Ex. Bates 8132- 8190.)1 

;4. The Hays well field is located along the reach of the Smoky Hill River that runs from east 
to west near Schoenchen, Kansas. The wells are situated between two USGS stream 
gages. The upper Schoenchen gage is located west of, or, "above" Schoenchen. The 
lower Schoenchen gage is located and east of, or, ''below" Schoenchen. There are 7.6 river 
miles between the upper Schoenchen and lower Schoenchen gages. (City Ex. Bates 4708, 
8156 - 8174.) 

55. Wells S-6, S-7 and S-8 are the westernmost wells and S-16 ud S-17 are the easternmost 
wells within the Hays well field. (DWR Ex. 2, Modeling Report, Figure 3.) 

56. The City's applications propose to move wells S-6 and S-8 further west (upstream) and to 
move wells S-16 and S-17 further east (downstream). (DWREx. 1, Bates 4.) 

• 

57. The 1910-foot ground surface contour2 intersects the Smoky Hill River at a point 
downstream of the upper Schoenchen gage and upstream of the westernmost existing well. 
This location is approximately 3300 feet north and 1800 feet west of the southeast comer 
of Section 32, Township 15 South, Range 18 West, Ellis County, Kansas. (Liebenthal 
Quadrangle, Kansas, 7.5 Minute Series (Topographic), 1968.) 

58. The proposed location of well S-8a is approximately 800 feet north and 400 feet east of the 
location where the 1910-foot ground surface contour intersects the River. (DWR Ex. 1, 
Bates 36. DWREx. 2, Application No. 1,248 and Application No. 5,757.) 

59. The current location of well S-7 is about 640 feet (:.t: 50 feet) from the current location of 
well S-8, and the proposed location of well S-7a is about 690 feet(± 50 feet) from the 
current location of well S-8. (DWR Ex. 2, February 2002 Supplement, Bates 36.) 

60. The 1880-foot ground surface contour crosses the River at a point downstream of the 
lower Schoenchen gage and downstream of the easternmost existing and proposed wells. 
This location is approximately 4050 feet north and· 1500 feet west of the southeast corner 
of Section 36, Township 15 South, Range 18 West, Ellis County, Kansas. (Liebenthal 
Quadrangle, Kansas, 7.5 Minute Series (Topographic), 1968.) 

Many documents are duplicated within the exhibits admitted into the record. Only one 
citation to the record will be given for each document. 

2 
Aff ground surface and ground water contours are referenced to mean sea level (MSL). 
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61. The City has supervisory control and data acquisition (SCAD A) equipment in all of its 
Smoky Hill wells. This equipment helps the staff determine whether the pump is running, 
the current pumping nrte of the well and the water level in the well. (Tr. Vol. II, 172:6-
18.) 

62. According to the City's Assistant Public Works Director, wells S-6 and S-8 are not 
responding to treatment and need to be relocated. Well S-7 is showing the initial signs of 
being nonresponsive and will need to be relocated soon. (Tr. Vol. II, 179:22-25; 180:1-6.) 

63. The City rotates production from its current wells, and distributes production among wells 
that are not adjacent. The City typically pumps two wells at a time, one from the east end 
and one from the west end of the well field. (Tr. Vol. 11, 180': 18 - 19; 181 :7-13. DWR 
Ex. 2, Modeling Report, p. 9.) 

64. According to the City's Assistant Public Works Director, the City reties on pumping wells 
S-6, S-7 and S-8 in order to provide water to its customers and pumps these wells on a 
"regular basis" more so than the other wells in the Hays well field. (Tr. Vol. 11, 212:23-25; 
213:1-3.) 

65. The purpose of relocating certain of the City's wells is so tlrat its "full water right can be 
developed without significant interference drawdown between wells or with other water 
users'' and "to maximize use of groundwater in aquifer storage during times of drought." 
(DWR Ex. 2, Phase II Report, p. 1.) 

66. Because of the "excessive interference'' between the wells the City has limited its 
production from the Hays well field to about 1,000 acre-feet of water per year. (City Ex. 
Bates 8474. Tr. Vol. II, 145:12-13.) 

67. The City commissioned Dr. Tom Brikowski of the University ofTexas at Dallas to prepare 
a report for "optimizing production" from the Hays well field. (DWR Ex. 2, Univ. of 
Texas Paper, p. 6.) 

68. Dr. Brikowski testified t1rat he has an opinion, within a reasonable degree of scientific 
certainty, that relocating the wells within the Hays well field is reasonable. His opinion was 
based on his analysis of the source of supply and his conclusion that this proposal will allow 
the City to, "tak[ e] advantage of more of the natural storage to reduce water level 
drawdowns for the same amount of withdrawal." (Tr. Vol. ill, 58:9-12; 77:9-19.) 

69. Relocating wells S-15, S-16 and S-17 will allow the City to draw from water stored in the 
eastern portion of the aquifer during times of drought and effectively "drought-proof' the 
Smoky Hill well field. (Tr. Vol. II, 75:3-6.) 

70'. A study undertaken on behalf of the City concluded that the Smoky Hill River alluvium can 
support the production of2,285 acre-feet of water per year and that improving well 
spacing will reduce interference between the City's wells and reduce impacts to other 
groundwater users. (City Ex. Bates 8474 - 8475.) 
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71. Gilbert Dinges testified to the existence of a contract between the City and Dorothea 
Ruder pertaining to the west 50 acres of the north half of the southwest quarter of section 
28 in township 15 south, range 18 west of the 6th principal meridian on which the City 
could drill a water well. (Tr. Vol. V, 76:12-19; 77:8-16. Dinges Ex. Bates 9061-9062.) 

72. Paragraph 8 of the agreement between Mrs. Ruder and the City states the following. 
(Dinges Ex. Bates 9062.) 

The privilege herein granted to explore for and remove water from said premises is 
exclusive, and no other grants of water rights shall be made by the owner, provided 
however, that she shall have the right and privilege of using water therftom for 
household, livestock, and incidental purposes, and provided further that the owner 
shatl have the privilege of oon.structing one well for irrigation purposes and using 
only one well for said purposes, and provided further that this said well shall be 
located east and south of the Smoky Hill River. 

73. The. city drilled well S-6 on the land identified in its agreement with Mrs. Ruder. (City Ex. 
Bates 1 - 3; 542 543. Dinges Ex. Bates 9061-9062.) 

74. Gilbert Dinges testified to the following. 

a) When he purchased the property from Mrs. Ruder the existence of the City 
well was considered in that transaction. (Tr. Vol. V, 76:12-19; 77:8-16.) 

b) Me interpreted paragraph 8 of the agreement to mean the City would "use 
their water rights to get [him] that irrigation well." (Dinges Ex. Bates 
9061-9062. Tr. Vol. V, 79:8-12.) 

c) The River would go dry in the 1970s and 1980-s but there would still be 
puddles for the cattle to drink, and in 1984 all of his trees died because of 
the City's pumping. Also in 1984 the River was so dry a fire truck got 
stuck in the riverbed on its way to a fire. (Tr. Vol. V, 80:25; 81:1-22.) 

d) Last summer he took a tractor into the streambed and "dug down deeper 
than the cab of my tractor" and did not reach water for his livestock. (Tr. 
Vol. 5, 80:2-13.) 

e) The City provided a water well on the west end of bis property, bui the 
cattle he cares for must walk a mile·and a half to get water from it. 
Previously when he raised cattle they were watered from stream flow. (Tr. 
Vol. 5, 83:13-23.) 

t) Me sold the property on which the City had drilled the water well to Phil 
Reynolds and that well is now dry. The property is in the northwest quarter 

11 



ofsection28, township 15 south, range 18 west. (Tr. Vol. 5, 85:10-22; 
92:22-25; 93:1-2.) 

g) He recently drilled a water well on a piece of property he owns near Harvey 
Werth, and he is concerned about impairment of that well if the City is 
allowed to relocate its wells. (Tr. Vol. 5, 89:7-22.) 

h) The City has drilled a domestic water well at his house that is now located 
on the Dorothea Ruder property, which is the west 50 acres of the north 
half of the southwest quarter of section 28, township 15 south, range 18 
west. (Tr. Vol. 5, 94:21-25; 95:1-16.) 

i) Ahhough the agreement between Mrs. Ruder and the City requires the City 
to pay $250 per month for each City well on the land, he now receives $810 
per month from the City. (Tr. Vol. 5, 102:16-25; 103:1-7.) 

75. Larry Werth testified to the following. (Tr. Vol. 5, 108:4-17; 109:8-22; 111:15-23.) 

a) He is a neighbor of Gilbert Dinges. (Tr. Vol. 5, 108:4-7.) 

b) Like Gilbert Dinges, he has lived on the Smoky Hill River for 80 years. (Tr. 
Vol. 5, 108:8-10.) 

c) He used to raise alfalfa on his farm near the River and the City's wells. (Tr. 
Vol. 5, 108:11-17.) 

d) His domestic water well is located about 300 feet south and west of his 
house. (Tr. Vol. 5, 109:8-14.) 

e) In the 1970s and 1980s there were dead trees near the River. (Tr. Vol. 5, 
109:19-22.) 

f) There were three producing water wells on the farm before the City drilled 
theirwells. (Tr. Vol. 5, 111:15-23.) 

g) There is only one domestic well on the farm now, and it serves three houses. 
(Tr. Vol. 5, 109:8; 116:6-10.) 

h) The City drilled the domestic well on the farm to fulfill a contractual 
agreement to provide potable water. (Tr. Vol. 5, 119:6-9.) 

76. A photograph of Larry Werth's farm was entered into evidence. The farm is located in the 
southeast quarter of section 29, township 15 south, range 3 3 west near wells S-7 and S-8 
and slightly northwest of the proposed location of well S-7a. The photograph entered into 
evidence was taken in about 2002. (Dinges Ex. C. Tr. Vol. 5, 110:11-25; 111:1-2:113:10-
18.) 
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City of Hays .Water Supply 

77. The City believes that an actual shortage of water, as well as a perception of a water 
shortage, has stymied economic development. {City Ex. Bates 8435. Tr. Vol. Il, 59:8-16; 
74:14-20.) 

78. According to reports prepared for the City its water supplies may begin to fa:ll short of its 
needs as early as 2010. {City Ex. Bates 8459.) 

79. The City ha:s farmed Public Wholesale Water Supply District No. 15 with the city of 
Russell to address common water supply concerns. The Public Wholesale Water Supply 
District has identified the Kanopolis and Wilson reservoirs as potential water sources. The 
Wilson Lake reservoir is a possible long-term water source for the City. (Tr. Vol. Il, 
47:15-25; 56:18-25; 57:1-6.) 

80. The City has purchased water rights at a ranch in Edwards County to be transported to 
Hays, and has explored developing a well site in southern Russell County. Neither of these 
alternatives is viable at this time. {Tr. Vol. Il, 49:1-25; 50:1-4; 21-25; 51:1-9.) 

81. In the early 1990s the City instituted water conservation measures, which included 
adopting ordinances restricting the use of water for lawn watering and car washing in the 
summer months and increasing the rate s-chedule for (i.e., cost of) water. The City also 
provides free low-flow shower heads upon request and subsidizes low-flow toilet facilities. 
In 20fY7, the City will provide a subsidy for low-flow washing machines. (Tr. Vol. Il, 
59:20-25; 60:1-25; 61:1-25.) 

82. As a result of these conservation measures the City has reduce its annual water usage by 
about 42 percent, from about 3,600 acre-feet to about 2,100 acre-feet. (Tr. Vol. II, 62:1-
12.) 

Groundwater Modeling Report 

83. Bums & McDonnell prepared a groundwater modeling report in support of the City's 
applications. The groundwater model was based on the U.S.G.S. MODFLOW model. It is 
a "transient mode', model that allows for the computation of "water levels and stream 
depletion" at different time intervals. The data used to refine the model were collected 
from previous investigations of the Smoky Hill River a:lluvia:l aquifer, including geophysical 
studies, boring logs, aquifer pumping tests, water level data, and City water use 
information. Additional data were obtained from USGS stream gages and the Kansas 
Geological Survey water well data base. {DWR Ex. 2, Modeling Report, p 2.) 

84. Bums & McDonnell C'a:librated the model using water level data collected by the City from 
wells S-7 and S-12 on January 26, 2005. Calibration statistics are contained in the model 
report. {DWR Ex. 2, Modeling Report, pp. 6-8.) 
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85. The groundwater modeling report describes a groundwater flow model simulation of the 
Hays well field under various scenarios as follows. (DWR Ex. 2, Modeling Report, p 8.) 

a. current 
1 

b. Proposed 

2 Maximum usage new wells 

a. Current 

3 
b. Proposed 

4 Maximum usage new wells 

5 cf s 

5 cf s 

0 

0 

1,000 
1,500 
2,000 
2,285 
2,800 
1,000 
1,500 
2,000 
2285 

Same as 
Scenario 1 

Same as 
Scenario2 

86. A model run was prepared for each scenario after 60, 120, 180 and 365 days of simulated 
pumping. (DWREx. 3.) 

87. According to Mr. Stous, the "focus of the model was to compare water budget and impacts 
of the current configuration versus the proposed configuration." (Tr. V. IV, 197:12-14.) 

88. The ground water modeling report submitted in support of the City's applications describes 
the model pumping distribution for the wells under the current well field configuration 
(Scenarios la and 3a) and the "maximum usage." The pumping distribution consists of the 
days during the year a well was simulated pumping and the simulated pumping rates. The 
pumping distribution was "set up to simulate historic patterns of well usage and well 
rotation." (DWR Ex. 2, Modeling Report, p. 9.) 

89. The following summarizes the model pumping distribution used in the 2,285 acre-foot 
withdrawal scenarios for the wells proposed to be replaced. (DWR Ex. 2, Modeling 
Report, Attachment 1.) 
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S"'6 

S-7 

S-8 

S-12 

S-15 

S-16 

S-17 

Model Pumping Distribution 
2,285 Acre-Feet per Year Simulated Pumping 

Scenaria3a 
Current Configuration Maximum Usage from New Wells 

O streamftow enteri the River 

260 147 168.9 S-6 123 365 198.3 S-6 300 365 

340 153 229.9 S-7 123 365 198.3 S-7 300 365 

275 139 168.9 s:..s 123 365 198.3 S-8 300 365 

370 173 282.9 S-12 123 365 198.3 S-12 300 0 

320 119 168.3 S-15 123 365 198.3 S-15 300 365 

260 142 1252 S-16 93 365 150.3 S-16 300 170 

250' 115 127.1 S-17 93 365 150.3 S-17 300 136 

90. The model scenarios in which water levels were simulated assuming 5 cfs flow entering the 
River illustrate the potential effects of the proposed wells on both the River and the aquifer. 
(DWREx. 3.) 

91. The model scenarios in which water levels were simulated assuming zero flow entering the 
River illustrate the potential effects of the proposed wells on the aquifer. (DWR Ex. 3.) 

92. Simulated groundwater levels were calculated at twelve specific locations within the 
modeled area. These locations, which are called, "targets" or "monitoring points" (MP), 
were selected because they indicate the expected impacts of pumping in those areas. MP 1 
and MP 2 indicate impacts upstream of the current well field, below the upper Schoenchen 
gage. MP 11 and MP 12 indicate impacts downstream of the current well field, below the 
lower Schoenchen gage. MP 3 through MP 10 indicate impacts between the east and west 
ends of the well field. (DWR Ex. 2, Modeling Report, pp. 12- 13.) 

93. The following monitoring points simulated within the model correlate to twenty domestic 
groundwater wells. (DWR Ex. A, Bates 68; DWR Ex. B, Modeling Report, Figure 8; Tr. 
Vol. V, 110:11-23.) 

Domestic wens 

15 

n Bieker 
Brandon Zimmerman 

483.9 

483.9 

483.9 

0 

483.9 

149.8 

149'.8 



Gilbert Dinges 
Larry Werth 

4 Eamie Wertfl 
Richard· Klaus 
AdeHne Werth 

5 Ron Sauer 
Greg Bethel 
Tom Din es 
Loretta Dinges 
Clint Werth 
DaveCha man 

1 
1 

1 
1 
2 

1 
1 
1 
1 
1 
1 

EamieWerth 
Albert Ree 
John Gottchalk 

1 
1 
1 

7 Phn Reynolds 1 

8 Rock Haven Spa 1 

10 Unidentified wlndmiU 1 

94. The following monitoring points simulated within the model correlate to three 
appropriation water rights. (DWR Ex. A, Bates 68~ DWR Ex. B, Modeling Report, Figure 
8.) 

11 Fife No. 11,631 Harvey Werth Surface water right 

12 File No. 15,654 Harvey Werth Groundwater right 

95. Hydrographs depict changes in groundwater levels over time at each monitoring point for 
each modeled scenario. Comparative hydrographs show changes in simulated water levels 
based on well configuration over time at each monitoring point for each modeled scenario. 
(DWR Ex. 2, Modeling Report, Attachment 3.) 

96. The comparative hydrographs show the following changes in simulated groundwater levels 
at each monitoring point after one year of pumping 2,285 acre-feet of water, assuming zero 
flow entering the River. (DWR Ex. 2, Modeling Report, Attachment 3.) · 
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Simulated Water Levels 
a roximate· 

After Pumping 2,285 Acre-Feet Over 365 days 
Assum! · Ffow Enterin the River 

1 1914' 1913' 1' lower 

2 1908' 1905; 3' lower 

1894' 6; higher 

1892; 5' higher 

1893' 4' higher 

6 1884' 1884' 0 

7 1890' 1894' 4' higher 

8 1886' 1887' 1' higher 

9 1878' 1887' 9' higher 

10 1885' 1887' 2' higher 

11 1881' 1879' Tlower 

12 1880' 1879' 1J tower 

97. With the exception of MP2 and MP 3, the comparative hydrographs show no change in 
simulated groundwater levels at the monitoring points after one year of pumping 2,285 
acre.feet of water assuming 5 cfs entering the River. The changes at MP 2 and MP3 are . 
shown below. (DWR Ex. 2, Modeling Report, Attachment 3.) 

Simulated Water Levels 
a roximate 

After Pumping 2,285 Acre-Feet Over 365 days 
Assumin 5 cfs Frow Enteri the River 

1904' 1' higher 

98. Groundwater level elevations were depicted on a contour map for each modeled scenario. 
(DWREx. 3.) 

99. The following groundwater elevation contours are shown after one year of pumping 2,285 
acre-feet of water, assuming 5 cfs streamflow entering the River. (DWR Ex. 3.) 
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a) Under the current well field configuration the 1910-foot water level elevation 
contour crosses the River at a point approximately 700 feet downstream from the 
location where the 1910-foot ground surface elevation intersects the River (i.e., 
1910-foot streambed elevation). 

b) Under the proposed well field configuration the 1910-foot water level contour lies 
on top of the river from a point· approximately 400 feet upstream of the 1910-foot 
stream.bed elevation to a point approximately 600 feet downstream ofthe 1910-foot 
streambed elevation. A cone of depression forms around well S-8a adjacent to the 
400-foot upstream reach. 

c) Under both the current and proposed well field configurations the 1880-foot water 
level contour crosses the River approximately 1 SO feet downstream of the location 
where the 1880-foot ground surface elevation intersects the River (i.e., 1880-foot 
streambed elevation). 

d) Under both the current and proposed well field configurations the 1882-foot water 
level contour crosses the River approximately 3900 feet upstream of the confluence 
of Big Timber Creek. 

e) Under both the current and proposed well field configurations the 1884-foot water 
level contour crosses the River approximately 5700 feet upstream of the confluence 
of Big Timber Creek. 

f) Under both the current and proposed well field configurations the 1886-foot water 
level contour crosses the River approximately 7200 feet upstream of the confluence 
of Big Timber Creek. 

g) Under both the current and proposed well field configurations the 1888-foot water 
level contour crosses the River approximately 8900 feet upstream of the confluence · 
of Big Timber Creek. 

100. Water Right, File No. 44,272-5 is a domestic surface water right owned by Mike Grabbe. 
The point of diversion authorized under this water right is between the 1900-foot and 
1902-foot water level contours under both the current and proposed well field 
configurations after one year of pumping 2,285 acre-feet assuming 5 cfs streamflow 
entering the River. (DWR Ex. 1, Bates 68; DWR Ex. 2, Modeling Report, Figure 8. DWR 
Ex. 3). 

l 01. Under the current well field the cones of depression of wells S-12, S-13 and S-15 overlap. 
Under the proposed well field configuration the cones of depression of wells s:.12, S-13 
and S-15 do not overlap. (DWR Ex. 2, Modeling Report, Attachment 3. DWR Ex. 3.) 

102. The City stipulated to the existence of a leaking water distribution line during the 1990s, 
but that it was repaired by 2000. It neither admitted nor denied that 250,000 to 400,000 
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gallons of water per day leaked from the City's distribution line into a ravine north of the 
well field. (Tr. Vol. V, 9:6-25; 10:10-17.) 

103. Jerry Green is a graduate of Fort Hays State University. He is a certified Kansas Geologist 
and has been working as a geologist in Kansas for 31 years. On cross-examination Mr. 
Green admitted that his experience is as an oil field geologist and he has no experience 
designing municipal well fields. His experience with oil wells deals with deep aquifers, not 
shallow aquifers that are used for municipal wells. (Tr. Vol. V, 5:3-16; 26: 13-24.) 

l 04. Mr. Green testified that, in his opinion, the water from the waterline leak in: the 1990s 
returned to the well field north of well S-11 and, therefore, taints the data on which the 
groundwater modeling report is based. (Tr. Vol. V, 13:12-15; 14:1-4; 43:22-25; 44:1.) 

105. On rebuttal, Mr. Stous testified that the model was calibrated to January 26, 2005 water 
level data, which was after the water line leak was repaired. He testified that none of the 
historic data used as inputs to the model {i.e., transmissivity; porosity) would have been 
influenced by the leak. He also testified that Bums & McDonnell collected most of the 
input data from pump tests in 2003 and 2004. No "flow-related data'' were used in the 
model. (Tr. Vol. V, 224:17-25; 225:1-20; 226:20-22.) 

106. Mr. Green testified that, in his opinion, "existing water rights will be impaired all up and 
down [the River] if [the City] is allowed to pump out twice as much water as what they're 
pumping out now." Mr. Green did not testify to any specific facts that he believes shows 
that impairment will occur. (Tr. Vol. V, 57:23-24.) 

Local Source of Supply 

107. According to the testimony of Dr. Brikowski the Hays well field is located along a 
"paleochannel," and the groundwater within the paleochannel is considered an "aquifer." 
The paleochannel, which is a narrow channel eroded into the bedrock surface beneath the 
aquifer, is present from Yz mile west of well S-8 to the confluence of the Smoky Hill River 
and Big Timber Creek. (City Ex. B; City Ex. Bates 4364. Tr. Vol. ill, 37:1-3.) 

108. According to Dr. Brikowski there is a "very close link" between the Smoky Hill River and 
the aquifer, which is demonstrated by stream flow and monitoring well data, and "the link 
between the wells and stream is quite strong." (Tr. Vol. ill, 47:23-24; 49:24-25; 50-1.) 

109. Dr. Brikowski testified that he has an opinion, within a reasonable degree of scientific 
certainty, that none of the proposed replacement wells will draw water from a different 
source of supply. In his opinion, the wells will be located within a narrow valley bounded 
by impermeable walls (i.e., the paleochannel), and "a well anywhere in that valley will draw 
from the same source." (Tr. Vol. III, 77:9-19.) 

110. Dr. Brikowski testified that the general premise that relocating a well over one-half mile 
removes it from the local source is applicable to an "infinite aquifer," but should not apply 
under the facts here, "where you're limited by the impermeable boundaries [of the valley 
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walls}, and where most ofthe water really is coming from the stream. (Tr. Vol Ill, 78:12-
20.) 

111. Robert Vmcent is a certified professional geologist, is licensed in Kansas and other states 
and has been in the geology business since 1957. Mr. Vincent has performed consulting 
work for the City relative to the Smoky Hill well field since the 1980s. He analyzed well 
logs and pumping test data for wells S-6 through S-18 in 1994, 1995 and 2004 and has an 
understanding of the geology and hydrology of the Hays well field. (City Ex. Bates. 1699' 
-1714; City Ex. C. Tr. Vol. IV, 6:2-22; 22:1 -10.) 

112. Mr. Vincent testified that he has an opinion, within a reasonable degree of scientific 
certainty, that the proposed replacement wells will draw water from the same local source 
of supply as the existing wells. His opinion was based on his knowledge of the aquifer 
characteristics ( transmissivity and storage coefficient) and that "water runs from the west 
side ofthe proposed well field to the east side ofthe same formation." (Tr. Vol IV, 23:1-
19.) 

113. Brian Meier, Regional Office Manager for the Wichita office of Bums & McDonnell, has a 
B.S. degree in industrial engineering and has worked in the area of water supply 
development since 1986. Mr. Meier transmitted the groundwater modeling report on 
behalf of the City to DWR and is familiar with the work Bums & McDonnell has done 
concerning the City's water supplies. (Tr. Vol. IV, 93:20-22; 94:11-14; 95:2-16; 97:8-
21;109:15-25.) 

114. Mr. Meier testified that he has an opinion, within a reasonable degree of scientific certainty, 
that the proposed replacement wells will draw water from the same local source of supply 
as the existing wells. His opinion was based on his knowledge that all of the wells are 
located within the alluvial system of the Smoky Hill River, there appears to be continuity of 
the alluvial system within the alluvial valley, the predominant recharge source for the 
alluvium is the Smoky Hill River and all of the replacement wells are "upgradient of any 
downstream tributary contributions." (Tr. Vol. IV, 110:1-25; 111:9-10.) 

115. David Stous, Chief Hydrologist, Water Supply for Bums & McDonnell, has a B.S. in 
geology and a master's degree in water resources science. Mr. Stous is a licensed well 
driller in Missouri and a registered geologist in Georgia. Although Mr. Stous testified he is 
a registered professional engineer, he did not name a state in which this registration was 
obtained. Mr. Stous has been employed by Bums & McDonnell for 33 years and has been 
the chiefhydrogeologist with the water supply department for "12 or 13 years." (fr. Vol 
IV, 151:18-25; 152:1-20.) 

116. Mr. Stoos testified that he has an opinion, within a reasonable degree of scientific certainty, 
that the proposed replacement wells will draw water from the same local source of supply 
as the existing wells. His opinion was based on the facts developed by Dr. Brikowski 
concerning the geometry of the aquifer, the lack ofa major tributary entering the River 
upgradient of Big Timber Creek and there being "essentially no difference in the volume of 
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water removed from the stream [under] the current and proposed well field 
configurations." (Tr. Vol. IV, 178:1-25; 179:1-10.) 

Waiver of K.A.R. S..~ 13 

117. K.A.R. 5-5-13 states "the approval of a change in point of diversion . . . shall not authorize 
the distance between the well and the centerline of the stream to be decreased by more than 
10 percent since the time the source of supply became fully appropriated or was closed to 
new appropriations." (Kansas Administrative Regulations 2003). 

118. The City proposes relocating wells S-8, S-15, S-16 and S-17 closer to the centerline of the 
Smoky Hill River as follows and has requested a waiver of the provisions ofK.A.R. 5-5-
13. (DWR Ex. 2, Cover Letter, p. 1; February 2005 Supplement, Bates 33.) 

S-8 750 ft S-8a 275 ft 475ft 37% 
S-15 1175 ft S-15a 425ft 750 ft 36% 
S-16 600ft S-16a 85 ft 515ft 14% 
S-17 725 ft S-17a 495 ft 230 ft 68% 

119. Mr. Vincent testified that he has an opinion, within a reasonable degree of scientific 
certainty, that moving these wells closer to the River is reasonable to access the aquifer and 
to reduce the impact on stream flow. (Tr. Vol. IV, 26:10-25; 27:1-12.) 

120. Mr. Meier testified that he has an opinion, within a reasonable degree of scientific certainty, 
that moving these wells closer to the River is reasonable and will not impair existing water 
rights, because none of the replacement wells will significantly increase the draw from the 
River. (Tr. Vol. IV, 114:4-20.) 

121. Mr. Stous testified that he has an opinion, within a reasonable degree of scientific certainty, 
that moving these wells closer to the River is reasonable and will not impair existing water 
rights. It appears Mr. Stous's opinions were based on the same facts he gave when 
responding to his opinion regarding local source. (Tr. Vol. IV, 181:22-25; 182:1-12.) 

. 
Potential to Impair Existing Water Rights 

122. According to Burns & McDomell the groundwater model shows that the propo~ well 
locations reduce drawdown impacts at the target monitoring points, and the relocation of 
the wells will have less impact on other wells at similar distances from the pumping wells. 
(DWR Ex. B, Cover Letter, p. 2.) 

123. Dr. Brikowski testified that he has an opinion, within a reasonable degree of scientific 
certainty, that granting these applications will not impair any existing water rights. He did 
not explain the basis for his opinion, and his testimony addressed only the existing well and 
water right located near the confluence of the Smoky Hill River and Big Timber Creek 
(Water Right, File No. 15,654). Dr. Brikowski testified that this well is "hydraulically 
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i.solated from [the deposits in the Smoky Hill River alluvial aquifer] and certainly [is in] a 
different source of supply.,; He further testified that there is a "bedrock banier between 
the Smoky Hill River and the Big Timber Creek," which prevents "any kind of impact from 
the city's wells to the water rights that are along Big Timber Creek at least." (Tr. Vol. ill, 
38:18-25; 39:1-4; 80:11-17; 72:12-16. City Ex. B, pg. 22.) . 

124. Mr. Vincent testified that he has an opinion, within a reasonable degree of scientific 
certainty, that relocating the City's wells will not impair existing water rights, because the 
proposed wells are better spaced. Mr. Vincent testified that, "There will be over 4,000 feet 
between the furthest east proposed well and the next permitted well." (Tr. Vol. IV, 27:18-
25; 28:1-3.) 

125. On cross-examination Mr. Vmcent stated that Werth Fishing Lake, Water Right, File Nos. 
6,637 and 13,874, is closer than 4,000 feet from the proposed new wells on the west (wells 
S-6a and S-8a) and that he did not know where any domestic wells are located. (Tr. Vol. 
IV, 31:15-25; 39:18-25; 41:8-14.) 

126. Mr. Meier testified that he has an opinion, within a reasonable degree of scientific certainty, 
that relocating the City's wells will not impair existing water rights. He testified that Burns 
& McDonnell looked at the current conditions and how the aquifer system will respond to 
the proposed configuration and, "essentially it doesn't indicate that there would be anything 
that would cause an impairment to another water right." (Tr. Vol. IV, 114:21-25; 115:1-
10.) 

127. Mr. Stous testified that he has an opinion, within a reasonable degree of scientific certainty, 
that relocating the City's wells will not impair existing water rights. His opinion was based 
on the groundwater modeling results, which show that, "the new configuration will have 
less drawdown than the old configuration at a constant - - at a similar pumping rate." He 
further testified that the target monitoring points showed "very little impact" from the 
replacement wells and that he understood that the proposed replacement wells were closer 
to the target monitoring points than to any existing wells. (Tr. Vol. IV, 180:18-25; 181:1-
3; 184:11-24; 185:22-25; 186:1-18.) 

128. Driller's test logs for test holes drilled in 1968 in the northeast quarter of Section 36, in the 
vicinity of the well authorized under Water Right, File No. 15,654 is located, show that 
shale was encountered at 54 feet below ground surface in both holes. The static water 
levels were not recorded. This water right is owned by intervener Harvey l Werth. 
(Harvey Werth Ex., 9230 and 9231. Tr. Vol. V, 190:16-25.) 

129. On annual water use reports filed by Harvey l Werth, the static water level at the well 
authorized under Water Right, File No. 15,654 was 17.5 feet in 1996, 2001and2002 and 
19 feet in 2003. (Harvey Werth Ex., Bates 9220-9223.) 

130. Water Right, File Nos. 6,637 and 13,874 (Werth Lake), which are owned by Interveners 
John and Gary Werth, are not within the modeled area. (DWR Ex. 1, Bates 68. DWR Ex. 
2, Modeling Report, Figure 3.) 
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131. According to John Werth the lake has been expanded by about 400 feet to the east. The 
expanded area is shown in a hatched area on an exhibit introduced by John Werth. (Tr. 
Vol. IV, 59:23-25; 60: 1-4. I.Werth Ex. Bates 9017; 9135.) 

132. The southeastern-most edge of Werth Lake (without its expansion) is 2,957 feet northwest 
of proposed well S-6a. The lake is west of the Smoky Hill River. (Tr. Vol IV, 61 :6-9. 
I.Werth Ex. Bates 9017.) 

133. The southeastern-most edge of Werth Lake (without its expansion) is approximately 2,200 
feet northwest ofMPl. MP 1 is west of the Smoky Hill River. (DWR Ex. B, Modeling 
Report, Figure 8; I.Werth Ex. Bates 9135.) 

134. Werth Lake currently is leased to the Smoky Hill Ski Club and is used as a practice area. 
The club uses the lake most of the year. The skiers need about 5 feet of water depth for 
safety and boat operation. (Tr. Vol. V, 122:4-7; 124:16-22.) 

135. According to Jason Staab, of the Smoky Hill Ski Club, the average depth of the lake along 
the ski course is about 7 to 8 feet, and the water level fluctuates "a couple of feet" 
throughout the year. (Tr. Vol. V, 124:10-15; 128:9-10.) 

136. Water level data recorded by Mr. Staab from January 2, 2005 through May 5, 2006 show 
that the highest lake level occurred on January 2, 2005 and the lowest occurred from 
September 1 through October 4, 2005. Water levels began to rise after October 4th, even 
before the Cedar Bluff release in December, but were 7 to 10 inches lower than January 
2005 levels. (Tr. Vol. V, 142:11-21. J. Werth Ex. Bates 9136.) 

137. There are natural springs flowing throughout the area north and northwest of Werth Lake. 
Every year between early October and the end ofNovember the lake level rises, which John 
Werth attributes to the springs in the area. (Tr. Vol. V, 133:22-25; 134:1-2; 169:13-25; 
170:1-12.) 

138. USGS stream flow data from the upper Schoenchen gage from January 2005 through the 
beginning of May 2006 show that water levels in the Smoky Hill River were highest in mid
March 2005 and near the end of December 2005. Water levels were lowest from late
August 2005 to late-January 2006. The rate of stream flow was greatest in mid-March 
2005. There was no stream flow from early July to December 24th. (J. Werth Ex. J-1.) 

139. The upper Schoenchen gage is downstream from Werth Lake. (J. Werth Ex. G.) 

140. John Werth testified that there has been an average lowering of the static water levels in the 
City's wells by 10.68 feet since 1957 as shown on the City's exhibits. (Tr. Vol. V, 138:3-
25; 139:1-5.) 

141. John Werth testified that he believes Werth Lake will be adversely affected by wells S-6a, 
S-7a and S-8a. (Tr. Vol. V, 155:12-15.) 
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142. Blake Werth testified that an aerial photo shows that the vegetation upstream of the Hays 
well field (upstream of the Schoenchen bridge) is lush compared to the vegetation 
downstream of the bridge. The vegetation starts to fill out again east of the well field. He 
believes the City's wells are depleting the aquifer, and that is the reason for the lack of 
vegetation throughout the Hays well field. (Tr. Vol. V, 194:20-25; 195:1-25. Werth Ex. 
G.) 

143. Blake Werth testified that his father has been unable to use his surface water right, File No. 
11,63 i since the late 1970s because oflack of water in the River. (Tr. Vol. V, 177:7-25; 
178: 1-5. Harvey Werth Ex. Bates No. 9218-9225.) 

144. Blake Werth testified that when there is no stream flow in the River the well authorized 
under Water Right, File No. 15,654 can only pump for a couple of days. He believes that 
moving wells S-16 and S-17 further east will "impair our well right 15,654 even further." 
(Tr. Vol. V, 180:9-14.) 

145. Water Right, File No. 281 is a surface water right whose authorized point of diversion is on 
the Smoky Hill River less than one-half mile downstream from Water Right, File No. 
11,631. This water right, which is owned by Roberta Steckline, is not within the modeled 
area. (DWR Ex. 1, Bates 68. DWR Ex. 2, Modeling Report, Figure 3.) 

Preliminary Rulings 

146. The City's water rights will not become subject to MDS for the Smoky 
HUI River if the applications are approved. 

In a memorandum of law filed on May 12, 2006 the City requested a ruling on the issue of 
whether the approval of its applications would cause these water rights to become junior to 
minimum desirable streamflow (MDS) requirements for the Smoky Hill River. The 
Dingeses argued that Attorney General Opinions 95-92 and 2002-24 control this issue. 
The City argued that K.S.A 82a-708b and KS.A 82a-703a and 82a-703b are the 
controlling statutes. For the following reasons the Chief Engineer agreed with the City. 

K.S.A. 82a-703a, 82a-703b and 82a-708b are clear. Pursuant to KS.A 82a-703b(b), "all . 
. . appropriation rights having a priority date on or before April 12, 1984, shall not be 
subject to any [MDS] requirements established pursuant to law." Although KS.A 82a-
703c establishes MDS requirements for the Smoky Hill River, the City's water rights at 
issue have priority dates before April 12, 1984. Therefore, pursuant to the statute, these 
water rights cannot be subject to MDS requirements. 

The Dingeses argue that the City's applications to change the locations of some of its 
groundwater wells somehow changes or negates the priority date of these water rights. 
There is no legal basis for this argument. The Kansas Water Appropriation Act is clear 
that, "any owner of a water right may change the place of use, the point of diversion or the 
use made of water without losing priority of right." KS.A 82a-708b(a). Consequently, 

24 



until these water rights are terminated, their priority dates will always be earlier than April 
12, 1984 even if the Chief Engineer approves changes to the water rights as allowed under 
K.S.A. 82a-708b. 

The Attorney General's opinions cited by the Dingeses do not support their interpretation 
of the law. It appears that Attorney General Opinion No. 2002-24 was cited for its analysis 
of legislative intent concerning the Kansas Water Appropriation Act. None of this analysis 
contradicts the Chief Engineer's interpretation of the law as it applies to the City's 
applications. Attorney General Opinion No. 95-92 answers the question whether the Chief 
Engineer can reduce the quantity of water authorized under a water right when an 
application has been filed to change from one type of use to a significantly more 
consumptive type of use. This issue was not raised nor is it relevant to the City's change 
applications. Attorney General Opinion No. 95-92, however, affirms that K.S.A. 82a-
708b(a) means that water rights may be changed, "without losing the priority date of the 
initial water right." Atty. Gen. Op. 95-92, August 30, 1995, pg. 2. 

147. The Dinges Family Trust is not required to sign the City's applications. 

Also in its memorandum oflaw filed on May 12, 2006 the City requested a ruling on the 
issue of whether the Dinges Family Trust is a co-owner of the City's water rights and, 
therefore, must sign the applications pursuant to K.A.R. 5-5-5. The City argued that this is 
an issue oflaw that could be resolved before the hearing began. The Chief Engineer 
disagreed, found that the matter of ownership was not solely a question of law and allowed 
the Dingeses to present their evidence to show their ownership interest in the City's water 
rights. 

At the outset, it is noted that this forum is not a court oflaw, and the Chief Engineer's 
jurisdiction is limited to determining whether the Dinges Family Trust's ownership interest 
is such that K.A.R. 5-5-5 requires the Trust to sign the City's applications and, if so, which 
applications would be affected. Based on the evidence in the record, the Dingeses' claim of 
an ownership interest is based on the Trust's ownership of land on which the City's well 
number S-6 is located and a contract in which the City agreed to allow owners of the land 
to use water from this well for domestic purposes. Only Water Right, File Nos. 1,248 and 
5,757 authorize water to be diverted from S-6. Therefore, the issue is whether, under these 
facts, the Trust is required to sign the applications to change these appropriation rights. 

According to K.A.R. 5-5-5: 

If more than one person is the owner of a water right, and an 
application is filed for a change in the place of use, point of diversion, 
use made of the water, or any combination thereof, only the 
signature(s) of the landowner(s) whose portion of the water right(s) is 
(are) involved in the change shall be required on the application. If the 
extent of each owners [sic] interest in the water right has not been 
legally determined, then all landowners holding an undetermined 
portion of the water right must sign the change application or the 
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landowners must submit an agreement signed by all landowners 
agreeing how the water right should be divided. 

According to KAR. 5-5-5 a representative of the Dinges Family Trust must sign the City's 
applications to change Water Right, File Nos. 1,248 and 5,757 if the Trust owns a portion 
of or has an undetermined ownership interest in these water rights. KS.A. 82a-70 l(g) 
defines a water right as a real property right "appurtenant to and severable from the land on 
or in connection with which the water is used." KS.A. 708a further clarifies that water 
rights, "remain subject to the control of the owners of [such] lands." The land on or in 
connection with which the water is used is referred to as "the place of use," and every 
water right has an authorized place of use. Thus, the owner of a water right is the person 
who owns the authorized place of use. If more than one person owns the authorized place 
of use, they are all owners. 

KS.A. 82a-701(g) further defines a water right as "any ... appropriation right under which 
a person may lawfully divert and use water." Here, the water rights created by the City's 
lawful diversion and use of water under Water Right, File Nos. 1,248 and 5,757 attached to 
the authorized place of use, which was the City and its immediate vicinity, defined as within 
2,640 feet (Yi mile) of the City's boundaries. KAR. 5-1-l(mm). The land on which well 
number S-6 is located is not within the City or within Yi mile of the City's boundaries. 
Therefore, the Trust could not have obtained an ownership interest in these water rights by 
virtue ofKS.A. 82a-701(g). 

Even if this were not the case these are municipal water rights meaning that the water is 
distributed to various users through a common distribution system operated by the City. 
KAR. 5-1-l(tt). The ChiefEngineer has never required the signatures of every municipal 
water user on applications to change municipal water rights. Such a requirement would be 
onerous and would serve no useful purpose. 

Any argument that the mere use of water diverted from well number S-6 conveys an 
ownership interest in Water Right, File Nos. 1,248 and 5,757 is negated by the provisions 
of KS.A. 82a-705, which states that only domestic water rights can be-acquired without 
the prior approval of the Chief Engineer. As stated previously, the City's water rights are 
municipal water rights. At best, the Dingeses' use of water created a domestic water right 
separate and apart from the City's municipal water rights. 

The Dingeses offer evidence of an agreement between the City and Dorothea Ruder, their 
predecessor in interest, executed in 1956, and suggest that this agreement somehow 
conveys an ownership interest in the City's water rights. Bates 9061 - 9062. fu this 
agreement Ms. Ruder leased 50 acres of land to the City "for the sole and only purpose of 
drilling water wells and producing water therefrom ... "Bates 9061. Nowhere in the 
agreement does the City expressly grant Ms. Ruder or her successors any interest in any 
water right it might perfect by virtue of the well or wells drilled on her land. This evidence 
does not support a finding that the Dingeses must sign the City's applications. 
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CONCLUSIONS 

Based on the foregoing Findings and under authority of the Kansas Water Appropriation 
Act, K.S.A 82a-701 et seq., the Chief Engineer hereby concludes that: 

148. Granting the City's request for waiver ofK.A.R. 5-5-13 to allow the relocation of 
well S-8 closer to the Smoky Hill River will prejudicially and unreasonably affect the 
public interest. 

Legal Basis: K.S.A 82a-1904 (2005 Supp.) 

Reasons: 

The purpose ofK.AR. 5-5-13, which prohibits relocating alluvial wells more than 10 
percent closer to the centerline of the reach of stream that is closed to new appropriations, 
is to protect surface water sources from depletion by groundwater wells in areas with fully
appropriated water supplies. As proposed, well S-8 would be relocated 475 feet, or 37 
percent, closer to the Smoky Hill River than its current location. The modeling report 
shows that relocating S-8 as proposed will cause a potential loss of flow in a reach of the 
Smoky Hill River that currently has the potential to gain stream flow. This is precisely 
what K.A.R. 5-5-13 seeks to protect against. 

Waivers of the rules and regulations are discretionary. The chief engineer, however, may 
not grant a waiver if doing so would result in the impairment of any existing water rights or 
unreasonably and prejudicially affect the public interest. In order to waive the provisions of 
K.AR. 5-5-13, the applicant must show and the chief engineer must find good cause for 
the waiver and that granting the waiver will not impair existing water rights or prejudicially 
and unreasonably affect the public interest. The City has not met its burden of showing 
that the proposed location of well S-8a will not prejudicially and unreasonably affect the 
public interest. 

According to the USGS topographic map the streambed of the Smoky Hill River is at 
ground surface elevation at the point where the 1910-foot ground surface contour crosses 
the river. The model results for the 5 cfs scenario with pumping of 2285 acre-feet from 
the wells as currently configured show that after 365 days of pumping the 1910-foot water 
level contour crosses the river at a point approximately 700 feet downstream from the 
location of the 1910-foot streambed elevation. Therefore, the modeled water level is above 
the streambed elevation in this 700-foot reach of the stream, and the River is gaining in this 
reach under the current well field configuration. Figure 1. 

The model results for the 5 cfs scenario with pumping of2285 acre-feet under the 
proposed well field configuration show that after 365 days of pumping the 1910-foot water 
level contour lies on top of the river from a point approximately 400 feet upstream of the 
1910-foot streambed elevation to a point approximately 600 feet downstream of the 1910-
foot streambed elevation. Therefore, the modeled water level is at or below the streambed 
elevation in 400 feet of this 1000-foot reach of the stream, and the River is losing in this 

27 



reach under the proposed well field configuration. In addition, the modeled operation of 
well S-8a creates a drawdown cone adjacent to the River in the reach immediately 
upstream of the 1910-foot streambed elevation, which lends support to the conclusion that 
this 400-foot reach of stream would become a losing reach. Figure 2. 
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Members of the public expressed their concern about adverse affects on the River if the 
City is allowed to relocate well S-8 farther upstream. This concern is reasonable. ·It would 
be unreasonable and detrimental to the public interest to allow adverse effects to occur as a 
result of relocating well S-8. The facts here show that such adverse effects could occur. 
For these reasons, the City's request for a waiver ofK.A.R. 5-5-13 and approval to 
relocate well S-8 must be denied, and well S-8a is not considered in any further analysis of 
the City's applications. 

In addition, because well S-8a will not be approved, it is not necessary to address the City's 
request for a waiver ofK.A.R. 5-4-4(d)(l), which references KAR. 5-5-5(c)(l), with 
respect to this well. 

149. The City's proposal to relocate wells S-6, S-7, S-12, S-15, S-16 and S-17, within its 
Smoky Hill well field, is reasonable if the combined quantity of water pumped from 
wells S-6a and S-7a is limited to 968 acre-feet per year. 

Legal Basis: K.S.A. 82a-708b(a)(2) (2005 Supp.) 

Reasons: 

The evidence offered by the City shows that the proposed relocation of wells S-6, S-7, S-
12, S-15, S-16 and S-17 will improve well spacing in the Smoky Hill well field,. which will 
reduce inference between the City's wells and reduce the drawdown in the aquifer in the 
areas between the wells. The City has been engaged in extensive water conservation 
practices for several years, which has enabled it to meet its water needs without increasing 
its water supply. The City's plan for redistributing the wells within its Smoky Hill wellfield 
will allow it to plan for drought conditions in order to continue to meet its demands for 
water. While the evidence shows there will be a need for additional water supplies in the 
future and the City is working to find other sources, the present proposal will reduce the 
City's vulnerability to drought in the short-term. For these reasons, the City's proposal to 
relocate wells S-6, S-7, S-12, S-16 and S-17 is reasonable. 

The City has not modeled, however, withdrawals exceeding 484 acre-feet per year from 
wells S-6a and S-7a. (See, Finding No. 89, maximum usage new wells.) Therefore, it is not 
reasonable to allow the City the ability to pump more than this quantity from these wells 
combined. Placing a combined annual quantity limitation on wells S-6a and S-7a of968 
acre-feet per year will provide the City with the greatest degree of flexibility while limiting 
pumping to a quantity for which the modeled effects have been shown. 

150. The City has provided no evidence to demonstrate that its request to retain well S-12 
as a stand-by is reasonable. 

Legal Basis: K.S.A. 82a-708b(a)(2) (2005 Supp.) 

Reasons: 
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The City is proposing to retain well S-12 as a stand-by well, but has not provided any 
information to show that this is necessary or reasonable. The City would like to leave the 
SCAD A equipment in this well and use it as a data acquisition point. This is an excellent 
idea, but it is not necessary to have this well equipped as a back-up for this purpose. Well 
S-12 can be used as an observation well or monitoring well without the need for retaining it 
as a stand-by. 

Moreover, there appears to be no need for an additional back-up well. The City 
acknowledges it does not operate all ofits wells simultaneously. Therefore, all of the wells 
operate as back-up wells to some extent. 

Furthermore, the model results clearly demonstrate that operating well S-12 results in well 
interference. This is shown by the overlapping cones of depression seen around wells S-12 
and S-13 after pumping 2,285 acre-feet over a period of 365 days assuming there is no 
flow in the River. Indeed, eliminating well interference is the reason for relocating this 
well. Retaining it as a stand-by well appears only to serve to defeat this purpose. 

In addition, because well S-12 will not be approved as a stand-by well it is not necessary to 
address the City's request for a waiver ofK.A.R. 5-4-4(c)(l) regarding spacing between 
well S-12 and wells S-11 and S13 and Water Right, File No. 42,503. 

151. The proposed locations of wells S-6a, S-7a, S-12a, S-15a, S-16a and S-17a relate to 
the same local source of supply as the existing water rights. 

Legal Basis: KS.A. 82a-708b(a)(3) (2005 Supp.) 

Reasons: 

According Dr. Brikowski's studies the City's existing wells are located in a paleochannel, 
which extends from one-half mile west of existing well S-8 to the confluence of the Smoky 
Hill River and Big Timber Creek, a distance of about 4 miles. The paleochannel is 
comprised of alluvial deposits with similar aquifer properties that are hydraulically 
connected. Wells S-6a, S-7 a, S-12a, S-15a, S-16a and S-17 a are proposed to be located 
within this paleochannel, and the source of supply will be from the same alluvial deposits 
that supply the existing wells. 

Water Right, File Nos. 1,248, 5, 757 and 33,296 are alluvial water rights, which are 
intimately connected to the Smoky Hill River. Thus, for the purposes of these proposed 
changes, the City's water rights are similar to surface water rights. Therefore, the local 
source of supply is considered to extend downstream to the point at which a significant 
tributary contributes to the source. For these water rights the local source of supply 
extends to Big Timber Creek. All of the proposed replacement wells are upstream of Big 
Timber Creek and are within the local source of supply with respect to the City's well field. 
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152. The appropriate standard to apply to these applications is to compare the effects of 
the current well field to the effects of the proposed well field. 

Legal Basis: KS.A. 82a-708b(a)(2) (2005 Supp.) 

Reasons: 

There was testimony both from the City's witnesses and the interveners about the potential 
effect on the Smoky Hill River and on existing water rights if wells S-6, S-7, S-12, S-15, S-
16 and S-17 are relocated as proposed. The City's witnesses testified to their opinions that 
the effects will be beneficial and that no existing water rights will be impaired. These 
opinions were based on the modeling report and other documents submitted in support of 
the City's applications. 

The interveners and their witnesses testified to their beliefs and opinions that only adverse 
effects will occur and that existing water rights will be impaired. Their beliefs and opinion& 
are based on their observations of the changes in the River and groundwater levels that 
have occurred since the City drilled the existing wells. 

The question that must be answered is not what changes have occurred since the City 
drilled its wells. It is what changes will occur if some of the wells are relocated. The 
evidence that best addresses this question is the modeled effects of relocating the City's 
wells as compared to the modeled effects of the current well locations. 

The interveners argued that the model was flawed by the omission of facts of a waterline 
leak in the 1990s. However, the facts support a finding that such a leak could not have 
influenced the model in such a way as to invalidate its results. In fact the model was 
calibrated to January 2005 water levels, which means that water levels obtained during the 
occurrence of the leak could not have affected the model results. 

The model shows that some positive effects on groundwater levels are likely and that the 
effects on the River are likely to be the same or very similar to existing conditions (if well 
S-8a is excluded). The potential effects of these changes on existing water rights are 
discussed below. 

153. The relocation of wells S-6, S-7, S-12, S-15, S-16 and S-17, as proposed, is not likely 
to impair existing domestic wells or groundwater appropriation water rights. 

Legal Basis: K.S.A. 82a-708b(a)(2) (2005 Supp.); 82a-71 l(c) (2005 Supp.) 

Reasons: 

The model results show that groundwater levels potentially could be lowered at four 
monitoring points within the modeled area ifwells S-6, S-7, S-12, S-1~, S-16 and S-17 are 
relocated as proposed when compared to the current configuration. According to the 
model results water levels were about one to two feet lower at MP 1, MP 11andMP12 
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and about three feet lower at MP 2 after pumping a total of2,285 acre-feet of water over a 
period of365 days under the proposed well field configuration assuming zero flow in the 
River. MP l is closest to Bob Munsch's two domestic wells. MP 11 and MP 12 are 
closest to Harvey Werth's well authorized under Water Right, File No. 15,654. This 
potential lowering of the water table is not unreasonable, and therefore, it is not likely that 
impairment of any these wells will occur. 

Based on drilling logs provided by Harvey Werth the saturated thickness in the area of his 
groundwater well is approximately 32 feet to 36 feet. A one- or two-foot decrease in 
water levels would reduce the saturated thickness at this well by only about 5 to 6 percent. 

Although the saturated thickness at Bob Munsch's wells is unknown, the one-foot lower 
model-predicted water level for the proposed configuration would not appear to be 
significant, and the effect would be even less without well S-8a. Therefore, the potential 
lowering of the static water level at these wells is not unreasonable, and no testimony or 
evidence was provided to show that impairment of any of these wells is likely. 

John and Gary Werth' s appropriation right authorized under groundwater right File Nos. 
6,637 and 13,874 is not within the modeled area. MP 1, however, is located less than one
half mile downstream of this water right. It is not likely that the effects of pumping under 
the proposed well field configuration will be greater at the Werth' s lake, which is farther 
from the proposed well locations, than it is at MP 1. Thus, it is unlikely that any lowering 
of the static water level at the Werth' s lake would be unreasonable. Moreover no evidence 
is available or has been provided to show that decreasing the static water level by one foot 
or less will result in impairment of Water Right, File Nos. 6,637 and 13,874. 

154. The relocation of wells S-6, S-7, S-12, S-15, S-16 and S-17, as proposed, is not likely 
to impair existing surface water appropriation rights. 

Legal Basis: KS.A. 82a-708b(a)(2) (2005 Supp.); 82a-71 l(c) (2005 Supp.) 

Reasons: 

Two rights to appropriate surface water from the Smoky Hill River exist within the 
modeled area. These are Water Right, File No. 11,631, owned by Harvey Werth, and 
Water Right File No. 44,272-5. Another surface water right, Water Right, File No. 281 is 
located less than one-half mile downstream ofHarvey Werth's surface water right. Water 
Right, File No. 281 is not within the modeled area. 

The modeled effects on these surface water rights are shown by changes in water levels 
under the proposed well field configuration when it is assumed there is 5 cfs of flow 
entering the River. Water Right, File No. 11,631 is about one mile downstream of MP 11 
and MP 12, which simulate water level elevations on both sides of the Smoky Hill River, 
and above the confluence of Big Timber Creek. Water Right, File No. 281 is below the 
confluence of Big Timber Creek. 
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The model results show that after pumping a total of2,285 acre-feet of water over a period 
of365 days under the current configuration, assuming there is 5 cfs flow entering the 
River, the water level elevation is at, or just slightly above, streambed elevation (1880 feet) 
at a point between .MP 11 and .MP 12. Under the proposed well field configuration the 
1880-foot water level elevation occurs at virtually the same location between .MP 11 and 
.MP 12. This indicates that there is no different effect on streamflow at this location. The 
comparative hydrographs for .MP 11 and .MP 12 confirm there is no different effect on 
water level elevations under the proposed well configuration. 

Water Right, File Nos. 11,63 land 281 are farther downstream of the 1880-foot contour. 
Therefore, it is not likely there will be any different effect on these water rights if the City's 
applications are approved. 

The point of diversion authorized under Water Right, File No. 44,272-5 is between the 
1900-foot and 1902-foot water level contours under both the current and proposed well 
field configurations after one year of pumping 2,285 acre-feet of water. There is virtually 
no change in the locations of these contours under the proposed well field configuration, 
indicating there is no different effect on streamflow at the location of this water right. 

155. Granting the City's request for a waiver of K.A.R. 5-5-13 to aUow the relocation of 
wells S-15, S-16 and S-17 will not prejudicially and unreasonably affect the public 
interest or impair any existing water right. 

Legal Basis: KS.A. 82a-1904 {2005 Supp.) 

Reasons: 

As proposed, well S-15 would be relocated 750 feet, or 36 percent, closer to the Smoky 
Hill River than its current location. Well S-16 would be relocated 515 feet, or 14% closer, 
and well S-17 would be relocated 230 feet, or 68% closer to the River. The model results, 
however, show no adverse affects on the River if these wells are relocated as proposed. 

The model results show that there is virtually no change in water level elevations at the 
eastern end of the well field after pumping a total of2,285 acre-feet of water over a period 
of365 days, assuming 5 cfs flow entering the River. Not only does the 1880-foot water 
level contour remain in virtually the same location before and after the relocation of the 
wells, the 1882-, 1884-, 1886-, and 1888-foot water level contours intersect the River at 
virtually the same locations. Therefore, even though some change in the shape of the water 
level contours is seen, there appears to be no material change at the River. 

The City has demonstrated good cause for granting a waiver ofK.AR. 5-5-13 with respect 
to wells S-15, S-16 and S-17. The City's plan for redistributing these wells will benefit the 
aquifer by eliminating interference with other wells and will allow the City to reduce its 
drought vulnerability while it develops additional water supplies. The model results show 
that granting the waiver will not impair existing water rights or prejudicially and 
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unreasonably affect the public interest. Therefore, the City's request for waiver will be 
granted. 

156. Monitoring of the: static-water levels in the: Smoky Jlilt River altuvimn apstrenm and 
downstream of the City's proposed wells is necessary to validate the predictions of 
the groundwater model concerning impairment of existing water rights. 

Legal Basis: K.S.A 82a-708b(a)(2) (2005 Supp.) 

Reasons: 

Groundwater models are· useful toots to predict or estimate changes in groundwater under 
different conditions. However, they represent a simplified form of reality. Actual water 
level measurements are needed to determine the effects of relocating the City's wells. 

The City has made much of the firet that its water rights are very otd, and the City believes 
its water rights are senior to all others in the area. This is not completely accurate. Senior 
domestic water rights exist. Additionally, the City's Water Right, File No. 33,296 is not 
senior to Harvey Werth's groundwater and surface water appropriation water rights (File 
Ncrs. 15,654 and 11,631). Moreover, tire City has no right to change its senior water rights 
in a way that will impair junior water rights in· existence at the time of the proposed 
changes, including Werth Lake. 

O\vn:ers of nearby groundwater rights and residents of Scboonchen: ha:ve expressed their 
belief the expansion of the Hays well field will impair their water rights. Obtaining regular 
ground water level measurements will hclp determine whether impairment of existing water 
rights is occurring as a result of the relocation of the wells within the Hays well field. 
Therefore, the approvals of tire City's applications will be: conditioned on the City's 
installation of appropriate observation wells and the collection of water level measurements 
from the observation wells and wells S-6a, S-1a, S-l 1a, S-l 5a, S-16a and S-I 7a at suitable 
intervals. 

ORDER 

Water Right, File Nos. 1,248 and 5,757 

NOW, TimllEFOftE, it is the decision: of the Chief Engineer that the City ofHay(s 
applications for approval to change the locations of wells S-6, S-7, S-12 and S-15, authorized 
under Water Right, YtleNos. 1,248 and 5, 757 shatt be: and are hereby approved, as set out in the 
"Approval of Application to Change the Point of Diversion, Water Right, File No. 1,248" and 
"Approval of Application to Change the Point of Diversion, Water Right, Yde No. 5, 757," which 
are contained in Appendices A and B, respectively, and are attached to and made part of this Initial 
Order. These approvals are conditioned as follows: 
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A. Diversions ftom wetts S-6a and S-7a under Water Right, File No. 5, 757 shall be 
limited to 968 acre-feet per year when combined with the diversions authorized 
under Water Right, F"tle No. 1,148'. 

B. Observation wells shall be installed and water levels shall be collected as set 
forth in Appendices A and B. 

AND, FUR.T.Hf!R, that the City ofHays's applications for approval to change the location 
of well S-8 and to retain S-12 as a stand-by well authorized under Water Right, File Nos. 1,248 
and 5,757 shall be and are hereby denied. 

nns ORDER SlfALL NOT otherwise modify or a.mend the· conditions of the Certificate 
of Appropriation for Beneficial Use issued under Water Right, File No. 1,248 or Water Right, File 
No. 5,757 or any subsequent modifications or amendments of those certificates. Nor shalt it 
modify in any way the May 31, 1 ~84 IGUCA Order of the Chief Engineer or the water use 
restrictions applicable to Water Right, File Nos. 1,248 and 5,757. 

Water Right, File No. 33,296 

AND, FURT.Hf!R, that the City ofllays's applications for approval to change the locations 
of wells S-16 and S-17, authorized under Water Right, File No. 3 3 ,296, shall be and are hereby 
approved, as set out in the documents contained in Appendix C, which is attached to and nmde 
part ohhis Initial Order. This approval is conditioned on the installation of observation wells and 
the collection of water level measurements as set forth in Appendix C. 

THIS ORDER SMALL NOT otherwise modify or amend the conditions of the Certificate 
of Appropriation for Beneficial Use issued under Water Right, File No. 33,296. Nor shall it modify 
in any way the May 31, 1984 IGUCA Order of the Chief Engineer or the water use restrictions 
applicable to Water Right, File No. 33,296. 

PETITION FOR REVIEW 

Pursuant to K.S.A. 82a:-711 and K.S.A. 82a-l901(a}, if aggrieved by this Initial Order, the 
applicant may petition for administrative review in accordance with the provisions of the Kansas 
Administrative Procedure Act, K.S.A 77-501 et seq. The petition must be filed within 15 days 
after the date of service of this Initial Order and must set forth the basis for the review. The 
petition for administrative review shall be in writing and shall be submitted to: 

Adrian Pota:nsky, Secretary of Agriculture 
Kansas Department of Agriculture 

109 SW cjD Street,·~ Floor 
Topeka, Kansas 66612 
Fax: (785) 368-6668 
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EFFECTIVE DATE OF ORDER; FINAL AGENCY ACTION 

Unless a later date· i:s stated herein, this Initial Order shatt become effective and shall 
become a final agency action, as defined in K.S.A. 77-607(b), without further notice to the 
parties. if a petition for administrative review has been filed as set forth herein and the Secretary 
has issued an order stating that review will not be exercised. If no party has filed a petition for 
administrative review by the: Secretary and the Secretary has not given written notice of intention 
to exercise review, this Initial Order shall become effective and shall become a final agency action 
thirty (30) days after its service. KS.A. 77-530. 

ENTEREDTHIS '3~ DAYOFOCTOBER2006INSHAWNEECOUNTY, 
KANSAS. 

Davrd L. Pope, P.R 
Chief Engineer 
Division of Water Resources 
Kansas Dept. of Agriculture 
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CERTIFICATE OF SERVICE 

On this '3 ,.,). day of 0~ 2006, I hereby certify that a true and correct copy of the 
foregoing INITIAL ORDER APPROVING APPLICATIONS TO RELOCATE WELLS S-
6, S-7, S-12, S-15, S-16 AND S-17, WITH CONDITIONS, DENYING APPLICATIONS TO 
RELOCATE WELL S-8 AND DENYING APPLICATIONS TO RETAIN WELL S-12 AS 
A STAND-BY WELL was sent by U.S. First Class mail to all the following: 

City Manager and Commissioners 
City of Hays 
POBox490 
Hays, Kansas 67601 

John Bird 
Glassman, Bird & Braun, L.L.P. 
200W. 13th 
Box 727 
Hays, Kansas 67601 
Attorney for City of Hays 

David M. Traster 
Foulsten Siefkin LLP 
1551 N. Waterfront Parkway, Suite 100 
Wichita, Kansas 67206-4466 
Attorney for City of Hays 

JohnF. Werth and GaryN. Werth 
1461-B Schoenchen Road 
Hays, Kansas 67601 
Intervener 

And by Inter-Office Mail to: 

Barbara Hodgson 
Kansas Department of Agriculture 
109 SW 9th Street, 4th Floor 
Topeka, Kansas 66612 
Attorney for Division of Water Resources 

Harvey J. Werth 
3 715 Country Lane 
Hays, Kansas 67601 
Intervener 

Dinges Family Trust 
240 240th Avenue 
Hays, Kansas 67601-9649 
Intervener 

Jason Dinges 
1584 Smoky Hill River Road 
Hays, Kansas 67601 
Intervener 

~~\~ 

c: Scott Ross, Water Commissioner, Division of Water Resources Stock.ton Field Office 
Lisa Taylor, Public Information Officer, Kansas Department of Agriculture 

37 



APPENDIX A 



THE STATE OF KANSAS 

KANSAS DEPARTMENT OF AGRICULTURE 
Adrian J. Polansky, Secretary of Agriculture 

APPROVAL OF APPLICATION 
FOR 

CHANGE IN POINT OF DIVERSION 
WATER RIGHT 
FILE NO. 1,248 

DIVISION OF WATER RESOURCES 
David L. Pope, Chief Engineer 

The Chief Engineer, Division of Water Resources, Kansas Department of Agriculture, 
after due consideration of the written application of Joe Obholz, on behalf of the City of Hays, 
Kansas, City Hall, 161

h and Main, PO Box 490, Hays, Kansas, 67601, received in this office on 
October 7, 2004, for approval of a change in the location of the point of diversion under the 
certificate of appropriation issued pursuant to the application for permit to appropriate water for 
beneficial use, as modified and amended by the Order of the Chief Engineer dated September 17, 
1990, approving the application to change the point of diversion, finds that the change is reasonable 
and will not impair existing rights, that the change relates to the same local source of supply and that 
the application should be and is hereby approved. 

The effective date of the change shall be the date this order is executed by the Chief 
Engineer, after which the authorized locations of the points of diversion shall be: 

one (1) well located in the Southeast Quarter of the Southwest Quarter of the 
Southwest Quarter (SE%SW%SW%) of Section 26, more particularly described as 
being near a point 647 feet North and 4,131 feet West of the Southeast comer of 
said section ("S-15a"), 

one (1) well located in the Southwest Quarter of the Northeast Quarter of the 
Southwest Quarter (SW%NE%SW%) of Section 27, more particularly described as 
being near a point 1,390 feet North and 3,370 feet West of the Southeast comer of 
said section ("S-14"), 

one (1) well located in the Northwest Quarter of the Southwest Quarter of the 
Southwest Quarter (NW%SW%SW%) of Section 27, more particularly described as 
being near a point 1,250 feet North and 4, 780 feet West of the Southeast comer of 
said section ("S-131, 

one (1) well located in the Southwest Quarter of the Northeast Quarter of the 
Southeast Quarter (SW%NE%SE%) of Section 27, more particular1y described as 
being near a point 1,520 feet North and 1, 190 feet West of the Southeast comer of 
said section ("S-12aj, 

one (1) well located in the Southwest Quarter of the Northeast Quarter of the 
Southwest Quarter (SW%NE%SW%) of Section 28, more particular1y described as 
being near a point 1,583 feet North and 3,888 feet West of the Southeast comer of 
said section ("S-1.8j, 

one (1) well located in the Southeast Quarter of the Northeast Quarter of the 
Southwest Quarter (SE%NE%SW%) of Section 28, more particularly described as 
being near a point 1, 780 feet North and 3,280 feet West of the Southeast comer of 
said section ("S-10"), 
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one (1) well located in the Southwest Quarter of the Northeast Quarter of the 
Southeast Quarter (SW%NE%SE%) of Section 28, more particularly described as 
being near a point 1,780 feet North and 1,030 feet West of the Southeast comer of 
said section ("S-11j, 

one (1) well located in the Northeast Quarter of the Southeast Quarter of the 
Southeast Quarter (NE%SE%SE%) of Section 29, more particularly described as 
being near a point 970 feet North and 11 O feet West of the Southeast comer of said 
section ("S-7a"), 

one (1) well located in the Southeast Quarter of the Southeast Quarter of the 
Southeast Quarter (SE%SE%SE%} of Section 29, more particularly described as 
being near a point 290 feet North and 240 feet West of the So.utheast comer of said 
section ("S-8"}, and 

one (1) well located in the Southwest Quarter of the Northeast Quarter of the 
Northeast Quarter (SW%NE%NE%} of Section 32, more particularly described as 
being near a point 4,599 feet North and 1,090 feet West of the Southeast comer of 
said section ("S-6a"), 

all in Township 15 South, Range 18 West, Ellis County, Kansas, 

located substantially as shown on the topographic map accompanying the application to change the 
point of diversion. 

That quantity of water by means of the well described herein as being well (S-6a) 
located in the Southwest Quarter of the Northeast Quarter of the Northeast Quarter (SW1ANE%NE%) 
of Section 32, more particularly described as being near a point 4,599 feet North and 1,090 feet 
West of the Southeast corner of said section, Township 15 South, Range 18 West, Ellis County, 
Kansas, and by means of the well (S-7a} located in the Northeast Quarter of the Southeast Quarter 
of the Southeast Quarter (NE%SE%SE%} of Section 29, more particularly described as being near a 
point 970 feet North and 110 feet West of the Southeast comer of said section, Township 15 South, 
Range 18 West, Ellis County, Kansas shall be further limited to a total quantity not to exceed 315.42 
million gallons (968 acre-feet} of water per calendar year for municipal use. 

By this approval, the water right becomes subject to the following special conditions: 

1. That, no later than March 1, 2007, the owner of this water right shall submit to the Chief 
Engineer for his approval a plan to monitor the water levels in the alluvial aquifer within the 
City's Smoky Hill well field. The plan shall include one observation well located west of well 
S-6a and east of the Smoky Hill River positioned to best determine the effect of the additional 
drawdowns resulting from the relocation of wells authorized herein (wells S-6a and S-7a}. All 
observation wells shall be completed to bedrock and screened in the Smoky Hill alluvial 
aquifer. The water level monitoring plan shall include the following: " 

a) The proposed location of the observation well. 

b) A description of the proposed construction of the observation well. 

c) A plan to obtain baseline water level measurements from the observation well prior to 
commencement of appropriations from the relocated wells authorized herein (wells S-
6a and S-7a). 
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2. The owner of this water right shall install transducers in the observation well connected to 
data loggers capable of transmitting the data to ~he USGS for automatic display on its 
National Water Information System (NWIS) website. 

3. The owner of this water right shall notify the Chief Engineer, in writing, within thirty (30) days 
after installation of the observation well has been completed. 

4. That, no later than December 31, 2007, the owner of this water right shall install the 
observation well as set out in its approved water level monitoring plan. The owner of this 
water right shall notify the Chief Engineer, in writing, within thirty (30) days after installation of 
the observation well has been completed. 

5. Within sixty (60) days after installation of the observation well the owner of this water right 
shall submit a written report to the Chief Engineer describing the construction and installation 
of the well. At a minimum, the report shall contain a well log for the observation well and the 
land surface elevation, depth to bedrock and static water level on the date of completion of 
the well and all baseline water level measurements obtained from the observation well. This 
provision shall not relieve the owner of this water right of its responsibility to submit water 
well completion reports to KDHE, as required by KS.A. 82a-1212 (Form WWC-5 Forms or 
other forms required by KDHE), or compliance with any other applicable laws or regulations. 

6. The owner of this water right shall at all times maintain the observation well in a manner 
acceptable to the Chief Engineer and shall comply with the water level monitoring plan 
approved by the Chief Engineer. Records of water level measurements shall be maintained 
at the city of Hays or at another location approved by the Chief Engineer and shall be made 
available to the Division of Water Resources upon request. Upon request, the owner of this 
water right shall allow the Division of Water Resources access to the authorized points of 
diversion and the observation well installed as required herein for the purpose of obtaining 
water level measurements. 

7. Upon request of the Chief Engineer the owner shall provide a report containing all water level 
measurements taken from the observation well and the point of diversion authorized herein 
during the previous calendar year. 

8. That the expense of obtaining water level data required herein and other responsibility for 
submitting reports thereof are to be borne by the water right owner. 

That, no later than thirty (30) days following the completion of the points of diversion 
authorized herein, the owner of this water right shall submit to the Chief Engineer a copy of the well 
log required by the Kansas Department of Health and Environment (KDHE) under the authority of 
K.S.A. 82a-1212 (Form WWC-5 or other form required by KDHE). ' · 

Installation of the works for diversion of water shall be completed on or before 
December 31, 2007, or within any authorized extension of time. The applicant shall notify the Chief 
Engineer of the Division of Water Resources, Kansas Department of Agriculture, when construction 
of the works for diversion has been completed. 

That all wells with a diversion rate of 100 gallons per minute or more drilled under the 
authority of this change approval shall have a tube or other device installed in a manner acceptable 
to, and in accordance with specifications adopted by, the Chief Engineer. This tube or device shall 
be suitable for making water level measurements and shall be maintained in a condition satisfactory 
to the Chief Engineer. 
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All diversion works into which any type of chemical or other foreign substance will be 
injected into the water pumped from the diversion works shall be equipped with an in-line, automatic, 
quick-closing check valve capable of preventing pollution of the source of the water supply. The type 
of valve installed shall meet specifications adopted by the Chief Engineer and shall be maintained in 
an operating condition satisfactory to the Chief Engineer. 

That an acceptable water flow meter shall be installed and maintained on the diversion 
works authorized by this change approval in accordance with the Kansas Administrative Regulations 
5-1-4 through 5-1-12 adopted by the Chief Engineer. This water flow meter shall be used to provide 
an accurate quantity of water diverted as required for the annual water use report (including the 
meter reading at the beginning and end of the report year). 

In all other respects, the Certificate of Appropriation issued pursuant to Approval of 
Application, File No. 1,248, for permit to appropriate water for beneficial use, is as stated and set 
forth in the Certificate of Appropriation dated September 22, 1980, as modified and amended by the 
aforementioned order. 

This Approval of Application for Change in Point of Diversion shall become a final 
agency action, as defined by K.S.A. 77-607(b), without further notice to the parties, as set forth in the 
Initial Order issued by the Chief Engineer on this date. 

Dated at Topeka, Kansas, this ~n).. dayof o~ ,2006. 
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County of Shawnee ) 

State of Kansas 

David L Pope, P.E. 
Chief Engineer 

Division of Water Resources 
Kansas Department of Agriculture 

The foregoing instrument was acknowledged before me this 3 r..J...day of 
0 ,.. r~ ~= , 2006, by David L. Pope, P.E., Chief Engineer, Division of Water Resources, 
Kansas 15'epartment of Agriculture. 

DEBRA L. HA YES 
MY COMMISSION EXPIRES 

6//3/~otO 



THE STATE OF KANSAS 

KANSAS DEPARTMENT OF AGRICULTURE 
Adrian J. Polansky, Secretary of Agriculture 

APPROVAL OF APPLICATION 
FOR 

CHANGE IN POINT OF DIVERSION 
WATER RIGHT 
FILE NO. 5, 757 

DIVISION OF WATER RESOURCES 
David L. Pope, Chief Engineer 

The Chief Engineer, Division of Water Resources, Kansas Department of Agriculture, 
after due consideration of the written application of Joe Obholz, on behalf of the City of Hays, 
Kansas, City Hall, 161

h and Main, PO Box 490, Hays, Kansas, 67601, received in this office on 
October 7, 2004, for approval of a change in the location of the point of diversion under the 
certificate of appropriation issued pursuant to the application for permit to appropriate water for 
beneficial use, as modified and amended by the Order of the Chief Engineer dated September 17, 
1990, approving the application to change the point of diversion, finds that the change is reasonable 
and will not impair existing rights, that the change relates to the same local source of supply and that 
the application should be and is hereby approved. 

The effective date of the change shall be the date this order is executed by the Chief 
Engineer, after which the authorized locations of the points of diversion shall be: 

one (1) well located in the Southeast Quarter of the Southwest Quarter of the 
Southwest Quarter (SE%SW%SW%) of Section 26, more particularly described as 
being near a point 647 feet North and 4, 131 feet West of the Southeast comer of 
said section ("S-15a"), 

one (1) well located in the Southwest Quarter of the Northeast Quarter of the 
Southwest Quarter (SW%NE%SW%) of Section 27, more particularly described as · 
being near a point 1,390 feet North and 3,370 feet West of the Southeast comer of 
said section ("S-14'1, 

one (1) well located in the Northwest Quarter of the Southwest Quarter of the 
Southwest Quarter (NW%SW'ASW%) of Section 27, more particularly described as 
being near a point 1,250 feet North and 4, 780 feet West of the Southeast comer of 
said section ("S-13"), 

one ( 1) well located in the Southwest Quarter of the Northeast Quarter of the 
Southeast Quarter (SW'ANE%SE%) of Section 27, more particularly described as 
being near a point 1,520 feet North and 1, 190 feet West of the Southeast comer of 
said section ("S-12aj, 

one (1) well located in the Southwest Quarter of the Northeast Quarter of the 
Southwest Quarter (SW%NE%SW%) of Section 28, more particularly described as 
being near a point 1,583 feet Nort.h and 3,888 feet West of the Southeast comer of 
said section ("S-18j, 

one (1) well located in the Southeast Quarter of the Northeast Quarter of the 
Southwest Quarter (SE%NE%SW'A) of Section 28, more particularly described as 
being near a point 1, 780 feet North and 3,280 feet West of the Southeast comer of 
said section ("S-10"), 
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one (1) well located in the Southwest Quarter of the Northeast Quarter of the 
Southeast Quarter (SW%NE%SE%) of Section 28, more particularly described as 
being near a point 1, 780 feet North and 1,030 feet West of the Southeast comer of 
said section ("S-11j, 

one (1) well located in the Northeast Quarter of the Southeast Quarter of the 
Southeast Quarter (NE%SE%SE%) of Section 29, more particularly described as 
being near a point 970 feet North and 110 feet West of the Southeast comer of said 
section ("S-7 a"), 

one (1) well located in the Southeast Quarter of the Southeast Quarter of the 
Southeast Quarter (SE%SE%SE%) of Section 29, more particularly described as 
being near a point 290 feet North and 240 feet West of the Southeast comer of said 
section ("S-8"), and 

one (1) well located in the Southwest Quarter of the Northeast Quarter of the 
Northeast Quarter (SW%NE%NE%) of Section 32, more particularly described as 
being near a point 4,599 feet North and 1,090 feet West of the Southeast comer of 
said section ("S-6a"), 

all in Township 15 South, Range 18 West, Ellis County, Kansas, 

located substantially as shown on the topographic map accompanying the application to change the 
point of diversion. 

That quantity of water by means of the well described herein as being well (S-6a) 
located in the Southwest Quarter of the Northeast Quarter of the Northeast Quarter (SW'ANE%NE%) 
of Section 32, more particularly described as being near a point 4,599 feet North and 1,090.feet 
West of the Southeast comer of said section, Township 15 South, Range 18 West, Ellis County, 
Kansas, and by means of the well (S-7 a) located in the Northeast Quarter of the Southeast Quarter 
of the Southeast Quarter (NE%SE%SE%) of Section 29, more particularly described as being near a 
point 970 feet North and 11 O feet West of the Southeast comer of said section, Township 15 South, 
Range 18 West, Ellis County, Kansas shall be further limited to a total quantity not to exceed 315.42 
million gallons (968 acre-feet) ofwaterpercalendaryearwhen combined with Water Right, File No. 
1,248 for municipal use. 

By this approval, the water right becomes subject to the following special conditions: 

1. That, no later than March 1, 2007, the owner of this water right shall submit to the Chief 
Engineer for his approval a plan to monitor the water levels in the alluvial aquifer within the 
City's Smoky Hill well field. The plan shall include one observation well located west of well 
S-6a and east of the Smoky Hill River positioned to best determine the effect of the 'additional 
drawdowns resulting from the relocation of wells authorized herein (wells S-6a and S-7a). All 
observation wells shall be completed to bedrock and screened in the Smoky Hill alluvial 
aquifer. The water level monitoring plan shall include the following: 

a) The proposed location of the observation well. 

b) A description of the proposed construction of the observation well. 

c) A plan to obtain baseline water level measurements from the observation well prior to 
commencement of appropriations from the relocated wells authorized herein (wells S-
6a and S-7a). 
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2. The owner of this water right shall install transducers in the observation well connected to 
data loggers capable of transmitting the data to the USGS for automatic display on its 
National Water Information System (NWIS) website. 

3. The owner of this water right shall notify the Chief Engineer, in writing, within thirty (30) days 
after installation of the observation well has been completed. 

·4. That, no later than December 31, 2007, the owner of this water right shall install the 
observation well as set out in its approved water level monitoring plan. The owner of this 
water right shall notify the Chief Engineer, in writing, within thirty (30) days after installation of 
the observation well has been completed. 

5. Within sixty (60) days after installation of the observation well the owner of this water right 
shall submit a written report to the Chief Engineer describing the construction and installation 
of the well. At a minimum, the report shall contain a well log for the observation well and the 
land surface elevation, depth to bedrock and static water level on the date of completion of 
the well and all baseline water level measurements obtained from the observation well. This 
provision shall not relieve the owner of this water right of its responsibility to submit water 
well completion reports to KDHE, as required by KS.A. 82a-1212 (Form WWC-5 Forms or 
other forms required by KDHE), or compliance with any other applicable laws or regulations. 

6. The owner of this water right shall at all times maintain the observation well in a manner 
acceptable to the Chief Engineer and shall comply with the water level monitoring plan 
approved by the Chief Engineer. Records of water level measurements shall be maintained 
at the city of Hays or at another location approved by the Chief Engineer and shall be made 
available to the Division of Water Resources upon request. Upon request, the owner of this 
water right shall allow the Division of Water Resources access to the authorized points of 
diversion and the observation well installed as required herein for the purpose of obtaining 
water level measurements. 

7. Upon request of the Chief Engineer the owner shall provide a report containing all water level 
measurements taken from the observation well and the point of diversion authorized herein 
during the previous calendar year. 

8. That the expense of obtaining water level data required herein and other responsibility for 
submitting reports thereof are to be borne by the water right owner. 

That, no later than thirty (30) days following the completion of the points of diversion 
authorized herein, the owner of this water right shall submit to the Chief Engineer a copy of the well 
log required by the Kansas Department of Health and Environment (KDHE) under the authority of 
KS.A. 82a-1212 (Form WWC-5 or other form required by KDHE). · 

Installation of the works for diversion of water shall be completed on or before 
December 31, 2007, or within any authorized extension of time. The applicant shall notify the Chief 
Engineer of the Division of Water Resources, Kansas Department of Agriculture, when construction 
of the works for diversion has been completed. 

That all wells with a diversion rate of 100 gallons per minute or more drilled under the 
authority of this change approval shall have a tube or other device installed in a manner acceptable 
to, and in accordance with specifications adopted by, the Chief Engineer. This tube or device shall 
be suitable for making water level measurements and shall be maintained in a condition satisfactory 
to the Chief Engineer. 
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All diversion works into which any type of chemical or other foreign substance will be 
injected into the water pumped from the diversion works shall be equipped with an in-One, automatic, 
quick-closing check valve capable of preventing pollution of the source of the water supply. The type 
of valve installed shall meet specifications adopted by the Chief Engineer and shall be maintained in 
an operating condition satisfactory to the Chief Engineer. 

That an acceptable water flow meter shall be installed and maintained on the diversion 
works authorized by this change approval in accordance with the Kansas Administrative Regulations 
5-1-4 through 5-1-12 adopted by the Chief Engineer. This water flow meter shall be used to provide 
an accurate quantity of water diverted as required for the annual water use report (including the 
meter reading at the beginning and end of the report year). 

In all other respects, the Certificate of Appropriation issued pursuant to Approval of 
Application, File No. 5,757, for permit to appropriate water for beneficial use, is as stated and set 
forth in the Certificate of Appropriation dated September 22, 1980, as modified and amended by the 
aforementioned order. 

This Approval of Application for Change in Point of Diversion shall become a final 
agency action, as defined by K.S.A. 77-607(b), without further notice to the parties, as set forth in the 
Initial Order issued by the Chief Engineer on this date. 

Dated at Topeka, Kansas, this 

Ill 11111111. 
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•• • •• v~~ 
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,2006. 

......... :;~;.,~ ,9~ ti. ~~ . . ... ~~ ::: •DAVID L. POPE \·,.,w,..._~ __ _..;; ____________ _ 
:*: _._ =*~ David L. Pope, P.E. 

State of Kansas 

a : : - Chief Engineer 
~ ~·. CHIEF ENGINEER it# i Division of Water Resources 
~'U!\ .•/!!?$ K De rt t fA. It ~~ •• ••• ... ~ ~ ansas pa men o gncu ure 

) -<?.; OL' •.. ••• "'"',- §. ~ ~i9z .......... ~~ 'II' 
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County of Shawnee ) """"' m\\\t 

. r-_ C\ _ The foregoing instrument was acknowledged before me this· '3 ~day of 
0 ~ , 2006, by David L. Pope, P.E., Chief Engineer, Division of Water Resources, 
Kansas Department of Agriculture. 

DEBRA L HAYES 
MY COMMISSION EXPIRES 

6/J 3/'-.o /{) 
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THE STATE .. OF KANSAS 

KANSAS DEPAR.fMENT OF AGRICULTURE 
Adrian J. Polansky, Secretary of Agriculture 

DIVISION OF WATER RESOURCES 
David L. Pope, Chief Engineer 

APPROVAL OF APPLICATION 
FOR 

CHANGE IN POINT OF DIVERSION 
WATER RIGHT 
FILE NO. 33,296 

The Chief Engineer, Division of Water Resources, Kansas Department of Agriculture, 
after due consideration of the written application of Joe Obholz, on behalf of the City of Hays, 
Kansas, City Hall, 161

h and Main, PO Box 490, Hays, Kansas, 67601, received in this office on 
October 7, 2004, for approval of a change in the location of the point of diversion under the 
certificate of appropriation issued pursuant to the application for permit to appropriate water for 
beneficial use, finds that the change is reasonable and will not impair existing rights, that the change 
relates to the same local source of supply and that the application should be and is hereby approved. 

The effective date of the change shall be the date this order is executed by the Chief 
Engineer, after which the authorized locations of the points of diversion shall be: 

one (1) well located in the Southwest Quarter of the Southwest Quarter of the 
Southwest Quarter (SW%SW%SW%) of Section 25, more particularly described as 
being near a point 304 feet North and 5,053 feet West of the Southeast comer of 
said section ("S-17aj, and 

one ( 1) well located in the Northeast Quarter of the Southeast Quarter of the 
Southwest Quarter (NE%SE%SW%) of Section 26, more particularly described as 
being near a point 67 4 feet North and 2, 787 feet West of the Southeast comer of 
said section ("S-16aj, · 

both in Township 15 South, Range 18 West, Ellis County, Kansas, 

located substantially as shown on the topographic map accompanying the application to change the 
point of diversion. 

By this approval, the water right becomes subject to the following special conditions: 
,. 

1. That, no later than March 1, 2007, the owner of this water right shall submit to the Chief 
Engineer for his approval a plan to monitor the water levels in the alluvial aquifer within the 
City's Smoky Hill well field. The plan shall indude one observation well located between well 
S-17 a and the conflu•nce of Big Timber Creek positioned to best determine the effect of the 
additional drawdowns resulting from the relocation of wells authorized herein. All observation 
wells shall be completed to bedrock and screened in the Smoky Hill alluvial aquifer. The 
water level monitoring plan shall include the following: 
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a) The proposed location of the observation well. 

b) A description of the proposed construction of the observation well. 

c) A plan to obtain baseline water level measurements from the observation well prior to 
commencement of appropriations from the relocated wells authorized herein. 

2. The owner of this water right shall install transducers in the observation well connected to 
data loggers capable of transmitting the data to the USGS for automatic display on its 
National Water Information System (NWIS) website. 

3. The owner of this water right sha,11 notify the Chief Engineer, in writing, within thirty (30) days 
after installation of the observation well has been completed. 

4. That, no later than December 31, 2007, the owner of this water right shall install the 
observation well as set out in its approved water level monitoring plan. The owner of this 
water right shall notify the Chief Engineer, in writing, within thirty (30) days after installation of 
the observation well has been completed. 

5. Within sixty (60) days after installation of the observation well the owner of this water right 
shall submit a written report to the Chief Engineer describing the construction and installation 
of the well. At a minimum, the report shall contain a well log for the observation well and the 
land surface elevation, depth to bedrock and static water level on the date of completion of 
the well and all baseline water level measurements obtained from the observation well. This 
provision shall not relieve the owner of this water right of its responsibility to submit water 
well completion reports to KDHE, as required by KS.A 82a-1212 (Form WWC-5 Forms or 
other forms required by KDHE), or compliance with any other applicable laws or regulations. 

6. The owner of this water right shall at all times maintain the observation well in a manner 
acceptable to the Chief Engineer and shall comply with the water level monitoring plan 
approved by the Chief Engineer. Records of water level measurements shall be maintained 
at the city of Hays or at another location approved by the Chief Engineer and shall be. made 
available to the Division of Water Resources upon request. Upon request, the owner of this 
water right shall allow the Division of Water Resources access to the authorized points of 
diversion and the observation well installed as required herein for the purpose of obtaining 
water level measurements. 

7. Upon request of the Chief Engineer the owner shall provide a report containing all water level 
measurements taken from the observation well and the point of diversion authorized herein 
during the previous calendar year. 

8. That the expense of obtaining water level data required herein and other responsibility for 
submitting reports thereof are to be borne by the W'ater right owner. 

That, no later than thirty (30) days following the completion of the points of diversion 
authorized herein, the owner of this water right shall submit to the Chief Engineer a copy of the well 
log required by the Kansas Department of Health and Environment (KDHE) under the authority of 
KS.A. 82a-1212 (Form WWC-5 or other form required by KDHE). 

Installation of the works for diversion of water shall be completed on or before 
December 31, 2007, or within any authorized extension of time. The applicant shall notify the Chief 
Engineer of the Division of Water Resources, Kansas Department of Agriculture, when construction 
of the works for diversion has been completed. 
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That all wells with a diversion rate of 100 gallons per minute or more drilled under the 
authority of this change approval shall have a tube or other device installed in a manner acceptable 
to, and in accordance with specifications adopted by, the Chief Engineer. This tube or device shall 
be suitable for making water level measurements and shall be maintained in a condition satisfactory 
to the Chief Engineer. 

All diversion works into which any type of chemical or other foreign substance will be 
injected into the water pumped from the diversion works shall be equipped with an in-line, automatic, 
quick-closing check valve capable of preventing pollution of the source of the water supply. The type 
of valve installed shall meet specifications adopted by the Chief Engineer and shall be maintained in 
an operating condition satisfactory to the Chief Engineer. 

That an acceptable water flow meter shall be installed and maintained on the diversion 
works authorized by this change approval in accordance with the Kansas Administrative Regulations 
5-1-4 through 5-1-12 adopted by the Chief Engineer. This water flow meter shall be used to provide 
an accurate quantity of water diverted as required for the annual water use report (including the 
meter reading at the beginning and end of the report year). 

In all other respects, the Certificate of Appropriation issued pursuant to Approval of 
Application, File No. 33,296, for permit to appropriate water for beneficial use, is as stated and set 
forth in the Certificate of Appropriation dated August 17, 1995. 

This Approval of Application for Change in Point of Diversion shall become a final 
agency action, as defined by KS.A. n-607(b), without further notice to the parties, as set forth in the 
Initial Order issued by the Chief Engineer on this date. 

Dated at Topeka, Kansas, this '3 ~ day of 0 ~ . 2006. 
1\\\\hlllll111111. 
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~*f DAVID L. POPe·"""·~,.,.,t)""''£&-=----D--.d-L-P---P-E _______ _ 
!,.::.5 -o- :*: av1. . Of.?8, .. 
'Sl,\ CHIEFENGI : s Chief Engineer 
\~"i\ NEER /!ft I Division of Water Resources 
'\ <?e:;:... • ••• ·:i>~,/ Kansas Department of Agriculture 

State of Kansas ) ' · "''9r, ••••••••• ~~....,~ ~ 
) SS 

~,,,, itlt:NT o\ ~ ~,,tf. 
l//tli1 lllH\\\\\~ 

County of Shawnee ) · A).,_ 
_ '["";.t\T~e foregoing instrument was acknowledged before me this '3 day of 

0 'C./'~ , 2006, by David L. Pope, P.E., Chief Engineer, Division of Water Resources, 
Kansas Department of Agriculture. 

O!IRA L. MAYl!!S 
MY COMMISSION EXPIRES 

6/13/:J...OIO 
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Burns& 
McDonnell 

SINCE 1898 

9400 Ward Parkway 

September 30, 2005 

Mr. Joe Obholz, Superintendent 
City of Hays 

1002 Vine St. 

Hays, Kansas 67601 

Supplemental Modeling Report 
Smoky Hill Well Field Study 

BMcD Project Hays 34505 

Dear Mr. Obholz: 

Presented herewith is our Supplemental Groundwater Modeling letter report on the 
Smoky Hill River Well Field as requested by the Division of Water Resources to 
accompany the applications for a change in the point of diversion required for the 
proposed improvements. 

INTRODUCTION 

The City of Hays (City) is in the process of upgrading their Smoky Hill River Well Field 
to reduce interference drawdown between their wells and wells of other water users. The 

City's well field is located near the town of Schoenchen in southern Ellis County, 
Kansas. The improvements will increase spacing between wells and allow the City to 
divert water, to the limit of their existing water rights, with fewer impacts to the aquifer 

and adjacent users than would be experienced with the current well field configuration. 
The planned improvements include relocating five existing wells and redrilling one well 
that is in poor condition. 

Several studies have been completed to evaluate the aquifer conditions and appropriately 
site the relocation of existing wells, and estimate the amount of yield that may be 

available from the aquifer during drought conditions. The studies include: 

A. 

B. 

c. 

Well Rehabilitation Work & Well Site Investigation Smoky Hill River Valley 
Area, 1994-1995, Ground Water Associates, December 30, 1995. 

Smoky Hill River Well Field Aquifer Geometry, as Determined by Surface 
Resisitivity Surveys, University of Texas, Dallas, 2002. 

Final Report: Sustainable Yield from the Smoky Hill River Well Field, 
Schoenchen, KS, University of Texas, Dallas, November 18, 2002. 

D. Draft Interim Report, Smoky Hill Well Field Study, Burns & McDonnell, June 4, 

2003. 

Kansas City, Missouri 64114-3319.
5 M dB h LtrR t (2) 

d 
Tel: 816 333-9400 
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Fax: 816 333-3690 
www.burnsmcd.com 
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Burns& 
McDonnell 

SINCE 1898 

City of Hays 
September 30, 2005 
Page 2  

E. Preliminary Siting Results for Feasibility Study of Water Supply, Burns & 

McDonnell, May 7, 2004. 

F. Phase II Report, Smoky Hill Well Field Study, Burns & McDonnell, June 15, 
2004. 

The Hays City Commission approved the planned improvements in July 2004. 
Subsequently, a siting study was conducted to determine locations for the wells to be 
moved and applications to change authorized points of diversion were filed with the 
Department of Agriculture, Division of Water Resources (DWR) on October 7, 2004. 

Due to concerns about the Project expressed by other water users, DWR has requested 
that the City perform additional hydrologic analyses in order to determine the potential 
impacts to other water users, evaluate impacts to water levels, and estimate the amount of 
stream depletions in the vicinity of the well field. DWR requested specific groundwater 
modeling simulations to evaluate differences in magnitude of impacts experienced in the 
current well field configuration and those estimated for the proposed configuration. 

PURPOSE AND SCOPE 

The purpose of this report is to describe the development, calibration, application and 
findings of a groundwater flow model simulation of the City's Smoky Hill Well Field 
area as requested by DWR. 

The scope of the evaluation includes several scenarios to show variations in groundwater 
levels with differing river flow and well field pumping rates. Model scenarios requested 
by DWR are listed in a letter to the City dated June 13, 2005 (see Attachment 1). 

Modeling for these simulations is based on the groundwater model originally developed 
by the University of Texas - Dallas (UTD), using the United States Geological Survey 
(USGS) MODFLOW model. The UTD model was constructed in steady - state mode. 
For this effort, the model was converted to transient mode which allows the computation 
of water levels and stream depletion at selected time intervals. Extensive refinement of 
the UTD model is required to provide the information requested by DWR. Groundwater 
contour maps, water level hydrographs, and water budgets are used to present the results 
of each scenario. 

Much of the data used to refine the model were collected from previous Smoky Hill 
Aquifer (alluvial aquifer) investigations performed at the site including, geophysical 
studies, boring logs, aquifer pumping tests, water level data, and City water usage 
information. Additional data used for the study were obtained from USGS real-time 
stream gages and from the Kansas Geological Survey (KGS) water well data base. 

SupModBasehorLtrRpt (2).doc 
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GROUNDWATER SURFACE WATER INTERACTION 

Based on drilling log information, there are no significant confining layers present in the 
alluvial aquifer. Figure 1 contains hydrographs of historical water levels and Smoky Hill 

River flows. As indicated in the graphs, a good connection exists between the aquifer 
and the river and horizontally between wells. 

GROUNDWATER FLOW MODEL 

MODFLOW, a three-dimensional, finite difference groundwater flow model, was used to 
demonstrate expected changes in stream flow and groundwater levels resulting from the 
City's reconfiguration of the Smoky Hill Well Field. The MODFLOW computer 
program is a well-documented groundwater flow model developed by the USGS and has 
undergone extensive testing and verification. MODFLOW results are used by many 
regulatory agencies as an aid in evaluating groundwater flow systems. 

The objective of this evaluation is to estimate and analyze the potential river/groundwater 
operational impacts in response to the City's proposed well field reconfiguration as 
compared to the operational impacts experienced within the existing well field. 

A. 

B. 

MODEL CONSTRUCTION 

Figure 2 illustrates the conceptual model used as a basis for groundwater model 
construction. Because there are no significant confining units and a good 
connection exists between the alluvial aquifer and the river, a one-layer model is 
appropriate for this study. 

The model boundary is shown in Figure 3. The model consists of one layer and 

has 216 rows and 576 columns with a uniform grid spacing of 12.5 meters. This 
is a refinement of the original UTD model with grid spacing of 100 meters. A 
"close-up" view of the model grid is presented in Figure 4. 

Ground surface elevations used in the model were obtained from USGS digital 
elevations model (DEM) grids. Initial surface water, groundwater flow, and 
model boundary conditions are based on USGS steam gage data, City water level 
and pumping data, USGS topographic maps, test drilling logs, and aquifer 

pumping tests performed at the site. 

MODEL BOUNDARY CONDITIONS 

Boundary conditions are mathematical representations which approximate flow 
conditions in a groundwater system. Model boundary conditions include: 

1. Constant flux boundaries (wells), used to stimulate pumping wells and 
groundwater inflow from some areas outside the margins of the modeled 
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c. 

D. 

2. 

3. 

area. The original UTD model included inflow wells to simulate 

underflow in and out of the model. Some inflow wells were preserved- to 

simulate inflow from the northern terrace deposits. 

No-flow boundaries, used for areas that do not contribute significant 

quantities of water to the alluvial aquifer. These represent the bedrock 

valley walls. 

General Head boundaries, used to simulate underflow into the model at the 

upstream edge of the model and underflow out of the downstream edge of 
the model. General Head boundaries allow variable inflow depending on 

the adjacent gradient. Higher pumping rates, resulting in lower water 

levels, results in steeper gradients which increases underflow into the 
model or reduces flow out of the model area. 

4. Stream boundaries, used to simulate the interactions between the river and 

alluvial aquifer. Boundary conditions are illustrated in Figures 3 and 4. 

SURFACE AND BEDROCK ELEVATION 

A USGS digital elevation model (DEM) file was used for the surface elevation 

(top of model layer) in the model. Figure 5 illustrates the top of layer elevations 

used for this modeling study. The depth to bedrock in the study area was 

estimated using drilling log and location data from all available test borings and 

water wells in the study area. A depth to bedrock contour map was then prepared 
using commercially available kriging software. Figure 6 illustrates the depth to 

bedrock contours for the model area. Subsequently, the bedrock surface was 

converted to elevation above mean sea level (msl) by subtracting the bedrock 
contours from the USGS DEM file. The resulting bedrock elevations were then 

imported into the model to represent the bottom of the model layer. 

MODEL AQUIFER PARAMETERS 

Model aquifer parameters of hydraulic conductivity, river bed conductance, and 

specific yield were initially estimated using results of aquifer pumping tests and 

later refined during calibration. Final values in the model are listed in Table 1. 
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E. 

F. 

G. 

Table 1 
Final Model Parameters 

Parameter 
Specific Yield 

Hydraulic Conductivity 
(m/day) 
Hydraulic Conductivity 
(ft/day) 

Kstreambed (ft/day) 

SMOKY HILL RIVER 

Layer 1 
0.2 

40 

131 

65 

As requested by DWR, modeling scenarios included evaluation of City usage at a 
river flow rate of 5 cubic feet per second (cfs) at the USGS gage near 
Schoenchen, Kansas. In addition, the same City usage scenarios are evaluated 
with zero flow in the river in order to simulate the potential impacts during 
extended drought periods. 

River gradient for both the water surface and riverbed were determined using 
surface elevations from USGS topographic maps. These values were adjusted 
during the model calibration process in order to match the reported data for 
January 26, 2005 as closely as possible. 

RECHARGE 

Recharge is not included in the model runs. For scenarios with no river flow 
representing drought conditions, recharge would be non-existent or very small. 
For modeling scenarios with river flow, the assumption of no recharge from 
precipitation is conservative when considering impacts to other wells. 

USGS estimated potential recharge is about 1 inch per year in the area of Hays 
well field; however, recharge may be slightly greater in the river flood plain. 
There is less than 1800 flood plain acres in the model area. One inch of recharge 
per year in the active model area would yield less than 150 acre feet of water. 

MODEL CALIBRATION 

As a first step in calibrating the model to reported data, the flow in the Smoky 
Hill River was set at 6.2 cfs which represents the reported flow rate at the USGS 
gage near Schoenchen for January 26, 2005. In addition, water levels collected by 
the City on this date were used to calibrate aquifer water levels. This included 

two pumping wells (S-7 and S-12). Due to well inefficiency and the size of the 
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model cells representing the pumping wells, the modeled drawdown for the 

pumping wells will typically be less than reported values. However, modeled 

water levels for monitoring wells and non-pumping wells located near the 

pumping wells will match reported values more closely at the completion of the 

calibration process. 

River flow enters the model via the first stream cell located at the far western 

edge of the modeled area (see Figure 3). River gradient for both the water surface 

and riverbed were determined using surface elevations from USGS topographic 

maps. These values were adjusted during the model calibration process in order 

to match the reported data for January 26, 2005 as closely as possible. 

Calibration statistics are presented in Table 2. These statistics are used as an 

indicator of model calibration. Large values of residual mean and sum of squared 

residuals indicate a poor calibration while smaller values indicate a good 
calibration to reported data. After running the parameter estimation program, the 

final sum of squared residuals for the model is 45 and the residual mean is -0.62. 

The cumulative volume discrepancy (CVD) of the water budget is another 

measure of calibration quality. A model is generally considered acceptable if 
there is less than 1 percent discrepancy. For all modeling runs performed for this 

study, the CVD is less than 1 percent. 
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H. 

Table 2 
Calibration Statistics for January 26, 2005 

Name Observed 
S-06 1,899.50 

S-07 1,891.07 

S-08 1,905.24 

S-10 1,901.04 

S-11 1,900.78 

S-12 1,887.59 

S-13 1,891.50 

S-14 1,895.37 

S-15 1,894.88 

S-16 1,888.71 

S-17 1,892.78 

S-18 1,908.07 

T-11 1,900.68 

T-13 1,893.14 

T-17 1,889.86 

Residual Mean 
Res. Std. Dev. 
Sum of Squares 
Abs.Res.Mean 
Min. Residual 
Max. Residual 
Range 
Std/Range 

MODEL SENSITIVITY 

Computed 
1,903.75 

1,898.36 

1,905.43 

1,901.55 

1,897.97 

1,888.25 

1,895.92 

1,894.00 

1,895.08 

1,890.80 

1,889.41 

1,902.80 

1,902.29 

1,894.62 

1,889.20 

0.616122585 

3.101440713 

45.71108558 

2.410996916 

-7.29438482 

5.265092882 

20.47344 

0.497025566 

Residual 
-4.25 

-7.29 

-0.18 

-0.51 

2.81 

-0.66 

-4.42 

1.37 

-0.21 

-2.09 

3.37 

5.27 

-1.61 

-1.48 

0.66 

Model sensitivity analysis is the process of identifying model parameters that 
have the greatest effect on model results and/or model prediction. During 
calibration, it was noted that the model is sensitive to changes in aquifer hydraulic 
conductivity and to changes in hydraulic conductivity of the streambed. The 

sensitivity analysis was performed by varying individual parameters by 
multiplication factors of 1.5 and 0.5 times the calibrated model values. The 
resulting simulated groundwater elevations were then compared to the final 

calibrated elevations. The analysis showed that the most sensitive parameter is 
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I. 

the hydraulic conductivity. Similar changes in river bed conductance and specific 
yield do not significantly impact the modeled water levels. A graph of the 
sensitivity analysis results is presented in Figure 7. 

MODELING SCENARIOS 

A base steady-state modeling run and 28 transient modeling scenarios were 
performed to simulate potential impacts of the City's proposed well field upgrade 
on groundwater levels and impacts to the river. An initial steady-state modeling 
run with the Smoky Hill River set at January 26, 2005 conditions, 6.2 cfs, and no 
City pumpage was performed to provide initial water levels for the transient 
model. 

Subsequently, twenty eight 365-day transient modeling runs, with river flows of 5 
cfs and 0 cfs, were performed to the potential impacts to water levels and river 
depletions in the vicinity of the well field. The following table lists the proposed 
City usage and Smoky Hill River flows used in each model scenario. 

Table 3 - Model Scenarios 

Scenario 1 - Assume 5 cfs in river 

Scenario I subsets 

la-1 Current configuration pumping 1000 AFY 
la-2 Proposed configuration pumping 1000 AFY 
lb-1 Current configuration pumping 1500 AFY 
lb-2 Proposed configuration pumping 1500 AFY 
lc-1 Current configuration pumping 2000 AFY 
lc-2 Proposed configuration pumping 2000 AFY 
ld-1 Current configuration pumping 2285 AFY 

ld-2 Proposed configuration pumping 2285 AFY 
le-1 Current configuration pumping 2800 AFY 
le-2 Proposed configuration pumping 2800 AFY 

Scenario 2 Assume 5 cfs in river 
Same as above for proposed configuration 

Assume maximum allowable pumping from new wells 

Scenario 3 Same as Scenario 1 - assume no flow in river 

Scenario 4 Same as Scenario 2 - assume no flow in river 
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J. 

In addition to the model runs requested by DWR, runs of 2800 AF/year under the 
5cfs and the zero flow scenarios were completed at the request of the City. These 
runs were completed to illustrate the operational impacts associated with the 
original water right quantity prior to reduction by regulatory action. 

PUMPING DISTRIBUTION 

Well pumping times and rates were established to simulate historic patterns of 
well usage and well rotation. The model was set up to simulate one year of 
operation with 365 stress periods each representing one day. Within a stress 
period (day) individual wells can be either off or on for the entire stress period. 
To simulate the current well field configuration, wells were set to current 
pumping rates that are listed in Table 4. 

Table 4 

Current Well Pumping Capacity 

Well GPM Well GPM 

S-8 275 S-12 370 

S-7 340 S-13 360 

S-6 260 S-15 320 

S-18 365 S-14 270 

S-10 340 S-16 260 

S-11 370 S-17 250 

Pumping was distributed between wells that are not adjacent, as is practiced by 
the City's Water Plant operators. The number of well operating at one time 
depended on the average daily quantity need to pump the annual quantity. 
Initially for the 1000 AFY simulation, wells were pumped a maximum of three 
days and then turned off and allowed to recover. At the higher annual quantities, 
more wells were assumed to be operating and were run for longer periods of time. 

For the proposed well field configuration, wells will have a design pumping rate 
of 300 gpm and are simulated in the mode at that rate. The number of wells 
operating depended on the average daily quantity needed to pump the annual 
quantity being simulated. 

For Scenarios 2 and 4, pumping was concentrated with the new wells to evaluate 

the potential impacts if the new wells were assumed to be the most efficient and 
best producers. Well S-16 and S-17 have annual limits of about 300 AFY which 
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was considered in the modeling efforts. At the higher annual quantities, older 
wells were brought on line to help provide the water needed. 

At higher pumping rates in scenarios with no river flow, some of the model cells 
went dry, especially with the current configuration. Where this happened, the 
model subset was rerun with MOD FLOW set to allow rewetting of the dry cells. 
When a cell went dry, pumping from the cell is automatically terminated until 
water levels in the cells are assumed to have been recovered and the pump 
restarted. These conditions will result in less water being pumped than originally 
specified in the pumping schedule. Additionally, in two of the highest pumping 
runs, where a significant amount of dry cells developed, pumping was reduced 
and distributed among all wells. 

Tables with scenario pumping distributions are presented in Attachment 1. 

MODEL RESULTS 

This section discusses the results of each modeling scenario and presents graphs and 
maps to illustrate the modeled water level changes in the alluvial aquifer in the vicinity of 
the City's well field. As requested by DWR, water level contour maps after 60, 120,180, 
and 365 days, water level hydrographs, and river water budgets for a 1-year modeling 
period are presented for each scenario. 

Hydrographs at simulated monitoring points and groundwater contour maps for each 
scenario are presented in a separate "Groundwater Modeling Attachment" volume. 
Locations of the simulated monitoring points are shown in Figure 8. These locations 
were chosen to estimate impacts of the various pumping and river conditions throughout 
the modeled portion aquifer. Each scenario contains model hydrographs for the USGS 
Monitoring Wells T-11, T-13, and T-17 and at monitoring points requested by DWR. 

A. WATER BUDGETS 

Water budgets were recorded for each of the model runs at 60, 120, 180 and 365 
days of simulated well field operation. Run summaries are presented in 
Attachment 2 and the net annual amount of water derived from each source is 
shown in Tables 5. 

Scenario 1 - Smoky Hill River flowing at 5 cfs. 

In Scenario 1 and 2, water is shown being removed from aquifer storage and from 
underflow, even though there is flow in the river. The reason is that the initial 
water table was determined for conditions on January 26, 2005, a date that there 
was flow at both the upper and lower USGS gages. When pumps are first turned 
on at other location, the water table is drawn down in response to the pumping 
and water is removed from storage. When the well is turned off, the water table 
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rises and water returns to storage. At higher pumping rates, more water is 

removed from storage and obtained from underflow as the water table is lowered 

in response to the pumping. 

The table shows that depletions from the river are practically identical (within 0.6 

percent of each other) for both the current and proposed configurations. 

Table 5 

Water Budget Summary for Current and Proposed Well Field 
(acre feet per year) 

Annual c urren tC f on 1gura ion 
Quantitv Storage Underflow Stream Total Pumping Error 

1000 AF 55.7 389.2 562.4 1006.9 999.5 7.8 

1500 AF 83.9 392.4 1029.7 1506.3 1499.7 6.3 

2000 AF 117.8 395.7 1491.7 2005.5 1998.7 6.5 

2285 AF 134.6 397.7 1757.3 2289.3 2283.5 6.1 

2800 AF 170.3 401.4 2232.7 2804.7 2798.5 5.9 

Annual p repose d c f on 1gura ion 
Quantity Storage Underflow Stream Total Pumping Error 

1000 AF 59.8 389.4 558.6 1007.8 999.5 8.3 

1500 AF 92.1 392.6 1022.4 1506.7 1499.7 7.4 

2000 AF 121.6 396.1 1488.7 2006.7 1998.7 7.7 

2285 AF 147.3 398.0 1745.0 2290.3 2283.5 6.8 

2800 AF 186.1 401.8 2216.4 2804.3 2798.5 5.8 

Scenario 2 - River 5 cfs - New Wells used to Maximum 

Annual p repose d c f r on 1qura ion 
Quantity Storage Underflow Stream Total Pumpinq Error 

1000 AF 62.7 389.6 553.6 1006.3 999.6 6.3 

1500 AF 100.2 393.1 1011.6 1505.3 1499.4 5.5 

2000 AF 144.1 396.7 1464.1 2004.8 1999.2 5.7 

2285 AF 162.9 398.9 1729.1 2290.8 2284.3 6.6 
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B. 

Scenario 3 - No Flow in River 

Annual c urren t c f' r on 1gura ion 
Quantity Storaqe Underflow Stream Total Pumpinq Error 

1000 AF 790.0 205.7 0 995.7 987.0 8.7 

1500 AF 1207.9 211.5 0 1419.4 1411.1 8.3 

2000 AF 1790.1 218.9 0 2009.0 2000.6 8.4 

2285 AF 2013.1 223.5 0 2236.6 2228.2 8.4 

2800 AF 1923.2 227.8 0 2151.0 2142.9 8.1 

Annual p ropose d c f on 1g r ura ion 
Quantity Storage Underflow Stream Total Pumoinq Error 

1000 AF 759.2 245.5 0 1004.7 999.5 5.2 

1500 AF 1141.5 365.7 0 1507.2 1497.6 9.6 

2000 AF 1707.9 301.6 0 2009.5 2000.6 8.9 

2285 AF 1974.2 318.0 0 2292.2 2283.2 9.0 

2800 AF 2147.6 304.5 0 2452.1 2443.4 8.7 

Scenario 4 - No Flow in River - New Wells used to maximum 

Annual p ropose d c f r on 1qura ion 
Quantity Storaqe Underflow Stream Total Pumoinq Error 

1000 AF 717.8 290.8 0 1008.6 1000.0 9.0 

1500 AF 1228.9 263.3 0 1492.2 1480.0 8.2 

2000 AF 1576.7 421.3 0 1998.0 1988.0 9.5 

2285 AF 1386.7 434.7 0 1821.4 1811.0 10.0 

HYDROGRAPHS OF THE SIMULATED MONITORING WELLS 

The modeling software allows calculation of simulated water levels at specified 

location in the model area. These locations are called targets or simulated 
monitoring wells. Twelve simulated monitoring points were placed in the model 

and hydrographs were developed for each modeling run. Additionally, the 
hydrographs are combined in two ways to help evaluate the impacts of the well 
field improvements and to show the impacts in the well field with and without 
river flow. The locations of the simulated modeling points are shown on the 
water level contour maps and are briefly discussed in the following section. 

Monitoring Points 1 and 2 are upstream of the existing well field and indicate 
expected impacts of expansion in that area. Monitoring Points 3 through 10 are in 
the central part of the well field and will show expected impacts north of the river 
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and through Schoenchen. Monitoring Points 11 and 12 are at the eastern end of 

the proposed configuration and show the expected impacts to this area. 

1. 

2. 

3. 

Scenarios with River Flow 

All monitoring points show no discernable differences for all pumping 

scenarios with 5 cfs flow in the Smoky Hill River even at annual pumping 

quantities up to the original water right total of 2800 AFY. These 

hydrographs are included in Attachment 3. 

Scenarios with No River Flow 

Scenarios simulating pumping when there is no flow in the Smoky Hill 

River show varied impacts to groundwater levels at the monitoring points. 

Generally there was less drawdown at monitoring points with the proposed 
relocation of wells, with a few exceptions. 

Monitoring Points 1 and 2, in the upstream area that previously had not 
been in the area of influence of pumping, showed small amounts of 

drawdown. The maximum was about 6 feet at MP2 after one year 
pumping at a rate of 2285 AFY with no flow in the river. 

Monitoring Point 3 through 10 shows significantly less impact to 

groundwater levels with the proposed relocation of the wells at pumping 

rates up to 2285 AFY. Scenario 4, with pumping concentrated in the new 

wells also shows marked reduction in impacts because of less use of the 
older well that are close to Schoenchen. There is some to slight 

improvement of these monitoring points at pumping rates of 2800 AFY. 

Monitoring Points 11 and 12, at the eastern end of the well field show very 

minor impacts, less than 2 feet, to groundwater levels, even at pumping 

rates up to 2800 AFY. 

Water Level Contour Maps 

Water level contour maps for all of the scenarios are included in the 

separate volume of groundwater modeling attachments. The contour 

interval is 2 feet. In the scenarios with flow in the Smoky Hill River, there 

are no significant differences in the water level contour lines. At higher 

pumping rates, contours around the pumping wells are slightly more 
pronounced. 

In the scenarios with no flow in the Smoky Hill River, changes in the 

water level contours can be noted through time (60, 120, 180 and 365 

days) and as the pumping rates are increased. The simulations show some 

areas (model cells) becoming dewatered at the higher pumping rates near 

the valley walls. Modeling construction includes assumptions that the 
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bedrock elevation increases near the edges of the river floodplain which 

results in less saturated thickness in these locations. Relatively small 
declines in the water table can make these areas appear to go dry. Actual 
conditions may vary from the model assumptions. 

CONCLUSIONS 

The water budgets from modeling show that the impact to the Smoky Hill River is not 
increased with the City's proposed well field redevelopment plan. The model shows that 
the amount of water originating from the river is practically identical with the current and 
proposed well field configurations. 

During times of river flow, there is no significant difference to the simulated monitoring 
wells for any of the pumping scenarios, including the proposed configuration and 
maximum pumping from the new wells. 

During times of no river flow, modeling of the current well field shows greater amounts 
of drawdown in the central reach of the river as compared to the proposed well field 
configuration that has greater spacing between wells that reduces the amount of 
interference drawdown. 

Pumping the maximum amount from the new wells significantly reduced impacts to 
simulated monitoring well in the central reach of the river. This is because the older 
wells, in the central reach are pumped less, resulting in less impacts to local areas. 

Modeling of the expanded well field shows minor amounts of drawdown at simulated 
monitoring wells in the upstream and downstream reaches of the proposed well field 
configuration (less than 4 feet at MP2 with no river flow for one year and pumping 2285 
AFY and less than 2 feet at downstream simulated monitoring wells MPl 1 and MP12). 

Burns & McDonnell is pleased to be of service to the City of Hays. The assistance 
provided by the staff of the City of Hays during the course of this study is greatly 
appreciated. The project team remains ready to discuss the details of this report at your 
convemence. 

Sincerely, 

Brian Meier 
Project Manager 
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CONCEPTUAL MODEL 
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Close Up View of Model Grid 

Cell Size = 12.5 x 12.5 meters 
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Top of Layer Elevations in Feet 

Source: USGS DEM Grid Files 
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Data from monitoring point at S-10. Pumping rate= 360 gpm on 
Jan. 19, 2005. Observed drawdown was 11.81 feet. 
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I Model Pumping Schedules 
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I 
1000 Acre-Feet 

I rated gpm 275 340 260 365 340 370 370 360 320 270 260 250 84 75 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 1000 13 total gpm MGD AF 

1/1/2005 o 340 o o o o o o 320 o o o 660 o 951 292 

11212005 o 340 o o o o o o 320 o o o 660 o 951 292 

1/312005 o 340 o o o o o o 320 o o o 660 o 951 2 92 

1/4/2005 275 o o o o o 370 o o o o o 645 0929 2 85 I 
1/5/2005 275 o o o o o 370 o o o o o 645 o 929 2 85 

1/6/2005 275 o o o o o 370 o o o o o 645 o 929 2 85 

117/2005 o o o 365 o o o o o 270 o o 635 0915 281 

1/8/2005 o o o 365 o o o o o 270 o o 635 0915 281 

1/9/2005 o o o 365 o o o o o 270 o o 635 0915 2 81 I 
1/10/2005 o 0 260 o 340 0 0 o 0 0 0 0 600 0865 2 65 
1/11/2005 o 0 260 0 340 o 0 o o 0 0 0 600 0 865 2 65 

1/1212005 o 0 260 o 340 o 0 o 0 0 0 0 600 0865 2 65 
1/13/2005 o 0 0 0 0 370 0 o o 0 o 250 620 0893 2 74 
1/14/2005 0 0 0 o 0 370 o o 0 0 0 250 620 0893 2 74 

1/15/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 
I 

1/16/2005 o 0 o o 0 0 o 360 320 0 0 0 680 0980 3 01 

1/17/2005 0 0 o 0 0 0 0 360 320 o o 0 680 0 980 3 01 
1/18/2005 0 0 0 o 0 0 o 360 320 0 0 0 680 0980 3 01 
1/19/2005 275 o 0 o 0 0 0 o o 270 0 0 545 0 785 2 41 
1/20/2005 275 0 0 0 o 0 0 o 0 270 0 o 545 0 785 2 41 I 
1/21/2005 275 0 0 0 0 0 o 0 0 270 0 0 545 o 785 2 41 
1/2212005 o 340 0 0 0 0 o 0 o 0 260 0 600 0 865 2 65 
1/23/2005 o 340 0 0 o 0 o 0 0 0 260 o 600 0865 2 65 
1/24/2005 0 340 o o 0 0 o 0 0 0 260 0 600 0865 2 65 
1/2512005 0 0 0 o 0 0 o 0 0 270 0 250 520 0 749 2 30 I 
1/2612005 0 0 0 0 0 0 o 0 0 270 0 250 520 0 749 2 30 
1/2712005 0 0 0 0 0 0 o 0 0 270 0 250 520 0 749 2 30 

I 
1/2812005 0 0 260 365 o 0 o 0 0 0 0 0 625 0901 2 76 
1/29/2005 o 0 260 365 0 0 0 0 0 0 o 0 625 0901 2 76 
1/30/2005 0 0 0 0 340 0 o 360 o o 0 0 700 1 009 3 10 

1/31/2005 0 0 0 0 340 0 0 360 o 0 o o 700 1 009 3 10 
2/1/2005 0 340 0 0 0 0 o o 320 0 0 o 660 0951 292 
212/2005 o 340 0 0 0 0 0 0 320 o o 0 660 0951 292 

21312005 0 340 0 0 0 o 0 0 320 0 0 0 660 0951 292 
2/4/2005 275 0 0 0 o o 370 0 o 0 o 0 645 0929 2 85 

2/5/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0929 2 85 
I 

218/2005 275 0 0 0 0 o 370 o 0 0 0 0 645 0929 2 85 

21712005 0 0 0 365 0 o 0 0 0 270 o 0 635 0915 2 81 

218/2005 o 0 0 365 0 o 0 0 0 270 o 0 635 0915 2 81 
2/9/2005 o 0 o 365 0 o 0 0 0 270 o o 635 0915 281 

2110/2005 o 0 260 0 340 o 0 0 0 0 o 0 600 0865 2 65 I 
2/11/2005 0 0 260 0 340 o 0 0 0 0 o 0 600 0865 2 65 
2/1212005 0 0 260 0 340 0 0 0 0 0 o 0 600 0865 2 65 

2/13/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0893 2 74 
2/14/2005 0 0 0 0 0 370 0 o 0 0 o 250 620 0 893 2 74 
2/1512005 0 0 o 0 0 370 0 o 0 0 0 250 620 0 893 2 74 I 
2/16/2005 0 o o 0 0 0 0 360 320 0 0 0 680 0980 3 01 
2/17/2005 0 0 0 o 0 0 o 360 320 0 0 0 680 0 980 3 01 

2/1812005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 

2/19/2005 275 0 o 0 0 0 o o 0 270 0 o 545 0 785 2 41 
2120/2005 275 0 o 0 o 0 o o 0 270 0 0 545 0 785 2 41 I 
2121/2005 275 0 0 o 0 0 o o 0 270 0 o 545 0 785 2 41 
2/2212005 0 340 o o 0 0 0 0 0 0 260 0 600 0 865 2 65 
2123/2005 0 340 o 0 0 0 o 0 0 0 260 0 600 0 865 2 65 

212412005 0 340 o o 0 0 o 0 0 0 260 o 600 0865 2 65 
2125/2005 0 o o 0 0 o o 0 0 270 0 250 520 0 749 2 30 
212612005 0 0 0 0 0 0 o 0 o 270 0 250 520 0 749 2 30 

I 
212712005 0 0 0 0 0 0 o 0 o 270 0 250 520 0 749 2 30 

212812005 0 0 260 365 0 0 o o o 0 o 0 625 0901 2 76 

3/1/2005 0 340 0 0 o 0 0 0 320 0 o 0 660 0951 2 92 
312/2005 0 340 o 0 0 o 0 0 320 0 0 0 660 0951 292 
3/3/2005 o 340 0 0 0 0 0 0 320 0 o o 660 0951 2 92 I 
3/4/2005 275 o 0 0 0 0 370 0 0 0 o 0 645 0929 285 

315/2005 275 0 0 0 0 o 370 o 0 0 o 0 645 0929 2 85 

3/612005 275 0 0 0 0 0 370 0 0 0 o 0 645 0929 2 85 

3/7/2005 o 0 0 365 0 0 o 0 0 270 o o 635 0915 281 

3/8/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0915 281 I 
3/9/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0915 281 

3/10/2005 0 0 260 0 340 0 0 o 0 0 o 0 600 0865 2 65 

3/11/2005 0 0 260 0 340 0 0 0 0 0 0 o 600 0865 2 65 

3/1212005 o 0 260 0 340 0 0 0 0 0 0 0 600 0865 2 65 

3/13/2005 o 0 0 0 o 370 o o 0 0 0 250 620 0893 2 74 I 
3/14/2005 o 0 0 0 0 370 0 o 0 0 0 250 620 0 893 2 74 

3/1512005 0 0 0 0 0 370 0 o 0 0 0 250 620 0893 2 74 

3/1612005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 

3/17/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 

3/1812005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 

3/19/2005 275 0 0 0 0 0 o 0 0 270 0 0 545 0 785 2 41 
I 

I model pumping schedule 1000 af xis 9114/2005 

I 



I 
1000 Acre-Feet 

I rated gpm 275 340 260 365 340 370 370 360 320 270 260 250 84 75 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 1000 13 total gpm MGD AF 

3/20/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

3/21/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

3/22/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

3/23/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 I 
3/24/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

3/25/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

3/26/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

3/27/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

3/28/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 

3/29/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 
I 

3/30/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

3/31/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

4/1/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

4/2/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

4/3/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 I 
4/4/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

4/5/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

4/6/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

417/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 

4/8/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 I 
4/9/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 

4/10/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 

4/11/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 

4/12/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 

4/13/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 I 
4/14/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

4/15/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

4/16/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 

4/17/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 

4/18/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 

4/19/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 
I 

412012005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

4/21/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

4/22/2005 a 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

4/23/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

4/24/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 I 
4/25/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

4/26/2005 0 0 0 a a a 0 0 0 270 0 250 520 0 749 2 30 

4/27/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

4/28/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 

4/29/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 I 
4/30/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

5/1/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

5/2/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

5/3/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

5/4/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 I 
51512005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

51612005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

51712005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 

5/8/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 

5/9/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 I 
5/10/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 

5/11/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 

5/12/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 

5/13/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

5/14/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

5/15/2005 0 0 0 0 0 370 0 0 0 I 0 0 250 620 0 893 2 74 I 
5/16/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 

I 
5/17/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 

5/18/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 

5/19/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

5/20/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

5/21/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

512212005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

5/23/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

5/24/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

5/25/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 I 
5/26/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

512712005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

5/28/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 

5/29/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 

5/30/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

5/31/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 
I 

6/1/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

6/2/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

6/3/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

6/4/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

6/5/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 I 

I model pumping schedule 1000 afxls 9/14/2005 2 

I 



I 
1000 Acre-Feet 

I rated gpm 275 340 260 365 340 370 370 360 320 270 260 250 84 75 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 1000 13 total gpm MGD AF 

6/6/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0929 2 85 

617/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0915 2 81 

6/8/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0915 2 81 

6/9/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0915 2 81 I 
6/10/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0865 2 65 

6/11/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0865 2 65 

I 
6/12/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0865 2 65 

6/13/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0893 2 74 

6/14/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0893 2 74 

6/1512005 0 0 0 0 0 370 0 0 0 0 0 250 620 0893 2 74 

6/1612005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 

6/17/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 

6/1812005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 

6/19/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

6/20/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 
I 

6/21/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

6/2212005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

6/23/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0865 2 65 

6/24/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0865 2 65 

6/2512005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 I 
6/26/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

6/27/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

6/28/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0901 2 76 

6/2912005 0 0 260 365 0 0 0 0 0 0 0 0 625 0901 2 76 

6130/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 I 
7/1/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0951 292 

7/2/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0951 2 92 

7/3/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

7/4/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0929 285 

7/5/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0929 2 85 I 
7/6/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0929 2 85 

717/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0915 2 81 

7/8/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 

7/9/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0915 281 

7/10/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0865 2 65 

7/11/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0865 2 65 
I 

7/12/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0865 2 65 

7/13/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0893 2 74 

7/14/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

7/15/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

7/16/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 I 
7/17/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 

7/18/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 

7/19/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

7120/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

712112005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 I 
712212005 0 340 0 0 0 0 0 0 0 0 260 0 600 0865 2 65 

7/23/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0865 2 65 

7/24/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0865 2 65 

7/2512005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

7/2612005 0 0 0 0 0 0 0 0 0 I 270 0 250 520 0 749 2 30 I 
7/27/2005 0 0 0 0 0 0 0 0 0 I 270 0 250 520 0 749 2 30 

7/2812005 0 0 260 365 0 0 0 0 0 0 0 0 625 0901 2 76 

7/29/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0901 2 76 

7/30/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

7/31/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

8/1/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0951 2 92 
I 

8/212005 0 340 0 0 0 0 0 0 320 0 0 0 660 0951 292 

613/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0951 292 

8/4/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0929 285 

8/5/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0929 285 

8/6/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0929 285 I 
8fi/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0915 281 

8/8/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0915 281 

8/9/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0915 2 81 

8/10/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0865 2 65 

8/1112005 0 0 260 0 340 0 0 0 0 0 0 0 600 0865 2 65 I 
8/1212005 0 0 260 0 340 0 0 0 0 0 0 0 600 0865 2 65 

8/13/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0893 2 74 

811412005 0 0 0 0 0 370 0 0 0 0 0 250 620 0893 2 74 

811512005 0 0 0 0 0 370 0 0 0 0 0 250 620 0893 2 74 

8/16/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 I 
8/17/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 

811812005 0 0 0 0 0 0 0 360 320 0 0 0 680 0980 3 01 

8/1912005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

8/20/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

8/21/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

812212005 0 340 0 0 0 0 0 0 0 0 260 0 600 0865 2 65 
I 

I model pumping schedule 1000 af xis 9114/2005 3 

I 



I 
1000 Acre-Feet 

I rated gpm 275 340 260 365 340 370 370 360 320 270 260 250 84 75 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 1000 13 total gpm MGD AF 

8/23/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

8/24/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

8/25/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

8/26/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 I 
8/27/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

8/28/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 

I 
8/29/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 

8/30/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

8/31/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

9/1/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

9/2/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

9/3/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

9/4/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

91512005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

9/6/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 
I 

917/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 

9/8/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 

9/9/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 

9/10/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 

9/11/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 I 
9/1212005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 

9/13/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

9/14/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

9/15/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 
9/16/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 I 
9/17/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 

9/18/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 

9/19/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 
9/20/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

9/21/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 I 
9/2212005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

9/23/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

9/24/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

9/25/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

9/26/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

9/27/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 
I 

9/28/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 

9/29/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 

9/30/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

10/1/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

10/212005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 I 
10/3/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 
10/4/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

10/5/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

10/6/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

1017/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 I 
10/8/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 

10/9/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 

10/10/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 

10/11/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 

10/12/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 I 
10/13/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

10/14/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

10/15/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

10/16/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 
10/17/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 

10/18/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 
I 

10/19/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

10/20/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

10/21/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 

10/22/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

10/23/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 I 
10/24/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

10/2512005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

10/2612005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

10127/2005 0 0 0 0 0 0 0 0 0 270 0 250 520 0 749 2 30 

10128/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 I 
10129/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 

1013012005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

10131/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

11/1/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

11/212005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 I 
11/3/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 

11/4/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

11/5/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

11/6/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 

111712005 0 0 0 365 0 0 0 360 0 0 0 0 725 1 045 3 21 

1118/2005 0 0 0 365 0 0 0 360 0 0 0 0 725 1 045 3 21 
I 

I 
model pumpmg schedule 1000 afxls 9/14/2005 4 

I 



I 
1000 Acre-Feet 

I rated gpm 275 340 260 365 340 370 370 360 320 270 260 250 84 75 
Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 1000 13 total gpm MGD AF 

11/9/2005 0 0 0 365 0 0 0 360 0 0 0 0 725 1 045 3 21 
11/10/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 
11/11/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 
11/12/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 I 
11/13/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 
11/14/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 

I 
11/15/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 
11/16/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 
11/17/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 
11/18/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 
11/19/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 
11/20/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 
11/21/2005 275 0 0 0 0 0 0 0 0 270 0 0 545 0 785 2 41 
11/22/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 
11/23/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 

I 
11/24/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 
11/25/2005 0 0 0 0 340 0 0 0 0 0 0 250 590 0 850 2 61 
11/26/2005 0 0 0 0 340 0 0 0 0 0 0 250 590 0 850 2 61 
11/27/2005 0 0 0 0 340 0 0 0 0 0 0 250 590 0 850 2 61 
11/28/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 I 
11/29/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 
11/30/2005 0 0 0 365 0 0 0 360 0 0 0 0 725 1 045 3 21 
12/1/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 
12/2/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 
12/3/2005 0 340 0 0 0 0 0 0 320 0 0 0 660 0 951 2 92 I 
12/4/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 
12/5/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 
12/6/2005 275 0 0 0 0 0 370 0 0 0 0 0 645 0 929 2 85 
1217/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 
12/8/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 I 
12/9/2005 0 0 0 365 0 0 0 0 0 270 0 0 635 0 915 2 81 

12/10/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 
12/11/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 
12/12/2005 0 0 260 0 340 0 0 0 0 0 0 0 600 0 865 2 65 
12/13/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 
12/14/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 I 
12/15/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 
12/16/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 
12/17/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 
12/18/2005 0 0 0 0 0 0 0 360 320 0 0 0 680 0 980 3 01 
12/19/2005 275 0 0 0 340 0 0 0 0 0 0 0 615 0 886 2 72 I 
12/20/2005 275 0 0 0 340 0 0 0 0 0 0 0 615 0 886 2 72 
12/21/2005 275 0 0 0 340 0 0 0 0 0 0 0 615 0 886 2 72 
12/22/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 
12/23/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 
12/24/2005 0 340 0 0 0 0 0 0 0 0 260 0 600 0 865 2 65 I 
12/25/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 
12/26/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 
12/27/2005 0 0 0 0 0 370 0 0 0 0 0 250 620 0 893 2 74 
12/28/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 
12/29/2005 0 0 260 365 0 0 0 0 0 0 0 0 625 0 901 2 76 I 
12/30/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 
12/31/2005 0 0 0 0 340 0 0 360 0 0 0 0 700 1 009 3 10 

19800 24480 15340 21900 20060 14430 13320 20520 23040 I 25920 9360 18000 226170 325 893 1000 13 
days 72 72 59 60 59 39 36 57 72 I 96 47 72 I 

103680 103680 84960 86400 84960 56160 51840 82080 1036801138240 67392 103680 
MG 28 512 35 251 22 090 31 536 28 886 20 779 19 181 29 549 33 178 37 325 13 478 25 920 I 
AF 87 50 108 18 67 79 96 78 88 65 63 77 58 86 90 68 101 82'114 55 41 36 79 55 999 49 1000 13 

I 

I 

I 

I 

I model pumping schedule 1000 af xis 9/14/2005 5 

I 



I 

I well gpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-11 S-12 S-13 

1/1/2005 300 0 0 0 0 0 

1/2/2005 0 300 0 0 0 0 

1/ 3/2005 0 0 300 0 0 0 

1/ 4/2005 300 0 0 0 0 0 I 
1/ 5/2005 0 300 0 0 0 0 

1/6/2005 0 0 300 0 0 0 

I 
117/2005 300 0 0 0 0 0 

1/8 /2005 0 300 0 0 0 0 

1/ 9/2005 0 0 300 0 0 0 

1/10/2005 300 0 0 0 0 0 

1/11/2005 0 300 0 0 0 0 

1/12/2005 0 0 300 0 0 0 

1/13/2005 300 0 0 0 0 0 

1/14/2005 0 0 0 0 0 0 I 
1/15/2005 0 300 0 0 0 0 
1/16/2005 0 0 300 0 0 0 

1/17/2005 300 0 0 0 0 0 

1/18 /2005 0 300 0 0 0 0 
1/19/2005 0 0 300 0 0 0 

1/20/2005 300 0 0 0 0 0 
I 

1/21/2005 0 300 0 0 0 0 
1/22/2005 0 0 300 0 0 0 

1/23/2005 300 0 0 0 0 0 
1/24/2005 0 300 0 0 0 0 
1/25/2005 0 0 300 0 0 0 I 
1/26/2005 300 0 0 0 0 0 
1/27/2005 0 300 0 0 0 0 
1/28 /2005 0 0 300 0 0 0 
1/29/2005 300 0 0 0 0 0 
1/ 30/2005 0 300 0 0 0 0 I 
1/ 31/2005 0 0 300 0 0 0 
2/1/2005 300 0 0 0 0 0 
2/2/2005 0 300 0 0 0 0 
2/ 3/2005 0 0 300 0 0 0 
2/ 4/2005 300 0 0 0 0 0 I 
2/ 5/2005 0 300 0 0 0 0 
2/6/2005 0 0 300 0 0 0 
217/2005 300 0 0 0 0 0 

2/8 /2005 0 300 0 0 0 0 
2/ 9/2005 0 0 300 0 0 0 

2/10/2005 300 0 0 0 0 0 
I 

2/11/2005 0 300 0 0 0 0 
2/12/2005 0 0 300 0 0 0 
2/13/2005 300 0 0 0 0 0 
2/14/2005 0 0 0 0 0 0 
2/15/2005 0 300 0 0 0 0 I 
2/16/2005 0 0 300 0 0 0 
2/17/2005 300 0 0 0 0 0 
2/18 /2005 0 300 0 0 0 0 
2/19/2005 0 0 300 0 0 0 
2/20/2005 300 0 0 0 0 0 I 
2/21/2005 0 300 0 0 0 0 
2/22/2005 0 0 300 0 0 0 
2/23/2005 300 0 0 0 0 0 
2/24/2005 0 300 0 0 0 0 
2/25/2005 0 0 300 0 0 0 I 
2/26/2005 300 0 0 0 0 0 

2/27/2005 0 300 0 0 0 0 
2/28 /2005 0 0 300 0 0 0 

3/1/2005 300 0 0 0 0 0 

3/2/2005 0 300 0 0 0 0 
3/ 3/2005 0 0 300 0 0 0 

I 
3/ 4/2005 300 0 0 0 0 0 
3/ 5/2005 0 300 0 0 0 0 

3/6/2005 0 o 300 0 0 0 

31712005 300 0 0 0 0 0 
3/8 /2005 0 300 0 0 0 0 I 
3/ 9/2005 0 0 300 0 0 0 

3/10/2005 300 0 0 0 0 0 
3/11/2005 0 300 0 0 0 0 

3/12/2005 0 0 300 0 0 0 
3/13/2005 300 0 0 0 0 0 I 
3/14/2005 0 0 0 0 0 0 

3/15/2005 0 300 0 0 0 0 
3/16/2005 0 0 300 0 0 0 
3/17/2005 300 0 0 0 0 0 
3/18 /2005 0 300 0 0 0 0 I 
3/19/2005 0 0 300 0 0 0 

I model pumping schedule 1000 af 300 max- scenano 2 xis 9/14/2005 

I 

1000 Acre-Feet 

Maximum Usage 

fromNew Wells 

300 300 

S-15 S-15 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 
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0 0 
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0 0 

0 0 
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0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 
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o o 
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o 
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0 

0 

300 1000 27 

S-17 total gpm MGD AF 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 265 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

300 600 0 865 2 65 
0 600 0 865 2 65 

0 600 0 865 265 
0 600 0 865 265 

300 600 0 865 2 65 

0 600 0 865 2 65 
0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 
0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 
300 600 0 865 2 65 

0 600 0865 2 65 

0 600 0 865 2 65 
0 600 0 865 2 65 

300 600 0 865 2 65 
0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 
0 600 0 865 2 65 

300 600 0 865 2 65 
0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 265 
300 600 0 865 2 65 

0 600 0 865 265 
0 600 0 865 265 
0 600 0 865 265 

300 600 0 865 265 

0 600 0 865 265 
300 600 0 865 265 

0 600 0 865 265 
0 600 0 865 265 

0 600 0 865 265 

300 600 o 865 265 

0 600 0 865 265 

0 600 0 865 265 
0 600 0 865 265 

300 600 0865 2 65 

0 600 0865 265 

0 600 0865 2 65 

0 600 0865 265 

300 600 0 865 2 65 
0 600 0 865 265 

300 600 0 865 265 
0 600 0 865 2 65 

0 600 0 865 265 

0 600 0865 2 65 

300 600 0 865 2 65 



I 

I well gpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S- 11 S-12 S-13 

3/20/2005 300 0 0 0 0 0 

3/21/2005 0 300 0 0 0 0 

3/22/2005 0 0 300 0 0 0 

3/23/2005 300 0 0 0 0 0 I 
3/24/2005 0 300 0 0 0 0 

3/25/2005 0 0 300 0 0 0 

I 
3/26/2005 300 0 0 0 0 0 

3/27/2005 0 300 0 0 0 0 

3/28 /2005 0 0 300 0 0 0 

3/29/2005 300 0 0 0 0 0 

3/30/2005 0 300 0 0 0 0 

3/31/2005 0 0 300 0 0 0 

4/1/2005 300 0 0 0 0 0 

4/2/2005 0 300 0 0 0 0 

4/3/2005 0 0 300 0 0 0 
I 

4/4/2005 300 0 0 0 0 0 

4/5/2005 0 300 0 0 0 0 

4/6/2005 0 0 300 0 0 0 

417/2005 300 0 0 0 0 0 

4/8 /2005 0 300 0 0 0 0 I 
4/9/2005 0 0 300 0 0 0 

4/10/2005 300 0 0 0 0 0 

4/11/2005 0 300 0 0 0 0 

4/12/2005 0 0 300 0 0 0 

4/13/2005 300 0 0 0 0 0 I 
4/14/2005 0 0 0 0 0 0 

4/15/2005 0 300 0 0 0 0 

4/16/2005 0 0 300 0 0 0 

4/17/2005 300 0 0 0 0 0 

4/18 /2005 0 300 0 0 0 0 I 
4/19/2005 0 0 300 0 0 0 

4/20/2005 300 0 0 0 0 0 

4/21/2005 0 300 0 0 0 0 

4/22/2005 0 0 300 0 0 0 

4/23/2005 300 0 0 0 0 0 

4/24/2005 0 300 0 0 0 0 
I 

4/25/2005 0 0 300 0 0 0 

4/26/2005 300 0 0 0 0 0 

4/27/2005 0 300 0 0 0 0 

4/28 /2005 0 0 300 0 0 0 

4/29/2005 300 0 0 0 0 0 I 
4/30/2005 0 300 0 0 0 0 

5/1/2005 300 0 0 0 0 0 

51212005 0 300 0 0 0 0 

5/3/2005 0 0 300 0 0 0 

5/4/2005 300 0 0 0 0 0 I 
5/5/2005 0 300 0 0 0 0 

5/6/2005 0 0 300 0 0 0 

517/2005 300 0 0 0 0 0 

5/8 /2005 0 300 0 0 0 0 

5/9/2005 0 0 300 0 0 0 I 
5/10/2005 300 0 0 0 0 0 

5/11/2005 0 300 0 0 0 0 

5/12/2005 0 0 300 0 0 0 

5/13/2005 300 0 0 0 0 0 

5/14/2005 0 0 0 0 0 0 

5/15/2005 0 300 0 0 0 0 
I 

5/16/2005 0 0 300 0 0 0 

5/17/2005 300 0 0 0 0 0 

5/18 /2005 0 300 0 0 0 0 

5/19/2005 0 0 300 0 0 0 

5/20/2005 300 0 0 0 0 0 I 
5/21/2005 0 300 0 0 0 0 

5/22/2005 0 0 300 0 0 0 

5/23/2005 300 0 0 0 0 0 

5/24/2005 0 300 0 0 0 0 

5/25/2005 0 0 300 0 0 0 I 
5/26/2005 300 0 0 0 0 0 

512712005 0 300 0 0 0 0 

5/28 /2005 0 0 300 0 0 0 

5/29/2005 300 0 0 0 0 0 

5/30/2005 0 300 0 0 0 0 I 
5/31/2005 0 0 300 0 0 0 

6/1/2005 300 0 0 0 0 0 

6/2/2005 0 300 0 0 0 0 

6/3/2005 0 0 300 0 0 0 

6/4/2005 300 0 0 0 0 0 

6/5/2005 0 300 0 0 0 0 
I 

I model pumpmg schedule 1000 af 300 max- scenario 2 xis 9/14/2005 

I 

1000 Acre-Feet 
Maximum Usage 
from New Wells 

300 300 

S-15 S-15 

0 300 

0 0 

0 300 
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0 300 

0 0 

0 300 
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I 300 
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300 1000 27 

S-17 total gpm MGD AF 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 265 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 265 

300 600 0 865 2 65 

0 600 0 865 265 

0 600 0 865 2 65 

0 600 0 865 265 

300 600 0 865 265 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 265 

0 600 0 865 265 

0 600 0 865 2 65 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 265 

300 600 0 865 265 

0 600 0 865 265 

300 600 0 865 265 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

0 600 0 865 2 65 

300 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 



I 

I well gpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-11 S-12 S-13 

6/6/2005 0 0 300 0 0 0 

617/2005 300 0 0 0 0 0 

6/8 /2005 0 300 0 0 0 0 

6/9/2005 0 0 300 0 0 0 I 
6/10/2005 300 0 0 0 0 0 

6/11/2005 0 300 0 0 0 0 

6/12/2005 0 0 300 0 0 0 

6/13/2005 300 0 0 0 0 0 

6/14/2005 0 0 0 0 0 0 I 
6/15/2005 0 300 0 0 0 0 

6/16/2005 0 0 300 0 0 0 

6/17/2005 300 0 0 0 0 0 

6/18 /2005 0 300 0 0 0 0 

6/19/2005 0 0 300 0 0 0 

612012005 300 0 0 0 0 0 
I 

6/21/2005 0 300 0 0 0 0 

I 
6/22/2005 0 0 300 0 0 0 

6/23/2005 300 0 0 0 0 0 

6/24/2005 0 300 0 0 0 0 

6/25/2005 0 0 300 0 0 0 

6/26/2005 300 0 0 0 0 0 

6/27/2005 0 300 0 0 0 0 

6/28 /2005 0 0 300 0 0 0 

6/29/2005 300 0 0 0 0 0 
6/30/2005 0 300 0 0 0 0 I 

7/1/2005 300 0 0 0 0 0 

71212005 0 300 0 0 0 0 

71312005 0 0 300 0 0 0 

71412005 300 0 0 0 0 0 

71512005 0 300 0 0 0 0 I 
71612005 0 0 300 0 0 0 

717/2005 300 0 0 0 0 0 

7/8 /2005 0 300 0 0 0 0 

7/9/2005 0 0 300 0 0 0 

7/10/2005 300 0 0 0 0 0 

7/11/2005 0 300 0 0 0 0 
I 

7/12/2005 0 0 300 0 0 0 

7/13/2005 300 0 0 0 0 0 

7/14/2005 0 0 300 0 0 0 

7/15/2005 0 300 0 0 0 0 

7/16/2005 0 0 300 0 0 0 I 
7/17/2005 300 0 0 0 0 0 

7/18 /2005 0 300 0 0 0 0 

7/19/2005 0 0 300 0 0 0 

7/20/2005 300 0 0 0 0 0 

7/21/2005 0 300 0 0 0 0 I 
7/22/2005 0 0 300 0 0 0 

7/23/2005 300 0 0 0 0 0 

7/24/2005 0 300 0 0 0 0 

7/25/2005 0 0 300 0 0 0 

7/26/2005 300 0 0 0 0 0 I 
7/27/2005 0 300 0 0 0 0 

7/28 /2005 0 0 300 0 0 0 

7/29/2005 300 0 0 0 0 0 

7/30/2005 0 300 0 0 0 0 

7/31/2005 0 0 300 0 0 0 I 
8 /1/2005 300 0 0 0 0 0 

8 /2/2005 0 300 0 0 0 0 

8 /3/2005 0 0 300 0 0 0 

8 /4/2005 300 0 0 0 0 0 

8 /5/2005 0 300 0 0 0 0 

8 /6/2005 0 0 300 0 0 0 I 
8 1712005 300 0 0 0 0 0 

81812005 0 300 0 0 0 0 

8 /9/2005 0 0 300 0 0 0 

8 /10/2005 300 0 0 0 0 0 

8 /11/2005 0 300 0 0 0 0 I 
8 /12/2005 0 0 300 0 0 0 

8 /13/2005 300 0 0 0 0 0 

8 /14/2005 300 0 0 0 0 0 

8 /15/2005 0 300 0 0 0 0 

8 /16/2005 0 0 300 0 0 0 I 
8 /17/2005 300 0 0 0 0 0 

8 /18 /2005 0 300 0 0 0 0 

8 /19/2005 0 0 300 0 0 0 

8 /20/2005 300 0 0 0 0 0 

8 /21/2005 0 300 0 0 0 0 

8 /22/2005 0 0 300 0 0 0 
I 

I model pumping schedule 1000 af 300 max- scenario 2 xis 9/14/2005 

I 

1000 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 

S-15 S-15 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 0 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 0 

0 0 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

3 

300 

S-16 

0 

300 

0 

0 

0 

300 

0 

0 

300 

0 

0 

300 

0 

0 

0 

300 

0 

0 

0 

300 

0 

0 

0 

300 

300 

0 

0 

300 

0 

0 

0 

300 

0 

0 

0 

300 

0 

0 

300 

0 

0 

300 

0 

0 

0 

300 

0 

0 

0 

300 

0 

0 

0 

300 

300 

0 

0 

0 

300 

0 

0 

0 

300 

0 

0 

0 

300 

0 

0 

300 

0 

0 

300 

0 

0 

0 

300 

0 

300 1000 27 

S-17 total gpm MGD AF 

0 600 0 865 2 65 

0 600 0 865 265 

0 600 0 865 265 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 265 

0 600 0 865 265 

300 600 0 865 2 65 

0 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

300 600 0 865 2 65 

0 900 1 297 3 98 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 900 1 297 3 98 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 265 

300 600 0 865 265 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 900 1 297 3 98 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 900 1 297 3 98 

300 600 0 865 2 65 

0 600 0 865 265 

0 600 0 865 265 

300 900 1 297 3 98 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 2 65 

0 600 0 865 265 



I 

I wellgom 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-11 S-12 S-13 

8 /23/2005 300 0 0 0 0 0 

8 /24/2005 0 300 0 0 0 0 

8 /25/2005 0 0 300 0 0 0 

8 /26/2005 300 0 0 0 0 0 I 
8 /27/2005 0 300 0 0 0 0 

8 /28 /2005 0 0 300 0 0 0 

8 /29/2005 300 0 0 0 0 0 

8 /30/2005 0 300 0 0 0 0 

8 /31/2005 0 0 300 0 0 0 I 
9/1/2005 300 0 0 0 0 0 

9/2/2005 0 300 0 0 0 0 

9/3/2005 0 0 300 0 0 0 

9/4/2005 300 0 0 0 0 0 

9/5/2005 0 300 0 0 0 0 I 
9/612005 0 0 300 0 0 0 

0n12005 300 0 0 0 0 0 

9/8 /2005 0 300 0 0 0 0 

9/9/2005 0 0 300 0 0 0 

9/10/2005 300 0 0 0 0 0 

9/11/2005 0 300 0 0 0 0 
I 

9/12/2005 0 0 300 0 0 0 

9/13/2005 300 0 0 0 0 0 

9/14/2005 300 0 0 0 0 0 

9/15/2005 0 300 0 0 0 0 

9/16/2005 0 0 300 0 0 0 I 
9/17/2005 300 0 0 0 0 0 

9/18 /2005 0 300 0 0 0 0 

9/19/2005 0 0 300 0 0 0 

9/20/2005 300 0 0 0 0 0 

9/21/2005 0 300 0 0 0 0 I 
9122/2005 0 0 300 0 0 0 

9/23/2005 300 0 0 0 0 0 

9/24/2005 0 300 0 0 0 0 

9/25/2005 0 0 300 0 0 0 

9/26/2005 300 0 0 0 0 0 I 
9/2712005 0 300 0 0 0 0 

9/28 /2005 0 0 300 0 0 0 

I 
9/29/2005 300 0 0 0 0 0 

9/30/2005 0 300 0 0 0 0 

10/1/2005 300 0 300 0 0 0 

10/2/2005 0 300 0 0 0 0 

10/3/2005 0 0 300 0 0 0 

10/4/2005 300 0 0 0 0 0 

10/5/2005 0 300 0 0 0 0 

10/6/2005 0 0 300 0 0 0 

10m2005 300 0 0 0 0 0 I 
10/8 /2005 0 300 0 0 0 0 

10/9/2005 0 0 300 0 0 0 

10/10/2005 300 0 0 0 0 0 

10/11/2005 0 300 0 0 0 0 

10/1212005 0 0 300 0 0 0 I 
10/13/2005 300 0 0 0 0 0 

10/14/2005 0 0 300 0 0 0 

10/15/2005 0 300 0 0 0 0 

10/16/2005 0 0 300 0 0 0 

1011712005 300 0 0 0 0 0 I 
10/18 /2005 0 300 0 0 0 0 

10/1912005 0 0 300 0 0 0 

1012012005 300 0 0 0 0 0 

10121/2005 0 300 0 0 0 0 

10/22/2005 0 0 300 0 0 0 

10/23/2005 300 0 0 0 0 0 
I 

10/24/2005 0 300 0 0 0 0 

10/25/2005 0 0 300 0 0 0 

10126/2005 300 0 0 0 0 0 

10127/2005 0 300 0 0 0 0 

10/28 /2005 0 0 300 0 0 0 I 
10/29/2005 300 0 0 0 0 0 

10130/2005 0 300 0 0 0 0 

10/31/2005 0 0 300 0 0 0 

11/1/2005 300 0 0 0 0 0 

11/2/2005 0 300 0 0 0 0 I 
111312005 0 0 300 0 0 0 

11/412005 300 0 0 0 0 0 

11/5/2005 0 300 0 0 0 0 

11/612005 0 0 300 0 0 0 

11n12005 300 0 0 0 0 0 

1118 /2005 0 300 0 0 0 0 
I 

I model pumping schedule 1000 af 300 max- scenano 2 xis 9/14/2005 

I 

1000 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 

S- 15 S-15 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 0 

0 0 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 0 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 0 

0 0 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

4 

300 

S-16 

0 

0 

300 

0 

0 

0 

300 

300 

0 

0 

0 

300 

0 

0 

0 

300 

0 

0 

0 

300 

0 

0 

300 

0 

0 

300 

0 

0 

0 

300 

0 

0 

0 

300 

0 

0 

0 

300 

300 

0 

0 

300 

0 

0 

0 

300 

0 

0 

0 

300 

0 

300 

300 

0 

0 

300 

0 

0 

0 

300 

0 

0 

300 

300 

0 

0 

0 

300 

300 

0 

0 

0 

300 

0 

0 

0 

300 

300 

300 1000 27 

S-17 total gpm MGD AF 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 900 1 297 3 98 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

0 600 0865 265 

300 600 0 865 265 

300 600 0865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0865 265 

300 900 1 297 3 98 

300 600 0 865 265 

0 600 0865 265 

0 600 0865 265 

0 600 0 865 2 65 

300 600 0 865 265 

0 900 1 297 3 98 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0865 265 

300 900 1 297 3 98 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0865 2 65 

300 600 0865 2 65 

0 600 0 865 265 

0 600 0 865 265 

300 900 1 297 3 98 

300 900 1 297 3 98 

0 600 0 865 2 65 

0 600 0 865 265 

0 600 0 865 2 65 

300 600 0865 2 65 

0 600 0865 265 

0 600 0 865 265 

300 900 1 297 3 98 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

0 600 0865 265 

300 900 1 297 3 98 

0 900 1 297 3 98 

300 600 0865 265 

0 600 0 865 265 

0 600 0 865 265 

300 900 1 297 3 98 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

0 600 0 865 2 65 

300 600 0865 2 65 

0 900 1 297 3 98 

0 600 0 865 265 

0 600 0 865 265 

300 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

0 600 0 865 265 

300 600 0865 265 

300 600 0865 2 65 

0 600 0865 2 65 

0 600 0865 2 65 

0 600 0865 2 65 

300 600 0865 2 65 

0 600 0 865 2 65 

0 600 0 865 265 

0 900 1 297 3 98 



I 

I well gpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-11 S-12 S-13 

11/9/2005 0 0 300 0 0 0 

11/10/2005 300 0 0 0 0 0 

11/11/2005 0 300 0 0 0 0 

11/12/2005 o o 300 0 o o 

11/13/2005 300 o o 0 0 0 

11/14/2005 0 0 300 0 0 0 

11/15/2005 0 300 0 0 0 o 

11/16/2005 0 0 300 0 0 0 

11/17/2005 300 0 0 0 0 0 I 
11/18/2005 0 300 0 0 0 0 

11/19/2005 0 0 300 0 0 0 

11/20/2005 300 0 0 o 0 0 

11/21/2005 0 300 0 0 0 0 

11/22/2005 0 0 300 0 0 0 I 
11/23/2005 300 0 0 0 0 0 

11/24/2005 0 300 0 0 0 0 

11/25/2005 0 0 300 0 0 0 

11/26/2005 300 0 0 o 0 0 

11/27/2005 0 300 0 0 0 0 

11/28/2005 0 0 300 0 0 0 
I 

11/29/2005 300 0 0 0 0 0 

11/30/2005 0 300 300 0 0 0 

12/1/2005 300 0 0 0 0 0 

12/2/2005 0 300 0 0 0 0 

12/3/2005 0 0 300 0 0 0 I 
12/4/2005 300 0 0 0 0 0 

12/5/2005 0 300 0 0 0 0 

12/6/2005 0 0 300 0 0 0 

1217/2005 300 0 0 0 0 0 

12/8/2005 0 300 0 0 0 0 I 
12/9/2005 0 0 300 0 0 0 

12/10/2005 300 0 0 0 0 0 

12/11/2005 0 300 0 0 0 0 

12/12/2005 0 0 300 0 0 0 

12/13/2005 300 0 0 0 0 0 I 
12/14/2005 0 0 0 0 0 0 

12/15/2005 0 300 0 0 0 0 

I 
12/16/2005 0 0 300 0 0 0 

12/17/2005 300 0 0 0 0 0 

12118/2005 0 300 0 0 0 0 

12/19/2005 0 0 300 0 0 0 

12/20/2005 300 0 0 0 0 0 

12/21/2005 0 300 0 0 0 0 

12/22/2005 0 0 300 0 0 0 

12/23/2005 300 0 0 0 0 0 

12/24/2005 0 300 0 0 0 0 I 
12/25/2005 0 0 300 0 0 0 

12/26/2005 300 0 0 o 0 0 

12/27/2005 0 300 0 0 0 0 

12/28/2005 0 0 300 0 0 0 

12/29/2005 300 0 0 o 0 0 I 
12/30/2005 0 300 0 0 0 0 

12/31/2005 0 0 300 0 0 0 

36300 35700 36000 0 0 0 

days 132 105 138 0 0 0 

190080 151200 199385 0 0 0 I 
MG 52 272 51 408 51 840 #### 0 000 0 000 

AF 160 42 157 77 159 09 0 00 0 00 0 00 

I 
Day S-8 S-7 S-6 S-11 S-12 S-13 

I 

I 

I 

I model pumping schedule 1000 af 300 max- scenano 2 xis 9/14/2005 

I 

1000 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 

S-15 S-15 

0 0 

0 300 

0 0 

o 300 

o 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 0 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 o 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 300 

0 0 

0 0 

0 0 

0 50400 

0 187 

0 268800 

0 000 72 576 

0 00 222 73 

S-15 S-14 

5 

300 

S-16 

0 

0 

300 

0 

0 

300 

0 

0 

300 

0 

0 

300 

300 

0 

0 

0 

300 

0 

0 

0 

300 

300 

0 

300 

300 

0 

0 

0 

300 

0 

0 

0 

300 

0 

0 

300 

0 

0 

300 

0 

0 

0 

300 

300 

0 

0 

300 

300 

0 

0 

300 

300 

0 

33900 

170 

244080 

48 816 

149 81 

S-16 

300 1000 27 

S-17 total gpm MGD AF 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 o 865 2 65 

300 600 o 865 2 65 

0 900 1 297 3 98 

300 600 o 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 900 1 297 3 98 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

300 900 1 297 3 98 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 900 1 297 3 98 

300 600 0 865 2 65 

0 900 1 297 3 98 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 900 1 297 3 98 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 900 1 297 3 98 

300 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

0 600 0 865 2 65 

300 600 0 865 2 65 

33900 226200 325 937 1000 27 

136 

195264 

48 816 

149 81 1000 27 

S-17 



I 
1500 Acre-Feet 

I Well gpm 275 340 260 365 340 370 370 360 320 270 260 250 127 69 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 1500 62 total gpm MGD AF 

1/1/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

1/2/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

1/3/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

1/4/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

1/5/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

1/6/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

117/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

1/8/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

1/9/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 I 
1/10/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

1/11/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 
1/12/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

1/13/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 
1/14/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 I 
1/15/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

1/16/2005 0 340 0 0 0 0 370 0 0 270 o 0 980 1 412 4 33 
1/17/2005 0 0 o 0 0 0 o 360 0 0 260 0 620 o 893 2 74 
1/18/2005 0 0 260 0 o 0 o 360 0 0 260 0 880 1 268 3 89 

1/19/2005 o 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 I 
1/20/2005 0 0 260 0 o 0 o 360 0 0 260 0 880 1 268 3 89 
1/21/2005 275 0 0 0 340 0 o o 320 0 0 0 935 1 347 4 13 

1/22/2005 275 o 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 
1/23/2005 275 0 o 0 340 0 0 o 320 0 0 o 935 1 347 4 13 
1/24/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 
1/25/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

I 
1/26/2005 0 0 0 365 0 370 0 o 0 0 0 250 985 1 419 4 36 

I 
1/27/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 
1/28/2005 0 0 260 0 0 0 0 0 0 270 0 250 780 1 124 3 45 
1/29/2005 o 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 
1/30/2005 0 0 260 0 0 0 370 o 0 270 0 0 900 1 297 3 98 
1/31/2005 0 0 260 0 0 0 370 o 0 270 0 0 900 1 297 3 98 
2/1/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 
2/2/2005 o 340 0 0 0 o 0 o 320 o 260 0 920 1 326 4 07 
2/3/2005 0 340 0 0 0 o 0 o 320 o 260 0 920 1 326 4 07 
2/4/2005 o 340 0 0 0 o o 0 320 0 260 0 920 1 326 4 07 I 
2/5/2005 275 0 0 0 340 0 o 360 0 0 0 0 975 1 405 4 31 
2/6/2005 275 0 0 0 340 0 o 360 0 0 0 0 975 1 405 4 31 
217/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 
2/8/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 
2/9/2005 0 0 0 365 0 370 0 0 0 o 0 250 985 1 419 4 36 I 

2/10/2005 o 0 0 365 0 370 0 0 o 0 0 250 985 1 419 4 36 
2/11/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 
2/12/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 
2/13/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 
2/14/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 I 
2/15/2005 0 340 0 0 0 0 370 o o 270 o o 980 1 412 4 33 
2/16/2005 o 340 o o o o 370 o o 270 o o 980 1 412 4 33 
2/17/2005 o o 0 o o 0 0 360 o o 260 o 620 0 893 2 74 
2/18/2005 o o 260 0 o o o 360 o o 260 o 880 1 268 3 89 
2/19/2005 0 0 260 0 0 o 0 360 0 0 260 0 880 1 268 3 89 
2/20/2005 0 0 260 0 0 0 o 360 0 0 260 o 880 1 268 3 89 

I 
2/21/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 
2/22/2005 275 0 0 0 340 0 0 0 320 0 o 0 935 1 347 4 13 
2/23/2005 275 0 0 0 340 0 0 0 320 0 0 o 935 1 347 4 13 
2/24/2005 275 0 0 0 340 0 0 0 320 0 0 o 935 1 347 4 13 
2/25/2005 0 0 0 365 0 370 o 0 0 0 0 250 985 1 419 4 36 

I 
2/26/2005 0 0 0 365 0 370 0 o o o o 250 985 1 419 4 36 
212712005 o o o 365 o 370 o o o o o 250 985 1 419 4 36 
2/28/2005 o 0 260 o o 0 o o 0 270 0 250 780 1 124 3 45 
3/1/2005 o 340 o o o 0 o o 320 o 260 0 920 1 326 407 
3/2/2005 o 340 o o o o o o 320 o 260 0 920 1 326 4 07 I 
3/3/2005 o 340 o 0 0 0 o o 320 o 260 o 920 1 326 4 07 
3/4/2005 0 340 0 o o 0 o o 320 o 260 0 920 1 326 4 07 

3/5/2005 275 0 0 0 340 0 o 360 0 0 0 0 975 1 405 4 31 
3/6/2005 275 0 0 0 340 0 o 360 0 0 0 0 975 1 405 4 31 
317/2005 275 o o o 340 o o 360 o o o o 975 1 405 4 31 I 
3/8/2005 275 o o o 340 o o 360 o o o 0 975 1 405 4 31 
3/9/2005 o 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

3/10/2005 0 0 0 365 0 370 0 o 0 0 0 250 985 1 419 4 36 
3/11/2005 0 0 0 365 0 370 0 0 0 o 0 250 985 1 419 4 36 
3/12/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 I 
3/13/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

3/14/2005 0 340 0 0 0 o 370 0 0 270 0 0 980 1 412 4 33 
3/15/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 
3/16/2005 0 340 0 o o o 370 o 0 270 o o 980 1 412 4 33 
3/17/2005 0 o o 0 o o o 360 o 0 260 0 620 0 893 2 74 I 
3/18/2005 0 0 260 0 0 o 0 360 0 0 260 0 880 1 268 3 89 

I model pumpmg schedule 1500 af xis 9/14/2005 

I 



I 
1500 Acre-Feet 

I Wellgpm 275 340 260 365 340 370 370 360 320 270 260 250 127 69 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 1500 62 total gpm MGD Af' 

3/19/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

3/20/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

3/21/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

3/22/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 
I 

3/23/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

3124/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

3/25/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 

3/26/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 

3/27/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 I 
3/28/2005 0 0 260 0 0 0 0 0 0 270 0 250 780 1 124 3 45 

3/29/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

3/30/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

3/31/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

4/1/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 I 
4/2/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

4/3/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

I 
4/4/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

4/5/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 431 

4/6/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 431 

4n12005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 431 
4/8/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 431 

4/9/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 
4/10/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 

4/11/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 I 
4/1212005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 
4/13/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 433 
4/14/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 433 

4/15/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 433 

4/16/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 433 
4/17/2005 0 0 0 0 0 0 0 360 0 0 260 0 620 0 893 2 74 

I 
4/18/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

4/19/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 
4/20/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

4/21/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

4/22/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 I 
4/23/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

4/24/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1347 4 13 

4/25/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 
4/26/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 

4/27/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 I 
4/28/2005 0 0 260 0 0 0 0 0 0 270 0 250 780 1 124 3 45 
4/29/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

4/30/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 
5/1/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 
5/2/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 I 
5/3/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 
5/4/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 
5/5/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 431 

5/6/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 431 
5n12005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 431 I 
5/8/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 431 
5/9/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 

5/10/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 
5/11/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 

5/12/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 
5/13/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 433 

I 
5/14/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 433 

5/15/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 433 
5/1612005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 433 
5/17/2005 0 0 0 0 0 0 0 360 0 0 260 0 620 0 893 2 74 
5/18/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

I 
5/19/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

5/20/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

5/21/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 
5/22/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 
5/23/2005 275 0 0 0 340 o o o 320 o o o 935 1 347 4 13 I 
5/24/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 
5/25/2005 0 0 0 365 0 370 0 o 0 0 0 250 985 1 419 436 
5/26/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 

5/27/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 436 

5/28/2005 0 0 260 0 0 0 0 0 0 270 0 250 780 1 124 3 45 I 
5/2912005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

5/30/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

5/31/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

6/1/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

6/2/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 I 
6/3/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

I 
model pUmJ)lng schedule 1500 afxls 9/1412005 2 

I 



I 
1500 Acre-Feet 

I Well gpm 275 340 260 365 340 370 370 360 320 270 260 250 127 69 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 1500 62 total gpm MGD AF 

6/4/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

6/5/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

6/6/2005 275 0 0 0 340 0 0 360 0 I 0 0 0 975 1 405 4 31 

61712005 275 0 0 0 340 0 0 360 0 I 0 0 0 975 1 405 4 31 I 
6/8/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

6/9/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

6/10/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

6/11/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

6/12/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 I 
6/13/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

6/14/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

6/15/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

6/16/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

6/17/2005 0 0 0 0 0 0 0 360 0 0 260 0 620 0 893 2 74 I 
6/18/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

6/19/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

6/20/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

6/21/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

6/22/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 I 
6/23/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

6/24/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

6/25/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

6/26/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

6/27/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

6/28/2005 0 0 260 0 0 0 0 0 0 270 0 250 780 1 124 3 45 
I 

6/29/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

I 
6/30/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

7/1/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

7/212005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

7/3/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

7/4/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

7/5/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

7/6/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

7/7/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

7/8/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 I 
7/9/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

7/10/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

7111/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

7/12/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

7/13/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 I 
7/14/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

7/15/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

7/16/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

7/17/2005 0 0 0 0 0 0 0 360 0 0 260 0 620 0 893 2 74 

7/18/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 I 
7/19/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

7/20/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

7/21/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

7/22/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

7/23/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 I 
7/24/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

7/25/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

7/26/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

7/27/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

7/28/2005 0 0 260 0 0 0 0 0 0 270 0 250 780 1 124 3 45 

7/29/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 
I 

7/30/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

7/31/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

8/1/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

8/2/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

8/3/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 
I 

8/4/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

8/5/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

8/6/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

817/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

8/8/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 I 
8/9/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

8/10/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

8/11/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

8/1212005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

8/13/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 I 
8/14/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

8/15/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

8/16/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

8/17/2005 0 0 0 0 0 0 0 360 0 0 260 0 620 0 893 2 74 

8/18/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 I 
8/19/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

I model pumping schedule 1500 afxls 9/1412005 3 

I 



I 
1500 Acre-Feet 

I Wellgpm 275 340 260 365 340 370 370 360 320 270 260 250 127 69 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 1500 62 total gpm MGD AF 

8/20/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

8121/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

8/22/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

8/23/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 I 
8/24/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

812512005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

8/26/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

8/27/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

812812005 0 0 260 0 0 0 0 0 0 270 0 250 780 1 124 3 45 I 
8/29/2005 0 0 260 0 0 0 370 0 0 � 270 0 0 900 1 297 3 98 

8/30/2005 0 0 260 0 0 0 370 0 0 ' 270 0 0 900 1 297 3 98 I 
8/31/2005 0 0 260 0 0 0 370 0 0 I 270 0 0 900 1 297 3 98 

9/1/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 407 

9/2/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 I 
9/3/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

9/4/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

9/5/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

9/6/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

91712005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 I 
9/8/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

9/9/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

9110/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

9/11/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

9/12/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

9/13/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 I 
9/14/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

I 
9/15/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

9/16/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

9/17/2005 0 0 0 0 0 0 0 360 0 0 260 0 620 0 893 2 74 

9/18/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

9/19/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

9/20/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

9/21/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

9/22/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

9/23/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 I 
9/24/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

9/25/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

9/26/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

9/27/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

9/28/2005 0 0 260 0 0 0 0 0 0 270 0 250 780 1 124 3 45 I 
9/29/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

9/30/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

10/1/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

10/2/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 
10/3/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 I 
10/4/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

10/5/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 
10/6/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

1017/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

10/8/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 I 
10/9/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

10/10/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

10/11/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

10/12/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

10/13/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

10/14/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 
I 

10/15/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

10/16/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

10/17/2005 0 0 0 0 0 0 0 360 0 0 260 0 620 0 893 2 74 

10/18/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

10/19/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 I 
10/20/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

10/21/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

10/22/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

10/23/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 
10124/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 I 
10/25/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

10126/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

10/2712005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

10/28/2005 0 0 260 0 0 0 0 0 0 270 0 250 780 1 124 3 45 

10/29/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 I 
10/30/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

10/31/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

1111/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

11/2/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

11/3/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 I 
11/4/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

I model pumpmg schedule 1500 af xis 9/1412005 4 

I 



I 
1500 Acre-Feet 

I Wellgom 275 340 260 365 340 370 370 360 320 270 260 250 127 69 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 1500 62 total gpm MGD Af' 

11/5/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

11/6/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

11n12005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

11/8/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 I 
11/9/2005 0 0 260 0 0 370 0 0 0 0 0 250 880 1 268 3 89 

11/10/2005 0 0 260 0 0 370 0 0 0 0 0 250 880 1 268 3 89 

11/11/2005 0 0 260 0 0 370 0 0 0 0 0 250 880 1 268 3 89 

11/12/2005 0 0 260 0 0 370 0 0 0 0 0 250 880 1 268 3 89 

11/13/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 I 
11/1412005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

11/15/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

11/1612005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

11/17/2005 0 0 0 0 0 0 0 360 0 0 260 0 620 0 893 2 74 

11/18/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 _, 
11/19/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

11/20/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

11/21/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

11/22/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

11/23/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 I 
11/24/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

11/2512005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

11/26/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

11/27/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

11/2812005 0 0 260 0 0 0 0 0 0 270 0 250 780 1 124 3 45 

11/29/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 
I 

11/30/2005 0 0 260 0 0 0 370 0 0 270 0 0 900 1 297 3 98 

1. 
12/1/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

12/212005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

1213/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

12/4/2005 0 340 0 0 0 0 0 0 320 0 260 0 920 1 326 4 07 

12/5/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

12/6/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

12n/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

12/8/2005 275 0 0 0 340 0 0 360 0 0 0 0 975 1 405 4 31 

12/9/2005 0 0 260 0 0 370 0 0 0 0 0 250 880 1 268 3 89 I 
12/10/2005 0 0 260 0 0 370 0 0 0 0 0 250 880 1 268 3 89 

12/11/2005 0 0 260 0 0 370 0 0 0 0 0 250 880 1 268 3 89 

12/1212005 0 0 260 0 0 370 0 0 0 0 0 250 880 1 268 3 89 

12/1312005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

12/14/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 I 
12/15/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

12/16/2005 0 340 0 0 0 0 370 0 0 270 0 0 980 1 412 4 33 

12/17/2005 0 0 0 0 0 0 0 360 0 0 260 0 620 0 893 2 74 

12/1812005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

12/19/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 I 
12/20/2005 0 0 260 0 0 0 0 360 0 0 260 0 880 1 268 3 89 

12/21/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

12/22/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

12/2312005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 

12/24/2005 275 0 0 0 340 0 0 0 320 0 0 0 935 1 347 4 13 I 
12/25/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

12/26/2005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

12/2712005 0 0 0 365 0 370 0 0 0 0 0 250 985 1 419 4 36 

12/28/2005 275 0 260 0 0 0 0 0 0 270 0 250 1055 1 520 4 67 

12/29/2005 275 0 260 0 0 0 0 0 0 270 0 0 805 1 160 3 56 

12/30/2005 275 0 260 0 0 0 0 0 0 270 0 0 805 1 160 3 56 
I 

12/31/2005 275 0 260 0 0 0 0 0 0 270 0 0 805 1 160 3 56 

27500 32640 22100 27740 32640 31080 27380 34560 30720 24030 24960 24000 339350 488 977 1500 62 

days 100 96 85 76 96 84 74 96 96 89 125 96 

144000 138240 122400 109440 138240 120960 106560 138240 138240 128160 179712 138240 

MG 39 600 47 002 31 824 39 946 47 002 44 755 39 427 49 766 44 237 34 603 35 942 34 560 I 
AF 121 53 144 24 97 66 122 59 144 24 137 35 121 00 152 73 135 76 106 19 110 30 106 06 1500 62 

I 

I 

I 

I model pumping schedule 1500 afxls 9/1412005 5 

I 



I 

I Wellgpm 275 300 260 300 300 

Day S-8 S-7 S-6 S-18 S-10 

1/1/2005 0 300 0 0 0 

1/2/2005 0 300 0 0 0 

1/3/2005 0 300 0 0 0 

1/4/2005 0 300 0 0 0 I 
1/5/2005 275 0 260 0 300 

1/6/2005 275 0 260 0 300 

117/2005 275 0 0 0 300 

1/8/2005 275 0 0 0 300 

1/9/2005 0 0 0 300 0 I 
1/10/2005 0 0 0 300 0 

1/11/2005 0 0 0 300 0 

1/12/2005 0 0 0 300 0 

1/13/2005 0 0 260 0 0 

1/14/2005 0 0 260 0 0 I 
1/15/2005 0 0 260 0 0 

1116/2005 0 0 260 0 0 

1/17/2005 0 300 0 0 0 

1/18/2005 0 300 0 0 0 

1/19/2005 0 300 0 0 0 I 
1/20/2005 0 300 0 0 0 

1/21/2005 275 0 260 0 300 

1/22/2005 275 0 260 0 300 

1/23/2005 275 0 0 0 300 

1/24/2005 275 0 0 0 300 

1125/2005 0 0 0 300 0 
I 

1/26/2005 0 0 0 300 0 

I 
1/27/2005 0 0 0 300 0 

1/28/2005 0 0 0 300 0 

1/2912005 0 0 260 0 0 

1/30/2005 0 0 260 0 0 

1/31/2005 0 0 260 0 0 

211/2005 0 300 0 0 0 

212/2005 0 300 0 0 0 

213/2005 0 300 0 0 0 

2/4/2005 0 300 0 0 0 I 
215/2005 275 0 0 0 300 

216/2005 275 0 0 0 300 

217/2005 275 0 0 0 300 

218/2005 275 0 0 0 300 

219/2005 0 0 0 300 0 I 
2110/2005 0 0 0 300 0 

2111/2005 0 0 0 300 0 

211212005 0 0 0 300 0 

2113/2005 0 0 260 0 0 

2114/2005 0 0 260 0 0 I 
2/15/2005 0 0 260 0 0 

2116/2005 0 0 260 0 0 

211712005 0 300 0 0 0 

2118/2005 0 300 0 0 0 

2/19/2005 0 300 0 0 0 I 
2120/2005 0 300 0 0 0 

2/21/2005 275 0 0 0 300 

2/2212005 275 0 0 0 300 

2/23/2005 275 0 0 0 300 

2124/2005 275 0 0 0 300 

2125/2005 0 0 0 300 0 
I 

2126/2005 0 0 0 300 0 

2127/2005 0 0 0 300 0 

2i28/2005 0 0 0 300 0 

3/1/2005 0 300 0 0 0 

3/212005 0 300 0 0 0 I 
3/312005 0 300 0 0 0 

3/4/2005 0 300 0 0 0 

315/2005 275 0 0 0 300 

3/6/2005 275 0 0 0 300 

317/2005 275 0 0 0 300 I 
3/8/2005 275 0 0 0 300 

3/9/2005 0 0 0 300 0 

3110/2005 0 0 0 300 0 

3/11/2005 0 0 0 300 0 

311212005 0 0 0 300 0 I 
311312005 0 0 260 0 0 

3/14/2005 0 0 260 0 0 

3115/2005 0 0 260 0 0 

3116/2005 0 0 260 0 0 

3117/2005 0 300 0 0 0 I 
3118/2005 0 300 0 0 0 

model pumping schedule 1500 a freduced rate xis 9/1412005 

I 

1500 Acre-Feet 

Zero Flow Configuration 

300 300 300 300 I 270 

S-11 S-12 S-13 s-15 I S-14 

0 0 0 300 ! 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 300 0 

0 300 0 300 0 

0 300 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 0 0 300 0 

0 0 0 300 0 

260 250 131 51 

S-16 S-17 1500 93 total gpm MGD AF 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 3 80 

0 250 1385 1 996 6 12 

0 250 1385 1 996 6 12 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 3 80 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 3 80 

0 250 1385 1 996 6 12 

0 250 1385 1 996 6 12 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 860 1 239 380 

0 0 860 1 239 380 

0 0 860 1 239 380 

260 0 860 1 239 3 80 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

0 250 1125 1 621 497 

0 250 1125 1 621 4 97 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

0 250 1125 1 621 4 97 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 0 870 1 254 3 85 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 3 80 

260 0 860 1 239 380 



I 

I Wellgpm 275 300 260 300 300 

Day S-8 S-7 S- 6 S-18 S-10 

3/19/2005 0 300 0 0 0 

3/20/2005 0 300 0 0 0 

3/21/2005 275 0 0 0 300 

3/22/2005 275 0 0 0 300 I 
3/2312005 275 0 0 0 300 

3/24/2005 275 0 0 0 300 

3/25/2005 0 0 0 300 0 

3/26/2005 0 0 0 300 0 

3/27/2005 0 0 0 300 0 I 
3/28/2005 0 0 0 300 0 

3/29/2005 0 0 260 0 0 

3/30/2005 0 0 260 0 0 

3/31/2005 0 0 260 0 0 

4/1/2005 0 300 0 0 0 I 
4/2/2005 0 300 0 0 0 

4/3/2005 0 300 0 0 0 

4/4/2005 0 300 0 0 0 

4/5/2005 275 0 0 0 300 

4/6/2005 275 0 0 0 300 I 
4f7/2005 275 0 0 0 300 

4/8/2005 275 0 0 0 300 

4/9/2005 0 0 0 300 0 

4/10/2005 0 0 0 300 0 

4/11/2005 0 0 0 300 0 

4/12/2005 0 0 0 300 0 
I 

4/13/2005 0 0 260 0 0 

I 
4/14/2005 0 0 260 0 0 

4/15/2005 0 0 260 0 0 
4/16/2005 0 0 260 0 0 

4/17/2005 0 300 0 0 0 

4/18/2005 0 300 0 0 0 

4/19/2005 0 300 0 0 0 

4/20/2005 0 300 0 0 0 

4/21/2005 275 0 0 0 300 

4/2212005 275 0 0 0 300 I 
4/23/2005 275 0 0 0 300 

4/24/2005 275 0 0 0 300 

4125/2005 0 0 0 300 0 

4/26/2005 0 0 0 300 0 

4/27/2005 0 0 0 300 0 I 
4/28/2005 0 0 0 300 0 

4/29/2005 0 0 260 0 0 

4/30/2005 0 0 260 0 0 
5/1/2005 0 300 0 0 0 
512/2005 0 300 0 0 0 I 
5/3/2005 0 300 0 0 0 
5/4/2005 0 300 0 0 0 
5/5/2005 275 0 0 0 300 

5/6/2005 275 0 0 0 300 
5f7/2005 275 0 0 0 300 I 
5/8/2005 275 0 0 0 300 

5/9/2005 0 0 0 300 0 

5/10/2005 0 0 0 300 0 
5/11/2005 0 0 0 300 0 

5/12/2005 0 0 0 300 0 

5/13/2005 0 0 260 0 0 
I 

5/14/2005 0 0 260 0 0 

5/15/2005 0 0 260 0 0 

5/16/2005 0 0 260 0 0 

5/17/2005 0 300 0 0 0 

5/18/2005 0 300 0 0 0 I 
5/19/2005 0 300 0 0 0 

5120/2005 0 300 0 0 0 

5121/2005 275 0 0 0 300 

5/22/2005 275 0 0 0 300 
5/23/2005 275 0 0 0 300 I 
5/24/2005 275 0 0 0 300 

5/25/2005 0 0 0 300 0 

5/26/2005 0 0 0 300 0 

5127/2005 0 0 0 300 0 

5/28/2005 0 0 0 300 0 I 
5/29/2005 0 0 260 0 0 

5/30/2005 0 0 260 0 0 

5131/2005 0 0 260 0 0 

6/1/2005 0 300 0 0 0 

6/2/2005 0 300 0 0 0 

6/3/2005 0 300 0 0 0 
I 

I model pumping schedule 1500 a freduced rate xis 9/14/2005 

I 

1500 Acre-Feet 

Zero Flow Configuration 

300 300 300 300 270 

S-11 S-12 S-13 S-15 S-14 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 300 0 

0 300 0 300 0 

0 300 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 300 0 

0 300 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 300 0 

0 300 0 300 0 

0 300 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

2 

260 250 131 51 

S-16 S-17 1500 93 total gpm MGD AF 

260 0 860 1 239 380 

260 0 860 1 239 380 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 860 1 239 3 80 

0 0 860 1 239 3 80 

0 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 I 1 239 380 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 
0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 
0 250 1125 1 621 4 97 
0 250 1125 1 621 4 97 
0 0 870 1 254 3 85 

0 0 870 1 254 385 
0 0 870 1 254 385 

0 0 870 1 254 385 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 3 80 

260 0 860 1 239 380 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 
0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 
0 0 870 1 254 3 85 

0 0 870 1 254 385 

0 0 870 1 254 3 85 

0 0 870 1 254 385 

0 0 860 1 239 380 

0 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 
0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 
0 250 1125 1 621 4 97 
0 0 870 1 254 3 85 
0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 385 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 
0 250 1125 1 621 4 97 
0 250 1125 1 621 4 97 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 385 

0 0 870 1 254 3 85 

0 0 860 1 239 3 80 

0 0 860 1 239 3 80 

0 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 



I 

I Wellgpm 275 300 260 300 300 

Day S-8 S-7 S-6 S-18 S-10 

6/4/2005 0 300 0 0 0 

6/5/2005 275 0 0 0 300 

6/6/2005 275 0 0 0 300 

617/2005 275 0 0 0 300 I 
6/8/2005 275 0 0 0 300 

6/9/2005 0 0 0 300 0 

6/10/2005 0 0 0 300 0 

6/11/2005 0 0 0 300 0 

6/12/2005 0 0 0 300 0 I 
6/13/2005 0 0 260 0 0 

6/14/2005 0 0 260 0 0 

6/15/2005 0 0 260 0 0 

6/16/2005 0 0 260 0 0 

6/17/2005 0 300 0 0 0 I 
6/18/2005 0 300 0 0 0 

6/19/2005 0 300 0 0 0 

I 
6/20/2005 0 300 0 0 0 

6/21/2005 275 0 0 0 300 

6/22/2005 275 0 0 0 300 

6/23/2005 275 0 0 0 300 

6/24/2005 275 0 0 0 300 

6/25/2005 0 0 0 300 0 

6/26/2005 0 0 0 300 0 

6/27/2005 0 0 0 300 0 I 
6/28/2005 0 0 0 300 0 

6/29/2005 0 0 260 0 0 

6/30/2005 0 0 260 0 0 

7/1/2005 0 300 0 0 0 

7/2/2005 0 300 0 0 0 

7/3/2005 0 300 0 0 0 
I 

7/4/2005 0 300 0 0 0 

7/5/2005 275 0 0 0 300 

7/6/2005 275 0 0 0 300 

717/2005 275 0 0 0 300 

7/8/2005 275 0 0 0 300 I 
71912005 0 0 0 300 0 

7/10/2005 0 0 0 300 0 

7/11/2005 0 0 0 300 0 

7/12/2005 0 0 0 300 0 

7/13/2005 0 0 260 0 0 I 
7/14/2005 0 0 260 0 0 

7/15/2005 0 0 260 0 0 

7/16/2005 0 0 260 0 0 

7/17/2005 0 300 0 0 0 

7/18/2005 0 300 0 0 0 I 
7/19/2005 0 300 0 0 0 

712012005 0 300 0 0 0 

7/21/2005 275 0 0 0 300 

7/22/2005 275 0 0 0 300 

7/23/2005 275 0 0 0 300 I 
7/24/2005 275 0 0 0 300 

712512005 0 0 0 300 0 

7/26/2005 0 0 0 300 0 

712712005 0 0 0 300 0 

7/28/2005 0 0 0 300 0 I 
7/29/2005 0 0 260 0 0 

7/30/2005 0 0 260 0 0 

7/31/2005 0 0 260 0 0 

8/1/2005 0 300 0 0 0 

8/2/2005 0 300 0 0 0 

8/3/2005 0 300 0 0 0 
I 

8/4/2005 0 300 0 0 0 

8/5/2005 275 0 0 0 300 

8/6/2005 275 0 0 0 300 

817/2005 275 0 0 0 300 

8/8/2005 275 0 0 0 300 I 
8/9/2005 0 0 0 300 0 

8/10/2005 0 0 0 300 0 

8/11/2005 0 0 0 300 0 

8/12/2005 0 0 0 300 0 

8/13/2005 0 0 260 0 0 

8/14/2005 0 0 260 0 0 

8/15/2005 0 0 260 0 0 

8/16/2005 0 0 260 0 0 

8/17/2005 0 300 0 0 0 

8/18/2005 0 300 0 0 0 I 
8/19/2005 0 300 0 0 0 

I model pumping schedule 1500 a freduced rate xis 9/1412005 

I 

1500 Acre-Feet 

Zero Flow Configuration 

300 300 300 300 270 

S-11 S-12 S-13 S-15 S-14 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 Q 270 

0 300 0 300 0 

0 300 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 300 0 

0 300 0 300 0 

0 300 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

3 

260 250 131 51 

S-16 S-17 1500 93 total gpm MGD AF 

260 0 860 1 239 3 80 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 860 1 239 3 80 

0 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 860 1 239 3 80 

0 0 860 1 239 3 80 

0 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 



I 

I Well gpm 275 300 260 300 300 

Day S-8 S-7 S-6 S-18 S-10 

8/20/2005 0 300 0 0 0 

8/21/2005 275 0 0 0 300 

8/22/2005 275 0 0 0 300 

8/23/2005 275 0 0 0 300 I 
8124/2005 275 0 0 0 300 

8125/2005 0 0 0 300 0 

8/26/2005 0 0 0 300 0 

8/27/2005 0 0 0 300 0 

8/28/2005 0 0 0 300 0 I 
8/29/2005 0 0 260 0 0 

8/30/2005 0 0 260 0 0 

8/31/2005 0 0 260 0 0 

9/1/2005 0 300 0 0 0 

9/212005 0 300 0 0 0 I 
9/3/2005 0 300 0 0 0 

9/4/2005 0 300 0 0 0 

9/5/2005 275 0 0 0 300 

9/6/2005 275 0 0 0 300 

917/2005 275 0 0 0 300 I 
9/8/2005 275 0 0 0 300 

9/9/2005 0 0 0 300 0 

9/10/2005 0 0 0 300 0 

9/11/2005 0 0 0 300 0 

9/12/2005 0 0 0 300 0 

9/13/2005 0 0 260 0 0 
I 

9/14/2005 0 0 260 0 0 

I 
9/15/2005 0 0 260 0 0 

9/16/2005 0 0 260 0 0 

9/17/2005 0 300 0 0 0 

9/18/2005 0 300 0 0 0 

9/19/2005 0 300 0 0 0 

9/20/2005 0 300 0 0 0 

9/21/2005 275 0 0 0 300 

9/22/2005 275 0 0 0 300 

9/23/2005 275 0 0 0 300 I 
9/24/2005 275 0 0 0 300 

9/2512005 0 0 0 300 0 

9/26/2005 0 0 0 300 0 

9127/2005 0 0 0 300 0 

9/28/2005 0 0 0 300 0 I 
9/29/2005 0 0 260 0 0 

9/30/2005 0 0 260 0 0 

10/1/2005 0 300 0 0 0 

10/2/2005 0 300 0 0 0 

10/3/2005 0 300 0 0 0 I 
10/4/2005 0 300 0 0 0 

10/5/2005 275 0 0 0 300 

10/6/2005 275 0 0 0 300 

1017/2005 275 0 0 0 300 

10/8/2005 275 0 0 0 300 I 
10/9/2005 0 0 0 300 0 

10/10/2005 0 0 0 300 0 

10/1112005 0 0 0 300 0 

10/12/2005 0 0 0 300 0 

10/1312005 0 0 260 0 0 

10/14/2005 0 0 260 0 0 

10/15/2005 0 0 260 0 0 

10/16/2005 0 0 260 0 0 

10/17/2005 0 300 0 0 0 

10/18/2005 0 300 0 0 0 

10/19/2005 0 300 0 0 0 I· 
10/20/2005 0 300 0 0 0 

10/21/2005 275 0 0 0 300 

10/22/2005 275 0 0 0 300 

10/2312005 275 0 0 0 300 

1012412005 275 0 0 0 300 I 
10125/2005 0 0 0 300 0 

10/2612005 0 0 0 300 0 

10/27/2005 0 0 0 300 0 

10/2812005 0 0 0 300 0 

10/29/2005 0 0 260 0 0 I 
10/30/2005 0 0 260 0 0 

10/31/2005 0 0 260 0 0 

11/1/2005 0 300 0 0 0 

11/2/2005 0 300 0 0 0 

11/3/2005 0 300 0 0 0 I 
11/4/2005 0 300 0 0 0 

I model pump1ng schedule 1500 a freduced rate xis 911412005 

I 

1500 Acre-Feet 

Zero Flow Configuration 

300 300 300 300 270 

S-11 S-12 S-13 S-15 S-14 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 300 0 

0 300 0 300 0 

0 300 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 300 0 

0 300 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 300 0 

0 300 0 300 0 

0 300 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

4 

260 250 131 51 

S-16 S-17 1500 93 total gpm MGD AF 

260 0 860 1 239 380 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 250 1125 1 621 4 97 

0 250 1125 1 621 497 

0 0 870 1 254 3 85 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 860 1 239 3 80 

0 0 860 1 239 3 80 

0 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 3 80 

260 0 860 1 239 380 

260 0 860 1 239 380 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 380 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 870 1 254 385 

0 0 860 1 239 380 

0 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 0 870 1 254 385 

0 0 870 1 254 3 85 

0 0 870 1 254 385 

0 0 870 1 254 385 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 3 80 

0 250 1125 1 621 497 

0 250 1125 1 621 497 

0 250 1125 1 621 4 97 

0 250 1125 1 621 497 

0 0 870 1 254 3 85 

0 0 870 1 254 385 

0 0 870 1 254 3 85 

0 0 870 1 254 385 

0 0 860 1 239 380 

0 0 860 1 239 380 

0 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 

260 0 860 1 239 380 



I 

I Wellgpm 275 300 260 300 300 

Day S-8 S-7 S-6 S-18 S-10 

11/5/2005 275 0 0 0 300 

11/6/2005 275 0 0 0 300 

11nt2005 275 0 0 0 300 

11/8/2005 275 0 0 0 300 I 
11/9/2005 0 0 0 300 0 

11/10/2005 0 0 0 300 0 

11/11/2005 0 0 0 300 0 

11/12/2005 0 0 0 300 0 

11/13/2005 0 0 260 0 0 I 
11/14/2005 0 0 260 0 0 

11/15/2005 0 0 260 0 0 

I 
11/16/2005 0 0 260 0 0 

11/17/2005 0 300 0 0 0 

11/18/2005 0 300 0 0 0 

11/19/2005 0 300 0 0 0 

11/20/2005 0 300 0 0 0 

11/21/2005 275 0 0 0 300 

11/22/2005 275 0 0 0 300 

11/23/2005 275 0 0 0 300 I 
11/24/2005 275 0 0 0 300 

11/25/2005 0 0 0 300 0 

11/26/2005 0 0 0 300 0 

11/27/2005 0 0 0 300 0 
11/28/2005 0 0 0 300 0 

11/29/2005 0 0 260 0 0 
I 

11/30/2005 0 0 260 0 0 

12/1/2005 0 300 0 0 0 

12/2/2005 0 300 0 0 0 

12/3/2005 0 300 0 0 0 

12/4/2005 0 300 0 0 0 I 
12/5/2005 275 0 0 0 300 

12/6/2005 275 0 0 0 300 

1217/2005 275 0 0 0 300 

12/8/2005 275 0 0 0 300 

12/9/2005 0 0 0 300 0 I 
12/10/2005 0 0 0 300 0 

12/11/2005 0 0 0 300 0 

12/12/2005 0 0 0 300 0 

12/13/2005 0 0 260 0 0 

12/14/2005 0 0 260 0 0 I 
12/15/2005 0 0 260 0 0 

12/16/2005 0 0 260 0 0 

12/17/2005 0 300 0 0 0 

12/18/2005 0 300 0 0 0 

12/19/2005 0 300 0 0 0 I 
12/20/2005 0 300 0 0 0 

12/21/2005 275 0 0 0 300 

12/22/2005 275 0 0 0 300 

12/23/2005 275 0 0 0 300 

12/24/2005 275 0 0 0 300 I 
12/25/2005 0 0 0 300 0 

12/26/2005 0 0 0 300 0 

12/27/2005 0 o 0 300 0 

12/28/2005 0 0 0 300 0 

12/29/2005 0 0 260 o o 

12/30/2005 o o 260 0 0 
I 

12/31/2005 0 o 260 0 0 

26400 28800 21060 28800 28800 

days 96 85 81 79 85 

138240 121976 116640 113622 121976 

MG 38 016 41 472 30 326 41 472 41 472 I 
AF 116 67 127 27 93 07 127 27 127 27 

I 

I 

I 

I model pumpmg schedule 1500 a freduced rate xis 9/14/2005 

I 

1500 Acre-Feet 

Zero Flow Configuration 

300 I 300 300 300 270 

S-11 S-12 S-13 S-15 S-14 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 300 0 0 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 300 0 

0 300 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 0 0 

0 300 0 0 o 

0 300 0 0 o 

o 300 0 0 o 

0 o o 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 0 300 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

0 0 300 0 0 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

300 0 0 0 270 

0 300 0 300 0 

o 300 0 300 0 

0 300 0 300 0 

28800 23100 28800 37500 25920 

78 62 80 117 96 

112086 89903 115200 168750 138240 

41 472 33 264 41 472 54 000 37 325 

127 27 102 08 127 27 165 72 114 55 

5 

260 250 131 51 

S-16 S-17 1500 93 total gpm MGD AF 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 
0 250 1125 1 621 4 97 
0 250 1125 1 621 4 97 
0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 
0 0 870 1 254 3 85 

0 0 860 1 239 3 80 

0 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

0 250 1125 1 621 4 97 
0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

260 0 820 1 182 3 63 

260 o 820 1 182 3 63 

260 o 820 1 182 3 63 

260 0 820 1 182 3 63 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

260 0 860 1 239 3 80 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 

0 250 1125 1 621 4 97 
0 0 870 1 254 3 85 

0 0 870 1 254 3 85 
0 0 870 1 254 3 85 

0 0 870 1 254 3 85 

0 0 860 1 239 3 80 

0 0 860 1 239 3 80 

0 0 860 1 239 3 80 

37440 24000 339420 489 078 1500 93 

187 96 

269568 138240 

53 914 34 560 

165 45 106 06 1500 93 



I 

I 
Wellgpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-18 S-10 S-11 

1/1/2005 300 0 0 0 0 0 

112/2005 0 300 300 0 0 0 

1/3/2005 300 300 0 0 0 0 

1/4/2005 300 0 300 0 0 0 
I 

1/5/2005 0 300 300 0 0 0 

1/6/2005 300 300 300 0 0 0 

117/2005 300 0 0 0 0 0 

1/8/2005 0 300 300 0 0 0 

1/9/2005 300 300 300 0 0 0 I 
1/10/2005 300 0 300 0 0 0 

1/11/2005 0 300 0 0 0 0 

I 
1/12/2005 300 300 300 0 0 0 

1/1312005 300 300 300 0 0 0 

1/14/2005 300 0 0 0 0 0 

1/15/2005 0 300 300 0 0 0 

1/16/2005 300 0 300 0 0 0 

1/1712005 0 300 0 0 0 0 

1/18/2005 300 0 300 0 0 0 

1/19/2005 0 300 300 0 0 0 I 
1/20/2005 300 300 300 0 0 0 

1121/2005 0 300 0 0 0 0 

1122/2005 300 0 300 0 0 0 

1/23/2005 0 300 300 0 0 0 

1124/2005 300 0 300 0 0 0 

1/2512005 0 300 0 0 0 0 
I 

1/26/2005 300 300 300 0 0 0 

1/27/2005 0 0 300 0 0 0 

1/28/2005 300 300 0 0 0 0 

1/29/2005 300 0 300 0 0 0 

1/30/2005 0 300 300 0 0 0 I 
1/31/2005 300 300 0 0 0 0 

211/2005 300 0 300 0 0 0 

21212005 0 300 300 0 0 0 

213/2005 300 300 0 0 0 0 

214/2005 300 0 300 0 0 o I 
2/5/2005 o 300 300 o 0 o 

216/2005 300 300 300 0 0 o 

217/2005 300 0 0 0 0 0 

2/812005 0 300 300 0 0 0 

219/2005 300 300 300 0 0 0 

2/10/2005 300 0 300 0 0 0 
I 

2/11/2005 300 300 0 0 0 0 

2/1212005 0 300 300 0 o 0 

2/13/2005 300 300 300 0 0 0 

2114/2005 300 0 o 0 0 0 

2115/2005 0 300 300 0 0 0 
I 

2/16/2005 300 0 300 0 o 0 

2/17/2005 0 300 0 0 0 0 

2/18/2005 300 o 300 0 o 0 

2119/2005 0 300 300 0 0 0 

2120/2005 300 300 300 0 0 0 I 
2121/2005 0 300 o 0 0 0 

212212005 300 0 300 0 0 0 

2/23/2005 o 300 300 0 0 0 

2124/2005 300 0 300 0 0 0 

212512005 0 300 0 0 o 0 I 
2126/2005 300 300 300 0 o 0 

2127/2005 0 0 300 0 0 0 

212812005 300 300 0 0 0 0 

3/112005 300 0 300 0 o o 

3/212005 0 300 300 0 0 0 
3/3/2005 300 300 0 0 0 o 

I 
3/4/2005 300 0 300 0 o 0 

3/5/2005 0 300 300 0 0 0 

316/2005 300 300 300 0 0 0 

3n12005 300 0 0 o o o 

3/8/2005 o 300 300 0 0 0 I 
3/9/2005 300 300 300 0 o 0 

3/10/2005 300 0 300 0 o 0 

3/11/2005 0 300 0 0 0 0 

3/12/2005 300 300 300 0 0 0 

3/13/2005 300 o 300 0 0 0 I 
3/14/2005 300 300 0 0 0 0 

3/15/2005 0 300 300 0 0 0 

3/16/2005 300 0 300 0 0 0 

3/17/2005 0 300 0 0 0 0 

3/18/2005 300 0 300 0 0 0 I 
3/19/2005 0 300 300 0 0 0 

I 
model pumpsng schedule 1500 af 300 max- scenano 2 xis 9/1412005 

I 

1500 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 i 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

o o o 

o o o 

0 o 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

o o 0 

0 0 0 

0 0 0 

0 0 0 

o 0 0 

0 0 0 

o 0 0 

0 0 0 

0 0 0 

o 0 0 

0 0 0 

0 0 0 

0 0 0 

0 o 0 

0 o 0 

0 0 0 

o 0 0 

0 o 0 

0 0 0 

o 0 0 

o 0 0 

o 0 0 

0 0 0 

o 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

o 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

300 300 

S-15 S-16 

300 0 

300 0 

0 300 

300 0 

0 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

0 0 

300 300 

0 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

0 0 

300 0 

300 0 

0 300 

300 300 

0 0 

300 0 

300 0 

0 300 

300 o 

0 o 

300 o 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

0 0 

300 300 

0 0 

300 0 

300 300 

300 o 

0 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

0 0 

300 o 

300 0 

300 0 

300 0 

0 300 

300 0 

0 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 o 

0 o 

300 300 

0 o 

300 o 

300 300 

300 0 

0 o 

300 1500 40 

S-17 total gem MGD AF 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 1200 1 729 531 
' 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 1200 1 729 531 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 1200 1 729 531 

300 1200 1 729 531 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 1200 1 729 531 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 1200 1 729 5 31 

300 900 1 297 3 98 

300 1200 1 729 5 31 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 1200 1 729 5 31 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 1200 1 729 531 

0 900 1 297 3 98 

0 1200 1 729 531 

0 900 1 297 3 98 

300 1200 1 729 531 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 1200 1 729 531 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

o 900 1 297 3 98 

o 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

300 1200 1 729 531 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

o 1200 1 729 531 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 1200 1 729 531 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 1200 1 729 531 

300 900 1 297 3 98 

0 1200 1 729 531 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 



I 

I Well gpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-18 S-10 S-11 

3/20/2005 300 300 0 0 0 0 

3/21/2005 0 300 0 0 0 0 

3/22/2005 300 0 300 0 0 0 

3/23/2005 0 300 300 0 0 0 I 
3/24/2005 300 0 300 0 0 0 

3/25/2005 0 300 0 0 0 0 

I 
3/26/2005 300 300 300 0 0 0 

3/27/2005 0 0 300 0 0 0 

3/28/2005 300 300 0 0 0 0 
3/29/2005 300 0 300 0 0 0 
3/30/2005 0 300 300 0 0 0 

3/31/2005 300 300 0 0 0 0 
4/1/2005 300 0 0 0 0 0 
4/2/2005 0 300 300 0 0 0 I 
4/3/2005 300 300 0 0 0 0 
4/4/2005 300 0 300 0 0 0 

4/5/2005 0 300 300 0 0 0 

4/6/2005 300 300 0 0 0 0 

417/2005 300 0 0 0 0 0 

4/8/2005 0 300 300 0 0 0 
I 

4/9/2005 300 300 300 0 0 0 
4/10/2005 300 0 300 0 0 0 
4/11/2005 0 300 0 0 0 0 
4/12/2005 300 300 300 0 0 0 
4/13/2005 300 0 300 0 0 0 I 
4/14/2005 300 0 0 0 0 0 
4/15/2005 0 300 300 0 0 0 
4/16/2005 300 0 300 0 0 0 
4/17/2005 0 300 0 0 0 0 
4/18/2005 300 0 300 0 0 0 I 
4/19/2005 0 300 300 0 0 0 
412012005 300 300 0 0 0 0 
4/21/2005 0 300 0 0 0 0 
4/22/2005 300 0 300 0 0 0 
4/23/2005 0 300 300 0 0 0 I 
4/24/2005 300 0 300 0 0 0 
4/25/2005 0 300 0 0 0 0 
4/26/2005 300 300 300 0 0 0 

4/27/2005 0 0 300 0 0 0 
4/28/2005 300 300 0 0 0 0 

4/29/2005 300 0 300 0 0 0 
I 

4/30/2005 0 300 300 0 0 0 
5/1/2005 300 0 0 0 0 0 
5/2/2005 0 300 300 0 0 0 
5/3/2005 300 300 0 0 0 0 
5/4/2005 300 0 300 0 0 0 I 
51512005 0 300 300 0 0 0 
5/6/2005 300 300 0 0 0 0 
517/2005 300 0 0 0 0 0 
51812005 0 300 300 0 0 0 
5/9/2005 0 300 300 0 0 0 I 

5/10/2005 300 0 300 0 0 0 
5/11/2005 300 300 0 0 0 0 
5/12/2005 0 300 300 0 0 0 
5/13/2005 300 0 300 0 0 0 
5/14/2005 300 0 0 0 0 0 I 
5/15/2005 0 300 300 0 0 0 
5/16/2005 300 0 300 0 0 0 
5/17/2005 0 300 0 0 0 0 
5/18/2005 300 0 300 0 0 0 
5/19/2005 0 300 300 0 0 0 
5/20/2005 300 300 0 0 0 0 

I 
5/21/2005 0 300 0 0 0 0 
5/22/2005 300 0 300 0 0 0 
5/23/2005 0 300 300 0 0 0 
512412005 300 0 300 0 0 0 
5/25/2005 0 300 0 0 0 0 I 
5/26/2005 300 300 300 0 0 0 
5/27/2005 0 0 300 0 0 0 
5/28/2005 300 300 0 0 0 0 
5/29/2005 300 0 300 0 0 0 
5/30/2005 0 300 300 0 0 0 I 
5/31/2005 300 300 0 0 0 0 
6/1/2005 300 0 0 0 0 0 
6/2/2005 0 300 300 0 0 0 
6/3/2005 300 300 0 0 0 0 
6/4/2005 300 0 300 0 0 0 I 
6/5/2005 0 300 300 0 0 0 

I model pumping schedule 1500 af300 max- scenarro 2 xis 9/14/2005 

I 

1500 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

2 

300 300 

S-15 S-16 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

0 0 

300 0 

300 0 

0 300 

300 300 

0 0 

300 0 

300 0 

0 300 

300 0 

0 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

0 0 

300 300 

0 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

0 0 

300 0 

300 0 

0 300 

0 300 

300 0 

300 0 

0 300 

300 0 

0 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

0 0 

300 300 

0 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

0 0 

300 0 
300 300 

0 0 

300 0 

300 0 

0 300 

300 300 

0 0 

300 0 

300 0 

0 300 
300 0 

0 0 

300 1500 40 

S-17 total gpm MGD AF 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 1200 1 729 5 31 

300 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 1200 1 729 5 31 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 1200 1 729 5 31 

300 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 
0 1200 1 729 5 31 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 1200 1 729 5 31 

300 900 1 297 3 98 

300 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

0 900 1 297 3 98 

300 900 1 297 3 98 



I 

I Wellgpm 300 300 300 300 300 300 

Dav S-8 S- 6 S-7 S-18 S-10 S-11 

6/ 6/2005 300 300 0 0 0 0 

6nt2005 300 0 0 0 0 0 

61 8/2005 0 300 300 0 0 0 

6/ 9/2005 300 300 300 0 0 0 I 
6/10/2005 300 0 300 0 0 0 

6/11/2005 0 300 0 0 0 0 

I 
6/12/2005 0 300 300 0 0 0 

6/1312005 300 0 300 0 0 0 

6/14/2005 300 0 0 0 0 0 

6/15/2005 0 300 300 0 0 0 

6/16/2005 300 0 300 0 0 0 

6/17/2005 0 300 0 0 0 0 

6/18/2005 300 0 300 0 0 0 

6/19/2005 0 300 300 0 0 0 I 
6/20/2005 300 300 0 0 0 0 

6/21/2005 0 300 0 0 0 0 

6/2212005 300 0 300 0 0 0 

6/23/2005 0 300 300 0 0 0 

6/24/2005 300 0 300 0 0 0 

6/25/2005 0 300 o 0 0 0 
I 

6/26/2005 300 300 300 0 0 o 

6/27/2005 0 0 300 0 0 0 

6/28/2005 300 300 0 0 0 0 

6/29/2005 300 0 300 0 0 0 

6/ 30/2005 0 300 300 0 0 0 I 
7/1/2005 300 0 0 0 0 0 

71212005 0 300 300 0 0 0 
71 312005 300 300 0 0 0 0 

71 412005 300 0 300 0 0 0 

71 512005 0 300 300 0 0 0 I 
71 612005 300 300 0 0 0 0 

7n/2005 300 0 0 0 0 0 

71 812005 0 300 300 0 0 0 

7/ 9/2005 300 300 300 0 0 0 

7/10/2005 300 0 300 0 0 0 I 
7/11/2005 0 300 0 0 0 0 

7/12/2005 0 300 300 0 0 0 

7/13/2005 300 0 300 0 0 0 

7/14/2005 300 0 0 0 0 0 

7/15/2005 0 300 300 0 0 0 

7/16/2005 300 0 300 0 0 0 
I 

7/17/2005 0 300 0 0 0 0 

7/18/2005 300 0 300 0 0 0 

7/19/2005 0 300 300 0 0 0 

712012005 300 300 0 0 0 0 

7/21/2005 0 300 0 0 0 0 I 
712212005 300 0 300 0 0 0 

7/23/2005 0 300 300 0 0 0 

7/24/2005 300 0 300 0 0 0 

7/25/2005 0 300 0 0 0 0 

7/26/2005 300 300 300 0 0 0 I 
712712005 0 0 300 0 0 0 

7/28/2005 300 300 0 0 0 0 

7/29/2005 300 0 300 0 0 0 

7/ 30/2005 0 300 300 0 0 0 

7/ 31/2005 300 300 0 0 0 0 I 
8/1/2005 300 0 0 0 0 0 

81212005 0 300 300 0 0 0 

81 312005 300 300 0 0 0 0 

8/ 4/2005 300 0 300 0 0 0 

81 512005 0 300 300 0 0 0 

8/ 612005 300 300 0 0 0 0 
I 

81 712005 300 0 0 0 0 0 

8/ 8/2005 0 300 300 0 0 0 

81 9/2005 300 300 300 0 0 0 

8/10/2005 300 0 300 0 0 0 

8/11/2005 0 300 0 0 0 0 I 
8/1212005 300 300 300 0 0 0 

8/13/2005 300 0 300 0 0 0 

8/14/2005 300 0 0 0 0 0 

8/15/2005 0 300 300 0 0 0 

8/16/2005 300 0 300 0 0 0 I 
8/17/2005 0 300 0 0 0 0 

8/18/2005 300 0 300 0 0 0 

8/19/2005 0 300 300 0 0 0 

8/20/2005 300 300 0 0 0 0 

8/21/2005 0 300 0 0 0 0 I 
8/22/2005 300 0 300 0 0 0 

I 
model pumping schedule 1500 af 300 max· scenario 2 xis 911412005 

I 

1500 Acre-Feet 
Maximum Usage 
from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

o 0 0 

0 0 o 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 I 
0 0 0 I 
0 0 0 I 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 o 0 

3 

300 

S-15 

300 

300 

300 

0 

300 

300 

300 

0 

300 

0 

300 

300 

300 

o, 

300 

300 

300 

0 

300 

300 

0 

300 

300 

0 

0 

300 

300 

0 

300 

0 

300 

300 

300 

0 

300 

300 

300 

0 

300 

0 

300 

300 

300 

0 

300 

300 

300 

0 

300 

300 

0 

300 

300 

0 

0 

0 

300 

300 

0 

300 

0 

300 

300 

300 

0 

300 

300 

300 

0 

300 

0 

300 

300 

300 

0 

300 

300 

300 

300 300 1500 40 

S-16 S-17 total gpm MGD AF 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 1200 1 729 5 31 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1297 3 98 

0 300 900 1 297 3 98 

300 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 1200 1 729 5 31 

0 0 900 1 297 3 98 

300 0 900 1297 3 98 

0 0 900 1 297 3 98 

0 300 900 1297 3 98 

300 0 900 1 297 3 98 

0 300 900 1297 3 98 

0 0 900 1 297 3 98 

300 0 900 1297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 300 900 1297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1297 3 98 

0 0 900 1297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1297 3 98 

0 300 1200 1 729 5 31 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 1200 1 729 5 31 

0 300 900 1 297 3 98 

300 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 



I 

I Well gpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-18 S-10 S-11 

8/23/2005 0 300 300 0 0 0 

8/24/2005 300 0 300 0 0 0 

8/25/2005 0 300 0 0 0 0 

8/26/2005 300 300 300 0 0 0 I 
8/27/2005 0 0 300 0 0 0 

8/28/2005 300 300 0 0 0 0 

I 
8/29/2005 300 0 300 0 0 0 

8/30/2005 0 300 300 0 0 0 

8/31/2005 300 300 0 0 0 0 

9/1/2005 300 0 0 0 0 0 

9/2/2005 0 300 300 0 0 0 

9/3/2005 300 300 0 0 0 0 

9/4/2005 300 0 300 0 0 0 

9/5/2005 0 300 300 0 0 0 I 
9/6/2005 300 300 0 0 0 0 

91712005 300 0 0 0 0 0 

9/8/2005 0 300 300 0 0 0 

91912005 300 300 300 0 0 0 

9/10/2005 300 0 300 0 0 0 

9/11/2005 0 300 0 0 0 0 
I 

9/12/2005 300 300 300 0 0 0 

9/13/2005 300 0 300 0 0 0 

9/14/2005 300 0 0 0 0 0 

9/15/2005 0 300 300 0 0 0 

9/16/2005 300 0 300 0 0 0 I 
9/17/2005 0 300 0 0 0 0 
9/18/2005 300 0 300 0 0 0 

9/19/2005 0 300 300 0 0 0 
9/20/2005 300 300 0 0 0 0 

9/21/2005 0 300 0 0 0 0 I 
9/22/2005 300 0 300 0 0 0 

9/23/2005 0 300 300 0 0 0 

9/24/2005 300 0 300 0 0 0 

912512005 0 300 0 0 0 0 

9/26/2005 300 300 300 0 0 0 I 
912712005 0 0 300 0 0 0 
9/28/2005 300 300 0 0 0 0 

9/29/2005 300 0 300 0 0 0 

9/30/2005 0 300 300 0 0 0 

10/1/2005 300 0 0 0 0 0 

10/2/2005 0 300 300 0 0 0 
I 

10/3/2005 300 300 0 0 0 0 
10/4/2005 300 0 300 0 0 0 

10/5/2005 0 300 300 0 0 0 

10/6/2005 300 300 0 0 0 0 

1017/2005 300 0 0 0 0 0 I 
10/8/2005 0 300 300 0 0 0 

10/9/2005 300 300 300 0 0 0 
10/10/2005 300 0 300 0 0 0 

10/11/2005 0 300 0 0 0 0 
10/12/2005 300 300 300 0 0 0 I 
10/13/2005 300 0 300 0 0 0 

10/14/2005 300 0 0 0 0 0 

10/15/2005 0 300 300 0 0 0 

10/16/2005 300 0 300 0 0 0 

10/17/2005 0 300 0 0 0 0 I 
10/18/2005 300 0 300 0 0 0 

10/19/2005 0 300 300 0 0 0 
10/20/2005 300 300 0 0 0 0 

10/21/2005 0 300 0 0 0 0 

10/22/2005 300 0 300 0 0 0 

10/23/2005 0 300 300 0 0 0 
I 

10/24/2005 300 0 300 0 0 0 

10/25/2005 0 300 0 0 0 0 

10/26/2005 300 300 300 0 0 0 

10/27/2005 0 0 300 0 0 0 
10/28/2005 300 300 0 0 0 0 I 
10/29/2005 300 0 300 0 0 0 

10/30/2005 0 300 300 0 0 0 
10/31/2005 300 300 0 0 0 0 

1111/2005 300 0 0 0 0 0 
11/2/2005 0 300 300 0 0 0 I 
11/3/2005 300 300 0 0 0 0 

11/4/2005 300 0 300 0 0 0 

11/5/2005 0 300 300 0 0 0 

11/6/2005 300 300 0 0 0 0 

1117/2005 300 0 0 0 0 0 I 
11/8/2005 0 300 300 0 0 0 

I 
model pumping schedule 1500 af 300 max· scenano 2 xis 9114/2005 

I 

1500 Acre-Feet 
Maximum Usage 
from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 I 
0 0 0 I 
0 0 0 I 
0 0 0 I 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

4 

300 

S-15 

0 

300 

300 

0 

300 

300 

0 

300 

0 

300 

300 

0 

300 

0 

300 

300 

300 

0 

300 

300 

300 

0 

300 

0 

300 

300 

300 

0 

300 

300 

300 

0 

300 

300 

0 

300 

300 

0 

0 

300 

300 

0 

300 

0 

300 

300 

300 

0 

300 

300 

300 

0 

300 

0 

300 

300 

300 

0 

300 

300 

300 

0 

300 

300 

0 

300 

300 

0 

300 

0 

300 

300 

0 

300 

0 

300 

300 

300 

300 300 1500 40 

S-16 S-17 total gpm MGD AF 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

300 0 1200 1 729 5 31 

0 300 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 1200 1 729 5 31 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 1200 1 729 5 31 

0 300 900 1 297 3 98 

300 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 1200 1 729 5 31 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 1200 1 729 5 31 

0 300 900 1 297 3 98 

300 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

300 0 1200 1 729 5 31 

0 300 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 



I 

I 
Wellgpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-1 8  S-1 0  S-1 1 

1 1 /9/2005 300 300 300 0 0 0 

1 1 /1 0/2005 300 0 300 0 0 0 

1 1 /1 1 /2005 300 300 0 0 0 0 

1 1 /1 212005 0 300 300 0 0 0 I 
1 1 /1 3/2005 300 0 300 0 0 0 

1 1 /1 4/2005 300 0 0 0 0 0 

1 1 /1 5/2005 0 300 300 0 0 0 

1 1 /1 6/2005 300 0 300 0 o 0 

1 1 /1 7/2005 o 300 0 0 0 o I 
1 1 /1 8/2005 300 o 300 0 o o 
1 1 /1 9/2005 o 300 300 0 0 0 

1 1 /20/2005 300 300 0 0 0 o 
1 1 121 /2005 o 300 0 0 o 0 

1 1 12212005 300 o 300 0 o 0 I 
1 1 /23/2005 0 300 300 0 0 0 

1 112412005 300 o 300 0 0 o 

I 
1 1 125/2005 o 300 0 0 o 0 

1 1 126/2005 300 300 300 0 0 0 

1 1 /27/2005 o 0 300 0 0 o 
1 1 128/2005 300 300 0 0 o 0 

1 1 129/2005 300 o 300 0 0 o 
1 1 /30/2005 0 300 300 0 0 0 

1 211 /2005 300 0 0 0 0 o 
1 212/2005 o 300 300 0 0 0 

1 2/3/2005 300 300 0 0 0 0 I 
1 214/2005 300 o 300 0 0 0 

1 215/2005 o 300 300 o o o 
1 216/2005 300 300 0 0 0 0 

1 217/2005 300 0 0 0 0 0 

1 2/8/2005 0 300 300 0 0 0 I 
1 2/9/2005 300 300 300 0 0 0 

1 211 0/2005 300 o 300 o 0 o 
1 211 1 /2005 300 300 0 0 0 0 

1 211 2/2005 o 300 300 0 0 0 

1 211 3/2005 300 0 300 o o 0 I 
1 211 412005 300 0 0 0 0 0 

1 211 5/2005 o 300 300 o 0 0 

1 211 6/2005 300 o 300 0 0 0 

1 211 7/2005 0 300 0 0 0 0 

1 211 8/2005 300 o 300 0 0 0 

1 211 9/2005 0 300 300 0 0 0 
I 

1 2/20/2005 300 0 0 0 0 0 

1 2121 12005 0 300 0 0 0 0 

1 2122/2005 300 0 300 0 0 0 

1 2/23/2005 o 300 300 o o o 
1 2124/2005 300 o 300 o 0 o I 
1 2125/2005 o 300 0 0 0 0 
1 2126/2005 300 300 300 0 0 0 
1 2127/2005 0 0 300 0 0 0 

1 2128/2005 300 300 0 0 0 0 

1 2129/2005 300 0 300 0 0 0 I 
1 2/30/2005 0 300 300 o 0 o 
1 2131 /2005 300 300 0 0 0 0 

65700 67200 69900 0 0 o 
davs 239 1 98 269 o o o 

344029 2846 1 2  387 1 38 o o 0 I 
MG 94 608 96 768 1 00 656 0 000 0 000 0 000 

AF 290 34 296 97 308 90 0 00 o oo 0 00 

I 
Day S-8 S-7 S-6 S-1 8  S- 1 0  S-1 1 

I 

I 

I 

I 
model pumping schedule 1500 af 300 max- scenario 2 xis 911412005 

I 

1500 Acre-Feet 
Maximum Usage 
from New Wells 

300 300 300 

S-1 2  S-1 3 S-1 5  

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 o 0 

0 o 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 o 0 

0 0 0 I 
0 o o I 
0 o 0 I 
0 0 0 

0 o 0 

o o 0 

0 o 0 

0 o 0 

0 0 0 

0 o o 
o o o 
0 0 0 

0 o 0 

o o 0 

0 o 0 

0 0 0 

o o 0 

o o o 
0 0 0 

o 0 o 
0 0 0 

o 0 0 

o 0 0 

o 0 0 

o o 0 

0 0 0 

o o 0 

0 0 0 

o o o 
0 0 o 
0 0 0 

0 0 o 
0 0 0 

0 o o 
0 o 0 

0 o 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

300 

S-1 5 

0 

300 

300 

300 

0 

300 

0 

300 

300 

300 

0 

300 

300 

300 

0 

300 

300 

0 

300 

300 

0 

0 

300 

300 

0 

300 

o 
300 

300 

300 

0 

300 

300 

300 

0 

300 

0 

300 

300 

300 

0 

300 

300 

300 

o 
300 

300 

0 

300 

300 

0 

300 

0 

73800 

273 

393600 

0 000 0 000 0 000 1 06 272 

o oo 0 00 0 00 326 1 4  

S-1 2 S-1 3  S-1 5 S-1 4 

5 

300 300 1 500 40 

S- 1 6  S-1 7  total gpm MGD AF 

0 300 1 200 1 729 5 31 

0 0 900 1 297 3 98 

300 0 1 200 1 729 5 31 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

300 0 900 1 297 3 98 

o 300 900 1 297 3 98 

0 o 900 1 297 3 98 

300 o 900 1 297 3 98 

0 0 900 1 297 3 98 

o 300 900 1 297 3 98 

o 0 900 1 297 3 98 

300 o 900 1 297 3 98 

o 0 900 1 297 3 98 

o 300 900 1 297 3 98 

o 0 900 1 297 3 98 

300 0 900 1 297 3 98 

o 0 900 1 297 3 98 

o 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 300 900 1 297 3 98 

o 0 900 1 297 3 98 

300 0 900 1 297 3 98 

o 0 900 1 297 3 98 

o 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

o 300 1 200 1 729 5 31 

0 o 900 1 297 3 98 

300 o 1 200 1 729 5 31 

o o 900 1 297 3 98 

0 300 900 1 297 3 98 

300 0 900 1 297 3 98 

0 300 900 1 297 3 98 

0 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

o 0 600 0 865 2 65 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

o 300 900 1 297 3 98 

o 0 900 1 297 3 98 

300 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 900 1 297 3 98 

o 0 900 1 297 3 98 

300 0 900 1 297 3 98 

300 0 1 200 1 729 5 31 

o 300 900 1 297 3 98 

31 800 30900 339300 488 905 1 500 40 

1 59 1 24 

228960 1 77984 

45 792 44 496 

1 40 53 1 36 55 1 500 40 

S-1 6  S-1 7  



I 
2000 Acre-Feet 

I Wellgom 275 340 260 365 340 370 370 360 320 270 260 250 2000 00 

Day S- 8 S-7 S-6 S-1 8 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 

1/1/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 

11212005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 

1/3/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 

1/4/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 I 
1/5/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 515 

1/6/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 

I 
1/7/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 

1/ 8/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 

1/9/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

1/10/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

1/11/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

111212005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

1/13/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

1114/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 539 I 
1/15/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 539 

1/16/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
1/17/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 
1/1 8/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 
1/19/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 
1/20/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 515 

I 
1/21/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 
1/22/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 
1/23/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 
1/24/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 
1/25/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 I 
1/26/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
1/27/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
1/2 8/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
1/29/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
1/30/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 I 
1/31/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
211/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
21212005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 

2/3/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 
214/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 I 
215/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 515 
216/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 
217/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 

21 8/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 
219/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

2110/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 
I 

2111/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
211212005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
2/13/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
2/14/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 539 
2115/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 539 I 
2116/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 

2/17/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 
211 8/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 
2119/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 
2120/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 515 I 
2121/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 
2/22/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 
2/23/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 

2/24/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 
2125/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 I 
2126/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

2/27/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

212 8/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

311/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 

31212005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 

3/3/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 
I 

314/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 

315/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 515 

316/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 

3/7/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 
3/ 8/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 I 
319/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 

3/1012005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 

3/11/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

3/12/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

311312005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 I 
3/14/2005 0 340 0 0 0 0 0 360 0 I 270 0 250 1220 1 758 5 39 

3115/2005 0 340 0 0 0 0 0 360 0 I 270 0 250 1220 1 758 5 39 

3/16/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 

3/17/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 

311 8/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 I 
3119/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 544 

I model pumping schedule 2000 af xis 9/14/2005 

I 



I 
2000 Acre-Feet 

I 
Wellgom 275 340 260 365 340 370 370 360 320 270 260 250 2000 00 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 

3/20/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

3/21/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

3/22/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

3/23/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 I 
3/2412005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

3/25/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

3/2612005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

3127/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

3/28/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 I 
3/29/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

3/30/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

3/31/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

4/1/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

4/212005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 I 
413/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

4/4/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

I 
4/5/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

4/6/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

417/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

418/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

4/9/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

4110/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

4/11/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

4/12/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

4/13/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 I 
4/14/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

4/15/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

4/16/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

4/17/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

4/18/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 I 
4/19/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

4/20/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

4/21/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

4/2212005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

4123/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 I 
4/24/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

4/25/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

4/26/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

4/27/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

412812005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

4/29/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
I 

4130/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

5/1/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

5/212005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

5/3/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

5/412005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 I 
515/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

5/6/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

517/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

518/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

5/9/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 I 
5110/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

5/11/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

5/12/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

5/13/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

5/14/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 I 
5/15/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

5/16/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

5/17/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

5/18/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

5/1912005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

5/20/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 
I 

5/2112005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

5/22/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

5123/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

5/24/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

5/25/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 I 
5126/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

5/27/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

512812005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

5/29/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

5/30/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 I 
5131/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

6/112005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

6/2/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

8/3/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

6/4/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 I 
6/5/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

I 
model pumping schedule 2000 af xis 9/1412005 2 

I 



I 
2000 Acre-Feet 

I Well gpm 275 340 260 365 340 370 370 360 320 270 260 250 2000 00 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 

6/6/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

61712005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 542 

6/8/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

6/9/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 I 
6/10/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

6/11/2005 0 340 0 365 0 370 0 0 0 o 0 250 1325 1 909 5 86 

I 
6/12/2005 0 340 0 365 o 370 0 o 0 0 0 250 1325 1 909 5 86 

6/13/2005 0 340 0 365 o 370 o 0 0 o o 250 1325 1 909 5 86 

6/14/2005 0 340 0 0 o 0 0 360 0 270 0 250 1220 1 758 5 39 

6/15/2005 o 340 o o o 0 o 360 0 270 0 250 1220 1 758 5 39 

6/16/2005 0 0 260 o 340 0 0 360 0 270 o 0 1230 1 772 5 44 

6/17/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

6/18/2005 0 0 260 0 340 0 0 360 0 270 o 0 1230 1 772 5 44 

6/19/2005 0 0 260 0 340 0 0 360 0 270 o 0 1230 1 772 5 44 I 
612012005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

6/21/2005 275 0 0 0 o 0 370 0 320 o 260 0 1225 1 765 5 42 

6/22/2005 275 0 0 o o 0 370 0 320 o 260 0 1225 1 765 5 42 

612312005 275 0 0 o o o 370 0 320 o 260 0 1225 1 765 5 42 

6/24/2005 275 0 0 0 0 o 370 0 320 o 260 0 1225 1 765 5 42 

6/25/2005 275 0 o o 0 o 370 0 320 o 260 0 1225 1 765 5 42 
I 

6/26/2005 o 340 0 365 0 370 o o 0 0 0 250 1325 1 909 5 86 

6/27/2005 0 340 0 365 0 370 0 o 0 0 0 250 1325 1 909 5 86 

6/28/2005 0 340 0 365 0 370 0 0 0 0 o 250 1325 1 909 5 86 

6/29/2005 o 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

6/30/2005 o 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 I 
7/1/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

7/2/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

7/3/2005 0 0 260 0 340 0 0 360 0 270 o 0 1230 1 772 5 44 

71412005 0 0 260 0 340 0 0 360 o 270 0 o 1230 1 772 5 44 

71512005 275 0 260 0 0 0 0 360 o 270 0 o 1165 1 679 5 15 I 
7/6/2005 275 0 0 0 o 0 370 0 320 o 260 0 1225 1 765 5 42 

71712005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

71812005 275 0 0 o 0 o 370 0 320 o 260 0 1225 1 765 5 42 

7/9/2005 275 0 o o o o 370 0 320 0 260 0 1225 1 765 5 42 

7/10/2005 275 0 0 0 0 o 370 0 320 o 260 0 1225 1 765 5 42 I 
7/11/2005 o 340 0 365 o 370 0 o 0 o 0 250 1325 1 909 5 86 

7/12/2005 o 340 0 365 0 370 0 0 0 o o 250 1325 1 909 5 86 

7/13/2005 o 340 0 365 0 370 0 0 o o o 250 1325 1 909 5 86 

7/14/2005 o 340 0 0 0 0 0 360 o 270 0 250 1220 1 758 5 39 

7/15/2005 o 340 0 0 o 0 0 360 o 270 0 250 1220 1 758 5 39 

7/16/2005 o 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
I 

7/17/2005 o 0 260 0 340 0 0 360 o 270 0 0 1230 1 772 5 44 

7/18/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

7/19/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

7/20/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

7/21/2005 275 0 0 0 o o 370 0 320 o 260 0 1225 1 765 5 42 
I 

7/22/2005 275 0 0 0 0 o 370 o 320 0 260 0 1225 1 765 5 42 

712312005 275 0 0 o 0 o 370 o 320 0 260 0 1225 1 765 5 42 

7/24/2005 275 0 o o 0 o 370 o 320 o 260 0 1225 1 765 5 42 

7/25/2005 275 0 0 0 0 o 370 0 320 o 260 0 1225 1 765 5 42 

7/26/2005 0 340 0 365 0 370 0 0 o o 0 250 1325 1 909 5 86 I 
712712005 0 340 0 365 0 370 0 0 o o 0 250 1325 1 909 5 86 

712812005 o 340 0 365 0 370 0 0 o o 0 250 1325 1 909 5 86 

7/29/2005 o 340 0 0 o 0 0 360 0 270 0 250 1220 1 758 5 39 

7/30/2005 0 340 0 0 0 0 0 360 0 270 o 250 1220 1 758 5 39 

7/31/2005 o 340 0 0 0 o 0 360 0 270 o 250 1220 1 758 5 39 I 
8/1/2005 0 0 260 0 340 o 0 360 0 270 o 0 1230 1 772 5 44 

81212005 0 0 260 0 340 o o 360 0 270 0 0 1230 1 772 5 44 

8/3/2005 0 0 260 0 340 o 0 360 0 270 0 0 1230 1 772 5 44 

8/4/2005 0 0 260 0 340 o 0 360 0 270 0 0 1230 1 772 5 44 

8/5/2005 275 0 260 0 0 0 0 360 o 270 0 0 1165 1 679 5 15 

8/6/2005 275 0 0 0 0 0 370 0 320 o 260 0 1225 1 765 5 42 
I 

81712005 275 0 0 0 0 0 370 0 320 0 260 o 1225 1 765 5 42 

8/8/2005 275 0 0 0 o 0 370 0 320 0 260 0 1225 1 765 5 42 

8/9/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

8/10/2005 275 0 0 0 o 0 370 0 320 o 260 0 1225 1 765 5 42 

8/11/2005 o 340 0 365 o 370 0 0 0 o o 250 1325 1 909 5 86 I 
8/12/2005 o 340 0 365 0 370 0 o 0 o o 250 1325 1 909 5 86 

8/13/2005 o 340 0 365 0 370 0 0 0 o o 250 1325 1 909 5 86 

8/14/2005 o 340 0 0 0 o 0 360 0 270 o 250 1220 1 758 5 39 

8/15/2005 0 340 0 0 0 o 0 360 0 270 0 250 1220 1 758 5 39 

8/16/2005 0 0 260 o 340 0 0 360 o 270 0 0 1230 1 772 5 44 I 
8/17/2005 0 0 260 o 340 0 0 360 o 270 0 0 1230 1 772 5 44 

8/18/2005 0 0 260 0 340 0 0 360 o 270 0 0 1230 1 772 5 44 

8/19/2005 0 0 260 o 340 0 0 360 o 270 0 0 1230 1 772 5 44 

8/20/2005 275 0 260 0 o 0 0 360 0 270 0 0 1165 1 679 5 15 

8/21/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 I 
8/22/2005 275 0 0 0 o o 370 0 320 0 260 0 1225 1 765 5 42 

I model pumping schedule 2000 af xis 9/14/2005 3 

I 



I 
2000 Acre-Feet 

I 
Well gpm 275 340 260 365 340 370 370 360 320 270 260 250 2000 00 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 
8/23/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
8/24/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
8/25/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
8/26/2005 0 340 o 365 o 370 0 0 0 0 0 250 1325 1 909 5 86 

I 
8/27/2005 0 340 0 365 0 370 0 0 0 0 o 250 1325 1 909 5 86 
8/28/2005 0 340 0 365 o 370 0 0 0 0 0 250 1325 1 909 5 86 

I 
8/29/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
8/30/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
8/31/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
9/1/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
9/2/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
9/3/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
9/4/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
9/5/2005 275 0 260 0 0 0 0 360 0 270 o 0 1165 1 679 5 15 I 
9/6/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
917/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
9/8/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
91912005 275 0 0 0 o 0 370 0 320 0 260 0 1225 1 765 5 42 

9/10/2005 275 0 0 0 o 0 370 0 320 0 260 0 1225 1 765 5 42 
9/11/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

I 
9/12/2005 0 340 0 365 0 370 0 0 0 o 0 250 1325 1 909 5 86 
9/13/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
9/14/2005 0 340 o 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
9/15/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
9/16/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

I 
9/17/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
9/18/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
9/19/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
9/20/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 
9/21/2005 275 0 0 0 o 0 370 0 320 0 260 0 1225 1 765 5 42 

I 
9/22/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
9/23/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
9/24/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
9/25/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
9/26/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 I 
9/27/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
9/28/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
9/29/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
9/30/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
10/1/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
10/2/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

I 
10/3/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
10/4/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
10/5/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 
10/6/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
1017/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

I 
10/8/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
10/9/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

10/10/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
10/11/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
10/12/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

I 
10/13/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
10/14/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
10/15/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
10/16/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
10/17/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 I 
10/18/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
10/19/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
10/20/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 
10/21/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
10/22/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
10/23/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

I 
10/24/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
10/25/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 
10/26/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
10/27/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 
10/28/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

I 
10/29/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
10/30/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
10/31/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 
11/1/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 
11/2/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

I 
11/3/2005 0 0 260 0 340 0 0 0 0 270 0 0 870 1 254 3 85 
11/4/2005 275 0 260 0 340 0 0 0 0 270 0 0 1145 1 650 5 06 
11/5/2005 275 0 260 0 340 0 0 0 0 270 0 0 1145 1 650 5 06 
11/6/2005 275 0 0 365 0 0 370 0 0 0 260 0 1270 1 830 5 62 
1117/2005 275 0 0 365 0 0 370 0 0 0 260 0 1270 1 830 5 62 I 
11/8/2005 275 0 0 365 o 0 370 0 0 0 260 0 1270 1 830 5 62 

I 
model pumping schedule 2000 af xis 9/14/2005 4 

I 



I 
2000 Acre-Feet 

I 
Wellgpm 275 340 260 365 340 370 370 360 320 270 260 250 2000 00 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 

11/9/2005 275 0 0 365 0 0 370 0 0 0 260 0 1270 1 830 5 62 

11/10/2005 275 0 0 365 0 0 370 0 0 0 260 0 1270 1 830 5 62 

11/11/2005 0 340 0 0 0 370 0 0 320 0 0 250 1280 1 844 5 66 

11/1212005 0 340 0 0 0 370 0 0 320 0 0 250 1280 1 844 5 66 I 
11/13/2005 0 340 0 0 0 370 0 0 320 0 0 250 1280 1 844 5 66 

11/14/2005 0 340 0 0 0 370 0 0 320 0 0 250 1280 1 844 5 66 

11/15/2005 0 340 0 0 0 370 0 0 320 0 0 250 1280 1 844 5 66 

11/16/2005 0 0 260 0 340 0 0 0 0 270 0 250 1120 1 614 4 95 

11/17/2005 0 0 260 0 340 0 0 0 0 270 0 250 1120 1 614 4 95 I 
11/18/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

11/19/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

11/20/2005 0 0 260 0 340 0 0 360 0 270 0 0 1230 1 772 5 44 

11/21/2005 275 0 0 365 0 0 370 0 0 0 260 0 1270 1 830 5 62 

11/22/2005 275 0 0 365 0 0 370 0 0 0 260 0 1270 1 830 5 62 I 
11/23/2005 275 0 0 365 0 0 370 0 0 0 260 0 1270 1 830 5 62 

11/24/2005 275 0 0 365 0 0 370 0 0 0 260 0 1270 1 830 5 62 

11/25/2005 275 0 0 365 0 0 370 0 0 0 260 0 1270 1 830 5 62 

11/26/2005 0 340 0 0 0 370 0 0 320 0 0 250 1280 1 844 5 66 

11/27/2005 0 340 0 0 0 370 0 0 320 0 0 250 1280 1 844 5 66 

11/28/2005 0 340 0 0 0 370 0 0 320 0 0 250 1280 1 844 5 66 
I 

11/29/2005 0 340 0 0 0 370 0 0 320 0 0 250 1280 1 844 5 66 

11/30/2005 0 340 0 0 0 370 0 0 320 0 0 250 1280 1 844 5 66 

12/1/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

12/2/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

12/3/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 I 
12/4/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

I 
12/5/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

12/6/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

1217/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

12/8/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

12/9/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

12/10/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

12/11/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

12/1212005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

12/13/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 I 
12/14/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

12/15/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

12/16/2005 0 0 260 0 0 0 0 360 0 270 0 250 1140 1 643 5 04 

12/17/2005 0 0 260 0 0 0 0 360 0 270 0 250 1140 1 643 5 04 

12/1812005 0 0 260 0 0 0 0 360 0 270 0 250 1140 1 643 5 04 

12/19/2005 0 0 260 0 0 0 0 360 0 270 0 250 1140 1 643 5 04 
I 

12120/2005 275 0 260 0 0 0 0 360 0 270 0 0 1165 1 679 5 15 

12121/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

12/22/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

12/23/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

12124/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 I 
12/25/2005 275 0 0 0 0 0 370 0 320 0 260 0 1225 1 765 5 42 

12126/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

12/27/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

12/28/2005 0 340 0 365 0 370 0 0 0 0 0 250 1325 1 909 5 86 

12129/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 I 
12/30/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

12/31/2005 0 340 0 0 0 0 0 360 0 270 0 250 1220 1 758 5 39 

40700 42500 31200 27740 30600 28120 44400 59040 38400 45630 31200 32750 452280 651 700 2000 00 

days 148 125 120 76 90 76 120 164 120 169 156 131 

213120 180000 172800 109440 129600 109440 172800 236160 172800 243360 224640 188640 I 
MG 58 608 61 200 44 928 39 946 44 064 40 493 63 936 85 018 55 296 65 707 44 928 47 160 

AF 179 86 187 82 137 88 122 59 135 23 124 27 196 21 260 91 169 70 201 65 137 88 144 73 2000 00 

I 

I 

I 

I 

I 
model pumping schedule 2000 afxls 9/1412005 5 

I 



I 

I well gpm 275 300 260 300 300 300 
Day S-8 S-7 S-6 S-18 S-10 S-11 

I 
1/1/2005 105 105 105 105 105 105 
1/2/2005 105 105 105 105 105 105 
1/3/2005 105 105 105 105 105 105 
1/4/2005 105 105 105 105 105 105 

I 
1/5/2005 105 105 105 105 105 105 
1/6/2005 105 105 105 105 105 105 
1n/2005 105 105 105 105 105 105 
1/8/2005 105 105 105 105 105 105 
1/9/2005 105 105 105 105 105 105 

I 
1/10/2005 105 105 105 105 105 105 
1/11/2005 105 105 105 105 105 105 
1/12/2005 105 105 105 105 105 105 
1/13/2005 105 105 105 105 105 105 

I 
1/14/2005 105 105 105 105 105 105 
1/15/2005 105 105 105 105 105 105 
1/16/2005 105 105 105 105 105 105 
1/17/2005 105 105 105 105 105 105 
1/18/2005 105 105 105 105 105 105 

I 
1/19/2005 105 105 105 105 105 105 
1/20/2005 105 105 105 105 105 105 
1/21/2005 105 105 105 105 105 105 
1/22/2005 105 105 105 105 105 105 

I 
1/23/2005 105 105 105 105 105 105 
1/24/2005 105 105 105 105 105 105 
1/25/2005 105 105 105 105 105 105 
1/26/2005 105 105 105 105 105 105 

I 
1/27/2005 105 105 105 105 105 105 
1/28/2005 105 105 105 105 105 105 
1/29/2005 105 105 105 105 105 105 
1/30/2005 105 105 105 105 105 105 
1/31/2005 105 105 105 105 105 105 

I 
2/1/2005 105 105 105 105 105 105 
2/2/2005 105 105 105 105 105 105 
2/3/2005 105 105 105 105 105 105 
2/4/2005 105 105 105 105 105 105 

I 
2/5/2005 105 105 105 105 105 105 
2/6/2005 105 105 105 105 105 105 
217/2005 105 105 105 105 105 105 
2/8/2005 105 105 105 105 105 105 
2/9/2005 105 105 105 105 105 105 

I 
2/10/2005 105 105 105 105 105 105 
2/11/2005 105 105 105 105 105 105 
2/12/2005 105 105 105 105 105 105 
2/13/2005 105 105 105 105 105 105 

I 
2/14/2005 105 105 105 105 105 105 
2/15/2005 105 105 105 105 105 105 
2/16/2005 105 105 105 105 105 105 
2/17/2005 105 105 105 105 105 105 
2/18/2005 105 105 105 105 105 105 

I 
2/19/2005 105 105 105 105 105 105 
2/20/2005 105 105 105 105 105 105 
2/21/2005 105 105 105 105 105 105 
2/22/2005 105 105 105 105 105 105 

I 
2/23/2005 105 105 105 105 105 105 
2/24/2005 105 105 105 105 105 105 
2/25/2005 105 105 105 105 105 105 
2/26/2005 105 105 105 105 105 105 

I 
212712005 105 105 105 105 105 105 
2/28/2005 105 105 105 105 105 105 

3/1/2005 105 105 105 105 105 105 
3/2/2005 105 105 105 105 105 105 
3/3/2005 105 105 105 105 105 105 

I 
3/4/2005 105 105 105 105 105 105 
3/5/2005 105 105 105 105 105 105 
3/6/2005 105 105 105 105 105 105 

I 
model pumping schedule 2000 al reduced ratecopy xis 9/14/2005 

I 

2000 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 
S-12 S-13 S-15 S-14 

105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 

260 250 2001 94 
S-16 S-17 total gpm MGD AF 

93 93 1240 1 787 5 48 
93 93 1240 1.787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 



I 

I well gpm 275 300 260 300 300 300 

Day S-8 S-7 S-6 S-18 S-10 S-11 

317/2005 105 105 105 105 105 105 

3/8/2005 105 105 105 105 105 105 

3/9/2005 105 105 105 105 105 105 

3/10/2005 105 105 105 105 105 105 

I 
3/11/2005 105 105 105 105 105 105 

3/12/2005 105 105 105 105 105 105 

3/13/2005 105 105 105 105 105 105 

3/14/2005 105 105 105 105 105 105 

3/15/2005 105 105 105 105 105 105 

I 
3/16/2005 105 105 105 105 105 105 

3/17/2005 105 105 105 105 105 105 

3/18/2005 105 105 105 105 105 105 

3/19/2005 105 105 105 105 105 105 

I 
3/20/2005 105 105 105 105 105 105 

3/21/2005 105 105 105 105 105 105 

3/22/2005 105 105 105 105 105 105 

3/23/2005 105 105 105 105 105 105 

3/24/2005 105 105 105 105 105 105 

I 
3/25/2005 105 105 105 105 105 105 

3/26/2005 105 105 105 105 105 105 

3/27/2005 105 105 105 105 105 105 

3/28/2005 105 105 105 105 105 105 

I 
3/29/2005 105 105 105 105 105 105 

3/30/2005 105 105 105 105 105 105 

3/31/2005 105 105 105 105 105 105 

4/1/2005 105 105 105 105 105 105 

4/2/2005 105 105 105 105 105 105 

I 
4/3/2005 105 105 105 105 105 105 

4/4/2005 105 105 105 105 105 105 

4/5/2005 105 105 105 105 105 105 

4/6/2005 105 105 105 105 105 105 

I 
4/7/2005 105 105 105 105 105 105 

4/8/2005 105 105 105 105 105 105 

4/9/2005 105 105 105 105 105 105 

4/10/2005 105 105 105 105 105 105 

I 
4/11/2005 105 105 105 105 105 105 

4/12/2005 105 105 105 105 105 105 

4/13/2005 105 105 105 105 105 105 

4/14/2005 105 105 105 105 105 105 

4/15/2005 105 105 105 105 105 105 

I 
4/16/2005 105 105 105 105 105 105 

4/17/2005 105 105 105 105 105 105 

4/18/2005 105 105 105 105 105 105 

4/19/2005 105 105 105 105 105 105 

I 
4/20/2005 105 105 105 105 105 105 

4/21/2005 105 105 105 105 105 105 

4/22/2005 105 105 105 105 105 105 

4/23/2005 105 105 105 105 105 105 

4/24/2005 105 105 105 105 105 105 

I 
4/25/2005 105 105 105 105 105 105 

4/26/2005 105 105 105 105 105 105 

4/27/2005 105 105 105 105 105 105 

4/28/2005 105 105 105 105 105 105 

I 
4/29/2005 105 105 105 105 105 105 

4/30/2005 105 105 105 105 105 105 

5/1/2005 105 105 105 105 105 105 

5/2/2005 105 105 105 105 105 105 

5/3/2005 105 105 105 105 105 105 

I 
5/4/2005 105 105 105 105 105 105 

5/5/2005 105 105 105 105 105 105 

5/6/2005 105 105 105 105 105 105 

517/2005 105 105 105 105 105 105 

I 
5/8/2005 105 105 105 105 105 105 

5/9/2005 105 105 105 105 105 105 

5/10/2005 105 105 105 105 105 105 

I model pumping schedule 2000 al reduced ratecopy xis 9/14/2005 

I 

2000 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 

S-12 S-13 S-15 S-14 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

105 105 105 105 

2 

260 250 2001 94 

S-16 S-17 total gpm MGD AF 
93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1.787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 

93 93 1240 1 787 5 48 



I 

I well gpm 275 300 260 300 300 300 

Day S-8 S-7 S-6 S-18 S-10 S-11 

I 
5/11/2005 105 105 105 105 105 105 
511212005 105 105 105 105 105 105 
5/13/2005 105 105 105 105 105 105 
5/14/2005 105 105 105 105 105 105 

I 
5115/2005 105 105 105 105 105 105 
5/16/2005 105 105 105 105 105 105 
5/17/2005 105 105 105 105 105 105 
5/18/2005 105 105 105 105 105 105 
5/19/2005 105 105 105 105 105 105 

I 
512012005 105 105 105 105 105 105 
5/21/2005 105 105 105 105 105 105 
512212005 105 105 105 105 105 105 
5/23/2005 105 105 105 105 105 105 

I 
5/24/2005 105 105 105 105 105 105 
512512005 105 105 105 105 105 105 
5/26/2005 105 105 105 105 105 105 
512712005 105 105 105 105 105 105 
5/28/2005 105 105 105 105 105 105 

I 
5/29/2005 105 105 105 105 105 105 
5/30/2005 105 105 105 105 105 105 
5/31/2005 105 105 105 105 105 105 

6/1/2005 105 105 105 105 105 105 

I 
61212005 105 105 105 105 105 105 
6/3/2005 105 105 105 105 105 105 
6/4/2005 105 105 105 105 105 105 
61512005 105 105 105 105 105 105 

I 
61612005 105 105 105 105 105 105 
61712005 105 105 105 105 105 105 
6/8/2005 105 105 105 105 105 105 
6/9/2005 105 105 105 105 105 105 

6/10/2005 105 105 105 105 105 105 

I 
6/11/2005 105 105 105 105 105 105 
6/12/2005 105 105 105 105 105 105 
6/13/2005 105 105 105 105 105 105 
6/14/2005 105 105 105 105 105 105 

I 
6/15/2005 105 105 105 105 105 105 
6/16/2005 105 105 105 105 105 105 
6/17/2005 105 105 105 105 105 105 
6/18/2005 105 105 105 105 105 105 
6/19/2005 105 105 105 105 105 105 

I 
6/20/2005 105 105 105 105 105 105 
6/21/2005 105 105 105 105 105 105 
612212005 105 105 105 105 105 105 
6/23/2005 105 105 105 105 105 105 

I 
6/24/2005 105 105 105 105 105 105 
612512005 105 105 105 105 105 105 
6/26/2005 105 105 105 105 105 105 
612712005 105 105 105 105 105 105 

I 
6/28/2005 105 105 105 105 105 105 
6/29/2005 105 105 105 105 105 105 
6/30/2005 105 105 105 105 105 105 

7/1/2005 105 105 105 105 105 105 
71212005 105 105 105 105 105 105 

I 
7/3/2005 105 105 105 105 105 105 
71412005 105 105 105 105 105 105 
71512005 105 105 105 105 105 105 
71612005 105 105 105 105 105 105 

I 
71712005 105 105 105 105 105 105 
7/8/2005 105 105 105 105 105 105 
7/9/2005 105 105 105 105 105 105 

7/10/2005 105 105 105 105 105 105 
7/11/2005 105 105 105 105 105 105 

I 
7/12/2005 105 105 105 105 105 105 
7/13/2005 105 105 105 105 105 105 
7/14/2005 105 105 105 105 105 105 

I model pumping schedule 2000 al reduced ratecopy xis 9/14/2005 

I 

2000 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 

S-12 S-13 S-15 S-14 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 

3 

260 250 2001 94 
S-16 S-17 total gpm MGD AF 

93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1.787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 



I 

I well gpm 275 300 260 300 300 300 

Day S-8 S-7 S-6 S-18 S-10 S-11 
7/15/2005 105 105 105 105 105 105 
7/16/2005 105 105 105 105 105 105 
7/17/2005 105 105 105 105 105 105 ,, 
7/18/2005 105 105 105 105 105 105 
7/19/2005 105 105 105 105 105 105 
712012005 105 105 105 105 105 105 
7/21/2005 105 105 105 105 105 105 I 
712212005 105 105 105 105 105 105 
7/23/2005 105 105 105 105 105 105 
712412005 105 105 105 105 105 105 
712512005 105 105 105 105 105 105 
7/26/2005 105 105 105 105 105 105 I 
712712005 105 105 105 105 105 105 

I 
7/28/2005 105 105 105 105 105 105 
7/29/2005 105 105 105 105 105 105 
7/30/2005 105 105 105 105 105 105 
7/31/2005 105 105 105 105 105 105 

8/1/2005 105 105 105 105 105 105 
8/2/2005 105 105 105 105 105 105 
8/3/2005 105 105 105 105 105 105 
8/4/2005 105 105 105 105 105 105 I 
8/5/2005 105 105 105 105 105 105 
8/6/2005 105 105 105 105 105 105 
8/7/2005 105 105 105 105 105 105 
8/8/2005 105 105 105 105 105 105 I 
8/9/2005 105 105 105 105 105 105 

8/10/2005 105 105 105 105 105 105 
8/11/2005 105 105 105 105 105 105 
8/12/2005 105 105 105 105 105 105 
8/13/2005 105 105 105 105 105 105 

I 
8114/2005 105 105 105 105 105 105 
8/15/2005 105 105 105 105 105 105 
8/16/2005 105 105 105 105 105 105 
8/17/2005 105 105 105 105 105 105 I 
8/18/2005 105 105 105 105 105 105 
8/19/2005 105 105 105 105 105 105 
8/20/2005 105 105 105 105 105 105 
8/21/2005 105 105 105 105 105 105 I 
8/22/2005 105 105 105 105 105 105 
8/23/2005 105 105 105 105 105 105 
8/24/2005 105 105 105 105 105 105 
8/25/2005 105 105 105 105 105 105 
8/26/2005 105 105 105 105 105 105 I 
8/27/2005 105 105 105 105 105 105 
8/28/2005 105 105 105 105 105 105 
8/29/2005 105 105 105 105 105 105 
8/30/2005 105 105 105 105 105 105 I 
8/31/2005 105 105 105 105 105 105 

9/1/2005 105 105 105 105 105 105 
9/2/2005 105 105 105 105 105 105 
9/3/2005 105 105 105 105 105 105 
9/4/2005 105 105 105 105 105 105 I 
9/5/2005 105 105 105 105 105 105 
9/6/2005 105 105 105 105 105 105 
9/7/2005 105 105 105 105 105 105 
9/8/2005 105 105 105 105 105 105 I 
9/9/2005 105 105 105 105 105 105 

9/10/2005 105 105 105 105 105 105 
9/11/2005 105 105 105 105 105 105 
9/12/2005 105 105 105 105 105 105 
9/13/2005 105 105 105 105 105 105 

I 
9/14/2005 105 105 105 105 105 105 
9/15/2005 105 105 105 105 105 105 
9/16/2005 105 105 105 105 105 105 
9/17/2005 105 105 105 105 105 105 I 

I model pumping schedule 2000 al reduced ratecopy xis 9/14/2005 

I 

2000 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 
S-12 S-13 S-15 S-14 

105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 

4 

260 250 2001 94 
S-16 S-17 total gpm MGD AF 

93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5.48 
93 93 1240 1 787 5.48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

wellgpm 275 300 260 300 300 300 

Day S-8 S-7 S-6 S-18 S-10 S-11 
9/18/2005 105 105 105 105 105 105 
9/19/2005 105 105 105 105 105 105 
9/20/2005 105 105 105 105 105 105 
9/21/2005 105 105 105 105 105 105 
9/22/2005 105 105 105 105 105 105 
9/23/2005 105 105 105 105 105 105 
9/24/2005 105 105 105 105 105 105 
9/25/2005 105 105 105 105 105 105 
9/26/2005 105 105 105 105 105 105 
9/27/2005 105 105 105 105 105 105 
9/28/2005 105 105 105 105 105 105 
9/29/2005 105 105 105 105 105 105 
9/30/2005 105 105 105 105 105 105 
10/1/2005 105 105 105 105 105 105 
10/2/2005 105 105 105 105 105 105 
10/3/2005 105 105 105 105 105 105 
10/4/2005 105 105 105 105 105 105 
10/5/2005 105 105 105 105 105 105 
10/6/2005 105 105 105 105 105 105 
10/7/2005 105 105 105 105 105 105 
10/8/2005 105 105 105 105 105 105 
10/9/2005 105 105 105 105 105 105 

10/10/2005 105 105 105 105 105 105 
10/11/2005 105 105 105 105 105 105 
10/12/2005 105 105 105 105 105 105 
10/13/2005 105 105 105 105 105 105 
10/14/2005 105 105 105 105 105 105 
10/15/2005 105 105 105 105 105 105 
10/16/2005 105 105 105 105 105 105 
10/17/2005 105 105 105 105 105 105 
10/18/2005 105 105 105 105 105 105 
10/19/2005 105 105 105 105 105 105 
10/20/2005 105 105 105 105 105 105 
10/21/2005 105 105 105 105 105 105 
10/22/2005 105 105 105 105 105 105 
10/23/2005 105 105 105 105 105 105 
10/24/2005 105 105 105 105 105 105 
10/25/2005 105 105 105 105 105 105 
10/26/2005 105 105 105 105 105 105 
10/27/2005 105 105 105 105 105 105 
10/28/2005 105 105 105 105 105 105 
10/29/2005 105 105 105 105 105 105 
10/30/2005 105 105 105 105 105 105 
10/31/2005 105 105 105 105 105 105 

11/1/2005 105 105 105 105 105 105 
11/2/2005 105 105 105 105 105 105 
11/3/2005 105 105 105 105 105 105 
11/4/2005 105 105 105 105 105 105 
11/5/2005 105 105 105 105 105 105 
11/6/2005 105 105 105 105 105 105 
11n/2005 105 105 105 105 105 105 
11/8/2005 105 105 105 105 105 105 
11/9/2005 105 105 105 105 105 105 

11/10/2005 105 105 105 105 105 105 
11/11/2005 105 105 105 105 105 105 
11/12/2005 105 105 105 105 105 105 
11/13/2005 105 105 105 105 105 105 
11/14/2005 105 105 105 105 105 105 
11/15/2005 105 105 105 105 105 105 
11/16/2005 105 105 105 105 105 105 
11/17/2005 105 105 105 105 105 105 
11/18/2005 105 105 105 105 105 105 
11/19/2005 105 105 105 105 105 105 
11/20/2005 105 105 105 105 105 105 
11/21/2005 105 105 105 105 105 105 

model pumping schedule 2000 af reduced ratecopy xis 9/1412005 

2000 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 

S-12 S-13 S-15 S-14 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 

5 

260 250 2001 94 
S-16 S-17 total gpm MGD AF 

93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 



I 

I wellgpm 275 300 260 300 300 300 

Day S-8 S-7 S-6 S-18 S-10 S-11 

I 
11/22/2005 105 105 105 105 105 105 
11/23/2005 105 105 105 105 105 105 
11/24/2005 105 105 105 105 105 105 
11/25/2005 105 105 105 105 105 105 

I 
11/26/2005 105 105 105 105 105 105 
11/27/2005 105 105 105 105 105 105 
11/28/2005 105 105 105 105 105 105 
11/29/2005 105 105 105 105 105 105 
11/30/2005 105 105 105 105 105 105 

I 
1211/2005 105 105 105 105 105 105 
12/2/2005 105 105 105 105 105 105 
12/3/2005 105 105 105 105 105 105 
12/4/2005 105 105 105 105 105 105 

I 
12/5/2005 105 105 105 105 105 105 
12/6/2005 105 105 105 105 105 105 
12/7/2005 105 105 105 105 105 105 
12/8/2005 105 105 105 105 105 105 

I 
12/9/2005 105 105 105 105 105 105 

12/10/2005 105 105 105 105 105 105 
12/11/2005 105 105 105 105 105 105 
12/12/2005 105 105 105 105 105 105 
12/13/2005 105 105 105 105 105 105 

I 
12/14/2005 105 105 105 105 105 105 
12/15/2005 105 105 105 105 105 105 
12/16/2005 105 105 105 105 105 105 
12/17/2005 105 105 105 105 105 105 

I 
12/18/2005 105 105 105 105 105 105 
12/19/2005 105 105 105 105 105 105 
12/20/2005 105 105 105 105 105 105 
12/21/2005 105 105 105 105 105 105 
12/22/2005 105 105 105 105 105 105 

I 
12/23/2005 105 105 105 105 105 105 
12/24/2005 105 105 105 105 105 105 
12/25/2005 105 105 105 105 105 105 
12/26/2005 105 105 105 105 105 105 

I 
12/27/2005 105 105 105 105 105 105 
12/28/2005 105 105 105 105 105 105 
12/29/2005 105 105 105 105 105 105 
12/30/2005 105 105 105 105 105 105 
12/31/2005 105 105 105 105 105 105 

I 
38469 38469 38469 38469 38469 38469 

days 140 113 148 105 113 104 
201435 162926 213057 151766 162926 149716 

MG 55 395 55 395 55 395 55 395 55 395 55 395 

I 
AF 170 00 170 00 170 00 170 00 170 00 170 00 

Day S-8 S-7 S-6 S-18 S-10 S-11 

I 

I 

I 

I 

I 
model pumping schedule 2000 at reduced ratecopy xis 9/1412005 

I 

2000 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 
S-12 S-13 S-15 S-14 

105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 
105 105 105 105 

38469 38469 38469 38469 
104 107 120 142 

149716 153874 173109 205166 
55 395 55 395 55 395 55 395 
170 00 170 00 170 00 170 00 

S-12 S-13 S-15 S-14 

6 

260 250 2001 94 
S-16 S-17 total gpm MGD AF 

93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 5 48 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 
93 93 1240 1 787 548 

34016 34016 452717 652 331 2001 94 
170 136 

244914 195931 
48 983 48 983 
150 32 150 32 2001 94 
S-16 S-17 



I 

I Wellgpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-18 S- 10 S-11 

1/1/2005 300 0 300 0 0 0 

112/2005 300 300 300 0 0 0 

1/3/2005 0 300 300 0 0 0 

1/4/2005 300 300 300 0 0 0 I 
1/5/2005 300 300 300 0 0 0 

1/6/2005 300 300 300 0 0 0 

1fl/2005 300 300 0 0 0 0 

1/8/2005 300 300 300 0 0 0 

1/9/2005 0 300 300 0 0 0 

1/10/2005 300 0 300 0 0 0 

1/11/2005 300 300 0 0 0 0 

1/1212005 300 300 300 0 0 0 

1/13/2005 300 300 300 0 0 0 

1/14/2005 300 0 300 0 0 0 I 
1/15/2005 300 300 300 0 0 0 

1/16/2005 300 300 300 0 0 0 

I 
1/17/2005 0 300 300 0 0 0 

1/18/2005 300 300 300 0 0 0 

1/19/2005 300 300 300 0 0 0 

1/20/2005 300 300 300 0 0 0 

1/21/2005 300 300 0 0 0 0 

1/22/2005 300 300 300 0 0 0 

1/23/2005 0 300 300 0 0 0 

1/24/2005 300 0 300 0 0 0 

1/25/2005 300 300 0 0 0 0 I 
1/26/2005 300 300 300 0 0 0 

1/27/2005 0 300 300 0 0 0 

1128/2005 300 300 300 0 0 0 

1/29/2005 300 300 300 0 0 0 

1/30/2005 300 300 300 0 0 0 I 
1/31/2005 300 300 300 0 0 0 

2/1/2005 300 0 300 0 0 0 

2/212005 300 300 300 0 0 0 

2/3/2005 0 300 300 0 0 0 

2/4/2005 300 300 300 0 0 0 

215/2005 300 300 300 0 0 0 

216/2005 300 300 300 0 0 0 

217/2005 300 300 0 0 0 0 

21812005 300 300 300 0 0 0 

2/9/2005 0 300 300 0 0 0 

2110/2005 300 300 300 0 0 0 
I 

2111/2005 300 300 0 0 0 0 

211212005 300 300 300 0 0 0 

2/13/2005 0 300 300 0 0 0 

2114/2005 300 0 300 0 0 0 

2/15/2005 300 300 300 0 0 0 I 
2/16/2005 300 300 300 0 0 0 

2/17/2005 0 300 300 0 0 0 

2/1812005 300 300 300 0 0 0 

2119/2005 300 300 300 0 0 0 

2120/2005 300 300 300 0 0 0 I 
2121/2005 300 300 0 0 0 0 

212212005 300 300 300 0 0 0 

2123/2005 0 300 300 0 0 0 

2/24/2005 300 300 300 0 0 0 

2125/2005 300 300 0 0 0 0 I 
2126/2005 300 300 300 0 0 0 

2127/2005 0 300 300 0 0 0 

2128/2005 300 300 300 0 0 0 

3/1/2005 300 300 300 0 0 0 

31212005 300 300 300 0 0 0 

3/3/2005 0 300 300 0 0 0 I 
3/4/2005 300 300 300 0 0 0 

3/5/2005 300 300 300 0 0 0 

316/2005 300 300 300 0 0 0 

317/2005 300 300 0 0 0 0 

318/2005 300 300 300 0 0 0 I 
3/9/2005 0 300 300 0 0 0 

3110/2005 300 0 300 0 0 0 

3/11/2005 300 300 0 0 0 0 

3/1212005 300 300 300 0 0 0 

311312005 0 300 300 0 0 0 I 
3114/2005 300 300 300 0 0 0 

3/15/2005 300 300 300 0 0 0 

3/16/2005 300 300 300 0 0 0 

3117/2005 0 300 300 0 0 0 

3/18/2005 300 300 300 0 0 0 I 
3/19/2005 300 300 300 0 0 0 

I 
model pumping schedule 2000 af 300 max� scenano 2 xis 911412005 

I 

2000 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

300 300 

S-15 S-16 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

0 0 

300 300 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

0 0 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

0 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

0 0 

300 2000 53 

S-17 total gpm MGD � 

300 1200 1729 531 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 531 

300 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 531 

0 1200 1729 531 

300 1200 1 729 531 

0 900 1 297 3 98 

0 1200 1 729 5 31 

0 1200 1 729 531 

300 1200 1 729 531 

0 1200 1729 531 

300 1500 2 161 6 63 

0 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 531 

300 1200 1 729 531 

0 1200 1 729 531 

0 1200 1729 5 31 

0 1200 1729 531 

300 1200 1 729 531 

0 900 1 297 3 98 

0 1200 1 729 531 

0 900 1 297 3 98 

300 1200 1 729 531 

0 1200 1729 531 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

300 1200 1729 531 

0 1200 1729 5 31 

0 1200 1729 531 

0 1200 1729 531 

300 1500 2 161 6 63 

0 1200 1 729 531 

0 1200 1729 531 

0 1200 1 729 531 

300 1200 1729 531 

0 1500 2 161 6 63 

0 1200 1 729 531 

300 1200 1729 531 

300 1200 1729 531 

0 1200 1729 5 31 

300 1500 2 161 6 63 

0 1200 1729 531 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1200 1729 5 31 

0 1200 1 729 531 

0 1200 1729 531 

0 1200 1 729 5 31 

300 1200 1729 531 

0 1500 2 161 6 63 

0 1200 1729 531 

300 1500 2 161 6 63 

300 1200 1729 531 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 531 

300 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 5 31 

300 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

300 1200 1 729 531 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 531 

300 1200 1 729 5 31 



I 

I Wellgpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-18 S-10 S-11 

3/20/2005 300 300 300 0 0 0 

3/21/2005 300 300 0 0 0 0 

3/22/2005 300 300 300 0 0 0 

3/23/2005 0 300 300 0 0 0 I 
3/24/2005 300 0 300 0 0 0 

3/25/2005 300 300 0 0 0 0 

3/26/2005 300 300 300 0 0 0 

3/27/2005 0 300 300 0 0 0 

3/28/2005 300 300 300 0 0 0 I 
3/29/2005 300 300 300 0 0 0 

3/30/2005 300 300 300 0 0 0 

3/31/2005 300 300 300 0 0 0 

4/1/2005 300 300 300 0 0 0 

4/2/2005 300 300 300 0 0 0 I 
4/3/2005 0 300 300 0 0 0 

4/4/2005 300 300 300 0 0 0 

4/5/2005 300 300 300 0 0 0 

4/6/2005 300 300 300 0 0 0 

4f7/2005 300 300 0 0 0 0 

4/8/2005 300 300 300 0 0 0 
I 

4/9/2005 0 300 300 0 0 0 

4/10/2005 300 0 300 0 0 0 

4/11/2005 300 300 0 0 0 0 

4/12/2005 300 300 300 0 0 0 

4/13/2005 0 300 300 0 0 0 I 
4/14/2005 300 300 300 0 0 0 

4/15/2005 300 300 300 0 0 0 

I 
4/16/2005 300 300 300 0 0 0 

4/17/2005 0 300 300 0 0 0 

4/18/2005 300 300 300 0 0 0 

4/19/2005 300 300 300 0 0 0 

4/20/2005 300 300 300 0 0 0 

4/21/2005 300 300 0 0 0 0 

4/22/2005 300 300 300 0 0 0 

4/23/2005 0 300 300 0 0 0 I 
412412005 300 0 300 0 0 0 

412512005 300 300 0 0 0 0 

4/26/2005 300 300 300 0 0 0 

4/27/2005 0 300 300 0 0 0 

4/28/2005 300 300 300 0 0 0 

412912005 300 300 300 0 0 0 
I 

4/30/2005 300 300 300 0 0 0 

5/1/2005 300 0 300 0 0 0 

51212005 300 300 300 0 0 0 

5/3/2005 0 300 300 0 0 0 

5/4/2005 300 300 300 0 0 0 I 
51512005 300 300 300 0 0 0 

51612005 300 300 300 0 0 0 

5f7/2005 300 300 0 0 0 0 

5/8/2005 300 300 300 0 0 0 

5/9/2005 0 300 300 0 0 0 I 
5/10/2005 300 300 300 0 0 0 

5/11/2005 300 300 0 0 0 0 

5/12/2005 300 300 300 0 0 0 

5/13/2005 0 300 300 0 0 0 

5/14/2005 300 0 300 0 0 0 

5/15/2005 300 300 300 0 0 0 
I 

5/16/2005 300 300 300 0 0 0 

5/17/2005 0 300 300 0 0 0 

5/18/2005 300 300 300 0 0 0 

5/19/2005 300 300 300 0 0 0 

5/20/2005 300 300 300 0 0 0 I 
5/21/2005 300 300 0 0 0 0 

5/22/2005 300 300 300 0 0 0 

5/23/2005 0 300 300 0 0 0 

5/24/2005 300 0 300 0 0 0 

512512005 300 300 0 0 0 0 

512612005 300 300 300 0 0 0 

512712005 0 300 300 0 0 0 

5/28/2005 300 300 300 0 0 0 

5/29/2005 300 300 300 0 0 0 

513012005 300 300 300 0 0 0 I 
5/31/2005 300 300 300 0 0 0 

6/1/2005 300 0 300 0 0 0 

6/2/2005 300 300 300 0 0 0 

6/3/2005 0 300 300 0 0 0 

6/4/2005 300 300 300 0 0 0 

61512005 300 300 300 0 0 0 
I 

I model pumpmg schedule 2000 af300 max- scenario 2 xis 9/14/2005 

I 

2000 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

2 

300 300 

S-15 S-16 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

0 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

0 0 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

0 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

0 0 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

0 0 

300 2000 53 

S-17 total gpm MGD AF 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

300 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1200 1 729 5 31 

300 1200 1 729 5 31 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1200 1 729 5 31 

300 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1200 1 729 5 31 

300 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1200 1 729 5 31 

300 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

300 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1200 1 729 5 31 



I 

I 
Wellgpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-18 S-10 S-11 

6/6/2005 300 300 300 0 0 0 

617/2005 300 300 0 0 0 0 

6/8/2005 300 300 300 0 0 0 

6/9/2005 0 300 300 0 0 0 I 
6/10/2005 300 300 300 0 0 0 

6/11/2005 300 300 0 0 0 0 

I 
6/12/2005 300 300 300 0 0 0 

6/13/2005 0 300 300 0 0 0 

6/14/2005 300 0 300 0 0 0 

6/15/2005 300 300 300 0 0 0 

6/16/2005 300 300 300 0 0 0 

6/17/2005 0 300 300 0 0 0 

6/18/2005 300 300 300 0 0 0 

6/19/2005 300 300 300 0 0 0 I 
6/20/2005 300 300 300 0 0 0 

6/21/2005 300 300 0 0 0 0 

6/2212005 300 300 300 0 0 0 

6/23/2005 0 300 300 0 0 0 

6/24/2005 300 300 300 0 0 0 I 
6/25/2005 300 300 0 0 0 0 

6/26/2005 300 300 300 0 0 0 

6/27/2005 0 300 300 0 0 0 

6/28/2005 300 300 300 0 0 0 

6/29/2005 300 300 300 0 0 0 

6/30/2005 300 300 300 0 0 0 
I 

7/1/2005 300 0 300 0 0 0 

7/212005 300 300 300 0 0 0 

7/3/2005 0 300 300 0 0 0 

7/4/2005 300 300 300 0 0 0 

7/512005 300 300 300 0 0 0 I 
7/612005 300 300 300 0 0 0 

71712005 300 300 0 0 0 0 

7/8/2005 300 300 300 0 0 0 

7/9/2005 0 300 300 0 0 0 

7/10/2005 300 300 300 0 0 0 I 
7/11/2005 300 300 0 0 0 0 

7/1212005 300 300 300 0 0 0 

7/13/2005 0 300 300 0 0 0 

7/14/2005 300 0 300 0 0 0 

7/15/2005 300 300 300 0 0 0 

7/16/2005 300 300 300 0 0 0 
I 

7/17/2005 0 300 300 0 0 0 

7/18/2005 300 300 300 0 0 0 

7/19/2005 300 300 300 0 0 0 

7/20/2005 300 300 300 0 0 0 

7/21/2005 300 300 0 0 0 0 
I 

7/2212005 300 300 300 0 0 0 

7/23/2005 0 300 300 0 0 0 

7124/2005 300 0 300 0 0 0 

7/25/2005 300 300 0 0 0 0 

7/26/2005 300 300 300 0 0 0 I 
7127/2005 0 300 300 0 0 0 

7/28/2005 300 300 300 0 0 0 

7/29/2005 300 300 300 0 0 0 

7130/2005 300 300 300 0 0 0 

7131/2005 300 300 300 0 0 0 I 
81112005 300 300 300 0 0 0 

81212005 300 300 300 0 0 0 

8/3/2005 0 300 300 0 0 0 

8/4/2005 300 300 300 0 0 0 

8/5/2005 300 300 300 0 0 .0 

8/6/2005 300 300 300 0 0 0 
I 

817/2005 300 300 0 0 0 0 

8/8/2005 300 300 300 0 0 0 

8/9/2005 0 300 300 0 0 0 

8/10/2005 300 0 300 0 0 0 

8/11/2005 300 300 0 0 0 0 I 
8/1212005 300 300 300 0 0 0 

8/13/2005 0 300 300 0 0 0 

8/14/2005 300 300 300 0 0 0 

8/15/2005 300 300 300 0 0 0 

8/16/2005 300 300 300 0 0 0 I 
8/17/2005 0 300 300 0 0 0 

8/18/2005 300 300 300 0 0 0 

8/19/2005 300 300 300 0 0 0 

8/20/2005 300 300 300 0 0 0 

8/21/2005 300 300 0 0 0 0 I 
8/22/2005 300 300 300 0 0 0 

model pumping schedule 2000 af 300 max - scenano 2 xis 9/14/2005 

I 

2000 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

3 

300 300 

S-15 S-16 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 2000 53 

S-17 total gpm MGD AF 

0 1200 1729 5 31 

0 1200 1729 5 31 

0 1200 1729 531 

300 1200 1729 5 31 

0 1500 2 161 6 63 

0 1200 1729 531 

300 1500 2 161 6 63 

300 1200 1 729 531 

0 1200 1729 531 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1200 1 729 531 

0 1200 1 729 531 

300 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 531 

300 1200 1729 531 

0 1500 2 161 6 63 

0 1200 1729 531 

300 1500 2 161 6 63 

300 1200 1729 531 

0 1200 1729 5 31 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1200 1 729 5 31 

0 1200 1 729 531 

0 1200 1 729 531 

0 1200 1729 531 

300 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

0 1200 1 729 531 

300 1200 1 729 531 

0 1500 2 161 6 63 

0 1200 1 729 531 

300 1500 2 161 6 63 

300 1200 1 729 531 

0 1200 1729 531 

300 1500 2 161 6 63 

0 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

300 1200 1729 531 

0 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 531 

300 1200 1 729 531 

0 900 1 297 3 98 

0 1200 1729 531 

0 1200 1729 5 31 

300 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

0 1500 2 161 6 63 

0 1200 1 729 531 

300 1500 2 161 6 63 

0 1200 1729 5 31 

0 1200 1 729 531 

0 1200 1729 531 

300 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

300 1200 1 729 531 

0 900 1 297 3 98 

0 1200 1 729 531 

0 1200 1 729 531 

300 1200 1 729 531 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

300 1200 1729 531 

0 1200 1729 5 31 

0 1200 1729 531 

0 1200 1729 5 31 



I 

I Wellaom 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-18 S-10 S-11 

8/23/2005 0 300 300 0 0 0 

8/24/2005 300 0 300 0 0 0 

8/25/2005 300 300 0 0 0 0 

8/26/2005 300 300 300 0 0 0 I 
8/27/2005 0 300 300 0 0 0 

8/28/2005 300 300 300 0 0 0 

8/29/2005 300 300 300 0 0 0 

8130/2005 300 300 300 0 0 0 

8/31/2005 300 300 300 0 0 0 I 
9/1/2005 300 0 300 0 0 0 

9/212005 300 300 300 0 0 0 

9/3/2005 0 300 300 0 0 0 

9/4/2005 300 300 300 0 0 o 

9/512005 300 300 300 0 0 0 I 
9/6/2005 300 300 300 0 o 0 

9/7/2005 300 300 0 0 0 0 

9/8/2005 300 300 300 0 0 0 

9/912005 0 300 300 0 0 0 

9/10/2005 300 0 300 0 0 0 

9/11/2005 300 300 0 0 0 0 
I 

9/1212005 300 300 300 0 0 0 

9/13/2005 0 300 300 0 0 0 

9/14/2005 300 300 300 0 0 0 

9/15/2005 300 300 300 0 0 0 

9/16/2005 300 300 300 0 0 0 I 
9/17/2005 0 300 300 0 0 0 

9/18/2005 300 300 300 0 0 0 

I 
9/19/2005 300 300 300 0 0 0 

9/20/2005 300 300 300 0 0 0 

9/21/2005 300 300 0 0 0 0 

9/22/2005 300 300 300 0 0 0 

9/2312005 0 300 300 0 0 0 

9/24/2005 300 0 300 0 o 0 

9/25/2005 300 300 0 0 0 0 

9/26/2005 300 300 300 0 0 0 I 
9/27/2005 0 300 300 0 0 0 

9/28/2005 300 300 300 0 0 0 

9/29/2005 300 300 300 0 0 0 

9130/2005 300 300 300 0 0 0 

10/1/2005 300 0 300 0 0 0 

1012/2005 300 300 300 0 0 0 I 
10/3/2005 0 300 300 0 0 0 

10/4/2005 300 300 300 0 0 0 

10/5/2005 300 300 300 0 0 0 

10/6/2005 300 300 300 0 0 0 

1017/2005 300 300 0 0 0 0 I 
10/8/2005 300 300 300 0 0 0 

10/9/2005 0 300 300 0 0 0 

10/10/2005 300 0 300 0 0 0 

10/11/2005 300 300 0 0 0 0 

10/12/2005 300 300 300 0 0 0 I 
10/13/2005 0 300 300 0 0 0 

10/14/2005 300 300 300 0 0 0 

10/15/2005 300 300 300 0 0 0 

10/16/2005 300 300 300 0 0 0 

10/17/2005 0 300 300 0 0 0 

10/18/2005 300 300 300 0 0 0 
I 

10/19/2005 300 300 300 0 0 0 

10/20/2005 300 300 300 0 0 0 

10/21/2005 300 300 0 0 0 0 

10/2212005 300 300 300 0 0 0 

10123/2005 0 300 300 0 0 0 I 
10/24/2005 300 o 300 0 0 0 

10/25/2005 300 300 0 0 0 0 

10/2612005 300 300 300 0 0 0 

10/27/2005 0 300 300 0 0 0 

10/28/2005 300 300 300 0 0 0 I 
10/29/2005 300 300 300 0 0 0 

10/30/2005 300 300 300 0 0 0 

10/31/2005 300 300 300 0 0 0 

11/1/2005 300 0 300 0 0 0 

11/2/2005 300 300 300 0 0 0 I 
11/3/2005 0 300 300 0 0 0 

11/4/2005 300 300 300 0 0 0 

11/5/2005 300 300 300 0 0 0 

11/6/2005 300 300 300 0 0 0 

111712005 300 300 0 0 0 0 

11/8/2005 300 300 300 0 0 0 
I 

I model pumJJlng schedule 2000 af 300 max- scenano 2 xis 9/1412005 

I 

2000 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

o 0 0 

o 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

4 

300 300 

S-15 S-16 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

0 o 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 
300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 0 

300 300 

300 0 

0 0 

300 0 

300 300 
300 0 

300 2000 53 

S-17 total gpm MGD AF 

300 1200 1729 531 

0 900 1 297 3 98 

o 1200 1 729 531 

0 1200 1729 531 

300 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

0 1500 2 161 6 63 

0 1200 1 729 531 

300 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 531 

300 1200 1 729 531 

0 1200 1 729 531 

0 1200 1729 531 

0 1200 1729 531 

300 1200 1729 531 

0 900 1 297 3 98 

0 1200 1729 531 

300 1500 2 161 6 63 

300 1200 1729 531 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 531 

0 1200 1 729 531 

0 1200 1 729 531 

300 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

300 1200 1 729 531 

0 900 1 297 3 98 

0 1200 1 729 531 

300 1500 2 161 6 63 

300 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

0 1500 2 161 6 63 

300 1200 1 729 531 

0 1200 1 729 531 

0 1200 1729 531 

0 1200 1729 531 

300 1200 1729 531 

0 1200 1 729 531 

0 1200 1729 531 

0 1200 1 729 531 

300 1200 1729 531 

0 900 1 297 3 98 

0 1200 1729 531 

0 1200 1729 531 

300 1200 1 729 531 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1729 531 

0 1200 1729 5 31 

0 1200 1729 531 

300 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

0 1200 1729 5 31 

300 1200 1 729 531 

0 900 1 297 3 98 

0 1200 1 729 531 

0 1200 1729 531 

300 1200 1729 531 

0 1200 1729 5 31 

0 1500 2 161 6 63 

0 1200 1729 5 31 

0 1200 1729 5 31 

300 1200 1729 531 

0 1200 1 729 531 

0 1200 1729 531 

0 1200 1 729 531 

300 1200 1729 531 

0 1200 1729 531 

0 1200 1729 531 

0 1200 1 729 531 



I 

I Wellgom 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-18 S-10 S-11 

11/9/2005 0 300 300 0 0 0 

11/10/2005 300 300 300 0 0 0 

11/11/2005 300 300 0 0 0 0 

11/12/2005 300 300 300 0 0 0 I 
11/13/2005 0 300 300 0 0 0 

11/14/2005 300 0 300 0 0 0 

11/1512005 300 300 300 0 0 0 

11/16/2005 300 300 300 0 0 0 

11/1712005 0 300 300 0 0 0 I 
11/18/2005 300 300 300 0 0 0 

11/19/2005 300 300 300 0 0 0 

11120/2005 300 300 300 0 0 0 

11/21/2005 300 300 0 0 0 0 

11/22/2005 300 300 300 0 0 0 I 
11/23/2005 0 300 300 0 0 0 

11/24/2005 300 0 300 0 0 0 

I 
11/25/2005 300 300 0 0 0 0 

11/26/2005 300 300 300 0 0 0 

11/2712005 0 300 300 0 0 0 

11128/2005 300 300 300 0 0 0 

11129/2005 300 300 300 0 0 0 

11/30/2005 300 300 300 0 0 0 

1211/2005 300 0 300 0 0 0 

12/212005 300 300 300 0 0 0 

12/3/2005 0 300 300 0 0 0 I 
1214/2005 300 300 300 0 0 0 

1215/2005 300 300 300 0 0 0 

1216/2005 300 300 300 0 0 0 

12/7/2005 300 300 0 0 0 0 

1218/2005 300 300 300 0 0 0 I 
12/912005 0 300 300 0 0 0 

12110/2005 300 300 300 0 0 0 

12111/2005 300 300 0 0 0 0 

12112/2005 300 300 300 0 0 0 

12113/2005 0 300 300 0 0 0 I 
12/14/2005 300 0 300 0 0 0 

12/15/2005 300 300 300 0 0 0 

12/1612005 300 300 300 0 0 0 

12117/2005 0 300 300 0 0 0 

12118/2005 300 300 300 0 0 0 

12/19/2005 300 300 300 0 0 0 
I 

12120/2005 300 300 300 0 0 0 

12121/2005 300 300 0 0 0 0 

1212212005 300 300 300 0 0 0 

12123/2005 300 300 300 0 0 0 

12/24/2005 300 0 300 0 0 0 I· 
12125/2005 300 300 0 0 0 0 

12126/2005 300 300 300 0 0 0 

12/27/2005 0 300 300 0 0 0 

12128/2005 300 300 300 0 0 0 

12/29/2005 300 300 300 0 0 0 I 
12/30/2005 300 300 300 0 0 0 

12/31/2005 300 300 300 0 0 0 

88500 99900 95100 0 0 0 

days 322 294 366 0 0 0 

463418 423106 526708 0 0 0 

MG 127 440 143 856 136 944 0 000 0 000 0 000 
I 

AF 391 10 441 48 420 27 0 00 0 00 0 00 

I 
Dav S-8 S-7 S-6 S-18 S-10 S-11 

I 

I 

I model pumping schedule 2000 af 300 max - scenano 2 xis 911412005 

I 

2000 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 000 0 000 0 000 

0 00 0 00 0 00 

S-12 S-13 S-15 

5 

300 

S-15 

300 

300 

300 

0 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

0 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

0 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

101400 

376 

540800 

146 016 

448 11 

S-14 

300 300 2000 53 

S-16 S-17 total gom MGD Af' 

0 300 1200 1 729 5 31 

0 0 1200 1729 531 

300 0 1200 1729 5 31 

0 0 900 1 297 3 98 

0 300 1200 1 729 531 

300 0 1200 1 729 531 

0 300 1500 2 161 6 63 

0 0 1200 1 729 531 

300 0 1200 1729 531 

0 0 1200 1 729 531 

0 300 1500 2 161 6 63 

0 0 1200 1729 531 

300 0 1200 1729 531 

0 0 1200 1729 531 

0 300 1200 1729 531 

0 0 900 1 297 3 98 

300 0 1200 1729 531 

0 0 900 1 297 3 98 

0 300 1200 1 729 531 

300 0 1500 2 161 6 63 

0 0 1200 1 729 531 

0 0 1200 1 729 5 31 

0 300 1200 1 729 5 31 

0 0 1200 1 729 5 31 

300 0 1200 1 729 531 

0 0 1200 1 729 5 31 

0 300 1500 2 161 6 63 

0 0 1200 1729 531 

300 0 1200 1 729 531 

0 0 1200 1729 531 

0 300 1200 1 729 531 

300 0 1500 2 161 6 63 

0 0 900 1 297 3 98 

0 0 900 1 297 3 98 

0 300 1200 1729 531 

300 0 1200 1729 531 

0 300 1500 2 161 6 63 

0 0 1200 1 729 531 

300 0 1200 1729 531 

0 0 1200 1 729 5 31 

0 300 1500 2 161 6 63 

0 0 1200 1 729 531 

300 0 1200 1 729 531 

0 0 1200 1729 531 

0 300 1500 2 161 6 63 

0 0 900 1 297 3 98 

300 0 1200 1729 531 

0 0 1200 1729 531 

0 300 1200 1729 531 

0 0 1200 1729 531 

300 0 1500 2 161 6 63 

0 0 1200 1729 531 

0 300 1500 2 161 6 63 

33600 33900 452400 651 873 2000 53 

168 136 

241920 195264 

48 384 48 816 

148 49 149 81 2000 53 

S-16 S-17 



2285 Acre -Feet 

I 
Well gpm 275 340 260 365 340 370 370 360 320 270 260 250 2284 98 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 

1/1/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

1/2/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

1/3/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

1/4/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 
I 

1/5/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

1/6/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

11712005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

1/8/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

1/9/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

1/10/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

1/11/2005 275 0 260 0 340 0 370 0 0 0 260 0 1505 2 169 6 66 

1/12/2005 275 0 0 0 0 370 0 320 0 0 260 0 1225 1 765 5 42 

1/13/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

1/14/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 I 
1/15/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

1/16/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

1117/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

1/18/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

1/19/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 I 
1/20/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

1/21/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

1/22/2005 275 0 0 0 0 370 0 360 0 0 260 0 1265 1 823 5 59 

1/23/2005 275 0 0 0 0 370 0 360 0 0 260 0 1265 1 823 5 59 

1/24/2005 275 0 0 0 0 370 0 360 0 0 260 0 1265 1 823 5 59 

1/25/2005 275 0 0 0 0 370 0 360 0 0 260 0 1265 1 823 5 59 
I 

1/26/2005 275 0 260 0 0 370 0 360 0 0 0 250 1515 2 183 6 70 

I 
1/27/2005 0 0 260 0 340 0 370 0 0 270 0 250 1490 2 147 6 59 

1/28/2005 0 0 260 0 340 0 370 0 0 270 0 250 1490 2 147 6 59 

1/29/2005 0 0 260 0 340 0 370 0 0 270 0 250 1490 2 147 6 59 

1/30/2005 275 0 260 0 340 0 370 0 0 0 0 250 1495 2 154 6 61 

1/31/2005 275 0 260 0 340 0 370 0 0 0 0 250 1495 2 154 6 61 

2/1/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

2/2/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

2/3/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

2/4/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 I 
2/5/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

2/6/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

W/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

2/8/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

2/9/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

2/10/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

2/11/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

2/12/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

2/13/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

2/14/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

2/15/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 I 
2/16/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

2/17/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

2/18/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

2/19/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

2/20/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 I 
2/21/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

2/22/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

2/2312005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

2/24/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

2/25/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 I 
2/2612005 275 0 260 0 0 370 0 360 0 270 0 0 1535 2 212 6 79 

2/2712005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 6 94 

2/2812005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 6 94 

3/1/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

3/2/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

3/312005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 
I 

3/412005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

315/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

316/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

317/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

31812005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

319/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

3/10/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

3/1112005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

3/1212005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

311312005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

3/1412005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

3115/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

311612005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

3117/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

311812005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

3/1912005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

I 
model pumping schedule 2285 af xis 9/14/2005 

I 



I 
2285 Acre -Feet 

I Wellgpm 275 340 260 365 340 370 370 360 320 270 260 250 2284 98 

Day S-8 S-7 S-6 S-1 8  S-1 0  S-1 1 S-1 2  S-1 3  S-1 5 S-1 4  S-1 6 S-1 7  total gpm MGD AF 
3/20/2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 
3/21 /2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 
3/22/2005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 
3/23/2005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 I 
3/24/2005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 
3/25/2005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 
3/26/2005 275 0 260 0 0 370 0 360 0 270 0 0 1 535 2 2 1 2  6 79 
3/27/2005 0 340 0 0 340 0 370 0 0 270 0 250 1 570 2 262 6 94 
3/28/2005 0 340 0 0 340 0 370 0 0 270 0 250 1 570 2 262 6 94 I 
3/29/2005 0 0 260 0 340 0 370 0 0 270 0 250 1 490 2 1 47 6 59 
3/30/2005 275 0 260 0 340 0 370 0 0 0 0 250 1 495 2 1 54 6 61 
3/31 /2005 275 0 260 0 340 0 370 0 0 0 0 250 1 495 2 1 54 6 61 
4/1 /2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 
41212005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 I 
4/3/2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 
4/4/2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 
4/5/2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 
4/6/2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 
417/2005 275 0 260 0 340 0 370 0 320 0 0 0 1 565 2 255 6 92 
4/8/2005 275 0 260 0 340 0 370 0 320 0 0 0 1 565 2 255 6 92 I 
4/9/2005 275 0 260 0 340 0 370 0 320 0 0 0 1 565 2 255 6 92 

I 
4/1 0/2005 275 0 260 0 340 0 370 0 320 0 0 0 1 565 2 255 6 92 
4/1 1 /2005 275 0 260 0 340 0 370 0 320 0 0 0 1 565 2 255 6 92 
4/1 2/2005 0 340 0 0 0 370 0 320 0 0 260 0 1 290 1 859 5 70 
4/1 3/2005 0 340 0 0 0 370 0 320 0 0 260 0 1 290 1 859 5 70 
4/1 4/2005 0 340 0 0 0 370 0 320 0 0 260 0 1 290 1 859 5 70 
4/1 5/2005 0 340 0 0 0 370 0 320 0 0 260 0 1 290 1 859 5 70 
4/1 6/2005 0 340 0 0 0 370 0 320 0 0 260 0 1 290 1 859 5 70 
4/1 7/2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 
4/1 8/2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 I 
4/1 9/2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 
4/20/2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 
4/21 /2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 

4/2212005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 

4/23/2005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 

4/24/2005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 
I 

4/25/2005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 
4/26/2005 275 0 260 0 0 370 0 360 0 270 0 0 1 535 2 212 6 79 

412712005 0 340 0 0 340 0 370 0 0 270 0 250 1 570 2 262 6 94 
4/28/2005 0 340 0 0 340 0 370 0 0 270 0 250 1 570 2 262 6 94 
4/29/2005 0 0 260 0 340 0 370 0 0 270 0 250 1 490 2 1 47 6 59 I 
4/30/2005 275 0 260 0 340 0 370 0 0 0 0 250 1 495 2 1 54 6 61 
5/1 /2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 

51212005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 

5/3/2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 

5/4/2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 I 
5/5/2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 

5/6/2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 

517/2005 275 0 260 0 340 0 370 0 320 0 0 0 1 565 2 255 6 92 

5/8/2005 275 0 260 0 340 0 370 0 320 0 0 0 1 565 2 255 6 92 

5/9/2005 275 0 260 0 340 0 370 0 320 0 0 0 1 565 2 255 6 92 I 
5/1 0/2005 275 0 260 0 340 0 370 0 320 0 0 0 1 565 2 255 6 92 

5/1 1 /2005 275 0 260 0 340 0 370 0 320 0 0 0 1 565 2 255 6 92 

5/1 2/2005 0 340 0 0 0 370 0 320 0 0 260 0 1 290 1 859 5 70 

5/1 3/2005 0 340 0 0 0 370 0 320 0 0 260 0 1 290 1 859 5 70 

5/1 4/2005 0 340 0 0 0 370 0 320 0 0 260 0 1 290 1 859 5 70 

5/1 5/2005 0 340 0 0 0 370 0 320 0 0 260 0 1 290 1 859 5 70 I 
5/1 6/2005 0 340 0 0 0 370 0 320 0 0 260 0 1 290 1 859 5 70 

5/1 7/2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 

5/1 8/2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 

5/1 9/2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 

5/20/2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 I 
5/21 /2005 0 0 0 365 0 0 370 0 320 0 0 250 1 305 1 880 5 77 

5/22/2005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 

5/23/2005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 

5/24/2005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 

5/25/2005 275 0 260 0 0 370 0 360 0 0 260 0 1 525 2 1 97 6 74 I 
5/26/2005 275 0 260 0 0 370 0 360 0 270 0 0 1 535 2 21 2  6 79 

5/27/2005 0 340 0 0 340 0 370 0 0 270 0 250 1 570 2 262 6 94 

5/28/2005 0 340 0 0 340 0 370 0 0 270 0 250 1 570 2 262 6 94 

5/29/2005 0 0 260 0 340 0 370 0 0 270 0 250 1 490 2 1 47 6 59 

5/30/2005 275 0 260 0 340 0 370 0 0 0 0 250 1 495 2 1 54 6 61 I 
5/31 /2005 275 0 260 0 340 0 370 0 0 0 0 250 1 495 2 1 54 6 61 

6/1 /2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 

6/212005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 

6/3/2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 

6/4/2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 

6/5/2005 0 340 0 365 0 0 0 360 0 270 0 0 1 335 1 924 5 90 
I 

I model pumping schedule 2285 afxls 9/14/2005 2 

I 



I 
2285 Acre -Feet 

Wellgpm 275 340 260 365 340 370 370 360 320 270 260 250 2284 98 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 

6/6/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

61712005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

6/8/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

6/9/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 I 
6/10/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

6/11/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

6/12/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

6/13/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

6/14/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 I 
6/15/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

6/16/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

6/17/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

6/18/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

6/19/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

6/20/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 
I 

6/21/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

I 
6/22/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

6/23/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

6/24/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

6/25/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

6/26/2005 275 0 260 0 0 370 0 360 0 270 0 0 1535 2 212 6 79 

6/27/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 6 94 

6/28/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 6 94 

6/29/2005 0 0 260 0 340 0 370 0 0 270 0 250 1490 2 147 6 59 

6/30/2005 275 0 260 0 340 0 370 0 0 0 0 250 1495 2 154 6 61 I 
7/1/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

71212005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

7/3/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

7/4/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

71512005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 I 
71612005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

71712005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

7/8/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

7/9/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

7/10/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 I 
7/11/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

7/1212005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

7/13/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

7/14/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

7/15/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

7/16/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 
I 

7/17/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

7/18/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

7/19/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

712012005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

7/21/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 I 
7/22/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

7/23/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

7/24/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

7/25/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

7/26/2005 275 0 260 0 0 370 0 360 0 270 0 0 1535 2 212 6 79 I 
7/27/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 6 94 

7/28/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 6 94 

7/29/2005 0 0 260 0 340 0 370 0 0 270 0 250 1490 2 147 6 59 

7/30/2005 275 0 260 0 340 0 370 0 0 0 0 250 1495 2 154 6 61 

7/31/2005 275 0 260 0 340 0 370 0 0 0 0 250 1495 2 154 6 61 

8/1/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 
I 

81212005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

8/3/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

8/4/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

81512005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

8/6/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 
I 

81712005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

8/8/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

8/9/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

8/10/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

8/11/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 I 
8/12/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

8113/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

8/14/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

8/15/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

8/16/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 I 
8/17/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

8/18/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

8/19/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

8/20/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

8/21/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 I 
8/22/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

I model pumping schedule 2285 af xis 9/14/2005 3 

I 



I 
2285 Acre -Feet 

I Wellgpm 275 340 260 365 340 370 370 360 320 270 260 250 2284 98 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 

8/23/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

8/24/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

8/25/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

8/26/2005 275 0 260 0 0 370 0 360 0 270 0 0 1535 2 212 6 79 I 
8/27/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 694 

8/28/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 694 

8129/2005 0 0 260 0 340 0 370 0 0 270 0 250 1490 2 147 6 59 

8/30/2005 275 0 260 0 340 0 370 0 0 0 0 250 1495 2 154 6 61 

8/31/2005 275 0 260 0 340 0 370 0 0 0 0 250 1495 2 154 6 61 I 
9/1/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1924 590 

9/2/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 

9/3/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 

9/4/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1924 590 

9/5/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 I 
9/6/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1924 590 

917/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 

I 
9/8/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 

9/9/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 

9/10/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 

9/11/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 
9112/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

9/13/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

9/14/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

9/15/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

9/16/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 I 
9/17/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

9/18/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

9/19/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

9/20/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

9/21/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 I 
9122/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

9/23/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

9/24/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

9/25/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

9/26/2005 275 0 260 0 0 370 0 360 0 270 0 0 1535 2 212 6 79 I 
9/27/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 694 

9/28/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 694 

9/29/2005 0 0 260 0 340 0 370 0 0 270 0 250 1490 2 147 6 59 

9/30/2005 275 0 260 0 340 0 370 0 0 0 0 250 1495 2 154 6 61 

10/1/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 

10/2/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 I 
1013/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 

10/4/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

10/5/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 

10/6/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 

1017/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 I 
10/8/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 

10/9/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 

10/10/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 

10/11/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 

10/12/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 I 
10/13/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

10/1412005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

10/1512005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

10/16/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

10/17/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

10/18/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 
I 

10/19/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

10/20/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

10/21/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

10/22/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

10/23/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 
I 

10/24/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

10/25/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

10/26/2005 275 0 260 0 0 370 0 360 0 270 0 0 1535 2 212 6 79 

10/27/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 694 

10/28/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 694 I 
10/29/2005 0 0 260 0 340 0 370 0 0 270 0 250 1490 2 147 6 59 

10/30/2005 275 0 260 0 340 0 370 0 0 0 0 250 1495 2 154 6 61 

10/31/2005 275 0 260 0 340 0 370 0 0 0 0 250 1495 2 154 6 61 

11/1/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 

11/2/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 I 
11/3/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 

11/4/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 

11/5/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 

11/6/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 590 

11/7/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 I 
11/8/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 692 

I model pumpang schedule 2285 at xis 9/1412005 4 

I 



I 
2285 Acre -Feet 

I 
Wellgpm 275 340 260 365 340 370 370 360 320 270 260 250 2284 98 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gom MGD AF 

11/9/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

11/10/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

11/11/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

11/12/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 I 
11/13/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

I 
11/14/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

11/15/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

11/16/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

11/17/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

11/18/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

11/19/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

11/20/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

11/21/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

11/22/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 I 
11/23/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

11/24/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

11/25/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

11/26/2005 275 0 260 0 0 370 0 360 0 270 0 0 1535 2 212 6 79 

11127/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 6 94 

11/28/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 6 94 
I 

11/29/2005 0 0 260 0 340 0 370 0 0 270 0 250 1490 2 147 6 59 

11/30/2005 275 0 260 0 340 0 370 0 0 0 0 250 1495 2 154 6 61 

1211/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

1212/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

1213/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 I 
1214/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

1215/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

1216/2005 0 340 0 365 0 0 0 360 0 270 0 0 1335 1 924 5 90 

1217/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

1218/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 I 
1219/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

12110/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

12111/2005 275 0 260 0 340 0 370 0 320 0 0 0 1565 2 255 6 92 

12/1212005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

12/13/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 I 
12/14/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

12/15/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

12116/2005 0 340 0 0 0 370 0 320 0 0 260 0 1290 1 859 5 70 

12/17/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

12/18/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

12119/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 
I 

12120/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

12121/2005 0 0 0 365 0 0 370 0 320 0 0 250 1305 1 880 5 77 

12122/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

12123/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

12124/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 I 
12125/2005 275 0 260 0 0 370 0 360 0 0 260 0 1525 2 197 6 74 

12/26/2005 275 0 260 0 0 370 0 0 0 270 0 250 1425 2 053 6 30 

12/27/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 6 94 

12/28/2005 0 340 0 0 340 0 370 0 0 270 0 250 1570 2 262 6 94 

12/29/2005 0 0 260 0 340 0 370 0 0 270 0 250 1490 2 147 6 59 I 
12/30/2005 275 0 260 0 0 0 370 0 0 270 0 250 1425 2 053 6 30 

12131/2005 275 o 260 o o o 370 o o 270 o 250 1425 2 053 6 30 

38225 52020 38220 48180 37740 44400 64010 66360 38080 32400 28340 28750 516725 744 561 2284 98 

days 139 153 147 132 111 120 173 184 119 120 142 115 

200160 220320 211680 190080 159840 172800 249120 265440 171360 172800 204048 165600 I 
MG 55 044 74 909 55 037 69 379 54 346 63 936 92 174 95 558 54 835 46 656 40 810 41 400 

AF 168 92 229 89 168 90 212 92 166 78 196 21 282 87 293 26 168 28 143 18 125 24 127 05 2284 98 

I 
Dav S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 

I 

I 

I 

I 
model pumping schedule 2285 af xis 9/1412005 5 

I 



I 

I Wellgpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-18 S-10 S-11 

1/1/2005 300 300 300 0 0 0 

1/2/2005 300 300 300 300 0 0 

1/3/2005 300 300 300 0 0 0 

1/4/2005 300 300 300 0 300 0 I 
1/5/2005 300 300 300 0 0 0 

1/6/2005 300 300 300 0 0 0 

I 
117/2005 300 300 300 0 0 0 

1/8/2005 300 300 300 0 0 0 

1/9/2005 300 300 300 0 0 0 

1/10/2005 300 300 300 0 0 0 

1/11/2005 300 300 300 0 0 0 

1/12/2005 300 300 300 0 0 0 

1/13/2005 300 300 300 0 0 0 

1/14/2005 300 300 300 0 0 0 I 
1/15/2005 300 300 300 0 0 0 

1/16/2005 300 300 300 0 0 0 

1/17/2005 300 300 300 300 0 0 

1/18/2005 300 300 300 0 0 0 

1/19/2005 300 300 300 0 300 0 

1/20/2005 300 300 300 0 0 0 
I 

1/21/2005 300 300 300 0 0 0 

1/22/2005 300 300 300 0 0 0 

1/23/2005 300 300 300 0 0 0 

1/24/2005 300 300 300 0 0 0 

1/25/2005 300 300 300 0 0 0 I 
1/26/2005 300 300 300 0 0 0 

1/27/2005 300 300 300 0 0 0 

1/28/2005 300 300 300 0 0 0 

1/29/2005 300 300 300 0 0 0 

1/30/2005 300 300 300 0 0 0 I 
1/31/2005 300 300 300 0 0 0 

2/1/2005 300 300 300 0 0 0 

21212005 300 300 300 300 0 0 

2/3/2005 300 300 300 0 0 0 

21412005 300 300 300 0 300 0 I 
2/5/2005 300 300 300 0 0 0 

21612005 300 300 300 0 0 0 

21712005 300 300 300 0 0 0 

21812005 300 300 300 0 0 0 

2/9/2005 300 300 300 0 0 0 

2/10/2005 300 300 300 0 0 0 
I 

2/11/2005 300 300 300 0 0 0 

2/12/2005 300 300 300 0 0 0 

2/13/2005 300 300 300 0 0 0 

2/14/2005 300 300 300 0 0 0 

2/15/2005 300 300 300 0 0 0 I 
2/16/2005 300 300 300 0 0 0 

2/17/2005 300 300 300 300 0 0 

2/18/2005 300 300 300 0 0 0 

2/19/2005 300 300 300 0 300 0 

212012005 300 300 300 0 0 0 I 
2/21/2005 300 300 300 0 0 0 

212212005 300 300 300 0 0 0 

2/23/2005 300 300 300 0 0 0 

212412005 300 300 300 0 0 0 

212512005 300 300 300 0 0 0 I 
2/26/2005 300 300 300 0 0 0 

212712005 300 300 300 0 0 0 

212812005 300 300 300 0 0 0 

3/1/2005 300 300 300 0 0 0 

3/2/2005 300 300 300 300 0 0 

3/3/2005 300 300 300 0 0 0 
I 

3/4/2005 300 300 300 0 300 0 

3/5/2005 300 300 300 0 0 0 

3/6/2005 300 300 300 0 0 0 

317/2005 300 300 300 0 0 0 

3/8/2005 300 300 300 0 0 0 I 
3/9/2005 300 300 300 0 0 0 

3/10/2005 300 300 300 0 0 0 

3/11/2005 300 300 300 0 0 0 

3/12/2005 300 300 300 0 0 0 

3/13/2005 300 300 300 0 0 0 I 
3/14/2005 300 300 300 0 0 0 

3/15/2005 300 300 300 0 0 0 

3/16/2005 300 300 300 0 0 0 

3/17/2005 300 300 300 300 0 0 

3/18/2005 300 300 300 0 0 0 I 
3/19/2005 300 300 300 0 300 0 

I model pumpmg schedule 2285 af 300 max- scenano 2 xis 9/14/2005 

I 

2285 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

300 300 

S-15 S-16 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 2285 76 

S-17 total gpm MGD />J= 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 
0 1500 2 161 6 63 
0 1500 2 161 6 63 

300 1500 2 161 6 63 
0 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1200 1 729 5 31 
300 1500 2 161 6 63 

0 1500 2 161 6 63 
0 1200 1 729 5 31 

300 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 
300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 5 31 
0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 
300 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 5 31 
0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

300 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1500 2 161 6 63 
0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 



I 

I 
Well gpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-18 S-10 S-11 

312012005 300 300 300 0 0 0 

3/21/2005 300 300 300 0 0 0 

3/22/2005 300 300 300 0 0 0 

3/23/2005 300 300 300 0 0 0 I 
3/24/2005 300 300 300 0 0 0 

3/25/2005 300 300 300 0 0 0 

I 
3126 12005 300 300 300 0 0 0 

3127 12005 300 300 300 0 0 0 

3/28/2005 300 300 300 0 0 0 

3/29/2005 300 300 300 0 0 0 

3/30/2005 300 300 300 0 0 0 

3/31/2005 300 300 300 0 0 0 

4/1/2005 300 300 300 0 0 0 

41212005 300 300 300 300 0 0 I 
4/3/2005 300 300 300 0 0 0 

4/ 4/2005 300 300 300 0 300 0 

4/ 5/2005 300 300 300 0 0 0 

4/ 6 /2005 300 300 300 0 0 0 

4n/2005 300 300 300 0 0 0 

41 812005 300 300 300 0 0 0 
I 

4/ 9/2005 300 300 300 0 0 0 

4/10/2005 300 300 300 0 0 0 

4/11/2005 300 300 300 0 0 0 

4/12/2005 300 300 300 0 0 0 

4/13/2005 300 300 300 0 0 0 I 
4/14/2005 300 300 300 0 0 0 

4/15/2005 300 300 300 0 0 0 

4/16 /2005 300 300 300 0 0 0 

4/17 /2005 300 300 300 300 0 0 

4/18/2005 300 300 300 0 0 0 I 
4/19/2005 300 300 300 0 300 0 

4/20/2005 300 300 300 0 0 0 

4/21/2005 300 300 300 0 0 0 

4/22/2005 300 300 300 0 0 0 

4/23/2005 300 300 300 0 0 0 I 
4/24/2005 300 300 300 0 0 0 

4/25/2005 300 300 300 0 0 0 

4/26 /2005 300 300 300 0 0 0 

4/27 /2005 300 300 300 0 0 0 

4/28/2005 300 300 300 0 0 0 

4/29/2005 300 300 300 0 0 0 
I 

4/30/2005 300 300 300 0 0 0 

5/1/2005 300 300 300 0 0 0 

5/2/2005 300 300 300 300 0 0 

5/3/2005 300 300 300 0 0 0 

5/ 4/2005 300 300 300 0 300 0 I 
51 512005 300 300 300 0 0 0 

5/ 6 /2005 300 300 300 0 0 0 

5n/2005 300 300 300 0 0 0 

5/ 8/2005 300 300 300 0 0 0 

5/ 9/2005 300 300 300 0 0 0 I 
5/10/2005 300 300 300 0 0 0 

5/11/2005 300 300 300 0 0 0 

5/12/2005 300 300 300 0 0 0 

5/13/2005 300 300 300 0 0 0 

5/14/2005 300 300 300 0 0 0 I 
5/15/2005 300 300 300 0 0 0 

5/16 /2005 300 300 300 0 0 0 

5/17 /2005 300 300 300 300 0 0 

5/18/2005 300 300 300 0 0 0 

5/19/2005 300 300 300 0 300 0 

5/20/2005 300 300 300 0 0 0 
I 

5/21/2005 300 300 300 0 0 0 

5/22/2005 300 300 300 0 0 0 

5/23/2005 300 300 300 0 0 0 

5/24/2005 300 300 300 0 0 0 

5/25/2005 300 300 300 0 0 0 I 
5/26 /2005 300 300 300 0 0 0 

5/27 /2005 300 300 300 0 0 0 

5/28/2005 300 300 300 0 0 0 

5/29/2005 300 300 300 0 0 0 

5/30/2005 300 300 300 0 0 0 I 
5/31/2005 300 300 300 0 0 0 

6 /1/2005 300 300 300 0 0 0 

6 /2/2005 300 300 300 300 0 0 

6 /3/2005 300 300 300 0 0 0 

6 / 4/2005 300 300 300 0 300 0 I 
6 / 5/2005 300 300 300 0 0 0 

I 
model pumpmg schedule 2285 af300 max- scenano 2 xis 9/14/2005 

I 

2285 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

2 

300 300 

S-15 S-16 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 2285 7 6  

S-17 total gpm MGD AF 

300 1500 2161 6 63 

0 1200 1 729 5 31 

0 1500 2161 6 63 

0 1200 1 729 5 31 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1200 1 729 531 

300 1500 2161 6 63 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

300 1500 2161 6 63 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

300 1500 2161 6 63 

0 1200 1 729 5 31 

0 1500 2161 6 63 

0 1200 1 729 531 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

300 1500 2161 6 63 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1200 1 729 531 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

300 1500 2161 6 63 

0 1200 1 729 5 31 

0 1500 2161 6 63 

0 1200 1 729 531 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1200 1 729 5 31 

300 1500 2161 6 63 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

300 1500 2161 6 63 

0 1200 1 729 531 

0 1500 2161 6 63 

0 1200 1 729 531 

300 1500 2161 6 63 

0 1200 1 729 5 31 

0 1500 2161 6 63 

300 1500 2161 6 63 

0 1200 1 729 5 31 

0 1500 2161 6 63 

0 1200 1 729 531 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

300 1500 2161 6 63 

0 1200 1 729 531 

0 1500 2161 6 63 

0 1200 1 729 5 31 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1200 1 729 5 31 

300 1500 2161 6 63 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1200 1 729 5 31 

300 1500 2161 6 63 

0 1200 1 729 531 

0 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

300 1500 2161 6 63 



I 

I Wellgpm 300 300 300 300 300 300 

Day S-8 S-6 S-7 S-18 S-10 S-11 

6/6/2005 300 300 300 0 0 0 

61712005 300 300 300 0 0 0 

6/8/2005 300 300 300 0 0 0 

6/912005 300 300 300 0 0 0 I 
6/10/2005 300 300 300 0 0 0 

6/11/2005 300 300 300 0 0 0 

I 
6/12/2005 300 300 300 0 0 0 

6113/2005 300 300 300 0 0 0 

6/14/2005 300 300 300 0 0 0 

6/15/2005 300 300 300 0 0 0 

6/16/2005 300 300 300 0 0 0 

6/17/2005 300 300 300 300 0 0 

6/18/2005 300 300 300 0 0 0 

6/19/2005 300 300 300 0 300 0 I 
6/20/2005 300 300 300 0 0 0 

6121/2005 300 300 300 0 0 0 

6/2212005 300 300 300 0 0 0 

6/23/2005 300 300 300 0 0 0 

6/24/2005 300 300 300 0 0 0 

6/25/2005 300 300 300 0 0 0 
I 

6/2612005 300 300 300 0 0 0 

6/2712005 300 300 300 0 0 0 

6/28/2005 300 300 300 0 0 0 

6/2912005 300 300 300 0 0 0 

6/30/2005 300 300 300 0 0 0 I 
7/112005 300 300 300 0 0 0 

7/212005 300 300 300 300 0 0 

7/3/2005 300 300 300 0 0 0 

7/4/2005 300 300 300 0 300 0 

7/512005 300 300 300 0 0 0 I 
716/2005 300 300 300 0 0 0 

71712005 300 300 300 0 0 0 

7/8/2005 300 300 300 0 0 0 

7/9/2005 300 300 300 0 0 0 

7/10/2005 300 300 300 0 0 0 I 
7/11/2005 300 300 300 0 0 0 

7/1212005 300 300 300 0 0 0 

7/13/2005 300 300 300 0 0 0 

7/1412005 300 300 300 0 0 0 

7/15/2005 300 300 300 0 0 0 

7/1612005 300 300 300 0 0 0 
I 

7/17/2005 300 300 300 300 0 0 

7/18/2005 300 300 300 0 0 0 

7/19/2005 300 300 300 0 300 0 

7120/2005 300 300 300 0 0 0 

7/21/2005 300 300 300 0 0 0 I 
712212005 300 300 300 0 0 0 

7123/2005 300 300 300 0 0 0 

712412005 300 300 300 0 0 0 

712512005 300 300 300 0 0 0 

712612005 300 300 300 0 0 0 I 
712712005 300 300 300 0 0 0 

7/28/2005 300 300 300 0 0 0 

7/29/2005 300 300 300 0 0 0 

7/30/2005 300 300 300 0 0 0 

7/31/2005 300 300 300 0 0 0 I 
8/112005 300 300 300 0 0 0 

8/212005 300 300 300 300 0 0 

813/2005 300 300 300 0 0 0 

8/412005 300 300 300 0 300 0 

815/2005 300 300 300 0 0 0 

8/6/2005 300 300 300 0 0 0 
I 

81712005 300 300 300 0 0 0 

8/8/2005 300 300 300 0 0 0 

8/9/2005 300 300 300 0 0 0 

8/1012005 300 300 300 0 0 0 

8/11/2005 300 300 300 0 0 0 I 
8/12/2005 300 300 300 0 0 0 

8/1312005 300 300 300 0 0 0 

8/1412005 300 300 300 0 0 0 

8/15/2005 300 300 300 0 0 0 

8/16/2005 300 300 300 0 0 0 I 
8/17/2005 300 300 300 300 0 0 

8118/2005 300 300 300 0 0 0 

8119/2005 300 300 300 0 300 0 

8120/2005 300 300 300 0 0 0 

8/21/2005 300 300 300 0 0 0 I 
8/2212005 300 300 300 0 0 0 

I model pumping schedule 2285 af 300 max- scenario 2 xis 9/1412005 

I 

2285 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

3 

300 300 

S-15 S-16 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 300 

300 300 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 0 

300 0 

300 0 

300 300 

300 2285 76 

S-17 total gpm MGD AF 

0 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1200 1 729 5 31 

300 1500 2161 6 63 

0 1200 1 729 5 31 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1200 1 729 5 31 

300 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

0 1500 2 161 6 63 

300 1500 2 161 6 63 

0 1200 1 729 5 31 

0 1500 2 161 6 63 



I 

I Wellgpm 300 300 300 300 300 300 

Day S- 8 S- 6 S-7 S-18 S-10 S-11 

8/23/2005 300 300 300 0 0 0 

8/24/2005 300 300 300 0 o 0 

8/25/2005 300 300 300 0 0 0 

8/26 /2005 300 300 300 0 0 0 I 
8/27/2005 300 300 300 0 0 0 

8/2812005 300 300 300 0 0 0 

I 
8/29/2005 300 300 300 0 0 0 

8/30/2005 300 300 300 0 0 0 

8/31/2005 300 300 300 0 0 0 

9/1/2005 300 300 300 o o 0 

9/2/2005 300 300 300 300 0 0 

913/2005 300 300 300 0 0 0 

9/4/2005 300 300 300 0 0 0 

9/5/2005 300 300 300 0 o o I 
9/6 /2005 300 300 300 0 0 0 

917/2005 300 300 300 0 o 0 

9/8/2005 300 300 300 0 0 0 

9/9/2005 300 300 300 0 o 0 

9/10/2005 300 300 300 0 0 o 

9/11/2005 300 300 300 o o 0 
I 

9/12/2005 300 300 300 0 0 0 

9/13/2005 300 300 300 0 o o 

9/14/2005 300 300 300 o o o 

9/15/2005 300 300 300 o o 0 

9/16 /2005 300 300 300 o o 0 I 
9/17/2005 300 300 300 300 0 0 

9/18/2005 300 300 300 o o 0 

9/19/2005 300 300 300 0 o 0 

9/20/2005 300 300 300 0 o 0 

9/21/2005 300 300 300 0 o 0 I 
9/22/2005 300 300 300 0 o 0 

9/23/2005 300 300 300 0 0 0 

9/24/2005 300 300 300 0 o o 

9/25/2005 300 300 300 o 0 o 

9/26 /2005 300 300 300 o 0 0 I 
9/27/2005 300 300 300 0 o 0 

9/28/2005 300 300 300 0 o 0 

9/29/2005 300 300 300 0 0 0 

9/30/2005 300 300 300 0 o 0 

10/1/2005 300 300 300 0 0 0 

10/2/2005 300 300 300 300 o 0 
I 

10/3/2005 300 300 300 0 o 0 

10/4/2005 300 300 300 0 0 0 

10/5/2005 300 300 300 0 o 0 

10/6 /2005 300 300 300 0 0 0 

1017/2005 300 300 300 0 0 0 I 
10/8/2005 300 300 300 0 o 0 

10/9/2005 300 300 300 0 o 0 

10/10/2005 300 300 300 0 0 o 

10/11/2005 300 300 300 o o o 

10/12/2005 300 300 300 0 o 0 I 
10/13/2005 300 300 300 0 o 0 

10/14/2005 300 300 300 0 o 0 

10/15/2005 300 300 300 0 o 0 

10/16 /2005 300 300 300 o o 0 

10/17/2005 300 300 300 300 o 0 I 
10/18/2005 300 300 300 0 0 0 

10/19/2005 300 300 300 o o 0 

10/20/2005 300 300 300 o o 0 

10/21/2005 300 300 300 0 o 0 

10/22/2005 300 300 300 0 o o 

10/23/2005 300 300 300 0 o 0 
I 

10/24/2005 300 300 300 0 0 0 

10/25/2005 300 300 300 o o 0 

10/26 /2005 300 300 300 o o o 

10/27/2005 300 300 300 0 o o 

10/28/2005 300 300 300 o o o I 
10/29/2005 300 300 300 0 o 0 

10/30/2005 300 300 300 0 0 0 

10/31/2005 300 300 300 0 o 0 

11/1/2005 300 300 300 0 0 o 

11/212005 300 300 300 300 o 0 I 
11/3/2005 300 300 300 o o 0 

11/412005 300 300 300 0 0 0 

11/5/2005 300 300 300 0 0 o 

11/6 /2005 300 300 300 0 o 0 

1117/2005 300 300 300 0 0 0 I 
11/8/2005 300 300 300 0 o 0 

I 
model pumping schedule 2285 af 300 max� scenano 2 xis 9/14/2005 

I 

2285 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 o 0 

0 0 0 

0 0 0 

0 o 0 

0 o 0 

o 0 0 

0 0 0 

o o o 

0 0 o 

o 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

o 0 0 

0 0 0 

o 0 0 

o 0 0 

0 o o 

0 0 0 

0 0 0 

0 0 0 

o 0 0 

o 0 0 

o 0 0 

o 0 0 

0 0 0 

o o 0 

o o o 

o o o 

o o 0 

0 0 0 

0 0 0 

0 o 0 

0 o 0 

0 o 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 o 0 

0 o 0 

o o 0 

o 0 0 

o 0 o 

0 0 o 

0 0 0 

o o 0 

0 0 o 

0 0 0 

0 0 0 

o 0 o 

0 o 0 

o 0 0 

o 0 0 

o 0 0 

o 0 0 

o o 0 

o o o 

o o 0 

o 0 0 

0 0 0 

o 0 0 

0 o 0 

0 0 0 

0 0 0 

0 o 0 

0 o 0 

0 o 0 

o 0 0 

0 0 0 

0 o 0 

4 

300 300 

S-15 S-16 

300 0 

300 0 

300 300 

300 0 

300 o 

300 0 

300 300 

300 300 

300 0 

300 0 

300 o 

300 300 

300 0 

300 o 

300 0 

300 300 

300 o 

300 0 

300 300 

300 300 

300 o 

300 0 

300 300 

300 o 

300 0 

300 0 

300 300 

300 0 

300 0 

300 o 

300 300 

300 o 

300 o 

300 300 

300 o 

300 o 

300 0 

300 300 

300 300 

300 0 

300 o 

300 300 

300 o 

300 0 

300 0 

300 300 

300 0 

300 o 

300 300 

300 300 

300 0 

300 0 

300 300 

300 o 

300 o 

300 0 

300 300 

300 o 

300 o 

300 o 

300 300 

300 o 

300 0 

300 300 

300 o 

300 o 

300 0 

300 300 

300 300 

300 o 

300 0 

300 0 

300 300 

300 0 

300 o 

300 0 

300 300 

300 0 

300 2285 76 

S-17 total gpm MGD � 

0 1200 1 729 531 

300 1500 2161 6 63 

0 1500 2161 6 63 

o 1200 1 729 531 

o 1200 1 729 531 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

300 1500 2161 6 63 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

0 1200 1 729 531 

300 1500 2161 6 63 

0 1200 1 729 531 

0 1500 2161 6 63 

0 1200 1729 531 

300 1500 2161 6 63 

o 1500 2161 6 63 

0 1500 2161 6 63 

300 1500 2161 6 63 

300 1500 2161 6 63 

o 1500 2161 6 63 

o 1200 1729 531 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

0 1200 1 729 531 

300 1500 2161 6 63 

0 1200 1 729 531 

0 1500 2161 6 63 

0 1200 1 729 531 

300 1500 2161 6 63 

o 1500 2161 6 63 

o 1200 1729 531 

0 1200 1729 531 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

300 1500 2161 6 63 

o 1500 2161 6 63 

0 1500 2161 6 63 

0 1200 1 729 5 31 

300 1500 2161 6 63 

0 1200 1729 531 

0 1500 2161 6 63 

o 1200 1 729 531 

300 1500 2161 6 63 

o 1500 2161 6 63 

o 1500 2161 6 63 

0 1200 1 729 531 

300 1500 2161 6 63 

0 1500 2161 6 63 

o 1200 1729 5 31 

300 1500 2161 6 63 
o 1500 2161 6 63 

o 1500 2161 6 63 

0 1200 1 729 531 

300 1500 2161 6 63 

0 1200 1 729 531 

0 1500 2161 6 63 

o 1200 1729 531 

300 1500 2161 6 63 

o 1500 2161 6 63 

o 1200 1729 531 

o 1200 1729 531 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

0 1200 1729 531 

300 1500 2161 6 63 

0 1500 2161 6 63 

0 1500 2161 6 63 

0 1200 1729 531 

300 1500 2161 6 63 

0 1200 1729 531 

0 1500 2161 6 63 

0 1200 1729 531 



I 

I 
Wellapm 300 300 300 300 300 300 

Day S- 8 S-6 S-7 S-18 S-10 S-11 

11/9/2005 300 300 300 0 0 0 

11/10/2005 300 300 300 0 0 0 

11/11/2005 300 300 300 0 0 0 

11/1212005 300 300 300 0 0 0 
I 

11/13/2005 300 300 300 0 0 0 

I 
11/14/2005 300 300 300 0 0 0 

11/15/2005 300 300 300 0 0 0 

11/16 /2005 300 300 300 0 0 0 

11/17/2005 300 300 300 0 0 0 

11/18/2005 300 300 300 0 0 0 

11/19/2005 300 300 300 0 0 0 

11120/2005 300 300 300 0 0 0 

11/21/2005 300 300 300 0 0 0 

1112212005 300 300 300 0 0 0 I 
11123/2005 300 300 300 0 0 0 

11124/2005 300 300 300 0 0 0 

11125/2005 300 300 300 0 0 0 

11126 /2005 300 300 300 0 0 0 

11127/2005 300 300 300 0 0 0 I 
11/28/2005 300 300 300 0 0 0 

11129/2005 300 300 300 0 0 0 

11/30/2005 300 300 300 0 0 0 

1211/2005 300 300 300 0 0 0 

121212005 300 300 300 0 0 0 

1213/2005 300 300 300 0 0 0 
I 

1214/2005 300 300 300 0 0 0 

121512005 300 300 300 0 0 0 

1216 /2005 300 300 300 0 0 0 

1217/2005 300 300 300 0 0 0 

1218/2005 300 300 300 0 0 0 I 
1219/2005 300 300 300 0 0 0 

12110/2005 300 300 300 0 0 0 

12111/2005 300 300 300 0 0 0 

12112/2005 300 300 300 0 0 0 

12113/2005 300 300 300 0 0 0 I 
12114/2005 300 300 300 0 0 0 

12115/2005 300 300 300 0 0 0 

12/16 12005 300 300 300 0 0 0 

12117/2005 300 300 300 0 0 0 

12118/2005 300 300 300 0 0 0 I 
12119/2005 300 300 300 0 0 0 

12/20/2005 300 300 300 0 0 0 

12121/2005 300 300 300 0 0 0 

1212212005 300 300 300 0 0 0 

12/23/2005 300 300 300 0 0 0 

12124/2005 300 300 300 0 0 0 
I 

12125/2005 300 300 300 0 0 0 

12126 /2005 300 300 300 0 0 0 

12/27/2005 300 300 300 0 0 0 

12/28/2005 300 300 300 0 0 0 

12129/2005 300 300 300 0 0 0 I 
12/30/2005 300 300 300 0 0 0 

12/31/2005 300 300 300 0 0 0 

109500 109500 109500 6300 4800 0 

days 398 322 421 17 14 0 

573382 46376 5 6 06 46 2  24855 20329 0 I 
MG 157 6 80 157 6 80 157 6 80 9 072 6 912 0 000 

AF 483 90 483 90 483 90 27 84 21 21 0 00 

I 
Dav S- 8 S-7 S- 6 S-18 S-10 S-11 

I 

I 

I 

I 
model pumping schedule 2285 af 300 max· scenano 2 xts 9/1412005 

I 

2285 Acre-Feet 

Maximum Usage 

from New Wells 

300 300 300 

S-12 S-13 S-15 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

300 

S-15 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

109500 

406 

584000 

0 000 0 000 0 000 157 6 80 

0 00 0 00 0 00 483 90 

S-12 S-13 S-15 S-14 

5 

300 300 2285 76 

S-16 S-17 total gpm MGD /'F 

0 300 1500 2161 6 63 

300 0 1500 2161 6 63 

300 0 1500 2161 6 63 

0 0 1200 1729 531 

0 300 1500 2161 6 63 

300 0 1500 2161 6 63 

0 0 1200 1729 531 

0 300 1500 2161 6 63 

0 0 1200 1729 531 

300 0 1500 2161 6 63 

0 0 1200 1729 531 

0 300 1500 2161 6 63 

0 0 1200 1729 531 

300 0 1500 2161 6 63 

0 0 1200 1 729 531 

0 300 1500 2161 6 63 

300 0 1500 2161 6 63 

0 0 1200 1 729 531 

0 0 1200 1 729 531 

0 300 1500 2161 6 63 

300 0 1500 2161 6 63 

300 0 1500 2161 6 63 

0 300 1500 2161 6 63 

0 0 1200 1 729 5 31 

300 0 1500 2161 6 63 

0 0 1200 1 729 531 

0 300 1500 2161 6 63 

0 0 1200 1 729 5 31 

300 0 1500 2161 6 63 

0 0 1200 1 729 5 31 

0 300 1500 2161 6 63 

300 0 1500 2161 6 63 

300 0 1500 2161 6 63 

0 0 1200 1729 5 31 

0 300 1500 2161 6 63 

300 0 1500 2161 6 63 

0 0 1200 1729 531 

0 300 1500 2161 6 63 

0 0 1200 1729 531 

300 0 1500 2161 6 63 

0 0 1200 1729 531 

0 300 1500 2161 6 63 

0 0 1200 1729 531 

300 0 1500 2161 6 63 

0 0 1200 1729 531 

0 300 1500 2161 6 63 

300 0 1500 2161 6 63 

0 0 1200 1 729 5 31 

0 0 1200 1 729 531 

0 300 1500 2161 6 63 

300 0 1500 2161 6 63 

300 0 1500 2161 6 63 

0 300 1500 2161 6 63 

33900 33900 516 900 744 813 2285 76 

170 136 

244080 19526 4 

48 816 48 816 

149 81 149 81 2285 76 

S-16 S-17 



I 

I well gpm 275 300 260 300 300 300 
Day S-8 S-7 S-6 S-18 S-10 S-11 

I 
1/1/2005 123 123 123 123 123 123 
1/2/2005 123 123 123 123 123 123 
1/3/2005 123 123 123 123 123 123 
1/4/2005 123 123 123 123 123 123 

I 
1/5/2005 123 123 123 123 123 123 
1/6/2005 123 123 123 123 123 123 
1nt2005 123 123 123 123 123 123 
1/8/2005 123 123 123 123 123 123 
1/9/2005 123 123 123 123 123 123 

I 
1/10/2005 123 123 123 123 123 123 
1/11/2005 123 123 123 123 123 123 
1/12/2005 123 123 123 123 123 123 
1/13/2005 123 123 123 123 123 123 

I 
1/14/2005 123 123 123 123 123 123 
1/15/2005 123 123 123 123 123 123 
1/16/2005 123 123 123 123 123 123 
1/17/2005 123 123 123 123 123 123 

I 
1/18/2005 123 123 123 123 123 123 
1/19/2005 123 123 123 123 123 123 
1/20/2005 123 123 123 123 123 123 
1/21/2005 123 123 123 123 123 123 
1/22/2005 123 123 123 123 123 123 

I 
1/23/2005 123 123 123 123 123 123 
1/24/2005 123 123 123 123 123 123 
1/25/2005 123 123 123 123 123 123 
1/26/2005 123 123 123 123 123 123 

I 
1/27/2005 123 123 123 123 123 123 
1/28/2005 123 123 123 123 123 123 
1/29/2005 123 123 123 123 123 123 
1/30/2005 123 123 123 123 123 123 
1/31/2005 123 123 123 123 123 123 

I 
2/1/2005 123 123 123 123 123 123 
21212005 123 123 123 123 123 123 
2/3/2005 123 123 123 123 123 123 
21412005 123 123 123 123 123 123 

I 
21512005 123 123 123 123 123 123 
2/6/2005 123 123 123 123 123 123 
21712005 123 123 123 123 123 123 
2/8/2005 123 123 123 123 123 123 
2/9/2005 123 123 123 123 123 123 

I 
2/10/2005 123 123 123 123 123 123 
2/11/2005 123 123 123 123 123 123 
2/1212005 123 123 123 123 123 123 
2/13/2005 123 123 123 123 123 123 

I 
2/14/2005 123 123 123 123 123 123 
2/15/2005 123 123 123 123 123 123 
2/16/2005 123 123 123 123 123 123 
2/17/2005 123 123 123 123 123 123 

I 
2/18/2005 123 123 123 123 123 123 
2/19/2005 123 123 123 123 123 123 
2/20/2005 123 123 123 123 123 123 
2/21/2005 123 123 123 123 123 123 
2/22/2005 123 123 123 123 123 123 

I 
2/23/2005 123 123 123 123 123 123 
2/24/2005 123 123 123 123 123 123 
2/25/2005 123 123 123 123 123 123 
2/26/2005 123 123 123 123 123 123 

I 
2/27/2005 123 123 123 123 123 123 
2/28/2005 123 123 123 123 123 123 

3/1/2005 123 123 123 123 123 123 
3/2/2005 123 123 123 123 123 123 
3/3/2005 123 123 123 123 123 123 

I 
3/4/2005 123 123 123 123 123 123 
3/5/2005 123 123 123 123 123 123 
3/6/2005 123 123 123 123 123 123 

I 
model pumping schedule 2285 af reduced ratecopy xis 9/14/2005 

I 

2285 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 
S-12 S-13 S-15 S-14 

123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 

260 250 2284 72 
S-16 S-17 total gpm MGD AF 

93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 



I 

I well gpm 275 300 260 300 300 300 

Day S-8 S-7 S-6 S-18 S-10 S-11 

I 
3nt2005 123 123 123 123 123 123 

3/8/2005 123 123 123 123 123 123 

3/9/2005 123 123 123 123 123 123 

3/10/2005 123 123 123 123 123 123 

I 
3/11/2005 123 123 123 123 123 123 

3/12/2005 123 123 123 123 123 123 

3/13/2005 123 123 123 123 123 123 

3/14/2005 123 123 123 123 123 123 

3/15/2005 123 123 123 123 123 123 

I 
3/16/2005 123 123 123 123 123 123 

3/17/2005 123 123 123 123 123 123 

3/18/2005 123 123 123 123 123 123 

3/19/2005 123 123 123 123 123 123 

I 
3/20/2005 123 123 123 123 123 123 

3/21/2005 123 123 123 123 123 123 

3/22/2005 123 123 123 123 123 123 

3/23/2005 123 123 123 123 123 123 

I 
3/24/2005 123 123 123 123 123 123 

3/25/2005 123 123 123 123 123 123 

3/26/2005 123 123 123 123 123 123 

3/27/2005 123 123 123 123 123 123 

3/28/2005 123 123 123 123 123 123 

I 
3/29/2005 123 123 123 123 123 123 

3/30/2005 123 123 123 123 123 123 

3/31/2005 123 123 123 123 123 123 

4/1/2005 123 123 123 123 123 123 

I 
4/2/2005 123 123 123 123 123 123 

4/3/2005 123 123 123 123 123 123 

4/4/2005 123 123 123 123 123 123 

4/5/2005 123 123 123 123 123 123 

4/6/2005 123 123 123 123 123 123 

I 
4nt2005 123 123 123 123 123 123 

4/8/2005 123 123 123 123 123 123 

4/9/2005 123 123 123 123 123 123 

4/10/2005 123 123 123 123 123 123 

I 
4/11/2005 123 123 123 123 123 123 

4/12/2005 123 123 123 123 123 123 

4/13/2005 123 123 123 123 123 123 

4/14/2005 123 123 123 123 123 123 

4/15/2005 123 123 123 123 123 123 

I 
4/16/2005 123 123 123 123 123 123 

4/17/2005 123 123 123 123 123 123 

4/18/2005 123 123 123 123 123 123 

4/19/2005 123 123 123 123 123 123 

I 
4/20/2005 123 123 123 123 123 123 

4/21/2005 123 123 123 123 123 123 

4/22/2005 123 123 123 123 123 123 

4/23/2005 123 123 123 123 123 123 

I 
4/24/2005 123 123 123 123 123 123 

4/25/2005 123 123 123 123 123 123 

4/26/2005 123 123 123 123 123 123 

4/27/2005 123 123 123 123 123 123 

4/28/2005 123 123 123 123 123 123 

I 
4/29/2005 123 123 123 123 123 123 

4/30/2005 123 123 123 123 123 123 

5/1/2005 123 123 123 123 123 123 

5/212005 123 123 123 123 123 123 

I 
5/3/2005 123 123 123 123 123 123 

5/4/2005 123 123 123 123 123 123 

51512005 123 123 123 123 123 123 

5/6/2005 123 123 123 123 123 123 

5nt2005 123 123 123 123 123 123 

I 
5/8/2005 123 123 123 123 123 123 

5/9/2005 123 123 123 123 123 123 

5/10/2005 123 123 123 123 123 123 

I 
model pumping schedule 2285 af reduced ratecopy xis 9/1412005 

I 

2285 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 

S-12 S-13 S-15 S-14 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

123 123 123 123 

2 

260 250 2284 72 

S-16 S-17 total gpm MGD AF 
93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 626 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 6 26 

93 93 1416 2 040 626 

93 93 1416 2 040 6 26 

93 93 1416 2 040 626 

93 93 1416 2.040 6 26 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 626 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 6 26 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 6 26 

93 93 1416 2 040 6 26 

93 93 1416 2.040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 6 26 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 626 

93 93 1416 2 040 6 26 



I 

I well gpm 275 300 260 300 300 300 
Day S-8 S-7 S-6 S-18 S-10 S-11 

I 
5/11/2005 123 123 123 123 123 123 
5/12/2005 123 123 123 123 123 123 
5/13/2005 123 123 123 123 123 123 
5/14/2005 123 123 123 123 123 123 

I 
5/15/2005 123 123 123 123 123 123 
5/16/2005 123 123 123 123 123 123 
5/17/2005 123 123 123 123 123 123 
5/18/2005 123 123 123 123 123 123 
5/19/2005 123 123 123 123 123 123 

I 
512012005 123 123 123 123 123 123 
5/21/2005 123 123 123 123 123 123 
512212005 123 123 123 123 123 123 
5/23/2005 123 123 123 123 123 123 

I 
5/24/2005 123 123 123 123 123 123 
512512005 123 123 123 123 123 123 
5/26/2005 123 123 123 123 123 123 
512712005 123 123 123 123 123 123 

I 
5/28/2005 123 123 123 123 123 123 
5/29/2005 123 123 123 123 123 123 
5/30/2005 123 123 123 123 123 123 
5/31/2005 123 123 123 123 123 123 

6/1/2005 123 123 123 123 123 123 

I 
61212005 123 123 123 123 123 123 
6/3/2005 123 123 123 123 123 123 
6/4/2005 123 123 123 123 123 123 
61512005 123 123 123 123 123 123 

I 
6/6/2005 123 123 123 123 123 123 
61712005 123 123 123 123 123 123 
6/8/2005 123 123 123 123 123 123 
6/9/2005 123 123 123 123 123 123 

6/10/2005 123 123 123 123 123 123 

I 
6/11/2005 123 123 123 123 123 123 
6/12/2005 123 123 123 123 123 123 
6/13/2005 123 123 123 123 123 123 
6/14/2005 123 123 123 123 123 123 

I 
6/15/2005 123 123 123 123 123 123 
6/16/2005 123 123 123 123 123 123 
6/17/2005 123 123 123 123 123 123 
6/18/2005 123 123 123 123 123 123 
6/19/2005 123 123 123 123 123 123 

I 
6/20/2005 123 123 123 123 123 123 
6/21/2005 123 123 123 123 123 123 
6/22/2005 123 123 123 123 123 123 
6/23/2005 123 123 123 123 123 123 

I 
6/24/2005 123 123 123 123 123 123 
6/25/2005 123 123 123 123 123 123 
6/26/2005 123 123 123 123 123 123 
612712005 123 123 123 123 123 123 

I 
6/28/2005 123 123 123 123 123 123 
6/29/2005 123 123 123 123 123 123 
6/30/2005 123 123 123 123 123 123 

7/1/2005 123 123 123 123 123 123 
71212005 123 123 123 123 123 123 

I 
7/3/2005 123 123 123 123 123 123 
7/4/2005 123 123 123 123 123 123 
71512005 123 123 123 123 123 123 
71612005 123 123 123 123 123 123 

I 
71712005 123 123 123 123 123 123 
7/8/2005 123 123 123 123 123 123 
7/9/2005 123 123 123 123 123 123 

7/10/2005 123 123 123 123 123 123 
7/11/2005 123 123 123 123 123 123 

I 
7/12/2005 123 123 123 123 123 123 
7/13/2005 123 123 123 123 123 123 
7/14/2005 123 123 123 123 123 123 

I 
model pumping schedule 2285 af reduced ratecopy xis 9/14/2005 

I 

2285 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 

S-12 S-13 S-15 S-14 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 

3 

260 250 2284 72 
S-16 S-17 total gpm MGD AF 

93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 



I 

I 
well gpm 275 300 260 300 300 300 

Day S-8 S-7 S-6 S-18 S-10 S-11 

I 
7/15/2005 123 123 123 123 123 123 
7/16/2005 123 123 123 123 123 123 
7/17/2005 123 123 123 123 123 123 
7/18/2005 123 123 123 123 123 123 

I 
7/19/2005 123 123 123 123 123 123 
7/20/2005 123 123 123 123 123 123 
7/21/2005 123 123 123 123 123 123 
7/22/2005 123 123 123 123 123 123 
7/23/2005 123 123 123 123 123 123 

I 
7/24/2005 123 123 123 123 123 123 
712512005 123 123 123 123 123 123 
7/26/2005 123 123 123 123 123 123 
712712005 123 123 123 123 123 123 

I 
7/28/2005 123 123 123 123 123 123 
7/29/2005 123 123 123 123 123 123 
7/30/2005 123 123 123 123 123 123 
7/31/2005 123 123 123 123 123 123 

I 
8/1/2005 123 123 123 123 123 123 
8/2/2005 123 123 123 123 123 123 
8/3/2005 123 123 123 123 123 123 
8/4/2005 123 123 123 123 123 123 
8/5/2005 123 123 123 123 123 123 

I 
8/6/2005 123 123 123 123 123 123 
8nl2005 123 123 123 123 123 123 
8/8/2005 123 123 123 123 123 123 
8/9/2005 123 123 123 123 123 123 

I 
8/10/2005 123 123 123 123 123 123 
8/11/2005 123 123 123 123 123 123 
8/12/2005 123 123 123 123 123 123 
8/13/2005 123 123 123 123 123 123 
8/14/2005 123 123 123 123 123 123 

I 
8/15/2005 123 123 123 123 123 123 
8/16/2005 123 123 123 123 123 123 
8/17/2005 123 123 123 123 123 123 
8/18/2005 123 123 123 123 123 123 

I 
8/19/2005 123 123 123 123 123 123 
8/20/2005 123 123 123 123 123 123 
8/21/2005 123 123 123 123 123 123 
8/22/2005 123 123 123 123 123 123 
8/23/2005 123 123 123 123 123 123 

I 
8/24/2005 123 123 123 123 123 123 
8/25/2005 123 123 123 123 123 123 
8/26/2005 123 123 123 123 123 123 
8/27/2005 123 123 123 123 123 123 

I 
8/28/2005 123 123 123 123 123 123 
8/29/2005 123 123 123 123 123 123 
8/30/2005 123 123 123 123 123 123 
8/31/2005 123 123 123 123 123 123 

I 
9/1/2005 123 123 123 123 123 123 
9/2/2005 123 123 123 123 123 123 
9/3/2005 123 123 123 123 123 123 
9/4/2005 123 123 123 123 123 123 
9/5/2005 123 123 123 123 123 123 

I 
9/6/2005 123 123 123 123 123 123 
9n/2005 123 123 123 123 123 123 
9/8/2005 123 123 123 123 123 123 
9/9/2005 123 123 123 123 123 123 

I 
9/10/2005 123 123 123 123 123 123 
9/11/2005 123 123 123 123 123 123 
9/12/2005 123 123 123 123 123 123 
9/13/2005 123 123 123 123 123 123 
9/14/2005 123 123 123 123 123 123 

I 
9/15/2005 123 123 123 123 123 123 
9/16/2005 123 123 123 123 123 123 
9/17/2005 123 123 123 123 123 123 

I 
model pumping schedule 2285 af reduced ratecopy xis 9/14/2005 

I 

2285 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 
S-12 S-13 S-15 S-14 

123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 

4 

260 250 2284.72 
S-16 S-17 total gpm MGD AF 

93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 



I 

I well gpm 275 300 260 300 300 300 
Day S-8 S-7 S-6 S-18 S-10 S-11 

9/18/2005 123 123 123 123 123 123 
9/19/2005 123 123 123 123 123 123 
9/20/2005 123 123 123 123 123 123 I 
9/21/2005 123 123 123 123 123 123 

I 
9/22/2005 123 123 123 123 123 123 
9/23/2005 123 123 123 123 123 123 
9/24/2005 123 123 123 123 123 123 
9/25/2005 123 123 123 123 123 123 
9/26/2005 123 123 123 123 123 123 
9/27/2005 123 123 123 123 123 123 
9/28/2005 123 123 123 123 123 123 
9/29/2005 123 123 123 123 123 123 I 
9/30/2005 123 123 123 123 123 123 
10/1/2005 123 123 123 123 123 123 
10/2/2005 123 123 123 123 123 123 
10/3/2005 123 123 123 123 123 123 I 
10/4/2005 123 123 123 123 123 123 
10/5/2005 123 123 123 123 123 123 
10/6/2005 123 123 123 123 123 123 
10n/2005 123 123 123 123 123 123 
10/8/2005 123 123 123 123 123 123 I 
10/9/2005 123 123 123 123 123 123 

10/10/2005 123 123 123 123 123 123 
10/11/2005 123 123 123 123 123 123 
10/12/2005 123 123 123 123 123 123 I 
10/13/2005 123 123 123 123 123 123 
10/14/2005 123 123 123 123 123 123 
10/15/2005 123 123 123 123 123 123 
10/16/2005 123 123 123 123 123 123 
10/17/2005 123 123 123 123 123 123 

I 
10/18/2005 123 123 123 123 123 123 
10/19/2005 123 123 123 123 123 123 
10/20/2005 123 123 123 123 123 123 
10/21/2005 123 123 123 123 123 123 I 
10/22/2005 123 123 123 123 123 123 
10/23/2005 123 123 123 123 123 123 
10/24/2005 123 123 123 123 123 123 
10/25/2005 123 123 123 123 123 123 I 
10/26/2005 123 123 123 123 123 123 
10/27/2005 123 123 123 123 123 123 
10/28/2005 123 123 123 123 123 123 
10/29/2005 123 123 123 123 123 123 
10/30/2005 123 123 123 123 123 123 I 
10/31/2005 123 123 123 123 123 123 

11/1/2005 123 123 123 123 123 123 
11/2/2005 123 123 123 123 123 123 
11/3/2005 123 123 123 123 123 123 I 
11/4/2005 123 123 123 123 123 123 
11/5/2005 123 123 123 123 123 123 
11/6/2005 123 123 123 123 123 123 
11n/2005 123 123 123 123 123 123 
11/8/2005 123 123 123 123 123 123 I 
11/9/2005 123 123 123 123 123 123 

11/10/2005 123 123 123 123 123 123 
11/11/2005 123 123 123 123 123 123 
11/12/2005 123 123 123 123 123 123 I 
11/13/2005 123 123 123 123 123 123 
11/14/2005 123 123 123 123 123 123 
11/15/2005 123 123 123 123 123 123 
11/16/2005 123 123 123 123 123 123 
11/17/2005 123 123 123 123 123 123 

I 
11/18/2005 123 123 123 123 123 123 
11/19/2005 123 123 123 123 123 123 
11/20/2005 123 123 123 123 123 123 
11/21/2005 123 123 123 123 123 123 

I model pumping schedule 2285 at reduced ratecopy xis 9/14/2005 

I 

2285 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 
S-12 S-13 S-15 S-14 

123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 

5 

260 250 2284 72 
S-16 S-17 total gpm MGD AF 

93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 6.26 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 626 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 



I 

I 
well gpm 275 300 260 300 300 300 

Day S-8 S-7 S-6 S-18 S-10 S-11 
11/22/2005 123 123 123 123 123 123 
11/23/2005 123 123 123 123 123 123 
11/24/2005 123 123 123 123 123 123 I 
11/25/2005 123 123 123 123 123 123 
11/26/2005 123 123 123 123 123 123 
11/27/2005 123 123 123 123 123 123 
11/28/2005 123 123 123 123 123 123 I 
11/29/2005 123 123 123 123 123 123 
11/30/2005 123 123 123 123 123 123 

I 
12/1/2005 123 123 123 123 123 123 
12/2/2005 123 123 123 123 123 123 
12/3/2005 123 123 123 123 123 123 
12/4/2005 123 123 123 123 123 123 
12/5/2005 123 123 123 123 123 123 
12/6/2005 123 123 123 123 123 123 
1217/2005 123 123 123 123 123 123 I 
12/8/2005 123 123 123 123 123 123 
12/9/2005 123 123 123 123 123 123 

12/10/2005 123 123 123 123 123 123 
12/11/2005 123 123 123 123 123 123 
12/12/2005 123 123 123 123 123 123 

I 
12/13/2005 123 123 123 123 123 123 
12/14/2005 123 123 123 123 123 123 
12/15/2005 123 123 123 123 123 123 
12/16/2005 123 123 123 123 123 123 I 
12/17/2005 123 123 123 123 123 123 
12/18/2005 123 123 123 123 123 123 
12/19/2005 123 123 123 123 123 123 
12/20/2005 123 123 123 123 123 123 I 
12/21/2005 123 123 123 123 123 123 
12/22/2005 123 123 123 123 123 123 
12/23/2005 123 123 123 123 123 123 
12/24/2005 123 123 123 123 123 123 
12/25/2005 123 123 123 123 123 123 I 
12/26/2005 123 123 123 123 123 123 
12/27/2005 123 123 123 123 123 123 
12/28/2005 123 123 123 123 123 123 
12/29/2005 123 123 123 123 123 123 I 
12/30/2005 123 123 123 123 123 123 
12/31/2005 123 123 123 123 123 123 

44863 44863 44863 44863 44863 44863 
days 163 132 173 123 132 121 

234921 190010 248474 176995 190010 174603 I 
MG 64 603 64 603 64 603 64 603 64 603 64 603 
AF 198 26 198 26 198 26 198 26 198 26 198 26 

Day S-8 S-7 S-6 S-18 S-10 S-11 I 

I 

I 

I 

I 

I 
model pumping schedule 2285 af reduced ratecopy xis 9/14/2005 

I 

2285 Acre-Feet 

Zero Flow Configuration 

300 300 300 270 

S-12 S-13 S-15 S-14 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 
123 123 123 123 

44863 44863 44863 44863 
121 125 140 166 

174603 179454 201885 239271 
64 603 64 603 64 603 64 603 
198 26 198 26 198 26 198 26 
S-12 S-13 S-15 S-14 

6 

260 250 2284 72 
S-16 S-17 total gpm MGD AF 

93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 
93 93 1416 2 040 6 26 

34016 34016 516666 744 475 2284 72 
170 136 

244914 195931 
48 983 48 983 
150 32 150 32 2284 72 
S-16 S-17 



I 
2800 Acre-Feet 

I 
Wellgpm 275 340 260 365 340 370 370 360 320 270 260 250 2800 33 

Dav S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 
1/1/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
1/212005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
1/3/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
1/4/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

I 
1/5/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
1/6/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

I 
ln/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
1/8/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
1/9/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

1/10/2005 275 0 260 0 340 0 370 0 320 0 260 0 1825 2 630 8 07 
1/11/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 B 03 
1/12/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
1/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
1/14/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 I 
1/15/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
1/16/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
1/17/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
1/1B/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
1/19/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
1/20/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

I 
1/21/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
1/2212005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
1/23/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
1/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
1/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 BO 

I 
1/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 BO 
1127/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 BO 
1/2B/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 BO 
1/29/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 BO 
1/30/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 BO I 
1/31/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
211/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
2/212005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
213/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
2/4/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
2/5/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
216/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
217/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
2/8/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
219/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

2110/2005 275 0 260 0 340 0 370 0 320 0 260 0 1825 2 630 8 07 
I 

2111/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
2112/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
2/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
2114/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
2115/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

I 
2116/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
2117/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
2118/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
2119/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
2/20/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

I 
2121/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
2122/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
212312005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
2/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
2/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
2/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
2127/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
212B/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 BO 
3/1/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
3/212005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
3/3/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

I 
3/4/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
3/5/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
3/6/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
31712005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
318/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

I 
3/9/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

3/10/2005 275 0 260 0 340 0 370 0 320 0 260 0 1B25 2 630 B 07 
3/11/2005 275 0 260 0 340 0 370 0 320 0 0 250 1B15 2 615 B 03 
3/1212005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
3/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 B 03 I 
3/14/2005 275 0 260 0 340 0 370 0 320 0 0 250 1B15 2 615 B 03 
3/15/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
3/16/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
3/17/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
3/1B/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
3/19/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

I 
model pumping schedule 2800 af xis 9/1412005 

I 



I 
2800 Acre-Feet 

I Wellgpm 275 340 260 365 340 370 370 360 320 270 260 250 2800 33 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 
3/20/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
3/21/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
3/22/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
3/23/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 I 
3/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
3/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
3/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
3/27/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
3/28/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
3/29/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
3/30/2005 275 a 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
3/31/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
4/1/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
41212005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
4/3/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

I 
4/4/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

I 
41512005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
4/6/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
41712005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
4/8/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
4/9/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

4/10/2005 275 0 260 0 340 0 370 0 320 0 260 0 1825 2 630 8 07 

4/11/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
4/12/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
4/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 I 
4/14/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
4/15/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

4/16/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
4/17/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
4/18/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
4/19/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
4/20/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

4/21/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

4/22/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

4/23/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

4/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
I 

4/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

4/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

4/27/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

4/28/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

4/29/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I. 
4/30/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

5/1/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

51212005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

5/3/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

5/4/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
5/5/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

5/6/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

51712005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

5/8/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

5/9/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 I 
5/10/2005 275 0 260 0 340 0 370 0 320 0 260 0 1825 2 630 8 07 

5/11/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

5/12/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

5/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

5/14/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

5/15/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
I 

5/16/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

5/17/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

5/18/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

5/19/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

5/20/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
5/21/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

5/22/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

5/23/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

5/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

5/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
5/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

5/27/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

5/28/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

5/29/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

5/30/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
5/31/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

6/1/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

6/212005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

6/3/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

6/4/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

6/5/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
I 

I model pumping schedule 2800 afxls 9/14/2005 2 

I 



I 
2800 Acre-Feet 

I Wellgpm 275 340 260 365 340 370 370 360 320 270 260 250 2800 33 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 
6/6/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
61712005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
6/8/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
6/9/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 I 

6/10/2005 275 0 260 0 340 0 370 0 320 0 260 0 1825 2 630 8 07 
6/11/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
6/12/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
6/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
6/14/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 I 
6/15/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
6/16/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
6/17/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
6/18/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
6/19/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
6/20/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
6/21/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

I 
6/22/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

6/23/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
6/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
6/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
6/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
6/27/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
6/28/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
6/29/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
6/30/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
7/1/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
71212005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
7/3/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
7/4/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
7/5/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
7/6/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
71712005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
7/8/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

7/9/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
7/10/2005 275 0 260 0 340 0 370 0 320 0 260 0 1825 2 630 8 07 I 
7/11/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

7/12/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
7/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

7/14/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

7/15/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

7/16/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
I 

7/17/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
7/18/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

7119/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

712012005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

7/21/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 I 
7/22/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

7/23/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

7/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

7/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

7/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
7/27/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

7/28/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

7/29/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

7/30/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

7/31/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
8/1/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

8/2/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

8/3/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

8/4/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

8/5/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

8/6/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
I 

81712005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

8/8/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

8/9/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

8/10/2005 275 0 260 0 340 0 370 0 320 0 260 0 1825 2 630 8 07 

8/11/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 I 
8/12/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

8/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

8/14/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

8/15/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

8/16/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
8/17/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

8/18/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

8/19/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

8/20/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

8/21/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 I 
8/22/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

I model pumping schedule 2800 af xis 9/14/2005 3 

I 



I 
2800 Acre-Feet 

I Well gpm 275 340 260 365 340 370 370 360 320 270 260 250 2800 33 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 
8/23/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
8/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
8/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
8/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
812712005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
8/28/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
8/29/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
8/30/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
8/31/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
9/1/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
9/2/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

9/3/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
9/4/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
9/5/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
9/6/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
917/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

I 
9/8/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
9/9/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

9/10/2005 275 0 260 0 340 0 370 0 320 0 260 0 1825 2 630 8 07 

9/11/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

9/12/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

9/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

9/14/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

9/15/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

9/16/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
9/17/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

9/18/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

9/19/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

9/20/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

9/21/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 I 
9/22/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

9/23/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

9/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

9/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

9/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
9/27/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

9/28/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

9/29/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

9/30/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

10/1/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

10/2/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
10/3/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

10/4/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

10/5/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

10/6/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

1017/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 I 
10/8/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

10/9/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

10/10/2005 275 0 260 0 340 0 370 0 320 0 260 0 1825 2 630 8 07 

10/11/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

10/12/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 I 
10/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

10/14/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

10/15/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

10/16/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

10/17/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

10/18/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
I 

10/19/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

10/20/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

10/21/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

10/22/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

10/23/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 I 
10/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

10/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

10/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

10/27/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

10/28/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
10/29/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

10/30/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

10/31/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

1111/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

11/2/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
11/3/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

11/4/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

11/5/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

11/6/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

1117/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

11/8/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
I 

I model pumping schedule 2800 at xis 9/14/2005 4 

I 



I 
2800 Acre-Feet 

I Wellgpm 275 340 260 365 340 370 370 360 320 270 260 250 2800 33 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 total gpm MGD AF 
11/9/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

11/10/2005 275 0 260 0 340 0 370 0 320 0 260 0 1825 2 630 8 07 
11/11/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
11/12/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 I 
11/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
11/14/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
11/15/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
11/16/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
11/17/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
11/18/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
11/19/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
11/20/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
11/21/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
11/22/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 
11/23/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

I 
11/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

11/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
11/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
11/27/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

11/28/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
11/29/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 
11/30/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

12/1/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 
12/2/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

12/3/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 I 
1214/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

12/5/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

I 
12/6/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2457 7 54 

1217/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

12/8/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

12/9/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

12/10/2005 275 0 260 0 340 0 370 0 320 0 260 0 1825 2 630 8 07 

12/11/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

12/12/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

12/13/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

12/14/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 
I 

12/15/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

12/16/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

12/17/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

12/18/2005 275 0 260 0 340 0 370 0 320 0 0 250 1815 2 615 8 03 

12/19/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

12/20/2005 0 340 0 365 0 370 0 360 0 270 0 0 1705 2 457 7 54 

12/21/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

12/22/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

12/23/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 

12/24/2005 0 340 0 365 0 370 0 360 0 0 260 0 1695 2 442 7 50 I 
12/25/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

12/26/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

12/27/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

12/28/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

12/29/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 I 
12/30/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

12/31/2005 275 0 260 0 340 0 370 0 0 270 0 250 1765 2 543 7 80 

38775 76160 36660 81760 47940 82880 52170 80640 20480 58590 24960 32250 633265 912 486 2800 33 

days 141 224 141 224 141 224 141 224 64 217 125 129 

203040 322560 203040 322560 203040 322560 203040 322560 92160 312480 179712 185760 

MG 55 836 ###### 52 790 ###### 69 034 ###### 75 125 ###### 29 491 84 370 35 942 46 440 
I 

AF 171 35 336 57 162 01 361 31 211 86 366 26 230 55 356 36 90 51 258 92 110 30 142 52 2800 33 

Day S-8 S-7 S-6 S-18 S-10 S-11 S-12 S-13 S-15 S-14 S-16 S-17 

I 

I 

I 
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I ATTACHMENT 2 

I Model Water Budgets 

I 

I 

I 

I 

I 

I 

I 

I 



I 

Scenario 1 - River 5 cfs 

Modeled Water Budget Summary 
Acre Feet for One Year 

I Current Configuration Proposed Configuration 

I 
Storaqe Underflow Stream Total Pumoina Error 

1000 AF 55.7 389.2 562.4 1007.3 999.5 7.8 

1500 AF 83.9 392.4 1029.7 1506.0 1499.7 6.3 

Storaae Underflow 

59.8 389.4 

92.1 392.6 

2000AF 117.8 395.7 1491.7 2005.2 1998.7 6.5 121.6 396.1 

2285 AF 134.6 397.7 1757.3 2289.6 2283.5 6.1 

2800AF 170.3 401.4 2232.7 2804.4 2798.5 5.9 

I 
147.3 398.0 

186.1 401.8 

I Scenario 2 - River 5 cfs - New Wells used to maximum 

I 
p dC f repose on 1gurat1on 

Storaoe Underflow Stream Total Pumoma Error 

1000 AF 62.7 389.6 553.6 1005.9 999.6 6.3 

1500 AF 100.2 393.1 1011.6 1504.9 1499.4 5.5 

2000 AF 144.1 396.7 1464.1 2004.9 1999.2 5.7 

2285 AF 162.9 398.9 1729.1 2290.9 2284.3 6.6 

Scenario 3 - No flow in River 

Stream Total Pump1nq 

558.6 1007.8 999.5 

1022.4 1507.1 1499.7 

1488.7 2006.4 1998.7 

1745.0 2290.3 2283.5 

2216.4 2804.3 2798.5 

I 

I 

I 

Current Configuration Proposed Configuration 
Storaae Underflow Stream Total Pumpma Error Storaae Underflow Stream 

1000 AF 790.0 205.7 0 995.7 987.0 8.7 759.2 245.5 

1500 AF 1207.9 211.5 0 1419.4 1411.1 8.3 1141.5 365.7 

2000AF 1790.1 218.9 0 2009.0 2000.6 8.4 1707.9 301.6 

2285 AF 2013.1 223.5 0 2236.6 2228.2 8.4 

2800AF 1923.2 227.8 0 2151.0 2142.9 8.1 

1974.2 318.0 

2147.6 304.5 I 

'I Scenario 4 - No flow in River - New Wells used to maximum 

I 

I 

I 

I 

I 

I 

I 

I 

1000 AF 

1500AF 

2000AF 

2285 AF 

Storaoe 

717.8 

1228.9 

1576.7 

1386.7 

p repose 
Underflow 

290.8 

263.3 

421.3 

434.7 

dC f on 1qurat1on 
Stream Total Pumomo Error 

0 1008.6 999.6 9.0 

0 1492.2 1484.0 8.2 

0 1998.0 1988.5 9.5 

0 1821.4 1811.4 10.0 

0 

0 

0 

0 

0 

Total Pumoina 

1004.7 999.5 

1507.2 1497.6 

2009.5 2000.6 

2292.2 2283.2 

2452.1 2443.4 

Error 

8.3 

7.4 

7.7 

6.8 

5.8 

Error 

5.2 

9.6 

8.9 

9.0 

8.7 



I 

I 1000 AF - Current Configuration with 5 cfs flow in river 

I 

I 

I 

Af 60 D ter 

Storaae 
Well 

avs 

J Well 
Underflow

1 GHB 
Stream 
TOTAL 

I Aft 120 D er avs 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Storaae \ 
Well 

J Well 
Underflow

1 GHB 
Stream 
TOTAL c· 

ft 8 D A er 1 O 

Storaae\' 
Well 

avs 

\ 

J Well 
Underflow!. GHB 
Stream 
TOTAL ... 

After 365 Days 

Storaae 
Well 

J Well 
Underflow

1 GHB 
Stream 
TOTAL ······ 

In m3 

205,957.19 

636.00 
99;238.62 

184,829.47 

490,661 

In minus out 
error% 

In m3 

393,482.78 

.•< 1,272.00 f 
? 198,304.44 

408,366.78 
1,001;425 

In minus out 
error% 

In m3 

577,690.69 .. 

1,908.00 

297,366�13 
636,331.19 
1,513,296 

In minus out 
error% 

In m3 

1, 152,000.25. 

······ >3,868.97 
. 602;804.19 ..... 
1,347,520.88 

·. 3,106 194 

In minus out 
error% 

In ft3 

7,273,310.11 

22,460 

3,504,579 

6,527,192 

17,327,541 

1,498.72 

0.31 

In ft3 

,, 

13,895;714.57 • 

44,920.26 
7,003,056 .. 

14,421,338 
\. 35,365,029· •• 

3,075.88 
0.31 

In ft3 

. 20,400,955.99 

... 67,380.39 

10;501,387 
22,471,826 
53,441,549 

4,659.50 
0.31 

In ft3 

40,682,508.67 I< 

······ 136,631.55 

. ... 

21,287,831 ••• 
47,587,255 

· 109,694,226 

9,709.75 

0.31 

I 

I 

I 
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In AF 

166.97 

\'. 1 
80 

150 

398 

In AF 

319.00 

1.03 
< 161 

331 
812 

In AF 

468.34 

1.55 

241 
516 

1,227 

In AF 

933.94 

3.14 

489 
1,092 
2,518 

\ 

.

. . 

····· .. 

Out m3 

153,341.38 
201,495.91 

. 
21,090.47 

113,234.81 
489,163 

Out m3 

332,150.72 .. .. 
403,019.31 

41,906.60 
221,273.52 

998,350 

Out m3 

513,816.53 
604,324.13 

62,664.79 
327,830.94 
1,508,636 

Out m3 

1,083,308.63 
1,232,848.63 

<(• •• 
126,557.04 
653,770.13 
3,096 484 

Out ft3 Out AF Difference 

5,415,200.06 124.32 42.7 

7, 115,761 163 -163.4 
. ••.•· .•. 0.5 

...... 744,803· • 17 63.4 

3,998,850 92 58.0 

17,274,615 397 1.2 

Out ft3 Out AF Difference 

11,729,793.02 269.28 49.7 

14,232,494.02 326.73 -326.7 

/{. ? 1.0 

1,479,918' 34 126.8 

7,814,201 179 151.7 

35,256,406 809 2.5 

Out ft3 Out AF Difference 

18,145,261'.24 \ 416.56 51.8 

21,341,507.05 489.93 -489.9 
. 1.5 

2,212,986 + 51 190.3 

11,577,241 266 250.1 

53,276,996 1,223 3.8 

Out ft3 Out AF Difference 

38,256,686.60 878.25 .. 55.7 

43,537 ,642.35 999.49 -999.5 

.... . ... .. ··• .\ 3.1 

4,469,320 • 103 \ 386.1 

23,087,676 530 562.4 

109 351 325 2,510 7.9 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1500 AF - Current Configuration with 5 cfs flow in river 

After 60 Days 

Storage . .< 

Well 

In m3 In ft3 In AF 

···•••· ) 278,046.75< '9,819, 129.22 I < 225.42 . . 

Ji Well! ······.·· ·· 636.00Pk / 22,46QV I > 1 </ i> Underflow ! GHB> >99,239'.27 .. n ii 3,504,602 ········1 · > so .. < r.. < 

Stream 250,601.88 8,849,923 203 
TOTAL'.\· ,, .. r.·t 628,524 ··•<·• 1 . 22,.196:114 Ye..· 510 

After 120 Davs 

In minus out 
error% 

901.90 
0.14 

In m3 In ft3 In AF 
'Sforacie• •> \/ > · 520;351.31 t .18,376;034.89 
Well 
u 

d rfl 
J< Well •P· \ 1 ;272.00 .. ··•···44i920,26: : ... n>t.03<• n1.w 

n e ow l GHB i> 198;314A1fi; ·Hi7;003(408t> ····· '" 161 t I 
Stream 566,840.00 20,017,768 460 

In minus out 
error% 

2,211.13 
0.17 

In m3 In ft3 In AF 
759,473.81 26,820,567.06 >615.72 

... 67;380.39 . 
10,502;222• 

In minus out 3,546.75 
error% 0.18 

In m3 In ft3 

1,897,786.00 
3,979 459< 

In minus out 
error% 

1500afcurrentbudget.xls 9/14/2005 

136,631.55>· 
21,290,656 
67,019,686 

140,533,278·· 

7,906.00 
0.20 

. 

i 

Out m3 Out ft3 Out AF 

192,047.02 6,782,076'.98 · • \ 155.70 
305,092.28 10,774,233 247 

n 20,684:12< 730,453< < 11 
109,798.55 3,877,500 89 

627,622 22,1 64,263 ) 509 

Out m3 Out ft3 Out AF 
420;874.50······ 14,863,044,08 341.21 
609,966.00 21,540,748.00 494.51 

.... ·:.<n.····•·; .. • r .... . · .. :/····t.& .. n.:.·· ' ). ..,.. 
40;868.93 . 1!443,273i 33 
212,857.30 7,516,985 173 
1,284,567\ . 45,364,050 ..... 1 041 

Difference 

69.7 
-247.3 

.•..
. 0.5 

·53_7 
114.2 

0.7 

Difference 
.•. . 80.6 

-494.5 
•• ( . !iff1.0 

.... , . . 127.6 
287.0 

. ... ·>· 1.a 

1029.7 
. ...... · ·6.4 
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I 
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I 

I 

I 

I 

I 

I 

2000 AF - Current Configuration with 5 cfs flow in river 

Af 60 D ter ays 

Storaoe 
Well 

U d rfl JtWell n e owl GHB 
Stream 
TOTAL 

After 120 Davs 

Storaqe ...... 
Well 

.I Well UnderflowF GHB. 
Stream 
TOTAL . ... 

Aft 180 D er ays 

Storaoe .... 
Well 

.I Well, Underflow1 GHB> 
Stream 
TOTAL •( .... 

After 365 Davs 

Storaoe .( 

Well 
.I Well Underflowl<GHB 

Stream 
TOTAL • 

lnm3 
313,544.66 

636.00 ' 99;290.80 
318,971.13 

732 4.43 > 

In minus out 
error% 

In m3 
It 574,513.13 

1 ,272.00 
p 198,574.17 .... 

729,551.69 
1,503,911 

In minus out 
error% 

lnm3 
1.\ 826,420.94 

k>( 1,908:00 ( 

In ft3 
11,072,726.07 

22,460 
3,506,422 

11,264,360 
25,865 968 

665.5 m3 
0.09 

In ft3 

····· 

20,288, 7 41.42 

-44,920.26 
• 7,012,581 
25,763,877 
53 110,120 

2099 m3 
0.14 

In ft3 
29, 184;782.69 

67,380.39 

/ 297;893.59 v y 10,520,014 

1, 151,448.38 40,663,019 
1 >2 277671 ·•.··· I• 80,435,196 

In minus out 
error% 

In m3 

3495 m3 
0.15 

In ft3 

I' 

········· 

1,589,918.38 56, 147,442.74 •·•···· 

.r 3;868.97 136,631.55 

In AF 
254.19 

1 

80 
259 
594 

In AF 
465.77 

( 1�03 

(( 16.1 ,. 
591 

1,219 

In AF 
( 669.99 

( 1.55 ,. 

242 
933 

1,847 

In AF 
1,288.97 

3.14 

1>>604,162:75 ( 21,335,808 ( r•·· •· 490 
2,461,808.75 

4 659 759 ( 

In minus out 
error% 

86,937,964 
164 557 846 

8023 m3 
0.17 

1,996 
3,778 

2000alcurrentbudget.xls 9/14/2005 

Out m3 Out ft3 Out AF Difference 
195,684.20 6,910,523.06 / 158.64 95.6 
406, 153.44 14,343,175 329 -329.3 

.. • ' . 0.5 
20,318.61 717,545 16 64.0 

109,620.87 3,871,225 89 169.7 
.. . 731 777 25 842,468 593 ·•··0.5 

Out m3 Out ft3 Out AF Difference 
437,655.09 15,455,645.21 \ 354.81 111.0 
812,198.94 28,682,537.45 658.46 -658.5 

... .·.· ... \ ( .... i? (. / ........ 
1 ·.·•. 1.0 ( 40,044;30 . l,414,151 32 k 128.5 

211,913.59 7,483,659 172 419.7 
1,501 812 .... 53,035,992 1,218 1.7 

Outm3 Out ft3 Out AF Difference .· ( / 683,453 .69 24,<135,941.43 ,:,:.:: 554.08 ( 115.9 
1,218,299.63 43,023,849.22 987.69 -987.7 

( 
····· ( 1.5 

( 59,655.45 2,106,712'' ······ 48\• 193.1 

312,767.13 11,045,268 254 679.9 
2 274 176 80 311,771 1 844 2.8 

Out m3 Out ft3 Out AF Difference 
> 1,444,568.88 51,014,473.11 1,171.13 11 7.8 

2,465,380.75 87,064,107.61 1,998.72 -1998.7 
> .... • ( 3.1 

119,924.73 4,235,102 ( 97 (, 392.6 
621,861.69 21,960,840 504 1491.7 
4,651,736 164,274 523 3,771 6.5 



I 
I 2285 AF - Current Configuration with 5 cfs flow in river 

I Af 6 D ter 0 ays 
In m3 In ft3 In AF 

I 

I 

I 

I 

I' 

I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Storaoe 
Well 

Underflow: 
Stream 
TOTAL . .  / 

335,934.47 11,863,414:91 

WellA ..:.  636.00 < 22,460 ······· 
GHBx (\ 99;369: 92<• .· ;3,509,216. 

356,134.06 12,576,757 
. ...... ·•·792,074..:. I > 27,971 ;848 ·•····· 

In minus out 345.75 m3 
error% 0.04 

After 120 Days 
In m3 In ft3 

272.35 

. .. ... 1 
81 

289 
>··· 642 

In AF 
Storaoe. > s 1< 612;840;31 21,642,253.40 • 496.84 < 

Well 

u d rfl 
I Well' >1,27.2.00> >44,920.26 1< 1.03 

n e owl 

GHB • 198,816.78< t ;7,021;149 l;.1+ ···. ·' 161i/ 
Stream 820,959.75 28,991,923 666 
TOTAL ·•···· < ..:.• < >1,633,889· # 57;700,245 • 

Af 180 D ter 

Storaoe 
Well 

ays 

... . .... 

U d rfl 
I Welk 

In minus out 1676.12 m3 
error% 0.10 

In m3 In ft3 
4 883,640.56 31,205;47 4.86 

1;908.00< ;( .. 67,380:39 + 

< 1,325 

In AF 
. .. . 716;38 

+•> 1_55······ 
.... . n e owl 

GHB . 298;305,25 \ 10,534,551 f\ ( 242 . .... 

Stream 
TOTAL } .. 

Af 36 D ter 5 

Storaoe / .  

Well 

ays 

. . 

Underflow:+���: 
Stream 
TOTAL < 

1,298,915.13 
'2;482,769 

In minus out 
error% 

ln m3 
1, 704,486.75 

+ .... 3,868.97 
.• 605,116.13 
2,788,369.00 

··<5,101,841 

45,870,759 
( 87 678;166 

3105 m3 
0.13 

In ft3 
60,193;387.10 

136,631.55 
; 21,369,476 

98,470,331 
180;169,826 

In minus out 7629.5 m3 
error% 0.15 

2285afcurrentbudget.xls 9/14/2005 

1,053 
2,013 •> 

In AF 
/. 1,381.85 

3.14 
< •.... 491 

2,261 
4,136 

Out m3 Out ft3 Out AF Difference 
205,197'.20 7;246,471.51 166,36 .... . 106.0 .. .. 
455,920.97 16,100,699 370 -369.6 

; <> .•..
. i•·· ... . . . 0.5 : 20,170.65 712,320. \ 16 64.2 

110,439.93 3,900,150 90 199.2 
.. 791,729 ; 27.,959;639 642 0.3 

Out m3 Out ft3 Out AF Difference 
( 458,877.25 16,205,098'.65 I 372.02 124.8 

920,890.69 32,520,950.7 4 746.58 -746.6 
I•> .. > 1.0 

< k 39,667.45< l··.c.1,400,843•< I< 32 ·•? 129.0 
212,777.41 7,514,164 173 493.1 

< < 1,632,213 57,641,056 .1,323 1.4 

Out m3 Out ft3 Out AF Difference 
722,407.06 25,51.1,567.02 585.66 130.7 

1,384,989.25 48,910,438.32 1, 122.83 -1122.8 

Ii\< >< >+.· . )•·..: (( ..... >•? 'YrF ·•·· / 1.5 

IY 59,022.97. ··2,084;377 <·1·· ..• 48 ··> 194.0 
313,244.75 11,062, 135 254 799.1 
2,479,664 I 87,568,517< 2,010 / 2.5 

Out m3 Out ft3 Out AF Difference 
. .. . 1 •• •· •••.•• 1 ;538,399;75 54,328,079.50 l<f 1,247.20 134.6 

2,816,659.75 99,469,409.57 2,283.50 -2283.5 
h <· ,;..>· NN'.' .. <dh' .... . 

............ . •.. · >+ uffk• •• ···3.1 
... 118,438.56 ·······4,182,619\ck 96 394.6 

620,713.31 21,920,286 503 1757.3 
5,094,211 179,900,394 4,130 6.2 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

2800 AF - Current Configuration with 5 cfs flow in river 

After 60 Days 

Storaae 
Well 

.I Well 
Underflow! 

GHB> 
Stream 
TOTAL ····· 

Aft 120 D er ays 

Storage 
Well 

L Wello 
Underflow1 

GHBi 
Stream 
TOTAL .•.. ii" 

A ft er 180 Days 

StoraQe .• i. 

Well 
J Well-

Underflow 1 
GHB 

Stream 
TOTAL _ ..•. - .. · .. 

Aft 365 D er ays 

Storaae -
Well 

.I Well 
Underflow1 

GHB• 
Stream 
TOTAL<-

lnm3 

\ 345,247.25 

636.00.\ 
> 99,565A 1- ··• 

436, 112.19 
881,561· 

In minus out 
error% 

lnm3 

600,368.94 

t\i+1 ;272.00'\• 
199,320.88 
997,452.88 

• 1,798,415 

In minus out 
error% 

lnm3 
I< 849,470.25 

1,908.00 
I 299,135.53 

1,575, 163.13 
1· 2,125,6n .. 

In minus out 
error% 

lnm3 

1,600,271 :50 

(3,868.97n 
1•606,965,75 

3,373,555.75 
...... 5 584,662 

In minus out 
error% 

In ft3 
12, 192;292.70 

22,460 

I 3,516,119 

I 

15,401, 158 
31;132,030 

184.1 m3 
-0.02 

In ft3 
21,201,830.91 

... 44,920.26' 
7,038:951' 

35,224,719 
I• 63,510,421 

1193.5 m3 
0.07 

In ft3 
29,998;761.55 

• 

I•\ 

' · 67,380.39' I# 
c 10;563,873. 

55,626,366 
96,256,380 ..... 

2673.2 m3 
0.10 

In ft3 
56,513,059.93 

< 136,631.55 ·-··· 
21,434, 795 .... 

119,136,008 
197 220 495 I 

7394.0 m3 
0.13 

•· 
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In AF 
279.90 

1 
· • 81 .. 

354 
715 

In AF 
. 486.73 

• 1.03 
162 
809 

(i 1;458 

In AF 
688.68 .. 

1.55 
•• 243 . ...... 

1,277 
2 210> • ... 

In AF 
1,297:3fr 

. ... 3.14 /Y 

-492 .. . 

2,735 
4,528 ... .. 

Outm3 Out ft3 Out AF Difference· 

184,957.73 6,531,7.21.35 149.95 \ 129.9 
566,576.19 20,008,451 459 -459.3 

•\ x 0.5 
19,837.88 \ 700,568 16 64.6 

110,373.16 3,897,792 89 264.1 
881,745 31138 5.32 715 < -0.1 

Outm3 Out ft3 Out AF Difference 

411,875.97 14,545,263.92 . 333.91 I ··-· 152.8 
1,133,806.38 40,039,997.98 919.19 -919.2 

• •; • 1.0 
38,891.91 1,373,455 32 130:1 

212,647.06 7,509,561 172 636.3 
1,797,221 63,468,278 .····· ? 1,457 1.0 

Outm3 Out ft3 Out AF Difference 

651,554.25. .23,009,423.33 .• 528".22 160.5 
1,700,706.88 60,059,902.06 1,378.79 -1378.8 

. ... .. p -Ai>"} .. f .• •+: .. ·\. H •• . . . t.5 
57,763.14 2,039,886'" 47 195.7 

312,979.53 11,052,769 254 1023.3 
.. 2 723,004 '96 161 980 2,208 . .... 2.2 

Outm3 Out ft3 Out AF Difference 

1,390,207.00 49;094,701.44 1,127.06 170.3 
3,451,921.75 121,903,477.47 2,798.52 -2798.5 

> •:·L•lfi ·t> --.. u ··rn>h ·· ••+ / V •.··+F••····i-...•. "\• } ···· 3.1 

115;609.91 4,082;726 • .. 94• . .. . 398:3 
619,529.69 21,878,486 502 2232.7 
5,5n,268 196,959 391 4,522 1· 6.0 



I 
I 
I 
I 
I 

1000 AF - Proposed Configuration with 5 cfs flow in river 

After 60 Days 

Storaae / 

Well 

I Well+ 
Underflow 1 

GHB 
Stream 
TOTAL 

In m3 
209,865.17 

1% '636.00 
. )/99,26l.76?/ 

178,641.22 
488,404 

In minus out 

error% 

In ft3 
7:411,319.29 

k > 22,460 
{ 3;505,396 '. 

6,308,656 
17,247,831 

1556 m3 
0.32 

In AF 
170.14 

. .. A 1 
80 

145 
· • : 396 

I Af 120 D ter avs 
In m3 In ft3 In AF 

I 
I 
I 
I 
I 
I 

Storaae ... ( :.) 405,861.28 
Well 

Well: It } 1,272.00+: 

14,332,857.21 IV 329.04 

Ii\ 44,920;26V> A .tt ... l.03 
Underflow : 

GHB• 2·: 198,372.83'' •:If. 7,005;471 . n ······ 151 

Stream 
TOTAL 

After 180 Davs 

Storaae 
Well 

Underflow I Welb 
GHB 

Stream 
TOTAL ·•·. 

Aft er 365 Davs 

385,651.44 

I> 99.1 ;158? 

In minus out 
error% 

In m3 
598,233.88 / 

..... 1,900.00··· 
297,480.47 
598,672.44 

fi 1 496 295 /. 

In minus out 

error% 

In m3 

13,619,153 
•· :35 002 402> 

3242.6 m3 
0.33 

In ft3 
21 ;126,431.88 

•>· 

•: 67;380.39+ I 
'10,505,425+ I> 
21, 141,920 
52,841156;1 

4969.5 m3 
0.33 

In ft3 

313 
i\804 

In AF 
{ 485 .00 

'\1.55 
241+ 
485 

... 1 213 

In AF 

<· 

':; 

} 

. . : 

I ·•• 

t :.: I> 

I 
Storaae ······ 1, 196,872.25 42,267,148.54 970.32 ...•... 

I 
I 
I 
I 
I 
I 

Well 

I Well 
Underflow 1 

.· GHB 
Stream 
TOTAL ·\} 

3,868.97 

603 063.44" 

1,263, 163.38 
3 066,968' 

In minus out 

error% 
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: / 136,631 .55 . 1: 
/ 21,296 986 

44,608,198 
108,308,964 

10277.25 m3 

0.34 

3.14 
489 

.: 
1,024 
2,486 ./ 

Outm3 Out ft3 Out AF Difference 
{ 159 884.97 5;646,284.91 129.62 ;40.5 

201,495.91 7,115,761 163 -163.4 

·+ •··· 0.5 
. 21,072.85• 744,181 17 63.4 

104,394.42 3,686,655 85 60.2 
486,848 ... 17,192,882 395 1.3 

Outm3 Out ft3 Out AF Difference 
344,062.19 12, 150. 442.61 278.94 50.1 
403,019.31 14,232,494.02 326.73 -326.7 

. / u >:•Yo ·•··.······n>:n ' /\ : r / { 1.0 

.. 41,901.55 1,479,740 34 .···· :: 126.9 
198,931.86 7,025,213 161 151.4 

. ... ········987,915 • 34,887,889 /: 801 ./• .. .. {• 2.6 ... 

Outm3 Out ft3 Out AF Difference :: 532,814.94 ,18,816, 183.69 .•. +431.96 .. .: t53.0 

604,324.13 21,341,507.05 489.93 -489.9 

.... / ·: { s // . .... i { / 1.5 

62,665.12 2,212,998 { 51· · :• 190 .4 
291,521.06 10,294,970 236 249.0 

' 1491 325 52,665,659 \: 1 209 .: 4.0 

Outm3 Out ft3 Out AF Difference 
. .. . 1, 123;127.63 39,662,88.1.44 910 .53 : / 59.8 

1,232,848.63 43,537,642.35 999.49 -999.5 
j{ .. . . . . .  · : /·\. .L / .. /•. {{. ( •: / ..... 3.1 

126'568.63 .... 4469729 / /103. ······ :•·· 386.3 

574,145.69 20,275,765 465 558.6 
3,056,691 \ 107 946 019 2 478 8.3 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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I 
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1500 AF - Proposed Configuration with 5 cfs flow in river 

Aft er 60 Days 

Stora be •\ /\\ .. 
Well 

J < Well• 
Underflow1 GHB 
Stream 
TOTAL . ,. 

After 120 Da s 

Stream 
TOTAL 

Stora e 
Well 

Stream 
TOTAL·• 

Aft er 365 Days 

StoraQe .. • · >· 

Well 

U d J >Well 
n erflow1 GHB 

Stream 
TOTAL > 

ln m3 In ft3 

.... 281,800.56 9,951,693.87 

IF. ·,636.00. > •· 22,460 <i 
<:. 99,267.30> 

242,521.14 
624,225 >> 

In minus out 
error% 

3;505,592 
8,564,554 

22,044,300 

947.6 m3 
0.15 

In m3 In ft3 

537,883:63 18,995;182:72 

" J;,272�00 : · . ·  . ;'44,920.31;< 
198;397.81·•·· •>7;006;353 F 
535,204.81 18,900,581 
1,272 758> 44 947 038 

In minus out 
error% 

In minus out 
error% 

lnm3 

2542.5 m3 
0.20 

In ft3 

27,918,312.54 

.. 67,380.39•• 
10;507,264' 
29,566,320 

• 68,059 277! 

4132.9 m3 
0.21 

In ft3 

I> 

>1,553,862.88. 54,874, 154.661 > 

• <+ 3,868.97 
> 603,208.69 

1,771,207.13 
I 3,932,148 

In minus out 
error% 

136,631.55> 
>21;302,116 
62,549,595 

138,862,497 

9222 m3 
0.23 

I.> 

H 
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In AF 
..... 228.46 > 

••• 1 •. > 

\}· 80. fr >> • >· y> 

197 
> 506 . . 

In AF 

640.92 

In AF 

1,259:74 

>·> 3.14 ·• .... 
. · · 499 • >> ..... >. 

1,436 
3,188> •> .... 

Out m3 Out ft3 Out AF Difference 

200,893:98 7,094,504.76 162.87 ····· 65.6 
305,092.28 10,774,233 247 -247.3 

.. . \)····· 
> . \> 0,5 .... 

20,652;05 > 729;320 . . .... 
·. 17 . .... 63.7 

96,639.05 3,412,776 78 118.3 
623,277 22,010,835 > n 505 

·· ···· •o.8 

80.0 
-494.5 
•·l.O 
127.7 
287.8 

·····85:4 
-741.8 

··191.8 
466.3 

1,559 3.4 

Outm3 Out ft3 Out AF Difference 

1;440,290;50 50,863,383.71 t;167.66' I·•• > .• 92.1 
1,849,796.13 65,324,939.72 1,499.65 -1499.7 

.... .... .. • w . t< JF ,. ·n> u .. >? .. . 3.1 
122,761.81 •• '4,335,293 1? 100 ,3995 
510,077.06 18,013,203 414 1022.4 
3,922,926 138,536;819 , . 3,180 >. 7.5 
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2000 AF - Proposed Configuration with 5 cfs flow in river 

A ft er 60 Days 
lnm3 In ft3 In AF 

$toraoe • {\.·. .1: .. 337;936.88 11;934;129.22 273.97 
Well 

Underflow! Well' \'.\ 636.00'• < I < 22;460 ,., 1 •::: .... ..... 
GHB.• Y 99,344.26< 

Stream 
TOTAL \ <> 

After 120 Days 

303,316.63 
:741 234 

In minus out 
error% 

lnm3 

.. 
I 3;508,310 

10,711,527 
26,176,426;: 

910.25 m3 
0.12 

······ 81 
246 .. .. , . . :: 601 

In ft3 In AF 

.. \. 

Storaoe · < · ·.···· 630;861.69 22,278,672.31 • 511.45 ······ \ .. \· 
Well 

.I Welle liAH t,272.00n• /44;920.26 UnderflowlYGHB' 1>198;713;95+ ·.· .. · 7;017,518 
Stream 684, 193.38 24, 162,063 
TOTAL•i ·i>"1'71°515,041 53,503,174· 

Aft 180D er avs 

Storaqe .••/ ? 
Well 

I Welti Underflow1 ..... GHB' 
Stream 
TOTAL << 

A ft er 365 Days 

Storaoe 
Well 

In minus out 
error% 

In m3 
< 915,647.38 : 

"1;908.00; 
' 298;125'.22 ··•·· 

1,077,566.38 
11 2,293 247 .. 

In minus out 
error% 

lnm3 
\ 1,77 4,290;25 

2496 m3 
0.16 

In ft3 
32;335,784.88 

•n 67,380.39} 
10,528,194 · 
38,053,901 

... 80,985,260 

4155 m3 
0.18 

In ft3 
-62,658,474 .. 66 

555 
···· 1 228· .. •• 

In AF 
. ,, .. 742.33 

" . Vb 1.55f• '"A> 
::...: · · ... 242 : ... /< 

874 
'1,859'' < y/ 

In AF 
1,438.44 :• 

:. 

.... 

:• 

• 

..• 

: 

U d rfl .I Well. •·<·.'-3,868.97· . . ... . •<136,631.55' ;,.\ ...• .. 3: 14 . . •L . . %•» \ >< 
n e owl .. GHB 

Stream 
TOTAL ... :: :. 

\ 604,701.31< 
2,303,232.50 

4,686,093. 

In minus out 
error% 

2000afmovebudget.xls 9/14/2005 

\ 21,354,827 
81,337,896 

165,487 829 

9526.5 m3 
0.20 

'· •· 490 >< ··· .. 
1,867 

.:• 3,799 .. 

Outm3 Out ft3 Out AF 
224,391.84 7,924,323.91 i 181.92 
406,153.44 14,343,175 329 

,. < . .( . ·• \\ • • . .  

20,295.00 716,711L ... 16 
89,483.20 3,160,070 73 

740,323\ 26,144;280 • 600·· 

Out m3 Out ft3 Out AF 

\ . 

494,989.09 17,480,376.50 } 40h29 • 

812, 198.94 28,682,537.45 658.46 
·"' . . • .· .... ,; .,.;<,. .. ... •· .. . 

40,025�54 • 1,413,489 32 .· .... 
165,331.26 5,838,619 134 

.. 1;512,545 53,415,022< 1;226 •• 

Outm3 Out ft3 Out AF 
771,181.75 27,234;029;01 .•• 625.21 . 

1,218,299.63 43,023,849.22 987.69 
rn·r • H> ;n•u .. 

.· .. 59,640;16 ·2,106,172• 
"4

9:·••:. 
239,970.30 8,474,472 195 
2,289,092 <80,838 523 1,856' i 

Outm3 Out ft3 Out AF 
1,624,330.00 57,362,677.92 1,316.87 
2,465,380.75 87,064, 107.61 1,998.72 

)•· /'•:· ::::\ @ :'/ .... ·:fiff< I/< •\·•:}.: ·? \.+••• 
119,894.62 \ { 4,234,039. ·\ •t.97\ 
466,961.00 16,490,574 379 
4 676,566 165 151 398 3,791 

Difference 
92:1 

-329.3 
0.5 

64.1 
173.4 

0.7 

Difference 
110.2 

-658.5 
. 1.0 

'128;7 
420.6 

2.0 

Difference 
117.1 

-987.7 
\\' : 1.5 

·,·. 193.3 
679.1 
··,: 3.4 

Difference 
121.6 

-1998.7 
:: 3.1 

I<· : •· 393.0 
1488.7 

7.7 
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2285 AF - Proposed Configuration with 5 cfs flow in river 

After 60 Da s 

Stream 
TOTAL 

Stora 

Well 

Stream 
TOTAL 

After 365 Days 

In m3 In ft3 
. 363;147.34 12;824,428.61 

In minus out 
error% 

414.8 m3 
0.05 

In m3 In ft3 
/677)136:88 23,912,865.29 

•;>.1;212;00< >>44,920:26(' 

768,116.69 27,125,787 
>'. 1,645;444> 58;108,299\ 

In minus out 1795.1 m3 
error% 0.11 

In m3 In ft3 
.... 982,820.38 34;707,977.21 

>67;380;39% 
%10,541,374 ... 

42,940,763 986 
88,257,494< >i2,026 

In minus out 3329.8 m3 
error% 0.13 

In m3 In ft3 In AF 
StoraQe > · h :<. 1\908,492.25 67;397,774;01 i > 1,547;24 > Hi i> > 

Well 

U d rfl J .Well;j; ;ti\(3, 868:97 / ; 136,631'55 :e . i> 3.14. ; . I . . > n e ow
l GbjB·; + 605,621.25 < 21,387,315\ t ···•·• 491/ .. / ······ > ··· 

Stream 2,615,412.50 92,362,429 2, 120 
TOTAL >· A( I> 5;133,395 181,284,150 ··· · 4;162 > 1 

In minus out 
error% 

2285afmovebudget.xls 9/14/2005 

8181 m3 
0.16 

Difference 
105.7 

-369.6 

;.130.4 
-746.6 

1.0 

487.5 
1;5 

48,910,438.32 -1122.8 
1.5 

Out m3 Out ft3 Out AF Difference 
1;726;787.38 60,980,926.311> 1\399.93 \ ,/ < 147:3 
2,816,659.75 99,469,409.57 2,283.50 
. ·• .... . ..... ..... <> .... . 

.. . ··•>.<> . : 
.,, . I ·;. 

118,457.78 4,183,297 . . . . . 
· 96 c 

463,309.06 16,361,607 376 
5,125;214 180,995,240 ; >4;155 ) 

-2283.5 
)f 3.1 

) 394.9 
1744.7 

6.6 
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2800 AF - Proposed Configuration with 5 cfs flow in river 

After 60 Days 
In m3 In ft3 

Storacie . ·· 382,629.29. .. 13,512,427.01• 
Well 

I Wellk + 636.00? Underflow I GHBY L" 99i583.39 · 
Stream 412,618.78 

······· 22,460· ·•·• 
1.v" 3,5t6;755,.> 

14,571,496 
,, .. 

TOTAL 895,467 · 31,623,138 I\ 

After 120 Days 

Storaae , " 
Well 

In minus out 
error% 

-726.1 m3 
-0.08 

In m3 In ft3 
685;143.69... 24, 195,623:23 

In AF 
310.20 ' 

81 
335 
726 

In AF 
555.46 

Underflow! ····· Well 
., 
• 1 ;272.�0" 44i920:26 .. fo. , .,,,, 1.03> \, "'· 'I ···· GHB+ L> 199;404.58v'' '% 7;041,9076 ' ... ,, .. ,,, ,,,, Vt162 ) .{' .\. 

Stream 941,427 .63 33,246,206 763 
TOTAL;,... r .+ \1;827;248'' · I> 64 528,656 

After 180 Days 

Storaoe.\. ·· .. ,. , 
Well 

! Well Underflow1 , 
GHB 

Stream 
TOTAL "'/ 

After 365 Days 

Storaae .. 
Well 

In minus out 
error% 

In m3 
,.· 980,994.81 

.xl,908.00 "'""' 
299;304.97\ 

1,489,526.88 
2,771;735 

In minus out 
error% 

In m3 
1,878,998:50 

I Welk! 3,868.97 Underflow! .. GHB 607,430.00 
Stream 3, 198,447.25 
TOTAL " h 5,688,745" 

In minus out 
error% 

2800afmovebudget.xls 9/14/2005 

584.0 m3 
0.03 

In ft3 
+ 34,643,508�08 •·, 

In AF 
,,J795.31 ,.,.,, 

52,602, 150 1,208 
97,882,895 2,247 " .. ... 

2105.0 m3 
0.08 

In ft3 In AF 
66,356,211.96: .•,,. \ 1,523,33 

'.\ 136;631..55 
21,451;l90 ,,,.., .. 

112,952, 109 
20.0,896 14.3 

7115.5 m3 
0.13 

..... 3.1 4 
. 492. ·' 

2,593 
'·•. 4,612 

' 

Out m3 Out ft3 Out AF 
218,635.89 7,721,054.331 177.25 
566,576.19 20,008,451 459 

·· .. · , . ·. •· .. •·· I ··' ·· .. · , ' 

19,845:60 700,84FP • I> i 16 " 
91,135.95 3,218,436 74 

896,194 A 31;648,782' >727 

Difference 
133.0 

-459.3 

.• 64.6 
260.6 

-0.6 

Out m3 Out ft3 Out AF Difference 
486,598.66/ 17,184,070,97, .,.,,, {394.49· 161.0 

1,133,806.38 40,039,997.98 919.19 -919.2 
\./\ ··· ·•,/ •·.Uk ' ••&?· .Ut;, x,/ , ., · . .id :/'. I\ /::•/ f.0 

.38,924.05""V <•'"1';374;590······ '''''''32): I•" (130.1 
167,334.75 5,909,371 136 627.6 

• 1,826,664 .· 64,508,030) \ 1,481+ .. . " " <60.5 

Outm3 
770,011.06 

1,700,706.88 
·' ... ..... . 

57,807.52 
241,104.00 
2,769,629 

Out ft3 Out AF .,. 27,192,686.57 \ 624.26 
60,059,902.06 1,378.79 

·/2,041,453 >I • 47 
8,514,508 195 

'" 97,808,550F 2,245 

Difference 

I. :171'.0 
-1378.8 

.195'.8 
1012.1 
, .. <1.7 

Out m3 Out ft3 Out AF Difference 
1,649,498.88 58,251,508:44 <1,337�27'' " 186.1 
3,451,921.75 121,903,477.47 2,798.52 -2798.5 

· ·.· · ·.. '.•· . : ·· ' .. ·· . ., I · ··. · · · ., . ... 3:1 
115,660.05•· 4;084,49.6: . "94 " , H398.7 
464,548.88 16,405,390 377 2216.4 
5,681,630 WIY200,644;873.: ""···•4,606 " <<•···,5.8 
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Max in new wells 

1000 AF - Proposed Configuration with 5 cfs flow in river 

After 60 Days 

Storage·• i'\ •..•..•. 

Well 

J. Well\ 
Underflow1 

GHB 
Stream 

In m3 
'185,931:83< 

j\ ..... 636.00 . . . . 
<99,279:94• 

183,138.50 

In ft3 

6,566;.121.15 / i 

:i• 22,460. ;;. <: 
.... <3,506;038 / 1/'\) 

6,467,476 

TOTAL •:. < / I • /: 468,986•::/: 16,562,095 ( / 

Stream 

TOTAL .. 

Stream 

T(OTAl:.f 

Stream 
TOTAL/ 

In minus out 

error% 

In m3 
342,727.34 

1284.2 m3 

0.27 

In ft3 

395,880.97 13,980,406 

938,322·< '33;136;522\ ·.·.····· 

In minus out 

error% 
2576.B m3 

0.27 

In ft3 

i17,479,428.52 

In minus out 3842.2 m3 

error% 0.27 

In m3 In ft3 
\ 970,243.19 34,263,817.99 

< 3,868.97iiH <'136,631'.55; 

)603,357:44> h21;30"7;369d. 
1,327,716.13 46,887,857 

2 905186< 102 595 675 

In minus out 7840.2 m3 

error% 0.27 

1 OOOafmovebudgetmax.xls 9/14/2005 

In AF Out m3 
150.74 ii/ i .·• . •  7 136,995.59 

196,235.67 
•: : 1 .+ \i ....... i ,.:• + 

.BO > :t <· :/ :•: \. 21;095.79 ... 

148 113,374.97 

:•:380• :· / +i:· / 467;702 

In AF 

/ 401:27· 

497 

: : 1;141 

Out ft3 Out AF Difference 

. 4,837;954:19 111.06 •I/.< 39.7 

6,929,998 159 -159.1 

// .,: · ··. i i 0.5 
744,991< 17 u·· 63.4 

4,003,800 92 56.6 
k 16,516,7 43< i 379·· 1.0 

.. 49.8 

-318.2 

1.0 

2.1 

54:5 
-477.3 

1.5 

··:·····190A 

233.9 

3:1 

62.7 
-999.6 

.3:1 

. .... ·. 386.5 

6.4 
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1500 AF - Proposed Configuration with 5 cfs flow in river 

Stream 
TOTAi£ 

Well 

In ft3 
'<• 7,829,633.69 

;f 22,460 /ii 

' .>.3,507,270t 
8,910,309 

20,269,672 

In minus out 866.6 m3 
error% 0.15 

In m3 In ft3 

Underflow .Well/ : >1;272.00)/ m .i44;920.31A 
GHB''' H198i553.97/ '' 7;011,868··. 

Stream 559,123.63 19,745,266 
TOTAl!tr· •>1;144 883\Y 40;431,157r···· 

Stora e 
Well 

Stream 
TOTAL 

After 365 Davs 

In minus out 
error% 

1970.1 m3 
0.17 

In m3 In ft3 
(543;568:88; \19,195,955.44 

.t1;909:oon: <<·67;380.39•· 
.•. 291,006.69 10;515;945 
869,272.31 30,698,065 

In minus out 
error% 

3126.4 m3 
0.18 

In m3 In ft3 In AF 
Storaqe y ? >1,017;688.44 <35,939,331:33 ;; 825.05 ' 

Well 

Underflowl > Well t .M:.f3,868.97 \t t• 136,631.55/ 1) . ( ·•·3.14?v 
l' GHBx t 603;857:25 x 21,325,020 M I< .490 t ··· 

Stream 1,843,416.50 65,099,645 
TOTAL r h . . t c3,468 831d \ 122 500 628 ···· I< 

In minus out 
error% 

1500afmovebudgetmax.xls 9/14/2005 

6816.5 m3 
0.20 

1,494 
2,812 · . . · 

0.5 
63.8 

117.9 
.·0.7 

• .. . a0.9 

Difference 

·<·94'.4 
-746.4 

2.5 

Out m3 Out ft3 Out AF Difference 
1• ' ..•. .. 894;133.63 31,576;033.90; 724.89 i. 100.2 

1,849,515.63 65,315,033.96 1,499.43 -1499.4 
··i:· .·.• .. . . . .·. . I ·i .·.·• (( .• : · · • ; ,;.. . . . 3; 1 

.• .· 122,787:04. 4;336;184 •· 100 ··.·· 390.0 
595,578.25 21,032,649 483 1011.6 

··•• 3 462,015 122:259 901 • i 2,807 •.,• I ( i/ ; 5.5 



I 

I Max in new wells 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

2QQQ AF - Proposed Configuration with 5 cfs flow in river 

After 6Q Days 

Storaae·< · ·.· 

Well 

In m3 In ft3 In AF 
212�827.17\ 7,515;9.21:34 i/ 17254 •· 

.1 we1F· ···>636.oo ........ 1·> 22,460 ,, ... 1 ..... Underflow!··• GHB · ······99,369.94····• ·• ·· 3,509;217 ··· 1\. · ,.,..,,.81 ... ,, . .... ··· 1' 
Stream 
TOTAL · 

304,691.78 10,760,090 247 
. ·· · · • · < 617,525 • 21,8Q7 688· .·· .. 5Q1 I 

In minus out 
error% 

611.4 m3 
0.10 

After 12Q Days 
In m3 In ft3 In AF 

Storaae ···· , < 341\410.66' 12,056,804.66 ········· 276.79, 
Well 

·. 

U d rfl .L. Welh k 1\272.00 ·.· +'44,920.26 ... >+ · •:1 .03 r , : y 
n e owl ' 

GHB" h198,864�67/ 87;022;840 > \ i \ 161. ' ···· 1 •······· 
Stream 700,530.94 24,739,019 568 
TOTAL .. · ?It 1;242,078' ·····43 863,584··· I? , 1,Q07 

In minus out 
error% 

1647.9 m3 
0.13 

After 18Q Days 

Well 

Stream 
TOTAL 

In m3 In ft3 In AF 
453,284;28' 16,007,584.81 nn 367.48 

1,114,210.63 39,347,981 903 
•····· \Vi( I• 1 867,845+; f65,962;335 \) 1,514 

In minus out 2849.0 m3 
error% 0.15 

After 365 Da s 

Stream 
TOTAL 

In m3 In ft3 

2,379,114.75 84,017,652 
>.3745 749 132 279 902 

In minus out 6934.8 m3 
error% 0.19 

2000afmovebudgetmax.xls 9/14/2005 

. 

.· 

Outm3 

405,553.63 
; . 

20,350:79 
104,439.98 

I 616,913 

Outm3 
•··•·· 182;604.92 

819,283.88 
.. ·:· ... . 
40,098.28 

198,449.36 
1;240,436 

Out ft3 Out AF 

3;057,156.77 \ ]0.18 . 

14,321,992 329 

.. ·.· : . . . . 

718,682:. .· .. ·16 , ... 
3,688,263 85 

L 21;786,Q94 ·· .·SQQ.· ..... ··· 

Difference · 

> 102A 
-328.8 
'. 0.5 
:'64.1 
162.3 
.... 0.5 

Out ft3 Out AF Difference 
6,448,632'.56 ... 148.04> 128.7 

28,932,739.68 664.20 -664.2 
.· .: · . . ::.:<· · ·' · .. . ... · ··· . ·: ·.· .. , · ····ce:1.o 

'1;416,058+ 33 . ·· .. .. 128:7 
7,008,174 161 407.0 

43,8Q5,603 ' 1,0067 . 1:3 

Out m3 Out ft3 Out AF Difference 
281\754.44 9;950;064;98 228.42 '·'I> ' 139.1 

1,233,012.13 43,543,416.30 999.62 -999.6 
.. > . .... .. , ... ··,;.; : .: .• . ·· . .,...,.,;.. ·.··,·: ....... .,, ;·. .... .. . .. . ; ... .. •,; ., . :1 ,5 

······59,698:87 ' · +2,108;246 t i.48> ······· 193.6 
290,530.75 10,259,998 236 667.8 
1,864,996 ······ 65,861,725 •····· 1,512 . . ···• 2.3 

Difference 
144.1 

1464.1 
5.6 
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I Max in new wells 

2285 AF - Proposed Configuration with 5 cfs flow in river 

I 

I 

I 

Af 60 D ter 

storaqe 
Well 

avs 

.I Well 
Underflow

1 GHB 
Stream 
TOTAL . . ... . .. 

In m3 
205,268 ,19 

.. 636.00 + 
99;464.43 

344,494.50 
649,863 

In minus out 
error% 

In ft3 
7,248,978.30 

22,460 
H• 3,512;554 

12,165,710 
.. 22,949,702 

218.2 m3 
0.03 

.. 

I Aft 120 D er ays 
lnm3 In ft3 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Storaqe 
/ 

.. 

Well 
I Well 

Underflow1 
·GHB·' 

Stream 
tot AL ····· ...... 

Aft 180 D er avs 

Stofai:le• i· 
Well 

Underflowl Well 
GHB 

Stream 
TOTAL }.{ 

Aft 365 D er avs 

305,663.38 10, 794,401.22 

Fc1;272.00 44,920.26 .. 
y 

•· 199\165.55 '7,033,466 •... y 
787,060.25 

>.1;293,161 

In minus out 
error% 

In m3 
378,070.66 

••.•. • .. 1;908;00 ..... 

?298;93.6.94· 

1,241,573.00 
1,920,489/ 

27,794,773 
45,667,560' 

1427.5 m3 
0.11 

In ft3 
13,351;440.46 

67,380.39· 

10,556,859X 
43,845,741 

> 67,821,421 

In minus out 3029.6 m3 
error% 0.16 

In m3 In ft3 

I\
. 

1 .. f 

Storaqe . .. .. ... • 558,657:75 1 9 ,728;8 1 4.08 . .. 

Well 
.I Well 

Underflow1 
GHB. 

Stream 
TOTAL> <  ) .. 

•• 3,868:97 136,631.55 

k 606,671.00 .. 21,424,386 

2,674,561.50 94,451,257 
3,843,759 135,741,089 

In minus out 8233.8 m3 
error% 0.21 

2285afmovebudgetmax.xls 9/14/2005 

IU i 
... ...... 

In AF 
166.41 

1 
81 . 

279 
527 

In AF 
247.81 

1.03 
161 

638 
1,048 

In AF 
306.51 

.1.55 
" 242· •... 

1,007 
1,557 

In AF 
452.91 

3.14 

492 
2,168 
3,116 

Outm3 Out ft3 Out AF Difference 
i 59,079.52 2,086,373.87 47.90 . . .. 118.5 

470,965.28 16,631,983 382 -381.8 
1 · .. i I .• o.5 

20,143.55 711,363 16 IP 64.3 
99,456.51 3,512,274 81 198.7 

649,645 . 22,941,994 h 527 'i 0.2 

Outm3 Out ft3 Out AF Difference 
\ 122,761.63 4,335,286.55 i 99.52 148.3 

941,931.38 33,263,995.67 763.64 -763.6 
I• ...... c. ..• •·· •• :rw·•./h ,. 

.. .... ······· ...... 1.0 
I> 39,662.71 .... 1,400,675 32 ... i 129.3 

187,378.02 6,617,193 152 486.2 
x I·· ' .... 1,291,734£ 45,617,150• 1,047 1.2 

Outm3 Out ft3 Out AF Difference 
185,245.00 6,541 ;866.04; 150.18 156.3 

1,399,810.38 49,433,841.46 1, 134.84 -1134.8 
" ::(•<· . .:: , ·•' ........ ...... 1:5 

i 59;039]5 ( 2,084;969 
.• •/ 48 . ... 194;5 

273,363.72 9,653,750 222 784.9 
1,917,459 67,714,426 1,555 ····· 2.5 

Outm3 Out ft3 Out AF Difference 
357,743.94 12,633,609:10 290.03 / 162.9 

2,817,607.25 99,502,870.22 2,284.27 -2284.3 
,.... i ... ··•·" ·

·
•
· 

. .. .. ... . . ''I·• ·• ··.•· 3.1 

•• I\ 118,486.96 
' 

4,184,32.S.> . •• 96 395.8 
541,687.38 19,129,511 439 1729.1 
3,835,526 •• 135,450,318 I 3;110 6.7 
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1000 AF - Current Configuration with O cfs flow in river 

Well 

Underflow 
.. 

G
WHe6un ;ms 636.00t> 

1.>73;712'.09 

Stream 
TOTAL 

Stream 
TOTAL 

After 365 Days 

In minus out 
error% 

In m3 

634;176:.19 

Y\138,321 •. 08'' 
0.00 

773769 

In minus out 
error% 

In minus out 
error% 

1735.8 m3 
0.45 

3559 m3 
0.46 

In ft3 
33,689;133.53 

5376.8 m3 
0.47 

1,150,270 

In m3 In ft3 In AF Out m3 
S!Oraae• • s.s.... ··· 1;940,870.88 • 68,541,214.46 •• 1,573.49 1 966,426'.44 
Well 1,217,396.75 

Stream 0.00 0 o 0.00 
TOTAL. • ·• • · r2,331,467i:·••· 82,335,002·. ,,..... 1,890 ·•··· 2,320,685 

In minus out 
error% 

10782.2 m3 
0.46 

1 OOOafcurrentbudgetrewet.xls 9/14/2005 

Out ft3 Out AF 
34,129;030.72 k 783.49 

42,991 ,964 987 

4;833,236· / '111 
0 0 

81,954,231 ••.• 1,881 / 

Difference 
122.2 

1.4 

252.4 

0.0 
. 2;9 

107.6 
0.0 
4'.4 

Difference 
I ' 790.0 

-987.0 
. 3.1 

0.0 
8.7 
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1500 AF - Current Configuration with 0 cfs flow in river 

After 60 Days 
lnm3 In ft3 In AF 

Storage: <> ' 1 '449,798.97 15,884,502.15 L .. 364.66 ( ... 
Well 

J · Wellh1x W636'.00t•• 
Underflow

! GHB: I' 73;468:18• 
Stream 0.00 
TOTAL .... , , · ···523,903;;\', 

In minus out 
error% 

. 22,460:. ·.· ·.· 
, .• 2,594;505 / • 

0 
18.501;467 < ·•· 

1735.3 m3 
0.33 

In m3 In ft3 

Stream 
TOTAL 

After 180 Days 

Storaoe '' 
Well 

.. 905;684:75 ... 31;983,958.07 

In minus out 
error% 

3557.1 m3 
0.34 

In m3 In ft3 
1 ;363,042.50. 48;135;396.08 ,, 

. 
60:· ·.·' . 
0 

425 

In AF 
734.25 

In AF 
1,105.04 ' 

Underflow!
.
· .. • .
. 

• .... Gw· H
e811:.·.·,·.· ··.·

·, . •.•· 7''·1;908.001'//.'• ·i:>c.67;380'' ''\ l<"k ., .. /'.2 , •+•>>··· lfo.,·\ 
I '. '200;357:69> \''7;075,5660:? >'162' \.I?+ 

Stream 0.00 0 0 
TOT AL i , ... , 1,565 308 ' i 55 278,342< 1 269 

After 365 Days 

In minus out 
error% 

5302.8 m3 
0.34 

In m3 In ft3 In AF 
Storage 2,656,477.50' 93,812,626.27 {/ 2,153.641 
Well 

.I Weill ,.,,. 3;868.97 .t N •136,632t H ,• Underflow
! · GHBr + 393;651:69" 13,901,679+ H< 

Stream 0.00 0 
TOTAL. ... , , ,.,,· .. ... · . . < 3 053 998< 107,850,937 

In minus out 
error% 

1500afcurrentbudget.xls 9/14/2005 

10349.8 m3 
0.34 

3, . ·. 
.· 319 . 

0 
2 476 

.. 

I. 

Out m3 Out ft3 
195, 177:77 6,892,638.38 
305,092.28 10,774,233 

w . ..•. I i . . . .... 
21,897:79 y 773,313 ' 

0.00 0 
522,168 18 440;185' 

Out AF 
1;// 158.23·· 

247 
. . ,, .. 

(• 1ff·· 
0 

423 

Out m3 Out ft3 Out AF 
581,687.75 20,542,110.93i• 471.58r• 
911,248.56 32, 180,442 739 

67,069:11· (. 2,368,523' f 54' 
0.00 0 0 

1,560,005 55 091 077i I ' l 265. t 

Difference 
:: 206.4 

-247.3 ) 0.5 
'41.8 

0.0 
l.4 

Difference 
633.5 

-738.8 

. 108.1 
0.0 
4.3 

Outm3 Out ft3 Out AF Difference 
1;166,549.63 
1,740,542.00 

to " ,;,;., 
136,556.75 

0.00 

4l,196,315.05 945.74 ( •'•· 1207.9 
61,466,666 1,411 -1411.1 

,• ( \( ,,, ... , )%,3,1 
4,822,457 A> -111 ... F \ 208;4 

0 0 0.0 
3,043,648 " 107,485,438:1 2,468 8.4 
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2000 AF - Current Configuration with O cfs flow in river 

After 60 Davs 
In m3 In ft3 In AF 

:$toraoe > /iH 392,501.25 13,861,052.12 ./ 318,21 
Well 

U d rfl J < Well ·•.i 636:00 hit··.·: I>. d 22,460. d· ·•< .<W··· 1 
n e ow lfGHB · .. /\73 718�59 ·• \2;603,348• t<• > 60 

Stream 0.00 0 O 
TOT AL . . < I . 466 856 I 16 486 860 • . · 378 · 

After 120 Davs 

In minus out 
error% 

1739.1 m3 
0.37 

Outm3 
t > 37,615. 1 6 

405,659.09 

····.. ... 21,842.51 
0.00 

.. :•:.· ••. 465,117 

Out ft3 Out AF 

1;328,366.83 . < 30.50 
14,325,717 329 
··. ·. . . .. · ... 

····111,361 ·rn ·····18 ··· 
0 0 

16;425,445< .... . ... 377 • 

Difference 
> 287.7 

-328.9 
0.5 

..... 42.1 
0.0 
1.4 

In m3 In ft3 In AF Out m3 Out ft3 Out AF Difference 
Storaae> ·""· H./ . 764,480:88<· 26;997;389.821<< 619.77 ·· . x ...... <• ''• 45,275.98 1 ,598,906:3 1 •· · 36.71 ·. 583.1 
Well 811,319.06 28,651,465 658 -657.7 

Underflow H GHB> <•>138,676.09 ·• ·• ·•· .. 4 4,897;300 + H+ ·•· ·•· / 112< ······· ···:·· < · 44,28h33 ····· ·· 'T,563,780 .. 
. 

•·· <<<36 
I . : ·. 1.0. 

···· l it 76:5 
Stream 0.00 O O 0.00 O O 0.0 
TOTAL>/·.\>tt.f\)/ 90 4•429<< <·3f939 61V ,, .. ····.;;;.733 <•< ..• • I: 900,876. 

31814152<· J\<730 .. · . ·. ·.2.9 

In minus out 
error% 

3552.6 m3 
0.39 

In m3 In ft3 In AF 
\1,131;755'.13+ 39,967:558.76 .•• .... 917.53 

Stream 
TOTAL> 

After 365 Days 

0.00 
1·335172•• 

In minus out 
error% 

y67,380< 
\7,116,217 

0 
47151156 

5323.2 m3 
0.40 

In m3 In ft3 In AF 
Storaae .\. k >2;256,351.00 79,682;290.97 •< 1,829;25 
Well 

Underflow ! Wellk l \.i3,868.97<dW ···136,632 
l GHB: + \402,078;59 . >14,199,273 

Stream 0.00 O 
TOTAL' ...... /'1>>2 662299 94 018195 

In minus out 
error% 

2000afcurrentbudget.xls 9/14/2005 

10295.8 m3 
0.39 

·. 3 .. 
: ... · 326 , 

0 
2158. 

Outm3 
Yi 48,293.27 

2,467,758.50 
•. ··>• :: 

135,951.02 
0.00 

2,652 003 ·•:•: 

Out AF 
:• :' 37.25 

0.0 
4.3 

Out ft3 Out AF Difference 
1�705,461.01 }:\ 39.15 ·: <> \179.0.1 
87,148,077 2,001 -2000.6 
.• ·. •. • • .  ::.··· . .. . . .•

. 
3.1 

4,801,065< . : .110 , 215.8 
0 0 0.0 

93 654 603 I.• 2150 8.3 
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2285 AF - Current Configuration with 0 cfs flow in river 

After 60 Days 

In m3 In ft3 In AF 

Storaoe .· > /449,137.38 15;861;138.18 ···. 364.12 
Well 

J. Welh· 
Underflow

1 •.. GHB 
Stream 
TOTAL < ···•· 

After 120 Days 

V.< 636.00 . ;A. tx 22,460 .. 
· 

73;724.70 .. ./? 2,603,563 \ 

0.00 0 
\<523 498 •· 18;487,162 .. . ··•·•· 

In minus out 
error% 

1744.7 m3 
0.33 

.. 60 
0 

424 

In m3 In ft3 In AF 

StoraQe' ,,.<t di ..... 877;226.31 .30,978,957:741< .. ,. 711.18 
Well 

u d rfl w
l Wellild%1,272.00/·· :><44,920 J\1s /)···1····· n e o 

T GHB 138;819.00< 4,902,347 /I \ L 113 
Stream 0.00 0 0 
TOTAL / \ .. I 1,017,317 . 35,926,225: 825 

After 180 Days 

In minus out 3552.9 m3 
error% 0.35 

In m3 In ft3 In AF 

StoraQe + tf. J,301,037;00 45,945;692.311+ ....• 1 ;054:77 
Well 

Stream 0.00 0 0 
TOTAL + ····· ..... ••· 1,505,093 53,151,862 <,> 1,220 

Aft 365 D er avs 

Storage .... . ? 

Well 

U d rfl 
I• Well\. 

n e ow
l GHB 

Stream 

In minus out 
error% 

In m3 

.2,547 ,399.75 

.z3,868.9T 
L 407,257:38 

0.00 

5302.8 m3 
0.35 

In ft3 

89;960,581.53 

? > 136,632 
•.... 14,382,160 

0 

In AF 

2,065.21 

lff > .,,. ... 3•' 
?• <>330 

0 

. 

.. ... 
... 

TOTAL' 
··<u i\2,958 526. 104,479,373 .... 2,399 ...... 

In minus out 10161.5 m3 
error% 0.34 

2285afcurrentbudget.xls 9/14/2005 

. . 

• 

... 

Out m3 Out ft3 Out AF Difference 

36,951.22 . · 1,304,920.24 29.96 .· .... 334.2 
462,960.00 16,349,280 375 -375.3 

.... < i<._ 0.5 
21,842�17 771,349 . ... 18 .. 42.1 

0.00 0 0 0.0 
521,753 ··•··· 18,425,549 423 1.4 

Out m3 Out ft3 Out AF Difference 

43,570.09 > 1,538,663:21 ; 35;32 ,. 675�9 
925,920.00 32,698,559 751 -750.7 

j\ \. \ . •. . .. ,. . •U A• ·?\:,. .•. .. ..... ·(:••· ..... I'\ 
' . 1..0 

44,274.37 1,563,535 
<. •••·••• 36 .... .... ······ 

.. 76.6 
0.00 0 0 0.0 

1,013;764 35,800,757· 822 2.9 

Out m3 Out ft3 Out AF 

44,026.65 1,554,786:56 '•···· @35.69 
1,388,880.00 49,047,839 1,126 

\ I< NH:\ :!?ii. t. •·•···· ... , ......••.. 

66,883.64 2,361 ;974 .. 54 
0.00 0 0 

1,499,790 52,964,599 .. 1,216 

Outm3 Out ft3 Out AF 

64,291.74 2,270;441.66 52.12 
2, 7 48,404. 75 97,059,007 2,228 

... •\.\/ ... . ·.y;. .• .. . 
135,667.97 . 4,791,070 110 . 

0.00 0 0 
2,948,364 104, 120,518 2,390 

Difference 
.. 101911 

-1126.0 
t.5 

'109:7 
0.0 
4.3 

Difference 

2013.1 
-2228.2 

1\ ..... 3.1 
220:2 

0.0 
8.2 
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2800 AF - Current Configuration with 0 cfs flow in river 

After 60 Davs 
In m3 In ft3 In AF 

Storaqef ·;r I686;726.69 24,251,526.35 << ·· 556.74 ...•... t + 
Well 

u d rfl I Well> · ... r.Lt636.00t;.9,,. , .... >22,460<• ... w •.... ··v·•·.q,,.. << + , n e owl GHB" iA73;717A4•' .. .. 2,603,307.. ..... ... A 60 ;< < 
Stream 0.00 0 o 

After 120 Da s 

Stream 
TOTAL 

After 180 Days 

In minus out 
error% 

1748.8 m3 
0.23 

In m3 In ft3 In AF 

F1,355;947i75 47;884,847'.33 v!\1,099.28< 

·11t1.272:oo·r 
M138;832;94 

0.00 
•!1,496 053/' 

In minus out 
error% 

3536.8 m3 
0.24 

Out m3 Out ft3 Out AF 

175;744.08 6,206,344.12 '142.48 
561,744.69 19,837,828 455 
.. ·. )·, .. ............... ... . .. ·::: . . .. . . · .. · .. :·• ..... ••·. .. 
21,842.52. •. 771,361. .. , 18 

0.00 0 0 
759 331 . 26,815 534 616 

< .
. 

Difference 
. ·• 414.3 

-455.4 
···, 0.5 

.. · .c42.1 
0.0 

... '1.4 

2.9 

In m3 In ft3 In AF Out m3 Out ft3 Out AF Difference 
Storaoe• • • 1 ;962i090 .50 69,290,578:52. .; 1,590.69 ····· 557,308.69• 19,681,172:39 • 451.82 i \1'138.9 
Well 1,537,049.00 54,280,378 1,246 -1246.1 

Stream 0.00 0 0 0.00 0 0 0.0 
TOTAL·v ··•·uc.!f :&2166,503A:• n16,509;342+ 1,756 •... .•. 2,161�223 76,322868' I< 1,752 x· n; 4.3 

After 365 Days 

In minus out 
error% 

2580.2 m3 
0.26 

In m3 In ft3 In AF 

Storaae•· >> k 3;506;302;00 ###########ll :< '2,842.61 
Well 

h Well · .. nt.3; 86R97 <· •······ 136,632 •• · :. •. ··•>< 3 \ ·•• • ·· · ·+ 
Underflowl'GHB· \'412\602.06 ,14;570;9051+ ' 335 ..

. I<} 
Stream 
TOTAL .... 

0.00 0 0 

In minus out 
error% 

138,531,435··· 1···•·· A 3,180< <\ 

10066.8 m3 
0.26 

2800afcurrentbudget.xls 9/14/2005 

Out m3 Out ft3 Out AF Difference 
r;134,l27;88 i:40;051,351.64 • 

• 919.45, '1923.2 
2,643,189.75 93,343,374 2,143 -2142.9 

135,388.56•• '-<. 4, 781';2024+•• .• ·:>•.< .1"10 ..• .. ' h .... 224:7 
0.00 0 0 0.0 

3,912,706 138 175 928\ <• 3;172 .t ······ i 8.2 
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1000 AF - Proposed Configuration with O cfs flow in river 

After 60 Days 

Storaae 
Well 

I+ Well 
Underflow 1 :GHB 
Stream 
TOTAL/ : 

After 120 Days 

Storaae : 

Well 

In m3 
315;368.84 

:· . \\. 636,00 \.( 
74,929.09' 

0.00 
'- v390,934 

In minus out 
error% 

In m3 

In ft3 
11,137,146.65 

: •:•.··· / 22,460 . 
: 2 646,096 

0 
13 805 703 

857.4 m3 
0.22 

In ft3 
i:. 639 ,079;13 . ... 22,568 ,868 .40 • 

In AF 
·.• •· 255.67 

.\.: 1V'::· 
:: 61': 

0 
317 

In AF 
518.11 

L Welr Underflow 
Ii GHB ... 

y, 1;272.00::\ In 44,920/\:: ..... ..... , .. 1 
144582:92 Ii 5,105,898 ::: : 117 

Stream 
TOTAL 

After 180 Davs 

0.00 
784 934• 

In minus out 
error% 

. 
0 

27,719,687 

1880 m3 
0.24 

In m3 In ft3 
Storaae :: •. 9.64971.13 h 34,077,636.84 :: 
Well 

. I Well ,; :1 ;908.00 b 67,380:\ 
Underflow I GHB' 1: 213,426 .80 y '" 7,537;097 ····· ·· 
Stream 0.00 O 
TOTAL' . . . .•. ( 1;180 306/\ 41 682114 

After 365 Days 

Storaae ++ ... , 
Well 

In minus out 
error% 

In m3 
:: 1 983 443.88· 

2960.8 m3 
0.25 

In ft3 
70 ,044 ;665.91 

I Well 
Underflow 1 .. GHB 

:: 3· 868 .97 :fo } 136 632 .a 

Stream 
TOTAL ······

: 

\

: 
.: 428;945.66 .. •: 

0.00 
2 416,259/: 

In minus out 
error% 

1000afmovebudget.xls 9/14/2005 

15, 1 48 ;074 . 

0 
:;: 85 329,372 < 

6449 m3 
0.27 

. 

0 
636 

In AF 
782.31 

:173 
0 

957 

In AF 
1 ,608.00 

,. ... 3 
348 

0 
1,959 

: . ••.. 1· 

, : :·· .. , . 
. :

· 
... ,. 

. . 

· · )i 
: 

: 

:: :·: 

: 

: 

1 . ••. ··. 
: ... .. 

. 

::.1: ... 

... ····· 

. . JU 

.... 

Out m3 
166 ,806.72 

201,495.91 

.... ····· 
... 

21,773.87 
0.00 

390,076'''• 

Out m3 
336;168.31 
403,019.31 

'<Ant 
43 866.09 • · ··· · 

0.00 
783,054: 

Out m3 
507,213.63: 
604,324.13 

65;807.42 .·· 
0.00 

1'177345 

Out m3 
1 ,047;020.00 
1,232,848.63 

129 ,940 .84. 

0.00 
2;409 809 ..•. 

Out ft3 Out AF 
5,890,724:23 135.23 

7,115,761 163 
> 

" . . . . 
.. .. . 

768,937 :: : 18 
0 0 

13 775,423 316 

Out ft3 Out AF 
11 ;871 ,673.02 272.54 

14,232,494 327 
/, :.:: :· Iv.: )i :> 

1549116 I< ·36 
0 0 

27 653 283 . .. 635 

Out ft3 Out AF 

· ····· 

17 912,081.79 k .411.20 
21,341,507 490 

. .  · ·....... . .. -.1-- .... 
2 ,323 ,9p7 I+ .•. 53 

0 0 
41 577,556 : : 954. 

Out ft3 Out AF 
36,975; 165.78 ···••»•848.83 

43,537,642 999 
:: :: ... : 

. 4,588,818 •:• 1: 105 ..... 
0 0 

85101,626 h 1,954 

Difference 
1 20.4 

-163.4 
\ .. : :o.5 

43.1 
0.0 

•... 0.7 

Difference 
... . 245.6 

-326.7 
1.0 

i 81.7 
0.0 
1.5 

Difference 
. 371.1 
-489.9 

1.5 
.... 119.7 

0.0 

I·.·. . 2.4 

Difference 
·:g. ·: 759.2 

-999.5 
? 3.1 
242 .4 

0.0 
It· ···k': :5.2 
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1500 AF - Proposed Configuration with 0 cfs flow in river 
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After 60 Days 

Storaoe 
Well 

J Well' 
Underflow! GHB 
Stream 
TOTAL 

After 120 Days 

Storaoe ······ 
Well 

lnm3 

405,856.59 

/ 636:00 
77,645.87 

0.00 
484,138 

In minus out 
error% 

lnm3 

I 79.3,237.75' 

J Well 
Underflow

1 GHB> . ·· 
1,212.00· 

160;894.39 
Stream 
TOTAL 

Aft er 180 D ays 

Storaoe 
Well 

I Well 
Underflow

1 GHB ... 
Stream 
TOTAL ·)) 

0.00 
. \/ 955,404 

In minus out 
error% 

lnm3 
1, 166,457.13 

1',908.00. 
252,101.45 

0.00 
1 420467/ 

In minus out 
error% 

I Aft 365 D er avs 
lnm3 

I 
Storaoe 
Well 

.I Well 
Underflow

1 GHB 
Stream 

2,276,221.00 

I/ 3,868.97 
568,243.31 

0.00 

In ft3 
14,332,691.68 

22,460 /. 
2,742,038 

0 
17,097,190 

1754.4 m3 
0.36 

In ft3 
28,012,929.37 ...... 

I•• 44,920 
5,681,932 + 

0 
33,739,782 

3744.1 m3 
0.39 

In ft3 
41, 193,048.44 

, .... 67,380 > 
8;902,880 

0 
· 1 50163 308 

5802.9 m3 
0.41 

In ft3 
80,383,993.46 

.•... 136,632' 
20;067,325 

0 

I 
TOTAL i 2 848,333 ..•. I , 100,587 950 

I 
I 
I 
I 

In minus out 
error% 

1500afmovebudget.xls 9/14/2005 

11976.2 m3 
0.42 

In AF 
329.03 

. ... l ./ 
63 
0 

392 

In AF 
643.09 

..... 1 
130 

0 
.... 775 

In AF 
945.66 

./ 2 > 
204 

0 
./ 1152 

In AF 
1,845.36 

3 
> 461 

0 
2309 

Outm3 Out ft3 Out AF Difference 

145,125.09 5, 125,044.80 117.65 211.4 
315,612.31 11,145,745 256 -255.9 

• ' ... , , 0.5 
21,646.70 764,446 18 45.4 

0.00 0 0 0.0 
482,384 17,035,235 391 1.4 

Outm3 Out ft3 Out AF Difference 

I> . ... 287,186.91 10,141,910.82 /. 232.83 I· 410.3 
621,412.06 21,944,962 504 -503.8 

. •· ·> . •• 1 ;0 
43,061.08 1,520,688•.·· 35 95.5 

0.00 0 0 0.0 
951,660 I 33,607,561 772 3.0 

Outm3 Out ft3 Out AF Difference 

430,234.63 15; 193,593.80 i 348.80 596.9 
920,670.50 32,513,175 746 -746.4 ... . / t ······ .... . .. ... .... / > 1.5 
63,758.63 2;251,615 52 152.7 

0.00 0 0 0.0 
. . 1 414,664 49 958,384 17> 1147 4.7 

Outm3 Out ft3 Out AF Difference 

868;192.19 . . . 30,659;920.60 > 703.85 1141..5 
1,847,233.50 65,234,441 1,498 -1497.6 

... b . •. > ····· •.. 3.1 
··. ...... 120;931.39 I 4,270,652 ... k 99 · · ··•·· 362.6 

0.00 0 0 0.0 
2,836,357 1100,165,014 2,299 .. . 9.7 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

2000 AF - Proposed Configuration with 0 cfs flow in river 

Aft 60 D er ays 

lnm3 
Storaqe .. I > 368,438.31 > 
Well 

.I Well , 
Underflow1 GHB 

636.00< > 

... 75,908.32 ...• 

Stream 0.00 
TOTAL .. 444,983 

Aft D er 120 ays 

Storaoe ···· , 
Well 

I Well Underflow1 GHB 
Stream 
TOTAL •... 

Aft 180 D er avs 

Storage 
Well 

Underflow: Well 
GHB 

Stream 
TOTAL 

After 365 Days 

Storaoe ·· 

Well 
l .. Well 

Underflow1 
GHB 

Stream 
TOTAL 

In minus out 
error% 

lnm3 

722,246.13. 

1<;272:00 .... 
,,., 150,958.67 

0.00 
!\ 874 477 

In minus out 
error% 

lnm3 
1,071,978.75 

A1�908.00•,,.· 
. 229,271:53 

0.00 
1,303;158 • 

In minus out 
error% 

lnm3 
I 2, 123,822.50 • 

3,868.97 
491·;194.09 ······ 

0.00 / /· 2 618 886 

In minus out 
error% 

2000afmovebudget.xls 9/14/2005 

In ft3 

13,011,277.42 .·.·· 
22,460 

2,680,677 .·. 
0 

15,714 415 

1730.3 m3 
0.39 

In ft3 

25;505,883.56 

44,920 

...... 

5,331,056 \ ... 
0 

·30 881,860 

3469.6 m3 
0.40 

In ft3 
37,856,575.80 

> 167,380/ 

.8,096,648······ 
0 

46,020 605 

5,301.20 
0.41 

In ft3 

lb 

75,002,090.73 < 

136,632 \ 17,346,357 
0 

92,485,080 .•. 

10902.5 m3 
0.42 

!<'· 

In AF 

298.70 

<' 1··· \• 
62 . .... 
0 

361 

In AF 

·585'.53\ 

\ l' 

n 122 < • 
0 \\. 709 ······· 

In AF 

•
.... 869.07 

.. •\ 2.• . 
186 

0 
··1,056· 

In AF 
1,721.81 

3 ... 

398 
0 

2,123 

Out m3 Out ft3 Out AF Difference 
15,867.46 560,354;18 .\• 12.86 285.8 

405,659.09 14,325,717 329 -328.9 
\ \ . 0.5 

I•· 21,725:80 767,239 18 43.9 
0.00 0 0 0.0 

443,252 15,653,311 359 1.4 

Outm3 Out ft3 Out AF Difference ·\ 16,213.15. 572,562:19 .. ·····13;14 ... 572.4 

811,319.06 28,651,465 658 -657.7 
'\ 5 < .. .\. ··•·· H . 

1.0 , .. \ 43,474:95 1,535;304 {{ •>. 35 87.1 
0.00 0 0 0.0 

871,007 30,759 331 706• 2.8 

Outm3 Out ft3 Out AF Difference 
16,264.58 574,378.21 13.19 855.9 

1,216,976.00 42,977,106 987 -986.6 /• •· •····· ·····. y '!/ t \ .. . ........ 1.5 
64,616.38 2,281,906 .... 52 ······ 133_5 

0.00 0 0 0.0 
1 297,857 I 

. 
45,833,390 1052·••· ........ ·4.3 

Outm3 Out ft3 Out AF Difference 
······· 17,175.23 0606,537.53 .v· 13.92 1707.9 ····· 

2,467,758.50 87, 148,077 2,001 -2000.6 < \ ······ )\ / . 3.1 

'•·. 123,049.38 4,345,448• 100 298.5 
0.00 0 0 0.0 

2,607 983 • 92,100,063 2,114 8.8 



I 

I 
2285 AF - Proposed Configuration with O cfs flow in river 

I 

I 

I 

I 

I 

I 

I 

After 60 Days 

Storage 
Well 

I Well 
Underflow1 GHB 
Stream 
TOTAL 

After 120 Days 

Storage • 

Well 
J Well· 

Underflow1 GHB 
Stream 
TOTAL 

I Af 180 D ter ays 

I 

I 

I 

I 

I 

I 

I 

I 

Storaqe 
Well 

I Well. 
Underflow1 GHB 
Stream 
TOTAL 

Aft 365 D er avs 

Storaqe 
Well 

I wen .... 
Underflow1 GHB 
Stream 
TOTAL 

In m3 In ft3 
424,524.78 14,991,952.56 

. . \ 636.0Q, ' Ii 22,460< 
76,271.03 

0.00 
501,432 

In minus out 
error% 

In m3 

833,712.94 

IF 1,272:00 
153,149.64 

0.00 
988,135 

2,693,486 
0 

17,707,899 

1727.2 m3 
0.35 

In ft3 

29,442,297.26 

( 44,920 t 

5,408,429 
0 

34,895,647 

In minus out 3527.7 m3 
error% · 0.36 

In m3 In ft3 
1,237,686.63 43,708,494. 73 

+ 1;908.00 ...... 67,380 
234,461.86 ..• 8,279,943 • 

0.00 0 
1,474,056 52,055,818 

In minus out 5409.8 m3 
error% 0.37 

In m3 In ft3 
2,451,811.25 86,584,905.20 • ..... 

····3,868.97 ...• 136,632 
510,733.78• 18,036,395 

0.00 0 
2,966,414 104,757,932 

In minus out 11141.8 m3 
error% 0.38 

2285afmovebudget.xls 9/14/2005 

I 

In AF 
344.17 

1 
62 
0 

407 

In AF 

•.• 675.90 

.... 
1 

... 124 
0 

801 

In AF 
i1 ,003.41 

+ 2 
190 

0 
1,195 

In AF 

1,987.72 

... 3 
414 

0 
2,405 

Out m3 

. . 15,035.67 
462,960.00 

.. ........... 
21,708.99 

0.00 
499,705 

Out m3 

.. 15,309.22 
925,920.00 ... · .... . .. <.

··· 

43,377.65 
0.00 

984,607 

Out m3 

15,377;99 
1,388,880.00 

1•. .... . ·<····· +. 

64,388.78 
0.00 

1,468,647 

Out m3 
I+ 16,636.62 

2,816,340.00 
.. •· n:.· 

\ 122,295.52 
0.00 

2,955,272 

Out ft3 

530,979.65 
16,349,280 

766,646 
0 

17,646,905 

Out ft3 

540,640.01 
32,698,559 

. .
.. ... . .. · < 

1,531,867 
0 

34,771,067 

Out ft3 
543;068.48 
49,047,839 

< ••• ..... ····· 

2,273,868 
0 

51,864,776 

Out ft3 

Out AF 

... 12.19 
375 

18 
0 

405 

Out AF 

12.41 
751 

. ... .. .. . .. 
35 
0 

798 

Out AF 

12.47 
1, 126 

, .
.
. , .... 
.. 52 

0 
1,191 

Out AF 

587,516;65. I 13.49 
99,458, 118 2,283 

... ... .. .
..

.. 

rn 

4,318,826 99 
0 0 

104,364 460 2,396 

Difference 

332.0 
-375.3 

0.5 
.·' 44.2 

0.0 
1.4 

Difference 

663.5 
-750.7 

LO 
89.0 

0.0 
2.9 

Difference 

I< 990.9 
-1126.0 
. .... 1.5 

137.9 
0.0 
4.4 

Difference 
I• 1974.2 

-2283.2 
k 3.1 

·· ··· 314;9 
0.0 
9.0 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

2800 AF· Proposed Configuration with 0 cfs flow in river 

After 60 Days 

Storage 
Well 

.I Well 
Underflow1 

GHB 
Stream 
TOTAL 

Aft 120 D er avs 

Storaoe'' 
Well 

Underflow! Well 
GHB 

Stream 
TOTAL 

After 180 Days 

Storaae 
Well 

I Well 
Underflow1

. GHB 
Stream 
TOTAL : 

ft A er 365 D avs 

Storaoe 
Well 

I Well 
Underflow1

. GHB 
Stream 
TOTAL . .. ... .  ········ 

In m3 
722,292.56 

636.00 
75,371.73 

0.00 
798,300 

In minus out 
error% 

In m3 

•:. 

1,462, 165.00 

1,272.00i 
149,362.38/ I 

0.00 
1,612,799 

In minus out 
error% 

In m3 
2,164;646.50' 

1,908.00 
227,285.03 

0.00 
2,393,840 

In minus out 
error% 

In m3 
4,058,842:50 

.... 3,868.97 
495,895.50 

0.00 
4,558,607 

In minus out 
error% 

2800afmovebudget.xls 9/14/2005 

In ft3 
25,507,523.49 

22,460 
2,661,728 

0 
28,191,712 

1729.6 m3 
0.22 

In ft3 
51,635,874.46 

44;920·? v 

·5,274,683 ' 
0 

56,955,478 

3442.6 m3 
0.21 

In ft3 
76,443,776.81 

67,380 
8;026,496' 

0 
... 84 537 ,653 

5232.2 m3 
0.22 

In ft3 

. / 

., 

·
··· i. +:.. 

143,336,683.47 

136;632 
17,512,386 

0 
160,985,701 

10743.0 m3 
0.24 

.. . 
·: 

In AF 
585.57. 

1 \: 

61 . , .  . 

0 
647 

In AF 
1,185.40+ 

o 1 + ···· 
121 : 

0 
1,308 

In AF 
1,754.91 

2 .. ·•·•. : 

.184' ••... 
0 

1,941 

In AF 
3,290.56 

3 ... 
402 

0 
3,696 .•. .... 

Outm3 Out ft3 Out AF 
208,241.66 7,353,985.37 168.82 
566,576.19 20,008,451 459 

\).. r .. .. 
21,752.92 768,197 .1· • 18 

0.00 0 0 
796,571 28,130,634 646 

Outm3 Out ft3 Out AF 
437,438:91 o 15,448,010.62 ..... 354.64// 

1, 128,323.63 39,846,376 915 

... ' .... /\ / .•••. I:!• 

43,594.21 ( 1,539,515 35 .... 

0.00 0 0 
1,609,357 56,833,902 1,305 

Outm3 Out ft3 Out AF 
682,663.38 24, 108,031.81 553.44 

1,641,050.75 57,953,166 1,330 
)\·······< ·•··· ....... : . .. . 

64,893.03 2,291,676 53 
0.00 0 0 

2 388 607 84,352,873 .• 1 936 

Outm3 Out ft3 Out AF 
1,409,849.50 49,788,369.84 1, 142.98. 
3,013,933.00 106,436,049 2,443 

\I• A .. • ·L. . ... 
124,081.30 4;381;890 101 

0.00 0 0 
4,547,864 160,606,309 le 3,687 

Difference 
416'.7 

-459.3 .. 0.5 
43.5 

0.0 
1.4 

Difference 
1·• ? 830.8 

-914.7 
1.0 

85.7 
0.0 
2.8 

Difference 
1201.5 

-1330.4 
·.•. {1.5 
131.7 

0.0 
.. 4.2 

Difference 
2147.6 

-2443.4 
3.1 

301.4 
0.0 .... 8.7 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Max in new wells 
1000 AF - Proposed Configuration with 0 cfs flow in river 

After 60 Days 

Storage 
Well 

.I Well' 
Underflow1 

. GHB· 
Stream 
TOTAL 

Aft 120 D er avs 

Storage 
Well 

.I Well 
Underflow1 

.. GHB 
Stream 
TOTAL 

After 180 Days 

Storage 
Well 

.I Well 
Underflow1 

GHB 
Stream 
TOTAL 

Aft er 365 D avs 

Storaoe 
Well 

I Well 
Underflow1 

GHB 
Stream 
TOTAL 

In m3 

300,372.63 

I< .636.00 ' 
i.75,807:59 

0.00 
376,816 

In minus out 
error% 

In m3 

593,314.25 

1;272.00< 
149,988.05 

0.00 
744,574 

In ft3 

10,607,560.13 

22,460' 
2,677,120 

0 
13,307,140 

1733.2 m3 
0.46 

In ft3 
20,952;696.95 

44,920 
5,296,778 

0 
26,294,396 

In minus out 3488.6 m3 
error% 0.47 

In m3 In ft3 
878,741.00 31,032,448.43 

' 1,900.31 .67,109 .,. 
225,714.25 7,971,024 

0.00 0 
1 106 356 39,070 582 

In minus out 5282.8 m3 
error% 0.48 

In m3 In ft3 
1,793,598.50 63,340,339.14 

.3,868.97 136,632 
478,859.22 16,910,755 

0.00 0 
2,276,327· 80,387;726 

In minus out 11038.2 m3 
error% 0.49 

1 OOOafmovebudgetmax.xls 9/14/2005 

In AF 
243.52 

1 
61 
0 

305 

In AF 

481.01 

·> 1 
•. /. 122 

0 
604 

In AF 
712.41 

2 
183 

0 
897 

In AF 

1,454.09 

3 
388 

0 
I• 1,845 

Out m3 Out ft3 Out AF Difference 

157, 117.20 5,548,542.18. 127.38 116.1 
196,235.67 6,929,998 159 -159.1 

., 0.5 
21,730.08 767,391• ' 18 43.8 

0.00 0 0 0.0 
375,083 13,245,931 .. ·. 304 1.4 

Out m3 Out ft3 Out AF Difference 

... ······· 305,086.84 10,774;041.21 247.34 233.7 
392,471.31 13,859,995 318 -318.2 

. . < • 
···•· v.,. ? •\ ' 1.0 

.. .... 1 · 43,527.52 i 1,537,160 . 35 86.3 
0.00 0 0 0.0 

741,086 26,171,196 601 2.8 

Out m3 Out ft3 Out AF Difference 

450,203.56 15,898,790;24 364.99 347.4 
586,334.25 20,706,201 475 -475.3 

·• ' 9 . ' ·>.' 1.5 
64,534.93 ' 2;279;030 ..•.. 52 f 130.7 

0.00 0 0 0.0 
.. 1,101,073 38,884 020 893 4.3 

Out m3 Out ft3 Out AF Difference 

908,252.38 . 32;074,632.90 736.33 .... 717.8 
1,233,010.75 43,543,368 1,000 -999.6 

M• 3.1 
124,025.36 4,379,915 101 287 .. 7 

0.00 0 0 0.0 
2,265,288 79,997,915 1,836 8.9 



I 

I 

I 

I 

I 

I 

I 

·I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Max in new wells 
1500 AF - Proposed Configuration with 0 cfs flow in river 

Aft D er 60 

Storaoe 
Well 

ays 

.I Well 
Underflow1 

GHB 

Stream 
TOTAL 

Aft 120 D er avs 

Storaoe 
. 

Well 
..... 

lnm3 
456,293.47 

: +,636.00 
: 75,128:79 

0.00 
532,058 

In minus out 
error% 

lnm3 
929,260.44 

I Well·'··· 
Underflow!' 

GHB , 

·1 ;272:00 
. 146,254.58 ···. 

Stream 
TOTAL· / 

Aft 180D er avs 

'Storaoe ... 
Well 

h Well 
Underflow1 

GHB 

Stream 
TOTAL 

Aft er 365 D avs 

Storaoe 
Well 

I Well 
Underflow1 

GHB 

Stream 
TOTAL / 

0.00 
1,076 787 

In minus out 
error% 

lnm3 
1,407,680.00 

1;908;00 

/ 217,810.98t 

0.00 
1,627 399 

In minus out 
error% 

lnm3 
2,840,355�75 

... 3,868.97 

448,366.19 ..• 
0.00 

3;292 591 

In minus out 
error% 

In ft3 
16, 113,853.27 

. 22,460'•'• 

2,653, 1 48 \ 

0 
18,789;462 

1734.9 m3 
0.33 

In ft3 
I/ 32,816.,525.69 

H 44,920 / 
5, 164;932 ·.····· 

0 
38 026 378 

3781.8 m3 
0.32 

In ft3 
49,711,754.67 

67,380·" .... \• 

I•\. 7,691,923:.. • 

' 

0 
57,471,058 

5187.6 m3 
0.32 

In ft3 
100,306,225.99 I 

1 36,632x 
15,833,904 

0 
. 116,276.761 

10203.5 m3 
0.31 

1500afmovebudgetmax.xls 9/14/2005 

In AF 

369.92 

1 

61 

0 
431 

In AF 

753 .36 

1 / 

. .... 119 

0 
873. 

In AF 

1 ,141 .22 

/ .• 2 • 
• '177' 

0 
1,319 

In AF 

2,302.71 

3 
363 

0 
2,669 

Outm3 Out ft3 Out AF Difference 
203,469.08 7, 185,443 .35 ., 164.96 205;0 
305,092.28 10,774,233 247 -247.3 

···•• .... / 
· ···· 0.5 

21,761.94 768,516 18 43.3 
0.00 0 0 0.0 

530,323 I 18 728 192 430 1.4 

Outm3 Out ft3 Out AF Difference 
419,597.09 14,817,932.90 > 340 .17 413 .2 

609,966.00 21,540,748 495 -494.5 
/ .. ·/\ /. "' \ .. ( . 1 .0 

< ... ;;: . : 43,742.21 l,544,742 ,\ 35 > ' 83 . 1 

0.00 0 0 0.0 
1,073 305 37,903 423 870 2.8 

Outm3 Out ft3 Out AF Difference 
641,858.19 22,667,010.08' 520 .36 620.9 

914,948.13 32,311,091 742 -741.8 

\ ::•.•· . ... .. ,····· i .... 1.5 

65;405.08• 2,309;759 \ ... 53 
.. 123.6 

0.00 0 0 0.0 
1 622,211 57 287,860 ..,<· 1,315 4 .2 

Outm3 Out ft3 Out AF Difference 
1,324,501 :38 46, 77 4';328.97 1,073.79 1228.9 

1,830,510.50 64,643,874 1,484 -1484.0 
........ // • .. , 3.1 

·•:• :• 127,375.70 I 4,498;23lt i>+r 103 ... •.... 260.2 

0.00 0 0 0.0 
3 282 388 .,·, 115.916 434 :.:. 2 661······.·. 8.3 
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Max in new wells 

2000 AF - Proposed Configuration with 0 cfs flow in river 

Aft 60 D er ays 

Storaqe 

Well 

U d rfl 
I WelL 

n e owl 
GHB

. 

Stream 

TOTAL 

Aft 120 D er ays 

Storaoe 

Well 

.I Well 
Underflow1 

GHB 

Stream 

TOTAL 

ft A er 180 Days 

Storaqe 

Well 

J Well 
Underflow1 

GHB 

Stream 

TOTAL 

Aft 365 D er avs 

Storaae. 

Well 

J Well 
Underflow

1 GHB 

Stream 

TOTAL •) 

lnm3 

452,887.22 

·.• 636.00 

78,891.58 

0.00 

532,415 

In minus out 

error% 

lnm3 

893,940.44 

,·. 1,272.00 

168,073.78 

0.00 

1,063,286 

In ft3 

15,993,562.68 

22,460 

2,786,030 

0 

18,802,053 

1791.0 m3 

0.34 

In ft3 

31,569,211.55 

44,920 

5,935,470 

0 

37,549 602 

In minus out 3848.9 m3 

error% 0.36 

lnm3 In ft3 

1,321,374.75 46;663,913.24 

>1,908.00 67,380 

269,412.69 9,514,220 

0.00 0 

1 592,695 56 245 514 

In minus out 5934.6 m3 

error% 0.37 

lnm3 In ft3 

2,502,413.25 88,371,898; 13 

3,868.97 136,632 

633,616.50 ? 22,375,958 

0.00 0 

3,139 899 110 884,487 

In minus out 11802.5 m3 

error% 0.38 

2000afmovebudgetmax.xls 9/14/2005 

In AF 

367.16 

1 

64 ,, 

0 

432 

In AF 

724.73 

1 

136 

0 

862 

In AF 

1,071.26 

2 

218 

0 

1 291 

In AF 

2,028.74 

3 
\ ... 514 

0 

2,546 

Outm3 Out ft3 Out AF Difference 
103,479.50 3,654,344.39 83.89 283.3 

405,553.63 14,321,992 329 -328.8 
7 \, 0.5 

21,590.66 ., 762,467 18 46.5 

0.00 0 0 0.0 

530,624 18,738,804 430 •·•.• 1.5 

Outm3 Out ft3 Out AF Difference 

197,372.11 6,970,130.91 160.01 •···· 564.7 
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1.0 PROJECT BACKGROUND AND OBJECTIVES 

Wilson Lake, built and managed by the U.S. Army Corps of Engineers (USACE), was authorized by the 

Flood Control Act of 1944 for flood control, irrigation, navigation, recreation, fish and wildlife, and water 

quality purposes.  Water supply was not one of the authorized purposes.  The Kansas Water Office 

(KWO) coordinates the management, conservation and development of the water resources of the State of 

Kansas (State) in concert with the Kansas Water Authority (Authority).  The Authority's 24 members 

include representatives from diverse water use interest groups and leaders of the State's natural resource 

agencies.  The Authority advises the Governor and Legislature on water issues to be considered for policy 

enactment.  KWO has investigated water supply in the Smoky Hill-Saline River basin (Basin), and has 

conducted studies on the potential water supply yield from Wilson Lake, which is in the Basin.  The 

Kansas Water Marketing Program (Water Marketing Program), a program of KWO, purchases storage in 

Federal reservoirs and then provides the water for sale to municipal and industrial water users. 

The cities of Hays and Russell, Kansas, also have been active in investigating water supply sources, 

including aquifers, rivers, and nearby reservoirs.  For several decades, Kanopolis Lake has been the 

primary focus of raw water studies in the Basin, and the cities have not emphasized Wilson Lake as a 

potential water source because of high levels of chlorides, sulfate, and total dissolved solids, which make 

the water brackish.  However, in the last ten years, technologies such as reverse osmosis (RO) have 

become more efficient at removing those problem constituents, making potable water production from 

Wilson Lake economically feasible.  RO has decreased in cost and increased in efficiency while 

conventional treatment costs have increased.   

As part of its responsibility to ensure adequate water supply in the State, the KWO has requested that the 

USACE investigate the potential feasibility of allocating a portion of the Wilson Lake multipurpose pool 

(MPP) for the purpose of water supply.  USACE and KWO have cooperated in this cost-share study of 

water supply needs and options for the Basin.  This Wilson Lake Water Supply Study Draft 

Environmental Report is an output of the study.  While not investigated fully, the merits of potential 

available water supply sources for the Basin are discussed.  The merits of Wilson Lake as a potential 

water supply source are also discussed.  The opportunity for combining available sources was not 

addressed within the scope of this study.  The potential environmental impacts of a reallocation of Wilson 

Lake are reviewed, and issues needing further investigation in a more detailed Reallocation Feasibility 

Study are identified.  This environmental study includes consideration of the impacts of supplying water 

for municipal use, and limited, readily-available data pertinent to other potential sources is discussed.  

Lake levels, downstream flow, recreation, cultural resources, and fisheries and wildlife are a few of the 
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considerations reviewed.  This environmental study is a first step in determining whether to pursue a 

reallocation, and is not a decision document.  A reallocation feasibility study conducted by USACE 

would be required prior to any reallocation action at Wilson Lake. 

1.1 EXISTING CONDITIONS 

The Basin had an estimated population of 156,161 in 2000.  There are no long-term population 

projections for the Basin.  However, the population of the 32 counties that are entirely or partially in the 

Basin was 330,631 in 2000 and is projected to be 288,939 in the year 2040 (KWO 2009).  Rural counties 

have generally lost population in recent decades.  However, the population of some communities, 

including the city of Hays, is increasing.  For example, the population of Hays is expected to increase to 

24,796 in 2040 (see Table 3-2). 

Increasing water demands are occurring as energy and other industrial users are requesting water from 

public water suppliers or directly accessing water from available water supply resources.  One such user 

is the White Energy ethanol plant which was constructed in 2001 near Russell.  Potential water users in 

the Basin are Hays, Russell, Post Rock, Victoria, McPherson, and Lindsborg, Kansas.  McPherson and 

Lindsborg are located south and east of Kanopolis Lake.  They are potential future users of water from 

Kanopolis Lake, which is also an alternative for Hays and Russell.  They have not requested water from 

Wilson Lake.  Figure 1-1 is a map of Wilson Lake and the vicinity. 

The following sections describe current and estimated future water demands for the cities of Hays and 

Russell and the Post Rock Rural Water District (RWD).  The projections take into account population 

growth, potential industrial growth, and routine water conservation practices.  Additional conservation 

methods are discussed in section 2.1, Conservation. 

1.1.1 Hays 

Hays has a growing population, currently around 20,400, and has been actively searching for new water 

sources.  The city of Hays receives water from well fields within the city and along the Smoky Hill 

River and Big Creek.  Current well fields are within 10 to 15 miles of the city, in western Ellis County.  

Hays and Russell have also purchased the Circle K Ranch along the Arkansas River in Edwards County 

for potential development as a supplemental water supply.  Development of the water rights at the Circle 

K Ranch would allow the city to tap Arkansas River alluvium and the Ogallala Aquifer approximately 

78 miles to the south of Hays.  However, this development needs additional investigation.  Approval of 

the use requires state approval and a transfer of water rights from irrigation to public water supply.   
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In addition, the cost for the needed infrastructure and the operational costs for long-distance transport of 

water from the Arkansas Basin to the point of delivery would need to be evaluated to determine economic 

feasibility.  Because this stretch of the Arkansas River exhibits extended periods of no flow, surface water 

would not be a reliable water source.  If the water rights for Circle K Ranch are converted from irrigation 

to public water supply, the water right is estimated to be 4.94 MGD (5,533 acre-feet per year). 

In the absence of water from Circle K, Hays has water rights which amount to 3.4 million gallons per day 

(MGD) or 3,808 acre-feet per year (one MGD=1,120 acre-feet per year).  However, Hays’s safe yield of 

2.1 MGD (2,352 acre-feet per year) is less than its water rights.  The safe yield is less than the water 

rights because much of Hays’s water rights are for water in the Dakota aquifer, which does not yield as 

much water as their water right.   

Other efforts to increase the safe yield for Hays have included relocating the wells further apart in the 

Dakota aquifer and adding a RO treatment system for up to 200 gpm of supply.  The water treatment plant 

capacity is 6.0 MGD or 6,720 acre-feet per year (Burns & McDonnell, 2003).  For planning purposes, the 

available supply is considered to be 3.4 MGD average, and the maximum potential supply and water 

treatment plant capacity is considered to be 6.0 MGD.  Standard design of treatment facilities is based on 

assumed maximum day flow that is approximately 1.5 to 2.0 times the average day flow.  Based on 

projections provided by Public Wholesale Water Supply District (PWWSD) #15 in 2007, the per capita 

usage for Hays in 2010 is estimated to be 125 gallons per day per person (0.14 acre feet per year per 

person) and the usage is expected to increase to 151 gallons per day per person by 2050.  The increase in 

estimated usage per capita is due to possible industrial growth in the area and the potential for multi-year 

extended severe droughts.  Although Hays has had relatively few dry periods in recent years, the 

possibility of future drought must be taken into account in this region. 

1.1.2 Russell 

The city of Russell, with a population of about 4,200, has also been actively searching for new sources.  

Russell has water rights associated with the Pfeifer well field, Smoky Hill River, and Big Creek.  The 

Smoky Hill and Big Creek well fields are in alluvial aquifers, where the recharge rate is very fast for the 

underlying aquifer and water from the river easily recharges the aquifer.  Russell’s allowable diversion 

from all sources annually is 1,840 acre-feet (1.64 MGD).  During droughts or extended dry periods, there 

is no flow in either stream and other water sources must be found.  The Pfeifer well field is on the Smoky 

Hill River and is replenished by river flows, since it is composed of relatively shallow wells reaching only 

about 50 feet below the ground surface.  An intake on Fossil Lake is available as an emergency supply.  

Fossil Lake is a storage reservoir for water pumped from other sources (the Smoky Hill River, Big Creek, 
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and Pfeifer well fields) and is used only during dry periods for emergency supply.  The Russell water 

treatment plant maximum capacity is 2.0 MGD, but Russell’s combined water right is only 1.64 MGD 

(Burns & McDonnell 2003).  For planning purposes, Russell’s available supply is considered to be 1.64 

MGD average and 2.0 MGD maximum. 

PWWSD #15 indicated that the per capita usage in 2010 in Russell is estimated to be 340 gallons per day 

per person (0.38 acre feet per year per person) and is expected to slightly increase to 344 gallons per day 

in 2050.  The per capita use is expected to remain constant because Russell’s water demand is nearing its 

supply and, therefore, is not likely to attract additional industrial customers.  The higher per capita usage 

for Russell is due to water-using industries located in or near Russell.  The largest of these industries is 

the White Energy ethanol plant that was constructed in 2001.  White Energy is projected to consume an 

average of 0.45 MGD (Ernst 2009).  Table 1-1 provides a comparison of water supply and usage data for 

Hays and Russell, the largest public water suppliers in the region. 

Table 1-1: Comparison of Hays and Russell Water Supply and Usage 

City 

Water Rights 

(MGD) 

Available 
(Safe Yield) 

(MGD) 

Water Treatment 
Plant Capacity 

(MGD) 

Per Capita Water 
Usage 

(MGD) 

Hays 3.4 2.1 6.0 125 
Russell 1.64 1.64 2.0 340 
Source:  Burns & McDonnell 2003 

1.1.3 Post Rock 

The Post Rock RWD (RWD #1 of Ellsworth County) supply system consists of an intake and water 

treatment plant on Kanopolis Lake, along with distribution lines serving about 1,330 retail customers, or 

approximately 3,845 people.  The Post Rock RWD system directly serves customers in eight counties in 

the vicinity of Russell and indirectly serves additional customers through wholesale accounts to two 

additional counties, including the communities of Brookville, Dorrance, Ellsworth, Gorham, Luray, 

Paradise, and Waldo.  Water is also supplied to the Osborne County RWD #2 and Saline County RWD 

#7.  Post Rock operates and manages Saline County RWD #7 and Ellis County RWD #5.  The system 

includes approximately 1,500 miles of distribution line.  Delivery of potable water over the large 

geographic area has been a challenge.  Due to the vast size of the distribution system, water losses have 

been recorded to be 15 to 20 percent (Bailey 2009).  The source of water is Kanopolis Lake.  The average 

available water supply is 0.65 MGD or 728 acre-feet per year.  The water treatment plant capacity is 1.0 

MGD, and this represents the maximum water supply capacity (Burns & McDonnell 2003; Post Rock 

RWD 2010). 
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1.1.4 Ellsworth 

Ellsworth is located approximately 35 miles east-southeast of Russell (approximately 68 miles east of 

Hays) and has a population of approximately 2,900.  Ellsworth receives its water city-owned wells.  It is 

connected to the Post Rock RWD system but seldom purchases water.  None was purchased in 2009 and 

2010 to date.  Overall, the available supply for Ellsworth is 0.39 MGD (437 acre-feet per year) and the 

maximum supply is 0.79 MGD.  The current demand for Ellsworth is 0.42 MGD, but demand is expected 

to increase to 1.01 MGD by 2050.  The demand estimates are based on standard population growth rates 

and the potential for extended dry periods. 

1.1.5 Victoria 

Victoria, located approximately 10 miles east of Hays, has a population of about 1,200.  According to city 

staff, the available supply for Victoria is 0.14 MGD (157 acre-feet per year) and the maximum supply is 

0.28 MGD.  Victoria receives its water from city-owned and operated wells.  The current demand for 

Victoria is 0.14 MGD, but it is expected to increase to around 0.36 MGD by 2050.  The increasing 

demand is associated with the increased per capita usage and the use of water by developing industrial 

loads.  The demand estimations were based on standard population growth rates and the potential for 

extended dry periods. 

1.1.6 Water Supply Needs in the Smoky Hill-Saline Basin 

For this project, local water suppliers in the Basin area were contacted to determine water demand 

projections.  This included Hays, Russell, the Post Rock RWD, and other water users in the Wilson Lake-

Hays area.  Based on the study, in addition to Hays, Russell, and the Post Rock RWD, only the towns of 

Ellsworth and Victoria showed an increasing demand.  The cities of Bunker Hill, Sylvan Grove, and 

Wilson, Kansas, showed a slowly decreasing or static demand.  Projections for each city are given in 

Table 1-2.  Estimated supply and demand values are taken from the 2005 Wilson Lake Water Treatment 

Facilities Concept Design Report or were verified with each city’s staff.  Although water rights could be 

purchased from cities with decreasing demand, the amount of surplus water is insignificant when 

compared to the increasing demand from other cities. 

Available supply was first estimated based on the water rights and treatment plant capacity discussed 

earlier.  The available supply ranges from 3.40 MGD for Hays to 0.02 MGD for Bunker Hill.  Next, the 

potential demand in 2050 was determined.  For Hays, this was estimated to be 5.5 MGD average and 

11.0 MGD maximum.  By subtracting the available supply from the 2050 demand, the 2050 deficit was 

estimated (Table 1-2).  In order to produce the needed 2.1 MGD average and 5.0 MGD maximum, 

additional raw water of 2.6 MGD and 6.2 MGD, respectively, would be needed.  In order to show the 
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timing of water deficits for each public water supplier, deficits for 2010, 2020, 2030, and 2040 are also 

presented.  For example, a deficit for Hays begins to show in 2020, and this increases from a deficit of 

0.3 MGD in 2020 to 1.47 MGD in 2040.  This analysis was repeated for each public water supplier. 

The total water supply for users analyzed in the Basin (Hays, Russell, Bunker Hill, Post Rock RWD, 

Ellsworth, Sylvan Grove, Victoria, and Wilson) of 6.38 MGD average and 11.19 MGD maximum is 

adequate for current demand.  However, by 2050, the average demand is expected to increase to 10.12 

MGD and the maximum demand to 18.64 MGD.  This increase in water demand is expected primarily 

because of additional customers, including water-using industries.  This projection is also based on an 

upward trend in total population in urban counties, even though smaller rural counties have lost 

population in the last couple of decades. 

To adequately provide resources to meet this potable water demand, additional or new raw water storage 

capacity is required that will provide 5.15 MGD average (5,712 acre-feet per year) and 10.4 MGD 

maximum (11,648 acre-feet per year).  Therefore, potential yield and storage capacity from Wilson Lake 

is based on the 5.15 MGD average demand for raw water.  This data is listed in Table 1-2 and was 

confirmed with each city’s staff at the beginning of the study in 2007. 
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1.2 KANSAS WATER PLAN, SMOKY HILL-SALINE RIVER BASIN SECTION 

The 2009 Kansas Water Plan, Smoky Hill-Saline River Basin Section, lists meeting central Kansas 

Smoky Hill-Saline regional public water supply (municipal and industrial) needs as a high priority issue.  

A specific objective of the plan is to address the public water supply needs in the Basin, including those 

of the cities of Hays and Russell.  A regional solution is recommended.  A prominent goal of the plan is to 

reduce the number of public water supply systems that are vulnerable to drought.  Of the public water 

supply systems in the Basin, those of Hays and Russell are considered to be drought vulnerable based on 

limited sources of water.  These cities are consistently found on the list of drought vulnerable water 

suppliers because of the sources (wells and stream flow) that they rely upon.  Since the summer of 2000, 

drought persisted in northern and western areas of Kansas for several years.  During 2003, Kansas 

experienced widespread and severe drought conditions.  Water supplies recovered in 2007 and 2008, but 

the prospect of periodic droughts and water shortages in the Basin remains. 

1.3 REGIONAL WATER SUPPLY RESOURCES 

Water sources in the Basin include Cedar Bluff, Kanopolis, and Wilson reservoirs; the Smoky Hill, Big 

Creek and Saline rivers and tributaries (and associated alluvium); and the Ogallala-High Plains aquifer in 

western portions of the Basin.  Historically, the city of Hays has pumped an average of 87.8 acre-feet per 

year from its six Dakota wells; the maximum perfected volume based on historical usage is 512 acre-feet 

per year.  The average annual Ogallala-High Plains aquifer water level decline rate has slowed over the 

past three decades, but the aquifer is still declining (URS Group 2004).  Deeper aquifers such as the 

Dakota are also available, if poor water quality and low yield concerns can be addressed.  The Dakota 

aquifer is located within sandstones and this geology makes it difficult to increase the yield.  Hays has six 

wells that were installed in the early 1990s.  Due to high levels of chlorides (ranging from 500 to 1,000 

mg/L), sodium, and fluoride, the city of Hays only pumps 50 to 100 gpm per well from the Dakota 

aquifer.  RO treatment would be required if higher volumes were to be pumped (Burns & McDonnell 

2003). 

Appropriations for municipal use water rights from all sources in the Basin totaled 35,247 acre-feet per 

year (31.5 MGD).  Industrial water rights, not included as part of municipal water rights, totaled an 

additional 7,319 acre-feet per year (6.5 MGD).  Corresponding water use reported for 2006 was 18,901 

(16.9 MGD) and 1,687 acre-feet per year (1.5 MGD) for municipal and industrial uses respectively.  

Suppliers of water in the central portion of the Basin are interconnected.  For instance, in 2006, Post Rock 

RWD pulled water from Kanopolis Lake and in turn supplied it to 11 other suppliers in the Basin, as well 

as its rural customers. 
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In 2006, there were 99 public water suppliers in the Basin.  In order to meet future water supply needs, a 

range of options that could be investigated in the Basin includes Cedar Bluff, Kanopolis, and Wilson 

reservoirs; the Smoky Hill, Big Creek, and Saline rivers and tributaries (and associated alluvium for 

groundwater); and the Ogallala-High Plains and Dakota aquifers.  Other options that involve inter-basin 

transfer such as Waconda Reservoir could also be investigated. 

* * * * * 

 



2.0 ALTERNATIVES 
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2.0 ALTERNATIVES 

The USACE, in cooperation with KWO, is investigating whether to reallocate storage from the MPP of 

Wilson Lake.  If the reallocation request is granted, up to 5.15 MGD would be available for municipal 

water supply.  As indicated in Section 1.0, groundwater, surface water, and reservoir sources have been 

considered and utilized in the Smoky Hill-Saline Basin (Basin) for some time.  Alternative methods of 

obtaining additional water for the Basin include pumping additional groundwater, tapping additional 

surface water sources, and withdrawing water from reservoirs.  Demand can also be reduced by 

conservation measures.  These options as they apply to the Basin are described below.  It should be noted 

that for the purposes of this analysis, the terms “reservoir” and “lake” are used interchangeably, although 

reservoir is often used to describe an artificial body of water.   

2.1 CONSERVATION 

Water conservation activities have been implemented for all water users in the Basin.  Hayes, as a 

municipality, has a low per capita water use, as compared to other cities, as a result of aggressive water 

conservation programs, while Russell has a higher use due to the presence of industries.  Both cities are 

expected to continue and intensify their conservation efforts in the future. 

Hays has implemented several conservation programs that have successfully reduced water use per capita.  

It maintains high water conservation levels through the implementation of a rigorous conservation plan.  

For instance, Hays offers a high efficiency clothes washer rebate program and provides suggestions for 

water savings within the home to its residents.  Also, a water use permit program for special watering 

situations (such as installing a new lawn) and an inverted rate structure have been established (City of 

Hays 2009).  In 1970, Hays pumped 754,321,160 gallons of water from its production wells, but in 2008 

it pumped 693,967,220 gallons of water.  During this same time period the population increased by more 

than 4,300 residences.  In 2008, Hays also had a water loss of 11.4 percent, which is well under the 

industry standard of 15 percent.  While the population of Hays has increased, the water use in gallons per 

capita-day (gpcd) has not changed and is not expected to change due to water conservation measures. 

Population data and gpcd data for Russell indicate that it may have additional water conservation 

opportunities.  From 1970 to 2008, the population decreased by 1,400 residents, but the water use 

increased by 154 gpcd.  While new industrial customers are the likely cause of this usage increase, an 

additional, stricter water conservation plan could potentially be an alternative measure for Russell. 

Agricultural irrigation is the major water user in the Basin.  In 2006, irrigation accounted for nearly 

87 percent of all reported water pumped or diverted in the Basin (KWO 2009).  The conservation of 
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agricultural water and its conversion for municipal and industrial purposes has not been evaluated.  

Municipal use accounted for nine percent of water used.  Although it is possible to reallocate irrigation 

rights to municipal and industrial rights, it is likely that the rights would be recategorized at a lower 

quantity (possibly less than 75 percent of the current amount).  Even if some agricultural water 

adjustments were made, it is uncertain whether large quantities of agricultural water could be made 

available to the municipalities.  Further investigation would be needed.  

2.2 GROUNDWATER 

Two potential sources of groundwater are the High Plains Aquifer and the Dakota Aquifer.  Groundwater 

appropriations in the Basin total 78,828 acre-feet (25,677 million gallons).  This includes the alluvial 

aquifers along the major rivers and tributaries. 

The High Plains aquifer underlies about 174,000 square miles of the central United States (including 

portions of eight states).  The Ogallala formation is the principal geologic unit in the High Plains aquifer, 

and it accounts for approximately 134,000 square miles of the High Plains aquifer.  This formation is the 

dominant, often sole, source of water in western Kansas.  Where the Ogallala formation is present, this 

aquifer provides water in the western part of the Smoky Hill – Saline Basin.  The U.S. Geological Survey 

(USGS) estimated water in storage in the Kansas portion of the High Plains aquifer to be about 32 million 

acre-feet of water in 1992.  The majority of the aquifer is under the management of Groundwater 

Management Districts (GMDs), which are established through petition by local landowners and water 

users to the Kansas Division of Water Resources (K.S.A. 82a-1020 et seq.).  Rules for use are set by local 

landowners and water users.  The Basin overlaps portions of the aquifer managed by the Western Kansas 

Groundwater Management District No. 1 (GMD 1) and Northwest Kansas Groundwater Management 

District No. 4 (GMD 4).  Within GMD 1, the water storage is being depleted and is closed to further 

development.  GMD 4 is located in Northwest Kansas, and small groundwater appropriations may be 

obtained in some locations.  However, these small groundwater appropriations in GMD 4 were not 

considered since they are limited to small quantities (under 15 acre-feet per year) and require that very 

specific criteria be met (KWO 2009).   

According to the Kansas Geological Survey, groundwater from the Dakota aquifer is used for domestic, 

municipal, industrial, and agricultural purposes.  The Dakota aquifer underlies most of the Basin, with 

outcrops in Russell, Lincoln, Ellsworth and eastern Saline Counties.  In central Kansas, the Dakota 

provides a good source of water for irrigation, stock watering, municipal supply, and industry.  In west-

central Kansas, the aquifer is a primary source of water for livestock and domestic use.  There is great 

variability in aquifer yield and quality from the Dakota.  The salinity of Dakota aquifer waters is one of 
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the most important factors limiting use and exploration in the confined aquifer.  Some attempts have been 

made to use Dakota groundwater of marginal chemical quality for public supply, either by blending with 

fresher waters from shallow aquifers or by employing advanced treatment technologies.  Hays has 

successfully developed slightly saline waters in the Dakota aquifer in west-central Ellis County.  

Typically, the best aquifers in the Dakota consist of sandstone and are up to 100 feet (30 m) thick, 

1.5 miles (2.4 km) wide, and 20 miles (32 km) or more long.  Outcrops of these thick, alluvial sandstone 

bodies form the bluffs and canyons along the north shore of Kanopolis Lake in Ellsworth County and 

along the Saline River valley in the vicinity and upstream of Wilson Lake in Russell County.  

Reported well yields in the Dakota aquifer of Kansas range widely and are generally the highest in central 

and southwestern Kansas.  Well yields of up to 1,000 gallons per minute (1.44 MGD) have been reported 

from Hodgeman and Ford Counties in the Arkansas River basin.  Well yield depends on the design and 

condition of the well, the pumping equipment, and the aquifer's ability to produce water.  The most 

important factors governing the ability of the Dakota aquifer to produce water are the thickness of the 

sandstone and its permeability.  In general, the greater the thickness of sandstone adjacent to the well 

screen, the greater the yield.  Similarly, the more permeable the sandstone, the greater the yield.  Limited 

laboratory and field tests indicate that the sandstones of the Dakota aquifer are generally more permeable 

in central Kansas than they are farther to the west.  If water quality issues can be overcome, these aquifers 

can provide short-term pumping rates that are high enough to support municipal water supply.  However, 

the yields would gradually decline with time and are not believed to be a permanent water supply 

solution.  Burns & McDonnell recently performed a study that concluded that Hays could only sustain up 

to 320 gpm (0.46 MGD) from all the Dakota wells, which is significantly less than the future demand 

stated earlier in this report. 

The Kansas Geological Survey (KGS) conducted a study of the sustainability of pumping from the 

Dakota aquifer in 1996.  The planning period of the study was 20 years for both the confined and 

unconfined sections of the aquifer.  The results for the confined and unconfined portions of the aquifer 

varied.  For the confined aquifer, an overlying impermeable layer restricts recharge flow from entering it; 

therefore, any water being pumped would come from storage.  Even in areas where the High Plains 

aquifer is present, there is low vertical hydraulic conductivity.  After approximately ten years of pumping, 

multiple pumping wells would create large drawdowns of the aquifer.  If pumping is too close to sources 

of salt water recharge, large drawdowns may increase the rate of saltwater intrusion, thus contaminating 

the water.  To prevent depletion of the aquifer, the proximity of the wells would be crucial (spacing of 

20 miles in an east-west direction and five miles in a north-south direction would be required to prevent 
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well interference) (KGS 1996).  According to the KGS Water Well Data Base, there are 21 water wells 

within one-half mile of the current pool elevation of Wilson Lake, within one mile downstream of Wilson 

Dam, or within one mile upstream of the current pool elevation.  Most are used for domestic water supply 

(USACE 2010).  

In unconfined areas, the Dakota and High Plains aquifers are hydraulically connected.  Therefore, 

pumped water in these areas would be replenished primarily from the High Plains aquifer, possibly 

upsetting the balance between the two aquifers.  However, the effects of pumping on the balance in the 

study area would be minimal, since pumping would be closer to aquifer recharge and discharge areas 

(KGS 1996).  For the purposes of this study, the Dakota aquifer is considered confined since the majority 

of the study area is located over the confined portion.  Because it is confined and not recharged, the 

Dakota aquifer is not a likely dependable additional source of water. 

2.3 SURFACE WATER 

Surface water in the area exists in reservoirs and streams.  There are 3,832 perennial stream miles in the 

Basin.  Diversions totaling 241,950 acre-feet (78,811 million gallons) are authorized from all surface 

water sources in the Basin.  Approximately 9,531 acre-feet (3,104 million gallons) are authorized for 

public water supply from surface supplies.  Due to historic extended periods of low flows, streams such as 

the Smoky Hill River, Big Creek, and the Saline River do not provide reliable water supply via a surface 

water intake, and in some years flow stops.  New surface water appropriations are unavailable.   

The Smoky Hill River, based on the USGS River Gage Records, reported its highest river stage and 

stream flow on July 23, 1993.  This was 30,300 cubic feet per second (cfs) (19,583 MGD).  In contrast, 

the lowest daily flow recorded at the Ellsworth stream gage was 0.60 cfs (0.39 MGD) on September 28, 

1956.  Minimum Desirable Streamflow (MDS), an amount of flow for in stream uses and downstream 

water rights, has been set for one USGS gage on the Smoky Hill River near Ellsworth.  The MDS 

monthly flow target varies by month, but on average, the measurement at this gage on the Smoky Hill 

River has been insufficient to meet the MDS.  The MDS target is set by the Kansas Division of Water 

Resources and it is based on meeting downstream water rights.  At Schoenchen, Kansas, due south of 

Hays, flows less than 10 cfs have been monitored for 50 percent of the time (Burns & McDonnell, 2003).  

The Russell intake on the Smoky Hill River is only operational when water flows over a low head dam 

located near the alluvial well field along the river.  When the river intake is not available, water is 

pumped from a well field.   
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Big Creek and the Saline River are similar to the Smoky Hill River in that low flows during extended 

periods of drought do not allow them to be considered as a dependable water supply.  At times, major 

portions of Big Creek have periods of no flow, and below Hays, Big Creek flows include the return flows 

from the Hays wastewater treatment plant.  As Hays recycles more water, these return flows will continue 

to be reduced. 

2.4 RESERVOIRS 

Larger reservoirs and lakes in the area, such as Cedar Bluff, Kanopolis, Waconda, and Wilson, have also 

been considered for their potential to contribute to regional water supply. 

2.4.1 Cedar Bluff 

Cedar Bluff Reservoir, operated by the U.S. Bureau of Reclamation, provides flood protection and storage 

of water for fish and wildlife, along with water for municipal use by the city of Russell through recharge 

of the Smoky Hill River alluvium.  At the top of the conservation pool, elevation 2,144.0, the reservoir is 

6,869 acres in area and there is 143,878 acre-feet of conservation storage.  Due to lack of inflow, the 

reservoir is not often at this level.  The city of Russell owns storage in Cedar Bluff Reservoir which 

provides up to 1.8 MGD (2,106 acre-feet per year).  However, there is no water intake on the reservoir; 

instead, the Smoky Hill River delivers Russell’s Cedar Bluff water via the streambed to the existing 

intake for the city.  Although Russell can request a release at any time, the State does not guarantee a 

dependable water supply once the water is released from the reservoir.  Losses generally occur, including 

infiltration, evaporation, and direct pumping by others along the river upstream of the Russell intake 

(Burns & McDonnell 2003). 

Cedar Bluff Reservoir was originally authorized for irrigation, flood control, and water supply, with 

incidental benefits for recreation, fish and wildlife, and water quality.  In 1992, Congress reformulated the 

project purposes to create an operating pool for fish, wildlife, and recreation.  Irrigation was abandoned as 

a project purpose and the irrigation district was dissolved.  Results of an analysis by KWO to determine 

the water supply yield that can be expected during a two percent chance drought (required for the Water 

Marketing Program) indicated Cedar Bluff is not suitable for storage of water under the Water Marketing 

Program (KWO 2009).  In addition, all of the streams and alluvial corridors in the Basin are closed or 

restricted for new water appropriations.  There are three intensive groundwater use control areas 

(IGUCAs) in the Basin, one within the city of Hays to limit domestic wells, another downstream from 

Cedar Bluff Reservoir, and a third upstream from Cedar Bluff Reservoir.  IGUCAs are specific areas 

assigned by the Kansas Division of Water Resources for the purpose of managing groundwater use to 

reduce groundwater decline.  IGUCAs are designated where it is determined that groundwater levels are 
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declining excessively, the rate of groundwater withdrawal exceeds the rate of groundwater recharge, or 

unreasonable deterioration of groundwater quality has occurred or may occur (K.S.A. 82a-1036 et seq.).  

IGUCAs may close or restrict water rights appropriations in that area.  

2.4.2 Kanopolis Lake 

Kanopolis Lake, operated by USACE, is located on the Smoky Hill River downstream of Ellsworth, to 

the east of Hays and Russell.  Kanopolis is the major source of municipal and industrial water to over 

12,000 customers in parts of eight counties in north-central Kansas.   

Kanopolis Lake was initially authorized for flood control, irrigation, and recreation purposes.  Kanopolis 

Dam was completed in 1946 and the lake filled in 1948.  The irrigation purpose of Kanopolis Lake was 

never developed due to the lack of an irrigation district downstream of the lake.  Subsequently, the 

storage was allocated to include water supply.  Kanopolis Lake provides flood protection and storage of 

water for municipal and industrial use, along with fish, wildlife, and recreation benefits.  Kanopolis also 

provides water for downstream water quality. 

In June 2002, the KWO and the USACE finalized a contract for the purchase of 46.6 percent of the MPP.  

This contract is for 12,500 acre-feet of public water supply storage in Kanopolis Lake.  Post Rock RWD 

has a contract for a portion of this available yield and is the only public water supply withdrawing water 

from Kanopolis Lake.  In addition, Kanopolis Lake was analyzed by KWO to determine what water 

supply yield can be expected during a two-percent-chance drought.  As a result of this study, the yield 

was revised by KWO in 2008 to an estimated availability of 6.5 MGD (7,280 acre-feet per year) in 2040 

(KWO 2009).  This amount is reduced from earlier estimates due to storage loss from sedimentation and 

recent reductions of inflow into the lake from the Smoky Hill River, based on flow measurements since 

1950 between Bunker Hill and Ellsworth, upstream of the lake.  

Six active applications totaling 23.4 MGD (far in excess of the water available in the USACE-KWO 

contract) are on file with the KWO (KWO 2009).  In addition to Hays, Russell, and Post Rock RWD, 

applications are on file for the cities of McPherson and Lindsborg, and from White Energy Partners in 

Russell (KWO, 2007).  If either the larger or some combination of the smaller applications for use of 

Kanopolis Lake were granted by KWO, available yield would be fully committed.  At present, each of the 

cities involved have filed multiple applications for storage.  These storage applications total more than 

there is water available. 

Like all USACE lakes, Kanopolis has a lake regulation manual that contains operating guidance.  

Releases from storage are made according to set schedules that can be found in the Kanopolis Water 
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Control Manual.  The conservation storage pool typically contains a percentage identified as the water 

quality pool.  Releases from Kanopolis are specifically to support low flow requirements at Salina, 

Kansas, and are not made to support water appropriations downstream that are not authorized by the 

State.  Recent drought years have brought attention to the operation of Kanopolis Lake.  Specifically of 

concern are the water releases and lake levels during times of little or no inflow, such as in 2006, and the 

needs of downstream water users.  This concern is reinforced by data on water appropriations and water 

uses.  In the 101 miles of river below Kanopolis Dam to the New Cambria gage, which is located east of 

the confluence of the Smoky Hill and Saline rivers, there are nearly 300 water rights for an authorized 

quantity totaling 43,123 acre-feet per year (38.5 MGD) from surface and alluvial groundwater sources 

(Table 2-1).  The larger portions of this quantity are appropriations for irrigation, and municipal and 

industrial use, including the city of Salina (Table 2-2).   

Table 2-1: 2008 Appropriations below Kanopolis to New Cambria Gage 

298 Authorized Water Appropriations 

Use Made of Water (Acre-Feet) 
Source Domestic Industrial Irrigation Municipal Recreation Stock Other Total 

Surface 1 0 7,403 5,028 246 0 6,958 19,636 

Ground 20 1,368 11,544 8,188 207 102 2,058 23,487 

Total 21 1,368 18,947 13,216 453 102 9,016 43,123 
 

Table 2-2: 2006 Reported Water Use below Kanopolis to Mentor Gage 

276 Authorized Water Rights reporting 

Use Made of Water (Acre-Feet) 
Source Domestic Industrial Irrigation Municipal Recreation Stock Other Total 

Surface 0 0 1,968 4,206 196 0 0 6,370 
Ground 0 370 5,349 3,287 129 63 904 10,102 

Total 0 370 7,317 7,493 325 63 904 16,472 
Source: WIMAS Summary Results as of April 17, 2008; KWO 2009 

2.4.3 Waconda 

Waconda Lake, a Bureau of Reclamation facility, is located in the Solomon River Basin approximately 40 

miles north of Wilson Lake.  Waconda Lake is one of the key flood control features of the Kansas River 

Basin, and the lake provides a high degree of protection to the lower Solomon River Valley.  When 

operated in conjunction with other reservoirs, it contributes effectively to the control of flooding on the 
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lower Smoky Hill and Kansas Rivers.  The crest of the dam is at elevation 1,500.0; with water at elevation 

1,488.3 at the top of the flood pool.  Sufficient storage has been provided above the conservation pool to 

protect the valley below the dam from a flood equal in magnitude to the flood that occurred in 1951—the 

greatest recorded flood in the history of the Solomon Valley. 

Waconda Lake has a shoreline of over 100 miles and covers 12,586 acres at elevation 1455.6, the top of 

the irrigation or conservation pool.  The conservation pool provides 193,183 acre-feet of storage.  The 

flood control pool’s highest elevation is 1488.3 feet, at which the pool provides 722,988 acre-feet of 

storage.  At the maximum surface elevation of 1492.9, the surcharge pool provides 165,081 acre-feet of 

storage and the reservoir has a total storage of 1,107,489 acre-feet (USBR 2009).  In 1970, 2,000 acre-feet 

of storage was allocated to the city of Beloit, Kansas, as a source of municipal water with the remaining 

storage planned for use in the development of irrigated farmland.  The water supply allocation is provided 

to Beloit by releases into the Solomon River below the dam. The State has not purchased storage from 

Waconda Lake for municipal water supply, and the amount of storage that could be made available for 

purchase is unknown. 

Two studies provide information on the quality of water that could be obtained from Waconda Lake.  In 

2001, Waconda Lake was slightly eutrophic.  Trophic state assessments of potential algal productivity 

indicate the level of nutrients in the water.  The water quality report indicated that the lake had high levels 

of chlorophyll a, total phosphorus, and nitrogen.  In 2008, guidance programs were implemented to limit 

the nutrient load entering the lake (KDHE 2003).  Another water quality study conducted in 2006 

analyzed the water quality of the Solomon River at the dam creating Waconda Lake, Glen Elder Dam.  

The lake discharge indicated low levels of chloride (98.1 mg/L to 112 mg/L) and higher levels of sulfate 

(265 mg/L to 304 mg/L).  These values indicate that if water were pumped from Waconda Lake it would 

not need pretreatment (KGS 2006). 

Since the mid-1950s, the surface water supply in the Solomon River basin has decreased significantly. 

For example, the 10-year moving average inflow to Webster Reservoir has decreased from 81,800 acre-

feet in 1955 to 11,700 acre-feet in 1992 (KWO 2009).  Reduced stream flow and runoff into streams in 

the Solomon River basin have been reflected in lower water levels in Webster Reservoir and Kirwin 

Reservoir.  Both of these reservoirs discharge water into Waconda.  Waconda Reservoir is currently used 

for municipal water supply (2,000 acre-feet), and 15,170 acre-feet is currently allocated to the Glen Elder 

Irrigation District (KWO 2009).  If access to the water could be obtained through a reallocation from 

irrigation uses, it would then have to be transported long distances to a treatment plant in Russell or Hays.  

In addition, river inflow to the reservoir is declining over time.  As a result, Waconda Lake water from the 
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Solomon River Basin is considered to have limited potential to address the municipal water supply needs 

of the Smoky Hill River Basin. 

2.4.4 Wilson 

Wilson Lake, built and managed by the USACE, was authorized by the Flood Control Act of 1944 for 

flood control, irrigation, navigation, recreation, fish and wildlife, and water quality purposes.  Water in 

Wilson Lake has not previously been considered suitable for drinking water because of a high content of 

chlorides and sulfates.  However, new technologies are making the treatment of this water for municipal 

use more economical, and the technologies exist to produce potable water that will meet or exceed all 

EPA drinking water standards.   

Wilson Lake has been the subject of several water supply evaluations during the last 15 years.  In 1997, 

the USACE prepared a draft Environmental Assessment (EA) on use of Wilson Lake for municipal water 

supply and reallocation for that purpose (USACE, 1997).  An accompanying Fish and Wildlife 

Coordination Act report recommended that the reallocation not occur due to concerns about effects on 

fish and wildlife.  These included effects on the lake sport fishery, loss of terrestrial habitat, and 

downstream flows.  In addition, PWWSD #15 informed the USACE that it did not wish to negotiate a 

contract at that time for water storage in Wilson Lake.  PWWSD #15 consists of two members--the cities 

of Hays and Russell.  The EA was not finalized. 

In 2003, a water supply evaluation was completed for PWWSD #15 (Burns & McDonnell, 2003).  The 

evaluation included the existing well fields and water rights for groundwater, and surface water intakes on 

Fossil Lake, Smoky Hill River, and Big Creek.  These sources were found to limit the water supply of 

Hays to 2.14 MGD (2,397 acre-feet per year) and Russell to 1.64 MGD (1,837 acre-feet per year).  

Potential available water sources were found to be Kanopolis Reservoir, Wilson Lake, and a well field 

along the Smoky Hill River.  Water rights for the wells have not been secured, and the safe yield was 

characterized as uncertain.  However, both Kanopolis Lake and Wilson Lake were found to be feasible 

water sources.  Costs for both water supply sources were comparable, taking into account RO treatment of 

Wilson Lake water.   

In 2004, a public water supply study for the eastern Basin was completed (URS Group 2004).  The study 

found that solutions consisting of one or more treatment plants would benefit the cities and water districts 

more reliably and cost-effectively than individual and local systems.  Cedar Bluff Reservoir was 

eliminated due to a historical lack of inflow.  Wilson Lake was eliminated due to high salinity, which 

increases delivered cost for treated water due to the costs of removing chlorides and sulfates.  Kanopolis 
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Lake was evaluated as the principal municipal and industrial water supply for the region because of the 

salinity of Wilson.  In 2005, a concept design report for Wilson Lake Water Treatment Facilities was 

completed on behalf of the KWO and USACE.  A RO water treatment plant was proposed to produce 

potable water.   

The State of Kansas does not own storage in Wilson Lake, and its authorized purposes do not include 

municipal or industrial water supply.  However, the 2004 Wilson Lake Yield Analysis Report by the 

KWO found that the potential yield for Wilson Lake would be sufficient to support a municipal supply 

need of 5.15 MGD.  A detailed analysis of the other alternatives was beyond the scope of this study; 

however, these findings highlight Wilson Lake as a potentially viable alternative water source for new 

municipal supply in the region.  Further consideration and evaluation would be required under a 

reallocation study. 

2.4.5 Summary of Water Supply Options Evaluation 

New groundwater wells from sources such as the Dakota aquifer are a possible source of municipal water, 

and these sources will continue to be investigated and used by municipalities.  However, the sustainability 

of groundwater pumping will continue to be an issue in western Kansas and groundwater is not a likely 

dependable source of additional water.  Surface water from the Smoky Hill River, Big Creek, and the 

Saline River exhibit low flows during the extended periods of drought common to the region, and in some 

years, flow stops.  These sources also raise dependability issues and are not likely to be tapped.  Based on 

its inability to meet multiple use needs in the past, Cedar Bluff Reservoir has been judged to not have a 

dependable yield for water supply.  Use of Waconda Lake would require reallocation from irrigation uses, 

interbasin transfer, and long-distance transport.  Kanopolis Lake has 12,500 acre-feet of public water 

supply storage, but active applications in excess of this storage are on file; it remains a potential source of 

water supply.  Wilson Lake appears to have water available for other uses, but there are water quality 

issues with use of the brackish water.  If the water quality issues can be overcome, Wilson would be a 

readily available water source for new municipal supply in the region.    

In summary, the potential sources of new municipal water supply for the region would be well fields from 

the Dakota aquifer, Kanopolis Reservoir, or Wilson Reservoir.  None of these sources should be ruled out, 

and a combination should continue to be investigated.   

2.5 ALTERNATIVES EVALUATED IN DETAIL 

Three alternatives for additional water supply have been evaluated at a planning level of detail in this 

study.  Under Alternative 1, No Action, additional water supply would be obtained from groundwater, 
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surface water, reservoirs, or a combination of sources other than Wilson Lake.  Under Alternative 2, water 

would be obtained from the MPP at Wilson Lake, and under Alternative 3, water would be obtained from 

a raised pool at Wilson Lake.  The raised pool level was set at two feet (elevation 1518) to provide 

comparisons for recreation.  Higher pool levels were not evaluated in detail because of impacts to 

shoreline facilities.  At higher levels than elevation 1518, there would be a need to raise boat ramps, 

campgrounds, boat docks, and riprap protection.  In a more detailed reallocation study, alternate pool 

changes of less than or greater than two feet could be considered. 

If Wilson Lake were chosen for additional water supply, the water would need to be treated by RO 

because of its high chloride and sulfate content.  However, the water treatment plant would not 

necessarily be located on Wilson Lake.  For example, it could be located at Russell.  An RO process 

would involve conventional pre-treatment to reduce turbidity and silt, followed by RO membrane 

treatment to reduce chlorides, sulfates, and nitrates.  Rejects from the RO process would be disposed of 

by piping the brine into deep injection wells approximately 4,000 feet deep into the Arbuckle formation.  

Conventional pre-treatment residuals would be disposed of in a dedicated lagoon on-site (Burns & 

McDonnell 2005). 

2.5.1 No Action 

Under the No Action Alternative (Alternative 1), no water would be withdrawn from Wilson Reservoir 

for municipal water supply.  Existing water suppliers in the area with increasing demand, including Hays, 

Russell, Post Rock, Ellsworth, and Victoria, would have to seek another water supply source.  Most 

likely, the communities would seek to purchase agricultural water rights to increase groundwater usage, 

or they would seek additional water supplies from more distant reservoirs.  Other possible solutions to 

meet rising water demand would be to implement a greater amount of water conservation in each city or 

to decrease losses by increasing the amount of maintenance done on each pipe system.  If no action were 

selected, the cities would most likely aggressively implement conservation measures and seek approval 

for more groundwater use. 

Although not all of Hays’s water rights are being utilized in the Dakota aquifer, as discussed earlier, the 

Dakota is not an ideal water source due to low yield and poor water quality issues.  In addition, the water 

cannot be pumped without severely depleting the aquifer.  However, the Dakota in some parts of the 

study area may provide acceptable yields, so further research and evaluation would be warranted.   
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2.5.2 Withdraw Water from Existing Multipurpose Pool 

Under this alternative (Alternative 2), water would be withdrawn from the existing MPP of Wilson Lake.  

Under reservoir operating guidelines, the operations goal is to maintain the pool level at elevation 1516, 

although the pool level is lower than this elevation about 68 percent of the time.  The lowest pool level in 

recent drought years has been 1508.75.  Existing minimum flows for water quality and fish and wildlife 

below Wilson Dam would be maintained. 

2.5.3 Withdraw Water from Raised Multipurpose Pool 

Under this alternative (Alternative 3), the top of the multipurpose pool would be raised to elevation 1518.  

Water would be withdrawn from the reservoir with the additional storage provided by a two-foot pool 

rise.  This approach would seek to minimize the lowest pool levels obtained in drought years by 

maintaining higher elevations for recreation a greater percentage of the time.  Existing minimum flows for 

water quality and fish and wildlife below Wilson Dam would be maintained.  To implement this 

alternative, additional studies for downstream flooding and impacts to the dam structure would be 

required. 

* * * * *



3.0 AFFECTED ENVIRONMENT 
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3.0 AFFECTED ENVIRONMENT 

The Smoky Hill-Saline River Basin (Basin) is located in the Central Great Plains, an area that was 

formerly dominated by mixed grass prairie with scattered low trees and shrubs.  Today remnants of this 

prairie remain, but the area is known as a winter wheat-growing region.  Subsurface aquifers encounter 

salt deposits which contribute to high salinity in area streams, including those that are tributaries to 

Wilson Lake.  Wilson Lake and much of Russell, Lincoln, and Ellsworth Counties are in the Smoky Hills 

ecoregion, where sandstone hills rise out of the loess-covered plains.  Areas to the west of Russell in 

Russell and Ellis Counties are in the Rolling Plains and Breaks ecoregion, an area of plains covered by a 

mosaic of cropland and rangeland (Chapman et al. 2001).  These general characteristics influence the 

natural and human communities that are found in the vicinity of Wilson Lake. 

3.1 PHYSICAL FEATURES 

The Saline River, which flows into Wilson Lake, originates in western Kansas and is a tributary to the 

Smoky Hill River, which in turn confluences with the Republican River near Junction City.  Two other 

large Federal lakes are located on the Smoky Hill River, Cedar Bluff Lake and Kanopolis Lake.  The 

western portions of the Wilson Lake watershed are underlain by the Ogallala aquifer.  This major 

groundwater resource is slowly being depleted by irrigation, and the amount of water withdrawn annually 

is more than the annual recharge.  Groundwater levels have declined as much as 75 feet in Wallace 

County, which is part of the Smoky Hill watershed.  The Saline River is not considered to be 

hydrologically connected to the Ogallala Aquifer.  Aquifer decline is being managed by adoption of more 

efficient irrigation systems, but water levels have continued to decline.  The Dakota aquifer outcrops in 

Russell, Lincoln, Ellsworth, and Saline Counties and contributes to the flow of the Saline River.  

Although this water is saline, the city of Hays has wells for municipal water supply in the Dakota aquifer 

in western Ellis County. 

3.1.1 Water Quality 

Wilson Lake is designated by the Kansas Department of Health and Environment (KDHE) as suitable for 

all beneficial uses, including domestic water supply.  However, for domestic water supply, concentrations 

of chlorides, sulfates, and total dissolved solids are undesirable.  The EPA approved Total Maximum 

Daily Load (TMDL) documents in 2004 for the Saline and Smoky Hill Watersheds, including Wilson 

Lake, Kanopolis Lake, and Cedar Bluff Lake.  The TMDLs were for chloride, selenium, and sulfate (EPA 

2004).  These salts originate from the discharge of the Dakota aquifer.  The level of salts depends on local 

rainfall and runoff.  For example, concentrations of chlorides and sulfates were low in 1994, following the 

flood of 1993.  Concentrations were high in 1991 and 2003 during drought periods.  Typical 
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concentrations in non-drought periods in Wilson Lake water are approximately 600 mg/L chlorides, 

550 mg/L sulfates, and 1800 mg/L total dissolved solids.  Land use and water use from irrigation are 

minor contributors to the levels of salts in Wilson Lake when compared to natural sources.  Wilson Lake 

is not listed on the 2008 303(d) list of impaired waters in the State; however, it has been listed in the past 

due to the presence of chlorides and sulfates.  Other nearby streams are on the impairment list, including 

the Smoky Hill River near the city of Wilson and Fossil Creek near the city of Russell.  These streams are 

impaired because of high levels of selenium and arsenic, making them unsuitable for aquatic life or 

drinking water. 

3.1.2 Pool Levels, Floodplains, and Flood Control 

In addition to recreation and fish and wildlife conservation, Wilson Lake is operated to provide flood 

control.  The flood control storage elevation of Wilson Lake is 1,554, or 38 feet above MPP level.  Lands 

behind the dam at an elevation below 1,554 could potentially flood.  Because the area of the reservoir at 

elevation 1516 is about 9,000 acres and the elevation at elevation 1554 is about 20,000 acres, 

approximately 11,000 acres are subject to flooding during flood control operations.  Although floodplains 

exist both upstream and downstream of the reservoir along the Saline River, 100-year flood frequency 

zones have not been mapped in rural Russell and Lincoln Counties.   

The average annual precipitation at Wilson Lake is approximately 25 inches (KWO 2009).  Precipitation 

varies throughout the year, with intense storms accounting for most of the annual rainfall, typically 

between April and September.  Lake level management includes a slight drawdown in the winter to 

provide a buffer for spring rains (KWO 2008). 

Precipitation also varies from year to year as the region cycles through wet periods and drought 

conditions.  Water levels at Wilson Lake have been relatively stable, fluctuating within several feet of 

conservation level (Berger 2008b).  The highest pool elevation recorded at Wilson Lake was 1548.27 in 

1993, 32 feet above MPP level.  The lowest recorded water level was 1508.75 in 2006, seven feet below 

MPP level. 

The benefits of downstream flood reduction from Wilson Reservoir were estimated to be $73 million in 

2009, with a cumulative reduction over the life of the reservoir estimated to be $1.5 billion.  Elevation 

1554 feet is the top of the flood control zone, with an area of about 20,000 acres, and the ability to 

provide about 530,000 acre-feet of flood control storage.  Downstream cities include Sylvan Grove, 

Lincoln, Beverly, Tescott, and Salina. 
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3.1.3 Soils 

Most of the soils in the Wilson Lake area are Mollisols, which developed under grassland vegetation.  

Although much of the area in the immediate vicinity of the lake is grassland, the cultivated areas are 

typically in winter wheat or small grains.  Prime farmland soils, such as the series Detroit, McCook, 

Nuckolls, and Roxbury, tend to be located on the south side of the lake and in the upper end of the 

reservoir, including in the Wilson Wildlife Area.  These soils tend to be gently sloping.  The majority of 

the topography around the lower portions of the reservoir is steeply sloping and does not support prime 

farmland soils.   

Soils bordering the Wilson Lake shoreline were also evaluated for erosion potential.  Soil erodibility 

factors (Kw) used by the NRCS quantify soil detachment by runoff and raindrop impact.  These 

erodibility factors are indexes used to predict the long-term average soil loss from sheet and rill erosion 

under crop systems and conservation techniques.  Experimentally measured Kw factors vary from 0.02 

to 0.69.  The larger the K value the more susceptible the soil is to erosion by water (NRCS 2010).  The 

soil series in the reservoir area have a moderate potential for erosion by water with values of 0.28, 0.32, 

and 0.37 (Figure 3-1). 

3.1.4 Air Quality 

The KDHE currently operates ambient air monitors at the Cedar Bluff Reservoir in nearby Trego County.  

Monitors for ozone and particulate matter 2.5 microns in diameter or smaller (PM2.5) are continuously 

collected, analyzed and compared against the National Ambient Air Quality Standards (NAAQS).  Both 

ozone and PM2.5 levels are below their NAAQS limits.  The entire study area is in attainment for the 

NAAQS. 

3.2 BIOLOGICAL RESOURCES 

 

3.2.1 Fisheries 

Wilson Lake is located in the Basin.  Fisheries resources of two other lakes in the Basin, Kanopolis and 

Cedar Bluff, are included for comparison purposes.  Depending on seasonal weather conditions and water 

allocation needs, the fisheries can be affected.  Of most importance to the public in these lakes are the 

game fish.  
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3.2.1.1 Kanopolis Lake 

Kanopolis Lake is an impoundment located along the Smoky Hill River in Ellsworth County.  Game fish 

in Kanopolis Lake include bluegill (Lepomis macrochirus), channel catfish (Ictalurus punctatus), white 

crappie (Pomoxis annularis), black crappie (Pomoxis nigromaculatus), flathead catfish (Pylodictis 

olivaris), largemouth bass (Micropterus salmoides), saugeye (Sander canadensis), walleye (Sander 

vitreus), hybrid striped bass (Morone chrysops x Morone saxatilis), white bass (Morone chrysops), and 

white crappie (Pomoxis annularis) (Berger 2006a, 2007a, 2008a).  Stocking of walleye, blue catfish 

(Ictalurus furcatus), and hybrid striped bass has occurred in the past in Kanopolis Lake.  In addition, 

rainbow trout (Oncorhynchus mykiss) and brown trout (Salmo trutta) are stocked in the Kanopolis seep 

stream. 

3.2.1.2 Cedar Bluff Lake 

Cedar Bluff Lake is an impoundment located along the Smoky Hill River in Trego County.  Game fish 

include walleye, white bass, hybrid striped bass, crappie, channel catfish, largemouth bass, smallmouth 

bass (Micropterus dolomieu), spotted bass (Micropterus punctulatus), hybrid striped bass, and flathead 

catfish (Davignon 2000, 2003, 2006). 

3.2.1.3 Wilson Lake 

Wilson Lake is an impoundment located along the Saline River in Russell and Lincoln Counties.  Game 

fish include bluegill, channel catfish, black and white crappie, flathead catfish, largemouth bass, 

smallmouth bass, spotted bass, striped bass (Morone saxatilis), walleye, white bass, white perch (Morone 

americana), and blue catfish (Berger 2006b, 2007b, 2008b).  Stocking of blue catfish and striped bass has 

occurred in the past in Wilson Lake.  White perch were accidently introduced to the lake in 1996 and are 

considered an aquatic nuisance species.  Blue catfish were introduced to the lake to prey on white perch. 

Smallmouth bass, largemouth bass, spotted bass, and crappie are drawn into shallow waters toward 

structures, such as rocks, logs or shoreline brush during the spring when it is time to spawn.  White perch, 

walleye, and white bass move toward the dam to spawn on rocky points or the face of the dam during the 

same time period.  White bass also go up the river to spawn if there is enough flow.  Catfish spawn in 

mid-to late summer and also seek structure for spawning.  Zebra mussels were found to be present in 

Wilson Lake in late 2009.  This will likely affect the fisheries in the reservoir in the future.  Because of 

their ability to produce very large populations in a very short time, it is highly likely that the spawning 

habitat of many fish and mussels will be decreased as zebra mussels become established in Wilson Lake. 
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3.2.2 Wetlands 

A wetland is defined by the presence of the following three criteria: hydrophytic vegetation, hydric soils, 

and wetland hydrology.  Hydrophytic vegetation has the ability to grow and efficiently compete under 

anaerobic conditions.  Hydric soils are created under long-term inundation or saturation of a site, which 

causes the removal of oxygen from the soil profile and the eventual production of reducing conditions.  

Wetland hydrology is present if an area is inundated permanently or temporarily for a sufficient period 

during the growing season.   

A few common types of wetlands in Kansas include marshes, sloughs, fens, and playa lakes (Collins, 

Collins and Gress 1994; Kansas Conservation Commission 2008).  These wetlands serve the following 

functions:  buffer shorelines against erosion, provide flood protection, improve water quality and protect 

adjacent water resources, and provide habitat for fish and wildlife.  Wetlands at Wilson Lake are small 

and scattered in the upper portion of the lake.  Plant species found in these wetlands include bulrushes, 

cattail, cocklebur, barnyard grass, and smartweed (USDI-FWS 1997).  Inland wetlands (palustrine 

wetlands) are classified according to the type of vegetation present.  The wetlands found adjacent to 

Wilson Lake are classified as palustrine aquatic bed (PAB), palustrine emergent (PEM), palustrine 

forested (PFO), and palustrine scrub-shrub (PSS).  Aquatic bed wetlands contain vegetation that primarily 

grows below the water surface, while emergent wetlands contain herbaceous plants that are rooted in soil 

and grow above the surface.  Forested wetlands are dominated by trees greater than 20 feet in height, 

while scrub-shrub wetlands are dominated by smaller trees and shrubs. 

The construction of reservoirs has changed the natural hydrologic cycle along streams from a pattern of 

high, brief, spring floods, to a pattern of a low flooding that may extend into the summer or fall.  

Reservoirs may also create a no flooding condition where the reservoir and the tailwater below the 

reservoir are maintained at a relatively constant water level.  The native riparian plant species have 

evolved with the natural spring flooding cycle and produce seeds which germinate and establish on the 

exposed mud banks as the natural spring floods recede.  Saltcedar (Tamarix ramosissima) and common 

reed (Phragmites australis) produce large quantities of seeds throughout the summer and into the fall.  

The seeds are persistent and can establish in any season whenever exposed mud banks, sandbars, or moist 

soils exist.  Saltcedar forms dense thickets and can reproduce through root expansion.  Once common 

reed becomes established, it spreads by rhizomes and stolons and often forms dense, monospecific 

colonies along shorelines and shallow water areas. 
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3.2.3 Vegetation 

Wilson Lake lies within the mixed prairie region, which is dominated by tall and short grasses, intermixed 

with native forbs.  The Rocktown Natural Area, a USACE-managed site on the northern side of the lake, 

has a rich diversity of mixed prairie plants and grasses, including purple coneflower.  The native 

grasslands surrounding the lake are in good to excellent condition and have limited invasions by wood 

and forb species (USACE 1997).  The predominant grass species in the area include big bluestem, little 

bluestem, Indian grass, buffalo grass, western wheatgrass, and blue gramma.  Mowed areas are associated 

with developed recreation areas (USDI-FWS 1997).   

Tree cover in the Wilson Lake area includes both naturally-occurring native species and both native and 

non-native species that were planted when the lake was created.  Most of the tree cover is limited to moist 

soil areas in and adjacent to stream channels and draws (USACE 1997).  Naturally-occurring woody 

growth includes cottonwood, elm, hackberry, ash, Osage orange, oak species, wild plum, and box elder.  

Common shrub species found along the riparian corridors include rough-leaved dogwood, buckbrush, 

fragrant sumac, gooseberry, poison ivy, and prairie rose (USDI-FWS 1997). 

Shoreline vegetation along Wilson Lake includes species with tolerance towards varying soil moisture 

conditions and periods of inundation, including eastern cottonwood and black willow.  Common shrubs 

along the shoreline include buttonbush, rough-leaved dogwood, and aromatic sumac.  Species found in 

the wetlands near the upper portion of the lake include smartweed, barnyard grass, cocklebur, cattail, and 

bulrushes (USDI-FWS 1997).   

Noxious weeds as classified by the State are found in agricultural areas surrounding Wilson Lake.  

Johnsongrass (Sorghum halepense) is a weedy perennial grass that generally grows in upland fields and 

fertile bottomlands along creek and river banks.  Johnsongrass reproduces from spreading rhizomes and 

seeds that can be carried by water.  Canada thistle (Cirsium arvense) is an aggressive, creeping perennial 

that infests crop fields, pastures, rangeland, and disturbed ground, including overgrazed pastures, tilled 

fields, and abandoned sites.  Musk thistle (Carduus nutans) is an invasive biennial that is capable of 

forming dense stands, especially on highly-disturbed sites where competition is low, or in overgrazed or 

disturbed pastureland.  Both species are common in upland environments.  Canada thistle reproduces 

from seed and vegetative buds in its root system and is difficult to control because its extensive root 

system allows it to recover from control efforts.  An isolated musk thistle plant has the potential to expand 

into a large infestation because the musk thistle can produce a large number of seeds through self-

pollination.   
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3.2.4 Wildlife 

The area surrounding Wilson Lake is used for agriculture, including livestock grazing and crop 

cultivation, where feasible.  Stands of native mixed grass prairie, as well as established stands of warm 

season grasses planted under the guidelines of Farm Bill programs (i.e. Conservation Reserve Program, 

Environmental Quality Incentives Program), are prevalent in the area.  Woody vegetation can be found in 

pockets, riparian corridors, and around developments.  All of these areas provide suitable wildlife habitat. 

The land adjacent to Wilson Lake is managed by the USACE and the Kansas Department of Wildlife and 

Parks (KDWP) for a variety of uses.  Public access for hunting is allowed on some areas.  The west end of 

the lake is surrounded by large areas managed for upland game habitat and production by the KDWP and 

is open to public hunting as the Wilson Wildlife Area.  Segregated within the managed areas on the west 

end of Wilson Lake is a Wildlife Refuge, closed to all activities including hunting from October 1 to 

March 1.  KDWP manages Wilson State Park, including the Hells Creek Area and Otoe Area in the 

southeast corner of the lake.   

USACE manages Minooka Park, Lucas Park, and Sylvan Park in the Wilson Lake area.  Portions of the 

boundaries of Minooka Park and Lucas Park each include shoreline of the lake.  Hunting is not allowed in 

the parks managed by USACE, creating refuges for game and nongame species despite the relatively high 

human interaction.  A situation such as this often produces game species densities much higher than those 

found on agency-managed property that is hunted, but lower than those found on agency-managed 

property as refuges with limited human interaction including no hunting.  USACE also manages extensive 

shoreline areas around Wilson Lake and the land within very close proximity.  Public access to these 

areas for hunting is allowed. 

Migratory and non-migratory wildlife occur within the vicinity of Wilson Lake.  Mammals species likely 

to be encountered adjacent to Wilson Lake include white-tailed deer (Odocoileus virginianus), mule-deer 

(Odocoileus hemionus), coyote (Canis latrans), bobcat (Lynx rufus), red fox (Vulpes vulpes), fox squirrel 

(Sciurus niger), striped skunk (Mephitis mephitis), muskrat (Ondatra zibethicus), beaver (Castor 

canadensis), opossum (Didelphis viginiana), raccoon (Procyon lotor), cottontail rabbit (Sylvilagus 

floridanus), eastern mole (Scalopus aquaticus), least shrew (Crytotis parva), white-footed mouse 

(Peromyscus leuscopus), deer mouse (Peromyscus maniculatus), and big brown bat (Eptesicus fuscus). 

Birds commonly encountered within prairie habitats or near large waterbodies include the northern 

cardinal (Cardinalis cardinalis), American robin (Turdus migratorius), tufted titmouse (Parus bicolor), 

brown-headed cowbird (Molothrus ater), eastern meadowlark (Sturnella magna), western meadowlark 
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(Sturnella neglecta), red-winged blackbird (Agelaius phoeniceus), eastern bluebird (Sialia sialis), eastern 

kingbird (Tyrannus tyrannus), great blue heron (Ardea herodias), northern harrier (Circus cyaneus), 

killdeer (Charadrius vociferus), field sparrow (Spizella pusilla), northern mockingbird (Mimus 

polyglottos), turkey vulture (Cathartes aura), as well as numerous species of migrant shorebirds.  Wild 

turkey (Meleagris gallopavo), northern bobwhite (Colinus virginianus), ring-necked pheasant (Phasianus 

colchicus), greater prairie-chicken (Tympanuchus cupido), mourning dove (Zenaida macroura), Canada 

goose (Branta canadensis), and mallard (Anas platyrhynchos), as well as numerous other waterfowl 

species are game bird species that may be found within the areas surrounding Wilson Lake or on the lake.   

Some of the amphibians and reptiles likely to occur within the area include snapping turtle (Chelydra 

serpentina), tiger salamander (Ambystoma tigrinum), bullfrog (Rana clamitans), plains spadefoot 

(Scaphiopus bombifrons), plains leopard frog (Rana blairi), American toad (Bufo americanus), great 

plains toad (Bufo boreas), eastern fence lizard (Sceloporus undulatus), racerunner (Cnemidophorus 

sexlineatus), rat snake (Elaphe obsoleta), gopher snake/bullsnake (Pituophis catenifer), common garter 

snake (Thamnophis sirtalis), and massasauga (Sistrurus catenatus). 

3.2.5 Endangered and Threatened Species 

At total of eight species are listed as threatened or endangered within Lincoln and Russell Counties by the 

KDWP (Table 3-1).  According to the U.S. Fish and Wildlife Service (USFWS), only the whooping crane 

(Grus americana) is known or likely to occur within Lincoln or Russell Counties.  Wilson Lake is in the 

annual migration corridor for the whooping crane, and the species has been sighted at Wilson Lake 

(Austin and Richert 2001). 

Table 3-1: State- and Federally-Listed Species for Lincoln and 
Russell Counties, Kansas 

Common Name Scientific Name Federal State Lincoln Russell
Bald Eagle Haliaeetus leucocephalus  Delisted Threatened X X
Eastern Spotted Skunk Spilogale putorius  None Threatened X X
Eskimo Curlew Numenius borealis  Endangered Endangered X X
Least Tern Sterna antillarum  Endangered Endangered X X
Peregrine Falcon Falco peregrinus  None Endangered X X
Piping Plover Charadrius melodus Threatened Threatened X X
Snowy Plover Charadrius alexandrinus None Threatened X X
Whooping Crane Grus americana Endangered Endangered X X

Species Status Counties

 
Sources: http://www.kdwp.state.ks.us/news/Other-Services/Threatened-and-Endangered-Species and 
http://www.fws.gov/mountain%2Dprairie/endspp/CountyLists/Kansas.pdf (Accessed 2009) 
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3.3 SOCIAL AND ECONOMIC CONDITIONS 

 
3.3.1 Land Use 

The entire Wilson Lake project of 22,000 acres, which includes the 9,000-acre lake and 13,000 acres of land 

surrounding the lake, is owned by the U.S. government and managed by the USACE and the State, through 

KDWP (Figure 3-2).  USACE manages the lake, three recreation areas containing concentrated public use 

facilities (Lucas, Sylvan and Minooka), and additional land for wildlife management and hunting.   

Lucas Park, approximately 1,500 acres in size, is located on the north side of the lake.  The park includes 

the 300-acre Rocktown Natural Area, which is a Natural and Scientific Area registered by the Kansas 

Biological Survey.  Sylvan Park (approximately 50 acres) is located at the northeast end of the lake above 

the dam.  Minooka Park (approximately 1,000 acres) is located on the south side of the lake. 

KDWP manages Wilson State Park and an 8,000-acre wildlife area.  Wilson State Park is located on the 

southeast side of the lake and includes the Hell Creek Area (approximately 800 acres) and the Otoe Area 

(approximately 150 acres).  The KDWP wildlife area is located at the west (upper) end of the lake.  The 

wildlife area includes 5,000 acres of native prairie, 2,000 acres of cropland, and a 1,000-acre waterfowl 

refuge (KDWP, Wilson Wildlife Area). 

3.3.2 Recreation 

Wilson Lake provides numerous recreational opportunities on the lake, as well as in the surrounding 

parks, recreational and wildlife areas.  Activities on the lake include boating, fishing, skiing, wind surfing, 

swimming, and scuba-diving.  Other recreational opportunities on reservoir public lands include camping, 

picnicking, hiking, biking, hunting, and wildlife viewing.  In addition, there are 81 private boat docks 

providing access to the reservoir for waterfront residents and visitors.  Annual recreation visitor-hours for 

Wilson Lake were 2,574,430 hours from August 1, 2008 through July 31, 2009 (USACE 2009). 

Lucas Park includes a campground containing 104 developed campsites.  Other amenities at the park 

include a picnic area, group shelter, playground, boat ramp, fishing dock and a swimming beach.  There is 

a three-mile hiking trail that extends through the Rocktown Natural Area.  Lucas Park is the site of an 

annual remote-controlled model sailplane race. 

Sylvan Park provides 28 campsites, a picnic area, and a playground.  Nearby amenities include Saline 

River for fishing, the Spillway Boat Ramp, and the Bur Oak Nature Trail.  The trail is located adjacent to 

Sylvan Park and is a ¾-mile National Recreation Trail. 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

 

Figure 3-2 
Wilson Lake 
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Minooka Park includes campground areas with 165 campsites.  The park also includes three boat ramps, a 

picnic area, group shelter, playground, and swimming beach. 

Wilson State Park, managed by KDWP, is divided into two areas, the Hell Creek Area to the south and 

Otoe Area to the north.  The Hell Creek Area offers 39 primitive and 89 developed campsites, as well as 

2 cabins for rent.  The Lake Wilson Marina is located at the park.  Additional amenities include a 

swimming beach, playground, picnic facilities, group shelters, and a boat ramp.  The Dakota Nature Trail 

and the 20-mile Switchgrass Bike Trail are also located in the Hell Creek Area. 

The Otoe area includes 43 primitive and 37 developed campsites, 2 rental cabins, a boat ramp, picnic 

facilities, group shelters, a swimming beach, and a playground.  The park also includes the Cedar Trail, a 

one-mile asphalt ADA trail. 

In addition to the recreational opportunities provided at the developed parks, Wilson Lake also offers 

opportunities for hunting and wildlife viewing.  Hunting is not allowed in the developed parks or the 

waterfowl refuge, but it is generally permitted in all other KDWP and USACE-managed wildlife areas.  

Game species in the area include pheasant, quail, prairie chicken, whitetail deer, mule deer, turkey, 

waterfowl, and rabbit.  Species for fur harvesting are also found in the area and include coyote, bobcat, 

beaver, muskrat, mink, raccoon, and opossum. 

In limited areas of Wilson Lake, additional recreational access to the lake is available for private residential 

users who have permits for water use facilities.  This lake access provides convenient opportunities for 

boating and fishing for shoreline residents and likely increases the property values for shoreline residents. 

3.3.3 Population 

The cities of Hays and Russell are the intended recipients of the proposed water reallocation.  However, 

Ellsworth and Victoria, which also show increased projected demand, would also benefit.  Hays is located 

in Ellis County, approximately 30 miles to the west of Wilson Lake.  The population of Hays, estimated 

to be 20,368, has increased by over 10 percent since 1990 (Table 3-2).  The population is projected to 

continue to increase over the next 30 years.  Russell is located approximately 10 miles to the southwest of 

Wilson Lake in Russell County.  Russell is much smaller than Hays, with an estimated population of 

4,217.  The population of Russell has decreased by 10 percent since 1990 and is projected to increase only 

slightly over the next 30 years.  Ellsworth is located in Ellsworth County, approximately 20 miles to the 

southeast of Wilson Lake.  The population of Ellsworth is estimated to be 2,858 and is projected to 

increase by nearly 25 percent over the next 30 years.  Victoria, which is located approximately 24 miles 
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west of Wilson Lake in Ellis County, has an estimated population of 1,204.  The population of Victoria is 

projected to increase by nearly 40 percent over the next 30 years.    

Table 3-2: Population 

 

Population Population Change 

1990 2000 
2008 

(estimate)
2040 

(projection) 1990-2008 2008-2040 

Hays 17,767 20,013 20,368 24,796 14.6% 21.7% 
Russell 4,781 4,696 4,217 4,484 -11.8% 6.3% 
Ellsworth 2,294 2,965 2,858 3,563 24.6% 24.7% 
Victoria 1,157 1,208 1,204 1,664 4.1% 38.2% 
Ellis County 26,004 27,507 27,801 31,326 6.9% 12.7% 
Ellsworth County 6,586 6,525 6,250 6,879 -5.1% 10.1% 
Lincoln County 3,653 3,578 3,261 2,312 -10.7% -29.1% 
Russell County 7,835 7,370 6,641 6,945 -15.2% 4.6% 
Kansas 2,447,574 2,688,418 2,802,134 3,545,675 14.5% 26.5% 
Data Sources: U.S. Census Bureau, 1990 and 2000 Census; U.S. Census Bureau 2008 Population Estimates; 
Kansas Water Office (projections) 

Of the counties surrounding Wilson Lake, Ellis County is the largest, with an estimated population of 

31,326.  Ellsworth, Lincoln and Russell Counties have populations of less than 7,000.  While the population 

of Ellis County has increased since 1990, the populations of the other counties have decreased over this time 

period.  In comparison, the population of the State as a whole increased by over 14 percent since 1990 and is 

projected to increase over 25 percent by 2040.  The populations of Ellis, Ellsworth and Russell Counties are 

projected to increase slightly by 2040, while the population of Lincoln County is projected to decrease. 

3.3.4 Employment 

In the State as a whole, manufacturing, health services and retail sales account for the largest percentage 

of employment.  These sectors also dominate employment in Ellsworth and Russell Counties.  Health 

services, retail sales, and accommodations are the top three employment sectors in Ellis County.  

Wholesale, retail sales, and health services are the top three industries in Lincoln County (Table 3-3). 

Unemployment rates in Ellis, Ellsworth, Lincoln, and Russell counties are slightly less than the rate for 

the State as a whole (Table 3-3).  The rates range from 3.3 percent in Ellis County to 5.7 percent in 

Lincoln County. 
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Table 3-3: Employment 

 

Labor Force 
(November 

2009) 

Top Three Industries (2009) 

Unemployment 
Rate Manuf. Wholesale Retail Health

Accommodation 
&  

Food 

Ellis County 16,596 - - 14.1% 19.5% 11.9% 3.3% 
Ellsworth 
County 3,645 12.2% - 7.1% 26.8% - 3.8% 
Lincoln County 1,911 - 9.1% 8.3% 6.6% - 5.7% 
Russell County 3,344 12.1% - 9.4% 13.8% - 4.4% 
Kansas 1,522,139 12.5% - 10.7% 12.1% - 6.2% 

Data Source: Kansas Department of Labor, Labor Information Center 

3.3.5 Low-Income and Minority Populations 

Compared to the State as a whole, the low-income population, as indicated by the poverty rate, is slightly 

larger in Russell County (Table 3-4).  The low-income population is slightly smaller than the State in 

Ellis, Ellsworth, and Lincoln Counties.  The minority population in all four counties is relatively low 

compared to the State, ranging from 4.3 percent of the total population in Lincoln County to 11.1 percent 

in Ellsworth County.   

Table 3-4: Low-Income and Minority Population (2008) 

 

Medium  

Household 
Income 

Poverty 
Rate 

Total 
Population 

Minority 

Total minority Percent minority

Ellis County $44,846 11.2% 27,801 1,791 6.4% 
Ellsworth County $42,896 10.5% 6,250 693 11.1% 
Lincoln County $40,793 10.7% 3,261 141 4.3% 
Russell County $38,635 12.8% 6,641 331 5.0% 
Kansas $50,174 11.3% 2,802,134 552,398 19.7% 

Data Source: U.S. Census Bureau, Small Area Income and Poverty Estimates; U.S. Census Bureau 2008 
Estimates 

In order to identify low-income populations in the area around Wilson Lake, the percent of the population 

with incomes below established poverty levels for those census block groups around the lake are 

compared to the percent below poverty for Lincoln and Russell Counties (Table 3-5).  The most recent 

data available at the census block group level is from the 2000 Census, which reports income data for the 

year 1999.  In the area around Wilson Lake, represented by the four census block groups, median household 

incomes were similar to those for Lincoln and Russell Counties.  Poverty rates in the area around Wilson 

Lake were higher in two of the census blocks compared to the county rates and lower in the other two. 
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Table 3-5: Low-Income Population around Wilson Lake 

 

Median 

Household 
Income (1999)

Poverty Rate  

(1999) 

Lincoln County $30,893 9.7% 
CT 9861, BG 3 $28,365 13.1% 

Russell County $29,284 12% 
CT 9739, BG 1 $31,071 10.1% 
CT 9739, BG 2 $25,486 15.2% 
CT 9739, BG 3 $32,050 6.6% 

Data Source: U.S. Census Bureau, 2000 Census 

Minority populations in the area around Wilson Lake are identified by comparing the percent minority 

residents for those census blocks around the lake to the percent for Lincoln and Russell Counties 

(Table 3-6).  The most recent data available at the census block level is from the 2000 Census.  The 

population in the area around Wilson Lake consists of a similar percentage of minority residents as 

compared to the counties. 

Table 3-6: Minority Population around Wilson Lake 

 White 

Minority 

Total minority Percent minority 

Area Around Wilson Lake* 66 2 2.9% 
Lincoln County 3,517 87 2.4% 
Russell County 7,192 224 3.0% 
Data Source: U.S. Census Bureau, 2000 Census 
*Sum of the population in Census Blocks 3142, 3195, 3196 and 3198 of Census Tract 9861 and Census 
Blocks 1126, 1131, 2237, 2242, 3003, 3018-3020, 3028, 3030 and 3040 of Census Tract 9739 

Based on local observations, there is no evidence of differential patterns of consumption of fish or other 

natural resources at Wilson Lake among minority or low income populations in the area compared to the 

general population. 

3.4 CULTURAL RESOURCES 

Review of the recorded cultural resources in the three-county area surrounding Lake Wilson indicates that 

Ellsworth County is the location of 21 National Register of Historic Places (NRHP)-listed archaeological 

sites, structures, and districts as well as one property listed on the Register of Historic Kansas Places 
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(RHKP).  Lincoln County is the location of ten NRHP listed properties and three RHKP listed properties.  

Russell County is the location of 17 NRHP listed properties and one RHKP listed property (Table 3-7). 

Table 3-7: RHKP-Listed Properties and Districts in Vicinity 

County RHKP Listed NRHP Listed Structure District Site 

Ellsworth 1 21 8 3 11 
Lincoln 3 10 12 0 1 
Russell 1 17 11 0 7 
Totals (53) 5 48 31 3 19 

 

Based on USACE inventories, a total of 115 archaeological sites of various types have been recorded at 

Wilson Lake (Table 3-8 and Table 3-9).    

Table 3-8: NRHP Status of Wilson Lake Archaeological Sites 

Archaeological 
Sites: TOTAL Not Eligible Unevaluated Eligible Listed 

Off USACE Property

(1 listed) 

115 50 40 15 2 8 
 

Table 3-9: General Site Types 
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3.5 VISUAL RESOURCES 

Wilson Lake is located in the Smoky Hills, an area characterized by rolling hills and valleys.  The lake is 

surrounded by relatively high hills with steep slopes down to the lake shore.  Unique geologic formations 

can be found in the area, notably in the Rocktown Natural Area on the north side of the lake.  The 

Rocktown area contains massive rock formations of red sandstone, which are 15- to 30-foot-tall pillars 
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that can extend 15 to 20 feet into the lake.  The lake itself is a valued visual resource because of the 

clarity of the water, and Wilson Lake is advertised as “The Clearest Lake in Kansas.”  Natural vegetation 

in the area is mixed grass prairie, with scattered cedar trees.  There is some tree cover in riparian 

corridors.  Areas surrounding the upper lake in the wildlife area also contain cropland.  Development 

around Wilson Lake is primarily limited to park and recreation facilities.  These facilities have been 

developed with the natural landscape in mind.  Other private facilities are also the types of facilities that 

visitors expect and generally do not provide visual contrast for lake users. 

* * * * *



4.0 ENVIRONMENTAL CONSEQUENCES 
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4.0 ENVIRONMENTAL CONSEQUENCES 

The three alternatives evaluated:  No Action (Alternative 1), Withdrawal from the Current MPP 

(Alternative 2), and Withdrawal from a Raised Pool (Alternative 3), have the potential to affect 

environmental resources within and surrounding Wilson Lake.  In most cases, the resources impacted are 

in the immediate vicinity of the reservoir, and that is the focus of this section.  Where appropriate, 

impacts at the county or basin level are also described. 

4.1 PHYSICAL FEATURES 

 
4.1.1 Water Quality 

Downstream releases from Wilson Dam would be maintained under all alternatives.  Therefore, water 

quantity for downstream uses would be maintained under all alternatives.  In drought years, chlorides and 

sulfates (which cause increased salinity) would increase under all alternatives.  Because the salinity is 

influenced by inflows to the reservoir more than lake levels, water withdrawal would not likely cause a 

measurable change in these conditions.   

Wilson Lake is designated by KDHE as suitable for all beneficial uses, including domestic water supply.  

Concentrations in raw Wilson Lake water are approximately 600 mg/L chlorides, 550 mg/L sulfates, and 

1800 mg/L total dissolved solids.  Chlorides, sulfates, and dissolved solids can cause the water to have a 

salty or unpleasant taste. 

RO technology offers a way to reduce these constituents to acceptable drinking water quality levels.  

However, while purer water is produced on one side of the RO membranes, salts are concentrated on the 

other side, producing wastewater.  Operation of a RO facility would produce highly saline wastewater.  

RO reject concentrations are estimated to be 2,180 mg/L chlorides, 2,180 mg/L sulfates, and 7,310 mg/L 

total dissolved solids.  The amount of liquid needing disposal would be up to 1.4 MGD.   

The concentrations of chlorides in Wilson Lake exceed the Kansas Numeric Criteria for domestic water 

supply.  The numeric criterion is 250 mg/L.  For other locations in the State where the level already 

exceeds the standard, KDHE has set the water quality criteria equal to the ambient concentration.  This 

makes discharge of RO brine into Wilson Lake environmentally problematic, because discharge would 

increase the concentration of chlorides.  Therefore, discharge in Wilson Lake or the Saline River is not 

considered a likely option. 



Wilson Lake Water Supply Draft Environmental Consequences 

U.S. Army Corps of Engineers 4-2  

RO brines would need to be disposed of by injection into deep wells approximately 4,000 feet deep.  By 

injecting the brine deep underground, these wells prevent surface contamination of soil and water.  The 

impacts of brine injection are well known.  Brine injection is widely used in the oil and gas industry and 

is successful in avoiding shallow groundwater contamination.  Injection is beneath the lowest source of 

underground drinking water.  Regulation is by the EPA and KDHE under 40 CFR Part 146 and Kansas 

Administrative Regulations 28-46.  Conventional pre-treatment residuals would be disposed of in a 

dedicated lagoon on the treatment plant site.  Discharges from the water treatment plant would be 

avoided.  As a result of regulatory compliance and avoidance of discharge, the project would not 

significantly affect water quality. 

4.1.2 Pool Levels, Floodplains, and Flood Control 

Under Alternative 1, there would be no change in the management of Wilson Lake.  However, 

unforeseeable events such as drought and flood would continue to influence pool levels and reservoir 

management. 

Under Alternatives 2 and 3, withdrawal of 7.89 cfs from Wilson Lake for water supply purposes 

(5.15 MGD or 5,711 acre-feet per year) was used as an assumption in a model to predict the effect that the 

anticipated withdrawal would have on the level of the MPP (Appendix A).   

The model results show that in most years the MPP is maintained within a six-foot range near the MPP 

elevation.  Excursions from these levels can occur for short periods of time, and extended excursions can 

occur related to sustained drought or extended wet periods.  During very wet periods, when the lake is 

operating at or significantly above the MPP level, each operating scenario is very similar.   

In drought years, the water supply alternatives can affect the lower elevations reached by the pool.  The 

difference caused by the water supply options is described by the variance in the pool elevation.  In the 

alternative model runs, the lowest pool elevation was experienced on model day March 13, 1957.  The 

minimum pool elevations for the three alternatives were: 

No Action  1506.3 
Withdraw Water from Existing MPP 1502.8 
Withdraw Water from Raised MPP 1504.9 

During the most severe drawdown, the water supply withdrawal reduced the pool elevation by 3.5 feet.  

Using the 2050 estimated lake capacity values, the difference in storage represented by the 3.5 feet is: 

132,203 – 109,908 = 22,295 Acre-Feet 
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The daily Wilson Lake pool elevation data was extracted from all three model runs for the May through 

September time frame.  The time period was chosen to represent the period when lake drawdowns are 

believed more pertinent.  The percent of time that the lake level is below certain elevations is summarized 

below. 

Table 4-1: Projected Wilson Lake Levels 
May – September Percent Days Below Elevation 

Elevation 
No Action 

(Alternative 1) 

Withdraw Water 
from Existing 

Multipurpose Pool 
(Alternative 2) 

Withdraw Water 
from Raised 

Multipurpose Pool 
(Alternative 3) 

1518 96 97 78 
1516 73 76 60 
1514 46 57 47 
1512 23 44 30 
1510 8 25 17 
1508 1 11 5 
1506 0 4 0 
1505 0 1 0 

Source:  Appendix A, Wilson Lake Water Supply Model 

As expected, the values for the alternative providing for a two-foot pool rise are consistently higher than 

the other alternatives.  The elevation likelihood for No Action (Alternative 1) and Withdrawal from a 

Raised Pool (Alternative 3) are almost the same at elevation 1514.   

Wilson Lake would continue to be operated for the purpose of flood control under any of the three 

alternatives, and the elevation of the flood control pool would remain the same at elevation 1,554.  Under 

Alternative 1 and Alternative 2, the lake operator would maintain the elevation of the MPP at 1,516 feet.  

Under Alternative 3, the elevation of the MPP would be raised two feet and maintained at 1,518 feet.  The 

effect of raising the pool level would be to reduce the available flood control storage from 530,000 acre-

feet to 510,000 acre feet.  The effect of this change on the lake’s ability to provide flood risk mitigation 

will need to be evaluated in a future study. 

Federal agencies are subject to the requirements of the 1977 Executive Order (EO) 11988, entitled 

“Floodplain Management.”  EO 11988 states that each Federal agency “shall take action to reduce the risk 

of flood loss, to minimize the impact of floods on human safety, health and welfare, and to restore and 

preserve the natural and beneficial values served by floodplains.”  The EO directs agencies “to avoid to 
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the extent possible the long and short term adverse impacts associated with the occupancy and 

modification of floodplains and to avoid direct or indirect support of floodplain development wherever 

there is a practicable alternative.” 

Under any of the three alternatives, the project would not directly or indirectly induce development in the 

floodplain.  The project is consistent with the goals and objectives of the Floodplain Management EO and 

would not significantly affect development in floodplains. 

4.1.3 Soils 

In areas where the shoreline is soil rather than rocky in character, shoreline erosion problems could be 

temporarily increased by a change in the lake levels.  An artificial reservoir typically experiences bank 

erosion due to wave action from wind, boats and storms.  As these waves crash into the unprotected 

shore, shoreline sediments are washed into the lake and re-deposited elsewhere.  If a lake is kept at a 

relatively stable level, some “equilibrium” eventually develops and shoreline becomes more stable as 

vegetation adapts to the new water regime.  However, fluctuating lake levels do not allow equilibrium to 

become established and tend to increase shoreline erosion.  Under No Action (Alternative 1), the reservoir 

fluctuates from a minimum pool of 1506.3 to a maximum flood control pool of 1554.  The pool level is 

below elevation 1516 about 73 percent of the time during May through September. 

Use of Wilson Lake for water supply under Alternatives 2 and 3 would likely increase water level 

fluctuations in some years.  The minimum pool under Alternative 2 would be 1502.76 and the minimum 

pool under Alternative 3 would be 1504.85.  The pool level would be below elevation 1516 during the 

May to September recreation season about 76 percent of the time for Alternative 2 and 60 percent of the 

time for Alternative 3.  Raising the pool level to a new level under Alternative 3 would temporarily 

increase erosion until a new equilibrium develops.  Potential impacts would include increased 

sedimentation and turbidity from eroding banks.  As indicated in Figure 3-1, the soil erodibility map, soils 

with the greatest erosion potential are in the center of the reservoir, on the south side, in the area of 

Minooka Park.  Shorelines in the Wilson Lake area tend to be rocky in many places and not as susceptible 

to erosion as in other regions.  In addition, because the lake fluctuates to much higher levels than a two-

foot pool rise during flood control operations (up to elevation 1554), this type of erosion is not believed to 

be as large of a problem at Wilson Lake as compared to other man-made reservoirs.  However, lower lake 

levels expose shoreline below riprap protection, causing additional erosion in areas where past erosion 

problems have been reduced by riprap placement.  This would likely be more of a problem under 

Alternative 2 than Alternative 3 because lower lake levels would be more frequent when there is water 

withdrawal from the existing pool.  
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4.1.4 Air Quality 

Construction of a water treatment plant would have a short-term impact on air quality.  Particulate matter 

emitted during the construction process, as well as emissions from diesel-powered equipment are 

typically intermittent and temporary.   

Emissions of air pollutants from the operation of the water treatment plant would come primarily from 

furnaces, diesel-powered equipment, vehicles, and road dust.  Impacts from these sources are intermittent, 

limited to the immediate area, and would be a minor long-term impact to air quality. 

4.2 BIOLOGICAL RESOURCES 

 
4.2.1 Fisheries 

Alternative 1 would have no short- or long-term impacts to fisheries since no new activities would occur 

at Wilson Lake.  Any dramatic changes in the population dynamics of the fishery would be a result of 

other events such as sudden or persistent weather, disease, or the encroachment of species not currently 

prevalent.  Water withdrawal effects would depend on the timing of low lake levels.  Lower lake levels 

during the spring spawning period would be most likely to negatively affect fisheries.  Historical records 

suggest that droughts and potential low lake levels are possible at any time of the year, although they are 

most likely to occur during the summer and fall. 

Alternative 2 would reallocate water from Wilson Lake for water supply use.  Lower lake levels would 

result from this action during some time periods.  Under this alternative, the spawning habitat of fishes 

such as largemouth bass, as well as black and white crappie, could possibly be exposed with more 

frequency than occurs now.  This would lead to less successful reproduction over time; however, fish 

populations may rebound quickly when favorable conditions exist.  Both largemouth bass and crappie 

spawn in shallow vegetated areas as nursery habitat.  Spawning areas of these game fish must be 

completely inundated for a successful spawn to occur.  The shallow water areas are also used by 

invertebrates, forage fish species, and other organisms that comprise lower levels of the aquatic food web 

for spawning and recruitment into the system.  These organisms could be affected by fluctuating water 

levels.  A larger decrease in lake elevation could also expose the rocky habitat that walleye prefer for 

spawning substrate at the foot of the dam.  White bass typically migrate upriver to spawn; however, they 

have the ability to spawn at the dam if there is not enough water flowing through the lake to allow the fish 

to swim upstream.  Historically, marked decreases in year-class sizes have occurred when upstream 

spawning did not occur.  Spawning success and recruitment into the overall fishery of Wilson Lake could 

be negatively affected if water withdrawal occurred during the spawning season (spring to mid-summer) 
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of these species.  Because of their habitat preference for lake bottom, catfish will only be negatively 

affected if there is a moderate to severe decrease in water level elevation during summer spawning.  

Spawning seasons of fishes in Wilson Lake is provided in Table 4-2. 

Periods of drought in the region may lead to a persistence of lower lake levels when combined with the 

implementation of Alternative 2.  The topography of the near-shore areas vary considerably around 

Wilson Lake.  A greater fluctuation of water levels and a lower lake level would not likely impact 

lakeshore habitats as much in the eastern two-thirds of Wilson Lake, which is surrounded by terrain that is 

relatively steep.  Greater impacts to the shore habitats would occur along the western one-third of Wilson 

Lake and along the Saline River where the surrounding terrain has a gradual slope.  A greater amount of 

area would be exposed as a result of lower lake levels.  Similarly, a larger area would also be exposed or 

inundated by the fluctuating lake levels.    

Table 4-2: Spawning Periods in Wilson Lake 

March walleye spawn on dam
April white bass and white perch on dam
April white bass go up river if enough water
April smallmouth and largemouth bass drawn toward structures
April crappie moving shallow around brush and rocks
May white bass, crappie, and smallmouth and largemouth bass still spawning
May channel catfish start spawn
June laregemouth bass and channel catfish still spawning
July channel catfish still spawning  

Source:  Berger 2007b and USDI-FWS 1997 

Recent water level elevations in Wilson Lake were below the MPP elevation until 2008.  One advantage 

of having a wet year after periods of drought or lower water level elevations is that shoreline areas that 

were exposed during the drought become vegetated and provide good spawning and nursery habitat once 

the area is again inundated with water.  With this in mind, 2009 was a productive year for the Wilson 

Lake fisheries.  Furthermore, if water level changes are carefully timed, there is the potential to produce 

favorable spawning and nursery habitat for largemouth bass and crappie. 

Under prolonged drought conditions, reproductive success of almost all of the game fish in Wilson 

Lake would be hampered.  The positive effect of a drought and lower water level elevations would 

mean less competition for food and easier foraging success, which in turn would lead to a greater 

growth rate of the fish.  In the event of a prolonged drought that affects spawning, it is likely that the 
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catfish and largemouth bass that spawn in the driest period of the year are likely to be more affected 

than other species.  Alternative 2 would likely have the most adverse effect on fisheries of the three 

alternatives. 

Implementation of Alternative 3 would withdraw water from Wilson Lake and raise the pool level 

by two feet.  If water levels in the lake are at or near the former MPP level after the water allocation 

has occurred, there could be less of a negative effect on spawning success of the game fish in Wilson 

Lake.  As far as game fish are concerned, raising the MPP two feet would have a positive effect, 

predominately on largemouth and smallmouth bass and black and white crappie.  The increased 

water level would provide greater spawning and nursery habitats for these fishes.  Additionally with 

this scenario, there is less likelihood that water levels would fluctuate as much as would occur under 

the Alternative 2 scenario and have a negative effect on spawning.  This alternative would have less 

of an effect on spawning habitat and spawning success because the total variance is less in most 

years.  In most years, implementation of Alternative 3 would not have significant fisheries impacts.  

A long drought, however, still has the possibility to have the same negative effects discussed in 

Alternative 2. 

Zebra mussels were found to be present in Wilson Lake in late 2009.  The presence of zebra mussels will 

ultimately affect fish spawning success no matter what alternative is chosen.  The zebra mussel is the only 

freshwater mussel that can firmly attach itself to solid objects such as submerged rocks, boat hulls, 

aquatic vegetation, and water intake pipes.  Because of this unique quality and the ability to produce very 

large populations in a very short time, it is highly likely that the spawning habitat of many fish and 

mussels will be decreased as zebra mussels become established in Wilson Lake.  Lower water level 

elevations under Alternative 2 would potentially increase the negative effects that the presence of zebra 

mussels have on fish spawning success.  Furthermore, zebra mussels are also very efficient at filtering 

food from water.  Because of this, zebra mussels compete with young fish for food.  This will also 

ultimately influence recruitment into the fishery of Wilson Lake.  Zebra mussels would likely attach 

themselves to the water intake structure, requiring regular maintenance to remove them.  Zebra mussels 

would adversely affect fisheries under all three alternatives. 

4.2.2 Wetlands 

The majority of wetlands in the Project area are limited to the upstream portions of Wilson Lake.  These 

wetlands are affected by fluctuations in lake levels.  High lake levels inundate the wetlands, supplying 

them with oxygenated waters.  In addition to influencing groundwater levels, low lake levels may cause 

the wetlands to have less or no water during the driest periods of the year.  Under Alternative 1, there 
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would be no short- or long-term impacts to wetlands since no new activities would occur at Wilson Lake.  

However, the health of wetlands on the reservoir is influenced by droughts and floods, which are common 

in this river system. 

Withdrawal of water from Wilson Lake under Alternative 2 would lower lake levels during dry periods 

and influence groundwater levels, which may adversely impact the wetlands located in the upstream 

portions of the lake.  Under this alternative, the water level in the lake would still fluctuate, and the 

wetlands would still become inundated during high water events.  However, during the drier periods of 

the year, the decreased groundwater levels may cause very shallow wetlands to become completely dry.  

Although wetlands can sustain short periods without water, a change in the water regime may influence 

the predominance of hydrophytic species in these wetlands.  Water-dependent plants may not survive in 

the drier conditions, while more drought-tolerant species, such as smartweed and cattails, may proliferate.  

Lower water levels in the lake may impact hydrophytic vegetation along the lake shoreline and the 

riparian corridor especially during the drier, late-summer months.  This impact would be more prolonged 

under Alternative 2. 

Raising the pool level by two feet under Alternative 3 could flood and cause short-term loss of emergent 

wetland vegetation along the shoreline; however, new emergent wetlands would become established once 

the pool level stabilizes.  Increases in the frequency of wetland inundation due to this alternative may be a 

positive impact to existing wetlands during the driest summer months when wetlands normally dry out.  

The two-foot rise in the MPP would also inundate marginal wetlands, marshes, connected ponds, and 

slews at the west end of Wilson Lake.  The loss of wetland habitats would impact the waterfowl, 

amphibians, aquatic reptiles, muskrat, and beaver that depend on these habitats for food, nesting, and 

food.  These impacts would be short term until new, higher elevation, shoreline wetland areas are 

established.  Because of the likelihood that the reservoir would be higher during droughts, and the 

likelihood that replacement wetlands would develop over time, the impacts of Alternative 3 on wetlands 

would be considered minor and insignificant.  Based on interpolation from National Wetland Inventory 

maps, a pool rise of two feet would potentially inundate 0.63 acres of PAB wetlands, 0.55 acres of 

PAB/PFO wetlands, 23.73 acres of PEM wetlands, 34.44 acres of PEM/PFO wetlands, 0.39 acres of 

PEM/PSS wetlands, and 7.08 acres of PFO wetlands.  The general location of these wetland impacts is 

indicated in Figure 4-1. 
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Executive Order 13112 of February 3, 1999, requires that Federal agencies not authorize, fund, or carry 

out actions that are likely to cause or promote the introduction or spread of invasive species.  Saltcedar 

and common reed are currently established along the shoreline.  Johnsongrass may also be present in 

some wetland areas but it also grows in drier agricultural areas.  It is likely that raising the mean pool 

elevation of the reservoir by two feet under Alternative 3 would encourage the growth of saltcedar and 

common reed into areas that were once too dry to support either of these two species.  Similarly, saltcedar 

and common reed would be expected to expand along the banks of tributary streams that would be 

affected by the rise in mean pool elevation.  However, the rise in the reservoir’s mean pool elevation is 

also likely to negatively impact existing stands of saltcedar, common reed, and Johnsongrass by partially 

or completely submerging the root crowns or a significant part of the plant during the growing season.  

This action would expose some stands to wetter or permanently submerged conditions, effectively 

“drowning” some stands or individuals.  The overall effect would be to relocate stands of saltcedar and 

common reed to different, slightly higher areas, but not to cause an increase in overall spread of the 

species.  Because there would not be ground disturbance, no new areas of habitat for Johnsongrass would 

be created. 

Executive Order 11990 directs Federal agencies to minimize the destruction, loss, or degradation of 

wetlands and to preserve and enhance the natural and beneficial values of wetlands.  Federal agencies are 

to avoid new construction in wetlands unless there are no practicable alternatives to the proposed 

construction and the proposed project includes all practicable measures to minimize degradation to 

wetlands which may result from such activities.  If Alternative 2 is chosen, some wetlands may dry out 

periodically as the pool level decreases and the groundwater table fluctuates.  In years of adequate 

rainfall, implementation of a raised pool level would likely be beneficial to wetlands surrounding Wilson 

Lake; while in drier years, wetlands would be affected under all alternatives.  Impacts to wetlands would 

be minimized by Alternative 3 because pool levels stay higher during drought periods.   

As discussed in the alternatives analysis, construction of a water intake on Wilson Lake is the most 

readily available option to meet the water needs of the Basin.  Non-reservoir water supply alternatives 

such as groundwater pumping would likely result in lowering of groundwater levels, which also would 

affect wetlands where aquifers outcrop.  As a result, there is no practicable alternative to impacting water 

levels in wetlands in drier years.  

4.2.3 Vegetation 

Under Alternatives 1 and 2, there would be no effects to upland or riparian vegetation as the pool level 

target would remain at elevation 1,516.  Under Alternative 3, raising the pool level by two feet may 
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inundate surrounding areas and cause temporary losses to the riparian vegetation.  However, when the 

pool level stabilizes, the riparian vegetation would return.  Riparian vegetation along the Saline River 

above Wilson Lake could be temporarily lost on both banks for an approximate distance of one mile 

upstream due to a two-foot pool rise (FWS 1997).  However, it would likely become reestablished over 

time as an adjustment to the new pool level.  Because of the reestablishment of plant communities, the 

long-term impacts from the pool level changes would be minor and insignificant. 

The rise in the reservoir’s mean pool elevation under Alternative 3 may allow Johnson grass to colonize 

new areas where dry soils become wetter and eliminate existing infestations where existing soils become 

permanently saturated or inundated during the growing season.  Because there are no new areas of soil 

disturbance, Alternative 3 would not encourage the spread of noxious weeds such as Johnsongrass.  

Similarly, upland noxious weeds such as thistles would not be affected by any of the alternatives. 

4.2.4 Wildlife 

Under Alternative 1, there would be no change to the areas used by game and nongame wildlife in the 

vicinity of Wilson Lake.  The management plans implemented by the USACE, KDWP, and private 

landowners would likely continue to be followed.  Any dramatic changes in the wildlife populations 

would be a result of other events such as sudden or persistent weather, disease, or the encroachment of 

species not currently prevalent.  

Implementation of Alternative 2 would result in lower lake levels and greater fluctuating water levels 

throughout much of the year.  Wildlife populations in the vicinity of Wilson Lake would likely experience 

changes in available habitat as a result.  Species that may be negatively affected include waterfowl, 

shorebirds, amphibians, turtles, and aquatic mammals such as beaver and muskrat.  The lower lake levels 

that would be more frequent with water withdrawal would increase the amount of shore and beach habitat 

available for nesting and foraging shorebirds.  Lower lake levels would also increase the available shore 

habitat for nesting turtles.  However, the greater fluctuating water levels could impact nesting shorebird 

and turtles if the nesting areas were inundated after nesting had occurred. 

Periods of drought in the region may lead to a persistence of lower lake levels when combined with the 

implementation of Alternative 2.  The topography of the near-shore areas vary considerably around 

Wilson Lake.  A greater fluctuation of water levels and a lower lake level would not likely impact lake 

shore habitats as much in the eastern two-thirds of the Wilson Lake, which is surrounded by terrain that is 

relatively steep.  Greater impacts to the shore habitats would occur along the western one-third of Wilson 

Lake and along the Saline River where the surrounding terrain has a gradual slope.  A greater amount of 
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area would be exposed as a result of lower lake levels.  Similarly, a larger area would also be exposed or 

inundated by the fluctuating lake levels.    

The areas exposed as a result of fluctuating lake levels and decreased water level would increase the 

acreage of terrestrial USACE and KDWP managed areas.  If these pool levels remained low for periods 

long enough to allow plant colonization, where suitable, the barren exposed areas would become 

vegetated by additional early successional plant species and create wildlife habitat for terrestrial species 

such as northern bobwhite, ring-necked pheasant, white-tailed deer, opossum, raccoon, red-winged 

blackbird, and brown-headed cowbird.   

There are likely a number of locations where there are ponds, streams, slews, and other sources of water 

that are connected by shallow groundwater sources to Wilson Lake.  Aquatic areas such as these are 

usually in very close proximity to the source body of water.  It is conceivable that some of these water 

bodies would become dry areas if Alternative 2 is implemented.  Considerably more areas would become 

dry if Alternative 2 is implemented and combined with prolonged drought.  Species that would be 

negatively impacted by this would include great blue heron, numerous species of ducks, snapping turtle, 

tiger salamander, bullfrog, plains spadefoot, plains leopard frog, American toad, great plain toad, beaver, 

and muskrat.  Species that may benefit from this would include northern bobwhite, ring-necked pheasant, 

white-tailed deer, muskrat, beaver, opossum, raccoon, red-winged blackbird, brown-headed cowbird, and 

numerous species of waterfowl.  The impacts on aquatic wildlife using shoreline habitats would be 

infrequent and limited to years of prolonged drought. 

Under Alternative 3, a raise in the pool level would temporarily affect some shore and beach habitats 

along Wilson Lake until new habitats are created at a different elevation.  The temporary loss of shore and 

beach habitats would impact migrating and nesting shorebirds by limiting the available nesting and 

foraging habitats.  Terrestrial wildlife such as white-tailed deer, turkey, raccoons, opossums, and mice 

would likely not be noticeably affected by Alternative 3.  Shore and beach habitats would be expected to 

re-establish themselves once the raised pool level became more common over time.  Because the impacts 

would be temporary, the impacts on shore and beach wildlife also would be temporary. 

4.2.5 Endangered and Threatened Species 

Alternative 1 would not result in any effects to the areas used or potentially used by threatened and 

endangered species in the Wilson Lake area.  The management of the lake and surrounding areas would 

remain the same. 
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Implementation of Alternative 2 on Wilson Lake may produce newly exposed shoreline areas and shallow 

water areas in some years.  This could provide new habitat that would benefit shorebirds.  Areas that are 

relatively flat, such as locations on the west end of the lake, may provide suitable stop-over habitat for the 

Eskimo curlew, least tern, piping plover, snowy plover, and whooping crane.  These species may use areas 

such as these for foraging and resting.  If appropriate substrate is present, the least tern, snowy plover, and 

piping plover may find nesting and brood rearing habitat.  These changes would be beneficial to listed 

species that need shoreline habitat.  It is not likely that this alternative will have any effect on the bald eagle, 

eastern spotted skunk, or peregrine falcon because nesting and foraging habitat would not be effected. 

Implementation of Alternative 3 may have the result of providing submerged vegetation on an annual 

basis.  Shorebirds such as the piping plover, snowy plover, Eskimo curlew, whooping crane, and least tern 

may benefit from this situation.  These changes would be beneficial to listed species that need shoreline 

habitat.  However, the benefit would be as a stop-over area and foraging area, rather than as a nesting 

area.  Many of these species have nesting requirements that are specific in terms of habitat and timing.  

Changes in water levels would likely not accommodate these habitat requirements.  It is not likely that 

this alternative will have any effect on the bald eagle, eastern spotted skunk, or peregrine falcon because 

foraging and nesting habitat would not be effected. 

4.3 SOCIAL AND ECONOMIC IMPACTS 

 
4.3.1 Land Use 

Under Alternative 1, the target MPP level would remain the same and the project would not result in land 

use changes.  Under Alternative 2, the target MPP level would also remain the same.  Even though the 

reservoir level would not remain at the MPP during drought, it is unlikely that there would be land use 

changes because the pool elevation would remain at current levels under most weather conditions.  Under 

Alternative 3, shoreline surrounding the lake, including parks and wildlife areas, would be converted to 

lake area.  Alternative 3 would impact the shoreline of all the land uses surrounding the lake, including 

the developed parks and the wildlife areas.  However, because of the steep topography of the lake in its 

lower reaches, the impacts to recreational park areas would likely be minimal.  It is possible that some 

camping units would need to be relocated.  Impacts would be greater to the wildlife area at the upper end 

of the lake.  The actual impacts in land area are not known, due to the unavailability of elevation data at a 

fine-enough level to account for a two-foot change in the pool level. 

Payments in Lieu of Taxes (PILT) are made to counties to offset losses in property taxes due to 

nontaxable Federal lands within their boundaries.  The formula used to compute the payments is based on 
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the amount of Federal land within an affected county.  Because the amount of Federal land would not 

change under any of the alternatives, the level of PILT payments made to the counties would not change. 

4.3.2 Recreation 

Under Alternative 1, there would be no impacts to recreation at Wilson Lake.  Recreation is currently 

affected by weather conditions, including the droughts and floods common to the region, which cause the 

pool levels to fluctuate.   

Under Alternative 2, even though the target MPP would be the same as under Alternative 1, it is likely 

that the withdrawals would result in lower lake levels, especially during periods of drought.  Lower lake 

levels could potentially impact certain recreational amenities along the shoreline.  Boat ramps, beaches, 

and the marina could become unusable if lake levels fell too low.  In 2006, a year in which the lake level 

fell from 4.1 feet below MPP to a historical low of 7.2 feet below MPP, approximately half of the boat 

ramps at Wilson Lake became inoperable (Berger, 2008b).  The ramps were inoperable either because 

they ran out of water or because sand and silt deposits at the lower ends made them unusable.  Most of the 

boat ramps at Wilson Lake are operable at three feet below conservation level (Berger, 2008b).  Lower 

lake levels could potentially impact boating at Wilson Lake, creating navigational hazards such as 

shallow areas or partially exposed rocks. 

Under Alternative 3, a few recreational facilities located near the shoreline, such as campsites or picnic 

facilities, may be partially inundated as a result of the raised lake level and would potentially need to be 

relocated.  Portions of beaches may also be inundated.  However, most recreational areas could tolerate a 

two-foot pool rise and the pool rise would likely be a short-term impact to parks and wildlife areas.  For 

example, a two-foot pool rise would not affect campsites at Wilson State Park, and courtesy docks would 

still be usable.  In the long term, boating could potentially benefit from the raised lake level due to 

improved navigation and a larger lake surface area.  Fishing could also benefit from the raised lake level 

because of the creation of new fish habitat along the edges of the lake.  Conversely, hunting may be 

negatively impacted in the short term as a result of habitat loss along the shoreline.  The raised lake level 

would also result in reduced land area available for hunting in the long term.  Owners of private water use 

facilities on Wilson Lake would also be impacted by Alternative 3.  Fixed dock facilities would likely 

have to be raised.  However, because the raised pool option is below flood control levels, reservoir 

facilities should mostly be adaptable to a small pool rise. 
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Changes in storage at Wilson Lake could cause recreation users to consider other reservoirs as 

alternatives.  However, if recreation use was decreased by low lake levels, it would likely be because of a 

regional drought and other lakes in the region would be similarly impacted. 

Although the entire shoreline of Wilson Lake is Federal property, private property behind this Federal 

land with a view of the lake has been developed for residential uses.  This development is related to the 

recreational amenities and scenic value of the lake.  Changes in lake levels have the potential to affect the 

value of waterfront properties.  Alternatives that would maintain pool levels longer would increase the 

benefits of living by the water and could cause property values to rise.  As a result, Alternatives 1 and 3, 

which would lead to higher pool levels for longer periods, would be expected to be the most beneficial to 

property values and to be reflected in the market value of reservoir-view properties.  Because the lower 

lake levels of Alternative 2 would occur during drought and not because of a regularly scheduled 

lowering of the water level for flood control or reservoir operations purposes, actual effect on property 

values would be difficult to quantify.  In most years, any property values impacts of Alternative 2 would 

not be noticeable because reservoir levels would be maintained. 

Studies have not been conducted in the State on the relationship between lake levels and property values.  

In other regions where there are large drawdowns for purposes such as flood control, a greater distance to 

the pool has been found to lower property values.  Studies in California found that a one-foot fall from 

summer minimum pool is reflected in a 2.5 percent reduction in the selling price of a home.  However, 

even for Douglas and Cherokee Lakes in eastern Tennessee, where annual drawdowns exceed 20 feet, 

reductions in property values are modest.  For example, on Cherokee Lake, if drawdowns were delayed 

for two months in the fall, the total value of a given parcel would only rise by $650 (Murray 2003). 

4.3.3 Population 

The populations of Hays, Russell, Ellsworth, and Victoria are projected to increase over the next thirty 

years, and water demands are expected to increase in association with this growth.  As a supplier of water 

to Ellsworth and small subdivisions around Wilson Lake, the water demands that need to be met by Post 

Rock RWD are also expected to increase.  Alternative 1 would negatively impact these communities, 

because future water demands may not be met.  

Under Alternatives 2 and 3, the communities of Hays, Russell, Post Rock, Ellsworth, and Victoria would 

benefit, because withdrawing water from Wilson Lake would provide a supply to meet future water 

demands.  Water would be available to the cities under either alternative, with Alternative 3 having the 

smallest influence on lake levels during drought.  Utilizing Wilson Lake for water supply would help 
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ensure a reliable source of water to meet the needs of existing and potential future residents and 

businesses in the area. 

4.3.4 Employment 

General economic trends would not be anticipated to change as a result of the project.  Under Alternative 

1, the effects of water shortages in limiting growth of Hays and Russell, and thus adversely affecting the 

economy of the area over the long run, are unknown.  Population expansion may or may not be limited by 

the water shortages.  Improved water availability under Alternatives 2 and 3 would likely benefit 

businesses and industries in the service territories of Hays, Russell, Victoria, and Post Rock RWD, which 

may be able to expand.  Other cities and rural water districts would also benefit if a regional 

interconnected water system was eventually constructed (URS Group 2004).  On the other hand, 

improved water supply under Alternatives 2 and 3, coupled with prolonged drought, could affect 

recreation-related businesses near Wilson Lake.  During periods of adequate rainfall to maintain the pool 

level, impacts to recreation-related businesses would not be noticeable under alternatives 1, 2, or 3.  

However, during droughts, impacts to recreation-related businesses would occur under all three 

alternatives, with greater effects under Alternative 2, followed by Alternative 3.  The smallest effect 

would occur under Alternative 1.  A 1994 study indicated that recreation spending on Travis Lake in 

Texas was reduced by almost 50 percent while Buchanan Lake saw a one-third reduction in recreation 

spending due to increased drawdown of lakes (Lansford and Jones 1995).  Information provided by the 

Russell County Economic Development Department, citing a Kansas State University study, suggests that 

visitor expenditures are associated with $3.6 million in overall economic activity, $1.8 million in total 

income, and 68 jobs in the region in normal water level years.  The economic impact from fishing alone is 

estimated at $1.5 million.  Property taxes generated $128,552 in 2008.  However, when the water level 

declines, such as in 2006, the revenue generated from fishing dropped to $770,000, with likely decreases 

in total income and jobs (Smith and Leatherman 2009).  Therefore, it is likely there would be some 

decrease in recreation-related employment and income due to increased drawdown of the lake during 

droughts.  This would be greatest under Alternative 2, followed by Alternative 3, and lowest under 

Alternative 1. 

There are limitations on the current Post Rock RWD water distribution system, and the availability of 

more water would be beneficial in maintaining existing businesses and recruiting new businesses within 

the Post Rock service territory as well as within other cities in the region. 
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4.3.5 Low Income and Minority Populations 

Environmental justice concerns may arise from human health or environmental effects of a project on 

either minority or low-income populations.  The need to identify environmental justice issues is stated in 

EO 12898, entitled “Federal Actions to Address Environmental Justice in Minority Populations and Low-

income Populations.”  EO 12898 states that “each Federal agency shall make achieving environmental 

justice part of its mission by identifying and addressing, as appropriate, disproportionately high and 

adverse human health or environmental effects of its programs, policies, and activities on minority 

populations and low-income populations.”  A Presidential Memorandum accompanying EO 12898 

directed agencies to incorporate environmental justice concerns in their National Environmental Policy 

Act processes and practices. 

According to the Census Bureau, low-income populations in the Wilson Lake area differ from the State 

averages by no more than five percent.  Poverty rates in two tracts near the lake are higher than for the 

counties where they are located.  Minority populations in the area are small, especially compared to the 

State, and census tracts near the lake show the same percentages as the counties in which the lake is 

located.  However, because low-income residents may be employed in service industries, some 

individuals would likely be affected if recreation revenue were lower during drought years.  This impact 

would also occur to the overall population involved in recreation-related businesses and would not be 

disproportionately directed to one community.  The cities that would benefit from reallocation contain 

minority and low-income communities.  Under Alternatives 2 and 3, it is expected that improved water 

supply would benefit all residents of the region equally.  There is no evidence of differential patterns of 

consumption of fish or other natural resources at Wilson Lake among minority or low income populations 

in the area compared to the general population. 

4.4 CULTURAL RESOURCES 

Under Alternative 1, no new impacts to archaeological sites would occur.  Sites along the shoreline are 

currently affected by changes in pool levels that occur during droughts and floods.  Under Alternative 2 

or 3, impacts on archaeological sites would be difficult to determine, given the 20-foot contour interval on 

USGS 7.5-minute topographic quadrangles.  Data is not available to determine exactly which sites would 

be affected under Alternative 3 by the new target pool level of 1518 feet.  Six sites are recorded by the 

USACE at 1510 to 1520 feet and would be vulnerable to wave action or other effects of pool level 

change.  These sites are potentially impacted.  Data is insufficient to determine if the 34 sites that are 

recorded at 1520 feet may be vulnerable, but if they extend lower than their recorded elevation they 

would likely be affected by a change in pool level (Table 4-3).  Flood pool level is 1554 feet, which 

means that any site under an elevation of 1560 feet would be at some risk in high water.  All sites that are 
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recorded to be at or under the current pool level of 1516 feet are noted as inundated.  The most recent 

Wilson Lake Water Supply Model indicates that the lowest simulated pool level is 1502.76 feet.  

Therefore, in the case of extended drought, all of the inundated sites could be exposed, at least in part.  

Given the possible range in pool level from the lowest simulated pool level of 1502.76 feet to the flood 

pool level of 1554 feet, the proposed two-foot change in pool level under Alternative 3 would have minor 

effects to historic properties, including archaeological resources. 

Table 4-3: Archaeological Site Elevations 

Elevation 
Under 

1500 feet 
1510- 1520 

feet 
At 1520 

feet 
1520- 1560 

feet 
Over 1560 

feet TOTAL 

Sites 10 6 34 46 19 115 

 

4.5 VISUAL IMPACTS 

Under Alternative 1, there would be no impact to visual resources.  Under current conditions of drought, 

there are periods of exposed shoreline, creating a “bathtub ring” effect.  Under Alternative 2 and usual 

weather conditions, there would be no visual impacts as pool levels would be maintained in most years.  

Under Alternative 2, exposed shoreline would be expected in drought years, with occasional lower pool 

levels than under Alternative 1.  If the drought was prolonged, these exposed areas would likely soon 

become vegetated and would blend in with the existing visual setting of the lake.  Under Alternative 3, the 

water level would rise higher on the Rocktown formations, and riparian vegetation would become 

inundated in areas.  Erosion as a result of higher lake levels could temporarily impact the clarity of the 

water at Wilson Lake, but over time the shoreline would stabilize and erosion would slow.  Under 

Alternatives 2 and 3, if a RO facility was constructed near the lake, new features related to a water intake 

would provide visual contrast on the reservoir shoreline.  The main treatment plant would likely be set 

back from the lake or in a nearby town and would not be visible.  Mitigation could include building 

architecture and colors would be designed to fit into the reservoir setting and not provide significant 

contrast as viewed from distances across the lake.  Visual mitigation would ensure that the impacts of 

Alternatives 2 and 3 are minimized. 

4.6 CLIMATE CHANGE 

The project itself, involving a new water supply intake, would not in itself contribute to global climate 

change.  However, the Basin may see changes in the amounts and timing of water available for 

withdrawal.  Predicting future changes in regional precipitation patterns is subject to much uncertainty, 

because different global circulation models make different predictions.  It is accepted that some regions 
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will become drier.  Many will become wetter, but in a variable way with an increased frequency of 

intense storms and longer dry periods between storms, (Poff 2008).  Wilson Lake is located between the 

southern and northern Great Plains and the actual impacts of climate changes would vary depending on 

how climate patterns develop.  Areas to the north of the State are expected to receive greater precipitation, 

while areas to the south are expected to receive warmer and drier conditions.  With regard to Wilson 

Lake, the climate would likely be warmer and drier if central and western Kansas follows the expected 

pattern for southern areas of the Great Plains.  This would make it more difficult to achieve desired pool 

levels and may shift the fish species population levels.  However, because the species in the region are 

already adapted to extreme year-to-year variability in precipitation and temperature, the ecosystem may 

already be resilient to the types of changes that are possible (Brekke et al. 2009, USGCRP 2009). 

4.7 CUMULATIVE EFFECTS AND SUMMARY OF IMPACTS 

As indicated in the discussions above, the direct effects of a decision to reallocate water from Wilson 

Lake under Alternatives 2 or 3 would be occasional lower pool levels during drought periods.  Under 

Alternative 2, there could potentially be less successful fish spawning over time.  Under Alternative 3, 

there would be a relocation of shoreline wetlands to a higher elevation.  Water quality would be preserved 

under Alternative 2 or 3 by deep well injection of RO brines.  Effects of Alternative 2 or 3 on other 

environmental resources evaluated would be minimal (Table 4-4). 

Table 4-4: Summary Comparison of Alternatives 

Resource 

Alternative 1 

(No Action) 
Alternative 2 

(Withdrawal from Existing MPP)
Alternative 3 

(Withdrawal from Raised MPP)

Water Quality 
Undesirable levels of 

chlorides, sulfates, and 
dissolved solids 

No change; brines from reverse 
osmosis injected into deep wells 

No change; brines from reverse 
osmosis injected into deep wells 

Pool Level 
Maintained at elevation 
1516; minimum pool 

elevation 1506.3 

Maintained at elevation 1516; 
minimum pool elevation 1502.76 

Maintained at elevation 1518; 
minimum pool elevation 1504.85

Soils No change Additional erosion when lake levels 
are below riprap protection 

Additional erosion until pool 
stabilizes at new level and  
when lake levels are below  

riprap protection 

Air Quality No change Minor emissions from equipment 
during construction and operation 

Minor emissions from equipment 
during construction and operation

Fisheries No change; negative effects 
in prolonged drought 

Less successful spawning  
over time due to more  

variable lake levels 

Potential positive effects on game 
fish due to greater spawning and 
nursery habitats; negative effects 

in prolonged drought 
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Resource 

Alternative 1 

(No Action) 
Alternative 2 

(Withdrawal from Existing MPP)
Alternative 3 

(Withdrawal from Raised MPP)

Wetlands No change Shallow wetlands drier than in 
Alternative 1 

Inundation of 67 acres of 
wetlands; these areas would 

reestablish when new higher pool 
level is maintained 

Vegetation No change No change 
Riparian vegetation inundated but 

reestablished when new higher 
pool level is maintained 

Wildlife No change 

Increase in shore and beach habitat 
in some years; variability and 

decrease in quality of 
some riparian habitats 

Temporary loss of shore and 
beach habitats but these would 

reestablish when new higher pool 
level is maintained 

Endangered 
and 

Threatened 
Species 

No change 

Increase in habitat for foraging  
and resting in some years;  

increase for nesting habitat of least 
tern, snowy plover, and piping 

plover depending on timing 

Open habitats beneficial to 
endangered shorebirds for  

stop-over and foraging,  
but not for nesting 

Land Use No change Some minor decreases in property 
values if drawdowns are persistent 

Some acreage of parks  
and wildlife areas  

converted to lake area 

Recreation No change 
Frequency of inoperable 

boat ramps increases; some 
navigation hazards 

Most facilities unaffected;  
some camping units  

and facilities relocated 

Population 
Potential decreases in  
Hays and Russell if  

water demand is not met 

Projected increases in 
Hays and Russell 

Projected increases in  
Hays and Russell 

Employment No change Reduction in years when lake 
drawdowns are frequent 

Reduction in years when lake 
drawdowns are frequent 

Environmental 
Justice No change No change No change 

Cultural 
Resources No change Flooded sites exposed  

more frequently 
Potential increased  
erosion at six sites 

Visual 
Impacts No change 

New visual impacts due to a water 
intake and more frequent  

“bathtub ring” effect 

New visual impacts  
due to a water intake 

Climate 
Change 

Potential warmer and drier 
climate makes it more 

difficult to achieve  
desired pool levels 

Potential warmer and drier climate 
makes it more difficult to achieve 
desired pool levels; more frequent 

lower pool levels 

Potential warmer and drier climate 
makes it more difficult to achieve 

desired pool levels 

 

On the reservoir shoreline, a decision to reallocate water would lead to the construction of a water intake, 

either adjacent to the reservoir along Kansas State Route 232 or on the Saline River below the dam, and a 

water treatment facility, most likely adjacent to Kansas State Route 181 east of Wilson Dam.  However, a 

water treatment facility could also be constructed in one of the municipalities served.  Water would be 

delivered to Hays, Russell, and other customers via a system of water pipelines constructed adjacent to 
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roadways.  Most impacts of this construction would occur in road rights of way.  However, depending on 

the route taken, impacts to streams and cultural resources could occur.  At this time, these potential 

impacts cannot be quantified.  These potential impacts would be determined in more detail once water 

customers are determined and a pipeline route is selected.  If a regional water system is desired, new 

infrastructure associated with the treatment plant could potentially be connected to the existing Post Rock 

RWD system, as envisioned in previous studies (URS Group 2004).  New infrastructure for connection to 

Post Rock would likely involve new storage tanks at small cities and other demand points, such as rural 

water district interconnections, parallel pipes, expanded pump stations, and expanded water treatment 

plants. 

Past, present, and reasonably foreseeable future actions could add to any direct and indirect effects on the 

resources affected by Wilson Lake water supply options.  However, development pressures are generally 

low in the area, and the list of other cumulative actions is small for most resources.  Historical activities 

that have cumulatively affected the natural resources of the Basin include agriculture and development of 

small cities and towns.  The major resource of concern for cumulative effects is water.  Major crops are 

wheat, grain sorghum, corn and alfalfa.  Much of this acreage is irrigated with water from local aquifers.  

The cities and towns in the Basin support some manufacturing, which also uses water.  However, no new 

intensive water-using industries are currently proposed in the Basin.  There are two ethanol plants in 

operation.  Outside of the city limits of the small cities in the area, there is limited suburban development, 

although there are several small subdivisions near Wilson Lake served by Post Rock RWD.  These 

include Wilson Lake Estates, Summit Estates, and Lakeshore Estates.  These subdivisions, with a total of 

about 60 homes, would benefit from improved water supply.  The major proposed activity in the Basin 

which has the potential to cumulatively affect the basin’s resources is wind energy and associated 

transmission line development.  To the west of the reservoir in Ellis and Osborne Counties, wind farms 

with several hundred megawatts of generation capacity are proposed.  However, these facilities have low 

potential to cumulatively affect water resources. 

4.8 ADDITIONAL CONSIDERATIONS 

The following additional studies and evaluations should be conducted as part of the reallocation process, 

in order to strengthen the conclusions of this study and fully evaluate reallocation issues: 

• The conservation of agricultural water and its conversion for municipal and industrial purposes 

should be evaluated, including reassignment of water rights, change of withdrawal points, and 

state water law   
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• Determine whether financial viability alternatives for the Post Rock RWD or use of the Dakota 

aquifer should be evaluated as alternatives 

• Estimate wetland acreages impacted through a field survey 

• Estimate numerical values for the rate of sedimentation 

• Quantify the amount of flood control storage to be lost and the impacts on downstream flooding 

• Determine upstream and downstream hydraulic effects 

• Develop a land use map, including the types of vegetation around the reservoir, with estimated 

acreages 

• Conduct a detailed inventory of specific recreational area changes (campsites flooded, boat ramps 

modified, etc.) 

• Estimate dollar value impacts on recreation and the regional economy 

• Identify on a map the boat ramps which would be inoperable 

• Estimate the condition of cultural resource sites and determine which are within the impact range 

of pool level changes 

* * * * * 
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5.0 SCOPING PROCESS 

In order to identify the issues to be evaluated in the Wilson Lake environmental study, an interagency 

meeting was held on March 13, 2008, a news release was issued January 16, 2008, and a public meeting 

was held on February 25, 2009. 

5.1 AGENCY MEETING 

At the agency meeting, agencies were asked to describe any issues specific to the area that needed to be 

evaluated.  The following issues were identified: 

Comment:  There are concerns with the financial status of the Post Rock RWD and its Federal debt with 

USDA Rural Utilities Service.  It was suggested that alternatives for Post Rock could be worked in to the 

analysis as the study examines the water supply situation in the region. 

Response:  The issues with Post Rock financial capabilities were not examined for this study and 

it is outside the charge of the study. 

Comment:  Because wildlife and recreational interests are intensively interested in water levels, it was 

suggested that the elevations of drawdowns be a focus of the study.  These interests would likely prefer a 

two-foot rise in the lake as compared to reallocating the MPP.  The impact on campgrounds and other 

recreational facilities would be minimal if the lake level was raised two feet.  However, a three-foot rise 

would affect many developed facilities. 

Response:  A two-foot pool rise was added as an alternative to be evaluated.  Under a 

reallocation study, additional evaluations by resource agencies and USFWS would be required, 

and additional pool level alternatives may be evaluated. 

Comment:  Wilson Lake has not been at conservation pool since 2002.  The lake’s watershed missed out 

on much of the abundant rainfall the rest of the region received in spring 2007.  Users moved from south-

central and eastern Kansas to the reservoir in 2007 due to floods in the other regions.  It was suggested 

that the study broaden the news release area to reach more recreational users. 

Response:  Notifications for the public meeting in February 2009 were widely distributed in the 

central and western Kansas area, and significant numbers of recreational users attended the 

meeting.  In addition, stakeholder lists were compiled, and where possible, direct notifications 

were made. 
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Comment:  In December 2006, the lake was 7.5 feet below conservation pool.  At this level, one of six or 

seven boat ramps is unusable.  In addition, there is sand loading on the boat ramps which has to be 

removed to make them usable.  At three feet below conservation pool, many launch ramps are seriously 

impacted.  Most interests would be happy if lake levels returned to the existing conservation pool.  The 

study could look at how often the level would be raised over two feet and the impact of a lake level rise 

on the reservoir buffer zone. 

Response:  The RiverWare model was used to provide information on the potential frequency of 

various lake levels.  

Comment:  In the 1997 Fish and Wildlife Coordination Act report, it was requested that a shoreline 

habitat evaluation be conducted to determine what the impacts of a pool level change would be.  

Response:  Given the small elevation change with a two-foot rise in pool level, it was not 

possible to obtain detailed elevation data to project acreages of shoreline habitat affected.  It is 

possible that a reallocation study could collect and obtain enough information to provide these 

projections.  Wetland impacts were projected in Section 4.2.2 using National Wetland Inventory 

information.  In a reallocation study, additional coordination with USFWS would be required, and 

additional information evaluated. 

5.2 PUBLIC MEETING 

The open house meeting on February 25, 2009 included presentations and extensive interaction with 

KWO and USACE representatives in a public forum.  At least 120 people attended.  After the meeting, 32 

written comment forms or letters were mailed or e-mailed to the USACE.  The following themes were 

noted: 

Lake Levels 

Comment:  People think the lake is dry now and this is hurting tourism.  A three-foot drop below a 

seven-foot low already would be devastating.  The State Park marina is mostly dry if the lake is 10 feet 

low.  In 2006 and 2007 there was only one ramp where boat launching was available due to drought.  In 

addition, the white bass could not get up the river to spawn. 

Response: These issues were considered in section 4.3.4, and there is some evidence to support 

this comment.  During droughts, impacts to recreation-related businesses would occur under all 

three alternatives, with greater effects under Alternative 2, followed by Alternative 3.  The 

smallest effect would occur under Alternative 1.  It is likely there would be some decrease in 
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recreation-related employment and income due to increased drawdown of the lake during 

droughts.  This would be greatest under Alternative 2, followed by Alternative 3, and lowest 

under Alternative 1.  Mitigation measures might need to be considered for impacts to recreational 

facilities.  Coordination with USFWS and other resource agencies regarding habitat for fish and 

other resource impacts would be required in a more detailed reallocation study. 

Public Consultation 

Comment:  Agencies are requested to work together with the Wilson Lake Association.  The public 

meeting on February 25, 2009 should have answered more questions. 

Response:  The public meeting was a status update meeting and not intended to provide final 

answers.  USACE and KWO will continue to work together with interested parties if a 

reallocation is pursued. 

Reverse Osmosis Process 

Comment:  Does the 5.1 MGD figure take into account the waste that would occur during a treatment 

process?  

Response:  The figure takes into account the efficiency losses from a treatment process.  There is 

a 27 percent loss from the reverse osmosis process.  The 5.1 MGD is raw water needed from the 

reservoir.  Processing through reverse osmosis would result in a 27 percent loss which means the 

water actually delivered to the drinking water system would be 3.8 MGD. 

Comment:  What is to be done with salt from desalinization?   

Response:  Options that would be considered would be evaporation ponds or deep well injection.   

Comment:  In a dry year, you will have to extract more water because the salt levels are higher. 

Response:  The losses due to processing were considered in the concept design study and were 

accounted for in the demand analysis. 

Socioeconomic Analysis 

Comment:  Low lake levels affect boat ramps and the marina.  The study should include the Kansas State 

University Economic Analysis done for Russell County Economic Development.  Some of the statistics 

include $45.62 per angler, 57 jobs due to lake, and 212,000 visits.  Due to visits by anglers alone, the lake 

has a major economic impact: in normal years, $1.5 million; in drought years, $770,000. 
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Response:  The Kansas State University study is included in the report in section 4.3.4.  During 

droughts, impacts to recreation-related businesses would occur under all three alternatives, with 

greater effects under Alternative 2, followed by Alternative 3.  The smallest effect would occur 

under Alternative 1.  Information provided by the Russell County Economic Development 

Department based on the Kansas State University Study suggests that visitor expenditures are 

associated with $3.6 million in overall economic activity, $1.8 million in total income, and 68 

jobs in the region during normal water years.  The economic impact from fishing alone is 

estimated at $1.5 million.  Property taxes generated $128,552 in 2008.  However, when water 

level declines, such as in 2006, the revenue generated from fishing dropped to $770,000, with 

likely decreases in total income and jobs.  Therefore, it is likely there would be some decrease in 

recreation-related employment and income due to increased drawdown of the lake during 

droughts.  This would be greatest under Alternative 2, followed by Alternative 3, and lowest 

under Alternative 1.  Should reallocation be pursued, an economic impact evaluation would be 

conducted. 

Comment:  Will property values decline if the water supply project gets done? 

Response:  Property values are discussed in section 4.3.2.  In other regions where there are large 

drawdowns for purposes such as flood control, a greater distance to the pool has been found to 

lower property values.  Studies in California found that a one-foot fall from summer minimum 

pool is reflected in a 2.5 percent reduction in the selling price of a home.  However, even for 

Douglas and Cherokee Lakes in eastern Tennessee, where annual drawdowns exceed 20 feet, 

reductions in property values are modest.  For example, on Cherokee Lake, if drawdowns were 

delayed for two months in the fall, the total value of a given parcel would only rise by $650. 

Comment:  Instead of moving water to big towns, rejuvenate small towns.  The way to grow the small 

towns is through tourism from the lake. 

Response:  Changes in storage at Wilson Lake could cause recreation users to consider other 

reservoirs as alternatives, as indicated in section 4.3.2.  As indicated in section 4.3.4, recreation 

spending has been found to decrease with lake drawdown.  Impacts to boat ramps, making them 

unusable, would occur more often with water withdrawal.  However, if recreation use was 

decreased by low lake levels, it would likely be because of a regional drought and other lakes in 

the region would be similarly impacted.   

Comment:  What will be the effect of the Payment in Lieu of Taxes Program from USDI? 



Wilson Lake Water Supply Draft Scoping Process 

U.S. Army Corps of Engineers 5-5  

Response:  As indicated in section 4.3.1, Payments in Lieu of Taxes (PILT) are made to counties 

to offset losses in property taxes due to nontaxable Federal lands within their boundaries.  The 

formula used to compute the payments is based on the amount of Federal land within an affected 

county.  Because the amount of Federal land would not change under any of the alternatives, the 

level of PILT payments made to the counties would not change.   

Alternatives 

Comment:  Make sure the Dakota aquifer well alternative is looked at.  You can buy an irrigation well 

for less than the cost of water from the lake. 

Response:  The Dakota aquifer is discussed in Section 2.2.  Water suppliers in the region receive 

water from aquifers now and would continue to investigate and compare options.  A combination 

of sources, including the Dakota aquifer, would continue to be pursued. 

Comment:  Consider raising lake higher than 2 feet. 

Response:    A lake level rise higher than two feet was not evaluated because it would require 

more changes in recreational facility design and operation.  It would also likely require a lake 

operations study to determine effects on the dam and other public and private structures.  

However, this could be studied as part of a broader reallocation effort. 

Comment:  Consider a minimum pool level in any approval that is issued. 

Response:  A minimum pool level is a potential mitigation measure or restriction that could be 

included in one of the alternatives if a reallocation is pursued.  This would avoid many of the 

potential impacts of water withdrawal, but would also restrict public water supply when it is 

needed most.   

Comment:  More emphasis should be placed on water conservation in Hays and Russell.  They do not 

need to water their grass daily.  Industries need more water conservation. 

Response:  Water conservation is discussed in section 2.1.  Should reallocation be pursued, all 

alternatives and mitigation measures would need additional study.  A combination of alternatives 

and water conservation measures would likely be pursued by the cities. 

* * * * * 
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6.0 AGENCIES AND PERSONS CONSULTED 

The following people provided comments in response to outreach efforts for the Wilson Lake Water 

Supply Study.  Affiliations have been provided, if known and provided in the comments.  If no affiliation 

is given, the commenter is a member of the general public. 

Kansas Department of Agriculture, Adrian Polansky, Scott Ross 

Kansas Department of Health and Environment, Dave Waldo 

Kansas Department of Wildlife and Parks, Steve Adams, Jeremy Zimmerman 

Lake Wilson Marina, Terry Favinger 

Russell County Economic Development, Cindy Wallace 

Russell County Public Services, Lenny Tyson 

U.S. Environmental Protection Agency, Stephanie Lindberg 

U.S. Department of the Interior, Fish and Wildlife Service, Mike LeValley, Susan Blackford 

Wilson Lake Estates, Kelly Stewart, Blaine Parker 

 
Susan Bauer 

Robert and Grace Blehm 

Larry Calvery 

Jim Canfield 

Judy Goreham 

Robert Goreham 

Doug Guenther 

Dan Haberer 

Kelli Hake 

Kent Hake 

Jo Hanks 

David Homewood 

Harry L. Hunsley 

Kevin Gumescheimer 

Sara Legleiter 

Jeff Lopp 

Brian and Shonda Meitler 

John Murphy 

Tom Murphy 

Jeremy Sauer 

Cindy Suppes 

Kevin Suppes 

Carl Thill 

Roger Tobias 

Dwight Tully 

Jim Vainer 

 

* * * * * 
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Wilson Operation Model 
Water Supply Withdrawal 
Final Report 
 
March 2, 2010 
 
 
Edward E. Parker, P.E. 
Water Management Section 
Kansas City District, USACE 
 
 
Background:  Wilson Lake is located in the east-central part of Russell County, Kansas, 
extending into Lincoln County.  Interstate 70 is about three miles to the south of the 
project.  The dam is on the Saline River, 153.9 miles upstream of its confluence with the 
Smoky Hill River near Salina.  The project is located about 50 miles west of Salina, 10 
miles north of Wilson, and 20 miles east of Russell, Kansas. 

Construction of Wilson Lake began in April 1961.  The dam embankment was closed on 
September 3, 1963, but inflows were passed through the outlet works for over a year.  
The gates were closed and storage in the lake actively began on December 29, 1964.  The 
multipurpose pool elevation of 1516.0 ft was first reached on March 12, 1973.   

Wilson Lake was originally authorized for irrigation support.  Interest in the lake for 
irrigation was suspended after the Bureau of Reclamation completed a study of the 
irrigation potential in 1967.  The irrigation purpose has not been developed, and the 
Kansas Water Office has requested that the Kansas City District explore the feasibility of 
using the lake for water supply.   

The Wilson Lake multipurpose pool storage capacity was designed and constructed with 
245,000 acre-feet (AF) of capacity, assuming that irrigation of 18,000 acres would 
eventually be feasible. The 245,000 AF of capacity includes a sediment reserve of 20,000 
AF.  An additional 20,000 AF of capacity was reserved for sediment within the flood 
control zone. 

Purpose:  The State of Kansas has requested that the USACE investigate reallocating 
Wilson Lake multipurpose storage to support water supply.  Reallocation of the storage 
requires NEPA compliance through an Environmental Assessment of the action.  The 
purpose of this study is to provide input data for the environmental evaluation.  The study 
will evaluate the effects of water supply on lake operation within the multipurpose zone.  
Additional work will be required to fully evaluate the effects on the flood risk reduction 
purpose of Wilson Lake.   
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Data is provided for combinations of the following criteria: 

1. Water Supply:  Output data is provided assuming a constant 7.89 cubic feet per 
second (cfs) water supply from Wilson Lake for all years.  The 7.89 cfs 
withdrawal is equivalent to 5.1 million gallons per day, or 5,712 acre-feet per 
year. 

2. Sedimentation:  Data has been estimated for 2050 sediment conditions using the 
1965, 1984, and 1995 sediment surveys.  A current sedimentation study of Wilson 
Lake may alter the 2050 estimated values.  The study is expected to be completed 
later in 2010. 

3. Lake Inflows Depletion:  The State of Kansas has provided monthly depletion 
factors for the period 1952 through 1981.  The depletion calculation methodology 
has been incorporated into the report as Appendix A-1.  The depletion has been 
applied to the official and estimated daily inflow values.   

4. Multipurpose Pool Raise:  The data are provided for both the current Wilson 
multipurpose pool (1516.0) and for a two feet pool raise (1518.0). 

Data from January 1952 through December 2007 are used in the study.  The period 
includes the wet period of 1993, while also including the 1950’s and 2000’s drought 
periods.   

Assumptions:  The following assumptions were made in the preparation of the data. 

1. Monthly inflow depletion factors for Wilson Lake have been provided by the 
State of Kansas for 1952 through 1981.  No additional inflow depletion has 
assumed from January 1982 through the end of the study.  Inflow depletion for 
Waconda and Kanopolis Lakes has not been considered. 

2. The water supply value is the raw water withdrawn from the lake at a constant 
rate.  No evaluation has been made of the water treatment efficiency, and it is 
assumed that no waste treatment water will be returned to Wilson Lake. 

3. Sedimentation in the lake since construction provides a reasonable estimate of 
future sedimentation trends in the different lake zones.  The sedimentation survey 
values from 1965, 1984, and 1995 were reviewed to determine an average 
sedimentation amount for each year in different lake zones.  The average 
sedimentation amount was applied linearly to 2050.  No sedimentation was 
assumed above elevation 1544.0. 

4. Inflow depletions and sediment accumulation for Kanopolis and Waconda Lakes 
would not significantly alter the results of the study. 

5. Changes in downstream ungaged inflow due to depletion will not significantly 
alter the results of the study. 
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RiverWare Model Overview:   
 
The purpose of the work was to develop a RiverWare model (Model) of the Smoky River 
Basin downstream of Kanopolis, Wilson, and Waconda Lakes to the Enterprise gage at 
River Mile 43.3 (USGS 06877600).  Enterprise is the last gage in the system with 
regulating criteria for the Smoky basin projects. 

The Model includes a model schematic, incorporating lake objects, river reaches, river 
flow control points and confluences.  The lake objects include procedures for surcharge 
operation, parallel lake operation, and phase operation of flood control storage based on 
downstream control points.  The data defining characteristics and operation criteria for all 
lakes have been entered into the model.  River reaches have been modeled using 
Muskingum-Cunge routing.   

The Model provides for input of ungaged flow.  Ungaged flow has been determined for 
each control point gage based on the historic gage flow record and the model routing.  
The ungaged values consist of both positive and negative values.  Some negative ungaged 
values are a result of depletions within the reach, and some are the result of difficulties in 
routing such a long period of record.  Distributing the ungaged negative values over a 31-
day period has helped smooth the negative ungaged values.  Any remaining negative 
values have been assumed accurate due to depletions and pumping from the river.  The 
negative ungaged values were treated as losses in the upstream reach, and the positive 
ungaged values were treated as local inflow at the control point gage.  The channel 
characteristics within the Model remain static, even though channel conditions naturally 
change throughout the period of the study.   

The Model operates on mean daily data.  The Model is run on a personal computer with a 
Windows XP operating system.  The RiverWare version is 5.2. 

 
RiverWare Model Components: 
 
 
Lake Objects:  The Model includes three storage reservoir objects.  These include: 
 

LAKE NAME   RIVER  OBJECT ID 
Kanopolis Lake   Smoky Hill River KANS 
Wilson Lake   Saline River  WILN 
Waconda Lake (Section 7) Solomon River GLEL 

 
Waconda is a Section 7 project with the conservation pool operated by the Bureau of 
Reclamation.  Actual monthly Waconda irrigation data was obtained from the Bureau 
office in McCook Nebraska. The Kansas City District operates the flood control zone of 
Waconda Lake and maintains a daily database of pertinent lake data. 

Control Points:  The control points incorporated into the Model correspond to the flow 
control points specified in the Water Control Manuals for the relevant lake projects.  The 
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control points specify permissible flow rates during periods of excess water in the basin 
and are used to set flood control releases from the projects.  The control points on each 
river are: 

 
MODEL CONTROL POINTS 

 
 OBJECT  LAKES  
GAGE NAME USGS No ID REGULATED 
 
Smoky Hill River:   
Near Langley (KS) 06865500 LNGK KANS 
Near Mentor (KS) 06866500 MEKS KANS 
New Cambria (KS) 06870200 NWCK KANS, WILN 
Enterprise (KS) 06877600 EPKS KANS, WILN, GLEL 

 
Saline River:   
At Wilson Dam (KS) 06868200 WILB WILN 
Tescott (KS) 06869500 TSTK WILN 
 
Solomon River:   
Near Glen Elder (KS) 06875900 WACB GLEL 
Niles (KS) 06876900 NLSK GLEL 
 
 
Reach objects:  The reaches have been defined as the river length between each adjacent 
control point, or the river length between a control point and a major confluence.  The 
major confluences are: 
 

• Smoky-Saline (assumed to occur directly upriver of the New Cambria gage on the 
Smoky) 

• Smoky-Solomon 
 
 
Lake Object Methodology:   

 
Inflows:  Lake inflow values from the Water Management database are used for the 
period after each lake was constructed through 2007. The data is in mean daily format, 
generally in an 8 a.m. to 8 a.m. format.  As the Model operates on a midnight to midnight 
basis, the inflow data from the database is slightly time shifted.  It has been assumed that 
the shifting would not significantly alter the output from the Model. 

The inflow values from the database begin on the following dates for each lake: 

KANS  (Kanopolis Lake):    February 18, 1948 
WILN  (Wilson Lake):  September 4, 1963 
GLEL  (Waconda Lake):  October 18, 1967 
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Inflow for the lakes prior to construction was estimated using the available gaging 
stations.  While the inflow stored in the database includes inflow due to precipitation on 
the pool of the lake, the inflow estimated from gaging stations does not include 
precipitation on the pool.  Therefore, for the period prior to construction of Waconda and 
Wilson lakes, precipitation has been estimated.  Wilson and Waconda lake precipitation 
has been assumed equal to that collected by a gage at Lincoln, KS. 

Upstream lakes have not been included in the Model.  Model lakes that have upstream 
flood control structures are: 

Model Lake   Upstream Lake(s) 
 

Kanopolis   Cedar Bluff 
Waconda   Kirwin, Webster 

 
The inflow data for Kanopolis and Waconda has not been adjusted to account for the 
upstream lakes.  The inflow reflects the conditions as they existed during the period from 
1950 through 2007.  For example, before the construction of Cedar Bluff the inflow 
values for Kanopolis are not modified to account for effects caused by Cedar Bluff.  
Likewise, the inflow has not been adjusted to account for modified flows after Cedar 
Bluff's construction or for reduced flows during the initial filling of Cedar Bluff. 

 
Evaporation:  Evaporation and precipitation are entered into the Model using the 
MonthlyEvaporationCalc method.  Pan evaporation data was downloaded from the 
District database for the period from 1980 through 2002.  Monthly pan evaporation 
values (inches per month) were determined from the 22 years of data and applied to the 
entire study period.  The pan evaporation values were multiplied by the District’s pan 
evaporation coefficient before input to the Model.  The District’s pan coefficient and the 
monthly evaporation for all lakes in the study are: 

 

Month 
Pan  
Coef 

Wilson 
Monthly 
Evap (In) 

Wilson Adj 
Monthly 
Evap (In) 

Kanopolis 
Monthly 
Evap (In) 

Waconday 
Monthly 
Evap (In) 

January .76 0.96 0.96 0.95 0.87
February .64 0.79 0.79 0.78 0.74
March .56 1.30 1.30 0.95 1.26
April .52 3.24 3.24 3.28 3.28
May .53 4.04 4.04 3.89 3.92
June .66 5.69 6.54 5.48 5.79
July .68 7.83 9.00 7.69 7.79
August .78 7.61 8.76 7.54 7.48
September .91 6.83 6.83 6.78 6.90
October 1.01 5.01 5.01 5.16 5.05
November 1.04 2.86 2.86 2.87 2.68
December .94 1.54 1.54 1.52 1.37
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During validation of the model runs, it was noted that the evaporation values for Wilson 
Lake did not appear to be sufficiently high. For example, the total pan evaporation for 
July 1993 from the database was 14.4 inches but only 11.5 inches in the model.  
Therefore, the evaporation amounts for June, July and August were increased by 15%.  
Evaporation is most noticed during drought years, and while this may provide excessive 
evaporation during wetter years, the amount of evaporation during wet periods is less 
critical to the model output. 

 
Surcharge:  CADSWES enhanced the RiverWare model software under contract with 
the District to include Kansas City District lake surcharge operation.  The surcharge 
operation criteria for each lake have been incorporated into the Model, using the criteria 
specified in each Water Control Manual.  The surcharge method specified for each lake 
is: 

 
Lake Object Surcharge Method 
 

KANS   Pass Inflow 
WILN   Pass Inflow 
GLEL   Induced Surcharge Curve 
 

Uncontrolled Flood Pool Releases:  Kanopolis is one of four lakes in the District, and 
the only lake in the study, that releases ungated flow during flood operation.  The 
RiverWare methodology for balancing the flood control releases does not incorporate a 
procedure for modeling this condition directly.  The condition is modeled through a Head 
Based Diversion Object in RiverWare.  Uncontrolled flow from the lake within the flood 
control zone is entered into the Diversion Base Elevation table in the Diversion Object.  
The diversion is taken from the lake and discharged into a confluence below the project.  
The confluence combines the Kanopolis uncontrolled release with the Kanopolis gated 
release.  The outflow from the confluence is linked to the Langley control point.  

 
As the Model is unable to account for uncontrolled releases within the Kanopolis flood 
control zone directly, the uncontrolled releases from the 1507 - 1508 ft mean sea level 
(msl) zone of the lake must be modeled through the diversion.  Elevation 1508 is the top 
of the flood control pool, however the sill elevation of the Kanopolis spillway is 1507 ft 
msl.  The Diversion Base Elevation table includes the rated release through the Kanopolis 
notch, combined with the spillway release below elevation 1508 ft msl.  The Unregulated 
Spill Table on the Kanopolis object has been uniformly reduced by the discharge at 1508 
ft msl (1200 cfs) to maintain the correct amount of water flowing from the lake. 
 
River Reaches:  River reaches are defined between two control points, or between a 
single control point and a river confluence.  The reaches utilize Muskingum-Cunge 
routing. 
 
River geometry information for Muskingum-Cunge routing is derived from data gathered 
during USGS measurements.  All measurements performed by the USGS that have been 
designated with a "poor" quality rating, or that were obviously in error, have been 
discarded.  Some of the derived power functions did not have a very high correlation R 
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value, occasionally below 0.5, however most were above 0.75.  No correction for this 
could be determined due to the inability of RiverWare to consider multiple power 
functions for the same function over the full range of flows.  During low flow conditions, 
the geometry condition of the channel is much different then when overbank conditions 
exist.  If the reach extends from a confluence to a control point, the geometry taken from 
measurements at the control point is used.  If the reach is between control points, an 
average of the geometry derived for both control points is used.  Input of river geometry 
into RiverWare requires a depth of river estimate.  The river depth is estimated by 
reviewing measurements taken during low flow periods.  The estimated depth is based on 
a triangular shaped channel.  The depth of the river is assumed to equal twice the cross-
sectional area divided by the channel top width.  The reach routing time step is initially 
estimated to be three hours.  The value is reduced as needed to provide for the stability of 
the routing.   
 
Ungaged Inflow, Reach Loss:  The Model was altered to determine the amount of 
ungaged inflow between the control point gages.  Reaches were inserted into the model 
directly upstream of each control point gage.  The inserted reaches were set with no 
routing methodology and the “calculate local inflow” option.  Mean daily data was then 
loaded into each Control Point of the model, and the Storage Reservoir objects were 
removed.   
 
The model was then run in simulation mode.  The process was continued until all 
ungaged flows had been determined.  The ungaged data was output from the model and 
were downloaded to an Excel spreadsheet for evaluation and smoothing. 
 
The ungaged flow can be negative for a number of different reasons.  The primarily 
reason is that the estimated data for periods when no gage existed did not accurately 
represent basin conditions.  Also, during periods of extreme flow, water can pond in the 
overbank and subsequently percolate into the groundwater.  While the water may return 
to the stream as later seeps or springs, the process can take a very long time.  Also, 
negative flows may result due to real basin conditions such as a losing stream or direct 
pumping from the river.   
 
The ungaged flows were smoothed to eliminate large spikes in the ungaged that were 
most probably a result of inaccurate data, with a goal of maintaining the correct total 
volume flow.  Negative flow values were distributed uniformly over a total of 31 days, 15 
days before the negative flow, and 15 days after.  If negative flow remained after this 
distribution, it was assumed representative of losing stream conditions within the basin.  
The positive values of ungaged flow were entered into the Model as Local Inflow to the 
relevant control point gage.  The negative values of ungaged flow were entered into the 
Model as a reach loss from the relevant reach object.   
 
A non-routing reach was inserted between the Smoky-Saline Rivers confluence and the 
New Cambria control point gage.  The reach was used for insertion of the flow losses 
above the New Cambria gage. 
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Irrigation Operation: The Bureau of Reclamation operates Waconda Lake for 
irrigation.  The Bureau has provided historic data for the period of their operation.  The 
Bureau maintains their data in a monthly format that has been converted to daily values 
for insertion to RiverWare.  For the purpose of the Model, it has been assumed that the 
irrigation diversions have been constant for the entire month.  While this does not 
represent the actual conditions within the basin, the total volume of water is maintained.  
For the period prior to irrigation usage, the Model assumes no irrigation usage.   
 
Water Level Management Plans:  All model runs were made assuming that no water 
level management plan was in effect for any of the lakes during any of the years.   
 
Water Quality Releases:  Each lake's minimum release requirement has been included 
in the model as separate rules in the "Flood Control Release Rules" policy group.  In 
addition, releases are made from Kanopolis to supply the water quality flow requirements 
at the Mentor gage.  Rules for the Mentor water quality support are included in the 
"Minimum Flow Rules" policy group.  The required flow at the Mentor gage is 
maintained by the "MentorLowFlow Every day" rule.  Water quality releases from 
Kanopolis Lake is routed to Mentor by the “LGLK to MEKS NOLAG” rule. 
 
Flood Control Operation:  The model operated the flood control storage of all lakes in 
accordance with the individual approved water control manuals.  The only exception was 
the Phase II release from Wilson Lake.  During the validation of the model (described 
below) it was determined that historic operation was better represented by reducing the 
Phase 2 release from 2,000 cfs to 1,700 cfs because of a downstream bridge obstruction.  
 
 

Flood Control Flows Used in Model Study 
    
Stream Gage Phase 1 Target Phase 2 Target Phase 3 Target 
Langley 4,100 cfs 5,100 cfs 7,800 cfs 
Mentor 3,000 cfs 5,000 cfs 8,000 cfs 
Wilson Below 1,200 cfs 1,700 cfs 2,250 cfs 
Tescott 1,900 cfs 3,200 cfs 3,600 cfs 
New Cambria 5,400 cfs 9,000 cfs 11,500 cfs 
Waconda Below 1,560 cfs 2,600 cfs 7,500 cfs 
Niles 3,000 cfs 5,000 cfs 6,000 cfs 
Enterprise 12,000 cfs 20,000 cfs 38,000 cfs 

 
 
Adjustments to Model Operation:  RiverWare includes a number of "switches" that can 
be used to cause the lake operation to more closely simulate actual conditions.  These 
switches include: 
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Lake Objects 
 

Objective Release Pattern:  The objective release pattern refers to the release 
calculation when the lake is not otherwise restricted.  The release pattern was set 
to 0.10 to reflect a 10% release each day.  10% would correspond to a 10 day 
evacuation period.  Note that the number of period in the Objective Release 
Pattern cannot be more than the number in the Forecast Period slot.  
 
Objective Release Pattern Threshold:  Set to 0.15 to prevent resetting of the value 
an excessive number of times. 
 
Phase Tolerance:  The amount that the Operating Level must exceed the phase 
criteria before releases are changed.  Set to .05 to minimize oscillations in releases 
when the lake is operating near a phase boundary. 
 
Permissible Outflow Increase Constraints:  The amount of discharge increase that 
is permitted within a timestep.  Each lake within the Model has a discharge 
increase limitation table included within the respective lake's Water Control 
Manual.  The limitation tends to be a rate of change within an hour that is related 
to a stage elevation change at the downstream gages.  As the timestep of the 
Model is daily, the limitation on outflow increase caused by this restriction is not 
very significant.  However, in practice, the lake operation tends to spread 
increases over a period of time to minimize the possibility of needing large 
fluctuations in lake release due to changing downstream conditions.  The 
spreading of the releases was modeled using the forecast period slot in RiverWare 
as described below. 
 
Permissible Outflow Decrease Constraints:  The amount of discharge decrease 
that is permitted within a timestep.  The data is input in the form of a table, with 
different release amounts relative to the current release level.  The permissible 
release rate in the Model has been set high for all lake to disable this function.  As 
all lakes can be reduced to zero release quickly in the case of downstream 
flooding conditions, any restriction on the rate of decrease in a daily model did 
not seem realistic. 
 
Forecast Period:  Setting the forecast period on the lake objects, control points and 
computational basins provided the length of time that the Model "looks ahead" at 
downstream control points.  All objects must have the same value of forecast 
period. For the Smoky Hill River basin the forecast period has been set to four 
days.    
 

Control Point Objects 
 
Phase Space Tolerance:  The value set in this slot allows some flexibility in 
release when the lake changes from one phase to the next.  The flexibility reduces 
the chance of the model requiring releases that fluctuate between a Phase I and 
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Phase II for a number of timesteps.  The Phase Space Tolerance for all control 
points has been set to 100 cfs.  In addition, the Phase Space Hydrograph slot in 
the control points has been set to 100 cfs below the true gage flow restrictions.  
Such setting permits the flexibility in the top 100 cfs of the Phase release, rather 
than permitting the release to exceed criteria by 100 cfs. 
 

Model Validation:  Model validation consisted of a number of different steps during 
Model development.  Efforts were made to insure the quality of the data in the Model.  In 
addition, the Model output was compared with historic conditions to insure appropriate 
lake operation. 
 
Historic Flow Data Quality:  The raw flow data was developed, validated and delivered 
by Dr. Barkau of the Kansas City District.  Lake inflow data prior to lake construction 
was also provided by Dr. Barkau.  Post construction lake inflow data were taken from the 
Water Management Section database.     
 
Routing:  Most routing in the Model was completed using Muskingum-Cunge 
methodology.  Data used for routing (reach length, stream geometry, slope) was taken 
from the USGS record.  The stream geometry data was derived from the USGS 
measurement as described in the text.  The data has been previously validated by the 
USGS.   

 
The Model's calculation of ungaged data was evaluated to validate the routing.  An 
extremely high value of ungaged flow, followed by a negative ungaged flow (or the 
reverse) could be indicative of incorrect flow velocity.  Likewise, multiple days of 
negative ungaged could represent incorrect attenuation of the hydrograph.  Such 
conditions were discovered in the ungaged calculations; however, they were most noted 
during the early periods of the model run.  The more recent times of the model did not 
reflect the same ungaged flow calculations. 

 
The review indicates that the data derived during the early periods may not precisely 
represent the flow conditions at the time.  As the more recent data period did not indicate 
the same conditions, it was determined that the routing was performing appropriately.  
Extreme flow events, involving overbank flow conditions are not precisely modeled as 
river channel geometry was entered into the Model using a simple power function.   
 
Model Operation:  Validation of the model operation was performed by comparing the 
output during the period from 1982 through 2001 with the historic values experienced.  
All of the lakes had been constructed prior to 1982, and the data was considered to be a 
higher quality than the earlier periods.  In addition, the period from 1982 through 2001 
includes a very dry period (1988 through 1992) and a very wet period (1993). 
 
Initially, the output from the Model was compared with conditions experienced in the 
basin.  Some noted differences were noted in the pool elevations of the lake with lower 
values being calculated by the Model than historic values.  For example, the elevations of 
Kanopolis Lake tended to be a few feet lower than the historic values. 
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As the actual values tended to be higher than the designated multipurpose pool elevation, 
it was believed that the difference could be caused by the use of water level management 
plans during the period.  To evaluate this possibility, the water level management plans 
for the lakes were included in the model.  While the plans have changed during the 1982 
through 2001 period, it is not possible to simple change the plan for each year in 
RiverWare.  The most recent approved plans were used.  The plans are entered by 
altering column one of each lake's Operating Level Table (multipurpose pool). 
 
After entering the water level management plan, the Kanopolis Lake pool plot indicated 
much closer lake operation. 
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Kanopolis Lake Elevation
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The main differences in the Kanopolis elevations appeared during 1983 and 1988/1989.  
Construction requirements during these two periods required that the Kanopolis pool be 
artificially lowered.  Such construction requirements are not reflected by the Model. 
 
The Wilson Lake project in the Smoky Basin has also been restricted by a downstream 
bridge that was constructed after the lake.  The bridge restricts the flow in the channel to 
about 1,700 cfs while the Phase II release is 2,000 cfs and the Phase III release is 2,250 
cfs.  The Phase II release has been adjusted in the validation model to 1,700 cfs to reflect 
the changed condition.  The Phase III release has not been change with the assumption 
that those releases will be necessary regardless of the bridge restriction.  After these 
changes were incorporated into the Model, the following Wilson Lake elevations were 
noted. 
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Wilson Lake Elevation 
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The Wilson Lake elevations appear to agree well with the historic values, except during 
period of extremely high values.  During such periods, the actual levels experienced 
appear higher than the values predicted by the Model.  The lake operation was evaluated 
during the 1993 period and it appeared that the operation specified by the manual was not 
strictly followed.  During the July period, only minimum releases were made from 
Wilson, even though all downstream control points through Enterprise were below 
criteria levels.  However, during the same period gages further downstream were 
exceeding criteria.  Apparently, releases from Wilson were restricted due to the 
downstream conditions, even though the manual specifies that the lake is not constrained 
by conditions downstream of the Enterprise gage. 
  
The Glen Elder Lake elevations also reflected lower values in the Model than those 
experienced during high inflow periods.  The reason for these higher pools appears the 
same as for Wilson Lake.  In addition, Glen Elder Lake experienced faster reduction in 
the pool elevation after these high inflow periods, particularly in 1993.  For example: 
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Glen Elder Lake Elevation
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While the manual specifies a Glen Elder Phase I release of 1560 cfs and a Phase II 
release of 2600 cfs, the actual releases during the 1993 event were 2250 cfs for Phase I 
and 3000 cfs for Phase II.  Substituting these releases into the Model yields the following 
results for Glen Elder. 
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Flow conditions within the Smoky Hill River basin were also evaluated using the same 
procedure.  The Model output appeared to agree with the historic flow values well after 
the above documented changes were done to the base condition model.   
 
Model Runs:  The State of Kansas requested information for three different operation 
scenarios.  All runs include depleted Wilson Lake inflow values, and estimated 2050 
sedimentation conditions.  The runs were performed using RiverWare personal computer 
version 5.2. 
 

1. No Action.  A base condition run has been performed for no water supply and a 
1516 ft msl multipurpose pool elevation.    

 
2. Water Supply From Multipurpose Pool.  Run provides for a 7.89 cfs constant 

withdrawal and a 1516 ft msl multipurpose pool elevation.    
 

3. Water Supply With Two Feet Raise.  Run provides for a 7.89 cfs constant 
withdrawal and a 1518 ft msl multipurpose pool elevation.    

 
The inflow depletion factors were calculated by the State of Kansas.  The factors 
provided by the State were developed using statistical procedures as described in 
Appendix A-1.  The factors are monthly values for the period 1952 through 1981 and 
were applied to all the model runs. 
 
The original reservoir capacity tables were derived from Bureau of Reclamation 
topographic maps dated July 1962.  The tables dated November 1965 represent the 
original capacity tables for the reservoir with corrections for cut and fill during 
construction.  Elevation-area-capacity tables were developed following a complete 
resurvey of the sediment ranges in July 1984 and again after a partial survey (12 of 18 
total ranges) in June 1995.  The capacity tables dated December 1984 are based on the 
July 1984 sediment surveys.  They were put into use in September 1985, and they 
continue to be used for current real-time water control computations.  The capacity tables 
dated September 1995 were developed for sediment studies, but have not been used for 
real time operations.  However, they are useful for estimating future reservoir capacities, 
in particular, the capacities needed for reallocation and yield studies. 
 
The following table provides the original allocations based on the November 1965 
capacity tables, the space remaining according to the December 1984 operational 
capacity tables, and the space remaining according to the September 1995 study tables.  
Within the limits of transect-survey methodology, the data suggests that sedimentation 
within the multipurpose pool may be occurring at a faster rate than designers anticipated. 
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Nominal 
(Design) 

Allocations 

Nov 65 
Storage 
Tables 

Dec 84 
Storage 
Tables 

Sep 95 
Storage 
Tables 

Sediment Survey Date  Dec 64 * Jul 84 Jun 85 
Effective Date for Water 
Management Operation  Sep 63 Sep 85 Not used 
Total Cap at Elev 1554 (FP) 776,000 AF 778,545 AF 772,732 AF 763,451 AF 
   Flood Control Allocation 511,000 AF 511,000 AF 511,000 AF 511,000 AF
   FC Sediment Reserve 20,000 AF 19,710 AF 19,204 AF 18,846 AF
Total Cap at Elev 1516 (MP) 245,000 AF 247,835 AF 242,528 AF 233,605 AF 
   Multipurpose Allocation 225,000 AF 225,000 AF 225,000 AF 225,000 AF
   MP Sediment Reserve 20,000 AF 22,835 AF 17,528 AF 8,605 AF

*  Storage began and sediment began accumulating on December 29, 1964 
 
 
Average Wilson Lake capacity change at different elevations was calculated by 
subtracting the June 1995 value from the Jan 1965 value and dividing by 30.5.  Lake 
elevations were chosen to provide the best fit for increasing total capacity loss for each 
higher elevation. 
 
Wilson 
Lake 
Elev 
(ft) 

1 Jan 
1965 
Cap 
(AF) 

1 July 
1984 
Cap 
(AF) 

1 Jun 
1995 
Cap 
(AF) 

Change in  
Cap (AF)  
65-84 

Change in 
Cap (AF)  
84-94 

Annual 
Change in 
Cap (AF) 
64-95 

1554 778545 772732 763451 5813 9281 494.9 
1553 758730 752897 743616 5833 9281 495.5 
1550 701464 695679 686398 5785 9281 494.0 
1544 597255 591405 582124 5850 9281 496.1 
1537 490346 484639 475364 5707 9275 491.2 
1531 410174 404419 395291 5755 9128 488.0 
1526 350061 344465 335383 5596 9082 481.2 
1521 296059 290542 281595 5517 8947 474.2 
1515 247835 242528 233605 5307 8923 466.6 
1508 181647 176687 167956 4960 8731 448.9 
1505 159940 155139 146895 4801 8244 427.7 
1501 133484 129099 121161 4385 7938 404.0 

 
 
Extending the capacity loss to the years 2010, 2020, 2030, 2040, and 2050 results in the 
following capacity table.  The change in capacity for each elevation was assumed linear 
from January 65 to June 95 and continued on to each year.  The capacity above elevation 
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1544 was assumed to be constant.  The following table contains the projected lake 
capacity for the corresponding elevations: 
 

Wilson 
Elev (ft) 

2010 Cap  
(AF) 

2020 Cap 
(AF) 

2030 Cap 
(AF) 

2040 Cap 
(AF) 

2050 Cap 
(AF) 

1554 756,221 751,260 746,299 741,338 736,377 
1553 736,406 731,445 726,484 721,523 716,562 
1550 679,140 674,179 669,218 664,257 659,296 
1544 574,931 569,970 565,009 560,048 555,087 
1537 468,241 463,329 458,417 453,505 448,593 
1531 388,215 383,336 378,456 373,576 368,697 
1526 328,405 323,592 318,780 313,968 309,155 
1521 274,719 269,976 265,234 260,492 255,749 
1515 217,777 213,085 208,392 203,699 199,006 
1508 161,447 156,958 152,469 147,981 143,492 
1505 140,693 136,416 132,139 127,862 123,585 
1501 115,303 111,262 107,222 103,182 99,141 

 
 
The lake area-elevation values used in the model were calculated from the capacity tables 
for 2050.  The pool surface area is the difference in capacity (acre-feet) between two 
given pool elevations divided by the change in elevation (feet).  The tables developed 
used are as follows: 
 

Wilson 
Elev (ft) 

2010 Area 
(ft2) 

2020 Area 
(ft2) 

2030 Area 
(ft2) 

2040 Area 
(ft2) 

2050 Area 
(ft2) 

1592.0 35,876 35,876 35,876 35,876 35,876 
1590.0 34,989 34,989 34,989 34,989 34,989 
1585.0 32,750 32,750 32,750 32,750 32,750 
1582.0 31,396 31,396 31,396 31,396 31,396 
1554.0 20,027 20,027 20,027 20,027 20,027 
1553.5 19,815 19,815 19,815 19,815 19,815 
1551.5 19,089 19,089 19,089 19,089 19,089 
1547.0 17,368 17,368 17,368 17,368 17,368 
1540.5 15,241 15,234 15,227 15,220 15,213 
1534.0 13,338 13,332 13,327 13,321 13,316 
1528.5 11,962 11,949 11,935 11,922 11,908 
1523.5 10,737 10,723 10,709 10,695 10,681 
1518.0 9,490 9,482 9,474 9,465 9,457 
1511.5 8,047 8,018 7,989 7,960 7,931 
1506.5 6,918 6,847 6,777 6,706 6,636 
1503.0 6,348 6,289 6,229 6,170 6,111 
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Three runs were performed for the 2050 study year, two with the multipurpose pool at 
1516.0 and one with the multipurpose pool at 1518.0.  Of the two runs at normal 
multipurpose pool elevation of 1516.0, one was run with no water supply while the other 
was run with the 7.89 cfs water supply factor.  The results of each run were saved as 
“snapshots” in the model itself then exported to Excel for analysis purposes.  For each 
run, the raw data was saved.   
 
RESULTS: 
The output from the model runs is provided on the following plots.  The daily Wilson 
Lake elevations are provided for each of the three assumption sets described above.  Note 
that the dates on the graphs correspond to the historic conditions at that time; however, 
the Wilson lake inflow values have been reduced according to the KWO’s depletion 
factors.  The inflows for Waconda and Kanopolis Lakes have not also been reduced; 
however, this should only affect high release requirements due to extreme flooding 
conditions.  The lake drawdown should not be affected, as Wilson does not share support 
for any downstream lowflow requirements with any other lake in the basin. 
 
The models runs assume no drawdown limit for water supply diversion and the 7.89 c.f.s. 
water supply was always delivered.  The lowest Wilson pool elevation noted was 1502.7 
ft. m.s.l. on simulated date March 14, 1957. 
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CONCLUSIONS: 
 
For all three model runs the minimum pool elevation occurs on model day March 13, 
1957.  An additional model run was made for a two feet pool raise with no water supply 
to calculate the values for the same date.  Those values are provided in the below table. 
 
 

 
 
 
For the runs using a 1516 ft msl multipurpose pool, the maximum pool elevation 
drawdown due to water supply withdrawal is 1506.30 – 1502.76 = 3.54 feet.  The 
difference in elevation is the result of a 22,295 AF reduction in storage (132,203 AF – 
109,908 AF).  The 2050 storage value at normal pool elevation (1516 ft. m.s.l.) is 
208,463 AF.  Therefore, the reduction in storage represents 10.7 percent of the 
multipurpose pool volume. 
 
For the runs using a 1518 ft msl multipurpose pool, the maximum pool elevation 
drawdown due to water supply withdrawal is 1508.18 – 1504.85 = 3.33 feet.  The 
difference in elevation is the result of a 22,238 AF reduction in storage (144,911 AF – 
122,673 AF) and is slightly less than the 1516 ft msl multipurpose pool runs.  The 2050 
storage value at 1518 ft msl is 227,391 AF.  Therefore, the reduction in storage represents 
9.8 percent of the larger multipurpose pool volume. 
 
Similarly, the minimum lake surface area is reduced from 6605 acres to 6090 acres when 
water supply is withdrawn from the lake with a 1516 ft msl multipurpose pool elevation.  
The difference in surface for the two scenarios is 515 acres.  The 2050 surface area value 
at normal pool elevation (1516 ft msl) is 8987 acres.  Therefore, the reduction in surface 
area represents 5.7 percent of the multipurpose pool area.   
 
For the runs using a 1518 ft msl multipurpose pool, the minimum lake surface area is 
reduced from 7070 acres to 6388 acres when water supply is withdrawn from the lake.  
The difference in surface for the two scenarios is 682 acres.  The 2050 surface area value 
at 1518 ft msl is 9478 acres.  Therefore, the reduction in surface area represents 7.2 
percent of the 1518 ft msl pool area.  The increased surface area difference compared to 

 No Action 

Water Supply 
From 

Multipurpose 
Pool 

Water 
Supply 

With Two 
Feet Raise 

No Water 
Supply With 

Two Feet 
Raise  

Minimum Pool 
Elevation (ft msl) 1506.30 1502.76 1504.85 

 
 

1508.18 
Minimum Lake 
Capacity (AF) 

 
132,203 109,908 122,673 

 
144,911 

Minimum Surface 
Area (Acres) 

 
6605 6090 6388 

 
7070 



 

A-27 

the 1516 ft msl value is caused by the shape of the lake bottom at these elevations.  The 
shape will be redefined when the ongoing sedimentation survey is completed. 
 
The daily lake elevation output data for Wilson Lake has been separated between summer 
and winter period values.  For the purposes of this report, the summer values are assumed 
to occur from May through September, and the winter values occur from October through 
April.  The recurrence interval of the values has been determined, and the following table 
prepared.  The table indicates the percent of time the lake elevation is below the 
referenced values.  The percentages do not represent the number of days expected each 
year.  Instead they represent the total percentage of days over the entire study period. 
 
 

Wilson Lake Elevation 
 Percent Days Below Elevation  

May -- September 

 

Elevation No Action 

Water Supply 
From 

Multipurpose 
Pool 

Water Supply 
With Two Feet 

Raise 

1519 97% 97% 96% 
1518 96% 97% 78% 
1517 95% 95% 66% 
1516 73% 76% 60% 
1515 57% 64% 53% 
1514 46% 57% 47% 
1513 36% 52% 41% 
1512 23% 44% 30% 
1511 15% 36% 23% 
1510 8% 25% 17% 
1509 4% 18% 9% 
1508 1% 11% 5% 
1507 0% 7% 2% 
1506 0% 4% 0% 
1505 0% 1% 0% 
1504 0% 0% 0% 
1503 0% 0% 0% 
1502 0% 0% 0% 
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Wilson Lake Elevation 
 Percent Days Below Elevation  

October – April 

 

Elevation No Action 

Water Supply From 
Multipurpose 
Pool 

Water Supply 
With Two Feet 
Raise 

1519 98% 98% 97% 
1518 97% 97% 81% 
1517 96% 96% 74% 
1516 75% 80% 67% 
1515 64% 72% 56% 
1514 55% 64% 51% 
1513 42% 55% 44% 
1512 29% 50% 36% 
1511 18% 41% 27% 
1510 13% 31% 19% 
1509 5% 21% 14% 
1508 3% 15% 9% 
1507 2% 12% 4% 
1506 0% 5% 3% 
1505 0% 4% 0% 
1504 0% 2% 0% 
1503 0% 1% 0% 
1502 0% 0% 0% 
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Appendix A-1 
 

Wilson Reservoir Inflow Depletions 
(Provided by the Kansas Water Office) 

 
Introduction 
Inflows to Wilson Reservoir have declined since the 1950’s.  In order to more accurately 
estimate a modern inflow response to the effects of historic climatic conditions, relations were 
developed for modern flows and the climatic conditions observed from 2001 through 2007.  
Those relations were used to predict inflows in response to the historic climatic conditions at 
Wilson Reservoir and its watershed.  Generally, the predicted inflows were less than the 
observed historic inflows for the period. 
 
Depletion data, methods and results to historic Wilson Reservoir inflow are contained in a single 
workbook titled “Tbl_WilsonInflowDepletions_030209_cbg.xls”.  This report summarizes the 
methods used to deplete historic inflows and the results of the methodology. 
 
Method 
Gaged average daily flow (cfs) was assembled from the USGS NWIS website.  The USGS gage 
on the Saline River near Wilson (06868000) was used for the 1950-1963 period and the USGS 
gage on the Saline River near Russell (06867000) was used for the 1963 to 2007 period.  Since 
the gage near Russell is located upstream of the Wilson gage, the observed average daily flows 
of the Russell gage were increased by 26.5%, the proportional change in drainage areas between 
the two gage locations.  The resulting inflows were used as the ‘observed’ inflows to Wilson 
Reservoir for the 1950-2007 period (see worksheet ‘SalineAbvWilsonFlow’ in the 
Tbl_WilsonInflowDepletions_030209_cbg.xls workbook).  The average daily inflows were 
converted to monthly inflow volumes in acre-feet and then sorted by month for regression 
analysis (see worksheet ‘MonthlyVolCalcs_AbvWilson’). 
 
Total monthly precipitation was assembled for 1950-2007 at two stations (Quinter and 
Wakeeney) in the upper part of the Wilson Reservoir drainage area and two stations in the lower 
part of the drainage area (Wilson and Natoma) (see worksheet ‘PPT (raw data)’).  An upper and 
lower watershed precipitation average was created by averaging total monthly precipitation for 
the two gages as assigned in each portion of the Wilson drainage (see worksheet ‘PPT’).  The 
precipitation record at the Mingo station was also added but is not used in the upper and lower 
average precipitation calculations.  The Mingo precipitation data is used in calculating the 
maximum monthly precipitation term for the five precipitation stations as assembled for the 
depletion analysis. 
 
The Wilson Reservoir watershed covers four Kansas Palmer Drought Index regions.  Monthly 
Palmer Drought Severity Index (PDSI) values were assembled for regions 1, 2, 4 and 5.  The 
average PDSI of those regions was created for the regression analysis (see worksheet ‘PDSI’).  
The same procedure was followed for the Palmer Hydrological Drought Index (PHDI).  An 
average PDHI was created for the regression analysis from it (see worksheet ‘PHDI’). 
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Distribution tests (Shapiro-Wilk Test) were performed on the monthly flow volume, 
precipitation, PDSI and PDHI data to check the normality assumption for regressions.  The result 
was that the flow volume data was transformed (natural log) and the precipitation data was 
transformed (square root). 
 
A stepwise multiple-regression was used to select the most important/significant predictors for 
each monthly inflow regression model.  Fourteen predictors were available at the start of each 
stepwise regression.  Typically, only two predictors were used in each monthly regression model.  
The screen captures for each regression model selected for each month are displayed on the 
worksheet labeled ‘MonthlyRegrsn_2001-2007’. 
 
As an example of this stepwise regression process, the regression model developed for the month 
of April is provided:  In SAS-JMP (for 2001-2007 data) the ‘Fit Model’ platform was launched 
and the Y-variable selected was LN (Apr Flow).  The candidate parameters for the model effects 
were LN (Mar Flow), LN (Feb Flow), SqRt PPT Upper Wtrshd (Apr), SqRt PPT Upper Wtrshd 
(Mar), SqRt PPT Upper Wtrshd (Feb), SqRt PPT Lower Wtrshd (Apr), SqRt PPT Lower Wtrshd 
(Mar), SqRt PPT Lower Wtrshd (Feb), PDSI (Apr), PDSI (Mar), PDSI (Feb), PHDI (Apr), PHDI 
(Mar) and PDHI (Feb). 
 
At this point the stepwise regression model platform was launched and parameters were selected 
and unselected in a stepwise fashion until certain criteria were met.  Those criteria were to 
maximize the adjusted r-square of each model, while keeping the number of model effects 
parameters as low as possible and holding the parameters selected for each monthly regression as 
consistent as possible across the 12 monthly regressions. 
 
The multiple-regression model for April inflow uses March’s inflow and a precipitation term as 
predictors.  The previous month’s inflow, or March inflow term in our example, is significant 
under the average to drier conditions of the 2001-2007 period because it was the result of, or 
inflow response to, the climatic and hydrologic conditions in the Saline River above Wilson 
Reservoir leading up to the current month’s inflow (the Y-variable in our models).  That previous 
month inflow term was consistently important in predicting the current month’s inflow.  The 
other term that was consistently important in predicting monthly inflow was a precipitation term.  
There were some exceptions in the monthly models for the precipitation term.  For November 
through February precipitation was not as significant in predicting monthly flow.  This is 
probably because precipitation is generally low in these months.  For July the precipitation term 
was also omitted from that month’s inflow model, but that is more likely due to the non-typical 
very low precipitation in May through July for 2001-2007. The monthly regression models are 
summarized in the worksheet labeled ‘RegrsnEqns_2001-2007’. 
 
The coefficients in the regression table on worksheet ‘RegrsnEqns_2001-2007’ are used to 
generate inflow estimates for the study period.  The flow generated from the previous month’s 
regression model is used in the current month’s regression model equation.  Notice that the first 
month of period, January 1952, would use December 1951 inflow data to start the inflow 
estimate/depletion process.  The December 1951 inflow has not been depleted and using that 
undepleted inflow for the January 1952 inflow estimate would artificially inflate the January and 
probably even subsequent month’s inflow estimates.  Therefore, the starting inflow for the 
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simulation period was selected to be the median December inflow for the 1982 – 2007 period as 
a representation of the modern period of inflow that could be expected in December. 
 
In the process of developing the monthly regression models it was noted that large precipitation 
events that created large monthly inflow volumes, especially monthly flow volume spikes or 
peaks during periods of lower flows, were consistently under-predicted by the monthly 
regression equations.  The monthly inflow regressions were developed to predict baseflow 
dominant or low runoff conditions that typically occur during average to drier conditions (like 
the conditions occurred for most of the months in the 2001-2007 period). 
 
To correct the under-prediction (or over-depletion) of monthly inflows issue, one final regression 
equation was developed.  This additional regression model predicts inflows for those months 
that, typically, had greater than 5,000 acre-feet of inflow by volume and/or were noted as 
significant peaks or spikes in the monthly inflow record.  In order to have a sufficient number of 
data point to develop the model, the period used was expanded to 1980-2007.  The ‘high inflow 
month’ regression model does not use the previous month’s inflow as a predictor term; it uses the 
maximum precipitation noted in the watershed multiplied by the PDSI to estimate monthly 
inflow volumes.  Of the 672 months in the 1950-2007 period, 71 months were categorized at 
‘high inflow months’.  These months are noted on the worksheet ‘Observed_Predicted’ by blue 
text for the observed inflow and assigned a ‘wet’ label under the Month Condition column 
(column F) in that worksheet. 
 
Not all of the variation in monthly inflow volumes could be explained by the predictor variables 
in the monthly regression models (notice the r-squares for each model do not equal 1.00).  
Because of the uncertainty inherent in the lack of perfect (100%) knowledge, there are occasions 
when the monthly regression models will under or over predict inflows for the climatic 
conditions of the past.  Following a more conservative tack in the estimation of monthly inflow 
volumes, the magnitude of the over-predictions that occasionally will occur was limited.  An 
over-prediction flow limitation factor was created and set two times the observed monthly 
inflow.  No limitation was set for the estimation of the depletion to the observed monthly 
inflows. 
 
At some point in the monthly flow record, the depletion of inflows based upon the relations 
developed from the 2001-2006 data should no longer be applied.  Obviously, no depletions to the 
2001-2006 are necessary, but how far back in the record should the observed monthly inflows 
also be the expected monthly inflows, given the same climatic and hydrologic conditions be 
repeated in the future?  For this analysis the point where the inflow depletion equations were 
discontinued was found by plotting the observed monthly inflows against predicted monthly 
inflows (located on worksheet ‘Observed_Predicted’ again).  Visual inspection of the plot shows 
a relatively large gap between observed and predicted inflows for the 1950’s and much of the 
1960’s.  The gap shrinks in the 1970 and largely disappears by the 1980’s.  The gap reappears in 
the mid and late 1990’s, however, that is most likely due to under-prediction of monthly inflows 
during extended wetter periods rather than actual inflow depletions that may have occurred in 
that decade.  A 10 year moving average was added to the plot and shows much of the depletions 
disappear by the late 1970’s and early 1980’s.  From this review 1982 was selected as the year in 
the period of record at which point the monthly regressions would no longer be used and 
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monthly inflows would revert to the observed values.  In truth the selection of 1982 as the 
breakpoint is somewhat arbitrary, most any year from the mid 1970’s to the mid 1980’s could 
have been selected. 
 
Results 
The data and graph in worksheet ‘Observed_Predicted’ also serve as the summary of the results 
for the depletion analysis.  Using the monthly inflow equations depletes the observed inflow to 
Wilson Reservoir for the 1950’s drought period (1952-1957) by 70% (by volume).  The monthly 
depletions are shown in the same worksheet.  The predicted monthly inflow divided by the 
observed monthly inflow is shown as red text in column I in the worksheet and is labeled the 
‘Depletion Factor’ for this analysis. 
 
Recommendations 
Based upon the analysis above, it is recommended that the recorded observed inflow volumes to 
Wilson Reservoir be depleted by the Inflow Depletion Factor as identified in Column I of the 
worksheet ‘Observed_Predicted’.  The Inflow Depletion Factors should be used as surrogates for 
the anticipated reservoir inflows should future climate conditions recapitulate the historic climate 
conditions of 1952-1981 including any simulation that would repeat those conditions as a future 
scenario. 
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Public Comments Received 

I am the daughter of one of the land owners that was forced to sell their prime land when Wilson Lake 
was built.  I still have hard feelings about that even after all of these years.  It broke my parents heart to be 
forced to sell prime land for little money that was only enough to purchase substandard land to replace it.  
Now, you want to use the water for other areas and deplete the water level.  What on earth are you 
thinking?  Why not drain the lake entirely and give the people back their land?  I, for one, wish we still 
had that prime land....it would be worth a lot of money in today's market.  We use the lake on a regular 
basis and would hate to see the water level lowered.  They knew the water was salty when they built the 
lake....that didn't stop them.  Putting the brine back into the lake would kill many things.....trees, plants, 
possibly fish, etc.  That is not the solution.  I think you should look at different areas for water.  Thank 
you.   

As a dock owner & last user I say leave Wilson alone Hays is too greedy with water. 

I am a homeowner located at Wilson Lake.  Please consider what selling water to Hays will do to the 
value of our homes if the lake goes down, the shoreline is replaced by trees, as it was at Cedar Bluff from 
irrigation, the lakes camping will decline as will my property value.  If the lake drops 4-6 FT from 
conservation, the camping will decline as it did at Cedar Bluff.  Please consider this before allowing “our 
lake” (Wilson) to be less enjoyable than it is today.  Thanks for listening. 

I have just learned of the discussion regarding Wilson Lake water diversion.  As one whose family has 
had a cabin there for 20 years, and who wants to build a home there myself to retire in the next three 
years, I am shocked that such short sighted plans are being seriously considered. Why is it always 
necessary to bail out communities who can't adequately manage their own water use needs?  City 
ordinances imposing fines for planting certain grasses for lawns and ignoring times of or restrictions 
on watering,  and creating a nasty overuse fee to the monthly water bill (above a reasonable volume for 
activities of daily living), might discourage some of that.  Here is a summary of information I have 
gleaned just today.  I am sure most of it is not new to you, but perhaps the bottom line hasn't been 
adequately addressed:   

Data at the dam, based on 44 years of records (cfs). This is outlet flow.  I don't know what the MDS is. 

Minimal flow (1968) - 2.8 
Median (middle point) - 8.6 
Mean (average) - 44 
Most recent - 129 
Maximum (1993) - 448 

One gallon is 0.13368 cubic feet, or 1 cubic foot is 7.48 gallons which is 0.00002296 acre-feet. 

At 8.6 CFS, times 86,400 seconds/day, is 1.9837 acre-feet per day, or 724 acre-feet per year. 

To make the math simple, use 10 cfs, which results in 841 acre-feet per year for every 10 cfs of outlet 
flow. 

30,000,000 gallons diversion per day equals 10,950,000,000 (that's 10.95 billion) per year, which equals 
33,600 acre-feet per year.  A 9,000 acre lake will see its level drop by 3.73 feet per year. 

 



 

B-2 

Evaporation is said to equal about 5 feet of level drop per year.  Rainfall directly onto the lake of 24 
inches per year would reduce the net drop to 3 feet per year.  That means that upstream surrounding 
ground rainwater run-off, at the same 24 inches per year and net of absorption into surrounding ground 
and farm ponds, must come from an area of another 14,000 acres upstream from the lake. 

Asking the lake to reliably supply another 3.73 feet of level per year means that the alluvial tributary area 
must expand to include another 17,500 acres.  Also, as the lake level drops (in the short run) and as the 
lake fills with sediment (over the long run), the volume of water available drops (i.e. the bottom inch of 
water in a bowl has less volume than the inch above it).  See the minimal flow above.  That was the rate 
while the lake was filling to begin with, and it took nine years to fill it. 

I recommend those considering tapping Wilson Lake for community water needs look elsewhere.  
Consider how those communities would address their water use issues if Wilson Dam had never been 
built, and explore those resources.  Turning to Wilson Lake as a source of water for communities is short-
sighted and will kill the Golden Goose that Lake Wilson has become to Russell County, the State of 
Kansas, and the US Army C of E. 

Unfortunately I was unable to attend the public meeting at Russell some time back.  It is with some 
concern that I am contacting you.  My family and extended family have been patrons of Wilson Lake 
almost from its inception, I cannot imagine the lake level possibly be pulled down to what I would 
consider catastrophic levels.  In recent past when the lake was as much as 7’ down, the lake just did not 
look right. I feel that if it were to be lowered to levels we have not seen since the lake was first filled it 
would be a disaster for the lake itself, the community that has sprung up around the lake and whole host 
of area businesses. I realize that water is a precious resource and that the communities requesting this 
have a definite need, however if they receive this water draw it down to minimum levels and still need 
more then what? I certainly would hope that the Corp will leave well enough alone and scrap this study.  
Thank you for the opportunity to contact you and addressing my concerns. -submitted 3/27/2009 

Thanks for talking at the meeting in Russell.  I am writing to state my opinions on using Lake Wilson as a 
water supply for Hays/Russell/Post Rock. I have primary residence at Hays but also a cabin at the lake. I 
think that for 100 million we could drill some more Dakota wells and desalinate that water and not affect 
the lake level.  I also question the growth study stating Hays and Russell will have that large of increase 
in water demand.  Having lived in Hays since 1981 it has not seemed to grow much larger.  Also due to 
water shortages we have learned to be better stewards of water knowing we live in a dry part of the 
country. As on who has spent time at Cedar Bluff, Webster and Wilson, I can tell you that Wilson is the 
only lake that consistently has enough water to not be a hazard to boat and fish in. Please count my family 
as one opposed to using any of Wilson’s water to supply Hays/Russell. -submitted 3/9/2009  

I was unable to attend the meeting you held recently in Russell to discuss the Wilson Lake water study.  
From what I could gather from the information I was able to find in papers and on the internet, I am not in 
favor of the changes being discussed.  We are very limited with regard to the recreational opportunities 
we have in the state and any added uses that will potentially bring down the level of the lake is something 
I cannot be in favor of.  I know the studies indicate that this would be minimal; however in times of 
drought these changes will be significant to the lake and will cause problems with docks and the wildlife 
at the lake.  We recently came out of a period when this occurred naturally and we had problems then 
without any additional water being removed.  I’m also concerned that with the reverse osmosis being used 
that the by-product of the removal of the elements from the water will be put back in water at the lake and 
make it even saltier than it already is.  Please put me on the side of those who do not wish to have this 
move forward. -submitted 3/5/2009  



 

B-3 

I was disappointed to hear that the US Army Corp of Engineers is even looking at a plan to allow Hays 
and Salina the opportunity to draw water from Wilson Lake and then I was even more disappointed to 
hear that if they do this they will be putting the salt brine back into the lake.  Tell me that is not so!!! A lot 
of Western Kansas people use this lake for recreation and it disappointing to hear that this may be lost.  I 
would hope that if they7 are allowed to draw water from the lake that they will not be allowed to take out 
more than a certain amount and on a drought year this would be not happen at all.  Lakes like Wilson 
were built for the use of people from Kansas and that mean all the people not just the people in Hays and 
Salina. -submitted 3/11/2009  

We use Lake Wilson for recreation and we are 90 miles away.  Please be aware that any change to the 
lake will affect not only the communities near the lake but also ones 90 to 100 miles away.  We purchase 
gas, food, fishing supplies and etc. in our local areas. -submitted 3/19/2009  

A resident of Hays and a frequent user of the wonderful resource called Lake Wilson, I am writing this to 
express my opposition to any consideration for the cities of Hays and Russell to sue water from the lake 
for their water needs.  Those of you living in Kansas City have no idea of the limited water recreation we 
have in this area.  It’s much different from your end of the state.  Hays and Russell spent millions of 
dollars to buy a ranch some 90 miles from Hays with the idea of transferring water to Hays and Russell.  
Whatever happened to that idea? In summary, leave the lake alone.  It serves its purpose for flood control 
(i.e. 1993), and summer recreation for thousands of western Kansas folks. -submitted 3/18/2009  

I was born and raised in Kansas and lived there until 2004. I remember vividly going to Cedar Bluff lake 
and spending countless weekends enjoying the lake and scenery. I was a young child when the water from 
Cedar Bluff was used as water resources to help the citizens of Hays and Russell. It was sad to see such a 
beautiful lake become nothing more than a pond that could not be utilized. I lived in Hays from 1993 to 
2004 during the water rationing times. I must say the citizens of Hays and Russell need to realize they live 
in a dry part of the state and make adjustments accordingly. People do not need to water their grass daily! 
It would be a huge loss to the state of Kansas for Wilson lake to (be) utilized as a water resource for the 
citizens of Hays and Russell. It is a beautiful lake that draws people from all over the state to use. My 
family and I continue to use Wilson lake as much as possible because we have not found a lake in 
Nebraska that is as clean or has the facilities to compete with Wilson lake. I encourage the Army Corps of 
Engineers to continue to maintain Wilson lake as a recreational lake instead of a water resource for the 
citizens of Hays and Russell to water their grass daily. - Received via email on March 23, 2009  

I was looking through some old articles and came across the article written by Mike Corn in the Hays 
Daily News recently concerning using Wilson Lake as a municipal and industrial water source.  I know 
that this email is being sent after the deadline in the article, but still wanted to voice my concern even if it 
is after the fact.  

It would really be a shame to see this happen to Wilson Lake, we frequently camp, fish, and visit the lake, 
it is one of our favorite destinations in the state and a family gathering spot for years.  I can't imagine that 
this would not affect the water level at the lake, especially in drought years.  We have experienced what 
happens to water bodies during drought times in the NW part of the state and it is devastating, especially 
when they are used for municipal, industrial and irrigation purposes.  The economy and general well 
being of the area and communities suffer from low water levels.  Wilson Lake has been the one place that 
holds up fairly well during drought conditions in this part of the state, mailing because it is not currently 
used for municipal, industrial, or irrigation purposes.  I know that a major water consumer is the ethanol 
plant in Russell and a lot of this water would be used for the purpose of making a profit for this ethanol 
plant, while I am not opposed to businesses making a profit, it seems like maybe someone did not do a 
thorough enough study on the water supply before building this plant.  The general public should not have 
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to give up what is dear to them for the profit of others. There have to be other alternatives to tapping into 
Wilson Lake's water supply, I hope and pray that all alternatives are thoroughly identified and research 
before making a rash move that will affect the area for generations to come.  Received via email on March 
22, 2009  

Questions/comments on the use of Wilson Reservoir as a local water supply -  

1. If Wilson Reservoir is used for a municipal or industrial water source, will this have any effect on the 
U.S. Department of Interior Payment in Lieu of Taxes (PILT) Program for Russell County? 
2. In 2007, the level of Wilson Reservoir was so low that the largest boats docked at the marina could not 
load at the boat ramps. 
3. If water is released from the lake so that the water level falls below that of 2007, who will pay for 
extending the boat rams so they can be used? 
4. If the water level at Wilson Reservoir falls below 2007 levels, there will not be adequate water depth at 
the marina for it to function. 
5. The Saline River, which feeds Wilson Reservoir, is salty by nature.  The lower the water level 
becomes, the saltier the water will become.  How will this problem be handled? 
6. If Wilson Reservoir is used for a water source, at what depth will you stop releasing water? 
7. Wilson Reservoir has a slow regeneration rate.  If not for rainfall in above-average amounts during 208, 
the water level at the lake would still be very low.  In normal years, the average rainfall in Russell County 
is only at 25" per year.  

This letter is from the President of the Wilson Lake Estates, Russell Co. Addition.  I am referring to your 
February 25, 2009 water meeting in Russell, Kansas.  Our association of 42 land owners is deeply 
concerned about the water table being drawn down and affecting our water well.  This well is our only 
source of drinking water and needs to be protected from allowing our water table to be in jeopardy and 
causing damage to our well.  We are told from the Bureau of Water in Stockton, Kansas that a well with 
permits has the right to be protected, and we are expecting that protection.  There are other domestic wells 
around the lake that will also be affected.  It is not prudent or right to take water from one source and give 
to another, when there is water in the Hays area.  This issue being what it is, needs to be sensible about 
taking water form one source and giving or selling to another when it jeopardizes our water source for our 
community at Wilson Lake Estates.  

Hays should be able to clean up the aquifer around them for less than $105 million, which is what this 
project is targeted to cost. 

Another concern of our association is our housing and business area.  If the lake id drawn down to a 
virtual non-useable state, this affects our housing and business which is one of Russell County and 
Lincoln Counties largest and most steady economic growth projects.  This will affect many people, and 
most of these homes will be our retirement homes. 

Some of these people already live in this are full time.  People chose this are, to live in a clean country 
atmosphere, enjoy the lake from their home and enjoy the water activities that the lake offers. - Received 
via email on March 12, 2009   

After your meeting in Feb. it should be very apparent that there will be many more people opposed to any 
changes in the lake water used issue than there will be for it.  If you have another meeting you will need a 
much larger meeting area.  The problem is that no one knew this was happening and even though you 
notified the AP, the info never got published in the local papers.  Now people are aware of it and I would 
be surprised if you didn't get a lot more comments.  My question to you is, Do you want these emails and 
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will they get the same attention as if people write comments and send them to the Corp and who's 
attention should they be sent to and the address.  

This is not just about fishing and recreation which does create a lot of revenue through jobs and related 
businesses in the area. This is about the overall economic impact the Lake Wilson has on at least a dozen 
communities in the area. The Lake has become an important industry for this part of Kansas and to 
destroy that just so some other community can have industrial growth lends itself to the questions of 
sensibility.  Before we send you more info on Economic issues that you may not be aware of, please 
verify that you are indeed getting this info or who we need to get it to.   

Thank you for your help on this matter, it is of great concern to the majority of the people in N. Central 
Kansas. - Received via email on March 12, 2009  

I would like to share some thoughts concerning using Wilson Lake as a water supply.  I think the most 
important component is sustainability.  The man that mentioned moving people back into the country 
from the towns is right.  The reason that both Hays and Russell and the rural water corporations are 
looking for more resources is because we have exceeded the level of sustainability for this area.  I feel this 
is due to people not using good conservation methods, but also from recruiting business that use a 
tremendous amount of water in production. I know this is done to grow the economy and increase 
revenue, but if we really do not have the resources to support those business, it's really a lose-lose 
situation for everyone.  

One of the biggest reasons to live in this area is because of the natural (or man-made in the case of Wilson 
Lake), and without this resource we would not stay here.  We own a mechanical contracting business in 
Russell, so that would be an economic loss.  I know there are many that feel this way.  

Again, it is a matter of sustainability.  We, and many others, feel strongly about living in a rural area with 
good quality of life, and being able to use Wilson Lake for recreation, all year long, is at the top of our 
list. - Received via email on March 10, 2009.  

I was unable to attend the meeting you held recently in Russell to discuss the Wilson Lake water study.  
From what I could gather from the information I was able to find in papers and on the internet, I am not in 
favor of the changes being discussed.  We are very limited with regard to the recreational opportunities 
we have in the state and any added uses that will potentially bring down the level of the lake is something 
I cannot be in favor of.  I know the studies indicate that this would be minimal; however, in times of 
drought these changes will be significant to the lake and will cause problems with docks and the wildlife 
at the lake.  We recently came out of a period when this occurred naturally and we had problems then 
without any additional water being removed.  I'm also concerned that with the reverse osmosis being used 
that the by-product of the removal of the elements from the water will be put back in the lake and make it 
even saltier than it already is.  Please put me on the side of those who do not wish to have this move 
forward.  - Received via email on March 5, 2009.  

I live at Wilson lake and moved here about 2 years ago because this is where my wife and I wanted to 
retire once it was time.  The good news is that we are both still working and were able to build us a place 
to live at the lake so our Grandchildren and Children can come to visit and enjoy the lake sports even 
before we retire.  We have observed this area growing in popularity over the years.  I was in high school 
when this lake was built and I learned to ski on this lake as a young man.  It is my hope that the beauty 
and usability of this lake be kept in place for many generations.  
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I fear that the use of Wilson Lake for commercial water will be the end of good fishing and lake sports 
and recreation.  We have seen what it did to Norton Lake, Cedar Bluffs, and others in the area.  The 
balance here is even more critical as we wonder what will be done with the brine that is produced from a 
commercial RO system.  If it will require an RO system to clean up the water in this lake to make it 
drinkable why not just go to the water table below us today that is fill but all salt water.  Clean it up and 
use if for drinking. 

What I want to voice is our complete objection of using this lake for water to serve the surrounding 
communities.  Please keep us all informed on what the thoughts are but we are very concerned to what it 
will do to our lake for use and the economic impact to the valuation of the homes in this area and 
ultimately the taxes the counties get form these high property values. - Received by mail March 2009.  

I attended the February 25, 2009 meeting in Russell, Kansas regarding the water usage of Lake Wilson.  
I'm a fisherman and spend some time at the lake.  

This past year 2008 the lake was down so bad there were only a couple boat ramps usable; thanks to 
mother nature, we received a sizeable amount of moisture and the lake recovered. My concern is if 
Russell and hays purchase water rights that the lake will have a hard time maintaining a reasonable water 
level, for we have dryer weather in this part of the state than we do wet. 

Lake Wilson is the best lake in Western Kansas and maybe the whole state for recreation, camping and 
fishing.  It definitely is the clearest.  Notice Cedar Bluff, Webster and Kirwin, in the past, they are nothing 
but a large farm pond.  I've fished them also in the past. 

I recognize that these cities need water but they have dragged their feet on many opportunities and have 
spent tons of money on studies.  If the desalination process is available, they should drill wells as we have 
oceans of salt water below. 

When you go to lake Wilson at any time, just observe the vehicle license plates, they are from all over.  It 
is a well used lake. Thank you. - Received via email on February 26, 2009  

Thank you for your presentation in Russell.  I was the county public works director at the time Lake 
Wilson was constructed.  I have spent 25 years as a consulting engineer, 25 years as a public works 
director, still work part time for a consulting firm, and have always been an avid sportsman. My brother 
in law and I own a boat and spend more time on Lake Wilson that anyone who attended the meeting, 
including those who live at the lake.  I am also a city councilman for Russell and have lived there for 51 
years.  I am fully aware of the domestic water needs of the city, the surrounding area, and the state.  I also 
serve on the county economic development committee and am aware of the impact Lake Wilson has in 
western Kansas.  

I strongly support the ability to utilize water from lake Wilson for domestic use.  I recognize that the mere 
permission to allocate water is a far cry from actually utilizing that authority.  It will be a very costly item 
to construct the necessary infrastructure to treat and transmit water and I perceive said construction to be 
iffy and in the distant future. 

There is no doubt in my mind that a compatible solution between recreation, domestic use, downstream 
preservation, and all the other environmental concerns can be achieved.  I strongly urge the corps to 
continue partnering with KWO, KDWP, lake Wilson Assn., and City officials to achieve a unilateral 
solution agreeable to all parties.   
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Again, I sincerely thank you for your continuing efforts. - Received by email on February 26, 2009  

Thank you for the opportunity to respond to the proposed use of Lake Wilson to supply water to Hays and 
Russell.  My husband and I have been boating on Lake Wilson for over 25 years. As a child my husband 
and his family boated on Cedar Bluff Lake.  I am sure you are aware of the condition of Cedar Bluff. I 
would hate to see that happen at Lake Wilson.  There are enough years at Wilson that the water is low 
enough that it becomes dangerous for boats in terms of running over ledges of rocks near the shore.  I hate 
to see the lake ruined.  There is no other place left in western Kansas for recreational boating and 
camping, with enough water and space to get by in even during years of low water.  We have also seen 
Lake Lovewell in north central Kansas. That lake has also been ruined over the years by too much water 
being used from it (I believe related to irrigation). The west is dry, maybe the towns need to realize 
growth needs to be limited by the ability to find sustainable water.  All climate models only seem to 
indicate we will become drier over time.  It seems if Lake Wilson becomes a temporary fix as a water 
supply to a few towns, a wonderful recreational part of western Kansas will be lost.  We all don't seem to 
understand that we can't continue to live like we have an unlimited supply of water.  What permanent 
conservation efforts are those towns implementing to decrease water consumption, such as towns do in 
the desert areas of our country? - Received by email on February 26, 2009  

Just another thought, at one time Fossil Lake on the south side of Russell was a water supply.  It has silted 
in and I guess is no longer possible.  Even full I think that you could wade across.  If upkeep had been 
done years ago, perhaps it could still be of use.  But no one was looking into the future.  Just making 
focus on today.  The way I look at it, now it’s payback time. Received by email on February 22, 2009  

This is going to be a very had decision to make! Yes we need the water.  How do I explain my thoughts? 
I'm sure it has been checked out by someone.  1st. What is the life span of Lake Wilson currently? 
Considering wet and dry cycles, sediment allowed. 2nd. What has been the impact on Kanopolis Lake? 
That is an old lake and I'm sure it's life span is nearing an end. 3rd. Saw a T.V. program on Lake Mead for 
Law Vegas water supply.  Knowing that they are in a dry cycle, they said how long it would take even in 
wet years to regain what they have lost. That has to be scary for them.  Cuzz people just keep using more. 
4th. Nothing is forever, not steel or even concrete. 5th. A decision will have to be made a one point in 
time.  Just glad I don't have to put my signature at bottom of the paper.  There is no way that anyone will 
know if we made the right decision for some years to come.  

One more thing, check out the western part of the state with lakes and the irrigation channel west and 
south of Hays that I've seen that has never carried a drop of lake water. - Received by email on February 
22, 2009.  

I am sorry that my husband and I are unable to attend the meeting held on Feb. 25.  We are going to be 
out of state for a business meeting. Even though we are not going to be able to attend, I would still like to 
let our voices be hears.  We are residents of the Lake Wilson area.  We built our home approx 3 years ago 
this July.  We have put a lot of work and money into our home.  The reason we picked our lot at the lake 
was the beauty of the area, and the return of value on our money should we ever sell our home.  

I know that the Water Study has been going on for some time now.  I will not pretend that I know a lot 
about the study, because I do not.  But, I do have some concerns that I hope can be answered.  I know 
Russell and Hays have had problems in the past with a shortage of water.  I understand the need for 
human consumption. . . 

Water consumption is one thing, but using water for car washes, water parts/pools, Ethanol plants, or 
watering of lawns is another thing.  Sylvan does not have a pool/water park, or a car wash.  I feel if the 
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water is used by Russell and Hays residents, we should have a right to control what they do.  Because 
they will be taking away the value of the homes at the lake, the entertainment for local residents and OUR 
rights to water for consumption. 

Should these towns win and are granted water rights, they should be required to plant only buffalo grass 
or similar non water requiring grass.  They should close down there water park/pools (even though we 
have been to and enjoyed the facilities -- because if the lake is depleted, then OUR children do not have a 
place to go).  The Ethanol plant should be shut down, as I feel it wastes more than it saves.  Violators 
should have stiff fines that are enforced. 

I also feel we should be compensated for the loss of value in our property as the lake is depleted.  I feel 
WE should have rights too! - Received by email on February 18, 2009  

I recently read an article about draining Wilson Lake.  Just wanted to voice my opinion that some of us 
here in western Kansas feel this is a very bad idea.  There is getting to be less and less to do in western 
Kansas and a lot of us go to Wilson Lake.  If Hays needs water so bad, have them quit watering their 
lawns, etc.  There are other ways to save water than taking away one of Kansas' better rec. areas. - 
Received via email on February 16, 2009  

If water from Wilson Lake is allowed to be used for municipal or industrial uses it will ruin the lake and, 
over time, there will be no lake for recreation or any other use including municipal or industrial!  

It's that simple. . . many people will try to make it more complicated that than, but it's not. - Received by 
email on February 12, 2009  

Several issues concern the people in the area who benefit from the Lake.  The Economic benefit of the 
Lake directly effects business in towns in a radius of 60 mi. Indirectly the whole state. As Wilson lake has 
become an icon for tourism and recreation the state and has 10's of thousands of visitors each year.  It is 
by far the most important resource in Russell County and possibly the entire North Central part of the 
State.  Obviously millions of $ have been spent by Parks and Wildlife and Fisheries and by the Corp and 
individuals and businesses to promote this resource.  The housing development on the east side of the 
Lake represents the largest new home development area in NC Kansas which has created huge property 
tax revenue for Russell Co. and the State.  To do anything to turn this area from such an Economically 
positive into a negative economic growth area, I would assume, would have to be very concerning to a lot 
of people and especially those making the study.  We all have seen the effects of excessive draw downs at 
other lakes in western Kansas and it was not a pretty sight, for the most part they became totally unusable 
and the positive economic effect evaporated.  I know of one who wants to see more water drawn from the 
Lake to promote other industry in those communities simply because they have over used their natural 
resources, it just seems to make a lot of sense to destroy one economy to benefit another unless there is 
significant benefits for the people of Kansas.  And I guess that is the question you study will show, will 
we be losing more than we are gaining. 

The problem that I assume you are aware of is that our current inflows are not enough to sustain 
conservation pool level now, we are currently 2 1/2 feet below pool and that is after a wet winter.  One 
year ago the Lake was down 7 ft, and nearly all the boating facilities were unusable.  

On behalf of the Lake Wilson Area Association (consisting of 300 plus members and supporters) and 
myself we strongly request that study considers all issues about the area in an unbiased manner. If you 
will contact me when you are ready to schedule public meetings on this matter, our association will do all 
we can to help get a good attendance.  If you have not been out here, there are several people who would 
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be willing to take the time to show you around so you can judge the issues for yourself. - Received via 
email on March 19, 2008  

I represent Lake Wilson Area Association as well as my own personal interest in Lake Wilson.  There are 
several issues that concern a great many people in the area, most the fact that no communication via the 
media has been available.  We understand that info was given to the media however nobody in most of 
the towns areas around the Lake know anything about this study and they are the ones who would be 
affected the most.  Our concern as an association is that accurate info gets to the public.  Do you still have 
the press release that was sent to the AP so we can see that the people in this part of the state are properly 
informed.  The economic and recreations benefit of Lake Wilson reaches a lot of communities and 
businesses in North Center Kansas. - Received via email March 14, 2008 
  

Wilson State Park has steadily increased in popularity over the past years becoming one of the hotspots 
for recreation in Kansas.  In 1998 we had 158,000 visitors to Wilson State Park alone and in 2008 we 
topped 401,000.  This shows that more people are choosing to travel to Wilson Lake for many types of 
recreation.  Just for comparison, Cedar Bluff Reservoir in 1993 had 108,000 visitors when the lake 
elevation was over 20 feet low, the lake filled up in 1998 and they peaked in visitation in 2002 with 
289,000 visitors.  Now the lake is slowly evaporating and they are down 16.5 feet and had 114,000 
visitors in 2008.  I believe this shows what would happen to Wilson Lake when the lake elevation 
continues to drop to a significant level.  Fortunately we did not see that decline in visitation over the last 
few years when Wilson reached a historical low, but I attribute that to excellent fishing, campground 
development, and special events held at Wilson State Park supported by many different people. 

The economic impact would be significant if Wilson State Park lost 200,000 visitors due to low 
elevations not only to Wilson State Park but it would impact all of the area and communities around the 
lake.  Wilson State Parks revenue has also increased steadily in the past 10 years and in 2008 brought in 
over $275,000 in KDWP issuances at the park alone.  If you looked at our revenue in 2000 when we had 
200,000 visitors you would see a 50% decrease.  Since that time we have added amenities to the park like 
new bathrooms, courtesy docks, and cabins, not to mention the improvements the Marina operator has 
made to the marina in the State Park helping drive the popularity of the Lake.  Our revenue does not 
reflect the many permits sold from the numerous vendors throughout the state as we receive visitors from 
all over Kansas and many states. 

When you talk about pool raises, Wilson State Park has made developments at or near the shoreline to 
satisfy customer requests.  Very few campsites would be in jeopardy at the discussed 2 feet raise but there 
would be no room for an increase from a heavy rain or inflow.  Just a few inches more water or high 
winds would cause significant flooding of 25% of our campgrounds.  At 3 feet above conservation pool, 
the courtesy docks at the boat ramps are unusable, numerous campsites and campgrounds have water on 
them and one park road has water across it.  We also start to lose the protection of the rip rap placed all 
along the windy sides of our campgrounds causing erosion. 

As the lake elevation goes down the same types of problems occur.  At 4 feet below conservation level 
the courtesy docks do not have adequate water under them to be useable by most boats, the rip rap is 
exposed causing erosion below the protection line, and campgrounds start to become too far from the 
water’s edge to be appealing to the public.  Designated swim beaches are exposed and reduced in size by 
50% and nuisance vegetation begins to grow. 

Just 5 feet below conservation pool, one boat ramp lane is unusable, the courtesy docks are basically on 
land, and all designated swim beaches are nearly gone.  When we were low 7 feet, people were tent 
camping one bare shoreline where water once was, creating fire rings and other obstructions that were a 
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concern for boaters as the water level returned. - Received via email February 27, 2009.  

Would like no more usage of Wilson water be allocated. - Received February 25, 2009  

Insist that the end user communities show by performance (not promise) that they are regulatory water 
use as tightly as possible, first.   

Examples - 1.      Exorbitant water bill above house hold use quantity; 2.      Abolish lawns that require 
sprinkling; 3.   Fines for lawn sprinkling; 4.      Water conservation by industry.  - Received February 25, 
2009  

In regards to using water from Lake Wilson:  It would be a shame if Lake Wilson ended up like Cedar 
Bluff.  It was a beautiful lake at one time too.  Taking some water is fine but taking it out on a regular 
basis is going to ruin the lake & all businesses surrounding it. - Received February 25, 2009  

Western Kansas has little to offer for recreational opportunities and a reason such as Wilson Lake is a 
wonderful plan for families.  Living in Hays we know about water restriction and we do value our water.  
Please look into all resources for water and save Wilson Lake and keep it as beautiful as it is now. - 
Received February 25, 2009  

I am against taking water from Lake Wilson as it would be a severe environmental and economic impact 
to the area.  At the Russell meeting no one addressed the ten year inflow & outflow gallonage.  We have 
had several years that the White Bass could not get up the river to spawn as the water was so low and in 
2006 & 2007 there was only one ramp that you could put a boat in.  Don’t drain the lake. - Received 
February 25, 2009  

Leave the water in Wilson Lake.  If you don’t then people will lose their property values, businesses, the 
impact will be huge.  The Lake cannot sustain any Public Water Supply without destroying itself.  Also - 
why did you have a Public Meeting in Russell, KS on 2/25/09 when you never intended to answer any 
questions?  Didn’t make any sense. - Received February 25, 2009  

As owners of Lake Wilson Marina we are very much opposed to the use of Wilson Lake as a water 
supply.  The way our marina sets on the lake an 8’ drop below conservation pool, like we had in 2007, left 
20% of our slip customers unable to move their boats.  If we would’ve had a 10’ drop below conservation 
pool it would’ve left 70% of our slips high & dry.  A 12’ below conservation drop would leave 90% or 
our slips unusable. 

We currently operate 160 slips on Wilson Lake and store an additional 130 plus campers and boats on dry 
land.  If water would’ve been drawn out for other purposes during this time my operation would’ve been 
shut down, along with a lot of others in the area.  There are several bed & breakfasts, mini-marts, gas 
stations, bait shops, storage facilities, not to mention real estate in every small town in this area that 
depends on this lake for survival.  The property valuations on the lake will take a hit.  We currently have 
about 70 beautiful homes out here with more springing up every day.  I don’t know how many docks are 
in Marshall Cove but it would affect these people as well. 

We all know Wilson Lake has a small contributory in the form of the Saline River and Paradise Creek.  
We all know that Wilson recovery factor from loss of water is very slow.  We also know that for the past 
6 yrs Wilson has been unable to maintain conservation levels for very long.  And we all know how 
important this lake is in order for our small towns and communities to survive.  Why in God’s name 
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would we want to mess with such a beautiful lake relied on by so many when there are other alternatives. 

I was in the oilfield for 24 yrs before my wife and I bought Lake Wilson Marina.  I know all about the 
Dakota section in Kansas and about its pollution from the oilfield.  I know from cementing off some of 
the Dakota break-ins in Kansas what some of these could yield in terms of water.  I say look harder at this 
sand formation found throughout Kansas and lets clean this water up for our use.  After all, we did 
contaminate it so it’s up to us to right this wrong.  Let’s not create another wrong by trying to pump a lake 
like Wilson with an eco-system so fragile.  Let’s create a right by pumping the Dakota section and 
cleaning it up.  Now that’s a feather in every ones cap. - Received February 25, 2009  

First of all the meeting @ Russell on 25th of Feb. was a joke.  You were not prepared for the crowd, we 
couldn’t hear people & no one took notes.  Why not?  First impressions say a lot & we all got the 
impression that it is a done-deal regardless of our comments.  Another case of Big Business squashing the 
working man.  We have worked hard so that we can enjoy our recreational time at Wilson Lake.  Why 
does that not matter to any of you.  If Hays is growing too big to provide their own drinking water- then 
they should stop growing.  Do not take the water out of Wilson Lake!  You will do for more economic 
damage than you will gain! - Received February 25, 2009  

Water use from Lake Wilson should be restricted unless the conservation pool level is raised by three feet 
two 1519.  - Received February 25, 2009  

Being Lake Wilson Fans since the 60’s it is rather upsetting on its future. Having a house at Wilson plus a 
boat dock at Marshall Cove, we have witnessed how the small towns around has a great deal of revenue 
from the “Lake People”.  What will this do to their survival?  Also all the festivals and recreation & 
sporting events in which people come from difference states a Lake 10ft low wouldn’t be appealing 
would it? 

It seems what is being proposed by using Lake water is a fast fix; what happens when the lake can’t 
supply anymore.  I am sure by then more population in Hays, Russell and Etc will need more.  What is 
the next step could it be this solution isn’t the answer.  Maybe looking into another avenue before 
spending excessive funds on the treatment and pipeline would be a profitable alternative like water from 
the Dakota Aquifer. - Received February 25, 2009  

I am against pumping water out of Lake Wilson in Wilson, KS for commercial use.  The economy in the 
area of the lake depends on this lake for their livelihood and way of life for a lot of people.  A drastic 
change in elevation of the water throughout the year would have a great (negative) impact on this area.  
Please do not go through with this. - Received February 25, 2009  

Wilson Lake is one of the few deep & clear water lakes in the State.  We bypass a lake much closer & 
travel to this lake because of this.  Please do not allow the release of water from this lake for personal 
abuse or commercial use.  Preserve this natural resource. - Received February 25, 2009  

Wilson Lake was completed in 1964 to provide primarily flood control and for recreational use.  The high 
salt content has restricted the lake’s water from being used for drinking water and irrigation, but with new 
technology this is now being considered, but at what cost?  Our main concern is that the conservation 
pool be kept at a level that recreation at the lake can still flourish and not interrupt our boating and fishing 
capabilities. 

First of all some of the economic impacts to Russell and surrounding counties that Wilson Lake provides 
the area will be discussed.  I have also attached a study done by John Leatherman and Craig Smith titled 
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“Economic Contributions of Recreation at Wilson Lake.”  The historic average of visitors to Lake Wilson 
is a quarter million people annually with the average length of stay around 2-3 days.  According to a 
Responsive Management survey done for the Kansas Department of Wildlife & Parks, (Feb. 2002) 
revenue generated per visitor is $51 per day or $12,750,000 annually.  When the water level drops, the 
visitation figures drop, affecting the revenue generated by the Lake. Visitors to the lake spend money 
locally on gasoline, food and groceries, lodging, camping fees, sporting goods and boat equipment, and 
other auto and boat expenses.  That money turns over at least three times in the local economy.  There is 
an indirect effect of these expenditures which also occur as money ripples throughout the region. 

As far as angler use at the lake according to the Creel Survey History report from 1975 to 2006 which is 
taken during the fishing period of March to the end of October the number of anglers drop significantly as 
the water levels of the lake go down.  An average throughout all these years surveyed show there is 
33,777 anglers on a yearly basis.  The drought in 2006 where water levels were down significantly, the 
angler level dropped to 23,791.  According to the 2006 National Survey of Fishing & Hunting and 
Wildlife Associated Recreation the revenue generated per angler is $45.62 per angler per day.  Using the 
yearly average figures the economic impact of anglers to Wilson Lake is $1,540,906.70.  During the 
drought in 2006 when the angler level was down, revenue generated was $770,453.37, a significant 
reduction.  Water level does have a significant economic impact. 

The Lake also provides jobs to residents in Russell County and surrounding counties.  Between the U.S. 
Corps of Engineers employing six full-time staff and the Wildlife & Parks Division which employs eight 
full-time and eight to ten part time, the annual payroll is over $620,000.  This does not count the number 
of other indirect jobs because of the lake and the study done by Smith and Letterman goes into those 
figures.  If visitation levels go down due to the fact of lower water levels at the lake this could affect the 
number of employees needed at the lake and lead to job loss. 

Some of the other economic impacts of Lake Wilson to Russell County are the amount of property taxes 
collected on 59 properties and parcels including the Lake Wilson Marina.  $128,552.22 was paid in 
property taxes for 2008.  The lake paid in lieu of taxes $47,925 to Russell County. 

Our main concern is if water is taken out, we need to know how much and the effect it would have on all 
of the recreational activities that the lake provides.  As one of Russell County’s main tourist attraction, 
what happens to the lake and its water levels affects not only our county but surrounding counties as 
well.  -Received February 25, 2009.  

As a citizen of Hays Kansas, a potential beneficiary of the draining of Wilson Lake, I would like to offer 
my clear disapproval for this proposal. As a lifelong resident of Kansas, I have been going to Wilson Lake 
with my family since I was a child.  I now take my grandchildren there for the purpose of fun, family 
bonding, and pure enjoyment of the environment.  The draining of the lake for purposes of a water source 
for Hays, Kansas is unacceptable and the use of short-term thinking.  It seems illogical to me for the state 
to be considering building a manmade reservoir in Northwest Kansas, yet be draining one that is already 
successful and heavily used as a recreation site.  In addition, the people of Hays have considerable 
opportunities for water conservation that are currently not enforced.  I and my husband personally 
conserve water at every opportunity.  Although we do have a well and an automatic water sprinkler, we 
water our lawn at the most twice a week and are able to maintain a beautiful lawn.  Many of my 
neighbors, however, water every day and sometimes twice a day, even when it is raining.  I witness and 
observe water running out into the street and down the sewer on a regular basis, as well as those who 
water during restricted hours of the day.  In my opinion, until we set and enforce water conservation, 
there should be no effort to help those that waste water.  My step-daughter is currently in Africa for 
international studies.  She is learning the value of resources that are to blatantly taken for granted here in 
the states.  She takes a shower each day with one bucket of water she has to boil herself.  There are no 



 

B-13 

flushable toilets and only 1 running faucet in the home of the family she is staying with.  Water is a 
precious resource not to be wasted.  I don't believe Wilson Lake as a recreation center is a wasted 
resource. It adds value untold as it is and should be utilized only as a last resort.  Thank you for 
considering my opinion. - Received via email February 19, 2008  

I am writing in regard to the issue of taking water from Wilson Lake.  As a camper and boater at Wilson, I 
am concerned about this happening.  To me, we should be focusing more on water conservation instead of 
finding another source.  As I'm sure you are aware, we have pretty much ruined the lakes Webster and 
Cedar Bluff in western Kansas due to excessive pumping.  What will happen when we have done the 
same to Wilson.  Will we try to find another recreational lake to destroy?  My feeling is that if we don't 
force farms, municipalities, and businesses that use this precious resource to take more steps to conserve, 
we are only prolonging the inevitable.  Another concern is how this will affect the wildlife population at 
Wilson.  Will the eagles continue to nest there?  I know these are tough decisions that have to be made.  I 
encourage you and others to find better ways to deal with our water issues that taking water from Wilson 
Lake.  Thank you for your time and consideration. - Received via email February 17, 2008  

Please don't drain the water out of Wilson lake.  As far as I am concerned you would be destroying the 
most beautiful lake in Kansas. - Received via email February 16, 2008  

The use of water for Hays and Russell makes perfect sense.  These two cities currently rely on the Smoky 
Hill River and Big Creek for their water supply.  Due to the naturally arid conditions and drought in 
Northwest Kansas there has been very little flow in the Smoky Hill River reservoir, when at conservation 
level, also serves to recharge the aquifer due to seepage of water around the dam which enters the Smoky 
Hill River Basin.  

Had the reservoir not been in place the Smoky Hill River would not have had any measurable flow since 
2001 and Hays and Russell would have been without a water supply.  Please make the decision to use 
Wilson as the water supply for Hays and Russell which will give them a reliable source of water and aid 
them in economic growth as well as helping to preserve existence of the fragile Cedar Bluff Reservoir, the 
only water recreation facility in Western Kansas. - Received via email February 15, 2008  

I have lived in Kansas most of my life.  Lakes are hard to come by.  I have seen 2 out of the 3 lakes that 
are in my area being drained down to nothing.  Wilson is such a beautiful area.  My heart breaks to even 
think about letting communities drain our lake, when they have other resources, as making their own 
reservoir.  Wilson is one of the last lakes where people can take their families and enjoy all types of 
recreation. Boating, fishing, hiking, skiing, looking at the beautiful scenery.  Not a dried up mud hole. 
Received via email February 12, 2008  
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SECTION 1 

EXECUTIVE SUMMARY 

Groundwater Management, Incorporated (GMI) was retained by the 

Layne-Western Company to collect and describe drill cutting 

samples, perform field water quality analyses, analyze 

geophysical well logs and report on the results of a test hole 

drilling program of the Dakota Formation. six test holes were 

drilled during the course of the investigation. Five of the six 

test holes were located just north of the Ellis County/Rush 

County line in Township 15 South, Range 20 West. Test Hole 4 is 

located approximately one mile northwest of the City of Hays. 

The geologic formations encountered during test drilling in 

southern Ellis County from the land surface are: 

undifferentiated loess, Niobrara Chalk, Carlile Shale, Greenhorn 

Limestone, Graneros Shale, Dakota Formation, and the Kiowa 

Formation. The Dakota Formation is approximately 200 feet thick 

in southern Ellis County. Approximately 70 to 100 feet is 

permeable and porous sand and sandstone aquifer material. The 

depth of these formations is dependent on the topography of the 

well location. 
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Each test hole was logged geologically and geophysically. Water 

quality samples were collected through the permeable portions of 

the Dakota Formation. Field water quality analysis included 

determination of pH, temperature and specific conductance. The 

samples were submitted to the Kansas Department of Health and 

Environment (KDHE) for laboratory analysis. 

Test Holes 2, 4, 5 and 6 were completed as observation wells. 

Test Hole 1 was plugged and abandoned because of poor water 

quality. Test Hole 3 was plugged and abandoned because of poor 

water quality and lack of sufficient thickness of aquifer sand 

and sandstone in the Dakota Formation. Test Holes l and 3 are 

coincidentally located very near abandoned and pumping oil wells, 

respectively. It is possible that the poor water quality 

encountered in these test holes may be due to local contamination 

of the aquifer. Additional test hole drilling and water sampling 

at locations up gradient from the wells would be necessary to 

verify.the groundwater quality in the Dakota Formation. 

The positive results of Test Hole 4 indicate a possibility that 

water supply wells pumping from the Dakota Formation could be 

installed in the vicinity of Hays. The economic benefit of 

developing a water supply near the City, as opposed to extreme 
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southern Ellis County, makes additional test hole drilling on 

accessible property near the city top priority for any future 

exploration and development program. 

The best location for a test well based on current hydrological 

data is in the vicinity of Test Hole 6. Reported yields from the 

Dakota Formation in southwest Kansas range from 150 to 1210 gpm. 

A long term aquifer pumping test should be conducted on a test 

well to determine the hydraulic characteristics of the aquifer. 

The pumping test can supply data for permanent supply well design 

and spacing requirements. Computer modeling of groundwater in 

the Dakota Aquifer sand and sandstone can be used to determine 

the impact of sustained high volume pumping from the Dakota 

Formation. The permitting process should be completed before 

drilling operations commence on permanent supply wells. 
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2.1 BACKGROUND 

SECTION 2 

INTRODUCTION 

Groundwater Management, Inc. was retained by the Layne-Western 

Company to collect and describe drill cutting samples, perform 

field water quality analysis, analyze geophysical well logs, and 

report on the results of an investigation of the Dakota Formation 

for the City of Hays, Kansas. Four sites were scheduled to be 

evaluated by test hole drilling. Six test holes were drilled 

during the course of the investigation. The objective of this 

report is to document the work performed and the methods used to 

evaluate the test hole data, present the data, and formulate 

recommendations for future studies. 

2.2 LOCATION 

Figure l is a portion of a 7 l/2 minute u.s. Geological Survey 

topographic map of the McCracken Northeast quadrangle showing the 

approximate locations of five (l, 2, 3, 5, and 6) of the six test 

holes drilled during the study. These test holes are located 

between g·and 12 miles west of Schoenchen, Kansas just north of 

the Ellis County/Rush County line. All five of these test holes 

fall in Sections 26, 27, 28 and 35 of Township 15 South, Range 20 

West. Figure 2 is a portion of a 7 l/2 minute u.s. Geological 
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survey topographic map of the Hays North quadrangle showing the 

appr6ximate location of Test Hole 4. Test Hole 4 is located 

approximately one mile northwest of the City of Hays, in the 

northwest quarter of Section 20, Township 13 South, Range 18 

West. Detailed location descriptions are provided in Appendix A 

of the report. 

2.3 GENERAL GEOLOGY 

Figure 3 is a geologic column showing the formations encountered 

during the test hole drilling program in ·the vicinity of Hays. 

The shallowest lithologic unit is undifferentiated loess of 

Pleistocene age. Loess is a homogeneous, nonstratified 

unconsolidated deposit consisting of wind blown silt, sand and 

clay (American Geological Institute, 1976). These deposits are 

discontinuous and generally occur in upland areas where they have 

not been eroded. The rust brown colored loess is often 

incorporated into the local soil. 

The Niobrara Chalk is the uppermost Cretaceous formation in 

southern Ellis County, Kansas. It consists of interbedded soft, 

light grey calcareous shale and chalk. In southern Ellis County 

the Niobrara Chalk is thin (less than 20 feet) and forms a white 

caprock. 
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The Carlile Shale is blue grey to grey brown clayey, blocky 

shale. outcrops of the Carlile Shale form gentle slopes that are 

interrupted by thin beds of bluff forming limestone. The 

thickness of the Carlile Shale can be variable where it is not 

capped by the Niobrara Chalk, because it has been eroded from 

above. 

The Greenhorn Limestone is predominantly dark silty limestone 

with minor beds of siltstone. Drill cuttings reveal abundant 

fossil fragments of clam shells (pelecypods) and give off a 

strong petroleum odor. The Greenhorn Limestone is approximately 

80 feet thick in Ellis County. 

The Graneros Shale is medium grey to dark grey soft, sticky shale 

that is interbedded with sandstone, siltstone and limestone. In 

Ellis County it is approximately 50 thick. The upper contact 

with the Greenhorn Limestone and the lower contact with the 

Dakota Formation appear to be gradational because the Graneros 

interval has lithologies that are common to both formations. 

The Dakota Formation is comprised of white, grey, red, brown and 

tan claystone, siltstone, and shale with beds of thick lenticular 

sandstone (Zeller, 1968). It reaches a thickness of 

approximately 200 feet in southern Ellis County. Of this 200 

feet approximately 100 feet is sand and sandstone. During 
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drilling, the sand intervals appeared to be unconsolidated. The 

driller pointed out that the borehole conditions indicated that 

the sand intervals are at least semiconsolidated. 

The Kiowa Formation consists of light grey to black siltstone and 

shale. It can be differentiated from the Dakota Formation by its 

lack of sand grains. 

Formation but was 

investigation. 

The Cheyenne Sandstone underlies the Kiowa 

not pentrated during the course of this 
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SECTION 3 

METHODS OF INVESTIGATION 

3.1 DRILLING METHODS 

The original test holes were drilled with a 10TL Portadrill top 

head drive, dual-tube, reverse circulation rig with a 5 1/4" bit. 

The dual tube rig drills by pumping compressed air and water down 

the annular area of the drill pipe and forcing cuttings up a 

small inner pipe. This type of reverse drilling arrangement 

causes fast penetration rates in soft formations like sand, 

gravel, soft sandstone, and claystone. The dual tube drills 

somewhat slower in tightly cemented formations such as sandstone 

and limestone. A log of the drilling activity of the dual tube 

rig is provided in Appendix B. 

3.2 GEOLOGIC SAMPLE DESCRIPTIONS 

Drill cutting samples were collected in labelled bags every 20 
. 

feet from ground level to the top of the Dakota Formation and 

every 5 feet from the top of the Dakota to the total depth of the 

well. Changes in lithology were noted with respect to depth. 

Samples were described for rock type, color, texture and 

accessory fossil or mineral inclusions. Because of the 

gradational nature of the formation contacts in the Upper 

Cretaceous, it was difficult to identify formation tops based on 
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formation samples alone. There is some discrepancy between the 

geologic log formation tops and the geophysical log formation 

tops. The geophysical logs should be used to design test wells 

and observation wells. 

provided in Appendix 

A geologic log of each test hole is 

A. The logs contain detailed sample 

descriptions of lithologic changes. 

3.3 GEOPHYSICAL WELL LOGGING AND LOG ANALYSIS 

Each of the test holes were logged geophysically. The logs 

consisted of caliper, gamma ray, bulk density, and neutron 

porosity. Brief descriptions of the theory and application of 

these logs are provided below. Copies of the geophysical logs 

are included in Appendix c. 

3.3.1 Caliper Log 

The caliper log provides an accurate measurement of borehole 

diameter for calculating cement volume requirements, indicating 

the presence of mud cake, selecting packer seats and locating 

zones that are washed out or swelling. 

3.3.2 Gamma Ray Log 

The Gamma Ray Log is a measurement of the natural radiation of 

the formation. Heavy radioactive elements tend to concentrate in 

clays and shales. While shales and shaley sands are higher in 

radioactivity, clean sands and carbonates generally exhibit low 
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levels of radioactivity. Therefore, the Gamma Ray curve 

differentiates between porous rocks and shale or clay. 

3.3.3 Density Log 

The compensated density log measures the electron density of the 

formation by using a pad mounted chemical source of gamma 

radiation and two shielded gamma detectors. The number of gamma 

rays able to move from the source to the detectors is directly 

related to the density of the formation. For most minerals 

electron density is numerically equal to bulk density. 

The dual detector system automatically compensates for mud cake 

effect and small borehole irregularities. Density logs may be 

recorded in air-drilled holes or any type of borehole fluid. 

The bulk density of a formation is the ratio of its mass (weight) 

to volume. The units are typically expressed in grams per cubic 

centimeter. In low density (high porosity) formations most of 

the gamma rays from the source are able to reach the detector and 

be counted. As the formation density increases (porosity 

decreases), fewer gamma rays reach the detector. 

bulk density can be used to determine porosity 

formations. 
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3.3.4 Neutron Porosity Log 

The neutron porosity log is a measurement of induced formation 

radiation. The radiation is produced by bombarding the formation 

with fast moving neutrons from a radioactive source in the 

logging tool. 

Neutrons are electrically neutral particles having approximately 

the same mass as hydrogen nuclei. When fast neutrons are emitted 

from a chemical source in the logging tool, they penetrate dense 

matter (such as the matrix of sands or limestones) much easier 

than charged particles and suffer very little loss of energy or 

velocity. However, when a neutron collides with a hydrogen 

nucleus (which has approximately the same mass) from a fluid in 

the pore space, it will lose approximately half its energy. 

Neutron porosity logs are basically a measurement of the amount 

of hydrogen contained in the formation. Since there is very 

little difference in the concentration of hydrogen in oil or 

water, neutron porosity logs provide a measure of the fluid 

filled porosity. A high neutron counting rate indicates low 

porosity and a low neutron counting rate indicates high porosity. 
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3.3.5 Log Analysis 

The geophysical well logs were analyzed to determine the 
stratigraphy of each test hole and to calculate the porosity of 
the Dakota sand intervals. The data from the bulk density log 
and the neutron porosity log was cross plotted to arrive at a 
geophysical estimate of porosity in the Dakota sand intervals. 

3.4 FIELD WATER QUALITY ANALYSES 

Water samples were withdrawn from the permeable portions of the 
Dakota Formation by airlift pumping through the dual tube drill 
stem. The water was collected in a five gallon bucket. Three 
parameters were measured in the field: temperature, pH and 
specific conductance. 

Temperature 

thermometer. 

Celsius. 

was measured using 

Fahrenheit degrees 

a standard glass Fahrenheit 

were converted to degrees 

The pH of each sample was determined using a Hach pocket pH 
meter. This instrument is accurate to o. 2 pH units and was 
calibrated frequently during the drilling program. 

Specific conductance was determined using a Hach mini 
conductivity meter. The mini conductivity meter reads in units 
of micromhos per centimeter. These units can be roughly 
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converted to total dissolved solids (TDS_) in milligrams per liter 

by multiplying the instrument reading times a conversion factor 

of 0.6 (Driscoll, 1986). 

The mini conductivity meter was checked frequently in the field 

by immersion in distilled water and by immersing the probe in a 

salt water solution. At specific conductance values over 1,000 

micromohs per centimeter, the Hach Company states that the 

instrument is accurate to 200 micromhos per centimeter during a 

calibration check. Theoretically, the TDS calculations may be in 

error as much as 120 milligrams per liter~ Field water quality 

data is presented in Appendix D. Analytical laboratory reports 

of the collected water samples prepared by the Kansas Department 

of Health and Environment (KDHE) are included in Appendix E. 

3.5 OBSERVATION WELL COMPLETION AND WELL PLUGGING PROCEDURES 

Of the six test holes drilled for this project, two were plugged 

with cement from the bottom of the hole to within 2 feet of the 

grou~d surface. Four of the test holes were completed as 

observation wells using 2-inch, schedule 40, glue joint, PVC 

pipe. The PVC was slotted opposite the appropriate formation 

intervals. Gravel pack was added to the well annulus to 

stabilize the sand. The remainder of the annulus was cemented 

from the top of the gravel pack to within two feet of the ground 

surface. The observation wells were developed by air lift 
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pumping until clean water was coming out of the well. A 4-inch 

steel protective casing was installed on each observation well. 

Well completion schematics are included for each of the six test 

holes in Appendix F. 
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4.1 TEST HOLE 1 

SECTION 4 

RESULTS 

Table 1 is a summary of the stratigraphy and well log analysis of 

Test Hole 1 that compares the formation intervals based on drill 

intervals based on cuttings analysis, and formation 

interpretation of the geophysical logs. The contacts between the 

formations are gradational making the formation changes based on 

drill cuttings somewhat arbitrary. The formation contacts noted 

on the geophysical logs are taken to be true. Test Hole 1 has 

three aquifer sand intervals in the Dakota Formation. A cross 

plot analysis of the bulk density and neutron porosity logs shows 

that the upper interval (355-396') has an average porosity of 

31.5%. The thickness is 41 feet. The middle interval (456-469') 

is 13 feet thick with an average porosity of 33.5%. The lower 

most interval (490-514') is 24 feet thick with an average 

porosity of 31.7%. 

The TDS calculated from the specific conductance of water samples 

collected from the Dakota Formation ranged from 1,230 milligrams 

per liter (mg/1) to 6, 000+ mg/1. The 6, 000+ mg/1 water was 

encountered at 415 feet. The TDS values remained above 

6,000+ mgjl to a total depth of 520 feet. Based on the water 

quality data it was decided that Test Hole 1 be plugged and 

abandoned. 
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TABLE 1 
TEST HOLE 1: FORMATION INTERVALS 

Formation 

Loess: 

Niobrara Chalk: 

Carlile Shale: 

Greenhorn Limestone: 

Graneros Shale: 

Dakota Formation: 

Dakota Aquifer Sand: 

Kiowa Formation: 

Formation Intervals 
based on cuttings 
sample analysis 

(feet) 

0-7 

7-115 

115-270 

270-305 

305-514 

390-405 
460-480 
495-520 

Net Dakota Aquifer Thickness: 60 

LOG ANALYSIS 

Interval Bulk Density Neutron 
Density Porosity Porosity 

Formation Intervals 
based on 

geophysical log 
analysis 

(feet) 

0-5 

5-148 

148-230 

230-269 

269-514 

355-396 
456-469 
490-514 

514-534 

78 

cross Plot 
Porosity 

(gjcc)* (Percent) (Percent) (Percent) 

355-396 
456-469 
490-514 

2.05 
2.00 
2.02 

* Grams per cubic centimeter 

39 26 
42 27 
40 25 
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4.2 TEST HOLE 2 

Table 2 is a summary of the geology and well log analysis of Test 

Hole 2 based on drill cuttings and geophysical well logs. 

Seventy-nine feet of porous, permeable sand in the Dakota 

Formation was encountered in two intervals. The upper interval 

(443-469') is 53 feet thick and has a porosity of 31.7%. The 

lower interval (521-547') is 26 feet thick with a porosity of 

31. 0%. 

The total dissolved solids calculated from the specific 

conductance of the water samples collected from the Dakota 

Formation ranged from 630 mg/1 to 1,230 mg/1. Based on aquifer 

thickness and water quality Test Hole 2 was converted to an 

observation well. 

4.3 TEST HOLE 3 

Table 3 is a summary of the geology and well log analysis of Test 

Hole 3 based on drill cuttings and geophysical well logs. Two 

hard limestone streaks are shown in the Carlile Shale on the 

geophysical well log. The first is at 93 to 95 feet and the 

second is at 199 to 202 feet. This test hole has the least 

amount of porous, permeable sand and sandstone of any of the test 

holes. 
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TABLE 2 
TEST HOLE 2: FORMATION INTERVALS 

Formation 

Formation Intervals 
based on cuttings 
sample analysis 

(feet) 

Loess: 

Niobrara Chalk: 

Carlile Shale: 0-150 

Greenhorn.Limestone: 150-290 

Graneros Shale: 290-355 

Dakota Formation: 355-545 

Dakota Aquifer Sand: 440-500 
510-515 
523-545 

Kiowa Formation: 545-595 

Net Dakota Aquifer Thickness: 87 

LOG ANALYSIS 

Interval Bulk Density 
Density Porosity 

Neutron 
Porosity 

Formation Intervals 
based on 

geophysical log 
analysis 

(feet) 

0-175 

175-254 

254-366 

366-548 

443-496 
521-547 

548-590 

79 

Cross Plot 
Porosity 

(gjcc)* (Percent) (Percent) (Percent) 

443 
521 

2.02 
2.07 

* Grams per cubic centimeter 

40 25 
37 26 
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TABLE 3 . 
TEST HOLE 3: FORMATION INTERVALS 

Formation 

Loess: 

Niobrara Chalk: 

Carlile Shale: 

Greenhorn Limestone: 

Graneros Shale: 

Dakota Formation: 

Dakota Aquifer Sand: 

Kiowa Formation: 

Formation Intervals 
based on cuttings 
sample analysis 

(feet) 

0-23 

23-268 

268-368 

368-405 

405-655 

425-430 
445-450 
615-633 

Net Dakota Aquifer Thickness: 28 

LOG ANALYSIS 

Interval Bulk Density Neutron 
Density Porosity Porosity 

Formation Intervals 
based on 

geophysical log 
analysis 

(feet) 

0-17 

17-278 

278-372 

372-412 

412-655 

474-481 
496-500 
620-627 
646-649 

21 

Cross Plot 
Porosity 

(gjcc)* (Percent) (Percent) (Percent) 

474-481 
496-500 
620-627 
646-649 

2.15 
2.25 
2.10 
2.20 

* Grams per cubic centimeter 

30 25 
28 22 
36 23 
31 25 
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Twenty-one feet of water bearing strata are present in this test 

hole. The combination density porosity, and neutron porosity log 

(Appendix C) shows that there are numerous thin porous sandstone 

intervals from 450 to 500 feet. Of these sandstone beds, the 

gamma ray log indicates that the best aquifer units are at 474 to 

481 feet and 496 to 500 feet. The porosity of the first zone 

(474 - 481 1 ) is 28.2%. The porosity of the second zone (496 -

500') is 24.2%. Two other aquifer units are present at the base 

of this test hole. At 620 to 627 feet, a bed of unconsolidated 

sand h~s a porosity of 27.2%. The lowest sand unit, from 646 to 

649 feet, also has a porosity of 27.2%. 

Total dissolved solids calculated from the specific conductance 

ranged from 600 mg/1 to 2,100 mgjl. Based on the lack of porous 

aquifer sand and sandstone at this location, this test hole was 

plugged and abandoned. 

4.4 TEST HOLE 4 

Table 4 is a summary of the geology and well log analysis based 

on drill cuttings and geophysical well logs. The geophysical log 

indicates a hard limestone streak in the Carlile Shale from 98 to 

102 feet. This interval was also detected during drilling. 

Ninety feet of porous, permeable sand and sandstone were 

encountered in the Dakota Formation in three intervals. The 

first interval encountered was from 421 to 451 feet. The 
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TABLE 4 
TEST HOLE 4: FORMATION INTERVALS 

Formation 

Loess: 

Niobrara Chalk: 

Carlile Shale: 

Greenhorn Limestone: 

Graneros Shale: 

Dakota Formation: 

Dakota Aquifer Sand: 

Kiowa Formation: 

Formation Intervals 
based on cuttings 
sample analysis 

(feet) 

0-18 

18-206 

206-322 

322-363 

363-548 

408-411 
462-481 
485-527 

Net Dakota Aquifer Thickness: 64 

LOG ANALYSIS 

Interval Bulk Density Neutron 
Density Porosity Porosity 

Formation Intervals 
based on 

geophysical log 
analysis 

(feet) 

0-18 

18-244 

244-330 

330-378 

378-537 

421-451 
460-482 
485-523 

90 

Cross Plot 
Porosity 

(gjcc)* (Percent) (Percent) (Percent) 

421-451 
460-482 
485-523 

2.15 
2.06 
2.06 

* Grams per cubic centimeter 

33 30 
38 27 
38 27 

Specialized Groundwater Engineering Services 

24 

31.5 
32.0 
32.0 



interval is 30 feet thick and has a porosity of 31.5%. The 

second sand interval was encountered from 460 to 482 feet. It is 

22 feet thick and has a porosity of 32%. The third interval was 

encountered from 485 to 523 feet. It is 38 feet thick and has a 

porosity of 32%. The two lower sand intervals (460-482 1 ) and 

(485-523 1 ) are separated by a thin (3 feet) porous mixed sand and 

silt interval. The geophysical logs indicate that these two 

zones could be in hydraulic communication. 

Total dissolved solids calculated from the specific conductance 

of the water pumped from this test hole ranged from 480 mg/1 to 

1,380 mgjl. Based on the sand thickness and water quality, Test 

Hole 4 was completed as an observation well. 

4.5 TEST HOLE 5 

Table 5 is a summary of the geology and well log analysis of Test 

Hole 5 based on drill cuttings and geophysical well logs. The 

geophysical logs clearly indicate the two hard limestone streaks 

encountered during drilling. One is at approximately 50 feet, 

the other is at approximately 160 feet. Seventy-two feet of 

porous, permeable sand and sandstone were encountered in this 

test hole. The uppermost sandstone interval (474-497 1 ) is 23 

feet thick and has a porosity of 28.3%. The second interval 

(501-514 1 ) is 13 feet thick and has a porosity of 29.7%. The 

third sand interval (524-555 1 ) is 31 feet thick and has a 
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TABLE 5 
TEST HOLE 5: FORMATION INTERVALS 

Formation 

Formation Intervals 
based on cuttings 
sample analysis 

(feet) 

Loess: 

Niobrara Chalk: 

Carlile Shale: 0-192 

Greenhorn Limestone: 192-339 

Graneros Shale: 339-384 

Dakota Formation: 384-589 

Dakota Aquifer Sand: 502-518 
527-559 
583-589 

Kiowa Formation: 589-615 

Net Dakota Aquifer Thickness: 54 

LOG ANALYSIS 

Interval Bulk Density 
Density Porosity 

Neutron 
Porosity 

Formation Intervals 
based on 

geophysical log 
analysis 

(feet) 

0-248 

248-328 

328-380 

380-588 

474-497 
501-514 
524-555 
582-587 

588-615 

72 

cross Plot 
Porosity 

(gjcc)* (Percent) (Percent) (Percent) 

474-497 2.15 33 25 28.3 
501-514 2.10 35 25 29.7 
524-555 2.05 39 23 29.5 
582-587 2.15 33 24.5 28.0 

* Grams per cubic centimeter 
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porosity of 29.5%. The lowermost sand interval (582 to 587) is 

five feet thick and has a porosity of 28.0%. 

Total dissolved solids calculated from the specific conductance 

ranged from 720 mg/1 to 960 mgjl. Based on the sand thickness 

and water quality, this test hole was completed as an observation 

well. 

4.6 TEST HOLE 6 

Table 6. is a summary of the geology and well log analysis of Test 

Hole 6 based on drill cuttings and geophysical well logs. All of 

the formations are shallower in this well because it is located 

in a valley. One hundred and one feet of porous, permeable sand 

and sandstone were encountered in this test hole. The uppermost 

sand unit is 48 feet thick with a porosity of 33.5%. The middle 

sand unit is only 6 feet thick with a porosity of 33.7%. The 

lower sand unit is 47 feet thick with a porosity of 31.5%. Test 

Hole 6 has the best and most aquifer sand of all six test holes. 

Total dissolved solids calculated from the specific conductance 

of the water pumped from this well ranged from 960 mg/1 to 1,530. 

mgjl. Based on the sand thickness and water quality, this test 

hole was completed as an observation well. 
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TABLE 6 
TEST HOLE 6: FORMAT"rON INTERVALS 

Formation 

Loess: 

Niobrara Chalk: 

Carlile Shale: 

Greenhorn Limestone: 

Graneros Shale: 

Dakota Formation: 

Dakota Aquifer Sand: 

Kiowa Formation: 

Formation Intervals 
based on cuttings 
sample analysis 

(feet) 

0-70 

70-167 

167-221 

221-505 

363-412 
415-427 
430-486 

505-535 

Net Dakota Aquifer Thickness: 117 

LOG ANALYSIS 

Interval Bulk Density Neutron 
Density Porosity Porosity 

Formation Intervals 
based on 

geophysical log 
analysis 

(feet) 

0-108 

108-188 

188-291 

291-506 

362-410 
413-419 
432-479 

506-535 

101 

cross Plot 
Porosity 

(gjcc)* (Percent) (Percent) (Percent) 

362-410 2.05 38 28 33.5 
413-419 2.02 38 27 33.7 
432-497 2.02 40 25 31.5 

* Grams per cubic centimeter 
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4.7 SUMMARY 

The results of the 

summarized in Table 7. 

test hole drilling program have been 

The information provided by the test hole 

drilling can be evaluated by noting the net aquifer thickness, 

average aquifer porosity and water quality as indicated by the 

range of TDS values. The Dakota Aquifer sand and sandstone can 

be eliminated from further study near Test Hole 3 because the net 

aquifer material is thin (21 feet) and the TDS values at the base 

of the aquifer were above 2000 mgjl. Test Hole 1 had sufficient 

aqui~er thickness but the water quality was poor. Test Holes 2, 

5 and 6 had good water quality and sufficient aquifer thickness 

to warrant additional investigations near their locations. 

Because of the thickness of aquifer sand and water quality, 

additional test hole drilling is warranted near Test Hole 4 to 

confirm the areal extent of suitable aquifer thickness and water 

quality north of Hays. The results of Test Hole 4 indicate that 

there is a possibility that water supply wells pumping from the 

Dakota Formation could be installed in the vicinity of Hays. The 

economic benefit of developing a water supply near the City, as 

opposed to extreme southern Ellis County, makes additional test 
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w 
0 

TEST HOLE 
NUMBER 

1 

2 

3 

4 

5 

6 

TOTAL 
DEPTH* 

(FEET) 

520 

595 

655 

548 

615 

535 

TABLE 7 
SUMMARY OF TEST HOLE DRILLING RESULTS 

NET AQUIFER 
THICKNESS 

(FEET) 

78 

79 

21 

90 

72 

101 

AVG. AQUIFER 
POROSITY 
(PERCENT) 

32.2 

31.3 

26.7 

31.8 

28.8 

32.9 

RANGE OF 
TDS** 

(mgjl) 

STATIC 
WATER LEVEL 

(FEET) 

1230-6000+ 

630-1230 198 

600-2100 294 

480-1380 251 

720-960 264 

960-1530 135 

* Total depth reported on this table may differ slightly from the total depth 

APPROX. 
STATIC 
WATER 

ELEVATION 
(FEET ABOVE 
SEA LEVEL) 

1952 

1976 

1839 

1976 

1965 

reported on the geophysical logs because the original holes were reamed out prior 
to logging. 

** Total Dissolved Solids 



hole drilling on accessible property near the City top priority 

for any future groundwater exploration and development program. 

The best location for a test well in southern Ellis county based 

on hydrogeological data is in the vicinity of Test Hole 6. Water 

level data collected from Test Holes 2, 5, and 6 during an 

aquifer pumping test could be used to estimate the transmissivity 

of the Dakota Sand intervals, the radius of influence of a 

pumping well, appropriate well spacings, storage coefficient and 

apparent yield from an individual well. 

The water quality data recorded in the field indicated that Test 

Hole 5 had the overall best quality water while Test Holes 1 and 

3 had the worst (see Table 7). Test Holes 1 and 3 were 

coincidently located immediately next to abandoned and pumping 

oil wells, respectively. The possibility exists that Dakota 

water from Test Hole 1 may have been contaminated by a casing 

failure in the abandoned oil well that was located less than 100 

feet from it. The only way to verify this would be to drill one 

or more additional test holes up gradient from Test Hole 1. 

Depending on land availability, additional test holes may be 

warranted between Test Hole 6 and abandoned Test Hole 1 to 

determine the extent of a local contamination plume, if one 

exists. 
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The approximate potentiometric (or piezometric) surface elevation 

of the water in the Dakota aquifer can be calculated by 

subtracting the static water level measured below ground surface 

from the approximate ground elevation of the test holes. A 

potentiometric surface is a surface to which water will rise in 

tightly cased wells. This surface represents the static head or 

pressure of the water in a confined aquifer. Approximate ground 

elevations were determined from topographic maps of the area. 

Static water levels were measured through the drill stem during 

the drilling of the test holes. The difference between the 

approximate surface elevation and the static water level (below 

ground level) is shown in Table 7. These numbers indicate that 

the Dakota Formation in southern Ellis County is a confined 

aquifer and that when it is penetrated by a well, water will rise 

in the well bore to approximate elevations shown in Table 7. The 

static water elevation in Test Hole 4 is significantly different 

possibly because of the effects of the regional gradient on the 

potentiometric surface of the Dakota Formation water. 
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SECTION 5 

REPORTED YIELDS 

Reported yields from the Dakota Formation range from 150 gallons 

per minute (gpm) to 1210 gpm. Reported transmissivities range 

from 740 gallons per day per foot (gpd/ft) to 15,710 gpdjft, and 

reported hydraulic conductivities ranged from 7.4 gallons per day 

per square foot (gpd/ft2 ) to 120 gpdjft2 . Yields from the Dakota 

Formation in southwest Kansas vary with local geologic 

conditions. High yielding wells are often located next to low 

yielding wells (Dealy, Kume and Jenkins, 1984). 

The driller estimated that the potential yield of the Dakota 

Formation near Test Hole 6 may range from 200 to 300 gpm. It 

will be necessary to drill and complete a test production well 

and perform an aquifer pumping test to accurately determine an 

estimate of the yield potential of the Dakota Formation. 
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6.1 CONCLUSIONS 

SECTIQN 6 

CONCLUSIONS AND RECOMMENDATIONS 

1. The Dakota Formation is approximately 200 feet thick in 

southern Ellis County. Of this 200 feet, approximately 70 

to 100 feet is porous and permeable sand and sandstone. 

2. The porosity of the Dakota sand and sandstone intervals 

ranges from 27 to 33 percent. 

3. The best location for a test well based on the hydrogeologic 

data collected during this test hole drilling program is in 

the vicinity of Test Hole 6. 

4. The aquifer thickness and water quality encountered in Test 

Hole 4 indicates that the Dakota Formation could be used as 

a source of municipal water supply in the vicinity of Hays. 
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5. The water quality encountered in the Dakota Formation in 

Test Hole 1 was anomalously poor when compared to the water 

quality of the other test holes. The poor water quality in 

Test Hole 1 may have been caused by oil well drilling 

activity. 

6. The net aquifer thickness in Test Hole 3 (21 feet) indicates 

that the sand and sandstone content in the Dakota Formation 

is not uniform throughout Ellis County. 

7. Reported yields from the Dakota Aquifer range from 150 to 

1210 gpm in southwest Kansas. 

8. The water quality information contained in this report 

cannot be used to forecast the stability of the. overall 

water chemistry in the Dakota Formation after it has been 

subjected to long term pumping at a given location. 

6.2 RECOMMENDATIONS 

1. Acquire access to property in the vicinity of Test Hole 4 

and at other points surrounding the City of Hays for 

additional test hole drilling to determine the areal extent 

of aquifer thickness and water quality of the Dakota 

Formation. 
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2. Drill additional test holes in the vicinity of Test Hole 4 

and at other points surrounding the City of Hays on 

accessible property. 

3. If there is accessible property and if the water quality and 

aquifer thickness are sufficient, design and install a 

permanent test production well near the City of Hays based 

on the results of additional test hole drilling in the 

vicinity of Test Well 4 and at points surrounding the City 

of Hays. 

4. If land is not available in the vicinity of Test Hole 4 or 

at points surrounding the City of Hays · or if acceptable 

locations cannot be permitted for potable water supply, then 

continue to evaluate the water resource potential of the 

Dakota Formation in the vicinity of Test Holes 2, 5 and 6. 

5. Determine the gradient of the potentiometric surface of the 

Dakota Aquifer sand and sandstone and drill one or more test 

holes on accessible property up gradient from the abandoned 

Test Hole 1 to determine if the poor water quality found in 

Test Hole 1 was caused by a local contamination plume. 
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6. Install a temporary test well in the vicinity of Test Hole 

6. Perform a long term pumping test on this well to 

determine the hydraulic characteristics of the aquifer. The 

recommended length of such a test is 7 days. Use Test Holes 

2, 5 and 6 as observation wells. Budget abandonment 

procedures into the project cost should the test yield 

negative results. 

7. If the Dakota Aquifer sand and sandstone in the vicinity of 

Test Holes 2, 5 and 6 proves to be adequate for long term 

potable water supply, determine land accessibility and 

permit requirements for permanent supply wells in the area. 

The aquifer pumping test data can be used to design the 

appropriate spacing for one or more wells. 

a. Use computer modeling techniques to determine 

sustainable yield of the Dakota Formation in this area. 

the 

9. Obtain oil and gas well location maps. Avoid drilling test 

holes, test wells or test production wells next to abandoned 

or pumping oil wells. 

10. Obtain permits from the State of Kansas prior to drilling 

te~t production wells or permanent production wells. 
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11. Perform detailed laboratory sample analyses of aquifer drill 

cuttings to determine appropriate well design criteria for 

permanent supply wells. 
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APPENDIX A 

GEOLOGIC SAMPLE DESCRIPTIONS 
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CITY OF HAYS TEST HOLE 1 
GEOLOGIC LOG 

Job Number: 39-0191 
Date: 7-16-87 
Driller: Randy Smith, Layne-Western Company 
Hydrogeologist: Lee Nageotte, Groundwater Management, Inc. 
Location: SW 1/4, SW 1/4, SE 1/4, Sec. 35, Tl5S, R20W 
Approximate Elevation: 2150' 
Total Depth: 520 1 

LOESS (0-7 1 ) 

0 - 7 1 Unconsolidated silt, sand and clay, medium brown with 
angular white and red gravel inclusions, sticky to 
subfissile 

CARLILE SHALE (7-115 1 ) 

7 - 115 1 Claystone - dark grey to black, predominantly 
subfissile, fissile in part, firm, blocky, minor sand 
and silt inclusions, minor iron staining, fast 
drilling 

GREENHORN LIMESTONE (115-270 1 ) 

115 - 160' Siltstone - black to dark grey, hard to dense, sand 
inclusions, firm, well consolidated, argillaceous in 
part, abundant pelecypod fragments 

160 - 180' Marlstone - dark grey to grey brown, fissile in part, 
minor light green bentonitic clay, very silty 

18~ - 200 1 Limestone beds - dark grey to black, light to medium 
grey, brown in part, dense, cryptocrystalline minor 
pyrite, fossiliferous 

200 - 270' Marlstone - dark grey to black, becoming fissile, 
abundant fossile fragments, minor iron staining, with 
a thin soft light grey bentonitic shale at 227 feet 

GRANEROS SHALE (270-305 1 ) 

270 - 305 1 Shale - medium grey, soft to firm, fissile, blocky, 
clean, drilling mud turns light grey 

DAKOTA FORMATION (305-514 1 ) 

305 - 365 1 Shale and siltstone - medium to dark brown, 
predominantly light grey, firm, fissile, silty to 
sandy, fossil fragments, pyrite crystals, interbedded 
with light grey limestone 
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265 - 380 1 Sandstone - medium to light grey, grey brown, very 
fine to fine grained, well cemented, friable to firm, 
hard in part 

380 - 405 1 ~ - white to light grey, very fine grained, friable 
to unconsolidated, well sorted 

405 - 460' Claystone - medium to light grey, with red beds, soft, 
blocky, fissile in part, minor sand beds, becoming 
silty 

460 - 480 1 Sand - light grey to white, light brown in part, very 
fine to fine grained, unconsolidated, very well sorted 

480 - 495 1 Claystone - medium grey with red beds, soft to firm, 
sticky 

495 - 514' sand- light grey, fine grained, unconsolidated 

KIOWA FORMATION 

514 - 520' Claystone - medium to dark grey, fissile form, dense, 
sticky, slightly silty 
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CITY OF HAYS TEST HOLE 2 
GEOLOGIC LOG 

Job Number: 39-0191 
Date: 7-22-87 
Driller: Randy Smith, Layne-Western Company 
Hydrogeologist: Lee Nageotte, Groundwater Management, Inc. 
Location: SE 1/4, SE 1/4, SE 1/4, Sec. 27, Tl5S, R20W 
Approximate Elevation: 2150' 
Total Depth: 595' 
Static Water Level: 198 1 (below ground level) 

CARLILE SHALE (0-150 1 ) 

0 - 80' Claystone - medium to dark grey, sticky, blocky, firm 
to soft, black in part, subfissile 

80 - 95' Siltstone - very dark grey to black, firm to hard, 
dense, argillaceous, fossiliferous 

95 - 150' Siltstone and Claystone interbedded as above with 
siltstone becoming light grey 

GREENHORN LIMESTONE (150-290 1 ) 

150 - 180 1 Marlstone - black, argillaceous, fissile, silty, 
fossiliferous, dense to brittle, abundant 
microfossile, silty in part, with brown pelecypod 
fragments 

180 - 290 1 Limestone - light grey, coarse grained, well cemented, 
hard to dense, fossiliferous, silty to argillaceous, 
with dark grey limestone 

GRANEROS SHALE (290-355 1 ) 

290 - 315' Limestone - dark grey, silty as above. Shale - medium 
grey, fissile, firm, clean with minor silt 

315 - 323 1 Claystone- dark grey, grey brown, firm, fissile, 
clean minor silt, trace of dark grey limestone 

323 - 330' Claystone - very light grey green, soft to firm, waxy, 
sticky 

330 - 355 1 Claystone - medium to dark grey brown, soft to firm in 
part, blocky, subfissile silty, with beds of silty 
black limestone and traces of sandstone 
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DAKOTA FORMATION (355-545') 

355 - 363' Siltstone -medium brown to grey brown, firm, 
argillaceous, with light grey claystone 

363 - 385' Sandstone - medium grey, light grey in part, very fine 
to fine grained, friable to firm, hard in part, well 
sorted, argillaceous, silty, poor visible porosity 

385 - 400' Siltstone - medium grey, firm to very soft subfissile, 
sandy in part, interbedded with claystone, soft 

400 - 405' Sandstone - light grey brown, friable, fine to very 
fine grained, firm in part, poor porosity 

405 - 430' Siltstone - medium grey, firm, dense, well cemented, 
soft in part, argillaceous 

430 - 435' ~-very fine to fine grained, white to light grey, 
unconsolidated 

435 - 440' Siltstone - medium grey, firm, as above with beds of 
claystone 

440 - 500' Sand - white to light grey brown, very fine to fine 
grained, well sorted, unconsolidated, becomes cemented 
at its base 

500 - 510' Claystone - medium grey brown, soft sandy, silty, with 
beds of siltstone, red interbeds 

510 - 515' Sand - light to medium grey brown~ fine grained, 
silty, unconsolidated 

515 - 523' Siltstone- medium grey, grey-brown, argillaceous, 
becoming sandy 

523 - 545' Sand - medium brown, very fine to fine grained, well 
sorted, unconsolidated, slightly silty 

KIOWA FORMATION (545-595') 

545 - 570' Siltstone - medium grey, dark grey to black in part, 
argillaceous, with black claystone, minor beds of 
sandstone 

5·70 - 595' Claystone - dark grey, light grey, firm to fissile, 
slightly silty, dense 
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CITY OF HAYS TEST HOLE 3 
GEOLOGIC LOG 

Job Number: 39-0191 
Date: 7-23-87 
Driller, Randy Smith, Layne-Western company 
Hydrogeologist: Lee Nageotte, Groundwater Management, Inc. 
Location: SW l/4, SWl/4, SW l/4, Sec. 28, Tl5S, R20W 
Approximate Elevation: 2270' 
Total Depth: 655' 
Static Water Level:· 294 (below ground level) 

LITHOLOGIC DESCRIPTIONS 

NIOBRARA CHALK ( 0-2 3 1 ) 

0 - 23 1 Limestone - white to light grey, grey brown, sucrosic, 
dense, brittle friable with a yellow gold bed at the 
base 

CARLILE SHALE (23-268 1 ) 

23 - 93' Claystone -medium to dark grey, blue grey in part, 
soft to firm, slightly silty, blocky 

93 - 98' Limestone -white to medium grey, coarse crystalline, 
fossiliferous, dense, very hard drilling, amber 
colored chert 

98 - 268' Claystone -medium to dark grey, soft to firm, blocky, 
fissile, fast drilling, becoming fissile at base 

GREENHORN LIMESTONE (268-368 1 ) 

268 - 320' Siltstone - dark grey to black, firm, fissile, 
brittle, hard in part, argillaceous interbedded with 
limestone - medium brown, cryptocrystalline, hard, 
dense, fossiliferous 

320 - 368 1 Limestone - light grey, firm, dense, microcrystalline, 
with marlstone - dark grey, firm to hard, brown 
pelecypod fragments, silty to argillaceous, 
petroliferous 

GRANEROS SHALE (368-405 1 ) 

368 - 400' Claystone -medium to light grey, blue grey, waxy, 
firm, clean, subfissile, with dark grey silty 
marls tone 
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400 - 405 1 Limestone - light to medium grey brown, dense, 
fossiliferous 

DAKOTA FORMATION (405-655 1 ) 

405 - 408 1 Limestone - light grey to white, hard, dense, very 
hard drilling 

408 - 425' Claystone - dark grey to black, firm to hard, firm, 
slightly sandy 

425 - 430' Sandstone - fine to medium grained firm to hard, 
dense, black in part, argillaceous, poor porosity, 
poor aquifer quality 

430 - 445' Siltstone - dark grey to medium grey, hard, sandy in 
part, microlaminations, with claystone - soft dark 
grey brown 

445 - 450' Sandstone - very fine to fine grained, friable, 
unconsolidated in part, silty with some shale 

450 - 465' Siltstone - dark grey brown, light grey, friable to 
firm, dense, well cemented 

465 - 485' Claystone - light grey, firm to soft, slightly silty, 
no water returns 

485 - 505' Siltstone - light grey, firm, dense, argillaceous, 
subfissile, sticky in part, no water returns 

505 - 510' Sandstone - white to light grey, fine grained, firm, 
well cemented, argillaceous, poor visible porosity 

510 - 520 1 Siltstone - medium grey, light grey to white, firm to 
hard, with minor sandstone 

520 - 540' Claystone - medium grey to red, very soft, slightly 
silty, drills fast 

540 - 555 1 Siltstone - medium grey, firm to hard, slightly sand, 
dense 

555 - 565 1 Claystone - medium grey brown, soft, with light grey 
shale 

565 - 570 1 Sandstone - medium grey, well consolidated, fine to 
medium grained with lignite beds 

Specialized Groundwater Engineering Services 

A-7 



570 - 615' Claystone - medium grey, brown, red, soft fast 
drilling becoming silty at base 

615 - 633' Sand -white to light grey, very fine to fine grained, 
well sorted, unconsolidated 

633 - 655' Siltstone, Claystone and Sandstone - interbedded, 
predominantly claystone, medium grey brown, soft with 
lenses of hard sandstone 
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CITY OF HAYS TEST HOLE 4 
GEOLOGIC LOG 

Job Number: 39-0191 
Date: 7-25-87 
Driller: Randy Smith, Layne-Western Company 
Hydrogeologist: Lee Nageotte, Groundwater Management, Inc. 
Location: NW 1/4, NE 1/4, NW 1/4, Sec. 20, T13S, R18W 
Approximate Elevation: 2090' 
Total Depth: 548 1 

Static Water Level: 251 

NIOBRARA FORMATION (0-18 1 ) 

0 - 18 1 Claystone and silt - yellow to light grey brown, with 
beds of yellow limestone 

Limestone - microcrystalline, very fine textured, firm 
to hard, dense 

CARLILE SHALE (18-206 1 ) 

18 - 98 1 Claystone - medium to dark blue grey, soft subfissile, 
minor silt, with yellow to red iron stain 

98 - 102' Limestone- light grey, firm to hard, brittle, 
argillaceous in part, hard drilling 

102 - 206 1 Claystone - blue grey, firm, fissile, well indurated, 
clean waxy, becoming dark grey to black, soft sticky 

GREENHORN LIMESTONE (206-322 1 ) 

206 - 245 1 Siltstone - dark grey to black, hard to dense, 
argillaceous with sand and silt inclusions, 
interbedded with soft black claystone 

245 - 322 1 Limestone- medium to dark grey, hard with brown 
pelecypod fragments, microfossil inclusions, well 
cemented in part, argillaceous 

GRANEROS SHALE (322-363 1 ) 

322 - 363 1 Shale- grey green, waxy, firm, blocky, clean, 
interbedded with siltstone - black, firm to hard, 
argillaceous 
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DAKOTA FORMATION (363-548 1 ) 

363 - 365 1 Limestone - white to light grey brown, argillaceous in 
thin beds 

365 - 385 1 Siltstone - black, firm to well indurated, subfissile, 
with claystone streaks 

385 - 408 1 Shale - black, silty, medium grey, sticky, blocky, 
becomes soft 

408 - 425 1 Sandstone - medium to dark grey, fine grained, poorly 
sorted, friable to firm, lignitic, unconsolidated in 
part, predominantly tight, abundant silt, poor visible 
porosity 

425 - 462' Siltstone -medium grey, firm to well indurated, 
argillaceous with thin beds of sandstone 

462 - 481 1 Sand - light grey to clear, fine grained, well sorted, 
unconsolidated 

481 - 485' Minor clay beds 

485 - 527' Sand- white to light grey brown, fine grained, as 
above with lignite beds 

527 - 548' Claystone - grey brown, medium grey, soft silty, firm 
in part, red beds in part at base 
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CITY OF HAYS TEST HOLE 5 
GEOLOGIC LOG 

Job Number: 39-0191 
Date: 8-1-87 
Driller: Randy Smith, Layne-western Company 
Hydrogeologist: Lee Nageotte, Groundwater Management, Inc. 
Location: SW 1/4, SE 1/4, SW 1/4, Sec. 27, T15S, R20W 
Approximate Elevation: 2240 1 

Total Depth: 615' 
Static Water Level: 264 1 (below ground level) 

CARLILE SHALE (0-192 1 ) 

o - 52' Claystone- medium to blue grey, firm to dense, 
subfissile, clean~ iron stained, hard limestone streak 
at 35' 

52 - 57' Limestone -medium to ark grey, hard, coarse 
crystalline, fossiliferous, light grey, calcite 
crystals, amber colored chert similar to 93-95 1 at 
Test Hole 3 

57 - 192 1 Claystone- dark blue grey to black, clean, firm, 
subfissile to fissile becoming grey brown to black, 
soft in part, good drilling 

GREENHORN LIMESTONE (192-339 1 ) 

192 - 200' Siltstone - very dark grey brown to black, firm 
argillaceous, abundant pelecypod fragments, drilling 
soft 

200 - 339' Limestone - dark grey brown, white, microfossil 
inclusions, argillaceous, firm well indurated, coarse 
grained in part, silty, pelecypod fragments, with 
claystone beds 

GRANEROS SHALE (339-384 1 ) 

339 - 300' Claystone - medium blue grey, soft, waxy, clean, 
subfissile 

300 - 384' Limestone -medium to dark grey, grey brown, dense, 
firm, hard in part, hard drilling, argillaceous, 
pelecypod fragments, becomes coarse grained, good 
drilling 

DAKOTA FORMATION (384-589 1 ) 

355 - 367 1 Limestone- light grey, coarse grained, coarse 
crystalline, hard, dense, fossiliferous 

Specialized Groundwater Engineering Services 

A-ll 



367 - 384 1 Claystone - dark grey to black, firm, fissile, clean 
to slightly silty 

384 - 390 1 Siltstone - dark grey, firm with thin beds of 
sandstone 

390 - 502 1 Interbedded siltstone, sandstone and claystone
medium to dark grey, brown in part, firm, interbedded 
with tight argillaceous sandstone, minor limestone 
beds 

502 - 518 1 Sand - light grey brown, very fine to medium grained, 
friable to unconsolidated, well sorted 

518 - 527 1 Claystone - medium to light grey, soft, silty 

527 - 559' Sand - light to medium grey brown, very fine to fine 
grained, well sorted, unconsolidated, becoming 
cemented at base 

559 - 583' Claystone- medium grey, with red laminations, soft, 
fast drilling, good returns, waxy in part, minor light 
grey claystone 

583 - 589 1 ~-white, cream, light grey, very fine grained 
with abundant silt, grading into claystone 

KIOWA FORMATION {589-615 1 ) 

589 - 615' Claystone - medium to dark grey, blue grey, firm, waxy 
soft in part, silty, with minor sand beds 
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CITY OF HAYS TEST HOLE 6 
GEOLOGIC LOG 

Job Number: 39-0191 
Date: 8-2-87 
Driller: Randy Smith, Layne-Western Company 
Hydrogeologist: Lee Nageotte, Groundwater Management, Inc. 
Location: NE 1/4, NE 1/4, SW 1/4, Sec. 26, T15S, R20W 
Approximate Elevation: 2100 1 

Total Depth: 535' 
static Water Level: 135' 

CARLILE SHALE (0-70 1 ) 

0 - 70 1 Claystone - blue grey to black, firm, blocky, 
subfissile, clean 

GREENHORN LIMESTONE (70-167 1 ) 

70 - 86 1 Siltstone - dark grey brown, firm, friable, with 
fossil fragments, petroliferous 

86 - 167' Limestone -medium to dark grey, firm to hard, dense 
in part, argillaceous, microfossils, silty, pelecypod 
fragments, hard drilling 

GRANEROS SHALE (167-221 1 ) 

167 - 200' Siltstone - dark grey to black, soft to firm, 
argillaceous, petroliferous, streaks of light grey 
claystone and light grey limestone 

200 - 221' Limestone - dark grey to black, argillaceous, firm to 
hard, pelecypod fragments 

DAKOTA FORMATION (221-505 1 ) 

221 - 223' Limestone - light grey very hard, dense, hard drilling 
streak, coarse crystalline 

223 - 265 1 Interbedded claystone, siltstone, and limestone - light 
to medium grey, sandy in part, thin beds of well 
cemented sandstone, becoming brown 

265 - 285 1 Claystone - dark brown, soft, subfissile, waxy 
slippery, lignitic 

285 - 310' Siltstone - light grey, firm, sandy, well indurated, 
with beds of claystone 

310 - 315' Sandstone - light brown, fine grained, friable to 
firm, poorly sorted, tight 
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315 - 363 1 Siltstone- medium grey, friable to firm, sandy with 
beds of claystone and sandstone 

363 - 412' Sand -white to light grey brown, very fine grained to 
fine grained, well sorted, unconsolidated, friable in 
part 

412 - 415 1 Claystone - light grey, soft, silty to sandy 

415 - 427 1 ~ - white to light grey brown, fine grained as 
above, unconsolidated becoming cemented at base 

427 - 430 1 Claystone - light grey, silty to sandy in part, 
predominantly soft 

430 - 486' Sand - light grey brown, unconsolidated as above 

486 - 505' Interbedded sandstone, siltstone, and claystone -
lignitic, very fine grained sand, medium grey waxy 
claystone, predominantly soft 

KIOWA FORMATION 505-535 1 

505 - 535 1 Shale - medium to dark grey, waxy fissile, ·dense, 
firm, clean 
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APPENDIX B 

DRILLING ACTIVITY LOG 
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DRILLING ACTIVITY LOG 
Prepared by: Lee Nageotte, GMI 

Tuesday. July 14 

Travel to Hays - Meet Tim Collins and Leo Wellbrock, visit the 
site of Test Hole 1; 5 hours travel plus 2 hours 
site visit 

Wednesday. July 15 (Test Hole ·1) 

9:38 a.m. - 9:54 a.m. 
9:54 a.m. - 10:04 a.m. 
10:04 a.m. - 2:01 p.m. 
2:01 p.m. - 2:30 p.m. 
2:30 p.m. - 3:00p.m. 
3:00 p.m. - 5:15 p.m. 
5:15 p.m._ 

Commenced drilling 
Service top head 15 feet 
Down for rig service 
Drilling 
Clean cyclone 
Drilling depth 255 feet 
Rig down because pressure regulator failed 

Thursday. July 16 (Test Hole 1) 

8:00 a.m. -
8:39 a.m. -
8:45 a.m. -
2:00 p.m. -

8:30 
8:45 
2:00 
7:30 

a.m. 
a.m. 
p.m. 
p.m. 

Rig service 
Ream hole establish returns 
Drilling, collecting water samples 
Rig down and move on to new location 

Friday. July 17 (Test Hole 2) 

8:00 a.m. - 11:00 a.m. 
9:00 a.m. 
10:30 a.m. 
11:00 a.m. 

Geologist and crew on location 
Light rain 
Heavy rain 
Cancel drilling because of rain 

sunday. July 19 (Test Hole 2) 

4:30 p.m. - 9:30 p.m. Geologist and crew travel to Hays, KS 

Monday, July 20- (Test Hole 2) 

8:00 a.m. - 8:34 a.m. Geologist and crew on location; 
service rig 

8:34 a.m. - 8:39 a.m. Drilling - 25 1 

8:39 a.m. - 9:15 a.m. Clean cyclone 
9:15 a.m. - 11:00 a.m. Service master clutch - 25 1 

Specialized Groundwater Engineering Services 

B-2 



Tuesday. July 21 (Test Hole 2) 

7:30 a.m. - 11:40 a.m. 
11:40 a.m. - 12:07 p.m. 
12:07 p.m. - 12:15 p.m. 
12:15 p.m. - 2:11 p.m. 
2:11 p.m. - 5:44 p.m. 
5:44 p.m. - 7:35 p.m. 

Service master clutch 25' 
Drilling 55' 
Grease top head 
Drilling 252' 
Trip out for plugged pipe 
Drilling 335' 

Wednesday, July 22 (Test Hole 2, Test Hole 3) 

8:00 a.m. - 8:40 a.m. 
8:40 a.m. - 12:45 p.m. 
12:45 p.m. - 5:50 p.m. 
5:50 p.m. - 7:30 p.m. 
7:30 p.m. - 8:28 p.m. 
8:28 p.m. - 9:30 p.m. 

Rig service 
Drilling - total depth at 595' 
Move to location of Test Hole 3 
Drilling 155 1 

Wait on water 155' 
Drilling 315' 

Thursday. July 23 (Test Hole 3) 

8:00 a.m. - 8:25 a.m. 
8:25 a.m. - 8:44 a.m. 
8:44 a.m. - 9:23 a.m. 
9:23 a.m. - 11:27 a.m. 
11:27 a.m. - 12:30 p.m. 
12:30 p.m. - 4:15 p.m. 

4:15 p.m. - 8:30 p.m. 

Friday, July 24 (Test 

8:00 a.m. -- 1: 55 p.m. 

1:55 p.m. - 3:00 p.m. 
3:00 p.m. - 3:10 p.m. 
3:10 p.m. - 4:58 p.m. 
4:58 p.m. - 8:41 p.m. 
8:41 p.m. - 9:15 p.m. 

Rig service 
Drilling 335' 
Replace packing head 
Drilling 487' 
Plugged return tube 
Drilling collect water samples total 
depth 
Rig down and move to new location 

Hole 4) 

Move equipment, rig up, and change out 
work hydraulic hoses 
Drilling 140 1 

Clean cyclone 
Drilling 335 1 (pulling tight) 
Get water and trip out of hole 
Drilling 435' 

Saturday~ July 25 (Test Hole 4) 

8:00 a.m. - 8:30 a.m. 
8:30 a.m. - 11:45 a.m. 
11:45 a.m. - 3:00 p.m. 

Service rig 
Drilling reached total depth at 548' 
Rig down and move rig 

Tuesday, July 28 (Test Hole 5) 

8:00 a.m. - 2:00 p.m. 
2:00 p.m. - 3:30 p.m. 
3:30 p.m. - 9:30 p.m. 

Geologist and crew travel to location 
Perform site survey 
Service rig and move to location 
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Wednesday, July 29 (Test Hole 5) 

8:00 a.m. - 10:54 a.m. Move rig and rig up 
10:54 a.m. - 11:17 a.m. Drill to 50' 
11:17 a.m. - 3:00 p.m. Service top head drive 

Thursday, July 30 (Test Hole 5) 

8:00 a.m. -
4:30 p.m. -
6:38 p.m. -
8:38 p.m. -

4:30 p.m. 
6:38 p.m. 
8:38 p.m. 

9:30 p.m. 

Work on top head drive 50 1 

Work pipe and trip out, pulling tight 
Drill hard limestone and chert streak 
from 52 - 57 1 

Drill ahead to 195 1 

Friday, July 31 (Test Hole 5) 

8:00 a.m. - 10:30 a.m. 
10:30 a.m. - 12:27 p.m. 
12:27 p.m. - 12:40 p.m. 
12:40 p.m. - 1:21 p.m. 
1:21 p.m. - 1:29 p.m. 
1:29 p.m. - 7:16 p.m. 

Work pipe to establish circulation 
Work on sand line hydraulic pump 
Drill 195 1 to 200' pipe pulling tight 
Work pipe 
Attempt to drill, depth 200' 
Trip out of hole because of tight hole 
conditions 

Saturday, August 1 (Test Hole 5) 

8:09 a.m. - 9:15 a.m. 
9:15 a.m. - 10:00 a.m. 
10:00 a.m. - 10:30 a.m. 

10:30 a.m. - 11:52 a.m. 
11:52 a.m. - 1:03 p.m. 
1:03 p.m. - 3:50 p.m. 

3:50 p.m. - 6:00 p.m. 

Trip into hole and ream hole out 
Drill to 275' 
Service top head drive change hydraulic 
hose 
Drilling to 375 1 

Wait on water 
Drill to 615 1 , collect water samples, 
reach total depth 
Trip out of hole 

sunday, August 2 (Test Hole 6) 

8:00 a.m. - 12:48 p.m. 
12:48 p.m. - 2:27 p.m. 
2:27 p.m. - 2:48 p.m. 
2:48 p.m. - 7:30 p.m. 

Monday, August 3 

Move rig to next location and rig up 
Drilling to 182 1 

Bit plugging - work pipe to remove plug 
Drilling to 535 1 , collect water samples, 
reach total depth 

8:00 a.m. - 12:00 p.m. Trip out of hole, rig down and move off 
location 
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APPENDIX C 

GEOPHYSICAL WELL LOGS 
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APPENDIX D 

FIELD WATER QUALITY ANALYSES 

Specialized Groundwater Engineering Services 
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FIELD WATER QUALITY ANALYSES 
TEST HOLE 1 

DEPTH SPECIFIC TOTAL DISSOLVED pH TEMPERATURE TEMPERATURE TIME 
CONDUCTANCE SOLIDS* (Degrees (Degrees (Military) 
(micromhos; (milligrams per Fahrenheit) Celsius) 
centimeter) liter) 

375 2,050 1,230 7.8 72 22.2 1025 

395 7,800 4,680 7.1 71 21.6 1040 

415 10,000+ 6,000+ 7.6 73 22.7 1058 

435 10,000+ 6,000+ 7.6 73 22.7 1155 

t:l 455 10,000+ 6,000+ 7.6 72 22.2 1214 I 
N 

475 10,000+ 6,000+ 7.5 72 22.2 1230 

495 10,000+ 6,000+ 7.6 73 22.7 1250 

515 10,000+ 6,000+ 7.6 72 22.2 1310 

* TDS was calculated by multiplying specific conductance 
by a conversion factor of 0.60. 



FIELD WATER QUALITY ANALYSES 
TEST HOLE 2 

DEPTH SPECIFIC TOTAL DISSOLVED pH TEMPERATURE TEMPERATURE TIME 
CONDUCTANCE SOLIDS* (Degrees (Degrees (Military) 
(micromhos; (milligrams per Fahrenheit) Celsius) 
centimeter) liter) 

375 1,050 630 8.0 74 23.3 0855 

395 1,100 660 8.2 74 23.3 0913 

415 1,200 720 8.4 74 23.3 0918 

435 1,200 720 8.4 74 23.3 0935 

tJ 455 1,300 780 8.4 73 22.7 0945 
I 
w 

475 1,400 840 8.4 73 22.7 0955 

495 1,380 828 8.4 72 22.2 1005 

515 1,400 840 8.4 74 23.3 1026 

535 1,650 990 8.4 74 23.3 1043 

555 2,000 1,200 8.4 74 . 23.3 1115 

575 2,050 1,230 8.3 74 23.3 1125 

* TDS was calculated by multiplying specific conductance 
by a conversion factor of 0.60. 



FIELD WATER QUALITY ANALYSES 
TEST HOLE 3 

DEPTH SPECIFIC TOTAL DISSOLVED pH TEMPERATURE TEMPERATURE TIME 
CONDUCTANCE SOLIDS* {Degrees (Degrees (Military) 
(micromhos; (milligrams per Fahrenheit) Celsius) 
centimeter) liter) 

435 1,000 600 7.8 79 26.1 1010 

455 1,000 600 8.0 80 26.6 1040 

515 1,900 1,140 8.3 80 26.6 1352 

535 1,500 900 8.1 78 25.5 1409 

t:l 555 2,000 1,200 8.4 78 26.1 1418 I 
~ 

575 2,150 1,290 8.4 79 25.5 1432 

595 1,850 1,110 8.2 77 25.0 1440 

615 2,010 1,206 8.4 78 25.5 1450 

635 2,800 1,680 8.4 75 23.8 1500 

655 3,500 2,100 8.5 76 24.4 1530 

* TDS was calculated by multiplying specific conductance 
by a conversion factor of 0.60. 



t:.1 
I 

Vl 

FIELD WATER QUALITY ANALYSES 
TEST HOLE 4 

DEPTH SPECIFIC TOTAL DISSOLVED pH TEMPERATURE 

CONDUCTANCE SOLIDS* (Degrees 

(micromhos; (milligrams per Fahrenheit) 

centimeter) liter) 

415 800 480 8.0 75 

435 2,000 1,200 8.3 77 

455 2,200 1,320 8.2 74 

475 2,100 1,260 8.3 72 

495 2,200 1,320 8.1 72 

515 2,200 1,320 8.2 72 

535 2,300 1,380 8.3 74 

* TDS was calculated by multiplying specific conductance 

by a conversion factor of 0.60. 

TEMPERATURE TIME 
(Degrees (Military) 
Celsius) 

23.8 0847 

25.0 0858 

23.3 0907 

22.2 0917 

22.2 0929 

22.2 0944 

23.3 1140 
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FIELD WATER QUALITY ANALYSES 
TEST HOLE 5 

DEPTH SPECIFIC TOTAL DISSOLVED pH TEMPERATURE 
CONDUCTANCE SOLIDS* (Degrees 
(micromhos; (milligrams per Fahrenheit) 
centimeter) liter) 

455 1,200 720 7.9 83 

475 1,380 828 8.1 82 

495 1,400 840 8.1 76 

515 1,400 840 8.2 75 

535 1,400 840 8.1 76 

555 1,350 810 8.1 75 

575 1,350 810 8.1 75 

595 1,550 930 8.3 77 

615 1,600 960 8.1 77 

* TDS was calculated by multiplying specific conductance 
by a conversion factor of 0.60. 

TEMPERATURE TIME 
(Degrees (Military) 
Celsius) 

28.3 1401 

27.7 1417 

24.4 1427 

23.8 1439 

24.4 1505 

23.8 1518 

23.8 1530 

25.0 1535 

25.0 1550 
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FIELD WATER QUALITY ANALYSES 
TEST HOLE 6 

DEPTH SPECIFIC TOTAL DISSOLVED pH TEMPERATURE 

CONDUCTANCE SOLIDS* (Degrees 

(micromhosj (milligrams per Fahrenheit) 

centimeter) liter) 

315 1,600 960 8.2 82 

335 1,650 990 8.0 82 

375 1,950 1,170 8.2 76 

395 2,200 1,320 8.4 73 

415 2,300 1,380 8.4 72 

435 2,400 1,380 8.4 72 

455 2,350 1,410 8.4 72 

475 2,400 1,440 8.4 72 

495 2,500 1,500 8.4 71 

515 2,550 1,530 8.2 72 

535 2,500 1,500 8.4 72 

* TDS was calculated by multiplying specific conductance 

by a conversion factor of 0.60. 

TEMPERATURE TIME 
(Degrees (Military) 
Celsius) 

27.7 1730 

27.7 1740 

24.4 1800 

22.7 1808 

22.2 1818 

22'. 2 1829 

22.2 1837 

22.2 1846 

21.6 1900 

22.2 1920 

22.2 1945 
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KANSAS DEPA~TMENT OF HEALTH AND ENVIRON~ENT 

DIVISION OF LABORATORIES AND RESEARCH 
INORGANIC CHEMISTRY LABORATORY 

TOPEKA, KA~SAS 66t20-8420 

RESULTS OF L~BORATORY ANALYSIS 

REPCRT TO: LES LAMPE, BLAKC & VEATCH 
ADDRESS: 150C ~EAOOW LAKE PARK~Al 

LAB NUMBER: 80018ZPT 
ACCOUNT CODE: PWS 

KC ~0 64114 

LOCALITY: 1 H •1 DEPTH: 375 1 

COLLECTED BY: TI~ COLLI~S 

SAMPLE 10: SWSE351520W 

COM~ENTS: HAYS DAKCTA 

~ATRIX: ~ATER 

TIME COLLECTED: 1025 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-16-87 

7-22-87 

8-10-87 

• • • • * • * * * * • * • * * • • * • * • * • * • 

TOTAL H,IRD. 
(CAC03) 

CALCIUM 
MAGP\ESHM 
SODIUM 
POTASSllJM 

TOTAL ALK. 
(CAC03) 

CHLCRIDE 
SULfATE 
NITRATE (N) 
FLUCRIDE 

CYA,;IoES 
Oll/G~E,ISE 

PHEJ.OLS 
TOP 
SULFIDE 

RESULTS EXPRESSED IN MILLIGRA~S/LITER 

6~ 

16.5 
o.O 

436.C 
NA 

301 

41d.C 
222 

a. 20 
S.dS 

N~ 

N~ 

NA 
N.& 
NA 

PH 
TUJ;8IDITY 
SPECIFIC COND. 
T. DISSOLVED SOLIDS 
TOTAL PHCSFHORUS (P) 

SILICA (SI02) 
BORON 
DISSOLVED CXYGEN 
8 oc 
COt 
AMP'OI'IIA (N) 
T. SUS. SOLIDS 

CA~BONATE ~ARDNESS 

NO .. -CARBONATE HARD. 
NA~C03 ALKALINITY 
MBAS 
fL,ISH POINT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
P,A 

NA 
NA 
NA 

66.0 
NA 
NA 
NA 
NA 

IRON 
MANGANESE 
ARSENIC 
BARIUM 
CADMIUPI 
CHROMIUIII 
COPPER 
LEAD 
fiiiERCURY 
SELENIUIII 
SILVER 
ZINC 
ALUMI~U!Il 

BERYLLIUPIC 
NICKEL 
ANTIMONY 
THALLIUM 

5.49 
0.11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHE.f'IST: FD .. A - NOT ANALYZED ND - NOT DETECTED 

* * * * * • * * * * * * • * * * * * * • * • • * * 

COPl TO: FILE 
NI.OC, HAYS 
TIM CCLLI~3, LAYNE wESTERN 1011 WHARRY, •ICHITA 67213 
KARL I'UI:LCEN.:R 
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REPORT 10: 
ADDRESS: 

LOCALITY: 

......... ~- ' ..... -........ ~ 
... --.- _,.- ... --....... - .... ·~-·· ........................ ~ ... --.. _, 

KANSAS DEPA~TMENT OF HEALTH AND ENVIRON~ENT 

DIVISION OF lABORATORIES AND RESEARCH 

INOR~'NIC CHEMISTRY LABORATORY 
TOPEKA, KA~SAS 66620-8420 

RESULTS OF L~aORATORl ANALYSIS 

- ........... _____________ ·-~·--· 

LES LAMPE, BLAC~ & VEATCH LAa NUMBER: !00181PT 
ACCOUNT CODE: PWS 

150C MEADOW LAKE PARKWAY 
KANSAS CITY MO 64114 ~ATRIX: WATER 

lH *1 DEPTH: 395' TIME COLLECTED: 1040 

COLLECTED BY: 111"1 COLLINS DATE COLLECTED: 7-16-87 

SAMPLE J 0: S\ISE351520W DATE-RECEIVED: 7-22-87 

COMftENTS: HAYS DAKOTA DATE REPORTED: 8-10-87 

* * ~ • • * * * * * * * * • • • * * * * * * * * * 

TOTAL H~RD. 

(CAC03) 
CALCIUM 
MAG"ESl\JM 
SODIUM 
POTASSHM 

TOTAL AU:. 
(CAC03) 

CHLCRIDE 
SULFATE 
NITIIATE (N) 
FLUCRIDE 

CYA~lOES 

OIL/GRE~SE 

PHEP\OLS 
TOP 
SULFIDE 

RESULTS EXPRESSED IN ~ILLIGRAMS/LIT~R 

417 

64.C 
62.7 

1t17.C 
NA 

405 

219o.G 
529 

0.20 
4.5C 

PH 
TUR-3IDITY 
SPECIFIC COND. 
T. DISSOLVED SOLIDS 
TOTAL PHOSFHORUS (f) 

SiliCA (SlC2) 
B OI<ON 
DISSOL~EO OXYGEN 
BOD 
COt 
AM!I'ONIA {N) 
T. SUS. SOLIDS 

CAI<BONATE HARDNESS 
NO~-CARBCN~TE HARD. 
NA~C03 ALKALINITY 
P'I3~S 

FL~SH POINT 

NA 
NA 
NA 
NA 
hA 
NA 
NA 
NA 
NA 
hA 
NA 
NA 

4(15.0 
NA 
NA 
NA 
NA 

IRON 
MANGANESE 
ARSENIC 
BARIUM
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
fiiERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

10.70 
0.23 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHEIWIST: FD ~A- NOT ANALYZEC NO - ~OT DETECTED 

• * • * • * • • * * • • • * * * • * • * * * * • * 

COPY TO: FILE 
NIIDQ, HAYS 
TIM CCLLINS, LAYNE WESTERh 1011 WHARRY WICHITA 67213 

KARL ,.UELDENER 

E-:.-3. 



REPORT TO: 
ADDRESS: 

LOCALITY: 

KANSAS DEPA~TMENT Of HEALTH AND ENVIRON~ENT 

DIVISION OF L~BORATORIES AND RESEARC~ 

INORGANIC CHE~ISTRY LABORATORY 
TOPEKA, KANSAS 66620-8420 

RESULTS Of LA90RATORY ANALYSIS 

LES LAMPE, eLACtc & VEATCH LAB NU~BER: 800186PT 
ACCOUNT CODE: PWS 150C MEADOW LAKE PARKWAY 

KC MO 64114 ~ATRIX: WATER 

T H 111 DEPT.H: 415' TI~E COLLECTED: 1058 

COLLECTED BY: TIM COLLINS DATE COLLECTED: 7-16-87 

7-22-87 SAMPLE ID: S'-SE351520W DATE-RECEIVED: 

COMIWENTS: tiAYS DAKCTA DATE REPORTED: 8-10-87 

• * • * * • * * • • • * • • • * • • • * • • * • • 

TOT~L H.tRO. 
(CAC03) 

CALCIUM 
MAG~ESllJM 

SODIUM 
POTASSHM 

TOTAL ALK. 
(C~C03) 

CHLCRIDE 
SULFATE 
NIHATE (N) 
FLUCRIDE 

CYAf'tiDES 
.OIL/GREASE 
PHE~OLS 

TCP 
SULFID: 

RESULTS EXPRESSED IN ~lLLIGRAMS/LITER 

1 02C 

1 23. c 
1 7 3. 5 

3190.0 
NA 

6 32 

4 2 30. c 
11 31 
O. 2C 
J.7e 

PH 
TUFBIDITY 
SPECIFIC CCND. 
T. DISSOLVED SOLIDS 
TOTAL PHOSFHORUS (F) 
SILICA (SIC2) 
BORON 
DI~SOL\/EO CXYGEN 
8 oc 
COt 
AMJIIONIA (N) 
T. SUS. SOLIDS 

CA~BO~ATE HARDNESS 
NO~-CARaONATE ~ARO. 

NA~CC3 ALKALINITY 
~a~s 

flASh ~OINT 

NA 
NA 
NA 
NA 
~A 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

632.0 
NA 
NA 
NA 
NA 

IRON 
JIIIANGANESE 
ARSENIC 
BARIU~ 

CAD~IU,. 

CHROPIIIUPI! 
COPPER 
LEAD 
JIIIERCU~Y 

SELENIUM 
SILVER 
ZINC 
ALUMI'iUPII 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUIIII 

4.71 
0.23 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

~A - \OT ANALYZED NO - NOT DETECTED 

• • • • * * * * • • • • * * * * • * * * * * * • • 
CCP)' TO: FILE 

NIIIOO, HAYS 
TIM CCLLI~S, LAYNE w~STER~ 1011 WHARRY, •ICHITA 67213 
KARL 1-UELDENER 
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KANSAS DEPA~TMENT OF HEALTH AND ENVIRON~ENT 

DIVISION OF LABORATORIES AND RESEARCH 

INORGANIC CHEMISTRY LABORATORY 
TOPEKA, KA~SAS 66620-8420 

RESULTS OF L~90RATORY ANALYSIS 

REPORT 10: LES LAMPE, BLAKC & VEATCH 

ACDRESS: 150G ME~DO~ LAKE PARK.AY 
L~B NUMBER: 800184PT 

ACCOUNT CODE: PWS 

KC MO 64114 ~ATRIX: WATER 

LOC~LITY: 1 H •1 DEPTH: 435' TIME COLLECTED: 1155 

COLLECTED BY: 11M COLLINS DATE COLLECTED: 7-16-87 

SAMPLE ID: SWSE351520~ 
DATE-RECEIVED: 7-22-87 

COM"ENTS: HAYS DAKCTA DATE REPORTED: 8-10-87 

* • * • • • * * • • * * • • • * • • • • * * • • * 

TOTAL H~RD. 

(CAC03) 
CALCIUM 
MAGNESil!M 
SODIUM 
POTASSI\.M 

TOT~L ALK. 
<c.-co3> 

CHLORIDE 
SULFATE 
NITRATE (N) 
FLUCRIDE 

CYAhiDES 
OIL/ GR E.l SE 
PHEt.OLS 
TOP 
SULFIDE 

RESULTS EXPRESSED IN MILLIGR~MS/LlTER 

973 

121.C 
163.4 

2940.C 
NA 

534 

4C65.0 
1 08t 
0.30 
4.2G 

NA 
NA 
N.l 
N.l 
NA 

PH 
TURBIDITY 
SPECIFIC CCND. 
T. DISSOLVED SOLIDS 
TOTAL FHOSFHORUS (P) 

SILICA (SIC2) 
BORON 
DI~SOLVED CXTGEN 
BOD 
coc 
AI'IJIONIA (N) 
T. SUS. SOLIDS 

CA~BONATE ~ARDNESS 

NO~-CARBONATE HARD. 
NAHC03 ALK.lLINITY 
Ma•s 
FLASH POINT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

534.0 
NA 
NA 
NA 
NA 

1 RON 
MANGANESE 
ARSENIC 
BARIUM 
CADI'IIUfll 
CHROI'IIUJII 
COPPER 
LEAD 
P'IERCURY 
SELENIUr-1 
SILVER 
ZINC 
ALUP'IlliUM 
e~RYLLIUfil 

NICKEL 
ANTIMONY 
THALLIUfll 

7.42 
0.27 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
N.A 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHEt'IST: FD 
NO- NOT DETECT:D 

* • * • • • * • • • • • * • * • • * • * * • * * * 

COPY TO: FILE 
NwDO, HAYS 
TIM CCLLl~S LAYNE W~SlERN 1011 W ~ARRY, WICHITA 67213 

KARL P'UELDENER 
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KANSAS DEPARTMENT OF HEALTH AND ENVIRON~ENT 

DIVISION Of LABORATORIES AND RESEARCH 
INOR~ANIC CH~~ISTRY LABORATORY 

TOPEKA, KAhSAS 66t20-84ZO 

RESULTS OF L~BORATORY ANALYSIS 

REPORT TO: LES LAMPE, BLACk & VEATCH 
ADDRESS: 150C ~EADO~ LAKE PARKWAY 

LAB NUMBER: 800186PT 
ACCOUNT CODE: PWS 

KC ~0 64114 

LOCALITl: l H W1 DEPTH: 455 I 

COLLECTED BY: 11~ COLLINS 

SAMPLE ID: SWSE351520W 

COM~ENTS: HAYS DAKOTA 

MATRIX: WATER 

TIME COLLECTED: 1214 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-16-87 

7-22-87 

8-10-87 

* * • * * * • • • * • * * * • * * * • * * • * * * 

TOTAL HARD. 
tCAC03) 

CALCIUM 
MAGNESIUM 
SODIUM 
POfASSil.M 

TOTAL ALK. 
(C.I.CO.H 

CHLORIDE 
SULfATE 
NITRATE 00 
FLUtRlDE 

CYANIDES 
OIL/GREASE 
PHEt.OLS 
TOP 
SULFIDE 

RESULTS EXPRESSED IN ~ILLIGRAMS/LITER 

811 

112.C 
148.9 

2865.0 
N~ 

609 

3805.C 
919 

O. 3G 
4.32 

NA 
NA 
Nil 
N.A 
NA 

PH 
TUP91DITY 
SPECIFIC CCHO. 
T. DISSOLVED SOLIDS 
TOTAL PHOSFHORUS (F) 

SIlICA <S ICZ> 
BORON 
DISSOLVED OXYGEN 
BOt 
COD 
AM~ONIA (N) 
T. SUS. SOLIDS 

CA~BONATE HARDNESS 
NO~-CAR30N~TE HARD. 
NAHC03 ALKALINITY 
MB .. S 
FLASH FOINT 

NA 
NA 
N' 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

· NA 

609.0 
NA 
NA 
NA 
NA 

IRON 
PIANGANESE 
ARSENIC 
BARIU111 
CAD~IU~ 

CHROP"IUM 
COPPER 
LEAD 
MERCURY 
SELENIUJII 
SILVER 
ZINC 
ALUMINUI'! 
BERYLLIUM 
NICKEL 
ANTIP'lONY 
THALLIUM 

4.89 
C.26 

NA 
NA 
NA 
PIA 
NA 
NA 
NA 
NA 
NA 
HA 
NA 
HA 
NA 
NA 
NA 

CHE~IST: FD ~A - NOT ANALYZED ND - NOT DETECTED 

* * • * * ~ • • • * * * * • • * * * * * * * * * * 

COPY TO: FILE 
N~DQ, _,AYS 

TIM CCLLI~S, LAYNE WESTERh 1011 WHARRY, ~ICHITA 67213 

KARL ~ uELD :NER 

E-6 



KANSAS OEPAPTMENT OF HEALTH ANO ENVIRON~ENT
 

DIVISION OF LA80RATORIES AND RESEARCH 

lNOR~ANIC 
CHEMISTRY lABORATORY 

TOFEKA, kA~SAS 66620-8420 

RESULTS Of L~BORATORY ANALYSIS 

REPORT 10: LES LA~FE, BLAC~ & VEATCH 

ADDRESS: 150C ~EADOW LAKE PARKWAY 

LAB NUMBEP: 800187PT 

ACCOUNT CODE: PWS 

kC 
~0 64114 

LOCAL I Tl: TH .U DEPTH: 475' 

COLLECTED BY: 11~ COLLINS 

SAMPLE ID: SaSE351520W 

COM,ENTS: HAYS DAKCTA 

~ATRIX: 
W~TER 

TIME COLLECTED: 1230 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-16-87 

7-22-87 

8-10-87 

* * • * * * * • * * * * * * * * * * • * • * * * * 

TOTAL H~RD. 

CCAC03) 

CALCIUM 
MAGNESil.l"' 
SODIUM 
POTASSIUM 

TOTAL ALK. 
(CAC03) 

CHLORIDE 
SULFATE 
NITRATE (N) 

FLUORIDE 

CYANIDES 
OIL/GREASE 
PHEt-.OLS 
TDP 
SULFIDE 

RESULTS EXPRESSED IN MILLIGR-MS/LITER 

1 c 32 

125.5 
175. G 

3450.C 
1'0 

605 

459C.C 
, 12 7 
0.3C 
2.~4 

NA 
NA 
NA 
NA 

N" 

PH 
TURt31DITY 
SPECIFIC CCNO. 

T. DISSOLVED SOLIDS 

TOTAL PHOSFHORUS (F) 

SILICA (SICZ) 

BOP ON 
DISSOLVED CXYGEN 

BOt 

c oc 
AMIWONIA (N) 

T. SUS. SOLIDS 

CA~BONATE 
HARDNESS 

NO~-C~RBON
~TE HARD. 

NA~C03 ALKALINITY 

M3.'S 

FU5k f'OINT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

605.0 
NA 
NA 
NA 
NA 

IRON 
MANGANESE 
ARSENIC 
BARIUr.t 
CADMIUfll 
CHROMIUfll 
COFPER 
LEAD 
MERCURY 
SELENIUM 
SIlVER 
ZINC 
ALUMINUM 
BERYLLIUIII 
NICKEL 
ANTIIIIONT 
THALLIUM 

4.34 
0.26 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
HA 
NA 
NA 
NA 
NA 
NA 
HA 

CHEP'IST: FO 
~A - NOT ANALYZED 

~0 - NOT DETECTED 

• * • • * * • ~ * • • * * • * * * * • * * * * * * 

COPY TO: FILE 
N•Do, HAYS 
TIM CCLlihS, LAYN~ ~~STERN 1011 WHARRY, WICHITA 67213 

kARL ,_UELCENER 

E-7 



KANSAS DEPA~TMENT Of HEALTH AND ENVIRON~ENT 

DIVISIO~ Of LABO~ATORIES AND RESEARCH 

INOREANIC CHE~ISTRY lABORATORY 

TOFEkA, kANSAS 66620-8420 

RESUlTS Of L~80RATORY ANALYSIS 

REPCRT 10: LES LAMPE, ELAC~ & VEATCH 

ADDRESS: 15UC ~EAOOJ LAR~ PARKWAY 
LAB NlMBER: 800185PT 

ACCOUNT CODE: PWS 

KC MO 64114 

LOCALITY: TH _.1 DEPTH: 495' 

COLLECTED BT: 11M COLLINS 

SAMPLE JD: SWSE351520W 

COM~ENTS: HAYS OAKCTA 

~ATRIX: 
WATER 

ll~E COLLECTED: 1250 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-16-87 

7-22-87 

8-10-87 

* * * • * * * * * * * * • * * * * * * * • * * * * 

TOTAL H~RD. 

(CAC03) 
CALCIUM 
MAGhESil.M 
SODIUM 
POTA SS IliM 

TOTAL ALK. 
(C~C03) 

CHLORIDE 
SULFATE 
NITRATE (N) 
FLUCRIDE 

CYAhlOES 
OIL/GREASE 
PH::"OLS 
f[jP 

~t..LFIDE 

RESUlTS EXPRESSED IN MILLIGRAMS/LITER 

949 

117.0 
159.e 

3C65.0 
N~ 

sse 

4(8(;.() 

1 0 21 
0.1C 
2.6e 

NA 
NA 
NA 
NA 
NA 

PH 

TUJ<BIDITY 
SPECIFIC CCNO. 
T. DISSOLVED SOLIDS 

TOTAL PHOSFHORUS (P) 

SILICA (SI02) 
80Jl ON 
DISSOLVED CXYGEN 

BOt 
coc 
AI'1P'ONIA (N) 

T. SUS. SOLIDS 

CA~BONATE HARDNESS 

NO~-CARBONATE HARD. 

NA~C03 ALKALINITY 

~9A S 
FL.ISH POINT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
~A 

NA 
NA 
NA 
NA 

558.0 
NA 
NA 
NA 
NA 

IRON 
MANGANESE 
ARSENIC 
BARIUM 
CADMIU~ 

CHROMIUM 
COPPER 
LEAD 
MERCURT 
SELENIUM 
SIlVER 
ZINC 
ALl:PHNUI'II 
BEPYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

4.33 
o.zs 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

(t-~~ 1ST: FO ~A - NOT ANALYZED NO - NOT DETECTED 

• • * * • * • • • • • • * • • * • * * * • • • • * 

COP~ TO: FILE 
N'WDO, HAl'S 
TIM CCLLINS, LAYNE WESTERh 1011 WHARRY, WICHITA 67213 

KARL P'UELDENER 

E-8 



··•·-~.···-•··~ ...... r.""":····-~-- .. ~--·~ .. ~-·'!""-----:-... -.. ..,.... _____ . 

KANSAS DEPARTMENT Of HEALTH AND ENVIRON~ENT 

DIVISION OF LABORATORIES AND RESEARCH 

INOR~ANIC CHEMISTRY LABORATORY 

TOFEKA, KA~SAS 66620-8420 

RESULTS OF L~BORATORY ANALYSIS 

REPCRT 10: LES LAMPE, BLAC~ 

ADDRESS: 150C fi'E .. OOIJ LAKE 
& VEATCH 
PARKWAY 

LAB NUMBER: ~00183PT 

ACCOUNT CODE: PWS 

KC 

LOCAL I Tl: 1 H #1 DEPTH: 

COLL fC TED BY: liM COLLINS 

SAMPLE l D: S~SE3S1520W 

COI'\I"ENTS: HAYS DAKCTA 

1'110 64114 

515' 

~ATRIX: WATER 

liME COLLECTED: 1310 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-16-87 

7-22-87 

8-10-87 

* * * * * * * * * * * * • * • * * • * • * • * • * 

TOTAL H .. RD. 
(CAC03) 

CALCIUI'1 
MAGNESHI'\ 
SODIUM 
POT ASS HM 

TOTAL ALK. 
(CioC03) 

CHLCRIOE 
SULFATE 
NITRATE (N) 
FLUCRID.E 

CYAtdOES 
OIL/GRE .. SE 
PHEhOLS 
TOP 
SULFIDE 

RESULTS EXPRESSED IN MILLIGRAMS/LITER 

607 

82.5 
97.7 

2152.5 
Nlo 

394 

2914.0 
687 

O. 3C 
2.89 

Nlo 
NA 
NA 
N .. 
NA 

PH 
TU1i8IDITY 
SPECIFIC CCND. 
T. DISSOLVED SOLIDS 
TOTAL PHOSFHORUS (F) 

SILICA (SIC2) 
BORON 
DISSOLVED OXYGEN 
BOt 
c oc 
AMftONlA (~) 

T. SUS. SOLIDS 

CA~90NATE ~ARDNESS 

NO~-CARBO~IoTE HARD. 
NA~C03 ALK~LINITY 

~a .. s 
FLASH POI~T 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
hA 
NA 
NA 
NA 

394.0 
NA 
NA 
NA 
NA 

IRON 
~ANGANESE 

ARSENI.C 
BARIUM 
CAOMIUI' 
CHROMIUM 
COPPER 
LEAD 
MERCURY 
SELENIUI'\ 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

4.45 
0.26 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHEJI'.IST: FD 11\A- NOT ANALn:t NO - NOT DETECTED 

* * • • • • • ~ * • * * • • - * * • * * * * * * * 

COP~ TO: FILE 
N\aDC, HAYS 

TIM CCLLI~S LAYNE WESTERN 1011 ~ ~ARRY, ~ICHllA 67213 

KARL I"UELDENER 

E-9 



/, 

KANSAS DEPARTMENT OF HEALTH AND ENVlRON~ENT 

DIVISION OF LABORATORIES AND RESEARCH 

lNO~GANIC CHEMISTRY LABORATORY 

TOPEKA, KAhSAS 66620-8420 

RESULTS OF LABORATORY ANALYSIS 

REPORT TO: LES LAMPt, BLAC~ & VEATCH 

ADDRESS: 15UC MEADOW LAKE PARK~AY 

LAB NUMBER: 800241PT 
ACCOUNT CODE: PW~ 

KC MO 64114 

LOCALIT't: TH 1#2. DEPTH: 375 1 

COLlECTED BY: LEE ~AGEOTTt 

SAMFLE JD: SESE2715ZOW 

COM~ENTS: HAYS DA~CTA 

MATRIX: WATER 

TIME COLLECTED: 0855 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-22-87 

7-28-87 

8-20-87 

* * * * * * • * * * * • • * * * • * * * • * • * * 

TOTAL HARD. 
(CAC03) 

CALCIUM 
MAG"tSHM 
SODIUM 
POTASSIUM 

TOTAL ALl(. 
(CAC03) 

CHLCRIDE 
SULFATE 
NITRATE (N) 
FLUCRIOE 

CYANIDES 
OlLii.iREASE 
P .. t:NOLS 
TOP 
SULFIDE 

RESULTS EXPRESSED IN MILLIGRAMS/LITER 

387 

111 • 5 
2o.4 

1 7 3.1 
NA 

2 22 

132.0 
281 

NO 
2.16 

NA 
NA 
NA 
NA 
NA 

PH 
TUI'6101TY 
SPECIFIC CCNO. 
T. DISSOLVED SOLIDS 

TOTAL PHOSFHORUS (F) 

SILICA (SI02) 
BORON 
DISSOLVED OXYGEN 
8 0() 

c 00 
AMI'tONIA (N) 

T. SUS. SOLIDS 

CARBONATE ~ARDNESS 

NO~-CARBONATE HARD. 

NAhC03 ALKALINITY 
Ms.as 
FL.tSH POINT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

222.0 
NA 
NA 
NA 
NA 

IRON 
MANGANESE 
ARSENIC 
BARIUM 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
JIIIERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHEfHST: FD ~A - NOT ANALYZED NO - NOT DETECTED 

* * • * * * • • * * .. * * * 1111 * * * • * * * .. * • 

COPY TO: FILE 
NwD ""ft.,,., ... .,..,,l¥1'jiii!!C!JitiMt4+"*""&5*f!PifWWF91r'i* ...... A4a~~uJW.fM!IIt 

KARL fi.UELOENER 

E-10 



KA~SAS DEPA~TMENT OF HEALTH AND ENVIRON~ENT 
DIVISION OF LABO~ATORIES AND RESEARC~ 

INORGANIC CHEMISTRY LABORATORY 
TOFEKA, KA~SAS 66620-8420 

RESUlTS OF LABORATORY ANALYSIS 

REPCRT 10: LES LAMFE, 8LAC~ & VEATCH 
AOD~ESS: 150( ~E~DOw LAKE PARKWAY 

LA9 NUMBER: 800249PT 
ACCOU~T CODE: PWS 

KC ~0 64114 

LOC~LIT'f: 1 H II 2 DEPTH: 395' 

COLLECTED BY: LEE ~AGECTTE 

SAMPLE lD: SESE271520w 

CCM~ENTS: HAYS DAKCTA 

~ATRIX: WATER 

TI~E COLLECTED: 0913 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-22-87 

7-2E-87 

8-11-87 

* * • * * * * * * * * * * * * * * • * * * * * * * 

TOTAL HARD. 
CCAC03) 

CALCIUM 
MAG"ESil.M 
SODIUM 
POUSSilM 

TOTAL AlK. 
CCAC03) 

CHUlRIDE 
SULFATE 
NITFATE (N) 
FLUCRIDE 

CYAtdDES 
OIL/GP~ISE 

PHE~OLS 

TOP 
SULFIO~ 

RESUlTS EXPRESS~D IN ~ILLIGRAMS/LIT~R 

2.H 

b4.C 
19.4 

2 35. c 
N.A 

1 7 5 

169. c 
21 e 

tiC 
2. 9( 

PH 
TUJ;3IDITY 
SPECIFIC CCNO. 
T. DISSOLVED SOLIDS 
TOlAL PHOSFHO~~S (P) 
SILICA (SIC2) 
BOJ;'JN 
OI~SOLVED CXYGEN 
BOt 
COt 
Af"''I'-ONIA (N) 
T. SUS. SOLIDS 

CAF30NATE HARDNESS 
NJ~-CAFBONATE HARD. 
NA~C03 ALKALI~ITY 
~·.:; ~;) 

=-tSM FOIN1 

NA 
NA 
NA 

"A 
NA 
NA 
NA 
,. .. 
NA 
NA 
NA 
NA 

175.0 
N . .
NA 
NA 
NA 

IRON 
MANGA~ESE 

ARSENIC 
BARIUM 
CAD"' lUll' 
CHROI'IIUM 
COPPER 
LE~D 
I'IERcuqy 
SELENIUM 
S IL VE ~ 
ZI~C 

ALLMINUI'I' 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

N' 
NA 
NA 
NA 
NA 

CkEfWIST: FD ~~-NOT ANALYZEC NO - NOT DETECTED 

* * * * * • • * • * * * * * * * * * * * * * * * * 
COPY TO: FILE 

N•D 
TI~ COLLINS, LAY~~ ~ESTERN 1011 • HARRY, WICHITA 67213 

KARL I'UELDE~£1' 

E-ll 



KANSAS OEPAfiTMtNT OF HEALTH AND ENVIRONMENT 

DIVISION 0~ lABORATORIES ANO ~ESEARCH 

lNO~GANIC CHEMIST~
Y LABORATORY 

TOPEKA, KA~SAS 66620-~420 

R£SULTS OF LABORATORY ANALYSIS 

REPCRT lO: LES LAMPE, BLACk & VEATCH 

ADDRESS: 1500 MEADOJ LAKE PAR~wAY 

LAB NUMBER: 800261PT 

ACCOUNT CODE: PWS 

KC MO 64114 

LOCALITY: ltf #2 DEPTH: 415' 

COLLECTED BY: L£E ~A~EOfTc 

SAMPLE IO: SESE2715ZOW 

COM~ENTS: HAYS OAKCTA 

MATRIK: WATER 

TIME COLLECTED: 0918 

DATE COLLECTED: 

OATE-RECEIVED: 

DATE REPORTED: 

7-22-87 

7-ZS-87 

8-20-87 

• • ... * * ,. • • • ,. * • * * .,. * * .. .,. • .. * • .. * 

TOTAL HARD. 
(CAC03) 

CALCIUM 
MAG~ESHM 

SODlUM 
POT ASS li.M 

TOTAL ALK. 
(CAC03) 

CHLORIDE 
SULFATE 
NITRATE CN> 

FLUCillOE 

CYAt.IDES 

OIL/ GREASE 
PHEfi<OLS 
TOP 
SULFIDE 

CHE~IST: FD 

ReSUlTS EXPRESSED IN MILLIGRAMS/LITER 

13C 

18.C 
20.6 

295.0 
NA 

2o7 

204.0 
199 

NO 
3.92 

NA 
NA 
NA 
NA 
NA 

PH 
TUt;3IOITY 
SPECIFIC CCND. 
T. DISSOLVED SOLIDS 

TOTAL PHOSFHORUS (P) 

SILICA (SIC2) 
BORON 
DISSOLVED OXYGEN 
BOC 
c 00 
Al'1l"ONIA (N) 
T. SUS. SOLIDS 

CARdONATE HARDNESS 
NO~-CARSONATE HARD. 

NAhC03 ALKALINITY 
Ma.A s 
FLASH POINT 

~A- NOT ANALYZED 

NA 
NA 
NA 

• NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

130.0 
NA 
NA 
NA 
NA 

IRON 
MANGANESE 
ARSENIC 
BARIUM 
CADMIUI'I 
CHROMIUM 
COPPER 
LEAD 
MERCU~Y 

SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

* * * * • .. * • • * • * * • * * * * * * * .. * .. * 

COPY TO: FILE 
N~O 

,J l4l••"'"•* Haoli:ow4a*¥1.,i ,.,.,, H p• , ru' 't ,,..~. ,.,. .... ~~....- . 

KARL f'UE:LOENER 
E-12 
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KANSAS DEPA~T~E~T OF HEALTH AND ENVIRO~~ENT 
DIVISION OF LABORATORIES AND RESEARCH 

INORG~NIC CHEMISTRY LABORATORY 
TOFEKA, kANSAS 66t20-8420 

RESULTS OF LJBORATORY ANALYSIS 

REPCRT TO: LES LAMFE, eLAC~ & VEATCH 
ADD~ESS: 150C ~EADO• LAkE PARK~AY 

LAB NU~BER: 800237PT 
ACCOU~T CODE: PWS 

KC MO 64114 ~ATRIX: WATER 

LOCJLITY: TH 112 DEPTH: 435' TIME COLLECTED: C935 

CCLLECTED BY: LEe ~AGEOTTE DATE COLLECTED: 7-22-87 

SAf'!FLE lD: SESE271520W DATE-RECEIVED: 7-28-87 

CO~~ENTS: HAYS OAKCTA DATE REPORTED: 8-11-87 

* * * * * * * * • * * * * * * * * * * * * * * * * 

TOTAL HARD.· 
(CJ.C03) 

CALCIUM 
MAG,.ESII..M 
SCOIUM 
PCTJ.SSU.M 

TOTAL ALK. 
(C~C03) 

CHLCRIDE 
SULFATE. 
NIHATE (N) 

FLUCRIDE 

CYA~IDES 

OIL/IiRE.ASE 
PHE~OLS 

TOP 
SULFIDE 

R~SULTS EXPqESSED IN MILLIGR.AMSILITER 

52 

12.5 
5.1 

308.5 
NA 

2 51 

217.( 
1 BC 

NC 
4.se 

NA 
NA 
tO 
NA 
NA 

PH 
TUf;aiDITY 
SPECIFIC CC~O. 
T. DISSOLVED SOLIDS 
TOtAL FHOSFHORUS CP) 
SILICA CSIC2) 
BOf:ON 
DISSOL~ED CXYGEN 
BOt 
c oc 
A~1'0NIA (~) 

T. SUS. SOLIDS 

CA~dO~ATE JoiARDNESS 
NO~-CARBONATE HARD. 
NArCC3 ALKALINITY 
~3.as 

FL.ASH POI~l 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

N" 
hA 
NA 

52.0 
NA 
NA 
NA 
NA 

I~ON 
MANGANESE 
ARSENIC 
BARIUM 
CAO~IU~ 

CHROMIUM 
COPPER 
LEAD 
MERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINU~ 

BE~YLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N4 
NA 
NA 
N~ 

"c..\ 

C .. E'-IST: FO ~A - NOT A~~LYlEC NO - ~OT DETECT:~ 

* * • * • * * * * * * * * * * * * * * * * * • * . • 
COPY TO: FILE 

N~D 

TIM CCLLihS, LAYNE WESTERh 1011 w ~ARPY, ~ICHITA 67213 
KARL f'UELCENER 

. E-13 



KANSAS DEPA~TMEhT OF HEALTH AND ENVIRON~ENT 
CIVISION OF LABO~ATORIES AND RESEARCH 

INORGANIC CHEMISTRY LABORATORY 
TOFEKA, KA~SAS 66~20-8420 

RESULTS CF L~oORATORY ANALYSIS 

REPCRT 10: LES LAMFE, BLAC~ & VEATCH 
AOORESS: 150( ~EAOCW LAKE PARK~AY 

LAB NUMBER: 800260PT 
ACCOUNT CODE: PWS KC ~0 64114 

LOCALin: T H 112 DEPTH: 455' 

COLLECTED BY: LEE ~AGEOTTE 

SAMfLE 10: SESE271520W 

COM~ENT~: ~AYS OAKCTA 

~ATRIX: WATER 

TIME COLLECTED: 0945 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-22-87 

7-2E-87 

8-11-87 

• * • • • * • * * * * * * * * * * * * * * * * * * 

TCTioL H~ RD. 
(CAC03) 

CALCIU"l 
MAG~ESI\.M 

SOOIU~ 

PCTASSILM 

TOTAL ALK. 
(CAC03) 

CHLCRIOf 
SULFATE 
NITFiATE (N) 

FLUCRIDE 

CYAf\IOES 
OIL/GRE~SE 

PHEf'IOLS 
TOP 
SULFIDE 

CHEP'IST: · 

"ES~LTS EXPRESSED IN MILLIGRA~S/LITER 

38 

9.5 
3.6 

~42.( 

NA 

1 54 

256.C 
1 a 1 

NO 
4.2~ 

N~ 

NA 
NA 
ro 
NA 

PH 
TU~8IDITY 
SPECIFIC CCND. 
T. DISSOLVED SCLIDS 
TOTAL FHCSFHORLS (F) 
SILICA (SIC2> 
8 0~ ON 
DISSOL~ED CXYGEN 
BOC 
c oc 
AIII!P.ONIA (N) 

T. SUS. SOLIDS 

CA~SO~ATE ~ARDNESS 
NO~-CA~BCNATE ~ARO. 
NA~C03 ALKALINITY 
M3~S 

FLASH FOINT 

"A - NOT ANALYZEC 

NA 
1\jA 
NA 
NA 
NA 
NA 
~A 

NA 
NA 
NA 
NA 
NA 

38.0 
NA 
NA 
NA 

~· 

I RON NA 
f'IIANGANESE NA 
ARSENIC NA 
BARIU"l NA 
CADMIU~ NA 
CHROMIUM NA 
C OF PER NA 
LEAD NA 
f'IIERCU~Y NA 
SELENIUM NA 
SILVER NA 
Zl"C NA 
ALUMINUM NA 
eERYLLIUI'I N4 
NICKEL NA 
ANTIJIII!OIIiT NA 
THALLIUM NA 

NO ~OT DETECTED 

* * • ~ * * * * * * * * * * * * * * * * * * * * * 
COPY TO: c:r. .. c 

t• ... 
·~ "' .. 
r:~ CCLLI~S, LAYNE W~STERN 1011 WHARRY, ~ICHITA 67213 
K.A~L JWLIELOcNER 

E-14 



KANSAS OEPA~TMEhT OF HEALTH AND ENVIRON~ENT 

CIVISION OF LABORATORIES AND RESEARC~ 
!~ORGANIC CHEMISTRY LABORATORY 

TOFEKA, kA~SAS 66t20-8420 

RESULTS CF LA3CRATORY ANALYSIS 

REPCRT 10: LES LAMP~, ELAC~ & VEATCH 
ADORES~: 150C ~cADOw LAKE PARKwAY 

LAS NUMBSR: 800246PT 
ACCOUNT CODE: P~S 

KC MO 64114 

LOC~LITY: l ~ #2 DEPTH: 475' 

COLLECTED oY: 

SAMfLE lD: SESE271520~ 

fii'ATRIX: WATER 

TIME COLLECTED: 0955 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-22-87 

7-ZS-87 

8-11-87 

* * - * * * * * * * * * * * * * * * * * * * * * * 

TOTAL H~RO. 
(C.AC03) 

CALCIUM 
fiiAGf,ESILM 
SCOIUfl! 
POTASSil.M 

TOTAL ALK. 
(C~C03) 

CHLCRIDE 
SULFATE 
NITRATE CN) 
FLUCRIDE 

CYAhlDES 
OIL/GREASE 
Pt1EPIOLS 
TOP 
SULFIDE 

RESULTS EXPRESSED IN MILLIGRAMSILITER 

39 

7.5 
4.~ 

353.C 
NA 

24C 

2 72. c 
17 E 

NC 
4. 2e 

NA 
NA 
NA 
NA 
NA 

PH 
TUPBIDITY 
SPECIFIC CCND. 
T. DISSOLVED SOLIDS 
TOTAL PHOSFHOR~S (F) 
SILICA CSI02) 
BOfiON 
DISSOLVED OXYGEN 
aoc 
c oc 
AM~ONIA (N) 
T. SUS. SOLIDS 

CA~30~ATE ~ARONESS 

NO~-C~PoONATE HARD. 
N~~C03 ALKALINITY 

r::_f.~ ... :::·ciNT 

NA 
N~ 

Nl 
NA 
NA 
hA 
NA 
N~ 

NA 
NA 

~-NA. 

39.0 
t,A 
N .1\ 

PiA 
~A 

IRON NA 
MANGANESE NA 
ARSENIC NA 
BAR.IUM NA 
CAOMIU~ NA 
CHROMIUM NA 
COPPER NA 
LEAD NA 
Jii!ERCURY NA 
SELENIU"1 NA 
S Il VE ~ NA 
ZINC NA. 
AL~MI"'U"' NA. 
t'ERYLLIUM NA. 
NICKEL NA 
P."ll!MGNY NA 
T~P.LLIUM NA 

CHEP'IST: FO ~4 - ~OT ANALYZEC .~ ~ NOT DETECTED 

* * - * * • * * * * ~ * * * * * * * • ~ * * * * * 
COPY TO: FILE 

N~D 

TIM CCLLI~S, LAYNE ~:5TER~ 1011 W HARRY, •tCHITA t7213 
KARL P'UELOEN~R 

E-15 



KANSAS DEPA~TM~~T OF HEALTH ANO ENVIRON~ENT 

CIVISION OF LABOPATORIES AND RESEA~C~ 

INCREANIC CHEMISTRY LABORATORY 

TOFEKA, KA~SAS 66620-8420 

RESUlTS Cf L~90RATORY ANALYSIS 

REPCRT TO: LES LAMFE, eLAC~ & VEATCH 

ADDRESS: 1SOC ~E~OOw LAKE PARK-~l 

L~S NUMBER: 800252PT 

ACCOUNT CODE: PWS 

KC 
~0 64114 

LOCALIT'f: T H t/2 . DEPTH: 495 I 

COLLECTED BY: LEE ~AGSCTTE 

SAMFLE ID: SESE271520W 

COM~E~TS: hAYS DA~CTA 

~ATRIX: 
WATE~ 

TIME COLLECTED: 1005 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-22-87 

7-28-87 

8-11-87 

* *. * * *. * * * * * * *. *. * ••• *. * .. 

TOTAL H.-Ro. 
(CAC03> 

CALCIUM 
M.tGIHSILM 
SCDlUM 
POTASSILM 

TCTAL ALK. 

(CAC03> 

CHLCRIDE 

SULFATE 
NIHATE (N) 
FLUCRIDE 

CYAPdDES 
OIL/GRE,tSE 

PHEt-.OLS 
TOP 
St.:LFID~ 

RESULTS EXPRESSED I~ ~ILLIGR .. MS/LITER 

.51 

7.( 
3.2 

3 49. c 
NA 

2 54. c 
1 51 

NC 

PH 
TUJiBlOITY 
SPECIFIC CCNO. 
T. DISSOLVED SOLIDS 

TOTAL PHOSFHORLS (F) 

SiliCA (SIC2) 
BOJ;ON 
Ol~SOL~~D CXYGEN 

BOC 
c i) c 
AM~ONIA (N) 
T. SUS. SOLIDS 

CAFBO~ATE ~AR
ONESS 

NO~-CAR3C~ATE 
HARD. 

NArC03 AL~~LINITY 

M3~S 

FL.lSH FOI~l 

NA 
NA 
NA 
NA 

NA 
NA 
~A 

NA 
hA 
NA 
NA 
NA 

IRON 
MANGA~ESE 

ARSENIC 
BARIU~ 

CAD~ I UP' 
CHPO~IUM 

COPPER 
LEAD 
MERCURY 
SELENIUM 

SILVER 
Zli\C 
ALLMINU~ 

BERYLLIU~ 

NICKEL 
ANllM~f'tY 

TH~LltUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHEI"IST: FD ~A- NOT ANALYZED NO - ~CT CET:CT£0 

* *. * * *. * * * * * * * •• * * * ... *. *. 
COPY TO: FILE 

NI.D 
TIM CCLLI~S, LAYNE WESTER~ 1011 WHARRY, ~ICHITA ¢7213 

KARL IWUtLOENER 

. - .. . ·E-115 - - ·-



KANSAS DEPA~TMENT OF HEALTH AND ENVIRON~ENT 

DIVISION OF LA80RATORIES AND RESEARCH 

I~OR~ANIC CHEMISTRY lABORATORY 

TOFEKA, KA~SAS 66620-8420 

R~SUlTS OF L~BORATORl ANALYSIS 

REPCRT 10: LES LAMFE, 8LAC~ & VEATCH 

ADDRESS: 150C ~EADO~ LAKE PARKWAY 

LAB NUMBER: 800ZS3PT 

ACCOUNT CODE: PWS 

KC 
MO 64114 

LOCALITY: lH 112 DEPTH: 5 '5 I 

COLLECTED BY: LEE ~AGECTTE 

SA MF L E l D: SESE 271 5 c! 0 W 

CCM~ENTS: ~AYS DA(CTA 

~ATRIX: 
w•TER 

Tl,_,E COLLECTED: 1026 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-22-87 

7-ZS-87 

8-11-87 

. *. *. * * * ••••• * •• * * ... * ... *. *. 

TOT/IL H~RO. 

(C,\C03> 
CALCIUM 
MAGf\ESll.M 
SODIUM 
POT"SSil.l"' 

TOT,IL ALK. 
<c.aco3> 

CHLCRIOE 

SULFATE 
NITRATE (N) 

FLVCRlDE 

CYAPdDES 
OILJ GR U H. 

PHE"OLS 
TOP 
SULF rt: 

CHUIST: F::.. 

R~SULTS EXPRESSED IN MILLIGR~~S/LITER 

31 

t:.S 
3.6 

~46.5 

NA 

1 51 

£66 .c 
177 

NC 

NA 
NP. 
NA 
NP. 
NP. 

PH 
TU~BIDITY 

SPECIFIC CCND. 

T. DISSOLVED SOLIDS 

TOTAL PHOSF~ORUS (F) 

SILICA (SIC2) 

BOF: ON 
DISSOLVED CXYGEN 

80t 
COt 
AM~ONIA 00 

T. SUS. SOLIDS 

CAFBO~ATE ~A
RONESS 

NO~-CARaCN~T
E h~~O. 

NA~C03 AL~•LI~ITY 

M3.tS 
FL.ASH POI~1 

~A- NOT • .~~YZEC 

NA 
NA 
N.A 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

31.0 
~A 

NA 
~A 

NA 

I RON 
MANGANESE 
ARSENIC 
BARIUM 
CAD~ lUI' 
CHROMIUM 
COPPER 
LEAD 
MERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMOP·iY 
THALLIIJI'I 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA. 
NA 
NA 
NA 
NA 
NA · 
NA 

NO - NOT DETECTED 

* lr II 1t *If II**** 111 * II * * * * * * * • * * 

COPY T~: FILE 

TIM CCLLI~S, LAY~E
 ~ESTER~ 1011 

t~RL ,UE.LCENEP. 

E-17 

~ HARRY, ~ICHITA 67213 



KANSAS DEPA~TYIE~T OF HEALTH AND ENVIRON~ENT 

DIVISION OF LABO~ATORIES 
AND RESEARCH 

INORGANIC CHEMISTRY LABORATORY 

TOFEKA, KA~SAS 66t20-8420 

R:SUlTS Of L~aORATORY ANALYSIS 

REPCRT TO: LES LAMFE, ELAC~ & ~EATCH 

ADDRESS: 150C ~c~OOw LAKE PARKWAY 

LAS NUMBER: 800ZSBPT 

ACCOUNT CODE: PWS 

KC 
~0 64114 

LOCALITY: T H 112 DEPTH: 555' 

COLLECTED aY: LEE ~~G=OTTE 

SAMfLE JD: SESE27152CW 

CCM~ENTS: hAYS OAKCTA 

~ATRIX: 
W~TER 

TIME COLLECTED: 1115 

DATE-RECEIVED: 

DATE REPORTED: 

7-22-87 

7-2!-87 

8-11-87 

• *. * •••• * *. * ...... ., * ••• *.,. *. 

TOT~L H.-Ro. 
(C~C03> 

CALCIUM 
MAGt\ESilM 
SODIUM 
POTASSII..M 

TOT,t.L AlK. 
(CAC03·) 

CHLCRIDE 
SULFATE 
fdTf\ATE (N) 

flUCrUDE 

CYAI\IDES 
OIL/GREASE 

PHEPIOLS 
TOP 
SlJLFIDE 

CHEftiST: FC 

RESULTS EXPRESSED IN MILLIGRAMS/LITER 

11 • ~ 
4.CJ 

4 30. ~ 
N.A 

1 6 7 

4 s 1. ( 
203 

NC 

NA 
N.A 

N.A 
iO 
i'O 

PH 
TU~3IDITY 

SPECIFIC CCND. 

T. DISSOLVED SOLIDS 

TOTAL FHCSFHORUS (F) 

SiliCA (SIC2> 

BOFi ON 
Dl~SOLVED CXYuEN 

BOt 
c oc 
AMIWONI_- (N) 

T. SUS. SOLIDS 

CA~30NATE HARDNESS 

NO~-CARBON~TE
 HARD. 

N~~C03 AL~ALINITY 

f'I3.AS 

FL.ISH POI~T 

~A - NOT ANALYZEC 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
N~ 

~A 

NA 
NA 
r..A 

49.0 
1\A 
t.A 
t. a 
I. L 

IRON 
MANGANESE 
ARSENIC 

BARIUM 
CADMIUP' 
CHROMIUM 
COFPER 
LE-O 
MERCURY 
SELENIUM 
SILVER 
ZINC 
ALIJMI~U~ 

BERYLLIUf'l 
NICKEL 
ANl IMONY 
TH-'LLIUM 

NA 
NA 
N4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N~ 

NO - NOT DETECTED 

• • • * .. * • * • • * .. * • * • • * * • * • * * • 

COPY TO: FILE 

TIM COLLINS, LAYr..E ~ESTERN 1011 ~ HARRY, ~ICHITA, 67213 

KARL rwUt:LCEN:R 

E-18 



. . . .. ~ . ,. . 
~ ... -..... , ___ ....... --·---~ .................... .- .. -. ··----

KANSAS DEPAFTMENT OF HEALTH AND ENVIRON~ENT 

~IVISION Of LA80~ATORIES AND RESEARC~ 

INOR~ANIC CHEMISTRY lABORATORY 

TOFEKA, KAhSAS 66t20-8420 

ReSULTS OF L-BORATORY ANALYSIS 

REPCRT 10: LES LAMFE, eLAC~ & V~ATCH 

ADDRESS: 15UC ~E~DOw LAKE PARKWAY 

LAB NUMB:A: 800263PT 

ACCOUNT CODE: PWS 

KC 
MO 64114 ~ATRIX: 

WATER 

LOCALITY: T 1-f 112 DEPTH: 575' 
TIM~ COLLECTED: 1125 

COLLECTED BY: LEE ~AG~OTTE 
DATE COLLECTED: 7-22-87 

SAMPLE ID: SESE271520W 
DATE-RECEIVED: 7-Z!-87 

DATE REPORTED: 8-11-87 

• * • * * * * * * * • * * * • * • * • * • • * * * 

TCT~L H~RD. 

(C,C03) 
CALCIUM 
MAGr-.ESILM 
SODIUM 
POTASSILM 

TOTAL ALK. 

(CAC03) 
CHLCRIDE 
SlJLFATE 
NITJUTE (N) 

FlUCRlDE 

CYANIDES 
OIL/GRE~SE 

PHEPIOLS 
TOP 
SULFIDE 

ReSULTS EXPRESSED IN ~ILLlGRAMS/liTER
 

sc 

11 • c 
s.s 

494.( 
NA 

4 96. ( 
211 

NC 
4. St 

Nfo 

PH 
TUJi9IDITY 
SPECIFIC CCND. 

T. DISSOLVED SOLIDS 

TOTAL PHOSFHORUS (F) 

SILICA <SICZ> 

BOI'ON 
DISSOLVED CXYGEN 

90C 
c oc 
AMIWONIA (N) 

T. SUS. SOLIDS 

CAI'BONATE ~-RDNESS 

NO~-C4R90NAT
E ~ARO. 

NA~COJ ALK~LINITY 

ff,'3~S 

FUSH POINT 

NA 

"A 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

50.0 
NA 
NA 
~A 

NA 

IRON 
P'lA~GA,.ESE 

ARSENIC 
BARIU!'II 
CADMIUI' 
CHROP'IIUIII 
COF'PER 
LEAD 
II!ERCU~J 

SELENIUP'I 
SILVER 
ZI .. C 
All:MINUIII 
BERYLLIUM 
NICKEL 
ANTII"ONY 
THALLIUII! 

HA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHH'lST: FC 
~A - NOT A~ALYZEO 

ND - ~OT DETECTED 

* • • * * * • * * • • * * * * * * • * * * * * * 

COPY TO: FILE 

TIM CCLLI\j, L~YNE ~ESTER~ 1011 WHARRY, ~ICHITA 67213 

KARL I'Ui::LC::~~f; 

E-19 



y . . 

KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT 

DlVISION OF LABORATORIES AND RESEARCH 

INOR~ANIC CMEMISTRY LABORATORY 

TOPEKA, KANSAS 66620-d420 

RESULTS OF LABORATORY ANALYSIS 

REPCRT 10: LES LAMPE, tlLACIC 

ADDR~SS: 15UC MEADOw LAKE 
& VEATCH 
PARK !MAY 

LAB NUMBER: 800259PT 
ACCOUNT CODE: PWS 

KC MO 64114 MATRIX: WATER 

LOCAL! TY: CITY OF HAYS TH 3 DEPTH: 435' TIME COLLECTED: 1010 

COLLECTED 

SAMPLE 10: 

COl'lfiENTS: 

d't: LEt "AGtOTTE 

SkSWSw281520W 

HAYS DAKOTA 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-l.3-tH 

7-28-87 

8-20-87 

* * * * * • * - * * * * • • - * • • • • • • • • • 

RESULTS EXPRESSED IN MILLIGRAMS/LITER 

TOTAL liARD. 
(CAC03) 

CALCIUM 
MAGNESH.M 
SODIUM 
POTASSIUM 

TOTAL ALK. 
(CAC03) 

CHLCRIDE 
SULFATE 
NIHIATE (N) 

fLUt Rl DE 

CYAt't!DES 
OlLJGREASE 
PHE~OLS 

TOP 
SULFIDE 

CHEf".lST: FD 

561 

1 7 5. 5 
29.9 
76.( 

NA 

18 s 

~4.0 

2 8S 
0.10 
(J.7~ 

NA 
NA 
NA 
NA 
NA 

PH 
TURBIDITY 
SPECIFIC CCNO. 
T. OlSSOL~EO SOLIDS 

TOTAL PHOSFHOR~S (P) 

SILICA (SI02) 
Ei OR 0~ 
DISSOLVED OXYGEN 
BOD 
c oc 
AMf'ON!A (N) 
T. SUS. SOLIDS 

CA~BONATE HARDNESS 

NOh-CARBONATE HARD. 

NAnC03 ALKALINITY 
MdPS 
FL,.SH POINT 

~A - NOT ANALYZED 

* * ••• * .... * •••• * 

COPY TO: FILE 
N~O 

NA 
NA 
NA 
NA 
NA 
~A 

NA 
NA 
NA 
NA 
~A 

NA 

185.0 
NA 
NA 
NA 
NA 

• • • 

IRON 
MANGANESE 
ARSENIC 
BARIUM 
CADMIUJIII 
CHROMIUM 
COPPER 
LEAD 
MERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NO - NOT 

* • • * 

~~~ .. ~----MM~~~~~~~~~ 
KARL ~UELDEN2R 

E-20 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

·NA 
NA 
NA 

DETECTED 

• • • 



~h, ..... -.,; ... , ...............
 ~,-"' ... - ............ -------· 

KANSAS DEPARTMENT OF HEALTH ANO ENVIRONMENT 

DIVISION OF LABORATORIES AND RESEARCH 

INOrtEANIC CHEMISTRY LABORATORY 

TOPEKA, KANSAS 66620-d420 

RESULTS Of LABORATORY ANALYSIS 

REPORT TO: LES LAMPE, SLACk & VEATCH LAB NUMBER: 800257PT 

ACCOUNT CODE: PWS 

ADDRESS: 1~0C MEADO~ LA~E PARKwAY 

KC MO 64114 

lOCAL! TY: CITY Of HAYS TH 3 DEPTH: 455' 

COLLECTED BY: LtE NAGEOTTE 

SAMFLE 10: SWSwSW28152GW 

COMMENTS: HAYS OAKCTA 

~ATRlX: 
WATER 

TI~E COLLECTED: 1040 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-23-87 

7-28-87 

8-20-87 

*. * ....... * •• * •••••• * ..... * 

TOTAL HARD. 
tCAC03) 

CALCIUM 
MAtiNtSIUM 
SODIUM 
POTASSIUM 

TOTAL ALK. 
(CACO.S) 

CHLCRIDE 
SUt.:fATE 
NITRATE (N) 

FLUOIUDE 

CYAt\IDES 
OlLICiREASE 
PHC:f\OLS 
TOP 
SULFIDE 

CHtiHST: FO 

RESULTS EXPRESSED IN MILLIGRAMS/LITER 

564 

1 7 5. 5 
..SO.t.: 
82.e 

NA 

201 

95.C 
2 )12 

0.1C 
0.95 

NA 
NA 
NA 
NA 
NA 

PH 
TURdlOITY 
SPECIFIC COND. 
T. DISSOLVED SOLIDS 

TOtAL PHOSPHORUS (P) 

SILICA (SIC2) 
l:JORuN 
DISSOLVED OXYGEN 
BOD 
c 00 
AMfiONIA (N) 
T. SUS. SOLIDS 

CARdONATE HARDNESS 

NO~-tARBONATE HARD. 

NAhC03 ALKALINITY 

M::IAS 
fL.ASH POINT 

~A - NOT ANALYZED 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

201.0 
NA 
NA 
NA 
NA 

IRO~ 

MANGANESE 
ARSENIC 
BARIUM 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
MERCURY 
SEltNIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

*. * •••••••• *. * •• * ••• * *. * * 

E-21 



• "-- . • , ............. ''"~•:.1"1'"'"·· ..... ···~ ......... - ... ~ ............... " . 

KANSAS OEPA~TM~hT OF HEALTH AND ENVlRON~ENT 

DIVISION OF LABO~ATORIES AND RESEARC~ 

INOR~ANIC CHEMISTRY LABO~ATORY 

TOFEKA, KA~SAS 66f20-8420 

RESULTS CF L~30RATORY ANALYSIS 

REPORT 10: LES LAMFE, ELAC~ & VEATCH 

ADDRESS: 150C ME~OOw LAKE PARK~AY 

L~B NUMBER: 800262PT 

ACCOUNT CODE: P~S 

KC ~0 64114 

LOCALIT'f: CITY OF HAYS TH 3 DEPTH: 515 1 

COLLECTED BY: LEE ~AGEOTT: 

SAMFLE 10: S\iS\IS;.2S152Cw 

COM~ENTS: HAYS DAKCTA 

~ATRlX: W~TER 

TIME COLLECTED: 1352 

DATE COLLECTED: 

DATE-RECEIVED: 

D.lTE REPORTED: 

7-23-87 

7-28-87 

8-11-87 

* * * * * * • • * • * * * * • * * * * * * * * * * 

TOT"L H~RO. 

(C,.C03) 
C.lLCIUM 
MAG~ ES ll M 

SCDIUM 
POT" SS ll.M 

TCT,lL ALK. 
(C~C03) 

CHLCRIOE 
SULFATE 
NlTRAT: (N) 

FLUCRIDE 

CYAtdDES 
OIL/ :.;R E~ SE 
PM:.I.GLS 
T t ;· 
SL L' :: : 

RESULTS EXPRESS~O IN ~ILllGR~MS/liTER 

165 

43.5 
1 3. e 

"30. 5 
N~ 

3 4 7 

~32.( 

265 
NO 

5.11t 

PH 
TUf'BlOITY 
SPECIFIC CC'40. 
T. DISSOLVED SCLIDS 

TOTAL PHOSFHORUS (f) 

SILICA (SIC2> 
8 OF ON 
DISSOLVED CXYGEN 
BOt 
COt 
AM,. ON I A 00 
T. SUS. SOLIDS 

CA~BO~~TE ~~P.DNESS 

NO~-C~RBO~~TE HAPD. 

NAhC03 ALK.LINITY 

"':HS 
fL.ISH POI~l 

NA 
NA 
NA 
Nil. 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
Nl\ 

165.0 
NA 
NA 
NA 
NA 

I RON 
fi!A"GANtSE 
ARSENIC 
BARIUM 
CADMIUM 
CHPO~IUM 

COPPER 
lEAD 
f'IE~CURY 

SElENIUM 
SILVER 
ZihC 
ALUMINUM 
8ERYLLIUf" 
NICKEL 
ANTIMONY 
THALLIUM 

Nt. 
NA 
NA 
NA 
NA 
N,l 

NA 
Nl. 
NA 
Nl. 
NA 
NA 
NA 
Nl. 
NA 
NA 
Nl. 

~A- NOT ANALYZED NO - NOT OET~CT:o 

... * * * ... * * * * * * * * * * * * * * * * * 

COPY TO: FILE 
N~O 

TIM CCLLI~S, LAYNE WESTEKh 1011 WHARRY, ~ICHITA 67213 

KARL P'UELCENER 

E-22 



KANSAS DEPAPTMENT OF HEALTH AND ENVIRON~ENT 

DIVISION Of LABORATORIES AND RESEARCH 

INO~GANIC CHEMISTRY LABORATORY 

TOP~KA, KANSAS 66620-H420 

RESULTS Of LABORATORY ANALYSIS 

REPCRT 10: LES LAMPe, ~LACk & ~EATCH 

ADDRESS: 1500 MEADOw LAKE PARKWAY 

LAB NUMBER: 800251PT 

ACCOUNT CODE: PWS 

KC MO 64114 

LOCAL! n: CITY OF HAYS TH 3 DEPTH: 535' 

COLLECTED ~Y: LEE ~AGECTTE 

SAMPLE 10: S~S~SW281S2CE 

COM~~NTS: HAYS OAKOTA 

MATRIX: WATER 

TIME COLLECTED: 1409 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-23-87 

7-28-87 

8-20-87 

* * * * * • * • • * * * • * • * • • • * • * * * * 

RESULTS EXPRESSED IN MILLIGRAMS/LITER 

TOTAL HARD. 
( CA CO 3) 

CALCIUM 
MAG~ESll.M 

SODIUM 
POTASSlLM 

TOTAL ALK. 
(CAC03) 

CiiLCRIOE 
SULfATE 
NITRATE (N) 
FLUORIDE 

CYAtdDES 
OILI<iRtASE 
PHE~ Ol S 
TOP 
SULFIDE 

CHE~IST: FD 

334 

95.5 
~3.2 

2o1.5 
NA 

2 59 

217.0 
285 

0.10 
2 .. 95 

NA 
NA 
NA 
NA 
NA 

PH 
TURt3IO!TY 
SPECIFIC COND. • 
T. DISSOLVED SOLIDS 

TOTAL PHOSPHORUS (P) 

SILICA CSI02) 

BORoN 
DISSOLVED OXYGEN 
BOD 
c oc 
AM~ONIA (N) 

T. SUS. SOLIDS 

CA~oONATE HARDNESS 
NO~-CARBONATE HARD. 

NAHC03 ALKALINITY 
MdA S 
FLASH POINl 

~A - NOT ANALYZED 

* * * * * *. * *. * * •• * 

E-23 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
~A 

NA 
NA 
NA 

259.0 
NA 
NA 
NA 
NA 

• • * 

IRON NA 
MANGANESE NA 
ARSENIC NA 

BARIUM NA 
CADMIUM NA 

CHROMIUM NA 

COPPER NA 
LEAD NA 
MERCURY NA 
SELENIUM NA 
SILVER NA 
ZINC NA 
ALUMINUM NA 
BERYLLIUM NA 
NICKEL NA 
ANTIMONY NA 

THALLIUM NA 

NO - NOT DETECTED 

* * • * * * * 



KANSAS DEPA~TMENT Of HEALTH AND ENVIRON~ENT 

DIVISION OF LA~ORATORIES AND RESEARCH 

INOREANIC CHEMISTRY LABORATORY 

TOFEKA, KA~SAS 66620-8420 

RESULTS Gf L•90RATORY ANALYSIS 

REPCRT 10: LES LAMFE, BLAC~ & VEATCH 

ADURESS: 150C M~~DOW LAKE PA~K~AY 

LAB NUMB£R: 800256PT 

ACCOU~T CODE: PWS 

KC 
~0 64114 MATRIX: WATER 

LCC~LITY: 
CITY OF HAYS TH 3 DEPTH: 555' llf'IE COLLECTED: 1418 

COLLECTED 8Y: LEE ~AG:CTTE 
DATE COLLECTED: 7-2~-87 

DATE-RECEIVED: 7-2!-87 

CCM~ENTS: hAYS DAKCTA 
DATE REPORTED:. s-11-e1 

• * • • * * • • * • • • * * • • * * • * • * * * • 

TOT~L HARD. 
CC~C03) 

CALCIUM 
MAGNESHM 
SCDIU~ 

POT.SSll.M 

TOT~L AlK. 
CCAC03) 

CHLCRIDE 
SULFATE 
NITfiATE (N) 

fLUCRIOE 

CYA~IDES 

OIL/~R:•se 

PHEt.OLS 
TOP 
SULFIDE 

RESULTS EXPRESSED IN ~lLliGRAMS/LITER 

31. 5 
13.4 

494.1 
NA 

264 

4 02. c 
24) 

Nt: 
s. ~c 

' . 
'~ 

PH 
TUf'EiiDITY 
SPECIFIC CCNO. 

T. DISSOLVED SCLIOS 

TOlAL PHOSFHOR~S (F) 

SILICA (SIC2> 
e or; ')N 

OISSOL\IED CXYGEN 

BOC 
c oc 
AM,.ONIA (N) 
T. SUS. SOLIDS 

CA~BONATE ~ARD
NESS 

NO~-CARaONATE
 H~RD. 

NA~C03 ALK~LINI
TY 

M :,,e .i 

FUSH POINT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
N.~ 

NA 
NA 
NA 
NA 

134.0 
N~ 

NA 
~A 

~A 

IRCN 
~ANGANESE 

ARSENIC 
SARIUM 
CADMIUII' 
CHROMIUM 
COPPER 
LEAD 
MEPCURY 
SELENIUr-1 

S IL VE R 
ZINC 
ALUMI~l!M 

BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
N~ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHEI'IST: F~ 
~A - NOT A~ALYZ~: 

ND - NOT DETECTED 

.... * .... *. * * *. *. • • • * * * * * .. 

COPY TO: Fllt 
N~D 

TIM CCLLI~S, LAYNE ~ESTER~ 1011 ~ ~~Qpy, ~ICHITA 67213 

KARL I"'J~LCC:NEJl 

E-24 



KANSAS OEPA~TMENT OF HEALTH AND ENVIRON~ENT 

DlVlSION OF LA80FATORIES AND RESEARCH 

INOR~ANIC CHEMISTRY LABORATORY 

TOFEKA, KA~SAS 66620-8420 

RESULTS CF L~60RATORY ANALYSIS 

REPC~T TO: LES LAMFE, BLACk & ~EATCH 

ADDRESS: 15UC ME~DC~ LAKE PARKWAY 

LAB NUMBER: 8002SOPT 

ACCOUNT CODE: PWS 

KC ~0 64114 ~ATRIX: 
WATER 

LOC~LIH: 
CITY OF HAYS TH 3 DEPTH: 575 1 TIME ~OLLECTEO: 1432 

COLLECTED BY: 
DATE COLLECTED: 7-23-87 

SAMFLE 10: SINS•S~28152Cw 
DATE-RECEIVED: 7-2~-87 

COM~E~T!: HAYS DA(CTA 
DATE REPORTED: 8-11-87 

•••• * * ••••• * .. * .... * •• * .... *. 
~ESULTS EXPRESSED IN ~ILLIGR,MS/LITER 

TOT~L H•RD. 113 

(C,tC03) 

CALCIUM 27.5 

MAGI\ESILM 10.7 

SODIU~ 
525.( 

POTASSilM N~ 

TOTAL AlK. 301 

(CAC03) 
CHLCRIOt A,25.C 

SULFATE 262 

NITfiATE (N) NO 

FLUCRliH 5.35 

CYAtdOES NA 

OIL/\iRE.ISE NA 

PHE"OLS r'O 

TOP N/1 

SULFIDE NA 

CHE.~IST: FD 

* * • • • * • 

C O.P Y T 'J : F I L E 
N•o 

• 

PH 
N.~ 

TUI'3IDITY NA 

SPECIFIC CCND. NA 

T. DISSOLVED SCLIDS NA 

TOlAL FHOSFHORUS (F) NA 

SlliCA (SIC2) NA 

BOJ<ON 
N~ 

I>USOLV:D CXYGEN NA 

soc fH 

c oc NA 

At1poQNH (N) NA 

T. sus. SOLIDS N .1\ 

C AI' 90NA TE HARDNESS 113.0 

NO~-CARaCN.ATE 
,ARD. NA 

NA .. COJ ALI(~Lir.ITY 
NA 

1'19"5 
NA 

FUSH 1'0!~1 
NA 

J\A - NOT ANALYZED 

• * • * • • • * • * 

IRON 
MA~GANESE 

.ARSENIC 
BARIUM 
CADMIU~ 

CHROMIUM 
tOFPER 
L~AO 

MERCURY 
SELENIU~ 

S IL VE ~ 
ZINC 
ALt.;MI"JU" 
BERYLLIU~ 

NICKEL 
ANliMO~Y 

TH,tLLIL·"' 

~c - '· C T 

• • * * 

TIM CCLLI~S, LAYNE ~ESTE~~ 1011 W HARRY, •ItHITA ~7213 

KARL I"UELCENER 

E-25 

NA 
NA 
NA 
NA 
NA 
NA 
Nil 
NA 
NA 
NA 
NA 
N4 
NA 
NA 
NA 
NA 
NA 

DETECTED 

• • • 



KANSAS DEPAPTMENT Of HEALTH AND ENVIRONMENT 

DIVISION Of LABORATORIES AND RESEARCH 

INOR~ANIC CHEMISTRY LABORATORY 

TOPEKA, KA~SAS 66620-8420 

RESULTS Of LABORATORY ANALYSIS 

REPORT 10: L£5 LAMP£, BLACK & VEATCH 

ADDRESS: 15UO MEAOOW LAKE PARKWAY 

LAB NUMBER: 800255PT 

ACCOUNT CODE: PWS 

KC 
MO 64114 

LOCALITY: CITY OF HAYS TH 3 DEPTH: 595' 

COLL£CTED SY: LEE hAG£0TTE 

SAMPLE 10: SWS.SW2S152Cw 

COM~ENTS: HAYS DAKOTA 

MATRIX: WATER 

TIME COLLECTED: 1440 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-ZJ-d7 

7-23-87 

8-20-87 

* •• * * * ... *. * * * •• *. * *. * *. *. 

TOTAL H~RD. 

(CAC03) 
CALCIUM 
MAGhESIUM 
SODIUM 
POTASSllJM 

TOTAL AL K. 

(CAC03) 
CHLORIDE 
SULFATE 
NITRATE (N) 

FLU() RIDE 

CYAtdOES 
OIL/ GREASE 
PHENOLS 
TOP 
SULFIDE 

ReSUlTS EXPRESSED IN MILLIGR~MS/LITER 

241 

o7.C 
18.0 

3 46. 5 
NA 

21:i4 

2 70.C 
284 

NO 
3. 47 

NA 
NA 
NA 
NA 
NA 

PH 

TURtHOITY 
SPECIFIC CONO. 

T. DISSOLVED SOLIDS 

TOtAL PHOSPHORUS (F) 

SILICA (Sl02) 
BORON 
DISSOLVED OXYGEN 

BOO 
c 00 
AMI-.ONIA (N) 

T. SUS. SOLIDS 

CA~BONAT£ HARDNESS 

NO~-CARBONATE
 HARD. 

NA~C03 ALKALINITY 

MB .. S 
FLASH POINl 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

241.0 
NA 
NA 
NA 
NA 

IRON 
MANGANESE 

ARSENIC 
81\RIUM 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
MERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIU~ 

NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHEP'.IST: FO ~A - NOT ANALYZED NO - NOT DETECTED 

* * •• *." * * llr. *. * * * * ... * * * •• * 

COPY TO: FILE 
NlliO 

~~--------~-
-~Wd--~~~~~ 

KARL f".UELDENtR 

E-26 



KANSAS DEP~~T~c~T Of HEALTH A~O ENVIRON~EN
T 

DIVISION OF LABORATORIES AND RESEARCH 

INOREANIC CHEMISTRY LABORATORY 

TOFEKA, KA~SAS 66620-8420 

RESULTS CF L~BORATOR~ ANALYSIS 

REPCRT 10: LE5 LAMFE, eLAC~ & VEATCH 

AOD~ESS: 15UC ~EADCW LAKE PARK~AY 

LA9 NUMBER: 8002~7PT 

ACCOU~T CODE: PWS 

KC 
MO 64114 

LCCALIH: CITY OF HAYS TH 3 DEPTH: 6J5' 

CGLLECTED 3Y: lEE hAG~OTT£ 

SAMfLE lD: 5WS-Sw28152CW 

~ATRIX: 
WATER 

TIME COLLECTED: 1450 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-23-B7 

1-ZE.-87 

8-11-87 

* * * * * * * * * * * *. *. * * *. * * * *,.. * 

RESULTS EXPRESSED IN ~ILLIGR•MS/LITER 

TOTAL H.JRD. 

<CACOJ) 
CALCIUM 
f"IAGNESI\.M 
SODIUM 
PCTASSILM 

TOTAL ALK. 

(C.JCOJ) 
CHLCRIDE 
SULFATE 
NITRATE (N) 

FLUCR10E 

CYAtdDES 
OIL/GRE.ISE 
PHEP\OLS 

102 

26.5 
a.c 

520.5 
N.J 

35€ 

402.C 
24S 

NC 
5.47 

N" 
NA 
NA 

TOP NA 

SLLfiDE NA 

PH 
TUJ<3IDITY 
SPECIFIC CCND. 

T. DISSOLVED SCLIOS 

TOlAL FHOSF~ORLS (F) 

SiliCA CSIC2) 

B OF ON 

DISSOL~EO CXYGE
~ 

80t 
COt 
AMP'ONIA (N) 
T. SUS. SOLIDS 

CAFaO~~TE HARDNESS 

N~~-(~RBON~TE 
HARD. 

NA~(C3 ALK-LI~ITY 

M:-.' 
FL: - r-:Jpn 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA. 
NA 
NA 
NA 

102.0 
NA 
NA 
NA 
NA 

IRCN 
MANGANESE 
ARSENIC 
BARIUM 
CADMIU~ 

CHROMIUP'! 
C OF PER 
LEAD 
P'IERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
8ERYLLIUp.l 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
N~ 

N' 
N4 
NA 
NA 
NA 
N
NA 
N .. 
NA 
NA 
NA 
NA 
NA 

C11U IST: FO ~- - NCT ANALYZED NO - NOT DETECTED 

• * ... * * *. * * 

CGPY TO: FILE 
N~D 

~ * * *. * * *. * * * * •• 

TIM CCLLINS, LAYNE ~;STE~~ 1011 WHARRY, ~ICHITA 67213 

KARL I"UELDEN!:R 

E-27 



KANSAS CEPA~TM:~T OF HEALTH AND ENVIRON~ENT 

DIVISION OF LABO~ATORIES AND RESEARC~ 

lNO~GANlC CHEMISTRY LABORATORY 

TOFEKA, kA~SAS 66~20-8420 

RESULTS CF L-BORATORY ANALYSIS 

REPCRT 10: LES LAMFE, ELAC~ & VEATCH 

ADDRESS: 150( ~E-DOw L~(E PARKw~Y 

L-3 NUMBER: 800248PT 

ACCOUNT CODE: PWS 

KC ~0 64114 

LCCALIT'f: CITY OF HAYS TH 3 DEPTH: 635' 

COLLECTED BY: LEE ~AGECTTE 

SAMFLE 10: S\IS\tS\\281520W 

COM~ENTS: HAYS DAKCTA 

MATRIX: WATER 

liME COLLECTED: 1500 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-23-87 

7-ZS-87 

8-11-87 

* * • * * * ' * • * * * * * * * * * * * * * • * • 

TOT.IL H.-Ro. 
(C.lCO.H 

CALCIUM 
MAG~ESil.M 

SODIUM 
POTASSil.M 

TOTAL ALK. 
(C~C03) 

CHLCRIDE 
SULFATE 
NIT~ATE CN> 

FLUCRIDE 

CYAtdDE~ 

OIL/GREASE 

PHE~OLS 

TOP 
SULFIDE. 

R~SULTS EXPRESSED l~ MILLIGPAMS/LITER 

54 

13.( 
5 • .3 

~21.( 

NA 

2 34 

t 4 2.. c 
225 

NO 
5. 3 c; 

N.A 
N.A 
NA 
NA 
NA 

PH 
TURdlDI TY 
SPECIFIC CCND. 
T. DISSOLVED SCLIDS 

TOlAL FHCSFHOR~S (F) 

SILICA (SIC2) 

80~()~ 

DISSOL~ED CXYGEN 
eo c. 
c oc 
A"tP'ONIA (N) 

T. SUS. SOl IDS 

CA~80N~TE ~APDNES
S 

NO~-CAP90N~TE hARD. 

NA~CC~ ALK~LINITY 

M9.-s 
FL.ISH POINT 

NA 
NA 
NA 
NA 
NA 
NA 
PiA 
NA 
NA 
NA 
NA 
NA 

54.0 
~A 

N~ 

r-.A 

IRO~ 

,_ANGANESE 
ARSENIC 
BARIUM 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
fli'ERCURY 
SELENIUM 
SILVER 
ZINC 
.ALUMINUM 
E~RYLLIUM 

NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

N' 
NA 
N' 
NA 
NA 
NA 
NA 
NA 
NA 
N.l. 

CHEP'IST: FD ~A - NOT ANALYZ:t HD - NOT DETECTED 

* * * * * * • * * * * * * * • • • * * * * * * * * 

COP'r TO: FILE 
N•o 
TIM CCLLII\S, LAYNE ~ESTER" 1011 WHARRY, \dCHITA 67213 

KARL P'UELDE.NER 

E-28 



KANSAS OEPA~TMENT OF HEALTH AND ENVIRON~ENT 

DIVISION Of LABORATORIES AND RESEARCH 

INOREANIC CHEMISTRY LABORATORY 

TOFEKA, KA~SAS 66~20-8,20 

RESULTS CF LABORATORY ANALYSIS 

REPCRT TO: LES LAMPE, ELAC~ & VEATCH 

ADDRESS: 150( ~E~DO~ LAKE PARK~~y 

LAB NUMBER: 800254PT 

ACCOU~T CODE: PWS 

KC ~0 64114 MATRIX: WATER 

LOCALITY: CITY OF ~AYS TH 3 DEPTH: 655' TIME COLLECTED: 1530 

COLLECTED BY: lEE ~AGECTTE 
DATE COLLECTED: 7-23-87 

SAMFLE lD: S~S~SW2S152Cw 
DATE-RECEIVED: 7-2!-87 

CCM~ENTS: HAYS DAKCTA 
DATE REPORTED: 8-11-87 

* • * * * * * • ·- * * * * * * * * * • * * * * * * 

TOTIIL H~RO. 

(CAC03) 
CALCIUM 
MAG~ESILM 

SODIUM 
POTASSllM 

TOTAL ALK. 
(CAC03) 

CHLCRIDE 
SULFATE 
NITFiATE 00 
FLUCRIDE 

CYA~lDES 

OIL/GREASE 
PHE~OLS 

TOP 
SULFitE 

CHE.ft'IST: FO 

* • • * ,. 

COPY TO: FlU. 
N~D 

~ESULTS EXP~ESSED 
I~ MILLIGRAMS/LITER 

4'7 

9.5 
6.1 

758.( 
NA 

76e.c 
£ 3C 

NC 
5. H 

'• A 

PH 
TUJ;aiDIT'r 
SPECIFIC CC~D. 

T. DISSOLVED SOLIDS 

TOTAL PHOSFHOPUS (F) 

SiliCA CS1C2) 

BOP ON 
Ol~SOLVEO CXYGEN 
B OC 
coc 
AM,.ONIA (~) 

T. SUS. SOLIDS 

CA~30N~T~ ~ARDNESS
 

NO~-CARaC~ATE ~ARO. 

NA~C03 ALK~Ll~ITY 

M3•s 
Fl~SH POINT 

~A - NOT ANALYZED 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
PIA 
NA 

4 9. 0 
NA 
NA 
NA 
~A 

IRON 
MANGANESE 
ARSENIC 
eARIUM 
CADIW'IUfl' 
CHRO~IUM 

COPPER 
LEAD 
ft:ERCURY 
SELENIUM 
SILVER 
ZINC 
ALLMINUM 
9ERYLLIUM 
NICKEL 
ANT li"'ONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
N~ 

NA 
NA 
NA 
NA 
N4 
N4 
NA 
NA 
NA 

NO - NOT DETECTED 

• * • * * * * • • * * * * * * * * * * 

TI~ CCLLI~S, LAYNE W~STERN 1011 W HARRY, ~ICHITA 67213 

KARL ,. Jt:Lt: ENER 

E·-29 



KANSAS DEPAFTMENT OF ~EALT~ AND ENVIRON~ENT 
DIVISION OF LAeOPATORIES AND RESEARCH 

INORGANIC CHEMISTRY LABORATORY 
TOFEKA, KA~SAS 66t20-8420 

RESULTS OF L~BORATORY ANALYSIS 

REPtRT 10: LES LAMfE, 8LAC~ & VEATCH 
ADDRESS: 150( ME~DOW LAKE PARK~~y 

LAS NUMBER: 800242PT 
ACCOUNT CODE: PWS 

KC ~0 64114 

LOCALITY: CITY OF HAYS TH ~4 DEPTH: 415' 

COLLECTED BY: lEE ~AGEOTTE 

SAMFLE ID: NE~~N~201318~ 

COMfENTS: HAYS DAKCTA 

~~TRIX: WATER 

ll~E COLLECTED: 0847 

DATE COLLECTED: 

DATE.-RECEIVEO: 

DATE REPORTED: 

7-25-87 

1-ze-s1 

8-11-87 

• * ~ * * * • * * * ~ * * * • • * * • • * * * * * 

TCHL H~RD. 
(CAC03) 

CALCIUM 
MAG~ESilM 

SOOIUP', 
POT~SSILM 

TOT~L ALK. 
(0C03> 

CHLCRIDE 
SULFATE 
NITfiATE (N) 
FLUCRIOE 

CYA~IDES 

OILIGRE~SE 

PHE~OLS 

TOP 
SULFIDE 

~ESULTS EXPRESSED IN MlLLlGR-MS/LITEP 

264 

72.( 
20.6 

161 .1 
Nlo 

1 5 t 

11 2. c 
27t:. 

1. 2C 
1.o:; 

' '-

PH 
TUP31DITY 
SPECIFIC CCND. 
T. DISSOLVED SOLIDS 
TOlAL PHCSFHOR~S (F) 
SILICA (SlC2) 
8 OF ON 
DISSOLVED CXYGEN 
ear: 
c 01: 
AMIWONIA (N) 
T. SUS. SOLIDS 

CAFBONATE HARDNESS 
~O~-CAR80NATE. hARD. 
NA~C03 ALK,LINlTY 
,, 3, s 
FLASH POINT 

NA 
NA 
PiA 
NA 
NA 
NA 
hA 
NA 
NA 

N" 
NA 
NA 

156.0 
NA 

N" 
hA 
NA 

IRON 
~ANGA"4ESE 

ARSENIC 
BARIUM 
C AOI'HUPI 
CH~OMIUM 

COPPER 
LEAD 
P'IERCU~Y 

SELENIUM 
SILVER 
ZINC 
ALl:MI~U"o 

BERYLLIUI"' 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N~ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHE.I'IST: FD ~A - NOT ANALYZED NO - NOT DETECTED 

* * * * * * • ~ * * • * * * • * * * * * * * * * * 

COPY TO: FILE 
N\iD 
TIM CCLLI~i, LAY~E WESTEq~ 1011 WHARRY, ~ICHITA 67213 

K.ARL I'LJ~LC~N~R 

E-30 



KANSAS OEPA~TME~T OF HEALTH AND ENVIRON~ENT tiVISION OF lABORATORIES AND RESEARCH 
INOR~ANIC CHEMISTRY lABORATORY TOFEKA, k~~SAS 66~20-8420 

RESULTS CF L~90R~TORY ANALYSIS 
REPCRT TO: LES LAMFc, SLAt• & VEATCH ADDRESS: 150C ~E~DO~ LAKE PARK~AY 

L~3 NUMBER: 800245PT 
ACCOUNT CODE: PWS KC ~0 64114 ~-TRIX: WATER 

LOCALITY: CITY OF HAYS TH 4 DEPTH: 435' TIME COLLECTED: C858 
COLLECTED BY: leE ~AGEOTTE DATE COLLECTED: 7-25-87 
SAMFLE JO: NEN~N~201318W DATE-RECEIVED: 7-28-87 
COM~~NTS: HAYS DAKCTA DATE REPORTE.D: 8-11-87 

* * * • * • * * * * • • * * * * * * * * * * * * * 

TOTAL. H~RO. 
(CA CO 3) 

CALC lUll! 
MAG"ESILM 
SODIUPII 
POTASSH.M 

TOTAL ALK. 
(C.IC03> 

CHLCRIDE 
SULFATE 
NITRATE (N) 
FLUC~IOE 

CYA"IDES 
OIL/GRE.ASE 
PHEhOLS 
TOP 
SuLFIDE 

CHEIWIST: FO 

RESULTS EXPRESSEC IN MILLIGR~MS/LITER 

7t 

18.5 
7.2 

454.( 
ru 

2 7t. 

401.C 
2 24 

1. 4C 
3. '2 

PH 
TUiiBIDITY 
SPECIFIC CCND. 
T. DISSOLVED SOLIDS 
TOTAL FHOSFHOR~S (F) 
SILICA (SIC2) 
so~ vN 
DISSOL~:D CXYGEN 
SOt 
c oc 
AM,.ONIA (N) 
T. SUS. SOLIDS 

CA~80~ATE ~ARDNESS 
NO~-CARBONATE HARD. 
NA~C03 ALK.ALINITY 
MB.AS 
FL~SH POINT 

~A- NOT ANALYZEC 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
~A 

~A 

NA 
NA 

76.0 
N .~ 
NA 
NA 
NA 

IRON 
MANGANESE 
ARSENIC 
BARIUM 
CADMIU~ 
CHPOMIU/11 
COPPER 
LEAD 
I'I!ERCU!H 
SELENIUM 
SILVER 
ZINC 
ALUMI~li"' 
BERYLLIU~ 
NICKEL 
ANTirtJr-.Y 
TH.ALLilJM 

NA 
NA 
NA 
NA 
NA 
NA 
N
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

~C - ~JT DETECTED 
* * * * * * * • * * * * * * * * * * * * * * • * * 

COP~ TO: FILE 
NI.D 
TIM CCLLI~S, LAYNE WESTER~ 1011 W HARRY, ~ICHITA 67213 KARL JWUELC.::NER 

- - -· E-31 



KANSAS CEPA~TME~T OF HEALTH AND ENVIRON~ENT 
DIVISION OF LABO~ATORIES AND RESEARC~ 

INO~GANIC CHEMISTRY lABORATORY 
TOPEKA, KA~SAS 66t20-8420 

RESULTS OF L~eORATORY A~ALYSIS 

REPCRT 10: LES LAMFE, SLAC~ & VEATCH 
ADDR~SS: 15JC ~~-00~ LAKE PA~K~AY 

LAB NUMBER: 800238PT 
ACCOU~T CODE: PWS KC ~0 64114 

LOCALITY: CITY Of ~AYS TH P4 DEPTH: 455' 
COLLECTED BY: LSE ~AGECTTE 

SAMFLE ID: NEN~Na201318w 

COM~ENTS: HAYS OAKCTA 

~ATRIX: WATEQ 

TIME COLLECTED: C907 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

1-2s -a 7 

7-2!-87 

8-11-87 

* * • * * * * * * * * * * * * * * * * * * * * * * 

TOT,IL H,IRD. 
(CAC03) 

CALCIUM 
MAGtlESILM 
SODIU~ 
POTASSILM 

TOTAL All<. 
(CAC03) 

CHLCRIDE 
SULFATE 
NITRATE CN> 
FLUC R I 0 E 

CYA~IOES 
OIL/ GR 0 SE 
P11=:P\OLS 
TD 0 

SL_FIDE 

Cl":.~ !ST: FO 

RESulTS EXP~ESSEO IN MILLIGR,IMS/liTER 

67 

15.5 
7.C 

495.5 
N~ 

295 

452.( 
224 

1.lC 
4.62 

NA 
NA 
NA 
Nlo 
NA 

PH 
TUf;9IDITY 
SPECIFIC CCND. 
T. DISSOLVED SOLIDS 
TOlAL PHOSFHORLS (F) 
SiliCA CSIC2) 
8 0!; ON 
DISSOLVED CXYGEN 
90t 
COt 
AMI'O~I.A (N) 
T. SUS. SOLIDS 

CA~90NATE ~ARDNESS 
NO~-C4R3C~ATE HARD. 
NA~C~' AL<ALINITY 

~- - ~CT ANALYZEC 

NA 
NA 
P>;A 
NA 
NA 
NA 
NA 
NA 
NA 
~A 

NA 
NA 

67.0 
NA 
NA 
NA 
~A 

IRON 
MANGANESE 
ARSENIC 
BARIUM 
CAOMIUPI. 
CHROMIUM 
COPPER 
L EAO 
~ERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
8ERYLLIU~ 
NICKEL 
ANTIMONY 
THALLIUM 

NO - NOT DETECTED 
* * • • * • * • * • • * * * * * * * * * * * * * * 

CCP~ TO: FlLE 
N•D 
TIM CCLLI~S, LAYNE ~~STER~ 1011 W HARRY, wiCHITA 67213 KARL fiUELCENER 

E-32 



KANSAS OEPA~T~EhT OF HEALTH AND ENVIRON~ENT 

CIVISION OF LABORATORIES AND RESEARC~ 

INORGANIC CHEMISTRY LABORATORY 
TOFEK,, KANSAS 66~20-8420 

RESULTS CF LA~ORATORY ANALYSIS 

REPCRT 10: LES LAMPE, 6LAKC & VEATCH 

AOD~ESS: 150C ME-DO~ LAKE PARK~AY 

LAB NUMB~R: S00243PT 
ACCOUNT CODE: PWS 

KC ~0 64114 

LOCAL I T't: CITY OF HAYS TEST HOLE 
DEPTH: 475' 

COLLECTED BY: LEE hAG:OTT~ 

SAMFLE 10: NEN~N~20131dW 

COM~ENTS: ~AYS OAKCTA 

MATRIX: WATER 

TIME COLLECTED: 0917 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

7-25-87 

7-ze-87 

8-11-87 

* * • * * * • * * • * * * * * * * " * * * * ft * * 

TOTAL H-RO. 
( 0 co 3) 

CALCIUM 
MAG~ESllM 

SODIUM 
POTASSHM 

TOTAL ALK. 
(CAC03) 

CHLCRIDE 
SULFATE 
NITRATE (N) 
FLUCRIDE 

CYAPdOES 
OIL/GPOSE 
PHEt.OLS 
TOP 
SULFIDE 

CHEP'lST: FD 

RESULTS EXPRESS~D IN MILLIGR-MS/LITER 

77 

17.C 
8.4 

t. 79.5 
NA 

4 3 3. c 
2 .3 3 

1. 4C 
3. e3E 

PH 
TUJ;~IDITY 

SP~CIFIC CCND. 
T. DISSOLVED SCLIDS 
TOTAL FHOSFHOR~S (f) 

SILICA (SIC2) 
B 0~ ON 
DISSOLVED CXY\.iEN 
80!: 
COt 
AMrrONlA 00 
T. SUS. SOLIDS 

CAJ;30~ATE ~APDNESS 

NO~-CA~BON~TE ~ARD. 

NA~C03 ALKALl~ITY 

,.., 3~ s 
FUS11 FOPH 

~A - NOT ANALYZ£C 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N .~ 
NA 
NA 
NA 

77.0 
NA 
f'.IA 

"~ 
1'\~ 

IRON 
MANGANESE 
ARSENIC 
BARIUM 
CAOMIUI' 
CHRO,.IUM 
COPPER 
L E~O 
P'EFICURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIU~ 

NICKEL 
ANTIMONY 
TH,lLLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N• 

NO - ~OT DETECTED 

" * • * * • * * * * * " * * * ~ * * * * * ft * * ft 

COP'f TO: FILE 
N'• D 
TIM CCLLihS, LAYNE WESTER~ 1011 WHARRY, ~ICHITA 67213 

KARL ftUELDENER 



KANSAS DEPA~TMEhT OF H~ALTH AND ENVIRON~ENT CIVISION OF LABORATORIES AND RESEARC~ INOR~ANIC CHEMISTRY LABORATORY TOFEKA, KA~SAS 66t20-8420 

RESULTS CF L~BORATORY ANALYSIS 
REPCRT 10: LES LAMFc, 8LAC~ & VEATCH ADDRESS: 150C ~E~DOJ LAKE PARK~AY 

LAB NUMBER: 800239PT 
ACCOUNT CODE: PWS KC 

~0 64114 ~ATRIX: W~TEq LCCALIT'f: CITY OF HAYS TH #4 DEPTH: 495• TI~E COLLECTED: C929 COLLECTED BY: LEE ~AGEOTTE DATE COLLECTED: 7-ZS-87 

DATE-RECEIVED: 1-ze-a1 
COM~ENTS: HAYS DA~CTA DATE REPORTED: 8-11-87 

• * • * * • • * * * • * * * • * • * • * * * * • • 

TOTAL H~RO. 
(CAC03) 

CALtiUI'I 
MAG~ESILM 
SOOIUI'I 
POTASSil.l'l 

TOT~L ALK. 
(CAC03) 

CHLCRIDE 
SULFATE 
NITRATE (N) 
FLUCRIDE 

CYAtdDES 
OIL/GROSE 
PHEt.OLS 
TOP 
SULFID: 

CHHIST: FO 

* * II * * 
COP~ TO: FILE 

NI.O 

~ESULTS EXPRESSED 1~ ~ILLIGR~MS/LITER 

41 

9.5 
4.1 

SOE.S 
NA 

305 

456.C 
21e 

1.1C 
4.65 

PH 
TU~91DITY 
SP~CIFIC CCND. 
T. DISSOLVED SOLIDS 
TOTAL FHOSFHORUS (P) 
SIlICA (S 102) 
8 OliON 
DISSOU1 ED CXYGEN 
eoc 
c oc 
AMftONIA (N) 
T .. SUS. SOLIDS 

CA!i30~ATE HARDNESS 
NOt.-CARBO~ATE ~~RO. 
N~~C03 AL~ALINITY 
~ 3.- s 
FL.-SH FOPH 

~A - NOT A~ALYZEO 

hA 
NA 
NA 
NA 
N~ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

41.0 
NA 
NA 
~A 

NA 

I RON 
~ANGA114ESE 
ARSENIC 
BAIIIU"1 
CAOMIU~ 
CHRO,.,IUM 
COPPER 
L EAO 

. MEPCURY 
SELENtt.:r
SILVER 
Z IP>IC 
ALLMINUM 
BERYLLIUf'l 
NICKEL 
ANTIMONY 
THALLIU~ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 
* * • * * * * * • * * * • * *· * • * * 

TIM CCLLI~S, LAYNE WESTER~ 1011 WHARRY, wiCHITA 67213 KA~l tvu:LCEN~R 

E-34 



KA~S4S OEPA~TME~T OF HEALTH AND ENVIRON~ENT 
DIVISION OF LABORATORIES AND RESEARC~ 

INOREANIC CHEMISTRY LABORATORY 
TOFEKA, KA~SAS 66~20-8420 

RESULTS CF L~BORATORY ANALYSIS 

REPCRT TO: LES LAMFE, BLAC~ & VEATCH 
AOO~ESS: 150C ~E~OOw LAKE PARKwAY 

l~B NUMBER: 800240PT 
ACCOU~l CODE: PWS kC ~0 64114 MATRIX: WATER 

LOC~LITY: CITY OF HAYS TH ~4 DEPTH: 515' TIME COLLECTED: C944 
COLLECTED BY: LEE ~AGeCTTE DATE COLLECTED: 7-25-97 
SAMFLE 10: NEN~~~201318W DATE-RECEIVED: 7-2f-87 
CCM,ENTS: HAYS OAKCTA DATE REPORTED: 8-11-87 

* * • * * * * * . * * • * * * * * * * * * * * * * * 

TOTioL H~RD. 
(CI.COJ) 

CALCIUM 
MAG~ESILM 
SCDIUP'I 
POTASSil.M 

TOT~L ALK. 
(C"C03) 

CHLCRIDE 
SULfATE 
NITRATE (N) 
FLUCRIDE 

CYAt..ZOES 
OILIGRE~SE 
PHEhOLS 
TOP 
SULFIDE 

~ESulTS EXPRESSED IN MILLIGR,.MS/LITER 

12.C 
4.C 

525.( 
NA 

3 :>t 

4 75. c 
20S 

O. 7C 
4.23 

PH 
TUJO::fiDITY 
SPECIFIC CONO. 
T. DISSOLVED SCLIOS 
TOT~L FHOSFHORLS (F) 
SILICA (SIC2) 
BCJO ON 
DISSOLVED CXYGEN 
e oc 
c oc 
A~J-OP-liA (N) 
T. SUS. SOLIDS 

CA~30~ATE hARDNESS 
NO~-CAF80NATE ~ARO. 
~~~CC! ALKALINITY 
~ 3 ~ ~ 
FLI:> FOI~T 

hA 
~A 

"" NA 
~A 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

46.0 
NA 
~A 

~A 

N~ 

IRON NA 
MANGANESE N~ 
ARSENIC NA 
BARIUM NA 
CAOMIUP' NA 
CHROMIUM NA 
COPPER NA 
LEAD N.A 
po\ERCURY NA 
SELENIU,_. NA 
SILVER ~A 

ZINC NA 
ALUMINUM NA 
eeRYLLIUf". Nt. 
II.ICKEL NA 
ANTIMIJNY NA 
TH~LLIUM NA 

CHEf'IST: FD ~! - ~OT ANALYZED - NOT DETECTED 

* * * * * • • • * • * * * * * * * * y * * * * * * 
COPY TO: FILE 

NI!ID 
TIM CCLLI~S, LAYNE ~~STER~ 1011 ~HARRY, ~ICHlTA 67Z13 KARL IWUELCENER 

E-35 



KANSAS OEPA~TME~T OF HEALTH AND ENVIRON~ENT 

DIVISION OF LABORATORIES AND RESEARC~ 

lNCREANIC CHEMISTRY LABORATORY 

TOFEKA, ~A~SAS 66620-8420 

RESULTS CF L~BORATORY ANALYSIS 

REPCRT 10: LES LAMFE, ELAC~ & VEATCH 

ADO~ESS: 1SQC Mc~DOW LAKE PARKWAY 
LAB N~MBER: 800244PT 

ACCOUNT CODE: PWS 

KC ~0 64114 ~ATRIX: WATER 

LOC~Lin: CITY OF HAYS TH 4 DEPTH: 535' li~E COLLECTED: 1140 

COLLECTED BY: LEE ~AGECTTE 
DATE COLLECTED: 7-25-87 

SAMFLE 10: NEN~N-201318W 
DATE-RECEIVED: 7-28-87 

COM~ENTS: HAYS DAKCTA DATE REPORrEo: 8-11-87 

* *. * * * ... * * *. * * •• * * *. * * * * * * 

TOT~L H~ RD. 
(C~C03) 

CALCIUI'l 
MAGI\ESILM 
SOOlUP'1 
POT~SSlLM 

TOTAL AL K. 
.(CAC03> 
CHLCR!OE 
SULFATE 
NITRATE (N) 
FLUtRlDE 

CYA"lDES 
OIL/GROSE 
PHEI\OLS 
TDP 
SliLFIDE 

CHEll IST: FO 

.. * * * • 

COPY TO: FJLE 
N•D 

~ESULTS EXP~ESSED IN ~lLLIGR-MS/LlTER 

49 PH NA lRCN 

TU~310ITY 
NA MANGANESE 

1 2. c SPECIFIC CCND. NA ARSENIC 

4.~ T. DISSOLVED SOLIDS hA BARIUM 

sus.c TOlAL FHOSFHORUS (f) NA CAOM!Ufol, 

NA SILICA <SIC2) NA CHJ;OMIUM 

BOf;Oti NA COPPER 

2n DISSOLVED CXYGEN NA LEAD 

BOt NA MERCURY 

4 7 2. c COt NA SELENIUM 

2 23 AM,.Ot\IA (N) NA SILVER 

0. 3C T. sus. SOLIDS ~A ZlhC 

4.07 
ALl:MlNl:M 
BERYLLIUI". 

NA C AJ; BONATE tlARDNESS 49.0 NICKEL 

~.~ NO"-CAR80NATE tiARD. NA ANTIMONY 

NP N A~ C 0 3 ALIOLINITY NA THALLIUM 

N.A Mo,l S NA 

N.A FLASH P 01 NT NA 

~A - NOT AJI\ALYZED NO - hOT 

* • * • • .. * * • • It * • .. It • • 

TIM CCLLlhS, LAYNE WESTER~ 1011 WHARRY, ~ICHITA 67213 

KARL I'UELCEN:Fi 

E-36 _ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
HA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

DET:CTEO 

* * • 



·-·-··· ... --.:··-·-···· .. ·-.... -~---- ....... -- ~ --.-

KA~SAS O~PA~TMENT OF HEALTH AND ~NVIRON~ENT 

DIVISIO~ OF LA~OPATORIES AND RESE~qCH 

INORGANIC CHE~ISTRY LARO
R~TQPY 

TQPc~A, KANSAS 66t20-~420 

RtSULTS OF LA90RATORY A~ALYSIS . 
REPORT 10: LES LMAFE, BLACK & VEATCH LAq NUMBER: 800352PT 

ADDRESS: 150G ,~PDC~ LAKE PAqKWAY 

KC MO 64114 

LOC.All T'Y: ~AYS TH fl5 DEPTH: 455' 

COLLECTED dY: LEE NAGEOTTE 

SAMPLE IO: S~SE5Wl715ZOW 

COM~~NTS: HAYS OA~CTA 

ACCOUNT CODE: PWS 

~ATRIX: 
WATER 

TIME COLLECTED: 1401 

DATE COLLECTED: 

OATF.-RECEIVEO: 

DATE REPORTED: 

8- 1-d 7 

8- 4-87 

8-21-87 

* • • * * * ~ * * * * * * * * * * * * * * * * • * 

TOTAL H-RD. 
(CAC03) 

CALCIUM 
MAGN~Sll;M 

SODIUM 
POTASSll:M 

TOUL ALK. 
(CAC03) 

CHLCR!OE 
SULFATE 
NITP.ATE (N) 

FLUCRIOE 

CYANlDES 
Olll GREASE 

PHEI\OLS 
TOP 
SULFIDE 

CHEf'IST: FD 

RESULTS EXPRESSED IN MILLIGRAMS/LITER 

44'1 

1 31.0 
29.e 

1 71 • 4 

N-
1 97 

134 .o 
398 

1.47 
1.6'i 

NA 
NA 
NA 
NA 
NA 

PH 
TUf:::!IDITY 
SPECIFIC COND. 

T. DISSOLVED SOLIDS 

TQT~L PHOSP~ORU
S (F) 

SILICA (SIC2) 

UUPON 
DISSOLVED CXYGEN 

ROC 
c 00 
AMfiONIA (N) 
T • .5US. SOLIDS 

CA~BONATE HARDNESS 

NO~-CAR90NATE ~ARD. 

N~~C03 ~LK,6LI~ITY 

M~,t:) 

FLI!SH POINT 

~A - NOT ANALYZED 

Nl\ 
NA 
N'\ 
NA 
NA 
NA 
NA 
No\ 
NA 
NA 
NA 
NA 

197.0 
NA 
NA 
NA 
NA 

I RON 
~ANGANESE 

ARSENIC 
flARIU~ 

CAOMIU~ 

CHROMIU~ 

COPPt:R 
LEAD 
~ERCURY 

SELENIUM 
S IL VE R 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

N., 
NA 

N' 
N~ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

1t • .,. * .,. * • * * * • * * * * * * * * * * * • * • 

COPY TO: FILE 
N'll 0 

I I 

,.,"', tttrttt~'t" ew n!!'"'rtfti!"ftr~+A, o¥ f''+1 ''*"""' fJin~"'JI'T'••WJ«Wet 
KARL t'UELDNEK 

E-37 



: ....... 

KANSAS DEPA~TMENT OF HEALTH AND ENVIRO~~ENT 

CIVISIO~ OF LABORATORIES AND QESEARCH 

INOR~ANIC CHEMISTRY LABORATORY 

TOPEKA, KANSAS 66620-8420 

RESULTS OF L~AOR~TORY ANALYSIS 

REPORT 10: LE5 lAMPt, ELAC~ & VEATC~ 

ADDRESS: 150( ME~OO~ LAKE P~RKWAY 

L~B NUMBER: 800354PT 
ACCOUNT CODE: PWS 

KC MO 64114 

LOCALITY: tiAYS TH 115 DEPTH: 475' 

COLLECTED BY: LE~ NAGSOTTF. 

SAMPLE 10: S•SESW2715ZOW 

COMMENTS: tiAYS DAKCTA 

* * ~ * * * • * * "' • * * • .,. 
* * 

~ATRIX: WATER 

TIME COLLECTED: 1417 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

• * • * * fr 

8- 1-8 7 

8- 4-87 

8-21-87 

.. * 

RESULTS EXPQESScD IN MILLIGR-MS/LlTER 

TOT~L HARD. Z6G PH NA IRON NA 

CCAC03) TURfHDITY Nl\ MANGANESE NA 

CALCIUM 71. 5 SPE:CIFlC COND. NA ARSENIC NA 

MAGt\E.Sil.M 19.c; T. DISSOLVED SOLIDS NA BARIUM N-' 

SODlUM itl6.7 TOl~L PHOSPHORUS (P) Nl\ CAOMIU~ NA 

POTASSILM ~~ SILICA (SIC2) NA CHROP'IIUM NA 

BORON NA COPPER NA 

TOTAL ALI<. 229 DISSOLVED OXYGEN N.l\ LEAD NA 

(OCGH BOO N~ MERCURY NA 

CHLORIDE 1 7~. c COD NA SELENIUM NA 

SULFATE 334 A MIY ON 1 A (N) NA SILVER NA 

NITRATE CN> 0. 61 T. sus. SOLIDS NA ZINC NA 

FLUCRlDE 3. 1 4 
ALUMI~UM NA 

e~RYLLIUM NA 

CYANIDES NA CAR':30NATE ~ARONESS 229.0 NICKEL NA 

OIL/GREPSE N#l NO~-Cl\R BONATE 1-'AR D. NA ANTIMONY NA 

PHE"OLS N.l NArC03 ALK.ILINITY NA THALLIUM NA 

TDP :o M':lP S NA 

SULFIDE NA FL.ASH POI NT NA 

CHEI'f.IST: FO I\ A - NOT ANALYZED NO - NOT DETECTED 

11 #t * * * * • #t • * * .. * * * * 11 • * * * * * * .. 

COPY TO: FILE 
N\o.D 
rt "'''"t't'tt'iif! 1'"TW t'1 ~"""! ~!'TtJt*i 01 f't""WM ft tff,H'1P fi'WI'f'A '4~wht44 

KARL !'IUELC!:NER 
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KANSAS OEPAPTMENT OF HEALTH AND ENVIRON~ENT 

CIVISIO~ OF LABORATORIES AND qESEARCH 

INORGANIC CH~MISTRY LA90RATORY 

TOF~KA, KANSAS 66t20-~420 

RESULTS OF LA90qATORY ANALYSIS 

REPCRT 10: LES LAMP~, eLAC~ & VEATCH 

ADDRESS: 15UC MlADOw LAKE P~RKWAY 

LAU NUMaER: 800339PT 
ACCOUNl CODE: PWS 

KC ft'IO 64114 MAT~IX: WATER 

LOCAL I T'1: HAYS TH 115 DEPTH: 495' liME COLLECTED: 1427 

COLLECTED gy: LEE NAGECTTE DATE COLLECTED: 8- 1-d 7 

S~MPLE Iu: SWS~S~l71520W 
OATE-R:CEIVEO: 8- 4-87 

COM~ENTS: ~AYS OA~CTA 
DATE REPORTED: 8-21-87 

* * • • • * • * * • • • * . • • * • * * * * * • * * 

TOTAL H~~D. 

(CAC03) 
CALCIUM 
MAGNESILM 
SODIUM 
POTASSllJM 

TOTAL ALK. 
(CAC03) 

CHLCRIOE 
SULFATE 
NlTPATE (N) 
FLUORIDE 

CYA~IOES 

OILI;,jRf.PSE 
PHENOLS 
TOP 
SULFIDE 

CHEI'lST: FD 

RESULTS EXPRfSS~O IN MILLIGRAMS/LITER 

142 

.S8.C 
11 • 4 

3l£.5 
N/1 

2 7 t. 

222.0 
247 

O.BC 
3. 72 

PH 
TUFI~IDI TY 
SPECIFIC CCND. 
T. DISSOLVEO SCLIOS 
TOTAL PHOSPHORUS (F) 

SILICA (SIC2) 
13 OF ON 
DlS)OLVf.O OXY~EN 
B~C 

c 00 
AMI'ONI~ (N) 

T. 5US. SOLIOS 

CAF~ONATf ~ARONESS 

NO~-CARAONATE HARD. 

NA~COJ ALK~LINITY 

M.::lil:i 

FL~SH POINT 

NA - NOT ANALYZED 

NA 
NA 
NA 
NA 
NA 
NA 
N.l\ 
NA 
NA 
NA 
NA 
NA 

142.0 
Nl\ 
NA 
N.ll 
NA 

IRON 
MANGANESE 
A~SENIC 

BARIUM 
CADMIUM 
CHROMIUM 
COPPER 
LEAO 
MERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

• • • * * * * ~ * • • * * • * • * * • * * * * * * 

COPY TO: FILE 
Nilit> 
T,,l.J4,. i:S lltft"'".,..lllfii!'INW~'

Y4~Wil!JJMt-lf._lif;~~'3
 

KARL IYUELOE.NER 
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KANS~S DEPA~TMENT 
Of H~ALTH ANO ENVIRON~ENT 

O[V[S[O~ OF LA~OPATORIES ANO ~ESEARCH 

I~OREANIC C4EMISTRY LA~ORATOPY 

'TOFcKA, KANSAS 6662C-~420 

ReSULTS Of LA80RATO~Y ANALYSIS 

REPORT 10: LES LAMP~, ELAC~ & v=ATCH 

AOOR~SS: 1SOC ~EADO~ LA~E PAR(WAY 

LAB NUMBER: 800J51PT 

ACCOUNT CODE: PWS 

KC ~0 64114 

LOCALITY: HAYS TH 115 DEPTH: 515' 

COLLECTED BY: ltE NAG20TTE 

SAMPL~ 10: SRSES~271520W 

COM~ENTS: HAYS DAKGTA 

~AT~IK: 
WATER 

TI~E COLLECTED: 1439 

DATE COLLECTED: 

DA rE-R'!CElVEO: 

DATE REPORTED: 

8- 1-87 

8- 4-87 

8-21-87 

• • t • • • • * • • • • • • • • • • * • • • • • • 

RESULTS EXP~ESSEO IN ~ILLIGRA~S/LITER 

TOTAL HA RO. 55 p~ 
NA I RON NA 

(CACO.H T u.-; .H !>I TY NA ~ANGANESE 
NA 

CALCIUM 1 3. 5 S?f:ClFIC CONO. NA ARSENIC NA 

MAGNESil.M 5.2 T. OlSSOLVED SOLIDS NA !UR IUM NA 

SODIUM 345.5 TOTAL PHOSF~ORCS ( p) NA CADMIUJIII NA 

POTASSILM NA SILICA (SIC2) NA CHROMIUM NA 

8 QI:ON 
NA COPPER NA 

TOTAL ALK. 2 74 DISSOLVED CXYGEN NA LEAO N~ 

<t~C03> 
'B 0 D 

NA MERCUqY NA 

tHLCRlOE 244.0 c oc NA SELENIUM NA 

SULFATE 1 ?6 AMJI'O~IA (~) 
NA SILVEq NA 

NIT~ ATE (N) 0.65 T. sus. SOLIDS NA ZINC N~ 

FLUOR 10 E 4.U3 
ALUMINUM NA 

B':RYLLIUM NA 

CYANIDES NA CAI<BO~ATE ~ARDNESS
 55.1) NICKEL NA 

OIL/GRE#ISE NA NO~-CARIJONATE H~R D. N~ ANTIMONY NA 

PHE~OLS 
N.A NA~C03 .o\LKAL INI TY NA THALLIUM NA 

TOP N~ M ::LIS N" 

SULFIDE NA FLASH POINT NA 

CHEftlST: FO ~A - NOT ANALYZED NO - NOT DETECTED 

• • ., * * • "' lr * lr • • • • ., • * • .,. * • * • fr * 

COPY TO: FILE 

KARL r-UELCI:NEH 
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KANSAS DEPAPTMENT OF HEALTH AND :NYI~ON~ENT 

OlVISlON OF LA80RATORIES AND ~ESEA~CH 

l~OR~ANIC CHE~ISTRY l
A~ORATORY 

TOFEKA, KA~SAS 66620-d420 

RESUlTS OF L~~O~ATORY ANALYSIS 

REPCRT 10: LES LAMPE, eLACK ~ VEATCH 

ADD~ESS: 
150C MEAOO~ LAKE PAROWAY 

LA9 NUMBER: 800J36PT 

ACCOUNT CODE: PWS 

KC 
MO 64114 ~ATRIX: 

WATER 

LOCALITY: CITY OF HAYS TH #5 DEPTH: 535• TIME COLlECTED: 1505 

COLLECTED BY: LEE NAGEOTTE 
DATE COLLECTED: 8- 1-87 

SAMPLE lD: S~SES~271520W
 

DATE-RECEIVED: 8- ~-a 7 

COM~fNTS: HAYS DAKCTA 
DATE REPORTED: 6-21-87 

* * • • * ~ • * * • • * • • * * • • • • • • * • * 

TOTAL HPRD .. 
(CAC03) 

CALCIUM 
MAul'itSil.M 
SODIUM 
POTA!iSiliM 

TOTAL AlK. 
(C.IICO.S> 

CHLCRIOE 
SULFATE 
NITRATE 01) 

FLUORIDE 

CYANIDES 
OlLI\:iREPSE 
PHtf'IOL~ 

TOP 
SULFIDE 

CHErtiST: FD 

RESULTS EXPRESS~O I~ MILLIGRAMS/LITER 

11 .. 0 
6.C 

~31 .. G 
r~ A 

26C 

2 .n .. c 
1 7 5 

0 .. 6C 
3 .. 77 

PH 
T Ul< iH Dl TY 

SPECIFIC CCND. 

T. OISSOLVED SOLIDS 

TOlAL PHCSFHORUS (P) 

SILICA (5102) 

I=J 01< IJN 

DISSOLVED OXYGEN 

80C 

c I) 0 
AM,:JNI.A PH 

T. SUS. SOLIDS 

CAI<BO~ATE HARDNESS 

NO~-CAR90N~T
~ HARD. 

NA~C03 AL~~LINITY 

M:-:JPS 

FU SH POHIT 

~A - NOT ANALYZED 

NA 
NA 
N~ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

52 .. 0 
NA 
NA 
NA 
NA 

I~ON 

MANGA~ESE 

ARSENIC 
BARIUM 
CAOMIUI'l 
CHROMIUM 
COPPER 
L EAO 
MERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NIC!(EL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

• * • * • * • * * * • * * * * • * * • * * • • * * 

COPY TO: FILE 
NWO 
e~fil 4 t t"tf'fH'""n'*t""' I 4••••61 t.W:ka 4uQ11 .. JJ' AA IPP 11-.1:6111 ilA u" 1.,\i 

KAKL fiUE.LDI::NEP 

E·-41 



KANSAS OEP~PTMEN
T OF HEALTH AND €NVIRON~E

NT 

DIVISION OF L~~O~ATORI
ES AND ~ESE~PC~ 

INOA~~~IC 
CHE~ISTRY 

LAgO~~TOR
Y 

TOFEKA, KANSAS 66620-d420 

RESULTS OF L~no~ATORY
 ANALYSIS 

REPORT 10: LES LAMPe, BLACk & VEATCH 

ADDRESS: 15UC ~EADO~ LAKE PARKW~Y 

LAB NUMBER: 80035JPT 

ACCOU~T CODF.: PWS 

KC 
MO 64114 

LOC~ LI TY: t1AYS TH 115 DEPTH: 555' 

COLLECTED BY: LEE NAGEOTTE 

SAMFLE 10: S~SESw2715Z
O~ 

COM~ENTS: 
HAYS DAKCTA 

~Afql~: 
W~TE~ 

liME COLLECTED: 1518 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

8- 1-6 7 

8- 4-87 

8-21-87 

* * * * * • * • * * * • * • * * * * * * * * * * * 

TOT.4L HARD. 

(CAC03) 

CALCIUM 
MAGt.oE.SILM 
SODlUM 
POTASSllJM 

TOTPL ALK. 
(CftC03) 

CHLCRIOE 
SULFATE 
NITRATE (N) 

flUCRlDE 

CYAtdOES 

OIL/ GREASE 

PHEt-.OLS 
TOP 
SULFIDE 

RESULTS EXPRESS~D 
1~ MILLIGRAMS/LITER 

47 

1 0. s 
s.c 

~ 39. c 
NJI 

257 

2 53 .o 
173 

0.6C 
4.42 

N~ 

"'A 
NA 
NA 
NA 

PH 
TUHJIOITY 
SPECIFIC CCNI) .. 

T. OlSSOLVEO SOLIDS 

TOT\l PHOSFHO~US 
(P) 

Sl:L ICI\ (5102) 

8 OliON 

DIS~OLVED 
OXYGEN 

I:WC 

c ·Jo 
AM,.,ONIA 00 

T. SUS. SOLIDS 

CA~30~AT~ 
HARDNESS 

NO~-CAROO
N~TE HARD. 

NA~C03 ALK
ALI~ITY 

MB,B:i 
FLASH POINT 

NA 
NA 
NA 
Nt\ 
NA 
NA 
N .t\ 
NA 
NA 
-NA 
NA 
NA 

47.0 
NA 
Nl\ 

Nt\ 
NA 

I RON 
MANGANESE 
ARSENIC 
BARIU~ 

CAOMIUI" 
CHROI"'IUM 
COPPER 
LEAD 
M!:RCURY 
SELI:NIUfll 
S tL VE R 

ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N' 

CHE.pt;IST: FD 
~A - NOT ANALYZED 

NO - NOT DETECTED 

., •• * jlo.,. .. *lit********.**** .. * 

COPY TO: FILE 
N~O 

,..Ll4 ... "-~•..,.u-~~
·...,...w~J.

.*-ril4i.A.¥
.~~M.M,Wtl..

.i13 

I(J1Rl ~tJELCNEq 

E-42 ·-:"';. 



................... ' ...... ,.,. .... ~ ....... ,....,.-··:•f~~-.
,--• ....... , ... ' . 

KANSAS OEPAPTMENT OF HEALTH AND ~NVIRON~EN
T 

DIVISION OF L~80RATORI
ES ~NO RESEARCH 

INORG~NIC 
CHEMISTRY LA80RATORY 

TOF~KA, KANSAS 66620-~420
 

RESULTS OF L~HORATORY 
ANALYSIS 

l 

REPORT 10: LE$ LAMPe, BLAC~ & V~ATCH 

ADDRESS: 150C MEAOO~ LAKE PAR<WAY 

L~B NUMRER: 800l50PT 

ACCOUNT CODE: PWS 

KC 
MO 64114 ~ATRlX: 

W~T~R 
' 

LOC~LITY: 
~AYS TH 115 DEPTH: 575' 

TI~E COLLECTED: 1530 

COLLECTED ~Y: LE~ NAGEOTTE 
DATE COLLECTED: 8- 1-8 7 

SAMPLE ID: S~SESwc71S
20W 

DATE-RECEIVED: 8- 4-87 

COM~~NTS: 
HAYS DAKCTA 

DATE R~PORTEO: 
8-21-87 

* * A * * * A * * • * * * * * * * * * * * * * * * 

TOTAL HARD. 
( CA CO 3) 

CALCIUM 
MAGf'I~S HM 

SODIUM 
POTASSHM 

TOTAL ALK. 
(C~CO}) 

CHUiRIDE 
SULFATE 
NITRATE (N) 

FLUCRIDE 

CYANIDES 

OIL/uREASE 
PHEr.OLS 
TOP 
SULFIDE 

CHH'lST: FD 

RESULTS EXP~ES5EO 
1~ ~[LLIGR

AMS/LITfR 

.56 

7.5 
4.1 

390.5 
NA 

253 

3 53.0 
184 

0.25 
4.U1 

PH 
TUFlfHDITY 

S:lECIFIC CONO. 

T. D1SSOLVEO SOLIDS 

TOl~L F~OS
PHOqUS (P) 

SlliCA (5102> 

BOFON 
DISSOLVED OXYGEN 

soc 
c 00 
AMftONlA (N) 

T .. SUS. SOLIDS 

CAFl~ONATE 
~ARDNESS 

NO~-CAR90N
ATE HARD. 

NAHCO) AL(•LINITY 

MA~S 

FLJI~H POINT 

~A - NOT ANALYZED 

NA 
NA 
NA 
NA 
N~ 

NA 
NA 
N.ll 
N~ 

NA 
NA 
N~ 

36.0 
NA 
NA 
NA 
NA 

IRON 
MANGANESE 
A~S!::NIC 

BARIUM 
CAOMIUI'I 

CHROMIUM 

COFPER 

LEAt> 
MERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
RERYLLIUP'I 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
Nl\ 
NA 
NA 
NA 
NA 

ND - NOT DETECTED 

• * • * * * t * * * * • * * " • * * * * * • * * • 

COPY TO: FILE 
NwO ' pM44:UIC!W.+ftli ........... IIS

U Ltd T 'nar• t m t'W""' 

E-43 



KANSAS OEPAPTMENT OF HEALTH AND ENVIRO~,ENT 

OlVISION OF LA80PATORIES AND qESE~RCH 

INO~EANIC CHE~ISTRY LAg
OR~TQRY 

TOFEKA, KA~SA) 66620-~420 

R£SULTS CF LP80RATORY ANALYSIS 

REPORT 10: LES LAMPE, BLAC~ & VEATCH 

ADDRESS: 150C MEPDOW LAKE PARKWAY 

LA~ NUMB~R: 800337PT 

ACCOUNT CODE: PWS 

KC 
~Q 64114 MATRIX: WATER 

LOCAL! TY: ~AYS TH 115 DEPTH: 595 1 TIME COLLECTED: 1535 

COLLECTED BY: LEE NAGEOTTE 
DATE COLLECTED: 8- 1-87 

SAMPLE 10: S~SES~271520W 
DAT:-RECEIVED: 8- 4-87 

COM~ENTS: HAYS OA(CTA 
DATE REPORTED: 8-21-87 

• • ~ * * • * ~ * * * * • • • * * * • • * • * • * 

TOHL H,RD. 

(CACOJ) 
CALCIUM 
MAGNtS lliM 

SODIUM 
POTJ'SSIIJM 

TOTAL ALK. 
<C~COJ) 

CHLCRIOE 
SULFATE 
NlHiATE (N) 
FLUCRIDE 

CYA~IDES 

Oll/uREilSE 
PHE.NOLS 
TOP 
SULFIDE 

CHEfi:IST: FD 

R~SULTS EXPRe
SS~D IN MILLIGR~MS/LITER 

42 

10.5 
3.9 

3 45. c 
NA 

Z 7C 

240.0 
177 

0.8C 
4. 3 2 

PH 
TUili:HOITY 
SPECIFIC CCND. 

T. DISSOLVED SCLIDS 

TOT~L PHCSFHO
~US (P) 

S lL tCA CSI02) 
A OR ON 

DISSOLVED OXYGEN 

ooc 
c oc 
AMIVONIA ("') 
T. SUS. SOLIDS 

CAR90NATE ~ARDNESS 

NO~-CAPBONATE
 H~RD. 

NA~C03 AL~~LlNITY 

M':3~S 

FL~SH F'OI'4T 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
Nr\ 
NA 
NA 
NA 
N,, 

42.0 
NA 
NA 
NA 
NA 

IRON 
MANGANESE 
ARSENIC 
8ARIU"1 
CADNIIUf'l 
CHPOMIUM 
·cOPPER 
L EAO 
f'1ERCURY 
SELENIUM 
SILVER 
ZINC 
ALUFo'I"'UM 
9ERYLLIUM 
NICKEL 
ANTIMONY 
T~ALLIU"1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

1fr * '* * • * * * * * • * * • • • • • * • * * * * It 

COPY TO: FILE 
N\lwD 
trtrt.*lC~tAt:riJfiilSW¥N

IAIWi'M·11WWW.¥iN1HFf ... WiiY'#i41frtii¥f·ntt 6 7213 

KARL ftUE:LOt:N~R 
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REPORT 10: 
ACDflt.SS: 

LOCPLITY: 

COLLECTED 

SAMFLE lD: 

COM~t:NTS: 

LE.S 

KANSAS DEP~~TMENT OF HEALTH AND £NVIRONMENT 

DIVISIO~ OF LABOP~TORIES 
ANO RESEARCH 

INORGANIC CYEMISTRY L~BORATORY 

TOP~KA, KA~SAS 66620-R420 

RESUlTS OF L~qORATORY ANALYSIS 

LA~1FE, eLACIC ~ VEATCH 

150C M;:AOO../ LA I(E P.~P:<WAY 

LA8 NUM8ER: 800338PT 

ACCOUNT CODE: PWS 

I<C 
MO 64114 MATRIX: WATER 

J1 AY S TH #5 DEPTH: 615 1 TIME COLLECTED: 1550 

BY: l ~~ r,,I\GEOTTE 
D.ATE COLLECTED: 8- 1-87 

SlroSES~l71520W 
DATE-RECEIVED: 8- 4-87 

HAYS DAKOTA 
DATE REPORTED: ~-Z1-87 

* - • * * * • * * * * * * * * * * * * * * * • * • 

ReSULTS EXPRESS~D IN MILLIGR~MS/LITER 

TOTAL H"RD. 42 PH 
NA IRON 

(CAC03) TUR9IDITY NA MANGANESE 

CALCIUM 9.C SPECP:JC CCND. NA ARSENIC 

MAGNESII..M 4.e T. DISSOLVED SOLIDS NA BAPIUM 

SODIUM ~16.S TOl~L PHOSFHOHUS (P) NA CAD"'1IUI"' 

POTASSllM NA SillC<\ CSIC2) NA CHROMIUM 

OOI<UN 
NA COPPER 

TOTAL ALK. 265 DISSOLVED OXYfiEN NA LEAD 

(C,.C03) rJ 0 c 
NA MERCU~Y 

CHLGR!OE ~ 4 7. 0 c oc 
NA SELENIUM 

SULFATe 1 fj 5 AMIWONIA (N) NA S Il VE R 

NITRATE (N) 0. 7C T. sus. SOLIDS NA ZINC 

FLUORIDE 4. 30 
ALUMINUM 
BERYLLIUP'I 

CYANIDES NA CAP30"l.AH. ~ARONES5 
42.0 NICKEL 

OILIGREASE: NA NO~-CI\RBO"'PTE 
HARD •. NA ANTIMONY 

PHENOLS NA NAI'C03 ALKALINITY NA THALLIUM 

TDP NA M'=IAS 
NA 

SULFIDE NA fl,.SH POINT NA 

CHE~IST: FO r,A - NOT .ANALYl:D NO - NOT 

" • ., * * * 
., * * * * * * • It .. * • " * • lr 

COPY TO: FILE 
NwD . 

t t Ft"•t t t t U ';; "t A tt:l'f11 t:t~ ft *~"t OTic;:tf'11 Nfflf t r•V h'M+Mw•""'-' 13 

I'(ARL t-UELDEN~R 

E-4:,-

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

DETECTED 

• lr * 

•('T -



~AN~A~ U~~A~TMENT Jf H~ALTH AND ENVIRONMENT 

DIV.L~Lt)·\j OF LA!:J:JRHJRit!.i ANJ RESEARCH 
li;O~G.ANIC Crll 1..;ISTIH LA80~ATJRY 

TUF~KA, ~Ah~AS o6t20-d420 

~cSULTS CF Lft'tC~ATO~Y ANALYSIS 

K c r•C k T l J: 

AL.IJkcSS: 
Lt; LAMP~, ~~~C~ ~VEATCH 

1)JC Me~~OA LA~E PAR~W~Y 

LAH NUMBER: 800341PT 
ACCOU~T CODE: P~S 

~c ~o 64114 MATRIX: wATER 

hAY:) T H #6 DEPTH: 315' liME COLL~CTED: 1730 

C0LLcCTt~ JY: Lc~ ~~G:OTTt OATE COLLECTED: e- 2-81 

')AT!:-RECEIVtD: 

C~~~:NfS: HAYj DAKCTA OATE REPORTED: 8-27-87 

• If .. If .. It .. .. .. * * * • * • * * * * * * • * * * 

T u I J. L rl il .i I) • 

(CJ.CG.$) 

C/ILllU1'1 
,., A IJ r-. 1:. s ll. i'l 
;:, (, v 1 u 1"1 

r'G T;. .. :d Lf'l 

TOTAL Alt<.. 
(Cj:Cv5) 

Cn .... c.~.lJ!: 
~l,;LfArt. 

.H HAT C: (N) 

flu\..,( 1 J E 

c~,.hlvf.!i 

:.J1Lio.~hC:P..ii:: 

r'hdJL:i 
TO I-' 
.JUL~Iuc 

CH\:.f'!~d: FD 

R~SULTS tX~RESSEO IN MlLLlbRAMS/LITER 

3J4 

~'+-~ 
~2.{. 

J ~ 'i • ) 
I~ .A 

1 ) \.. 

~ -.1. s 
61)j 

d.1C 

PH 
T U I'·.~ l J I T Y 

..iPt.ClFIC CC"lO. 
T. OlSSOLV~D ~OLIOS 

T•JlAL FH0SFT10KI.:) (p) 

SILICA (S!C2) 
;: Ji< !Jt~ 
u L~ SOLVtO OlCYGtN 
·, JC 
c () c 
Jl r-11"\JN I .A OJ) 

T. SuS. SOUOS 

C~~dUNAT~ ~~WONESS 

Nor-.-CARdQNATF HARD. 
NAI1C03 1\LKJILINITY 
t" IPS 

FUSH flOINl 

~A - NOT ANALYZED 

1SU.0 
No\ 
NA 
NA 
Ni\ 

IRON 
MAIIrGANESE 
ARS'=NIC 
BARIUM 
CADMIUM 
CHROMIUM 
COPPE~ 

LEAD 
MERCUiH 
SELENIU"'' 
SILVE~ 

ZINC 
ALUMINUM 
PERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

N"' 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

• * • * * It • ~ * * * * • * • It * * • * * * * * * 

COr') 10: FlU: 
)'(;" 
Vri~ CCLLINS, L~YNE WESTERr-- 1~11 ~ HARRY, ~ICHITA 67213 

I<~KL r-'UtLC.:.N::K 
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R~PCRT l 0: LES 

KA~SAS DEPAPTMENT OF HEALTH AND ENVJqQN~ENT 

OIYISIO~ OF LAHOR~TORIES ~N
O ~ESEAPC~ 

INORG~NIC CHEMISTPY LA80RATORY 

TOFEKA, K~NSAS 66620-~420 

RESULTS OF LAqORATORY ANALYSIS 

LAr1F b 8LAO & VC:ATCH 

ADDRESS: 15DG MEADOW LAKE PI\R'<.W.AY 

LAB NUMBER: aOOJ~3PT 

ACCOUNT CODE: PWS 

KC fi"O 64114 rATRIX: WATER 

LOCALITY: ~AYS TH fl6 DEPTH: 335' TIME COLLECTED: 1740 

COLLECTED av: L t:E NAGEOTT: 
DATE COLLECTI:D: 8- 2-87 

SAMJ: LE 10: NE.'4ESw261520'..1 
DATE-RECEIVED: 8- 4-87 

COMfiENTS: HAYS DAKOTA 
DATE REPORTED: 8-21-87 

* * • * * * • * * * * * * * * * * • 11 * * .. * • • 

RESULTS EXPRESS~O IN MILLIGRAMS/LITER 

TOTAL H.ARO. 285 PH 
NA I qQN NA 

(CACOJ) TU!lBIDITY NA MANG.NESE NA 

CALCIUM 75.5 SPECIFIC CONO. NA ARSENIC NA 

f1AI.iNESilM 2 3.6 T. DISSOLVED SOLIDS NA 8ARIU"1 NA 

S001UM Jl8.5 TOTAL PHOSPHORUS (P) N~ CADMIUM NA 

POTASSILM NA SILICA (SIC2) NA CHPOMIUM NA 

BUill)~ 
NA COP PE ~ N. 

TOTAL Al K. 1 7C DISSOLVED OXYGEN NA LEAD NA 

(CIIC03) BOO 
NA MF.RCURY NA 

CHLCRlt>E £52.(; c 00 
NA SELENIUM NA 

SULFATE 40C A"'T'ONlA (N) N .~ SILVER NA 

NITRAT€ (N} NC T. su;;. SOl IDS NA ZINC NA 

FLUCRIDE 2.27 
ALUMINUM NA 

BERYLLIUfll NA 

CYA~lDES 
NA CAPBO~~TE HARDNESS 170.0 NICKEL NA 

OILII.JRE.ASE NA NO~-C ~R BON, TE H~RO. NA ANTIMONY NA 

PHEI'IOLS ~A NA~C03 AL'<ALINITY NA THALLIUM NA 

TOP NA M R.P ') 
NA 

SULFIDE ~A FL,ISH POINT NA 

CHE~IST: FD I\ A - NOT ANALYZED NO - NOT DETECTED 

ft lr • * " * • * * * * * * • .. ,.. .. * * • * 
,.. .. .. * 

COPY TO: FILE 

"""'"'"'"·tld'i'rr:Jr-t"~
T~ ~otESTER~ 01 w H , T'T"l"''- < N"- D Jr*'"'*" .. **''•;•''r'' =x A'~ v*"w'trt .,,,.,,.. 

KAP.l ~UcLOENER 

E-47 



KANSAS DEPAPTMENT OF HEALTH AND ENVIRO~,ENT 

DlVISlON OF LABORATORIES AN~ QESEARC~ 

INOR~ANIC CHEMISTRY LABORATORY 

TOPEKA, KA~SAS 66t20-8420 

RESULTS OF LA80RATORY ANALYSIS 

REPORT 10: LES LAMP~, BLAC~ & VEATCH 

ADDRESS: 150C ME~OOW LAKE PAPXWAY 

LA8 NUMBER: 800344PT 

ACCOUNT CODE: PWS 

KC MO 64114 MATRIX: WATER 

LOCALITY: tiAYS TH 116 DEPTH: 375' 
TIME COLLECTED: 1800 

COLLECTED BY: LEE NAGECTTE 
DATE COLLECTED: 8- 2-87 

SAMPLE ID: NE~ES~261Sl0N 
DATE-RECEIVED: 8- 4-87 

COM~ENTS: HAYS DA~OTA 
DATE REPORTED: 8-21-87 

* * II * 1t 1r * 1r * 1r fr 1> * fr * * ft * * * 1r 1r * * * 

TOTAL HARD. 
(CAC03) 

CALCIUM 
MAG~ES Il.M 
SODIUM 
POTASSil.M 

TOTAL ALK. 
(CAC03) 

CHLCRIDE 
SULFATE 
NITRATE (N) 

FLUCRIDE 

CYANIDES 
OIL/GRE,tSE 
PHEIIIOLS 
TOP 
SULFIDE 

~ESULTS EXPRESS:o IN ~ILLIGRAMS/LITER 

19C 

57.5 
11 • 3 

414.5 
NA 

257 

405.0 
24S 

o. 25 
3.57 

PH 
TUP3IDITY_ 
SPECIFIC COND. 
T. QISSOLVED SOLIOS 

TOTAL FHOSFHORUS (F) 

SILICA (SI02) 

8 ORON 
DISSOLV~D OXYGEN 

ear:: 
c oc 
Alf!~ONIA (N) 
T. SUS. SOLIDS 

CA~BO~ATE HARDNESS 

NO~-C~P90NftTE HARD. 

NA~CO) ~LKALINITY 

M >3P S 
FLPSH POINT 

NA 
NA 
N~ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

190.0 
NA 
NA 
NA 
NA 

IRON 
MANGANESE 
ARSENIC 
8 AR I Ui'fl 

CADMIUf'll 

CHPOMIUM 
COPPER 
LEAD 
MERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIU"' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHE~IST: FO ~A- NOT ANALYZED NO - NOT DETECTED 

• • • * • ~ • .. • • * .. * • • * * * • • * • • • • 

COPY TO: FILE 
NwD 
iei .. l'iz.iAa;*' if .. J94«t/itWH-ANM•aAaMA5UeLia:MIMA:dN::t •• 6111.U.MWW

Kf'IRL r'Ui:LOtNER 
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KANSAS OEPAFTMENT OF HeALTH AND ENVIRONrENT 

DIVISION OF LABOR~TORIES
 AND RESEARC~ 

INO~GANIC CHEMISTRY LABORATORY 

TOPEKA, KA~S~S 66~20-d420 

RESULTS OF L~qORATORY AN
~LYSIS 

REPORT TO: LE5 LAMPE, eLACk & VEATCH 

ADDRESS: 1SUC MEADOW LAKE P~R(WAY 

LAS NUMBER: 80034RPT 

ACCOUNT CODE: PWS 

KC 
~0 64114 MATRIX: WATER 

LOCALin: HAYS TH Ito DEPTH: 395' TIME COLLECTED: 1808 

COLLECTED BY: LEE NAGEOTTE 
DATE COLLECTED: 8- 2-87 

SAMPLE 10: NENES~l615lOW 
DATE-RECEIVED: 8- 5-87 

COM~ENTS: HAYS DAKOTA 
DATE REPORTED: 8-21-87 

• • • • • • • • * • ~ • * * ~ • * * * * * * * * * 

TOTAL H.A~D. 

{CAC03l 

CALCIUM 
MAGhtSHM 

SODIUM 
POTASSHM 

TOTAL ALK. 
(CACO.S) 

CHLORIDE 
SULfATE 

NlTRHE CN> 
FLUCRlDE 

CYAfollDES 
OIL/uREPSE 

PHEhOLS 
TOP 
SULFIDE 

CHEP'IIST: FD 

RESULT~ EXPRESSED IN MILLIGR~MS/LITER 

1 U'1 

14.C 
1 8 .1 

520.( 
N.A 

24'1 

527.0 
226 

O.lt 
4.~2 

NP 
N~ 

N.A 
N.A 
NA 

PH 
TUP:JIOITY 
SPECIFIC CCNO. 

T. ~lSSOLVED SOLIDS 

T0T~l PHO)FHO
~US (F) 

SILICA CSIC2) 

80PON 

DlSjOLVED OXYG~N 

uoc 
c oc 
AMf'ONlA (N) 
T. ~US. SOLIDS 

CA~90NATE HARDNESS 

NO~-C~R~ONAT
E ~ARD. 

N~~C03 AL~ALl
NITY 

M.3P S 

FLPSH POINT 

~A - NOT ANALYZED 

NA 
NA 
NA 
NA 
NA 
NA 
N ,1\ 

NA 
NA 
NA 
NA 
NA 

109.0 
NA 
NA 
NA 
NA 

IRON 
MAN GANES!: 
ARSJ:NtC 
BARIUM 
CADMIUM 
CHPOMIUM 
COPPER 
L::Ao 
I'IIERCUR'f 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N_. 
Nl\ 

NA 
NA 
NA 
Nl\ 

NO - NOT DETECTED 

* * .. * * fir • -. * * * * ., • 11 • * * ., * * * • • * 

COPY TO: FILE 
NwD 
1't,.,""S:t:tl 11!t:"'t'lV~t'""J~ ~i'f~~

''TBn"it~~ ~W't: 't'rtw H;c *~ 

K.A~L f'IJE:LOtNt.:R 
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KANSAS OEPAPTMENT OF HtALTH AND ENVIRON~ENT 

DlVXSION OF LA80RATORIES ANO RESEARCH 

INOqGANIC CHE~ISTRY l~?O
RATORY 

a 

TOFE~A, KANSAS 66t20-8420 

RESULTS OF L~~ORATORY ANALYSIS 

REPORT TO: LES LAMFE, BLACK ~ VEATCH 

ADDPESS: 1SOG MEPDOw LA~E PARKWAY 

L~3 NUMBE~: 800J40PT 

ACCOUNT CODE: PWS 

KC 
f'I'O 64114 

LOC~LITY: 
tiAYS TH 116 DEPTH: 415' 

COLLECTED oY: LEE NAG~OTTE 

SAMPLE JD: NEN£SW261520W 

COM~ENTS: HAYS OA~OTA 

MATRIK: W~TER 

TIME COLLECTED: 1818 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

8- 2-137 

8- 4-87 

8-21-87 

* * * * * • * * • * * * * * * * • * * * • * * • * 

TOTAL H.IRD. 
(CACOH 

CALCIUM 
MAC,NESHM 
SODIUM 
POTASSiliM 

TOTAL ALt<. 
(C~CO.S> 

CHLORIDE 
SULFATe 
NITRATe (N) 

flUCRlDE 

CYANIDES 
Oll/t;RE.ISl 

PHtt-iOLS 
TOP 
SULFIDE 

CHH'IST: FD 

PESULTS EXP~ESS~D IN ~ILLIGR~~S/LITER 

112 

18.0 
16.1, 

528.G 
N.A 

52 7 .o 
2 3 s 

ND 
4. 7C:, 

PH 
TURGIDITY 

SPl:CIFIC CCND. 

T. OI3SQLV~D SOLIDS 

TOlAL PHOSPHORUS (P) 

SiliCA CSI02) 
SOP ON 

DISSOLVED CXYGEN 
8 ')C 

c oc 
AMI"ONlA (N) 

T. SUS. SOLIDS 

CA~dON~TE ~ARO
NESS 

NO~-CAR90N~T~ 
HARD. 

NA~C03 AL~~LINITY 

M3.-s 

FL~SH POINT 

~A - NOT ANALYZ~O 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

11 z. 0 
No\ 
NA 
NA 
NA 

IRON 
MANGANESE 
~RSENIC 

BARIUM 

CADMIU~ 

CHROMIUM 
tOPPER 

LEAD 
ME!lCURY 

SELENIUM 
SILVER 
ZINC 
ALUMINUM 
j:jERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

• * • • • lr • lr * • • lr * • .,. lr • • • • * * * • • 

COP'1 TO: FILE 

~~;.iOUi'*",~~~~~·tt~i
w!frifff§~13 

KA~L ~VELO!:NE.R 

E·-50 
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KANSAS DEPARTMENT OF HEALTH ANO ENVIRON~ENT 

CIVISlO~ OF LASORATORIES ANO R~SEARCH 

INOR(ANIC C~EMISTRY lA~
ORATORY 

TOFEKA, KANSAS 66620-8420 

RESULTS OF L~qo~~TORY ANALYSIS 

RtPURT 10: LES LAMP:, BLAt~ & V~ATCH 

ADDRtSS: 15UC ME~OO~ LAKE PAR~~AY 

LAB NUMBER: 80034lPT 

ACCOUNT CODE: PWS 

KC 
MO 64114 MATRIX: WATtR 

LOCA Ll TY: liAYS TH #6 DEPTH: 435' TIME COLLECTED: 1829 

COLlECTED BY: LE~ NAG~CTTE 
DATE COLLECTED: 6- 2-87 

SAMfLE ID: N~NES~2615~0W 
DATE-RECEIVED: '3- 4-87 

COM~ENTS: HAY5 OA<CTA 
OAT'= REPORTED: 8-21-8 7 

• * • * • • • * • • • * * • ' * * • • • * * • * • 

TOTJlL HftRO. 
(CAC03) 

CALCIUM 
MAG~ESilM 

SODIUM 
POTASSILM 

TOHL ALK. 

(CAC03) 
CHLCRIDE 
SULFATE 
NITRATE (N) 
FLUCRIDE 

CYANIDES 
OIL/1jRE~ SE 
PHE"OLS 
TOP 
SULFIDE 

CH£ft'IST: FD 

RESULTS EXPRESSED IN MILLIG~-MS/LIT~P 

'57 

12.5 
6.2 

5 34. c 
N~ 

2 7S 

523.(; 
~ 21 

NC 
4.4G 

PH 

TUfiiHOITY 
SPeCIFIC CO"'O. 

T. DISSOLVE~ SOliDS 

TOTAL P40SF40RUS (P) 

SILIC~ (Sl02) 

8 01' ON 

DIS>OLVED OXYGEN 

BOO 
c 00 
AMfW'ONIA (N) 

T. SUS. SOLIDS 

CA~80~ATE HAR
ONES~ 

NO~-CARRONATE
 HAPO. 

NA~C05 AL(~LIN
ITY 

M8P5 
FL.A5H POINT 

~A - NOT ANALYZED 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
N&. 
N.l\ 
N~ 

NA 
NA 

57.0 
NA 
N~ 

NA 
NA 

IRON 
MANGANESE 
ARSENIC 
13ARIU"'' 
CADMIUM 
CHROMIUM 
COPPER 
L~AD 

MERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMI~UIII 

BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

* fr .,. fr .. * .,. .. • • .. * • • " * * * ' * • • * * * 

COPY TO: FILE 
N\o\D f R*' :zaw. a ;;;pu;; Jl4ii.M&O :xeawa a esxe; tea 

E-51 



KANSAS DEPA~TMENT OF HEALTH ANO ~NVIRON~ENT 

DIViSION Of LAAORATORIES AND RESEARCH 

INORGANIC CHEMISTRY l~BOR~TORY 

TOF~KA, KA~SAS 66620-d420 

RESULTS CF LA80RATORY ANALYSIS 

REPORT lO: LE5 LAMPf., BLACk & VEATCH 

ADDRESS: 150G M~AOOW LAKE P~RKWAY 

LAB NUMSER: 800345PT 

ACCOUNT CODE: PWS 

-KC MO 64114 

LOOLITY: tfAYS TH #6 DEPTH: 455 1 

COLLECTED BY: LEE NAGEOTTE 

SAMPLE 10: NENESk261520W 

COM~ENTS: HAYS DAKCTA 

~ATRIX: 
WATER 

TIME COLLECTED: 1837 

O~TE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

8- 2-87 

8- 4-87 

8-Z1-87 

• * • • * * • * * * • * * • • • • • * • * * • • • 

TOTAL HARD. 
(CAC03) 

CALCIUM 
MAGNl:S!lJM 

SODIUM 
POTASSILM 

TOTAL ALIC. 
(CAC03) 

CHLCRIDE 
SULFATE. 
NITRATE· (N) 
FLUC. R I 0 E 

CYAIUOES 
Oll/uRE.ASt 
PHEtfOLS 
TDP 
SULfiDE 

CHE~IST: FO 

67 

13.C 
3.it 

54~.c 

NA 

2 61 

5 32 .c 
2 3G 

·~C 

4.>J7 

NA 
"4A 
NA 
N.A 
NA 

PH 
TUI'~lOITY 

SPECIFIC CCNO. 

T. DISSOLVED SOLIOS 
TOT~L P~OSFHORUS 

(P) 

SILICA (SIC2) 

i3 OP ON 
DISSOLVED CXYGEN 
BOC 
c 00 
AMf'ONIA 00 

T. 5US. S~LIDS 

CAR90~ATE HARDNESS 

NO~-C~RnO~~TE HARD. 

NA~COj ALK~LINITY 

MiHS 

FL~SH POINT 

~A - NOT ANALYZED 

NA 
NA 
NA 
N~ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

67.0 
NA 
,..,~ 

N~ 

NA 

I RON 
MANGANESE 
ARSENIC 
8APIUM 
CAOMIUIWI 
CHROMIUM 
COPPER 
LEAD 
MERCURY 
SELENIUM 
S IL VE ~ 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
No\ 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

• • • * • * • * * * • * * • • * * * * * * * • * * 

COPY TO: FILE 
NI>D 

-it!Witti'•••*WtC:&li'H·t'if' "~"t!~t'f r N"*f ~ f t'*U"ttl'W w fffl •. I @t "',,, fiWY!IVItlrfli .. 

KAilL I"UE.LOI:NER 
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KANSAS DEPARTMENT OF HEALTH AND ~NVI~ON~ENT 

DIVISION OF LAoOR~TORIES 
~NO RESEARCH 

!~ORGANIC CHEMISTRY LA90RATOPY 1 

TOPEKA, ~A~SAS 66620-~420 

R~SULTS OF L~qoRATORY ANALYSIS 

REPORT 10: LcS LAMF~, BLACK & VEATCH 

ADDRESS: 150C MEPOOW LAKE PARKWAY 

L~q NUMBER: 800355PT 

ACCOUNT CODE: PWS 

KC 
MO 64114 

LOC~LITY: 
11AYS TH 116 DEPTH: 475 1 

COLLECTED BY: LEE NAGEOTTE 

SAMPLE lD: NENESw261520W 

COM~ENTS: HAYS DAKCTA 

~ATRIK: 
W~TER 

TIME COLLECTED: 1846 

DATE COLLECTED: 

DATE-RECEIVED: 

DATE REPORTED: 

8- 2-87 

8- 4-87 

S-21-87 

* * fl * * * •••• •· /1! * •••• " * " ... * • * 

TOTAL HI'IRD. 
(CAC03) 

CALCIUM 
MAGNESII.iM 
SODIUM 
POTASSILM 

TOTAL All<. 
(C.AC0.5) 

CHLCRIDE 
SULFATE 
NITJIATE (N) 
FLUCIHO£ 

CYAhlDES 
OILIGREPSE 
PHE~OL5 

TOP 
SULFIDE 

~SSULTS EXPPESSEO I~ ~ILLIGRA~S/L
ITER 

37 

7.5 
4.4 

541.C 
NA 

2.55 

516.C 
226 

NO 
5.23 

N.A 
N~ 

NP 
NP 
NP 

PH 
TUR~IDITY 

SPECIFIC CCNO. 

T. DISSOLVED SOLIDS 

TOlQL PHOSFHORUS (P) 

SILIC~ (SIC2> 

~J OF IJN 

DlSSOLVF.D OXYGEN 

uoc 
c oc 
AMf'ONIA CN) 

T. SU3. SOLIDS 

CA~~~N~TE HARDNESS 

NO~-CAR80NATf 
~ARO. 

NA~C03 ALKALI~I
TY 

M 3P S 
FL,SH POINT 

NA 
N .~ 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

37.0 
NA 
NA 
NA 
N~ 

IRON 
MANGA~ESE 

ARSENIC 
BARIUM 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
MERCURY 

SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHEJ'lST: FD ~~ - NOT ANALYZED NO - NOT D~TECTED 

.. • fl * * k * * * • * * * * fl • * • * * • * • * * 

COPY TO: FILE 
N'--0 
T,.j fhwi&' I Wici••U£1W'P'""f!""ifl'!~ff~~..,'tj~, tFHaA~"~':;,";**':"i'tH*iTFtff'fY:;• 

KARL ~UtlCt.NER 

E-53 



KANSAS DEP~RTM~NT Of HEALTH AND ENVIRON~ENT 

OlV£SlON OF LA80~ATORIF.S AND RESfARCH 

INOR~ANIC CHE~ISTRY LA~OR
ATOPY 

TOPEKA, KANSAS 66620-R420 

RESUlTS OF LAqORATORY ANALYSIS 

REPORT 10: LES LAMFE, 8LAKC & VEATCH 

ADDReSS: 15UC ~E~DOW LAK~ PARKWAY 

LAB NUMBER: 800547PT 

ACCOUNT CODE: PWS 

KC MO 64114 

LOCALITY: ~AYS TH fi"J DEPTH: 495' 

COLLECTED BY: LEE ~AGEOTTE 

SAMPLE JD: NENES~261520W 

COM~ENTS: HAYS DAKOTA 

~AT~IX: 
WATER 

TIME COLLECTED: 1900 

DATE COLLECTED: 

OATE-~ECEIVED: 

DATE REPORTED: 

8- 2-87 

8- 5-87 

8-21-87 

• • • • • • • • • • • • • • • • * • • * * * * • • 

TOT.tL H.IRD. 
(CACO J) 

CALCIUM 
MAGI\ES ILM 

SODIUM 
POTASSILM 

TOTAL ALK. 
(CPCO:S> 

CHLCRIOE 
SULFATE 
NITRATE (N) 

FLUC R 10 E 

CYA!IliDES 
OIL/GREJISI: 
PHEf\OLS 
TOP 
SlJLFIDi: 

CHCP'IST: FC 

RtSULTS EXPRESSED IN MILLIGRAMS/LITER 

sc 

9.5 
6.3 

53 5. c 

24~ 

53 3. G 
2 25 

NO 
5.05 

N.A 
H.A 

~.a 

NA 
NJI 

PH 
TUR~IDITY 

SPECIFIC CCND. 

T. DISSOLVED SOLIDS 

TOlAL PHOSPHQqUS (F) 

SILICA (SIC2) 

BIJflvN 

DIS)OLV~D OXYGEN 

~oc 

c oc 
A Mfl ON I A ("') 

T. SUS. SOLIDS 

CAPgo~AT~ ~~PD
NESS 

NO~-CARBONATE 
HARD. 

N~~C03 ALK~LINITY 

M:H'i 
FL.ASH POINT 

~A - NOT ANALYZED 

NA 
NA 
NA 
NA 
NA 
NA 
NA. 
NA 
NA 
NA 
NA 
NA 

50.() 
No\ 
N.A 
NA 
NA 

IRON 
MANGANESE 
ARSENIC 
BARIUM 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
MERCU~Y 

SELENIUM 
SILVER 
ZINC 
ALUMI~UM 

PERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

* * • • * * • • * * • * * * • * * ~ * * * * * * * 

COPY TO: FILE 
N~O 

T't'l'l'oattttt'U't ;" t a\9\"tt i!''.: ±TfRR i"b'l'r'W Rlf!¥'*T'1•t:ft'ft''ftllt*'e fZ13 

KARL ftUELDENER 
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KANSAS DEPARTMENT OF HE~LTH AND ENVIRONrENT 

DIVtSION OF L~BOPATORIES 
AND qESE~RCH 

INOR~ANIC CHE~ISTRY LA~O
R~TORY 

TOFEKA, K~~SAS 66620-8420 

RESULTS CF L~90RATORY ANALYSIS 

REPORT 1 0: LlS LAMFb 

ADDR~SS: 150C MUOO'N 
BLACIC 

L,li<E 
.~ V'=ATCH 
PARI<wAY 

LA9 NUMBER: 800346PT 

ACCOUNT CODE: PWS 

KC 
MO 64114 MATRIX: WATER 

LOCALITY: ~AY.;; TH fl6 DEPTH: 515' 
TIME COLLECTED: 1920 

COLLECTED 13Y: LEE. N.~GEOTTE 
DATE COLLECTED: 

SAMPLE 1 [): NEUES~261520W 
OATE-RECElVEO: 

COM!W.~NTS: HAY.i DAKGTA 
DATE REPORTED: 

R~SULTS EXPRESStD IN MILLIGRAMS/LITER 

TOTJIL HJI HO. 56 PH 
NA IRON 

(CAC03> 
TURHDITY NA MANGANESE 

CALCIUM 1 0. G SPECIFIC CCNO. NA. ARSENIC 

MAGN.!:SII..M 7.5 T. OISSOLV~O SOLIDS Nil B~RIUM 

SODIUM 53b.C TOTAL P40SPHORUS ( p' NA CADMIUM 

POTASSiuM NA SILICA (StC2) Nl\ CHPOMIUM 

8 OR ON 
NA COP PE ~ 

TOTAL AL K. 273 OISSOLVF.D CXYGEN NA LEAD 

(CAC03> BOC 
NA MERCURY 

CHLCRIDE S 3 3. G c 00 
NA SELENIUM 

SULFATE 224 Jl:'<t~ONIA (N) NA SILVER 

NITRI\TE (N} a. 2l1 T • 'jU~. SOLIDS NA ZINC 

flUCRIOE 4.44 
ALUMINUM 
BERYLLIUM 

CYMdDES NA CARBONATE HARDNESS 56.0 NICKEL 

OILIGREJISE N,ll NO,-CARBONJITE HARD. NA ANTIMONY 

PHEfiOL.i NA NA~C03 AL'<,ILI"liTY NA THALLIUM 

TOP ~A f"P,IS 
NA 

SULFIDE NA FLJISH POINT NA 

CHEP',IST: FO f\A - NOT ANALYZED NO - NOT 

* • • - • • • - • * * .. * " • " * * • .. * .. 

COPY TO: FILE 
N \. D 

-- --·-· ·- - · ---·· 

.Q~jfiWfiU'~·¥.Rif'
'ffit"r

1f''·ifK'm"t;*
1'f1'~~-~ 

KARL ~UELOENER 

E-55 

8- 2-87 

8- 5-67 

8-21-87 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

DETECTED 

* * * 



REPORT 10: 

ADDRESS: 

LOC.-LITY: 

LES 
151)( 

KC 

KANSAS DEPAPT~ENT 
OF HEALTH ~NO ENVI~ON

~ENT 

CIVISIO~ Of LAAORATORIES AND 1ESEARCH 

1NO~GANIC 
CHEMISTRY LAaOR~TORY 

TOFEKA, KANSAS 66620-H420 

LAMFE, 
fi'~JIOO~ 

RESULTS OF LA~ORATORY 
ANALYSIS 

6LACIC & V(ATCH 

LA I<E P~RKW~Y 

1"'0 64114 

LA9 NUMBE~: 80034QPT 

ACCOU~T CODE: PWS 

MATqix: WATEq 

HAYS TH #6 DEPTH: 535' 
liME COLLECTED: 1945 

COLL EC TE 0 BY: LEE NAGEOTTE 
DATE COLLECTED: 8- 2-87 

SAMPLE 10: NENES!IIl61520W 
DAfE-RECEIVED: 8- 5-87 

COMf'IENTS: HAYS DAKCTA 
t>ATE REPORTED: 8-21-87 

* * - * * • • * • • * • • • • • • * * * • • • * * 

TOTAL HPRD. 
(CACOJ) 

CALCIUM 
MAGNESil..M 

SODIUM 
POTPSSIUM 

TOTAL ALK. 
(t.IC03) 

CHLCRIOE 
SULFATE 
NllflATE (N) 

PESULTS EXPRESSED IN ~ILLIGRAMS/LITE
R 

48 

9.0 
6.1 

52 6. 5 
NA 

2 31 

PH 
TUf<qiOITY 

SPECIFIC COND. 

T • !JISSOLVF.D SOLIIJS 

TOTAL PHOSP~ORUS 
(P) 

SILICA CSI02) 

BOP ON 

DIS:lOLVED CXY!iEN 

bOC 
c uc 
A :~tv ')N IA (N) 

T. SU.1. SOLI OS 

NA 
No\ 
N~ 

NA. 
Nil. 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

IRON NA 

MANGANESE NA 

ARSENIC NA 

BAPIUM NA 

CAOMIU~ 
NA 

CHROMIUM NA 

COPPER NA 

LEAD NA 

MERCURY NA 

SEL~NtUM 
N~ 

StLVF.R NA 

ZINC NA 

1 iF L UC R 1 0 E 

5 27.0 
227 

'). 07 
4.66 

ALUMINUM NA 

\1 
CYANIDES 
OiLIGREASI: 
PHE~OLS 

TOP 
SULFIDE 

CHEf'IST: FO 

Nil 
N.A 
~I.A 

N.A 
NA 

• • ... • * * • 

COP'Y TO: FILE 
Nwl> 

• 

CMl'JO~ATE 
HARDNESS 

NOt\-C/\P'30NATE 1-' ~RD. 

N.l\~C03 ALKALINITY 

M9P S 

FLIISH POINT 

f\A - NOT ANALYZED 

• * 
, .. lr • • 

~EPYLLIUM 

48.1) NICKEL 

Nl\ ANTIMONY 

NA THALLIUM 

NA 
NA 

NO - NOT 

• * • • * • • 

t .... ,.~.-e-.-1 ... , ~••"" ...,.....,. '~~·•·
•ta~li'-

A.~\l 

KA~L f'UI:LDENER 

E·-56 

NA 
NA 
N~ 

NA 

DETECTED 

• , • 



APPENDIX F 

WELL COMPLETION AND PLUGGING SCHEMATICS 

Specialized Groundwater Engineering Services 

F-1 



TEST HOLE 1 
DERTH 

IN 
FEET 

-o A . GROUND LEVEL 
A 

- . 
p 

A 
100- ~ . 

A 
CEMENT 

- q q 

. 
200-

b 
. 
4 • i. 

-
.<l 

300- (:j' 

~· 

-
v 

&¢ INCH BOREHOLE 
400-

1:;. 

A 
-

.d 

500- li" 

<l 

-

600-

JOB: HAYS KANSAS COMPLETION HYDAOGEOLOGIST: ALN 

JOB NO.: 39-0191 DRAFTSMAN: WAS 

LOCATION: HAYS KANSAS DIAGRAM DATE: 8-31-87 

GROUNDWATER MANAGEMENT, INC. FIGURE: 

F-2 



DEPTH 
IH 

FEET 

TEST HOLE 1 

4 INCH STEEL PIPE w/CAP (2 feet 
stick-up) 

- 0 ------,.--:+; 
~ 

I FOOT STICK-UP 

~-+-,-......-------GROUND LEVEL 
A 

100 ...... 

200-

300-

400-

500-

600-

700-

JOB: HAYS KANSAS 
JOB NO.: 39-0191 
LOCATION: HAYS KANSAS 

. . 
~ 

b 
. I 

I> 
I> . 14--+------2 INCH PVC PIPE 

v. . ~ 

.t. t:> 
. 

A 
6 ..e+---- CEMENT . 

lA . 
~ 

. . d . 
~ . . 

~ . 
~ . . v 14---- ~ INCH BOREHOLE 

v 
~ 

~- ~ . 
4 
~ ,.---

0 
0 

-= -- () 
0 14--+----- 2 INCH PVC WELL SCREEN 

--- 0 
0 --=-

0 . 
0 

0 

.c 

0 
4--1----GRAVEL PACK 

0 

COMPLETION 
DIAGRAM 

HYDROGEOLOGIST: ALN 
DRAFTSMAN: WAS 
DATE: 8-31-87 

GROUNDWATER MANAGEMENT. INC. FIGURE: 

F-3 



DEPTH 
IH 

FEET 

TEST HOLE 3 

- 0 ----r-:--~---:-.,.--------GROUND LEVEL 

loo-

200-

300-

4oo-

500-

600-

700-

JOB: HAYS KANSAS 
JOB NO.: 39-0191 
LOCATION: HAYS KANSAS 

~---- CEMENT 

14---- 7~ . INCH BOREHOLE 

COMPLETION 
DIAGRAM 

HYDROGEOLOGIST: ALN 
DRAFTSMAN: WRS 
DATE: 8-31-87 

GROUNDWATER MANAGEMENT, INC. FIGURE: 

F-4 



DEPTH 
IN 

FEET 

TEST HOLE 4 

1...------. -- 4 INCH STEEL PIPE w/CAP (2 feet 
stick-up) 

,....- +--1 FOOT STICK-UP 
-

-o----.......-H H--.--------GROUND LEVEL 

100-

200-

300-

4oo-

500-

600-

700-

JOB: HAYS KANSAS 
JOB NO.: 39-0191 
LOCATION: HAYS KANSAS 

~+-----2 INCH PVC PIPE 

.-+----- CEMENT 

14----- ~ . INCH BOREHOLE 

4+-----GRAVEL PACK 

___, 
0 -...._ 

-- 0 --------

.... 

2 INCH PVC WELL SCREEN 

COMPLETION 
DIAGRAM 

HYDAOGEOLOGIST: ALN 
DRAFTSMAN: WAS 
DATE: 8-31-87 

GROUNDWATER MANAGEMENT, INC. FIGURE: 

F-5 



DEPTH 
IH 

FEET 

TEST HOLE 5 

1...-----.1--4 INCH PIPE w/CAP {2 feet 

,.--... +---1 FOOT STICK -UP 
stf ck-up) 

-
- 0 ----..,.._1-1 ~"""T""-------GROUND LEVEL 

100-

200-

300-

400.-

500-

600-

700-

JOB: HAYS KANSAS 
JOB NO.: 39-0191 
LOCATION: HAYS KANSAS 

14--r----- 2 INCH PVC PIPE 

4-t----- CEMENT 

.,...__ ___ ~ INCH BOREHOLE 

4+---- GRAVEL PACK 

14-+----- 2 INCH PVC WELL SCREEN 

COMPLETION 
DIAGRAM 

HYDAOGEOLOGIST: ALN 
DRAFTSMAN: WAS 
DATE: 8-31-87 

GROUNDWATER MANAGEMENT, INC. FIGURE: 

F-6 



DEPTH 
IN 

FEET 

TEST HOLE 6 

--4 INCH PIPE w/CAP (2 feet 
.,.__~ stick-up) 

:::::: +-- 1 FOOT ST I CK -UP 

-o----~~ 4 1-'+7-r-------GROUND LEVEL 
6 

too-

200-

300-

4oo-

500-

6oo-

700-

JOB: HAYS KANSAS 
JOB NO.: 39-0191 
LOCATION: HAYS KANSAS 

. 
~ I 

~ 
. . 

l> 
/) . ~+-----2 INCH PVC PIPE 

v. tJ 

.t. b 
. . A 

6 
. 

4-i----- CEMENT . . 
A . 

4 . . d . 
1> . . 

~ . 
) . . v 
r--:- f.--:-

14----- ~ . INCH BOREHOLE 

0 
~ . 

. 0 

• 

0 

~· ~ :::r---------.__ 2 INCH PVC WELL SCREEN 

.~~~ 
..=.c 

ri • 

0 

0 

.._+-----GRAVEL PACK 

. 0 

COMPLETION 
DIAGRAM 

HYDROGEOLOGIST: ALN 
DRAFTSMAN: WAS 
DATE: 8-31-87 

GROUNDWATER MANAGEMENT, INC. FIGURE: 

F-7 



J 

CITY OF HAYS, KANSAS 
TEST HOLE DRILLING REPORT 

TEST HOLES NOS. 7, 8, 9, AND 10 

March 4, 1988 

Prepared for 

Layne-Western Company, Inc. 
1011 West Harry Street 
Wichita, Kansas 67213 

Prepared by 

Groundwater Management, Incorporated 
610 South 38th Street 

Kansas City, Kansas 66106 
(913) 321-6236 

--- -·--=~'1]']= = '..J.i.l ' = 
~----

mcampbell
Rectangular Exhibit Stamp



SECTION 1. 

SECTION 2. 
2.1 
2.2 
2.3 
2.4 

TABLE OF CONTENTS 

EXECUTIVE SUMMARY. . . . . . . . . . . . . . . . . . . . . . . . . . 
INTRODUCTION •• . . . . .. 

BACKGROUND. . . . . . . . . . . . . . . . . . 
PURPOSE ••• ~ ••••• 
LOCATION •••••••• 
GENERAL GEOLOGY ••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 
SECTION 3. METHODS OF INVESTIGATION 

3.1 
3.2 
3.3 

DRILLING METHODS ••••••••••••••.•••••••••••• 
DRILLING SAMPLE COLLECTION AND DESCRIPTION. 
FIELD WATER SAMPLE COLLECTION AND ANALYSES. 

3.4 GEOPHYSICAL WELL LOGGING ••••••••••• . . . . . 
3. 4. 1 Gamma-Ray Log ••••••••••••••••••• 

3.5 TEST HOLE COMPLETION AND PLUGGING ••• . . . . 
SECTION 4. RESULTS •••• . . . . . . . . . . . . . . . • • . ... 

4.1 TEST HOLE NO. 7 •• . . . . . . . ... . ... 
4.2 TEST HOLE NO. 8 •• . . . . . . . . .... 
4.3 TEST HOLE NO. 9 •• . . . . . . . . . . . . • • . ... 
4.4 TEST HOLE NO. 10 •• .... . . . . . . . 

SECTION 5 .. SUMMARY •••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
SECTION 

6.1 
6.2 

6. CONCLUSIONS AND RECOMMENDATIONS. 
CONCLUSIONS ••••••• 
RECOMMENDATIONS. . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . 

REFERENCES ••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

i 

Page 

1 

3 
3 
3 
4 
4 

9 
9 

10 
11 
12 
12 

14 
14 
17 
20 
23 

27 

31 
31 
32 

34 



APPENDICES 

Page 

APPENDIX A DRILLING ACTIVITY LOG....................... A-1 
APPENDIX B GEOLOGIC SAMPLE DESCRIPTIONS................ B-1 
APPENDIX C LABORATORY ANALYSES REPORTS................. C-1 
APPENDIX D GEOPHYSICAL WELL LOGS....................... D-1 
APPENDIX E TEST HOLE COMPLETION AND 

PLUGGING SCHEMATICS.................... E-1 

FIGURES 

FIGURE 2-1 LOCATION MAP-TEST HOLE NOS. 7,8,9, AND 10... 5 
FIGURE 2-2 STRATIGRAPHIC COLUMN........................ 6 

TABLES 

TABLE 4-1 FIELD TEST RESULTS OF WATER SAMPLES 
TEST HOLE NO. 7 • .•••••••.•.•.•••...•.••.•• 15 

TABLE 4-2 LABORATORY ANALYSES RESULTS SUMMARY 
TEST HOLE NO. 7 ••.•••.•..•..•.•••.•..••.•• 16 

TABLE 4-3 FIELD TEST RESULTS OF WATER SAMPLES 
TEST HOLE NO. 8 ..••••...••......•.••...•.. 18 

TABLE 4-4 LABORATORY ANALYSES RESULTS SUMMARY 
TEST HOLE NO. 8 •.•.••.•••••••••••.•..••..• 19 

TABLE 4-5 FIELD TEST RESULTS OF WATER SAMPLES 
TEST HOLE NO. ~ ........................... 21 

TABLE 4-6 LABORATORY ANALYSES RESULTS SUMMARY 
TEST HOLE NO. 9 .••.•..•.•..•....•.••.•••.• 22 

TABLE 4-7 FIELD TEST RESULTS OF WATER SAMPLES 
TEST HOLE NO. 10 . .......................... 25 

TABLE 4-8 LABORATORY ANALYSES RESULTS SUMMARY 
TEST HOLE NO. 10 . .......................... 26 

TABLE 5-1 FORMATION INTERVALS BASED UPON 
GEOPHYSICAL LOG ANALYSES ••••••••••••••••.•••• 28 

ii 



SECTION 1 

EXECUTIVE SUMMARY 

Groundwater Management, Incorporated (GMI) was retained by the 

City of Hays, Kansas, to collect and describe drill cutting 

samples, perform field water quality analyses, collect water 

samples for laboratory analyses, supervise geophysical well 

logging, analyze geophysical well logs and report the results of 

the test hole drilling program. The purpose of this 

investigation was to evaluate the potential for a production 

well. 

Four test holes were drilled utilizing the dual-wall drilling 

method during the course of this study. The test holes are 

located within Township 13 South, Range 18 West in Ellis County. 

Geologic formations encountered during the test hole drilling 

include Pleistocene loess and Upper and Lower Cretaceous 

formations. The sandstone intervals within the Dakota Formation 

were the water bearing units of interest to the investigation. 

Test Holes Nos. 7 and 8 were plugged and abandoned following 

geophysical logging. Test Hole No. 7 was plugged and abandoned 

because of poor air-lifting productivity. The insufficient 

quantity of water available may reflect a higher degree of 

cementation within the Dakota aquifer. Test Hole No. 8 was 

plugged and abandoned due to the unacceptable results of the 

field water quality measurements. 
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Test Holes Nos. 9 and 10 were completed as observation wells 

following geophysical logging. Test Hole No. 9 showed the lowest 

calculated Total Dissolved Solids (TDS) of the four test holes, 

but laboratory analysis reports indicate nitrate (No3-N) levels 

above primary drinking water standards. Test Hole No. 10 was 

completed as an observation well because of its advantageous 

location to monitor long-term water quality. 

Future studies should focus on the area to the south and east of 

Test Hole No. 9. A long-term pumping test should be conducted to 

estimate the hydraulic characteristics of the aquifer and to 

monitor water quality during the test. 
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SECTION 2 

INTRODUCTION 

2.1 BACKGROUND 

Layne-Western Company, Incorporated and Groundwater Management, 

Incorporated (GMI) were retained by the City of Hays, Kansas, to 

drill and evaluate four test holes. 

GMI supervised test hole drilling, collected and described drill 

cutting samples, collected water samples from the water-bearing 

formation for analyses, performed field water quality analyses, 

supervised geophysical well logging, interpreted geophysical 

logs, and reported the results of the investigation. 

2.2 PURPOSE 

The objectives of the test hole drilling program were; 1) to 

obtain and interpret subsurface geologic information; 2) to 

collect water samples from the permeable portions of the Dakota 

Formation; 3) to present data and; 4) to evaluate the potential 

for a production well. 
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2 • 3 LOCATION 

Figure 2-1 is a portion of the Hays North and Hays South 7-1/2 

minute United States Geologiqal Survey topographic maps showing 

the approximate locations of Test Holes Nos. 7 through 10. The 

test holes are located within Township 13 South, Range 18 West in 

Ellis County. 

Appendix B. 

Detailed location descriptions are provided in 

2.4 GENERAL GEOLOGY 

Hays, Kansas is located within the area of a principle structural 

feature of Kansas known as the Central Kansas Uplift. The 

Central Kansas Uplift, part of an older structural element called 

the Ellis Arch or the Ancestral Central Kansas Uplift, was active 

in Mississippian time (Keene and Bayne, 1977). Figure 2-2 is the 

geologic column showing the formations that are pertinent to this 

test hole drilling program. The Central Kansas Uplift was not 

active during deposition of these formations. 

The uppermost lithologic unit encountered is undifferentiated 

loess of Pleistocene Age. Loess is a homogeneous, nonstratified 

unconsolidated deposit consisting of wind blown silt, sand and 

clay (American Geological Institute, 1976). These deposits are 

discontinuous and generally occur in upland areas where they have 

not been eroded. The rust brown colored loess is often 

incorporated into the local soil. 
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The Niobrara Chalk, the uppermost Cretaceous formation in 

southern Ellis County, consists of interbedded soft, light gray 

calcareous shale and chalk. In southern Ellis County the 

Niobrara Chalk is thin and forms a white caprock (Leonard and 

Berry, 1961). 

The Carlile Shale is a blue gray to gray brown, shale (Leonard 

and Berry, 1961). Outcrops form gentle slopes that are 

interrupted by thin beds of bluff forming limestone. The 

thickness is variable due to erosion where it is not capped by 

the Niobrara Chalk. 

The Greenhorn Limestone is predominantly thin-bedded, light-gray 

to dark-gray, chalky limestone and calcareous shale (Zeller, 

1968). Drill cuttings typically reveal fossil fragments and can 

give off a petroliferous odor. The Greenhorn Limestone has been 

reported to reach a thickness of 95 feet in Ellis county. (Zeller, 

1968). 

The Graneros Shale is composed of medium-gray to dark-gray 

shale interbedded with sandstone, siltstone, and limestone 

(Zeller, 1968). Several layers of bentonite occur within the 

formation (Leonard and Berry, 1961). The thickness of the 

Graneros Shale in southern Ellis County has been reported to be 

approximately 40 feet. 
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The Dakota Formation is composed of white, gray, red, brown and 

tan claystone, siltstone, and shale with beds of thick lenticular 

sandstone (Zeller, 1968). It has been reported to have a 

thickness ranging from 200 to 300 feet in Ellis and Russell 

Counties (Frye and Brazil, 1943). 

The stratigraphic boundary between the Lower and Upper Cretaceous 

has not been accurately placed and there is current debate as to 

the lower boundary of the Dakota Foundation (Zeller, 1968 and 

P. Allen MacFarlane, pers. comm., 1988). This report, therefore, 

will define the Dakota - Kiowa boundary based upon the boundary 

placement in the previous City of Hays, Test Hole report. to 

retain consistency. 

The Kiowa Formation consists of light gray to black siltstone and 

shale (Zeller, 1968). It can be differentiated from the Dakota 

Formation by its lack of sand grains. The Cheyenne Sandstone 

underlies the Kiowa Formation but was not penetrated during the 

course of this study. 
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SECTION 3 

METHODS OF INVESTIGATION 

3.1 DRILLING METHODS 

Test Holes Nos. 7, 8, 9, and 10 were drilled with a lOTL-lSL 

Portadrill with 4-1/2 inch O.D. dual-wall pipe. The dual-wall 

drilling method forces compressed air and water down the annulus 

between the inner and outer pipe barrels and lifts the drill 

cuttings up the inner barrel. Dual-wall drilling has a 

relatively rapid penetration rate in soft formations such as 

silt, sand, and gravel, and slow penetration rates in resistant 

formations such as clay, siltstone, and boulders. A 5-1/4 .inch 

outer diameter (O.D.) soft sediment bit was used during the 

dual-wall drilling. The drilling activity log is presented in 

Appendix A. 

3.2 DRILLING SAMPLE COLLECTION AND DESCRIPTION 

Drilling samples were collected from the dual-wall discharge 

cyclone over 10 foot intervals to the approximate upper boundary 

of the Dakota Formation. Samples were collected over 5 foot 

intervals within the Dakota Formation to the total depth of each 

test hole. The samples were described and descriptions recorded 

in the field noting depth, lithology, color, texture, and 

drilling conditions. The geologic sample descriptions for each 

test hole are presented in Appendix B. 
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3.3 FIELD WATER SAMPLE COLLECTION AND ANALYSES 

The dual-wall drilling method allows the hydrogeologist and 

driller to generally distinguish zones containing little or no 

recoverable formation water and zones containing recoverable 

formation water. Throughout this test hole drilling project, an 

attempt was made to collect water samples every 20 feet from 

potentially usable coarse-grained zones within the Dakota 

Formation. If coarse-grained Dakota Formation drilling samples 

were observed at the end of drilling each 20 foot interval, the 

driller was instructed to pull the drill stem a few inches above 

the bottom of the test hole, shut off the drilling water supply, 

and to air-lift for 2 to 4 minutes. If little or no formation 

water was produced no sample was collected and drilling 

continued. If formation water was produced, samples were 

collected in clean 5 gallon buckets and tested for pH, 

temperature, and electrical conductivity. When the pH, 

temperature, and electrical conductivity stabilized after 

repeated testing of air-lifted samples, a final sample was 

collected in containers supplied by the City of Hays and drilling 

was resumed. 

The pH was measured using a Hach pocket pH meter. The instrument 

is accurate to 0.2 pH units and was calibrated throughout the 

test hole drilling investigation. The temperature was measured 

using a glass Fahrenheit thermometer. The degree Fahrenheit 

temperature was mathematically converted to degree Centigrade. 
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The electrical conductivity was measured using a Hach 

mini-conductivity meter. The meter measures in units of 

micromhos per centimeter and is accurate to 200 micromhos per 

centimeter at readings over 1000 micromhos per centimeter. A 

general estimate can be made of total dissolved solids for most 

groundwaters from specific conductance values by multiplying by a 

factor of 0.55 to 0.75 (Driscoll, 1986). 

Water samples were collected noting pH, temperature, electrical 

conductivity, date, sample collector, time of collection, test 

hole number, approximate location, and collection depth. The 

samples were refrigerated until a City of Hays representative 

took possession of the samples. The City of Hays provided 

testing instructions to a laboratory. The water quality analyses 

reports are presented in Appendix c. 

3.4 GEOPHYSICAL WELL LOGGING 

Test Holes Nos. 7, 8, 9, and 10 were geophysically logged to 

their total depth with a gamma-ray tool. The logs were analyzed 

to verify the geologic sample log, to identify the geologic 

formations encountered in the test hole, and to estimate the 

approximate total thickness of coarse-grained material within 

each test hole. A brief description of the theory and 

application of the gamma-ray log is provided below. Copies of 

the gamma-ray logs are presented in Appendix D. 
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3.4.1. GAMMA-RAY LOG 

The gamma-ray log measures naturally occurring radioactivity of 

subsurface geologic materials. Clays and shales generally 

contain higher levels of radioactivity than do sands, gravels, 

and limestones. The gamma-ray log can be used to help 

differentiate potentially permeable zones and non-permeable 

zones. 

3.5 TEST HOLE COMPLETION AND PLUGGING 

Following completion of the logging operation of each test hole, 

the field results were discussed with a Black & Veatch 

representative. A decision was made to either plug the test hole 

or to complete the test hole as an observation well. The 

decision was based upon field measurements of specific 

conductance, the field geologic sample log, aquifer thickness and 

location. The test hole completion and plugging schematics are 

presented in Appendix E. 

If the test hole was to be plugged and abandoned, a 2-inch O.D. 

tremie pipe was lowered to the total depth through the dual-wall 

pipe. The dual-wall pipe was then pulled out of the test hole. 

Allied Cement Company of Russell, Kansas used the tremie pipe to 

pump Type I Common cement into the test hole. The tremie pipe 

was pulled out of the test hole as the level of cement rose. 
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This method provides complete cementation throughout the test 

hole without significant bridging. The test holes were filled 

with cement to approximately 2 feet below grade after settling. 

If the test hole was completed as an observation well, a 

Gardner-Denver mud rotary drilling rig with a 6-1/4 inch tricone 

roller bit enlarged the diameter of the test hole to facilitate 

proper construction of the observation well. 

The observation wells were constructed using 1-1/2 inch, Schedule 

so, flush joint, PVC casing and 0.020 inch {20 slot) screen. A 

tremie pipe was used in the placement of bentonite seals, gravel 

pack, and cement grout to prevent bridging within the hole. 

A bentonite seal using bentonite pellets was constructed from the 

total depth of the test hole to the bottom of the PVC bottom cap. 

Rich Mix "oversize" gravel pack was placed from the top of the 

lower bentonite seal to above the top of the screened interval 

(refer to schematics). An approximately 10 foot bentonite seal 

using b~ntoni te pellets was constructed on top of the gravel 

pack. Allied Cement Company pressure cemented using Type I 

Common Cement from the top of the upper bentonite seal to ground 

level. Final observation well construction included a PVC cap, 

protective steel casing with locking cap, and a cement pad. The 

observation wells were developed through air-lifting until only 

clear water was produced. 
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SECTION 4 

RESULTS 

4.1 TEST HOLE NO. 7 

Test Hole No. 7 has been interpreted to have a net coarse-grained 

aquifer thickness of approximately 60 feet based on formation 

samples and geophysical log interpretation. 

Field calculations of TDS using the calculation method outlined 

in Section 3.3 range from 536 ppm to 1650 ppm (Table 4-1). The 

sample collected at 455 feet showed fluoride (F) above the 

primary drinking water standard. The samples collected at a 

depth of 455 feet and 490 feet tested above the secondary 

drinking water standard for chloride (Cl) • All samples collected 

from Test Hole No. 7 were above the secondary standard for 

sulfate (so4) (Table 4-2). 

The static water level was measured after completion of the 

gamma-ray logging. The measurement performed with the drill pipe 

at the total depth failed to indicate any measureable water 

level. It is thought that nearly all of the water within the 

drill pipe was air-lifted after reaching the total depth. Two 

20 foot pipe sections were pulled and the water level was 

measured after approximately 10 minutes. The static water level 

measurement at that time was approximately 270 feet below ground 

level. 
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TABLE 4-1 

FIELD TEST RESULTS OF WATER SAMPLES 

TEST HOLE NO. 7 

Specific Approximate TDS range Sample Sample 

Depth Conductance (mg/l) pH Temperature Tima Date 

(feet) (umho/cm) 0.55 0.75 (C) (HHMM) (MM/DD/YY) 

Drilling 
Water 

+ 415 

+ 435 

455 

+ 475 

490 

515 

NOTE: 

980 B.2 5.5 920 12/23/87 

1135 12/23/87 

1145 12/23/87 

2,200 1,210 1,850 • 18.0 1205 12/23/87 

1225 12/23/87 

2,175 1,198 1,831 • 18.0 1250 12/23/87 

975 538 731 a.o 12.2 1805 12/29/97 

• - pH meter inoperative 
+-attempted to collect water sample, but no return 

aftar 1 to 2 minutes of airlifting 

TDS range approximation from Specific Conductance readings # 

Specific Conductance (umho/cm) • 0.55 = approximate TDS (mg/l) 

Specific Conductance (umho/cm) • 0.75 = approximate TDS (mg/l) 

# - calculation method after Driscoll, 1986 

prepared by: GROUNDWATER MANAGEMENT, INC. 
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TABLE 4-2 

LABORATORY ANALYSES RESULTS SUMMARY 
TEST HOLE NO. 7 

SAMPLE DEPTH [FEET) 

REPORTING Drinking Water 

CONSTITUENT UNITS 455 490 515 Standards 

Total Hardness [as CaC03) mg/L B2 83 191 

Calcium [Ca) mg/L 20.0 22.0 44.0 

Magnesium [Mg) mg/L 7.9 6.9 19.7 

Sodium [Na) mg/L 528.5 444.0 144.2 

Total Alkalinity [as CaC03) mg/L 382 275 95 

Chloride [Cl) mg/L 405.5 369.5 104.7 250 + 

Sulfate [S04) mg/L 274 254 279 250 + 

Nitrate [ND3-N) mg/L 1.77 2.29 2.87 10.0 * 
Fluoride [F) mg/L 4.49 2.93 1.01 4.0 • 
Carbonate Hardness mg/L 82.0 83.0 95.0 

* - Primary Drinking Water Standards 

[levels era set according to health criteria) 

+ - Secondary Drinking Water Standards 

[recommended levels to provide acceptable aesthetics and taste) 

prepared by: GROUNDWATER MANAGEMENT, INC. 
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It should be noted that the air-lifting productivity of Test Hole 

No. 7 was poor and a sufficient quantity of water could not be 

recovered at depths of 415 feet, 435 feet, and 475 feet for 

laboratory analysis. The low production may indicate a higher 

degree of cementation of the sand grains within the Dakota 

Formation. 

Based on the field water quality measurements and the low 

production rate it was decided to plug and abandon the test hole. 

The laboratory analyses of Test Hole No. 7 are presented in 

Appendix c. The test hole plugging schematic is presented in 

Appendix E. 

4.2 TEST HOLE NO. 8 

Test Hole No. 8 has been interpreted to have a net coarse-grained 

aquifer thickness of approximately l20.feet, based on formation 

samples and geophysical log interpretation. 

Field calculations of TDS using the calculation method outlined 

in Section 3.3 range from 1705 ppm to over 7500 ppm (Table 4-3). 

All samples tested above the secondary drinking water standards 

for chloride (Cl), and sulfate (so4 ) (Table 4-4). 
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TABLE 4-3 

FIELD TEST RESULTS CF WATER SAMPLES 

TEST HOLE NO • 8 

Specific Approximate TDS range Sample Sample 

Depth Conductance (mg/l) pH Temperature Time Date 

(feet) (umho/cm) 0.55 0.75 (C) (HHMM) (MH/DD/YY) 

Drilling 
Water 960 8.4 6.8 928 1/11/88 

335 3,8oo 2,090 2,850 8.1 15.5 1508 1/11/88 

355 8,800 3,740 5,10D 8.1 16.8 1520 1/11/88 

375 4,600 2,530 3,450 8.o 15.5 1530 1/11/88 

395 3,100 1,705 2,325 7.9 15.5 1545 1/11/88 

415 3,400 1,870 2,550 7.7 15.5 1800 1/11/88 

435 I 10,000+ 8.0 15.5 1815 1/11/88 

NOTE: I - offscale reading 

TDS range approximation from Specific Conductance readings • 

Specific Conductance (umho/cm) • 0.55 = approximate TDS (mg/l) 

Specific Conductance (umho/cm) • 0.75 = approximate TDS (mg/l) 

• - calculation method after Driscoll, 1986 

prepared by: GROUNDWATER MANAGEMENT, INC. 
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TABLE 4-4 

LABORATORY ANALYSES RESULTS SUMMARY 
TEST HOLE NO. 8 

SAMPLE DEPTH [FEET) 
REPORTING Drinking Water 

CONSTITUENT UNITS 335 355 375 395 415 435 Standards 

Total Hardness (as CaC03) mg/L 222 308 394 482 635 628 
Calcium (Cal mg/L 6S.o ss.o 103.5 144.5 201.5 134.0 
Magnesium [Mg) mg/L 15.6 54.8 ss.o 24.8 32.2 71.4 
Sodium [Na) mg/L 694.0 1,581.3 758.1 549.5 575.0 1 ,932.0 
Total Alkalinity [as CaCOS) mg/L 249 315 244 205 201 SOD 
Chloride [Cl) mg/L 829.8 1,795.0 1,026.0 748.1 945.9 2,415.0 250 + 
Sulfate [S04) mg/L 278 516 280 309 313 647 250 + 
Nitrate (NOS-N) mg/L 3.10 0.71 6.91 6.47 6.64 1.20 1 o.o * 
Fluoride [F) mg/L 2.21 s.68 1.87 1.22 1.04 3.31 4.0 * 
Carbonate Hardness mg/L 222.0 308.0 244.0 205.0 201.0 SDD.D 

* - Primary Drinking Water Standards 
[levels are set according to health criteria) 

+ - Secondary Drinking Water Standards 
[recommended levels to provide acceptable aesthetics and taste) 

prepared by: GROUNDWATER MANAGEMENT, INC. 
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The static water level, measured after completion of the 

gamma-ray logging with the drill pipe at approximately 2 feet 

above the total depth, measured approximately 146 feet below 

ground level. 

Based upon the field water quality measurements it was decided to 

plug and abandon Test Hole No. a. 

The laboratory analyses of Test Hole No. 8 are presented in 

Appendix c. The test hole plugging schematic is presented in 

Appendix E. 

4.3 TEST HOLE NO. 9 

Test Hole No. 9 has been interpreted to have a net coarse-grained 

aquifer thickness of approximately 65 feet based on formation 

samples and geophysical log interpretation. 

Field calculations of -TDS using the calculation method outlined 

in Section 3.3 range from 536 ppm to 825 ppm {Table 4-5). The 

samples collected at 395 feet, 455 feet, and 475 feet report 

nitrate (N0 3-N)* levels above the primary drinking water 

standards. The sample collected at 395 feet is nearly at the 

nitrate (N0 3-N) primary drinking water standards {Table 4-6). 

* Nitrate expressed as Nitrogen 
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Depth 
(feet) 

DrilLing 
Water 

395 

415 

435 

455 

475 

TABLE 4-5 

FIELD TEST RESULTS OF WATER SAMPLES 
TEST HOLE NO. 9 

Specific Approximate TDS range Sample Sample 

Conductance (mg/L) pH Temperature Time Date 

(umho/cm) 0.55 0.75 (C) (HHMM) (MM/DD/YY) 

1 ,2DO 8.2 10.5 140D 1/14/88 

1,000 550 750 8.2 15.0 1650 1/14/88 

1,100 605 825 8.1 16.7 1704 1/14/88 

1,100 605 825 8.1 16.1 1714 1/14/88 

975 536 731 7.9 16.7 1724 1/14/88 

975 536 731 7.9 15.5 1735 1/14/88 

TDS range approximation from Specific Conductance readings • 

Specific Conductance (umho/cm) * 0.55 = approximate TDS (mg/L) 

Specific Conductance (umho/cm) • 0.75 = approximate TDS (mg/L) 

*-calculation method after DriscoLL, 1986 

prepared by: GROUNDWATER MANAGEMENT, INC. 
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• TABLE 4-6 

LABORATORY ANALYSES RESULTS SUMMARY 
TEST HOLE NO. 9 

SAMPLE DEPTH (FEET) 
REPORTING Drinking Water 

CONSTITUENT UNITS 395 415 435 455 475 Standards 

Total Hardness (as CaC03) mg/L 140 233 222 281 315 
Calcium (Ca) mg/L 41.0 66.0 58.0 87.5 94.5 
Magnesium (Mg) mg/L 9.2 18.7 18.8 15.2 19.2 
Sodium (Na) mg/L 196.7 138.1 146.4 100.3 83.1 
Total Alkalinity (as CaC03) mg/L 187 153 125 216 226 
Chloride (CL) mg/L 127.4 110.7 110.7 107.0 107.5 250 + 
Sulfate (S04) mg/L 155 191 246 95 70 250 + 
Nit rate ( N03-N) mg/L 9.99 7.41 4.70 11.34 11.61 10.0 * 
Fluoride (F) mg/L 1.41 0.78 o.8o 1.41 0.50 4.0 * 
Carbonate Hardness mg/L 140.0 153.0 125.0 216.0 226.0 

* - Primary Drinking Water Standards 
(Levels are sat according to health criteria) 

+ - Secondary Drinking Water Standards 
(recommended Levels to provide acceptable aesthetics and taste) 

prepared by: GROUNDWATER MANAGEMENT, INC. 
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Attempts to measure the static water level were performed after 

the completion of the gamma-ray logging. The measurement 

performed with the drill pipe at the total depth failed to 

indicate any measureable water level. Two 20-foot pipe sections 

were pulled and a measurement was attempted after approximately 

15 minutes to allow for natural recovery of the water level. An 

accurate static water level could not be made due to the 

extremely turbid water in the drill pipe. A Layne-Western 

representative performed the static water level measurement 

approximately one week following completion of the observation 

well at Test Hole No. 9. The static water level measured 

approximately 181 feet below ground level. 

Based on the field water quality measurements it was decided to 

complete Test Hole No. 9 as an observation well. 

The laboratory analyses of Test Hole No. 9 are presented in 

Appendix c. The observation well schematic is presented in 

Appendix E. 

4.4 TEST HOLE NO. 10 

Test Hole No. 10 has been interpreted to have a net 

coarse-grained aquifer thickness of approximately 60 feet based 

on formation samples and geophysical log interpretation. 
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Field calculations of TDS using the calculation method outlined 

in Section 3. 3 range from 743 ppm to 2400 ppm (Table 4-7). 

Nearly all of the samples tested above the secondary drinking 

water standards for chloride (Cl) (250 ppm) and sulfate (so4 ) 

(250 ppm) (Table 4-8) • 

Attempts to measure the static water level in Test Hole No. 10 

failed for similar reasons as in Test Hole No. 9. A 

Layne-Western representative performed the static water level 

measurement approximately one week following completion of the 

observation well at Test Hole No. 10. The static water level 

measured approximately 268 feet below ground level. 

The laboratory analyses of Test Hole No. 10 are presented in 

Appendix c. 

Appendix E. 

The observation well schematic is presented in 
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Depth 
[feet] 

Drilling 
Water 

495 

515 

535 

555 

575 

TABLE 4-7. 

FIELD TEST RESULTS OF WATER SAMPLES 
TEST HOLE NO. 10 

Specific Approximate TDS range Sample Sample 

Conductance [mg/l] pH Temperature Time Date 

[umho/cm] 0.55 0.75 [C] [HHMM] [MM/DDIYY] 

1,000 9.4 12.2 1225 1/16/88 

1,350 743 1,013 8.2 14.4 135D 1/16/88 

2,600 1,43D 1,950 8.4 16.7 1355 1/16/88 

2,175 1,196 1,631 8.2 16.7 1405 1/16/68 

3,200 1,760 2,400 8.5 18.9 1415 1/16/88 

2,650 1,458 1,988 8.5 17.8 1425 1/16/88 

TDS range approximation from Specific Conductance readings * 

Specific Conductance [umho/cm] •·0.55 =approximate TDS [mg/l] 

Specific Conductance [umho/cm] * 0.75 = approximate TDS [mg/l] 

* - calculation method after Driscoll, 1986 

prepared by: GROUNDWATER MANAGEMENT, INC. 
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TABLE 4-8 

LABORATORY ANALYSES RESULTS SUMMARY 
TEST HOLE NO. 10 

SAMPLE DEPTH (FEET) 

REPORTING Drinking Water 

·CONSTITUEI'IT UNITS 495 515 535 555 575 Standards 

Total Hardness (as CaC03) mg/L 159 88 135 77 90 

Calcium (Cal mg/L 37.5 19.0 31.0 17.5 20.5 

Magnesium (Mg) mg/L 15.8 s.a 14.0 8.1 9.4 

Sodium (Ne) mg/L 219.0 510.5 379.5 622.5 514.0 

Total Alkalinity (ae CaC03) mg/L 93 196 172 283 228 

Chloride (Cl] mg/L 182.8 522.9 378.9 625.5 513.9 250 + 

Sulfate (S04] mg/L 265 242 263 282 267 250 + 

Nitrate (N03-N) mg/L 2.74 0.74 1.75 0.46 1.09 10.0 * 
Fluoride (F) mg/L 1.51 3.25 2.44 3.71 3.15 4.0 * 
Carbonate Hardness mg/L 93.0 BB.O 135.0 77 so.o 

* - Primary Drinking Water Standards 
(levels are set according to health criteria) 

+ - Secondary Drinking Water Standards 
(recommended levels to provide acceptable aesthetics and taste) 

prepared by: GROUNDWATER MANAGEMENT, INC. 
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SECTION 5 

SUMMARY 

The test hole drilling program performed for the City of Hays, 

Kansas, delineated a possible area for future groundwater 

development. The criteria important to the evaluation of each 

test hole site includes field measurements of specific 

conductance (converted to an estimated TDS), laboratory analyses 

of water samples, net coarse-grained aquifer thickness, character 

of the coarse-grained material (lightly-cemented sandstone versus 

heavily-cemented sandstone), and location. Table 5-l summarizes 

formation. boundaries interpreted from the geophysical logs. 

Test Hole No. 7 exhibited acceptable coarse-grained aquifer 

thickness, but a fairly high calculated TDS for economic 

treatability (Black & Veatch, pers. comm., 1988), and 

well-cemented sandstone that may reduce the aquifer's ability to 

store and transmit water. Test Hole No. 7 was plugged and the 

immediate area surrounding the location does not warrant 

additional investigations. 

Test Hole No. 8 exhibited acceptable coarse-grained aquifer 

thickness, but tested significantly higher than the secondary 

drinking water standards for chloride (Cl) and sulfate (S0 4). 

The calculated TDS of the Test Hole No. 8 samples were above the 

level of economic treatability. 
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TABLE 5-1 

Top 

Top 

Top 

Top 

Formation Intervals 

based upon geophysical 

log analysis 
( f a a t ) 

of Greenhorn Limestone 

of Graneros Shale 

0 f Dakota Formation 

of Kiowa ( ? ) Formation 

Approximate net thickness 

of Dakota Formation 

TH-7 

233 

33a 

355 

492 

60 

prepared by: GROUNDWATER MANAGEMENT, INC. 
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TEST HOLE NO. 

TH-8 TH-9 TH-10 

1 a 3 1 a 9 313 

294 29a 425 

306 313 439 

452 465 599 

120 65 60 



Test Hole No. 8 was . plugged and the immediate area surrounding 

the location does not warrant additional investigations. 

Test Hole No. 10 exhibited acceptable coarse-grained aquifer 

thickness, but TDS values above the economic treatability limits 

(Black & Veatch, pers. comm., 1988). Levels of chloride (Cl) and 

sulfate (S0 4 ) were above the secondary drinking water standards. 

Test Hole No. 10 was completed as an observation well to observe 

changes in water quality in the future. The Test Hole No. 10 

results do not warrant additional investigations in the immediate 

area. 

Test Hole No. 9 exhibited acceptable coarse-grained aquifer 

thickness, although the aquifer is interbedded with fine-grained 

material. The calculated TDS values are within economic 

treatability limits (Black & Veatch, pers. comm., 1988). The 

laboratory analyses of the Test Hole No. 9 samples indicates 

nitrate (No3-N) levels at or above the primary drinking water 

standards. 

The aquifer thickness and general water quality from Test Hole 

No. 9 warrants an additional test hole investigation to define 

the areal extent of the aquifer thickness and variability of 

aquifer water quality. 
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The water quality information contained in this report cannot be 

used to predict future water quality at the test hole locations 

under long-term pumping conditions. Investigations to evaluate 

the area's aquifer characteristics and water quality variations 

should be performed. 
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SECTION 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

* Geologic samples and geophysical log interpretation 

identified coarse-grained aquifer material within the Dakota 

Formation. 

* The net aquifer thickness and cementation of the 

coarse-grained material is variable. 

* Water quality is variable and the long-term water quality 

from a pumping well installed in the area cannot be 

determined from the limited data collected during this 

* 

study. 

Laboratory analyses show chloride (Cl), sulfate (S04 ), and 

nitrate (No3-N) levels near or above drinking water 

standards in some of the samples. 
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6.2 RECOMMENDATIONS 

The recommendations based upon the results of this investigation 

are presented below: 

* Acquire access to property in the vicinity of Test Hole 

No. 9 for additional test hole drilling to determine the 

areal extent of aquifer thtckness and water quality of the 

Dakota Formation. 

* Drill additional test holes in the vicinity of Test Hole 

No. 9. 

* Complete test holes as PVC moni taring wells to be used as 

observation points for future pumping tests and sampling 

points for water quality. 

* Should acceptable water quality and aquifer th~ckness be 

identified through the results of additional test holes, 

test production wells should be designed and installed. 

* Install a temporary test well and perform a long-term 

pumping test to determine the hydraulic characteristics of 

the aquifer and to monitor water quality. The recommended 

length of such a test is at least 7 days. Use observation 

wells to measure water levels and to monitor water quality. 
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* Obtain oil and gas location maps. Avoid drilling test 

holes, test wells or test production wells near abandoned or 

pumping oil wells. 

* Obtain appropriate permits prior to drilling activities. 
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APPENDIX A 

DRILLING ACTIVITY LOG 



City of Hays, Kansas 
Drilling Activity Log 

Test Hole No. 7 

Monday. December 21 

Travel to Hays, Kansas , prepare equipment 

Tuesday, December 22 

8:15 a.m. - Hydrogeologist on location, drilling crew picking 
up load of water 

9:15 a.m. - Label sample bags, set up equipment 
10:30 a.m. - Commence drilling 
10:45 a.m. - Pipe plugged at 40 feet, blow mud out of hole 
11:25 a.m. - Test drilling water 
12:05 p.m. - Test drilling water 
12:30 p.m. - Bit plugged at 290 feet, blow mud out of hole, 

attempt to clear bit 
1:00 p.m. - Mr. Leo Wellbrock arrives on site, discuss project 

and water sampling procedure 
2:10 p.m. - Unplug bit, break for lunch, place phone calls 
3:15 p.m. - Return to Test Hole No. 7 site, discuss observation 

well completion methods with client and driller 
4:00 p.m. - Shut down rig at 290 feet 

Wednesday, December 23 

8:00 a.m. 
8:30 a.m. 
8:45 a.m. 
9:20 a.m. 

10:00 a.m. 
10:45 a.m. 
11:35 a.m. 

11:45 a.m. 

11:55 a.m. 
12:05 p.m. 
12:25 p.m. 

12:50 p.m. 
1:00 p.m. 

- Hydrogeologist on site, set up equipment for the day 
- Drilling crew on site 
- Ream hole 
- Test drilling water 
- Resume drilling 
- Cyclone plugged at 370 feet, clear cyclone 
- Attempt to collect water sample at 415 feet; no 

return after 2 minutes of air lifting 
- Attempt to collect water sample at 435 feet; no 

return after 1 minute of air lifting 
- Cyclone plugged at 445 feet, clear cyclone 
- Collect water sample at 455 feet 
- Attempt to collect water sample at 475 feet; no 

return after a few minutes of air lifting 
- Collect water sample at 490 feet 
- Bit plugged at 495 feet, blow mud out of hole, 

check for leaky joint. Goose neck plugged; remove 
goose neck, blow out samples with air pressure 

1:45 p.m. - Cleaning goose neck 
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2:00 p.m. 

2:25 p.m. 

2:40 p.m. 
3:30 p.m. 
3:35 p.m. 
4:00 p.m. 

Drilling Activity Log 
Test Hole No. 7 

(Continued) 

- Attempt to blow out sample core in top head 
assembly; will not clear at 260 psi 

- City of Hays delivers 10 foot steel rod at driller's 
request 

- Push out samples in top head assembly with rod 
- Assemble goose neck 
- Pipe plugged at 498 feet 
- Hydrogeologist and driller decide to shut down 

operations until after Christmas Holiday. Pull 
pipe, shut down rig, lower derrick. Return to 
hotel to place phone calls 

5:00 p.m. - Return to Kansas City 

Monday, December 28 

Travel to Hays, Kansas, place phone calls 

Tuesday, December 29 

9:00 a.m. - Hydrogeologist arrives on site, rig derrick will not 
rise due to extreme cold temperature 

9:30 a.m. - Return to hotel to place phone calls, crew working 
on rig 

1:30 p.m. - Rig operating 
2:00 p.m. - Ream hole 
3:55 p.m. - Resume drilling at 495 feet 
4:05 p.m. - Collect water sample at 515 feet 
4:20 p.m. - Reach TD at 535 feet 
4:30 p.m. - Set up to perform gamma ray log 
5:30 p.m. - Make static water level measurement after pulling 

40 feet of pipe 
6:30 p.m. - Leave site 

Wednesday, December 30 

8:15 a.m. - Hydrogeologist and crew waiting for Allied Cement 
Company, crew working on rig 

3:00 p.m. - Cementing job complete, return to hotel to place 
phone calls 

4:00 p.m. - Shut down operations for New Year's Holiday 
5:00 p.m. - Return to Kansas City 
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city of Hays, Kansas 
Drilling Activity Log 

Test Hole No. 8 

Sunday, January 10 

Travel to Hays, Kansas, prepare equipment 

Monday, January 11 

8:00 a.m. - Hydrogeologist and drilling crew on location, set up 
equipment 

9:26 a.m. - Test drilling water 
10:57 a.m. - Commence drilling 
11:45 a.m. - Bit plugged at 115 feet, clear bit, discuss water 

sampling procedures with Mr. Leo Wellbrock 
12:15 p.m. - Goose neck plugged at 145 feet, disassemble goose 

neck 
12:45 p.m. - Goose neck cleared, reassemble 
12:50 p.m. - Cyclone hose clogged, clear hose 

3:08 p.m. - Collect water sample at 335 feet 
3:20 p.m. - Collect water sample at 355 feet 
3:30 p.m. - Collect water sample at 375 feet 
3:45 p.m. - Collect water sample at 395 feet 
4:00 p.m. - Collect water sample at 415 feet 
4:15 p.m. - Collect water sample at 435 feet 
4:45 p.m. - Reach TD at 455 feet 
4:50 p.m. - Set up to run geophysical log, record static water 

level 
6:00 p.m. - Leave site to write up notes and place phone calls 

Tuesday, January 12 

8:30 a.m. 

9:00 a.m. 

1:00 p~m. 

4:00 p.m. 
5:00 p.m. 

- Hydrogeologist on site, drilling crew waiting for 
Allied Cement Company 

- Write up notes, place telephone calls, travel to 
City Hall 

- Crew preparing to move rig to Test Hole No. 9 site, 
steering problem, call in local mechanic 

- Tow rig to local mechanic shop 
- Quit for the day 

Wednesday, January 13 

8:15 a.m. - Phone calls, paperwork 
11:00 a.m. - Travel to treatment plant, City Hall 

1:30 p.m. - Move equipment to Test Hole No. 9 site 
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City of Hays, Kansas 
Drilling Activity Log 

Test Hole No. 9 

Wednesday, January 13 

1:45 p.m. - Hydrogeologist and drilling crew on site 
2:00 p.m. - Test drilling water 
2:30 p.m. - Commence drilling 
4:20 p.m. - Bit andjor pipe plugged at 245 feet, clear system 
4:50 p.m. - Top head assembly and goose neck plugged, 

disassemble equipment 
5:30 p.m. - Equipment cleaned, reassemble, quit for the day 

Thursday, January 14 

8:30 a.m. - Hydrogeologist on site, drilling crew not present 
9:40 a.m. - Leave site to look for drilling crew 

10:00 a.m. - Drilling crew at local shop to repair mud pump 
11:00 a.m. - Resume drilling 
11:35 a.m. - Goose neck leaking (wash out) at 315 feet, travel to 

city shop to weld spot on goose neck 
2:50 p.m. - Resume drilling 
3:00 p.m. - Cyclone plugged at 325 feet 
3:10 p.m. - Cyclone plugged at 345 feet 
3:40 p.m. - Goose neck plugged at 375 feet, clear goose neck 
4:50 p.m. - Collect water sample at 395 feet 
5:04 p.m. - Collect water sample at 415 feet 
5:14 p.m. - Collect water sample at 435 feet 
5:24 p.m. - Collect water sample at 455 feet 
5:35 p.m. - Collect water sample at 475 feet 
5:45 p.m. - Reach TD at 495 feet 
6:00p.m. -·set up to run geophysical log 
7:00 p.m. - Pull one joint of pipe, quit for the day 

Friday, January 15 

8:00 a.m. - Hydrogeologist and drilling crew on site, 
attempt static water level measurements, no reading. 
Pull drill pipe. 

11:30 a.m. - Move to Test Hole No. 10 site 
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Friday. January 15 

City of Hays, Kansas 
Drilling Activity Log 

Test Hole No. 10 

1:30 p.m. - Set up equipment 
2:20 p.m. - Commence drilling 
3:40 p.m. - cyclone plugged at 195 feet, clear cyclone 
5:00 p.m. - Water supply depleted, quit for the day at 335 feet 

Saturday, January 16 

11:00 a.m. - Hydrogeologist and drilling crew on site 
12:25 .p.m. - Test drilling water 
12:30 p.m. - Resume drilling 
1:25 p.m. - Cyclone plugged at 440 feet 
1:50 p.m. - Collect water sample at 495 feet 
1:55 p.m. - Collect water sample at 515 feet 
2:05 p.m. - Collect water sample at 535 feet 
2:15 p.m. - Collect water sample at 555 feet 
2:50 p.m. - Reach TD at 615 feet 
3:00 p.m. - set up for geophysical logging, travel to City Hall 

to place telephone calls 
4:30 p.m. - Return to hotel to write up notes and wait for call 

from Black & Veatch 

Sunday, January 17 

Instruct crew to pull pipe, move off location. Hydrogeologist 
delivers water samples to treatment plant, returns to 
Kansas City. 
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APPENDIX B 

GEOLOGIC SAMPLE DESCRIPTIONS 



Job Number: 39-0200 

City of Hays,Kansas 
Geologic Log 

Test Hole No. 7 

Date: December 22 - 29, 1987 
Hydrogeologist: David Killen 
Driller: Randy Smith 
Helpers: David Chroup, Rodney Cleverley, Kenny Dixon, 

Lee Michaels 
Approximate Elevation (MSL): 2071 feet 
Location: NW NW NW NW Sec. 19, Tl3S, Rl8W 
Total Depth: 535 feet 

Depth (ft.) 

0 - 25 

25 - 35 

35 - 45 

45 - 60 

60 - 75 

75 - 90 

90 - 115 

115 - 255 

255 - 265 

265 - 270 

270 - 275 

275 - 290 

290 - 325 

Sample Descriptions 

No returns 

Siltstone and minor limestone, 
light brown 

No returns 

Siltstone, light brown, 
minor limestone 

Mudstone to siltstone, light 
brown to tan 

Sand, very coarse grained, 
limestone fragments and minor 
gray cray 

Mudstone to siltstone, light to 
dark gray 

Mudstone and shale, light gray to 
black 

Siltstone and limestone, light to 
dark gray 

Limestone, dark gray 

Siltstone, dark gray 

timestone, fossiliferous, medium 
to dark gray, minor siltstone 

Shale, dark gray 
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Depth Cftl 

325 - 335 

335 - 390 

390 - 395 

395 - 405 

405 - 415 

415 - 420 

420 - 435 

435 - 440 

440 - 460 

460 - 465 

465 - 489 

489 - 495 

495 - 515 

515 - 535 

TD = 535 feet 

Geologic Log 
Test Hole No. 7 

(Continued) 

Sample Descriptions 

Siltstone to fine grained 
sandstone, medium to dark gray 

Shale dark gray to black, 
slightly silty in parts, minor 
limestone fragments 

Sand, fine to very coarse grained 

Siltstone 

Shale, dark gray to black 

Shale and siltstone, dark gray to 
black 

Shale, black 

Shaley sandstone, reddish orange 

Sandstone, fine grained 
* Collect WATER SAMPLE at 
455 feet 

Siltstone 

Sandstone, lignite in parts 

Shale, light to medium gray 
* Collect WATER SAMPLE at 
490 feet 

Silty shale, light gray to black 
* Collect WATER SAMPLE at 
515 feet 

Various colored shale, 
predominately bright brownish red 

B-2 



City of Hays, Kansas 
Geologic Log 

Test Hole No. 8 

Job Number: 39-0200 
Date: January 22, 1988 
Hydrogeologist: David Killen 
Driller: Randy Smith 
Helpers: Rodney Cleverly, Kenny Dixon 
Approximate Elevation (MSL): 1991 feet 
Location: NW NW SW NW Sec. 3, T14S, R18W 
Total Depth: 455 feet 

Depth (ft.) 

0 - 35 

35 - 50 

50 - 120 

120 - 125 

125 - 130 

130 - 138 

138 - 140 

140 - 155 

155 - 170 

170 - 185 

185 - 195 

195 - 205 

Sample Descriptions 

Claystone, light to medium brown 

Sand, fine to medium grained, 
minor light brown claystone 

Mudstone to shale, medium gray to 
black, hard, fissile in parts 

Siltstone, light to medium gray 

Mudstone, medium to dark gray 

Siltstone, medium to dark gray 

Limestone, light gray, 
fossiliferous 

Mudstone to siltstone, dark gray 
to black, slightly fissile in 

Silty mudstone and limestone, 
medium to dark gray, interbe~ded 

Mudstone to silty mudstone, light 
to medium gray, very minor medium 
to coarse grained sand 

Limestone and mudstone, light to 
dark gray, interbedded, minor 
coarse grained sand 

Mudstone to siltstone, medium 
gray, becoming limey at bottom of 
interval 

----- --..... - ~ ,.,,-
::. ~tiJJJ = 

.......__ -----
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Depth (ft.) 

205 - 212 

212 - 213 

213 - 230 

230 - 234 

234 - 236 

236 - 245 

245 - 265 

265 - 270 

270 - 275 

275 - 285 

285 - 325 

325 - 445 

445 - 450 

450 - 455 

TD = 455 feet 

Geologic Log 
Test Hole No. 8 

(Continued) 

Sample Descriptions 

Limestone, light to medium tan 

Claystone, steel blue 

Mudstone, dark gray to black, 
fissile 

Mudstone, silty, dark gray 

Sand, coarse grained, brownish
orange to brownish-red 

Siltstone to mudstone, dark gray, 
fining downward interval 

Mudstone, dark gray to black 

Siltstone, light to medium brown 

Sand, medium to coarse grained 

Siltstone, medium brown 

Mudstone and siltstone, light to 
medium gray, interbedded 

Sand, fine grained 
* Collected WATER SAMPLES at 
335ft., 355ft., 375ft., 
395ft., 415ft., 435 ft. 

Light to medium tan siltstone 

Claystone, orange-red 
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Job Number: 39-200 

City of Hays, Kansas 
Geologic Log 

Test Hole No. 9 

Date: January 13-14, 1988 
Hydrogeologist: David Killen 
Driller: Randy Smith 
Helpers: Rodney Cleverley, Kenny Dixon 
Approximate Elevation (MSL): 2035 feet 
Location: E/2 W/2 W/2 NW Sec. 29, Tl2S, Rl8W 
Total Depth: 495 feet 

Depth Cft.) 

0 - 15 

15 - 45 

45 - 53 

53 - 54 

54 - 55 

55 - 65 

65 - 72 

72 - 150 

150 - 155 

155 - 190 

190 - 202 

202 - 206 

206 - 210 

210 - 225 

Sample Descriptions 

Silty claystone with fine to 
coarse grained sand grains, light 
to medium brown 

Silty claystone, medium brown 

Sandy claystone, medium brown 

Sand, fine to coarse grained 

Limestone, light gray, minor 
coarse grained sand 

Sand and gravel, fining to fine 
grained sand bottom 5 feet of 
interval 

No returns 

Shale, black 

·Siltstone, black 

Mudstone, black 

Siltstone, dark gray to black 

Mudstone, medium gray 

Siltstone, black 

Mudstone, dark gray to black, 
minor siltstone 
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Depth (ft.) 

225 - 232 

232 - 235 

235 - 240 

240 - 253 

253 - 255 

255 - 265 

265 - 267 

267 - 345 

345 - 348 

348 - 355 

355 - 360 

360 367 

367 - 369 

369 - 374 

374 - 390 

390 - 395 

395 - 435 

Geologic Log 
Test Hole No. 9 

(Continued) 

Sample Descriptions 

Siltstone, medium gray to black 

Limestone, light gray, 
fossiliferous 

Silty mudstone to siltstone, 
medium gray to black 

Shale, black 

Limestone, light gray 

Mudstone to siltstone, dark gray 
to black 

Limestone, light to gray 
limestone 

Mudstone, siltstone, limestone, 
light to dark gray, interbedded 

Sand, fine to medium grained 

Mudstone, light gray 

Shale, medium gray to black 

Siltstone, medium to dark gray 

Mudstone, very light gray 

Mudstone, light gray 

Sand, fine grained 

Mudstone, medium brown 
* Collected WATER SAMPLE at 
395 feet 

Sand, fine grained, interbedded 
with claystone and gravel, 
reddish-brown 
* Collected WATER SAMPLES at 
415 feet and 435 feet 
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435 - 445 

445 - 465 

465 - 474 

474 - 475 

474 - 495 

TD = 495 feet 

Geologic Log 
Test Hole No. 9 

(Continued) 

Sandstone, fine to medium 
grained, light tan 

Sandstone, fine to medium 
grained, light brown, interbedded 
with medium brown mudstone 
* Collected WATER SAMPLE at 
455 feet 

Siltstone, reddish-brown 

Claystone, medium gray 
* Collected WATER SAMPLE at 
475 feet 

Claystone, brownish-red 
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Job Number: 39-0200 

City of Hays, Kansas 
Geologic Log 

Test Hole No. 10 

Date: January 15-16, 1988 
Hydrogeologist: David Killen 
Driller: Randy smith 
Helpers: Rodney Cleverley, Kenny Dixon 
Approximate Elevation (MSL): 2148 feet 
Location: C SW NW SW Sec. 17, Tl3S, Rl8W 
Total Depth: 615 feet 

Depth Cft. > 

0 - 5 

5 - 15 

15 - 40 

40 - 45 

45 - 61 

61 - 66 

66 - 141 

141 - 146 

146 - 204 

204 - 206 

206 - 207 

207 - 264 

264 - 275 

275 - 295 

295 - 303 

Sample Descriptions 

Limestone, light tan 

Siltstone, light tan 

Mudstone to silty mudstone, 
medium tan 

Limestone, light to medium tan 

Claystone, light to medium brown 

Siltstone, reddish-brown 

Shale to silty shale, dark brown 
to dark gray 

Limestone, black with light green 
veins 

Mudstone to shale, dark gray 

Limestone, light tan 

Siltstone, dark gray to black 

Mudstone to shale, dark gray to 
black, minor off-white limestone, 
minor dark gray siltstone 
Siltstone, light to medium gray 

Mudstone, dark gray to black 

Mudstone and siltstone, dark gray 
to black, interbedded 
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Depth Cft.) 

303 - 308 

308 - 340 

340 - 350 

350 - 355 

355 - 359 

359 - 366 

366 - 375 

375 - 390 

390 - 394 

394 - 397 

397 - 401 

401 - 415 

415 - 440 

440 - 445 

445 - 452 

452 - 460 

460 - 470 

470 - 495 

• 

Geologic Log 
Test Hole No. 10 

(Continued) 

Sample Descriptions 

Limestone, dark gray to black 

Siltstone and mudstone, dark gray 
to black, interbedded 

Limestone, medium to dark gray 

Mudstone, dark gray to black 

Limestone, medium to dark gray 

Mudstone, dark gray 

Limestone, light to medium gray, 
fossiliferous, minor dark gray 
mudstone 

Mudstone, dark gray to black with 
light gray limestone streaks 

Limestone, light gray 

Shale, medium gray 

Limestone, light gray 

Mudstone, dark gray to black 

Mudstone, dark gray to black, and 
light gray limestone, interbedded 

Siltstone, dark gray 

Silty shale, dark gray 

Shale, dark gray 

S~ndstone, dark gray 

Siltstone, medium brown 
* Collected WATER SAMPLE at 
495 feet 

B-9 



Depth (ft. l 

495 - 515 

515 - 550 

550 - 555 

555 - 560 

560 - 568 

568 - 570 

570 - 575 

575 - 615 

TD = 615 feet 

Geologic Log 
Test Hole No. 10 

(Continued) 

Sample Descriptions 

Siltstone to fine grained 
sandstone, medium brown 
* Collected WATER SAMPLE at 
515 feet 

Sand, fine grained 
* Collected WATER SAMPLE at 
535 feet 

Claystone, light gray to medium 
brown 
* Collected WATER SAMPLE at 
555 feet 

Sand, fine grained 

Claystone, brownish-red 

Claystone, medium gray 

Sandstone, fine to medium 
grained, brownish-red 
* Collected WATER SAMPLE at 
575 feet 

Shales, various colors 
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APPENDIX C 

LABORATORY ANALYSES REPORTS 



' 
' 

r<tr'vrH TO: 
AODK.:S.i: 

.<.A.~ S ~ ~ 0 .~ P _, K f ,., ·.:.NT 0 F H >:: ~ L T 11 ~ N U ::NV I ~ 0 N 1"1: NT 

OIVI~lU~ 0F LAbUki\TURlES ~ND RESE-RCH 

I w H: ..\ ;.;1 C C rH. 'IJ I S T H L ~ d •) k:,; T 0 iH 

TJf~KA, ~A~~A~ ooo2L-d420 

· ~ES ~AMr':, lLACK ~ V~ATC~ 

1 5 :; U ,., - ~ ; v ti '- :; J L> r .-\ R <. w A Y 

LA3 NU~MER: 80152~PT 

ACCOUNT CODE: PWS 

(( M0 ~~114 M~TRIX: WATER 

TIME COLLECTED: 1205 

C~LL.:::t.T.t..v JY: l);.a.VlD K1LU•>~ \~ 

.)1\l"lf'L.t. Ll): I'Hdw.~W.HIII 'i 1 :>y{VI 

DATE COLLECT~D: 12-23-87 

DATE-R~CEIV£0: 1- 6•88 

Depth 455 feet 
D A T E .R E P 0 R T E 0 : 1-20-88 

1lf,. 11 "*""'" .... If .... ,..*""'.,* 1ir * * * *.,. * * 

T \J i A .L H 1hi D • .j2 P rt Nl\ IR0\1 NA 

lC.kCU.)) 1 J .~ ~ I ·) I f Y Nil. MANGAN ESt:. NA 

~kLCJ.U.~ !U.U ~:.~t.CltiC CO~D. No\ ARSENIC NA 

,., k u ,, .:. ::. l u .~ 7. :, T • Dl.>';;'lLVU SOLI OS N~ BARIUM NA 

SvOlJ/11 ~d.o. 5 TOT~L PriOSf'-iO'<US (I-') NA CAD..,IUM N-\ 

t' v f ;.. ·~ ::. 1 U •'I t'-JA SiL[LA (::,102) Nl\ CHROMIUM NA 

:;')K)N N~ COPPER NA 

TUfi'l1.. AL.<. .:)I~ 2 lJi5.>0LV:p Ql(Y:iE.N N4. LEAD NA 

(.:;i'\CU3) 
.,) 1.) D NA MtRCURY NA 

CHLlirdiH. 4J.5.) l )0 No\ SELENIUM Nl\ 

~ULt~lc. 2/4 A·'II"IJNiA (,\J) Nl\ SILVER NA 

N1TI<~l.: (N) 1. ( 7 T .. :,U':i. Sull D S NA ZINC NA 

fl.uurt.ll>t: ..... ..; ALUMI~U't'l NA 
Bt:.RYLLIUM NA 

CY1'thl0c.S ~~A C ,'\ ~ ~ 0 I~ A T E H~I<DNESS ~2.!) NICKEL NA 

vlL./~k.;A;t. !~A NJN-CARbONAf£ H~i<D. N.\ ANTIMONY NA 

r'I1.:.NJL;> .'1 ~ N.l,hCO~ "-U:.A!..lNI rY No\ THALLIUM NA 

TLil"' .~ ,\ 1"1 ,: ,.\) N~ 

SlJL.fHii:. NA FL.A:)H POI~T No\ 

L H c. i'o Li T : FD N.\ - NOT O.HALYZd> NO - NOT DETECTED 

.. IC * .. " IC "' .. * 1< .. * ... " * " .. .. * 
,.. * * * 

COr''1 TO: flLI:. 

1'!~ ~OLL1~.~, L.\Yilt-.N~:sTERN Cu., 1011 w. HA~RY, WICHITA 67213 

I<ArtL MJlLIJ;.iLk, .1W? 

C-1 
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.(A:~s,:., v~i-'~f\TI'ic:NT JF H.:ALT\1 •N) ~NVI~ONMENT 

DLVI)10~ JF LA~OK,TORIES ~ND iESE\RCH 

1 ~ v t lJ .~ rl L C C rl F _, I S T .< Y L 1\ q U k ~ T rJ R Y 

TJ~~~A, KAh~A~ 66o2U-o4l0 

~~~ULTS OF LA~O~ATO~Y ANA~YS15 

r( L r' v ot T T \,) : l ::. .; 1.. A :"1 t' .:. 1 r. L J\ C f(. !!. V L A T C 'i LA3 NUMS~R: 80152~PT 

ACCaU~T CODE: PWS 

A~~~~s~: 15UU M~AJU~ LA~~ P~~~~AY 

~c 
~u ~4114 MnRil(: WATER 

LU~ALlfY: HA'(.l fd-7 
TIME COLL~CTED: 1250 

(. v L L :. C T .b) J Y : [) ~ V 1 I> 0..:. l l L c 'l 
UATE COLLECT~D: 12-23-87 

t'i 
~A I'll"'~ E Ll): .~ 'tlo~ t1 t~ w oH~ 1 'I 1 :; }41v DATE-~ECEIVED: 1- 6-88 

Depth 490 feet 
DATE R!:PORTEO: 1-lO·So 

.,. ,.. ,. ,. 
,. .. • " ,. 1r .. * * * ... * ... * 

1\~~uLr;:J t,\;.>~f.':i:.;:u IN VI1LLIGR.t1'"'t~/LlTC:R 

Tl.iTk\.. rlAI'<O. .1) Prl 
N~ IR0\1 NA 

(\.1-.I.:U)J T oJ r~ ·; I D 1 T '( N~ M.I\NGANESE. NA 

(. h i...l ~ '-' o'l ..:2.0 SPrClFIC ..:o·w. N~ ARSENIC NA 

.•1 Au i~:. ~ l U i'l o.9 1 • 'J 1 'i S ~J L \1 E) ;)OLlt>S N~ aARIUM NA 

,) (j .J .l. J I' I 4!t4.U T Jl ~L PrllJ..iP~OrW:i U' > N~ CAD~IUM NA 

POl J.o. ~!:>.LUi~ NA ~ILJ.CI\ (SlO~) N~ CHROMIUM NA 

~-~vrt);,. 
N\ COPPER NA 

Jvlf.L AL!(.. 215 Ll[~)OLV~D Q ){ Y U t: I~ N.r.. LeAD NA 

(CJ.o.CCd) r.' JU 
N.\ M~RCU~Y NA 

(. H L u •< l. IJ t:. .. bY.) c J () N~ SELi:NlUM NA 

.)uLrAT~ i:.)4 ..4. •1110N I A ( r~) No\ SILVE~ NA 

·.-.llk~TC: (N) 2 • .:.9 T • ;iU:J. ;-jOL£05 N~ ZINC NA 

FL..JlirtllJC: t. • J }) 
ALUMINU~ NA 
8t.RVLLIUM NA 

CYt\l·,l.LJES NA C.l\t{90·'>JATE H'HUWi:S5 ~3.~ NICICEL NA 

UlL/...,H~.;A.:i£ NA :--JJN-CARdONATt Hf.HD. No\ ANTIMONY NA 

r' H :Jij) L :i , .. A 1\1.:-\HCO! ALI(..A_lNlTY NO\ THALLIUM NA 

fl).--1 NA t<o ">A ; 
N~ 

~uLfll..l.: 
IJA FLA)H P(llNl Nl\ 

c ht ,.d s r: FD NA - NOT I\I'IJALY2.t:D NO - NOT DETECTED 

" I( * * .. 00( • ... * "' "' "' "' * " 00( 1r "' "' "' 1r • * 

~IJr'Y Tu; flU: 
NI!.J 

~lM COlllNJ, L~Y~t-~~STEr<N CJ., 1011 ~. HA~RY, WICHITA 67213 

~A~L MJ~LUlN~k, ~w~ 
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I". A.~~,~_ D . P '" T •'i .: 1-l T J ~ H.~ A L T H "'N D F. NV I R 0 N M ~NT 

v [ 'w 1. :. i l: .~ J f L !X .. 0 i. H rJ K l t: :l -\ N) ~ E '5 E: ~ R C H 

l ·~ •J t G ~~I I C C rl t Vll ~ 11\ Y l !< ~. ·)It~ T UK '{ 

l'lt>:..<.A, KAN)A;, ODo~(,-ct.20 

,< , . S u L T S C f L A · 0 ~~ A T :J R Y A N 1\ L Y S 1 ~ 

~l~~~l TJ: L~S LM~~-' ~~LC~ ~ V=ATC~ 

1'\ v ...... : s.) : 1 '5 IJ 0 I'·:. A:; (; .~ ~- ~ J D p ~ :i 'w 1\ y 

'c M~ ~4114 

C (; L 1.. .:. (. f c. IJ :l Y : I) ~ V 1 j) K i l L ~ ,.j 

.JtHit'l..l: 11>: .~vdW~'foii~W1'1 1) JJ~ 

r v I "'1- d A.{ D • 

lU<CI./5) 

~ALl L u .•1 
:111" •J ~j _ s r u ,lj 
~u.,.LJh 

r'liJJ.:;::;lU:Ii 

fuf,..:.. AL"· 
(CACU5) 

CHLU.HI>t. 
~ULfAll: 

·-41 r "" 1 :: w > 
r=LulJr(J.~oh. 

l:YhNJ.Uc:.~ 

UJ.L./ .Jr:::.A .. l:. 

(i h .:. 1-. J L :l 

TLif" 

:'l\.ilfil>.:. 

Depth 515 feet 

1 II 

.... Ll 
1 ., • 7 

1 + 4. (' 
:~A 

1 J 4. l 
2.7<, 

!. • 'j 7 
1. J 1 

I-'d 

T'.JK dl>ITY 
~; i' ::. C 1 F 1 C C 0 ~ l> • 

T. ~l~S~L~E> SOLIDS 
T :l T ·• L P riO S P ~ 0,: US ( P) 

~lllC.-\ (.dO~) 

·' :)R )N 
D 1 ::; :i U L V t..l> f) .( Y j C. .~ 

i ') () 

c ) L) 

A .•11·'1 JIH.:. {i~) 

T .. :iUS. SOlll>$ 

CA~~UNATc n~h~N:SS 

NJN-C~kJONAfF ~~RD. 

N~HCUS ~L~A-lNlfY 

~I 1 A J 

fL~~H POINT 

N~ - NOT ~NALYZ~D 

LA3 NU~B€R: 801527PT 

ACCJUNT COO~: ~WS 

M'TRIX: ~ATER 

TIME COLLECTED: 160~ 

DATE CJLLECTFD: 12-29-87 

DATE-RECEIVED: 1- 6-88 

OATE REPORTED: 

95.J 
N ·\ 
No\ 
N~ 

N~ 

IRO"J 
MANGANESE 
ARSI::NIC 
BARIU"' 
CAD"''IUM 
C HR .'JM rUM 
COPPER 
LtAO 
MERCURY 
SELENIUM 
SILVE~ 

2.1NC 
ALUMI~U~ 

~:.RYLLIUM 

NICKeL 
ANl!MuNY 
THALLIUM 

1-20-88 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N.A 

NO - NOT DETECTED 

J< IC * Jll * " * jr 'f< "' " .. 1f 1< • • * 1< * * • * • ~ * 

COr'Y Tv: rlL.E 
N'..J J 

T l..t . ~ 0 L L I N ~ , L \ Y :~ ~~ - ·111 ..; S T t K N C 0 • , 1 U 11 W H A R ~ Y, 'IIJ I C H ! T A 6 7 21 3 

KA~L MUci..DcN:~, ,w~ 
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RECEIVED 

FEB 0 2 1938 

GROUNDWATEr? MGMT. 

~ANSAS OEPARTM~NT OF HEALTH AND ENVIRONMENT 

D!VISIOr' OF LABORI\TORIES .\NO ~ESE.~RCH 

lNO~G~NIC CHE~ISTRY
 L~BORATORY 

TUPEKA, KANSAS 66620-d42U 

K.C., I~S 

RESULTS OF LA30RATORY ANALYSIS 

REPORT TO: LES LAMPE, BLACK & VEATC~ 

ADDR:SS: 1500 MEAOOW LANE PARKWAY 

KA~SAS CITY MO ~4114 

LOCALITY: HAYS TH-8 

COLL:CTED BY: DAVID 8. <ILLEN 

SAMPLE ID: S~SWNW~WJ3141dW 
I, 

COMMENTS: Depth 335 feet 

LA3 NUMBER: 801626PT 
ACCOUNT CODE: PWS 

M~TRIX: 
WATER 

TIME COLL~CTED: 150~ 

DATE CJLLEtT::D: 

DATE-RECEIVED: 

OATE REPORTEJ: 

1-11-88 

1-15-ij8 

* • * * * * * * * * * * * * * * * ~ * * * * * * * 

RESULTS EXP~ESS~D I~. ~ILLIGRA~S/LITER
 

TOTAL HA~D. 222 PH 
N~ lR0'4 NA 

(CAC03) TLJR::3IOI fY N" MANGA:-4ESE NA 

rALCilJM o3.CJ SPeCIFIC co~o. 
N~ ARSENIC NA 

.Ai.iNcSIUM 1 5. 8 T • i>ISSOLVE) SOLIDS NA EJ\RIU~ NA 

$ODIUM 6JI4.l) TOTAL PHOSP'iORUS (p) NA CADMIUI"l NA 

POTA.iS!UM :.,A SILICA <SI02> N\ CHROMIU,tjj NA 

e!JR·JN 
No\ COPPER NA 

fCTAL .~LK. 249 DISSOLVED O<Y;iEN NA LEAD NA 

(CA~O.S) 
aoo N~ MERCURY NA 

CHLOUDE 329.8 COD N" SELeNIUM NA 

5ULFAT~ 
27d AMMONIA 00 N.\ SILIIE~ 

NA 

NITRATE (N) 3.10 T. sus. SOLIDS N\ liNC NA 

FLUOiH ll E 2.21 
ALUMI~UM NA 
d!:RYLLIUM NA 

CYANIDES ~A CARdO~ATE H'RDN~SS 
222.J NICI(EL NA 

OIL/GREASE NA NON-CAR90r~ATE HARD. NA ANTIMONY NA 

PHENOLS NA NAHC03 ALKALPU TY N~ THALLIUM NA 

fOP :~A M:JAS Nl\ 

SULFIDE ~A FLA~H POINT N~ 

CHEfo\IST: FD NA - ~OT \NALYZEO ND - N:>T DETECTED 

" ~ * "' * 

COPY TO: FILE 
o"'4WD 

• * ~ * * * ~ * * * 
,.. " * * * * * * 

T I.~ C 0 L LIN S, LAYNE- W t S TERN t 0., 1 011 lrt. HARRY, WI C H l T A 6 7 21 3 

~A~L MUELOcN£R, dWP 
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<ANSAS DEPARTMENT OF HEALTH AND ENVIlONMENT 

DIVISION OF LABOR~TORIES ~N~ ~ESE~RCH 

INORG~NIC CHE~IS
TRY L~80RATORY 

TOP:KA, KANiAS 66620-8420 

RESULTS OF LA30RATO~Y ANALYSli 

aEPORT TO: LES LAMPE, BLACK ' VEATC~ 
LAB NUMBE~: d01627PT 

ADDHESS: 1500 MEADO~ LANE PARKWAY ACCOU·:-4T CODE: PWS 

KA~SAS CITY MO ~4114 M'TRIX: wATER 

LOCALITY: HAYS TH-d 
TIME COLLECTE~: 1S20 

COLLECTED BY: OA~IO 8. KILLEN i>ATE COLLECT::D: 1-11-88 

SAMPLE 1~: SWSWNWNWJ3141dW 
DATi:-RECEIIIED: 1-15-cS8 

COI'If'IEN TS: Depth 355 feet 
DATE REPORT~D: 1-26-88 

• ~ * • * • * * * ~ • * * • * * * ~ * * * * * • * 

TOTAL HA~O. 

(CAC05) 
':ALC lU1"1 
•!AGNES IUM 
SODIUM 
POTA::iSIUM 

TOTAL AU<. 
(CAC0.5) 

CHLORIDE 
SULFATE 

- ~ITR~TE CN) 

FLUO~II>E 

CYANIDES 
OILJiiRtASE 

PHENtJLS 
TOP 
jULFID.: 

CHEMIST: fO 

RESULTS ~KPRESSED IN ~lLLIGRAMS/LlTER
 

308 

33.0 
54.8 

15j1.3 
o'iA 

315 

1715.0 
~16 

J.71 
3,.68 

NA 
NA 
NA 
·~A 

~A 

Pl-i 

TUR3IDITY 
S 0 ECIFIC CO~D. 

T. ~ISSOLVE> SOLIDS 

TJTAL PHOSP~O~US (p) 

SILIC~ (SIOZ) 
aOR:JN 
DIS50LV~D O(YGEN 
sao 
coo 
AIYIMONIA (~) 

T. SUS. SOLIDS 

CARaONATE H~RDNESS 

NON-C~RdONATE HARD. 

NAHC03 ALKALINITY 
MdAS 
fLA:lH POINT 

NA - ~OT ;NALYZED 

303.) 
N~ 

NA 
Nl\ 
N~ 

I qQII,I 

MANGA~ESE 

ARSENIC 
BARIUM 
CADMIUM 
CHROMIUM 
COPPER 
LSAD 
MERCU~Y 

SELENIU"1 
SILVER 
ZINC 
ALUMINU:tl 
BERYLLIUM 
N!CI(EL 
ANTIM.:>NY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N~· 

NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

* • * ~ * • * • * ~ k * * k * ~ * • X * W * * k * 

COPY TO: FILE 
"HID 

TI~ COLLINS, LAYNE-~ESTERN CO., 1011 W HARqy, ~ICHITA 67213 

KARL MUELD~NER, ~WP 

C-5 



KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT 

DIVISION OF LABOR,TORIES AND ~ESE~RCH 

!~ORGANIC CHE~ISTRY 
LABORATORf 

TOPEKA, KANSAS 66620-8420 

RESULTS OF LA30RATORY ANALYSIS 

REPORT TO: LES LAMPE, BLACK & VEATC~ 

ADDReSS: 1500 MEADOW LANE PARKWAY 
LAB NUMBER: 801629PT 

ACCOUNT CODE: PWS 

KANSAS CITY MO ~4114 

LOCALITY: HAYS TH-8 

COLLECTED BY: DAVID B. KILLEN 

SAMPLE ID: SWSWNWNW03141HW 

COMMENTS: Depth 375 feet 

"ATRIX: WATER 

TIME COLLECTED: 1530 

DATE COLLECTED: 

-D A T E- R E C E IV ED : 

DATE REPORTED: 

1-11-88 

1-15-88 

1-26-68 

• * * * * • * * * * * * * • * * * t * * • * * * * 

TOTAL HARD. 
(CAC03) 

":ALC IUM 
·!AGNeS lUM 
SODIUM 
POTASSIUM 

TOTAL ALK. 
(CAC03) 

CHLORIDE 
SULFATE: 
NITRATE (N) 

FLUORIDE 

CYANIDES 
OIL/GREASE 
PHENOLS 
TOP 
SULFIDE 

RESULTS EXPRESSED IN ~ILLIGRAMS/LlTER 

394 

103.5 
33.0 

758.1 
NA 

244 

1026.0 
280 

6.91 
1.87 

NA 
NA 
NA 
NA 
NA 

PH 
TUR3IDITY 
SPECIFIC CONO. 
T. DISSOLVE~ SOLIDS 
TOTAL PHOSPHORUS (p) 

SILICA (SIOZ) 
BORON 
DISSOLVED OXYGEN 
800 
COD 
AMMONIA (N) 
T. SUS. SOLIDS 

CAR30NATE H'RDNESS 
NON-CARBONATE HARD. 
NAHC03 ALKALINITY 
MSAS 
FLASH POINT 

N~ 

NA 

N" 
N~ 

NA 
N~ 

N' 
NA 
NA 
N~ 

N~ 

N~ 

244.) 
N~ 

NA 
NA 
N\ 

IRON 
MANGANESE 
ARSENIC 
BARIU,. 
CADMIUM 
CHROMIUflll 
COPPER 
LEAD 
MERCURY 
SELENIU~ 

SILVER 
ZINC 
ALUMINUr1 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUr\ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHEMIST: FD NA - NOT ANALYZED NO - NOT DETECTED 

* * * • * * * * '* * * * * " • * * * • * • * * * * 

COPY TO: FILE 
NWD 
TIM COLLINS, LAYNE-WESTERN CO., 1011 W HARRY, WICHITA 67213 

KARL MUELDENER, awP 

C-6 

., -



KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT 

DIVISION OF LABORATORIES AND RESEARCH 

INORGANIC CHE~ISTRY L~BORATORY 

TOPEKA, KANSAS 66620-8~20 

RESULTS OF LA30RATORY ANALYSIS 

REPORT TO: LES LAMPE, BLACK & VEATC~ 

ADDRESS: 1500 MEADOW LANE PARKWAY 
LAa NUMBER: 801628PT 

ACCOUNT CODE: PWS 

KANSAS CITY MO S4114 M~TRIX: WATER-

LOCALITY: HAYS TH-~ 
TIME COLLECTED: 1545 

COLLECTED aY: DAVID B. KILLEN DATE C:>LLECTED: 1-11-88 

SAMPLE I D: SWSWNWNW031418W _D A T E- R E C E IV E 0 : 1-1 5r88 · 
' ... :· .. : . . 

COMMENTS: Depth 395 feet 
DATE REPORTED: 1-26-88 

* * * * * • * * ~ * * * * • * * * * * * * * * * =* 

TOTAL HARD. 
(CACO.:D 

~ALCIUM 

1AiiNcS 1Ut1 
SODIUM 
POTASSIUM 

TOTAL ALK. 
CCAC03) 

CHLORIDE 
SULFATE 
NITRAT:: (N) 

FLUORIDE 

CYANIDES 
OIL/GREASE 
PHENOLS 
TOP 
SULFIDt: 

CHEMIST: FD 

RESULTS EXPRESSED IN ~ILLIGRA~S/LITER 

462 

144.5 
24.8 

549.5 
NA 

205 

746.1 
309 

6.47 
1.lZ 

NA 
NA 
NA 
NA 
NA 

PH 
TUR9IDITY 
SPECIFIC co .. o. 
T. DISSOLVE~ SOLIDS 
TOTAL PHOSP~ORUS (p) 

SILICA CS102) 
BORON 
DISSOLVED O(YGEN 
BOD 
coo 
AMMONIA CN> 
T. SUS. SOLIDS 

CARaONATE H'RONESS 
NON-CARBONATE HARD. 
NAHC03 ALKALINITY 
Mi3AS 
FLASH POINT 

NA - NOT ~NALYZED 

N~ 

N~ 

NA 
NA 
N~ 

N' 
N' 
NA 
N4 
NA 
NA 
NA 

205.J 
NA 
NA 
N~ 

NA 

IRO ... 
MANGANESE 
AqSENIC 
BARIUM 
C AD"'IUM 
CHROMIUM 
COPPER 
LEAD 
MERCURY 
SEL~NIUM 

SILVEt1 
ZINC 
ALUM1NUP1 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NO - NOT DETECTED 

* * * 1r * !lr * * * • * !lr * * * * * !lr * * • * • • .• 

COPY TO: FILE 
NWD 
TIM COLLINS, LAYNE-WESTERN co., 1011 W HAR~Y, JICHITA 67213 

KARL MUELOENER, BWP 

C-7 



KANSAS DEPARTMENT OF HEALTH AND ENVI~ONMENT 

DIVISION Of LABOR,TORIES AND RESE~RCH 

INORG~NIC CHE~ISTRY LABORATORY 

TOPEKA, KANSAS 66620-8~20 

RESULTS Of LA30RATORY ANALYSIS 

REPORT TO: LES LAMPE, BLACK & VEATCH 

ADDR~SS: 1500 MEADOW LANE PARKWAY 
LAB NUMBER: 801631P~ 

ACCOUNT CODE: PWS 

KANSAS CITY ~0 ~4114 

LOCALITY: HAYS TH-8 

COLLECTED 9Y: DAVID B. ~ILLEN 

SAMPLE ID: SWSWNWNW03141bW 

COMMENTS: Depth 115 feet 

M~TRIX: WATER 

TIME COLLECTED: 1600 

DATE COLLECT~D: 

-DATE-RECEIVED: 

DAlE REPORTED: 

1-11-88 

1-15i-88 

1-26-88 

* * • * * * * * * * * * * * * * * * * * * * * * * 

TOTAL HARD. 
(CAC03) 

':ALC lUM 
1AGN ES IUM 

SODIUM 
POTASSIUM 

TOTAL ALl<. 
(CAC03) 

CHLO~IDE 

SULFI\Tt 
NITRATE (N) 
fLUORIDE 

CYANIDES 
OIL/GREASE 
PHENOLS 
TOP 
SULfiDE 

RESULTS EXPRESSED IN ~ILLIGRA~S/LITER 

635 

201.5 
32.2 

575.0 
NA 

201 

945.9 
31 3 

b.64 
1.04 

NA 
NA 
NA 
NA 
NA 

PH 
TUR:HOITY 
SP-ECIFIC C 0 ~ 0. 

T. DISSOLVED SOLIDS 
TOTAL PHOSPHORUS (p) 

SILICA (5102) 
BOR'>N 
DISSOLVED O)(YGEN 
BOD 
COD 
AMMONIA (N) 
T. SUS. ~OLIOS 

CAR80NATE H'RONESS 
NON-CARBONATE HARD. 
NAHC03 AL~ALINITY 

M3AS 
FLA.iH POINT 

201.J 
N~ 

N~ 

NA 

N' 

IRON 
MANGANESE 
ARSENIC 
BARIUM 
CADt11UM 
CHROMIUM 
COPPER 
LEAD 
MERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHEMIST: FD NA - ~OT ~NALYZED 
NO - NOT DETECTED 

* * * * * * * * * * * * * * * * * * * * * * * * * 

COPY TO: FILE 
NWO 
TI~ COLLINS, LAYNE-WESTERN CO., 1011 W HARRY, ~lCHITA 67213 

KARL MUELDENER, BWP 

C-8 



KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT 

DIVISION OF LABOR,TORIES AND ~ESE,RCH 

INORGANIC CHE~ISTRY LABORATORY 

TOPtKA, KANSAS 66620-8420 

RESULTS OF LA30RATORY ANALYSIS 

REPORT TO: LES LAMPE, BLACK & VEATC~ 
ADDRESS: 1500 MEADOW LANE PARKWAY 

LAa NU~BER: 801630PT 
ACCOUNT CODE: PWS 

KA~SAS CITY MO 54114 MATRIX: WATER 

LOCALITY: HAYS TH-8 
TIME COLLECTED: 1615 

COLLECTED BY: DAVID B. KILLEN DATE COLLECTeD: 

SAMPLE lD: SWSWNWNW031418W _DATE-RECEIVED: 

COMMENTS: Depth 135 feet DATE REPORTED: 1-26-88 

* * * * * * * * * * * * * * * * * * * * * * ·* * :* 

TOTAL HARD. 
CCAC03) 

':ALCIUM 
IAGNESIUM 

SODIUM 
POTASSIUM 

TOTAL ALK. 
CCAC03) 

CHLORIDE 
SULFATE 
NITRATE (N) 
FLUORIDE 

CYANIDES 
OIL/GREASE 
PHENOLS 
TO? 
SULFIDE 

RESULTS EXPRESSED IN ~ILLIGRAMS/LITER 

628 

1 34.0 
71.4 

1932.0 
NA 

300 

2415.0 
647 

1.20 
3.31 

NA 
NA 
NA 
NA 
NA 

PH 
TUR9IDITY 
SPE.CIFIC CO~D. 

T. DISSOLVED SOLIDS 
TOTAL PHOSP~ORUS (p) 

SILICA CSI02) 
BORON 
DISSOLVED OlYGEN 
BOD 
coo 
AMMONIA (N) 
T. SUS. SOLIDS 

CARaONATE H'RDNESS 
NON-CARBONATE HARD. 
NAHC03 ALKALINITY 
M!3AS 
FLASH POINT 

Nl\ 

N' 
NA 
NA 
NA 
N~ 

NA 
N' 
NA 
N~ 

NA 
NA 

300.] 
Nl\ 
N., 
NA 
N" 

IRON 
MANGANESE 
ARSENIC 
BARIUH 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
MERCURY 
SELENIUM 
SILVER 
ZINC 
ALUMINUM 
BERYLLIUM 
NICKEL 
ANTIMONY 
THALLIUM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CHEMIST: FO NA - NOT ~NALYZEO NO - NOT DETECTED 

* * * * * * * * * * * * * * * * * ~ * * * * • * "* 

COPY TO: FILE 
NWD 
TIM COLLINS, LAYNE-WESTERN CO., 1011 W HAR~Y, ~ICHITA 67213 

KARL MUELDENER, BWP 

C-9 



I<AI~S~:> DE.PAP.Tf'IC:NT IJF H~ALTH !\NO UIVI {ONMENT 

DlVISlO~ JF LABOH~TORIES 'NO ~ESE\RCH 

l'~Oql11\NIC CHt.'~ISTRY L~RI)R'.TOP.Y 

TOP:K~, KAN)AS b66~0-~420 

~~SULTS OF LA~01ATORY A~ALYSii 

REPO~T TO: L~i LA~P~, OLACK & V~ATC~ 
A 0 DR c S S: 1 5 i) 0 M ·~A '> 0 ~ Ll\ 'H. P ~ R K W ·" Y 

LA3 NU~e~R: 801711PT 
ACCOUNT CODE: ~W~ 

KANSAS CITY MO ~4114 ~\TRI~: ~ATE~ 

LOCALITY: HAYS TH-9 TIM~ COLLECTED: 1~50 

C 0 L L.E C T E 0 BY : D A V I D B • K I L L :: N OAT!: CJLLECTt:D: 1-14-8:3 

SAMPLE. lD: 
DATE-RECEIVED: 1-ZS-JS 

COMMENTS: Depth 395 feet 
OATJ: P':PORTE'l: 

* • * * * * * * * + ~ * + ~ * • * * * * * * * * * 

TOTAL HAHD. 
(CAC03) 

CALCIUi1 
MAGNtSIU~ 

SOI>lUr-1 
POTA:iSIU.'~ 

TOTAL AL(. 
(CAC0.5) 

CHLORIDE. 
SULFATE 
NlTRATI:. (N) 
FLUORIDE 

CYANlDt.S 
OIL/I:,R EASE 
PHENOL;) 
TOP 
SULfiD:; 

H~SULTS E~PD~S5~D IN ~ILLIGRA~S/LITEP 

140 

41.0 
9.2 

1 ~ 6. 7 
I~ A 

1 !.. 7. 4 
15 5 

r~ • ~ 9 
1. 41 

!\lA 
NA 
:-.JA 
•'I.JA 
I~ A 

PH 
TURHDITY 
~PF.CIFIC CO'ID. 
T. OlSSOLV€) SOLIDS 
T~T~L PHOSP~OQUj (P) 
~il!C~ CSIO~) 

D ') q :J ,~ 

OIS~OLVED 0(Y•3E"4 

800 
(\)0 

P. "'1M JIH A ( N) 

T • .>'JS. SOLIDi 

C ..\ ~ JO ·~ A T E H \ P J N ::. S S 
NON-CAR~O~Af~ H~RO. 

N-HCU5 ALKALl~lTY 

M 'lA; 
F L.~ 3 H P Q I ~, T 

N~ 

N'\ 
Nl\ 
N\ 
N\ 
tn 
N~ 

Nl\ 
N \ 
Nl\. 

N'\ 
No\ 

14r:l.J 
rn 
N' 
N~ 

N\ 

IRO~ 

MAN:;A~ESE 

ARSENIC 
aARIU~ 

CAt>"'lUM' 
CHRJMIU~ 

COPPE~ 

li':AO 
MERCURY 
SJ;L:NIU"' 
Sll\f~~ 

ZINC 
ALUMI~L'M 

OEPYLLIUM 
NIC<EL 
/INT!MONY 
THALLIUM 

NA 
NA 
NA 
NA 
Nil. 
NA 

N
NA 
N~ 

NA 
No\ 
NA 
NA 
NA 
Nil. 
N.~ 

NA 

CHEMIST: Fl> N~ - ~OT \NALYZSD NO - NOT D:TSCTED 

* * * * ~ + * ~ * * * * + * ~ * * ~ * * * • * * * 

COPY TO: FILE. 
IHO 
T,_.. C 0 Lll N ) , l 0. Y q J:.. - W ; S f E ~ N C 0 • , 1 0 11 W 11 ~ R ~ Y , Ill 1 C H I T A 6 7 21 3 

KP.~L M0FLD~N~p, .l~~ 

C-10 



KANs•s O~P\RT~ENT OF H~ALTH ~NO ENVIqONM~NT 

DlVlSION OF L~80R~TO~IES ~ND ~ESf~RCH 

I100G~NIC CHE~ISTRY L~BU~~TOPY 

TOP~KA, KAN~AS 66620-E~20 

R~SULTS OF LAlORATO~Y A~ALYSIS 

REPORT TO: 
ADI>RtiSS: 

L!:..i LAMP.:., BLACK 
1 5 ,J 0 M 1.: A ) 0 .ol l A ~~:. 

I(A'~!lAS CITY' 

~ VcATC_. 
F ~R'<.W!\Y 

LA3 NU~SER: S01714PT 
ACCOU~T CODE: ~WS 

MO 54114 M\T!HX: wATt:~ 

LOCALITY: IHYS, TH-? TIME COLLECTED: 1704 

COLL~CTED BY: DAVID 8. ~lLL~~ DATE CJLLECTEO: 1-14-SE· 

SAMPLE. lD : S E 'i W .H~ N W 2 91 31 j w CATE.-R~CEIVED: 1-26-d.~ 

COMMENTS: Depth 415 feet DATF R:PORTED: 

* * * * * ~ * ~ * ~ + * ~ * * t * * ~ * * * * * * 

TOTAL HA~D. 

(CACU~) 

tALC[UM 
MAGNJ:S IU.'1 
!)OOlUM 
POTASSIU~ 

TOTAL ALK. 
(CACO)) 

CHLOR!Ot:. 
SULFATE 
NlTR.\TE (N) 

FLUOiHOE 

CYANIDES 
OIL/.ji\:.A:;;; 
PHEN.>LS 
TOP 
SULFIDE 

CHEMIST: f[) 

W~5ULTS EXP~ESSEO I~ ~IlLIGRA~S/LlTEF 

253 

.) 6. () 
1 f). 7 

1 ) ':,. 1 
NA 

153 

110.7 
1 ., 1 

7.41 
J.l8 

N.A 
N.A 
~lA 

iJ A 
r~ A 

py 
T 1J R -l 1 r:> I T Y 
SPECIFIC C0\10. 
T. ~~~SOLVE) ~OLIOS 

TCT'L P40~P~O~US (p) 

SlliC~ CStO") 
r-~ 1,) R J I I 
DIS'50LV-:O O(YGF'J 
,_-:, ') D 

C 0 D 
A \1 1"': J ~~ 1 A ( 1\1 ) 

T. :>U:j. SOLtOS 

C .\ H ! 0 ;~ k T E H '\ P 0 N E S S 
N~N-CAR~O~ATE H~RD. 

~~HCO~ '\LKA~I~ITY 

~I:-: A; 
FLA~H PuPJT 

N\ - NOT ~NALYZ~D 

Nil. 
N!l. 
N~ 

N-\ 
N~ 

N.\ 
N\ 
Nl\ 
N \ 
N\ 
N\ 
14 A 

153.) 
NA 
N~ 

"'~ 
N~ 

IRO~ NA 

MANGA~r:5E N~ 

A~S~NIC NA 

\3ARIUM Nil. 

CAO~IUM NA 

CHRIJMIU'WI N~ 

COPPell N~ 

LE,ao N~ 

M':RCU~Y N' 
SELENIUM NA 
«5ILIIE~ NA 

ZINC NA 

ALUMI~U'fl N~ 

BERYLLIUM NA 

NIC<EL NA 
ANTIMIJNY NA 

THALLIU"l NA 

NO - N~T DETECTED 

* * * * * * * * ~ * ~ * • • * • + ~ • * * + * + * 

COPY TO: FILE. 
NWO 

IIi;:&"' '"ft>llfj L L [ N ~ , l ~ Y ·~ E - w ':: ~ T F. q N C '1 • , 1 0 1 1 i,.., 1-4 A R ::? Y , II I C H I T A 6 7 21 3 

~A~L MUELD~N~K, JW~ 

C-11 

• 



(ANS~S DEPART~~NT OF HEALTH ~ND ENVI~ONMENT 

DIVISlO~ JF LI\~OR~TORIE5 1\N~ ~ESEaRCH 

l~ONG~NIC CHE~IST~Y L~DJRATORY 

TOP~K~, KAN5~S ob620-8~20 

R~SULTS QF LA30qATORY ANALY~l: 

R~PORT TO: LE~ LAMP~, ALACK 3 V~ATC~ 

ADOR~S3: 1~JO M~AJO~ L~NE 
0 \R(W\Y 

LA~ NU~BER: 801710PT 
ACCOU~T CODE: PWS 

<A~SAS CiTY MO ~4114 MI\T!llX: wATE~ 

LOCALITY: HAYS rH-9 TIME COLLF.CTED: 1714 

COL~~CTEO UY: DAVID 3. KILL:N DATE COLLECTED: 1-14-8~ 

SAMPLl I~: ~ESWNW~W~0131ti~ 
OATE.-RI:CEIVF.D: 1-zs-~~ 

COMMeNTS: Depth 435 feet 
'JATE REPORTED: 2- 4-88 

* ~ * * * * * ~ * • ~ * + • * • + • * * * * * * * 

R~SULTS EXP~E~~~O IN ~ILLIGRA~SILIT~R 

TOTAL HA.1U. 2~2 PY Nil. IRO'J rn 

(CACO.S> T :J p J {I){ T y 1\JS. M,\NGA~~ ESE NA 

CALClU:'I )[l.U s:..~:ciFlC CO'JD. Nl\ AI?Si:NIC Nl\ 

MAGNtiSlU1"l 1 ~ • r:, T • l)l;jSOLVE> SOLIDS N~ J?~RtUM NA 

SOOlUM 1 ... 0. 4 T •HlL P~O..lP-40?.U5 (P) N~ CAO~l'J"'1 N~ 

POTASSlU"l 'II A S!LiCil <SIC~) ~~ CHROI""IU'-1 N~ 

bOROil N\ CJPPE~ N~ 

TOTAL ALK. 125 DIS ,()I_V;;:o Q(y~;'='ll N'\ L=JIO NA 

(CAC05) 8 !) f) N \ MERCU~Y Nil 

CHLOiU DE 110.7 C JO N ·\ SELENIU~ N~ 

SULFATe 246 1\~M J!IIIA (N) N\ SILVE~ NA 

NITRI\T~ (N) 4.7() T. sus. S'1LCO$ N~ ZINC NA 

FLUOiUDE J. ·~0 
ALUMINUM Nl.\ 
O'::PYLLIUM tl\ 

CYANiDES NA c 1\ H ·\ IJ 'J AT E H~PJNcSS 1 2 5.) NIC<EL NA 

OIL/GREA':ii: NA N :) N - C '\ P. g Q :111, r E HI\RO. I'll!\ ANTH.,ONY NA 

PH~NJL:i ·\1 A Nll4':05 'Li<llL! Nl TY N \ THALLIIJII<1 1'1" 

TDP ;J A M ~f< ' N' 

SULflDI: NA FLA:>H PJ l.'lT N' 

CHEMIST: fJ) N~ - ~OT 6.Ni\LYZ!:D NO - N'JT O!:TcCTEO 

* Jt * * 
.,.. * " ~ .. ... * * .. "' .. ~ * * * * * * * 

COPY TO: FIU: 
NWD 
~ 0 L L 1 N 5 , l L\ HI F - 'A' -: S r E. R N C ~ • , 1 0 11 W • H A ~ ?.. Y, W I C H I T A 6 7 2 1 3 

KA~l M~~LD~N~~, ~w~ 

C-12 

* * 



~AN~A5 DEPARTMENT ~F HEALTH ~NO E~Vl~ON~~NT 

DiV[StON OF LA80R~TORIES AND ~~S~~RCH 

I~O~G\NIC C~E~ISTRY L~eOR~T,RY 

TOP~KA, KANiA~ 66020-8420 

R~SULTS OF LA30~ATO~Y AN~LYSI~ 

REPO~T TO: LES LAMPE, HLACK ~ V~ATC~ 

ADDRE.SS: 1500 MtA)O:.I LA•'JC PI\RI<W'-Y 
LAl NU~BSP: 801712PT 

ACCOU~T CODE: 3 WS 

KA~SAS CITY ~~ S4114 M~TQIX: WATE~ 

LOCALITY: HAYS TH-9 TIME COLLECTED: 11·24 

COLLECTED ~Y: DAVID 9. <ILL~N OllTE CJLLEC:T;:o: 1-14-ea 

SAMPLE IO: ~ESW~WNW291318W OATE-RECEIIJEO: 1-25-88 

C OMMC:N T ~: Depth 455 feet I}A H R~PORTF.D: 

* • * ~ * * * • ~ ~ • * + * * * ~ ~ * * * * * * * 

N~SULTS EKP~ESS~D [~ ~ILLIGRA~S/L~T~R 

TOTAL HAHD. 2:) 1 P"i rn IRO'f ND, 

(CACO S> TIJR~IOITY N~ MAN~ A~ ESE NA 

CALC 1Ui1 l:l7.5 SP~CiflC CO~D. NA Ar,S':IHC NA 

MAGNt;SlUM 1 5. 2 T. )l'lS:JLVt' 50LID:> Nt1 I?ARIU~ N~ 

SODlUM 1 iJO. 3 T 1Jl ~L F'HO::>P-iORUS (p) Nl\ CAD'1IUM N.A 

POTA~S!U·.., :~A SiLICA CSIO?> N~ CHRC'MIU~ NA 

t3')R)~'4 Ni\ CJPPER NA 

TOfAL AL.<. 216 or:;~oLv::o O<YuOl Nl\ LC:AD NA 

(CAC05) 800 N~ MI=RCU~Y w~ 

CHLORIDE 107.0 COD N'\ S:L:NIUII! N~ 

SULfATE ')'j A~.,~Jr~IA ("l) N\ SILVE~ ~D 

NITRATE CN) 11.34 T • :;us. SOL£0.5 N!\ ZINC NA 

fLUO~lOE 1 ... 1 ALUMI~UM N.\ 

B~RYLLIUM NA 

CYANIDES NA C. :\ R ! 0 -~A T E HHDNE.S$ 216.) NIC<EL Nil 

OlllliR~A.iE :·J A N JN-(.1\PJO\I~fE HI\RD. rJ ' ANTIMONY tiA 

PHEhJLS ·~A Ni.HC03 1\L~A ... I~ITY N~ THALLIUM NA 

TOP ~~A M::, II') Nl\ 
SULFIOE "JA FLA~H P u I~, T 1'1\ 

CHEMIST: FD N~ - NOT ~r11\LYZSD NO - NJT OeTECTE.I) 

* " * * ,.. 

COPY TO: flU. 
•'~ :tJ i) 

* * ... * 
.. .. ~ ~ .. 1- * .. .. * + * * * 

-Jo ~i't "-0 L L Hh, L ~ Y \1 E- ~ :~ S T E: ~ N C (l • , 1 011 1ti H n IH Y, N I C H IT A 6 7 21 3 
KA~L MJ~LD~NE~, ~w~ 
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~AN~~S D~PAPTM~NT OF ~~ALTY -NO ~NVI~ONM~NT 

D 1 V [ S l 0 \1 'J F L A Cl 0 R ~Tv R I t: $ ~~I D R F: SF ~ R C H 

l~O~G\NlC CHE~IST4Y L~q0R~T0Rf 

1JP·K~, K~N;~s b~~lO-e4L~ 

H~SULTS UF LAJOq~TOlY AN~LY~I~ 

REPORT TO: L~; LAMPC, bLAC~ ~ VL~TC~ 

ADDRESS: 15~0 MEAlO~ L~~l P~R(W~Y 

LA1 NU~B~R: ~01713PT 

ACCOU~T CODE: ~ws 

(A~SAS CITY ~0 ~&11~ M~l~IX: WATER 

LOCALITY: HAY5-rH-~ 
TIME COLLE:CTEO: 1735 

DATE CJLLECT::I>: 1-14-83 

SAMPU. 10: .JESW"JWNW.!<,~1)lj•..J 
•JAP:-RECEIIJ!:O: 

COMMSNTS: Depth 475 feet DAf~ REPORTED: 

TOTAL iiA .~D. 31 5 P'-1 Nl\ IRO'J NO. 

(CACO~) 
T'll\:lolTY 1\j'\ MI\NGA'H.SE NA 

CALtlU.'1 ~ t.. 5 S 0 
'- C 1 'F T C co '40. 1\1~ A~5ENIC NA 

MAGNt:SIU;Y! 1 9. z T. Jl.~SDLVL"> SOLIDS N !1. E'I\RIU"1 u~ 

SOOlUM }j.1 T -n~L PH')';P~O~US (p) rn CAD..,IIJM Nil 

POTASSIUM NA SILlC•\ (510~) N~ . C4R:l~tU-~ NA 

S r;~ ''·I N < COPPEQ NO. 

TOTAL ~Li(. (. 2 fJ ors-:or_v~o {)(y·;~'l! ~I \ LC.A!l N~ 

(CACU}) :l r~ D N \ ~lERCU~Y ~j 1\ 

CHLORIDe 1 0 7.' C., D N .\ SC:L~NIU~ Nl\ 

SULF A.l t. lU A·"':IV\JNI ~ ( N) 1-J \ SILVE~ N~ 

NURA\TC:: ern 11 • ~ 1 T. su,:. S 'J L I 0 :; N 1\ ZINC N-
FLUO.HDC. ').jlj 

ALUMI1U~ Nl\ 

R':RYLLIU~ N.\ 

CYANIDt:.S Nl\ C ~ q ~ 'VJ o\ T E HI\RI)N~SS ~ '~.) NIC<EL ~~ -\ 

OILJC.,k;:.A3E ·~A N :) N- C ~ k 3 0 ~A f E HARD. N\ A NT ti'"'ON Y NA 

PHtNIJLS ·'lA N.'\HCO) o\L'<II~l.'JITY NC\ TYALLIU'l Nl\ 

TO~ .~ ~ ,... ~A'> 
Nl\ 

SULFIDe 'I A FLII:-:4 P'1I'~T 
N'\ 

tHE.MlST: FO ·~ ... - '-lOT 1\NI\LYZED NO - NJT OET~CTEO 

* 
, * * + ... * * ... .. • * + .. * 

,. ~ • * * + * * + * 

COPY TO: FILE 

~ f •t fs ~ -.L I:~ u L .\ Y 'H. - •..J:: S T E R N C 0. , 1 011 W Y \F. H, oil CHIT o\ '> 7 21 3 

K A ~, L M U E L D :: N ,:_: P. , ·• :" J 
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KANS\S DEPARTM~NT ~F HFALT~ \ND ENVl'ON~SNT 

D!VlSlO~ JF LAPOR~TURIES -~D ~FSF~FCH 

l~O~G~NlC t~l~IST~Y L4AOR~TOPY 

TvF~K~, K~NSAS ~~6!0-P.4(0 

tCSIJLf) UF LA~ORATO~Y A'~ALYSIS 

RtPO~T T~: Lc~ LAMP~, U~ACK ~ V~~TC~ 

AODR~S~: 1j)0 M~AlO~ l~~E PARKway 
LA? ~U~~~R: 801718PT 

ACCOU~T CODE: ~ws 

(A~SAS CITY MQ S411~ M~Toi~: WATEq 

LOCALITY: HAY3, T4-1U TIM!: COLL~CTF.O: 135') 

COL~ECTED ~Y: DAVID J. K!LL~N OAfE C1LLECT~D: 1-16-85 

D~TE--Rf:CEIVEO: 1-25-~~ 

COMM~NTS: Depth 495 feet 
f)flfE ?.':PORTED: 2- 4 -d 3 

* • * * * * * * ~ ~ * * * * * * * * * * * * * * + 

R~SulfS F.XPqEss:o I~ ~ILLIGRA~S/LIT:R 

TOTAL riA RD. 159 p~ N-\ IRO'J N-

UAC0.5) TUR!.dlTY N; M~NGANESE NA 

CALCIUM .H.S 5»ECHIC C0\10. ~~ ARS.:NIC NL\ 

MAGNi:.SlUM 15.8 r. ->I",SJLV~) 50Lll')$ Nr. BARIU~ NA 

SODI•JM 219.0 T •.lT ~ L i'HO~P-40lUS (P) N'\ C.f\D"'!IUM N~ 

POTA.lSJ.\P\ .~A SILiC·\ (SIO~) N~ CHRQMIU)II NA 

p ') ~ Jf·, "n COPPC:q Nil 

TOTAL ALl<. 1.3 or:·.oLv:o O<Y'~E·"' N\ LEAO NA 

<CAC03) il OD N\ ~r-:Rr:uqv ~14 

CHLO:HDt. 1 
., ,., 

.) ,_ . ..; C JD "'~ SELO::NIU~ NA 

SULFATe 2:>5 A ._,IIi ) ~~I .IJ. (N) Nl\ SILIIE~ N~ 

NlTRATi::: on 2.74 T .. su:,. SIJL[DS Nl\ ZINr: ,, ~ 
FLUORlOE. 1 .:J 1 ALUMI\IUM NA 

~:RYLLIUM N~ 

CYANlD~S ,'J ~ c 1\ ~ ~c 'll.a T E H~RONt:S~> Q~.) NtC<EL N~ 

UlL/.iR cA.it. NA NUN-( I\;"; ~O'lAft: H~RO. N'\ ANftr~O~Y NA 

PHENOLS qA NL\HC03 ~L<A_JNITY "' ~ THALLIIJ.., NA 

TL>P NA ~1 I A" N '\ 

SULf-lDi ~~A FL/I~H P 'J PIT N!\ 

tHlMlST: fD N'\ - '~ OT ~NALYZF.D NO - NOT D::T':CTE.O 

* * • + * 

COPY TO: FlU: 
~JW) 

... ... • * ... + + 1r • + • * * * * * * * 

....... aot'" ~~lou W N :l , L ~ Y 'I f: - W :~ S r E t' N C rJ • , 1 0 11 ~~ 1-4 A. R .{ Y , -.1 I C H t T A 6 7 ? 1 ~ 

KA~l ~~~LO~N~?, 1W? 
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~ftN5~S D~P\qT~~NT OF H~ALTH ~NO ENVI~O~M:NT 

DIVISION ~F L~8UR,TORlES ~ND ~ES~\RCH 

l~QqGaN!C CHC~IST~Y l~BO
R~T~RY 

TOP~KA, KANi~i 06620-6~2~ 

R~SULTS Of LA30~ATO~Y ~NALYSI5 

REPO~T TO: LES LAMP=, 3LACK ~ V~ATC~ 

AODR~SS: 1500 M~A~OA LA~E P~P(W~Y 

LA~ ~U~B~R: 8~171SPT 

ACCJUNT COD~: ows 

<A~S~~ ClTY MO ~411~ ft1qRIX: WAfEq 

LOCALITY: H~YS fH-T/0 'TIM!: COLLI':CTED: 1 S55 

COLL~CTEO SY: DAVID l. ~ILL~N 
DATE COLLECTED: 1-16-8'3 

SAMPLE lJ: W~~S~~~17131j~ 
1-25-~~ 

COMftl tNT S: Depth 515 feet 
Dt.Tr. RC::PORTEIJ: 

R2SULTS EXP~ESS~D IN ~ILLIGRA~S/LIT~R 

TOTAL HA~D. 

(CACO.)) 
CAll.[UM 
MAGNr:::,IUM 
SODlJM 
POTA:iSIU.'I! 

TOTAL All<.. 
(CACO.)) 

CHLO~lO£ 

SULF~T~ 

NITRATi:. t~n 

FLUOIUDE:. 

CYANiDES 
Oll/.3k~A.iE 

PHE.N1JLS 
TOP 
SUlflDC: 

CHEf-HST: FD 

'3d 

1 't. u 
9.8 

510.5 
NA 

11 s 

)l2.9 
242. 

0.74 
3.25 

NA 
~!I 

rt r.. 
'4A 
r~ A 

PH 

TtJ!H l I> 1 TY 
SP~ClFIC COIJO. 
T. ~IS3~LVEl SOLIUS 
TJT~L PM05P1n~U~ (P) 

SILrC.a. (!it02> 
t> 0 ~ 'J N 

DI~;oLVt..O OHGt.N 

-~ •) 0 
c 10 
fl .., W1 N 1 A ( ~~ ) 

T • .;u~. S'>LtDS 

Cl\k:H.)'JATE: H\Pt>N::SS 

N J ~~- C \ D ;3 0 'I A rF H t\ R I>. 

M~HCU5 ~L~A~l~ITY 

M_A> 
FLA)H P)INT 

N\ - ~OT ~N~LYZED 

NA. IRO~ N~ 

N~ M~NGANESE Nil 

N~ A~S~NIC NA 

Nl\ e.ARIU"' "'" N ., CAO~IUM Nl.\ 
N~ C,_.ROMIU"1 N!!, 

N ~, COPPER N~ 

NA. LEAO NA 

r1 ll Mff!CU~Y Nl\ 

N\ SF.L':NIU.., NA. 

N~ SIL~ER NA 
NA ZINC NA 

ALU'1I"'UM Nf4 

8Ein'LLIUM Nl\ 

~:!.1 NIC<F.!.. NA 

N l A"'TIMO'IIY Nl\ 

N~ T,_.ALLIUM Nl\ 

N~ 

N\ 

NO - N1T DET~CTEO 

* * * * * * * * ~ ~ * + * * * + • * * * • * * * 

COPY TO: FlLE 
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KANS-S D~P~RT~:~r UF H~ALTH \NO FNVI~ON~ENT 

DIVISION OF LAOOR~T~RI~S lNO ~ESf~qcH 

I~OqG~NIC CYf~IST~Y L~t1R~TQRY 

T:>P:Ktl., K.AN)A~ 666~Q-P!t2rJ 

R~SULTS OF LA~OPATU~Y ANALY~I~ 

REPuiH TO: LE) LA~F-:-, rJLPC'< 'S VC:.A,fC-i 
ADDk=S~: 15)0 McA)O~ LA~~ P~P(W~Y 

LA3 NU~BER: d0171~PT 

ACCOU~T CODE: ~ws 

<A~SAS CITY ~Q ~411• M~T~I~: ~ATE~ 

LOCALITY: H.HS TH-;.1 /0 

COLL~CTEO JY: DAVID U. l(lll~tl OArE C)LLECTC:D: 1-16-8.:> 

SAMPLE 10: WJW~WSW171311W 
D.AfF.-R!:.CtiVFO: 1-c!S-d8 

COMMeNTS: Depth 535 feet OArJ: P:.PO~TEO: 

* * * * * ~ * ~ * • ~ * + * * * * * * * * • * * * 

TOTAL HARD. 
(CACOJ) 

CALCIUM 
MAuNE~lU"l 

SOOliHI 
POT ASS I U,., 

TUTAL ALK. 
(CACO.S> 

CHLORIDE 
SULFATe 
NITRATe (N) 
FLUOiUOE 

CYANIDES 
OILJ,jRtA.iE 
PHENOL:i 
TOP 
SULflD:. 

1 :) 5 

; 1. 0 
14.1.) 

3 7 'i • ., 
;~A 

1 7 2 

1 • 7 5 
i..44 

NA 
NA 
~~A 

:'-lA 
~~A 

PY 
TIJR!LOITY 
s~f.crnc co·~o .. 
T. JLSiLVU .>OLIOS 

TQT;l ~YO~P~OqUS (P) 

SIL[I.r\ CSIO?> 
l_l!)PJI~ 

DIS~\JLV::O O<YGPJ 
d ')I) 

c IJ D 
A ·\ 11, J r Jl P ( N ) 

T • ) u '; • 5 IJ L I D s 

(ADiO~AT~ H-PON~Si 

NUN-CA2~0NATE HARD. 
N~HCO~ ~LKA~!NITY 

M lA j 

F L P 'H f' 0 I 'IT 

N!\ 

N\ 
tJl\ 
N~ 

Na. 
Nl\ 
rn 
~n 

N' 
N ·\ 
N'\ 
N~ 

11:5.) 
N~ 

N' 
rn 
N~ 

IR0'4 
MI\NGA~ESE 

ARSENIC 
8AR[U~ 

Cl\D~IUM 

CHRJ~IU._, 

C'JPPE~ 

L~AO 

,.u:qcuRY 
SELI:NIU14 
SIL\IEq 
ZINC 
ALUM!~U'I 

BERYLLIUM 
NIC<EL 
ANTIMONY 
THALLIU~ 

Nl\ 
N.A 
NA 
rl A 
No\ 
NA 
N;\ 

Nf\ 
N.~ 

NA 
Nl\ 
NA 
N14 
Nf\ 
Nl\ 
NA 
NA 

CHt.Ml~T: FD N~ - ~OT ~NALYZ~D ND - NOT O~TSCTE~ 

* * * ~ • * * • * • + * • * * * ~ • * * ~ * * • * 

COPY TO: FILE 
NWJ 
Ww4o.k~-4.1N5, L~YNE.-W .. ~T~RN CQ., 1011 W H.aPJY, JICHITA ~7213 

KA{l MU~LD~~~R, JW~ 
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i<A,~S~S D:D~~TM·=Nr OF HEALTH ~Ni1 ENVI=\ONM:::NT 

DiViSIO~ JF L~BOk~TORIES AN) ~ES~\RCH 

l~ORG~NIC CHE~IST~Y L~qoR~TOR
f 

TOP:K~, K~N5AS 666ZO-e~2~ 

R~PO~T TO: ~iS LAM~~, B~ACK ~ Vl-TC~ 

ADDR~S3: 15JO MEAlUA LANE P~RKWAY 

LA 1 "lUIII8ER: 80171 ~PT 
ACC~U~T CODE: ?WS 

<A~S~S CITY MO ~411~ M~TRIX: ~ATE~ 

LOCALITY: HAYS, T~-10 
TIME COLLECTED: 141; 

COLL~CTED ~V: D~V!D e. KILL~N OATE COLLFCT::D: 1-16-8~ 

SAMPLE 10: ~~W~WSW17131~W 
D.AT!:.-RECEIVED: 

COMftleNTS: Depth 555 feet 

R~SULTS EXP~~5Sf0 IN ~lLLIG~A~S/LllfR 

TOTAL HAHD. 77 p~ 
N ·\ IRO~ Nl\ 

(CACO.)) TUR1l')l TY N~ MAN(;ANE.SE NA 

CALCIUM 17.5 S•.,tCHIC CO\ID .. Nil. ARS~NIC NA 

MAGN::SIU~ 8" 1 T. ~13SULVF.> )0LlDS N~ 8ARIU~ NA. 

SOD hiM o22.5 T'1T:\L f'HO~P~I)qU'i (p) N ~ C .A 0 ~I 'J Nl NA 

POTA.>SlU:'fl ~o SILICA CSIO!> N\ CHRJMIU"' NA. 

~'lR>"J "U COPPE:q, NA 

TOTAL All<. 4:d3 D tS )QLV ~0 O<YGE"4 NA L~AO NA 

(CAC03) i:l 'J 0 N~ Mt.RCURY "'~ 

CHLOrHL>t. 625.) C •JO N~ SELENIU\'1 N ,i~ 

SULFATE ~d2 A'1fw'l!)NIA ("') 
p.p SILVEQ N\ 

NITRATE CN> :) • 46 T. :.iUS. SOLID~ N~ ZINC NA 

FLUORlOE ) • 71 ALUMI~U~ NA 
BERYLLIUM NA 

CYANIDES ;,j A Cl\IU')IJATE IH~ON::Ss 7 7. ) NIC<EL NA 

OIL/GRt:A.if. :~ ~ N •J ~ - t 1\ o 1 0 ~4 A f t: H~RD. N ~ .ANTIMONY NA 

PHE.NvLS 'lA Nu.HCO~ 4L'<A~INITY N ·~ TH.6LLIU'1 NA 

TOP :~A ,.1 J A :i N4. 

SULfiDE. :-JA FL!\">H P'JI'H N\ 

CHcMl.&T: f(l NA - ~OT ~N~LYZE.D '\10 - NOT DETECTEO 

* .. * • fit * .... * + .. 1' .... + .... + ... ., • * * * * * 

COPY T:>: FILE: 
N\oliJ 
M I .. 6 L t f~ L .; Y ·'I f. - W ~ S T E 1 N C ') • , 1 0 11 1.\1 H .~. R H , ~ I C H IT A 6 7 21 3 

~AHL MU~LD~N~R, ~~~ 

C-18 

+ + 



~ANS-S 0~ 0 ~RT~:NT OF H~ALTH ~~0 ENVI~ON~~NT 

UlVISIO~ )F LAHOR~TURIE~ 4NO ~E~~\~CH 

l~OPG\NIC CHl~JST 0 Y l~8~R~TORt 

TOP:KA, K-N~A5 6~6?0-E~20 

R~SULTS CF LA~O~~TORY A~ALY~I~ 

R~PO~T TO: L~~ LAMP:, ?LACK ~ V~ATC~ 

ADDH~SS: 15J9 MEAlO~ LA~E PGR<WAY 
L~~ NU~8~R: rl01717PT 

ACCOU~T CODE: ~ws 

KA~SAS CCTY MJ S4114 M\TPI~: WAT~~ 

LOCALITY: H~YS fH-10 TIMC COLL~CTED: 1~25 

COLLECTtO ~Y: DAVID ~. ~ILL:N DATE CJLLECTEO: 1-16-P3 

SAM~LE lU: ..JN..JSI.I~w1 11)1 qW OAH-P~CEIVED: 1-25-~13 

COMMtNTS: Depth 575 feet OAT~ PEPORTED: 

* * * * * "* ~ * ~ ... + .. * + * + .. * * * * * ..... * 

TOTAL HARD. .fO p ·~ ~H I~O'J NA 

(CAl.O.S> T :J R 1 l ) I T Y N'l M ~N G A 'IE S E NA 

CALCIUM 20.5 SPfCIJ:JC (~)II (1 • r J ·l A~S~NIC r1 A 

MAbNE:JlU·"' 9.4 T • )l,:,.:.;QLVl:" jULIOS N~ 8 .1\P IUM NA 

SOD l J•'1 514.0 fiJT "L P~O'jf>-4"~U5 (p) tl ' CAD~IUM N~ 

?OTA.lSIUIII tJ.~ S!LIC.\ CSIO~> Ni\ CHROMIU~ N4 

-:'OR J~l N\ COPPE~ NA. 

TOTAL ALK. 27.8 DlS'("~LV·:o 0 (Y GE.'~ "~ 1\ Lf:AO No\ 

(tAC03) ~oo N'\ ME~CU~Y N" 
CHLO~IDE 51 3. ',1 c 1 f) "'l\ SEL!:NIUI'II N~ 

SULFATE 267 A'11'i1JN!rl PJ> N !\ S I Llf E ;~ N~ 

NITRATe (N) 1 • 09 T. )U). S'lLfDS Nl\ ZINC ~, .&. 

FLUO~!OE 3.15 .~LUMI"'UM NA 
AE.RYLLIUM N.&. 

CYANIDES N~. C.~o-lo·~ATf. HHDN~SS 0 d. J NIC<EL "'A 
OlL/:iRC.A:iE .~~ N'J N - C ..\ R :lO ~~ A H. H4RO. N<\ ANTIMONY NA 
PHE:NQLS NA No\HCO~ lLKA_J~ITY Nt\ THALLIUM NA 
TOP NA ~· lA ~ N'\ 

SULFlO= IIJA FLASH POitn rn 

CHt.MlST: FD N\ - ·wr IHJ~LVZED NO - WlT OFT":CTC:!> 

* * * * * 
COPY TO: FlLE 

NWO 

.. * ... * .. -lr • 1> " .. "' * ... • * 
., 

* * 

TI~ COLLIN;, L•YNE-WC~T[~N CJ., 1011 W HAR~Y, ~ICHITA 67213 
(ARL MJELOENiR, jW~ 
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APPENDIX D 

GEOPHYSICAL WELL LOGS 

* Formation boundaries correlated from 
Kansas Geological Society type logs. 
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! J I i I !I CITY OF HAYS, KANSAS :! II 

1! j I · Test Hole No. 9 : j I · 
Lj . January 14 , 1966 W 

~~~~ . ![ 1 . GAMMA RAY LOG - ~ - _ 

I I I I Range 5 
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APPENDIX E 

TEST HOLE COMPLETION AND PLUGGING SCHEMATICS 



TEST HOLE NO. 7 

0 -------,~--~-~--------------

100 -

-

200 -

1- -
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~ 

z - 300 -
::1: 

ti: 
LIJ 
0 -

400 -
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JOB: HAYS KANSAS 
JOB NO.: 39-0200 
LOCATION: HAYS KANSAS 

A 
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<J ·\> . 
. 

. t7 . 
~ - 5-t11 BOREHOLE 

. . ~ 
v . 

4 . 
. A 

. 

. 6 

T.D • • 535' 

COMPLETION 
DIAGRAM 

HYDROGEOLOGIST: DBK 
DRAFTSMAN: WRS 
DATE: 2-16-BB 

GROUNDWATER MANAGEMENT, INC. FIGURE:E-1 
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TEST HOLE NO. 8 

0 ------~--~-----------------

100 -

200 -
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JOB: HAYS KANSAS 
JOB NO.: 39-0200 
LOCATION: HAYS KANSAS 
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6. 

T.D. - 455' 

COMPLETION 
DIAGRAM 

BOREHOLE 

HYDROGEOLOGIST: DBK 
DRAFTSMAN: WAS 
DATE: 2-16-BB 

GROUNDWATER MANAGEMENT, INC. FIGURE:E-2 
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TEST HOLE NO. 9 
PVC CAP LOCKING CAP 

100-

200 -
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logs 

OF 	KANSASTHE STATE 

STATE BOARD OF AGRICULTURE DIVISION OF WATER RESOURCES 
Sam Brownback, Secretary David L. Pope, Chief Engineer-Director 

NUMBEd07'(J,6 Hays City Reference #3-14 

APPLICATION FOR PERMIT TO 

APPROPRIATE WATER FOR BENEFICIAL USE 


Filing Fee Must Accompany the Application 


(Please refer to Fee Schedule on back side of application form.) IrMY ~~ 


To the Chief Engineer-Director of the Division of Water Resources, Kansas State Board of Agriculture: 
'~);'":~~~i\C ': 

~ 
Comes now the applicant ~ The City of Hays ._____________ whose post office 

address is P.O. Box 490 - 16th & Main - Hays, KS 67601 (913) 625-2815 
(Zip Code) 	 (Telephone Number) 

and makes application to the Chief Engineer-Director of the Division of Water Resources, Kansas State Board of 

Agriculture, for a permit to appropriate for beneficial use such unappropriated --"~='-'-"'=~=-______ 
(surfaee water or groundwater) 

as may be available in Big Creek Basin 	 in the county of _==-=-==-_______ 
(name of stream or drainage basin) 

state of Kansas, to the extent and in accordance with the particulars hereinafter described: 

1. The quantity of water desired is in the amount of 121 acre fee""-t,,,--:_~---,-_____ per calendar 
(acre feet or million gallons) 

year, 	 to be diverted at a maximum rate of 200 gpm (planned pumping method is 12 hrs •. on/12 hrs. off). 
(gallons per minute or cubic feet per second) 

2. The location of the proposed wells, pump sites or other works for diversion of water is 

Note: 	If the source of supply is groundwater, a separate application must be filed for each well or battery 
of wells, except as provided for in Kansas Administrative Regulation 5-3-1. See back side of application 
form for additional information. 

(A) One in the __ quarter of the __--"<::""w'--__ quarter of the ___ SE--"s,.,w'--__ 	 -'-'-'"'-__ quarter 
~K19 

Beginning at the SE corner, 2,490 ft. West and 
---====--------- County, Kansas. 330 ft. North of the South line. 

~ One in the _______ quarter of the _______ quarter of the _______ 

of Section __-'-"--_, Township 	 14 South, Range ______ West, 

qu~rt~r
J2.asr 

~.-= ...... of Section Township South, Range ______ West, 

, r.;::'> fi::'~ 


<.:{(f;,..,.'-",'.,----------- County, Kansas. 

t.:~\-~ 

in the quarter of the quarter of the quarter 
East 

, Township South, Range ----- West, 

" ,,' /' 	 County, Kansas. 

oil wells are within 100 ft. of proposed production wells. Oil well data 
are attached (where applicable) which were used to assist in locating 

water bearing formation. 

mcampbell
Rectangular Exhibit Stamp



3. The water is intended to be appropriated for: 

Amount 	 Amount 

(a) Domestic use 	 Industrial use 

(b) Stockwatering Ilse (f) Recreational use 

(g) Water Power use (c) Municipal use ( X) 

(d) 	 Irrigation use (h) Artificial Recharge 
(check intended Ilse or uses and show intended amount for each use) 

4. If for municipal use, attach tables or curves showing past, present and estimated future population and 

water 	requirements of the area to be served. The area to be served is _________________ 

see justification supplement 
(if additional space is needed, use attached sheet) 

5. If for stockwatering, industrial, artificial recharge, water power or recreational use, attach tables or curves 

showing past, present and estimated future water requirements. The legal description of the location where water 

is to be used is __~!1~(~ti~____________________________-------------------------------____ 
space is needed. use attached sheet) 

6. If for irrigation use, (a) supply the name and address of each landowner; (b) supply the legal description 
of the lands to be irrigated; (c) designate the actual number of acres to be irrigated in each forty acre tract or 
fractional portion thereof: 

NAME: ___________________________________________________Landowner of Record-

ADDRESS: ___________________________________________________ 

I I I SW'/4 SEV, 

Sec. T""1l' Range Total 

:-IE'/, I :-IWV, swv, I SEV, I :-IEv,1 NWV, • SWlf, i SElf, I NE'/4 . :-IWI/4 ! sw\I, I SElf, NEl,4 Nwlf, I swV. SElf, 
. i i. 

! I I I J I 
! I 

i 
! II i CI'.l1Y 01 HAYS AND V CIN TY I 

I I I I I I 
! 

II 

NAME: _________________________________________________Landowner of Record-

ADDRESS: _________________________________________________ 

i 
I I 

i
NEV, NvV1A SW'/4 SElf, 

JSec. Twp, Range 
! 

Total 

NWif,j 5W\I.1 SElf< ; NE';. : NWV, 1 5W'/; : SElf< INElf< I NW'/4 • SW'/4 I SEV, ) NEV,! NWI/4 j 5WV. 
i 

NE1/-! 5EV, 

I I i 
i i I 
I i 

I 
! ! 
I 

I 

I I i I 

I I 
ii I 

NAME: ___________________________________________________Landowner of Record-

ADDRESS: _________________________________________________ 

.'lEY. NWlf, i SW'/4 
I 

SEl,4 

Sec, Twp. Range .1 Total 

I NEll.' NWl,4 I SW'I. : SEV. NElf< : I\WV, ) SW'/4 SElf, NEV. "!WI/4 I SW1/'\ SElf. I NE'/4 NW'I. SW'I. JSEh 
• I 

I 
I i I I 

I J I 
i I 

! I I 
I I ! 

I Ij I I 

I I I j I i I _'i_ I J 



one (1) sv ~rsible pump and municipal7. The works for diver "of water will consist of 

distribution 
of wells, pumps or clams, etc.) 

and (~) (will be) completed (by) __----L_-'-.~.:...9~9~2__________...___________. 
{Date each was or wilt be completed) 

8. The 	first actual application of water for the beneficial use proposed was or is estimated to be ____ 

(Dale) 

9. Please indicate if any pesticide or fertilizer will be injected into the water pumped from the diversion 

works. Yes No If] 

10. This application shall be accompanied either by a detailed plat prepared from an actual survey. topographic 

map 	or by an aerial photograph of the area. 

The plat, topographic map or aerial photograph shall show: (See back side for additional required information). 

(a) 	 Location of the proposed point or points of diversion 

(b) Location 	of the pipe lines, canals, reservoirs or other facilities for conveying water from the point of 
diversion to the place of use 

(c) 	 If for irrigation, show the location of the land proposed to be irrigated 

(d) 	If for industrial or other use, show the location of the land where water will be used. 

11. 	 List any application, File Number and describe any vested right which covers the same diversion points 

or 	any of the same land described in this application: 

on file for shallow (not Dakota)The of has other 

12. Furnish following well information when proposed appropriation is for use of groundwater. If well has 

not been completed give information obtained from test holes, if available. 

Information below is from: Test holes ( X ) Well as completed ( 

Well location as shown in paragrpah No. 2 (A) (B) (C) 

Date drilled ....................................... . 4-28-92 

Total depth of well................................ 546 ft._______________ 
top of Dakota 368 ft. 

Depth to water bearing formation ..to.p ..of. . s.and'""-__--'4""8 t__________~.....4=-....f ..... 

Depth to static water leveL ...................... . 261 5 ft. ________ 

Depth to bottom of intake pipe ................ .. 546 ft 

Type of fuel ....................................... . electric 

13. 	 The relation of the subscriber to this application is that of _-"'~:.=:...;"--_____________, 
(owner, tenant, agent or otherwise) 

and he is authorized to make this application in behalf of the interest affected. 

t£ 
 . 	 L:;ffi f. J

Dated 	at ~';/;J/ Kansas this '- day of _--LI-,·'2,-1·.I..~.....$..:..H::::::r·-----, 19 q..,7 " 	 ~ fI ~ 

Assisted by _______________________ 



FEE SCHEDULE 

1. The fee for an application for a permit to appropriate water for beneficial use, except for domestic use, shall 

be: (See below if requesting storage). 
ACRE-FEET 	 FEE 

0-100 	 S100.00 
101-320 	 $150.00 
More 	than 320 $150.00 plus $10.00 for each additional 

100 acre-feet or any part thereof. 

2. 	 The fee for an application in which storage is requested, except for domestic use, shall be: 
ACRE-FEET 	 FEE 

0-250 	 $100.00 
More 	than 250 $100.00 plus $10.00 for each additional 

250 acre-feet of storage or any part 
thereof. 

Note: 	If an application requests both direct use and storage, the fee charged shall be as determined under No. 
1 or No. 2 above, whichever is greater, but not both fees. 

3. 	 The fee for an application for a permit to appropriate water for water power purposes shall be $100.00 plus 
$200.00 for each 100 cubic feet per second, or part thereof, of the diversion rate requested. 

Note: 	Except for works constructed to appropriate water for domestic use, the applicant shall notifY the Chief 
Engineer-Director and pay the statutorily required field inspection fee of $200.00 when construction of the 
works for diversion has been completed. 

MAKE CHECKS PAYABLE TO THE STATE BOARD OF AGRICULTURE 

Additional Information, Paragraph No.2 

If the source of supply is groundwater, a separate application shall be filed for each proposed well or battery of 
wells, except that up to four (4) wells within a circle with a quarter mile radius in the same local source of 
supply which do not exceed a maximum diversion rate of twenty (20) gallons per minute per well and which are 
operated by means of submersible pumps may be included in a single application. 

A battery of wells is defined as two (2) or more wells connected to a common pump by a manifold; or not more 
than four (4) wells in the same local source of supply within a three hundred (300) foot radius circle which are 
being operated by pumps not to exceed a maximum of two hundred (200) gallons per minute per well which 
supply water to a common distribution system. ' 

Additional Information, Paragraph No. 10 

The application must be supplemented by a U.S.C.S. topographic map, aerial photograph or a detailed plat 
showing the information indicated in (a), (b), or (d) of paragraph No.9. The location of the proposed point 
of diversion (wells, stream-bank installations, dams, or other diversion works) should be plotted as described in 
Paragraph No. 2 of the application and show the North-South distance and the East-West distance from a section 
line or section corner, In the case of groundwater, please show the location of any existing water wells of any 
kind within 1/2 mile' of the proposed well or wells. Identify each well as to its use and furnish the name and 
mailing address of the property owner or owners. If there are no wells within liz mile, please advise us. If the 
application is for surface water, the names and addresses of the landowner(s) liz. mile downstream and liz mile 
upstream from your property lines must be shown. The location of the proposed place of use should be shown 
by crosshatching on the topographic map, photograph or plat. On the topographic map, plat or photograph, identify 
the center of the section, the section lines or the section corners and show the appropriate section, township and 
range numbers. A 7.5 minute U.S.C.S. topographic map may be obtained by providing the section, township and 
range numbers to: Kansas Ceological Survey, 1930 Avenue A, Campus \Vest, University of Kansas, Lawrence, 
Kansas 66044. A suitable photograph can be obtained from the Dept. of Agriculture, \Vestern Laboratory, Salt 
Lake City, Utah, through your local ASC Office of the Dept. of Agriculture and should be to a scale of 1 inch 
equals 1320 feet. 

CONVERSION FACTORS 

1 acre-foot equals 325,851 gallons 

DWR 1-100 (Revised 6-1-89) 1 million gallons equal 3.07 acre-feet 

Rev. 6-89 
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THE STATE 	 OF KANSAS 


STATE BOARD OF AGRICULTURE DIVISION OF WATE~JJ!J;";~q'g}:~qI2:~,1.,;'c~:; 
Sam Brownback, Secretary David L. Pope, Chief Engineer-Difectof1' 

Hays 	City Reference #3-18 

APPLICATION FOR PERMIT TO 

APPROPRIATE WATER FOR BENEFICIAL USE 


Filing Fee Must Accompany the Application 


(Please refer to Fee Schedule on back side of application form.) 


To the Chief Engineer-Director of the Division of Water Resources, Kansas State Board of Agriculture: 

(Inx. ) 

Comes now the applicant (Mx.) _-=T::.:hc:.:e",--,C::::;l.:::..'t!::.yL-.::=.o=.f-=:H""a:.Ly-"'s'-_____________ whose post office 


address is P.O. Box 490 - 16th & Main - Hays, KS 67601 (913) 625-2815 
(Zip Code) (Telephone Numher) 

and makes application to the Chief Engineer-Director of the Division of Water Resources, Kansas State Board of 

Agriculture, for a permit to appropriate for beneficial use such unappropriated -::lg"'-r~o:.;:!u!.!.!n~d!..llw:.li:a~t:.::e""'r'________ 
(surface water or groundwater) 

as may be available in Big Creek Basin 	 in the county of _-"""'~~_______ 
(name of stream or drainage basin) 

state of Kansas, to the extent and in accordance with the particulars hereinafter described: 

1. The quantity of water desired is in the amount of _ ..... 6""0'--""a""'c,..,re'----"fe.."e t"--_______1.... .... ... ..... 	 per calendar 
(acre reet or million gallons) 

year, to be diverted at a maximum rate of 250 gpm (planned pumping method is 12 hrs, on/12 hrs. off) 
(gallons per minute or cubic feet per second) 

2. The location of the proposed wells, pump sites or other works for diversion of water is 

Note: 	If the source of supply is groundwater, a separate application must be filed for each well or battery 
of wells, except as provided for in Kansas Administrative Regulation 5-3-1. See back side of application 
form for additional information. 

(A) 	 One in the ___NWI.lUIi.___ quarter of the __...uNWW-___ quarter of the __---"S;uE"'--__ quarter 
K:X'9t 

of Section Township 14 South, Range 18 West, 
Beginning at the SE corner, 2,442 ft. West and 

--'=="'--------- County, Kansas. 2,313 ft. North from the South line. 
_______ quarter of the ______ quarter of the ______ quarter 

East 
Township South, Range West, 

-4,----------- County, Kansas. 

the ______ quarter of the ______ quarter of the ______ quarter 
East 

;OI;>,,~eICtl(m _____, Township South, Range West, 

~7----------- County, Kansas. 

;('iJ'~*_*N6 oil wells are within 100 ft. of proposed production wells. Oil well data 
logs are attached (where applicable) which were used to assist in locating 
water bearing formation. 

mcampbell
Rectangular Exhibit Stamp



3. The water is intended to be appropriated for: 

Amount 	 Amount 

(a) Domestic use 	 (e) Industrial use 

(b) Stockwatering use 	 (f) Recreational use 

(c) Municipal use (X) 160 acre feet (g) Water Power use 

(d) 	 Irrigation use ( ) (h) Artificial Recharge ( ) 
(check intended use or uses and show intended amount for each use) 

4. If for municipal use, attach tables or curves showing past, present and estimated future population and 

water requirements of the 	area to be served. The area to be served is _________________ 

see justification supplement 
(if additional space is needed, u.e aUil<hed .heet) 

5. If for stockwatering, industrial, artificial recharge, water power or recreational use, attach tables or curves 

showing past, present and estimated future water requirements. The legal description of the location where water 

is to be used ~ _N_I_A______________~~~---~--~~-------------
space is sheet) 

6. If for irrigation use, (a) supply the name and address of each landowner; (b) supply the legal deSCription 
of the lands to be irrigated; (c) designate the actual number of acres to be irrigated in each forty acre tract or 
fractional portion thereof: 

NAME: ________________________________________________Landowner of Record-
ADDRESS: _________________________________________________ 

NEY. NWlf, SWv. SElf, 

Sec. Twp. Range Total 

NEY. NWlf, SWJ;.. SElf, NElf, NWlf, SWlf, SElf. NElf. NWY, SWlf, SElf, NEll. NWlf, SWlf, SElf, 

cr rry 0 f<' HA iTS A ~D V CIN~TY 

NAME: _________________________________________________Landowner of Record-

ADDRESS: _________________________________________________ 

SWlf, SElf. 

Sec. Twp. Range Total 

SEY. I NEY, I Nwlf. SElf. I NEll' I NW'A I swlI. 

NAME: _________________________________________________Landowner of Record-

ADDRESS: _________________________________________________ 

NE'A NWJ;.. swY. SEll. 

Sec. Twp. Range Total 

NEV, INWv.1 SWlf.1 SEY. 	 NEll. INWlI.1 SWlI.1 SElf. NEll. INWv.1 SWlI.1 SEll. NElf·1 NW1/·1 SWlf, I SElf, 



7. 	 The works for divel of water will consist of one (1) su] _'sible pump and municipal 

distribution system 
(Number of wells. pumps Or dams, etc.) 

and 	~~(will be) completed (by) _-"'.J"""ul:.Jy,---!1...L.---,-,19::o..:9::..!:2~__________________ 
(Date each was or will be completed) 

8. The first actual application of water for the beneficial use proposed was or is estimated to be ____ 

(Date) 

9. Please indicate if any pesticide or fertilizer will be injected into the water pumped from the diversion 

works. Yes No I!l 
10. This application shall be accompanied either by a detailed plat prepared from an actual survey, topographic 

map 	or by an aerial photograph of the area. 

The plat, topographic map or aerial photograph shall show: (See back side for additional required information). 

(a) 	 Location of the proposed point or points of diversion 

(b) 	 Location of the pipe lines, canals, reservoirs or other facilities for conveying water from the point of 
diversion to the place of use 

(c) 	If for irrigation, show the location of the land proposed to be irrigated 

(d) 	If for industrial or other use, show the location of the land where water will be used. 

11. 	 List any application, File Number and describe any vested right which covers the same diversion points 

or 	any of the same land described in this application: 

The City of Hays has other applications on file for shallow (not Dakota) 

wells in Big Creek Basin. 

12. Furnish follOwing well information when proposed appropriation is for use of groundwater. If well has 

not been completed give information obtained from test holes, if available. 

Information below is from: Test holes ( X ) Well as completed ( 

Well location as shown in paragrpah No.2 (A) (B) (C) 

Date drilled ....................................... . 3-25-92 

510 ft.Total depth of well ............................... . 
top of Dakota 321 ft. 

Depth to water bearing formation .. top. af..sanu.d___.J...a--l..J....o.._ft418 

Depth to static water leveL ...................... . 	 239 5 f:t. 

510 ft.Depth to bottom of intake pipe ................ .. 


Type of fuel ....................................... . electric 


13. The relation of the subscriber to this application is that of __aa.g~en..........t_:--_____-:--_____ 

(owner. tenant, agent or otberwise) 

and he is authorized to make this application in behalf of the interest affected. 

Dated at , IS-·t!:;.·- day of --L-1-"-)....:.·~-=7.:::;..,::;.:- 19£2,.·f(~'7 /.? 	 _____,Kansas, this 

&~ t<""~7V1, .J-.::-:5 

Assisted by ______________________ 



FEE SCHEDULE 

L 	The fee for an application for a permit to appropriate water for beneficial use, except for domestic use, shall 

be: (See below if requesting storage). 
ACRE·FEET 	 FEE 

0-100 	 $100.00 
101-320 	 $150.00 
More than 320 	 $150.00 plus $10.00 for each additional 

100 acre-feet or any part thereof. 

2. 	 The fee for an application in which storage is requested, except for domestic use, shall be: 
ACRE·FEET FEE 

0-250 $100.00 
More than 250 $100.00 plus $10.00 for each additional 

250 acre-feet of storage or any part 
thereof. 

Note: 	If an application requests both direct use and storage, the fee charged shall be as determined under No. 
1 or No. 2 above, whichever is greater, but not both fees. 

3. 	 The fee for an application for a permit to appropriate water for water power purposes shall be $100.00 plus 
$200.00 for each 100 cubic feet per second, or part thereof, of the diversion rate requested. 

Note: 	Except for works constructed to appropriate water for domestic use, the applicant shall notify the Chief 
Engineer-Director and pay the statutorily required field inspection fee of $200.00 when construction of the 
works for diversion has been completed. 

MAKE CHECKS PAYABLE TO THE STATE BOARD OF AGRICULTURE 

Additional Information, Paragraph No.2 

If the source of supply is groundwater, a separate application shall be filed for each proposed well or battery of 
wells, except that up to four (4) wells within a circle with a quarter (1/4) mile radius in the same local source of 
supply which do not exceed a maximum diversion rate of twenty (20) gallons per minute per well and which are 
operated by means of submersible pumps may be included in a single application. 

A battery of wells is defined as two (2) or more wells connected to a common pump by a manifold; or not more 
than four (4) wells in the same local source of supply within a three hundred (300) foot radius circle which are 
being operated by pumps not to exceed a maximum of two hundred (200) gallons per minute per well which 
supply water to a common distribution system. 

Additional Information, Paragraph No. 10 

The application must be supplemented by a U. S. G. S. topographic map, aerial photograph or a detailed plat 
showing the information indicated in (a), (b), (c), or (d) of paragraph No.9. The location of the proposed point 
of diversion (wells, stream-bank installations, dams, or other diversion works) should be plotted as described in 
Paragraph No.2 of the application and show the North-South distance and the East-West distance from a section 
line or section corner. In the case of groundwater, please show the location of any existing water wells of any 
kind within lIz. mile' of the proposed well or wells. Identify each well as to its use and furnish the name and 
mailing address of the property owner or owners. If there are no wells within 112 mile, please advise us. If the 
application is for surface water, the names and addresses of the landowner(s) 112 mile downstream and 112 mile 
upstream from your property lines must be shown. The location of the proposed place of use should be shown 
by crosshatching on the topographic map, photograph or plat. On the topographic map, plat or photograph, identify 
the center of the section, the section lines or the section corners and show the appropriate section, township and 
range numbers. A 7.5 minute U.S.G.S. topographic map may be obtained by providing the section, township and 
range numbers to: Kansas Geological Survey, 1930 Avenue A, Campus West, University of Kansas, Lawrence, 
Kansas 66044. A suitable photograph can be obtained from the Dept. of Agriculture, Western Laboratory, Salt 
Lake City, Utah, through your local ASC Office of the Dept. of Agriculture and should be to a scale of 1 inch 
equals 1320 feet. 

CONVERSION FACTORS 

1 acre-foot equals 325,851 gallons 

DWR 1-100 (ReVised 6·1·89) . 1 million gallons equal 3.07 acre-feet 

Rev. 6·89 
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RECEIVED
THE STATE 	 OF KANSAS 

JUL 	1 3 \992 
t=i<lkl OlHce 

Division of Water ;:\SSOurce:; 

STATE BOARD OF AGRICULTURE DIVISION OF WATEl{."'RE\SOURCES 
Sam Brownback, Secretary David L. Pope, Chief Engineer-Director 

Hays 	City Reference #3-13CNUMBER ~{?70 ¥
.'. ':."". APPLICATION FOR PERMIT TO 


APPROPRIATE WATER FOR BENEFICIAL USE 

Filing Fee Must Accompany the Application 


(Please refer to Fee Schedule on back side of application form.) 


D~\:'~~i~OI', 

To the Chief Engineer-Director of the Division of Water Resources, Kansas State Board of Agricultu}fi:· 

Comes now the applicant ~~~ _-'T"-'h"'e"'----C=i-"t:.Ly---!:o'-"f::.......!H~a~yz...;s~______________ whose post office 

address is P.o. Box 490 - 16th & Main - Hays, KS 67601 (913)·625-2815 
(Zip Code) 	 lfelephone Number) 

and makes application to the Chief Engineer-Director of the Division of Water Resources, Kansas State Board of 

Agriculture, for a permit to appropriate for beneficial use such unappropriated groundwater 
(surface water or groundwater) 

as may be available in Big Creek Basin 	 in the county of ----"'E""'l...l....i...s"--_______ 
(name of stream or drainage basin) 

state of Kansas, to the extent and in accordance with the particulars hereinafter described: 

1. The quantity of water desired is in the amount of _--L1.l.16""0'--"a.."c""r~e~f ......... t'_::_-_::__----- per calendar
...e e... 
(acre reet or million gallons) 

year, 	to be diverted at a maximum rate of 250 gprn <planned pllmpjng method is 12 hrs. on/12 hrs. off) 
(gallons per minute or cubic feet per second) 

2. The location of the proposed wells, pump sites or other works for diversion of water is 

Note: 	If the source of supply is groundwater, a separate application must be filed for each well or battery 
of wells, except as provided for in Kansas Administrative Regulation 5-3-1. See back side of application 
form for additional information. 

(A) One in the ____N_E__ quarter of the ____N_W__ quarter of the __S_W____ quarter 
JO[~ 

of Section 13, Township _____---=-1-=4______ South, Range 19 West, 
Beginning in the SE corner, 4,580 ft. west 

Ellis County, Kansas'and 2,210 North from the South line. 

"""""'","-, (~One in the _______ quarter of the 	 quarter of the _______ quarter 

~. ~.t~J!~ ~~:;>?f Section ____, Township _____________ South, Range ______ ~!~t 
• ~~i~... ~~~'-"!/',. \ . 

.,.~", qj ~/' rr4f"'T i1",\ fJ~~,~_" ('~" .... 
":'~;J' ,.... 	 ,,'.1 ;",;'..' "",, '. -.p~:'::_"+.----------- County, Kansas. 
~~.. f 	 I~~ 1f :_ ~ , : \. Q \ 

1 ," / " £jF: RIt (~~}f in the quarter of the quarter of the quarter
M:,V 1 5 1992 I . East

/,2f ectIOn ----, Township ------------- South, Range ______ West, 
..: ./ /~:: ,... ./..~;::~:<~~~-,I'-I----------- County, Kansas. 

", !. tii}~FNb' oil wells are within 100 ft. of proposed production wells. Oil well data 
, -"'.";'-.:;-r-~....,,.,....-::_""..... 

logs are attached (where applicable) which were used to assist in locating 
water bearing formation. 

mcampbell
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3. The water is intended to be appropriated for: 

Amount 	 Amount 

(a) Domestic use 	 (e) Industrial use 

(b) Stockwatering use 	 (f) Recreational use 

(c) Municipal use ( X) 160 acre feet (g) Water Power use 

(d) 	 Irrigation use ( ) (h) Artificial Recharge ( ) 
(check intended use or uses and show intended amount for each use) 

4. If for municipal use, attach tables or curves showing past, present and estimated future population and 

water requirements 	of the area to be served. The area to be served is _________________ 

see justification supplement 
(if additional space is needed, use attached sheet) 

5. If for stockwatering, industrial, artificial recharge, water power or recreational use, attach tables or curves 

shOwing past, present and estimated future water requirements. The legal description of the location where water 

is to be used is _-uNL/~A~____________-=-=_~__~~~__~~~~___________________ 
(if additional space is needed. us. attached ,heet) 

6. If for irrigation use, (a) supply the name and address of each landowner; (b) supply the legal description 
of the lands to be irrigated; (c) designate the actual number of acres to be irrigated in each forty acre tract or 
fractional portion thereof: 

NAME: ________________________________________________Landowner of Record-
ADDRESS: ________________________________________________ 

NE'A NW'A SW'A SEll. 


Sec. Twp. Range Total 


NEY. Nwll, swY, SEY, NE'A NWY, SWY, SEY, NEY, NWY, swY, SEY, NEY, NwIA swY, SEY, 


CI il'y 0 t?HA V"S .A. ~D V CIN TY 

NAME: __________________________________________________Landowner of Record-

ADDRESS: ________________________________________________ 

NEI/4 NWY, SWY, SEY, 


Sec. Twp. Range Total 


NEY, I NW'I, I SWy·1 SE'I, NEy·1 NWY, I sw'l, I SElf, NElf, I NWY, I SWy·1 SElf, NEy·1 NWY, I SwY, I SEY, 

NAME: ____________________________________________--- Landowner of Record-

ADDRESS: ________________________________________________ 

NElf, NW\I, SE\I, 


Sec. Twp. Range Total 


NEY, I NW\I, I sw\l, I SE\I, l,4 I Nw\l, I sW\l. I SElf, I NE\I. sw\l, I SE'I. 




7. 	 The works for dive~ 1 of water will consist of one (1) sul ,sible pump and municipal 

distribution system 
(Number of wells, pumps or dams, etc.) 

and (~) (will be) completed (by) _-"'-Ju-""1=...yl.......21'-1,----'-1.:::..99"'-'2"'----___________________ 

(Date each was or will be completed) 

8. 	 The first actual application of water for the beneficial use proposed was or is estimated to be ____ 

July 1, 1992 
(Date) 

9. Please indicate if any pesticide or fertilizer will be injected into the water pumped from the diversion 

works. Yes 0 No ~ 

10. This application shall be accompanied either by a detailed plat prepared from an actual survey, topographic 

map 	or by an aerial photograph of the area. 

The plat, topographic map or aerial photograph shall show: (See back side for additional required information). 

(a) 	 Location of the proposed point or points of diversion 

(b) 	 Location of the pipe lines, canals, reservoirs or other facilities for conveying water from the point of 
diversion to the place of use 

(c) 	 If for irrigation, show the location of the land proposed to be irrigated 

(d) 	 If for industrial or other use, show the location of the land where water will be used. 

11. List any application, File Number and describe any vested right which covers the same diversion points 

or 	any of the same land described in this application: 

The City of Hays has other applications on file for shallow (not Dakota) 

wells in Big Creek Basin. 

12. Furnish following well information when proposed appropriation is for use of groundwater. If well has 

not been completed give information obtained from test holes, if available. 

Information below is from: Test holes ( X) Well as completed ( 

Well location as shown in paragrpah No.2 (A) (B) (C) 

Date drilled ....................................... . 5-6-92 

Total depth of well................................ 555 ft. 
top of Dakota 351 ft. 

Depth to water bearing formati°It·op·· b'f' 'saiia' ---4"'5~2"""'f~t~.-- ------- 
Depth to static water level........................ 271 .4 ft. 

Depth to bottom of intake pipe ................. . 555 ft. 

Type of fuel ....................................... . electric 

13. The relation of the subscriber to this application is that of --'a:l.\g~e=.Jnu..t.L...---------------
(owner, tenant, agent Or otherwise) 

and he is authorized to make this application in behalf of the interest affected. 

) / c,- f::!:r }/J/J c::: 
Dated 	at Ha;o Kansas this I J . day of U[4-:J , 19..L2.c 

c 	 • " C1 

(~~~ or 1~4 K<' 

Assisted by _______________________ 



FEE SCHEDULE 

1. The fee for an application for a permit to appropriate water for beneficial use, except for domestic use, shall 

be: (See below if requesting storage). 
ACRE-FEET FEE 

0-100 	 $100.00 
101-320 	 $150.00 
More than 320 	 $150.00 plus $10.00 for each additional 

100 acre-feet or any part thereof. 

2. 	 The fee for an application in which storage is requested, except for domestic use, shall be: 
ACRE-FEET FEE 

0-250 $100.00 
More than 250 $100.00 plus $10.00 for each additional 

250 acre-feet of storage or any part 
thereof. 

Note: 	If an application requests both direct use and storage, the fee charged shall be as determined under No. 
1 or No. 2 above, whichever is greater, but not both fees. 

3. 	 The fee for an application for a permit to appropriate water for water power purposes shall be $100.00 plus 
$200.00 for each 100 cubic feet per second, or part thereof, of the diversion rate requested. 

Note: 	Except for works constructed to appropriate water for domestic use, the applicant shall notify the Chief 
Engineer-Director and pay the statutorily required field inspection fee of $200.00 when construction of the 
works for diversion has been completed. 

MAKE CHECKS PAYABLE TO THE STATE BOARD OF AGRICULTURE 

Additional Information, Paragraph No. 2 

If the source of supply is groundwater, a separate application shall be filed for each proposed well or battery of 
wells, except that up to four (4) wells within a circle with a quarter (1/4) mile radius in the same local source of 
supply which do not exceed a maximum diversion rate of twenty (20) gallons per minute per well and which are 
operated by means of submersible pumps may be included in a single application. 

A battery of wells is defined as two (2) or more wells connected to a common pump by a manifold; or not more 
than four (4) wells in the same local source of supply within a three hundred (300) foot radius circle which are 
being operated by pumps not to exceed a maximum of two hundred (200) gallons per minute per well which 
supply water to a common distribution system. 

Additional Information, Paragraph No. 10 

The application must be supplemented by a U.S.G.S. topographic map, aerial photograph or a detailed plat 
showing the information indicated in (a), 0)), (c), or (d) of paragraph No.9. The location of the proposed point 
of diversion (wells, stream-bank installations, dams, or other diversion works) should be plotted as described in 
Paragraph No.2 of the application and show the North-South distance and the East-West distance from a section 
line or section corner. In the case of groundwater, please show the location of any existing water wells of any 
kind within 112 mile' of the proposed well or wells. Identify each well as to its use and furnish the name and 
mailing address of the property owner or owners. If there are no wells within 112 mile, please advise us. If the 
application is for surface water, the names and addresses of the landowner(s) 112 mile downstream and 112 mile 
upstream from your property lines must be shown. The location of the proposed place of use should be shown 
by crosshatching on the topographic map, photograph or plat. On the topographic map, plat or photograph, identify 
the center of the section, the section lines or the section corners and show the appropriate section, township and 
range numbers. A 7.5 minute U.S.G.S. topographic map may be obtained by providing the section, township and 
range numbers to: Kansas Geological Survey, 1930 Avenue A, Campus West, University of Kansas, Lawrence, 
Kansas 66044. A suitable photograph can be obtained from the Dept. of Agriculture, Western Laboratory, Salt 
Lake City, Utah, through your local ASC Office of the Dept. of Agriculture and should be to a scale of 1 inch 
equals 1320 feet. 

CONVERSION FACTORS 

1 acre-foot equals 325,851 gallons 

DWR 1-100 (Revised 6-1-89) 1 million gallons equal 3.07 acre-feet 

Rev. 6-89 





Fo] 
tJ '" G,O"'-tP 

OF KANSASTHE STATE 

STATE BOARD OF AGRICULTURE DIVISION OF WATER RESOURCES 
Sam Brownback, Secretary David L. Pope, Chief Engineer-Director 

Hays City Reference #2-20 

APPLICATION FOR PERMIT TO 

APPROPRIATE WATER FOR BENEFICIAL USE 


Filing Fee Must Accompany the Application 


(Please refer to Fee Schedule on back side of application form.) 


To the Chief Engineer-Director of the Division of Water Resources, Kansas State Board of Agriculture: 

(M~) 
Comes now the applicant ¢M~) The of 

address is ~~~~~~_~~__~~~~~~~~~~~~~_______~~~____ ---~~~~~~~~__ 
(Zip Code) (Telephone Number) 

and makes application to the Chief Engineer-Director of the Division of \Vater Resources, Kansas State Board of 

Agriculture, for a permit to appropriate for beneficial use such unappropriated -'::gf.lr;....<O.J.JJLLlD1.I.LId-"'w:.caut....e:::..rl....-___________ 
(surface water or groundwater) 

as may be available in _-=::.;;;L~=--=:..=.:=-"==-==-_______________ in the county of _::::.Ec::l:.::l:..::i=-:s=--____________ _ 
(name of stream Or drainage basin) 

state of Kansas, to the extent and in accordance with the particulars hereinafter described: 

1. The quantity of water desired is in the amount of ---':..===--==-------="'.::::..~______________ per calendar 
(acre feet or million gallons) 

year, to be diverted at a maximum rate of 250qpm (planned pumping method is 12 hrs. on/12 hrs. off). 
(gallons per minute or cubic feet per second) 

2, The location of the proposed wells, pump sites 	or other works for diversion of water is 

Note: 	If the source of supply is groundwater, a separate application must be filed for each well or battery 
of wells, except as provided for in Kansas Administrative Regulation 5-3-1. See back side of application 
form for additional information. 

(A) 	 One in the sw quarter of the ___-"'N""E'--__ quarter of the ___..;;;N.:..;W-'--__ quarter 
Exst

of Section ___....2"'0, Township _______	---'1-"4'--___ South, Range West, 
Beginning at the SE corner of section, 3,910

Ellis County, Kansas. ft. from E. line & 4,752 ft. N. or S. line. 
~ One in the ________ quarter of the quarter of the _______ quarter

East 
, Township ______________ South, Range __________ West, 

County, Kansas. 

e in the _____~______ quarter of the _______ quarter of the _______ quarter 
East 

Township South, Range West, 

_________~_________ County, Kansas. 

are within 100 ft. of proposed production wells. Oil well data 
.,~,_,c~~"·, logs are attached (where applicable) which were used to assist in locating 

water bearing formation. 

of Section 

,!",',g Section 

.::; 

~,,"<kNO oil wells 

http:e:::..rl
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-- -- - -- -- -- --

3. The water is intended to be appropriated for: 

Amount Amount 

. (a) Domestic use (e) Industrial use 

(b) Stockwatering use (f) Recreational use 

(c) Municipal use ( X) (g) Water Power use 

(d) Irrigation use ( ) (h) Artificial Recharge 
(check intended use or uses and show intended amount for each use) 

4. If for municipal use, attach tables or curves showing past, present and estimated future population and 

water requirements of the area to be served. The area to be served is __________________ 

(if additional space is needed, use attached sheet} 

5. If for stockwatering, industrial, artificial recharge, water power or recreational use, attach tables or curves 

showing past, present and estimated future water requirements. The legal description of the location where water 
is to be used is ___~~________________________________________ 

(:if additional space is needed, use attached sheet) 

6. If for irrigation use, (a) supply the name and address of each landowner; (b) supply the legal description 
of the lands to be irrigated; (c) designate the actual number of acres to be irrigated in each forty acre tract or 
fractional portion thereof: 

NAME: _________________________________________________________Landowner of Record-

ADDRESS: _________________________________________________ 

-----_............ _

.'lElA ,NW% I swY, SEY, 

Sec. Twp. Range Total 

.'lEY, INWV, swY, SEV, "EV, iNWl/, : SWlA i SEV, I .'lEY, i NWl/,1 SWV, SEV, NE% : NWY, ! swY, SEY, 

i 

crr Y 0 HA S ru D V CrN TY 
i 

I I I I I 

NAME: _____________________________________________________Landowner of Record-

ADDRESS: ________________________________________________________ 

.'lEY, NWV, SWV, SEY,

i j
Sec. T",'P' Range I Total 

.'lEY. I NWlJ, I SWlJ, : SElJ, : .'lEY< ! NWV, I swlJ, : SEY, : .'lEV, I NWV, I swv, 1SElJ, I .'lEY, I NWy.1 swlf, I SElf, i 
II I 1 I i 

iI III I i I 
i 

I i 
I 

1 i I J J . 1 

NANIE: _______________________________________________________Landowner of Record-

ADDRESS: ________________________________________________________ 

--_._-- -----_.....---- -- -- --- -- -

NEY, Nwlf, 

I 
8WY, I SElf, 

ISec. Tw·p. Range Total 

: NElf, 

I I 

SW'I'! SEY. : .'lEV, INWlA I SWlf, SElf,' NE~ NWV. I SW'I, I SElf,: NWY, I 5WY, ! SEY, NEY4 j ~\Vl/4 

I I I I 
. . 

I Ii I i I 

I -' I I I II I I 
i 

I I J i I I 1 



7. The works for divI J of water will consist of one (1) s. ~rsible pump and municipal 

and ~M) (will be) completed (by) _-=-=="--'-.l--'-~=--
pumps or dam5, etc.) 

________..____._________. 
(Date each was Of will be ~omp]eted) 

8. The first actual application of water for the beneficial use proposed was or is estimated to be ____ 

(Date) 

9. Please indicate if any pesticide or fertilizer will be injected into the water pumped from the diversion 

works. Yes Ko 

10. 	 This application shall be accompanied either by a detailed plat prepared from an actual survey, topographic 

map 	or by an aerial photograph of the area. 

The plat, topographic map or aerial photograph shall show: (See back side for additional required information). 

(a) 	 Location of the proposed point or points of diversion 

(b) Location 	of the pipe lines, canals, '"eservoirs or other facilities for conveying water from the point of 
diversion to the place of use 

(c) 	 If for irrigation, show the location of the land proposed to be irrigated 

(d) 	If for industrial or other use, show the location of the land where water will be used. 

11. 	 List any application, File Kumber and describe any vested right which covers the same diversion points 

or any of the same land described in this application: 

on file for shalloW (not Dakota)The of has other 

wells 

12. Furnish following well information when proposed appropriation is for use of groundwater. If well has 

not been completed give information obtained from test holes, if available. 

Information below is from: Test holes ( X) Well as completed ( 

Well location as shown in paragrpah No. 2 (Al (B) (C) 

Date drilled ....................................... . 


Total depth of well .............................. .. 470 ft. 

top of Dakota 262 ft. 

Depth to water bearing formation ... tep . 0 f· .sand 342 f~ 

Depth to static water leveL ...................... . 190 ft. 

Depth to bottom of intake pipe ................. . 470 ft. 

Type of fuel ....................................... . electric 

13. The relation of the subscriber to this application is that of _C1l::j.l:::.l.l..1.-______.________, 
or- otherwise) 

and he is authorized to make this application in behalf of the interest affected. 

day of It} a-fl ' 1972Dated at --+-L.-\,.l"""':lr-''''''-----, Kansas, this 

C'J- 6-1 ikO.~0
~ 	V (k)licantJO I ,ks 
~<Y1 6::ze;: 7By -LF (Ageut or Officer) 

Assisted by _____________ 



FEE SCHEDULE 

1. The fee for an application for a permit to appropriate water for beneficial use, except for domestic use, shall 

be: (See below if requesting storage). 
ACRE-FEET 	 FEE 

0-100 	 S100.00 
101-320 	 $150.00 
More 	than 320 $150.00 plus $10.00 for each additional 

100 acre-feet or any part thereof. 

2. 	 The fee for an application in which storage is requested, except for domestic use, shall be: 
ACRE-FEET FEE 

0-250 $100.00 
More than 250 $100.00 plus $10.00 for each additional 

250 acre-feet of storage or any part 
thereof. 

Note: 	If an application requests both direct use and storage, the fee charged shall be as determined under No. 
1 or No. 2 above, whichever is greater, but not both fees. 

3. 	 The fee for an application for a permit to appropriate water for water power purposes shall be $100.00 plus 
$200.00 for each 100 cubic feet per second, or part thereof, of the diversion rate requested. 

?\iote: 	 Except for works constructed to appropriate water for domestic use, the applicant shall notify the Chief 
Engineer-Director and pay statutorily required field inspection fee of $200.00 when construction of the 
works for diversion has been completed. 

MAKE CHECKS PAYABLE TO THE STATE BOARD OF AGRICULTURE 

Additional Information, Paragraph No. 2 

If the source of supply is groundwater, a separate application shall be filed for each proposed well or battery of 
wells, except that up to four (4) wells within a circle with a quarter (1/4) mile radius in the same local source of 
supply which do not exceed a maximum diversion rate of twenty (20) gallons per minute per well and which are 
operated by means of submersible pumps may be included in a single application. 

A battery of wells is defined as two (2) or more wells connected to a common pump by a manifold; or not more 
than four (4) wells in the same local source of supply within a three hundred (300) foot radius circle which are 
being operated by pumps not to exceed a maximum of two hundred (200) gallons per minute per well which 
supply water to a common distribution system. 

Additional Information, Paragraph ?\io. 10 

The application must be supplemented by a U.S.C.S. topographiC map, aerial photograph or a detailed plat 
showing the information indicated in (a), (b), (c), or (d) of paragraph No.9. The location of the proposed point 
of diversion (wells, stream-bank installations, dams, or other diversion works) should be plotted as described in 
Paragraph ~o. 2 of the application and show the North-South distance and the East-West distance from a section 
line or section corner. In the case of groundwater, please show the location of any existing water wells of any 
kind within 112 mile of the proposed well or wells. Identify each well as to its use and furnish the name and 
mailing address of the property owner or owners. If there are no wells within 112 mile, please advise us. If the 
application is for surface water, the names and addresses of the landowner(s) l/Z mile downstream and 112 mile 
upstream from your property lines must be shown. The location of the proposed place of use should be shown 
by crosshatching on the topographic map, photograph or plat. On the topographic map, plat or photograph, identify 
the center of the section, the section lines or the section corners and show the appropriate section, township and 
range numbers. A 7.5 minute U.S.C.S. topographic map may be obtained by providing the section, township and 
range numbers to: Kansas Ceological Survey, 1930 Avenue A, Campus West, University of Kansas, Lawrence, 
Kansas 66044. A suitable photograph can be obtained from the Dept. of Agriculture, '=\Testern Laboratory, Salt 
Lake City, Utah, through your local ASC Office of the Dept. of Agriculture and should be to a scale of 1 inch 
equals 1320 feet. 

CONVERSION FACTORS 

1 acre-foot equals 325,851 gallons 

DWR 1-100 (Revised 6-1-89) 1 million gallons equal 3.'07 acre~feet 

Rev. 6-89 
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OF 	KANSASTHE STATE 

STATE BOARD OF AGRICULTURE DIVISION OF WATER RESOURCES 
Sam Brownback, Secretary David L. Pope, Chief Engineer-Director 

;'\fCMBER zdl(;L Hays City Reference #3-13A 

APPLICATION FOR PERMIT TO 

APPROPRIATE WATER FOR BENEFICIAL USE 


Filing Fee Must Accompany the Application 


(Please refer to Fee Schedule on back side of application form.) 


To the Chief Engineer-Director of the Division of Water Resources, Kansas State Board of Agriculture: 

(Mx.) . 

Comes now the applicant (Mx.) -'-':he Cl. ty of Hays _____________ whose post office 


address is P. O. Box 490 - 16th & Main - Hays, KS 67601 (913) 625-2815 
(Zip Code) 	 (Telephone Number) 

and makes application to the Chief Engineer-Director of the Division of Water Resources, Kansas State Board of 

Agriculture, for a permit to appropriate for beneficial use such unappropriated _""""-"'-"=0..'-'''''-'''-=______ 
(surface water or groundwater) 

as may be available in _~B~i~g~C"",r""e,...ei:£k"-"B,,,,a...,s~inll-________ in the county of ---"~"'-±."'-_______ 
(name of stream or drainage basjn) 

state of Kansas, to the extent and in accordance with the particulars hereinafter described: 

L The quantity of water desired is in the amount of _ ........c..L......".....,............. """"-><________ per calendar 
(acre feet or million gallons) 

year, to be diverted at a maximum rate of 200 gpm (planned pumping method is 12~, on/12 hrs. off) 
(gallons per minute or cublc feet per ~'Ond) 

2. The location of the proposed wells, pump sites or other works for diversion of water is 

Note: 	If the source of supply is groundwater, a separate application must be filed for each well or battery 
of wells, except as provided for in Kansas Administrative Regulation 5-3-1. See back side of application 
form for additional information. 

(A) 	 One in the SE quarter of the ~E quarter of the __.. NE quarter 
lOBIX

4 	 19of Section Township South, Range -_'-=-__ West 
Beginning at the SE corner, 2,961 ft. Nbrth and 

County, Kansas. 676 ft. West from the East line. 
___ ~___ quarter of the ___.____ quarter of the _______ quarter 

East 
_____, Township 	 South, Range __.. West, 

_______ quarter of the ______ quarter of the quarter 
East 

_____, Township South, Range _____ West, 

_______ County, Kansas. 

..... Pt'Tlrm 

---'-'-";-_______..___ County, Kansas. 

in the 

::>e(;tlcm 

."---- 

**No oil wells are within 100 ft. of proposed production wells. Oil well data 
logs are attached (where applicable) which were used to assist in locating 
water bearing formation. 

mcampbell
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3. The water is intended to be appropriated for: 

Amount 	 Amount 

(a) Domestic use 	 (e) Industrial use 

(b) Stoch'Watering use 	 (1) Recreational use 

(c) Municipal use (X) 121 acre feet (g) Water Power use 

(d) 	 Irrigation use ( ) (h) Artificial Recharge 
(check intended use or uses and show intended amount for each use) 

4. If for municipal use, attach tables or curves showing past, present and estimated future population and 

water 	requirements of the area to be served. The area to be served is ______________.____ 

see justifjcatjoo supplement 
(if additional space is needed, us·-e attached sheet) 

5. If for stoch'Watering, industrial, artificial recharge, water power or recreational use, attach tables or curves 

showing past, present and estimated future water requirements. The legal description of the location where water 

is to be used is _nN~I~8~----------------------_______________________ 
space 

6. If for irrigation use, (a) supply the name and address of each landowner; (b) supply the legal description 
of the lands to be irrigated; (c) designate the actual number of acres to be irrigated in each forty acre tract or 
fractional portion thereof: 

NAME: __________________________________________________________
Landowner of Record-

ADDRESS: ___________________________ ~___________________________________ 

NEV, ;.JW I;4 swlf, I SEl;, 

rSec. Twp. Range Total 
! I I 

swl;, I SElf,SE'14 NE'14 NWI/j ISW'14 SEI;, NElf, INWlf, i Sw!;, SElf, NElf, NWlf, 

! j Ii 

~S AkD V [TY I I Ii Crry 0 Ii' HA eIN I J J 
! i , I !I I I I 

NAME; _________~_________________________________________________ _ Landowner of Record-

ADDRESS: ________________________________________________________ 

I NEll' NW1/4 SW'14 SEY< 

Sec. Twp. Range I Total 

: NEh INW!;, !SWY< I SEIA NEI41 NWI/4 SWl/4j SEV, NElf'1 NWlf'. SEIft i NEV, NWll'l SWII4 SEV, 

I I I 
I I I 

! 
I 

I 

I I I I 
I ! I II I I I 

I I : I I i I 1i I I 

Landowner of Record- NAME: 


ADDRESS: _____________________________________________________________ 


I I iNEI/4 NW'1/4 
i 

SWI/, 

p. Range Total 

l\:E!;, iNWV'! SWI/4 I INW¥, SWl4 NW!;4 !SW'/, ! SE'l, 

I 

I 
SEV, NEV' NE!;, NW!;, SW!;4 SElf, 

.--,--_.. 

I ! I I 

I I 

I I i I 
I 

!I 
I 

i I I 1 : ;I I J..~ 



7. The works for dive. 1 of water will consist of ~.one (lL~ !rsible pump and municipal 

(Number of wells, pumps or dams, etc,) 

and (was) (Ul1~ completed (by) ~Jl.Luu..1J..,Y¥----.J-14- 19;;;...9"'2"'-............ _____________________ 

(Date each was Or will be completed) 

8. The first actual application of water for the beneficial use proposed was or is estimated to be ____ 

(D.te) 

9. Please indicate if any pesticide or fertilizer will be injected into the water pumped from the diversion 

works. Yes D No IKJ 
10. This application shall be accompanied either by a detailed plat prepared from an actual survey, topographic 

map 	or by an aerial photograph of the area. 

The plat, topographic map or aerial photograph shall show: (See back side for additional required information). 

(a) Location of the proposed point or points of diversion 

(b) Location 	of the pipe lines, canals, reservoirs or other facilities for conveying water from the point of 
diversion to the place of use 

(c) If for irrigation, show the location of the land proposed to be irrigated 

(d) If for industrial or other use, show the location of the land where water will be used. 

II. List any application, File Number and describe any vested right which covers the same diversion points 

or 	any of the same land described in this application: 

The of Hays has other on file for shallow (not Dakota) wells 

in Creek Basin. 

12. Furnish following well information when proposed appropriation is for use of groundwater. If well has 

not been completed give information obtained from test holes, if available. 

Information below is from: Test holes ( Well as completed ( X ) 

Well location as shown in paragrpah No. 2 (A) (B) (C) 

Date drilled ....................................... . __-",4.=-J 8-92 

Total 	depth of well ... , .. , ... " ... 'top' 'ox' . Dakota jl~ 1ft. 
Depth to water bearing formation ...top, .of.. san~dl.---_4~6'-17----;jf;;.:1tr;........-

Depth to static water level.. .... , ........ ,.. .. .. . . 259 15 ft. 


Depth to bottom of intake pipe ................. , 5.30 ft. 


Type of fuel .. , . , , .. , , ............................. . electric 


13. 	 The relation of the subscriber to this application is that of _-='-"'...::=..______________, 

{owner, tenant, agent or otherwise) 

and 	he is authorized to make this application in behalf of the interest affected. 

d.. 	 h I c: t.-~ d J1.2 Q"7 ~ Dated 	at ---+l---"--"''''';..t..<.-;!='i/f.''.A'''o~____, Kansas, t is ~ ay of __4-I_t'-+-"a.c.=I-b.""'/~____" 19~-

Assisted by _______________.________ 



FEE SCHEDULE 

1. The fee for an application for a permit to appropriate water for beneficial use, except for domestic use, shall 

be: (See below if requesting storage). 
ACHE-FEET 	 FEE 

0-100 	 $100.00 
101-320 	 $150.00 
More than 320 	 $150.00 plus $10.00 for each additional 

100 acre-feet or any part thereof. 

2. 	 The fee for an application in which storage is requested, except for domestic use, shall be: 
ACHE-FEET 	 FEE 

0-250 	 $100.00 
More 	than 250 $100.00 plus $10.00 for each additional 

250 acre-feet of storage or any part 
thereof. 

Note: 	If an application requests both direct use and storage, the fee charged shall be as determined under No. 
1 or No. 2 above, whichever is greater, but not both fees. 

3. 	 The fee for an application for a permit to appropriate water for water power purposes shall be $100.00 plus 
$200.00 for each 100 cubic feet per second, or part thereof, of the diversion rate requested. 

Note: 	Except for works constructed to appropriate water for domestic use, the applicant shall notify the Chief 
Engineer-Director and pay the statutorily required field inspection fee of $200.00 when construction of the 
works for diversion has been completed. 

MAKE CHECKS PAYABLE TO THE STATE BOARD OF AGRICULTURE 

Additional Information, Paragraph No. 2 

If the source of supply is groundwater, a separate application shall be filed for each proposed well or battery of 
wells, except that up to four (4) wells within a circle with a quarter (1/4) mile radius in the same local source of 
supply which do not exceed a maximum diversion rate of twenty (20) gallons per minute per well and which are 
operated by means of submersible pumps may be included in a single application. 

A battery of wells is defined as two (2) or more wells connected to a common pump by a manifold; or not more 
than four (4) wells in the same local source of supply within a three hundred (300) foot radius circle which are 
being operated by pumps not to exceed a ma"{imum of two hundred (200) gallons per minute per well which 
supply water to a common distribution system. 

Additional Information, Paragraph No. 10 

The application must be supplemented by a U.S.G.S. topographic map, aerial photograph or a detailed plat 
showing the information indicated in (a), (b), (c), or (d) of paragraph No.9. The location of the proposed point 
of diversion (wells, stream-bank installations, dams, or other diversion works) should be plotted as described in 
Paragraph No.2 of the application and show the North-South distance and the East-West distance from a section 
line or section corner. In the case of groundwater, please show the location of any existing water wells of any 
kind within 1/2 mile of the proposed well or wells. Identify each well as to its use and furnish the name and 
mailing address of the property owner or owners. If there are no wells within 112 mile, please advise us. If the 
application is for surface water, the names and addresses of the landowner(s) 112 mile downstream and 112 mile 
upstream from your property lines must be shown. The location of the proposed place of use should be shown 
by crosshatching on the topographic map, photograph or plat. On the topographic map, plat or photograph, identify 
the center of the section, the section lines or the section corners and show the appropriate section, township and 
range numbers. A 7.5 minute U. S. G. S. topographic map may be obtained by providing the section, township and 
range numbers to: Kansas Geological Survey, 1930 Avenue A, Campus West, University of Kansas, Lawrence, 
Kansas 66044. A suitable photograph can be obtained from the Dept. of Agriculture, Western Laboratory, Salt 
Lake City, Utah, through your local ASC Office of the Dept. of Agriculture and should be to a scale of 1 inch 
equals 1320 feet. 

CONVERSION FACTORS 


1 acre-foot equals 325,851 gallons 


DWR 1-100 ~Revised 6-1-89) 1 million gallons equal 3.07 acre-feet 

Rev. 6-89 
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-1\ 	These drawings indicate the pipeline and connection points for 
the first four (4) wells. The remainder would be treated as an 
addendum to the project. ~ 
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OF KANSASTHE STATE 

STATE BOARD OF AGRICULTURE DIVISION OF WATER RESOURCES 
Sam Brownback, Secretary David L Pope, Chief Engineer-Director 

Hays City Reference #2-18B 

APPLICATION FOR PERMIT TO 

APPROPRIATE WATER FOR BENEFICIAL USE 


Filing Fee Must Accompany the Application 


(Please refer to Fee Schedule on back side of application form.)' 


To the Chief Engineer-Director of the Division of Water Resources, Kansas State Board of Agriculture: 

ty:n) 
Comes now the applicant ty:¥.) _~~~""""'~~~~"""-______________ whose post office 

address is_P.O. Box 490 - 16th & Main - Hays, KS 67601 (913) 625-2815 
(Zip Code) (Telephone l'umber) 

and makes application to the Chief Engineer-Director of the Division of Water Resources, Kansas State Board of 

Agriculture, for a permit to appropriate for beneficial use 	 .... ......du.w=aJ,.t","e....r~______such unappropriated ~g~ro.l.Ju",n 
(surface water or groundwater) 

as may be available in _-'-Bl...lio.\;gI----'>C.... sl..lin"--:-_--,-______ 	 .......J ..... 6 _______
r"-'e"e'""k~""B""'a..... ... 	 in the county of _E ] ..... j .... 
(name of stream or drainage basin) 

state of Kansas, to the extent and in accordance with the particulars hereinafter described: 

1. The quantity of water desired is in the amount of --11u.llO .....r f..t:;e"'e'-'.t6 '--'a:IJc '-.'e"'-.... _________ per calendar 
(acre feet or million gallons) 

year, to be diverted at a maximum rate of 250 gpm (planned pumping method is 12 hrs.• on/12 hrs. off) 
(gallons per minute or cubic feet per sec.und) 

2. The location of the proposed wells, pump sites or other works for diversion of water is 

Note: 	If the source of supply is groundwater, a separate application must be filed for each well or battery 
of wells, except as provided for in Kansas Administrative Regulation 5-3-1. See back side of application 
form for additional information. 

(A) 	 One in the __-="--___ quarter of the __~:..:.:...____ quarter of the __---'=S:::;:E ___ quarter 
~~ 

of Section 18, Township _____-'--=_______ South, Range __--'-""--_ \Vest, 
Beginning at the SE corner, 1,399 ft. West and 

..-----'==""------- County, Kansas. 60 ft. North of the South line. 

.(1) One in the _______ quarter of the _______ quarter of the _______ quarter 
East 

~;J'/::;;~,~;: .. :- _of_S_e_ct_i_on_~~=====~_.T_o_wn_sh~ounty, Kansas. 	 South, Range West, 
"~J 4!/f, "') . ,.
~i ~ ')i~} AJ·· .. 

~i ,<,~, -.-::;i(f;).) One in the _______ quarter of the ---,.______ quarter of the _______ quarter 


~;~t, "'. i~~?::; of Section , Township 	 South, Range ~~~, 
-'-___________ County, Kansas. 

oil wells are within 100 ft. of proposed production wells. Oil well data 
logs are attached (where applicable) which were used to assist in locating 
water bearing formation. 

mcampbell
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5. If for stockwatering, industrial, 

3. The water is intended to be appropriated for: 

Amollnt 	 Amount 

(a) Domestic use --------_... --- (e) Industrial use 

(b) Stockwatering use 	 (f) Recreational use 

(c) Municipal use (X) 	 (g) Water Power use 

(d) 	 Irrigation use () (h) Artificial Recharge 
(check intended use or uses and show intended amount for each use) 

4. If for municipal use, attach tables or curves showing past, present and estimated future population and 

water requirements of the area to be served. The area to be served is _________________ 

water power or recreational use, attaeh tables or curves 

showing past, present and estimated future water requirements. The legal description of the location where water 

is to be used is _-"'l'!CLI..,.h-'--_______________________________________ 

(if additional space 15 needed, use attached sheet) 

6. If for irrigation use, (a) supply the name and address of each landowner; (b) supply the legal description 
of the lands to be irrigated; (c) designate the actual number of acres to be irrigated in each forty acre tract or 
fractional portion thereof: 

Landowner of Record- NAME: _____________________________ 

ADDRESS: ______________________ 

-- - - 
NEV, N\VIA SW'/.j SE'l, 

Sec. T"'ll' Range Total 

NEV, : NWV, SW'/4 SEV4 NEV, !'iw\Ci SWV, SElf, NEV, NW1/4 SWlf4 SEY, NEV, NWlf, SWV, SElf, 

I 

crr Y 0 HA S A D V CrN TY 

Landowner of Record- NAME: _________________ 

ADDRESS: _______________ 

Sec. Twp. Range I 
!'iE'/.j NWV, swlJ-1 I SE\4 

Total 

I NEV, NW'14 ' SWII4 SE¥4 NElf, I NW¥, swY. SEI/4 !'iE\!, i Nw\4 SW\!41 SE'I, NEV. NWI141 5Wl/4 SEV4 

I I I i 

I I I 

NAME: _____ 

ADDRESS: __________________________ 

Landowner of Record-

i 
!'iE'/' NWlf. SW\!, SE¥4 

Sec. Twp. Range Total 
! 

I NE\4 N\V~ sw\4 I SEll. NElf4 NW'A swV, ' SEl(, NEV, N\V1/4 SW14 sn', NEI!, ~\Vl/4 i S\Vl/4 SEV, 

• 

I I 
• 

I Ii 

I I i I 



,"rsible7. The works for diVE In of water will consist of one (1) Sl 
, 

distribution 
(Number of wells, pumps or dams, etc,) 

and (~ (will be) completed (by) __--"-_1..!..-_19_9_2____________________. 
(Date each was or will be completed} 

8. Thc first actual application of water for the beneficial use proposed was or is estimated to be .____ 

9. Please indicate if any pesticide or fertilizer will be injected into the water pumped from the diversion 

works. Yes No [Zl 

10. This application shall be accompanied either by a detailed plat prepared from an actual survey, topographic 

map 	or by an aerial photograph of the area. 

The plat, topographic map or aerial photograph shall show: (See back side for additional required information). 

(a) Location of the proposed point or points of diversion 

(b) 	 Location of the pipe lines, canals, reservoirs or other facilities for conveying water trom the point of 
diversion to the place of use 

(c) If for irrigation, show the location of the land proposed to be irrigated 

(d) If for industrial or other use, show the location of the land where water will be used. 

11. List any application, File Number and descTibe any vested right which covers the same diversion points 

or 	any of the same land described in this application: 

The of has other on file for shallow (not Dakota) 

12. Furnish following well information when proposed appropriation is for use of groundwater. If well has 

not been completed give information obtained from test holes, if available. 

Information below is from: Test holes ( X) Well as completed ( 

Well location as shown in paragrpah No.2 (A) (B) (C) 

Date drilled ....................................... . 3/9/92 

Total depth of well .. .. . .. .. .. .. .. . .. .. .. .. . .. .. .. . 5 12ft 
top of Dakota 312 ft. 

Depth to water bearing formation. 'top' (jf' ·s~ndl----4*·~:3'=:5-f,.".t~·.- -------- ------- 

Depth to static water leveL....................... 221,6 ft. 

Depth to bottom of intake pipe ................. . 512 ft. 

Type of fuel ....................................... . 

13. The relation of the subscriber to this application is that of --=:..;L..::...:c:..::.-______________, 
(owner, tenant, agent or other-vise) 

and he is authorized to make this application in behalf of the interest affected. 

Dated at , Kansas, this v..::;,1/'-1""'-=-=:!!:o-- , .,i ,/~//.O· / S--I:!:L dav of _---j)c- ..... ____ 19Q' "7) .'(U,3j-	 ~ 

(/ 
117 	 -4 / / 0-::; er/ ~~ K S 

Assisted by _______________________ 



FEE SCHEDULE 

1. The fee for an application for a permit to appropriate water for beneficial use, except for domestic use, shall 

be: (See below if requesting storage). 
ACRE-FEET FEE 

0-100 	 $100.00 
101-320 	 $150.00 
More 	than 320 $150.00 plus $10.00 for each additional 

100 acre-feet or any part thereof. 

2. 	 The fee for an application in which storage is requested, except for domestic use, shall be: 
ACRE-FEET FEE 

0-250 $100.00 
More than 250 $100.00 plus $10.00 for each additional 

250 acre-feet of storage or any part 
thereof. 

Note: 	If an application requests both direct lIse and storage, the fee charged shall be as determined under No. 
1 or No. 2 above, whichever is greater, but not both fees. 

3. 	 The fee for an application for a permit to appropriate water for water power purposes shall be $100.00 plus 
$200.00 for each 100 cubic feet per second, or part thereof, of the diversion rate requested. 

Note: 	Except for works constructed to appropriate water for domestic use, the applicant shall notify the Chief 
Engineer-Director and pay the statutorily required field inspection fee of $200.00 when construction of the 
works for diversion has been completed. 

MAKE CHECKS PAYABLE TO THE STATE BOARD OF AGRICULTURE 

Additional Information, Paragraph No. 2 

If the source of supply is groundwater, a separate application shall be filed for each proposed well or battery of 
wells, except that up to four (4) wells within a circle with a quarter (1/4) mile radius in the same local source of 
supply which do not exceed a maximum diversion rate of twenty (20) gallons per minute per well and which are 
operated by means of submersible pumps may be included in a single application. 

A battery of wells is defined as two (2) or more wells connected to a common pump by a manifold; or not more 
than four (4) wells in the same local source of"supply within a three hundred (300) foot radius circle which are 
being operated by pumps not to exceed a maximum of two hundred (200) gallons per minute per well which 
supply water to a common distribution system. 

Additional Information, Paragraph No. 10 

The application must be supplemented by a U.S.C.S. topographic map, aerial photograph or a detailed plat 
showing the information indicated in (a), (b), (c), or (d) of paragraph No.9. The location of the proposed point 
of diversion (wells, stream-bank installations, dams, or other diversion works) should be plotted as described in 
Paragraph No.2 of the application and show the North-South distance and the East-West distance from a section 
line or section corner. In the case of groundwater, please show the location of any existing water wells of any 
kind within 1/2 mile of the proposed well or wells. IdentifY each well as to its use and furnish the name and 
mailing address of the property owner or owners. If there are no wells within Ih mile, please advise us. If the 
application is for surface water, the names and addresses of the landowner(s) Ih mile downstream and 1/'2 mile 
upstream from yOUT property lines must be shown. The location of the proposed place of use should be shown 
by crosshatching on the topographic map, photograph or plat. On the topographic map, plat or photograph, identify 
the center of the section, the section lines or the section corners and show the appropriate section, township and 
range numbers. A 7.5 minute U.S.C.S. topographic map may be obtained by providing the section, township and 
range numbers to: Kansas Ceological Survey, 1930 Avenue A, Campus West, University of Kansas, Lawrence, 
Kansas 66044. A suitable photograph can be obtained rrom the Dept. of Agriculture, \Vestern Laboratory, Salt 
Lake City, Utah, through your local ASC Office of the Dept. of Agriculture and should be to a scale of 1 inch 
equals 1320 feet. 

CONVERSION FACTORS 

1 acre-foot equals 325,851 gallons 

DWR 1-100 (Revised 6-1-89) 1 million gallons equal 3.07 acre-feet 

Rev. 6-89 
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-f:; 	These drawings indicate the pipeline and connection points for 
the first four (4) wells. The remainder would be treated as an 
addendum to the project. .~ 
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THE STATE 

STATE BOARD OF AGRICULTURE 
Sam Brownback, Secretary 

APPROVAL OF APPLICATION 
and 

PERMIT TO PROCEED 

OF KANSAS 

DIVISION OF WATER RESOURCES 
David L. Pope, Chief Engineer 

(This Is Not a Certificate of Appropriation) ~l .1 .) 1992 
Fl2ck:l <~a~s-

Oiv!$lon cf \:~J-~t~( f1;;:~0ur·coo 

This is to certify that I have examined Application, File No. 40,702, of 
the applicant 

The City of Hays 
P 0 Box 490 
Hays Kansas 67601 

for a permit to appropriate water for beneficial use, together with the maps, 
plans and other submitted data, and that the application is hereby approved and 
the applicant is hereby authorized, subject to vested rights and prior 
appropriations, to proceed with the construction of the proposed diversion works 
(except those dams and stream obstructions regulated by K.S.A. 82a-301 through 
305a, as amended), and to proceed with all steps necessary for the application 
of the water to the approved and proposed beneficial use and otherwise perfect 
the proposed appropriation subject to the following terms, conditions and 
limitations: 

1. That the priority date assigned to such application is May 15, 1992. 

2. That the water sought to be appropriated shall be used for municipal 
purposes in the City of Hays, Kansas, and imm~diate vicinity. 

3. That the source from which the appropriation is made shall be from 
groundwater in the drainage basin of Big Creek to be withdrawn by means of one 
( 1) we 11 1 ocated in the Southwest Quarter of the Southwest Quarter of the 
Southeast Quarter (SW~ SW~ SE~) of Section 14, more particularly described as 
being near a point 330 feet North and 2,490 feet West of the Southeast corner 
of said section, in Township 14 South, Range 19 West, Ellis County, Kansas, 
located substantially as shown on the topographic map accompanying the 
application. 

4. That the appropriation sought shall be limited to a maximum diversion 
rate not in excess of 200 gallons per minute (0.45 c.f.s.) and to a quantity not 
to exceed 39.43 million gallons (121 acre-feet) for any calendar year. 

5. That installation of works for diversion of water shall be completed 
on or before December 31, 1993, or within any authorized extension thereof. The 
applicant shall notify the Chief Engineer and pay the statutorily required field 

jbuck
Text Box
EXHIBIT083 40702-01

mcampbell
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inspection fee of $200.00 when construction of the works has been completed. 
Failure to timely submit the fee will result in revocation of the permit. Any 
request for an extension of time shall be accompanied by the required statutory 
fee. 

6. That the proposed appropriation shall be perfected by the actua 1 
application of water to the proposed beneficial use on or before December 31, 
1997, or any authorized extension thereof. Any request for an extension of time 
shall be accompanied by the required statutory fee. 

7. That the applicant shall not be deemed to have acquired a water 
appropriation for a quantity in excess of the amount approved herein nor in 
excess of the amount found by the Chief Engineer to have been actually used for 
the approved purpose during one ca 1 endar year subsequent to approva 1 of the 
application and within the time specified or any authorized extension thereof; 
provided further that the appropriation perfected pursuant to this permit shall 
not exceed that rate and quantity whi~h has been proven, to the satisfaction of 
the Chief Engineer, to be available as long term ... sustainable yield of the 
aquifer. 

8. That the use of water herein authorized shall not impair any use under 
existing water rights nor prejudicially and unreasonably affect the public 
interest. 

9. That the right of the appropriator shall relate to a specific quantity 
of water and such right must allow for a reasonable raising or lowering of the 
static water level and for the reasonable increase or decrease of the streamflow 
at the appropriator's point of diversion. ' 

10. That the permit does not constitute authority under K.S.A. 82a-301 to 
305a to construct any dam or other obstruction; it does not give any right-of
way, or authorize any ·injury to, or trespass upon, public or private property; 
it does not obviate the necessity of obtaining assent from Federal or Local 
Governmental authorities when necessary. 

11. That all diversion works constructed under the authority of this permit 
into which any type of chemical substance will be injected into the water pumped 
from the diversion works shall be equipped with an in-line, automatic quick
closing, check valve capable of preventing pollution of the source of the water 
supply. The type of valve installed shall meet specifications adopted by the 
Chief Engineer and shall be mainta·ined ·in an operating condition satisfactory 
to the Chief Engineer. 

12. That all wells with a diversion rate of 100 gallons per minute or more 
drilled under the authority of this permit shall have a tube or other device 
installed in a manner acceptable to, and in accordance with specifications 
adopted by, the Chief Engineer. This tube or device shall be suitable for making 
water level measurements and shall be ·maintained in a condition satisfactory to 
the Chief Engineer. 

13. That no water user shall engage in nor allow the waste of any water 
diverted under the authority of this permit. AiECEn!ED 



rE CUPY 

14. That failure without cause to comply with provisions of the permit and 
its terms, conditions and 1 imitations will result in the forfeiture of the 
priority date, revocation of the permit and dismissal of the application. 

15. That the right to appropriate water under authority of this permit is 
subject to any minimum desirable streamflow requirements identified and 
established pursuant to K.S.A. 82a-703c for the source of supply to which this 
water right applies. 

16. That the applicant shall install an acceptable meter in accordance with 
specifications adopted by the Chief Engineer on February 27, 1985, on the 
diversion works authorized by this permit. Such meter shall be installed prior 
to the actual use of water. The applicant shall maintain accurate and complete 
records from which the quantity of water diverted during each calendar year may 
be readily determined. Accurate and complete records shall be furnished to the 
Chief Engineer by March 1 following the end of each calendar year. 

17. That the applicant shall maintain the meter required in Paragraph No. 
16 above in an operating condition satisfactory to the Chief Engineer and the 
records kept in accordance with Paragraph No. 16 above shall also be furnished 
to the Chief Engineer upon his request. 

18. That the proposed conservation plan submitted by the applicant shall 
be adopted and imp 1 emented on or before the date water is used under the 
authority of this permit, or in accordance with the time schedule set forth in 
the approved conservation plan, whichever comes later. The Chief Engineer 
reserves the right to review the applicant's conservation plan at ten (10) year 
intervals to determine if it is consistent with current Kansas Water Office 
conservation guidelines. If it is materially different from current Kansas Water 
Office guidelines, then the Chief Engineer may order the permit owner to amend 
the conservation plans to make it consistent with current Kansas Water Office 
guidelines. 

19. That the applicant shall install and maintain an observation well 
network in the aquifers at locations authorized by the Chief Engineer. Such 
observation well network shall be installed and equipped in accordance with the 
specifications .and conditions approved by the Chief Engineer to allow the 
monitoring of the water levels. Such observation well network, and the equipment 
required to fully equip the wells, shall be at the expense of the applicant. 

20. That the applicant shall collect water level data from authorizedpoint 
of diversion and observation well network and shall submit a written summary of 
said data with the annual water use report, to the office of the Chief Engineer, 
with copies to the Stockton Field Office of this agency; and such additional data 
or information as may be deemed necessary by the Chief Engineer. 

21. That the expense of obtaining data required in Paragraph No. 20 of this 
permit, and the responsibility for submitting reports thereof are to be borne 
by the applicant. 

22. That the quantity of water approved under this permit is further 
ljmited to the quantity which combined with the vested right as determined and 
established by the Chief Engineer, Division of Water Resources, Kansas State 
Board of Agriculture, in his order dated January 12, 1~E~~~~tified in the 



office of the Chief Engineer as Vested Right, File No. EL 002; Water Right, File 
Nos. 1,248 and 5,757; and Appropriation of Water, File Nos. 33,296; 40,367 and 
40,368, will ~rovide a total not to exceed 1,197.5 million gallons (3,675 acre
feet) of water per calendar year for municipal purposes in the City of Hays, 
Kansas, and immediate vicinity. 

23. That the applicant shall cause the well under this appropriation to 
be constructed so that the source of supply will be restricted to withdrawal of 
water from the Lower Cretaceous (Dakota) Formation, thereby precluding withdrawal 
of water from any overlying water-bearing strata and insure that an adequate seal 
is placed between the Lower Cretaceous (Dakota) Formation and all overlying 
water-bearing strata so as to prevent any movement of water between formations. 

24. That the well casing and other appurtenances to said well under this 
appropriation shall be maintained by the applicant to the satisfaction of the 
Chief Engineer, Division of Water Resources, Kansas State Board of Agriculture. 

25. That in the event that this application is dismissed or the well under 
this appropriation should become abandoned by the applicant, the applicant shall 
cause said well to be plugged in accordance with the requirements of article 30 
of the Rules and Regulations as adopted by the Kansas Department of Health and 
Environment. 

26. That the Chief Engineer specifically retains jurisdiction in this 
matter with authority to make such reasonable reductions in the approved rate 
of diversion and quantity authorized to be perfected, and such changes in other 
terms, conditions, and limitations set forth in this approval and permit to 
proceed as may be deemed to be in the public interest. 

Dated at Topeka, Kansas, this l~ day of ~l~ , 1992. 

David L. Pope, P.E. 
Chief Engineer 

State Board of Agriculture 



STATE BOARD OF AGRICULTURE DIVISION OF WATER RESOURCES 
Sam Brownback, Secrewry David L. Pope, Chief Engineer 

APPROVAL OF APPLICATION 
and llUPUCA TE COPY 

PERMIT TO PROCEED 

(This Is Not a Certificate of Appropriation) 

This is to certify that I have examined Application, File No. 40,"703, of 
the applicant 

The City of Hays 
P 0 Box 490 
Hays, Kansas 67601 

for a permit to appropriate water for beneficial use, together with the maps, 
plans and other submitted data, and that the application is hereby approved and 
the applicant is hereby authorized, subject to vested rights and prior 
appropriations, to proceed with the construction of the proposed diversion works 
{except those dams and stream obstructions regulated by K.S.A. 82a-301 through 
305a, as amended), and to proceed with all steps necessary for the application 
of the water to the approved and proposed beneficial use and otherwise perfect 
the proposed appropriation subject to the fo 11 owing terms, conditions and 
limitations: 

1. That the priority date assigned to such application is May 15, 1992. 

2. That the water sought to be appropriated shall be used for municipal 
purposes in the City df Hays, Kansas, and immediate vicinity. 

3. That the source from which the appropriation is made shall be from 
groundwater in the drainage basin of Big Creek to be withdrawn by means of one 
( 1) we 11 located in the Northwest Quarter of the Northwest Quarter of the 
Southeast Quarter (NW~ NW~ SE~) of Section 18, more particularly described as 
being near a point 2,313 feet North and 2,442 feet West of the Southeast corner 
of said section, in Township 14 South, Range 18 West, Ellis County, Kansas, 
located substantially as shown on the topographic map accompanying the 
application. 

4. That the appropriation sought shall be limited to a maximum diversion 
rate not in excess of 250 gallons per minute (0.56 c.f.s.) and to a quantity not 
to exceed 52.14 million gallons (160 acre-feet) for any calendar year. 

5. That installation of works for diversion of water shall be completed 
on or before December 31, 1993, or within any authorized extension thereof. The 
applicant shall notify the Chief Engineer and pay the statutorily required field 
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inspection fee of $200.00 when construction of the works has been completed. 
Failure to timely submit the fee will result in revocation of the permit. Any 
request for an extension of time shall be accompanied by the required statutory 
fee. 

6. That the proposed appropriation shall be perfected by the actual 
application of water to the proposed beneficial use on or before December 31, 
1997, or any authorized extension thereof. Any request for an extension of time 
shall be accompanied by the required statutory fee. 

7. That the app 1 i cant sha 11 not be deemed to have acquired a water 
appropriation for a quantity in excess of the amount approved herein nor in 
excess of the amount found by the Chief Engineer to have been actually used for 
the approved purpose during one ca 1 endar year subsequent to approva 1 of the 
application and within the time specified or any authorized extension thereof; 
provided further that the appropriation perfected pursuant to this permit shall 
not exceed that rate and quantity which has been proven, to the satisfaction of 
the Chief Engineer, to be available as long term sustainable yield of the 
aquifer. 

8. That the use of water herein authorized shall not impair any use under 
existing water rights nor prejudicially and unreasonably affect the public 
interest. 

9. That the right of the appropriator shall relate to a specific quantity 
of water and such right must allow for a reasonable raising or lowering of the 
static water level and for the reasonable increase or decrease of the streamflow 
at the appropriator's point of diversion. 

10. That the permit does not constitute authority under K.S.A. 82a-301 to 
305a to construct any dam or other obstruction; it does not give any right-of
way, or authorize any injury to, or trespass upon, public or private property; 
it does not obviate the necessity of obtaining assent from Federal or Local 
Governmental authorities when necessary. 

11. That all diversion works constructed under the authority of this permit 
into which any type of chemical substance will be injected into the water pumped 
from the diversion works shall be equipped with an in-line, automatic quick
closing, check valve capable of preventing pollution of the source of the water 
supply. The type of valve installed shall meet specifications adopted by the 
Chief Engineer and shall be maintained in an operating condition satisfactory 
to the Chief Engineer. 

12. That all wells with a diversion rate of 100 gallons per minute or more 
drilled under the authority of this permit shall have a tube or other device 
installed in a manner acceptable to, and in accordance with specifications 
adopted by, the Chief Engineer. This tube or device shall be suitable for making 
water level measurements and shall be maintained in a condition satisfactory to 
the Chief Engineer. 

13. That no water user shall engage in nor allow t~~~t~·~f any water 
diverted under the authority of this permit. iL·' '· : c: ~ I 
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14. That failure without cause to comply with provisions of the permit and 
its terms, conditions and limitations will result in the forfeiture of the 
priority date, revocation of the permit and dismissal of the application. 

15. That the right to appropriate water under authority of this permit is 
subject to any minimum desirable streamflow requirements identified and 
established pursuant to K.S.A. B2a-703c for the source of supply to which this 
water right applies. 

16. That the applicant shall install an acceptable meter in accordance with 
specifications adopted by the Chief Engineer on February 27, 1985, on the 
diversion works authorized by this permit. Such meter shall be installed prior 
to the actual use of water. The applicant shall maintain accurate and complete 
records from which the quantity of water diverted during each calendar year may 
be readily determined. Accurate and complete records shall be furnished to the 
Chief Engineer by March 1 following the end of each calendar year. 

17. That the applicant shall maintain the meter required in Paragraph No. 
16 above in an operating condition satisfactory to the Chief Engineer and the 
records kept in accordance with Paragraph No. 16 above shall also be furnished 
to the Chief Engineer upon his request. 

18. That the proposed conservation plan submitted by the applicant shall 
be adopted and implemented on or before the date water is used under the 
authority of this permit, or in accordance with the time schedule set forth in 
the approved conservation plan, whichever comes later. The Chief Engineer 
reserves the right to review the applicant's conservation plan at ten (10) year 
i nterva 1 s to determine if it is consistent with current Kansas Water Office 
conservation guidelines. If it is materially different from current Kansas Water 
Office guidelines, then the Chief Engineer may order the permit owner to amend 
the conservation plans to make it consistent with current Kansas Water Office 
guidelines. 

19. That the applicant shall install and maintain an observation well 
network in the aquifers at locations authorized by the Chief Engineer. Such 
observation well network shall be install~d and equipped in accordance with the 
specifications and conditions· approved by the Chief Engineer to allow the 
monitoring of the water levels. Such observation well network, and the equipment 
required to fully equip the wells, shall be at the expense of the applicant. 

20. That the applicant shall collect water level data from authorized point 
of diversion and observation well network and shall submit a written summary of 
said data with the annual water use report, to the office of the Chief Engineer, 
with copies to the Stockton Field Office of this agency; and such additional data 
or information as may be deemed necessary by the Chief Engineer. 

21. That the expense of obtaining data required in Paragraph No. 20 of this 
permit, and the responsibility for submitting reports thereof are to be borne 
by the applicant. 

22. That the quantity of water approved under this permit is further 
limited to the quantity which combined with the vested right as determined and 
established by the Chief Engineer, Division of Water Resources, Kansas State 
Board of Agriculture, in his order dated January!RNf:':\\l.!l:SE, identified in the 
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office of the Chief Engineer as Vested Right, File No. EL 002; Water Right, File 
Nos. 1,248 and 5,757; and Appropriation of Water, File Nos. 33,296; 40,367; 
40,368 and 40,702, will provide a total not to exceed 1,197.5 million gallons 
(3,675 acre-feet) of water per calendar year for municipal purposes in the City 
of Hays, Kansas, and immediate vicinity. 

23. That the applicant shall cause the well under this appropriation to 
be constructed so that the source of supply will be restricted to withdrawal of 
water from the Lower Cretaceous (Dakota) Format ion, thereby precluding withdrawa 1 
of water from any overlying water-bearing strata and insure that an adequate seal 
is placed between the Lower Cretaceous (Dakota) Formation and all overlying 
water-bearing strata so as to prevent any movement of water between formations. 

24. That the well casing and other appurtenances to said well under this 
appropriation shall be maintained by the applicant to the satisfaction of the 
Chief Engineer, Division of Water Resources, Kansas State Board of Agriculture. 

25. That in the event that this application is dismissed or the well under 
this appropriation should become abandoned by the applicant, the applicant shall 
cause said well to be plugged in accordance with the requirements of article 30 
of the Rules and Regulations as adopted by the Kansas Department of Health and 
Environment. 

26. That the Chief Engineer specifically retains jurisdiction in this 
matter with authority to make such reasonable reductions in the approved rate 
of diversion and quantity authorized to be perfected, and such changes in other 
terms, conditions, and limitations set forth in this approval and permit to 
proceed as may be deemed to be in the public interest. 

Dated at Topeka, Kansas, this l~ ' 1992. 

David L. Pope, P.E. 
Chief Engineer 

Division of Water Resources 
Kansas State Board of Agriculture 



THE STATE 

STATE BOARD OF AGRICULTURE 
Sam Brownback, Secrecary 

OF KANSAS 

OOPLICATE COJiY 

DIVISION OF WATER RESOURCES 
David L. Pope, Chief Engineer 

APPROVAL OF APPLICATION 
and 

; ; ~ ' 
PERMIT TO PROCEED \ .. ' 

{This Is Not a Certificate of Appropriation) 

This is to certify that I have examined Application, file No. 40,704, of 
the applicant 

The City of Hays 
P 0 Box 490 
Hays, Kansas 67601 

for a permit to appropriate water for beneficial use, together with the maps, 
plans and other submitted data, and that the application is hereby approved and 
the applicant is hereby authorized, subject to vested rights and prior 
appropriations, to proceed with the construction of the proposed diversion works 
(except those dams and stream obstructions regulated by K.S.A. 82a-301 through 
305a, as amended), and to proceed with all steps necessary for the application 
of.the water to the approved and proposed beneficial use and otherwise perfect 
the proposed appropriation subject to the following terms, conditions and 
limitations: 

1. That the priority date assigned to such application is May 15, 1992. 

2. That the water sought to be appropriated shall be used for municipal 
purposes in the City of Hays, Kansas, and immediate vicinity. 

3. That the source from which the appropriation is made shall be from 
groundwater in the drainage basin of Big Creek to be withdrawn by means of one 
{1) well 1 ocated in the Northeast Quarter of the Northwest Quarter of the 
Southwest Quarter (NE\ NW\ SW\) of Section 13, more particularly described as 
being near a point 2,210 feet North and 4,580 feet West of the Southeast corner 
of said section, in Township 14 South, Range 19 West, Ellis County, Kansas, 
located substantially as shown on the topographic map accompanying the 
application. 

4. That the appropriation sought shall be limited to a maximum diversion 
rate not in excess of 250 gallons per minute (0.56 c.f.s.) and to a quantity not 
to exceed 52.14 million gallons (160 acre-feet) for any calendar year. 

5. That installation of works for diversion of water shall be completed 
on or before December 31, 1993, or within any authorized extension thereof. The 
applicant shall notify the Chief Engineer and pay the statutorily required field 
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inspection fee of $200.00 when construction of the works has been completed. 
Failure to timely submit the fee will result in revocation of the permit. Any 
request for an extension of time shall be accompanied by the required statutory 
fee. 

6. That the proposed appropriation shall be perfected by the actual 
application of water to the proposed beneficial use on or before December 31, 
1997, or any authorized extension thereof. Any request for an extension of time 
shall be accompanied by the required statutory fee. 

7. That the applicant shall not be deemed to have acquired a water 
appropriation for a quantity in excess of the amount approved herein nor in 
excess of the amount found by the Chief Engineer to have been actually used for 
the approved purpose during one ca 1 endar year subsequent to approva 1 of the 
application and within the time specified or any authorized extension thereof; 
provided further that the appropriation perfected pursuant to this permit shall 
not exceed that rate and quantity which has been proven, to the satisfaction of 
the Chief Engineer, to be available as long· term sustainable yield of the 
aquifer. · · 

8. That the use of water herein authorized shall not impair any use under 
existing water rights nor prejudicially and unreasonably affect the public 
interest. 

9. That the right of the appropriator shall relate to a specific quantity 
of water and such right must allow for a reasonable raising or lowering of the 
static water level and for the reasonable increase or decrease of the streamflow 
at the appropriator's point of diversion. 

10. That the permit does not constitute authority under K.S.A. 82a-301 to 
305a to construct any dam or other obstruction; it does not give any right-of
way, or authorize any injury to, or trespass upon, public or private property; 
it does not obviate the necessity of obtaining assent from Federal or Local 
Governmental authorities when necessary .. 

11. That a 11 diversion works constructed under the authority of this permit 
into which any type of chemical substance will be injected into the water pumped 
from the diversion works shall be equipped with an in-line, automatic quick
closing, check valve capable of preventing pollution of the source of the water 
supply. The type of valve installed shall meet specifications adopted by the 
Chief Engineer and shall be maintained in an operating condition satisfactory 
to the Chief Engineer. 

12. That all wells with a diversion rate of 100 gallons per minute or more 
drilled under the authority of this permit sha 11 have a tube or other device 
installed in a manner acceptable to, and in accordance with specifications 
adopted by, the Chief Engineer. This tube or device shall be suitable for making 
water level measurements and shall be maintained in a condition satisfactory to 
the Chief Engineer. 

13. That no water user sha 11 engage in nor a 11 ow the waste of any water 
diverted under the authority of this permit. 



14. That failure without cause to comply with provisions of the permit and 
its terms, conditions and limitations will result in the forfeiture of the 
priority date, revocation of the permit and dismissal of the application. 

15. That the right to appropriate water under authority of this permit is 
subject to any minimum desirable streamflow requirements identified and 
established pursuant to K.S.A. 82a-703c for the source of supply to which this 
water right applies. 

16. That the applicant shall install an acceptable meter in accordance with 
specifications adopted by the Chief Engineer on February 27, 1985, on the 
diversion works authorized by this permit. Such meter shall be installed prior 
to the actual use of water. The applicant shall maintain accurate and complete 
records from which the quantity of water diverted during each calendar year may 
be readily determined. Accurate and complete records shall be furnished to the 
Chief Engineer by March 1 following the end of each calendar year. 

17. That the appl~cant~ha11 maintain the meter requir'd in Paragraph No. 
16 above in an operating condition satisfactory to the Chief Engineer and the 
records kept in accordance with Paragraph No. 16. above shall also be furnished 
to the Chief Engineer upon his request. 

18. That the proposed conservation plan submitted by the applicant shall 
be adopted and imp 1 emented on or before the date. water is used under the 
authority of this permit, or in accordance with the time schedule set forth in 
the approved conservation p 1 an, whichever comes 1 ater. The Chief Engineer 
reserves the right to review the applicant's conservation plan at ten (10) year 
intervals to determine if it is consistent with current Kansas Water Office 
conservation guidelines. If it is materially different from current Kansas Water 
Office guidelines, then the Chief Engineer may order the permit owner to amend 
the conservation plans to make it consistent with current Kansas Water Office 
guidelines. 

19. That the applicant shall install and maintain an observation well 
network in the aquifers at locations authorized by the Chief Engineer. Such 
observation well network shall be installed and equipped in accordance with the 
specifications and cpnditions approved by the Chief Engineer to allow the 
monitoring of the water levels. Such observation well network~ and the equipment 
required to fully equip the wells, shall be at the expense of the applicant. 

20. That the applicant shall collect water level data from authorized point 
of diversion and observation well network and shall submit a written summary of 
said data with the annual water use report, to the office of the Chief Engineer, 
with copies to the Stockton Field Office of this agency; and such additional data 
or information as may be deemed necessary by the Chief Engineer. 

21. That the expense of obtaining data required in Paragraph No. 20 of this 
permit, and the responsibility for submitting reports thereof are to be borne 
by the applicant. 

22. That the quantity of water approved under this permit is further 
limited to the quantity which combined with the vested right as determined and 
established by the Chief Engineer, Division of Water Resources, Kansas State 
Board of Agriculture, in his order dated January 12, 1955, identified in the 



office of the Chief Engineer as Vested Right, File No. EL 002; Water Right, File 
Nos. 1,248 and 5,757; and Appropriation of Water, File Nos. 33,296; 40,367; 
40,368; 40,702 and 40,703, will provide a total not to exceed 1,197.5 million 
gallons {3,675 acre-feet) of water per calendar year for municipal purposes in 
the City of Hays, Kansas, and immediate vicinity. 

23. That the applicant shall cause the well under this appropriation to 
be constructed so that the source of supply will be restricted to withdrawal of 
water from the Lower Cretaceous {Dakota) Formation, thereby precluding withdrawal 
of water from any overlying water-bearing strata and insure that an adequate seal 
is placed between the Lower Cretaceous {Dakota) Formation and all overlying 
water-bearing strata so as to prevent any movement of water between formations. 

24. That the well casing and other appurtenances to said well under this 
appropriation shall be maintained by the applicant to the satisfaction of the 
Chief Engineer, Division of Water Resources, Kansas State Board of Agriculture. 

25. That in the event that this application is dismissed or the well under 
this appropriation should become abandoned by the applicant, the applicant shall 
cause said well to be plugged in accordance with the requirements of article 30 
of the Rules and Regulations as adopted by the Kansas Department of Health and 
Environment. 

26. That the Chief Engineer specifically retains jurisdiction in this 
matter with authority to make such reasonable reductions in the approved rate 
of diversion and quantity authorized to be perfected, and such changes in other 
terms, conditions, and limitations set forth in this approval and permit to 
proceed as may be deemed to be in the public interest. 

Dated at ' 1992. 



THE STATE 

STATE BOARD OF AGRICULTURE 
Sam Brownback, Secre!llry 

OF KANSAS 

APPROVAL OF APPLICATION 
and 

PERMIT TO PROCEED 

DIVISION OF WATER RESOURCES 
David L Pope, Chief Engineer 

~UFUCP.1 t COPY 

(This Is Not a Certificate of Appropriation) 
.iUL 1 5 1992 

Fie!dOfil~ 
Dlvlslon or R'S!lOIUrcss 

This is to certify that I have examined Application, File No. 40,705 
the applicant 

The City of Hays 
P 0 Box 490 
Hays Kansas 67601 

for a permit to appropriate water for beneficial use, together with the maps, 
plans and other submitted data, and that the application is hereby approved and 
the · applicant is hereby authorized, subject to vested rights and prior 
appropriations, to proceed with the constructibn of the proposed diversion works 
(except those dams and stream obstructions regulated by K.S.A. 82a-301 through 
305a, as amended), and to proceed with all steps necessary for the application 
of the water to the approved and proposed beneficial use and otherwise perfect 
the proposed appropriation subject to the following terms, conditions and 
limitations: 

1. That the priority date assigned to such application is May 15, 1992. 

2. That the water sought to be appropriated shall be used for municipal 
purposes in the City of Hays, Kansas, and immediate vicinity. 

-
3. That the source from which the appropriation is made shall be from 

groundwater in the drainage basin of Big Creek to be withdrawn by means of one 
( 1) · we 11 1 ocated in the Southwest Quarter of the Northeast Quarter of the 
Northwest Quarter {SW~ NE~ NW~) of Section 20, more particularly described as 
being near a point 4,752 feet North and 3,910 feet West of the Southeast corner 
of said section, in Township 14 South, Range 18 West, Ellis County, Kansas, 
located substantially as shown on the topographic map accompanying the 
application. 

4. That the appropriation sought shall be limited to a maximum diversion 
rate not in excess of 250 gallons per minute (0.55 c.f.s.) and to a quantity not 
to exceed 52.14 million gallons (160 acre-feet) for any calendar year. 

5. That installation of works for diversion of water shall be completed 
on or before December 31, 1993, or within any authorized extension thereof. The 
applicant shall notify the Chief Engineer and pay the statutorily required field 
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inspection fee of $200.00 when construction of the works has been completed. 
Failure to timely submit the fee will result in revocation of the permit. Any 
request for an extension of time shall be accompanied by the required statutory 
fee. 

6. That the proposed appropriation shall be perfected by the actua 1 
application of water to the proposed beneficial use on or before December 31, 
1997, or any authorized extension thereof. Any request for an extension of time 
shall be accompanied by the required statutory fee. 

7. That the applicant shall not be deemed to have acquired a water 
appropriation for a quantity in excess of the amount approved herein nor in 
excess of the amount found by the Chief Engineer to have been actually used for 
the approved purpose during one ca 1 endar year subsequent to approva 1 of the 
application and within the time specified or any authorized extension thereof; 
provided further that the appropriation perfected pursuant to this permit shall 
not exceed that rate and quantity which has been proven, to the satisfaction of 
the Chief Engineer, to be available as long term sustainable yield of the 
aquifer. 

8. That the use of water herein authorized shall not impair any use under 
existing water rights nor prejudicially and unreasonably affect the public 
interest. 

9. That the right of the appropriator shall relate to a specific quantity 
of water and such right must allow for a reasonable raising or lowering of the 
static water level and for the reasonable increase or decrease of the streamflow 
at the appropriator's point of diversion. 

10. That the permit does not constitute authority under K.S.A. 82a-301 to 
305a to construct any dam or other obstruction; it does not give any right-of
way, or authorize any injury to, or trespass upon, public or private property; 
it does not obviate the necessity of obtaining assent from Federal or Local 
Governmental authorities when necessary. 

11. That all diversion works constructed under the authority of this permit 
into which any type of chemical substance will be injected into the water pumped 
from the diversion works shall be equipped with an in-line, automatic quick
closing, check valve capable of preventing pollution of the source of the water 
supply. The type of valve installed shall meet specifications adopted by the 
Chief Engineer and shall be maintained in an operating condition satisfactory 
to the Chief Engineer. 

12. That all wells with a diversion rate of 100 gallons per minute or more 
drilled under the authority of this permit shall have a tube or other device 
i nsta 11 ed in a manner acceptable to, and in accordance with speci fi cations 
adopted by, the Chief Engineer. This tube or device shall be suitable for making 
water level measurements and shall be maintained in a condition satisfactory to 
the Chief Engineer. 

13. That no water user shall engage in nor allow the waste of any water 
diverted under the authority of this permit. 



14. That failure without cause to comply with provisions of the permit and 
its terms, conditions and limitations will result in the forfeiture of the 
priority date, revocation of the permit and dismissal of the application. 

15. That the right to appropriate water under authority of this permit is 
subject to any minimum desirable streamflow requirements identified and 
established pursuant to K.S.A. 82a-703c for the source of supply to which this 
water right applies. 

16. That the applicant shall install an acceptable meter in accordance with 
specifications adopted by the Chief Engineer on February 27, 1985, on the 
diversion works authorized by this permit. Such meter shall be installed prior 
to the actual use of water. The applicant shall maintain accurate and complete 
records from which the quantity of water diverted during each calendar year may 
be readily determined. Accurate and complete records shall be furnished to the 
Chief Engineer by March 1 following the end of each calendar year. 

17. That the applicant shall maintain the meter required in Paragraph No. 
16 above in an operating condition satisfactory to the Chief Engineer and the 
records kept in accordance with Paragraph No. 16 above shall also be furnished 
to the Chief Engineer upon his request. 

18. That the proposed conservation plan submitted by the applicant shall 
be adopted and implemented on or before the date water is used under the 
authority of this permit, or in accordance with the time schedule set forth in 
the approved conservation plan, whichever comes later. The Chief Engineer 
reserves the right to review the applicant's conservation plan at ten (10) year 
intervals to determine if it is consistent with current Kansas Water Office 
conservation guidelines. If it is materially different from current Kansas Water 
Office guidelines, then the Chief Engineer may order the permit owner to amend 
the conservation plans to make it consistent with current Kansas Water Office 
guidelines. 

19. That the applicant shall install and maintain an observation well 
network in the aquifers at locations authorized by the Chief Engineer. Such 
observation well network shall be installed and equipped in accordance with the 
specifications and conditions approved by the Chief Engineer to allow the 
monitoring of the water 1 eve 1 s. Such observation we 11 network, and the equipment 
required to fully equip the wells, shall be at the expense of the applicant. 

20. That the applicant shall collect water level data from authorized point 
of diversion and observation well network and shall submit a written summary of 
said data with the annual water use report, to the office of the Chief Engineer, 
with copies to the Stockton Field Office of this agency; and such additional data 
or information as may be deemed necessary by the Chief Engineer. 

21. That the expense of obtaining data required in Paragraph No. 20 of this 
permit, and the responsibility for submitting reports thereof are to be borne 
by the applicant. 

22. That the quantity of water approved under this permit is further 
limited to the quantity which combined with the vested right as determined and 
established by the Chief Engineer, Division of Water Resources, Kansas State 
Board of Agriculture, in his order dated January 12, 1955, identified in the 



office of the Chief Engineer as Vested Right, File No. EL 002; Water Right, File 
Nos. 1,248 and 5,757; and Appropriation of Water, File Nos. 33,296; 40,367; 
40,368; 40,702; 40,703; and 40,704, will provide a total not to exceed 1,197.5 
mill ion gallons (3,675 acre-feet) of water per calendar year for municipal 
purposes in the City of Hays, Kansas, and immediate vicinity. 

23. That the applicant shall cause the well under this appropriation to 
be constructed so that the source of supply will be restricted to withdrawal of 
water from the Lower Cretaceous (Dakota) Formation, thereby precluding withdrawal 
of water from any overlying water-bearing strata and insure that an adequate seal 
is placed between the Lower Cretaceous (Dakota) Formation and all overlying 
water-bearing strata so as to prevent any movement of water between formations. 

24. That the well casing and other appurtenances to said well under this 
appropriation shall be maintained by the applicant to the satisfaction of the 
Chief Engineer, Division of Water Resources, Kansas State Board of Agriculture. 

25. That in the event that this application is dismissed or the well under 
this appropriation should become abandoned by the applicant, the applicant shall 
cause said well to be plugged in accordance with the requirements of article 30 
of the Rules and Regulations as adopted by the Kansas Department of Health and 
Environment. 

26. That the Chief Engineer specifically retains jurisdiction in this 
matter with authority to make such reasonable reductions in the approved rate 
of diversion and quantity authorized to be perfected, and such changes in other 
terms, conditions, and limitations set forth in this approval and permit to 
proceed as may be deemed to be in the public interest. 

Dated at Topeka, Kansas, this ( ~ day of -XJ..l'::) ' 1992. 

David L. Pope, P.E. 
Chief Engineer 

Division of Water Resources 
Kansas State Board of Agriculture 

RECEiVED 

'"lUL 1 3 1992 



THE STATE 

STATE BOARD OF AGRICULTURE 
Sam Brownback, Secretary 

OF KANSAS 

DIVISION OF WATER RESOURCES 
David L. Pope, Chief Engineer 

APPROVAL OF APPLICATION 
and 

PERMIT TO PROCEED 

{This Is Not a Certificate of Appropriation) 

This is to certify that I have examined Application, File No. 40,706, of 
the applicant 

The City of Hays 
P 0 Box 490 
Hays, Kansas 67601 

for a permit to appropriate water for beneficial use, together with the maps, 
p 1 ans· and other submitted data, and that the app 1 i cation is hereby approved and 
the applicant is hereby authorized, subject to vested rights and prior 
appropriations, to proceed with the construction of the proposed diversion works 
(except those dams and stream obstructions regulated by K.S.A. 82a-301 through 
305a, as amended), and to proceed with all steps necessary for the application 
of the water to the approved and proposed beneficial use and otherwise perfect 
the proposed appropriation subject to the fo 11 owing terms, conditions and 
1 imitations: 

1. That the priority date assigned to such application is May 15, 1992. 

2. That the water sought to be appropriated shall be used for municipal 
purposes in the City of Hays, Kansas, and immediate vicinity. 

3. That the source from which the appropriation is made shall be from 
groundwater in the drainage basin of Big Creek to be withdrawn by means of one 
( 1) we 11 1 ocated in the Southeast Quarter of the Southeast Quarter of the 
Northeast Quarter (SE% SE% NE%) of Section 13, more particularly described as 
being near a point 2,961 feet North and 676 feet West of the Southeast corner 
of said section, in Township 14 South, Range 19 West, Ellis County, Kansas, 
located substantially as shown on the topographic map accompanying the 
application. 

4. That the appropriation sought shall be limited to a maximum diversion 
rate not in excess of 200 gallons per minute (0.45 c.f.s.) and to a quantity not 
to exceed 39.43 million gallons (121 acre-feet) for any calendar year. 

5. That installation of works for diversion of water shall be completed 
on or before December 31, 1993, or within any authorized extension thereof. The 
applicant shall notify the Chief Engineer and pay the statutorily required field 
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inspection fee of $200.00 when construction of the works has been completed. 
Failure to timely submit the fee will result in revocation of the permit. Any 
request for an extension of time shall be accompanied by the required statutory 
fee. 

6. That the proposed appropriation shall be perfected by the actua 1 
application of water to the proposed beneficial use on or before December 31, 
1997, or any authorized extension thereof. Any request for an extension of time 
shall be accompanied by the required statutory fee. 

7. That the applicant shall not be deemed to have acquired a water 
appropriation for a quantity in excess of the amount approved herein nor in 
excess of the amount found by the Chief Engineer to have been actually used for 
the approved purpose during one calendar year subsequent to approval of the 
application and within the time specified or any authorized extension thereof; 
provided further that the appropriation perfected pursuant to this permit shall 
not exceed that rate and quantity which has been proven, to the satisfaction of 
the Chief Engineer, to be available as long term sustainable yield of the 
aquifer. 

8. That the use of water herein authorized shall not impair any use under 
existing water rights nor prejudicially and unreasonably affect the public 
interest. 

9. That the right of the appropriator shall relate to a specific quantity 
of water and such right must allow for a reasonable raising or lowering of the 
static water level and for the reasonable increase or decrease of the streamflow 
at the appropriator's point of diversion. 

10. That the permit does not constitute authority under K.S.A. 82a-301 to 
305a to construct any dam or other obstruction; it does not give any right-of
way, or authorize any injury to, or trespass upon, public or private property; 
it does not obviate the necessity of obtaining assent from Federal or local 
Governmental authorities when necessary. 

11. That all diversion works constructed under the authority of this permit 
into which any type of chemical substance will be injected into the water pumped 
from the diversion works shall be equipped with an in-line, automatic quick
closing, check valve capable of preventing pollution of the source of the water 
supply. The type of valve installed shall meet specifications adopted by the 
Chief Engineer and shall be maintained in an operating condition satisfactory 
to the Chief Engineer. 

12. That all wells with a diversion rate of 100 gallons per minute or more 
drilled under the authority of this permit shall have a tube or other device 
installed in a manner acceptable to, and in accordance with specifications 
adopted by, the Chief Engineer. This tube or device shall be suitable for making 
water level measurements and shall be maintained in a condition satisfactory to 
the Chief Engineer. 

13. That no water user shall engage in nor allow the waste of any water 
diverted under the authority of this permit. 



14. That failure without cause to comply with provisions of the permit and 
its terms, conditions and 1 imitations will result in the forfeiture of the 
priority date, revocation of the permit and dismissal of the application. 

15. That the right to appropriate water under authority of this permit is 
subject to any minimum desirable streamflow requirements identified and 
established pursuant to K.S.A. 82a-703c for the source of supply to which this 
water right applies. 

16. That the app 1 i cant shall install an acceptab 1 e meter in accordance with 
specifications adopted by the Chief Engineer on February 27, 1985, on the 
diversion works authorized by this permit. Such meter shall be installed prior 
to the actual use of water. The applicant shall maintain accurate and complete 
records from which the quantity of water diverted during each calendar year may 
be readily determined. Accurate and complete records shall be furnished to the 
Chief Engineer by March 1 following the end of each calendar year. 

17. That the applicant shall maintain the meter required in Paragraph No. 
16 above in an operating condition satisfactory to the Chief Engineer and the 
records kept in accordance with Paragraph No. 16 above shall also be furnished 
to the Chief Engineer upon his request. 

18. That the proposed conservation plan submitted by the applicant shall 
be adopted and i'mpl emented on or before the date water is used under the 
authority of this permit, or in accordance with the time schedule set forth in 
the approved conservation plan, whichever comes 1 ater. The Chief Engineer 
reserves the right to review tne applicant's conservation plan at ten (10) year 
intervals to determine if it is consistent with current Kansas Water Office 
conservation guidelines .. If it is materially different from current Kansas Water 
Office guidelines, then the Chief Engineer may order the permit owner to amend 
the conservation plans to make it consistent with current Kansas Water Office 
guidelines. 

19. That the applicant shall install and maintain an observation well 
network in the aquifers at locations authorized by the Chief Engineer. Such 
observation well network shall be installed and equipped in accordance with the 
specifications and conditions approved by the Chief Eng·ineer to allow the 
monitoring of the water levels. Such observation well network, and the equipment 
required to fully equip the wells, shall be at the expense of the applicant. 

20. That the applicant shall collect water level data from authorized point 
of diversion and observation well network and shall submit a written summary of 
said data with the annual water use report, to the office of the Chief Engineer, 
with copies to the Stockton Field Office of this agency; and such additional data 
or information as may be deemed necessary by the Chief Engineer. 

21. That the expense of obtaining data required in Paragraph No. 20 of this 
permit, and the responsibility for submitting reports thereof are to be borne 
by the applicant. 

22. That the quantity of water approved under this permit is further 
limited to the quantity which combined with the vested right as determined and 
established by the Chief Engineer, Division of Water Resources, Kansas State 
Board of Agriculture, in his order dated January 12, 1955, identified in the 



office of the Chief Engineer as Vested Right, File No. El 002; Water Right, File 
Nos. 1,248 and 5,757; and Appropriation of Water, File Nos. 33,296; 40,367; 
40,368; 40,702; 40,703; 40,704 and 40,705, will provide a total not to exceed 
1,197.5 million gallons (3,675 acre-feet) of water per calendar year for 
municipal purposes in the City of Hays, Kansas, and immediate vicinity. 

23. That the applicant shall cause the well under this appropriation to 
be constructed so that the source of supply will be restricted to withdrawal of 
water from the Lower Cretaceous (Dakota) Formation, thereby precluding withdrawal 
of water from any overlying water-bearing strata and insure that an adequate seal 
is placed between the Lower Cretaceous (Dakota) Formation and all overlying 
water-bearing strata so as to prevent any movement of water between formations. 

24. That the well casing and other appurtenances to said well under this 
appropriation shall be maintained by the applicant to the satisfaction of the 
Chief Engineer, Division of Water Resources, Kansas State Board of Agriculture. 

25. That in the event that this application is dismissed or the well under 
this appropriation should become abandoned by the applicant, the applicant shall 
cause said well to be plugged in accordance with the requirements of article 30 
of the Rules and Regulations as adopted by the Kansas Department of Health and 
Environment. 

26. That the Chief Engineer specifically retains jurisdiction in this 
matter with authority to make such reasonable reductions in the approved rate 
of diversion and quantity authorized to be perfected, and such changes in other 
terms, conditions, and limitations set forth iri this approval and permit to 
proceed as may be deemed to be in the public interest. 

Dated ' 1992. 

David L. Pope, P.E. 
Chief Engineer 

~~ Division of Water Resources 
Kansas State Board of Agriculture 
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THE STATE 

STATE BOARD OF AGRICULTURE 
Sam Brownback, Secretary 

OF KANSAS 

DIVISION OF WATER RESOURCES 
David L. Pope, Chief Engineer 

APPROVAL OF APPLICATION 
and 

PERMIT TO PROCEED 
rJUPUC~.TE COPY 

(This Is Not a Certificate of Appropriation) 

F~;:·tr'! "::J,--!:'"n•~rces 
D~u',slon (H '· ,,.,,_ ... ;..-

This is to certify that I have examined Application, File No. 40,70-7·',""·''of 
the applicant 

The City of Hays 
P 0 Box 490 
Hays, Kansas 67601 

for a permit to appropriate water for beneficial use, together with the maps, 
plans and other submitted data, and that the application is hereby approved and 
the applicant is hereby authorized, subject to vested rights and prior 
appropriations, to proceed with the construction of the proposed diversion works 
(except those dams and stream obstructions regulated by K.S.A. 82a-301 through 
305a, as amended), and to proceed with all steps necessary for the application 
of the water to the approved and proposed beneficial use and otherwise perfect 
the proposed appropriation subject to the following terms, conditions and 
limitations: 

1. That the priority date assigned to such application is May 15, 1992. 

2. That the water sought to be appropriated shall be used for municipal 
purposes in the City of Hays, Kansas, and immediate vicinity. 

3. That the source from which the appropriation is made shall be from 
groundwater in the drainage basin of Big Creek to be withdrawn by means of one 
( 1) we 11 1 ocated in the Southeast Quarter of the Southwest Quarter of the 
Southeast Quarter (SE~ SW~ SE~) of Section 18, more particularly described as 
being near a point 60 feet North and 1,339 feet West of the Southeast corner of 
said section, in Township 14 South, Range 18 West, Ellis County, Kansas, located 
substantially as shown on the topographic map accompanying the application. 

4. That the appropriation sought shall be limited to a maximum diversion 
rate not in excess of 250 ga 11 ons per minute ( 0. 55 c. f. s.) and to a quantity not 
to exceed 52.14 million gallons (160 acre-feet) for any calendar year. 

5. That installation of works for diversion of water shall be completed 
on or before December 31, 1993, or within any authorized extension thereof. The 
applicant shall notify the Chief Engineer and pay the statutorily required field 
inspection fee of $200.00 when construction of the works has been completed. 
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Failure to timely submit the fee will result in revocation of the permit. Any 
request for an extension of time shall be accompanied by the required statutory 
fee. 

6. That the proposed appropriation shall be perfected by the actual 
application of water to the proposed beneficial use on or before December 31, 
1997, or any authorized extension thereof. Any request for an extension of time 
shall be accompanied by the required statutory fee. 

7. That the app 1 i cant sha 11 not be deemed to have acquired a water 
appropriation for a quantity in excess of the amount approved herein nor in 
excess of the amount found by the Chief Engineer to have been actually used for 
the approved purpose during one ca 1 endar year subsequent to approva 1 of the 
application and within the time specified or any authorized extension thereof; 
provided further that the appropriation perfected pursuant to this permit shall 
not exceed that rate and quantity which has been proven, to the satisfaction of 
the Chief Engineer, to be available as long term sustainable yield of the 
aquifer. 

8. That the use of water herein authorized shall not impair any use under 
existing water rights nor prejudicially and unreasonably affect the public 
interest. 

9. That the right of the appropriator shall relate to a specific quantity 
of water-and such right must allow for a reasonable raising or lowering of the 
static water level and for the reasonable increase or decrease of the streamflow 
at the appropriator's point of diversion. 

10. That the permit does not constitute authority under K.S.A. 82a-301 to 
305a to construct any dam or other obstruction; it does not give any right-of· 
way, or authorize any injury to, or trespass upon, public or private property; 
it does not obviate the necessity of obtaining assent from Fed era 1 or Loca 1 
Governmental authorities when necessary. 

11. That all diversion works constructed under the authority of this permit 
into which any type of chemical substance will be injected into the water pumped 
from the diversion works shall be equipped with an in-line, automatic quick
closing, check valve capable of preventing pollution of the source of the water 
supply. The type of va.lve installed shall meet specifications adopted by the 
Chief Engineer and sha'n be maintained in an operating condition satisfactory 
to the Chief Enginee~. 

12. That all wells with a diversion rate of 100 gallons per minute or more 
drilled under the authority of this permit shall have a tube or other device 
i nsta 11 ed in a manner acceptab 1 e to, and in accordance with speci fi cations 
adopted by, the Chief Engineer. This tube or device shall be suitable for making 
water level measurements and shall be maintained in a condition satisfactory to 
the Chief Engineer. 

13. That no water user shall engage in nor allow the waste of any water 
diverted under the authority of this permit. 



14. That failure without cause to comply with provisions of the permit and 
its terms, conditions and limitations will result in the forfeiture of the 
priority date, revocation of the permit and dismissal of the application. 

15. That the right to appropriate water under authority of this permit is 
subject to any minimum desirable streamflow requirements identified and 
established pursuant to K.S.A. 82a-703c for the source of supply to which this 
water right applies. 

16. That the applicant shall install an acceptable meter in accordance with 
specifications adopted by the Chief Engineer on february 27, 1985, on the 
diversion works authorized by this permit. Such meter shall be installed prior 
to the actual use of water. The applicant shall maintain accurate and complete 
records from which the quantity of water diverted during each calendar year may 
be readily determined. Accurate and complete records shall be furnished to the 
Chief Engineer by March 1 following the end of each calendar year. 

17. That the applicant shall maintain the meter required in Paragraph No. 
16 above in an operating condition satisfactory to the Chief ~ngineer and the 
records kept in accordance with Paragraph No. 16 above shall also be furnished 
to the Chief Engineer upon his request. 

18. That the proposed conservation plan submitted by the applicant shall 
be adopted and implemented on or before the date water is used under the 
authority of this permit, or in accordance with the time schedule set forth in 
the approved conservation p 1 an, whichever comes 1 ater. The Chief Engineer 
reserves the right to review the applicant's conservation plan at ten (10) year 
intervals to determine if it is consistent with current Kansas Water Office 
conservation guidelines. If it is materially different from current Kansas Water 
Office guidelines, then the Chief Engineer may order the permit owner to amend 
the conservation plans to make it consistent with current Kansas Water Office 
guidelines. · 

19. That the applicant shall install and maintain an observation well 
network in the aquifers at 1 ocati ons authorized by the Chief Engineer. Such 
observation well network shall be installed and equipped in accordance with the 
specifications and conditions approved by the .Chief Engineer to allow the 
monitoring of the water levels. Such observation well network, and the equipment 
required to fully equip the wells, shall be at the expense of the applicant. 

20. That the applicant shall collect water level data from authorized point 
of diversion and observation well network and shall submit a written summary of 
said data with the annual water use report, to the office of the Chief Engineer, 
with copies to the Stockton field Office of this agency; and such additional data 
or information as may be deemed necessary by the Chief Engineer. 

21. That the expense of obtaining data required in Paragraph No. 20 of this 
permit, and the responsibility for submitting reports thereof are .to be borne 
by the applicant. 

22. That the quantity of water approved under this permit is further 
limited to the quantity which combined with the vested right as determined and 
established by the Chief Engineer, Division of Water Resources, Kansas State 
Board of Agriculture, in his order dated January 12, 1955, identified in the 



office of the Chief Engineer as Vested Right, File No. EL 002; Water Right, File 
Nos. 1,248 and 5,757; and Appropriation of Water, File Nos. 33,296; 40,367; 
40,368; 40,702; 40,703; 40,704; 40,705 and 40,706, will provide a total not to 
exceed 1,197.5 million gallons (3,675 acre-feet) of water per calendar year for 
municipal purposes in the City of Hays, Kansas, and immediate vicinity. 

23. That the applicant shall cause the well under this appropriation to 
be constructed so that the source of supply will be restricted to withdrawal of 
water from the Lower Cretaceous (Dakota) Formation, thereby precluding withdrawa 1 
of water from any overlying water-bearing strata and insure that an adequate seal 
is placed between the Lower Cretaceous (Dakota) Formation and all overlying 
water-bearing strata so as to prevent any movement of water between formations. 

24. That the well casing and other appurtenances to said well under this 
appropriation shall be maintained by the applicant to the satisfaction of the 
Chief Engineer, Division of Water Resources, Kansas State Board of Agriculture. 

25. That in the event that this application is djsmissed or the well under 
this appropriation should become abandoned by the applicant, the applicant shall 
cause said well to be plugged in accordance with the requirements of article 30 
of the Rules and Regulations as adopted by the Kansas Department of Health and 
Environment. 

26. That the Chief Engineer specifically retains jurisdiction ·in this 
matter with authority to make such reasonable reductions in the approved rate 
of diversion and quantity authorized to be perfected, and such changes in other 
terms, conditions, and limitations set forth in this approval and permit to 
proceed as may be deemed to be in the public interest. 

Dated day of ~\"::) ' 1992. 
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AN EVALUATION OF THE LONG-TERM EFFECT OF WATER-RESOURCES 

DEVELOPMENT ON THE DAKOTA AQUIFER IN THE VICINITY OF THE HAYS WELL 

FIELD 

Problem Statement 

The need for additional water supply caused the city of Hays to locate a supplemental 

source in the Dakota aquifer to the southwest of the city and begin development of a well field in 

1992. The city has been blending water from its Dakota wellfield with water from its wellfield in 

the Smoky Hill valley because of the higher dissolved solids load in the ground water pumped 

from the Dakota aquifer. At the time a temporary permit was issued by the Division of Water 

Resources, Kansas Department of Agriculture (DWR) to allow the city to use the Dakota aquifer 

as a source of water for a five year period. 

Since the temporary permit was issued, the city has been monitoring water levels and 

rates of water production in the wells, and also conducted short-term pumping tests to determine 

aquifer properties. However, none of this information has been analyzed systematically to assess 

the long-term viability of the well field with respect to water quality or yield. The long-term 

impact of development on the aquifer is also unclear. The short-term pumping tests conducted in 

the well field were not of a long enough duration to characterize the aquifer boundaries and 

verify the nature and locations of any partitions within the aquifer and changes in water quality 

with time. Most of the tests were less than 7 2  hours long. 

The nature of the external and the existence of any internal boundaries will be important 

factors in the long-term viability of the well field and wil l govern the performance of each 

individual well in the field. It is also unclear from the short-term tests how much water will 

eventually move from the low permeability but high storage mudstones into the sandstone 

aquifer as it is being pumped over the long term. The long term effects of pumping on the 

aquifer are also unclear at the larger scale. Where the wellfield is located the Dakota is a 

confined system and is just upgradient from its regional discharge area. Ground-water 

withdrawals may have significant impacts on ground-water discharge and water quality in the 

Dakota aquifer and alluvial aquifers in the regional discharge area. 

Such information is needed for the city to secure a water right from the DWR for the 

city's use of water from the Dakota. More importantly, research in this area will provide much 

needed understanding of the local and larger scale effects of pumping on the Dakota aquifer, a 

topic that is poorly understood by the research and regulatory agencies in Kansas and the users of 

this aquifer. A wellfield simulator would also provide a means to formulate and test various 



management options to prolong the life of the well field, such as the temporary storage of fresh 

ground water in the Dakota aquifer from the city's Smoky Hill River wellfield. 

Goals and Objectives of the Project 

The goals to be achieved by this project are threefold and will directly benefit both the 

city and the research program of the Kansas Geological Survey (KGS). The data and the results 

of this project will be used by the city to assemble and submit an application for a water right on 

their wellfield in the Dakota aquifer. This project will also produce a management tool, the 

wellfield simulator, that can be used by the city to assess consequences of various wellfield 

management options in advance of their application. The goal of the KGS in conducting this 

research is to develop a better understanding of the local and subregional dynamics that occur in 

the aquifer as it is being pumped. Indirectly, the data and results will be most useful to the DWR 

in its attempt to develop appropriate regulations for managing water resources. 

The objectives of this project are to : (1) conduct longer term pumping tests (on the order 

of 7 days each) in the city's wellfield to determine aquifer properties and hydrogeologic 

boundaries; (2) assemble, calibrate, and use models of the Dakota aquifer in the vicinity of the 

city's wellfield and a larger subregional model to assess the likely effects of pumpage on aquifer 

dynamics; and (3) assess viability of various wellfield management options, including the 

temporary storage of freshwater. 

Length of the Project 

The research will be conducted over a period of two calendar years (24 months). 

Scope of Work and Project Description 

The Kansas Geological Survey (KGS) proposes to conduct a detailed investigation of the 

Dakota aquifer in the vicinity of the Hays well field in cooperation with the city and the DWR 

for a period of two years. The project will be carried out in three phases to produce a usable 

wellfield simulator that can be used to investigate the operation of the wellfield and its impact on 

the surrounding aquifer, including water quality. In the first phase, preliminar y ground-water 

flow and solute-transport models will be formulated based on existing well-log, hydrologic 

properties, and water-quality data. The wellfield model will be assembled using existing data, 

including the results of the initial set of pumping tests conducted by the city and any subsequent 

data collected by the city. The subregional scale model will be adapted from the flow and 

transport model of Smith ( 1995). These models will be run on a PC microcomputer using the 

commercially available MODFLOW-EM and MT3-D software. The models will be used to 

determine where additional data are needed for the final model assembly and to design additional 



field data-collection efforts. This phase of the project will take approximately six months to 

complete. 

In the second phase a longer set of pumping tests will be conducted on the wellfield to 

obtain the needed data indicated from the preliminary models. It is likely that testing will be 

done on three of the city's wells over a period of about one month. Prior to each of the tests, the 

wellfield will be passively monitored before and after each test using the city's network of 

observation wells. During each test, the well will be pumped for approximately 7 days and 

water-level data will be collected in the field from all of the other pumping and observation wells 

in the wellfield. Water samples for chemical analysis will also be collected from the pumping 

wells. All of these tests will be conducted during summer when the city will be able to use the 

additional water that will be produced during the tests. Once the data have been collected they 

will be analyzed to determine (1) the existence of internal hydrogeologic boundaries within the 

sandstone aquifer and the hydrogeologic boundar ies that define the aquifer extent and (2 ) water 

quality trends. Phases 1 and 2 will be conducted during the first 12 months of the project, 

contingent on the project startup date. 

In the third phase the preliminary models will be reformulated as appropriate from the 

results from the field tests in phase two and recalibrated using the historical and real-time 

drawdown, pumping, and water-quality data supplied by city personnel. The models will then be 

used to simulate the operation of the well field into the future and to determine its long-term 

impact on the surrounding aquifer. The city is also interested in ascertaining the feasibility of 

storing shallow, fresh ground water in the Dakota aquifer which will be retrieved later. The 

completed well-field model will be used to simulate this process, predict its impact on the 

aquifer, make recommendations and assess its viability. This phase of the project will take 

approximately six months to complete. 

Progress Reports 

Progress reports will be provided to the City on the attainment of significant milestones 

in the project, such as at the end of one of the project phases or prior to the field activities. 

Accordingly, progress reports will given at the end of Phases 1, 2, and 3. These will be given 

approximately 6 months, 9 months, 12 months, and 18 months after and contingent on the project 

start date. Progress reports will consist of a short written summary of our activities and an oral 

presentation. The 6 month meeting will serve also as a planning meeting for the upcoming field 

testing and the 9 month meeting will be a debriefing for the fieldwork phase. 



Deliverables 

Contingent on the startup date, the following deliverables will be made available to the 

city for review and comment 18 months into the project: ( l) draft final reports on the hydrologic 

setting of the City's well field, the development, testing, and operation of the model; (2) the 

results and interpretation of the field tests; (3) a draft assessment of the impact of the City's well 

field on the Dakota aquifer; ( 4 )  a draft assessment of the feasibil ity of freshwater storage in the 

Dakota aquifer; and (5) a calibrated model of the Dakota wellfield. The received comments will 

be reviewed and changes will be made to the draft reports at the discretion of the KGS. Copies 

of the deliverables in final version will be made available to the city at the end of the project (24 

months). U nder (5), it is assumed that the city will purchase copies of the software MODFLOW-
. 

EM and ¥T-3D for its own use. These will be needed to run the calibrated flow and mass 
",: · .. 

transport models of the Dakota wellfield. /' 

Publication 

The KGS reserves the right to publication of the data, any reports that directly result from 

this project, and any articles for scholarly journals after the project is completed. It may be 

appropriate to invite the City Manager or the Wellfield Planner to contribute to articles for 

scholar ly publ ication if they have actively participated in the project. In which case, these 

representatives of the city will be duly credited for their efforts. 

Funding 

This project will be funded as a cost share between the City of Hays and the KGS. The 

cost of this project to the City will be $24 ,54 9 based on what is described above. This is a fixed

fee contract. The total cost to the city covers all equipment, travel, and supplies to be used for 

the completion of the project and a portion of the Principal Investigator's salary. 

Payment for the work done on the project will be made in two equal parts: the first on 

receipt of the 12-month project report and the second on receipt of the final reports and the 

wellfield model input data. 
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The purpose of this letter is in response to your proposal titled "An evaluation of the long-term 
effect of water resource development on the Dakota aquifer in the vicinity of the Hays well field" 
and accompanying your letter dated November 22, 1996. I am pleased inform you that the City 
of Hays accepts the terms and conditions as stated in your proposal. 

Please forward the next step required to execute the contract. Since the City Commission has 
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November 22, 1 996 

Mr. Paul Montoia 
Well Field Planner 
City of Hays 
P.O. Box 4 90 
Hays, KS 67601 

Dear Paul: 

.. . 

Enclosed is the signed original of the contract proposal with all of the modifications we 
discussed at our meeting of November 1 4  in Hays. Once you have reviewed and accepted the 
proposal, please send us a letter stating your acceptance of the proposal for the amount of money 
and for the specified time frame. 

Please try to come to a decision relatively quickly. From the time we receive your 
acceptance of the proposal it will take approximately 3 weeks for KU to set up our accounts and 
thus for us to be able to spend any money for the project. 

I appreciate the help you have given in getting this proposal to fruition and look forward 
to working with you in the future on this project. 

Sincerely yours, 
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Dr. P. Allen Macfarlane 
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Enclosed is the signed original of the contract proposal with all of the modifications we 
discussed at our meeting of November 1 4  in Hays. Once you have reviewed and accepted the 
proposal, please send us a letter stating your acceptance of the proposal for the amount of money 

and for the specified time frame. 
Please try to come to a decision relatively quickly. From the time we receive your 

acceptance of the proposal it will take approximately 3 weeks for KU to set up our accounts and 
thus for us to be able to spend any money for the project. 

I appreciate the help you have given in getting this proposal to fruition and look forward 
to working with you in the future on this project. 
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serious consideration. We have not seen any evaluation or report from Mr. Vincent on this well 
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BLACK & VEATCH. 

MEMORANDUM 

Hays, Kansas 
Water Resources Evaluations 
Dakota Aquifer Testing 

To: Kelly Sunderland 

From: Jeff Henson 

B&V Project 17677.101 
B&V File A 

July 17, 1992 

Testing of Dakota wells 3-13A and 2-18B has been completed at the 
direction of Bob Vincent. I have forwarded my comments on the testing 
of Dakota well 3-13A to you in a prior memorandum. In that memorandum, 
I mentioned that data from the test indicated that the recharge rate to 
the aquifer may not be adequate to sustain a well that pumps 150 gpm 
for 12 hours a day. I also mentioned that additional data would be 
required to further define the recharge rate to the aquifer. 

Testing of Dakota well 2-18B indicates that the aquifer in the vicinity 
of well 2-18B is similar to the aquifer in the vicinity of Dakota well 
3-13A. A plot of the drawdown data from the test showed that the slope 
of the drawdown versus time data increased with time. This indicates 
that low permeability boundaries to the aquifer exist. The drawdown 
was less severe, 43.41 feet at 2-18B compared to about 59 feet at 3-13A 
after pumping for 36 hours at 200 gpm. This is due to a higher 
transmissivity at 2-18B which would be expected since the saturated 
thickness of sandstones is greater at 2-18B than at 3-13A. 

However, the recovery at 2-188 was even slower than it was at 3-13A. 
The well was pumped for 36 hours and the well had recovered to within 
2.5 feet of its original water level 3.8 days after pumping had 
stopped. This indicates to me that recharge to the aquifer from the 
valley walls is still in question. 

I believe completion of a long term-low rate pumping test would be very 
beneficial in terms cf defining the appropriate pumping rates for the 
wells. Al McFarlane of the KGS has suggested pumping one of the wells 
for a period of several days at a pumping rate of 50 to 75 gpm. This 
would simulate the actual operation of the wellfield which is pumpage 
of the wells at 150 gpm for 12 hours a day. Drawdown and recovery 
could then be measured during and after the test to see if the aquifer 
received enough recharge to sustain the pumping rate. 

Since the demands have been reduced significantly in Hays, the urgency 
for development of the 2 wells in addition to the 4 Dakota wells that 
have been drilled has been reduced. I believe it would be in the best 
interests of the City to postpone drilling of these 2 additional wells 
until the long term pumping test is completed. This will allow the 
City to determine whether the aquifer can sustain the pumpage from a 
total of 6 wells. 
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EXECUTIVE SUMMARY 

The need for additional water supply caused the city of Hays to locate and develop a 

supplemental source in the Dakota aquifer to the southwest of the city in Ellis County in 1992. A 

temporary permit was issued by the Division of Water Resources, Kansas Department of 

Agriculture (DWR) to allow the city to use the Dakota aquifer as a source of water for a five year 

period. Concerns have been raised about the long term viability of the wellfield with respect to 

water quality and yield and possible impairment of other nearby users. The spacing between 

production wells in the field violates the well-spacing requirements of the DWR that have been 

in effect since 1994. Where the wellfield is located, the Dakota is a confined system with no 

nearby significant sources of freshwater recharge. As a result, ground-water withdrawals may 

locally deplete the aquifer or degrade aquifer water quality. 

The city of Hays, Kansas, contracted with the Kansas Geological Survey (KGS) to 

conduct an investigation of the Dakota aquifer in the vicinity of their wellfield. The purpose of 

this work was threefold. The data and the results of this project will be used by the city to 

assemble and submit an application for a water right so that they can continue to use their 

wellfield. This project will also produce a management tool, the wellfield simulator, that can be 

used by the city to assess the local consequences of various short-term wellfield management 

options. The goal of the KGS in conducting this research is to develop a better understanding of 

the local and subregional dynamics that occur in the aquifer as it is being pumped. 

This report is the first of two volumes that will be prepared as part of this contract with 

l the city of Hays. This first volume presents an analysis of what is currently known about the 

Dakota aquifer in the vicinity of the wellfield from existing data and new information developed 

from pumping tests conducted in the wellfield in 1997. The second volume will discuss ground

water flow model development, testing, and application to management of the wellfield. 

Description of the Dakota Aquifer L 
l The city's production wells tap water supplies in the Dakota aquifer which consists of a 

hydraulically connected sequence of permeable sandstone bodies in the Dakota Formation. 

These sandstone bodies were deposited by westward flowing streams during the Cretaceous 

l Period approximately 90 million years ago. These sandstone bodies are encased in much less 

t 
It • 

l 

permeable flood plain sediments that will not yield water to wells. The total thickness of 

permeable sandstone ranges from approximately 60 ft at the western end of the field in 

production well D-6 to 145 ft at the eastern end of the field in production well D-4. Pumping 

tests that were conducted in 1992 generally show that the sandstones are more permeable where 

the total thickness is higher. Subsurface mapping using the available geophysical logs indicates 

iv 
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that the more hydraulically connected part of this sequence is on the order of 0.5 to 1 mile in 

width throughout most of the wellfield. These width estimates are consistent with the results of 

the 1992 pumping tests conducted for each production well in the field. 

Ground-water Flow and Water Quality 

Regionally, ground-water flow in the Dakota aquifer is from recharge areas in 

southeastern Colorado northeastward to points of discharge in the river valleys of north-central 

Kansas. Locally, the few data available for pre-development water-level elevations from wells 

outside the wellfield and the more recent measurements taken within the wellfield prior to 

pumping indicate that ground-water flow is from west to east across the field. Regional ground

water flow models of the Dakota aquifer that include the wellfield vicinity indicate that a small 

amount of water enters the upper Dakota aquifer from the overlying confining unit as leakage; 

the anount is on the order of a few percent of the lateral flow (Macfarlane, 1993). A number of 

local factors control the flow of ground water through the wellfield, including the permeability of 

the sandstone and the surrounding mudstone, the thickness and the width of the sandstone 

aquifer, and the orientation of the sandstone aquifer with respect to the regional direction of 

ground-water flow. 

Water in the confined Dakota aquifer in the Hays region ranges from slightly to 

moderately saline. The freshest waters are in the most permeable sandstone units whereas the 

finer grained sediments in the aquifer generally contain higher salinity water. The chemical 

water type in the sandstone units of the aquifer is sodium-chloride. Chloride concentrations in 

the waters range from a few hundred to a few thousand mg/L and sulfate contents are typically a 

few to several hundred mg/L. The source of the salinity in the Dakota aquifer is from the upward 

movement of natural halite-solution brines in the underlying Cedar Hills Sandstone. Ground 

water in the eastern part of the Dakota well field is more saline than it is in the western part of 

the field. This is probably a result of the general increase in salinity in the aquifer to the east in 

Ellis County and the constriction in the sandstone bodies between the 4 western and the two 

eastern wells. Cation exchange processes between the water and the aquifer material have 

created soft waters by reducing the concentrations of the constituents responsible for hardness. 

The 1997 Pumping Tests 

Two multi-day pumping tests were performed by the KOS in the Dakota wellfield in July, 

1997. The major objective of these tests was to obtain information about the hydraulic and 

geochemical responses of the wellfield to extended periods of pumping. Pumping tests were 

conducted on production wells D-6 and D-1 and the observation wells were used to obtain 

drawdown and recovery data from each test. In the D-6 pumping test and the following recovery 
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period, type curve analyses were conducted on MD-6, the closest observation well, and MD-5 

and MD-1 located much farther to the east. In the D-1 pumping test, only the early segment of 

the drawdown data from MD- 1 was used in the analysis because of electrical and back-pressure 

problems. The purpose of these analyses was to obtain parameter estimates for input into a 

numerical model of the wellfield. The results of these tests compare favorably with the 

hydrologic parameter values calculated from the 1992 tests and the estimated width of the 

sandstone aquifer in the vicinity of each pumping well from pumping test analysis and the 

subsurface mapping. The effects of recharge are quite pronounced in the later portions of both 

pumping tests. The effects of recovery from antecedent pumping are also quite pronounced in all 

but the nearest observation wells used in both tests. Although it is not possible to precisely 

specify the source of recharge on the basis these analyses, leakage from adjacent low

permeability units is probably the most significant recharge mechanism. 

Water-level and Water-quality Responses to Pumping 

The Dakota wellfield has been operated periodically since April, 1993, with three distinct 

periods of pumping: April-July, 1993; February, 1 994-July, 1997; and January, 1998-June, 1 999. 

In the first period of production nearly all of the wells were pumping for an average combined 

withdrawal rate of 267 gal/min from the field over a three-month period (less than 50 gpm per 

well). In the second and third pumping periods, water was withdrawn from the field one well at 

a time on a weekly schedule of rotation and the average withdrawal rate was approximately 50 

gal/min for both pumping periods. 

The effect of pumping and recovery on water levels in the field is pronounced. The first 

period of pumping was characterized by relatively high total withdrawal rates from the wellfield 

and water-level declines ranged from 66.3 ft in D-4 to 1 07.37 ft in D-6. However, at the end of 

the first period of well shutdown (229 days), water levels in the field were within about 5 ft of 

their pre-pumping levels. In the second and third pumping periods, water-level declines were 

much less than half of the declines experienced during the first pumping period. In the latter part 

of the second pumping period water levels in most of the observation wells appeared to stabilize 

at lower levels as pumping continued. By the end of the second period of well shutdown ( 1 53 

days), water levels in the field recovered to within about 10 ft of pre-pumping levels. The 

apparent stabilization of water levels was not observed by the end of the much shorter third 

pumping period. 

Pumping stresses do not appear to cause significant changes in the water quality of the 

four supply wells (D-1 ,  D-3, D-5, and D-6) in the western two-thirds of the Dakota well field. 

Pumping stress does cause an increase in the water salinity of two supply-wells (D-2 and D-4) in 

the eastern one-third of the well field. The source of greater salinity is most probably more 
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saline water from deeper in the aquifer. The ground water appears to return to lower salinity 

when not pumped for an extended period. Continued monitoring of the well-field waters will be 

important to confirm whether this behavior continues or whether there is a long-term increase in 

the salinity of water produced from the wells. The accuracy of the water analyses is very 

important for being able distinguish significant variations in the well-water quality. Based on the 

variations observed in this study, the analytical error in chloride and sulfate concentrations 

should be less than 10% in order to discern significant trends in future salinity changes. 
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Chapter 1 :  Introduction 

The need for additional water supply prompted the city of Hays, Kansas, to locate a 

supplemental source in the Dakota aquifer to the southwest of the city in Ellis County in 1992. 

Production well siting was guided using minimal hydrogeologic information. Geophysical logs 

of wells drilled for oil production were used to identify potential wellsites and limited test-hole 

drilling was done to verify lithologic interpretation of the logs and assess ambient water-quality. 

Because of the high cost of developing a new wellfield and expanding the existing water 

distribution system, no funding was available to collect hydrogeologic information outside of the 

wellfield in an expanded test-drilling program that could be used to assess the potential of this 

water source. However, at the completion of well installation, short-term pumping tests were 

conducted for each of the production wells using nearby observation wells to determine the 

aquifer's hydrologic properties. 

At the time the wellfield was installed, a temporary permit was issued by the Division of 

Water Resources, Kansas Department of Agriculture (DWR), to allow the city to use the Dakota 

aquifer as a source of water for a 5 year period. Only a temporary permit was issued because the 

local impact of wellfield operation on the aquifer was uncertain. Concerns were expressed about 

possible impairment of other users of the Dakota aquifer in the immediate vicinity of the 

wellfield. Impairment results when one well diminishes the supply of water available to another 

well either by lowering the static water level unreasonably or causing an unreasonable 

deterioration of water quality. Because of these concerns the city has been monitoring water 

levels periodically in the production and nearby monitoring wells and the daily volume of water 

withdrawn from the aquifer. However, there has been no attempt by the DWR or the city to 

monitor either water levels or water quality locally in the vicinity of the wellfield. 

Historically, the DWR has used well spacing as a means to prevent impairment. If two 

pumping wells in the Dakota aquifer are spaced a few miles apart and are withdrawing water 

from the same sandstone body, their zones of influence will likely overlap and coalesce, causing 

an increase in the drawdown in both wells. Continued pumping by both wells for long periods of 

time may result in local depletion of the aquifer or may induce poorer quality water to move 

laterally or vertically toward the wells. The DWR well-spacing regulations take into account 

intended use and the local hydrogeologic setting. At the time of installation, the spacing between 

production wells in the field met the minimum 0.5 mi spacing for producing wells other than 

domestic. These regulations have since been changed ( 1994) and the new spacing for wells in 

the confined Dakota aquifer is now four miles. None of the wells in the field meets the newer 

well-spacing requirement. 
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The long term effects of pumping on the aquifer are also unclear at larger scales. The 

wellfield is situated near the boundary between Water Supply Suitability Area IVa and IVb 

(Macfarlane and Whittemore, 1997) In these suitability areas, the confined Dakota aquifer is 

situated close to its regional discharge area and is hydraulically connected to underlying 

saltwater aquifers. Freshwater leakage into the upper part of the Dakota aquifer is variable, but 

minor. As a result, water quality ranges from acceptable for most uses to unusable. Withdrawals 

of fresher ground water from the wellfield may reduce the eastward movement of fresher ground 

water in the regional flow from the west and increase the salinity of Dakota ground water 

downgradient from the wellfield and in the alluvial aquifers to the east. An appropriate 

management plan for the wellfield that prevents impairment and insures the longevity of the 

wellfield must take into account the potential for depletion of the usable water resource due to 

overpumping and water quality degradation from saltwater intrusion. 

Overall Goals of the Project 

The city of Hays, Kansas, contracted with the Kansas Geological Survey (KGS) to 

conduct an investigation of the Dakota aquifer in the vicinity of their wellfield. The purpose of 

this work was threefold. First, the data and the results of this project will be used by the city to 

assemble and submit an application for a permanent water right for the wellfield in the Dakota 

aquifer. Second, this project will also produce a management tool, the wellfield simulator, that 

can be used by the city to assess consequences of various short-term, wellfield management 

plans. And finally, this project is a means to developing a better understanding of the local and 

subregional dynamics that occur in the aquifer as it is being pumped. Indirectly, the data and 

results will also be useful to the DWR in its attempt to develop appropriate regulations for 

managing water resources. 

The objectives of this project are to: ( 1 )  collect and analyze all of the available geologic, 

hydrologic and water quality information on the Dakota aquifer in the vicinity of the city's 

wellfield; (2) conduct longer term pumping tests (on the order of 7 days each) in the city's 

wellfield to determine aquifer properties and hydrogeologic boundaries; (3) assemble, calibrate, 

and use models of the Dakota aquifer in the vicinity of the city's wellfield to assess the likely 

effects of pumpage on aquifer dynamics; and ( 4) assess viability of various wellfield 

management options, including the temporary storage of freshwater. 

Deliverables 

This report is the first of two volumes that are being prepared as part of the contract with 

the city of Hays. This first volume presents an analysis of what is currently known about the 

Dakota aquifer in the vicinity of the wellfield from existing data and new information developed 
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from pumping tests conducted in the wellfield in 1997 (Objectives 1 and 2, cited in the Overall 

Goals of the Project section of the contract proposal). The city has been monitoring water levels 

and rates of water production in the wells since 1993, and also conducted short-term pumping 

tests to determine aquifer properties in 1992, prior to putting the wellfield into service. The 

second volume will discuss ground-water flow model development, testing, and application to 

management of the wellfield (Objectives 3 and 4, cited in the Overall Goals of the Project section 

of the contract proposal). 
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Chapter 2: Description of the Dakota Wellfield 

Installation 

In 199 1  a decision was made by the city of Hays to install a wellfield in the Dakota 

aquifer in response to diminishing yields from its wellfields in the Smoky Hill River and Big 

Creek valleys and concerns about meeting its projected water supply needs. A site for the 

wellfield was selected by the city southwest of town in Secs. 1 3- 14, T. 14 S. ,  R. 19W. and in 

Secs 1 8  and 20, T. 14 S. ,  R. 18  W. after careful examination of geophysical logs of boreholes 

drilled for oil exploration and production (Figure 1 ). At the time very little was known about the 

distribution of aquifer units within the Dakota in the vicinity of the wellfield or the expected 

yield or chemical quality of ground waters produced from these aquifer units. To the south and 

west of the proposed wellfield location, low-yielding domestic and stock wells were known to 

produce from the Dakota and to the east of this location the Dakota was known to contain 

unusable water due to natural saltwater intrusion from the Cedar Hills Sandstone. Thus, many of 

the city's production wells are located close to existing or plugged oil wells where local aquifer 

units could be clearly identified and water quality could be predicted on the basis of geophysical 

logs of these boreholes. 

Testhole drilling and well installation began in March, 1992, at wellsite 1 (consisting of 

production well D-1 and monitoring well MD-1 in Figure 1 )  and ended at wellsite 6 (consisting 

of production well D-1 and monitoring well MD-1 in Figure 1 )  in July, 1992. The drilling 

contractors for the project were Clarke Well and Equipment, Great Bend, and Karst Water Well 

Drilling and Service, Inc, Hays. Consulting geologists, Mr. Bob Vincent (Groundwater 

Associates, Inc.) and Mr. Don Butcher, described the drill cuttings as they exited the borehole 

during drilling and determined, from the geophysical logs of each borehole, the gravel-pack and 

well-screen intervals, and expected water quality for each well. 

Well Layout and Construction 

Figure 1 shows the location of the installed production and monitoring wells within the 

wellfield. The spacing between production wells is greater than 3 ,000 ft except for D-3 and D-2, 

where the distance between wells is 2,430 ft (Table 1) .  Monitoring wells were installed to 

observe water-level changes in the Dakota aquifer due to pumping of the production wells. With 

the exception of D-3 and D-2, a monitoring well is located within 500 ft of each production well 

(Table 2). Monitoring well MD-2&3 is located approximately midway between production wells 

D-3 and D-2. Table 3 is a listing of the construction information for each of the production and 

monitoring wells in the field. 
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Figure 1 .  Extent of the study area in central Ellis County, Kansas showing the distribution of pumping wells (labeled D) and 
monitoring wells (labelled MD) in the confined Dakota aquifer in the Hays wellfield. 
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Table 1 .  Approximate spacing between production wells within the Hays Dakota wellfield. 

Production Approximate Spacing 

Well Pair from GPS Measurements (ft) 1 

6-5 3,600 

5- 1 3,900 

1 -3 3,600 

3-2 2,430 

2-4 3 , 100 

laps locations supplied by Bucher, Willis & Ratliff Corp. 

Table 2. Legal locations of and the distances between the production and monitoring wells in 

the Dakota wellfield. 

Prod. Distance 
Well Well Public Land Survey Mon. Well Public Land Survey Between 
Site ID Legal Location ID Legal Location Wells (ft) 

1 D-1 SE SE NE MD- 1  SE SE NE 484 

Sec. 13 ,  T. 14 S., R. 19  W. Sec. 13 ,  T. 14 S., R. 19 W. 

2 D-2 NW SW SE MD-2&3 NW SW SE 1 , 1 20 

Sec. 18, T. 14  S., R 18  W. Sec. 18 ,  T. 14 S., R 1 8  W. 

3 D-3 NW NW SE MD-2&3 NW SW SE 1 ,335 

Sec. 18, T. 14 S. ,  R 18 W. Sec. 18, T. 14 S. ,  R 18 W. 

4 D-4 SE NW NW MD-4 SW NE NW 269 

Sec. 20, T. 14  S. ,  R. 1 8  W. Sec. 20, T. 14 S., R. 1 8  W. 

5 D-5 NW NW SW MD-5 NW NW SW 236 

Sec. 13 ,  T 14 S., R. 19 W. Sec. 13 ,  T 14 S., R. 19 W. 

6 D-6 SW SW SE MD-6 SW SW SE 26 1 

Sec 14, T. 14 S. ,  R. 19  W. Sec 14, T. 14 S., R. 19 W. 
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Table 3 .  Construction details of the production and monitoring wells in the Dakota wellfield. i 

Records indicate that road sand was used to backfill the annular space between the well 

casing and the borehole wall from the top of the gravel pack to the bottom of the grouted I ' 

interval. 

I Casing 

. 
Borehole Outside Borehole Well 
Diameter Diameter Depth Depth Well Screen Gravel Pack Grout i Well (in) (in) (ft) (ft) Interval (ft) Interval (ft) Interval (ft) 

' 

D- 1 20 8.625 530 528 465-528 435-528 0-30 

D-2 20 8.625 5 12 5 12 43 1-5 12 380-5 12 0-30 t 
D-3 20 8.625 5 1 1  5 10 408-448 360-5 1 1  0-30 

461-466 I 
475-5 10 

D-4 20 8.625 475 475 345-365 295-475 0-60 i 377-382 

395-445 I 455-475 

D-5 20 8.625 555 552 472-552 410-555 0-30 

D-6 20 8.625 546 544 484-544 426-546 0-30 i ' 

MD-1 8 2 577 557 472-557 400-557 0-30 

MD-2&3 8 2 496 495 425-435 380-495 0-30 I 
455-495 

MD-4 8 2 478 478 410-478 328-478 0-30 -
MD-5 2 559 ? ? ? ? 8 

MD-6 8 2 548 547 5 12-547 430-547 0-30 -
j 
JI 
I 
I 
l 
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Chapter 3 :  Stratigraphy of the Shallow Subsurface in the Wellfield Vicinity 

Unconsolidated Surficial Units 

The surficial deposits in the vicinity of the city's Dakota wellfield consist of thin, patchy 

remnants of the Pliocene Ogallala Formation and Pleistocene deposits on the upland surfaces 

near intermittent drainage divides (Table 4 ) .  The Ogallala consists largely of unconsolidated to 

partly consolidated gravel, sand, silt and clay sediments (Neuhauser and Poole, 1988) less than 

about 30 ft thick in the wellfield vicinity. Lower in the landscape within the wellfield, the 

bedrock surface is mantled with less than 30 ft of Quaternary deposits consisting of windblown 

silt and colluvium. 

Bedrock Units in the Shallow Subsurface 

The bedrock units of the shallow subsurface (the upper approximately 1 ,200 ft) in the 

wellfield vicinity consist of consolidated geologic units of Cretaceous and Permian age (Zeller, 

1968; Baars and Maples, 1998). From youngest to oldest these geologic units are: the Niobrara 

Chalk, the Carlile Shale, the Greenhorn Limestone, the Graneros Shale, the Dakota Formation, 

the Kiowa Formation, the Cheyenne Sandstone, and the Cedar Hills Sandstone (Table 4 ). 

The Upper Cretaceous Niobrara Chalk, Carlile Shale, Greenhorn Limestone, and 

Graneros Shale consist of a thick sequence of rhythmically-bedded chalky shale; massive to 

chalky limestone; dark gray, noncalcareous to calcareous shale and siltstone; and thin seams of 

bentonite (Hattin, 1962, 1965, 1975, 1982; Hattin and Siemers, 1987). The trace of the 

dissected Niobrara scarp is just to the north of the wellfield and trends in an E-W direction 

roughly parallel to the line of production and monitoring wells in the Dakota field. Thus, within 

the wellfield the Carlile Shale is the uppermost bedrock unit. The combined thickness of these 

rock units ranges from 227 ft at wellsite D-4 to 346 ft at wellsite D-6. 

The lower Graneros Shale is composed of dark-gray silty shale with starved ripples, 

irregularly laminated siltstone and fine sandstone, thin-bedded sandstones, and bone and shell 

lags (Hattin and Siemers, 1 987). The contact between the Graneros Shale and the underlying 

Dakota Formation appears transitional on outcrop and in shallow subsurface cores and logs 

(Feldman 1994; Gellasch and Hattin 1994). 

The Dakota Formation (Table 4) ranges in thickness from 249-350 ft with an average 

thickness of 288 ft in the project area (Figure 2). Table 5 lists the depth from surface to and the 

elevation of the top of the Dakota Formation in the production and the monitoring wells in the 

Hays wellfield. The formation consists of fluvial and deltaic/estuarine sandstone bodies encased 

in a matrix of alluvial plain to shallow marine mudstone deposits (Hamilton, 1989; 1 994). The 
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ERA SYSTEM ROCK STRATIGRAPHIC UNITS 
AQUIFER/ A QUIT ARD 

UNITS 

Quaternary Unconsolidated alluvial and eolian deposits 
Cenozoic High Plains aquifer 

Tertiary Ogallala Formation 

0.. 
Niobrara Chalk :::s 0 '""' 0 Carlile Shale 0 Upper Cretaceous aquitard 'tj Greenhorn Limestone ro '""' 0 
Graneros Shale -0 u 

'° Cretaceous 

Mesozoic Dakota Formation Upper Dakota aquifer 

Kiowa Formation 
Kiowa shale aquitard 

Longford Member 

Cheyenne Sandstone 
Lower Dakota aquifer 

Paleozoic Permian Cedar Hills Sandstone Cedar Hills Sandstone aquifer 

Table 1 .  Stratigraphy and aquifer/aquitard units of the shallow subsurface in Kansas . 
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lower fluvial channel sandstones are fine to medium, well sorted, and contain large-scale and 

small-scale cross-beds and are generally oriented in an east-west direction (e.g., Siemers, 1976; 

Franks et al. ,  1 959). Basal Dakota sandstone bodies thicken appreciably into paleotopographic 

lows where incised valleys have formed on the Kiowa Formation (Hamilton, 1 994). These 

sandstone beds are abruptly capped by fine-grained deposits or fine upward to interbedded 

sandstone and mudstone and eventually to mudstone. The upper Dakota fluvial complexes were 

transgressed and evolved into deltaic and estuarine environments (Siemers, 1976). In the 

vicinity of the wellfield, approximately the lower two-thirds of the upper Dakota aquifer 

framework consists of non-marine alluvial sediments, whereas the upper third appears to consist 

of marine influenced alluvial and shoreline deposits. 

The Rocktown channel sandstone in the upper Dakota Formation to the east in Russell 

County, Kansas is a long-recognized outcrop expression of a typical channel sandstone. This 

channel contains cross-bedded, fine to coarse, fluvial sandstone in a discontinuous, narrow (1-2 

mi wide or less), sinuous belt that has been traced along a straight-line distance of 27 mi (Rubey 

and Bass 1925; Siemers 197 1 ,  1976). Continuity and thickness are greatest along the paleoflow 

directions in these channel systems, which vary locally, but across the state trend generally to the 

northwest. The deltaic/estuarine upper Dakota Formation sandstone bodies are generally tabular 

and trend parallel to the paleoshoreline (Smith, 1995; Siemers 1 976). Physical connections 

between these sandstone bodies in this part of the section depend on the backstepping of the 

paleoshoreline as a result of progradation during transgression and the proximity of these 

sandstone bodies to underlying fluvial/distributary channel sandstones. 

At the base of the Dakota, the contact with the underlying Kiowa is erosional and 

separates marine to deltaic deposits below from Dakota Formation terrestrial facies above 

(Hamilton 1994). 

The Kiowa Formation and the Cheyenne Sandstone sequence underlies the Dakota 

Formation and is typically 1 50-200 ft thick in the wellfield vicinity. The upper part of the Kiowa 

consists primarily of a marine shale that is 50-70 ft thick (Smith, 1995). Below this, the Kiowa 

contains interbedded thin sandstones, siltstone, and shale deposited in nearshore and shoreline 

and alluvial valley environments. These deposits belong to the Longford Member of the Kiowa 

Formation. The Longford Member originally was restricted to regressive siltstones, sandstones, 

and mudstones in the lower Kiowa in north-central Kansas (Franks, 1979). The term has since 

been extended to include a range of nearshore facies transitional between the Kiowa Formation 

and Cheyenne Sandstone throughout Kansas (Hamilton, 1 994). The Cheyenne Sandstone 

consists predominantly of cross-bedded, fine to medium sandstone with lenses of shale and 

conglomerate. It was deposited in fluvial to deltaic environments and rests unconformably on 
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Permian strata in central Kansas (Hamilton, 1 994). The Cheyenne is typically less than 30 ft 

thick in the wellfield vicinity and tends to thicken into paleotopographic lows (Hamilton, 1994). 

Table 5. Depth from surface to and the elevation of the top of the Dakota Formation from 

surface in the Dakota wellfield 

Depth to the Dakota Elevation of the Dakota 

Formation Top From Formation Top 

Well Site Surface (ft) (ft, mean sea level datum) 

D- 1 347 1 ,788.93 

MD- 1 359 1 ,782.40 

D-2 3 12 1 ,784.77 

MD-2&3 309 1 ,780.50 

D-3 321 1 ,793.07 

D-4 257 1 ,805.90 

MD-4 261 1 ,797.80 

D-5 351  1 ,796.32 

MD-5 357 1 ,790.70 

D-6 366 1 ,785. 10 

MD-6 369 1 ,78 1 .70 

The Permian Cedar Hills Sandstone and underlying sandstone units in the Salt Plain 

Formation consist of medium to fine sandstone and feldspathic sandstone with interbeds of sandy 

mudstone (Zeller, 1968; Swineford, 1955 ; Swineford and Williams, 1945). These sandstones 

were deposited under arid conditions and are mostly massive bedded, but may exhibit horizontal 

stratification and even high-angle cross-stratification (Holdaway, 1978). The total thickness of 

sandstone ranges up to slightly more than 275 ft in the wellfield vicinity. 
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Figure 2. Thickness of the Dakota Formation in the Hays Dakota wellfield vicinty. 
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Chapter 4: Aquifer/Aquitard Units 

All natural geologic materials are capable of transmitting and storing water to varying 

degrees. In a practical sense, aquifers are permeable and yield amounts of water to wells at rates 

that are suitable for human uses. On the other hand, an aquitard or a confining unit is sufficiently 

permeable to allow the slow transmission of substantial amounts of water over a large area, but 

will not yield appreciable amounts to wells. Aquifers and aquitards are hydrostratigraphic units; 

they consist of a portion of a formation, a formation, or a group of formations that forms a 

distinct hydrologic unit with respect to the flow of ground water (Maxey 1964). In a review of 

the concept, Seaber ( 1988) redefined the term as "a body of rock distinguished and characterized 

by its porosity and permeability". Delineation of these units subdivides the geologic framework 

into relatively more or less permeable portions and thus aids in definition of the flow system. 

The hydrologic behavior of any hydrostratigraphic unit is dependent in part on the properties of 

the adjacent units, because of the refraction of flow lines at the boundary between units of 

differing permeability (Domenico and Schwartz 1990). 

Upper Cretaceous aquitard 

The Upper Cretaceous aquitard consists of strata belonging to all of the Upper Cretaceous 

stratigraphic units above the Dakota Formation. In the vicinity of the wellfield, the Niobrara 

Chalk, the Carlile Shale, the Greenhorn Limestone, and the Graneros Shale form this regional 

aquitard (Table 4). Where present in Kansas, the underlying Dakota is considered to be a 

confined aquifer system; elsewhere, the Dakota is considered an unconfined aquifer (Figure 3). 

Under confined conditions, water levels in wells are above the top of the aquifer. 

Due to a lack of data from field or laboratory tests in Kansas, the vertical hydraulic 

conductivity of Upper Cretaceous aquitard was estimated from the literature. Belitz and 

Bredehoeft ( 1 988) reported depth-dependent vertical hydraulic conductivities ranging 

approximately from 10-6 ft/day for shallow sections to 10- 10 ft/day for deeper sections from 

regional model calibration. Most recently, from a steady-state model focusing on the regional 

hydrogeology of the Dakota aquifer in southeastern Colorado and Kansas, Macfarlane ( 1993) 

reported vertical hydraulic conductivites ranging approximately from 10-S ft/day in central to 10-

7 ft/day in western Kansas, respectively. 

The Dakota Aquifer System 

At the regional scale, the Dakota aquifer system consists of upper and lower units 

composed of interbedded sandstone/mudstone separated by a regional aquitard (Table 4, Figure 

4) (Macfarlane 1993). In the wellfield vicinity, the upper aquifer unit consists entirely of the 
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B Dakota aquifer outcrop 

� Dakota-High Plains-alluvium 

� Dakota-Cedar Hills 
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D Dakota not present 

Study area 
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Figure 3. Extent of Dakota aquifer in Kansas showing regions of hydraulic connection to 
other aquifers, where the Dakota is a near-surface aquifer, and where it is confined 
by relatively impervious units. 
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Dakota Formation and the lower aquifer unit consists of the Longford Member of the Kiowa 

Formation and the Cheyenne Sandstone. The hydraulic conductivity of the sandstones varies 

from < 1  ft/day up to 80 ft/day (Macfarlane et al., 1998). The variation in hydraulic conductivity 

appears to be related to such factors as depositional environment and depth of burial. The upper 

and lower regional aquifers are separated by the marine shale in the Kiowa Formation, referred to 

as the Kiowa shale aquitard. From gamma-ray logs of boreholes drilled for oil production, the 

Kiowa shale aquitard is approximately 50-70 ft in thickness (Smith, 1995). Macfarlane ( 1993) 

assumed a vertical hydraulic conductivity of 10-6 ft/day for the shale in this aquitard unit. 

Cedar Hills Sandstone aquifer 

The Cedar Hills Sandstone aquifer consists of the Cedar Hills Sandstone and the 

underlying sandstone strata in the upper part of the Salt Plain Formation (Macfarlane, 

1993 , 1995) (Table 4). Using a regional model that included the Cedar Hills Sandstone aquifer, 

Macfarlane ( 1 993) estimated its hydraulic conductivity to be on the order of 4 ft/day, which is 

within the range of values reported by Cobb ( 1980) for central Kansas. In central Kansas, the 

Cedar Hills sandstone aquifer is hydraulically connected to the overlying lower Dakota aquifer 

(Figures 3 and 4 ). 
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Chapter 5 :  Distribution of Local Upper Dakota Aquifer Units in the Wellfield Vicinity 

The production and monitoring wells in the city's wellfield are screened entirely in the 

upper Dakota aquifer which consists of a complex of sandstone aquifer units distributed in a 

mudstone aquitard (Figure 4 ). In order to characterize the aquifer framework in the upper 

Dakota aquifer of the wellfield vicinity (50 mi2), 1 16 gamma-ray logs of boreholes drilled for oil 

production were selected from the KGS log library. These were supplemented by the gamma-ray 

logs of the production and monitoring wells in the Dakota wellfield provided by the city. 

Together, these data were used to ( 1 )  map the top and thickness of the Dakota Formation in the 

subsurface, (2) define locally mappable subunits of the Dakota Formation based on its 

stratigraphy and depositional history, (3) map locally traceable marker beds in the Dakota 

Formation and ( 4) determine the sandstone fraction in the mappable subunits of the Dakota 

Formation. Vertical sections of the subsurface geology in the Dakota Formation were 

constructed by correlating formation tops through the wellfield using the gamma-ray logs. 

On the gamma-ray logs, intervals within the Dakota Formation with a radiation intensity 

of less than 60 API units were classified as sandstone aquifer units based on an analysis of core

plug permeability and borehole geophysical-logging measurements reported in Macfarlane et al. 

( 1994). The remainder of the formation was considered to be mudstone aquitard. Figure 5 is an 

example of a log showing the discrimination of local aquifer from local aquitard units in the 

upper and lower Dakota aquifer from a testhole in central Kansas. For the older logs where the 

gamma-ray intensities are not given in API units, sandstones were identified by visually 

comparing the gamma-ray intensities in the lower part of the Greenhorn Limestone above and the 

Cedar Hills Sandstone below with the range of intensities observed in the Dakota Formation. 

Dakota Formation sandstone bodies with gamma-ray intensities less than or equal to the 

intensities in the lower part of the Greenhorn and in the underlying Cedar Hills Sandstone were 

considered aquifer units. 

The proportion of sandstone to the total thickness of the stratigraphic units that constitute 

the upper Dakota aquifer is approximately 30% statewide (Macfarlane et al., 1994). Figure 6 is 

a histogram showing the variability of the aquifer-grade sandstone fraction in the Dakota 

Formation from gamma-ray logs. The histogram shows that the aquifer-grade sandstone fraction 

ranges widely from less than 5% to slightly more than 55%. The average proportion was 29% 

and slightly more than two-thirds (one standard deviation on either side of the mean) of the 

boreholes encountered between 15% and 41  % aquifer-grade sandstone. 

The aggregate thickness of sandstone encountered by these boreholes ranges from 7 ft in 

Sec. 24, T. 14 S. ,  R. 19  W. up to 153 ft in Sec. 3 ,  T. 14 S. ,  R. 19  W. (Figure 7). Aggregate 

sandstone thicknesses greater than 100 ft occur following fairly well-defined trends in the 
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Figure 5. Discrimination of aquifer-grade sandstones (indicated by a black fill) from mudstone 
aquitard in the Dakota aquifer in a testhole located in Lincoln Co., Kansas based on 
correlations of geophysical logging measurements and core-sample hydraulic 
conductivities. From these correlations, aquifer-grade sandstones are indicated where the 
gamma-ray intensity is less than 60 API units. 
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Figure 6. Histogram of percent sandstone occurrence interpreted from gamma-ray logs of 
oil-production wells penetrating the Dakota Formation in the study area. 
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vicinity of the Dakota wellfield. A series of sandstone local thickness maxima forms a north

south linear trend through the eastern part of the wellfield near the R. 1 8-19 W. boundary. 

Another series of sandstone local thickness maxima forms an east-west linear trend along the 

northern tier of sections in T. 14 S. ,  R. 19  W. and from Secs. 13-20, T. 14 S. ,  R. 19  W. Table 6 

lists the total thickness of sandstone at each of the production and monitoring wells in the field. 

Table 6. Total thickness of sandstone available to the production and monitoring wells in 

the upper Dakota aquifer in the Hays wellfield. 

Total Thickness of 

Monitoring Sandstone Available 

/Production Well to the Well (ft) 

D-1 59 

MD- 1 37 

D-2 85 

MD-2&3 46 

D-3 1 16 

D-4 149 

MD-4 1 33 

D-5 86 

MD-5 88 

D-6 63 

MD-6 30 

Comparison of the Dakota Formation thickness (Figure 2) and aggregate sandstone thickness 

maps (Figure 7) indicates that, where the formation is thickest aggregate sandstone thickness is 

likely to be greater. Aggregate sandstone thicknesses greater than 100 ft are present in the 

vicinity of wellsites D-1 ,  D-3, D-2, and D-4. 

Stratigraphic analysis of the gamma-ray logs reveals that the Dakota Formation strata can 

be split into two locally mappable subunits. The upper subunit (Subunit 1 )  appears to be 

dominated by marine-influenced alluvial and shoreline sediments and ranges in thickness from 

95 to 141 ft. To the north in the KGS # 1  Braun test hole (NE, NE, NE Sec. 30, T. 12 S. ,  R. 18  

W.), Macfarlane et al. ( 1990) reported this interval to be approximately 80 ft thick. They 

attributed the predominance of illite and chlorite to marine influence on the mineralogy of the 

clays in this part of the formation. Using combinations of borehole logs, cores, and outcrops, 

Gellasch and Hattin ( 1994), Hamilton ( 1994), Wade (1992) and Siemers ( 1976) reported 
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thicknesses of this marine-influenced section ranging from 40 to 80 ft to the east in central 

Kansas. In this study, we have included the Rocktown Channel equivalent sandstones in this 

marine-influenced section because ( 1 )  this is a lower coastal plain/shoreline sequence and (2) 

there is a well-documented facies relationship between the Rocktown channel sandstone and the 

overlying flat-bedded sandstone within the marine-influenced section (Hamilton, 1994; Siemers, 

1976). Thus, both sandstones are more likely to act locally as a single aquifer unit because they 

are in contact or are in close proximity in the upper part of the Dakota Formation. The upper 

boundary of this section is the transitional contact between the shoreline deposits of the Dakota 

Formation and the overlying marine strata in the Graneros Shale. 

The lower approximately two-thirds of the Dakota Formation consists of strata that were 

deposited in upper coastal plain, alluvial environments, including channel and adjacent 

floodplain (Figure 8). This interval was split into an upper Subunit 2 and a lower Subunit 3 

which are of equal thickness. The lower boundary of Subunit 3 is the erosional base of the 

Dakota Formation on the underlying marine shale of the Kiowa Formation. The regressive 

deposits in the uppermost Kiowa have either been eroded prior to deposition of Dakota 

sediments or were never deposited. 

The proportion of sandstone is highest in Subunit 3 and lowest in Subunit 1 (Figure 9). 

The median proportion of sandstone in Subunits 1 ,  2, and 3 is 8%, 24%, and 45%, respectively. 

This is reflected in the sandstone isolith maps for each layer in the wellfield vicinity (Figures 10-

12). The isolith maps reveal a NW-SE and two E-W trends in each layer where the aggregate 

thickness of sandstone exceeds 20% of the total layer thickness. Within each of these trends the 

proportion of sandstone varies and may range locally up to more than 80% of the total thickness 

in Subunits 2 and 3 and more than 40% of the Subunit 1 thickness. The thickest accumulations 

of sandstone in each layer coincide with the thickest sections of the Dakota Formation (Figure 2). 

This coincidence suggests that the local paleodrainage shifted little during this part of the 

Cretaceous, possibly due to structural control (Hamilton, 1989). 

The gamma-ray log vertical sections of subsurface geology in Figures 1 3-17  show that 

the thicker accumulations of sandstone consist of stacked sequences of amalgamated, fluvial 

channel sandstones in all three subunits. Vertical section 1 (Figure 1 3) follows the east-west 

sandstone thick in Subunit 2 of the Dakota Formation and passes through the western half of the 

Dakota wellfield. The vertical stacking and amalgamation of sandstone bodies in Subunit 3 

occurs in an incised paleovalley in the underlying Kiowa Formation approximately 1 .75 mi wide 

in the section. Vertical section 2 (Figure 14) cuts across the east-west sandstone thick trends in 

Subunits 2 and 3. At the west end of this section the logs show a minimum of three distinct 

sandstone bodies in the amalgamated sequence in Subunit 3. The log of the borehole in NE, NE, 
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Figure 8. Example gamma-ray log from a borehole drilled for oil production showing the 
subunits of the Dakota Formation used in this project. 
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Figure 9. Percent sandstone interpreted from gamma-ray logs of oil production wells 
penetrating Subunits 1 -3 of the Dakota Formation in the study area. 
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Figure 12. Percent Sandstone in Subunit 3 of the Dakota Formation. 
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SE Sec. 20, T. 14 S. ,  R. 19 W. in vertical section 1 indicates an aggregate sandstone thickness of 

approximately 100 ft near the axis of the paleovalley. Away from the valley center the sandstone 

fraction decreases rapidly and is replaced by mudstone overbank deposits. In Subunit 2 the 

stacking and amalgamation of the sandstone bodies is less dramatic. These sandstones are the 

main aquifer units for the Dakota wells in the western part of the field. The sandstone bodies in 

this layer thin to the west as the base of the amalgamated sequence begins to climb up the section 

to the west and constitute a smaller fraction of the total layer thickness. Above, in Subunit 1 a 

basal sandstone body is present in many of the logs in the western part of vertical section 1 and 

in vertical section 2. 

To the east, vertical section 4 (Figure 16) is oriented in a north-south direction and cuts 

across the east-west sandstone thick trends in Subunits 2 and 3 through wellsite 6 at the west end 

of the Dakota wellfield. The section shows that the main sandstone body in Subunit 2 consists of 

at least 2 vertically stacked and amalgamated sandstone bodies whose axes at this location are 

slightly offset from one another. In vertical section 1 ,  the main sandstone body in Subunit 2 

thickens up to 70 ft near wellsite 5. From this point eastward to the end of the section, the base 

of this sandstone body crosses the Subunit 2-3 boundary and is present in both layers . 

Vertical section 2 follows the trend of the eastern part of the Dakota wellfield and vertical 

section 3 (Figure 15) cuts across the line of wells near the southeast end of the field. In vertical 

section 2, a thick sequence of vertically stacked and amalgamated sandstone bodies occurs near 

the base of the Dakota Formation in Subunit 3 within a low-relief paleovalley near the middle of 

Sec. 19, T. 14 S., R. 1 8  W. At the east end of the section, a thick sandstone occurs near the top 

of Subunit 3 that is at the same stratigraphic level as the much thinner sandstone at the top of this 

subunit near the middle of Section 19. In vertical section 3,  Subunit 3 contains only thin 

sandstones in between the local sandstone thickness maxima in Secs. 29-30 and in Sec. 19. 

Sandstone makes up most of Subunit 2 only in the eastern half of vertical section 1 and in the 

central portion of vertical section 3 .  

The occurrence of distinct trends in sandstone thickness repeated in each layer suggests 

that preferential pathways of water movement (flow channeling) exist within the Dakota 

Formation. These pathways are the interconnected, highly permeable lenses of sandstone 

encased in a much less permeable mudstone matrix. Theoretical simulation studies suggest that 

randomly distributed channel sandstone bodies in a mudstone matrix are effectively in isolation 

if they comprise less than about 50% of the alluvial succession (Allen, 1978). Later studies 

reported in Fielding and Crane ( 1987) suggest that the frequency of interconnected channel 

sandstone bodies increases gradually with sandstone fraction up to about 50%. Beyond this 

level, the number of interconnections increases very rapidly and the alluvial sediments become 

an interconnected mosaic of sandstone bodies interrupted by isolated, thin fine-grained deposits. 
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A minimum sandstone fraction of 50% was used to indicate potential connection between 

sandstone bodies within each layer and was applied to the sandstone isolith maps for each 

subunit in Figures. 1 3- 17. However, in Subunit 1 the proportion of sandstone to total thickness 

does not exceed 50%. This indicates a low probability of connectivity within the entire layer, but 

the sandstone is primarily near the bottom of this subunit and thus is not randomly distributed. 

For example, significant aggregate thicknesses of sandstone occur near the base of Subunit 1 in 

the gamma-ray logs for production wells D-3 and D-4, monitoring well MD-4, and for the 

boreholes drilled in NW, NW, SE Sec. 14, T. 14 S. ,  R. 1 8  W. and SW, NE, NW Sec. 20, T. 14 

S. ,  R. 1 8  W. This suggests that the 50% criteria could be relaxed downward to a slightly lower 

value. From an examination of the logs, it appears that 40% is a more reasonable cutoff for 

establishing lateral continuity of these sandstones. As a further check on the mapping, the 

vertical sections were employed to provide insight into the degree of physical connection 

between laterally adjacent sandstone bodies. 

The resulting map shows that lateral connections between sandstones are probable along 

the main sandstone trends in all three layers (Figure 1 8). Within the wellfield the sandstone 

fraction exceeds 60% in Subunits 2 and 3 indicating a very high probability of sandstone-body 

interconnection within each layer. The high potential for interconnection along the major trends 

is evident from vertical sections in Figures 1 3- 17. Vertical sections 3 to 5 (Figures 15- 1 7) 

suggests that individual sandstone bodies are more likely to be connected in a relatively narrow 

band less than a mile wide nearer the axes of the sandstone thick trends. In Subunit 1 ,  the 

sandstone fraction exceeds 40% only in the eastern part of the wellfield which indicates at least 

potential connection between the sandstone bodies in that layer. 

Potential connectedness between vertically adjacent sandstones was evaluated using the 

fraction of sandstone present in an interval 50 ft on either side of the boundary between vertically 

adjacent subunits. As in the previous mapping effort, a minimum sandstone fraction of 50% was 

used to indicate potential sandstone body interconnection across the subunit boundary. These 

areas of connection between sandstone bodies are displayed in Figures 19-20. Instances on the 

logs where an actual connection between sandstones across subunit boundaries exists or where a 

sandstone body is observed to extend across a boundary are indicated on the maps. As a further 

check on the mapping, the vertical sections were employed to provide insight into the degree of 

physical interconnection between vertically adjacent sandstone bodies. 

The maps displaying the likelihood of vertical interconnection between sandstones in 

vertically adjacent layers shows that most of the areas of probable sandstone body connection 

follow the axes of the main sandstone trends. Significant interconnection between sandstones 

across the Subunit 2-3 boundary appears likely from wellsite 5 eastward to the end of the field 

and is confirmed in some of the well logs where the Subunit 2-3 boundary cuts across a 
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sandstone body (Figure 20). Interconnection across the Subunit 2-3 boundary between two 

vertically adjacent lenses possibly occurs only in the eastern part of the wellfield. In this case a 

thin sandstone body near the top of Subunit 3 may be in contact with the overlying sandstone 

body in Subunit 2. Elsewhere in the eastern part of the wellfield, thin shale units less than 20 ft 

thick are present at the Subunit 2-3 boundary. Sandstone body connection across the Subunit 1 -2 

boundary commonly occurs in the eastern part of the wellfield where 30-45 ft thick sandstones 

are well developed at the base of Subunit 1 (vertical section 2, Figure 14) and to the west of the 

wellfield in Sections 20-22, T. 14 S ., R. 1 9  W. (vertical sections 1 and 5, Figures 13  and 17). 

Test-hole drilling conducted during this project 

To gain additional information on the subsurface geology a testhole was drilled north of 

wellsite 1 in the SW Sec. 7, T. 14 S . ,  R. 1 8  W. The testhole encountered the top of the Dakota 

Formation at 396 ft and was drilled to 542 ft. The Subunit 1 -2 boundary in the Dakota 

Formation is located at 5 1 9  ft in this testhole. Thus, only the uppermost part of Subunit 2 was 

penetrated by the testhole. The gamma-ray log of the testhole (Figure 2 1 )  indicates only 8 ft of 

sandstone in Subunit 1 and no sandstone in the uppermost part of Subunit 2. This thin sandstone 

in Subunit 1 correlates to a thin sandstone that occurs in the Dakota at D-3. 
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Figure 2 1 .  Subsurface geophysical logs of the testhole drilled for this project in SW SW SW 
Sec.  7, T. 14 S. ,  R. 1 8  W. Shown are the gamma-ray, the SP, and the shallow, 
intermediate, and deep induction logs. 
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Chapter 6: Pre-development Ground-water Flow in the Dakota Aquifer 

Regional Flow 

Figure 22 is a potentiometric surface map of the upper Dakota aquifer in Kansas and 

extreme southeastern Colorado (Macfarlane, 1993). The water-level data used to produce the 

map come from records of the earliest wells drilled in the region. Because the aquifer is 

shallower nearer the outcrop/subcrop region, the data are more numerous in this region than in 

areas to the north where the Dakota is much deeper and water-resources development of the 

aquifer has been minimal. As a result the map accuracy is much better in southwestern and 

central than it is in northwest Kansas where there are only a few scattered measurements. 

Another factor limiting map accuracy is that the data used to assemble the map are not all from 

the same time period. Many of the water-level measurements were made in wells that were 

installed in the 1940s through the 1960s. This is because development of water resources in the 

Dakota began at different times in different places. To limit the amount of introduced error, only 

the earliest measurements taken in any one area were used to generate the equipotentials on the 

potentiometric surface map. 

The potentiometric surface map (Figure 22) shows the northeastward flow of ground 

water away from recharge areas south of the Arkansas River in southeastern Colorado into 

western and central Kansas where the Dakota is confined by the Upper Cretaceous aquitard 

(Macfarlane, 1995). Recharge from infiltrating precipitation is on the order of 0. 1 % or less of 

lateral flow in the confined Dakota aquifer in much of western Kansas owing to the great 

thickness and low permeability of Upper Cretaceous aquitard (Macfarlane and Smith, 1994; 

Helgeson et al. ,  1993; and Belitz and Bredehoeft, 1988). However, nearer its eroded edge the 

regional aquitard is a thinner, more permeable unit and recharge entering the top of the aquifer 

may amount to as much as 1 0% of the lateral flow within the Dakota (Smith and Macfarlane, 

1994; Smith, 1995). 

In central Kansas, an additional source of recharge to the Dakota comes from the 

underlying Permian Cedar Hills Sandstone aquifer where both aquifers are hydraulically 

connected (Figure 2). The total recharge from this source is estimated to be less than 1 % of the 

lateral flow in the upper Dakota aquifer. The Cedar Hills Sandstone aquifer is a source of both 

natural halite-solution and injected oil brines (Macfarlane et al., 1988). In north-central Kansas, 

regional ground-water discharge appears to be focused where the Smoky Hill, Saline, and 

Solomon Rivers cross the outcrop belt of the rock units that form the Dakota aquifer. In these 

valleys, the flow from the regional and local systems mix and exit through fresh and saline water 

springs and seeps. During low flow periods when baseflow constitutes the bulk of stream 
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Figure 22. Predevelopment potentiometric surface of the Dakota aquifer in western and 
central Kansas and southeastern Colorado. 
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discharge, the chloride concentration escalates rapidly causing deterioration of surface-water 

chemical quality. Elsewhere, freshwater is discharged from the upper Dakota to the Arkansas, 

Pawnee, and Wet Walnut drainages (Macfarlane and Smith, 1994). 

Ground-water Flow Through the Wellfield 

Figure 23 represents the local pre-development potentiometric surface map of the 

confined upper Dakota aquifer in the wellfield vicinity estimated from the earliest water-levels 

available outside of the wellfield and the earliest water levels recorded for the production and the 

monitoring wells in the city's Dakota wellfield (Table 7). Outside of the wellfield, most of the 

water-level data are from a small number of domestic and stock wells within the study area or 

from test holes and monitoring wells drilled and installed for the city of Hays in the 1980's. 

None of these monitoring wells outside of the wellfield were available for our use during this 

project. Most of the stock and domestic wells were installed after 1975 and prior to 1 989. Other 

Table 7. Water-level data for the production and monitoring wells in the Dakota field prior to 

full-scale operation. 

Surface Measurement 
Elevationl Point Hei�ht Depth to Water-level 

Well Date (ft, a.m.s.I.2) (ft; a.Ls. ) Water (ft) Elevation (ft) 

D- 1 3/26/93 2, 135.93 2. 15  259.92 1 ,878. 16 

D-2 3/26/93 2,096.77 2. 1 0  226.75 1 ,872. 12  

D-3 3/26/93 2 , 1 14.07 1 .77 242.60 1 ,873.24 

D-4 3/26/93 2,062.90 3 .00 195. 12  1 ,870.78 

D-5 3/26/93 2, 147.32 2.40 267 . 10 1 ,882.62 

D-6 3/26/93 2, 1 5 1 . 10 2.70 264.43 1 ,889.37 

MD-1 3/26/93 2, 141 .40 2.73 260.2 1 1 ,883.92 

MD-2&3 3/26/93 2,089.50 3.38 22 1 . 16 1 ,87 1 .72 

MD-4 3/26/93 2,058.80 2.33 190.91 1 ,870.22 

MD-5 3/26/93 2,147.70 3 .20 268.52 1 ,882.38 

MD-6 3/26/93 2, 1 50.70 3 . 1 5  263 .85 1 ,890.00 
1 Surface elevation data obtained by GPS surveys conducted by Bucher, Willis & Ratliff Corp. 
2 above mean sea level datum. 
3 above land surf ace. 
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than the city's production wells, there are no other major users of the Dakota aquifer within the 

study area. Hence, this map should be a reasonably accurate representation of the pre

development potentiometric surface in the upper Dakota aquifer. 

The smoothness of the potentiometric surface (Figure 23) belies the complex distribution 

of aquifer and aquitard units within the upper Dakota and is due to the lack of data within the 

study area. Nevertheless, the map shows higher hydraulic heads to the west than to the east of 

the wellfield which indicates a west to east ground-water flow direction. The slight inward 

bending of the contours in the center of the study area is due to the concentration of data within 

and the lack of data outside of the wellfield. Within the wellfield, the hydraulic gradient is much 

steeper from MD-6 to MD-2&3 than it is from MD-2&3 to MD-4 (Figure 24). This suggests a 
higher transmissivity in the eastern half of the study area than in the west due either to higher 

hydraulic conductivity, greater sandstone aquifer thickness, or greater aquifer extent. 
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Figure 5. Pre-pumping hydraulic-head profile across the Dakota wellfield from MD-6 to MD-4. 
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Chapter 7: Water Quality of the Dakota Aquifer 

Factors controlling water quality in the Dakota aquifer 

The most common substances dissolved in ground waters in the Dakota aquifer are the 

inorganic constituents calcium (Ca), magnesium (Mg), sodium (Na), bicarbonate (HC03), 

chloride (Cl), and sulfate (S04). Bicarbonate may also be represented as alkalinity in some 

water analyses. Inorganic substances commonly contributing minor amounts to Dakota ground 

waters are silica (Si02), potassium (K), and fluoride (F). Nitrate (N03) concentrations can be 

high where the aquifer has been contaminated from the surface, but are typically low in 

uncontaminated areas. Ammonium ion concentrations can be greater than that of nitrate in the 

confined portions of the aquifer. Iron and manganese can be higher than desirable for public 

water supplies in some parts of the confined Dakota. There is a large number of other individual 

and combined elements dissolved in Dakota waters, including gases and metals. These are 

usually at concentration levels that are not of concern for public supplies. The total dissolved 

solids content (often abbreviated TDS) is a general measure of the salinity of a water. 

Freshwater is often defined as water containing less than 1 ,000 mg/L total dissolved 

solids (TDS). Freshwaters in the outcrop and subcrop portions of the Dakota aquifer are usually 

calcium-bicarbonate or calcium, magnesium-bicarbonate type waters. Most near surface rocks of 

the Dakota aquifer or rocks overlying the confined aquifer, and the soils developed from these 

rocks, contain at least small amounts of calcium carbonate present as calcite (CaC03) .  The 

mineral dolomite (CaMg(C03)2) can also be present in the rocks and the calcite contains small 

amounts of magnesium. During infiltration of rainfall, the carbonate minerals dissolve and add 

calcium, magnesium, and bicarbonate to the water. Small amounts of other inorganic 

constituents are also dissolved from soils and near surface rocks. These substances are present in 

the main carbonate minerals and in the small amounts of other soluble minerals, are adsorbed on 

clays, or have been concentrated as salts in soils during dry periods. 

Fine-grained sediments in the Dakota aquifer and overlying rocks often contain the 

mineral pyrite (FeS2). Pyrite weathers to produce dissolved iron and sulfate. The iron can then 

oxidize and precipitate as oxides and oxyhydroxides. The solution from pyrite weathering is 

acidic and dissolves additional calcite in a natural neutralization process. These processes 

increase the calcium and sulfate concentrations dissolved in Dakota waters. Rocks overlying the 

Dakota aquifer such as the Graneros Shale often include gypsum (CaS04 · 2H20), a very soluble 

mineral. Water infiltrating through these rocks can have relatively high concentrations of 

calcium and sulfate from dissolving gypsum. Recharge passing through rocks with either 

gypsum or weathered pyrite overlying the Dakota aquifer can substantially increase the calcium 
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and sulfate content of waters in the upper aquifer. In some cases, calcium-sulfate waters may 

result. 

Large areas of the Dakota aquifer contain saltwater (primarily dissolved sodium and 

chloride) with TDS concentrations greater than 10,000 mg/L. Geochemical tests indicate that the 

main source of this saltwater is dissolution of rock salt (NaCl) in Permian rocks underlying 

Dakota strata. Although most of the Dakota sediments probably contained seawater either during 

their deposition (the marine shales) or after deposition when the sea covered the Dakota 

formations, nearly all of the seawater has been flushed out by surface recharge. However, 

saltwater from the underlying Permian rocks has been slowly intruding into Dakota strata for 

millions of years. The salt-dissolution brine replaced most of the seawater source of salinity long 

ago. During more recent geologic time, freshwater recharge has been slowly flushing saltwater 

from the Dakota aquifer. 

The presence of saline water in Dakota strata resulted in the adsorption of sodium on the 

clays in the shales, siltstones, and sandstones. As freshwater of calcium-bicarbonate type slowly 

flushes the saline water from the aquifer, natural softening of the water occurs as dissolved 

calcium and magnesium adsorbs on the clays and displaces sodium that goes into solution. The 

decrease in calcium concentration allows some calcite to dissolve where present in aquifer strata, 

thereby supplying additional calcium and bicarbonate to the water. The added calcium can then 

exchange with more sodium. Some additional bicarbonate may be generated from slow 

oxidation of organic matter trapped in Dakota sediments. The combined effect of these 

processes increases sodium and bicarbonate concentrations in the ground water while decreasing 

dissolved calcium, magnesium, and chloride concentrations in confined parts of the Dakota 

aquifer where the water is now fresh to slightly saline. The resultant water types range from 

sodium-bicarbonate to sodium-chloride with excess sodium in the direction of increasing 

salinity. These waters are typically soft because the calcium and magnesium concentrations are 

relatively low. 

The dissolution of calcite associated with the exchange process increases pH of the water 

over the 7-7 .5 range for most Kansas ground waters. The pH of the sodium-bicarbonate waters 

in the confined Dakota aquifer is slightly alkaline and usually in the 7 .5 to 8.5 range. Elevated 

concentrations of dissolved fluoride are also usually associated with the sodium-bicarbonate 

waters. Dissolved fluoride contents can be from over 1 mg/L up to several or more mg/L in 

comparison with less than 1 mg/L for calcium-bicarbonate type waters. The high fluoride 

derives from calcium minerals containing fluoride. The low calcium concentration resulting 

from the cation exchange process allows the calcium minerals to dissolve. Some fluoride 

adsorbed or weakly attached to clays can also be released in the higher pH waters by exchange 

with hydroxyl ion (OH-). 
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Dissolved concentrations of iron and manganese greater than 0. 1 mg/L in Dakota waters 

occur in two types of environments. One occurrence is in the outcrop or subcrop area of the 

Dakota aquifer where recharge with dissolved oxygen reaches strata containing pyrite. 

Oxidation of pyrite was referred to earlier as a source of sulfate as well as dissolved iron in 

ground waters. Such ground waters can have a slightly acidic pH between 6 and 7. The other 

environment exists where reactions with dissolved constituents and sediments have nearly 

completely consumed dissolved oxygen and have produced a chemically reducing environment. 

This commonly occurs in the confined portion of the Dakota aquifer because the age of the water 

is old and no recent recharge with significant oxygen can enter. The reducing environment 

allows iron, manganese, and some other heavy metals to dissolve from the sediments. These 

waters can sometimes have a high enough hydrogen sulfide (H2S) content to give a "rotten egg" 

odor. Ammonium ion levels can be over 1 mg/L and nitrate concentrations less than detectable 

in the reducing environment. 

Areal patterns in water quality in the Hays region 

Figure 25 shows the distribution of total-dissolved solids concentrations in the upper part 

of the Dakota aquifer in Kansas. The major factors controlling the regional salinity pattern of 

Dakota waters are the rate at which freshwater is able to enter from above and along the long 

flow paths in the aquifer in comparison with the rate of saltwater intrusion from the underlying 

Permian rocks. In parts of central to north-central Kansas where the Dakota directly overlies the 

Cedar Hills Sandstone (Figure 2), Permian saltwater is able to intrude fast enough into the 

bottom of the Dakota to maintain high salinity in the aquifer. The eastern portion of Ellis County 

lies in part of this area. 

Surface recharge rates along the outcrop belt of the Dakota aquifer in southeast Colorado 

and central Kansas where Dakota rocks outcrop or are near the surface are much greater than the 

rate of underlying saltwater intrusion, resulting in essentially complete flushing of any previous 

saltwater. For example, parts of the Dakota aquifer in easternmost Russell County contain 

freshwater. Fresh recharge flowing through the Dakota sandstones in southwest Kansas has also 

removed nearly all salinity. The freshwater flowing farther to the east through sandstones in the 

confined aquifer in west-central and central Kansas has removed much of the saltwater. 

However, enough dissolved salt remains to make much of the water slightly to moderately saline. 

The rate of flushing is slow, such that substantial changes would take many thousands of years. 

This is the condition for western and central Ellis County where TDS concentration ranges from 

1 ,000 to 10,000 mg/L (Figure 25). 

The chemical type of a water is defined as the predominant cation(s) and anion(s) based 

on equivalent concentrations (units that involve the charge as well as the mass of a constituent). 
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<1 ,000 mg/L 

• 1 ,000-2,000 mg/L 
• 2,000-10,000 mg/L 
o >10.000 mg/L 
� Dakota aquifer outcrop/subcrop 

Figure 25. Distribution of total dissolved solids (TDS) concentration in ground waters in 
the upper Dakota aquifer in western and central Kansas. 
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Freshwaters in the outcrop and subcrop areas with less than 500 mg/L TDS are usually of 

calcium bicarbonate and sometimes of calcium, magnesium-bicarbonate type. Waters in the area 

of the confined aquifer with 500- 1 ,200 mg/L TDS are generally soft (low calcium and 

magnesium content), sodium-bicarbonate in chemical type, and usually have elevated fluoride 

concentrations. Ground waters with 1 ,200 to 1 ,500 mg/L TDS in the confined area (such as in 

western Ellis County) are typically transitional between sodium-bicarbonate and sodium-chloride 

type. Saline ground waters in the areas of the upper Dakota aquifer with greater than 1 ,500 mg/L 

TDS are usually of sodium-chloride type (such as in central and eastern Ellis County). However, 

in the outcrop/subcrop areas and sometimes at the top of the confined aquifer, waters can be 

calcium-sulfate in type and have TDS contents between 500 and 2,000 mg/L. 

Regional flow in the Dakota aquifer entering western Ellis County generally contains 

TDS concentrations between 1 ,000 and 2,000 mg/L. As the ground water flows eastward 

through the county, it slowly flushes existing saline water in the aquifer. However, as indicated 

above, there is also a slow upward diffusion of saltwater from the underlying Permian that offsets 

the dilution by the regional flow. Therefore, the salinity increases towards the east across the 

county. 

Lower TDS concentrations in a given area of the Dakota aquifer in central Kansas are 

often found in the more permeable portion of the strata. The substantially greater permeability of 

the sandstone units within the aquifer in comparison with the shales can allow a faster rate of 

flushing of salinity by fresher, regional flow. The general inverse correlation of the particle size 

of the Dakota sediments with TDS concentrations in areas where some salinity exists, primarily 

in the confined aquifer, means that there can be substantial local differences in both the vertical 

and areal distribution of water quality depending on the particular sandstone to shale ratio. 

Consequently, often the better the water-yielding characteristics of the aquifer, the better the 

water quality within a given area. 

The quality and lithology relationship appears to be an important control on water salinity 

in the aquifer in the area surrounding the Hays Dakota well field. During 1992, the city of Hays 

had several test wells drilled in their investigation for water supply in the Dakota aquifer. The 

current well field is located in parts of the test-hole drilling area. The KGS analyzed samples 

from the test wells (Table 8) to determine the source of salinity because the area of investigation 

lay within an oil field. Based on mixing-curve relationships for bromide/chloride and 

sulfate/chloride versus chloride concentration, the KGS determined that the salinity in the Dakota 

aquifer in the area is natural and not derived from oil-brine pollution (Whittemore et al., 1993). 

Chloride concentrations in the test-well samples ranged from 445 to 2,340 mg/L. Based on logs 

for the test wells, there is a general correlation of the salinity with the lithology; water with the 

lower chloride content usually came from zones with good 
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Table 8 .  Chemical data for water samples from the Hays test boreholes drilled during Spring 1 992. All analyses are by the 
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Site 

P2-20 

P2-20 

P3- 1 3  

P3- 1 3  

P3- 1 3  

P4A 

P4A 

P4A 

P4A 

P3- 13A 

P3- 13A 

P3- 1 8  

P3- 1 8  

P3- 1 8  

P3- 1 8  

P2- 1 8A 

Kansas Geological Survey. 

Location 

1 4S- 1 8W-20BAC 

1 4S-1 8W-20BAC 

1 4S-1 9W-3ACAB? 

1 4S-1 9W-3ACAB? 

14S-19W-3ACAB? 

- 16S-1 8W-5 

- 1 6S-1 8W-5 

- 1 6S-1 8W-5 

- 1 6S-18W-5 

1 4S-1 9W-ADD 

14S- 1 9W-ADD 

14S-1 8W- 1 8DBBC 

14S-1 8W-1 8DBBC 

14S- 1 8W-1 8DBBC 

14S- 1 8W-1 8DBBC 

Depth Sample 
ft date DescriEtive notes 

340-380 3/14/92 Bailed from top, Karst 

4 1 8-467 3/14/92 Pumped from bottom, Karst 

496-506 311 7  /92 Clarke, P3 

5 1 2-522 3/17/92 Clarke 

559-567 3/17/92 

2 1 0-230 3/19/92 Rush, #2, Nixon/Bieker 

244-254 3/19/92 Rush, #2, Nixon/Bieker 

264-270 3/20/92 Rush, #2, Nixon/Bieker 

290-3 1 0  3/20/92 Rush, #2, Nixon/Bieker 

467-487 3/20/92 Clarke P3A 

5 1 0-530 3/20/92 Clarke P3A 

400-420 3/26/92 Clarke 

430-450 3/26/92 Clarke 

450-470 3/25/92 Clarke 

490- 5 1 0  3/25/92 Clarke 

14S-1 8W-1 8DDCA 465-476 3/27/92 Karst 

P2- 1 8-B 14S- 1 8W- 1 8DCDD 430-450 4/01/92 Clarke 

P2- 1 8-B 14S-1 8W- 1 8DCDD 460-480 4/01/92 Clarke 

P2- 1 8-B 14S-1 8W-1 8DCDD 490-5 1 0  3/3 1/92 Clarke, 112 hr pumping 

P5-6 14S- 1 8W-6CBB 

P5-6 14S-1 8W-6CBB 

P5-6 14S-1 8W-6CBB 

P5-6 14S-1 8W-6CBB 

5-7 1 4S- 1 8W-7BAB 

5-7 14S-1 8W-7BAB 

5-7 14S-1 8W-7BAB 

370-390 4/04/92 Clarke 

406-426 4/04/92 Clarke 

476-496 4/03/92 Clarke 

5 0 1 - 5 2 1  4/03/92 Clarke 

370-380 4/09/92 Karst, land owner Reisieg 
480-490 4/09/92 Karst, land owner Reisieg 
5 1 1 -522 4/92 Karst, land owner Reisieg 
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3230 

2600 

3060 

3040 

2720 

3950 
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4690 

60 1 0  

2800 
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2730 
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28 1 0  

28 1 0  
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.... 
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897 

1 880 
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Cl S04 
mg/L mg/L 

543 5 3 1  
445 3 3 3  

652 255 

63 1  259 

5 3 8  25 1 

954 262 

1 1 43 302 

1 1 36 287 

1 572 332 

5 6 1  250 

564 239 

548 236 

549 237 

5 20 254 

5 80 246 

5 8 5  243 

564 243 

572 242 

660 278 

608 240 

6 1 2  243 

786 261  

882 284 

89 1 3 3 3  

94 1 296 

2344 624 

� ..., 

F 
mg/L Na/Cl S04/Cl 

3 .00 1 . 1 1 6 0.9779 

4.00 1 .209 0.7483 

3 .90 1 .005 0.39 1 1 

4 . 1 0  1 .025 0.4 1 05 

3 .60 1 .084 0.4665 

3 .70 0.873 0.2746 

3 .60 0.84 1  0.2642 

3.50 0. 835 0.25 26 

3 .20 0.757 0.2 1 1 2  

3 .90 1 .06 1 0.4456 

4.00 1 .080 0.4238 

4 . 1 0  1 .086 0.4307 

4.00 1 .078 0.43 1 7  

3.80 1 .08 1 0.4885 

3 .90 1 .036 0.424 1  

4.20 1 .067 0.4 1 54 

4 .20 1 .099 0.4309 

4.00 1 .073 0.423 1 

3 .90 1 .002 0.42 1 2  

3 .90 1 .025 0.3947 

3 .90 1 .038 0.397 1 

3 . 80 0.957 0.3321 

3.80 0.930 0.3220 

4.40 0.943 0.3737 

3 .90 0.953 0.3 1 46 

3 .70 0. 802 0.2662 
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Table 8 .  Chemical data for water samples from the Hays test boreholes drilled during Spring 1 992. All analyses are by the 0 
Kansas Geological Survey. � ::::::> 

Depth Sample Sp.C. Na Cl S04 F � .... t:S 
Site Location ft date DescriEtive notes uS/cm mg/L mg/L mg/L mg/L Na/O S04/Cl a 
P5- 1 2  14S-19W-1 2ABD 460-4 7 0 4110/92 Clarke 4430 927 1 1 47 298 4.70 0.808 0.2598 � 
P5- 1 2  1 4S-19W- 12ABD 545-565 4109192 Clarke 4900 1 05 0  1 1 82 326 4.00 0.888 0.2758 '1:1 0 
P5- 1 2  14S- 19W- 1 2ABD 5 70-590 4/08/92 Clarke 6060 1 260 1 5 3 5  3 8 5  3 . 70 0.82 1 0.2508 

::i. 
< 

P3- 1 4  14S- 19W- 14DCCA 480-500 4/30/92 Clarke 2770 5 9 1  565 240 3 .90 1 .046 0 .4248 0 -

14S-19W-14DCCA 505-525 4129192 Clarke 2770 567 5 5 9  24 1 3 .80 1 .0 1 4  0.43 1 1  
...... 

P3- 1 4  

P3- 1 4  14S-19W- 14DCCA 505-525 4/29/92 Clarke 2770 5 90 5 6 1 239 3 .90 1 .052 0.4260 

P3- 1 4  1 4S-19W-14DCCA 525-545 4/29/92 Clarke 2780 5 8 8  5 66 238 3 .90 1 .039 0.4205 

3-13B 14S- 19W- 1 3CBA 472-492 5105192 Karst 2800 600 566 24 1 4.00 1 .060 0.4258 

3-1 3B 534-554 5104192 Karst 2800 598 568 242 4.00 1 .053 0.426 1 

3-13C 14S- 19W-13CBAC 535-555 5/07/92 2750 598 5 5 6  2 3 8  4 . 1 0  1 .076 0.428 1 
--

VI tv 
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sandstone whereas water with the higher chloride concentrations was from zones with finer

grained siltstone and sandstone. 

In some areas, there are substantial differences in the salinity of water in sandstone units 

over a scale of only a mile. This is the case for the five test holes drilled in southwest Ellis 

County in 1987 during investigations for water supply for Hays. Test Hole 1 yielded water with 

a much higher salinity from sandstone units than from other test holes in the general area. The 

cause for this could be better hydraulic connection to deeper saltwaters or isolated sandstone 

bodies that are not well connected hydraulically to other sandstones laterally in the aquifer. 

Isolated units would not be subject to as much flushing by fresher regional flow. 

Clay minerals in the sandstone units as well as in the siltstones and shales act as a cation 

exchange media in the aquifer. The past influx of higher concentrations of Permian sodium

chloride type saltwater largely saturated the exchange sites with sodium. During the slow 

flushing of salinity from the Dakota aquifer by fresher, regional flow, calcium and magnesium 

are exchanged for sodium on the clays. The high sodium content on clays in the aquifer in the 

Hays area keeps water flowing from the west very soft. The regional flow rate of water through 

the aquifer and the large reservoir of sodium-saturated clays mean that the water chemistry 

changes little over thousands of years. 

As a result of the processes described above, water in the permeable sandstone units of 

the Dakota aquifer in the Hays region contains calcium and magnesium concentrations that are 

commonly below 20 and 10  mg/L, respectively. The exchange process elevates the sodium 

content such that the sodium/chloride ratio is greater than that for the saltwater source from 

dissolution of rock salt in the underlying Permian rocks. Sodium/chloride ratios are greater than 

1 for chloride concentrations less than about 600 mg/L, near 1 for chloride in the range 600-700 

mg/L, and less than 1 (but substantially greater than 0.65 for halite, the mineral sodium chloride) 

for chloride between 700 mg/L and a few thousand mg/L. Sulfate concentrations are generally 

from greater than 200 mg/L up to several hundred mg/L. Fluoride contents in the Dakota waters 

are elevated from dissolution of fluoride-containing calcium minerals in the presence of the low 

hardness (low calcium concentration). Nitrate concentrations are very low (below detection) due 

to the somewhat reducing chemical environment (very low oxygen content) in the confined 

aquifer. Nitrate contents above 1 mg/L would have to come from a contamination source and not 

the aquifer. 

Vertical changes in water quality 

Water quality often changes with depth in the Dakota aquifer, especially in areas where 

the water is saline such as in Ellis County. The water chemistry in the uppermost part of the 

confined Dakota aquifer can be affected by recharge through the overlying Cretaceous 
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limestones and shales.  This water can be very hard and high in sulfate content. With increasing 

depth in the Dakota aquifer, the salinity generally increases because the saltwater source is the 

underlying Permian strata. However, the rate of change with depth is seldom uniform because 

units with greater permeability can contain less saline water than fine-grained sediments as 

described above. In addition, the salinity is often substantially greater below low permeability 

layers that impede the upward movement of saltwater from the Permian and within the Dakota 

aquifer strata. This is especially true in Ellis County where the Kiowa shale aquitard separates 

saltwater in the lower Dakota from much less saline water in the upper Dakota aquifer (Dakota 

Formation). 

An example of water-quality changes with depth in the Dakota aquifer is shown in 

Figures 26-28 for Test Hole 2 that was drilled in 1987 in southwest Ellis County as a part of 

earlier investigations for the Hays water supply. The depth interval for the Dakota Formation is 

295-548 ft in the test hole based on an analysis of the geophysical log. The hole penetrated the 

Kiowa Formation starting at 545 ft before drilling stopped at 595 ft. The TDS content generally 

increases at a moderate rate in waters collected from siltstone and sandstone units in the test hole 

from 375 to 5 15 ft (Figure 26). The salinity appreciably increases in the test-hole waters 

sampled from the bottom of a sandstone just above siltstone and shale of the Kiowa Formation, 

and continues to markedly increase within the Kiowa. The salinity of waters also generally 

increases with depth in the area of the Hays well field as indicated by the samples taken from 

different intervals of the test holes listed in Table 8. 

Water in the uppermost portion of the Dakota Formation penetrated by Test Hole 2 in 

southwestern Ellis County contains appreciably higher calcium, magnesium, and sulfate 

concentrations than in the rest of the Formation (Figures 27 and 28). This water is probably a 

mixture of regional flow with small amounts of local vertical infiltration through the overlying 

limestones and shales. These units contain mainly carbonate and clays minerals but also often 

include small amounts or pyrite and gypsum. Gypsum is present in some outcrops of the 

Graneros Shale in central Kansas and appears to have formed by interaction of high sulfate 

concentrations generated from pyrite weathering with calcium dissolved from calcite. The local 

recharge can either weather pyrite to produce an acidic solution that can dissolve additional 

calcium and magnesium carbonates or dissolve gypsum than may be present. The result can be 

water with relatively high calcium, magnesium, and sulfate concentrations. With increasing 

depth, the proportion of the small local recharge mixed with the regional flow substantially 

decreases, thereby resulting in decreases in calcium and magnesium concentrations as the 

percentage of regional flow, that has been affected by the softening process described in the 

previous section, increases. The fluoride concentration follows a pattern with depth opposite to 

that of the calcium (Figure 28) because the low calcium concentration allows fluoride-containing 
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Figure 26. Depth profile of total dissolved solids concentration in the Dakota aquifer based on 
data for a test hole in southwest Ellis County. 
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aquifer based on data for a test hole in southwest Ellis County. 
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calcium minerals within the aquifer to dissolve. Fluoride then decreases with depth in the lower 

Dakota aquifer (depths greater than in Figure 28) and into Permian strata where calcium 

concentrations are much greater in the saline water. 

The increases in sodium and chloride concentrations in the Test Hole 2 waters (Figure 27) 

are mainly due to the effect of the deep sodium-chloride saltwater derived from the underlying 

Permian. However, the sodium content increases at a faster rate than the chloride to about 450 ft. 

This indicates that the high calcium and magnesium concentrations expected from the local 

recharge cause additional cation exchange that releases more sodium into the aquifer water. 

Below 530 ft, both sodium and chloride increase appreciably and the sodium/chloride mass ratio 

decreases to near 1 .  This indicates the increasing influence of the Permian saltwater water which 

is expected to have a sodium/chloride mass ratio of 0.65, the value for solid halite. 
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Chapter 8 :  Analysis of the Data from the 1992 Pumping Tests 

After well installation and development were completed, pumping tests were performed 

to determine the hydrologic properties of the aquifer and the existence of hydrologic boundaries 

that might affect drawdown during pumping. The tests were conducted for each of the 

production wells in 1992 by Clarke Well and Equipment Co. and Ground Water Associates, Inc. 

of Wichita with assistance from the city (Table 9). The data from these tests were supplied to 

KGS during the early part of the project. 

Table 9. Summary data on test setup for the 1992 pumping tests in the Dakota wellfield. 

Observation Means of Data 
Well Test Date Test Length Wells Used Collection 

D- 1 4/30/92 72 hrs. MD-1  manual 

D-2 6/17/92 35 hrs. MD-2&3; D-3 manual 

D-3 7117/92 72 hrs. MD-2&3; D-2 manual 

D-4 9118/92 36. 1667 hrs. MD-4; D-2; automated at 
MD-2&3 MD-4 only 

D-5 9/23/92 36 hrs. MD-5 automated 

D-6 10/6/92 72 hrs MD-6; MD-5 automated at 
MD-6 only 

Water-level data were collected in the pumping well and in one or more nearby 

observation wells during the pumping and recovery phase of each test. In the early tests (D- 1 ,  D-

2, and D-3) the data were collected manually using electric tapes. In the later tests (D-4, D-5, 

and D-6) pressure transducers were placed in the observation and pumping wells to collect and 

feed water-level data automatically into data loggers. The pumping phase of each test was either 

approximately 36 hrs (pumping tests at D-2, D-4, and D-5) or 72 hrs (pumping tests at D- 1 ,  D-3, 

and D-6). The data collection period during the recovery phase of the each test generally ceased 

when water levels were within about 5 ft of full recovery in the pumping well. The recovery data 

from the tests were not analyzed because the data collection periods during recovery were of 

shorter duration than the pumping phase of each test. 

The drawdown data were analyzed using SUPRPUMP, a software package designed to 

interactively assist in the analysis of time-drawdown data from pumping and slug tests (Bohling 

et al. ,  1990). In the analysis mode, the program uses nonlinear least squares regression to 
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estimate the hydrologic parameters of an aquifer, the transmissivity (T) and storativity (S) and 

determine the distance to hydrologic boundaries. In the design mode, the program can be used to 

predict drawdowns given the hydrologic properties of aquifer and aquitard units, as well as 

distances to flow boundaries. 

Because the Dakota is a confined aquifer in the well field vicinity, the Theis 

nonequilibrium method was used in SUPRPUMP to analyze the data collected from the 

observation wells during pumping and recovery following each test. The Theis analysis was 

chosen for its simplicity and is appropriate in situations where the aquifer is bounded above and 

below by impermeable confining units that contribute no leakage to the aquifer during pumping 

or recovery. For these tests, the stipulation of no leakage contributions from the surrounding 

aquitard to the aquifer during pumping and recovery may not be entirely true. Near the edges of 

the sandstone aquifer, the mudstone may contain mostly isolated, thin sandstone lenses or sandy 

and silty overbank deposits that may provide pathways for some water movement. These more 

permeable zones may contribute leakage to the aquifer during pumping and recovery 

(Macfarlane et al., 1998). However, from an analysis of slug tests conducted in wells at a site in 

central Kansas, Macfarlane et al. ( 1994) reported that the vertical hydraulic conductivity of the 

mudstone aquitard was considerably less than 0.001 ft/day. Farther east, Wade ( 1992) estimated 

a vertical hydraulic conductivity of 0.002 ft/day for the mudstone from a pumping test in the 

outcrop area of the Dakota Formation in Washington Co. Thus, for the purposes of this analysis 

the mudstone/sandstone body contact is treated as an impermeable boundary. 

It is also assumed in these analyses that the production wells were withdrawing water 

from a confined, strip aquifer, i.e., a narrow, elongate confined aquifer that is bounded laterally 

on two sides by parallel, vertical, impermeable boundaries. In reality, the developing cone of 

depression would have been impacted by boundaries that are curvilinear and not necessarily 

vertical because of the irregular thinning of the aquifer near its edges. As a result, the distances 

to the edges of the aquifer are only approximate and may deviate significantly from the bounding 

edges of the aquifer defined by the subsurface geology. 

SUPRPUMP was used to calculate the best estimates of T and S that fit the observed 

drawdown data from the early part of each test before the developing cone of depression would 

have encountered one or more boundaries. The effects of these boundaries on drawdown occur 

relatively quickly in the early part of the test due to the close proximity of the pumping wells to 

one or more of these no-flow boundaries. In many cases only a small number of data points were 

used from the early part of the test to estimate the aquifer parameters. The curve-fitting 

parameters, the overall root mean square deviation and the sum of the residuals, are good 

indicators of how well the simulated drawdown or recovery curve from SUPRPUMP matches the 

observed data. The overall root mean square deviation is an overall goodness-of-fit measure, 
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whereas the sum of the residuals is an indicator of systematic deviation of the simulated 

drawdown curve from the field data. Also included with the T and S estimates are the 95% 

confidence bands calculated by SUPRPUMP. 

Plots of log time vs. drawdown were used for data presentation because they are well 

suited for data display in the analysis of bounded, confined aquifers. Determination of what 

constituted the early-time segment of the drawdown or recovery data unaffected by flow 

boundaries was done by visual inspection of log time vs. drawdown plots and trial-and-error runs 

with SUPRPUMP. Boundary effects can be more easily observed on semilog plots than on log

log plots (Freeze and Cherry, 1979). As the cone of depression expands during pumping, the 

slope of the straight-line portion of the drawdown curve changes abruptly depending on whether 

an impermeable or a constant-head boundary is encountered. These flow boundary positions 

with respect to the pumping well can only be estimated independently and uniquely, if data are 

collected from three observation wells during the pumping test. 

In this project, drawdown data were only available from at most two observation wells 

and hence, the flow boundaries could not be located uniquely based on the results of the pumping 

tests. Instead, the probable locations of no-flow boundaries with respect to each pumping well 

were initially estimated from the subsurface geology and the map showing greatest likelihood of 

sandstone-body connectivity in Subunit 2 of the Dakota Formation (Figure 18). All of the 

production and monitoring wells are screened almost entirely in this subunit. Using these initial 

estimates, the flow boundary locations were adjusted with respect to the pumping well in 

SUPRPUMP to fit the observed drawdown data, assuming the values of the hydrologic 

properties calculated from the early time data. 

The D- 1 Pumping Test 

The pumping rate in D-1 was 200 gpm (26.74 ft3/min) and the well was pumped for 72 

hrs (Table 9). Drawdown and recovery data were collected from a monitoring well, MD- 1 ,  

located 494 ft north of the pumping well, D-1 ,  and in  D- 1 (Figure 29). During the pumping 

phase of the field test a total of 77 water-level measurements were manually taken in each well 

using an electric tape. 

A semi-log plot of the time-drawdown data was used to assess data quality and to 

determine approximately when flow boundaries began to affect drawdown in the observation 

well. Data quality was determined to be acceptable for analysis. The first fifteen time

drawdown measurements up through 0.03 15  days were used to estimate the hydrologic 

properties of the aquifer in the vicinity of the pumping and the observation wells. Using this 

part of the data set, SUPRPUMP calculated a transmissivity and storativity of 1 120 ft2/day ± 44 

ft2/day and 8.878 x 10-5 ± 0. 163 x 10-5, respectively. The low overall root mean square 

61  

i 
i:tl • 

I 
I 

j 
I ' 

I 



�.· L 

l 
L 

Draft Final Report Vol 1 

R. 19 w. 

+Y 
I 
I 
I 
I 
I 
I 
I 

T. 14 S.  

I 
MD- le 

1 3  - - · - -
-x - - - - I D- 11 

- - - - - ·+X - -

I 
I 
I 
I 
I 
I 
I 

-Y 

Figure 29. Location of the pumping and observation wells used in the 
D- 1 pumping test. MD-1 is 26 1 ft north of D-1 .  Also shown are 
the relative coordinate system directions used in the analysis to 
determine the position of nearby flow boundaries with respect 
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deviation (0.04 ft) and the higher sum of the residuals (0. 1 3  ft) suggest an acceptable fit to the 

data with some systematic underestimation of the drawdown by the simulated drawdown curve. 

The simulated drawdown curve from this part of the test data and its extension out to the end of 

the test at 3 days is shown in Figure 30. 

Figure 30 shows that beginning at 0.03 125 days the rate of drawdown increase in the 

observed data is much higher than in the simulated drawdown curve. This suggests that the cone 

of depression has encountered one or more no-flow boundaries. Adding a no-flow boundary 680 
ft south of the pumping well improves the model fit to the data up to about 0.25 days (Figure 3 1 ).  

Beyond this point in the test, the observed rate of drawdown increase is still higher than the rate 

increase in the fitted model. Adding a second no-flow boundary 2,950 ft north of the pumping 

well improves the model fit up to about 0.8 days (Figure 3 1 ). 

Beyond 0.8 days the expected drawdown in the fitted model is progressively greater than 

that observed (Figure 3 1 ). This suggests that the cone of depression has expanded to the point 

where recharge is being added to the aquifer either from leakage or from a constant head source. 

Attempts to incorporate leakage into the SUPRPUMP analysis using reasonable estimates of 

aquitard vertical hydraulic conductivity, storage, and thickness were unsuccessful. To complete 

the curve-fitting process, the recharge source to the aquifer during the pumping test was treated 

as a constant-head boundary. The addition of a constant-head boundary 5,300 ft away from the 

pumping well greatly improved the model fit to the observed data in this segment of the test. 

The final model from SUPRPUMP is a satisfactory fit to the observed data as evidenced 

by the relatively low overall root mean square deviation of 0. 1 1  ft. The sum of the residuals was 

-2.29 ft which indicates significant overestimation of the drawdown by the simulated curve. 

Inspection of the final model fit suggests that small fluctuations in pumping rate, errors in 

measurement, or both could account for most of the systematic deviation between the observed 

data and the fitted model. In Figure 3 1 ,  the increase in drawdown with time in the pumping well 

is not a smooth curve throughout the 3-day test. The drawdown curve segment from 0. 1 to about 

1 days does not smoothly match the preceding and succeeding curve segments. Examination of 

the fitted model to the observed drawdowns in MD-1 shows model underfit from 0. 1 up to about 

0.6 day and then model overfit from 0.6 up to about 1 day. 

The locations of the no-flow boundaries in the fitted model are consistent with the 

inferred distribution of sandstone fraction in Subunit 2 of the Dakota Formation. Approximately 

1 ,500 away from D-1 to the south-southwest, the sandstone fraction decreases from 88% of the 

subunit thickness near the pumping well to less than 10% in the SE Sec. 13,  T. 14 S., R. 19  W. 

Approximately 2,200 ft. away from D-1 to the north-northwest, the gamma-ray log for an oil 

well in the SE Sec. 12 ,  T. 14 S. ,  R. 19 W. indicates no significant sandstone in Subunit 2 of the 

Dakota Formation. This suggests that the maximum width of the channel sandstone aquifer is 
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approximately 3,700 ft wide in the vicinity of D- 1 .  Using the boundaries from the fitted model, 

the aquifer width is estimated to be 3,630 ft. 

The constant-head boundary is interpreted to represent the delayed effects of leakage 

from the surrounding less permeable fringe deposits of interbedded mudstone and sandstone 

adjacent to the channel sandstone deposit. The model suggests that this leakage becomes 

significant after about 0.8 days of pumping. 

The D-2 Pumping Test 

In the D-2 pumping test the rate of withdrawal rate was 200 gpm (26.74 ft3/min) and the 

D-2 production well was pumped for 35 hrs (Table 9). Drawdown and recovery data were 

collected from two monitoring wells, MD-2&3 and D-3, as well as from D-2. MD-2&3 and D-3 

are located 1 , 1 20 ft and 2,430 ft north-northwest of D-2, respectively (Figure 32). During the 

pumping phase of the field test a total of 60 water-level measurements were taken manually in 

each observation well and the pumping well using an electric tape. At the end of the pumping 

phase of the test 1 1 .89 ft and 8.50 ft of drawdown in MD-2&3 and D-3,  respectively, resulted 

from pumping D-2. 

The analysis of the data from the pumping part of the field test began using the time

drawdown data from MD-2&3, the nearer of the two observation wells. A plot of the field data 

in Figure 33 suggested that the drawdown in D-2 was relatively unaffected by hydrologic 

boundaries up to about 0.25 days. Using this segment of the data as input, SUPRPUMP 

calculated a transmissivity and storativity of 1 ,326 ft2/day ± 20 ft2/day and 7.764 x 1 0-5 ± 0.095 

x 10-5, respectively. Up to about 0.018  days the simulated drawdown curve fits the observed 

data very well, but from this point up to about 0.09 days the model slightly underestimates and 

then slightly overestimates drawdown in the observation well. And later in this part of the test 

(from 0. 19 up to 0.25 days) the simulated drawdown curve fits the observed data very well. The 

overall root mean square deviation was 0.03 ft and the sum of the residuals was <0.01 ft. 

Beyond 0.25 days, the fitted simulated model is not a good fit to the data and 

progressively underestimates the drawdown in MD-2&3 (Figure 33). This suggests that the 

expanding cone of depression has encountered one or more no-flow boundaries. The addition of 

a single no-flow boundary 3,000 ft west of the pumping well improves the fit of the simulation 

slightly and does not significantly increase the drawdown prior to 0.25 days. The placement of 

this boundary farther away from the pumping well does not result in the needed increase in 

drawdown in the observation well. It is somewhat difficult to assess the fit of the model to data 

between 0.30 and 0.50 days because of the scatter in the observed data in this part of the 

pumping test. However, adding a second no-flow boundary 3,500 ft to east of the pumping well 

greatly improves the model fit up to about 0.7 days. 
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Figure 32. Location of the pumping and observation wells used in the 
D-3 and D-2 pumping tests. MD-2&3 is 1 , 1 20 ft north-northwest 
of D-2 and 1 ,335 ft south-southeast of D-3 .  The distance between 
D-2 and D-3 is 2,430 ft. Also shown are the relative coordinate 
systems directions used in the analysis to determine the distance 
to nearby flow boundaries in analysis of both tests. 
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Beyond this point, the calculated drawdown curve overestimates drawdown in the 

observation well (Figure 33). The overfit of the model to the data could have resulted from a 

source of recharge to the aquifer (a constant-head boundary) or to fluctuations in pumping rate 

during the test. The plot of the time-drawdown data for the observation and the pumping wells 

during the test shows several periods where drawdown fluctuations in the pumping well 

impacted the drawdown in both MD-2&3 and D-2 at later time. Presumably, these fluctuations 

are caused by periodic fluctuations in the pumping rate. At about 0.7 days, the drawdown in the 

pumping well begins to stabilize and fluctuates at about 40. 7 ft for approximately 0.25 days of 

the test (Figure 34). Nearer the end of the test, the last few data points collected from D-2 

indicate a decrease in the rate drawdown with time. This apparent decrease in the drawdown rate 

is reflected in the drawdown in MD-2&3 at approximately the point where simulated drawdown 

curve begins to significantly deviate from the observed data. As a result, no attempt was made to 

add a third constant-head boundary to the model to improve the curve fit to the data. 

The overall fit of the model to the time-drawdown data from MD-2&3 up through 0.65 

days is acceptable. The overall root mean square deviation and the sum of the residuals are both 

low at 0.06 ft and 0. 15  ft, respectively. Using the entire data set up through 1 .4583 days, the 

model fit is not as good; the root mean square deviation and the sum of the residuals are 0 . 1 3  ft 

and -3.60 ft, respectively. The more negative sum of the residuals reflects the systematic 

overprediction of drawdown by the model near the end of the test. 

D-3 was also used to observe drawdown in the D-2 pumping test (Figure 32). A plot of 

the time-drawdown data from this observation point suggested that the field measurements taken 

up through 0.25 days could be used to estimate transmissivity and storativity without the 

complicating effects of hydrologic boundaries on the data (Figure 35). Using SUPERPUMP, the 

transmissivity and storativity of the aquifer were estimated to be 961 . 1  ft2/day ± 35.2 ft2/day and 

7.00 x 10-5 ± 0.062 x 10-5, respectively. The overall root mean square error and the sum of the 

residuals are 0.01 ft and -0.07 ft, respectively. These low values indicate a good fit of the 

simulated drawdown curve to the first 30 data points from the test. 

Just beyond the early part of the test at about 0.3 days, the drawdown rate in D-3 appears 

to accelerate and then level off to a lower rate to a lower rate of drawdown increase up to about 

0.45 days (Figure 35). A comparison of the drawdown data in this part of the test with the data 

in D-2 and in MD-2&3 in Figure 34 suggests that this fluctuation in drawdown rate was caused 

by fluctuating pumping rates. 

Nevertheless, the increasingly poor fit of the simulated drawdown curve to data beyond 

0.25 days suggests that the cone of depression encountered one or more no-flow boundaries in 

this part of the test (Figure 35). The placement of a no-flow boundary 3,700 ft to the west

northwest of the pumping well improves the fit of the simulated drawdown curve to the field data 
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and does not significantly impact the early part of the drawdown that was used to derive the 

transmissivity and storativity estimates. However, a more rigorous evaluation of the curve fit 

from 0.25 to 0.50 days is not appropriate because of the fluctuations in drawdown rate due to 

pumping. Adding a second boundary to the east-northeast of the pumping well at 3 ,950 ft 

greatly improves the fit of simulated curve to the observed data later in the test from 0.83 days up 
through 1 day of the test (Figure 35). 

In the last part of the test, the simulated drawdown curve progressively overestimates the 

observed drawdown in D-3 . As in the analysis of the drawdown data from MD-2&3, this 

overfitting of the model to the data is most likely caused not by a source of recharge from a 

constant head boundary but by a decrease in the pumping rate at D-2. Note in Figure 34 that the 

simulated curve diverges from the observed data after one day of pumping where the draw down 

in the pumping well fluctuates at about 40.7 ft. for approximately 0.25 days of the test (Figure 

35). Thus, further fitting of the drawdown curve to the observed data was deemed inappropriate. 

The overall root mean square deviation and sum of the residuals of the curve fit are 0. 10 

ft and 2.3 1 ft, respectively, up through the first day of the test. The low overall root mean square 

deviation suggests an adequate fit to the observed data. The high positive sum of the residuals 

indicates a systematic underfitting of the simulated drawdown curve to the observed data. An 
examination of the drawdown curve that takes into account two no-flow boundaries indicates 

significant underprediction of drawdown during the test between 0.25 and 0.50 days. However, 

the fit of the simulated curve to the observed data is much better visually in the other parts of the 

test. 

In the D-2 test the locations of the no-flow boundaries are estimated to be between 3,500-

3,950 ft east-northeast and 3,000-3,700 ft west-southwest of the pumping well. Hence, the width 

of the channel sandstone aquifer is estimated to be in the range 6,500-7 ,650 ft in the vicinity of 

D-2. The estimated no-flow boundary locations with respect to the pumping well are consistent 

with the map of greatest likelihood sandstone body connection in Subunit 2 (Figure 1 8) in the 

vicinity of D-2 (Figure 1 1).  No gamma-ray logs were found southeast of D-2 to fully constrain 

the extent of the channel sandstone aquifer in Subunit 2 in the NW Sec. 19, T. 14 S. ,  R. 1 8  W. 

and the NE Sec. 24, T. 14 S., R. 19 W. Gamma-ray logs indicate that there is less than 25% 

sandstone near the center of Sec. 19 and that less than 10% of Layer 2 is sandstone to the west in 

the center of the SE Sec. 24. The location of the west no-flow boundary estimated from the 

pumping test suggests that the sandstone aquifer in Subunit 2 underlies nearly all of the NW Sec. 

19 and quite possibly, the eastern part of NE Sec. 24. 
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The D-3 Pumping Test 

In the D-3 test, the rate of withdrawal from the pumping well was 200 gpm (26.74 

ft3/min) and D-3 was pumped for 72 hrs (Table 9). Drawdown and recovery data were collected 

from two monitoring wells, MD-2&3 and D-2, as well as in the pumping well D-3. MD-2&3 

and D-2 are located 1 ,335 ft and 2,430 ft, respectively, south-southeast of D-3 (Figure 32). A 

total of 77 water-level measurements were taken manually in each observation and the pumping 

wells using an electric tape. At the end of the pumping test, the drawdowns in MD-2&3, D-2 

and D-3 were 16.05 ft, 13 .42 ft , and 47. 15 ft, respectively. 

Starting with the data set from D-2, the early-time drawdown data were input into 

SUPRPUMP to estimate the hydrologic parameters, T and S .  However, the gamma-ray log of a 

nearby borehole 1 , 100 ft the north of D-3 indicates no significant sandstone in Subunit 2 of the 

Dakota Formation. To be consistent with the subsurface geology, a no-flow boundary had to be 

taken into consideration in the analysis of the early-time data even though its exact location and 

the point where it affected the drawdown in D-2 were uncertain. 

The early-time drawdown data up through 0.375 days (39 measurements) were used to 

estimate the transmissivity and storativity and the location of the no-flow boundary. Aquifer 

property values were generated using SUPRPUMP as the location of the no-flow boundary was 

varied in 50-ft increments from 1 , 1 00 ft to 300 ft north of the pumping well. For each run, both 

the overall root mean square deviation and the sum of the residuals were noted to evaluate 

goodness-of-fit and systematic deviation of the fitted curve from the observed data (Figure 36). 

From this series of runs, the overall root mean square deviation ranged over a very small interval 

from 0.01-0.02 ft and the sum of the residuals varied over a slightly larger range from -0.02 ft to 

0. 1 1  ft. Because of the small range of values in the overall root mean square variation, selection 

of the most likely no-flow boundary location was made primarily on the basis of the minimal 

absolute value of the sum of the residuals. From this procedure, the no-flow boundary was 

estimated to be approximately 800 ft north of the pumping well . The overall root mean square 

deviation was 0.01 ft and sum of the residuals was <0.01 ft. The transmissivity and storativity 

values calculated by SUPRPUMP were 1 ,702 ft2/day ± 42 ft2/day and 9.479 x 10-5 ± 0.042 x 

10-5, respectively. 

The simulated drawdown curve with one no-flow boundary 800 ft north of the pumping 

well fits the data up to 0.375 days (Figure 37). Beyond this point, the observed drawdown 

increases at a faster rate than is accounted for in the simulated drawdown curve. However, 

adding a second no-flow boundary 3,900 ft to the west of the pumping well greatly improves 

model fit up through the first day of the test. 

After the first day of the test, the observed drawdown rate is higher than in the simulated 

drawdown curve. This suggests the possibility of a third boundary affecting the cone of 
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depression. The placement of the third boundary with respect to the pumping well is difficult 

because of what appears to be fluctuations in the pumping rate. In Figure 37, the sudden increase 

in drawdown begins approximately one day into the test followed by a tapering off of the 

drawdown rate suggests a slight increase in the pumping rate which would have caused an 

acceleration in the drawdown rate in D-2. Comparison of the drawdowns in the pumping well 

and in D-2 suggests that this fluctuation affected the D-2 drawdown for most of the second day 

of the test (Figure 38). 

The analysis of the drawdown data from the MD-2&3 observation well presented more of 

a challenge because of problems with some of the data from the early part of the test. In Figure 

38 a sudden increase in drawdown occurs between 0.083 days and 0. 14 days at A. Thereafter, 

the increase in drawdown is more gradual but it is clearly out of trend with the data prior to the 

abrupt increase in drawdown. This abrupt increase in the drawdown in MD-2&3 at 0.083 days 

seems to be correlated to an earlier abrupt increase in drawdown in the pumping well that 

occurred at about 0.01 7  days, but this is not evident in the drawdown data from D-2. Thus, the 

abrupt increase in drawdown in MD-2&3 is probably due either to a momentary increase in the 

pumping rate, or measurement error, or both. 

As in the previous analysis of the time-drawdown data from D-2, the close proximity of a 

no-flow boundary north of the pumping well strongly suggests that it should be included in the 

analysis of the early-time drawdown data due to uncertainty in its location with respect to the 

pumping well and when it first impacted drawdown in MD-2&3. Unfortunately, the early-time 

data segment that was affected by the abrupt increase in drawdown mentioned earlier must be 

kept out of the analysis and the early-time period must be extended to produce more reliable 

estimates of transmissivity and storativity and the location of the no-flow boundary north of the 

pumping well. A visual examination of the data suggested that the drawdowns from 0. 10417-

0.2083 days had been affected by pumping rate fluctuations. From this examination, the early

time segment of the drawdown data was considered to include the measurements up through 

0.8333 days, excluding the data affected by pumping rate fluctuations (Figure 38). 

The possibility that a second no-flow boundary might be affecting this extended early

time data set was also considered. In the analysis of the drawdown data from D-2, the effects of 

a second no-flow boundary to the west of D-3 began to appear in that data set at approximately 

0.375 days. It was assumed that the effects of a second boundary on drawdown would be felt at 

MD-2&3 earlier in the test because MD-2&3 is much closer to the pumping well than D-2. In 

order to determine the position of the no-flow boundary north of the pumping well and estimate 

transmissivity and storativity, the second no-flow boundary was assumed to be located 3,900 ft 

west of the pumping well. This estimated distance comes from the analysis of the drawdown 
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data at D-2 and is consistent with variation in sandstone fraction in Subunit 2 of the Dakota 

Formation south and west of D-3. 

Using the extended time-drawdown data set and the assumed location of the no-flow 

boundary west of the pumping well, the aquifer properties and the position of the north no-flow 

boundary were estimated from SUPRPUMP. The criteria for selecting the best model were the 

overall root mean square deviation and sum of the residuals (Figure 39). For each SUPRPUMP 

run the aquifer properties were treated as unknowns and the position of the north no-flow 

boundary was varied in 50-ft increments from 1 , 100- 150 ft away from D-3. The computed 

transmissivity and storativity values ranged from 1 , 1 27 to 1 ,495 ft2/day and 1 .233 x 10-4 to 

1 .965 x 10-4, respectively. The overall root mean square deviation and the sum of the residuals 

ranged from 0 . 14 to 0.06 ft and -0.3 1 to 0.24 ft, respectively. The best curve fit was judged to be 

the one with the smallest absolute value of the sum of the residuals because the range of values 

for this parameter was much larger than the overall root mean square deviation. From this, the 

best fit values of transmissivity and storativity were 1 ,456 ft2/day ± 47 ft2/day and 1 .641 x 10-4 

± 0.036 x 10-4, respectively. The overall root mean square error and the sum of the residuals 

were 0.07 ft and -0.02 ft, respectively. The no-flow boundary is located approximately 350 ft 

north of the pumping well D-3. An examination of the fitted curve shows a slight overestimation 

of drawdown prior to 0. 1 days (Figure 40). However, the curve fit is very good for the data from 

0.29 to 1 .0 days up through the first day of the test. 

After about the first day of the test, the observed drawdown increases at a faster rate than 

is indicated by the simulated drawdown curve (Figure 40). As in the analysis of the D-2 time

drawdown data, this lack of fit occurs at approximately the point where there appears to be an 

increase in the drawdown in the pumping well. This increase in drawdown is believed to be due 

to a slight increase in the pumping rate. However, the additional drawdown from pumping rate 

variations is not as great in MD-2&3 as it is in D-2, even though MD-2&3 is much closer to the 

pumping well. Thus, the additional drawdown is most likely caused by a third no-flow 

boundary. Adding a third no-flow boundary at 6,500 ft south of the pumping improves the 

model fit, especially for the last few data points from the third day of the test. The resulting 

curve fit is acceptable and has an overall root mean square deviation and sum of the residuals of 

0. 1 3  ft and 2.62 ft, respectively, including all of the data points. These measures of model fit are 

somewhat misleading because they include the data points that have been affected by pumping 

rate fluctuations or measurement error. By excluding the data points between 0 . 104 17-0.20833 

days, the overall root mean square deviation and sum of the residuals greatly improve and are 

0.07 ft and 0.50 ft, respectively. 

As a further step in the analysis, the drawdown data from the pumping well were 

examined to determine aquifer properties and the distance to the impermeable boundary north of 
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D-3. A plot of the drawdown data in D-3 (Figure 41)  indicates that the early time data extend up 

to about 0.0694 days (21 observations). Assuming an observation well 0.5 ft away from the 

pumping well, an analysis similar to that described above was used to estimate the location of the 

north boundary with respect to the pumping well and derive estimates of transmissivity and 

storativity. The distance from the pumping well to the north boundary was varied from 1 , 100 ft 

to 300 ft using 50-ft increments. In Figure 42 the low invariant overall root mean square 

deviation and the negligible sum of the residuals for the runs where the north boundary was �900 

ft suggest that the north boundary is no closer than 900 ft. 

The transmissivity and storativity estimates are 1 ,435 ft2/day ± 59 ft2/day and 8.603 x 

10-4 ± 3.943 x10-4, respectively, and did not vary between runs where the north boundary was 

placed in the 1 ,  100-900 ft interval. For the trial run where the north boundary was 900 ft away 

from the pumping well, the overall root mean square deviation was 0.24 ft and the sum of the 

residuals was <0.01 ft. The relatively high overall root mean square error is indicative of the 

scatter in the data (Figure 42) but the fit is judged to be acceptable given the negligible sum of 

the residuals. The estimated transmissivity is only 16% less than the value calculated using the 

drawdown from the D-2 observation well, but the storativity is almost an order of magnitude 

higher and is considerably more uncertain. 

The uncertainty in estimating the distance to the impermeable boundary north of D-3 is 

high because of the layout of the pumping and observation wells with respect to the boundary 

position and the error in the data. The subsurface geology suggests that the north boundary is 

within 1 , 100 ft of the pumping well and from the analysis of the drawdown data from D-3, D-2, 

and MD-2&3, the approximate distances to the no-flow boundary range from �900 ft to 350 ft. 

Therefore, the distance to the northern no-flow boundary from D-3 is between 350 and 1 , 100 ft. 

The D-4 Pumping Test 

In this test, the pumping rate in D-4 was 161  gpm (21 .52 ft3/min) and the well was 

pumped for 36. 1667 hrs ( 1 .507 days) (Table 9). Drawdown and recovery data were collected 

from D-4 and the closest monitoring well, MD-4, located 269 ft east-northeast of D-4, using 

pressure transducers connected to a data logger for storage and retrieval of the field 

measurements (Figure 43). In the pumping phase of the field test a total of 507 water-level 

measurements were taken in each well. The time interval between measurements varied 

throughout the test. Early in the test measurements were taken every minute for the first 63 min 

of the test, but by the end of the test the spacing between measurements was 5 min. 

Unfortunately, the D-4 pumping test data supplied by the city contained drawdowns reported 

only to the nearest 0. 1 ft which introduced an additional level of uncertainty in the analysis of the 

test results. Hence, the error associated with the recorded drawdown and recovery measurements 
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Figure 4 1 .  SUPRPUMP analysis of the 1992 early-time drawdown data from D-3 in the D-3 pumping test. An impermeable 
boundary is located 900 ft north of the pumping well. 
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is taken to be at least ±o.05 ft. The city was unaware of any field calibration that was done to 

correct systematic errors in the transducer data due to the instrumentation. 

Preliminary analysis of the time vs. drawdown data indicated that for at least the first 83 

min (0.05764 days) of the test the cone of depression appears to have been unaffected by 

hydrologic boundaries (Figure 44). Using the first 75 data points from the test, the aquifer 

transmissivity and storativity and their associated 95% confidence intervals were estimated to be 

1 ,946 ft2/day ± 46 ft2/day and 2.667 x 10-4 ± 0.075 x 10-4, respectively. The overall root mean 

square deviation and sum of the residuals from curve fitting were 0.05 ft and -0.05 ft, 

respectively. These indicators of goodness-of-fit are within the ±o.05 ft minimum error of the 

field data set. A comparison of the simulated drawdown curve with the field data shows that the 

simulated curve overestimates observed drawdown prior to 0.01 days and then after 0.01 days 

underestimates drawdown up to approximately 0.025 days (Figure 44). 

The simulated drawdown curve is a good fit to the field data up through about 0.075 days 

(108 min) into the pumping test (Figure 44). Beyond this point the increased rate of observed 

drawdown signifies that the cone of depression has encountered one or more no-flow boundaries. 

Adding a no-flow boundary 1 ,325 ft to the north of the pumping well improves the fit of the 

simulated curve to the data up to about 0.22 days (Figure 44). After this time, the observed rate 

of drawdown again increases at a faster rate than does the simulated rate. This indicates that a 

cone of depression has further expanded and has encountered another no-flow boundary. Adding 

a second no-flow boundary 1 ,900 ft to the south of the pumping well produces a good curve fit to 

the observed data up to the end of the test (Figure 44). 

The simulated drawdown curve has an overall root mean square deviation and sum of the 

residuals from curve fitting of 0.06 ft and -2.46 ft, respectively. The relatively low value of the 

root mean square deviation indicates that on balance the curve fit is very good considering the 

introduced error in the field data set. However, the high sum of the residuals indicates that there 

are is some systematic lack of fit of the data that is inherent in producing a best-fit simulated 

drawdown curve to this data set. 

The D-5 Pumping Test 

In this test, the average pumping rate in D-5 was 157 gpm (21 .00 ft3/min) and the well 

was pumped for 36 hrs ( 1 .5 days) (Table 9). Drawdown and recovery data were collected from 

D-5 and from a monitoring well, MD-5, located 236 ft north of D-5 using pressure transducers 

connected to a data logger for storage and retrieval of the field measurements (Figure 45). In the 

pumping phase of the field test, a total of 509 water-level measurements were taken in each well 

and recorded in the data logger. As in the D-4 test, the time interval between measurements 

varied from one measurement per minute during the first 63 min of the test up to one 
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measurement every 5 min at the end of the test. Also, the D-5 test data supplied by the city 

contained drawdown and recovery data reported only to the nearest 0. 1 ft. 

Preliminary analysis of the time-drawdown data for the pumping test indicated that the 

developing cone of depression was unaffected by hydrologic boundaries for the first 23 min 

(0.016 days) of the test (Figure 46). Using this part of the data set, the aquifer transmissivity and 

storativity estimates from SUPRPUMP were 979 ft2/day ± 27 ft2/day and 8 .659 x 10-5 ± 0.201 x 

1 o-5, respectively. The overall root mean square deviation and the sum of the residuals from 

curve fitting are 0.05 ft and 0.06 ft, respectively. These measures of curve fit are close to the ± 
0.05 ft uncertainty in the field measurements. They indicate that the fit of the simulated time vs. 

drawdown curve to the observed data is acceptable with only some very minor systematic 

deviation of the fitted curve from the observed data. 

Just after the early part of the test the observed drawdown increased at a faster rate than 

the simulated drawdown curve, which suggests that the cone of depression encountered one or 

more no-flow boundaries. Figure 1 8  suggests that the main aquifer pinches out 1 ,320 ft north 

and about 2,500 ft south of the pumping well. However, adding the influence of a no-flow 

boundary 800 ft north of D-5 improves the fit of the simulated time-drawdown curve to the 

observed data up to 0.023 days. The observed drawdowns began to increase at a faster rate than 

is indicated by the simulated curve. Adding the influence of a second no-flow boundary 1 ,650 ft 

south of D-5 improves the fit of the simulated time-drawdown curve to the observed data up to 

0.224 days of this part of the test. These results indicate that the more connected part of the 

sandstone aquifer is only 65% of the width originally estimated in Figure 18 .  

From 0.224 days to the end of the test, the simulated curve overpredicts the drawdown in 

the observation well, MD-5. This indicates one of four possibilities: ( 1 )  the expanding cone of 

depression encountered a constant-head source of water, (2) leakage effects became significant 

thereby reducing the rate of drawdown increase with time, (3) the channel cross-section widens 

to the east or west of the pumping well and the boundary positions change, or ( 4) the pumping 

rate decreased. 

This first explanation is unlikely because there are no readily apparent constant head 

sources of water to the aquifer in the wellfield vicinity. The second explanation is more likely 

because of hydraulic connection to other vertically adjacent aquifer units the Dakota Formation. 

In Figures 19-20 the likelihood of vertical physical connection of sandstone bodies in adjacent 

layers increases from D-5 eastward. In the vicinity of D-3, the sandstone bodies in Subunits 1 

and 3 of the Dakota Formation are very likely to be in good hydraulic connection with the 

sandstone aquifers in Subunit 2. Additionally, the surrounding low permeability muds tones 

contain thin, interbedded sandstones and coarse siltstones which may act as a sources of water 
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and may conduct leakage to the main channel sandstone aquifer as head gradients increase due to 

drawdown from pumping. 

In performing the pumping-test analysis with SUPRPUMP, parallel linear flow 

boundaries that are vertical are used to simulate an irregular boundary between the very 

permeable channel sandstone and the much less permeable, adjacent mudstone. Thus, as the 

cone of depression expands into a segment of the aquifer where there is a significant increase in 

the channel sandstone cross-sectional area, the rate of drawdown increase in an observation well 

within the cone of depression should decrease because more flow is being drawn toward the 

pumping well from the surrounding aquifer. Lastly, a reduction in the pumping rate will also 

slow the rate of drawdown increase. In the analyses of some of the other pumping tests, 

fluctuating pumping rates were to shown to have had an effect on drawdown in the observation 

wells. In Figure 46 the simulated drawdown curve slightly underfits the time-drawdown data up 

to about 0.8 day. From this point to the end of the test, the observed data seem to fluctuate about 

the simulated curve. This very low-amplitude fluctuation about the curve fit could be the result 

of small fluctuations in pumping rate during this part of the test. 

It is not possible to conclusively determine which of these effects is responsible for the 

decrease in the rate of drawdown in the observation well because of the inherent errors in the 

data, the relatively short length pumping test. Nevertheless, adding a constant-head boundary 

3,300 ft east or west of the pumping well significantly improves the fit of the simulated time

drawdown curve to the observed data. 

The fit of the simulated time-draw down curve to the observed data is considered to be 

adequate based on the moderately low overall root mean square deviation (0. 1 3  ft) and the fairly 

high sum of the residuals ( 1 1 .8 1  ft) .  The moderately low value of the root mean square deviation 

signifies that the curve fit is satisfactory, but the much higher sum of the residuals indicates 

significant deviation of the fitted curve from the observed data. As in the previous test at D-4, 

part of this systematic deviation can be attributed to the rounding of the drawdown measurements 

to the nearest 0. 1 ft. 

The D-6 Pumping Test 

In this test, the average pumping rate in D-6 was 156 gpm (20.86 ft3/min) and the well 

was pumped for 72 hrs (3.0 days) (Table 9). Drawdown and recovery data were collected from 

D-6 and the nearby monitoring well, MD-6, located 261 ft south of D-6 using pressure 

transducers connected to a data logger for storage and retrieval of the field measurements (Figure 

47). In the pumping phase of the field test a total of 933 water-level measurements were taken in 

each well. The time interval between measurements varied from one measurement per minute 
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during the first 6 1  min of the test up to one measurement every 5 min at the end of the test. As 

in the D-4 and the D-5 tests, the drawdowns from this test were reported to the nearest 0. 1 ft. 

A preliminary analysis of the time vs. drawdown data from MD-6 suggests that the cone 

of depression was relatively unaffected by hydrologic boundaries up through at least the first 0. 1 

days of the test (Figure 48) . The plot also reveals several instances of abrupt changes in 

drawdown, particularly at 0.045 days (A) and at 0.98 days (B) into the pumping test. These 

abrupt changes may have resulted from measurement error or from fluctuations in the pumping 

rate in D-6. In the analysis of the data from this early part of the test, several runs made with 

SUPRPUMP using different segments of the early time data to generate a best-fit drawdown 

curve and estimate transmissivity and storativity (Table 10). A review of the results indicated 

that SUPRPUMP could not produce a simulated drawdown curve that fit both the very early and 

the later segments of this early part of the test (Figure 49) . 

Table 1 0. Trial runs made using SUPRPUMP to determine a best-fit drawdown curve and 

estimate transmissivity (T) and storativity (S) for the early part of the D-6 pumping test. 

Trial Data Segment N T Overall Root Mean Sum of the 
Run (days) (ft2/dax) s Square Deviation (ft) Residuals (ft) 

1 s; 0.01736 24 402. 1 7 .601 x10-5 0.04 -0. 14 

2 s; 0.04375 62 469.4 7 .262 xrn-5 0. 14 0.77 

3 s; 0. 10139 80 5 10.5 6.799 x 10-5 0.22 - 1 .45 

4 s; 0.28889 1 34 520.8 6.697 x 10-5 0.23 - 1 .53 

The first trial run has the lowest overall root mean square deviation and sum of the 

residuals and uses the smallest segment of the early time data from the test. The simulated 

drawdown curve is a good fit to the data prior to 0.01 days, but it overestimates the drawdown by 

more than 2 ft at 0. 1 days into the test (Figure 49). The second trial run produced a simulated 

drawdown curve that is closer to the later time drawdowns from 0.01-0.06 days into the test 

(Figure 49). However, the drawdown is overestimated for the earlier and later time segments of 

the early time data. The third and fourth trial runs are somewhat similar and yield similar 

transmissivity (T) and storativity (S) values even though the input data in the fourth trial run is 

from a significantly longer segment of the test. The transmissivity and storativity estimates and 

their associated 95% confidence intervals derived from curve fitting are 5 1 1  ft2/day ± 1 1  ft2/day 

and 6. 799 x 10-5 ± 0. 197 x 10-5 for the third trial run, respectively, and 521 ft2/day ± 5 ft2/day 

and 6.697 x10-5 ± 0. 149 x 10-5 for the fourth trial run, respectively. Both runs seem to provide a 
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better visual fit to the data from 0.01-0. 1 days (Figure 49). The simulated drawdown curve from 

the third trial run was selected as the best fit to the data because it is derived from a smaller 

segment of the data and displays nearly the same fit to the data as the simulated curve from the 

trial run 4. 

At about 0.2 days into the test, the observed drawdown begins to increase at a faster rate 

than the simulated drawdown curve (Figure 50). This indicates that the cone of depression has 

encountered one or more no-flow boundaries. However when this occurs is uncertain from the 

data. From 0.047 to 0.43 days into the test, the observed drawdown data dips below the 

simulated drawdown curve and then gradually approaches it (A in Figure 50). The maximum 

drawdown difference between the observed and simulated drawdowns is 0.6 ft at approximately 

0. 15 days. Consequently, we must rely on fitting the simulated curve to the later time data from 

0.43 up to about 1 .0 days into the test where the irregularities in the observed drawdown are not 

as pronounced. 

Adding a no-flow boundary 2,200 ft north of D-6 improves the model fit up through the 

0.98 days. In the map showing the distribution of sandstone in Subunit 2 of the Dakota 

Formation there no logs of boreholes just to the north of D-6 to determine if this no-flow 

boundary location is consistent with the sandstone distribution (Figure 1 1 ). However, the 

surrounding data points suggest that the estimated no-flow boundary location is appropriate 

given what is known about the subsurface geology in the vicinity of D-6. 

At about one day into the test the drawdown suddenly decreases and then continues its 

previous increasing trend. This abrupt decrease in drawdown could have been caused by either 

an abrupt and very significant reduction in pumping rate that could have induced some short

term recovery. Note that later during the second day of the test the drawdown rate gradually 

increases and near the end of the second day begins to approach the simulated time vs. 

drawdown curve (B in Figure 50). This behavior of the observed drawdown suggests problems 

with maintaining a steady pumping rate during the test in the second and third days of the test. 

Because of these problems with the later time data, no attempt was made to fit the simulated 

drawdown curve to the observed data from this part of the test. 

Hydraulic Conductivity and Specific Storage Variations Across the Wellfield 

Table 1 1  is a list of the aquifer hydraulic conductivity and specific storage values derived 

using the transmissivity and storativity values from the 1992 pumping tests and the average of 

the sandstone thicknesses in the respective pumping and observation wells. Hydraulic 

conductivity ranges from 10.6 ft/day at D-6 to 22.3 ft/day at D-2 and specific storage from 1 .013  
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Table 1 1 . Hydraulic conductivity (K) and specific storage (Ss) values calculated from the 1992 pumping test transmissivity (T) and s;( 
storativity (S) estimates and the estimated average net sandstone thickness between the pumping and the observation well. � 

Pumping Test Aquifer Thickness (ft) Porous Media Properties 

Pumping Observation T s Pumping Observation K Ss 

Well Well (ft2/day) Well Well Average (ft/day) (ft- l) 

D-1 MD-1 1 120 8 .878 x 10-5 70 44 57 19.6 1 .558 x 10-6 

D-2 MD-2&3 1 326 7.764 x 10-5 74 45 59.5 22.3 1 .374 x 10-6 

D-2 D-3 961 . 1  7.000 x 10-5 74 107 90.5 10.6 7.735 x 10-7 

D-3 MD-2&3 1456 1 .640 x 10-4 107 45 76 19.2 2. 158 x 10-6 

D-3 D-2 1702 9.479 x 10-5 107 74 90.5 1 8.8 1 .047 x 10-6 

D-4 MD-4 1 946 2.667 x 10-4 1 39 124 1 3 1 .5 14.8 2.028 x 10-6 

D-5 MD-5 978.0 8 .659 x 10-5 84 87 85.5 1 1 .4 1 .013 x 10-6 

D-6 MD-6 5 10.5 6.799 x 10-5 64 32 48 10.6 1 .416 x 10-6 

Table 12. Distance to no-flow and constant-head boundaries from the 1992 pumping tests using SUPRPUMP and the subsurface 
geologic data for the initial estimate of position with respect to the pumping well. 

Pumping Test Distance and Direction to Flow Boundaries From the Pumping Well (ft) 
First No-Flow Second No-Flow Third No-Flow 

Pumping Well Observation Well (Impermeable) (Impermeable) (Impermeable) Constant-Head 
D-1 MD-1 688 s 2,950 N - 5,300 E 
D-2 MD-2&3 3,000 W 3,500 E - 5,800 s 
D-2 D-3 3,700 W 3,950 E - 5,300 s 
D-3 MD-2&3 350 N 3,900 W 6,500 s -

D-3 D-2 800 N 3,900 W - -

D-4 MD-4 1 ,325 E l ,900 W - -

D-5 MD-5 800 N 1 ,650 s - 3,300 E 
D-6 MD-6 2,200 N - - -
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x 10-6 n- 1  in D-5 to 2. 158 x 10-6 n- 1  in D-3 .  These values of hydraulic conductivity and 

specific storage are typical of the confined Dakota aquifer sandstones in central Kansas 

(Macfarlane, et al., 1998). 

Hydraulic conductivity is generally higher in the eastern and central parts of the wellfield 

than it is in the western part at D-5 and D-6 (Figure 5 lA). Specific storage fluctuates from well 

to well and the distribution of computed values across the wellfield displays a very weak (R 2 = 

0.39) increasing trend from west to east (Figure 5 1B). Taken together these relationships 

indicate that the sandstone aquifer is less permeable and has slightly less capacity for storage on 

the western side than on the eastern side of the wellfield. Neither hydraulic conductivity nor 

specific storage appear to be related to average sandstone thickness (Figures 52A and B) nor to 

each other (Figure 52C). Diffusivity is the ratio of the hydraulic conductivity to the specific 

storage and is a measure of the sensitivity of the aquifer to hydrologic perturbations, such as 

pumping. Across the wellfield, the diffusivity values fluctuate from 7.30 x 106 ft2/day to 1 .62 x 

107 ft2/day. 
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Chapter 9: The 1997 Pumping Tests 

Two multi-day pumping tests were performed by the KGS in the city's Dakota wellfield 

in July, 1997. The major objectives of these tests were to ( 1 )  obtain information about the 

hydraulic and geochemical responses of the wellfield to extended periods of pumping and (2) 

verify the estimates of the hydrologic properties of the aquifer from shorter pumping tests 

conducted in 1992 using wells D- 1 and D-6 and their respective monitoring wells, MD- 1 and 

MD-6. The results from hydrologic testing are presented in this chapter of the report and the 

analysis of the water-quality data is presented in Chapter 10. 

Prior to conducting these pumping tests, a series of slug tests were performed in each of 

the observation wells in the wellfield in June, 1997. The major objective of the testing program 

was to assess the suitability of the monitoring wells for use as observation wells in the pumping 

tests. These slug tests demonstrated that the hydraulic connection with the sandstone aquifer was 

good enough for this purpose at all five wells. Although the tests at MD- 1  indicated the presence 

of a low-permeability well skin, that well is relatively far from the nearest pumping well, so the 

skin should have had little to no impact on drawdown during the pumping test. Tests at two 

wells, MD-5 and MD-6, indicated that the annular seals in the boreholes are likely incomplete. 

This condition should not have affected the suitability of these wells as observation wells in 

pumping tests. Responses at four of the five monitoring wells were oscillatory in nature, a 

product of the long column of water above the screened interval, and required use of recently 

developed approaches for data analysis. The hydraulic conductivity estimates determined from 

this series of slug tests ranged from 4-1 3  ft/day. These values should be considered lower 

bounds on the hydraulic conductivity of the sandstone aquifer in the vicinity of the monitoring 

wells because of uncertainty about the effective screen length and the degree of anisotropy. The 

full reports on the results from this part of the investigation are included as Appendices 1 and 2. 

The Pumping Test at D-6 and the Following Recovery Period 

The D-6 pumping test was conducted during July 7- 14, 1997, and was followed by a 

period of well-shutdown and recovery that lasted from July 14- 1 8, 1997. D-6 was pumped for 

168.65 hrs (7.0272 days) at approximately 77 gpm (10.29 ft3/min) and was in continuous 

operation throughout the test. The recovery period lasted 95.68 hrs (3.9866 days) until the 

beginning of the pumping test at D- 1 .  

Observations of drawdown and recovery were made primarily in the monitoring wells 

and were supplemented by measurements in the production wells, including D-6. In three of the 

monitoring wells, MD-6, MD-1 ,  and MD-2&3, field data collection was done automatically 

using pressure transducers with data loggers to store the field measurements. A total of 10,43 1 
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transducer readings was acquired in each of the observation wells during the combined pumping 

and recovery period. Water-level measurements were also made periodically using an electric 

tape as a check on the pressure transducer data and to gather additional drawdown and recovery 

data in MD-5 and MD-4. A total of 3 1 3  and 86 measurements were taken with the electric tape 

during the pumping and the recovery periods, respectively. 

By the end of the D-6 pumping test the maximum drawdown ranged from 18.79 ft nearest 

the pumping well in MD-6 to 0. 1 3  ft at MD-4 at the eastern end of the wellfield (Figure 53). 

Measurable drawdown from the pumping of D-6 in all of the observation wells indicates good 

hydraulic connection between the various segments of the sandstone aquifer throughout the 

wellfield. 

Plots of time vs. drawdown data show negative drawdowns in the central and eastern 

parts of the wellfield for significant parts of the D-6 test (Figure 54 ). In MD- 1 water levels 

continue to rise (negative drawdown) for the first 0.4 days of the test; in MD-2&3, for the first 

half of the pumping test; and in MD-4, for all but the last few tenths of a day of the pumping test. 

The maximum water-level rise during the D-6 test ranges from approximately 0. 1 ft in MD- 1 to 

0.5 ft in MD-4. A comparison of the water levels during the test with changes in barometric 

pressure does not indicate a relationship with decreased atmospheric pressure. However, the 

eastward increase in maximum water-level rise coupled with the diminishing influence of D-6 

pumping on water levels to the east suggests that the observed water-level rises are due to longer 

term recovery from pumping prior to the 1997 pumping tests. Until 5 days before the D-6 test 

the wellfield had been in nearly continuous operation for more than a year with only a single 

shutdown of less than 10 days duration. Just prior to the test, both D-2 and D-6 had been in 

operation, each for a week at a time. 

To more closely examine the effects of recovery from previous pumping on water levels, 

drawdown during the D-6 test and the subsequent recovery were plotted together on the same 

graph for the data from each of the monitoring wells (Figures 55A-E). If the drawdown and 

recovery with time plot along the same curve, then the effects of pumping D-6 were dominant 

during the test and the recovery from previous pumping could be ignored in the analysis. 

However, where there is significant recovery from previous pumping, the drawdown from 

renewed pumping should be less than would be expected whereas the recovery should be greater 

than would be expected. This should result in an upward displacement of the recovery curve 

relative to the drawdown curve. Figure 55E shows that only at MD-6 does the recovery curve 

plot on top of the drawdown curve from pumping D-6. The plots also show that the spread 

between the drawdown and recovery curves generally increases with distance away from D-6. 
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The relative displacement of the recovery and the drawdown curves is approximately 0.2 ft in 

MD-5, 0.35-0.40 ft in MD-1 ,  0.4-0.5 ft in MD-2&3, and 0.5-0.6 ft in MD-4. 

The Pumping Test at D- 1 and the Following Recovery Period 

The production well D- 1 was pumped from July 18-29, 1997, for 269.63 hrs ( 1 1 .2344 

days) . During the test the discharge from the pumping well decreased from 80 to 90 gpm during 

July 18-2 1 ;  from 74 to 77 gpm, July 21-23; and from 72 gpm on July 23 to 62 gpm near the end 

of the test. It is believed that the drop in the pumping rate during the test resulted from back

pressure buildup in the water-distribution system into which the water from D- 1 was discharged. 

Also, there were at least five periods of well shutdown caused by electrical problems. These 

shutdown periods lasted from a few up to approximately 30 minutes in length. 

Water levels were monitored in MD-6, MD- 1 ,  and MD-2&3 using pressure transducers to 

collect the data automatically for 505.70 hrs (2 1 .0708 days). A total of 1 1 ,876 transducer 

readings was collected from these three monitoring wells during this period and stored in data 

loggers for later retrieval. In addition, 252 water-level measurements were also made 

periodically in all of the pumping and observation wells using an electric tape during the D- 1 

pumping test and up through December 19, 1997 in the recovery period. 

The production well D- 1 is located near the center of the wellfield (Figure 1 ). In the 

nearby observation well MD-1 ,  the maximum drawdown from D- 1 pumping was 1 1 .87 ft and 

was attained after almost six days of pumping (Figure 56). Thereafter, the discharge from D- 1 

declined, the drawdown decreased and eventually leveled out at approximately 1 1 .25 ft. In MD-

6 at the western end of the wellfield, the maximum drawdown was 2.59 ft and in MD-4 at the 

eastern end, the maximum draw down was 3 .45 ft. 

As expected, plots of log time vs. drawdown from the monitoring wells show effects of 

well shutdown and decreasing discharge to varying degrees depending on the distance away from 

D- 1 (Figure 57). Water levels in MD-1 ,  MD-5, and MD-6 were clearly more affected than water 

levels in MD-2&3 and MD-4. The initial brief shutdown of D- 1 at approximately 0.5 days into 

the pumping test caused an abrupt rise in water levels (partial recovery) in MD- 1 .  However, 

because the other observation wells are much farther away, water levels in these wells remained 

relatively stable and do not show evidence of recovery. Later in the test at MD- 1 ,  the decreasing 

discharge from D-1 caused an abrupt drawdown decrease followed by a period of relative 

stability to the end of the test. A more subdued form of this pattern is exhibited in MD-5 and 

MD-6, whereas there is only a slight slowing of the drawdown increase with time in MD-2&3 

and MD-4. 

As in the D-6 pumping test and the following recovery, all of the recovery curves are 

displaced relative to the drawdown curve for each of the monitoring wells (Figure 57). The early 
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part of the MD-1 drawdown curve plots above the recovery curve prior to the initial short term 

well shutdown. Following this temporary shutdown, the drawdown curve is again higher than 

the recovery curve until the pumping rate decrease begins to take effect. For the data from the 

other monitoring wells, the recovery curves plot above the drawdown curves, showing more 

recovery than drawdown. Visual inspection of the displacement shows no apparent relationship 

with distance from the D- 1 .  

Analysis of the Data from the Closest Observation Wells in the D-6 and D-1 Pumping Tests 

From each pumping test, type curve analyses were performed on the drawdown data 

from the observation well closest to the pumping well (MD-6 in the D-6 pumping test and MD-1 

in the D- 1 pumping test). The transmissivity and the storativity estimates for the sandstone 

aquifer in the vicinity of production well D-6 are 584 ft2/day and 6.95 x 1 o-5, respectively and in 

the vicinity of production well D-1 are 859 ft2/day and 9.49 x 10-5, respectively. These 

hydrologic parameter estimates are in good agreement with those obtained from the 1 992 

pumping tests conducted in the same wells and described in Chapter 8. Plots of drawdown 

versus time from both tests clearly show that the sandstone aquifer is of limited width in the 

wellfield and is bounded by units of low permeability. The estimated widths of the sandstone 

aquifer in the vicinity of D-6 and D-1 are 6,000 ft and 3,500 ft, respectively. Both drawdown 

and recovery plots indicate that there was a significant component of recharge into the aquifer 

during the course of each test. Although the source of this recharge cannot be determined on the 

basis of this analysis, leakage from adjacent low permeability units is probably the most 

significant recharge mechanism. The full text of the report on the 1997 pumping test analysis is 

included as Appendix 2. 

Analysis of the MD-5 Drawdown/Recovery Data from the D-6 Pumping Test 

Water levels were monitored in MD-5 during the D-6 pumping test and the subsequent 

approximately 4-day recovery period with periodic measurements using an electric tape. The 

measurements were not taken at regular intervals, but rather as conditions and time allowed. The 

data were analyzed using SUPRPUMP to estimate transmissivity and storativity and to locate 

flow boundaries that may have impacted the cone of depression during the D-6 test. 

During the pumping of D-6 a total of 22 water-level measurements were made in MD-5 

(Figure 58). Unfortunately, the earliest measurement was made at about 0. 14 days after pumping 

began. Consequently, there are few data points that can be used to estimate transmissivity and 

storativity. Values for these properties were calculated from the first five drawdown 

measurements up through approximately 0.45 days. The calculated transmissivity and storativity 
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Figure 58. SUPRPUMP analysis of the drawdown data collected from MD-5 during the 
1997 D-6 pumping test. From the test impermeable boundaries are located 5,250 ft 
north and 7,000 ft south of D-6 and a constant-head boundary is located 6,375 ft 
west of D-6. 
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values are 543 ft2/day ± 63 ft2/day and 2.285 x 10-5 ± 0.053 x 10-5, respectively. The estimated 

transmissivity is less than 7% lower but the storativity estimate is a factor of three less than the 

estimates of these properties from the MD-6 drawdown data. The overall root mean square 

deviation is 0.02 ft and the sum of the residuals is <0.01 ft. 

Beyond the first five data points the calculated drawdown curve underestimates the 

observed drawdown in MD-5. The deviation of the calculated curve from the data signifies that 

the cone of depression encountered one or more no-flow boundaries. However, with no data 

between 0.45 and 0.9 days, there is considerable uncertainty in estimating the time when 

drawdown in the observation was affected by these boundaries. Nevertheless, an attempt was 

made to estimate the distances to the boundaries from the pumping well using the available data. 

On the basis of several trial runs using SUPRPUMP the closest a no-flow boundary could be to 

the pumping well is 5,250 ft to the north (Figure 58). Moving the boundary closer to the 

pumping well impacts the drawdown curve in the early time segment and causes significant 

overprediction of drawdown. 

The resulting drawdown curve still slightly underestimates the MD-5 drawdown up 

through the first day of pumping, but overestimates the drawdown at later times (Figure 58). 

This suggests that two other flow boundaries are needed to fit the calculated drawdown curve to 

the observed data. Adding a second no-flow boundary 7 ,000 ft south of the pumping well 

improves the fit of the fit to the data up through the first 1 .3 days. However, the resulting 

simulated drawdown curve greatly overestimates drawdown later in the test (Figure 58). Adding 

a constant-head boundary at 6,375 ft west of the pumping well improves the fit of the curve to 

the observed drawdown in MD-5 at later time. The overall root mean square deviation and the 

sum of the residuals of the resulting curve are 0.04 ft and 0.45 ft, respectively (based on 22 

drawdown measurements). 

Analysis of the recovery data proceeded along the same lines as for the analysis of the 

drawdown data from MD-5 (Figure 59). The transmissivity and storativity were estimated from 

the first 22 recovery measurements using SUPRPUMP. The estimated transmissivity and 

storativity are 5 12 ft2/day ± 23 ft2/day and 2. 1 33 x 10-5 ± 0.015 x 10-5, respectively. The 

overall root mean square deviation and the sum of the residuals from curve fitting are 0.02 ft and 

-0.02 ft, respectively. The transmissivity estimate is 12.2% lower and the storativity estimate is 

again almost a factor of three less than the respective estimates from the analysis of the MD-6 

drawdown data. The small difference between properties values calculated from the drawdown 

and recovery data is not significant and indicates that the recovery from previous pumping had 

little effect on the early time data from the D-6 pumping and the following recovery. 

The calculated recovery curve begins to deviate from the data and underestimate 

drawdown at approximately 0.37 days into the recovery period (Figure 59). This indicates the 
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existence of one or more no-flow boundaries affecting the recovery in MD-5. Adding a no-flow 

boundary 5,250 north of the pumping well, D-6, improves the fit of the curve to the recovery 

data up through the first day (Figure 59). After the first day, the simulated curve underestimates 

recovery in MD-5 and by the end of the second day, the calculated curve very slightly 

overestimates recovery. Adding a constant-head boundary to the model 10,000 ft west of D-6 

improves the fit of the recovery curve to the observed data (Figure 59). The overall root mean 

square deviation and the sum of the residuals for the resulting curve are 0.03 ft and -0. 10 ft, 

respectively (based on 34 recovery measurements). 

Analysis of the MD- 1 Drawdown/Recovery Data from the D-6 Pumping Test 

Water levels were monitored automatically in MD- 1 during the pumping of D-6 and in 

the following, approximately 4-day recovery period using a pressure transducer with a data 

logger for data storage and retrieval. These data were/backed up in the field with periodic 

electric tape measurements of water level. Figure 60 is a comparison of the transducer and 

electric-tape measurements for the D-6 pumping test and the following recovery period. The 

figure shows that the pressure transducer only very slightly overestimates the drawdown in MD-

1 by 0. 1 ft or less in this part of the field testing. 

The data generated using the pressure transducer and the electric tape show that in the 

early part of the D-6 pumping, water levels were rising due to recovery from antecedent 

pumping. Figure 60 shows that the drawdown from the pumping of D-6 begins to overtake 

recovery just after approximately the first 0.5 days of the test. From this point onward, the 

drawdown increases with time until at the end of the test it reaches a maximum of 4.69 ft. 

SUPRPUMP was used estimate transmissivity and storativity from the drawdown data 

collected from MD-1 during the early part of the test. A visual examination of the pressure 

transducer measurements suggested that the data segment from 0.25-1 .218  days could be used to 

estimate the aquifer hydrologic properties. Using this segment of the data, the transmissivity and 

storativity estimates were 246 ft2/day and 2.041 x 10-5, respectively. The overall root mean 

square deviation and the sum of the residuals from curve fitting were 0.02677 ft and -0.2048 ft, 

respectively. However, the calculated curve overestimated the observed drawdown at later 

times. The poor fit of the calculated drawdown curve to the observed later time data resulted 

primarily from an apparent temporary slowing of the drawdown increase just after 1 .218  days. 

The early time segment was extended up to 2.55 14 days to determine if some 

improvement could be made in the curve fit. The extended input to SUPRPUMP increased the 

transmissivity and the storativity values to 37 1 ft2/day ± 16 ft2/day and 2.468 x 10-5 ± 0.026 x 

10-5, respectively (Figure 6 1) .  The overall root mean square deviation and the sum of the 

residuals from curve fitting are 0.05 ft and -0.84 ft, respectively. The fit of the drawdown curve 
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Figure 60. Comparison of water-level fluctuations measured with a pressure transducer 
and an electric tape during the D-6 pumping test and the following recovery period. 
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Figure 61 .  SUPRPUMP analysis of the drawdown data from MD- 1 collected during the 
1 997 D-6 pumping test. 
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to the data is adequate even though the overall root mean square deviation increased almost by a 

factor of two and the higher sum of residuals indicates significant systematic deviation of the 

curve from the data. The increased overall root mean square deviation is much less than 0. 1 ft 

and some of the systematic deviation arises from attempting to improve the curve fit between 

1 .2 18  days and 2.55 14 days. Compared to the transmissivity and storativity estimates derived 

from the MD-6 drawdown data, the transmissivity calculated from the MD- I drawdown data is 

36% less and the storativity is one-third as much. 

The calculated curve begins to overestimate drawdown beyond the first 2.6 days of the 

test. This indicates that recharge is being added to the aquifer from leakage. Because of our 

uncertainty about the source and the mechanisms allowing leakage to enter the aquifer, this is 

simulated as a constant head source in this analysis. The analysis is further complicated because 

the drawdown in this later time segment shows at least two periods of low amplitude fluctuation 

with time after 3 .5 days of pumping. The cause of these fluctuations is uncertain due to the large 

distance away from the pumping and the observation wells and the uncertainty in the time it 

would take for these fluctuations to reach the observation well. Nevertheless, adding a constant

head boundary condition 7 ,500 ft to the west of D-6 reduces the drawdown at later times, 

improves the fit of the curve to the observed data, and seems to at least follow the main trend of 

the data in this later time segment. 

Analysis of the water-level data from the recovery period following the D-6 pumping 

proceeded along the same lines as in the analysis of the MD- 1 drawdown data. Several trial runs 

with SUPRPUMP were constructed to determine the length of the recovery data segment that 

could be used to estimate transmissivity and storativity. An evaluation of the results indicated 

that the variation in transmissivity and storativity with recovery data segment length from one 

SUPRPUMP computation to another was not statisically significant considering the 95% 

confidence bandwidth. Thus, the hydrologic properties estimates with the smallest uncertainty 

were selected as the most appropriate for this analysis. Using the entire data set yielded the best 

fit to the observed data and, from the analysis, the estimated transmissivity and storativity are 

360.5 ft2/day ± 1 1  ft2/day and 2. 1 88 x 10-5 ± 0.020 x 10-5, respectively (Figure 62). The 

overall root mean square deviation and the sum of the residuals from curve fitting are 0.02 ft and 

-0.03 ft, respectively. The transmissivity estimate is very close to and not statistically different 

from the estimate derived from the analysis of the drawdown data. The storativity estimate is 

only slightly lower than the estimate from the analysis of the MD- 1 drawdown data. 

Evaluation of the Results From the D-6 Pumping Test 

Transmissivity and storativity were estimated from SUPRPUMP using the drawdown and 

recovery data collected from MD-6, MD-5 and MD- 1 during the D-6 pumping test and the 
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Figure 62. SUPRPUMP analysis of the recovery data from MD- 1  collected following the 
1997 D-6 pumping test. 
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following recovery period (Table 13) .  These estimates were generated from the early time 

segments of the drawdown and recovery data. The transmissivity estimate from MD-5 is more in 

agreement with the estimated value from MD-6 than is the value from MD-1 .  The storativities 

calculated from the MD-1 and MD-5 data are all low relative to the storativity estimated from the 

MD-6 drawdown data. 

The subsurface geology and the 1992 pumping test results indicate that the sandstone 

aquifer is relatively narrow in the central part of the wellfield. This imposes two impermeable 

boundary conditions that must be factored into the analysis. In the case of MD-6, the analysis 

Table 13 .  Transmissivity and storativity estimates of aquifer around D-6 from drawdown and 

recovery measurements collected from MD-6, MD-5, and MD- 1 during the D-6 test 

pumping test and the following recovery period. 

Observation Well Data Type 

MD-6 Draw down 

MD-5 Draw down 

MD-5 Recovery 

MD- 1 Drawdown 

MD- 1 Recovery 

Transmissivity (ft2/day) 

584 

543 ± 63 

5 1 2  ± 23 

37 1 ± 16 

361 ± 1 1 

Storativity (x 10-5) 

6.95 

2.285 ± 0.053 

2 . 133 ± 0.015 

2.468 ± 0.026 

2. 188 ± 0.020 

of the 1997 drawdown data reveals that the aquifer width is approximately 6,000 ft. In addition, 

the analysis of the 1997 data from MD-6 indicates a source of leakage to the aquifer. Due to 

uncertainty about the leakage source and its associated parameters, this additional source of 

water was simulated in the 1992 drawdown data analysis from MD-6 (Chapter 8) as a constant

head boundary for convenience. 

There is considerable uncertainty in estimating when these boundaries impact the 

drawdown and recovery in MD-5 and MD-1 .  MD-5 and MD-1 are located 3,650 ft and 7,300 ft, 

respectively, to the east of D-6. In comparison, MD-6 is located only 261 ft south of D-6. The 

1992 pumping test results (Table 1 1 ) indicate diffusivities (T/S) that are approximately 1 .6 times 

higher in the vicinity of D-5 and D-1 than in the vicinity of D-6. This shows that the pumping 

and recovery stresses propagate through the aquifer at a slightly faster rate in the vicinity of D-5 

and D- 1 than in the vicinity of D-6. An additional uncertainty is the variation in aquifer width 

between D-6 and D-1 .  The channel widths estimated from the 1992 pumping tests at D-5 and D-

1 (Table 12) and the 1 997 pumping test at D-1 are (Appendix 2) 2,450 ft, 3,650 ft, and 3,500 ft, 

respectively. This indicates a significant narrowing of the aquifer between D-6 and D-5 which 
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perhaps could also have caused the effects of pumping and recovery to be felt sooner at D-5 and 

D- 1 than would be the case if the channel width was constant between D-6 and D- 1 .  

The estimated distances from D-6 to nearby no-flow boundaries using the drawdown at 

MD-6 are much less than the estimated distances using either the drawdown or the recovery data 

from MD-5 (Table 14). No-flow boundaries were not determined from analysis of the MD- 1  

Table 14. Estimated distances to no-flow boundaries from the 1997 D-6 pumping test using 

drawdown and recovery data from MD-6 and MD-5. 

Observation Well Data Type 

MD-6 Draw down 

MD-5 Drawdown 

MD-5 Recovery 

No-Flow Boundary 

North of D-6 (ft) South of D-6 (ft) 

2,500 3,500 

5,250 7,000 

5,250 Not Determined 

drawdown or recovery data set. The disparity between aquifer models derived from analysis of 

the MD-6 and MD-5 data can best be appreciated by comparing the observed and expected MD-

5 drawdown assuming the aquifer properties and distances to no-flow boundaries determined 

from the MD-6 data (Figure 63). For approximately the first half of the D-6 pumping test, 

observed drawdown in MD-5 was greater than the expected, but was much less than expected 

later in the test. This difference is further amplified by the effects of leakage, simulated in this 

analysis as a constant-head boundary 7 ,000 ft west of D-6. From this analysis, it is apparent that 

the least uncertain model of the aquifer from the 1 997 D-6 test comes from analysis of the data 

la from the closest monitoring well, MD-6. 
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Figure 63. Simulated and observed drawdown in MD-5 during the 1997 MD-6 pumping test. The simulated drawdown curve 
includes the effects of two impermeable boundaries 2,500 north and 3,500 south of D-6. 
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Chapter 10: Conceptual Model of the Sandstone Aquifer in the Wellfield Vicinity 

The hydrologic boundary positions from the 1992 pumping tests at D- 1 ,  D-2, D-3, D-4, 
, ,  

II and D-5 and the 1997 pumping test results from D-6 and D-1 were used to define the more 

hydraulically connected part of the sandstone aquifer in the wellfield vicinity (Figure 64). The 

1992 pumping test results from D-6 were not used in this synthesis because better estimates of 

flow boundary positions were obtained from the 1997 pumping test. 

The pumping test results indicate a much wider hydraulically connected sandstone 

aquifer in the vicinity of D-2 than was indicated on the basis of the sandstone fraction only for 

subunit 2 of the Dakota Formation. In between D-3 and D- 1 the sandstone aquifer is constricted 

slightly in order to be consistent with the boundary positions estimated from the 1992 and 1 997 

D- 1 pumping tests. Farther west, the more hydraulically connected part of the sandstone aquifer 

� follows the trend of the area of probable sandstone-body interconnection but is slightly displaced 

to the south. The geophysical log control is poor in this area but the limited subsurface data are 

not inconsistent with the boundary positions from the pumping tests. In between D-5 and D-6 

the aquifer width increases from approximately 0.5 mi to 1 mi. The width increase is consistent 

with the subsurface geology which shows significant sandstone in Subunit 2 to the southwest of 

D-6. 

In between the more hydraulically connected sandstones and the mudstone (less than 

20% sandstone) is a zone where the sandstone is interbedded with mudstone (Figure 64). The 

sandstone in this zone are assumed to be finer grained, less well sorted, and hence, less 

permeable. From the low percent sandstone, these lenses are more likely to be hydraulically 

isolated from each other than those nearer the axis of the E-W and NW-SE trending 

amalgamated sandstones. 

The aquifer properties (K and Ss) were distributed assuming a region of influence around 

each pumping well that extends halfway to the adjacent wells (Figure 65A and B). These 

parameters were derived from the pumping test results (T and S) and the net thickness of aquifer

grade sandstone. The distribution of hydraulic conductivity (K) values shows that the sandstone 

is more permeable near the center of the wellfield than near its western or eastern edges (Figure 

65A). Specific storage (Ss) values vary slightly across the wellfield (Figure 65B). 
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Figure 65. Conceptual model showing a simplified distribution of aquifer properties (A, 
hydraulic conductivity and B, specific storage) in the more hydraulically connected 
sandstones in the Dakota wellfield. Aquifer properties estimates are from the 1997 and 
1992 pumping tests. 
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Chapter 1 1 : Analysis of the Water-Quality Data 

Characterization of Water Chemistry in the Well Field 

The KGS analyzed samples from the test boreholes and the water-supply wells during the 

Dakota Aquifer Program and then analyzed waters from the supply wells as a part of the study 

for the city of Hays. After the KGS Analytical Services laboratory received the samples, they 

filtered them through 0.45 µm membrane filters before analysis. The laboratory maintains a 

system of quality control and quality assurance that includes periodic analysis of US Geological 

Survey reference waters. The estimated errors in the constituent concentrations listed in tables in 

this report and determined by the KGS are all less than 5% and are even smaller for selected 

constituents, for example, <4% for sulfate and <3% for chloride. The charge balance errors for 

the complete analyses of the samples from the supply wells collected in 1993 are all less than 1 

percent. 

Spatial variations across the well field 
The city of Hays pumped all six of the production wells in the Dakota wellfield for about 

3 months during the summer of 1993. The pumping was nearly continuous for each well during 

the period of early April through early July 1993. The city collected samples during the latter 

part of this pumping period (June 21 ,  1993) and sent them to the KGS. Chemical data for the 

water samples are listed in Table 15 .  

Chloride is  the constituent in highest concentration in the 6 supply well waters (567-875 

mg/L, Table 15) .  The waters are sodium-chloride type, are soft (total hardness 28-56 mg/L as 

CaC03), and contain moderate contents of sulfate (237-287 mg/L). The chloride concentration 

in waters from all of the 6 wells substantially exceeds and the sulfate content in two of the wells 

slightly exceeds the recommended levels for drinking water (250 mg/L for each constituent). 

The salinity source for all the supply well waters (based on bromide/chloride mixing curves) is 

halite-dissolution brine from underlying Permian strata, the same as for the test-well waters 

analyzed from the area (Whittemore et al., 1993). The fluoride contents in the 1993 samples 

ranged from 4.0 to 4.2 mg/L, values that are at or slightly greater than the maximum limit for 

drinking use (4 mg/L). The hardness ranged from 28 to 56 mg/L as CaC03, falling within the 

classification range of 0-60 mg/L for soft waters. Nitrate concentrations were below detection 

( <0. 1 mg/L as N03-N). Although ammonium ion was not measured in the samples, waters in 

the confined Dakota aquifer typically contain from a few tenths up to nearly 2 mg/L as NH4-N 

(Macfarlane et al., 1994). 

Four of the Dakota wells (D-1 ,  D-3, D-5, and D-6) yielded waters with very similar 

chemistry; the ranges for the constituents were relatively small. The sodium, chloride, and 
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Table 15 .  Chemical data for waters sampled from the City of Hays water-supply wells in the Dakota aquifer. � 
"'I1 .... . 

Calcu- = !?:.. 
lated S' 

Well Sample Sp.C.a Lab TD Sb Ca Mg Na K Sr HC03 S04 a F NOrN Br I "tj 0 
number date mS/cm pH mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ::t. 

< 
D- 1 6/21/93 2800 8 . 1 5  1 61 8  6. 1 3 .2 606 5 .6 0 . 1 2  3 3 5  240 5 7 8  4 . 1 3  <0. 1 0.4 1 0.048 0 -

D-2 6/21/93 3 800 8 .20 2 1 8 1  9 .2 8 .0 8 1 2  7 . 5  0.20 34 1 287 875 4 . 1 8  <0. 1 0.50 0.050 
-

D-3 6/21/93 28 1 0  8 .20 1 630 6.7 3 .4 6 1 2  5 .7 0. 1 3  340 239 5 8 1  4. 1 6  <0. 1 0.4 1 0.048 

D-4 6/21/93 3220 8 . 1 5  1 863 7.0 5 .6 695 6 .4 0. 1 4  3 5 3  256 705 4.2 1 <0. 1 0.46 0.048 

D-5 6/21193 2770 8 .20 1 603 6 .3  3 .0 604 5 .4 0 . 1 2  337 237 567 4 .02 <0. 1 0.3 9  0.049 

D-6 6/21/93 2795 8 .20 1 6 1 8  6.0 3 . 3  609 5 .4 0. 1 2  337 238 576 4 .04 <0. 1 0.4 1 0.049 

- a Specific conductance, mS/cm is equivalent to mmho/cm 
N b Total dissolved solids, sum of constituents (0.491 7  x HC03) °' 
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sulfate concentration ranges were 606-612, 567-58 1 ,  and 237-240 mg/L, respectively, for the 

June, 1993 samples. These values are within the overlap of analytical error for these constituents 

at the KGS. Therefore, there appears to be no significant difference in salinity in the screened 

portion of the Dakota aquifer across the western two-thirds of the well field. Two of the wells 

(D-2 and D-4) produced waters with higher concentrations of all major constituents including 

sodium (695-8 12 mg/L), chloride (705-875 mg/L) and sulfate (256-287 mg/L). These two wells 

lie in the eastern part of the well field. A contour map of the thickness of sandstone units across 

the well field suggests that there may be a constriction in the sandstone bodies between the four 

western and the two eastern wells. The relatively level base of the sandstone units screened in all 

the supply wells suggests that the salinity difference across the well field is not primarily due to 

differences in the vertical placement of the screened intervals. The salinity difference is more 

likely related to the general increase in the salinity of Dakota aquifer waters in Ellis County to 

the east as described earlier in this report. 

The low calcium and magnesium concentrations and high sodium/chloride ratios (molar 

values 1 .43- 1 .64) illustrate the softening of the water that has occurred through cation exchange 

on clays in the Dakota Formation as described earlier. The high content of adsorbed sodium on 

clays necessary for this process indicates that the water salinity of the Dakota Formation at this 

location was substantially greater in the geologic past. Flushing of saltwater by fresher regional 

flow from the west and by vertical recharge has and is occurring. These fresher flows have 

higher calcium plus magnesium to sodium ratios than in the water and on the clays in the Dakota 

strata. The relatively low strontium concentrations for these slightly saline waters also results 

from the softening process. 

Vertical changes within the aquifer 
Table 16  compares chemical data for the test boreholes that were drilled in 1992 with the 

production wells that were constructed at the same or nearby locations. The intervals from which 

water samples were collected from the boreholes were all within the total interval of gravel pack 

in the production wells. No consistent, substantial vertical gradient was observed in the 

production zones of the Dakota Formation in the well field based on the boreholes. Borehole 2-

18-A at the site of production well D-2 showed a small increase in salinity with depth. In 
contrast, Borehole 2-20 yielded somewhat fresher water in the deeper of the two intervals 

sampled. This contrasts with the appreciably higher salinity of water obtained from well D-4 

during 1 993 (Table 1 6). As described in the next section, the expected reason is that the waters 

collected from both intervals in Borehole 2-20 appear to not entirely be representative of the 

production zone in the Dakota aquifer at this location, but include shallower waters from the 

uppermost aquifer. 

127 

I 
ii • 

I 
I 
I 
I 

I 
t 
I 
I 



F'� ri-' 

-tv 00 

� � pm" � r"'' �· � p(�> r1" F*"'' pv ��· F"" �ll!'" �· . ., .. ,,. � 

0 
Table 1 6. Data for samples collected soon after borehole drilling in 1 992 compared to samples from pumping during Summer 1 993 for Hays � 

water supply wells in the Dakota Formation. Analyses are by the Kansas Geological Survey. Borehole number 2-20 is an exploration :=> 
hole drilled 460 ft north and 85 ft east of supply well D-4. The shallower of the two samples from borehole 2-20 was bailed from the §1 
top of the interval interval; the deeper was pumped from the bottom. e. 

Single 
� � 0 

or first Second Gravel ::i. 
Sample screened screened pack < 0 
depth interval interval interval -

-
Borehole interval, Sample Sp.C. Na S04 Cl Supply depth, depth, depth, Sample Sp.C. Na S04 Cl 

no. ft date rnS/c mg/L mg/L mg/L well ft ft ft date mS/c mg/L mg/L mg/L 

3- 1 3-A 467-487 3/20/92 2800 5 9 5  250 5 6 1  D- 1 465-528 435-528 6/21193 2800 606 240 578 
3- 1 3-A 5 1 0-530 3/20/92 2770 609 239 5 64 

2- 1 8-B 430-450 4/01192 28 1 0  620 243 564 D-2 43 1 -5 1 2  380-5 1 2  6/21193 3800 8 1 2  287 875 

2-1 8-B 460-480 4/01192 28 1 0  6 1 4  242 572 

2-1 8-B 490-5 1 0  3/3 1192 3 1 60 6 6 1  278 660 

3- 1 8  400-420 3/26/92 2740 595 236 548 D-3 408-448 46 1 -466 360-5 1 1  6/21/93 28 1 0  6 1 2  239 5 8 1  

3- 1 8  430-450 3/26/92 2730 592 237 549 

3- 1 8  450-470 3/25/92 2680 562 254 520 

3- 1 8  490-5 1 0  3/25/92 2840 6 0 1  246 580 

2-20 340-380 3/14/92 3230 606 5 3 1  543 D-4 345-465 377-382* 295-475 6/21193 3220 695 256 705 

2-20 4 1 8-467 3/14/92 2600 5 3 8  3 3 3  445 

3-1 3-C 535-555 5/07/92 2750 598 238 556 D-5 472-552 4 1 0-555 6/21193 2770 604 237 5 67 

3 - 1 4  480-500 4/30/92 2770 5 9 1  240 565 D-6 484-544 426-546 6/21193 2795 609 238 576 

3- 1 4  505-525 4/29/92 2770 567 24 1 5 5 9  

3- 1 4  505-525 4/29/92 2770 590 239 5 6 1  

3- 1 4  525-545 4/29/92 2780 5 8 8  2 3 8  566 

*Third and fourth screened intervals: 395-445 and 455-475 
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Temporal variations in water quality, 1992-1998 

Comparison of 1992 test hole and 1993 supply well waters 
As described above, Table 16 compares the KGS analyses of the water samples collected 

from the supply wells in 1993 with those obtained from the boreholes that were at or nearby the 

supply wells. Table 17  summarizes the water-quality changes that occurred between these two 

sets of samples. The specific conductance and sodium, sulfate, and chloride concentrations for 

the supply wells D- 1 ,  D3, D-5, and D-6 were not appreciably different from those for samples 

taken just after drilling of the boreholes that were near these wells. In contrast, the specific 

conductance and sodium and chloride contents of the waters collected in 1993 from the two 

easternmost supply wells (D-2 and D-4) are substantially greater than for the samples collected in 

1992 from the boreholes at the same or nearby locations. Specific conductance and sodium, 

sulfate, and chloride concentrations in the 1993 water from well D-2 all increased 

proportionately to what would be expected for greater salinity from the main body of the Dakota 

Formation sandstones to the east or from finer grained sediments from the same depth interval. 

However, the lower sodium and chloride concentrations and higher sulfate content for water 

from Borehole 2-20 in comparison with that from supply well D-4 are not consistent with 

expected changes for the production zone. 

Borehole 2-20 is not the same hole as for well D-4. The borehole was the first sampled in 

the group of waters sent to the KGS for salinity identification. The sulfate/chloride ratio is 

substantially higher for the two samples from Borehole 2-20 than for the other waters received 

and analyzed by the KGS for the exploratory boreholes and supply wells. The shallower of the 

two samples from this borehole was bailed from the top and contains an appreciably greater 

sulfate content than water pumped from the deeper interval. Sulfate concentrations for waters 

from the uppermost part of the Dakota Formation and the overlying upper Cretaceous rocks can 

be higher than in most of the sandstone units of the Dakota Formation based on information for 

earlier test holes drilled in Ellis County for the city of Hays (see Figure 27). Thus, the shallow 

sample from borehole 2-20 may not have been completely representative of the Dakota interval 

indicated but could include some water from shallower in the borehole. Likewise, if an 

insufficient amount of water was pumped from the bottom of the deeper interval or the packer 

seal was not good, some of the mixture of shallower water might have affected the deeper 

sample. Sampling of the monitoring well (MD-4) which was completed near supply well D-4 

could confirm if this is the case and whether the Dakota Formation screened contains similar 

salinity as for the supply well D-4 water. The chemistry of the other samples collected from 

boreholes at or near the supply wells appears consistent with that for waters from the Dakota 

interval sampled. 
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Table 17. Change in Quality of Water Sampled from Hays Supply Wells in the Dakota 

Formation from Spring 1992 to Summer 1993. A positive change indicates an increase 

from 1992 to 1993. Values for the different sandstone intervals sampled in 1992 (Table 

E) were averaged to obtain a single value for subtracting from the 1993 value. Analyses 

are by the Kansas Geological Survey. Borehole 2-20 is an exploration hole drilled 460 ft 

north and 85 ft east of supply well D-4. 

Date of 
Dates of samples sample during Sp.C. Na S04 Cl 

Borehole from well soon Supply summer change change change change 
no. after drilling well pumping mS/cm mg/L mg/L mg/L 

3-13-A 03/20/92 D- 1 6/21/93 15 4 -5 16 

2- 18-B 3/3 1/92 - 4/1/1992 D-2 6/21/93 873 180 33 276 

3-18  3/25/1992 - 3/26/92 D-3 6/21/93 63 25 -4 32 

2-20 03/14/92 D-4 6/21/93 305 123 - 176 21 1 

3- 13-C 05/07/92 D-5 6/21/93 20 6 - 1  1 1  

3-14 4/2911992 - 4/30/92 D-6 6/21/93 23 25 -2 13  

The waters from the boreholes at or  nearby three other supply wells (D- 1 ,  D-2, and D-3) 

l had sulfate/chloride ratios that were higher than for the water from the supply wells. As shown 

below in the discussion of later supply-well samples, the sulfate/chloride ratios for supply wells 

l . 
. 

�· • 

t 
l .. 

l 
L 

D-5 and D-6 have remained in the same range as the original borehole waters. The slightly 

greater ratios for the test boreholes at or near supply wells D-1 and D3 could be related to small 

amounts of uppermost Dakota waters that were not completely removed during the borehole 

sampling. The lower ratio in the D-2 supply water is mainly attributable to the substantially 

greater salinity. In general, the greater the water salinity for the other test holes in the vicinity of 

the well field, the smaller the sulfate/chloride ratio (Table 8) . 

Variations in supply well waters 
As a part of the study for the city of Hays, the KGS sampled all six of the supply wells on 

March 20, 1997. The samples were collected after pumping the supply wells for 7 to 12  minutes, 

except for well D-5 that had been running for about 3 days prior to sampling (Table 1 8) .  The 

Survey also collected samples during the two pumping tests conducted in July, 1997 (Table 1 8). 

The first test involved pumping well D-6; the test started July 7 and extended to July 14. The 

second test involved pumping well D-1 ;  this test started July 18 and ended July 29. The KGS 
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Table 18 .  Sampling Information for Waters Collected by the Kansas Geological Survey from 

Hays Dakota Supply Wells during 1997. 

KGS 
number 

970044 

970045 

970046 

970047 

970048 

970049 

97027 1 

970272 

970273 

970274 

970275 

970333 

970334 

970335 

Time from Pumping 
Well Date Time start of rate, 

number Legal location collected collected pumping gpma 

Spring visit to sites, pumping of wells to obtain representative samples 

D-1 14-19W-1 3ADD 

D-2 14- 1 8W- 1 8DCD 

D-3 14- 1 8W-1 8DBB 

D-4 14- 1 8W-20BAC 

D-5 14- 19W-1 3CBA 

D-6 14- 19W-14DCC 

D-6 14- 19W- 14DCC 

D-6 14- 19W-14DCC 

D-6 14- 19W-14DCC 

D-6 14- 19W-14DCC 

D-6 14- 19W-14DCC 

D- 1 14-19W-1 3ADD 

D- 1 14- 19W- 13ADD 

D- 1 14- 19W-1 3ADD 

3/20/97 1 1 :38 

3/20/97 10:53 

3/20/97 1 1 : 15 

3/20/97 10:28 

3/20/97 1 1 :53 

3/20/97 12: 17  

First pumping test 

717/97 14:35 

7/9/97 7:40 

7110/97 20:03 

7112/97 7:44 

7114/97 10:29 

Second pumping test 

7118/97 1 3:00 

7/23/97 15 :05 

7/29/97 15 :49 

1 1  min 

lO min 

lO min 

8 min 

97 hrs 

1 1  min 

4.25 hrs 

45.33 hrs 

83.63 hrs 

1 19.35 hrs 

168 . 15  hrs 

2.50 hrs 

100.58 hrs 

245.3 1 hrs 

63 - 46 

45 - 44 

70 - 44 

69 - 68 

50 - 5 1 

58 - 55 

Sp.C. b 

field 
mS/cm 

2830 

3050 

2850 

2790 

2830 

a Pumping rate just after turning pump on - rate when sampled, except for D-5 where pumping 

rate represents rate during sampling 

b Specific conductance, mS/cm is equivalent to mmho/cm 

determined specific conductance and sulfate and chloride concentrations in all of the 1997 

samples (Table 19). 

The specific conductance, sulfate and chloride concentrations, and sulfate/chloride mass 

ratios for all KGS analyses of the supply-well waters, including the June, 1993 samples and the 

sample averages for the test boreholes at or near the supply wells, are listed in Table 19. A value 

for the samples from the borehole near supply well D-4 was not included because the samples are 

not representative of the Dakota aquifer interval in which well D-4 is screened. The reason for 

this is given in the previous section. The precision of an analysis is the repeatability of the 

values. The precision of the KGS determinations of chloride and sulfate in the Dakota waters 

1 3 1  
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L Table 19.  Chemical data for all samples from the Hays Dakota wellfield analyzed by the Kansas 

Geological Survey. 

k Time from start 

ii. Well or of pumping Sp.C.a 
borehole Date Time test, hrs lab S04 Cl 

I. number collected collected mS/cm mg/L mg/L SOJCl 

3- 13-A 3/20/92 2785 245 563 0.435 
:',c 

D- 1 6/21/93 2800 240 578 0.4 1 5  ,, ;; 
• D- 1 3/20/97 1 1 :38 2780 238 574 0.4 15 

D- 1 7/18/97 13 :00 2.50 2780 242 577 0.419  
�. D- 1 7/23/97 15:05 100.58 2780 243 58 1 0.4 18 
,,. • D- 1 7/29/97 15 :49 245.3 1 2780 243 58 1 0.4 1 8  

' 2- 18-B 4/1/92 2927 254 599 0.425 ,t_ 
D-2 6/21/93 3800 287 875 0.328 • 
D-2 3/20/97 10:53 2960 24 1 610 0.395 

L 3-1 8  3/26/92 2748 243 549 0.443 
D-3 6/21193 28 10 239 58 1 0.4 1 1 
D-3 3/20/97 1 1 : 15 2800 243 585 0.4 15  l . 

2-20 3/14/92 291 5  432 494 0.874 
D-4 6/21/93 3220 256 705 0.363 

L D-4 3/20/97 10:28 3 130 25 1 674 0.372 

3-13-C 517192 2750 238 556 0.428 

L D-5 6/21/93 2770 237 567 0.4 18  
D-5 3/20/97 1 1 :53 2740 243 57 1 0.426 

L 3-14 4/30/92 2773 240 563 0.426 
D-6 6/21/93 2795 238 576 0.4 1 3  
D-6 3/20/97 12: 17 2790 241 574 0.420 

l D-6 717/97 14:35 4.25 2730 243 565 0.430 
D-6 7/9/97 7:40 45.33 2770 245 570 0.430 
D-6 7/10/97 20:03 83.63 2770 245 570 0.430 
D-6 7112/97 7:44 1 19.35 2770 245 569 0.43 1 

L D-6 7114/97 10:29 168. 1 5  2770 245 572 0.428 
a Specific conductance, mS/cm is equivalent to mmho/cm 

l from the Hays area is better than the accuracy due to the automated methods used for all the 

samples. The estimated error in precision in both sulfate and chloride concentrations is estimated 

L as 2%. This error provides the basis on which to determine whether there are significant changes 

in the salinity of the supply waters during the time period 1992- 1997. 

l Chloride and sulfate concentration determinations made by the city of Hays for the 

supply well waters are listed in Table 20 along with the KGS values. The errors in the analyses 

L 132 
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Table 20. Chemical data for samples from the Hays well field analyzed by either the city of 

Hays or the Kansas Geological Survey. 

Well or 
borehole 
number 

3-13-A 
D- 1 
D-1 
D-1 
D- 1 
D-1 
D-1 
D- 1 
D- 1 
D- 1 
D-1 
D- 1 
D- 1 
D- 1 
D- 1 
D-1 
D-1 
D-1 

2- 18-B 
D-2 
D-2 
D-2 
D-2 
D-2 
D-2 
D-2 
D-2 
D-2 
D-2 
D-2 
D-2 
D-2 

Date 
collected 

3/20/92 
6/2 1193 
7/6/93 
111 1/95 
3/17/95 
7/21/95 
1015195 
116196 
414196 

10/12/96 
1110/97 
3/20/97 
4/8/97 
7/18/97 
7/23/97 
7/29/97 
1/7/98 
10/5/98 

4/1/92 
6/21193 
1/1 1195 
3/17/95 
7/21/95 
10/5/95 
116196 
414196 

10/12/96 
1110/97 
3/20/97 
4/8/97 
117/98 

10/5/98 

Time 
collected 

1 1 :38 

13:00 
15:05 
15:49 

10:53 

Time from 
start of 

pumping 
test, hrs 

2.50 
100.58 
245.31  

133 

Sp.C.8 

lab S04 
mS/cm mg/L 

2785 245 
2800 240 

267 
2 1 3  
300 
243 
254 
202 
261 
17 1  
1 55 

2780 238 
192 

2780 242 
2780 243 
2780 243 

243 
195 

2927 254 
3800 287 

303 
324 
275 
3 14 
190 
276 
303 
199 

2960 241 
193 
145 
240 

Cl 
mg/L 

563 
578 
574 
580 
600 
580 
610 
570 
530 
570 
570 
574 
570 
577 
58 1 
58 1 
570 
570 

599 
875 
850 
820 
620 
680 
7 10 
570 
850 
840 
610 
690 
570 
890 

SOJCl 

0.435 
0.415 
0.465 
0.367 
0.500 
0.419  
0.416  
0.354 
0.492 
0.300 
0.272 
0.415 
0.337 
0.419 
0.418  
0.418  
0.426 
0.342 

0.425 
0.328 
0.356 
0.395 
0.444 
0.462 
0.268 
0.484 
0.356 
0.237 
0.395 
0.280 
0.254 
0.270 

Chemical 
analysis 
source 

KGS 
KGS 

Servi-Tech 
Hays 
Hays 
Hays 
Hays 
Hays 
Hays 
Hays 
Hays 
KGS 
Hays 
KGS 
KGS 
KGS 
Hays 
Hays 

KGS 
KGS 
Hays 
Hays 
Hays 
Hays 
Hays 
Hays 
Hays 
Hays 
KGS 
Hays 
Hays 
Hays 
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� Table 20. Chemical data for samples from the Hays well field analyzed by either the city of 
it Hays or the Kansas Geological Survey. (continued) 

� Time from 

L Well or start of Sp.C.a Chemical 
borehole Date Time pumping lab S04 Cl analysis 
number collected collected test, hrs mS/cm mg/L mg/L SOJCI source 

L 3- 18  3/26/92 2748 243 549 0.443 KGS 
D-3 6/21193 28 10 239 58 1 0.4 1 1 KGS 

1 D-3 111 1195 196 570 0.344 Hays 
L D-3 3/17/95 272 600 0.453 Hays 

D-3 7/21/95 291 610  0.477 Hays 
�·,; D-3 1015195 267 590 0.453 Hays 

L D-3 116196 173 560 0.309 Hays 
D-3 414196 280 570 0.49 1 Hays 
D-3 10/12/96 265 550 0.482 Hays 

L D-3 1110/97 166 560 0.296 Hays 
D-3 3/20/97 1 1 : 15 2800 243 585 0.415  KGS 
D-3 4/8/97 1 6 1  550 0.293 Hays 

� D-3 ln/98 229 570 0.402 Hays 

• 
'ia - 2-20 3/14/92 2915  432 494 0.874 KGS 

L D-4 6/2 1193 3220 256 705 0.363 KGS 
D-4 1/1 1/95 266 700 0.380 Hays 
D-4 3/17/95 276 720 0.383 Hays 

l D-4 7/21/95 306 7 10  0.43 1 Hays 
D-4 1015195 363 730 0.497 Hays 
D-4 116196 248 650 0.382 Hays ,. D-4 414196 3 1 1  620 0.502 Hays �- D-4 10/12/96 245 630 0.389 Hays .. D-4 1110/97 1 54 620 0.248 Hays 
D-4 3/20/97 10:28 3 130 25 1 674 0.372 KGS 

� D-4 4/8/97 179 630 0.284 Hays • D-4 1n198 242 670 0.361 Hays 
D-4 10/5/98 210 650 0.323 Ha�s 

f, • 

L 
L 
L 
t • 
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Table 20. Chemical data for samples from the Hays well field analyzed by either the city of � 

Hays or the Kansas Geological Survey. (continued) 

Time from i Well or start of Sp.C.a Chemical 
borehole Date Time pumping lab S04 Cl analysis 
number collected collected test, hrs mS/cm mg/L mg/L SOJCI source � . 
3- 13-C 517/92 2750 238 556 0.428 KGS 

D-5 6/2 1193 2770 237 567 0.418  KGS j D-5 1/1 1/95 268 560 0.479 Hays 
D-5 3/17/95 29 1 580 0.502 Hays 
D-5 7/21195 3 1 8 560 0.568 Hays 
D-5 1015195 307 600 0.5 12 Hays j D-5 1/6/96 178 540 0.330 Hays 
D-5 414196 308 540 0.570 Hays 
D-5 10/12/96 250 550 0.455 Hays i D-5 1/10/97 173 570 0.304 Hays 
D-5 3/20/97 1 1 :53 2740 243 57 1 0.426 KGS 
D-5 4/8/97 1 85 550 0.336 Hays j D-5 1/7/98 2 1 1 550 0.384 Hays 
D-5 10/5/98 205 570 0.360 Hays 

3-14 4/30/92 2773 240 563 0.426 KGS i 
D-6 6/21193 2795 238 576 0.413  KGS 
D-6 1/1 1195 25 1 570 0.440 Hays I D-6 3/1 7/95 305 580 0.526 Hays 
D-6 7/21/95 3 10 560 0.554 Hays 
D-6 10/5/95 309 610 0.507 Hays j D-6 116196 170 530 0.321 Hays 
D-6 414196 286 580 0.493 Hays 
D-6 10112/96 254 570 0.446 Hays 
D-6 1/10/97 167 590 0.283 Hays -D-6 3/20/97 12: 17 2790 241 574 0.420 KGS 
D-6 4/8/97 177 560 0.3 16  Hays 
D-6 7/7/97 14:35 4.25 2730 243 565 0.430 KGS a D-6 7/9/97 7:40 45.33 2770 245 570 0.430 KGS 
D-6 7/10/97 20:03 83.63 2770 245 570 0.430 KGS 
D-6 7/12/97 7:44 1 19.35 2770 245 569 0.43 1 KGS 
D-6 7/14/97 10:29 168. 15  2770 245 572 0.428 KGS i D-6 1/7/98 196 570 0.344 Hays 
D-6 10/5/98 195 590 0.33 1 Ha}'.s 

a Specific conductance, mS/cm is equivalent to mmho/cm I 
are unknown. However, a rough approximation of the errors can be made by comparison of the i consistency of the data for well waters where the salinity does not appear to change based on 

concentrations and ratios from the KGS determinations. The KGS values of chloride and sulfate I for waters from supply wells D-1 ,  D-3, D-5, and D-6 are all within 2% of one another for each 

constituent for each well. Sulfate/chloride mass ratios based on the KGS analyses are all within 
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(0.02 of one another for the same wells. In comparison, the Hays values for chloride and 

especially for sulfate and sulfate/chloride ratios span a much wider range. From an evaluation of 

these data, the approximate maximum error in the accuracy of the Hays analyses appears to be in 

the range of 5-10% for chloride and 20-30% for sulfate, although a few sulfate values could have 

even larger errors. 

Based the estimated errors described above, the salinities of waters pumped from supply 

wells D- 1 ,  D-3, D-5, and D-6 have all remained constant during the period 1993-1997. The 

values for chloride and sulfate remained within 1 % for each constituent in waters from each of 

supply wells D-1 and D-6 during the pumping tests conducted in July, 1997. In addition, the 

quality of the water from each of these supply wells was essentially the same (based on KGS 

analyses) as that of the water from the original borehole as indicated by chloride and sulfate 

concentrations that are within the precision limit ranges of the analytical error. All of the Hays 

chloride determinations for the four wells are within 10% of the average value of the KGS 

analyses. Pumping stresses on these wells do not appear to cause significant changes in salinity. 

The water from supply well D-2 collected in June 1993 during the extended pumping of 

this well contained substantially greater concentrations of chloride and sulfate than in water from 

the test borehole before conversion to the well (Table 19). Both the KGS and Hays chloride 

concentrations varied significantly (values outside the analytical error ranges) during 1993-1997 

(Table 20). The sample that the KGS collected and analyzed in March, 1997, had a chloride 

content within 2% of that in the original borehole. The 1997 sample was collected after 10 

minutes of pumping. Comparison of the pumping history and water quality for the KGS samples 

of June, 1993, and March, 1997, suggests that pumping stress causes an increase in the salinity of 

water pumped from this well. The variation in the Hays chloride values for supply well D-2 

remained within the range of the KGS chloride measurements based on estimated analytical 

errors. The data suggest that the variations in the Hays values are related to the amount of time 

that supply well D-2 had been pumped before sampling; the longer the pumping time, the greater 

is the expected chloride concentration. The observation that the KGS chloride value for March, 

1997, is the same (within analytical error) as that during initial drilling indicates that the 

pumping during 1993-1997 has not changed the overall water chemistry of the aquifer. 

Well D-4 is the most eastern of the supply wells. However, the maximum chloride 

concentration that both the KGS (705 mg/L) and Hays (730 mg/L) observed is less than that for 

well D-2 (KGS 875 mg/L and Hays 850 mg/L). The difference in the chloride concentrations in 

the two KGS samples from supply well D-4 is slightly greater than the precision error range; the 

second sample has a somewhat lower chloride content (Table 19) .  The general trend of the Hays 

analyses also suggests that the chloride concentration has generally decreased from June, 1993, 

to 1998. The well has been pumped intermittently in the pumping schedule of all the wells and 

136 



Draft Final Report Vol 1 

thus has not been pumped as extensively at one time as during June, 1993. Thus, as for supply 

well D-2, there appears to be an increase in salinity during pumping stress on well D-4 but the 

salinity decreases back to a lower range when the aquifer is not stressed as much. The combined 

KGS and Hays chloride data indicate that the lowest chloride concentration for waters pumped 

from both supply wells D-2 and D-4 could be in the range of 600-650 mg/L. 

The greater salinity during pumping stress for supply wells D-2 and D-4 could result 

from drawing higher salinity water from mainly one or a combination of three sources: ( 1 )  water 

in finer-grained strata laterally within the same interval as the well screen, (2) water within the 

aquifer farther to the east, and (3) water at or just below the base of the screened interval. If the 

source of higher salinity were mainly from finer-grained deposits near the two wells, the 

pumping stresses on the other four supply wells might also be expected to result in salinity 

increases. However, if the sandstones in the western part of the aquifer are wider and better 

connected than in the eastern third of the well field, there is the possibility that the pumping was 

never great enough to pull in water from the finer-grained strata. The constriction in the aquifer 

that appears to partially separate the group of four western wells from wells D-2 and D-4 might 

allow some water to be preferentially drawn through the most permeable strata to the east. 

However, if this were the main cause, well D-4 might be expected to show the greatest salinity 

increase during pumping stress rather than well D-2. The fact that there was a small increase in 

salinity with depth observed in the borehole waters collected from the well D-2 site (Table 16) 

suggests that flow of more saline water at or just below the base of the screened interval may be 

the main source of higher salinity. 
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Chapter 12:  Wellfield Pumping History and Water-Level Response 

Wellfield operation began in early April, 1993, after installation and testing of the last 

production well, D-6. Since pumping began, the wellfield has been in nearly continuous 

operation punctuated occasionally by periods of shutdown. By early June, 1999, a total of 

approximately 162.6 million gal (2 1 .  7 million ft3) of water had been produced from the 

wellfield. In addition to keeping track of water produced from the field, the city has also been 

monitoring water levels in the production and the observation wells during pumping and non

pumping periods up through June, 1997, and from January, 1998, to the present. KGS monitored 

water levels in the wellfield during and after the 1997 pumping tests from early July until mid 

December, 1997. 

As a result, there are extensive records available for water production from the wellfield 

and water levels in the monitoring and production wells. These data can be used to assess the 

impact of pumpage on the Dakota aquifer in the wellfield. Unfortunately, there is not a 

corresponding data base of water levels from monitoring wells outside of the wellfield. At the 

minimum this would provide a sound basis for projecting the effects of wellfield pumping into 

the surrounding vicinity and an evaluation of the wellfield's impact on the Dakota outside of the 

wellfield based on observations made in the field. The purpose of this section of the report is 

twofold: ( 1 )  to present the pumpage and water-level drawdown data for April, 1993-December, 

1997 period and (2) to use the data to produce a preliminary assessment of the impact of 

wellfield pumping on the Dakota aquifer. 

Pumping History 

The records of daily pumpage provided by the city indicate three distinct periods of 

pumping: April-July, 1993 ; February, 1994-July, 1997; and January, 1 998-June, 1999. The first 

pumping period lasted a total of 92 days, the second 1 ,252 days and the third 5 19 days. Between 

the first and second periods of pumping the wellfield was shutdown for 229 days and between 

the second and third periods, wellfield shutdown lasted for 1 53 days (Figure 66). 

In the first period of pumping the majority of the wells were pumped on any given day. 

Only D-3 was shutdown for longer than two days (Table 2 1) .  Water production rates were 

highest during the early part of pumping period and then decreased to a slightly lower level 

nearer the average value for the period (Figure 66). Early in the first pumping period the 

wellfield water production exceeded 500,000 gal/day (Figure 66). This production rate declined 

later in the period and stabilized at slightly less than 400,000 gal/day. Total daily pumpage from 

the wellfield ranged from a low of 8 1 ,000 to a maximum of 507, 164 gal and the total mean daily 
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Figure 66. Daily total ground-water withdrawals from the Dakota wellfield. The wellfield production history can be subdivided into 
three pumping periods separated by periods of wellfield shutdown. 
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Table 2 1 .  Production history from the Hays Dakota wellfield for the period April 7-July 

7, 1993. 

Number 

of Days Min. Daily Max. Daily Mean Daily Total for the 

Well PumEing PumEage (gal) PumEage (gal) PumEage (gal) Period (gal) 

D- 1 90 7,599 149,697 64,595 5,8 13 ,524 

D-2 90 3,897 126,202 62,897 5,660,696 

D-3 89 5,901 106,597 64,701 5,758,390 

D-4 90 897 201 ,600 70,400 6,336,041 

D-5 90 299 104, 196 59, 1 36 5,322,227 

D-6 90 5,901 1 17,697 72,277 6,504,965 

Grand Total 35,395,843 

pumpage was 384,740 gal or approximately 267 gal/min (35.7 ft3/min). The total withdrawal 

from the aquifer for this period was 35,395,843 gal (108.6 acre ft) 

In the second pumping period from February, 1994-July, 1997, only one well was 

pumped at a time and production was rotated between wells every 5-7 days. When the field was 

in operation during this period, D-1 was pumped approximately 22. 1  %, D-2 1 5.6%, D-3 13 .4%, 

D-4 19 .6%, D-5 20.3%, and D-6 20.9% of the time (Table 22). Significant periods of wellfield 

shutdown greater than 4 days duration occurred on April 20-25, 1994 (6 days), September 8- 19, 

1994 ( 1 1 days), May 1 8-June 22, 1995 (36 days), August 2 1 -26, 1996 (6 days), and July 2-6, 

1997 (5 days) for a total of 75 days. The total daily withdrawals from the field varied little with 

time in this period as indicated bin Figure 66. Total daily pumpage ranged from a low of 4,200 

gal to maximum of 1 35,300 gal when the pumps were operating and the mean daily withdrawal 

from the aquifer was 77 ,5 19  gal. The total volume pumped from the field during this period was 

9 1 ,25 1 ,774 gal (280 acre-ft) or an average pumping rate of 50.6 1 gal/min (6.77 ft3/min).  

The third interval of pumping began after a 4 month well recovery period following the 

1997 pumping tests, beginning on January 1 ,  1998, and continuing up to the writing of this report 

(June 3, 1999). As in the second pumping period, individual wells were pumped on a 5-7 day 

rotating basis and only one well was pumped at a time. When the field was producing water, D- 1 

was pumping approximately 20.4%, D-2 20.8%, D-3 16.2%, D-4 2 1 .2%, D-5 2 1 .4%, and D-6 

2 1 .4% of the time (Table 23). During this period the wellfield was shutdown a total of only 10  

days. The maximum and minimum daily withdrawals were 1 30,800 gal and 7,200 gal, 

respectively, and the mean withdrawal rate was 70,424 gal/day or an average pumping rate of 

48.91 gal/min. The total pumpage from the field for this period was 35,845,705 gal ( 1 10 acre-ft). 

140 



Draft Final Report Vol 1 

The total daily withdrawals from the field varied little with time in this period as indicated by the 

data in Figure 66. 

Table 22. Production history from the Hays Dakota wellfield for the period February 

22, 1994-July 3 1 ,  1997. 

Number 

of Days Min. Daily Max. Daily Mean Daily Total for the 

Well PumEing PumEage (gal) PumEage (gal) PumEage (gal) Period (gal) 

D- 1 277 200 108,300 62,389 17,28 1 ,806 

D-2 195 100 9 1,300 65,669 12,805,498 

D-3 168 100 90,200 64,833 10,89 1 ,999 

D-4 246 200 1 1 1 ,998 74,764 18,392,040 

D-5 254 100 128, 199 62,883 15,972,304 

D-6 262 100 1 35,300 60,7 18  15,908, 1 27 

Grand Total 9 1 ,25 1 ,774 

Table 23. Production history from the Hays Dakota wellfield for the period January 1 ,  

1998-June 3,  1999. 

Number 

of Days Min. Daily Max. Daily Mean Daily Total for the 

Well PumEing PumEage (gal) PumEage (gal) PumEage (gal) Period (gal) 

D- 1 106 100 1 30,800 57,6 1 1 6, 106,802 

D-2 108 100 88,200 50,995 5,507,505 

D-3 84 200 79,433 57,589 4,837,498 

D-4 1 10 100 103,200 59,024 6,492,699 

D-5 1 1 1  100 79, 100 58,433 6,486, 102 

D-6 1 1 1  1 00  86,667 57,794 6,4 15,099 

Grand Total 35,845,705 

Water-Level Response to Pumping 

In the first pumping interval, water levels in the observation and pumping wells were 

sharply drawn down due to the high rates of withdrawal from the field (Figure 67 A-F). Near the 
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end of the three-month period the maximum water level declines in the pumping wells ranged 

from 66.33 ft in D-4 (June 9, 1993) to 107.37 ft in D-6 (July 7, 1993). At maximum drawdown, 

the height of the water column above the top of the sandstone aquifer in the pumping wells 

ranged from 57.7 ft in D-3 up to 1 26.4 ft in D- 1 .  In the monitoring wells, the maximum 

drawdown ranged from 58.89 ft (July 7, 1993) in MD-4 to 72.33 ft in MD-5 (June 23, 1993) .  

Early in this pumping interval the average rate of drawdown was high, approximately 36 ft after 

three weeks of pumping. This higher rate of drawdown corresponds to the higher rates of 

withdrawal in the early part of this pumping interval. After this time the rate of drawdown 

slowed as withdrawal rates were cut back to lower levels. In the remaining part of this pumping 

period the average drawdown was approximately 28.6 ft over a two and a half month period. 

Following a nearly complete recovery of the water levels back to pre-production (March 

26, 1993) levels, pumping from the wellfield resumed at much lower rates than had been the case 

during the first pumping interval. Also, because only one well was pumped at a time instead of 

all the wells simultaneously, significant aquifer recovery occurred around each of the recently 

pumped wells. Consequently, the resulting drawdowns from pumping were half or less of what 

they had been during the initial pumping interval (Figure 67). Visual inspection of the water

level data suggests an overall gradual decline of water levels from late February, 1994, to May, 

1996. Beyond this point, it appears that water levels in some of the production and monitoring 

wells were relatively stable to the end of this pumping interval at the end of July, 1997. 

In the third pumping period, the water-level monitoring frequency was much lower. 

During the second pumping period and the following recovery period (February 22, 1994 to 

December 12, 1997) a total of 194 sets of water-level measurements were taken in the pumping 

and the observation wells. This amounts to an average measurement frequency of approximately 

4 times per month. In contrast, only 15  sets of water-level measurements were taken in the third 

pumping period. Measurements began on January 26, 1998, and the last set were taken on May 

26, 1999. The average measurement frequency for this period was approximately once per 

month. As a result, the data portray only general trends over time in the drawdown experienced 

due to pumping. 

Overall, the data from this third pumping period seem to reflect the same trends observed 

in the more detailed record of drawdown from the early part of the second pumping period. At 

the beginning of both pumping periods there was an initial rapid decline of water levels followed 

by a more gradual decline that continued for some time. In the case of the third pumping period, 

water levels continued to decline to the end of the period for which there are data. 

144 



Draft Final Report Vol 1 

Chapter 13 :  Limitations of the Analysis 

The Dakota aquifer system is extremely complex hydrologically across all scales because 

of the effect of aquifer framework heterogeneity on the distribution of hydrologic properties and 

the variability in sources, rates, and chemical quality of recharge. To adequately characterize 

this complexity at any given scale requires more data than would be necessary for a more 

homeogeneous aquifer system. Unfortunately, even where the hydrogeologic and water-quality 

data bases are more numerous, there is often considerable uncertainty in our ability to capture the 

essence of this complexity even at the larger scales. In this project, while there appears to be an 

abundance of data by the standards of most local-scale investigations of the Dakota aquifer 

reported in the literature (see for example Gries et al., 1976), the information base available is 

quite minimal considering the goals of the investigation. Furthermore, most of the issues that 

have implications for the larger spatial and temporal scales focus on the area outside of the 

wellfield where the data availability is the least. In view of the goals of the project, the following 

is a brief evaluation of the data available for conducting the remainder of this project. 

In the 50 mi2 area of this study, 1 16 gamma-ray logs (from boreholes drilled for oil 

production and from the boreholes drilled for the city's monitoring and production wells) were 

used to map the sandstone distribution in the Dakota Formation. Assuming a uniform 

distribution, this represents slightly more than two logs per section to map the sinuous sandstone 

bodies that are 0.5- 1 mile in width. Two logs per section is barely adequate to map the extent of 

the wider sandstone bodies. However, the logs are not evenly distributed and there are 14 

sections (each 1 mi2) where there are no subsurface data. As a result, a significant fraction of the 

subsurface mapping is based on little if any logging data in parts of the study area. 

The pumping tests assist in defining the more hydraulically connected part of the 

sandstone aquifer system. However, the data from the 1992 tests are not of very good quality 

and have considerable uncertainty. Note for example the rounding of the drawdown data to the 

nearest 0. 1 ft and the difficulties in analyzing the data from the D-3 and D-6 pumping tests and 

the erratic behavior of some of the data due to human error or pumping-rate fluctuations. These 

uncertainties and errors in the data propagate through the SUPRPUMP analysis and reduce our 

confidence in the aquifer properties values and in the estimated distances from the pumping well 

to flow boundaries. A more serious problem is that the hydrologic boundary positions with 

respect to the pumping well are inherently non-unique because insuffcient number of observation 

wells located near each of the pumping wells. As a result, geologic evidence had to be used to 

initially estimate boundary positions and determine the nature of the flow boundary. 

The data from the 1997 pumping test are more numerous and are of very good quality. 

Unfortunately, the analysis of this data was more difficult because of pumping during the week 
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prior to the D-6 test and problems with the electrical system supplying power to the pump and 

the water distribution system in the D- 1 test. With a longer period of recovery ( wellfield 

shutdown), water levels in the wellfield would have achieved relative stability and the data 

analysis would have proceeded more smoothly. The low transmissivity and storativity of what is 

essentially a strip aquifer indicates that the period of shutdown should have been on the order of 

a few months prior to the 1997 tests that were run in the field. At that point, the rate of recovery 

from antecedent pumping would have been relatively low. 

The hydrologic properties of the aquifer and the surrounding mudstone aquitard are 

poorly characterized considering the nature of the questions to be addressed by this investigation. 

Only the hydrologic properties of the sandstones in the wellfield are described and the properties 

of the sandstones outside of the wellfield are unknown. Consequently, the ability of upgradient 

and downgradient sandstone aquifers to transmit water to and away from the wellfield is 

ii. uncertain. The lack of hydrologic properties data on the mudstones is also particularly troubling 

because the mudstones are a source of water to some degree (leakage or recharge) and the 

sandstone aquifers are contained entirely within them. 

The pre-pumping water-level data for the Dakota aquifer are concentrated within the well 

field and the rest of the data base consists of water levels from wells located several miles or 

more away from the wellfeld. The resulting potentiometric surface map only very generally 

portrays the west to east movement of ground water across the study area and does not reveal any 

of the complexity imposed by aquifer heterogeneity on ground-water flow. More importantly, 

there is a pronounced lack of water-level data from distant monitoring wells located outside of 

the wellfield during the 1993-1999 pumping period. This makes it impossible to determine the 

effects of pumping stress on the local ground-water flow system and to directly address issues of 

i. impairment with reliable data. 
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Chapter 14: Summary 

The need for additional water supply caused the city of Hays to locate and develop a 

supplemental source in the Dakota aquifer to the southwest of the city in Ellis County in 1992. A 

temporary permit was issued by the Division of Water Resources, Kansas Department of 

Agriculture (DWR) to allow the city to use the Dakota aquifer as a source of water for a five year 

period. Concerns have been raised about the long term viability of the wellfield with respect to 

water quality and yield and possible impairment of other nearby users. The spacing between 

production wells in the field violates the well-spacing requirements of the DWR that have been 

in effect since 1994. Where the wellfield is located, the Dakota is a confined system with no 

nearby significant sources of freshwater recharge. As a result, ground-water withdrawals may 

locally deplete the aquifer or degrade aquifer water quality. 

The city of Hays, Kansas, contracted with the Kansas Geological Survey (KGS) to 

conduct an investigation of the Dakota aquifer in the vicinity of their wellfield. The purpose of 

this work was threefold. The data and the results of this project will be used by the city to 

assemble and submit an application for a water right so that they can continue to use their 

wellfield. This project will also produce a management tool, the wellfield simulator, that can be 

used by the city to assess the local consequences of various short-term wellfield management 

options. The goal of the KGS in conducting this research is to develop a better understanding of 

the local and subregional dynamics that occur in the aquifer as it is being pumped. 

This report is the first of two volumes that will be prepared as part of this contract with 

the city of Hays. This first volume presents an analysis of what is currently known about the 

Dakota aquifer in the vicinity of the wellfield from existing data and new information developed 

from pumping tests conducted in the wellfield in 1997. The city has been monitoring water 

levels and rates of water production in the wells since 1993, and also conducted short-term 

pumping tests to determine aquifer properties in 1992, prior to putting the wellfield into service. 

The second volume will discuss ground-water flow model development, testing, and application 

to management of the wellfield. 

Aquifer/ Aquitard Units 

In the vicinity of the city's wellfield, the Dakota aquifer consists of sandstone bodies 

encased in mudstones of the Cretaceous Dakota, Kiowa, and Cheyenne formations and is 

confined by overlying younger Cretaceous shale and chalk units. Because of their assumed low 

permeability, the Dakota Formation mudstones are considered to be aquitard units. The Dakota 

aquifer system is subdivided into the upper Dakota aquifer, which consists largely of Dakota 

Formation sandstones, and lower Dakota aquifer, which consists of sandstones in the lower part 
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of the Kiowa Formation and the Cheyenne Sandstone. The upper and lower Dakota aquifers are 

separated by a marine shale in the upper part of the Kiowa Formation, referred to as the Kiowa 

shale aquitard. Underlying the lower Dakota aquifer is the Permian Cedar Hills Sandstone. 

The six production and five monitoring wells in the city's wellfield are screened entirely 

in the interval of the Dakota Formation. An analysis of the subsurface stratigraphy of the Dakota 

Formation in the wellfield vicinity reveals that the sediments in the lower approximately two

thirds of the formation were deposited in an upper coastal plain setting by streams flowing 

westward to the developing Western Interior sea. The approximately upper third of the Dakota 

Formation consists of marine-influenced, lower coastal plain and shoreline sediments deposited 

along the eastern coastline of this Cretaceous seaway. 

The percent sandstone in the Dakota Formation is much higher in the lower two-thirds of 

the Dakota Formation than in the upper third. Maps portraying the relative proportion of 

sandstone in the upper, middle, and lower thirds of the formation show that the city's Dakota 

wells are screened in a sinuous, stacked, amalgamated sequence of largely fluvial sandstones 

ranging in total thickness from approximately 60 ft at the western end of the field in production 

well D-6 to 145 ft at the eastern end of the field in production well D-4. Individual sandstone 

bodies are more likely to form a hydraulically connected unit nearer the axis of this sequence 

where the proportion of sandstone is higher than near the edges of these amalgamated bodies 

where there is less sandstone. 

The transmissivities estimated from the 1992 pumping tests and the sandstone thickness 

data show that, in general where the amalagamated sequence is thicker, the sandstones are more 

permeable. Transmissivities from these tests range from 5 10 ft2/day in the vicinity of production 

wells D-6 to 1 ,946 ft2/day in vicinity of production well D-4. From these values and the net 

sandstone thicknesses in the pumping and observation wells the sandstone hydraulic conductivity 

ranges from 10.6 ft/day in vicinity of D-6 to 22.3 ft/day in the vicinity of production well D-2. 

Sandstone storativities are typical of confined aquifers and varied from 6.799 x 10-5 in the 

vicinity of D-6 to 2.667 x 10-4 in the vicinity of D-4. Considering the variation in net sandstone 

thickness between the pumping and observation wells in each test, specific storage varied from 

1 .013  x 10-6 ft- l in D-5 to 2. 158 x 10-6 ft- l in the vicinity of D-3. Subsurface mapping using 

the available geophysical logs indicates that the more hydraulically connected part of this 

sequence is on the order of 0.5 to 1 mile in width throughout most of the wellfield. These width 

estimates are consistent with the results of the 1992 pumping tests conducted for each production 

well in the field. 
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Ground-water Flow and Water Quality 

Regionally, ground-water flow in the Dakota aquifer is from recharge areas in 

southeastern Colorado northeastward to points of discharge in the river valleys of north-central 

Kansas. Locally, the few pre-development water-level elevation data available from wells 

outside the wellfield and the more recent measurements taken within the wellfield prior to 

pumping indicate that ground-water flow is from west to east across the field. Regional ground

water flow models of the Dakota aquifer that include the wellfield vicinity indicate that a small 

amount of water enters the upper Dakota aquifer from the overlying confining unit as leakage, on 

the order of a few percent of the lateral flow (Macfarlane, 1993). 

A number of local factors control the steady-state flow of ground water through the 

wellfield, including the hydraulic conductivities of the sandstone aquifer and the surrounding 

mudstone, the geometry of the sandstone aquifer with respect to the flow field, and the thickness 

and width of the sandstone aquifer. The hydraulic gradient is highest between D-6 and D-5 

where the hydraulic conductivities are the lowest. In contrast, the hydraulic gradients are 

relatively very low and the hydraulic conductivity of the aquifer is generally higher nearer the 

eastern end of the wellfield. However, sandstone makes up more of Subunit 2 of the Dakota 

Formation from D-3 to D-4 and the sandstone aquifer appears to be at least as wide in the eastern 

part of the field as it is in the west. Furthermore, sandstone also constitutes a significant fraction 

of Subunit 1 of the Dakota Formation in this part of the field and is not present in the western 

part. The trend of the sandstone aquifer in Layer 2 of the Dakota Formation is subparallel to 

regional flow in the Dakota aquifer. In contrast, the aquifer in the eastern part of the wellfield is 

oriented obliquely to regional flow in the central and western part of the wellfield. The change in 

aquifer orientation with respect to regional flow would act to slightly reduce the apparent 

hydraulic gradient through the eastern part of the wellfield. 

Water in the confined Dakota aquifer in the Hays region ranges from slightly to 

moderately saline. The finer grained sediments in the aquifer generally contain higher salinity 

water. The freshest waters are in the most permeable sandstone units in the Dakota Formation in 

the upper Dakota aquifer. The chemical water type in the sandstone units of the aquifer is 

sodium-chloride. Chloride concentrations in the waters range from a few hundred to a few 

thousand mg/L and sulfate contents are typically a few to several hundred mg/L. Cation 

exchange of calcium and magnesium for sodium on clays in the regional aquifer to the west and 

within the Hays area has created soft waters with low dissolved calcium and magnesium 

concentrations. The release of sodium to solution during the exchange results in sodium 

concentrations in the water that exceed or are the same as chloride contents for waters with 

dissolved chloride up to several hundred mg/L. The exchange process elevates the pH to within 

the 7 .5-8.5 range. The low calcium content allows calcium minerals containing fluoride to 
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dissolve and increase fluoride concentrations substantially. Nitrate concentrations are very low 

(<1 mg/L) but ammonium ion contents may be a few tenths to a mg/L or more. 

Waters in the uppermost portion of the aquifer can have greater calcium, magnesium, and 

sulfate concentrations and smaller chloride contents than in the sandstone units probably as a 

result of small amounts of recharge from overlying Cretaceous limestones and shales that contain 

gypsum or pyrite undergoing weathering. Waters deeper in the aquifer in the Kiowa Formation 

and Cheyenne Sandstone contain much higher salinity. The source of the salinity in the Dakota 

aquifer is upward dispersion of saltwater from the Permian strata; the saltwater in the Permian 

originated from dissolution of rock salt. The salinity of the water in the Dakota aquifer was 

greater in the recent geologic past than today. Regional flow from the west passing through the 

permeable sandstones is slowly flushing the salinity from the aquifer. Upward dispersion of 

Permian saltwater partially offsets this dilution. The rate of flushing is too slow to be of 

consequence to changes in water quality over periods less than a thousand years. 

Ground water in the sandstone units of the Dakota Formation screened in the Hays well 

field for water supply is a slightly saline, slightly alkaline, sodium-chloride type water with low 

hardness (28-56 mg/L as CaC03) and nitrate ( <0. 1 mg/L) contents but relatively high fluoride 

concentration (4.0-4.2 mg/L). Waters in the western two-thirds of the well field (supply wells D-

1 ,  D-3, D-5, and D-6) are very similar in chemistry and have a small range in constituent 

concentrations. The TDS for waters from these wells is a little more than 1 ,600 mg/L and 

sodium, chloride, and sulfate concentrations are within the ranges 604-6 1 2, 565-585, and 237-

245 mg/L, respectively. Ground water in the eastern part of the Dakota well field is more saline, 

probably as a result of the general increase in salinity in the aquifer to the east in Ellis County 

and the constriction in the sandstone bodies between the 4 western and the two eastern wells. 

The estimated pre-pumping ranges in sodium, chloride, and sulfate concentrations in the ground 

water from the sandstone intervals screened by supply wells D-2 and D-4 are 630-660, 600-650, 

and 240-260 mg/L, respectively. 

The 1997 Pumping Tests 

Two multi-day pumping tests were performed by the KGS in the Dakota wellfield in July, 

1997. The major objective of these tests was to obtain information about the hydraulic and 

geochemical responses of the wellfield to extended periods of pumping. Pumping tests were 

conducted on production wells D-6 and D-1 and the observation wells were used to obtain 

drawdown and recovery data from each test. In the D-6 pumping test and the following recovery 

period type curve analyses were conducted on MD-6, the closest observation well, and MD-5 and 

MD-1 located much farther to the east. In the D-1 pumping test, only the early segment of the 

drawdown data from MD- 1 was used in the analysis because of electrical and back-pressure 
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problems. The purpose of these analyses was to obtain parameter estimates for input into a 

numerical model of the wellfield. From the D-6 pumping test, the estimated transmissivity and 

storativity were 584 ft2/day and 6.95 x 10-5, respectively. The width of the sandstone aquifer in 

the vicinity of D-6 is 6,000 ft and was estimated from the distance to impermeable boundaries 

calculated from the test data. From the D- 1 pumping test, the estimated transmissivity and 

storativity were 859 ft2/day and 9 .49 x 10-5, respectively, and the width of the sandstone aquifer 

was determined to be 3,500 ft. These results compare favorably with the hydrologic parameter 

values calculated from the 1992 tests and the estimated width of the sandstone aquifer in the 

vicinity of each pumping well from pumping test analysis and the subsurface mapping. The 

effects of recharge are quite pronounced in the later portions of both pumping tests. The effects 

of recovery from antecedent pumping are also quite pronounced in all but the nearest observation 

wells used in both tests. Although it is not possible to precisely specify the source of recharge on 

the basis these analyses, leakage from adjacent low-permeability units is probably the most 

significant recharge mechanism. 

Water-level and Water-quality Responses to Pumping 

The Dakota wellfield has been operated periodically since April, 1993, with three distinct 

periods of pumping: April-July, 1 993; February, 1994-July, 1997; and January, 1998-June, 1999. 

In first period of production nearly all of the wells were pumping for an average combined 

withdrawal rate of 267 gal/min from the field over a three-month period (less than 50 gpm per 

well). In the second and third pumping periods, water was withdrawn from the field one well at 

a time on a weekly schedule of rotation and the average withdrawal rate was approximately 50 

gal/min for both pumping periods. 

The effect of pumping and recovery on water levels in the field is pronounced. The first 

period of pumping was characterized by relatively high total withdrawal rates from the wellfield 

and water-level declines ranged from 66.3 ft in D-4 to 107.37 ft in D-6. However, at the end of 

the first period of well shutdown (229 days), water levels in the field were within about 5 ft of 

their pre-pumping levels. In the second and third pumping periods, water-level declines were 

much less than half of the declines experienced during the first pumping period. In that latter 

part of the second pumping period water levels in most of the observation wells appeared to 

stabilize at lower levels as pumping continued. By the end of the second period of well 

shutdown ( 153 days), water levels in the field recovered to within about 10 ft of pre-pumping 

levels. The apparent stabilization of water levels was not observed by the end of the much 

shorter third pumping period. 

Pumping stresses do not appear to cause significant changes in the water quality of the 

four supply wells (D-1 ,  D-3, D-5, and D-6) in the western two-thirds of the Dakota well field. 
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Pumping stress does cause an increase in the salinity of the two supply-well (D-2 and D-4) 

waters in the eastern one-third of the well field. Sodium, chloride, and sulfate concentrations as 

high as 8 12, 875, and 287 mg/L, respectively, have been observed in water from well D-2 and as 

high as 695, 705, and 256 mg/L, respectively in water from well D-4 based on KGS analyses. 

The source of greater salinity is most probably more saline water from deeper in the aquifer. The 

increase in salinity in wells D-2 and d-4 but not in D- 1 ,  D-3, D-5, and D-6 may be related to 

faster lateral transfer of less saline water in wider sandstone bodies and larger areas of 

connection between sandstone subunits in the western section of the wellfield that in the eastern 

part. The ground water quality in wells D-2 and D-4 appears to return to nearly the original 

salinity before development when these wells are not pumped for a week or more. Continued 

monitoring of the well-field waters will be important to confirm whether this behavior continues 

or whether there is a long-term increase in the salinity of water produced from the wells. The 

accuracy of the water analyses is very important for being able distinguish significant variations 

in the well-water quality. Significant change in a chemical constituent can only be confidently 

discerned where the change is greater than the maximum analytical error. Based on the observed 

changes observed in the study, the analytical error in chloride and sulfate concentrations should 

be less than I 0% in order to observe future quality variations of significance. 
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end of the three-month period the maximum water level declines in the pumping wells ranged 

from 66.33 ft in D-4 (June 9, 1993) to 107.37 ft in D-6 (July 7, 1993). At maximum drawdown, 

the height of the water column above the top of the sandstone aquifer in the pumping wells 

ranged from 57.7 ft in D-3 up to 126.4 ft in D-1 .  In the monitoring wells, the maximum 

drawdown ranged from 58.89 ft (July 7, 1993) in MD-4 to 72.33 ft in MD-5 (June 23, 1993). 

Early in this pumping interval the average rate of drawdown was high, approximately 36 ft after 

three weeks of pumping. This higher rate of drawdown corresponds to the higher rates of 

withdrawal in the early part of this pumping interval. After this time the rate of drawdown 

slowed as withdrawal rates were cut back to lower levels. In the remaining part of this pumping 

period the average drawdown was approximately 28.6 ft over a two and a half month period. 

Following a nearly complete recovery of the water levels back to pre-production (March 

26, 1993) levels, pumping from the wellfield resumed at much lower rates than had been the case 

during the first pumping interval. Also, because only one well was pumped at a time instead of 

all the wells simultaneously, significant aquifer recovery occurred around each of the recently 

pumped wells. Consequently, the resulting drawdowns from pumping were half or less of what 

they had been during the initial pumping interval (Figure 67). Visual inspection of the water

level data suggests an overall gradual decline of water levels from late February, 1994, to May, 

1996. Beyond this point, it appears that water levels in some of the production and monitoring 

wells were relatively stable to the end of this pumping interval at the end of July, 1997. 

In the third pumping period, the water-level monitoring frequency was much lower. 

During the second pumping period and the following recovery period (February 22, 1 994 to 

December 12, 1997) a total of 194 sets of water-level measurements were taken in the pumping 

and the observation wells. This amounts to an average measurement frequency of approximately 

4 times per month. In contrast, only 15  sets of water-level measurements were taken in the third 

pumping period. Measurements began on January 26, 1998, and the last set were taken on May 

26, 1999. The average measurement frequency for this period was approximately once per 

month. As a result, the data portray only general trends over time in the drawdown experienced 

due to pumping. 

Overall, the data from this third pumping period seem to reflect the same trends observed 

in the more detailed record of drawdown from the early part of the second pumping period. At 

the beginning of both pumping periods there was an initial rapid decline of water levels followed 

by a more gradual decline that continued for some time. In the case of the third pumping period, 

water levels continued to decline to the end of the period for which there are data. 
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Chapter 13 :  Limitations of the Analysis 

The Dakota aquifer system is extremely complex hydrologically across all scales because 

of the effect of aquifer framework heterogeneity on the distribution of hydrologic properties and 

the variability in sources, rates, and chemical quality of recharge. To adequately characterize 

this complexity at any given scale requires more data than would be necessary for a more 

homeogeneous aquifer system. Unfortunately, even where the hydrogeologic and water-quality 

data bases are more numerous, there is often considerable uncertainty in our ability to capture the 

essence of this complexity even at the larger scales. In this project, while there appears to be an 

abundance of data by the standards of most local-scale investigations of the Dakota aquifer 

reported in the literature (see for example Gries et al., 1976), the information base available is 

quite minimal considering the goals of the investigation. Furthermore, most of the issues that 

have implications for the larger spatial and temporal scales focus on the area outside of the 

wellfield where the data availability is the least. In view of the goals of the project, the following 

is a brief evaluation of the data available for conducting the remainder of this project. 

In the 50 mi2 area of this study, 1 16 gamma-ray logs (from boreholes drilled for oil 

production and from the boreholes drilled for the city's monitoring and production wells) were 

used to map the sandstone distribution in the Dakota Formation. Assuming a uniform 

distribution, this represents slightly more than two logs per section to map the sinuous sandstone 

bodies that are 0.5- 1 mile in width. Two logs per section is barely adequate to map the extent of 

the wider sandstone bodies. However, the logs are not evenly distributed and there are 14 

sections (each 1 mi2) where there are no subsurface data. As a result, a significant fraction of the 

subsurface mapping is based on little if any logging data in parts of the study area. 

The pumping tests assist in defining the more hydraulically connected part of the 

sandstone aquifer system. However, the data from the 1992 tests are not of very good quality 

and have considerable uncertainty. Note for example the rounding of the drawdown data to the 

nearest 0. 1 ft and the difficulties in analyzing the data from the D-3 and D-6 pumping tests and 

the erratic behavior of some of the data due to human error or pumping-rate fluctuations. These 

uncertainties and errors in the data propagate through the SUPRPUMP analysis and reduce our 

confidence in the aquifer properties values and in the estimated distances from the pumping well 

to flow boundaries. A more serious problem is that the hydrologic boundary positions with 

respect to the pumping well are inherently non-unique because insuffcient number of observation 

wells located near each of the pumping wells. As a result, geologic evidence had to be used to 

initially estimate boundary positions and determine the nature of the flow boundary. 

The data from the 1997 pumping test are more numerous and are of very good quality. 

Unfortunately, the analysis of this data was more difficult because of pumping during the week 
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prior to the D-6 test and problems with the electrical system supplying power to the pump and 

the water distribution system in the D- 1 test. With a longer period of recovery ( wellfield 

shutdown), water levels in the wellfield would have achieved relative stability and the data 

analysis would have proceeded more smoothly. The low transmissivity and storativity of what is 

essentially a strip aquifer indicates that the period of shutdown should have been on the order of 

a few months prior to the 1 997 tests that were run in the field. At that point, the rate of recovery 

from antecedent pumping would have been relatively low. 

The hydrologic properties of the aquifer and the surrounding mudstone aquitard are 

poorly characterized considering the nature of the questions to be addressed by this investigation. 

Only the hydrologic properties of the sandstones in the wellfield are described and the properties 

of the sandstones outside of the wellfield are unknown. Consequently, the ability of upgradient 

and downgradient sandstone aquifers to transmit water to and away from the wellfield is 

uncertain. The lack of hydrologic properties data on the mudstones is also particularly troubling 

because the mudstones are a source of water to some degree (leakage or recharge) and the 

sandstone aquifers are contained entirely within them . 

The pre-pumping water-level data for the Dakota aquifer are concentrated within the well 

field and the rest of the data base consists of water levels from wells located several miles or 

more away from the wellfeld. The resulting potentiometric surface map only very generally 

portrays the west to east movement of ground water across the study area and does not reveal any 

of the complexity imposed by aquifer heterogeneity on ground-water flow. More importantly, 

there is a pronounced lack of water-level data from distant monitoring wells located outside of 

the wellfield during the 1993- 1999 pumping period. This makes it impossible to determine the 

effects of pumping stress on the local ground-water flow system and to directly address issues of 

L impairment with reliable data. 

i . • 
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Chapter 14: Summary 

The need for additional water supply caused the city of Hays to locate and develop a 

supplemental source in the Dakota aquifer to the southwest of the city in Ellis County in 1992. A 

temporary permit was issued by the Division of Water Resources, Kansas Department of 

Agriculture (DWR) to allow the city to use the Dakota aquifer as a source of water for a five year 

period. Concerns have been raised about the long term viability of the wellfield with respect to 

water quality and yield and possible impairment of other nearby users. The spacing between 

production wells in the field violates the well-spacing requirements of the DWR that have been 

in effect since 1994. Where the wellfield is located, the Dakota is a confined system with no 

nearby significant sources of freshwater recharge. As a result, ground-water withdrawals may 

locally deplete the aquifer or degrade aquifer water quality. 

The city of Hays, Kansas, contracted with the Kansas Geological Survey (KGS) to 

conduct an investigation of the Dakota aquifer in the vicinity of their wellfield. The purpose of 

this work was threefold. The data and the results of this project will be used by the city to 

assemble and submit an application for a water right so that they can continue to use their 

wellfield. This project will also produce a management tool, the wellfield simulator, that can be 

used by the city to assess the local consequences of various short-term wellfield management 

options. The goal of the KGS in conducting this research is to develop a better understanding of 

the local and subregional dynamics that occur in the aquifer as it is being pumped. 

This report is the first of two volumes that will be prepared as part of this contract with 

the city of Hays. This first volume presents an analysis of what is currently known about the 

Dakota aquifer in the vicinity of the wellfield from existing data and new information developed 

from pumping tests conducted in the wellfield in 1997. The city has been monitoring water 

levels and rates of water production in the wells since 1993, and also conducted short-term 

pumping tests to determine aquifer properties in 1992, prior to putting the wellfield into service. 

The second volume will discuss ground-water flow model development, testing, and application 

to management of the wellfield. 

Aquifer/Aquitard Units 

In the vicinity of the city's wellfield, the Dakota aquifer consists of sandstone bodies 

encased in mudstones of the Cretaceous Dakota, Kiowa, and Cheyenne formations and is 

confined by overlying younger Cretaceous shale and chalk units. Because of their assumed low 

permeability, the Dakota Formation mudstones are considered to be aquitard units. The Dakota 

aquifer system is subdivided into the upper Dakota aquifer, which consists largely of Dakota 

Formation sandstones, and lower Dakota aquifer, which consists of sandstones in the lower part 
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of the Kiowa Formation and the Cheyenne Sandstone. The upper and lower Dakota aquifers are 

separated by a marine shale in the upper part of the Kiowa Formation, referred to as the Kiowa 

shale aquitard. Underlying the lower Dakota aquifer is the Permian Cedar Hills Sandstone. 

The six production and five monitoring wells in the city's wellfield are screened entirely 

in the interval of the Dakota Formation. An analysis of the subsurface stratigraphy of the Dakota 

Formation in the wellfield vicinity reveals that the sediments in the lower approximately two

thirds of the formation were deposited in an upper coastal plain setting by streams flowing 

westward to the developing Western Interior sea. The approximately upper third of the Dakota 

Formation consists of marine-influenced, lower coastal plain and shoreline sediments deposited 

along the eastern coastline of this Cretaceous seaway. 

The percent sandstone in the Dakota Formation is much higher in the lower two-thirds of 

the Dakota Formation than in the upper third. Maps portraying the relative proportion of 

sandstone in the upper, middle, and lower thirds of the formation show that the city's Dakota 

wells are screened in a sinuous, stacked, amalgamated sequence of largely fluvial sandstones 

ranging in total thickness from approximately 60 ft at the western end of the field in production 

well D-6 to 145 ft at the eastern end of the field in production well D-4. Individual sandstone 

bodies are more likely to form a hydraulically connected unit nearer the axis of this sequence 

where the proportion of sandstone is higher than near the edges of these amalgamated bodies 

where there is less sandstone. 

The transmissivities estimated from the 1 992 pumping tests and the sandstone thickness 

data show that, in general where the amalagamated sequence is thicker, the sandstones are more 

permeable. Transmissivities from these tests range from 5 10 ft2/day in the vicinity of production 

wells D-6 to 1 ,946 ft2/day in vicinity of production well D-4. From these values and the net 

sandstone thicknesses in the pumping and observation wells the sandstone hydraulic conductivity 

ranges from 1 0.6 ft/day in vicinity of D-6 to 22.3 ft/day in the vicinity of production well D-2. 

Sandstone storativities are typical of confined aquifers and varied from 6.799 x 10-5 in the 

vicinity of D-6 to 2.667 x 1 0-4 in the vicinity of D-4. Considering the variation in net sandstone 

thickness between the pumping and observation wells in each test, specific storage varied from 

1 .013  x 10-6 ft- l in D-5 to 2 . 1 58 x 10-6 fr l in the vicinity of D-3.  Subsurface mapping using 

the available geophysical logs indicates that the more hydraulically connected part of this 

sequence is on the order of 0.5 to 1 mile in width throughout most of the wellfield. These width 

estimates are consistent with the results of the 1992 pumping tests conducted for each production 

well in the field. 
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Ground-water Flow and Water Quality 

Regionally, ground-water flow in the Dakota aquifer is from recharge areas in 

southeastern Colorado northeastward to points of discharge in the river valleys of north-central 

Kansas. Locally, the few pre-development water-level elevation data available from wells 

outside the wellfield and the more recent measurements taken within the wellfield prior to 

pumping indicate that ground-water flow is from west to east across the field. Regional ground

water flow models of the Dakota aquifer that include the wellfield vicinity indicate that a small 

amount of water enters the upper Dakota aquifer from the overlying confining unit as leakage, on 

the order of a few percent of the lateral flow (Macfarlane, 1993). 

A number of local factors control the steady-state flow of ground water through the 

wellfield, including the hydraulic conductivities of the sandstone aquifer and the surrounding 

mudstone, the geometry of the sandstone aquifer with respect to the flow field, and the thickness 

and width of the sandstone aquifer. The hydraulic gradient is highest between D-6 and D-5 

where the hydraulic conductivities are the lowest. In contrast, the hydraulic gradients are 

relatively very low and the hydraulic conductivity of the aquifer is generally higher nearer the 

eastern end of the wellfield. However, sandstone makes up more of Subunit 2 of the Dakota 

Formation from D-3 to D-4 and the sandstone aquifer appears to be at least as wide in the eastern 

part of the field as it is in the west. Furthermore, sandstone also constitutes a significant fraction 

of Subunit 1 of the Dakota Formation in this part of the field and is not present in the western 

part. The trend of the sandstone aquifer in Layer 2 of the Dakota Formation is subparallel to 

regional flow in the Dakota aquifer. In contrast, the aquifer in the eastern part of the wellfield is 

oriented obliquely to regional flow in the central and western part of the wellfield. The change in 

aquifer orientation with respect to regional flow would act to slightly reduce the apparent 

hydraulic gradient through the eastern part of the wellfield. 

Water in the confined Dakota aquifer in the Hays region ranges from slightly to 

moderately saline. The finer grained sediments in the aquifer generally contain higher salinity 

water. The freshest waters are in the most permeable sandstone units in the Dakota Formation in 

the upper Dakota aquifer. The chemical water type in the sandstone units of the aquifer is 

sodium-chloride. Chloride concentrations in the waters range from a few hundred to a few 

thousand mg/L and sulfate contents are typically a few to several hundred mg/L. Cation 

exchange of calcium and magnesium for sodium on clays in the regional aquifer to the west and 

within the Hays area has created soft waters with low dissolved calcium and magnesium 

concentrations. The release of sodium to solution during the exchange results in sodium 

concentrations in the water that exceed or are the same as chloride contents for waters with 

dissolved chloride up to several hundred mg/L. The exchange process elevates the pH to within 

the 7.5-8.5 range. The low calcium content allows calcium minerals containing fluoride to 
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dissolve and increase fluoride concentrations substantially. Nitrate concentrations are very low 

(<1 mg/L) but ammonium ion contents may be a few tenths to a mg/L or more. 

Waters in the uppermost portion of the aquifer can have greater calcium, magnesium, and 

sulfate concentrations and smaller chloride contents than in the sandstone units probably as a 

result of small amounts of recharge from overlying Cretaceous limestones and shales that contain 

gypsum or pyrite undergoing weathering. Waters deeper in the aquifer in the Kiowa Formation 

and Cheyenne Sandstone contain much higher salinity. The source of the salinity in the Dakota 

aquifer is upward dispersion of saltwater from the Permian strata; the saltwater in the Permian 

originated from dissolution of rock salt. The salinity of the water in the Dakota aquifer was 

greater in the recent geologic past than today. Regional flow from the west passing through the 

permeable sandstones is slowly flushing the salinity from the aquifer. Upward dispersion of 

Permian saltwater partially offsets this dilution. The rate of flushing is too slow to be of 

consequence to changes in water quality over periods less than a thousand years. 

Ground water in the sandstone units of the Dakota Formation screened in the Hays well 

field for water supply is a slightly saline, slightly alkaline, sodium-chloride type water with low 

hardness (28-56 mg/L as CaC03) and nitrate ( <0. 1 mg/L) contents but relatively high fluoride 

concentration (4.0-4.2 mg/L). Waters in the western two-thirds of the well field (supply wells D-

1 ,  D-3, D-5, and D-6) are very similar in chemistry and have a small range in constituent 

concentrations. The TDS for waters from these wells is a little more than 1 ,600 mg/L and 

sodium, chloride, and sulfate concentrations are within the ranges 604-612, 565-585, and 237-

245 mg/L, respectively. Ground water in the eastern part of the Dakota well field is more saline, 

probably as a result of the general increase in salinity in the aquifer to the east in Ellis County 

and the constriction in the sandstone bodies between the 4 western and the two eastern wells. 

The estimated pre-pumping ranges in sodium, chloride, and sulfate concentrations in the ground 

water from the sandstone intervals screened by supply wells D-2 and D-4 are 630-660, 600-650, 

and 240-260 mg/L, respectively. 

The 1997 Pumping Tests 

Two multi-day pumping tests were performed by the KGS in the Dakota wellfield in July, 

1997. The major objective of these tests was to obtain information about the hydraulic and 

geochemical responses of the wellfield to extended periods of pumping. Pumping tests were 

conducted on production wells D-6 and D-1 and the observation wells were used to obtain 

drawdown and recovery data from each test. In the D-6 pumping test and the following recovery 

period type curve analyses were conducted on MD-6, the closest observation well, and MD-5 and 

MD-1 located much farther to the east. In the D- 1 pumping test, only the early segment of the 

drawdown data from MD-1 was used in the analysis because of electrical and back-pressure 
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problems. The purpose of these analyses was to obtain parameter estimates for input into a 

numerical model of the wellfield. From the D-6 pumping test, the estimated transmissivity and 

storativity were 584 ft2/day and 6.95 x 10-5, respectively. The width of the sandstone aquifer in 

the vicinity of D-6 is 6,000 ft and was estimated from the distance to impermeable boundaries 

calculated from the test data. From the D- 1 pumping test, the estimated transmissivity and 

storativity were 859 ft2/day and 9.49 x 10-5, respectively, and the width of the sandstone aquifer 

was determined to be 3,500 ft. These results compare favorably with the hydrologic parameter 

values calculated from the 1992 tests and the estimated width of the sandstone aquifer in the 

vicinity of each pumping well from pumping test analysis and the subsurface mapping. The 

effects of recharge are quite pronounced in the later portions of both pumping tests. The effects 

of recovery from antecedent pumping are also quite pronounced in all but the nearest observation 

wells used in both tests. Although it is not possible to precisely specify the source of recharge on 

the basis these analyses, leakage from adjacent low-permeability units is probably the most 

significant recharge mechanism. 

Water-level and Water-quality Responses to Pumping 

The Dakota wellfield has been operated periodically since April, 1993, with three distinct 

periods of pumping: April-July, 1 993; February, 1994-July, 1997; and January, 1998-June, 1999. 

In first period of production nearly all of the wells were pumping for an average combined 

withdrawal rate of 267 gal/min from the field over a three-month period (less than 50 gpm per 

well). In the second and third pumping periods, water was withdrawn from the field one well at 

a time on a weekly schedule of rotation and the average withdrawal rate was approximately 50 

gal/min for both pumping periods. 

The effect of pumping and recovery on water levels in the field is pronounced. The first 

period of pumping was characterized by relatively high total withdrawal rates from the wellfield 

and water-level declines ranged from 66.3 ft in D-4 to 107.37 ft in D-6. However, at the end of 

the first period of well shutdown (229 days), water levels in the field were within about 5 ft of 

their pre-pumping levels. In the second and third pumping periods, water-level declines were 

much less than half of the declines experienced during the first pumping period. In that latter 

part of the second pumping period water levels in most of the observation wells appeared to 

stabilize at lower levels as pumping continued. By the end of the second period of well 

shutdown ( 153 days), water levels in the field recovered to within about 10 ft of pre-pumping 

levels. The apparent stabilization of water levels was not observed by the end of the much 

shorter third pumping period. 

Pumping stresses do not appear to cause significant changes in the water quality of the 

four supply wells (D-1 ,  D-3, D-5, and D-6) in the western two-thirds of the Dakota well field. 
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Pumping stress does cause an increase in the salinity of the two supply-well (D-2 and D-4) 

waters in the eastern one-third of the well field. Sodium, chloride, and sulfate concentrations as 

high as 8 1 2, 875, and 287 mg/L, respectively, have been observed in water from well D-2 and as 

high as 695, 705, and 256 mg/L, respectively in water from well D-4 based on KGS analyses. 

The source of greater salinity is most probably more saline water from deeper in the aquifer. The 

increase in salinity in wells D-2 and d-4 but not in D- 1 ,  D-3, D-5, and D-6 may be related to 

faster lateral transfer of less saline water in wider sandstone bodies and larger areas of 

connection between sandstone subunits in the western section of the wellfield that in the eastern 

part. The ground water quality in wells D-2 and D-4 appears to return to nearly the original 

salinity before development when these wells are not pumped for a week or more. Continued 

monitoring of the well-field waters will be important to confirm whether this behavior continues 

or whether there is a long-term increase in the salinity of water produced from the wells. The 

accuracy of the water analyses is very important for being able distinguish significant variations 

in the well-water quality. Significant change in a chemical constituent can only be confidently 

discerned where the change is greater than the maximum analytical error. Based on the observed 

changes observed in the study, the analytical error in chloride and sulfate concentrations should 

be less than 10% in order to observe future quality variations of significance. 
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IN THE DAKOTA WELL FIELD OF THE CITY OF HAYS, 

ELLIS COUNTY, KANSAS 
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A s eries of s lug tests was performed by the Kansas Geological 

Survey in the moni toring wel l s  in the Dakota wel l  f i eld of the city 

of Hays in E l l i s  County , Kansa s  in June of 1 9 9 7 . The maj or 

obj ective of thi s  test program was to assess the suitabil ity o f  the 

monitoring wel l s  for use as observation well s  in pumping tests . 

These slug tests demonstrated that the hydraul ic connect ion with 

the Dakota sands was good enough for thi s  purpose at all f ive 

wel l s . Al though tests at one wel l (MD -1 )  indicated the presence o f  

a l ow-permeab i l ity wel l  skin , that wel l  i s  rel atively far from the 

nearest pumpi ng wel l ,  so the skin should have l ittl e  to no impact 

on drawdown during a pumping test . Tests at two wel l s  (MD-5 and 

MD- 6 )  indicated that the annular s ea l s  at those wel l s  are l i kely 

incomplete . Thi s  condition , however , should not a f fect the 

suitabil ity of these wel ls for u s e  as observation wel l s  in pumping 

i tests . Responses at four o f  the f ive wel l s  were osci l latory in • 
nature , a product of the long column o f  water above the screened 

ii. interval , and required use o f  recently devel oped approaches for 

data anal ys i s . The hydraul i c  conductivity estimates determ ined 

from thi s  series of s lug tests ranged from 4 - 1 3  ft/day . These 

L values should be cons idered l ower bounds on the hydraul ic 

conductivity o f  the Dakota sands i n  the vicinity o f  the monitoring 

wel l s  because o f  uncerta inty about the effective screen l ength and 

the degree of anisotropy . 
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INTRODUCTION ,,,. I ' j 
l 

A series of slug tests were performed by the Kansas Geological 

Survey ( KGS ) in the monitoring wel l s  in the Dakota wel l  fi eld o f 

the city of Hays in E l l i s  County , Kansas in June of 1 9 9 7 . This 

work was done as part of an extens ion of the Dakota Aqui fer 

Program , a multi-year research e f fort of the KGS d irected at 

developing an understanding of the hydrologic , water-qual ity , and 

water-resources-management ram i fications of increased uti l i zation 

of the Dakota aqui fer in centra l and western Kansas (Macfarlane et 

al . ,  19 9 0 )  . This extens ion o f  the Dakota Aqui fer Program wa s 

funded by the city of Hays for the speci f ic purpose of evaluating 

the long-term effect o f  water-resources development on the Dakota 

aqui fer in the vicinity of the c ity ' s  Dakota wel l fieid .  P .  Allen 

Mac farlane of the Geohydrology S ection of the KGS served as the 

principal investigator for thi s  proj ect . 

The slug tests that are the subj ect of this report were 

performed to assess the suitabi l ity of the monitoring wel l s  for use 

as observation wells in pumping tests in the Dakota wel l  field . 

The maj or focus of thi s  assessment was on the degree of hydraulic 

connection between the monitoring wel l s  and the Dakota sands . Thi s  

report describes the procedures used for the performance and 

analysi s  of these slug tests . Approximately a month a fter the 

completion of the tests described in this report , two multi -day 

pumping tests were per formed in the Dakota wel l  field us ing the 

monitoring wells as observation wel l s . The performance and 

analysi s  of those pumping tests , along with detai l s  concerning the 
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hydrogeology o f  the wel l  Meld 'a.n·d its vicin ity , are described i n  

separate reports . 

The location o f  the Dakota wel l  f ield i s  i n  E l l i s  County , j us t  

south of the c ity o f  Hays , Kansas .  Figure 1 shows the pos ition o f  

the wel l  field relative to the c ity o f  Hays , and the di stribution 

of pumping and monitoring wel l s  with in the wel l  field . The s l ug 

tests that are the subj ect o f  thi s  report were performed at the 

monitoring wel l s  ( wel l s  with "MD" pre fix on F igure 1 ) . Table 1 
provides wel l  construct ion i n formation for each o f  thes e  wel l s . 
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Figure 1 - Location map for the Dakota wel l  field of the c ity o f  

Hays ( pumping wel l s  label led with pre fix " D" and monitori ng wel l s  

label l ed with prefix "MD" ) 
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Well No. Borehole Casing Total NSI'' Sand Grout 
Radius' Radius Depth3 Thickness5 Interval 

(ESR)2 

MD- 1 0.333 0.08 1 557  472-557 37 0- 30 
(0.333)  360-400 

MD-2&3 0.333 0.08 1 496 425-435 46 0- 30 
(0.333) 455-495 260-280 

360-380 

MD-4 0.333 0.08 1 475 407-475 1 3 3  0- 30 
(0.333) 295-328 

MD-5 0.333 0.08 1 no no 88 no 
(0.333)  info.6 info.6 info .6 

l\ID-6 0.333 0.08 1 548 486-502 30 0- 30 
(0.333) 5 12-547 400.:.4307 

1 - units for information in this and remaining columns are ft. 

2 - ESR - effective screen radius 

3 - depths are from land surface in this and remaining columns 

4 - NSI - nominal screened interval 

5 - estimates provided by P. Allen Macfarlane 

6 - no WWC-5 form available for this well (P.  Allen Macfarlane, personal communication) 

7 - WWC-5 form states that grout extends to a depth of 530 ft. This is undoubtedly a typographical 
error, so 430 ft is assumed to be the correct figure. 

Table 1 - Well construction information for monitoring wells  in Dakota well field of the city of Hays 
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, . 
METHODOLOGY "Y 

This program of slu� tests was carried out following a 

recently defined set of guidel ines for the des ign , performance and 

analysis of slug tests ( Butl er et al . ,  1 9 9 6 ; Butler , 19 9 7 ) . These 

guidel ines were the product of a mult i-year KGS research effort 

directed at improving slug-test methodology . The pneumatic method 

( Butler , 1 9 9 7 )  was used for test initiation at all five monitoring 

wells . This method involves placing an a ir-tight wel l-head 

apparatus ( Figure 2 )  on top of the wel l and pressuriz ing the a i r  

column i n  the sealed wel l  cas ing . Thi s  pressurization produces a 

depress ion of the water level in the wel l  as water is driven out of 

the well and into the formation in response to the increased 

pressure in the overlying air column . The water l evel . continues to 

drop until the magnitude of the total decrease in the pressure head 

of the water equal s  the magnitude of the total increase in the 

pressure head of the air column . At that point , the wel l has 

returned to static conditions ( i . e .  a pressure transducer in the 

water column has the same reading as prior to pressurizat ion) , and 

the test can be initiated by a very rap id depressurizat ion of the 

air column us ing the release valve shown in Figure 2 .  A s lug test 

initiated in this manner produces a flow of water into the wel l . 

S ince the depth to water exceeded 2 0 0  ft at all  f ive monitoring 

wel ls , complete depressurizat i on of the air column took several 

seconds . Figure 3 presents normal ized head ( head rel ative to 

static normali zed by the magnitude of the initial displacement 

( H0 ) )  versus the logarithm of t ime s ince test initiation plots for 
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s l ug tests performed at ,1hre�
. pf the monitoring wel l s . The 

osc i l lations in the first �hree to four seconds of the tests shown 

on F igure 3 are a product of pres sure disturbances produced by the 

non-instantaneous depressuri z at i on of the air column . S imilar 

early-time osc i l l ations were seen in al l of the tests described in 

thi s  report . S ince these osc i l l ations were a product of the 

init iation method , and not of the properties of the format ion , they 

were ignored during the analys i s  of the response data . 

Tab l e  2 shows the schedul e  and detai l s  of the s l ug tests 

performed in the Dakota wel l  field . At least three tests were 

performed at each wel l  fol l owing the guidel ines of Butler et al . 

( 19 9 6 )  and Butler ( 19 9 7 ) . The initial displacement ( H0 ) was varied 

by close to a factor of two during the series of tests at each wel l  

i n  order to assess the importance o f  nonl inear mechanisms . In 

addit ion , an attempt was made to perform at l east two of the tests 

using approximately equal H0 to assess the s igni ficance of dynamic 

skin effects . The f i fth column in Table 2 i s  a relative measure o f  

how close the wel l  had returned t o  static conditions prior to 

depressurization of the air column . As shown in the tab l e , 

recovery exceeded 9 5 %  in most cases . Butl er ( 19 9 7 ) demonstrated 

that such a sma l l  degree of incomplete recovery ( less than 5% in 

most cases ) can be ignored for practical appl ications . The s i xth 

column in Tab l e  2 is the ratio recommended by Butl er ( 1 9 9 7 ) for 

assess ing the relative speed of test initiation . Although Figure 

3 indicates that the pneumatic method d id not strictly sat i s fy the 

instantaneous- init iation assumpti on requi red for some theoret ical 
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s lug-test models , the vatf�es ' -given in column s ix of Table 2 

indicate that test initi �t ion can 
'

be cons idered instantaneous 

rel at ive to the response of the Dakota sands in virtua l l y  a l l  

cases . Note that since Table 2 indicates that the rat io o f  H0 over H� 

was close to one for a l l  tests , no dist inction is made between H0 

and tt; for the rema inder of th i s  report . 

For a l l  the slug tests described in this report , changes in 

water level were measured us ing a pressure transducer ( an In-S itu 

PXD-2 6 1  series 0 - 2 0  psig transducer ) connected to a data logger 

( Campbell Scient i fic CR5 00 data l ogger)  . Air pressure within the 

sealed cas ing was monitored us ing a pressure transducer ( an 

Instrumentation Northwest PS9 0 0 0  series 0-3 0  psig transducer) and 

an analog pressure gauge ( Davi s  I nstruments Model 1 0 8 2  series 0 - 3 0 

ps ig gauge ) . Cas ing pressuri z ation was accompl ished us ing a 

gasol ine-powered a ir compressor . 

The slug-test response data were analyzed by comparing the 

data to theoretical model s  that were thought to cl osely resemble 

the test configuration . In thi s  work , two theoret ical model s  o f  

slug tests i n  confined aqui fers were used : 1 )  the model of Cooper 

et al . ( 19 6 7 )  for slug tests in ful ly penetrating wel l s  in confined 

aqui fers ; and 2 )  the l inearized variant of the model of McElwee et 

al . ( Butler , 1 9 9 7 ; McElwee and Z enner , 1 9 9 8 ) for oscill atory s lug 

tests in wel l s  in conf ined aqu i fers . In addition to approaches 

based on theoretical slug-test mode l s , the approx imate 

deconvolution method of Peres et a l . ( 19 8 9 )  was also ut i l i z ed . As 

explained by Butler ( 19 9 7 ) , thi s  method involves trans forming the 

9 

I 
ii 
j 
ii 
j 
d 
I 
i 
i 
i 
� 
I 
a 
I 
I 
I 
I 
I 
I 



slug test response data j�)to t�� equiva l ent drawdown that woul d  

have been produced b y  a cortstant rate o f  pumping a t  the test wel l .  

The equival ent drawdown i s  then ana l y z ed with the Cooper-Jacob 

semi l og method for constant-rate pumping tests in confined aqu i fers 

{ Kruseman and de Ridder , 1 9 9 0 )  • The approximate deconvolution 

method was used in thi s  work because o f  its superiority in cases 

where low-permeabi l ity wel l  skins a re affecting the response data . 

In a l l  cases , the general strategy for the analys i s  fol lowed the 

guidel ines presented in Chapter 1 3  o f  But l er { 1 9 9 7 ) . Analyses 

using the Cooper et al . model were performed with SUPRPUMP , an 

L automated wel l -test ana l y s i s  package developed at the Kansas 

Geological Survey { Bohl ing et a l . ,  1 9 9 0 ; Bohl ing and McEl wee , 

1 9 9 2 ) , whi l e  analyses us ing the l inear i z ed variant o f  the McElwee 

et al . model involved graphical comparis ons of data plots with type 

curves generated u sing the Mathcad s oftware package ( MathSoft , 

L 1 9 97 ) . Analyses with the approximate deconvoluti on method of Peres 

et al . were performed using the DERIV p rogram of Spane and Wurstner 

( 19 9 3 )  to compute the equival ent drawdown , and l inear regre s sion 

routines in the Axum software package { MathSoft , 1 9 9 6 )  to compute 

the best-fit s traight l ine for the C ooper-Jacob semilog method . 

L Note that stati c  water l evels at a l l  f ive monitoring wel l s  were 

t. • 

� ... la 

over 1 0 0  ft above the top of the Dakota s ands , s o  only models for 

confined aqu i fers were cons idered here . 

The primary parameter o f  i nterest for 

described in thi s  report was hydraul i c  

the test program 

conductivit y .  A 

considerabl e  amount o f  research { e . g .  , Cooper et a l . ,  1 9 6 7 ; McElwee 

1 0  



et al . ,  19 9 5 )  has shown t114.t sit1,gJe-wel l  slug tests do not provide 

good estimates of speci fic storage as ' a  result of the insens itivity 

of test responses to the storage parameter and the uncerta inty 

regarding the ef fective screen radius . The l ineari zed variant o f  

the McElwee et al . model , as do most theoret ical model s  o f  s lug 

tests with oscillatory responses , invokes this insensitiv ity to the 

storage parameter as j usti fication for the mathematical ly 

convenient neglect of the influence of speci fic storage on s lug-

test responses . Thus , the e f fect o f  specific storage wa s  assumed 

negl igible for the analys is of slug tests at the four monitoring 

wel ls that displayed oscil latory responses . For the one wel l  (MD-

1 )  that did not exhibit osc i l l atory behavior , the estimate o f  

speci fic storage obtained with the Cooper et al . mode� was used a s  

a screening tool fol lowing the guidel ines outl ined i n  Chapter 13  of 

Butler ( 199 7 ) . 

In general , one should not expect s l ug tests to produce 

hydraul ic conductivity estimates that a re equal to those obtained 

from the analysis of pumping-test data . As emphasized by Butler 

( 19 97 ) , the e ffect of incomplete wel l  development on parameter 

estimates determined from s lug tests w i l l  be difficult to avoid , s o  

hydraul ic conductivity estimates obta ined from s lug tests shoul d  

a lways be cons idered as lower bounds o n  the conductivity o f  the 

formation in the vicinity of the test wel l . The existence of an 

anisotropy in hydraul ic conductivity can lead to a further 

underprediction in hydraul ic conductivity s ince the assumption o f  

isotropy i s  commonly adopted for ana lys is purposes . Incomplete 
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development and anisotro�·, ho'Y'�ver ,  wil l  have much less o f  an 

impact on parameters determined from 'analyses of drawdown measured 

during a pumping test . Thus , hydraul ic conductivity estimates 

determined from pumping tests are genera lly larger than those 

determined from s l ug tests ( Butl er and Hea ley , 1 9 9 8 ) . 

The primary purpose of th� s l ug tests described in th is report 

was to assess the hydraul ic connect ion between the monitoring wel l s  

and the Dakota sands . The hydraulic connection for a wel l  was 

deemed reasonabl e  as long as the hydraul ic conductivity estimate 

determined from s l ug tests at that wel l  was cons idered plaus ible 

for the Dakota sands in the vicinity o f  the Hays wel l  field . The 

plaus ibil ity o f  a conductivity estimate was assessed by comparing 

the value to conductivity estimates obta ined at other s ites in the 

Dakota aqui fer . This comparison required the convers ion o f  the 

Hays slug-test estimates to the standard laboratory conditions for 

reporting hydraul ic conductivity values (pure water at 15 . 6  deg . c 
( Fetter , 1 9 9 4 )  ) . Temperature measurements made in July o f  1 9 9 7  

during col l ection o f  water samples for the two multi-day pumping 

tests showed that the average groundwater temperature in the Dakota 

sands in the Hays wel l  f ield is approximately 2 1 . 5  deg . c .  Thus , 

the s lug-test e st imates had to be multipl ied by 0 . 8 6 to correct for 

the 5 . 9  deg c temperature di f ference from standard conditions for 

reporting hydraul ic conductivity values . Note that l aboratory data 

deta i l ing viscos ity and density changes as a function of sodium 

chloride concentration ( Weast , 1 9 7 6 )  indicate that the hydraul ic 

conductivity estimates do not need to be corrected for sal inity at 

1 2  



any of the wel l s discusseJ''
in th!s report . 

I 
In the fol lowing sections , the results of the anal yses of the 

tests performed at each mon itoring wel l  wi l l  be described in the 

order in which the tests were performed . 
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Figure 2 - Hypothetical cross sect i on depicting a wel l  at which the 
pneumatic method is being used for test initiation ( Butler , 1 99 7 )  · 
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Hays Dakota Wel l  F ie ld  
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Figure 3 - Normalized head ( H ( t ) /H0 , where H ( t )  is measured 
deviation from static and H0 is magnitude of the initial 
d isplacement) versus the logarithm of t ime s ince test initiation 
for slug tests at three monitoring wel l s  in the Dakota wel l  fiel d . 
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Date Test Test Ho* (ft)2 HJHo* 4 

Well1 No. %Rec3 

6/10/97 MD-2&3 1 5 .32 98.9 1 .07 

2 1 0.24 98.9 1 .0 1  

3 1 0.3 1 98.9 1 . 0 1  

6/10/97 MD-I I 8 .91  95.55 1 .03 

2 4.8 1 92.86 1 . 06 

3 8 .79 9 1 .96 1 .03 

6/10/97 MD-5 I 6.68 92.25 1 .05 

2 3 .25 95.66 1 .2 1  

3 8.89 97.36 1 .02 

6/1 0/97 MD-6 I 1 2.74 95.25 0.9 1 

2 1 1 .60 99.2 0.95 

3 1 1 .77 99.6 0.96 

4 7.43 99.4 0.99 

6/1 1/97 MD-4 I'  1 1 .07 98.65 1 .0 1  

2 1 0.75 99.9  1 .03 

3 10 .42 99. 7 1 .02 

4 6.25 99.5 0 .93 

Table 2 - Schedule and details of slug tests performed in Dakota well field of the city of Hays 
(footnotes on following page) 
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I - wells listed in order in which tests v4fe performed 

2 - expected Ho measured by air-pressur� transducer 

3 - percent recovery - relative measure of how close well had returned to static conditions prior to 
test initiation - one minus ratio of distance from static at time of test initiation over H0 (both based 
on water-pressure transducer readings) times 1 00 

4 - H0 measured at time of test initiation with water-pressure transducer over expected H0 measured 
with air-pressure transducer - values greater than approximately 1 .05 are a product of sensor noise 
and the methodology used to estimate Ho from the water-pressure transducer readings, while values 

less than about 0.95 may be an indication of a test initiation that was non-instantaneous relative to 
the formation response 

5 - Ho value determined from water-pressure transducer may be in error due to thermal effects and 
well development accompanying test 

6 - small air leak somewhere in well and well-head apparatus affected Ho reading 

• • 

7 - significant portions ofresponse data inadvertently deleted during transfer of data from datalogger j 
to laptop computer 
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WELL MD- 2 & 3  
I j 

Three s lug tests wer� performed at wel l  MD- 2 & 3  on June 1 0 , 

1 9 9 7 . Figure 4 i s  a plot o f  norma l i z ed head versus l ogarithm o f  

time for thi s  series o f  tests . As shown i n  the f igure , response 

data from all  three tests a re o sc i l l atory in nature . Although 

conventional theory holds that response data from repeat s lug tests 

should coincide when graphed i n  a normal i z ed format ( i . e .  

normal i z ed data should be independent o f  H0 ( Butler et al . ,  1 9 9 6 ) ) ,  

the norma l i z ed responses plotted on Figure 4 d i splay a d ependence 

on H0 • The most l ikel y  exp l anation for thi s  dependence i s  that 

nonl inear mechani sms { Chapter 8 of Butler,  1 9 9 7 ; McElwee and 

Z enner , 1 9 9 8 ) are affecting response data . The impact of these 

mechanisms , however , does not appear great . Note that the absolute 

value of the norma l i zed head for test one at the bottom of the 

f irst trough ( point A on Figure 4 )  i s  1 . 3  t imes greater than that 

o f  test three , whi l e  the normal iz e d  head for test one at the first 

peak (point B )  i s  1 .  1 t imes greater than that o f  test three . Thus , 

the relative di fference between the norma l i z ed responses for these 

tests decreases s igni ficantl y  dur ing the course o f  the tests , an 

indication that the influence of nonl inear mechanisms i s  

d iminishing with t ime . S ince the H0 for tests two and three 

d i ffered by l e s s  than 0 . 1  ft , the influence o f  dynamic skin effects 

can be assessed by examining the d i fferences b etween the normal i zed 

response plots for these test s . The s imilarity in the response 

plots indicates that dynamic skin e f fects are quite small at this 

wel l .  
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s ince neither the in�ueno� )of nonl inear mechanisms nor that 

of a dynamic skin appears l l arge , the response data were analyz ed 

with the l ineari zed variant of the McE lwee et a l . model . Figure 5 

is a plot of norma l i zed data from tests one and three , with two 

type curves from the l ineari z ed variant of the McElwee et al . 

model .  Each type curve is label led with Cd (dimens ionless damping 

parameter) and Le ( effective l ength of water column above the top 

of the screen ) values . Note that l ittle sign i ficance should be 

attached to d i fferences between test responses and the type curves 

prior to point A because of the relatively l arge influence of non

instantaneous depressurization and nonlinear mechanisms in the 

early portions of the tests . The Cd=0 . 9  type curve is considered 

the most reasonable fit to the data for two reasons : � )  this curve 

seems to closely match the osc i llation f requency of the test data ; 

and 2 )  this curve serves as an upper bound on the absolute 

magnitude of the response data . Note that the absolute magnitude of 

the normal i z ed response data at point A increases with decreases in 

H0 • Undoubtedl y ,  this increase would have continued i f  tests had 

been initiated with sma ll er H0 • The Cd=0 . 9  type curve appears to 

be a reasonable bound on the absolute magnitude of the norma l i z ed 

data for H0 approaching zero at A .  Thi s  type curve also appears to 

be a reasonable bound on the normal i z ed data at B .  Using the Cd 

and Le values determined from the type curve match , the wel l  

construction information from Table 1 ,  and the assumption o f  

i sotropy , the radial component o f  hydraul ic conductivity can be 

est imated us ing equation ( 8 . 9 c )  of Butler ( 19 9 7 ) , which i s  
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f '  
des ignated a s  equation ( 1 yt  for ' th'.i s  report : 

where 

I , 

K = � q r�n [ 1/ ( 2 1jr) + ( 1 + ( 1/ ( 2 1jr) 2) 0·5J 
r Le 2bCd 

b = effective screen l ength , ( L] ; 

Cd = dimens ionless damp ing parameter ; 

g = gravitat ional accel erati on , [ L2/T ] ; 

Kr = radial component o f  hydraul ic conductivity , ( L/T ] ; 

( 1 )  

Kz = vertical component of hydraul ic conductivity , ( L/T ] ; 

Le = effective length o f  water column above the top of the 

screen , [ L ] ; 

re = radius of wel l  cas ing ,  [ L] ; 

rw = effective radius o f  wel l  screen , [ L]  ; 

1j1 = 
JK�Kr d imens ionless . 

b/rw 
I 

The resulting hydraul ic conductivity estimate of 1 2 . 9  ft/day should 

be considered a l ower bound on the hydraul ic conductivity of the 

formation in the vicinity o f  wel l  MD-2 & 3  primari l y  because the 

nominal s creen l ength from Tabl e  1 was used for the effective 

s creen l ength in equation ( 1 )  and the a ssumption of i sotropy . As 

shown in F igure 2 . 4 B of Butler ( 19 9 7 ) , the e ffective screen l ength 

i s  undoubtedly less than the nominal s creen length a s  a result of 

� incompl ete wel l  development . Al though i sotropy was a ssumed for the 

2 0  



analys is , the sand thickn�s s  e�tjmate given in Table 1 indicates 

that there is l ittle pos� ibil ity o:f s lug- induced vertical flow 

outside the screened interval . For thi s  s ituation , previous 

theoretica l results , which are summari z ed in Figure 5 . 1 2 of Butler 

( 19 9 7 ) , indicate that the assumption of isotropy could produce an 

underprediction in hydraul ic conductivity of close to 50% .  Thus , 

incomplete wel l  devel opment and l ittle to no vertical flow outside 

the screened interva l could eas i l y  l ead to an underprediction in 

hydraul ic conductivity of close to a factor of two . Note that at 

this wel l  the nominal screen l ength ( 50 ft ) and the estimated 

thickness of the Dakota sands ( 4 6 ft ) are quite s imilar , so the 

nominal screen length was used as the e ffective screen length . At 

wells MD-1 and MD-6 , however ,  the estimated sand thickness is much 

less than the nominal screen l ength . For those wel l s , the 

estimated sand thickness was used for the effective screen length . 

The nature o f  the hydraul ic connection between well MD-2 & 3  and 

the Dakota sands was assess ed by comparing the hydraulic 

conductivity value determined in this analys is to values obtained 

at other s ites in the Dakota aqu i fer . The hydraul ic conductivity 

estimate of 1 2 . 9  ft/day converts to a value of 1 1 . 1  ft/day at the 

standard reporting temperature o f  1 5 . 6 deg . c .  A hydraul ic 

conductivity estimate of 1 1 . 1  ft/day i s  cons istent with other 

conductivity estimates obta ined for the Dakota aqu i fer in Kansas 

( e . g . , Macfarlane et al . , 1 9 9 0 ) . Thus , given that this estimate is 

a lower bound on the hydraul ic conductivity of the Dakota sands in 

the vicinity of well MD- 2 & 3 , the hydraul ic connection between the 
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wel l  and the aqu i fer appei(is reasonabl y  good . 

Note that the osc i l l a�ory responses seen in a l l  three tests at 

thi s  wel l  are usua l ly an indication of a formation of very high 

hydraul ic conductivity . However ,  a hydraul ic conductivity est imate 

of 1 2 . 9  ft/day is over an order o f  magnitude below what norma l l y  

would b e  cons idered "very high '' hydraul ic conductivity . As Ross 

( 19 8 5 )  and others have shown , oscil l atory b ehavior can be produced 

in cases where the water column above the top of the screen is 

quite long and the formation i s  only o f  moderate hydraul ic 

conductivity . Thus , at wel l  MD-2 & 3 , the oscil l atory responses are 

considered to be primarily a product o f  the long column of water 

above the top o f  the screen . Note that based on the wel l  
t_.. • construction i nformation given i n  Tab l e  1 and the depth to water 

h measurement taken immediately prior to the s lug tests on June 1 0 , 
.. 

1 9 9 7 , a value o f  1 8 4 . 3  ft was calcul ated for the l ength of the 

L column o f  water above the top o f  the s creen . Thi s  value i s  within 

4% of the estimate of the e ffective column length ( Le) determined 
# .. II from the analysis o f  the respons e  data . 
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Hays M D-2&3 

6/1 0/97 S l u g  Tests 

A 

Test 1 - H0= 5.32 ft 
Test 2 - H0= 1 0 .24 ft 
Test 3 - H0= 1 0 . 3 1 ft 

B 
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Figure 4 - Normal i zed head ( H ( t ) /H ) versus the logarithm of time 
s ince test initiation for slug tes�s at monitoring well MD-2 & 3 .  
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Test 1 - H0=5. 32 ft 

Test 3 - H0= 1 0 . 3 1  ft 
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F i gure 5 - Normal i z ed head ( H ( t ) /H0 ) versus the logarithm o f  t ime 
s ince test initiation plot for tests one a nd three at mon itoring 
wel l  MD-2 & 3  with two type curves from the l ineari z ed variant o f  the 
McElwee et a l . model ( type curve l abel s  defined in text ) . 
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WELL MD- 1 
l 

Three s lug tests were performed at we l l  MD- 1 on June 1 0 ,  1 9 9 7 . 

Figure 6 is a plot of norma l i zed head versus logarithm of time for 

this series of tests . As shown in the figure , the response data do 

not display the oscillatory behavior seen in tests at all the other 

monitoring wel l s  in the Hays wel l  f ield . The differences seen 

between tests at l ate times are mos t  l ikely a product of relatively 

minor dynamic skin effects and sma l l  errors in the H0 estimate s . 

There is no indication that nonl inear mechanisms are affecting the 

response data . 

The information presented in Tab l e  2 indicates that test one 

came closest to ful l recovery prior to depressurizat ion and that 

the H0 estimates obtained from the a ir- and water-pressure 

transducers were in reasonabl e  agreement for this test , so the 

response data from test one were considered the most appropriate 

data set to use for the estimation of hydraul ic conductivity . 

S ince tests at MD-1 do not display the osci l latory character 

observed at the other four monitoring wel ls , the data from test one 

were initially analyzed with the model of Cooper et al . Figure 6 

indicates that the early time data were strongly impacted by the 

non-instantaneous depressuri z ation of the cas ing , so data from the 

first 1 . 5  seconds were removed prior to the ana lys is . Figure 7 

displays the normal i zed data for test one and the best-fit Cooper 

et al . type curve result ing from the analysis of the truncated data 

set . The hydraul ic conductivity and speci fic storage estimate s  

determined through this analysis were 1 .  2 ft/day and 1 .  3xl0-7  ft- 1 , 
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respectively . Note that a °tpecif i-6 storage estimate o f  1 .  J x10·7  ft- 1 
l 

would be cons idered unreasonably l ow for the Dakota sands . As 

emphas i z ed by Butler ( 1 9 9 7 ) , an imp l ausibly l ow specific storage 

estimate i s  an indicat ion of a l ow-permeabi l ity well skin or a slug 

test with a s ign i ficant component o f  vertical flow ( vertical flow 

a ssumed negl igible in theoretical model of Cooper et al . ) .  S ince 

MD- 1 is screened essentially through the entire interval of Dakota 

s ands ( 3 7 ft according to the est imate given in Tabl e  1 ) , there is 

l ittle pos s i b i l ity that the test i nduced a s igni ficant component of 

vertical f l ow .  Thus , the most l ikely explanat ion for the 

implau s ibly low spec i f i c  storage e st imate is that there is a l ow-

permeabil ity wel l  skin at MD- 1 . 

As s tated in the Methodology section , the approximate 

deconvolut ion method o f  Peres et a l . ( 19 8 9 )  is o ften useful when a 

l ow-permeab i l ity wel l  skin i s  a f f ecting the response data . The 

data from test one at MD- 1  were therefore a l so analyzed with this 

l method . F igure 8 i s  a plot o f  the response data a fter they have 

been trans formed into the equiva l ent drawdown requ ired for the 

l Peres et a l . method . As described by Butl er ( 19 9 7 ) , the concave

downward curvature of the p l ot i s  a common feature of tests 

performed i n  the presence of a l ow-permeabil ity skin . The dotted 

l ine i s  the best- f it stra ight l ine to the equival ent drawdown 

b etween 2 0 0  and 4 0 0 seconds . U s ing the slope o f  thi s  line and the 

sand thicknes s  from Tabl e  1 ,  a hydraul ic conductivity est imate of 

3 . 8  ft/day i s  obta ined . S ince the equ ivalent drawdown plot has a 

d i stinct concave-downward curvature for the entire test peri od , 
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this estimate must be co�ider,�<1._1 a l ower bound on the hydraul ic 

conductivity o f  the Dakota 1 sands in the vicinity of the test well . 

I f  equival ent drawdown from later t ime interval s  could be uti l i z ed ,  

the hydraul ic conductivity estimate would undoubtedly be larger . 

Sensor and background no ise , however ,  preclude l ater time interval s  

from being used for th is test . 

In an ideal s ituation , the hydraul ic conductivity of the 

material immediately adj acent to the wel l  screen is the same as the 

bulk average conductivity of the formation . In such a s ituation , 

the various analys is methods should yield conductivity estimates 

that are quite s imilar ( e . g . , Chapter 5 of Butler ( 19 9 7 ) ) .  

However , in the case of tests performed at well MD- 1 , the 

conductivity estimate obtained using the approximate deconvolution 

method is over a factor of three l arger than that obtained with the 

Cooper et al . method . Given the character of these two methods , 

the most l ikely explanation for thi s  d i fference is that there is a 

low-permeabi l ity wel l  skin a ff ect ing test responses at MD-1 . 

S ince the maj or obj ective o f  thes e  slug tests was to assess 

the suitabil ity of the monitoring wel l s  for use as observation 

wells for pump ing tests in the Dakota wel l  field , the potent ial 

impact of this low-permeab il ity wel l  skin on drawdown measurements 

at MD- 1 must be cons idered . Butl er ( 1 9 9 0 )  and Butler and Liu 

( 1 9 9 3 ) performed theoret ical analyses of the impact of well skins 

in such s ituations . Given that MD- 1  is 4 8 4  feet ( P .  Al len 

Macfarlane , personal communicati on )  from D- 1 ,  the closest pumping 

well , and assuming that the wel l  skin is at most 1 . 5  feet in radius 
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and has a hydraul ic cond�iv.i;�Y,· that i s  one order o f  magnitude 

smal ler than that of the 1 format ion 1 thes e  theoretical analyses 

( Figure 6 of Butler ( 1 9 9 0 )  and F i gure 5 o f  Butl er and Liu ( 1 9 9 3 ) ) 

indicate that the wel l skin wi l l  have virtual ly no e ffect on 

drawdown during a pumping test . Thus , although the hydraul ic 

connection between wel l  MD- 1  and the Dakota sands i s  a ffected by 

the presence o f  a low-permeab i l ity wel l skin , the hydraul ic 

connection is adequate for the purpose s  o f  pumping tests performed 

at well D-1 and e l s ewhere in the Dakota wel l  field . 
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H ays M D- 1  

6/1 0/97 S l u g  Tests 
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Figure 6 - Normal i zed head ( H ( t ) /H0 ) versus the logarithm of time 
s ince test initiation plot for s lug tests at monitoring wel l  MD- 1 . 
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Figure 7 - Normal i z ed head (H ( t ) /H0 ) versus the l ogarithm o f  t ime 
s i nce test initiation plot for test one at monitoring well MD- 1 and 
the best-fit Cooper et al . type curve . 
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WELL MD-5 • .J 

Three s l ug tests were iperformed at we l l  MD- 5 on June 1 0 ,  1 9 9 7 . 

Figure 9 is a plot of norma l i zed head versus logarithm o f  time for 

thi s  series of tests . As shown in the figure , response data from 

a l l  three tests are sl ightl y  osc i l latory in nature . Al though there 

may be a sma l l  head dependence in the response data , the 

di f ferences between the normal i z ed responses a re most probably a 

product of rel atively minor dynamic skin e f fects . The most 

noteworthy characteristic of the s e  tests is the "two-stage " nature 

of the responses . The first stage , which lasts to approximately 

point A on Figure 9 ,  i s  osc i l la tory in nature , whi l e  the s econd 

stage is the classic overdarnped response characteri st i c  of s lug 

tests i n  format ions of moderate or l ower hydraul ic conductiv ity 

( see pp . 1 4 9 - 15 0  o f  Butl er ( 19 9 7 ) ) .  Figure 10 i s  a ·  plot o f  the 

logarithm of norma l i zed head versus t ime that more clearly displays 

the two-stage nature of the response data . 

Response data with the two -stage character displayed i n  
sr� la Figures 9 and 1 0  have apparently not previously been reported in 

L 

the l iterature . There a re several poss ible explanations for thi s  

phenomenon . Firs t , it i s  pos s ible that these tests were 

essentially over at point A a nd that responses a fter thi s t ime are 

s imply a product o f  sensor dri f t  or background trends . This 

explanation i s  cons idered unl ikel y  because all three tests 

recovered to approximately the s ame head ( the d i f ference between 

the head at the end of test 1 and that o f  test 3 was 0 . 0 0 2  ft ) . 

S ince there was no further change a fter thi s  head was reached , the 

3 2  



" ' ' 
trend explanation can be &l ed 6ut . S econd , it is possible that a 

I 
dynamic skin is responsible for the observed behavior . One could 

envis ion a s ituat ion in which material is mob i l i zed by the slug

induced disturbance and is moved in a manner such that responses in 

the l ater port ion of the test are overdamped in nature . This 

possibil ity , however , can be rul ed out on the basis of the 

cons i stency between tests . One would expect dynamic skin effects 

to have a l arge component of randomness . However , as shown most 

clearly in Figure 1 0 , there is very good consistency between 

response data from repeat test s . A third possibil ity is that the 

behav ior is somehow related to the pneumatic approach used to 

initi ate the slug tests . However , the same equipment and 

procedures were used for a l l  wel l s  tested in the Dakota wel l  field , 

so this expl anat ion is unl ike l y . I n  addition , the transducer 

monitoring air pressure in the cas ing indicated that the a ir 

pressure in the cas ing returned to atmospheric pressure very 

quickly a fter cas ing depressuri z at ion , and rema ined there for the 

durat ion of each test . 

The two most l ikel y  explanat ions are that the two-stage 

behavior is a product of a l ateral trans ition in hydraul ic 

conductivity or of a l eaky annular seal . The first of these 

poss ibil ities requires wel l  MD- 5  to be screened in material that is 

of higher conduct ivity than the surrounding formation . A 

trans i tion to material of lower hydraul ic conductivity at some 

d i stance from the wel l  could produce the shi ft from oscil latory to 

overdamped behavior . The agreement between the normal ized response 
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data from the three test.fr. ' 
i s  'cdnsistent with thi s  exp lanation . 

I 
Although it i s  poss ible that the hypothes i z ed higher-conductivity 

z one in the vicinity o f  wel l  MD- 5  i s  a product o f  dri l l ing and 

development , th is possibil ity must be cons idered rather remote as 

the z one woul d  have to have a rad ius o f  several to many meters in 

order to produce the two-stage responses . Thus , i f  a transit ion in 

hydraul ic conductivity exists , i t  i s  most l ikely a product of 

natural proce s ses . 

There have been many reports of non-oscil l atory , two-stage 

responses in wel 1 s screened at or near the water table ( e . g .  , 

F igure 6 .  6 o f  Butl er ( 1 9 9 7 ) ) . According to the hypothes i s  of 

Bouwer ( 19 8 9 ) , response s  in the f i rst stage at these wel l s  are a 

product of drainage o f  the f il ter pack , whi l e  those in the second 

are a product o f  l ateral flow in the formation . The l eaky annular 

seal explanation proposed here is an extens ion of this theory to 

s lug tests in highly permeabl e  conf ined aqu i fers . According to 

thi s  explanation , the screened interval is hydraul ica l ly connected 

to the water table as a result of an incomplete annul ar s ea l . 

S ince the filter pack i s  cons iderabl y  more permeable than both the 

Dakota sands in the v ic inity o f  the screened interval and the 

shales that l ine the borehol e  above the s creen , the filter pack 

dra ins relatively rapidly in response to test initiation . After 

the init ial period of drainage is comp l ete ( approximately point A 

L on Figure 1 0 ) , the effective cas ing radius of the wel l  is the 

rad ius of the borehole , mod i fied by the poros ity of the filter pack 

( equat ion ( 6 . 10 )  of Butler ( 19 9 7 ) ) ,  not the nominal cas ing radiu s . 
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In this theory , the early 4''scil•l alory behavior i s  a product o f  an 

initial effect ive casing ratlius equal ' to the nominal cas ing radius . 

The di sappearance o f  the osc i l l at ions is caused by the trans it ion 

to a larger e ffective cas ing rad ius . At wel l MD-5 , the borehol e  

radius i s  approximately four t imes larger than the nominal casing 

radius . A difference in rad i i  o f  thi s  s i z e  would cause over an 

order of magnitude increase in the dimensionless damping parameter 

( Cd ) , which , as shown in Figure 8 . 6  o f  Butler ( 1 9 9 7 ) , could eas i ly 

produce a trans ition from osc i l latory to overdamped conditions . 

Based on the response data from wel l  MD- 5 , it is d i f ficult to 

determine which o f  these f inal two poss ibi l ities is the most l ikely 

explanat ion for the two-stage character of the responses . However ,  

as wi l l  be discussed in the fol l owing section , similar . behavior was 

also seen at wel l  MD-6 . In fact , the trans it ion from oscil latory 

to overdamped behavior occurred at approximately the same time at 

both wells . S ince these two wel l s  have the same borehole and 

cas ing radi i ,  a s imilar transition time would be expected in the 

case of an incomplete annular seal . A s imilar transition time 

would have to be cons idered rather serendipitous for the lateral 

trans ition hypothes is . Thus , the l eaky annular seal hypothes is is 

cons idered the most l ikely expl anati on for the observed behavior . 

There are currently no model s  to analyze data with the two

stage character displayed in Figures 9 and 10 . I f  the lateral 

trans it ion hypothes is is appropr iate , the mode l of Kipp ( 19 8 5 )  

could be extended to consider th is s i tuation . This extension , 

however ,  has not yet been done . I f  the leaky annular seal 
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hypothes i s  i s  appropriate�. ' the . .  ms::idel o f  Hvorsl ev ( 1 9 5 1 ) could be 

used to fit the response �ata a fter point A on F igure 1 0 . The 

absolute heads for t imes a fter point A ,  however ,  are so sma l l  { <  

0 . 1 5 ft ) that the e f fects o f  a dynamic skin , background noise , and 

sensor resolution make these data o f  l ittle use for analysis 

purposes . Thus , the analys i s  o f  the response data can only be 

rather qual itative in nature . 

S ince osc i l latory behavior was observed early in the test , the 

l ineari z ed variant of the McElwee et a l . model can be uti l ized to 

estimate a l ower bound on the hydrau l i c  conductivity of the 

material adj acent to the screened interval .  According to thi s  

model , a Cd ( dimens ion less damping parameter) value o f  two i s  the 

transition between o sc i l l atory ( <2 ) and overdamped ( >2 )  responses . 

' Thus , s ince osc i l l atory responses were obs erved , a value of two 

would be a clear upper bound on the magnitude of Cd for these 

i. tests . Unfortunatel y ,  at the time thi s  report was prepared , there 

was no WWC-5 form available for well MD-5 ( P .  Al l en Mac farlane , 

personal communication ) .  Thus , estimates for the e ffective screen 

•1; l ength ( 8 0  ft ) and the e f fective l ength o f  the water column above • 
the top of the s creen ( as sumed equal to the nominal length of 1 7 8  

ft ) were obta ined from the nearby pumping wel l ,  D-5 , which was most 

probably screened over a s imilar interval .  The substitution of the 

Cd estimate and the wel l  construction parameters into equation ( 1 )  

y ields a hydraul ic conductivity estimate of 4 . 1  ft/day . Given the 

assumptions that were adopted for this analys i s  ( Cd=2 , e ffect ive 

cas ing radius equals nominal cas ing radius , etc . ) ,  the conductivity 
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of the material in the vic;(j'nity. . o;f we l l  MD-5 i s  l ikely a factor o f  

two t o  three t imes larger than this est imate of 4 . 1  ft/day . S ince 

this est imate is a very conservative l ower bound on the hydrau l ic 

conductivity of the Dakota sands in the vicinity of MD- 5 , the 

hydraulic connection between the wel l and the aquifer appears 

reasonab ly good . 

The maj or obj ective of this program of s lug tests was to 

assess the su itabil ity of the monitoring wel l s  for use as 

observation wells for pumping tests in the Dakota wel l field . 

Thus , the potential impact of a leaky annular seal on drawdown at 

MD-5 must be cons idered . The borehol e  is l ined w ith l ow

conductivity materials above the screened interval , so there i s  

l ittle potential for s igni f icant movement o f  water down the 

borehole during a pumping test . In thi s  case , the maj or effect o f  

a leaky annulus i s  t o  increase the influence o f  wel l -bore storage 

(a result of the larger effective casing radius ) .  For drawdown 

produced by pumping at wel l  D-5 , thi s  effect wi l l  be quite sma l l  

and l imited to very early t imes a fter init iation o f  pumping . The 

impact on drawdown produced by pumping at well s  other than D-5 wil l 

be negligible . 

The general conclusion o f  this analysis o f  the s lug tests at 

wel l MD-5 is that the wel l  seems to be in good hydraul ic connection 

with the Dakota sands . Although the annular seal is apparently 

incomplete , this condition wi l l  have l ittl e to no impact on 

drawdown produced by pumping in the Dakota wel l  field . 
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WELL MD- 6  .J 

I , 
Four slug tests were performed at wel l  MD- 6  on June 1 0 , 1 9 9 7 . 

F igure 1 1  i s  a plot of norma l i z ed head versus l ogarithm o f  t ime for 

th is series of tests , whi l e  Figure 12 is the same data in a 

logarithm of normal i z ed head versus t ime format . As shown in these 

figures , respons e  data from all four tests d isplay a two-stage 

character somewhat s imilar to that s een at wel l  MD-5 . In thi s  

cas e ,  however , test responses appea r  to b e  cl oser t o  the trans i tion 

between oscilla tory and overdamped behavior , as only data from test 

4 ( Figure 1 3 ) has a readily d iscern ib l e  osci l l atory character . The 

primary feature o f  the early-t ime data from the other tests i s  the 

concave-downward curvature that Butl er ( 19 9 7 )  states i s  a 

characteristic o f  response data near the trans it ion between 

l osc i l latory and overdamped responses . The s imilarity between the 

normal ized responses for the f i rs t  three tests indicates that 

dynamic skin e f fects can be a ssumed negl igible at thi s  well . The 

d i fference between the f inal test and the first three is most 

probably a refl ection of a head dependence in the response data . 

The dependence , however , i s  rel at ively small and can be ignored for 

the purposes of thi s  analys i s . 

The two most l i kely explanati ons for the two-stage character 

of the response data are , as d i scus s ed in the previous s ection , a 

l atera l transition into material o f  l ower hydraulic conductivity 

and a l eaky annular seal . S ince wel l s  MD-5 and MD- 6  have the s ame 

borehole and cas i ng rad i i , and response plots ( c f . F igures 10 and 

1 3 ) indicate a s imilar time for the trans ition from osci l latory to 
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overdamped responses , the 'reaky' ' ahnular seal theory is cons idered 
I 

the most l ikely explanation for the observed behavior . 

A lower bound on the hydraul ic conductivity of the Dakota 

sands adj acent to the screen interval can be est imated using the 

same approach as in the previ ous sect i on . A Cd (dimens ionless 

damp ing parameter) value of two , the wel l  construct ion parameters 

l i sted in Tabl e  1 ,  and an e ffective column length equal to the 

measured l ength of the water column above the top of the screen 

( 2 07 ft) can be substituted into equation ( 1 )  to obta in a hydraul ic 

conductivity estimate of 9 . 3  ft/day . S ince the oscillatory 

character of the response data at MD-6 is quite weak , the 

dimensionless damping parameter is probably close to the assumed 

value of two . Thus , this conduct ivity estimate should be within a 

factor of two o f  the hydraul ic conductivity of the material in the 

vicinity of the screened interva l . Note that this estimate o f  9 . 3  

ft/day converts to a value o f  8 . 0  ft/day at the standard reporting 

temperature of 1 5 . 6  deg . c .  G iven that this estimate i s  a lower 

bound on the hydraulic conduct ivity of the Dakota sands in the 

vicinity of MD-6 , but yet is stil l  consistent with other 

conductivity estimates obta ined for the Dakota aqu i fer in Kansas 

( e . g . , Macfarlane et al . ,  1 9 9 0 ) , the hydraulic connection between 

the wel l  and the aqui fer appears reasonably good . 

As di scussed in the previous section , the maj or effect o f  a 

leaky annulus is to increase the influence of well -bore storage . 

S ince well MD- 6 is approximately 2 6 1  ft ( P .  Allen Mac farlane , 

personal communication )  from D-6 , the nearest pumping wel l , the 
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impact o f  wel l -bore s tor�e o� 9rawdown wil l  be very smal l  and 

l imi ted to early t imes aft�r commencement of pumping at wel l D- 6 . 

The impact on drawdown produced by pumping at other wel l s  will  be 

negl igibl e . 

The gene ral conclusion o f  thi s  analys is o f  the slug tests at 

we ll MD- 6 is that the well s eems to be in good hydrau l ic connection 

with the Dakota sands . Although the annular seal i s  apparently 

incomplete , thi s  condition wi l l  have essent i a l ly no impact on 

drawdown p roduced by pumping in the Dakota wel l  field . 
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WELL MD-4 1.>· 
I 

Four slug tests were performed at wel l  MD-4 on June 1 1 , 1 9 9 7 . 

Unfortunately , much o f  the data for test one was inadvertently l ost 

as a result of a problem during the trans fer of data f rom the 

datal ogger to the laptop computer . F igure 1 4  i s  a pl ot o f  

norma l i zed head versus l ogar i thm o f  t ime for the last three tests 

o f  this series . As shown in the f igure , response data from a l l  

three tests were oscil latory in nature . The close agreement 

between responses f rom tests two and three indicates that dynamic 

skin e ffects were relatively minor at thi s  wel l . However ,  the 

differences between those tests and test four indicate that 

nonl inear mechanisms are a ffecti ng the test data . The impact o f  

these mechanisms i s  most pronounced i n  the early stages o f  the 

tests . Figure 1 5  i s  a norma l i z ed head versus l ogarithm o f  time 

plot that more clearly shows the d i f ferences between the tests . 

Note that the absolute value o f  the norma l i z ed head for test four 

at the bottom of the first trough ( p oint A on F igure 1 5 )  i s  1 . 8  

t imes greater than that o f  test three , whi l e  the norma l i z ed head 

for test four at the first peak ( p o int B) is 1 . 3  t imes greater than 

that of test three . An even greater decrease from A to B was s een 

in comparisons between tests two and four . Thus , the relative 

d i f ference between the norma l i z ed responses for these test 

decreases s ignificantly dur ing the course o f  the test , an 

indication that the influence o f  nonl inear mechan i sms i s  

diminishing with time . 

S ince the influence o f  nonl inear mechanisms appears to 
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s igni ficantly decrease du:Ping th� course of a test , the response 
l 

data were analyzed with the l inearized variant of the McElwee et 

al . model . Figure 1 6  is a plot o f  the normal i zed response data 

from test four , and two type curves from the l ineari zed variant o f  

the McElwee et a l . model . Each type curve is label led with Cd 

( dimensionless damping parameter)  and Le ( the e ffective l ength o f  

the water column above the screen) values . Note that independent 

cal culations based on a method described in Chapter 8 of Butler 

( 19 9 7 )  indicated that Le was approximately equal to the measured 

l ength of the water column above the screen ( 2 0 0 . 8  ft) for these 

tests . 

The Cd=l . 0 0 type curve is considered the most reasonable fit 

to the test data because it serves as an upper bound on the 

absolute magnitude o f  the norma l i zed responses . Figure 1 5  

indicates that the absolute magnitude o f  the normal ized response 

data at point A increases with decreases in H0 • Undoubtedly , that 

increase would have continued i f  tests had been initiated with 

smaller H0 • The Cd=l . 0 0  type curve appears to be a reasonabl e  bound 

on the absolute magnitude of the normal i zed response data for H0 

approaching z ero at A .  This type curve also appears to b e  a 

reasonable bound on the norma l i z ed response data at B .  

Substituting Cd=l . OO ,  Le=2 0 0 . 8  ft , and the wel l  construction 

information from Table 1 into equation ( 1 ) , and assuming isotropy 

in hydraulic conductivity , yields a hydraul ic conductivity estimate 

o f  8 . 0  ft/day . This estimate should be considered a l ower bound on 

the hydraulic conductivity of the Dakota sands in the vicinity o f  

4 7  
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wel l  MD-4 because the nomiW�l scr�en l ength is undoubtedly greater 

than the e f fective I screen l ength . S ince the estimated sand 

thickness i s  greater than the nominal screen l ength , there is the 

poss ibil ity of s lug- induced vert ical flow outs ide of the screened 

interval during thes e  tests . Thus , the assumption of isotropy 

should not be the source o f  a s igni f icant underprediction in 

hydraul ic conductivity at wel l  MD-4 . 

The nature o f  the hydraul ic connection between well MD-4 and 

� the Dakota s ands was assessed by comparing the hydraul ic 

conductivity estimate with values obtained from elsewhere in the 

Dakota aqu i fer . The hydraul ic conductivity estimate of 8 . 0  ft/day 

�·. conve rts to a value o f  6 .  9 ft/day at the standard reporting 
• 

tempe rature o f  1 5 . 6  deg . c .  Thi s  value of 6 . 9  ft/day is consistent 

� with other conductivity estimates obta ined for the Dakota aqui fer 

in Kansas ( e . g . , Mac farlane et al . ,  1 9 9 0 ) . Thus , given that this 

L 

e st imate i s  a l ower bound on the hydraul ic conductivity of the 

Dakota sands in the vicinity of MD-4 , the hydraulic connection 

b etween the wel l  and the aqu i fer appears reasonably good . 
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SUMMARY 

A series of slug tests was perfo'rmed by the Kansas Geological 

survey in the monitoring wel l s  in the Dakota wel l  field of the city 

of Hays in El l is County , Kansas in June of 1 9 9 7 . These tests were 

designed to assess the suitab i l ity of the monitoring wel l s  for use 

as observation wel l s  for pumping tests performed in the Dakota well 

field . Table 3 provides a summary of the results of the test 

program . In all cases , the evaluat ion of monitoring-well 

suitabil ity was based on a compari son of the estimates of hydraul ic 

conductivity l isted in Table 3 with that expected for the Dakota 

sands in the vicinity of the Hays wel l  fiel d . Based on this 

comparison , four o f  the five wel l s  appear to be in reasonable 

hydraul ic connection with the Dakota sands . The hydraulic 

connection at wel l  MD- 1 appears to be a ffected · by a l ow-

permeabi l i ty wel l  skin . Thi s  skin , however , wi l l  have l ittle to no 

L impact on drawdown during a pumping test in the Dakota wel l  field . 

Although analyses o f  response data from well s  MD-5 a nd MD-6 

L indicate that tests at those wel l s  appear to be a ffected by l eaky 

annular seal s , thi s  will have l ittle to no impact on drawdown 

during a pumping test in the Dakota wel l  field . Thus , the general 

·� conclus ion of the June 1 9 9 7  test program i s  that a l l  f ive • 

• 
L 

monitoring wel l s  are suitab l e  for use as observation wel l s  for 

pumping tests performed in the Dakota wel l  field of the city of 

Hays . 
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Test Well Hydraulic Hydraulic 
Conductivity Connection2 
Estimate (ftld)1 

MD- 1 > 3 .83 (3 .3)  incomplete4 

MD-2&3 > 12.9 ( 1 1 . 1) reasonable 

MD-4 > 8.0 (6.9) reasonable 

MD-5 > 4. 1 5  (3 . 5) reasonable 

MD-6 > 9.35 (8 . 0) reasonable 

1 - in general, estimates should be considered lower bounds on the hydraulic conductivity of the 
Dakota sands because of uncertainty regarding the effective screen length and the degree of 
anisotropy; values for standard reporting conditions (Fetter, 1 994) are given in parentheses 

2 - refers to hydraulic connection between the well and the Dakota sands 

3 - data at this well have clearly been affected by a low-K well skin, so hydraulic conductivity of the 
Dakota sands may be considerably greater than listed value 

4 - low-K well skin affecting hydraulic connection 

5 - response data indicate that tests at these wells are apparently being affected by leaky annular seals. 
Since there are no theoretical slug-test models that incorporate water movement in an incompletely 
sealed annulus, these tests were analyzed with an approximate approach that provides conservative 
lower bounds on the hydraulic conductivity of the Dakota sands. 

Table 3 - Summary of results of June 1 997 slug tests in the Dakota well field of the city of Hays 
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ABSTRACT 

Two mul t i -day pump ing tests were performed by the Kansas 

ii. Geologica l Survey in the Dakota we l l  field o f  the city o f  Hays in 

E l l is County , Kansas in July o f  1 9 9 7 . The maj or obj ective of these 

• 

tests was to obta in in formation about the hydraul ic and geochemical 

responses of the wel l  f ie ld to extended periods of pumping . Type 

curve analyses were performed on the drawdown data from the 

observat ion wel l  c l osest to each pump ing wel l . The purpose of 

these analyses was to obtain parameter estimates for input to a 

numerical model o f  the wel l f i el d . The transmiss ivity ( T )  and 

s torativity ( S )  o f  the Dakota sands estimated for the vicinity of 

wel l  D6 were 584 ft2/d and 6 . 9 5x l o -5 , respectivel y . The T and s of 

the Dakota s ands estimated for the v i cinity of wel l  · 01 were 8 5 9  

ft2/d and 9 .  4 9x 1 0 ·5 , respect ively .  These parameter estimates are in 

good agreement with those obta ined from pumping tests performed at 

the same wel l s  in 1 9 9 2 . Plots o f  drawdown versus t ime from both 

tests clearly show that the Dakota sands are o f  l imited width in 

the wel l  field and are bounded by units o f  rel atively l ow 

permeab i l ity .  Both drawdown and recovery plots indicate that there 

is a s igni ficant component o f  recharge into the Dakota sands during 

the course o f  these tests . Although the s ource of this recharge 

cannot be determined on the b a s i s  o f  these anal yses , leakage from 

adj acent l ow-permeabi l ity units i s  probably the most signi ficant 

recharge mechanism . 
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INTRODUCTION 

Two mult i -day pump ing tests were performed by the Kansas 

Geological survey ( KGS ) in the Dakota wel l  field of the city of 

� Hays in El l is County , Kansas in July of 1 9 9 7 . This work was done 

as part of an extens ion of the Dakota Aqu i fer Program , a multi-year 

research e f fort of the KGS di rected at developing an understanding 

o f  the hydrol ogic , water-qual ity , and water-resources-management 

ramifications o f  increased uti l i z ation of the Dakota aqu i fer in 

central and western Kansas (Macfarlane et al . ,  1 9 9 0 ) . Thi s  

extension of the Dakota Aqu i fe r  Program was funded b y  the c ity o f  

Hays for the speci fic purpose o f  eva l uating the l ong-term e ffect o f  

water-resources development o n  the Dakota aqu i fer i n  the vicinity 

of the city • s Dakota wel l  f i e l d . P .  All en Macfarlane of the 

Geohydrology S ection of the KGS s erved as the principal 

investigator for thi s  proj ect . 

The two pumping tests that are the s ubj ect of thi s  report were 

p erformed to gather more information about the hydraul ic and 

geochemical responses of the wel l  field to extended periods o f  

pump ing . Thi s  report describes the results o f  type curve analyses 

o f  the drawdown data col lected at the observation wel l  closest to 

each pumping wel l . The parameter estimates obtained from thes e  

analyses served a s  input to a numerical model used t o  s imul ate the 

wel l  field response to the pumpi ng stresses . That s imulation 

investigation i s  described in a separate report . 

The location of the wel l  f i e l d  i s  in E l l i s  County , j ust south 

I. o f  the city of Hays , Kansas . Figure 1 shows the pos it ion of the 
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wel l field re lative to the city o f  Hays , and the distribution of 

pumping and monitoring we l l s  within the wel l  field . During July o f  

1997 , multi-day pumping tests were performed a t  wel l s  D-6 and D- 1 .  

Prior , during , and after these tests , depth to water measurements 

were obta ined at a l l  of the wel ls shown on Figure 1 us ing a Sol inst 

electric tape . At monitoring we l ls MD- 6 , MD-1 , and MD-2 & 3 , these 

manual ly col lected data were supplemented by measurements obtained 

with pressure transducers ( In-S itu PXD-2 6 1  series 0-10 and 0 - 2 0  

psig transducers ) connected t o  data l oggers ( Campbel l Scientific 

2 1X and CRS O O  loggers ) . Use of the pressure transducers enabled 

changes in water levels at these wel l s  to be monitored at a much 

higher frequency than would be possible by manual means . During a 

pumping test , changes in water level at an observation wel l  are 

primarily a function of the portions of the aqui fer lying radia l ly 

outward from the observation wel l  ( Butler , 19 9 0 ) . Thus , 

observation wel l s  close to a pumping well can be the source o f  

valuable information about the hydraul ic properties o f  an aquifer . 

Transducers were placed in wel l s  MD-6 and MD- 1 so that a very 

extensive series of drawdown data could be obtained from the 

monitoring wel l  closest to the pumping wel l  in each test . The 

analys i s  of these drawdown data us ing conventional type-curve 

methods is the subj ect of this report . Note that since water 

l evel s  were over 100 ft above the top of the Dakota sands in a l l  o f  

the wel l s  during these two pump ing tests , the Dakota sands are 

classified as a confined aqui fer for the purposes of this report . 

S ince changes in atmospheric pres sure can induce changes in water 
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level within a confined aqu i fer ( Kruseman and de Ridder , 1 9 9 0 ) , 

barometric pressure was also monitored during the course of these 

tests . In this report , barometric pres sure data obta ined with a 

pressure transducer ( S etra Model 2 7 0  8 0 0 - 1 1 0 0  mill ibar) l ocated at 

wel l MD- 1 will be briefly discussed . At both D-6 and D-1 , the 

pumping rate was measured us ing in-l ine fl owmeters previously 

installed by the city o f  Hays . No field checks on the flowmeter 

readings could be obtained during these tests . A compl ete 

discuss ion of the pumping tests , al ong with detai l s  concerning the 

hydrogeology of the wel l field and its vicinity , can be found in a 

separate report . 

The drawdown and recovery measurements were analyzed by 

comparing the data to theoretical model s  that were thought to 

closely resemble the test configuration . In this work , two 

theoretical models of pumping tests in confined aqui fers were 

employed : 1 )  the infinite aqu i fer model o f  Thei s  ( Kruseman and de 

Ridder , 1 9 9 0 ) , and 2 )  the l inear strip model o f  Butler and Liu 

( 199 1 )  . The infinite aqui fer model o f  Theis was cons idered a 

logical model for analysis of the early portions o f  the pumping 

tests , for the period prior to the t ime at which the lateral 

boundaries of the Dakota sands began to s igni f icantly affect the 

drawdown data . The l inear strip model of Butler and Liu was 

derived for the purpose of analyz ing wel l  tests in conditions where 

the aqu i fer cons ists o f  a permeable strip ( channel ) embedded in a 

matrix of lower permeab il ity ( e . g . the Dakota sands in the vic inity 

of the Hays wel l  field ) , so it was cons idered a logical model for 

6 

� 
I 
I 
a 
ii 
j 
� 
j 
ii 
j 
� 
j 
j 
-
d 
I 
I 
I 
I 



analys i s  o f  the portions of the pumpi ng tests a fter the lateral 

boundaries began to s igni fi cantly a f fect the drawdown data . 

Analyses us ing the Thei s  mode l  were performed with SUPRPUMP , an 

'\ automated wel l -test ana lys i s  package developed at the Kansas 

Geological Survey ( Bohl ing et a l . ,  1 9 9 0 ; Bohl ing and McElwee , 

1 9 9 2 ) , whi l e  analyses performed w i th the strip model of Butl er and 

Liu involved manual comparisons o f  data plots with plots of the 

theoreti cal drawdown . 

The analys i s  of the drawdown and recovery data consi sted o f  

three phases . In the first phas e , the drawdown data were analyzed 

L with the infinite aquifer model o f  The i s . The obj ective of thi s  

L 
f� • 

analys is s tep was two-fo l d : 1 )  

transm i s s iv ity and storativity that 

to obtain estimates of 

a re una ffected by boundary 

influences ; and 2 )  to define the t ime at whi ch l ateral boundaries 

began to a ffect the drawdown d ata . In phase two , the drawdown data 

were analyzed with the strip model of Butl er and Liu . Thi s  

analysi s  s tep had three obj ective s : 1 )  t o  estimate the d i s tance 

from the pumpi ng wel l  to lat eral b oundaries with units of lower 

permeabi l ity ; 2 )  to estimate the m i nimum contras t  in transmis s ivity 

across the lateral boundaries ; and 3 )  to check on the 

transmis s ivity and storativity est imates obtained with the Thei s  

model . In phase three , the recovery ( re s idual drawdown) data were 

analyzed with the Butler and Liu s trip model us ing the format o f  

the Thei s  recovery method ( Krus eman and de R idde r ,  1 9 9 0 ) . Thi s  

analys i s  step had two obj ectives : 1 )  to check o n  the estimates 

obtained in the previous two s teps ; and 2 )  to assess the impact o f  
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recharge on the drawdown data . Note that the term recharge is used 

here in its most general sense to des ignate any mechanism that adds 

water to the Dakota wel l  field . Thus , for example ,  recharge could 

be a product o f  leakage from adj acent l ow-permeabi l ity units or of 

lateral flow in the sands driven by the regional hydraul ic gradient 

or previous pumping activities . In cases where the influence o f  

recharge i s  not great , its presence can often b e  best recognized 

from plots in the format of the Theis recovery method . 

In the following two sections , the results of this three-step 

analys is procedure are presented for the D-6 and D- 1 pumping tests . 

D-6 PUMPING TEST 

Well D- 6 was pumped at an approximately constant rate of 7 7  

gallons per minute ( gpm) from July 7 to July 14 , 1997 . The total 

duration of the pumping period was 1 6 8 . 6 5 hours ( 6 07 , 15 1  secs ) . 

After the pump was cut off , water l evel s  were allowed to recover 

for 9 5 . 68 hours ( 3 4 4 , 4 4 5  secs ) prior to commencement of pumping at 

wel l D-1 .  Col lection of recovery data continued until the pumping 

at D-1 began to affect water l evel s  at MD-6 . S ince it took over 

six hours ( 2 1 , 9 4 8  secs ) for that to occur , the total duration of 

the pumping and recovery period at wel l  MD-6 was 2 7 0 . 43  hours 

( 9 7 3 , 5 4 4  secs ) . A total of 1 0 , 4 3 1  transducer readings were 

acqui red during th is period . F igure 2 is a logarithm of time s ince 

pumping began versus drawdown plot that includes the entire pumping 

and recovery period used in the analys i s  at wel l  MD-6 . As shown by 

this plot , the pump in D-6 operated continuously for the enti re 
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Figure 2 - Plot o f  the logarithm o f  t ime s ince pumping began versus 

drawdown for the D-6 pumping test ( drawdown measured with 

transducer in we l l  MD- 6 ) . 
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Well No . 1 Borehole Cas ing Total NS I4 • 5 sand 
Radius2 Radius Depth4 Thickness6 

( ESR) 3 
D-6 0 . 8 3 3  0 . 3 5 9  5 4 5  4 8 4 -5 4 4  63 

( 0 . 8 3 3 )  

MD-6 0 . 3 3 3  0 . 0 8 1  5 4 8  4 8 6-502 3 0  
( 0 . 3 3 3 )  5 12 -5 4 7  

1 - distance between well s  is 2 6 1  ft . 

2 - units for information in thi s  and remaining columns are ft . 

3 - ESR - effective screen radius 

4 - depths are from land surf ace 

5 - NS I - nominal screened interval 

6 - estimates provided by P. Al l en Macfarlane 

TABLE 1 - Wel l  construction information for wel ls D-6 and MD-6 in 
Dakota well field of the city o f  Hays 
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\ •  

L pumping period o f  1 6 8 . 6 5  hours . Table 1 provides wel l cons truction 

information for wel l s  D-6 and MD- 6 . 

The first phase of the ana l y s i s  process was to analyze the 

drawdown data with the Thei s  model . The concave-upward curvature 

o f  the drawdown p l ot of Figure 2 i s  an indicat ion that lateral 

L boundaries are a f fect ing drawdown during the pump ing period . Thus , 

�·· L 

l 
L 
• • 
t' • 

L 

the strategy used with the Thei s  model was to initially analyze 

very early time data and then systemat ical l y  extend the upper t ime 

l imit of the drawdown data used in the analys i s  until boundary 

e ffects began to impact the results . The parameter estimates 

obtained from the analys i s  immediately prior to the appearance of 

boundary effects were cons idered the most reasonable estimates of 

transmissivity and storativity for the Dakota sands in the v icinity 

o f  wel l s  D-6 and MD- 6 . Figure 3 d i spl ays the final . Thei s  model 

resulting from thi s  procedure . Note that the drawdown data begin 

to deviate from the Thei s  model at approximately 2 0 , 0 0 0  s econds 

a fter the start of pumping . The transmissivity and storativity 

estimates obtained from the analys i s  were 5 4 4  ft2/day and 6 .  4 8x1 0 ·5 , 

respectively . These values were checked by performing a Cooper-

Jacob analysis ( Kruseman and de R idder , 1 9 9 0 )  of the s traight-l ine 

segment of the drawdown plot o f  F i gure 3 ( 2 , 0 0 0 -2 0 , 0 0 0  seconds ) .  

The transmiss ivity and storativity values obta ined i n  th i s  manner 

were within 3 %  and 1 0 % , respective l y ,  of the values calculated with 

the The i s  model . 

The estimates given in the previous paragraph were obtained 

us ing only the data from the press ure transducer in wel l  MD- 6 . 

1 1  
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Figure 3 - ·  Logaritllm of time s ince pumping began versus drawdown 
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( drawdown measured with transducer in wel l  MD-6 ) . 
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:i. Butl er ( 1 9 9 7 )  emphas i z es the importance o f  checking transducer 

operation in the field . For thi s  proj ect , transducer operation was 

checked by comparing readings from the transducer with electric 

tape measurements taken at the s ame t ime . Figure 4 is a plot of 

drawdown as measured by the transducer in wel l  MD- 6  versus drawdown 

i. as measured in MD-6 with an e l ectric tape . The s lope of 0 . 9 3 2  for 

the best-fit l ine indicates that the cal ibration parameters for the 

transducer were produc ing a systematic over-prediction of drawdown . 

This systemat ic over-prediction led to an underpredi ction of both 

transmissivi ty and storat ivi ty . Thu s , the transmissivity and 

storativity estimates had to be corrected for the sma l l  e rrors in 

the cal ibration parameters . Thi s  correcti on was done by 

multiplying the parameter estimates determined for the The i s  model 

by the inverse of 0 . 9 3 2  ( 1 . 0 7 3 ) . The resulting transmi s s ivity a nd 

storat ivity estimates were 5 8 4  ft2/day and 6 . 9 5x 1 0 ·5 , respectively . 

Note that these values a re within 1 2 %  and 4 % , respecti vely , of 

estimates obtained from an analys i s  o f  a 1 9 9 2  pumping test 

L performed at wel l  D-6 u s i ng drawdown from wel l  MD- 6  ( P .  Al l en 

Macfarlane , personal communi cation ) . 

L 
b • 

k 
L 

The second phase in the analys i s  p rocess was to compare the 

drawdown data to theoretical p lots produced by the Butler and Liu 

model . The first step of thi s  phas e  was to estimate the position 

o f  the closest l ateral boundary . F igure 5 i s  a plot of the 

l ogarithm of t ime s ince pumping began versus drawdown for the time 

interval during wh ich a latera l boundary first began to a ffect the 

drawdown data . The measured drawdown i s  plotted along with 

1 3  
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Figure 4 - Cal ibration plot for transducer in wel l  MD- 6 ( eqn . for 

best-fit line , and R2 and standard error of regress ion given in 

upper le ft-hand corner ; electric tape measurements col lected by P .  

Allen Macfarlane ) . 
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F igure 5 - Plot of the l ogar ithm o f  t ime s i nce pumping began versus 

drawdown for the D-6 pump ing test w ith the best-fit Thei s  type 

curve and strip-model type curves for a s i ngle l inear b oundary 

( drawdown measured with t ransducer in MD- 6 ; plot for interval of 

time dur ing which first l atera l boundary began to a ffect drawdown ) · 
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theoretical curves for drawdown in an infinite aqui fer ( Theis 

model ) and for aqui fers with s ingl e  l inear boundaries at different 

distances from the pumping wel l .  In this case , the theoretica l 

drawdown for a l inear boundary at 2 5 0 0  ft from the pumping wel l  

appears to most closely match the measured data . This theoretical 

drawdown was computed assuming that wel l  MD-6 l ies between the 

pumping wel l  and the boundary on a l ine that is perpendicular to 

the boundary , and that transmiss ivity decreased by two o rders of 

magnitude across the boundary ( storativity did not change ) . Thi s  

transmiss ivity contrast was the minimum contrast that coul d  b e  used 

to reproduce the drawdown data . The deviation o f  the p l ot of the 

measured drawdown from the theoretical drawdown curve seen at the 

upper end of the time range pl otted on Figure 5 is probably an 

indication that the contrast is l a rger than two o rders of 

magnitude . Note that the exact distance from the boundary to the 

pumping wel l  cannot be determined on the basis of this analys i s , 

a lthough bounding values can be calculated using image-wel l  theory 

( Kruseman and de Ridder , 1 9 9 0 ) . The d istance of 2 5 0 0  ft used here 

is actually the maximum pos s ib l e  distance to the boundary . The 

minimum distance to the boundary would occur for the case of a 

boundary perpendicular to the l ine connecting D-6 and MD- 6 , but 

lying on the oppos ite s ide o f  D-6 from MD-6 . I n  that case , the 

boundary would l ie at a distance of approximately 2 2 3 9 ft f rom the 

pumping wel l . I f  the boundary i s  para l l e l  to the l ine connecting 

wel ls D- 6 and MD-6 , the distance to the boundary i s  approximately 

2 3 7 0  ft . Thus , the boundary is somewhere between 2 2 3 9 - 2 5 0 0  ft from 
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the pumping wel l , the exact d i st ance d epending on the location o f  

the boundary relat ive to the pos ition of the wel l s . For the 

purposes of the plots and discuss i ons of th is report , the maximum 

d istance o f  2 5 0 0  ft is used in a l l  cases . 

Figure 6 i s  a plot of the l ogarithm of t ime s ince pumping 

• began versus drawdown for the rema inder of the pumping test a fter 

the interval dep icted in Figure 5 .  Theoretical curves are plotted 
f�, it for d i fferent transmiss ivity contrasts across a s ingl e  l inear 

boundary a long with the barometric pressure record from the 

transducer ( el ectronic barometer )  at MD- 1 . Thi s  plot indicates 

L that the transmiss ivity contrast across the boundary i s  greater 

than two orders of magnitude . There are two important features to 

Ill note on thi s  f igure : 1 )  the i ncrease in drawdown over that s een 

�· with a s ingle l inear boundary for t imes between 6 .0 ,  0 0 0 -8 0 ,  o o o  

• 
s econds ; and 2 )  the decl ine i n  the rate of drawdown , rel at ive to 

r,_ 

L the s ingle l inear boundary case , for t imes greater than 1 0 0 , 0 0 0  

L 

s econds . Each of these features i s  d iscussed in the fol l owing 

paragraphs . 

S everal mechani sms could b e  invoked to explain the increase in 

drawdown between 6 0 , 0 0 0 -8 0 , 0 0 0  s econds . These i nclude 1 )  a very 

large contrast in transmi s s ivity across the boundary ; 2 )  the start 

up of a nearby pumping wel l ;  3 )  an increase in atmospheric 

pressure ; 4 )  a s econd lateral boundary ; 5 )  an increase in the rate 

of pumping at D - 6 ; and 6 )  undu l a ti ons in the pos i t ion of a s ingle 

boundary . F igure 6 depicts theoret ical curves for transm i s s ivity 

L contrasts of up to four orders o f  magni tude . curves for greater 
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Figure 6 - Plot of the logarithm of t ime s ince pumping began versus 

drawdown for the D-6 pumpi ng test with the strip-model type curves 

for a s ingle linear boundary and the barometric pressure record 

( drawdown measured with transducer in MD-6 ; barometric pressure 

measured with transducer at MD- 1 ; type curves for d i f ferent order

of-magnitude transmissivity contrasts acro ss boundary) . 
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� contrasts would l ie extremel y  close to the four-order contras t  

curve over the time range d ispl ayed i n  Figure 6 .  Thus ,  the 

ii i ncrease in drawdown i s  not due to a very l arge contrast in 

transmiss ivity across the boundary . S imi larly , outs ide of the ' 

other pumpi ng wel l s  of the c i ty o f  Hays ( a l l  o f  which were o f f ) , 

there appear to be no wel l s  in the vicinity o f  D- 6 capable o f  

pumping a t  the rate neces sary to produce the obs erved deviation . 

The barometer record on F igure 6 indicates that barometric p ressure 

variat ions have l ittle impact on d rawdown at MD-6 during this t ime 

period . The maj or impact of barometric pressure appears to have 

been on the l ast day of the test where a s ignificant increase in 

barometric pressure near 5 0 0 , 0 0 0  s econds approximately coincides 

with an increase in the rate of d rawdown . Note that barometric 

pres sure variat ions had such l ittle impact on drawdown during the 

D-6 and D- 1 pumping tests that barometric-pressure - i nduced 

f luctuations were not removed from the drawdown data for e i ther 

test . Thus , in both tests , the l ate-time drawdown d i splay sma l l 

L ampl itude oscil lations ( e . g . , F igure 6 )  that are a product of 

variations in barometric pre s sure . These oscil l ations , however , 

had no impact on the analyses performed for this report . 

The increase in drawdown i s  most probably the product o f  an 

additional l ateral boundary impacting the drawdown data . F igure 7 

i s  a plot of the logarithm o f  t ime s ince pumping b egan versus 

drawdown that includes the theoret ical curve for drawdown in an 

�· ii aquifer with two parallel boundaries on either s ide of D-6 at 

distances of 2 5 0 0  and 3 5 0 0  ft from the wel l . Although recharge 
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( drawdown measured with transducer in MD-6 ; two l inear boundaries 

are assumed to be parallel ) .  
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begins to impact drawdown relatively shortly a fter the d ev i ation 

from the s ingl e  boundary case , the drawdown data and the 

theoretical curve for the case of a s econd l inear boundary are in 

good agreement for close to 3 0 , 0 0 0  seconds a fter divergence from 

the single boundary curve . Thus , this analysis indicates that the 

Dakota sands are approximately 6 , 0 0 0  ft in width in the vicinity o f  

D-6 , a finding that is in reasonabl e  agreement with maps of the 

thickness of the Dakota sands in the wel l field . Note that the 

3 5 0 0  ft distance to the second boundary is the minimum distance to 

that boundary . The maximum d istance t o  the s econd boundary ( 3 7 6 1  

ft ) would correspond to the minimum distance to the f irst b oundary 

( 2 2 3 9  ft ) . Although other pos s ib i l ities for the divergence are a 

short-term increase i n  pumping rate and undulat ions a l ong a s ingle 

boundary , neither of these appear a s  probable as a second boundary . 

F igures 6 and 7 clearly show that the rate o f  drawdown begins 

to decrease , relative to the theoret ical mode ls ,  at t imes greater 

than 1 0 0 , 0 0 0  s econds . Al though thi s  decrease could have been 

produced by a l ong-term decreas e  i n  pumping rate , pump i ng rate 

measurements obta ined over thi s  period do not show such a decrease . 

Thus , the most l ikely cause i s  recharge into the Dakota s ands i n  
' 

� the vicinity o f  wel l  D-6 . The re are sev eral potential sources o f  
.. 

this recharge . It i s  pos s ib l e  that the decrease in the rate o f  

L drawdown i s  produced by a s igni fi cant increas e  in the width , 

thickness , and permeabi l ity o f  the s and d epos its with distance from 

the pumping wel l .  Thi s  increase would result in s igni ficantly more 

lateral flow into the wel l  field in the v icinity of D-6 than wou l d  

2 1  



be predicted from the theoretical model s used in this analys is . rt 

is doubtful , however ,  i f  this mechanism could provide sufficient 

water to produce the observed decrease in the rate of d rawdown . 

Perhaps a more reasonable explanat ion is l eakage from the l ow

permeabili ty un its that surround the Dakota sands . Given the large 

surface area of the contact between the Dakota sands and the 

surrounding units , the necessary rate o f  leakage per unit area 

would be very small . There is also the l ikely possibil ity that a 

portion of the recharge is a product o f  recovery from previous 

pumping in the Dakota well field . Extended mon itoring o f  water 

levels in MD- 6  after the D-1 pump ing test reveal ed that the wel l  

field was far from static conditions at the start o f  the D-6  test . 

Transducer readings at MD-6 over the 9 2 2  minutes immediately prior 

to the start of the D-6 pumping test recorded an increase in water 

level of at l east 0 . 15 ft . I f  that rate is proj ected over the 

entire period of the test , over 1 . 6  ft o f  increase would occur . 

Thus , a component of the recharge was undoubtedly a product o f  

recovery from previous pumping activities . Although it i s  

impossible to precisely define the cause o f  the decl ine i n  the rate 

of drawdown from an analysis of d rawdown at MD- 6 , leakage f rom 

adj acent low-permeab il ity units and recovery from previous pumping 

activities are probably the two most s igni ficant mechanisms . 

Figure 8 displays the results o f  the second phase o f  the 

analys is of the MD-6 data . The relatively close match between the 

measured drawdown and the strip model of Butler and Liu is a 

further demonstrat ion of the val id ity o f  the transmissivity and 
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d rawdown for the D- 6 pumping test with the best-fit Thei s  type 

curve and strip-model type curve for two l inear boundaries 

( drawdown measured with transducer in MD- 6 ; two l inear boundaries 

are assumed to be parallel ) .  
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storat ivity estimates obta ined in the fi rst phase of the analysis .  

The f inal phase o f  the ana l ys i s  o f  the MD-6 data was an 

examination of the recovery data . Figure 9 is a plot o f  the data 

in the format o f  the The i s  recove ry method ( l ogari thm of the rat io 

o f  the tota l time s i nce pumpi ng began over the time s i nce pump 

turned off  versus res idual drawdown ) . The large dashed l ine 

depicts the res idual drawdown for the strip model using a 

transmissivity contrast o f  three o rders o f  magn itude , and assuming 

that pumping at D-1 does not a ff ect the recovery data . As would be 

expected from theory , the plot converges on a res idua l drawdown o f  

zero a s  the time ratio goes t o  one . The measured res idual 

drawdown , however ,  do not display this same convergence . Even 

though pumping at wel l  D-1 begins to impact the res idual drawdown 

prior to compl ete recovery , it is clear that the plot is not 

converging on a res idual drawdown o f  zero as the time rati o  goes to 

one . Instead , it appears that a negative res idual drawdown would 

be obta ined at a time ratio of one . As shown by Streltsova ( 19 8 8 ) , 

recovery data that display thi s  form are being a ffected by 

recharge . Note that the difference between the res idual drawdown 

data and the strip model at l arge time ratios ( i . e . immediately 

a fter cessation of pumpage at D- 6 )  is a product of the d i fference 

shown on Figure 8 between the mea sured and theoretical drawdown at 

the time the pump was cut o f f . 

The ef fect of recha rge on the recovery data can be readily 

demonstrated through two mod i f ications t o  the strip mode l . The 

first mod i f icati on consists of subtracting 5 . 3 1 ft from the 
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res idual drawdown for the D-6 pump i ng test with three strip-model 

type curves ( res idual drawdown measured with transducer in MD- 6 ; 

modificat ions to the strip mode l  descr ibed in text ) . 
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drawdown computed us ing the strip model , which makes the measured 

and c omputed recovery plots coinc ide at large time rat ios . The 

curve ent itled " Mod i f i ed model no rech a rge " dep icts the 

theoret i c a l  drawdown for th i s  c a s e . As shown on F i gure 9 ,  the 

a s sumption of no recha rge produce s  a s i gn i f i c a nt d ivergenc e  between 

the theoret ica l  model a nd measured r e s idu a l  d rawdown at t ime rat i o s  

b e l ow twenty . The second mod i f i c a t i o n  i s  t o  a s s ume that i f  pump ing 

had cont i nued at wel l  D-6 that drawdown would have stab i l ized a nd 

that recharge would have been the s ource o f  a l l  the pumped water , 

a n  assumption that i s  not inconsistent with the late-time drawdown 

o f  F igure 7 .  The curve entitled "Modi fied model - recharge " 

depicts the theoretical drawdown for this case . Although this 

curve also diverges from the measured res idual drawdown at sma l l  

time ratios , the pos ition o f  the res idual drawdown plot between 

these two modi fied cases , which bound the range of poss ibl e  

recharge , is a n  indication that cons iderab l e  amounts o f  recharge 

accompany pumping and recovery at wel l  D- 6 .  The similarity of the 

two modi fied strip-model curves to the plot of the measured 

res idua l drawdown until a time ratio of twenty is also a further 

demonstration of the val idity of the parameter estimates obta ined 

with the Theis model in the first phase o f  the analys is . 

In summary , there are s ix maj o r  findings o f  the analys is o f  

the MD-6 data : 1 )  5 8 4  ft2/day and 6 .  9 5x10-s appear to be reasonabl e  

estimates for the transmiss ivity and storativity , respectively , o f  

the Dakota sands in the vic in ity of wel l s  D - 6  and MD-6 ; 2 )  there 

appears to be a l inear boundary s eparat ing the Dakota sands from 
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surrounding un its of lower permeab i l ity at a maximum distance of 

2 5 0 0  ft from we l l  D-6 ; 3 )  there appears to be a second l inear 

boundary separating the Dakota s ands from surrounding uni ts of 

l ower permeab il ity at a min imum d istance o f  3 5 00 ft from wel l  D-6 ; 

4 )  the Dakota sands appear to be approximate ly 6 0 0 0  ft in width in 

the v icinity of wel l s  D-6 and MD- 6 ; 5) the decrease in 

transmissivity across the boundar i es appears to be at least three 

L orders of magni tude ; and 6 )  there appears to be a s igni ficant 

amount of recharge during the pump ing and recovery periods . 

L 

D-1 PUMPING TEST 

Wel l  D- 1 was pumped from July 18 to July 2 9 , 1 9 9 7 . The total 

duration of the pumping period was 2 6 9 . 6 0 hours ( 9 7 0 , 6 5 2  secs ) . 

After the end o f  the pumping , water level s  in wel l  MD-1 were 

monitored with a transducer for an additional 5 0 5 . 7 0 hours 

( 1 , 8 2 0 , 5 2 1  secs ) . Thus , the total duration of the pumpi ng and 

recovery period at we l l  MD- 1  was 7 7 5 . 3 0 hours ( 2 , 7 9 1 , 0 8 3  secs ) . A 

total of 1 1 , 8 7 6  transducer readings were acquired during thi s  

period . Tabl e  2 provides wel l  construction information for well s  

D- 1 and MD- 1 . 

Figure l OA i s  a plot of the l ogarithm of time s ince pumping 

began versus drawdown for the ent i re pump ing and recovery period at 

wel l  MD- 1 . F igure l O B  is the same data plotted in a time versu s  

drawdown format . These two figures c learly show that the pump d i d  

not operate continuously for the ent i re pumping period . There were 

at l east five times when the pump unexpectedly shut off as a result 

2 7  



\ 

Well No . 1 Borehole Casing Total NS I4 • 5 Sand 
Radius2 Radius Depth4 Thickness6 

( ESR) 3 
D-1 0 . 8 3 3  0 . 3 5 9  5 3 0  4 6 5 - 5 2 8  5 9  

( 0 . 8 3 3 )  

MD- 1 0 . 3 3 3  0 . 0 8 1  5 5 7  4 7 2 -5 5 7  3 7  
( 0 . 3 3 3 )  

1 - distance between wel l s  i s  4 8 4  ft . 

2 - units for information in thi s  and rema ining columns are ft . 

3 - ESR - effective screen radius 

4 - depths are from land surf ace 

5 - NSI - nominal screened interval 

6 - estimates provided by P .  Al l en Macfarlane 

TABLE 2 - Well construction information for wel l s  D- 1 and MD- 1  in 
Dakota wel l field of the city o f  Hays 
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Figure l OA - Plot o f  the logarithm of t ime s ince pumping began 

versus drawdown for the D - 1  pump ing test ( drawdown measured w ith 

transducer in wel l  MD- 1 ) . 
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for the D-1 pumping test ( drawdown measured with transducer in wel l  

MD- 1 ; A and B defined in text ) . 
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o f  electrical probl ems . There was a l so a decrease in pumping rate 

beginning at point B on F igure l O B  that was most probably related 

to backpressure buil dup in the c ity o f  Hays water distribution 

system into whi ch the pumped water was discharged . Figures l OA and 

lOB show that there was s igni ficant recharge into the Dakota wel l  

f ield duri ng the course o f  the test . Th is recharge i s  re fl ected in 

the stab i l i z at ion o f  water l evel s  in MD-1 both prior to and 

following the rate decreas e  at point B on Figure l O B .  One 

component of this recharge was recovery from prior pumping 

iii activities in the wel l  field . Although the negative drawdown ( -4 .  9 

f t )  at the end o f  the monitoring period demonstrate the importance 

o f  the recovery process , l eakage from surrounding low-permeab i l ity 

units was undoubtedly the mos t  s igni ficant recharge mechanism . 

S igni f icant variat i ons in pumping rate and large amounts o f  

Ii. recharge can int roduce cons iderabl e  uncertainty into the results of 

• 
type-curve analyses . Thu s , the primary focus of this analysis was 

on the first drawdown and recovery period ( period ending at point 

� A on F igure l O B )  . F igure 1 1  i s  a l ogarithm of t ime s ince pumpi ng 

began versus drawdown plot for thi s  period , during which a total of 

-. 4 ,  0 0 1  transducer readings were acqu i red . Note that measurements of 

pumping rate indicated that the rate did not change s ignificantly , 

and that 7 9  gpm would be a rea s onab l e  average rate for thi s  first 

pump ing period . 

The first phase o f  the evaluation of the D- 1 pumping test was 

{, 11 to analyze the drawdown data with the The is model . The concave-

upward curvature o f  the drawdown plot o f  Figure 1 1  i s  an indication 
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Figure 1 1  - Plot of the logarithm of time since pumping began 

versus drawdown for the first port ion of the D-1 pumping test 

( drawdown measured with transducer in wel l  MD- 1 ; interval prior to 

po int A on Figure 1 0 ) . 
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�·: liil that lateral boundaries are a f fecting drawdown during the pumping 

period .  Thus , as in the D-6 test , the strategy used with the The is 

model was to initially analyze very early t ime data and then 

systematica l l y  extend the upper t ime l imit of the data used in the 

analys is unt i l  boundary e ffects began to impact the resul ts . The 

ii parameter est imates obta ined from the analys is immedi ately prior to 

the appearance of boundary ef fects were cons idered the most 

ii reasonable estimates of transmi s s ivity and storativity for the 

Dakota sands in the vicinity of wel l s  D- 1 and MD- 1 . Figure 12 

d i splays the f i nal Theis model resulting from thi s  procedure . Note 

� that the drawdown data begin to deviate from the Thei s  model at 

approximately 4 ,  0 0 0  seconds a fter the start of pumping . The 

transmissivity and storativity estimates obtained from the analysi s  

were 9 5 0  ft2/day and 1 .  o sx 1 0 ·4 , respectively . The f i rst l ateral 

boundary began to a ffect the drawdown data prior to the t ime at 

which the Cooper-Jacob semi log approximation woul d  be val id , so the 

Theis mode l  estimates could not be checked with the Cooper-Jacob 

method . 

The estimates given in the previous paragraph were obtained 

u s ing only the data from the press ure transducer in wel l  MD- 1 . As 

d iscussed in the sect ion on the D-6 test , transducer operation was 

checked in the field by comparing readings from the transducer with 

L e lectric tape measurements taken a t  the same time . Figure 1 3  i s  a 

plot of drawdown as measured by the transducer in wel l  MD- 1 versus 

drawdown as measured in MD- 1  with an e lectric tape . The s l ope of 

� 1 . 1 0 6  for the best-fit l ine indicates that the cal ibration .�; 1111 
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parameters for the transducer were producing a systemati c  under

predict ion of drawdown . Thi s  systemat ic under-prediction led to an 

overpred ict ion of both transmiss ivity and storat ivity . Thus , the 

transmiss ivity and storativity est imates had to be corrected for 

the sma l l  errors in the cal ibra t ion parameters . This correct ion 

was done by mult iplying the parameter estimates determined for the 

The is model by the i nverse of 1 .  1 0 6  ( O .  9 0 4 )  . The resul t ing 

transmissiv ity and storativity est imates were 8 5 9 ft2/day and 

9 . 4 9xlo-5 , respectively . Note that these values are within 2 2 %  and 

5 % , respectively , of estimates obtained from an analys is o f  a 1 9 9 2  

pumping test performed at wel l D-1 us ing drawdown from wel l  MD- 1  

( P .  Al l en Macfarlane , personal communication ) .  

The second phase o f  the analys i s  process was to compare the 

drawdown data to theoretical plots produced by the strip model o f  

Butler and Liu . The first task o f  this phase was to estimate the 

position of the closest lateral boundary . Figure 14 is a plot o f  

the time s ince pumping began versus drawdown for the i nterval 

during which a l ateral boundary f i rst began to a f fect the drawdown 

data . The measured drawdown i s  plotted along with theoretical 

curves for drawdown in an infinite a quifer ( Thei s  model )  and for 

aqui fers with s ingle l inear boundaries at d i fferent distances from 

the pumping well . In this case , the theoretical drawdown for a 

l inear boundary at 1 3 5 0  ft from the pumping wel l appears to most 

closely match the measured data . This theoretical drawdown was 

computed assuming that wel l  MD- 1 l ies between the pumping wel l  and 

the boundary on a l ine that is perpendicular to the boundary , and 
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F igure 14 - Plot o f  the logarithm o f  time s ince pumping began 

versus drawdown for the D-1 pumping t e st with the best- f i t  Thei s  

type curve and strip-model type curves for a s ingl e  l inear boundary 

( drawdown measured with transducer in MD- 1 ; plot for interval o f  

t ime during which first lateral boundary began t o  affect drawdown ) · 
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that transmissiv ity decreased by three orders of magnitude across 

the boundary ( storativity did not change ) . This transmissivity 

contrast was the minimum contras t  that could be used to reproduce 

the drawdown data . The s l ight deviation o f  the pl ot of measured 

drawdown from the theoret ical curve at the upper end of the time 

range pl otted on Figure 14 is poss ibly an indication that the 

contrast is larger than three orders o f  magnitude . Note that the 

exact distance o f  the boundary from the pumping wel l  cannot be 

determined on the bas is of this analys is . The di stance o f  1 3 5 0  ft 

used here i s  actual ly the maximum poss ible d istance to the 

boundary . The minimum d istance t o  the boundary would occur for the 

case of a boundary perpendicular to the l ine connect ing D- 1 and MD-

1 ,  but lying on the oppos ite s ide of D- 1 from MD- 1 . In thi s  case , 

the boundary would be approximately 8 6 6  ft from the pumping wel l . 

Thus , the boundary is somewhere between 8 6 6 - 1 3 5 0  ft from the 

pumping wel l , the exact d istance depending on the locat ion of the 

boundary relative to the pos ition of the wel ls . For the purposes 

o f  the pl ots and discussions of thi s  report , the maximum d istance 

of 1 3 5 0  ft is a s sumed . 

The second step of this pha s e  of the analys is was to assess i f  

there were any other l ateral boundaries affecting the drawdown 

data . Figure 1 5  is a plot o f  the t ime s i nce pumping began versus 

drawdown for the remainder of the pumping period a fter the interval 

of Figure 14 . The measured drawdown is plotted along with 

theoretical curves for drawdown in an infinite aqui fer (Theis 

model ) ,  an aqui fer with a s ingle l inear boundary at 1 3 5 0  ft from D-
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1 ,  and an aqu i fer with two paral lel l inear boundaries on either 

s ide of D - 1  at distances of 1 3 5 0  and 2 1 5 0  ft from the wel l . The 

systematic deviation from the s ingl e boundary case is a clear 

ii. indicat ion that a second boundary i s  a ffect ing the measured 

drawdown . In th i s  case , the theoretical drawdown for a second 

l inear boundary at 2 1 5 0  ft from the pumping wel l ( 2 1 5 0  to 2 6 3 4  ft 

depending on the pos ition of D - 1  and MD-1 relative to the boundary ) 

appears to most cl osely match the measured data . Thi s  match , 

however ,  was not as good as seen with the first boundary . One 

reason for thi s  is the shift in the drawdown plot in the vicinity 

� o f  point A of F igure 1 5 . Thi s  shift causes the data plot , which 

had been diverging from the s i ngle boundary cas e ,  to move back onto 

the s ingle boundary case for another 2 , 0 0 0  seconds . After that 

t ime , the plot of the measured drawdown approaches the theoretical 
i .. 

curve for a second boundary at 2 1 5 0  ft . Figure 1 6  is the plot of 

� F i gure 1 5  with an additional theoretical curve for a transm i s s ivity 

contrast of four orders o f  magnitude across the two boundaries . I f  

the shi ft had not occurred , it appears that the drawdown plot might 

h ave converged on the four-order contrast curve . The exact cause 

o f  the shi ft at A is not known . It i s  pos s ible that it is the 

� product of a small decreas e  i n  pumping rate . Another explanation 

i s  undulations in the pos it ion of the two boundaries . Undoubtedly , 

.. 

the boundary between the Dakota s ands and the surrounding l ow

permeabi l  i ty material s is not the abrupt vertical one assumed in 

the strip model of Butler and Liu . Thus , a more gradual transition 

from the Dakota sands to the l ow-permeabi l ity units could produce 
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Figure 1 6  - Plot o f  the t ime s i nce pump ing b egan versus d rawdown 

I.. for the D-1 pump ing test with the best-fit Thei s  type curve and 

strip-model type curves for one and two l inear boundaries ( drawdown 

measured with transducer in MD- 1 ; l inear boundaries assumed to be 

paral lel ; A defined in text ) . 
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small deviations from the theo ret ical models . Fluctuat ions in 

barometric pres sure could also be an explanation for the observed 

behavior . Figure 1 7  d isplays the curves o f  Figure 16  with the 

addition of the barometric pressure record from the transducer 

( electronic barometer) at MD- 1 . The fluctuations in barometric 

pressure were quite sma l l  for th i s  t ime interval ,  so it is very 

unl ikely that barometric pres sure variations were the source o f  the 

shi ft .  Thus , the most l ikely causes o f  the shi ft in the drawdown 

plot at point A are a sma l l  decrease in pumping rate and 

undulations in/a gradual trans ition across the boundaries between 

the Dakota sands and the surrounding low-permeabi l ity material s . 

As stated earl ier , the exact pos ition o f  the boundaries 

relative to D-1 and MD-1 cannot be determined on the basi s  of this 

analysis . However , the w idth o f  the Dakota sands can be estimated 

with some confidence . In thi s  case , the sands appear to be 

approximately 3 5 0 0  ft i n  width . This width does not depend on 

assumptions regarding the pos it i on o f  the well s  relative to the 

boundaries . Thus , i f  the minimum distance o f  8 6 6  ft is used for 

the distance to the f irst boundary , the distance to the second 

boundary wil l  be 2 6 3 4  ft , but the width wi l l  sti l l  be 3 5 0 0  ft . 

Figure 1 8  d i splays the results o f  the second phase o f  the 

analys is of the MD-1 data . The relatively close match between the 

measured drawdown and the strip model of Butler and Liu is a 

further demonstrati on o f  the val idity o f  the transmiss ivity and 

storativity estimates obta ined in the f irst phase of the analysis . 

The f inal phase o f  the ana lysis o f  the MD- 1  data was an 
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F igure 1 7  - Plot of the t ime s i nce pumping began versus drawdown 

for the D- 1 pumping test with the best- f i t  Thei s  type curve , strip-

model type curves , and the barometric pressure record ( drawdown 

measured with transducer in MD- 1 ; barometric pressure measured with 

transducer at MD- 1 ; A def ined in text ) . 
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examination o f  the recovery data . Figure 1 9  is a p l ot o f  the data 

in the format o f  the Thei s  recovery method ( logarithm of the ratio 

o f  the total t ime s ince pumping began over the time s i nce pump 

turned o f f  versus res idual drawdown ) . The large dashed l ine 

depicts the res idual drawdown for the strip model of Butler and Liu 

using para l l e l  l inear boundaries at 1 3 5 0  ft and 2 15 0  ft from the · 

pumping we l l  with a transmis s ivity contrast o f  three orders o f  

magnitude . As woul d  b e  expected from theory , the mode l  plot 

converges on a res idual drawdown of z ero as the t ime ratio goes to 

one . The measured res idual drawdown , however , do not display thi s  

L s ame convergence . I nstead , a s  with the D-6 test , it appears that 

a negative res i dual drawdown would be obtained at a t ime ratio o f  

one . The sma l l  dashed l ine o n  Figure 1 9  depicts the strip model 

modi fied , as was done in the anal y s i s  of the D-6 test , · by a ssuming 

that i f  pumping had conti nued at D- 1 drawdown would have stab i l i z ed 

L and recharge would have b een the s ource of a l l  pumped water . The 

pos ition o f  the plot of the res idual drawdown between these two 

� • 

cases , which bound the range o f  pos s ib l e  recharge , i s  an indi cation 

that recharge accompanies pumping and recovery at D -1 .  In thi s  

case , a s i gn i fi cant component o f  the recharge i s  undoubtedly a 

product o f  continuing recovery from the D - 6  test and preceding 

pumping activity in the Dakota wel l  f i el d .  Although the res idual 

drawdown plot i s  closer to the unmod i f ied strip model ( i . e .  no

recharge cas e ) , indicating that recharge is not the dominant 

mechani sm during thi s  time period , the stab i l i zation of heads shown 

on Figures l OA-B in the l ater port i ons of the D- 1 pumping test 
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demonstrates that recharge from s ources other than recovery from 

previous pumping activity eventual ly does pl ay the dominant rol e  in 

the D-1 test . As with the D-6 test , however , it i s  d i f f icult to 

determine the source of that recharge . Note that the cl ose match 

between the res idual drawdown measurements and the theoret ical 

� res idual drawdown computed with the s trip model ( unmod i fied cas e )  

above a t ime ratio of ten i s  a further demonstration o f  the 
� '  lt; i1i1t validity o f  the parameter estimates obta ined with the Thei s  model 

L in the first phase of the analys i s  . 
• 

An additional check on the results o f  the analys i s  o f  the 

f irst pump ing and recovery periods was performed usi ng data from 

the second pumping period . The second pumping period b egan at 

approximately 2 3 . 4 2 hours ( 8 4 , 2 9 8  secs ) a fter the start o f  the D- 1 

test , and ended at 3 5 . 4 0 hour a fter the start of the D � l  test . The 

duration o f  the second pumping peri od was approximately 1 1 . 9 8  hours 

L ( 4 3 , 14 5  secs ) . This duration est imate should be cons idered a l ower 

bound on the t ime of pumping because there was some uncertai nty 

about the exact start and stop t imes for thi s  s econd pumping 

period . The pumping rate was approximately the same as for the 

f irst period ( 7 9 gpm) , although the rate was 5 - 10 %  h igher in the 

early portions of this period . 

Figure 2 0  is a logarithm o f  t ime s ince pumping began versus 
�¥ 
L drawdown plot for this second pumping period . Both the measured 

drawdown and the theoretical drawdown computed with the strip model 

us ing the parameters determined from the analysis of the f i rs t  

pumping period are shown . The relat ively close match between the 
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L measured and theoretical drawdown i s  a further demonstrat ion of the 

val idity o f  the estimates determined in the analys i s  of the f irst 

pumping period . The di f ferences between measured and theoret ical 

drawdown s een shortly a fter the start of pumping are probably a 

product o f  uncertainty regard ing the exact start time o f  the test , 

L and an initial pump ing rate that wa s greater than the average rate 

for the test . The d i fferences seen in the l ater portions of the 

test are probably a product o f  recovery from pumping activity prior 

to the D-1 test and recharge from the s ame s ources that produce the 

eventual s tab i l i zat ion of drawdown l ater in the D - 1  test ( see 

L F igure l O B ) . Although s imilar plots could have been produced for 

a l l  the pumping periods in the D-1  test , l ittle additional ins ight 

-

would have been ga ined into the hydrau l ic properties and l atera l 

boundaries o f  the Dakota sands in the v icini ty of wel l s  D- 1 and MD-

1 .  Uncertainty regarding the s tart and end t imes for these pumping 

p eriods increases because of the l arger t ime interval ( 8  minutes 

for the most part ) used to col l ect data in these periods . When 

this i s  coupl ed with increas ing recharge and further uncertainty 

about pumping variat ions in the vic inity of point B of Figure l O B ,  

i t  i s  d i f f i cult to gain add itional ins ight regarding the properties 

o f  the Dakota sands . Thus , the type-curve analys i s  of the D-1 

pumping test concluded with the comparison of measured and 

theoretical drawdown for the s econd pumping period . 

In summary , there are s i x  maj or findings o f  the analysis o f  

the MD- 1  data : l }  8 5 9  ft2/day and 9 .  4 9 x l o -s appear to b e  rea s onable 

estimates for the transmis s ivity and storativity , respectively , o f  
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the Dakota sands in the vicinity o f  we l ls D- 1 and MD- 1 ; 2 )  there 

appears to be a l inear boundary separat ing the Dakota sands from 

surrounding un its of lower permeab il ity at a maximum distance o f  

1350  ft from we l l  D- 1 ; 3 )  there appears to b e  a second l inear 

boundary separating the Dakota sands from surrounding units o f  

lower permeab i l ity at a minimum distance of 2 1 5 0  ft from wel l 'o- 1 ;  

4 )  the Dakota sands appear to be approximately 3 5 00 ft in width in 

the vicinity of wel l s  D-1 and MD- 1 ;  5)  the decrease i n  

transmissivity across the boundary appears t o  b e  a t  l east 3 - 4  

orders o f  magnitude ; and 6 )  there appears t o  b e  a s igni ficant 

amount of recharge into the Dakota sands during pumping at D- 1 .  

Al though some of this recharge was a product of recovery from 

previous pumping activities , the most s igni ficant component was 

undoubtedly induced by pumping at wel l  D- 1 .  

ESTIMATION OF HYDRAULIC CONDUCTIVITY 

The parameter estimates obta ined from the analyses described 

in the previous sections are for vertica l ly integrated quant ities . 

S ince the numerical model of the wel l  field requires estimates o f  

the average hydraul ic conductivity ( K) o f  the Dakota sands as 

input , the transmissivity values obtained from the type curve 

analyses must be converted into K values . In order to perform thi s  

conversion , estimates o f  the aqui fer thickness i n  the vicinity o f  

the two wel l  pairs are needed . Tabl es 1 and 2 indicate that there 

is considerable variabil ity in sand thickness in the vicinity o f  

both wel l  pairs . Us ing the two th icknesses for each wel l  pair as 
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Ii. bounds for the thickness of the Dakota sands i n  the vicinity o f  

those wel l s ,  K estimates o f  9 . 3 - 1 9 . 5  ft/day and 1 4 . 6 -2 3 . 2  ft/day 

� :  \ • 

are obta ined for the vic inity o f  wel l s  D-6 and D - 1 ,  respective l y . 

In order to compare the average K estimates from the Hays wel l  

field with values obta ined a t  other s ites i n  the Dakota aqu i fer , 

· the Hays estimates must be converted to e ither permeabi l ity ... 
estimates or to the standard laboratory conditi ons for report ing 

hydraulic conductivity values (pure water at 1 5 . 6  deg . c ( Fetter , 

1 9 9 4 ) ) .  S i nce most other Dakota estimates are reported as 

hydraul ic conductivity values , the l atter approach was used here . 

The average water temperature and chloride concentration measured 

during the pumping tests were approximately 2 1 . 5  deg . c a nd 5 7 0 . 

l mg/ l , respectively . Cons idering only the temperature correction , 

the K ranges for the vicinity o f  wel l s  D-6 and D- 1 convert to 

ranges of 8 . 0- 1 6 . 8  ft/day and 1 2 . 6 -2 0 . 0  ft/day , respectively . 

Laboratory data detail i ng viscosity and dens i ty changes as a 

function of sodium chloride concentrati on ( Weast , 19 7 6 )  indicate 

that a correction for sal inity would change K values a negl i gible 

amount for these tests . Thus , a sal inity correcti on was not deemed 

necessary . Note that the K ranges obta ined through these analyses 

are consistent with other estimates obtained for the Dakota aqu i fer 

in Kansas ( e . g . , Macfarlane et al . ,  1 9 9 0 ) . 
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SUMMARY 

Two multi-day pumping tests were performed by the Kansas 

Geologica l Survey in the Dakota wel l  f i eld o f  the city o f  Hays in 

E l l i s  county , Kansas in July of 1 9 9 7 . The maj or obj ective o f  these 

tests was to obtain informat ion about the hydraul ic and geochemical 

responses of the wel l field to extended periods of pumping . Thi s  

report described the type curve analyses that were performed on the 

drawdown data from the observat i on wel l  closest to each pumping 

wel l . The purpose o f  these analyses was to obtain parameter 

estimates for input to a numerical model of the wel l  f ield . Table 

3 summari z es the results o f  thes e  analyses . The hydraul ic property 

estimates are quite reasonabl e  for the Dakota sands and are in good 

agreement with the results o f  1 9 9 2  tests performed at the same 

wel l s . The width estimates are i n  reasonable agreement with maps 

of the Dakota s and thicknes s  constructed from well logs . The 

e ffects of recharge were quite pronounced in the l ater porti ons o f  

both pumping tests . Al though i t  i s  not possible to precisely 

speci fy the source of that recharge on the bas i s  of these analyses , 

l eakage from adj acent low-permeabi l ity units is probably the most 

s igni ficant recharge mechani sm . 
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Test T1 52 Average Sand Evidence 
Name ( x l 0 -5 ) K3 Width4 of 

Recharge? 

D-1  8 5 9  9 . 4 9 1 4 . 6 - 2 3 . 2  3 5 0 0  Yes5 

D-6 5 8 4  6 . 9 5 9 . 3 - 1 9 . 5  6 0 0 0  Yes5 

1 - transmiss iv ity , units are ft2/ day 
�i 
ia 2 - storage coe f f i ci ent , d imensionless parameter 

-

3 - average hydrau l ic conduct ivity , units are ft/day 

4 - units are ft 

5 - recharge evident on b oth drawdown and res idual drawdown plots , 
s ource o f  recharge unknown 

Table 3 - Results o f  type-curve analyses of July 1 9 9 7  pumping tests 
in the Dakota wel l  field o f  the c i ty of Hays 
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EXECUTIVE SUMMARY 

The need for additional water supply prompted the city of Hays, Kansas, to locate a 

supplemental source in the upper Dakota aquifer to the southwest of the city in Ellis County in 

1992. At the time the wellfield was installed, a temporary permit was issued by the Division of 

Water Resources, Kansas Department of Agriculture (DWR), to allow the city to use the upper 

Dakota aquifer as a source of water for a 5 yr period. A temporary permit was issued because the 

local impact of wellfield operation on the aquifer was uncertain. Concerns were expressed about 

possible impairment of other users of the upper Dakota in the local area outside of the wellfield. 

Impairment results when one well diminishes the supply of water available to another well either 

by lowering the static water level unreasonably or causing an unreasonable deterioration of water 

quality. 

The city of Hays, Kansas, contracted with the Kansas Geological Survey (KOS) to 

conduct an investigation of the Dakota aquifer in the vicinity of their wellfield. The purpose of 

this work was twofold. First, the data and the results of this project will be used by the city to 

assemble and submit an application for a permanent water right and an increase in annual 

appropriation of water from the wellfield. And secondly, this project was originally designed to 

produce a computer model of the aquifer that could be used by the city to assess consequences of 

various short-term, wellfield management plans. 

In Volume 1 of this report, concerns were raised about the lack of data with which to 

characterize the hydrogeology of the upper Dakota aquifer in the wellfield vicinity considering 

the nature of the questions to be addressed by this investigation. The available data are only 

generally adequate for determining aquifer extent and properties within the well field; however, 

outside of the well field the hydrogeology is virtually unknown. The pre-pumping water-level 

data for the upper Dakota are concentrated within the wellfield and the rest of the data base 

consists of a few poorly documented historic water levels from wells located several miles or 

more away from the well field. Also, there is a pronounced lack of data on water-level 

fluctuations in distant monitoring wells located outside of the well field during the 1993-1999 

pumping period. This lack of data makes it nearly impossible to determine the effects of 

pumping stress on the local ground-water flow system outside of the immediate wellfield area 

and to directly address issues of impairment with any reliability. 

U1'1o40 
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Nevertheless, development of computer models began using Visual MODFLOW to 

provide an overall understanding of the aquifer system, to simulate the effects of pumping on the 

Dakota aquifer in the wellfield vicinity, and to guide acquisition of additional, critical pieces of 

information. Because of the lack of data, the models developed for this project are more 

conceptual than predictive in nature. 

Because of our lack of confidence in the simulations of the aquifer outside of the 

wellfield, three, equally acceptable, steady-state (predevelopment) and two, equally acceptable, 

transient conceptual models of the upper Dakota were formulated and calibrated. These models 

are equally acceptable because they are based on the known hydrologic parameters from the 

pumping tests and are consistent with the hydrogeologic model presented in Chapter 10, Volume 

1 ,  of this report. The calibration performed was limited because only the pre-development 

water-levels and drawdowns from the pumping tests were available to assess the process. 

Further evaluation of one of the transient, conceptual models suggests the strong 

possibility that neither of the transient models may account for all of the more significant sources 

of ground water available to the production wells. From this we conclude that the objective to 

assess the potential effects of various management options on the aquifer can not be completed 

until a revised hydrogeologic model is developed from the additional information that we 

recommend collecting, as follows. 

Recommendations 

On the basis of our work to date, we make the following recommendations to the city: 

(1) Test drilling is needed to further define the characteristics of the aquifer and the 

surrounding low-permeability rocks outside of the immediate wellfield vicinity. 

(2) A minimum of 5 new monitoring wells should be constructed in and around the . 

wellfield vicinity. One monitoring well should be located near each of the following three 

locations: Nl/2, Nl/2, Sec 21 ,  T. 14 S., R. 19 W.; SW comer Sec. 27, T. 14 S. ,  R. 1 8  W.; and in 

the center of the south line Sec. l, T. 14 S . ,  R. 19 W. Each well should be screened through the 

entire thickness of the sandstone in Subunit 2 of the Dakota Formation. The fourth and fifth 

monitoring wells should be located in the SE comer SW, SW, SW, Sec. 13, T. 14 S.,  R. 19 W. 

and near the center of Sec. 19, T. 14 S., R. 18 W. These wells should be screened through the 

entire thickness of sandstone in Subunit 3 of the Dakota Formation. The proposed monitoring 

ii u 1·104 l 
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wells in Sec 2 1 ,  T. 14 S . ,  R. 19 W.; Sec. 27, T. 14 S. ,  R. 18  W.; and in Sec. 1 ,  T. 14 S . ,  R. 19 W. 

are located approximately 2 miles away from the wellfield and will be used to assess the far field 

response of the aquifer to pumping. The proposed monitoring well in Sec. 13 ,  T. 14 S . ,  R. 19  W. 

will be used to assess the importance of leakage from fringe deposits in Subunit 3 of the Dakota 

Formation to the overlying sandstone aquifer in Subunit 2. The proposed monitoring well in Sec 

19, T. 14 S . ,  R. 1 8  W. would provide drawdown data from what appears to be hydraulically 

connected sandstones in Subunit 3 of the Dakota Formation. The water levels in these new 

observation wells should be monitored continuously using pressure transducers and data-logging 

equipment to provide a continuous record of the effects of pumping in the well field over a 

period of at least one year. In addition, the city will need to purchase a recording barometer to 

keep track of atmospheric-pressure fluctuations and their influence on water levels during the 

monitoring period. 

(3) City personnel should continue monitoring water levels in the pumping and existing 

observation wells and collecting water samples for analysis. Weekly water-level measurements 

from the pumping and observation wells in the field should adequately provide the data needed 

for further model calibration should the city decide to collect additional data to support an 

increase in its annual appropriation of water. The water quality sample analyses will provide 

useful information on mixing of water masses and may signal important changes in the system 

over time. As a result, it will be important for the city to contract analytical services with a 

laboratory that can produce results with the appropriate level of accuracy and reproducibility. 

(4) This new water-level and water-chemistry data set should be analyzed to reevaluate 

and reformulate the existing hydrogeologic model of the upper Dakota aquifer presented herein. 

The revised hydrogeologic model will be used as a basis for evaluating the conceptual models to 

date and to assemble a new, ground-water flow model to simulate �he drawdown history and to 

evaluate the potential effects of different pumping scenarios in the wellfield on the surrounding 

aquifer. If future modeling is to be done on this project, a larger region needs to be included to 

insure that the effects of pumping do not propagate to the edges of the model. This would entail 

an expansion of the existing model region a few miles to the west at the minimum. 

ul'7o42 
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Chapter 1 :  Introduction 

The need for additional water supply prompted the city of Hays, Kansas, to locate a 

supplemental source in the upper Dakota aquifer to the southwest of the city in Ellis County in 

1992 (Figure 1). Production well siting was guided using minimal subsurface geologic 

information. The long history of the oil industry in this area afforded a useful data base of 

geophysical well logs to provide some subsurface geologic information. The geophysical logs of 

wells drilled for oil production were used to identify potential wellsites. Limited test-hole 

drilling was done around these potential wellsites to verify lithologic interpretation of the 

geophysical logs and assess ambient water-quality. At the completion of well installation, short

term pumping tests were conducted for each of the production wells using nearby observation 

wells to determine the aquifer's local hydrologic properties. However, because of the high cost 

of developing and incorporating the new wellfield into the existing water distribution system, no 

funding was available to collect local hydrogeologic information from an expanded test-drilling 

and monitoring-well-installation program outside of the wellfield. 

At the time the wellfield was installed, a temporary permit was issued by the Division of 

Water Resources, Kansas Department of Agriculture (DWR), to allow the city to use the upper 

Dakota aquifer as a source of water for a 5 yr period. A temporary permit was issued because the 

local impact of wellfield operation on the aquifer was uncertain. Concerns were expressed about 

possible impairment of other users of the upper Dakota in the local area outside of the wellfield. 

Impairment results when one well diminishes the supply of water available to·another well·either, 

by lowering the static water level unreasonably or causing an unreasonable deterioration of water 

. quality.. The current DWR interpretation of unreasonable lowering of the static water level in 

other nearby supply wells for confined aquifers is when the static water level drops below the 

aquifer top (Scott Ross personal communication, 1999). Water-level declines in the confined 

Dakota aquifer do not represent a dewatering of the aquifer, but a decrease in fluid pressure. 

When the static water-level drops below the top of the aquifer, this represents a dewatering of the 

aquifer. 

Historically, the DWR has used well spacing as a means to prevent impairment. If two pumping 

wells in the Dakota aquifer are spaced a few miles apart and are withdrawing water from the 

same sandstone body, their zones of influence will likely overlap and coalesce, causing an 

increase in the drawdown in both wells. Continued pumping by both wells for long periods of 

time may result in local depletion of the aquifer or may induce poorer quality water to move 

laterally or vertically toward the wells, such as from the lower Dakota aquifer or the Cedar Hills 

Sandstone aquifer. The DWR well-spacing regulations take into account intended use and the 

local hydrogeologic setting. At the time of installation, the spacing between production wells in 
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the field met the minimum 0.5 mi spacing for producing wells other than domestic in the 

confined Dakota aquifer. These regulations have since been changed (1994) and 

the new spacing for wells in the confined Dakota aquifer is now 4 mi. None of the wells in the 

field meets the newer well-spacing requirement. 

Because of these concerns the city has been monitoring water levels periodically in the 

production and nearby monitoring wells as well as the daily volume of water withdrawn from the 

aquifer. There has been no attempt by the DWR or the city to monitor water levels or water 

quality locally outside of the wellfield since pumping from the field began. 

Overall goals of the project 

The city of Hays, Kansas, contracted with the Kansas Geological Survey (KOS) to 

conduct an investigation of the Dakota aquifer in the vicinity of their wellfield. The purpose of 

this work was twofold. First, the data and the results of this project will be used by the city to 

assemble and submit an application for a permanent water right and an increase in annual 

appropriation of water from the wellfield. And secondly, this project was originally designed to 

produce a management tool in the form of a wellfield simulator that could be used by the city to 

.assess consequences of various short-term, wellfield management plans, including rates of 

withdrawal and the temporary storage of fresh water to recharge the aquifer. 

As described in the original proposal, the overall project goals were to: (1)  collect and 

analyze all of the available geologic, hydrologic and water quality information on the Dakota 

aquifer in the vicinity of the city's wellfield; (2) conduct longer term pumping tests in the city's 

wellfield to determine aquifer properties and hydrogeologic boundaries; (3) assemble, calibrate, 

and use numerical models of the Dakota aquifer in the vicinity of the city's wellfield to assess the 

likely effects of pumpage on aquifer dynamics; and (4) assess viability of various wellfield 

management options, including the temporary storage of freshwater. The first phase of the 

project focussed on the first two goals (documented in Volume 1 of this report) and the second 

phase (documented herein) focussed on the third and fourth project goals. 

Changes in project objectives 

However, with the completion of the hydrogeologic assessment of the wellfield vicinity 

(Volume 1 :  Hydrogeologic Setting), it was evident that the hydrogeologic and hydraulic-head 

data to assemble and calibrate the required comprehensive numerical ground-water flow model 

were not available. As a result, the numerical ground-water flow model developed for this 

project is more conceptual than predictive. A conceptual model is constructed primarily to 

provide an understanding of aquifer system dynamics (Anderson and Woessner, 1992). This 
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type of model can also be used to suggest where additional data are needed in order to produce a 

truly predictive model of the aquifer in the wellfield vicinity. 

With these considerations, we revised the original modeling objectives at the outset of 

this project phase to read as follows: (1) develop, calibrate, and use a conceptual numerical 

ground-water flow model to provide a better understanding of local aquifer system dynamics 

prior to wellfield installation and to qualitatively assess how the dynamics have changed as a 

result of wellfield operation; (2) assess the potential effects of various management options using 

the numerical model of the aquifer, which is based on what is currently known or what can be 

reasonably assumed from the findings of this or other investigations of the Dakota aquifer; and 

(3) identify additional data needed to develop a predictive numerical ground-water flow model of 

the Dakota aquifer in the wellfield vicinity. 

Because of our lack of confidence in the simulations of the aquifer outside of the 

wellfield, three equally acceptable steady-state (predevelopment) and two equally acceptable 

transient conceptual models of the upper Dakota were formulated and calibrated. Each model is 

based on the known hydrologic parameters from the pumping tests and is consistent with the 

hydrogeologic model presented in Chapter 10, Volume 1 ,  of this report. 

Following the limited calibration and further evaluation of one of the transient numerical 

models in the verification step, we found that there is a strong possibility that neither of the 

transient models may account for all of the more significant sources of ground water available to 

the production wells in the wellfield. From this we concluded that the objective to assess the 

potential effects of various management options on the aquifer can not be completed until a 

revised hydrogeologic model is developed from the additional information that we recommend 

collecting (Chapter 7). 

Deliverables 

This report is the second of two volumes that were prepared as contract deliverables to 

the city of Hays. From phase 1 ,  the first report volume presented an analysis of what is currently 

known about the Dakota aquifer in the vicinity of the wellfield from existing data and new 

information developed from pumping tests conducted by KOS in the wellfield in 1997 

(Objectives 1 and 2, cited in the Overall Goals of the Project section of the contract proposal). 

The second volume summarizes the results of phase 2 of the project and focuses on ground-water 

flow model development, testing, and application to assess management options for the 

wellfield. 

(Jl'lG49 
4 



l 
l 
l 

I 
I!: I 

l 

Final Draft Report, Volume 2 

Objectives of this report 

In volume 2 we: ( 1)  describe the process of developing the steady-state (pre

development) and transient, conceptual, three-dimensional, numerical ground-water flow models 

of the upper Dakota aquifer in the wellfield vicinity; and (2) describe the process used to verify 

one of the transient numerical models using the historical pumpage and water-level data from 

within the wellfield; and (3) make recommendations with regard to acquiring additional 

subsurface geology, aquifer/aquitard properties and hydraulic head data in the aquifer-outside of 

the wellfield to eventually produce an improved numerical model that can be used to assess the 

city's management/planning options for the wellfield. 
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Chapter 2: Hydrogeologic Model 

Local Subsurface Stratigraphy 

The stratigraphy of the shallow subsurface (the upper approximately 1 ,200 ft) in the 

wellfield vicinity consists of consolidated geologic units of Cretaceous and Permian age (Zeller, 

1968). From youngest to oldest these geologic units are: the Niobrara Chalk, the Carlile Shale, 

the Greenhorn Limestone, the Graneros Shale, the Dakota Formation, the Kiowa Formation, the 

Cheyenne Sandstone, and the Cedar Hills Sandstone (Table 1) .  

At the surface, the trace of the dissected Niobrara Chalk scarp is just to the north of the 

wellfield and trends in an E-W direction roughly parallel to the line of production and 

monitoring wells in the Dakota field. Thus, within the wellfield the Carlile Shale is the 

uppermost bedrock unit. The combined thickness of the Carlile Shale, Greenhorn Limestone, 

and Graneros Shale ranges from 227 ft at wellsite D-4 to 346 ft at wellsite D-6 (Figure 1) .  

Beneath the Graneros Shale, the Dakota Formation (Table 1 )  ranges in thickness from 

249-350 ft with an average thickness of 288 ft in the project area (Figure 2). The formation 

consists of fluvial and deltaic/estuarine sandstone bodies encased in a matrix of alluvial plain to 

shallow marine mudstone deposits (Hamilton, 1989; 1994). The lower, fluvial channel 

sandstones are fine to medium, well sorted, and contain large-scale and small-scale cross-beds 

and are generally oriented in an east-west direction (e.g., Siemers, 1976; Franks et al. ,  1959). 

Basal Dakota sandstone bodies thicken appreciably into paleotopographic lows where incised 

valleys have formed on the underlying Kiowa Formation (Hamilton, 1994). These sandstone 

beds are abruptly capped by fine-grained deposits or fine upward to interbedded sandstone and 

mudstone and eventually to mudstone. The upper Dakota Formation fluvial complexes were 

transgressed and evolved into deltaic and estuarine environments (Siemers, 1976). In the 

vicinity of the wellfield, approximately the lower two-thirds of the upper Dakota aquifer 

framework consists of non-marine alluvial sediments, whereas the upper third appears to consist 

of marine-influenced alluvial and shoreline deposits. 

The Kiowa Formation and the Cheyenne Sandstone sequence underlies the Dakota 

Formation and is 150-200 ft thick in the wellfield vicinity. The upper part of the Kiowa consists 

primarily of a marine shale that is 50-70 ft thick (Smith, 1995). Below this, the Kiowa contains 

interbedded thin sandstones, siltstone, and shale deposited in nearshore shallow marine, shoreline 

and alluvial valley environments. These deposits belong to the Longford Member of the Kiowa 

Formation. The Longford Member originally was restricted to regressive siltstones, sandstones, 

and mudstones in the lower Kiowa in north-<;entral Kansas (Franks, 1979). The underlying 

Cheyenne Sandstone consists predominantly of cross-bedded, fine to medium sandstone with 

lenses of shale and conglomerate. It was deposited in fluvial to deltaic environments and rests 
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unconformably on Permian strata in central Kansas (Hamilton, 1994). The Cheyenne is typically 

less than 30 ft thick in the wellfield vicinity and tends to thicken into paleotopographic lows 

(Hamilton, 1994) . 

The Permian Cedar Hills Sandstone consists of medium to fine sandstone and feldspathic 

sandstone with interbeds of sandy mudstone (Zeller, 1968; Swineford, 1955; Swineford and 

Williams, 1945). The total thickness of sandstone ranges up to slightly more than 275 ft in the 

wellfield vicinity. 

Local aquifer/aquitard units 

The Upper Cretaceous aquitard 

The Upper Cretaceous aquitard consists of the Upper Cretaceous Niobrara Chalk, Carlile 

Shale, Greenhorn Limestone, and Graneros Shale (Table 1). Due to a lack of data from field or 

laboratory tests in Kansas, the vertical hydraulic conductivity of the Upper Cretaceous aquitard 

was estimated from the literature. Belitz and Bredehoeft (1988) reported thickness-dependent 

vertical hydraulic conductivities for this aquitard ranging approximately from 10-6 ft/day for 

thinner sections to 10-10 ft/day for thicker sections from regional model calibration. Also from 

regional ground-water flow modeling, Macfarlane (1993) reported vertical hydraulic 

. . conductivities ranging approximately from 10-s ft/day in central to 10-1 ft/day in western Kansas, 

respectively. 

The Dakota aquifer system 

At the regional scale, the Dakota aquifer system is subdivided into upper and lower units 

consisting of interbedded sandstone/mudstone (Table 1 )  (Macfarlane 1993). In the wellfield 

.. vicinity, the upper aquifer unit consists entirely of sandstones belonging to the Dakota Formation · 

and the lower aquifer unit consists of sandstones belonging to the Longford Member of the 

Kiowa Formation and the Cheyenne Sandstone. The production and monitoring wells in the 

city's wellfield are screened entirely in the upper Dakota aquifer. Where the Upper Cretaceous 

aquitard is present and water levels in wells are above the top ·of the upper Dakota, the aquifer is 

considered to be a confined system; elsewhere, the Dakota is considered unconfined. 

The upper and lower regional Dakota aquifers are separated by marine shale of the Kiowa 

Formation, referred to as the Kiowa shale aquitard. From gamma-ray logs of boreholes drilled 

for oil production, the Kiowa shale aquitard is approximately 50-70 ft in thickness in the 

wellfield vicinity (Smith, 1995). In a regional flow model of the Dakota aquifer Macfarlane 

(1993) assumed a vertical hydraulic conductivity of 10-6 ft/day for the shale in this aquitard unit, 

based on values used in previous regional models of the ground-water flow in the Dakota 

aquifer. 
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Upper Dakota aquifer framework model 

Aquifer sedimentology from outcrop studies 

With the exception of the uppermost Dakota, most of the sediments that comprise the 

formation were deposited by bedload and mixed-load streams on the eastern side of the 

developing Western Interior seaway in response to sea-level rise. Rising base level may have 

had little initial effect on fluvial depositional style in the upper coastal plain (Shanley and 

McCabe, 1994). Progressive upward changes in depositional style from upper to lower coastal 

plain and shoreface environments indicate that marine influence began to dominate the 

environment near the end of Dakota Formation deposition. 

Early on, deposition filled in the drainage that was incised into the underlying Kiowa 

Formation. Trunk streams in the drainage network were braided, bedload channels of moderate 

sinuosity flowing across what is believed to have been the upper coastal plain. These streams 

left behind laterally extensive tabular sandstone bodies near the base of the formation (Karl, 

1976), which can be traced in the subsurface for distances up to 20 mi (Macfarlane et al. ,  1994). 

Where the Dakota crops out at the surface in Horsethief Canyon, Ellsworth County, thick 

sandstones near the base of the formation are entirely composed of 3-5 amalgamated channel-fill 

elements with very high width/depth ratios (Holbrook et al. ,  1995). In contrast, sandstones 

higher up in the Dakota occupy much less of the outcrop area, e.g., the Rocktown channel 

sandstone elements account for only about 30% of the outcrop area in Russell County (Holbrook 

et al., 1995). Typical fluvial facies successions pass from lateral to vertical accretion and range 

in thickness from 18 to 74 ft in outcrop (Hamilton, 1989). 

In the upper part of the Dakota Formation, the Rocktown channel sandstone was 

deposited by a low sinuousity stream (Holbrook et al., 1995) in a lower coastal plain setting 

(Siemers, 1971). Sandstone body width/depth ratios are much lower than those that would be 

characteristic of braided streams (Miall, 1996). Abandoned channel fills are common and 

consist of mudstone or interbedded mudstone and fine sandstone. This infers pervasive cut-off 

channels from active flow and periodic filling by overbank events, features that are more 

characteristic of meandering streams. The close association of channels with splay deposits and 

the fine-grained character of the overbank deposits also suggests that individual channels were 

well confined by levees. Lateral accretion architectural elements are typically narrow and much 

less abundant than channel architectural elements. 

Mappable subdivisions of the Dakota Formation in the wellfield vicinity 
Detailed stratigraphic analysis of the subsurface data in the wellfield vicinity reveals that 

Dakota Formation strata can be subdivided into two locally mappable subdivisions. The upper 

subdivision (Subunit 1 )  appears to be dominated by marine-influenced alluvial and shoreline 
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sediments that range in thickness from 95 to 141 ft. The lower, approximately two-thirds of the 

Dakota Formation consists of strata that were deposited in upper coastal plain, alluvial 

environments, including channel and adjacent floodplain (Figure 3). Lacking any locally 

traceable and continuous stratigraphic markers, this fluvially dominated interval was arbitrarily 

split into an upper Subunit 2 and a lower Subunit 3,  which are of equal thickness. The lower 

boundary of Subunit 3 is the erosional base of the Dakota Formation on the underlying marine 

shale of the Kiowa Formation. 

These progressive changes in fluvial depositional style are reflected in the upward 

decrease in the sandstone proportion from Subunit 3 to Subunit 1 of the Dakota Formation 

described in Volume 1 of this report. The proportion of aquifer-grade sandstone to total 

formation thickness ranges widely from less than 5% to slightly more than 55% and averages at 

approximately 29%. Most of the sandstone occurs in the lower two-thirds of the Dakota 

Formation. The sandstone isolith maps for each subunit (Figures 4-6) reveal NW-SE and E-W 

trends in each layer where the aggregate thickness of sandstone exceeds 20% of the total layer 

thickness. Within each of these trends the proportion of sandstone ranges locally up to more 

than 80% of the total thickness in Subunits 2 and 3 and more than 40% of the Subunit 1 

thickness. Thicker accumulations of sandstone consist of stacked sequences of amalgamated, 

fluvial channel sandstones in all three subunits associated with valley systems incised into the 

underlying Kiowa Formation. 

Aquifer unit hydraulic connection in the wellfield vicinity 
Ground-water flow patterns in interbedded sandstone and mudstone sequences are 

controlled primarily by channel-belt connectivity (Fogg, 1990) and secondarily by the hydraulic 

conductivity contrast across the sandstone-mudstone boundary (Toth, 1962; Macfarlane et al. ,  

1994). Jones et al. (1995) indicate that the number of discrete channel sandstone·fills stacked to 

form a channel belt exerts a major influence on ground-water flow within sandstone deposits. At 

the wellfield scale, connectivity can be assessed using the sandstone fraction as a surrogate and 

from pumping test results (Galloway and Sharp, 1998a,b). Computer-simulation of a synthetic · 

fluvial depositional system (Bridge and Mackey, 1993) suggests that randomly distributed 

sandstone channel units are relatively isolated where the sandstone fraction is less than 40% and 

increases with increasing sandstone fraction up to 75%. At higher sandstone fractions, the 

channels are highly connected. Using computer simulation, Fogg (1986) analyzed a mixed�load 

fluvial aquifer in the Wilcox of east Texas and found that sand bodies were effectively isolated 

where the sandstone fraction was less than 20% and effectively amalgamated where the 

sandstone exceeded 60%. 
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Figure 3 
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Figure 3. Example gamma-ray log from a borehole drilled for oil production showing the 
subunits of the Dakota Formation used in this project. The darkened intervals on the log 
represent significant sandstone aquifers where the gamma ray intensity is less than 60 
API units. 
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Figure 4. Percent sandstone in Subunit 1 of the Dakota Formation in the study area. 
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Figure 5. Percent sandstone in Subunit 2 of the Dakota Formation in the study area. 
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Figure 6. Percent sandstone in Subunit 3 of the Dakota Formation in the study area. 
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In this project, we assumed that at a minimum sandstone fraction of 50%, connections 

between sandstones are probable along the main sandstone trends in all Subunits 2 and 3 and in 

vertically adjacent subunits . Within the wellfield the sandstone fraction exceeds 60% inSubunits 

2 and 3 indicating a very high probability of sandstone-body interconnection within each layer. 

In Subunit 1 sandstone fraction is 40% or less, but the sandstone bodies are sporadically 

distributed only near the base of and not throughout the subunit thickness, which suggests that 

where they occur the sandstones form laterally connected bodies. 

The sandstones in Subunit 2 are the primary source of ground water for the production 

wells . The area of probable sandstone-body lateral interconnection for Subunit 2 of the Dakota 

Formation was modified using the results from the 1992 and 1997 pumping tests (Figure 7). The 

more hydraulically connected part of the sandstone aquifer in Subunit 2 ranges from 

approximately 0.5 mi to 1 mi in width within the wellfield. Within this subunit sandstone 

hydraulic conductivity and specific storage exhibit some systematic variation with generally 

higher values in the central and eastern parts of the wellfield (Figure 7). Net sandstone thickness 

in Subunit 2 in this part of the wellfield is the highest, and there is probable vertical connection 

with sandstones in Subunits 1 and 3 (Figure 5). 

Situated in between the more hydraulically connected sandstones and the mudstone (less 

than 20% sandstone) is a zone where the sandstone is interbedded with muds tone (Figure 8). 

The sandstone in this zone is assumed to be finer grained, less well sorted, and hence, less 

permeable than the adjacent channel sandstone. From the low sandstone fraction, these lenses 

are more likely to be hydraulically isolated from each other than those nearer the axis of the E-W 

and NW-SE trending amalgamated sandstones. 

Sandstone aquifer and mudstone aquitard hydrologic properties 

The variation in sandstone hydraulic conductivity appears to be related to texture and 

sedimentary structures in both the upper and the lower Dakota aquifers in Kansas with an 

overprinting of the effects of diagenetic and post-diagenetic processes (Macfarlane et al., 1994). 

Massive, coarser grained, well sorted sandstones typically occur near the base of the Dakota 

Formation and are more permeable than the cross-laminated, finer grained, less well sorted 

sandstones higher up in the formation. 

In the Hays wellfield the sandstone hydraulic conductivities derived from the pumping 

tests in the upper Dakota aquifer vary by a factor of two (22.3 ft/day in the D-2 test using MD-

2&3 as an observation point to 12.2 ft/day in the 1997 pumping test at D-6 using MD-6 as an 

observation point) (Figures 1 and 7). Detailed descriptions of the Dakota Formation strata 

penetrated during the drilling are not available to indicate variations in overall sandstone texture 
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Figure 7 
A 
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Figure 7. Conceptual hydrogeologic model of the more hydraulically connected sandstone 
aquifer in the wellfield showing a simplified distribution of aquifer properties (A, 
hydraulic conductivity and B,  speciic storage). Aquifer properties are from the 1997 and 
1992 pumping tests. 
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from wellsite to wellsite or vertically at a given wellsite. However, the small variation in 

hydraulic conductivity across the wellfield suggests little overall textural variability. 

The sandstone specific storage values calculated from the 1992 and 1997 pumping tests 

vary from 7.7 x 10-1 ff1 to 2.0 x 10-6 ft-1 (Figure 7). These property values are well within the 

range of specific storage values for Dakota aquifer sandstones calculated from other pumping 

tests conducted in the Dakota aquifer in Kansas and southeastern Colorado (Macfarlane et al . ,  

1998). 

Hydraulic conductivity values for the mudstone could not be derived from the pumping 

tests because there were no observation wells to observe the flow system response to pumping 

and recovery in the mudstone. Similarly, earlier tests conducted by the Kansas Geological 

Survey in the Dakota Aquifer Program were also not configured to provide estimates of these 

mudstone flow properties. Mudstone hydraulic conductivity values from the literature range 

from 2.8 x 10-6 to 7.9 x 10-2 ft/day (Freeze and Cherry, 1979; Domenico and Schwartz, 1992; 

Spitz and Moreno, 1996). In this project we assumed that the mudstone hydraulic conductivity 

was near the middle of this range at 1 x 1 0-4 ft/day. This assumed value is consistent with 

estimates inferred from pumping and slug test results reported in Wade (1992) and Macfarlane et 

al. ( 1994). 

No specific storage values for mudstone were found from a review of the literature. 

Consequently, it is assumed that the mudstone specific storage is in the same range of values as 

the sandstone specific storage. 

Ground-water Flow 

The potentiometric surface map of the upper Dakota aquifer shows higher hydraulic 

heads to the west of the wellfield than to the east. This indicates a predominantly eastward 

ground-water flow direction across the wellfield (Figure 9). The apparent smoothness of the 

potentiometric surface belies the complex distribution of aquifer and aquitard units within the 

upper Dakota and is due to the lack of data throughout much of the study area. The slight 

bending of the contours in the center of the study area is due to the concentration of data within 

and the lack of data outside of the wellfield. From MD-6 to MD-2&3 the hydraulic gradient is 

-much steeper than it is from MD-2&3 to MD-4 (Figure 9). The change in hydraulic-head 

gradient appears to be related to a higher transmissivity in the eastern half of the wellfield than in 

the west. From the pumping tests discussed in Volume·! of this report, transmissivity values 

increase from 584 ft2/day at wellsite 6 at the west end of the field to 1,946 ft2/day at wellsite 4 at 

the east end. The increase in transmissivity is due to higher hydraulic conductivity and greater 

sandstone aquifer thickness. 
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Figure 9 
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Figure 9. Regional potentiometric surface map of the upper Dakota aquifer and hydraulic head 
profile (A-A') in the vicinity of the study area. 

20 



1, • 

l 
I 
l 
a 
I 

I 
I 
l 
I 

l 
l 

Final Draft Report, Volume 2 

Local Sources of Recharge 

Local recharge from overlying sources enters the upper Dakota aquifer as leakage from 

the Upper Cretaceous aquitard and is on the order of 0. 1 % or less of lateral flow in the confined 

Dakota aquifer to the west of the wellfield (Macfarlane and Smith, 1994; Helgeson et al. ,  1993; 

and Belitz and Bredehoeft, 1988). Eastward of the wellfield, the regional aquitard is a thinner, 

more permeable unit and recharge entering the top of the aquifer may amount to as much as 10% 

of the lateral flow within the Dakota (Smith and Macfarlane, 1994; Smith, 1995). 

An additional source of recharge to the Dakota aquifer system comes from the underlying 

Permian Cedar Hills Sandstone aquifer where both aquifers are hydraulically connected, 

including the area around the city's Dakota wellfield. The total recharge from this source is 

estimated to be less than 1 % of the lateral flow in the upper Dakota aquifer. The Cedar Hills 

Sandstone aquifer is a source of both natural halite-solution and injected oil brines (Macfarlane 

et al . ,  1988). 

No field studies have been conducted to verify these estimates of recharge in the wellfield 

vicinity. 
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Chapter 3 :  Simulation of Ground-water Flow in the Upper Dakota Aquifer in the Wellfield 

Vicinity 

In hydrogeology, the phenomenon of ground-water flow can only be observed indirectly 

in boreholes and wells, more often than not. As a result, it is often impossible to fully 

comprehend or make predictions of the impact of imposed hydrologic stresses on a complex 

aquifer system like the upper Dakota without a means of synthesizing all of the factors related to 

its functioning. Simulation of the ground-water flow system with models performs this 

integrative function and thus is an invaluable tool for developing new insights and for 

management and planning. For simulation to be useful for these purposes, there must be ( 1 )  a 

correct conceptual hydrogeologic model that includes the salient features of the flow system 

related to its functioning, (2) an appropriate selection of parameter values and boundary 

conditions that characterize the hydrogeologic setting, and (3) a selection of spatial and temporal 

trends in hydrologic stresses and trends in water levels through time projected into the future. 

In this project simulations that were developed are based on a rather limited data set: (1) 

the relatively sparse data base of gamma-ray borehole geophysical logs of oil wells that have 

been drilled at various times in the past and for the siting of production and monitoring water 

wells, (2) the pumping test results from the wellfield only and (3) the water-level history from 

the observation and pumping wells through almost 5 yrs of pumping. Although this represents a 

large body of information, it is not sufficient to the task of making reliable quantitative 

assessments considering the extreme complexity of the upper Dakota aquifer. 

Overview of ground-water model design 

Model design involves translating the hydrogeologic model into a form that is suitable for 

mathematically simulating ground-water flow using a numerical model (Anderson and 

Woessner, 1992). The conceptual hydrogeologic model of the upper Dakota aquifer is presented 

in Chapter 2, of this �port volume and is summarized in Figures 7 and 8. The model design part 

of the process involves model grid design, selection of time step intervals for transient 

simulation, setting boundary and initial conditions, and preliminary selection of hydrologic 

properties values and values for hydrologic stresses. 

Governing equation 

The governing equation that generally describes the transient flow of ground water 

. through a three-dimensional, heterogeneous, anisotropic porous medium is (Anderson and 

Woessner, 1992): 
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�( Kx :) + M Ky �) + �( Kz :) + R � S, � Eqn. 1 

Where K • •  KY, and Kz and are the x, y, and z components of hydraulic conductivity, R is a  source 

or sink (negative when water leaves the system), s. is specific storage, h is the hydraulic head, 

and t is time. In this project, R represents the withdrawal of water from the aquifer by pumping 

wells or the input of water to the aquifer by injection wells. For the steady state case, .the time 

rate of change of fluid mass storage is equal to zero and the hydraulic head is not a function of 

time (Freeze and Cherry, 1979). Thus, the steady-state ground-water flow equation simplifies to: 

Eqn. 2 

In this project we treat the ground-water flow system prior to installation of the wellfield 

as the steady-state condition. Macfarlane (1993) concluded that usage of the upper Dakota for 

water supply prior to wellfield construction was limited to a few scattered domestic wells to the 

west near the Ellis-Trego county line. As a result, we assume that the regional potentiometric 

surface has not been significantly affected by these limited withdrawals of water prior to 

operation of the wellfield. We assume that prior to development a steady-state condition 

generally existed where the natural ground-water flow pattern was unaffected by significant 

hydrologic stresses. 

Visual MODFLOW and the Zone Budget Utility 

MODFLOW (McDonald and Harbaugh, 1988) was selected for this project because it is a 

commonly used, readily available, off-the-shelf modeling package. Visual MODFLOW 

(Waterloo Hydrogeologic, 1994) uses a graphical interface, which acts as a pre- and 

postprocessor for the MODFLOW source code. MODFLOW is used to solve the transient and 

steady-state, three-dimensional, ground-water flow equations with its attendant boundary and 

initial conditions. MODFLOW is a block-centered, finite-difference code that can be used to 

simulate ground-water flow in two or three dimensions. The software has a modular structure 

and consists of a main program and a series of subroutines referred to as modules. These 

subroutines are grouped into "packages" that deal with specific features of the hydrologic system 

to be simulated or with a numerical technique to solve the finite-difference formulation of the 

flow equation. The packages used for the steady-state (pre-development) model of the wellfield 

vicinity are the Block Centered Flow, Basic, General Head Boundary, and Strongly Implicit 

Procedure packages. The Block Centered Flow and Basic packages contain input information on 

U l '/ 0 6 8  
23 



I 
a 
a 
l 
l 
l 

I 
l 
I 
I 

I 
l 

L 

Final Draft Report, Volume 2 

how the model is constructed and the cell-by-cell hydrogeologic properties and thickness 

(Waterloo Hydrogeologic, 1994). 

Four different solution techniques are available in MODFLOW to solve the finite 

difference form of the ground-water flow equations. In formulating the Visual MODFLOW 

software, Waterloo Hydrogeologic developed a proprietary solver package (WHS) in addition to 

the Strongly Implicit Procedure (SIP), the Slice Successive Overrelaxation (SOR), and the 

Preconditioned Conjugate-Gradient (PCG2) packages of the original software described by 

McDonald and Harbaugh ( 1988). These are described in some detail in the user's manual for 

Visual MODFLOW. 

We tested both the WHS and the SIP solver packages using a simplified, steady-state 

ground-water flow model of the wellfield and found that the resulting hydraulic-head 

distributions differed by less than 0. 1 ft. We also found that the WHS solver produced a solution 

to the steady-state problem faster than the SIP solver but noticed that model runs using the WHS 

solver were more likely to be non-converging. We did not evaluate the SOR or the PCG2 solver 

packages. We used the SIP solver package in this modeling project. 

The utility Zone Budget (Harbaugh, 1990) is an accounting program that uses the cell-by

cell flows from MODFLOW to calculate the ground-water flux from the boundary conditions, 

pumping wells, and changes in storage during each stress period. Fluxes may be calculated from 

one cell to another, from one model subregion to another, or for the entire model. 

Model grid 

The model represents an area 4 mi north-south by 6 mi east-west, within the 5 mi by 10 

mi study region, 6 mi southwest of Hays, Kansas (Figure 10). The model is only of the confined 

upper Dakota aquifer in Secs. 7-9, 16-2 1 ,  and 28-30, T. 14 S. ,  R. 18 W and Secs. 10-15 and 22-

27, T. 14 S.,  R. 19 W. 

The model region is smaller than the study area size because of the complete lack of 

information over large portions of the study area outside of the immediate wellfield vicinity. 

Only 1 16 gamma-ray logs of boreholes were available to map the sandstone distribution in the 

Dakota Formation in a 50 mi2 study area, or about 2 logs/mi2 at best. Because the distribution of 

these logs is nonuniform, no subsurface information is available locally for significant parts of 

the study area, even in some areas near the wellfield. Unfortunately, this small size of the model 

region can pose a problem for transient simulations with pumping wells if the model boundaries 

are too close to the primary region of interest (Anderson and Woessner, 1992). When the model 

region is small there is a greater likelihood that the effects of pumping will reach the model 

boundaries, thus precluding the ability of the model to accurately simulate the effects of pumping 

throughout the aquifer being simulated. 
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Figure 1 1 .  Schematic diagram showing the model grid and the distribution of model cell sizes 
with respect to the production and monitoring wells (dots). Numbers on the axes the 
distance in feet away from the southwest edge of the model region. 
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The three-dimensional model consists of 2 layers with 42 rows and 74 columns in each 

layer for a total of 3 , 108 cells, all of which are active (Figure 1 1 ). The modeled region can be 

separated into an inner core region that includes the wellfield vicinity and an outer region nearer 

the edges of the model. The core region of the model is 2 mi by 4 mi in size and the cells in this 

part of the model are 330 ft by 330 ft in size. The smaller cell size in the central portion of the 

model allows for more accurate depiction of (1)  the curvature of the potentiometric surface in the 

wellfield vicinity due to the hydraulic conductivity contrast across the mudstone/sandstone 

boundary and pumping and (2) the complex shape of the mudstone/sandstone boundary and the 

nonuniform distribution of aquifer properties in the wellfield as it is represented in the 

hydrogeologic model (Figures 7 and 8). 

This minimum cell size is also a balance between the observation and the production well 

spacing and the uncertainty in the oil-well borehole locations used to map most of the subsurface 

geology near the wellfield. In the transient form of the model the x-y dimensions of the cells 

must be small enough so that the pumping and observation wells are situated in different cells. 

With this accommodation the pumping test data can be used to assist in model calibration. The 

actual distance between the pumping and observation wells at wellsites 4, 5, and 6 is less than 

300 ft and slightly less than 500 ft at wellsite 1 (Figure 1) .  On the other hand, most of the 

borehole locations are recorded only to the nearest 1/64 of a section, a square area 660 ft by 660 

ft in size. 

Within the 1-mi. wide outer region that surrounds the core region of the model there is 

very little hydrogeologic data (Figure 1 1) .  As a result, the model cells in this part of the model 

are much larger and the cell dimensions progressively increase in size by a factor of 1 .4 toward 

the boundaries of the model. To maintain model stability, adjacent cells increase in size by more 

than a factor of 1 .5 (Anderson and Woessner, 1992). The cell size at the comers of the grid is 

1 ,883 ft by 1 ,883 ft. 

The upper model layer (model layer 1 )  corresponds to Subunit 1 of the Dakota 

.Formation. The lower layer (model layer 2) represents Subunit 2 of the Dakota Formation and 

where there is vertical interconnection between sandstone bodies, Subunits 2 and 3. 

The elevation of the model layer tops is based on the subsurface mapping discussed in 

Volume 1 of this report. Elevations were determined for the center of each cell by interpolation 

using contoured maps showing the elevation of the tops of the layers in the vicinity of the Dakota 

wellfield. Figures 12  and 13 are maps showing the elevation of the tops of model layers 1 and 2, 

respectively, and Figures 14 and 15  show the variation in layer thickness for model layers 1 and 

2, respectively. The thickness of model layer 1 ranges from 80 ft in an area 0.75 mi southwest of 

D-6, to 103 ft at MD-1 and the thickness of model layer 2 ranges from 32 ft at MD-6 to 100 ft at 

both D-6 and D-4. 
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Figure 12 
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Figure 12. Elevation in feet above mean sea level of the top of model layer 1 .  Dots represent the 
pumping and observation wells. 

28 (·· 1 ·1 r· ...... ·-:1 } .. . ,; ' � )  



I 

I 

I 
I 
l 
l 

. I 
l I 

I 
l 
l 
l 

Final Draft Report, Volume 2 

Figure 13 
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Figure 13. Elevation in feet above mean sea level of the top of model layer 1. Dots represent the 
pumping and observation wells. 
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Figure 14 
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Figure 14. Thickness in feet of model layer 1. Dots represent the pumping and observation 
wells. 
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Figure 1 5  
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Figure 15. Thickness in feet of model layer 2. Dots represent the pumping and observation 
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Hydrologic properties 

In Visual MODFLOW the aquifer parameters are entered by inputting the horizontal and 

vertical components of the hydraulic conductivity (Kh, KJ, the within-model-layer anisotropy, 

the specific storage (Ss), and the layer thickness (b) for each cell in the model (Waterloo 

Hydrogeologic, 1994). It is assumed that the hydraulic conductivity in the row direction is the 

same as the hydraulic conductivity in the column. Consistent with what is typically assumed for 

lithified, sedimentary strata (Domenico and Schwartz, 1 992), the vertical component of hydraulic 

component of hydraulic conductivity, Kv, is assumed to be O .lKh for each model layer. The 

transmissivity and storativity are calculated prior to solution of the finite-difference form of the 

flow equations McDonald and Harbaugh, 1988). Transmissivity (T) and storativity (S) are 

calculated for each block as: 

Eqn. 3 

and 

Eqn. 4 

In the numerical models that include a sandstone aquifer, wellfield area Kh and Ss values 

were initially assigned to each cell in the main part of the channel sandstone body according to 

the hydrogeologic model (Figures 7 and 8). The channel deposits in the wellfield consist of the 

most permeable, hydraulically connected sandstone. The surrounding mudstones are flood-plain 

deposits with sporadically distributed, thin, hydraulically isolated lenses of low permeability 

sandstone amounting to <20% of the total volume of the deposits. These deposits constitute the 

bulk of the deposits in the model region (Figure 8). Analysis of 1997 D-1 and D-6 pumping test 

data indicated that mudstone transmissivity is at least 3-4 orders of magnitude lower than the 

transmissivity of the channel sandstone (Butler, 1998), which is consistent with the range of 

estimated values from the literature (Freeze and Cherry, 1979; Domenico and Schwartz, 1992; 
Spitz and Moreno, 1996). Thus, the mudstone Kh was set equal to 1 x 104 ft/day. Lacking any 

information either from this study or the literature, the mudstone S was assumed to be the same 
s 

as for the geometric mean of the sandstone S1 values from pumping tests. Thus, the mudstone S1 

was set initially at 1 .5 x 10-6 n-1 for all cells in the model representing the mudstone. 

Values for other parameters also need to be set prior to running the model. The specific 

yield of the sandstone was assumed to be 0.05 and the effective and total porosities were 

assumed to be 0. 15.  The specific yield of the mudstone was assumed to be 0.01 and the effective 

and total porosities were assumed to be 0.10 and 0.01,  respectively (Spitz and Moreno, 1996). 
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Starting hydraulic head 
Hydraulic head values were estimated for each cell in the model from the pre

development, regional potentiometric surface for the Dakota aquifer in the study area (Figure 9). 

Additional contours were added by hand to produce a regional potentiometric surf ace map with a 

smaller 5-ft contour spacing. Outside of the wellfield, few data points were available to guide 

placement of these contours. Consequently, an attempt was made to draw the 5-ft in such a way 

that their spacing on the map was uniform. Hydraulic heads were then determined for each cell 

center in the model by interpolation. The resulting cell-by-cell hydraulic head distribution was 

contoured using the Transform module of the NOESYS software package (Fortner Research 

LLC, 1996) and compared visually with the original, hand-contoured map to spot-check for 

errors. 

Boundary conditions 

Determination of which boundary conditions are most appropriate for the model is 

critical because the boundaries provide a local context that references ground-water flow within 

the model to the much larger, regional and subregional flow system (Anderson and Woessner 

1992). Three boundary condition types were used in the model of the wellfield vicinity: no-flow, 

constant head, and general head or head-dependent flux boundaries. 

Leakage from overlying and underlying units is believed to be a small fraction (1-10%) 

of lateral flow within the upper Dakota aquifer (Macfarlane, 1993; Smith, 1995). To simplify the 

conceptual numerical model, it is assumed that recharge from these sources to the upper Dakota 

aquifer can be ignored given the nature of the problem, the lack of vertical hydraulic 

conductivity data for the younger Cretaceous rocks above the Dakota, and our uncertainty with 

respect to recharge rates. In particular, the data of the last 5 yrs do not indicate a diminished 

water quality in aquifer due to pumping which suggests that hydraulic connection with 

underlying sources of saline water in the lower Dakota and in the Cedar Hills Sandstone may be 

very poor. Consequently, the upper and lower boundaries of the model are considered no-flow 

boundaries. Initially it was assumed that the aquifer would remain confined throughout the 

simulation period, i.e., transmissivity and storativity, would remain constant during simulation. 

From the pre-development regional potentiometric surface, the ground-water flow 

direction in the study area is believed to be approximately from west to east, perpendicular to the 

lines of equal hydraulic head for the isotropic porous medium (Figure 9). The north and south 

model boundaries are sub-parallel to the flow lines in the Upper Dakota aquifer and thus, are 

considered to be no-flow boundaries (Figure 16). The simulation results indicate that the no

flow boundaries are sufficiently far away from the wellfield to be essentially unaffected by 

pumping. 
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The east model boundary and the cells in the southeast comer of the model form a 

constant head-boundary which functions as a sink, drawing water into the model from the west to 

maintain regional hydraulic head gradient (Figure 16). This boundary condition can be used 

when natural specified-head boundaries are too remote for modeling purposes (Spitz and 

Moreno, 1996) . It is important to insure that hydrologic stresses inside the model do not have a 

direct effect on the boundary such as might occur if the cone of depression from pumping would 

encounter the boundary during simulation. 

The hydraulic heads in the cells associated with the specified-head boundary decrease 

from north to south along the east model boundary from 1860.9 ft to 1 855.5 ft. In the southeast 

comer of the model, three cells are included as part of the specified-head boundary. Because of 

the NW-SE trending very permeable sandstone aquifer, it is assumed that the dominant ground

water flow direction is along the trend of the channel sandstone aquifer near this model 

boundary. Hence, lines of equal hydraulic head should be perpendicular to the trend of the 

channel sandstone. The hydraulic head in the cells representing the sandstone aquifer in the 

southeast comer of the model was assumed to be 1 855.5 ft. The Visual MODFLOW graphical 

display of the flow vectors in the final steady-state model does indicate flow entering the 

southeast comer specified-head cell from outside of the model area to the south. However, a 

water-budget analysis shows that water enters the cell only from the model region. This is 

unexpected, but the inflow is very small (less than 0 .1  % of the total flow) and is not considered 

significant. 

The hydraulic boundary condition along the west side of the model is simulated by a 

general head or type III, head-dependent flux boundary (McDonald and Harbaugh, 1988; Spitz 

and Moreno, 1996). This boundary functions as a water source or sink-situated outside of the 

model. The rate and direction of flow depends on the hydraulic gradient and the conductance 

between an assumed constant-head reservoir outside of the model and the cells along the west 

edge of the model region (Anderson and Woessner, 1992). This boundary condition is 

.appropriate because most of the Dakota Formation upgradient of the west model boundary 

consists of low permeability mudstone (approximately 70%) and sandstones of uncertain 

hydraulic connection. The combined effect of the head-dependent flux boundary on the west end 

and the specified-head boundary condition on the east end of the model is to simulate the 

regional hydraulic gradient through the wellfield vicinity. 

The general head boundary condition simulates flow across a permeable model boundary 

and is dependent on the hydraulic-head difference between a "reservoir of water" outside .of the 

model region and the cell interface with the model boundary (Figure 17). Two terms are 

required by the general-head boundary package in MODFLOW (McDonald and Harbaugh, 

1988). The first is a conductance term, and the second is the elevation of the "reservoir head" 
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Figure 1 7  
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Figure 17. Schematic showing the parameters controlling the flow of water into or out of the model in the 
general head boundary condition. 
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located outside of the model. The equation for flow into or out of the model cell on the boundary 

(Q) is a linear function of the head difference between the reservoir and the model cell: 

Eqn. 5 

where C is the conductance, hr is the reservoir head, and h1i is the head in the cell adjacent to the 

model boundary in column 1 of the grid. In this model the source of water is regional· flow and 

the "reservoir head" is taken to be the 1 ,975 ft above mean sea level, which corresponds to a 

hydraulic head contour on the regional predevelopment potentiometric surface map to the west 

of the model area (Figure 9). We assume that limited domestic-well pumping to the west of the 

model region has little effect on the "reservoir head". C is a lumped parameter that is defined by 

the equation: 

C = K AIL h Eqn. 6 

where Kh is the regional equivalent horizontal component of hydraulic conductivity, A is the 

cross-sectional area of the cell along the boundary through which flow into or out of the model 

occurs, and L is the distance from the "reservoir head" to the model cell. 

Measures of model calibration 

Calibration of ground-water flow models usually consists of adjusting the model input 

parameters until a satisfactory match is achieved between the observed and simulated hydraulic 

heads, fluxes, or other calibration targets (Wang and Anderson, 1982). In this modeling project, 

a very limited calibration was performed by trial-and-error adjustment of the model parameters 

to minimize the head difference at the pumping and observation wells. 

The results of each round of calibration were evaluated by computing the root mean 

square (RMS) error: 

RMS error = [(1/n)l:(hm - h.)2]°'!5 , Eqn. 7 

where � and h, are the measured and simulated hydraulic heads, respectively .  Table 2 lists the 

observed pre-development hydraulic heads used to calculate steady-state model RMS error. This 

criterion was chosen because the RMS error is thought to be the best measure of uncertainty if 

the errors are normally distributed (Anderson and Woessner, 1992). The simulated heads from 

each run were compared visually to the observed potentiometric surface in the model region to 

assess model fit. 
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Table 2. Observed steady-state (pre-development) hydraulic heads in the pumping (D) 

and observation (MD) wells in the Hays Dakota wellfield. 

Wellsite H�draulic Head Elevation (ft) 

D-6 1888.65 

D-5 1882.32 

D- 1 1877.69 

D-3 1873.59 

D-2 1872.85 

D-4 1870.99 

MD-6 1888.95 

MD-5 1882. 10 

MD-1 1877.67 

MD-2&3 1873. 17 

MD-4 1870.92 

Wells 

This package was used to simulate pumpage from the aquifer in the transient numerical 

model. The model allows the user to place wells at any location within the model, but all 

calculations assume that wells are located at the center of a cell. Consequently, the actual well 

location may differ significantly from the location specified in the ·model. 

Assumptions and limitations of Visual MODFLOW 

The following assumptions are made in the model: 1) the ground water is of uniform 

density and viscosity (homogeneous fluids), 2) the geology of the region can be reasonably 

simulated with a 3-dimensional orthogonal grid, and 3) the only flow into and out of the model is 

where there are constant head or general head boundary conditions exist. 

38 
0 1 7 6 8 3  



l 
I 
l 
l 

l 
l 

I 

I 
l 
•• • 

Final Draft Report, Volume 2 

Chapter 4: Conceptual Steady-state Models of Ground-water Flow in the Upper Dakota Aquifer 

This chapter discusses development of steady-state, conceptual ground-water flow 

models of the Dakota aquifer in the Hays wellfield vicinity. The steady-state model can be used 

to investigate the flow system and its influences and provides the initial conditions needed for 

running the transient model to the simulate pumping effects on the aquifer. The chapter begins 

with a description of the phased modeling approach and includes presentation of model 

calibration results, descriptions of the alternate steady-state conceptual models, and explanations 

of the limitations imposed by the data used in formulating the models. 

Modeling approach 

The effort to effectively simulate the ground-water flow system in the wellfield vicinity 

is handicapped because of the lack of hydrologic properties for much of the model region and 

only limited hydraulic information on which to base the model boundary conditions and to 

perform a rigorous model calibration. Many areas within the model region are also inadequately 

characterized with respect to the stratigraphic framework within the Dakota Formation. Where 

only minimal data are available, it is quite possible that alternate, equally statistically valid, 

model calibrations can be developed from a single data set (Spitz and Moreno, 1996). Thus, the 

modeling effort in this project was directed towards formulating simulations that are consistent 

with what is known about (1)  the regional hydraulic head gradients, (2) the hydraulic heads in 

the wellfeld prior to pumping, (3) the hydrologic properties of the aquifer and location of flow 

boundaries from the pumping test analysis, and (4) the subsurface geologic information. 

Starting with simple models of the aquifer and building toward more complex 

simulations is always prudent, especially where there is little data to directly formulate the more 

complex steady-state model. In this project, we approach this based on an understanding of the 

dominant ground-water flow directions and the most important aspects of the aquifer framework 

as presented in Chapter 2 of this report volume (Spitz and Moreno, 1996). This approach may 

provide a means of reducing some of the uncertainty in the boundary conditions and hydrologic 

properties of the geologic framework. 

Initially, a simple two-layer model of regional ground-water flow was assembled to 

simulate the regional potentiometric surface of the Dakota aquifer through the wellfield. The 

regional potentiometric surface map does not take into account the local heterogeneity of the 

Dakota aquifer evident at the more local scale. Using the simple two-layer model as a starting 

point, a more complex model was formulated by incorporating a sandstone aquifer using the 

hydrologic properties and flow-boundary locations from the pumping tests. It was assumed that 

the pumping-test derived hydrologic properties carried much less uncertainty than other model 
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parameters and the respective values are representative of the aquifer in the immediate vicinity of 

each production and nearby observation well. This is considered as the uncomplicated, base 

conceptualization of the upper Dakota aquifer in the model region. 

A more complex model of the Dakota aquifer in the wellfield vicinity was formulated to 

take into account the less permeable deposits that may be present adjacent to the sandstone 

aquifer at certain locations in the model. This took into account the effects of interbedding of 

less permeable sandstone and mudstone and degrees of sandstone-body hydraulic connection. 

This is referred to as the fringe model and is presented as the final, steady-state model in this 

chapter. 

However, a later evaluation of the calibrated, transient fringe conceptual model in 

Chapter 5 of this report suggested that the fit of the simulated to the "observed" drawdowns from 

pumping could be improved by a slight modification. This modification took into account the 

likelihood of hydraulic connection between sandstone aquifers in Subunit 2 and Subunit 3 of the 

Dakota Formation just to the south of D-2. As a result, an additional permeable source of water 

was made available to nearby pumping wells in the transient simulation. Because this alternative 

model was developed during transient model calibration it is discussed in Chapter 5 of this report 

volume. All but the first simple regional models of the upper Dakota aquifer are consistent with 

what is known about the upper Dakota aquifer in this area. 

Regional sandstone-body connectivity and equivalent hydraulic conductivity 

Ground-water flow through interbedded sequences of sandstone and mudstone is 

controlled primarily by the connectivity of the sandstone bodies and secondarily by the hydraulic 

conductivity contrast between the mudstone and the encased sandstone (Toth, 1962; Fogg, 1990; 

Macfarlane et al., 1994). The hydraulic conductivity contrast between mudstones and sandstones 

is on the order of 3-5 orders of magnitude (Domenico and Schwartz, 1992). Thus the regional 

effective hydraulic conductivity of the Dakota and the hydraulic gradient determines the flux of 

water into the model as well as the flow patterns within the model area. 

Statewide the sandstone fraction in the upper Dakota aquifer is approximately 30%. If it 
is assumed that this sandstone is distributed randomly through the formation, the likelihood of 

direct physical, and hence hydraulic, connection is low (Fielding and Crane, 1987). However, 

examination of gamma-ray logs through the Dakota Formation suggests that the sandstone 

bodies may occur preferentially at certain levels within the formation and therefore, their 

distribution is not random. Considering our uncertainty about the degree of sandstone-body 

hydraulic connection, two alternative end-member regional models can be formulated and used 

as a basis to calculate effective regional hydraulic conductivity of the upper Dakota aquifer. 

I' 
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One approach to aquifer characterization in these sequences is to use an effective 

hydraulic conductivity (Kcff). In Figure 18A dual porous media consists of interbedded low 

permeability mudstone of hydraulic conductivity K1 and randomly-distributed, permeable 

sandstone bodies of hydraulic conductivity K2• The sandstone fraction is less than 50% of the 

total sequence thickness. Ground water is assumed to flow laterally, parallel to the bedding. The 

hydrogeologic framework in the figure can be reconfigured into separate lumped sandstone and 

mudstone fractions equal to the proportion of each lithology in the framework (Figure 18B). The 

total length through the mudstone and sandstone is L and is subdivided into 11 and 12 flow path 

segments for mudstone and sandstone, respectively. l /L and ljL are equal to the mudstone and 

sandstone fractions of the aquifer framework (P1 and P2), respectively: 

l/L + l/L = 1 Eqn. 8 

and 

Eqn. 9 

The equivalent horizontal hydraulic conductivity for this one-dimensional aquifer framework is: 

Eqn. 10 

or 

Eqn. 1 1  

If we assume that Ki >> K1 , then P 2K1 is negligible and 

Eqn. 12  

Initially, K1 and P1 were set at 1 x 10
4 

ft/day and 0.7, respectively, to compute the equivalent 

hydraulic conductivity of 1 .4 x 104 ft/day of this interbedded sandstone and mudstone model 

using Eqn. 7.  

Alternatively, the sandstone body distribution may be considered nonrandom and 

connectivity of the sandstones is higher than expected because the permeable lenses are 

concentrated at discrete horizons within the mudstone (Figure 19A). The dual porous media can 
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Figure 1 8  

A 
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Figure 18 .  A. Effective hydraulic conductivity in mudstone-dominated mudstone (K1) 

and sandstone (K2) sequences. The sandsone bodies are discontinuous, 
randomly distributed and hydraulically isolated . The sandstone fraction is 
assumed to be <50% of the total sequence thickness. B .  A one-dimensional 
model of this sequence as a dual porous media consisting of aggregated sand 

-stone and mudstone sections. 
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Figure 1 9  

A 
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i 
B 

Figure 19. A. Effective hydraulic conductivity in mudstone-dominated mudstone (K1) 

and sandstone (K2) sequences. The sandstone bodies are discontinuous and 

hydraulically connected . The sandstone fraction is assumed to be <50% of 
the total sequence thickness. B.  A one-dimensional model of this sequence as 
a dual porous media consisting of aggregated sandstone and mudstone 
sections. 
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be subdivided into a mudstone portion of hydraulic conductivity K1 and a sandstone portion of 

hydraulic conductivity K2 (Figure 19B). If the total unit thickness is B and b1 and b2 are the total 

thickness of mudstone and sandstone, respectively, then b/B and b/B are the mudstone and 

sandstone fractions, respectively and 

Eqn. 13 

If we assume that K2 >> K1 , 

Eqn. 14 

Where several sandstone bodies are hydraulically connected, the equivalent horizontal hydraulic 

conductivity hydraulic conductivity, K2 is equivalent to the geometric mean value of the 

sandstone hydraulic conductivities of the individual sandstone lenses: 

Eqn. 15  

where K1 , Kb, Kc, Kd, . .  . ,  and � are the hydraulic conductivities of sandstone bodies a ,  b ,  c ,  

d ,  . . .  , n .  The geometric mean value of the hydraulic conductivity i s  chosen as the effective 

hydraulic conductivity for the hydraulically connected sandstones because the hydraulic 

conductivity is generally considered to be a log-normally distributed property of granular porous 

media (Domenico and Schwartz, 1992). Also, the geometric mean value is perhaps more 

appropriate than the arithmetic or harmonic means because the distribution values from pumping 

tests of the Dakota aquifer in Kansas and southeastern Colorado appears to be lognormal 

(Macfarlane, 1998). The geometric mean hydraulic conductivity is 15.7 ft/day from the pumping 

tests of the sandstones around the Hays wellfield. As a result, the maximum effective hydraulic 

conductivity of the regional upper Dakota aquifer from Eqn. 14 is 4.71 ft/day. 

Hence, the range of the regional effective hydraulic conductivity spans approximately 4 

orders of magnitude from 1 .4 x 104 to 4.71 ft/day depending on which regional scale model of 

sandstone-body interconnectedness is selected. Desbarats (1987) produced an analytical 

expression for effective hydraulic conductivity in sand-shale sequences adapted from a 

relationship developed in Dagan (1979) for a statistically homogeneous porous media: 

s, ... , ,  
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Where Vss and Vsh are the volume fractions of the sandstone and shale respectively, and Kss and 

Ksh are the sandstone and shale hydraulic conductivities. If we assume that the regional Dakota 

Formation is 30% sandstone with an average hydraulic conductivity of 15.7 ft/day and the shale 

(mudstone, in this case) has an average hydraulic conductivity of 1 x 1 0·4 ft/day, the effective 

hydraulic conductivity calculated iteratively using Eqn. 9 is 9.9 x 10-4 ft/day. The calculated 

value from Eqn. 9 is closer to the lower end of effective hydraulic conductivity range and is more 

consistent with sandstone lenses that are randomly distributed throughout the mudstone. 

Regrettably, there is no basis for narrowing this 4 order of magnitude range of values 

even on a subregional basis. Pumping tests sample relatively small volumes of the aquifer and 

are performed primarily in the most permeable sandstone aquifers. Also, these tests are not 

designed to estimate effective hydraulic conductivities of less permeable interbedded sequences 

of sandstone and mudstone. At the regional scale numerical simulations indicate a much greater 

sensitivity of the flow system in the Dakota aquifer to the vertical hydraulic conductivity of the 

Upper Cretaceous aquitard and land-surface topography than to the Dakota regional effective 

hydraulic conductivity (Belitz and Bredehoeft, 1988; Macfarlane, 1993, 1995; and Helgeson et 

al . ,  1993). Thus, the regional model results cannot be used to constrain this range of regional 

effective hydraulic conductivity values. 

The simple regional aquifer model 

The objectives of this part of the modeling effort were to (1) simulate the regional 

potentiometric surface map· and (2) estimate the range of flux values entering the western model 

boundary. In this first model, a uniform, equivalent hydraulic conductivity aquifer was assumed 

with an initial K11eff of 1 .43 x 10·4 ft/day. The purpose of this simulation was to determine if a 

homogeneous aquifer could be used to simulate the observed regional potentiometric surface 

within the model region. A second set of model runs was assembled where the aquifer was 

assumed to be heterogeneous. In this set of slightly more realistic regional scenarios, one 

simulation was assembled assuming the sandstones to be hydraulically isolated and one 

assuming the sandstones to be hydraulically connected. As part of the calibration process, the 

regional effective hydraulic conductivity was varied to achieve the best match to the regional 

potentiometric surface. The aquifer K 11etr was assumed initially to be 1 .43 x lo-4 ft/day in the first 

and 4.71 ft/day in the second, more permeable, heterogeneous, equivalent hydraulic conductivity 

aquifer model. In a similar manner, the conductances for the general-head boundary condition 

along the west side (upgradient) of the model region were calculated using the appropriate 

hydraulic conductivity value. 

For the uniform, equivalent hydraulic conductivity aquifer case the model was able to 

simulate the estimated overall hydraulic head drop across the model. However, the fit within the 
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model was poor because of the inability of the simulation to mimic the change in observed 

hydraulic gradient near the middle of the model. The RMS error for the entire model was 9 .56 

ft. The total flux through the model was 1 .30 ft3 /day. 

For the simple heterogeneous regional aquifer, the best visual match of the simulated to 

the observed hydraulic heads resulted when the initial hydraulic conductivity was lowered 

slightly in the western part of the model and increased by a factor of 2 in the eastern half of the 

model (Figure 20). This is suggested by the spacing of the contours in the observed · 

potentiometric surface (Figure 9). In the low Kheff simulation, the final calibrated effective 

hydraulic conductivity in the western part of the model was 1 .07 x 10-4 ft/day and in the eastern 

part of the model, 2.86 x 10-4 ft/day (Figure 20). In this simulation, the RMS error was 1 .73 ft. 

In the high Kheff simulation, the final calibrated effective hydraulic conductivity in the western 

part of the model was 3.53 ft/day and in the eastern part of the model, 9.4 ft/day. In this 

simulation, the root mean square error was 1 .86 ft. The improvement in model RMS error 

indicates that the regional potentiometric surface is best simulated as a heterogeneous regional 

aquifer system where the eastern part of the model is more permeable than the western part. 

The apparent increase in effective hydraulic conductivity from the western to the eastern 

parts of both simple regional heterogeneous models may be due to an eastward increase the 

proportion of sandstones that are hydraulically connected or an increase in the transmissivity of 

the mudstone, the sandstone, or both. The increase in the proportion of hydraulically connected 

sandstones or an increase in mudstone hydraulic conductivity would effectively increase the 

permeable cross-sectional area through which ground water flows. 

To assist in the interpretation of the model results, the average gamma-ray intensity in the 

mudstones of the Dakota Formation was estimated by visual inspection from the gamma-ray logs 

of boreholes drilled for oil exploration and production and for the Hays wells in the upper 

Dakota aquifer. The API gamma-ray intensity provides a measure of clay content and has been 

used as a proxy to identify significant aquifers in sandstone-mudstone sequences (Macfarlane et 

al., 1994). Higher clay content and lower permeability are associated with higher API gamma

ray intensities. The average mudstone gamma ray intensity varied from 60 up to 1 20 API units 

with a natural break in the data disribution at around 80 API units (Figure 21). The data were 

classified into one of two groups (boreholes where the mudstones have gamma-ray intensities S 
80 API units [less clayey-more silty, slightly more permeable] and those with gamma-ray 

intensities >80 API units [more clayey-less silty, slightly less permeable]) and plotted on a map 

of the study area (Figure 22). 
From the spatial distribution of API gamma-ray values it appears that the mudstone is 

more clay-dominated in the eastern and extreme western parts of the study area and more silt

dominated in the central part (Figure 22). The intermingling of average high and low API 
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D 
9 x 10·� 2 x 1 0'"" 

Figure 20. The low flux, heterogeneous, effective hydraulic conductivity model of the 
upper Dakota aquifer, showing the east and west hydraulic conductivity zones and 
the simulated potentiometric surface. The boundary 'between the two conductivity 
zones applies also to the high flux version of this model. 
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gamma-ray values such as near D- 1 ,  D-3 and D-4 suggests that the clay-silt boundary is a 

transition rather than an abrupt boundary. If the average gamma-ray intensity is a reasonable 

predictor of bulk hydraulic conductivity in these lithologies, then the distribution of intensities 

does not seem to correspond to the hydraulic conductivities in the calibrated simple 

heterogeneous regional models. This lack of correspondence may suggest that the higher 

effective hydraulic conductivities in the eastern part of the model could result from an increase in 

the hydraulic conductivity of the sandstones or from an increase in the interconnectedness of the 

sandstones. 

The ground-water flux through the simple heterogeneous regional flow models ranges 

over 4 orders of magnitude from 1 .44 ft3/day for low Kh to 46,075 ft3/day high Kh. From a 

steady-state regional vertical profile model, Macfarlane (1993) estimated a flow rate of 

approximately 1 .8  ft3/day/ft or approximately 38,000 ft3/day through a 4-mi wide cross-section of 

the entire upper Dakota aquifer in this part of central Kansas. From a subregional model of the 

upper Dakota aquifer in southwestern Ellis Co., Smith ( 1995) estimated flow rates ranging from 

1 1  to 10,900 ft3 /day depending on the assumed degree of hydraulic connection of the sandstones. 

The sandstone aquifer model 

In the next, more complex, steady-state, conceptual model, a heterogeneous sandstone 

aquifer was added to layer 2 of the model. The modeling objectives were to (1) simulate the 

regional potentiometric surface of the upper Dakota aquifer, (2) simulate the local distribution of 

hydraulic head within the wellfield, and (3) estimate the ground-water flux. 

The boundaries of the sandstone aquifer in model layer 2 were initially set to coincide 

with the aquifer extent in the hydrogeologic model (Figures 7, 8, and 23). Where there is a 

designated aquifer present in the model, the sandstone fraction in Subunits 2 and 3 is >50%. 

Where it is believed that there is hydraulic connection between Subunit 2 and Subunit 3, the total 

sandstone thickness is the sum of the thicknesses in Subunits 2 and 3 (Figures 5 and 6). 

The hydrogeologic model of the sandstone aquifer (Figure 7) was used to assign Kh 

values to the sandstone aquifer model cells in the wellfield vicinity. The aquifer was assumed to 

be homogeneous locally around each of the pumping-near observation well pairs outward to the 

boundary with the mudstone aquitard. Model cells to the west and east of the wellfield were 

initially assigned the effective Kh value of 4.71 ft/day, derived from Eqn. 8. 

In Figure 24, the heterogeneous sandstone aquifer extends from the west edge of the 

model (layer 2) to the southeast comer of the model. For the model cells at the west edge of the 

model in this bottom layer, the conductances in the general head boundary condition were 

changed to reflect the continuity of the sandstone aquifer beyond the model region. Thus, the 
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9 x 1 0·5 2 x 1 0·4 

Figure 24. Distribution of hydraulic conductivity in layer 1 of the sandstone aquifer 
model. Hydraulic conductivity is in units of ft/day. Shown also is the simulated 
potentiometric surface map with a contour intervel of 5 ft. 
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Figure 24 Continued. Distribution of hydraulic conductivity in layer 2 of the sandstone 
aquifer model. Hydraulic conductivity is in units of ft/day. Shown also is the 
simulated potentiometric surface map with a contour interval of 5 ft. 
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initial hydraulic conductivity in the conductance term for this segment of the model boundary 

was increased from 1 .4 x 10·4 ft/day to 4.7 1 ft/day. 

In layer 1 the mudstone Kh distribution used in this model was the effective hydraulic 

conductivity distribution from the final, low flux, heterogeneous, equivalent hydraulic 

conductivity aquifer model . Mudstone Kh was set at 1 .07 x 10-4 ft/day and 2.86 x 10-4 ft/day in 

the western and eastern parts of the model, respectively. It is assumed that any sandstone lenses 

contained within the mudstone (sandstone fraction <50% in Subunit 2 in this case) are 

hydraulically isolated from one another. The initial hydraulic conductivity used to compute the 

conductance term in the general head boundary condition where mudstone is present at the west 

model boundary was 1 .4 x 10·4 ft/day. 

Calibration was carried out by trial-and-error adjustment of ( 1 )  the hydraulic 

conductivities of the sandstone aquifer within the wellfield, (2) the hydraulic conductivities 

upgradient and downgradient of the wellfield, and (3) the geometry of the sandstone aquifer

mudstone aquitard boundary in the wellfield and elsewhere. 

With regard to ( 1 )  adjustments made to the hydraulic conductivities used in the model 

were within the 95% confidence band of the estimated value from the pumping tests. 

Specifically, the hydraulic conductivity of the sandstone aquifer around D-5 was increased 

slightly from 1 1 .4 to 1 1 .5 ft/day and around D-3, from 19.0 to 19.3 ft/day to reduce RMS error. 

To the west of the wellfield, the hydraulic conductivity was almost doubled from 4.7 1 

ft/day to 9.0 ft/day to allow more water into the model and increase the hydraulic head in the 

aquifer at wellsite 6. The increase in hydraulic conductivity also helped to bring sandstone 

aquifer hydraulic heads along the west edge of the model more in line with the expected 

hydraulic heads from the regional potentiometric surface map. The hydraulic conductivity of the 

sandstone aquifer near the southeast edge of the model area was increased from the initially 

assumed 4.71 ft/day to 15.68 ft/day to allow more water to leave the wellfield and decrease the 

hydraulic head at wellsite 4. 

The increase in effective hydraulic conductivity of the aquifer upgradient of the wellfield 

indicates a sandstone fraction that is approximately twice the regional average of 30%. This . 

increase in thickness is consistent with the estimated sandstone fraction from the subsurface 

mapping results described in Volume 1 of this report. The more than 3-fold increase in effective 

hydraulic conductivity to the east of the wellfield is the geometric mean of the hydraulic 

conductivities from the pumping tests in the wellfield. This suggests that the sandstone aquifer 

extends farther to the southeast than is suggested by the limited subsurface information. 

The hydraulic conductivities of the cells representing the mudstone aquitard were 

adjusted slightly to maintain the expected regional hydraulic head gradient across the model in 

the mudstone from the regional potentiometric surface map. The mudstone hydraulic 
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conductivity in the eastern part model decreased from 2.86 x 10·4 ft/day to 2.0 x 10·4 ft/day and in 

the western part from 1 .07 x 10·4 ft/day to 9.0 x 10·5 ft/day. 

Only slight differences exist between the extent of the sandstone aquifer between this 

model and the hydrogeologic model (Figure 24). The sandstone aquifer width was reduced 

between D-6 and D-5 to increase the hydraulic-head gradient by raising the hydraulic heads at 

wellsite 6. A further pinching of the sandstone aquifer width was done between wellsite 1 and 3 

to restrict flow and reduce the hydraulic heads down gradient at wellsites 3 ,  MD-2&3; 2, and 4. 

The RMS error of the calibrated model was 0.65 ft (Figure 25). The solid line in the plot 

has a slope of 1 indicating perfect simulation of the observed hydraulic heads (the calibration 

targets) in the model. The dashed line is the best-fit line through the plotted points. The best-fit 

line has a slope and 95% confidence interval of 0.91 ± 0.04 and the correlation between the 

simulated and the observed values is 0.998. The best-fit line indicates that the simulated 

hydraulic heads in this model are slightly less than observed in western part of the wellfield and 

slightly greater than observed in the eastern part. 

Of the total flow into the conceptual model (3,285 ft3/day), less than 0.02% enters 

through the low hydraulic conductivity mudstone, as expected (Figure 24). The very small 

proportion of flow through the mudstones indicates that under natural conditions there is much 

greater flushing of accumulated salts in the sandstone than in the mudstone by regional flow. In 

the test-hole drilling program conducted by the city, water quality sampling suggested higher 

salinities where the sandstones were thinner and more hydraulically isolated. Smith (1995) noted 

much less flushing of resident salinity by fresher regional flow over geologic time in areas where 

the sandstone fraction was less and potentially more isolated hydraulically in his subregional 

study of the Dakota aquifer in southwestern Ellis County. 

The potentiometric surface indicates steeper hydraulic head gradient in the sandstone and 

mudstone through the western part of the conceptual model than in the eastern part (Figure 24). 

In the western part the sandstone aquifer is oriented sub-parallel to the direction of ground-water 

flow whereas in the eastern part, it is oriented obliquely to the flow. The hydraulic head 

contours generally bend toward the sandstone aquifer indicating a small amount of flow from the 

mudstone to the sandstone under steady-state conditions. 

The sandstone aquifer + fringe (the fringe) model 

In this next series of steady-state modeling runs, hydraulic conductivity zones were added 

to simulate areas where the sandstone fraction is � 20% but <50% in model layer 2, and in layer 

1 ,  � 20%. These zones of poorly connected to mostly hydraulically isolated sandstone in 

mudstone are referred to as the fringe zone. These interbedded deposits may represent splay or 
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Figure 25 
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Figure 25. Plot of observed vs. simulated hydraulic heads from the sandstone aquifer model. 
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levee deposits located near the edge of the meander belt on the flood plain, abandoned channel 

fills or marine-influenced finer grained, poorly sorted, channel sandstone. 

Initially, a fringe zone was added to the calibrated model discussed in the previous 

section out to the 20% sandstone fraction contour from the isolith maps for subunits 1 and 2 

(Figures 4 and 5). Of particular interest was an elongate NNW-SSE trending fringe zone to the 

south and west of wellsite 6. Here, the fringe zone in Subunit 2 extends southward from the 

meander belt. Where the main sandstone trend in Subunit 2 intersects with this elongate zone, 

the meander belt widens appreciably. This suggests that the additional cross-sectional area of 

permeable, though poorly connected, sandstone could have an impact on the hydraulic head on 

the upgradient side of the wellfield. An additional fringe zone was also incorporated into the 

aquifer/aquitard framework in model layer 2 adjacent to the sandstone aquifer south wellsite 5 

and in model layer 1 ,  where a thin arcuate interbedded sequence of mudstone and sandstone is 

present in Subunit 1 .  

The hydraulic conductivity values assigned initially to the fringe deposits depend on the 

degree of assumed interconnection of the sandstone bodies. To estimate the edge of the local 

sandstone aquifer extent in the subunits of the Dakota Formation we have assumed that a high 

probability of interconnectedness exists where the sandstone fraction is ;;::50%. We have also 

defined the boundary separating the fringe zone from the surrounding mudstone using the 20% 

sandstone contour on the isolith maps. Consequently, the degree of connectedness of the 

sandstone bodies varies from marginal near the sandstone aquifer edge to hydraulically isolated 

near the boundary with the mudstone. As a result, it was difficult to initially assign effective 

hydraulic conductivity values that reflect the nature of the interbedding. Furthermore, the 

sandstones further away from the axis of the channel may be finer grained and less well sorted. 

Macfarlane et al. ( 1994) reported sandstone hydraulic conductivity values from slug tests in 

fringe zone-like deposits at other central Kansas locations. These values ranged from 0.0012 

ft/day for very poorly sorted carbonaceous silty sandstones to 3 .8 ft/day for well sorted, fine 

grained sandstones, interbedded with mudstone. 

The initial effective hydraulic conductivity values assigned to model cells representing 

the fringe deposits of the meander belt were derived from the degree of hydraulic connection of 

the sandstones in the sequence. It was assumed that the representative horizontal hydraulic 

conductivity of a well-sorted sandstone is the geometric mean of the pumping test values from 

the well field (15.7 ft/day), and that the hydraulic conductivity of the mudstone with less than 

20% sandstone is 1 x 10-4 ft/day. The extent of the fringe zone in the meander belt is defined on 

the basis of the sandstone fraction (50%>sandstone fraction;;::20% ). Therefore, the effective 

hydraulic conductivity could vary from 7 .85 ft/day at the fringe-aquifer boundary to 1 .25 x 10-4 

ft/day. The geometric mean value of this effective hydraulic conductiviy range is approximately 
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0.03 ft/day. This value was assigned initially to the model cells that represent the fringe zone 

between the channel sandstone aquifer and the mudstone aquitard. 

Calibration was carried out by trial-and-error adjustment of (1 )  the hydraulic 

conductivities of the fringe zone model cells outside of the wellfield in model layer 2 and the 

cells representing the fringe in model layer 1 ,  and (2) the extent and geometry of the fringe zone 

in both model layers. In the early stages of calibration, the extent of fringe zone deposits in the 

model was pared down to two areas in model layer 2. As the calibration proceeded, soccessive 

model runs were made by first decreasing the hydraulic conductivity of the fringe deposits 

southwest of D-6. This adjustment slightly increased the RMS error of the model. However, the 

RMS error did decrease slightly by increasing the hydraulic conductivity of the fringe up to 5.5 

ft/day. This suggests the possibility that the sandstones in the fringe zone are more hydraulically 

connected to one another than they are hydraulically isolated. Further improvement in the RMS 

error resulted by increasing the width of this north-south trending zone from approximately 1 mi 

to 1 .35 mi. 

A small patch of fringe was placed to the south of well site 5 along the southern edge of 

the channel sandstone aquifer and was set at a hydraulic conductivity of 5.5 ft/day. This addition 

improved the fit of the simulated to the observed hydraulic heads at wellsites 5 and 1 by 

increasing the effective cross-sectional of the aquifer just down gradient of the restriction 

between wellsites 6 and 5.  

Figure 26 shows the final model configuration and potentiometric surf ace achieved by the 

fringe model calibration. The RMS error of the final steady-state sandstone aquifer model with 

fringe is 0.35 ft. The addition of the fringe zone southwest of wellsite 6 has had some effect on 

the hydraulic head distribution upgradient of the wellfield. From the west edge of the model to 

wellsite 6, the hydraulic head gradient is slightly increased but the hydraulic heads are reduced 

along the west edge of the model. The net effect is a slight improvement in the model fit to the 

observed data at wellsite 6. Most of the reduction in RMS error is due to a reduction in the error 

at wellsites 6 and 5 (Figure 27). The flow of water through this model from the upstream 

reservoir remains unchanged from the earlier simulation. 

Summary interpretation of the conceptual steady-state model results 

All of the steady-state models presented in this chapter demonstrate that sandstone body 

interconnection very strongly influences ground-water flow patterns and the flux of water at the 

local scale. Where interconnection occurs, ground-water flow is channelized (Moreno and 

Tsang, 1994) and controlled by the orientation of the sandstone aquifers and the geometry of the 

boundaries between the sandstone aquifer and the contrast in hydraulic conductivity between the 

0 177 03  
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Ill Ill Ill D D 
9 x 1 0·5 7.7 3 .9 5.9 2 x 1 0-4 

Figure 26. Hydraulic conductivity and hydraulic head distribution of layer 1 in the fringe 
model. Hydraulic conductivity is in ft/day. The hydraulic head contour interval 
on the potentiometric surface map is 5 ft. 
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Figure 26 Continued. Hydraulic conductivity and hydraulic head distribution of layer 2 
in the fringe model. Hydraulic conductivity is in ft/day. The hydraulic head 
contour interval on the potentiometric surface map is 5 ft. 
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Figure 27 
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Figure 27. Plot of observed and simulated hydraulic heads from the steady-state, fringe 
conceptual model. The dashed line is the best-fit from linear regression and the 
solid line represents a perfect fit of the simulated to the observed. 

0 1 7706 
6 1  



I 
I 
l 

l 
l 
l 

l 
I 
I 
L 

L 

Final Draft Report, Volume 2 

mudstone and the sandstone. It was stated in Volume l of this report that the hydraulic 

conductivities derived from the pumping tests suggested a west to east increase in hydraulic 

conductivity. The steady-state models suggest this trend could possibly extend to the western 

and southeastern edges of the model. 
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Chapter 5 :  Transient Conceptual Ground-water Flow Models of the Upper Dakota Aquifer 

Transient models of ground-water flow are used to assess the effects of pumping or 

artificial recharge on the flow system. These models allow the hydraulic head to change in the 

aquifer with time in response to stresses, such as pumping or injecting water into the aquifer. 

This part of the project involved development of equally acceptable transient conceptual models 

of ground-water flow in the upper Dakota aquifer in the vicinity of the Hays wellfield·from the 

steady-state models formulated in Chapter 4. In this chapter we compare two, equally 

acceptable, transient, conceptual models to the transient, sandstone aquifer conceptual model, 

which we consider the simple base model in this report. 

Transient conceptual model development 

The transient conceptual models were developed starting with three equally acceptable, 

steady-state, conceptual models: the sandstone aquifer and the fringe models from Chapter 4 and 

the lobe model, which developed following an evaluation of the simulation results from the 

fringe model. The main features of the sandstone aquifer model are the heterogeneous sandstone 

aquifer and the surrounding mudstone aquitard. The fringe model includes the heterogeneous 

sandstone aquifer and the fringe. The fringe is defined as interbedded sandstone and mudstone 

deposits in the outer part of the meander belt. The lobe model was developed to improve the fit 

between the "observed" and simulated drawdowns in the 1992 D-3 and D-2 pumping tests. The 

lobe refers to a sandstone aquifer in Subunit 3 of the Dakota Formation that may be hydraulically 

connected to the main sandstone aquifer in the overlying Subunit 2. This hydraulically 

connected Subunit 3 sandstone body is pod-shaped or lobate in map view and is located south of 

D-2 (Figure 28). 

Transformation of the conceptual ground-water flow models from the steady state to the transient 

condition 

In order to transform the steady state, conceptual ground-water flow models to the 

transient condition, the model input was revised to include (1) information on the number and 

duration of time steps used to simulate the time rate of change of head due to pumping 

(drawdown), (2) information on pumping rates and duration from each of the 1992 and 1997 

pumping tests used in calibration, (3) time vs. drawdown data for calibration at the observation 

wells nearest each pumping well, and (4) the assignment of specific storage, specific yield, and 

porosity values to the cells in the model. 

In transient numerical models, the space and time dimensions are discretized into small 

increments to solve the flow equations in finite-difference form. The discretization of spatial 

0 1 7708  
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Formation based on a sandstone fraction of 50% or greater. 
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dimensions necessitates the time vs. drawdown data from the pumping tests to be adjusted to 

account for the new spacing between the cell that includes the pumping well and the cell that 

includes the observation well for each test. This is because the model treats both the pumping 

and observation wells as though they were each located at the center of their respective cell 

rather than where they are actually located on the ground. Likewise, because the transient model 

computes drawdowns for each time step in the model, the time of the observations does not 

necessarily coincide with the times when the depth to water was measured during the test. As a 

result the input "observed" time vs. drawdown data for the transient model simulation differs 

significantly from what was actually measured and recorded in the field. These "observed" data 

were generated using the SUPRPUMP (Bohling et al. ,  1990) well simulator from the estimated 

aquifer hydrologic properties and location of the hydrogeologic boundaries with respect to the 

pumping well. 

Specific storage values were assigned to each cell in the model. In the vicinity of the 

Hays wellfield, specific storage values were assigned according to the hydrogeologic model of 

the upper Dakota aquifer (Figures 7 and 8). The specific storage zone boundaries were modified 

by any prior hydraulic conductivity zone boundary changes that were made in the wellfield 

vicinity to produce the steady-state model. This made the specific storage zone boundaries 

consistent with the hydraulic conductivity zone boundaries at the outset of calibration. This 

made the transient model formulations consistent with the hydrogeologic model. Specific 

storage data are not available for the sandstone aquifer outside of the wellfield or for the 

mudstone aquitard. From the available data on the sandstones in the Dakota aquifer of Kansas, 

specific storage appears to be log-normally distributed (Macfarlane et al., 1998). Thus, the 

model cells representing the sandstone outside of the immediate wellfield vicinity, the fringe, the 

sandstone lobe in Subunit 3 ,  and the mudstone were assumed to have a specific storage of 1 .5 x 

10-6 n·1, the geometric mean of the values from the pumping tests in the wellfield. 

Model calibration 

The following general procedure was used to calibrate the transient, conceptual models. 

The goal of the calibration process was to use the model to reproduce the "observed" time vs. 

drawdown data derived from the field measurements collected from the observation wells during 

each pumping test. These tests included the 1992 pumping tests for wellsites 5, l ,  3 ,  2, and 4 and 

the 1997 pumping test of wellsite 6 (Figure 1) .  These calibration milestones were selected 

because the short-term pumping tests provide information on the aquifer characteristics in the 

vicinity of the test site and in adjacent areas of the wellfield. 

The process of calibrating a model in its transient form may also provide additional 

information that could not be gleaned from the steady-state model. During calibration it was 
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noted that depending on the duration of pumping all of the wells are located so close together 

within an aquifer of limited extent that the cone of depression produced from pumping any of 

them includes at least two to three of the pumping well sites. Thus, the hydraulic information 

about the aquifer within the wellfield from all of the tests combined provides redundant 

information on the aquifer hydrologic properties because of the influence of these properties on 

the propagation of drawdown through the aquifer. 

Calibration was accomplished by trial-and-error adjustment of the model parameters. 

The early time part of the simulated drawdown curve was matched to the "observed" data by 

adjusting the specific storage and the hydraulic conductivity zone boundaries, or the sandstone 

aquifer thickness in the cells near the well. For the later part of the test, the position and 

geometry of the sandstone aquifer boundaries at greater distances from the pumping well were 

adjusted consistent with the geologic interpretation. Rarely, the hydraulic conductivity, specific 

storage, and thickness of the sandstone needed adjustment. These more distant adjustments 

away from the pumping well were then evaluated against the match between the simulated and 

"observed" drawdowns from the other pumping tests near where those changes were made and 

against the RMS error of the steady-state model. In this way the trial-and-error calibration 

proceeded iteratively until a satisfactory match was obtained . 

Taking into consideration that these are conceptual and not predictive models, the 

progress of the calibration process was evaluated on the basis of a visual best fit of the simulated 

to the "observed" drawdowns. Every attempt was made to match the simulated to the "observed" 

drawdowns using these conceptual models. However, in some instances only the early part of 

the simulated drawdown curve could be matched closely to the "observed" drawdown data, 

whereas the simulated curve only generally follows the "observed" drawdown from the pumping 

tests in other cases. Overall, the model predicts higher rates of drawdown increase later in the 

pumping tests than was observed during each pumping test. 

Comparison of the calibrated sandstone aquifer and fringe transient conceptual models 

The cell-by-cell hydraulic conductivity and specific storage properties are shown for each 

model layer in the sandstone aquifer and fringe transient models in Figures 29-32. In the 

sandstone aquifer model the sandstone specific storage near wellsite 6 is 1 .4 x 10"6 fr1; near 

wellsite 5 ,  1 .0 x 10-6 fr1; near wellsite 1 ,  1 .6 x 10-6 fr
1
; near wellsite 3 ,  2.2 x 10"6 ft"1 ; near wellsite 

2, 1 .4 x 10-6 ft"1 ;  and near wellsite 4, 2 x 10-6 tt·1 • 

In the fringe model, layer 1 has a thin, arcuate fringe deposit with a hydraulic 

conductivity ranging from 3.9 to 7.7 ft/day. The highest hydraulic conductivities are in the 

northwest segment of the arcuate fringe deposit and the lowest are near wellsite 4 at the southern 
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66 



Final Draft Report, Volume 2 

� 
� -

� � 
• � 

� 

-

� 

-

-
� � 

--
� � � � -

. ..  : I I I 

II D 
9 X 1 0"5 2 x 1 04 

1111111 1111111111111111 11111111111 
1111111 1111111111111111 11111111111 
1111111 1111111111111111 11�11111111 1111111 1111111111111111 111•1111111 
· · · · ·· · · · · · · · · · · · · · · · · · • • • 1t • • · · · · ·  ...... . ........ ........ ........... 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
· · · · · · · · · · · · · · · · · · · · · · · · · • • l• • • • • • •  
. • • . . . . . . • • . . . . • • • . . . . . • . . . . . . . • • .  
· · · · · · · · · · · · · · · · · · · · · · · · · · · · � · · · · ·  
. . . . .  · · · · · · · · · · · · · · · · · · · ·· · � · · · · ·  
. . . . . • . . • • • . .. . . . • . . . • . . . . . . . . . . . .  

• n • • •  • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
• u a a a a a 1 a a a a m a a 1 a a • M a a 1 1 • a a a a a � 1 a a  
. . . . . • . . . . . . . • . . . . . . • . . . . . . • . . .. . . .  
• • . . . . . . . • • • . . . . • • . . . . . . . . . . . . . . . .  
. . . • • • • . . . . . • • . . . . . • . • . . . . . • . . . . . .  ... . . . . . . ... . . . .  . . . . .. . . . . . . . . .. . 

• • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • •  ::::::: ::::::::::•:::: : ::::::::::: 
• • • • • w • • • • • • u • • • • • w • Q • • • • • D • • • • • • •  
. . . . . . . . • • . . . . . . • . . . . . . . . . . . . • . . . .  
. . . • • • . . . . • • . . . . . . . •• . . . . . •  . . . . .  . 

• • • • • • • • • • • • • • • • • • • • • • m • • •  - • • • • • • •  
. . . . .. . . . . . . . . . . . . . . . • . . . . . . • . .. . . .  
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · � · · · ·  
• • • • • • • • • • • • • • • • • • • • • • • • • • • P � • • • • •  
· · · · · · · · · · · · · · · · · · · · · · · · · · � · · · · · · ·  
• • • • • • • • • • • • • • • • • • • • • • m •• � • • • • • • • •  

· · · · · · · · · · · · · · · · · · · · · • • • r. • • · · · · · · ·  
. . • • • . . . . • • • . . . . . • • . . . . . , • . . . . . . . • .  
. . . . . • . . . . . . . . . . . . . . . • . . . . . . • . . . . .  
. . . . . . . . • . . . . . . . . . . . . . . . . . . . .. . . . .  
. . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . .  
. • • . . . . . . • • • . . . . . • . . . . . . • . . . . . . • • .  
. . . . . • • • • . . . . • . • . . . . • • • . . . . . . . . . . .  

••••••• • • • • • • • • • • • • • •• • • • • • • • • • • • •  

1111111 11111111 1111111r 11111111111 
1111111 11111111 1111111� 11111111111 � 1111111 11111111111111� 11111111111 

... 1111111 1111111111111111 11111111111 
. ..  • I I I I I I I .. .  28 00 31680 

Figure 29 Gontimiea. Distribution of hydraulic conductivity in layer 1 of the sandstone 
aquifer model . Hydraulic conductivity is in units of ft/day. Shown also is the 
simulated potentiometric surface map with a contour intervel of 5 ft. 
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Figure 29 Continued. Distribution of hydraulic conductivity in layer 2 of the transient 
sandstone aquifer model. Hydraulic conductivity is in units of ft/day. Shown also 
is the simulated potentiometric surface map with a contour interval of 5 ft. 
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Figure 30. Distribution of specific storage in layer 2 of the transient sandstone aquifer 
conceptual model. Layer 1 specific storage is a uniform 1 .5 x 1 0-6 ff 1 . Shown 
also is the potentiometric surface of the upper Dakota aquifer with a contour 
interval of 5 ft. 
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Figure 3 1 .  Hydraulic conductivity and hydraulic head distribution of layer 1 in the fringe 
model. Hydraulic conductivity is in ft/day. The hydraulic head contour interval 
on the potentiometric surface map is 5 ft. 
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Figure 3 1  Continued. Hydraulic conductivity and hydraulic head distribution of layer 2 
in the fringe model. Hydraulic conductivity is in ft/day. The hydraulic head 
contour interval on the potentiometric surface map is 5 ft. 
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Figure 32.  Distribution of specific storage in layer 2 of the transient fringe conceptual 
model. Layer 1 specific storage is a uniform 1 .5 x 1 o-6 ff 1 .  Shown also is the 
potentiometric surface of the upper Dakota aquifer with a contour interval of 5 ft. 

0 1 77 1 7  
72 



l 
l 

l 
t 
l 
L 

• I 

l 
L 
l 

Final Draft Report, Volume 2 

edge of the deposit. In layer 2 an extensive fringe zone is located south and west of wellsite 6 

and a smaller patch south of wellsite 5 .  

The following is  a comparison of the simulation results for the 1992 and 1997 pumping 

tests from the sandstone aquifer and fringe models after calibration. Simulation of the 1997 D-6 

and 1992 D-1 pumping tests in the sandstone aquifer model results in a significant 

underestimation of drawdown for the entire test (Figure 33). In comparison the simulation of the 

same pumping test in the fringe model nearly matches the "observed" drawdown up t0 about 0.4 

days after the start of the test. Beyond this point the "observed" drawdown increase is much less 

than the rate predicted by the simulation to the end of the test. 

Simulations of the 1992 D-5 pumping test using the sandstone aquifer and fringe models 

yield almost identical results (Figure 33). The results from both models nearly match the early

time "observed" drawdowns from pumping and eventually overestimate drawdown at later times. 

In the D-5 pumping test simulation this occurs at between 0. 1 and 1 .0 days after the test. The 

slight improvement of fit in the fringe model is attributed to the fringe deposits south of D-5. 

Nevertheless, the improved early time fit does not extend to the later part of the test. 

Two "observed" drawdown data sets were available from MD-2&3 and D-2 for model 

calibration from the 1992 D-3 pumping test (Figure 34A and B) .  The simulation results from the 

sandstone aquifer model are a better match to the "observed" drawdowns than are the results 

from the fringe model. However, drawdown is seriously over predicted after the first day of 

pumping in the results from the sandstone aquifer model. Comparison of the "observed" and 

simulated pumping test results using D-2 as an observation point shows that drawdown is 

overpredicted for the early part of the test and underpredicted for the later part. In contrast, the 

fringe model simulation results underpredict drawdown for most of the test and near the end 

overpredict the rate of drawdown increase with time. Comparisons between the "observed" and 

simulated results from the fringe and sandstone aquifer models for the 1992 D-2 pumping test 

are similar to the comparisons made between the "observed" and simulated results from the D-3 

pumping test (Figures 34C and D). 

Comparison of the "observed" and simulated drawdowns at MD-4 during the 1992 D-4 

pumping test show that the fringe model does a much better job of simulating the test results than 

does the channel model (Figure 35). This great improvement may have resulted from the 

addition of fringe zones to model layer 1 (Figure 31) .  The fringe deposits may provide a better 

hydraulic connection to ground water in the sandstone aquifer in model layer 2 upgradient of the 

constriction in the aquifer between wellsites 1 and 3.  Thus the rate of drawdown increase is 

lower at MD-4 because of the improved accessibility of D-4 to additional ground water 
upgradient of the well. 
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Figure 33 
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Figure 33. Simulated and "observed" drawdowns from the sandstone aquifer and fringe models 
at the at the near observation wells in the D-6 (A), D-1 (B), and D-5 (C) pumping tests . 
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Figure 34 
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Figure 34. Simulated and "observed" drawdowns from the sandstone aquifer and fringe 
models at MD-2&3 (A) and D-2 (B) from the D-3 pumping test and MD-2&3 (C) 
from the D-2 pumping test. 
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Figure 35 
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Figure 35. Simulated and "observed" drawdowns from the sandstone aquifer and fringe models 
at MD-4 from the D-4 pumping test. 
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Comparison of the calibrated fringe and lobe transient conceptual models 

A third model, referred to as the transient, lobe, conceptual model, was developed and 

calibrated in an attempt to better simulate the 1992 D-2 and D-3 pumping test results . In this 

model, the sandstone aquifer was expanded to take into account a potentially significant 

hydraulic connection between the main sandstone aquifer in Subunit 2 and the underlying 

sandstone aquifer in Subunit 3 of the Dakota Formation. Analysis of the geophysical log cross 

sections portrayed in Volume 1 of this report suggest that this interconnection of sandstone 

bodies might exist. The subsurface data are insufficient to show the extent of this 

interconnection in detail and the aquifer properties of the Subunit 3 sandstone are unknown. 

Lacking this information, it was assumed that the sandstone hydraulic conductivity was 9 ft/day 

on the basis of the gamma-ray log appearance in the Subunit 3 sandstone interval. It was also 

assumed that the extent of the Subunit 3 sandstone closely followed the 50% sandstone fraction 

contour line portrayed in Figures 6 and 28. 

To calibrate this model and produce an improved match to the D-2 and D-3 pumping test 

results, adjustments were made in the (1) geometry of (a) the hydraulic connection between the 

Subunit 2 and Subunit 3 sandstones south of D-2, and (b) the Subunit 2 sandstone aquifer extent 

between D-1 and D-3 and the north aquifer boundary east of D-3, (2) aquifer properties in the 

section of the Subunit 2 sandstone containing D-2 and D-3, and (3) extent of the fringe in model 

layer 1 .  

In the final model, the constriction in the aquifer between D-1 and D-3 was lessened and 

the north aquifer boundary was moved one row closer to D-3 than it was in the fringe model 

(Figure 36). These adjustments allow more water to move into the eastern part of the wellfield 

and increased the drawdown sooner in the simulation of the 1992 D-3 pumping test. Eastward of 

D-3 and north of D-4, the Subunit 2 north aquifer boundary was adjusted slightly to make it less 

irregular. This had no discemable impact on the calibration. In the upper model layer, the 

expanded fringe deposit was nearly doubled in its extent. Apparently, this increase in extent 

allowed D-4 access to more water during pumping. 

Changes were also made to the hydraulic conductivity and specific storage in the 

sandstone aquifer to arrive at the transient, lobe conceptual model. The hydraulic conductivity in 

the section of the aquifer containing D-3, MD-2&3, and D-2 after calibration is 19 ft/day. This is 

an increase in hydraulic conductivity from the previous fringe conceptual model where this 

section of the aquifer was split into two hydraulic conductivity zones (Figure 3 lA). In the upper 

model layer, the high and low hydraulic conductivity zones were expanded, but the intermediate 

hydraulic conductivity zone around D-4 and MD-4 remained the same in size (Figure 36A). No 

changes were made to the specific storage distribution in the upper model layer (Figure 37B). In 
the lower layer, the sandstone specific storage around D-3, MD-2&3, and D-2 w�!'?Clce!l .0 
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Figure 36. Hydraulic conductivity and hydraulic head distribution of layer 1 in the lobe 
model. Hydraulic conductivity is in ft/day. The hydraulic head contour interval 
on the potentiometric surface map is 5 ft. 
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Figure 36 Continued. Hydraulic conductivity and hydraulic head distribution of layer 2 
in the lobe model. Hydraulic conductivity is in ft/day. The hydraulic head 
contour interval on the potentiometric surface map is 5 ft. 
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Figure 37 Distribution of specific storage in la('er 2 of the transient lobe model. 
Specific storage is indicated as x 1 0-6 ff . The specific storage of layer 1 is a 
uniform 1 .5 x 1 o-6 ff 1 . Shown also is the simulated potentiometric surface map 
with a contour interval of 5 ft. 
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x 10-6 fr' . To the south of D-2 the lobe was split into two specific storage zones. After 

calibration the specific storage values of the northern and southern sections were 1 .0 x 10-6 fr' 

and 1 .4 x 10-6 fr' , respectively. 

The following is a comparison of the lobe and fringe model simulation results for the 

1992 and 1997 pumping tests from fringe and lobe transient models after calibration. Using the 

1997 D-6 pumping test data from MD-6 as a calibration goal, there was no change in the 

simulated drawdowns between the fringe and the lobe transient models (Figure 38A) . . 

Simulation of the 1992 D-5 pumping test shows a slightly better match with the drawdowns at 

MD-5 up to about 0.3 days (Figure 38B). Beyond this point the model begins to seriously 

overpredict drawdown at late time in the test after about 0.6 days. Similar results are obtained 

with the simulation of the 1992 pumping test of D-1 when observing drawdown at MD- 1 (Figure 

38C). There is a slight improvement of fit between the "observed" and the simulated drawdowns 

for the early part of the test, but at later time after about 1 .5 days the drawdown from pumping is 

over predicted. In the D-3 pumping test the lobe conceptual model is slightly better at simulating 

the "observed" drawdown at MD-2&3 and at D-2 (Figure 39A and B) than the fringe conceptual 

model. The lobe model still underpredicts drawdown for most of the test and eventually 

overpredicts it near the end of the test, but it is significantly better at simulating the drawdown 

from the D-2 pumping test at MD-2&3 than the fringe model (Figure 39C and D). The simulated 

drawdowns also seem to more closely follow the "observed" from this test at D-3, even though 

they are somewhat underestimated at early time and overestimated at late time in the test. Figure 

40 indicates that the lobe model better simulates the "observed" drawdown at MD-4 from the 

1992 D-4 pumping test than does the fringe model. 

The steady-state flow simulation using the lobe conceptual model has a RMS error of 

0.47 ft, which is only slightly higher than the error in the fringe conceptual model. The plot of 

the "observed" vs. simulated hydraulic heads for the steady-state lobe and fringe models shows 

that the lobe model better simulates the observed hydraulic-head gradient in wellfield (Figure 

41). Note that the slope of the best-fit line is 1 .0 for the lobe model in this plot with very little 

change in the r2 value from the fringe model. The best-fit line has a slope that is statistically 

significant (p = 0.0001 )  and the 95% confidence interval on the slope includes a slope of 1 .  In 

contrast, the lower slope of the best-fit line through the simulated steady-state hydraulic heads in 

the fringe model is less than 1 .0 even if the 95% confidence interval is included. Overall, the 

flow through this model is very nearly the same as in the fringe model at 3,297 ft3/day. 

Summary and evaluation of the calibration results 

Three transient, conceptual, ground-water flow models were calibrated using the 1992 

and 1997 pumping test results presented and analyzed in Volume 1 of this report. The three 
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Figure 38. Simulated and "observed" drawdowns from the fringe and lobe models at the at the 
near observation wells in the D-6 (A), D-1 (B), and D-5 (C) pumping tests. 
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Figure 39 
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Figure 39. Simulated and "observed" drawdowns from the fringe and lobe models at MD-2&3 
(A) and D-2 (B) from the D-3 pumping test and MD-2&3 (C) and D-3 (D) from the D-2 
pumping test. 
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Figure 40 

Figure 40. Simulated and "observed" drawdowns from the fringe and lobe models at MD-4 from 
the D-4 pumping test. 
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Figure 4 1  
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Figure 41 .  Plot of observed and simulated hydraulic heads from the steady-state, fringe 
and lobe conceptual models. The dashed lines are the best fit lines from linear 
regression and the solid line represents a perfect fit of the simulated to the 
observed. 

0 1 773 0 
85 



• I 

I 
i 

I 

l§ I 

I L 

L 
l 

Final Draft Report, Volume 2 

transient models differ significantly in their ability to simulate the observed drawdowns from the 

pumping tests. The most realistic of these, the fringe and the lobe models, are able to simulate 

the drawdown histories reasonably well for at least the early part of each of the pumping tests. 

The sandstone aquifer model drastically underestimates the observed drawdown from some of 

the tests, while in others it is able to match only the early parts of each test. In both the fringe 

and the lobe models, the "observed" drawdowns are overestimated in the later parts of each set of 

tests used in calibration. 

One possible explanation for the lack of fit between the observed and simulated 

drawdowns in the later part of the tests is that neither model is able to account for other sources 

of water to the sandstone aquifer in Subunit 2 of the Dakota Formation during pumping. The 

additional water source could be leakage from the surrounding mudstone aquitard, the 

underlying Subunit 3 sandstones in the central and western parts of the wellfield, the confining 

unit above the upper Dakota aquifer or a combination of these sources depending on which well 

is being pumped. The sandstone isolith map of Subunit 3 (Figure 6) suggests the presence of a 

separate significant sandstone aquifer displaced slightly to the north of the sandstone aquifer in 

Subunit 2. If the hydraulic connection between the Subunit 2 and Subunit 3 sandstones is poor, 

leakage across a fringe zone or a thin mudstone might be sufficient to reduce drawdown in the 

pumping wells at late time. The addition of significant leakage from the overlying Upper 

Cretaceous aquitard to the aquifer where it is being impacted by pumping is unlikely because of 

its estimated low vertical hydraulic conductivity (Macfarlane, 1993). 

To investigate the hypothesis that the mudstone may be a significant additional source of water 

to the wells during pumping, the lobe model was modified by arbitrarily increasing the hydraulic 

conductivity of the mudstone by a factor of 300, which corresponds to about three orders of 

magnitude less than the hydraulic conductivity of the sandstone aquifer in the wellfield. The 

new hydraulic conductivities for the western and eastern zones in the mudstone for each layer 

were 0.027 and 0.06 ft/day, respectively. Recalibration of the steady-state model caused a 

reduction in the width of the sandstone aquifer at the western end of the model by 990 ft to a new 

width of 1 ,320 ft with no change in the assumed sandstone aquifer hydraulic conductivity 

upgradient of the wellfield (Figure 42). Downgradient of the wellfield the sandstone aquifer 

hydraulic conductivity was reduced from 15.7 ft/day to 14 ft/day. No other changes were made 

to the cell-by-cell hydraulic conductivity distribution in the rest of the model and no changes 

were made to the cell-by-cell specific storage distribution to generate this new model. This 

newer steady-state model has a slightly lower RMS error (0.36 ft) than the error in the lobe 

model and the steady-state flux is slightly higher in this model (3,700 ft3/day) than in the lobe 

model. 
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Figure 42. Specific storafe of layer 2 in the lobe model. Specific storage in the figure is 
given as x 1 0·6 ff . Layer 1 specific storage is a uniform 1 .5 x 1 0·6 ff1 • In the 
potentiometric surface map, the hydraulic head contour interval is 5 ft. 
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Figure 42 Continued. Hydraulic conductivity and hydraulic head distribution of layer 2 
in the modified lobe model. Hydraulic conductivity is in ft/day. The hydraulic 
head contour interval on the potentiometric surface map is 5 ft. 
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Figure 43 
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Figure 43. Simulated and "observed" drawdowns from the lobe and modified lobe models at the 
at the near observation wells in the D-6 (A), D-1 (B), and D-5 (C) pumping tests. 
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Figure 44 
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Figure 44. Simulated and "observed" drawdowns from the lobe and modified lobe models at 
MD-2&3 (A) and D-2 (B) from the D-3 pumping test and MD-2&3 (C) and D-3 (D) 
from the D-2 pumping test. 
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Figure 45 
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Figure 45. Simulated and "observed" drawdowns from the lobe and modified lobe models at 
l\ID-4 from the D-4 pumping test. 
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Figures 43-45 present the simulated drawdowns from the modified lobe model in 

comparison to the simulated drawdowns from the lobe model and the "observed" drawdowns 

generated from SUPRPUMP (Bohling et al. ,  1 990). In all cases, the simulated drawdowns from 

the modified lobe model are slightly to much less than the simulated drawdowns from either the 

lobe model or the "observed" drawdowns from each test. The lack of fit begins early in the 

simulated test results. The drawdown reduction due to the increased mudstone hydraulic 

conductivity is less in MD-6, MD-5, and MD-4 than in MD-1 ,  MD-2&3, D-2 and D-3 in the 

central part of the wellfield. A visual comparison of the shapes of the simulated and "observed" 

drawdown curves suggests that the simulated curves seem to straighten out at later times during 

the D-6, D-5, and D-4 pumping tests at MD-6, MD-5, and MD-4. The apparent straightening of 

the simulated draw down curves seems to mimic the shape of the "observed" . Overall, the results 

from this simulation suggest that a more permeable aquitard could be an additional source of 

water for at least some of the pumping wells. However, the range of drawdown reductions 

across the wellfield also suggests that the mudstone hydraulic conductivity could be more 

variable than was previously thought in this investigation. 

Another possibility to explain the lack of fit at late time in these tests is that the assumed 

aquifer/aquitard properties may not be correct. This would apply not only to the assumed aquifer 

properties of the sandstones upgradient and downgradient of the wellfield but also to the 

hydraulic conductivity used to calculate the conductance in the general head boundary 

conditions. This is particularly problematic because there are no data to guide the estimation of 

the hydraulic conductivity used to estimate the conductance parameter, C, in the general head 

boundary condition. Adjustments to any of these parameters could result in a significant 

increase in the flow of water to the wellfield during pumping. 

Sources of error affecting transient model calibration 

Several sources of error undoubtedly affected the calibration process because of the 

assumptions made in model construction. It was assumed that all of the aquifer heterogeneity 

could be represented by a model grid with the finest map-view dimensions of 330 ft by 330 ft 

using the available limited well log and pumping-test results. In most cases, the well log 

information is not sufficient to characterize the internal structure of the amalgamated fluvial 

sandstone complexes or the lateral and vertical aquifer extent. Cursory examination of the 

gamma-ray logs of the pumping and nearby observation wells at many of the wellsites reveals 

that the sandstone aquifer framework consists of a sequence of amalgamated channel sandstone 

bodies. Individual sequences of sandstones can be traced between the pumping and observation 

wells at each wellsite and often between nearby wellsites. The bounding surfaces of these 

individual sequences are clearly recognizable as kicks on the gamma-ray logs of boreholes 
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drilled within the wellfield. This local heterogeneity influences the results of pumping tests as 

indicated above in the case of the D-2 and D-3 tests. The limited test-hole drilling and pump 

testing performed in the wellfield precludes inclusion of significant local aquifer heterogeneity in 

the model. 

In the development of the hydrogeologic and the numerical models, the aquifer extent in 

map view was approximated using the sand-fraction distribution map and the results of the 

pumping tests. None of the test-hole drilling done by the city was directed to defining aquifer 

extent. Thus for the most part, it has been assumed that the aquifer extent as determined from the 

pumping tests is correct because it is consistent with what we believe the sand fraction 

distribution to be. In Volume 1 of this report, it was noted that the analysis of the D-3 pumping 

test was complicated, in part by what was believed to be the very close proximity of the 

production well to the aquifer boundary. Test drilling had not been done to locate the sandstone 

aquifer/mudstone aquitard boundary to the north. Problems were encountered in analyzing the 

drawdown data from this test that necessitated simultaneous estimation of the boundary location 

and the local hydrologic properties. This was accomplished by minimizing the error between the 

observed and SUPRPUMP (Bohling et al . ,  1990)-generated drawdowns.  As a result, there is 

additional uncertainty in the flow-boundary location and the local hydrologic properties from this 

test. As another limitation, the complexity of the mudstone aquitard-sandstone aquifer boundary 

is simplified in the models. This boundary is treated as a vertical boundary within each model 

which does not take into account the local irregularity of the boundary which may have a 

significant effect on drawdown during pumping. 

The lack of information on the hydrologic properties of the aquitard and the aquifer 

outside of the wellfield led to the necessity to assume what appear to be reasonable values for 

these properties. The lack of drawdown data from the pumping tests or long-term water-level 

records from monitoring wells outside of the wellfield hampered evaluation of these choices and 

the calibration of the transient model for these properties. With regard to model calibration, the 

assumed low hydraulic conductivity coupled with the low specific storage of the mudstone may 

have prevented significant leakage of water from the mudstone during pumping. This may cause 

the poor fit of the simulated to the observed drawdowns in the later segments several of the 

pumping tests. 
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Chapter 6: Verification of the Transient, Lobe Conceptual Model 

Model verification 

Model verification is a way to establish greater confidence in the simulation results from 

a model by using a set of calibrated parameter values and stresses to reproduce a second set of 

field data (Anderson and Woessner, 1992). Spitz and Moreno ( 1996) indicate that this procedure 

is a shortcut to gaining greater confidence in model predictions in the absence of uncertainty 

analyses. They state further that in the absence of verification, a model is untested beyond the 

exact conditions used in the calibration, and the use of the model to make other than general 

predictions is questionable. 

At this stage of the project, neither the lobe nor the fringe conceptual transient model 

appears to be adequate to the task of fully simulating the hydrogeology because the models do 

not correctly simulate the later drawdown histories from each of the pumping tests . The 

numerical models generated in this project are based on extremely limited geologic and 

hydrologic data from the entire model region. In particular, the hydrologic data come almost 

entirely from the central region of the model grids representing the immediate wellfield area. 

The absence of data from outside the wellfield introduces considerable uncertainty in the model 

calibration process. This inability to perform adequately stems from either unknown additional 

sources of water that are not simulated or incorrect model parameters. Model verification is used 

here to demonstrate that the model in its present form is not a suitable tool to be used by the city 

to address its planning and management needs. 

Water production history 

Since pumping began in early April, 1993, the wellfield has been in nearly continuous 

operation punctuated occasionally by periods of shutdown. By early June, 1999, a total of 

approximately 162.6 million gal (21 .7 million ft3) of water had been produced from the 

production wells in the field. As noted in Volume 1 of this report, the records of daily pumpage 

provided by the city indicate three distinct periods of pumping: April-July, 1993; February, 

1994-July, 1997; and January, 1998-June, 1999. The first pumping period lasted a total of 92 

days, the second 1 ,252 days and the third 5 19 days. Between the first and second periods of 

pumping the wellfield was shutdown for 229 days and between the second and third periods, 

wellfield shutdown lasted for 153 days (Figure 46). 

In the first period of pumping the majority of the wells were pumped on any given day. 

Only D-3 was shutdown for longer than two days (Table 3). Early in the first pumping period 

the wellfield water production exceeded 500,000 gaVday (Figure 46), but declined later in the 
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Figure 46. Daily total ground-water withdrawals from the Hays wellfield in the upper Dakota 
aquifer. The wellfield production history can be subdivided into three pumping periods 
separated by periods of wellfield shutdown. 
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period and stabilized at slightly less than 400,000 gal/day. Total daily pumpage from the 

wellfield ranged from a low of 8 1 ,000 to a maximum of 507,164 gal and the total mean daily 

Table 3. Production history from the Hays Dakota wellfield for the period April 7-July 7, 

1993 . 

Number 

of Days Min. Daily Max. Daily Mean Daily Total for the 

Well Pumping Pumpage Pumpage Pump age Period (gal) 

(gal) (gal) (gal) 

D-1 90 7,599 149,697 64,595 5,8 13,524 

D-2 90 3,897 126,202 62,897 5,660,696 

D-3 89 5,901 106,597 64,701 5,758,390 

D-4 90 897 201 ,600 70,400 6,336,041 

D-5 90 299 104, 196 59, 136 5,322,227 

D-6 90 5,901 1 17,697 72,277 6,504,965 

Grand Total 35,395,843 

pumpage was 384,740 gal or approximately 267 gal/min (35.7 ft3/min). The total withdrawal 

from the aquifer for this period was 35,395,843 gal (108.6 acre ft) 

In the second pumping period from February, 1994-July, 1997, only one well was 

pumped at a time and production was rotated between wells every 5-7 days. When the field was 

in operation during this period, D-1 was pumped approximately 22. 1 %,  D-2 15 .6%, D-3 13 .4%, 

D-4 19.6%, D-5 20.3%, and D-6 20.9% of the time (Table 4). Total daily pumpage ranged from 

a low of 4,200 gal to a maximum of 135,300 gal when the pumps were operating, and the mean 

daily withdrawal from the aquifer was 77,5 19 gal (Figure 46). The total volume pumped from 

the field during this period was 91 ,251 ,774 gal (280 acre-ft) or an average pumping rate of 50.61 

gal/min (6.77 ft3/min). 

The third interval of pumping began after a 4 month well recovery period following the 

1997 pumping tests, beginning on January l ,  1998, and continuing up to the writing of Volume 1 

(June 3, 1999). As in the second pumping period, individual wells were pumped on a 5-7 day 

rotating basis and only one well was pumped at a time. When the field was producing water, D-

1 was pumping approximately 20.4%, D-2 20.8%, D-3 16.2%, D-4 21 .2%, D-5 21 .4%, and D-6 

21.4% of the time (Table 5). The maximum and minimum daily withdrawals were 130,800 gal 

and 7,200 gal, respectively, and the mean withdrawal rate was 70,424 gal/day or an average 

pumping rate of 48.91 gal/min. The total pumpage from the field for this period was 3U8l�7o/4 l 
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gal (1 10 acre-ft). The total daily withdrawals from the field varied little with time in this period 

as indicated by the data in Figure 46. 

Table 4. Production history from the Hays Dakota wellfield for the period February 

22, 1994-July 3 1 ,  1997. 

Number 

of Days Min. Daily Max. Daily Mean Daily Total for the 

Well Pumping Pump age Pump age Pumpage Period (gal) 

(gal) (gal) (gal) 

D- 1 277 200 108,300 62,389 17,28 1 ,806 

D-2 195 100 91 ,300 65,669 12,805,498 

D-3 168 100 90,200 64,833 10,891,999 

D-4 246 200 1 1 1 ,998 74,764 1 8,392,040 

D-5 254 100 128, 199 62,883 15,972,304 

D-6 262 100 135,300 60,718  15,908,127 

Grand Total 91 ,25 1,774 

Table 5. Production history from the Hays Dakota wellfield for the period January 1 ,  

1998-June 3 ,  1999. 

Number 

of Days Min. Daily Max. Daily Mean Daily Total for the 

Well Pumping Pumpage Pumpage Pumpage Period (gal) 

(gal) (gal) (gal) 

D-1 106 100 130,800 57,6 1 1  6,106,802 

D-2 108 100 88,200 50,995 5,507,505 

D-3 84 200 79,433 57,589 4,837,498 

D-4 1 10 100 103,200 59,024 6,492,699 

D-5 1 1 1  100 79, 100 58,433 6,486, 102 

D-6 1 1 1  100 86,667 57,794 6,415,099 

Grand Total 35,845,705 

0 177 42 
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The model verification process 

Model verification was carried out on the calibrated, transient, conceptual lobe model. 

The input data set to this model consisted of the pumping schedule and rate history of the 

wellfield taken from the water production history supplied by the city. Since the pumping 

periods were tallied as days in the data supplied by the city, each time step in this transient model 

run was one day in length. Also, daily withdrawal rates for each well were determined from the 

total amount of water withdrawn during pumping and the number of days the well was producing 

water during a given pumping period. Following the model run, the simulated daily drawdowns 

(drawdown during pumping and residual drawdown during recovery periods) for the 5 yr 

pumping period at the monitoring wells were plotted and compared qualitatively to the observed 

drawdown data set from the same period. 

The model verification drawdown data set 

Figures 4 7-5 1 present the observed draw down histories for the monitoring wells (MD-6, 

MD-5, MD-1 ,  MD-2&3, and MD-4) in the wellfield. The observed drawdowns are calculated 

data from water-level measurements made in the field. The observed drawdowns do provide a 

benchmark that can be used to assess the history-matching ability of the lobe model. 

Results and evaluation of the 5 yr simulation 

Figures 47-5 1 also present the simulated drawdowns at the monitoring wells from 

pumping of the production wells over the 5 yr period. Overall ,  the simulated drawdowns are 

much higher than the observed drawdowns from pumping at all of the observation wells. In the 

first pumping period with the highest production rates, the simulated drawdown is 50 ft more 

than was observed at MD-6 and MD-5; almost 50 ft more than was observed at MD-1 ;  and 

nearly 40 ft greater than was observed at MD-2&3 and MD-4. In the second and third pumping 

periods with much lower production rates, the simulated drawdowns are approximately 20 ft 

greater than was observed in MD-6 and MD-5 and between 10 to 20 ft greater than was observed 

in MD-1,  MD-2&3, and MD-4. 

Figures 52-54 show the drawdown pattern in the model region at three different times 

during its nearly 1 ,600 days of production history. Figure 52 shows the simulated drawdown in 

the wellfield at the end of the 89th day of production history near the end of the high production 

rate period. Drawdowns exceeding 50 ft occur in an area that extends to the mudstone/sandstone 

aquifer and mudstone/fringe boundaries. The 5 ft drawdown contour extends beyond the edge of 

the model indicating that the cone of depression has reached the edge of the model. Likewise, 

during the lower production rate periods (700 days and 1 ,500 days after the beginning of water 

production), drawdowns exceeding 10 ft occur in an area that extends to the edge of the 

98 01774 3 
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Figure 47 
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Figure 47. Simulated and observed drawdowns during the nearly 5 yr pumping period within the 
wellfield at 'MD-6. 
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Figure 48. Simulated and observed drawdowns during the nearly 5 yr pumping period within the 
wellfield at MD-5. 
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Figure 49 
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Figure 49. Simulated and observed drawdowns during the nearly 5 yr pumping period within the 
wellfield at MD-1 .  
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Figure 50. Simulated and observed drawdowns during the nearly 5 yr pumping period within the 
wellfield at MD-2&3. 
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Figure 5 1  
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Figure 5 1 .  Simulated and observed drawdowns during the nearly 5 yr pumping period within the 
wellfield at MD-4. 
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Figure 52 
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Figure 52. Simulated pattern of drawdown after the 89th day of wellfield operation. 
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Figure 53 
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Figure 53. Simulated pattern of drawdown after the 700th day of wellfield operation. 
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Figure 54 
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Figure 54. Simulated pattern of drawdown after the 1500th day of wellfield operation. 
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permeable deposits (Figures 53 and 54). Additionally, at the west end of the model the cells 

representing the channel sandstone aquifer show drawdowns that exceed 5 ft. This indicates that 

even under low pumping regimes, the cone of depression from long term pumping extends at 

least to the west edge of the model. 

As in the previous chapter, the much higher than observed drawing down of the 

potentiometric surf ace throughout the wellfield during the pumping period suggests that not 

enough water is getting to the wellfield to sustain the potentiometric surface at the observed 

levels during pumping. One explanation for this failing of the model is that the calibrated set of 

parameters may not accurately represent the hydrologic properties of the aquifer or the aquitard 

or significant aspects of the local hydrogeology are not being simulated by the model (Anderson 

and Woessner, 1992). Consequently, the calibrated model would not accurately represent the 

flow system under the imposed hydrologic stresses of the 5 yr pumping. 

It is clear that the current conceptual transient model can not be used to provide an 

assessment of the city's management/planning options with regard to the upper Dakota aquifer. 

The size of the modeled area needs to be increased to avoid the possibility that the cone of 

depression might impinge on the model boundaries and be influenced by them (Anderson and 

Woessner, 1992). It is possible that by accounting for additional sources of water the need to 

enlarge the model area may be unnecessary because of the overall reduction in drawdown and 

possibly the size of the coalesced cone of depression at the lower rates of pumping. However, in 

a future model that would be used to evaluate the consequences of increased production rates for 

longer periods of time, a model of a much larger area of the aquifer coupled with a different 

mo��l grid design would be needed to eliminate the possibility of the model boundaries having 

an impact on the simulated drawdowns. 

0 17 75?  
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Chapter 7 :  Recommendations for Future Work 

On the basis of the data collection, analysis, and preliminary modeling of the upper 

Dakota aquifer we make the following recommendations. The data analysis in the Volume 1 

report and the numerical modeling to date indicate that more data are needed before an 

assessment can be made of the impact of future pumping on the aquifer and surrounding users. 

This additional information will be particularly important if the city wishes to increase its annual 

water appropriation from this source. The most recent modeling effort clearly demonstrates the 

need for ( 1 )  hydrologic properties data on the sandstones outside of the wellfield as well as the 

mudstones, (2) improved assessment of the hydraulic connection between Subunit 2 and Subunit 

3 sandstone bodies, and (3) drawdown data from monitoring wells outside of the wellfield under 

a variety of pumping conditions. All of this information is needed to produce more realistic 

conceptual hydrogeologic and predictive numerical models. 

Test drilling is needed to further define ( 1 )  the aquifer-mudstone boundary and the nature 

of that transition and (2) the characteristics of the interbedded sandstone and mudstone that 

characterizes the fringe zones incorporated in the numerical models of the wellfield vicinity. 

Currently, the well control used to define sandstone aquifer extent near the wellfield is poor. In 

the models we have assembled, a relatively large subregion of what we think is fringe is located 

southwest of wellsite 6. In this large fringe zone, both the extent and the sandstone fraction are 

largely unknown from the existing subsurface geology information. It is recommended that three 

transects of test holes should be drilled to further define the stratigraphic relations between the 

mudstone, the fringe and the sandstone bodies in Subunits 2 and 3 of the Dakota Formation. The 

proposed transect locations and test hole drilling sites within each transect are indicated on 

Figure 55. 

Additional monitoring wells should be constructed at locations outside of the wellfield to 

collect additional water-level and water-chemistry data over time as the production wells are 

pumped by the city. This new data will allow an evaluation of the response of the aquifer to 

pumping outside of the wellfield. In the current models, there are no data from areas outside of 

the wellfield with which to improve the conceptual hydrogeologic or the numerical models. 

With the acquisition of this information, it may be possible to select the best hydrogeologic 

model of the aquifer and produce a better numerical model of the wellfield that would reproduce 

the existing and future data sets from the monitoring network. 

A minimum of 5 new monitoring sites should be constructed (Figure 55). One monitoring 

well should be located near each of the following three locations: Nl/2, Nl/2, Sec 21 ,  T. 14 S., 

R. 19 W.; SW comer, Sec. 27, T. 14 S., R. 18  W.; and in the center of the south line, Sec. l ,  T. 

14 S., R. 19 W. These wells should be screened through the entire thickness of the sandstone in 

108 
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Subunit 2 of the Dakota Formation. The fourth and fifth monitoring wells should be located in 

the SE comer SW, SW, SW, Sec. 1 3, T. 14 S. ,  R. 19 W. and near the center of Sec. 19,  T. 14 S. ,  

R. 18  W. These wells should be screened through the entire thickness of sandstone in Subunit 3 
of the Dakota Formation. The proposed monitoring wells in Sec 2 1 ,  T. 14 S.,  R. 19 W.; Sec. 27, 
T. 14 S.,  R. 1 8  W.; and in Sec. 1 ,  T. 14 S. ,  R. 19 W. are located approximately 2 miles away 

from the wellfield and will be used to assess the far field response of the aquifer to pumping. 

The proposed monitoring well in Sec. 13 ,  T. 14 S. ,  R. 19 W. will be used to assess the 

importance of leakage from fringe deposits in Subunits 2 or 3 to the overlying sandstone aquifer 

in Subunit 2. The proposed monitoring well in Sec 19, T. 14 S. ,  R. 18  W. would provide 

drawdown data from what appears to be hydraulically connected sandstones in Subunit 3 of the 

Dakota Formation. 

After the drilling of the test holes and prior to installation of each monitoring well, API

calibrated gamma-ray, SP, and induction log suites should be run in each borehole to collect 

additional borehole geophysical log data, estimate water quality, and in the case of the 

monitoring wells, determine well-screen and gravel-pack intervals. Considerable care will need 

to be exercised in the installation and development of each well. Prior to installation, the 

borehole will need to be thoroughly circulated to remove the accumulated fines from the drilling. 

Also, the driller should be cautioned to drill with clear water without use of synthetic polymers. 

The use of polymers will only make later well development more difficult. Additionally, if slug 

tests are used to estimate local hydraulic conductivity, well skin effects due to the polymers may 

bias the results of these tests. Prior to and at the end of well development, water levels should be 

recorded referenced to the top of the casing. Water samples should be collected following well 

development. 

The water levels in these new observation wells should be monitored continuously using 

pressure transducers and data-logging equipment to record the effects of pumping in the well 

field over a period of at least one year. In addition, the city will need to purchase a recording 

barometer to keep track of atmospheric-pressure fluctuations over time. This will be particularly 

important for interpreting the water-level fluctuations in the more distant wells in the monitoring 

network. 

City personnel should continue monitoring water levels in the pumping and observation 

wells and collecting water samples for analysis. It should be noted that even though the city has 

continued to monitor water levels over time, the frequency of monitoring is now much less than 

what it was back when the well field was first installed. Weekly water-level measurements from 

the pumping and observation wells in the field should adequately provide the data needed for 

further model calibration should the city decide to collect additional data to support an increase 

L in its annual appropriation. The water quality samples will provide useful information on mixing 

L 1 10 0 1 7 7 55 
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of water masses and may signal important changes in the system over time. As a result, it will be 

important for the city to contract analytical services with a laboratory that can produce results 

with the appropriate level of accuracy and reproducibility. 

This new water-level and water-chemistry data set should be analyzed to reevaluate and 

reformulate the existing conceptual hydrogeologic model of the upper Dakota aquifer. This will 

involve an analysis of the water-level response in these wells to prolonged pumping from the 

field, perhaps at a number of different levels of production. Most importantly, the data from 

these wells should provide the needed information to assess leakage effects and vertical 

hydraulic connection between sandstone aquifers in Subunits 2 and 3 of the Dakota Formation. 

The revised conceptual hydrogeologic model will be used as a basis for assessing the 

conceptual numerical model simulations to date and to assemble a new, ground-water flow 

model to simulate the drawdown history and to evaluate the potential effects of different 

pumping scenarios in the wellfield on the surrounding aquifer. 

0 1 7 756  
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Chapter 8: Summary 

Analyses of the field data from the 1997 pumping tests, the data presented to us by the 

city of Hays, and the subsurface data from the Data Library at the Kansas Geological Survey, 

were completed by near the end of June, 1999. The results from that work were summarized in a 

draft final report which was reviewed internally and presented to the city as Volume 1 :  

Hydrogeologic Setting. 

In Volume 1 ,  concerns were raised about the lack of data with which to characterize the 

hydrogeology of the upper Dakota aquifer in the wellfield vicinity considering the nature of the 

questions to be addressed by this investigation. The well-log coverage and the pumping tests are 

only generally adequate for determining aquifer extent and properties within the well field; 

however, outside of the well field the extant geophysical log data-base is also only marginally 

adequate and the sandstone hydrologic properties are unknown. Furthermore, of the total 

thickness of the Dakota Formation only about 30% is sandstone. The rest of the formation is 

made up of a mudstone whose hydrologic properties are unknown. The lack of hydrologic 

properties data for the mudstone is particularly troubling because the mudstone may be a 

significant source of water (recharge or leakage) to the well field during pumping. The pre

pumping water-level data for the Dakota aquifer are concentrated within the well field and the 

rest of the data base consists of a few poorly documented historic water levels from wells located 

several miles or more away from the well field. The resulting potentiometric surface map only 

very generally portrays the west to east movement of ground water across the study area and 

does not reveal any of the complexity imposed by aquifer heterogeneity on the local ground

water flow pattern. Also, there is a pronounced lack of data on water-level fluctuations in distant 

monitoring wells located outside of the well field during the 1993-1999 pumping period. This 

makes it impossible to determine the effects of pumping stress on the local ground-water flow 

system outside of the immediate wellfield area and to directly address issues of impairment with 

any reliability. 

Nevertheless, development of computer models began using Visual MODFLOW to 

simulate the effects of pumping on the Dakota aquifer in the wellfield vicinity. Because of the 

lack of hydrogeologic and hydraulic-head data, the numerical ground-water flow model 

developed for this project is more of a conceptual than a predictive model. A conceptual model 

is constructed primarily to provide an understanding of the aquifer system and can only be used 

very generally to address the two of the project goals if it could be sufficiently calibrated. 

Increasingly complex conceptual, 3-dimensional, pre-development (steady-state) 

numerical models of the upper Dakota aquifer flow system were formulated in this phase of the 

project. The goal was to simulate the hydraulic head distribution in the wellfield and the 
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hydraulic gradient of the regional potentiometric surface prior to the beginning of pumping. All 

of the models used reasonable estimates of hydrologic properties values for the mudstones and a 

simple distribution of hydrologic properties values for the sandstone aquifer in the well field 

based on the 1992 and 1997 pumping test results . Outside of the wellfield vicinity we assumed 

hydrologic properties values of the sandstones that were the geometric mean of the values from 

these tests. 

The early numerical models simulated regional flow through simple, effective .hydraulic 

conductivity aquifers calibrated to the regional potentiometric surface. From these simple 

models, a sandstone aquifer was added to simulate the local flow regime as it is influenced by 

aquifer heterogeneity. Two more complex, steady-state, conceptual models, the fringe and the 

lobe, were then developed based on the hydrogeologic model. 

The transient, fringe and lobe conceptual models best reproduce the drawdowns from the 

1992 and 1997 pumping tests. The fringe model includes the main sandstone aquifer in Subunit 

2 and zones of fringe. The fringe zone represents areas where significant accumulations of less 

permeable, interbedded sandstone and mudstone occur in the Dakota Formation. The lobe model 

has the same features as the fringe model except that it contains a sandstone aquifer from Subunit 

3 of the Dakota Formation that hydraulically connects to the sandstone aquifer in Subunit 2 south 

of D-2. The latter model was developed to improve on the simulation of drawdown in the D-2 

and D-3 pumping tests. Both models were calibrated to produce acceptable matches to the early 

drawdowns from the pumping tests. However, both calibrated models overpredict drawdown at 

later times during the pumping tests. Attempts to improve these focussed on increasing 

mudstone hydraulic conductivity. The increased mudstone hydraulic conductivity significantly 

reduced overall drawdown in some of the tests, but not in others. This confirms the 

interpretation of the pumping test results presented in Volume 1 that leakage from the mudstone 

aquitard may be an important source of recharge to the production wells in the field. However, it 

is just as likely that hydraulic connection to underlying sandstones in Subunit 3 may be another 

significant source. Additional hydrologic and geologic data are needed to evaluate all of these 

potential sources of recharge to the wellfield. 

To further evaluate its performance, the lobe model was used to simulate the drawdown 

history at the observation wells in the field over a nearly 5 yr period. This model was chosen 

because it incorporates significantly more of the hydrogeologic complexity of the aquifer system 

than exists in the other models developed in this project. The results show a consistent 

discrepancy between simulated and observed draw downs over the five years of wellfield history. 

Predicted drawdowns are as much as 50 ft higher than observed, in the western observation 

wells, MD-6 and MD-5 during the high water production period at the start of the 5 yr. period. 

Lower pumping levels reduced this discrepancy down to approximately 20-30 ft in most of the 
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wells. The coalesced cone of depression from this extended nearly 5 yr period of wellfield 

operation extends to the edges of the model and beyond. 

It is clear that this model cannot be used to quantitatively assess the effects of long term 

pumping because of its inability to simulate the observed drawdowns from the later parts of the 

pumping tests and to more closely match the record of drawdown during longer periods of 

pumping. An improved simulation would reduce the composite drawdown at the model edges 

and a total redesign of the model could be avoided. However, to be conservative if future 

modeling is to be done on this project, a larger region needs to be included to insure that the 

effects of pumping do not propagate to the edges of the model. 

Recommendations 

On the basis of our work to date, we make the following recommendations to the city: 

( 1 )  Test drilling is needed to further define (a) the aquifer-mudstone boundary and the 

nature of that transition and (b) the characteristics of the interbedded sandstone and mudstone 

that characterizes the fringe zones incorporated in the numerical models of the wellfield 

vicinity. Currently, the well control used to define sandstone aquifer extent and the 

characteristics of the fringe zone near the wellfield is poor. 

(2) A minimum of 5 new monitoring wells should be constructed in and around the 

wellfield vicinity. One monitoring well should be located near each of the following three 

locations: Nl/2, Nl/2, Sec 21 ,  T. 14 S. ,  R. 19 W. ; SW comer Sec. 27, T. 14 S. ,  R. 1 8  W.; and 

in the center of the south line Sec. 1 ,  T. 14 S. ,  R. 19 W. Each well should be screened through 

the entire thickness of the sandstone in Subunit 2 of the Dakota Formation. The fourth and 

fifth monitoring wells should be located in the SE comer SW, SW, SW, Sec. 13 ,  T. 14 S ., R. 

19 W. and near the center of Sec. 19, T. 14 S. ,  R. 1 8  W. These wells should be screened 

through the entire thickness of sandstone in Subunit 3 of the Dakota Formation. The proposed 

monitoring wells in Sec 2 1 ,  T. 14 S. ,  R. 19 W.; Sec. 27, T. 14 S . ,  R. 1 8  W.; and in Sec. 1 ,  T. 14 

S. ,  R. 19 W. are located approximately 2 miles away from the wellfield and will be used to 

assess the far field response of the aquifer to pumping. The proposed monitoring well in Sec. 

13, T. 14 S ., R. 19 W. will be used to assess the importance of leakage from fringe deposits in 

Subunit 3 of the Dakota Formation to the overlying sandstone aquifer in Subunit 2. The 

proposed monitoring well in Sec 19, T. 14 S. ,  R. 1 8  W. would provide drawdown data from 

what appears to be hydraulically connected sandstones in Subunit 3 of the Dakota Formation. 

The water levels in these new observation wells should be monitored continuously using 

pressure transducers and data-logging equipment to provide a continuous record of the effects 

of pumping in the well field over a period of at least one year. In addition, the city will need to 
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purchase a recording barometer to keep track of atmospheric-pressure fluctuations and their 

influence on water levels during the monitoring period. 

(3) City personnel should continue monitoring water levels in the pumping and observation 

wells and collecting water samples for analysis. Weekly water-level measurements from the 

pumping and observation wells in the field should adequately provide the data needed for 

further model calibration should the city decide to collect additional data to support an increase 

in its annual appropriation of water. The water quality sample analyses will provide useful 

information on mixing of water masses and may signal important changes in the system over 

time. As a result, it will be important for the city to contract analytical services with a 

laboratory that can produce results with the appropriate level of accuracy and reproducibility. 

(4) This new water-level and water-chemistry data set should be analyzed to reevaluate and 

reformulate the existing hydrogeologic model of the upper Dakota aquifer. The revised 

hydrogeologic model will be used as a basis for evaluating the conceptual numerical model 

simulations to date and to assemble a new, ground-water flow model to simulate the drawdown 

history and to evaluate the potential effects of different pumping scenarios in the wellfield on 

the surrounding aquifer. 
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September 24, 2001 

Dorothy Stites, Interim City Manager 
City of Hays 
1507 Main 
Hays, Kansas 67601 

Subject: South Russell Water Project 

Dear Ms. Stites: 

The purpose of this letter-report is to provide an independent review of the proposed 
South Russell Water Project, which presently includes the eventual construction of 
ten vertical water wells, one horizontal collector well, a water treatment plant, and 
the necessary pipeline to transmit the water to Hays. It is purposed to initially 
construct sufficient facilities to produce two million gallons per day (2 mgd), and 
then to expand it to 7 mgd as needed. All of this work would be completed by the 
Public Wholesale Water Supply District #15 (the District), and the water then sold to 
the city of Hays, eventually Russell, and possibly other water users in the area. 

Conclusion 

The South Russell Water Project can supply a significant volume of water for use, but 
all will have to be treated (or blended with treated water) to produce a potable 
supply. This will not be a drought proof supply since both the vertical and horizontal 
wells will be subject to the minimum desirable streamflow (MOS) requirements 
established for the Smoky Hill River. However, completion of the proposed 
expansion of the existing Schoenchen wellfield could go a long way in alleviating this 
situation. 

The geology and hydrology as presented in the various reports and letters is 
basically correct. However, Black and Veatch (the engineering firm on this project) 
needs to complete a final report that includes all of the available information and 
clarifies existing reports. Additional information will be needed by the Division of 
Water Resources (DWR) to approve the existing applications. I will explain these 
conclusions. 

Amount of Water Available 

The Smoky Hill River valley between the proposed site of well PW-1 and PW-10 has 
only a few small existing water appropriations. Therefore, the amount of ground 
water that can be appropriated should be approximately 500 acre-feet every two 
miles of river valley. However, this will be determined on an individual site basis, 
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and it will be based on the north - south width of the alluvium, terrace deposits and 
valley side-wall deposits. These deposits are in hydraulic connection with each 
other, and this means that water that falls on the high terrace deposits will flow 
down into the alluvial deposits adjacent to the river. Water that falls on the exposed 
Cretaceous deposits will not be counted in the area that contributes recharge water. 
Therefore, those well sites that have a larger area of recharge around them will be 
authorized to pump higher volumes of water. And this will be based on 75 percent of 
1.5 to 1.7 inches per year. As an example of this, it is probable that a well located 
at the proposed site of PW-7 would be allowed less appropriation than a well located 
between the sites of PW-8 and PW-9. 

The total amount of water that can actually be removed from the area will depend on 
the number and type of diversion points installed, the amount of water that is 
pumped each day, and the number of days that DWR allows the wells to be pumped. 
This latter point will be determined by the MOS since both the horizontal collector 
well and the vertical wells will be subject to it. (The basic difference in the two types 
of wells is that the collector well can pump a much larger volume of water, but 
without a waiver from DWR, it cannot be pumped in the three summer months.) 

According to the spreadsheets prepared from the U.S. Geological Survey data MSD 
at Ellsworth from 1929 through 1999, the wells could be operated an average of 301 
days per year. Based on the engineers most recent calculation, 2.4 million gallons . 
per day (mgd) of water would need to be pumped to obtain 2.0 mgd of potable water 
through the treatment plant. (This is a loss of 18 percent.) Two mgd equals 2240 
acre-feet per year, but an average of only 1811 acre-feet could be produced because 
of MOS restrictions, and during the driest year in the last 70 years (1991), only 570 
acre-feet could have been produced. However, attempting to pump 7 mgd of 
potable water would equate to 7841 acre-feet per year, but an average of only 6369 
acre-feet could be produced. The driest year (1991) would allow only 1773 acre-feet 
to be produced and the wells to be pumped only 98 days. 

The difference in your water needs and the capability of the South Russell wellfield 
would have to come from your existing supplies, that are not restricted by the MOS. 
Hays' existing water rights total 3675 acre-feet plus the temporary stripper wells . 
with a present total of 551 acre-feet. (These latter water rights will eventually be 
terminated.) It has been estimated that out of the 3675 acre-feet, there is a firm 
supply through a drought period of 2630 acre-feet. And, this is not enough to meet 
your projected needs of approximately 7000 acre-feet in the year 2040. (The 
projections of Hays' water needs have been covered well in Mr. Traster's letter of 
July 27, 2001 to Mr. David Pope, Chief Engineer of the DWR.) 

Included In the firm supply of 2630 acre-feet is 1000 acre-feet from the Schoenehen 
Smoky Hiii River valley. However, your certified water rights here are 2285 acre
feet. It has been proposed, and studies have been made to expand this wellfield, 
and thereby be able to pump more water when it is needed. My letter report to Mr. 
Elden Hammerschmidt in December of 1995 recommended this action. Since that 
was written, water rights immediately downstream have been dismissed. That 
means that the wellfield could be expanded to the east one and one-half miles, along 
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with the expansion to the west of one-half mile. This would mean having a three
mile long wellfield rather than the existing one-mile long wellfield. The wells would 
be farther a part from each other, and thus not create as much drawdown in the 
aquifer. The engineers have estimated that this wellfield expansion could add 
another 1000 acre-feet of firm supply, and I concur. This would then give you a firm 
supply of 3630 acre-feet, and it would cover the expected drought periods of non
use of the South Russell Water Project. 

Individual Well Capacities 

The amount of water that can be pumped from a well depends on the aquifer 
characteristics, the saturated thickness of the aquifer, and the well design. The life 
of the well will be determined by the gallons per minute (gpm) pumped and the 
quality of the water. The initial three sites presently proposed to install production 
wells on are PW-3, PW-4 and PW-6, and these are shown on the attached Table 1. 

All three sites have had 8" test wells installed on them, and pumping tests conducted 
by the Layne-Christensen Company. This is how the estimated transmissivity (T) 
values were determined. Note that the PW-3 and PW-4 sites have saturated 
thickness of 40.38' and 37.21', respectively, and their T values are in the 60,000 
g/d/ft range. These should make satisfactory well sites. However, the site selected 
for PW-6 is not adequate because of the limited saturated thickness of only 26'. It 
appears that a better site could probably be located immediately to the south
southwest because the city's early drilling in this area showed depths of 46' rather 
than 43'. And a little farther move could gain more depth and saturated thickness. 

For comparison purposes, it should be noted that all of the purposed well sites at 
Schoenchen have from 40' to 50' of saturated thickness. However, in the South 
Russell area, only one hole drilled by Layne-Christensen at the B site (marked as 
CW-1 on existing maps) found more than about 40' of saturated thickness, and it 
had 48'. 

Layne Christensen Installed 8" test wells at sites D and E, and conducted pumping 
tests at rates of 200 gpm and 125 gpm, respectively. They did not provide a . 
conclusion concerning the (T) values, but my analyses shows them to be less than 
60,000 g/d/ft.. (There are some very conflicting results.) Both sites penetrated only 
32' of saturated thickness. A test well was also completed and tested at PW-2. It 
exhibited a low T value of 20000 g/d/ft.. 

Layne Christensen investigated the CW-1 and RS-9 (PW-3) sites for the purpose of 
determining if a collector well could be completed there. They did this by Installing 
many observation wells and 12" cased wells at each site, that could be pumped at 
high capacities. They determined that the RS-9 (CW-3) site could be used as a 
collector well site. The vertical well installed here was pumped at 545 gpm for a 
period of 72 hours. Their very thorough report on this site shows a T value of 68000 
g/d/ft and a storativity value of 0.2, and these values are typical of good water table 
aquifers. They stated that at the end of their pumping test, 60 percent of the water 
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was coming from the river. And, they and the engineers have determined that a 
horizontal collector well at this site would take about 80 percent of the pumped 
water from the river while pumping 2 mgd (or 1400 gpm). These figures are 
reasonable and the hydrology looks good. 

Quality of Water Available 

Table 2 (attached) is a summary of the ground water quality from the eight sites 
where samples were pumped. They run from west to east and show both the 
original site name and the purposed well site number. In general, the water quality 
improves from west to east, with the B site being a notable exception. It has been 
eliminated as a potential well site because of the poor water quality. Additionally, 
the RS-7 (PW-1) site should also be eliminated for the same reason. The TDS figure 
of 29000 was taken from the actual water analysis, and it has been determined that 
It Is correct. The average water quality from the six usable sites are as follows: Total 
Dissolved Solids - 2606 ppm, Chloride - 1060 ppm, Sulfate - 370 ppm and Total 
Hardness - 695 ppm. And, the iron and manganese content Is excessive at all sites. 
Anytime the total of these two elements is over 0.35 ppm, they will cause well 
plugging problems. 

Because of the poor quality of water and the limited saturated thickness, I would 
recommend that none of the vertical wells be pumped at a rate higher than 350 
gpm. If poorer well sites are used (those with a T value less than 60000 g/d/ft.), 
then it Is suggested that a battery of two wells be Installed so that the pumping rate 
can be reduced in the individual wells. It is also recommended that the bottom one
half of the saturated thickness In each well be screened. This is for the purpose of 
reducing the entrance velocity of the water into the wellbore, and thus mitigating 
some of the well plugging problems. 

The surface water quality is better than the ground water quality. Table 3 (attached) 
Is a ten page summary of the water quality found In the Smoky Hill River near 
Russell. It shows the monthly water quality from November of 1975 through 
October of 1997, along with the river flow in cubic feet per second at the same point. 
(The Kansas Department of Health and Environment supplied these data.) 

The last page of the table shows the averages and the high and low values of the 
items summarized. The averages are as follows: Total Dissolved Solids - 1788 ppm, 
Chloride - 686 ppm, Sulfate - 336 ppm and Total Hardness - 564 ppm. The surface 
water quality deteriorates during periods of low river flow and improves during 
periods of high flow. During periods of the lowest flow, the surface water pumping 
will be curtailed because of the MOS requirements. Therefore, the surface water 
pumped should average better than the averages shown above. Combining this 
water with the ground water (which will be more consistent In quality) should stay 
below the plant design limit of 3300 TDS. 

Summary of Existing Proposed Well Sites 

The following is my appraisal of the existing proposed well sites. 
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PW-1 (RS-7) Not a suitable because of poor water quality. 

PW-2 (A&RS-2) Probably not a suitable site because of low T value (20,000). 

PW-3 (RS-9) Suitable for a vertical or collector well site. 

PW-4 (RS-10) Suitable for a vertical well site. 

PW-5 (RS-5 & RS-11) Not suitable because only 12' to 20' of unconsolidated 
formation is present. 

PW-6 (C) Not suitable because of limited saturated thickness (27') 

PW-7 No investigation made. 

PW-8 (D) Questionable site because of limited saturated thickness (32'), but 
may be all right for two smaller capacity wells. 

PW-9 No Investigation made. 

PW-10 (E) Questionable site because of limited saturated thickness, but may 
be all right for two smaller capacity wells. 

Other than sites PW-3 and CW-1 (B) there has been very little drilling in a 
north-south direction. This means that further Investigation could improve 
some of the sites' potential. 

Summary and Recommendations 

The vertical wells, when completed on suitable well sites, will be able to produce 500 
acre-feet per year throughout this stretch of river valley, though this may require 
two wells per site. The collector well should be able to produce up to about 1825 
acre-feet per year when pumping at a rate 2 mgd, and up to 2240 acre-feet if it . 
could be pumped everyday, which Is doubtful in most years. To get in the average 
1800 acre-feet range will require a waiver from DWR to allow pumping during the 
summer months. 

It Is suggested that the engineer be authorized to complete a final report on the 
South Russell Water Project. This report should include all of the raw data available, 
conclusions, and the options available for the District with the estimated costs. As 

an example, It has been proposed to complete vertical wells at PW-3, PW-4 and PW-
6, along with a collector well at PW-3. Another option would be to drill vertical wells 
at PW-3, PW-6, PW-7 and PW-8. To complete a comprehensive report, additional 
drilling will be needed to gain information at PW-6, PW-7 and PW-8. In other words, 
firm plans need to be arrived at so that the decision makers in Hays and Russell can 

\.,. make good decisions. The adopted plan will then need to be submitted to the DWR, 
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for their approval. And, until there is an understanding (not necessarily final 
approval) with DWR, it is risky to proceed very far with this project. 

In the existing reports it is assumed that the vertical wells would not be subject to 
MOS, but now everyone understands differently. However, we have a carry over of 
this thought when it is presently proposed to install both a vertical well and a 
collector well at PW-3. In a year when the collector well could operate every day and 
produce 2240 acre-feet of water, it is estimated that 1800 acre-feet would come 
from surface water and 440 acre-feet from ground water. This would pretty much 
use up all of the approximate 500 acre-feet ground water available at this site. 
Therefore, I question the need for a vertical well at the same site. 

Some of the questions asked In the Consultants Scope of Work cannot be properly 
answered without a more complete field investigation; specifically test holes, 
pumping tests and water analyses. At this point in time, my opinions are based on 
the Information available. 

I am reasonably certain that I have not addressed all of the questions that you may 
have. However, I will be pleased to elaborate on points covered in this letter-report. 

RLV/jv 

Very truly yours, 

Robert L Vincent, C.P.G., P.Hg. 
Ground Water Associates, Inc. 



Summary of Well Depths and Pumping Tests of Proposed Well Sites 

Well Depth Static · Saturated Test Specific Percent Estimated 
Water Thickness Capacity Capacity Drawdown Transmissivity 
Level & Drawdown g/d/ft 

PW-3 
(RS-9 ) 54 ' 13 .62 ' 40.38 ' 200 gpm 32.8 15 60 ,000 

@6 .1 ' 

PW-4 
(RS-10 ) 4 9  11 .7 9  37 .21 147 gpm 10 .5 38 66 ,000 ? 

@13.96 

PW-6 
(C) 43 16 .67 26 .33 200 gpm 14 .9 51 42 ,000 

@ 13 .41 

\. 
The estimated transmissivity values are from Black & Veatch's January, 2001 report. 

Table I 



Summary of Ground Water Quality 
{West to East) 

Well Total Chloride Sulfate Total Iron Manganese 
Site Dissolved Cl S04 Hardness Fe Mn 

Sol ids 

RS-7 29,000 15 ,000 2 ,300 1 ,588 16 .00 0 .560 
(PW-1 )  

RS-2 5400 2 ,450 615 1 ,136 4.05 0 .485 
(PW-2 )  

RS-9 2 ,200 780 420 802 0 .70 0 .600 
(PW-3 )  

RS-10 4 ,200 2 ,200 160 691 
(PW-4 )  

8 12 ,992 1 ,130 962 0.032 0 .206 
(CW-1 ) ? 

\.· c 1 ,702 61 9 273 594 0 .005 0.632 
(PW-6 )  

D 1 ,229 236 354 387 0.005 0 .487 
(PW8 ) 

E 909 73 395 559 0 .005 1 .628 
(PW10 ) 

All results are shown in parts per million or milligrams per liter. 



� Smoky Hill River near Russell 

Date Flow TDS Total Sodium Chloride Sulfate 
CFS Hardness 

19 Nov 75 39 .1235 521 220 334 320 

17 Dec 75 27 1473 618 274 430 358 

14Jan 76 40 1247 570 210 326 316 

18 Feb 76 40 1256 526 233 345 328 

17 Mar76 60 1140 515 187 286 318 

19 May 76 43 1430 558 284 440 339 

16 Jun 76 25 1 925 564 480 730 338 

21Jul76 25 1 930 540 485 750 342 

25Aug 76 8 2630 676 675 1040 520 

\., 15 Sep 76 44 1170 478 210 320 359 

20 Oct 76 32 1260 552 225 325 366 

17 Nov 76 34 1220 575 200 2 90 363 

15 Dec76 40 1200 600 178 248 388 

16 Feb 77 55 1170 566 184 263 358 

15 Mar77 30 1320 562 240 360 371 

20Apr77 37 1270 532 234 360 334 

18 May 77 3 9  1300 510 255 380 320 

29 Jun 77 2 9  1830 568 450 675 335 

20 Jul 77 7 3170 794 862 1390 456 

17 Aug 77 53 905 434 131 182 288 

'-' 20 Sep 77 16 1760 572 395 620 379 

19 Oct 77 18 1620 621 328 510 414 

Tobie 3 



Date 

16 Nov 77 

21 Dec77 

22 Feb 78 

22 Mar78 

18 Apr78 

17 May 78 

19 Jul 78 

30Aug 78 

. 20 Sep 78 

\.· 18 Oct 78 

29 Nov78 

13 Dec 78 

21 Mar79 

17 Apr79 

23 May79 

20 Jun 79 

25 Jul 79 

22Aug 79 

19 Sep 79 

17 Oct79 

� 14 Nov79 

Flow 
CFS 

30 

42 

15 

60 

34 

48 

30 

5 

28 

8 

34 

10 

316 

164 

71 

25 

623 

25 

5 

3 

25 

Smoky Hill River near Russell 

TDS 

1400 

1790 

1630 

1210 

1360 

1190 

1650 

2144 

1160 

none 

1250 

1820 

467 

414 

1350 

1860 

237 

1330 

2290 

2930 

1370 

Total 
Hardness 

608 

687 

659 

523 

587 

482 

602 

689 

547 

680 

550 

659 

244 

325 

555 

624 

140 

526 

663 

770 

579 

Sodium 

246 

364 

320 

213 

237 

228 

334 

484 

184 

447 

210 

382 

54 

20 

250 

416 

17 

254 

576 

768 

235 

Chloride Sulfate 

352 437 

550 436 

510 351 

325 347 

350 409 

313 333 

510 442 

740 532 

232 426 

690 518 

302 386 

620 409 

79 153 

10 68 

366 393 

640 428 

21 59 

368 373 

850 469 

1160 540 

350 427 



"' Smoky Hill River near Russell 

Date Flow TDS Total Sodium Chloride Sulfate 
CFS Hardness 

12 Dec 79 23 -1460 623 251 378 457 

19 Marso 25 1400 586 246 380 430 

23Apr80 75 1210 538 200 302 365 

21 May80 54 1130 550 200 298 287 

17 Jun 80 14 none 684 520 880 none 

23 Jul 80 5 3650 818 1010 1630 566 

20Aug80 116 887 329 173 233 244 

16 Sep 80 7 2420 648 600 970 454 

220ct80 4 2560 701 640 1050 485 

\..., 10 Dec80 20 1720 659 325 480 530 

21Jan81 15 1500 642 272 400 448 

18 Feb 81 25 1240 547 199 286 420 

18 Mar81 16 1580 546 335 490 426 

22 Apr81 93 845 365 146 205 249 

20 May81 299 454 227 59 78 134 

17 Jun 81 61 1250 433 260 400 286 

22 Jul 81 14 2040 567 518 792 376 

19Aug 81 12 2230 598 566 893 400 

23 Sep 81 11 1950 503 500 788 338 

21 Oct81 7 2500 665 666 997 420 

\.., 18 Nov 81 12 2270 591 570 980 360 

9 Dec81 17 1740 572 376 600 401 



Date 

20Jan 82 

17 Feb 82 

17 Mar82 

21 Apr82 

18 May 82 

16 Jun 82 

21Jul82 

18 Aug 82 

22 Sep 82 

� 
20 Oct82 

9 Nov82 

8 Dec82 

18 Jan 83 

16 Feb 83 

16 Mar83 

20Apr83 

17 May 83 

22 Jun 83 

20 Jul 83 

18 Oct83 

\., 16 Nov83 

Flow 
CFS 

69 

18 

134 

180 

30 

46 

68 

10 

6 

4 

7 

9 

10 

32 

14 

17 

22 

5 

1 

0.5 

3 

Smoky Hill River near Russell 

TDS 

2360 

1740 

1540 

1570 

1430 

1360 

705 

2860 

3260 

3700 

3030 

2390 

1750 

1290 

1740 

1760 

1370 

2630 

3820 

3060 

3430 

Total 
Hardness 

707 

577 

580 

606 

225 

536 

343 

690 

739 

808 

787 

650 

592 

543 

565 

569 

471 

631 

869 

758 

845 

Sodium 

556 

387 

329 

331 

278 

265 

94 

778 

921 

1058 

828 

629 

397 

244 

402 

404 

303 

706 

1066 

848 

911 

Chloride Sulfate 

914 430 

636 340 

503 343 

492 370 

490 305 

382 353 

132 216 

1250 425 

1440 446 

1650 509 

1260 438 

972 363 

614 366 

346 339 

600 372 

617 361 

430 293 

1100 396 

1740 527 

1340 430 

1550 476 



\.., Smoky Hill River near Russell 

Date Flow TDS Total Sodium Chloride Sulfate 
CFS Hardness 

14 Dec 83 5 .3500 822 986 1570 478 

22 Feb 84 11 2680 633 725 1170 404 

18Apr84 19 1660 538 362 610 353 

16 May 84 75 1470 539 299 474 353 

20Jun84 9 2870 706 762 1210 470 

25 Jul 84 6 3070 725 827 1361 446 

22Aug84 13 2062 646 486 927 275 

19 Sep 84 1 3384 863 883 1548 481 

24 Oct84 13 2243 577 599.5 1040 257 

""' 14 Nov 84 6 3180 779 839.7 1480 412 

12 Dec84 8 2705 705 693 1180 409 

20 Feb 85 180 621 225 124.8 204 100 

20 Mar85 19 1535 524 436 760 305 

17 Apr85 17 1982 586 465 828 325 

22 May85 37 1608 505 350.9 688 234 

19 Jun 85 10 2822 724 695 1300 390 

24 Jul 85 2 4410 979 1148 2213 547 

14 Aug 85 42 2259 551 597.6 978 318 

18 Sep 85 29 1802 550 412 726 308 

23 Oct85 20 2265 635 581 918 374 

\,; 13 Nov85 17 2157 663 537 845 358 

15 Jan 86 23 1774 613 398.5 630 369 



Date 

2 Dec86 

12 Mar86 

21 May86 

18 Jun 86 

23 Jul 86 

24 Sep 86 

8 Oct 86 

25 Novas 

17 Dec 86 � 
21Jan87 

18 Feb 87 

18 Mar87 

22 Apr87 

27 May87 

17 Jun 87 

22 Jul 87 

19 Aug 87 

16 Sep 87 

21 Oct87 

18 Nov 87 

\.,. 27 Jan 88 

Flow 
CFS 

16 

19 

33 

10 

13 

4 

23 

12 

14 

16 

12 

500 

468 

165 

73 

100 

466 

40 

27 

46 

39 

Smoky Hill River near Russell 

TDS 

2099 

1860 

2135 

1995 

2500 

2716 

1441 

2319 

2005 

2146 

1987 

323 

1037 

1526 

1628 

1071 

344 

1798 

1832 

1253 

1463 

Total 
Hardness 

718 

623 

617 

546 

629 

653 

445 

674 

614 

668 

631 

174 

492 

621 

588 

374 

192 

627 

628 

570 

628 

Sodium 

494.5 

440 

509 .4 

499.5 

675 .5 

747 

345 

566 

483 

518 

503 

33.5 

180 

259 

346 

231 

38.8 

417 

450 

253 

275 

Chloride Sulfate 

765 393 

692 354 

861 358 

803 337 

1050 376 

1182 380 

540 245 

980 363 

806 327 

835 366 

852 237 

67 68 

300 231 

433 446 

574 341 

367 207 

66 71 

684 286 

711 255 

397 207 

431 338 



\.. Smoky Hill River near Russell 

Date Flow TDS Total Sodium Chloride Sulfate 
CFS Hardness 

17 Feb 88 55 .1259 553 231 396 269 

23 Mar88 35 1431 580 319 468 296 

20Apr88 31 1461 590 325 488 300 

10 May 88 20 1655 598 356 547 310 

22 Jun 88 8 2712 752 700 1150 396 

20Jul 88 113 315 161 36 49 87 

17 Aug 88 5 2113 574 596 831 329 

21 Sep88 18 1318 388 359 488 194 

19 Oct 88 2 2519 713 652 1085 368 

\.,. 15 Nov88 5 2246 616 564 940 344 

14 Dec 88 9 1991 529 533 818 311 

18 Jan 89 10 2292 599 546 1003 343 

1 Mar89 12 1630 457 435 649 226 

22 Mar89 9 2042 551 584 791 297 

19Apr89 7 2761 695 792 1140 364 

17 May 89 3 3392 753 1020 1504 401 

21Jun89 3 2889 683 835 1240 352 

19 Jul 89 49 730 233 193 227 93 

30Aug89 20 1837 441 537 756 236 

20 Sep 89 36 2058 502 593 814 291 

\,, 18 Oct 89 10 3341 695 951 1530 410 

15 Nov 89 10 2509 639 716 1020 354 



Date 

26 Mar90 

21 May90 

30 Jul 90 

24 Sep90 

26 Nov90 

18 Feb 91 

15 Apr 91 

17 Jun 91 

19 Aug 91 

...._, 21 Oct91 

9 Dec 91 

27 Jan 92 

23 Mar92 

18 May 92 

20 Jul 92 

28 Sep 92 

16 Nov 92 

22 Feb 93 

26 Apr93 

21Jun93 

\.,; 23 Aug 93 

Flow 
CFS 

16 

46 

73 

16 

13 

15 

10 

18 

3 

1 

5 

7 

8 

23 

2840 

18 

none 

none 

none 

none 

none 

Smoky Hill River near Russell 

TDS 

1869 

975 

1052 

2216 

2582 

2129 

2452 

3117 

4160 

3638 

3046 

2533 

2454 

1313 

518 

2565 

2308 

902 

1461 

444 

1146 

Total 
Hardness 

543 

450 

337 

578 

633 

520 

611 

665 

823 

929 

692 

540 

584 

365 

234 

595 

589 

439 

599 

251 

442 

Sodium 

480 

161 

268 

572.1 

654 

520 

594 

774 

1220 

887 

806 

626 

626 

317 

73.35 

636 

570 

129 

263 

50.1 

217 

Chloride Sulfate 

765 287 

285 205 

326 171 

903 370 

1090 399 

925 345 

1060 386 

1410 506 

1950 522 

1760 480 

1440 384 

1220 356 

1150 324 

500 210 

118 67 

1130 413 

998 349 

210 247 

481 352 

85 90 

357 242 



Smoky Hill River near Russell 

Date Flow TDS Total Sodium Chloride Sulfate 
CFS Hardness 

25 Oct93 none . 1408 519 262 422 354 

24 Jan 94 none 1368 573 223 398 352 

28 Mar94 none 1318 522 243 400 331 

23 May94 none 1510 581 257 480 355 

25Jul 94 none 1197 405 287 396 200 

26 Sep94 none 1991 573 459 811 335 

28 Nov94 none 1397 422 305 535 253 

20 Feb 95 none 1418 489 263 462 345 

24Apr95 none 1373 503 240 456 305 

� 26 Jun 95 none 728 379 83 148 199 

28Aug 95 none 1603 390 351 693 262 

23 Oct 95 none 1234 573 396 689 315 

20 May96 none 1209 462 235 376 243 

22 Jul 96 none 781 314 132 221 135 

23 Sep 96 none 421 234 30.2 56 71.6 

18 Nov 96 none 315 203 15.7 24 30 

17 Feb 97 none 1088 488 177 298 281 

14Apr97 none 1115 563 170 286 285 

9 Jun 97 none 1395 546 265 449 293 

11Aug97 none 702 390 81.6 165 157 

....,. 

13 Oct97 none 1517 564 306 532 289 



Smoky Hill River near Russell 

Date Flow TDS Total Sodium Chloride Sulfate 
CFS Hardness 

Average 1.788.3 564.0 425.5 685.8 336.0 

Maximum Minimum 

TDS 4410 24 Jul 85 237 25 Jul 79 

Total Hardness 979 24 Jul 85 140 25 Jul 79 

Sodium 1220 19 Aug 91 15.7 18 Nov 96 

Chloride 2213 24 Jul 85 10 17 Apr79 

Sulfate 566 23 Jul 80 30 18 Nov 96 
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· MATERIALS REVIEWED 

Black & Veatch spreadsheets of water available in the Smoky Hill River above 
the minimum desirable streamtlow (MOS) at Ellsworth. 

Black & Veatch's January, 2001 report to Public Wholesale Water Supply 
District# 15 entitled, "Wellfield Exploration Program". 

Black &. Veatch's design criteria for vertical and horizontal well and pumping 
equipment. 

Black &. Veatch's May 1, 2000 letter-report to Mr. Lavern Squier, PWWSD 
# 15, concerning the wellfield exploration program and development plan for the area 
south of Russell. 

Black & Veatch's memorandum of October 1, 1999 to Mr. Lavern Squier, 
PWWSD #15 concerning south Russell wells, pipeline route and background 
information. 

Layne Olrlstensen Company's February, 2001 report concerning their 
hydrogeologlcal evaluation and horizontal collector well appraisal. 

City of Hays Wellfield Planning Office's May 5, 2000 report concerning the 
South Russell Project. 

All Kansas Geological Survey information concerning the South Russell Water 
Project area. 

Kansas Department of Health and Environment summary of spills (petroleum 
& salt water) In the southern portion of Russell County. 

Personal communication with Scott Ross, Water Commissioner, DWR, 
Stockton. 

Information from various interested citizens. 
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WATER SUPPLY CONTRACT 

This WATER SUPPLY CONTRACT (the "Contract") made and entered into as of November 
1, 2000, by and between PUBLIC WHOLESALE WATER SUPPLY DISTRICT NO. 15 (the 
"Seller") and THE CITY OF HAYS, KANSAS (the "Purchaser"). 

WITNESSETH: 

WHEREAS, the Seller is a quasi-municipal corporation, the Purchaser is a municipal 
corporation and both the Seller and the Purchaser are duly created, organized and existing under and by 
virtue of the laws of the State of Kansas; and 

WHEREAS, the Seller was formed by its members (including the Purchaser) to, among other 
things, secure adequate sources of water for its members and to sell water to its members and others as 
permitted by law, to transport and distribute water to purchasers and to allow the sharing of water sources 
on a larger scale than is feasible for its members acting separately; and 

WHEREAS, the Purchaser owns and operates a revenue producing water system as a part of its 
water and sewage system and wishes to obtain additional sources of water; and 

WHEREAS, the Seller has located a new source of supply of raw water in Russell County, 
Kansas; and 

WHEREAS, Seller proposes to acquire, construct and equip a water supply system including 
production, treatment and distribution facilities and related structures and equipment necessary therefor 
which it will use to provide for the needs of the Seller and its members and customers for raw Water, (as 
hereinafter defined) such facilities and equipment being referred to herein as the "Public Wholesale 
Water Supply Project "; and 

WHEREAS, upon completion of the Public Wholesale Water Supply Project, the Seller will 
have a supply of Water to assist the Purchaser in meeting the needs of the Purchaser's inhabitants; and 

WHEREAS, certain other parties, under the authority contained in the Kansas Statutes, as 
amended, may from time to time desire to purchase Water from time to time available from the Public 
Wholesale Water Supply Project and the Seller may be willing at such times to sell such Water, as set 
forth in this Contract; and 

WHEREAS, the construction of the Public Wholesale Water Supply Project and the purchase of 
Water pursuant to this Contract has been determined by the Purchaser to be the most desirable manner of 
providing sufficient reliable water and water service to itself and its inhabitants; and 

WHEREAS, the governing body of the Purchaser has authorized the Purchaser to enter into this 
Contract for the purchase of Water; and 

WHEREAS, the Seller is authorized by the laws of the State of Kansas, to issue and sell its 
water revenue bonds in an amount of approximately $21,000,000 for the purpose of financing the cost of 
acquiring, constructing and equipping a wholesale water supply system for the Seller, said bonds to be 
payable both as to principal and interest wholly and only from the net income and revenues arising from 
the operation of the water supply system of the Seller and not from any other fund or source; 

0164UO. 



NOW, THEREFORE, in consideration of the foregoing and of the mutual agreements and 
covenants herein contained, Seller and Purchaser hereby agree as follows: 

Section 1. Definitions. 

As used herein, the terms hereinafter set forth shall have the meanings hereinafter given or as set 
forth in Operating Agreement. 

"Base Charge" means the amount of Debt Service required under the Bond Indenture to be 
deposited during such Month into any fund or account established by the Bond Indenture. 

"Bond Indenture" means the trust indenture between the Seller and a trustee named therein and 
as approved and authorized by a resolution of the Seller, which trust indenture authorizes the issuance of 
water revenue bonds of the Seller, including the Public Wholesale Water Supply Project Bonds, as 
amended or supplemented as provided in the Bond Indenture. 

"Commercial Operation Date" with respect to the Public Wholesale Water Supply Project means 
12:01 a.m. on the day the Public Wholesale Water Supply Project is, in the opinion of the Consulting 
Engineer, producing and delivering Water for commercial use to all of the Participating Members. 

"Consulting Engineer" means one or more engineers or engineering firms designated as such by 
the Seller, having demonstrated expertise in the field of water production, treatment and distribution and 
water facility operations, rates and feasibility studies. 

"Contract" means this Water Supply Contract by and between Seller and the Purchaser as the 
same may be amended from time to time pursuant hereto. 

"Contract Year" means the twelve (12) month period commencing at 12:01 a.m. on January 1 of 
each year and ending at 12:00 midnight on the following December 31, except that the first Contract 
Year shall begin on the first to occur of (i) the date to which interest on the Public Wholesale Water 
Supply Project Bonds is capitalized from the proceeds of Public Wholesale Water Supply Project Bonds 

or (ii) the Commercial Operation Date. 

"Cost of Acquisition and Construction" means all cost and expense of planning, designing, 
acquiring, constructing, financing and placing in operation the Project, including obtaining governmental 
approvals, certificates, permits and licenses with respect thereto, heretofore or hereafter paid or accrued 
by the Seller, and shall include, but shall not be limited to: 

(1) funds required for any operating reserve required by the Bond Indenture; 

(2) funds required for the acquisition of an initial inventory of operating supplies 
and other material for the portion of the Project being constructed; 

(3) the deposit or deposits from the proceeds of the sale of any Project Bonds 
required under the Bond Indenture to be made in any fund or account established pursuant to the 
Bond Indenture to meet Debt Service reserve requirements for Project Bonds; 

(4) the deposit or deposits from the proceeds of the sale of any Project Bonds 
required under the Bond Indenture to be made in any fund or account established pursuant to the 
Bond Indenture as a reserve for renewals and replacements or contingencies with respect to the 
Project; 
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(5) interest accruing in whole or in part on any Project Bonds prior to and during 
construction and for such additional period as the Seller may reasonably deem to be necessary 
for placing the portion of the Project being constructed in commercial operation; 

(6) training and testing costs incurred by the Seller, preliminary investigation and 
development costs, engineering fees, contractors' fees, labor costs, the cost of materials, 
equipment, utility service and supplies, and legal and financing costs with respect to the Project; 

(7) all costs of any casualty insurance obtained for the Project and applicable to the 
period of construction of any portion of the Project; 

(8) all costs relating to injury and damage claims arising out of the construction of 
any portion of the Project, less proceeds of insurance maintained therefor; 

(9) funds required for the payment of all federal, state and local taxes, if any, 
required to be paid in connection with the construction of the any portion of the Project; 

(10) the costs and expenses of the issue and sale of Project Bonds including discounts 
to the underwriters or other purchasers thereof; and 

(11) all other costs incurred by the Seller and properly allocable to the acquisition and 
construction of the Project, including all costs financed by the issuance of additional bonds 
pursuant to Section 13. 

"Debt Service" means, with respect to any period, the aggregate of the amounts required by the 
Bond Indenture to be paid during such period into any fund or funds created by the Bond Indenture for 
the sole purpose of paying the principal (including any sinking fund installments) of and premium, if any, 
and interest on the Project Bonds from time to time outstanding as the same shall become due; provided, 
however, that Debt Service shall not include payment of principal on any Project Bond which becomes 
due by reason of the acceleration of the maturity thereof under the Bond Indenture. 

"DWR" means the Division of Water Resources of the Kansas Department of Agriculture and 
any successor thereto. 

· 

"Entitlement Share" means, with respect to any Water Purchaser for any Contract Year, that 
amount of Water shown opposite the name of such Water Purchaser on the Water Supply Schedule to 
this Contract. 

"KDHE" means the Kansas Department of Health and Environment and any successor thereto. 

"Month" means a calendar month. 

"Monthly Water Supply Costs" means all of the Seller's costs to the extent not included·in the 
Cost of Acquisition and Construction, the Base Charge or the Water Rate and resulting from the 
ownership, operation, maintenance, repair of and renewals, replacements, additions, improvements, 
betterments and modifications to the Project, including but not limited to the following items of cost that 
are paid or accrued by the Seller during each Month of each Contract Year in connection with the 
Project: 

------------- --- · 
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(1) one-twelfth (1/12) of the costs of operation, maintenance, administration and 
general expenses of the Project as set forth in the budget of Monthly Water Supply Costs for 
such Contract Year prepared in accordance with the Operating Agreement and which are not 
included in the costs and expenses specified in other clauses of this definition. 

(2) the amount required under the Bond Indenture to be paid or deposited during 
such Month into any fund or account established by the Bond Indenture in connection with the 
Project (other than the Base Charge). 

(3) any amount which the Seller may be required during such Month to pay for the 
prevention or correction of any unusual loss or damage or for major renewals, replacements, 
repairs, additions, improvements, betterments and modifications necessary, in the opinion of the 
Consulting Engineer, to keep the Project in good operating condition or to prevent a loss of 
revenues therefrom to the extent that (A) the Seller is not reimbursed by the proceeds of 
insurance covering the same; (B) funds for such payment are not available to the Seller from any 
funds or accounts established under the Bond Indenture for such purpose; and (C) funds for such 
payment are not provided by the issuance of additional bonds pursuant to Section 13 of this 
Contract; and 

(4) any other amounts necessary for the Seller to comply with the covenants and 
conditions contained in the Bond Indenture. 

Seller shall apply, as a credit against Monthly Water Supply Costs, all receipts, revenues and 
other moneys received by it from the sale of surplus equipment, materials and supplies relating to the 
Project and from the sale of Water pursuant to Section 17 of this Contract. 

In the event such Contract Year shall embrace eleven (11) or fewer whole Months the fraction 
expressed in clause (1) above shall be adjusted by substituting a denominator equal to such number of 
whole Months. 

"Operating Agreement" means the Operating Agreement among the Seller and certain Public 
Agencies for the development and operation of the Project. 

"Participating Members" means the Public Agencies who are parties to the joint agreement 
establishing the District and who have entered into Water Supply Contracts with the District consisting 
of the following: 

City of Hays, Kansas 

Additional Public Agencies may be added as "Participating Members." 

"Point(s) of Delivery" means the point or points of inter-connection between the facilities of, or 
available to, the Purchaser and the Project and as set forth in the Operating Agreement. 

"Project" means the water supply system constructed and equipped for the purpose of providing 
Water to the Seller and to the point of delivery for each Water Purchaser, including the Public Wholesale 
Water Supply Project and all related structures, facilities and equipment, together with any major 
renewals, replacements, repairs, additions, improvements, betterments and modifications necessary, in 
the .opinion of the Consulting Engineer, to keep the Public Wholesale Water Supply Project in good 
operating condition or to prevent a loss of revenues therefrom, and any improvements, repairs and 
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modifications of the Public Wholesale Water Supply Project required by any governmental agency 
having jurisdiction over the Project (other than the Seller in its capacity as owner of the Project). 

"Project Bonds" means bonds issued by the Seller pursuant to the Bond Indenture to pay the Cost 
of Acquisition and Construction (including the Public Wholesale Water Supply Project Bonds), 
additional bonds permitted by Section 13 hereof and refunding bonds permitted by Section 14 hereof but 
shall not include any other bonds. 

"Prudent Utility Practice" means at a particular time (i) any of the practices, methods and acts 
engaged in or approved by a significant portion of the water supply industry at such time, or which, (ii) in 
the exercise of reasonable judgment in light of facts known at such time, could have been expected to 
accomplish the desired results at the lowest reasonable cost consistent with good business practices, 
reliability, safety and timeliness considering the fact that the Seller is a Kansas quasi-municipal 
corporation. Prudent Utility Practice is not intended to be limited to the optimum practice, method or act 
to the exclusion of all others, but rather to be a spectrum of possible practices, methods and acts, having 
due regard for manufacturers' warranties and the requirements of governmental agencies of competent 
jurisdiction and shall apply not only to functional parts of the Project but also to appropriate structures, 
landscaping, painting, signs, lighting or other facilities and to public relations programs reasonably 
designed to promote public enjoyment, understanding and acceptance of the Project. 

"Public Agency" shall have the meaning ascribed to that phase by K.S.A. 19-3546, as amended 
from time to time. 

"Public Wholesale Water Supply Project" means purchasing, constructing and equipping a 
wholesale water supply system to provide a wholesale water supply to the Participating Members 
identified by name in this Contract. 

"Public Wholesale Water Supply Project Bonds" means the Water Revenue Bonds, Series 2001, 

authorized by the Bond Indenture. 

"Purchaser's Share" means the percentage (rounded to the nearest one-hundredth of one percent) 
proportion which the Purchaser's Entitlement Share bears to the total of all Entitlement Shares of all 
purchasers of water from the Seller's Project and shown on the Water Supply Schedule to this Contract. 

"Seller's Administrative Policies and Procedures" means those policies and/or procedures 
established from time to time by the governing body of Seller for the operation of the Water Supply 
System. 

"Trustee" means the trustee serving from time to time under the Bond Indenture. 

"Uncontrollable Forces" means any cause beyond the control of the Seller and which by the 
exercise of due diligence the Seller is unable to prevent or overcome, including but not limited to an act 
of God, fire, flood, explosion, earthquake, strike, sabotage, pestilence, an act of the public enemy, civil or 
military authority, including court orders, injunctions and orders of governmental agencies with proper 
jurisdictions, insurrection or riot, an act of the elements, failure of equipment, loss or reduction of 
electric power, inability of the Seller or any contractor engaged in work on the Public Wholesale Water 
Supply Project to obtain or ship materials or equipment because of the effect of similar causes on 
suppliers or carriers, or inability of tJ:ie Seller to sell or issue Project Bonds. 

"Water" means water from ground and surface water sources meeting the quality criteria set out 
in the Seller's Administrative Policies and Procedures. 
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"Water Purchasers" means the parties, including the Purchaser, other than the Seller, to the 
Water Supply Contracts and named on the Water Supply Schedule to this Contract, and their successors 
and assigns pursuant to the Water Supply Contracts. 

"Water Rate" means the dollar amount established by Seller per each 1,000 gallons of Water sold 
by Seller, .which Water Rate will be based upon the costs of production, treatment and distribution of 
Water not included in the Cost of Acquisition and Construction, the Base Charge or Monthly Water 
Supply Costs. 

"Water Supply Contracts" means this Contract and the Water Supply Contracts substantially 
similar hereto (with such changes as may be necessary to reflect the municipal or corporate nature of the 
Water Purchaser) between the Seller and a Water Purchaser providing for the purchase and sale of Water 
from the Project, as the same may be amended from time to time pursuant thereto. 

"Water Supply Schedule" means the Water Supply Schedule attached to and incorporated as a 
part of this Contract. 

"Water Supply System" means the Project and any other additional structures, facilities and 
equipment owned or operated by the Seller and that are not part of the Project. 

Section 2.· Effective Date, Term. 

Upon execution by all Water Purchasers of their Water Supply Contracts, this Contract shall be 
in full force and effect as of the date of execution hereof by the last to sign of the Seller and the 
Purchaser. The term of this Contract shall extend to the last day of the Contract Year in which any 
Project Bonds and the interest thereon have been paid in full or provision for the payment thereof shall 
have been made in accordance with the Bond Indenture, but in no event longer than forty (40) years from 
the date referred to in the next preceding sentence. 

Section 3. Delivery of Water. 

(a) Seller agrees to furnish and Purchaser is entitled to receive Water as provided in the 
Operating Agreement at a pressure and at a rate of flow sufficient to deliver the Purchaser's Entitlement 
Share. Water required to be delivered to Purchaser shall be delivered at the Point(s) of Delivery and at 
authorized service meter connections in accordance with the Operating Agreement and with the Seller's 
Administrative Policies and Procedures. Seller agrees to notify Purchaser in writing at least 30 days in 
advance of the estimated date of initial delivery of Water to the Purchaser. 

(b) The charge for one connection to Seller's Water Supply System shall be paid by the 
Seller. The cost of any additional or other connections shall be paid by Purchaser. All connections shall 

·be made in accordance with the Operating Agreement and Seller's Administrative Policies and 
Procedures, but in no event shall a connection charge be less than the actual cost of making such 
connection. 

Section 4. Budget, Payment. 

(a) On or before the tenth (10th) day of each Month beginning with the month following the 
initial Month of the first Contract Year the Seller shall render to the Purchaser a monthly statement 
representing: 
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(i) 100% of the Purchaser's Share of the Base Charge; 

(ii) The Purchaser's Share of Monthly Water Supply Costs for such Month as shown 
in the budget of Monthly Water Supply Costs for such Contract Year furnished by Seller 
pursuant to the Operating Agreement; 

(iii) The Water Rate multiplied by the number of gallons of water (in thousands or 
part thereof) delivered to Purchaser during the preceding Month at all Points(s) of Delivery 
serving Purchaser; and 

(iv) The Purchaser's share of any other amounts needed to pay any cost or expense of 
whatever nature reasonably anticipated for the District. 

(b) The Purchaser shall receive as a credit against the amount due under subparagraph (ii) 
above all surplus revenues, funds and monies from prior fiscal years which are retained by Seller in the 
general fund of Seller. Such credit shall be applied only after receipt by the Trustee of (1) the annual 
audit of the Seller required by Section 7 of this Contract and (2) a certificate from the Seller that it is not 
in default in making any payments required under the Bond Indenture. The Purchaser shall pay to the 
Seller the amounts shown on such statement on or before the 20th day of such Month. 

( c) Any other provision in this Contract to the contrary notwithstanding, the payments to be 
made pursuant to this Section shall be due and payable at the office of the Seller specified in Section 29 

of this Contract whether or not Water is actually received by the Seller and whether or not the Project has 
been completed, is operating or operable or its production is suspended, interrupted, interfered with, 
reduced or curtailed or terminated in whole or in part, and such payments shall not be subject to any 
reduction, whether by offset, counterclaim, recoupment or otherwise, and shall not be conditioned upon 
the performance or nonperformance by the Seller or any other party under this Contract or any other 
agreement for any cause whatsoever including the Seller's inability to furnish Water. 

( d) Amounts due and not paid by the Purchaser on or before the 30th day of the Month on 
which they are due shall bear an additional charge equal to the lesser of one and one-half percentum (1 
1/2%) per month, compounded monthly, or the maximum amount permitted under applicable law, until 
such amount and such additional charge are paid in full. 

( e) In the event of any dispute as to any portion of any monthly statement, the Purchaser 
shall nevertheless pay the full amount shown on such statement when due, shall not have the right to 
offset any disputed amounts against payment obligations required under this Contract and shall, within 
sixty (60) days from the date of such statement give written notice of the dispute to the Seller. Such 
notice shall identify the disputed statement, state the amount in dispute and set forth a full statement of 
the grounds on which such dispute is based. No adjustment shall be considered or made for disputed 
charges unless notice is given as aforesaid. The Seller shall give consideration to such dispute and shall 
advise the Purchaser with regard to the Seller's position relative thereto within thirty (30) days following 
receipt of such written notice. Upon determination of the correct amount, any difference between such 
correct amount and such full amount shall be subtracted from the statement next submitted to the 
Purchaser after such determination pursuant to paragraph ( c) above. 

Section 5. Nature of Contract. 

(a) ·This Contract is subject to such rules, regulations or other laws as may be applicable to 
similar agreements in the State of Kansas, including the Operating Agreement and Seller's Administrative 
Policies and Procedures and the statutes pertaining to DWR and KDHE and the rules and regulations 
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promulgated thereunder, and, so long as the same are applicable, Seller and Purchaser will collaborate in 
obtaining such permits, certificates or the like as may be required to comply therewith. 

(b) The Seller may temporarily interrupt or reduce delivery of Water from the Project if the 
Seller determines that such interruption or reduction is necessary in case of emergencies affecting the 
ability of the Seller to produce or deliver Water from the Project and in order to install equipment, make 
repairs and replacements to and make investigations and inspections of or perform maintenance work on 
the Project. 

(c) Except as interrupted or reduced by Uncontrollable Forces, or as otherwise provided in 
this Contract or the Operating Agreement or the Seller's Administrative Policies and Procedures, the 
Seller shall operate the Project and deliver Water therefrom to the Purchaser in accordance with this 
Contract, the Operating Agreement and Seller's Administrative Policies and Procedures at all times 
during the term of this Contract commencing with the Commercial Operation Date. 

(d) Nothing contained in this Contract shall be construed to prohibit the Seller from 
contracting with others for the operation, maintenance or scheduling of the Project. 

Section 6. Standard of Construction. 

The Seller shall construct, operate, maintain and manage the Project m an efficient and 
economical manner consistent with Prudent Utility Practice. 

Section 7. Records and Accounts. 

The Seller will keep accurate records and accounts of the Project. Said records and accounts 
shall be subjected to an audit as of the end of and for each Contract Year by a firm of independent 
certified public accountants selected by the Seller, which firm shall be experienced in water accounting 
for publicly-owned entities and utilities. Such firm's audit report shall be submitted to the Seller, with a 
copy to the Purchaser, within 180 days after the end of such Contract Year. 

Section 8. Consulting Engineer. 

The Seller will retain the Consulting Engineer to make any determinations required by this 
Contract, the Operating Agreement and the Bond Indenture. 

Section 9. Financing and Regulatory Approvals for the Project. 

(a) The Seller shall use its best efforts to issue and Project Bonds at such time and from time 
to time in an aggregate amount sufficient to provide funds for payment of the Cost of Acquisition and 
Construction, provided that no Public Wholesale Water Supply Project Bonds shall be issued so long as 
any Water Supply Contract shall be subject to termination pursuant to paragraphs (b), (c) or (d) of 
Section 23. In connection therewith, the Purchaser shall furnish at its own expense such information and 
documents, including financial statements, legal opinions and engineering reports, as the Seller shall 
reasonably request. 

(b) The Seller sha_ll proceed in accordance with Prudent Utility Practice to obtain all 
licenses, permits and other rights and regulatory approvals necessary to the construction and operation of 
the Project and shall prosecute such construction with due diligence to completion in accordance with 
Prudent Utility Practice and plans and specifications prepared or approved by the Consulting Engineer. 
The Seller shall use its best efforts to achieve a Commercial Operation Date by a date to be agreed to in 
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writing between the Purchaser and Seller prior to the execution of the contract for the construction of the 
Project, but the Seller shall not be responsible for delays caused by Uncontrollable Forces or regulatory 
processes. 

Section 10. Seller's Rate Covenant. 

The Seller will establish, maintain arid collect rates and charges for the Water and water supply 
service of its Water Supply System so as to provide revenues at least sufficient, together with available 
Water Supply System reserves, to enable the Seller to make all payments required to be made by it under 
the Bond Indenture and all other lawful charges against or liens on the revenues of its Water Supply 
System. 

Section 11. Purchaser's Rate Covenant; Source of Purchaser's Payments. 

(a) Purchaser will establish, maintain and collect rates and charges for the water services of 
its water system or the water portion of the Purchaser's water and sewage system so as to provide 
revenues at least sufficient, together with available system reserves and moneys from other sources 
available to the Purchaser, to enable the Purchaser to make all payments required to be made by it under 
this Contract and all other lawful charges against or liens on the revenues of its water system or water 
and sewage system. 

(b) The obligation of the Purchaser to make payments to the Seller under Section 4 of this 
Contract shall be payable solely from the revenues produced by the Purchaser's water system or the water 
portion of the Purchaser's water and sewage system, together with available system reserves. All 
payments made by the Purchaser pursuant to this Contract shall constitute operation and maintenance 
expenses of its water system or the water portion of the Purchaser's water and sewage system. The 
Purchaser shall not be obligated to levy any taxes, general, special or sales, for the purpose of paying to 
the Seller any sum due hereunder. The Purchaser may make actual payments to the Seller from any 
source it desires, but, except as provided in this Section 11, shall not be obligated to do so. . 

Section 12. Facilities to be Provided by the Purchaser. 

The Purchaser shall contract for or provide, operate and maintain, all without cost or expense to 
the Seller, such Water lines, pumps and other facilities as may be necessary to enable it to receive and 
use water purchased under this Contract at and from the Point(s) of Delivery, including such protective 
devices as may be necessary in the reasonable judgment of the Seller to protect the Project and the water 
systems of all other Water Purchasers from disturbance thereto caused by the Purchaser. 

Section 13. Additional Bonds. 

Project Bonds in addition to the Public Wholesale Water Supply Project Bonds may, in the 
discretion of the Seller, be issued and sold by the Seller in accordance with the provisions of the Bond 
Indenture at any time and from time to time in the event funds are required to pay all or a portion of the 
cost of (i) any major renewals, replacements, repairs, additions, improvements, betterments and 
modifications to the Project necessary, in the opinion of the Consulting Engineer, to keep the Project in 
good operating condition, to provide Water to Water Purchasers who become Water Purchasers after the 
effective date of this Contract or to prevent a loss of revenues therefrom, (ii) any major additions, 
improvements, repairs or modifications to the Project required by any governmental agency having 
jurisdiction over the Project (other than the Seller in its capacity as owner of the Project) or for which the 
Seller shall be responsible by virtue of any obligation of the Seller arising out of any contract to which 
the Seller may be a party relating to the ownership of the Project and (iii) additional water supplies for. 
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the Project in any Contract Year to the extent that sufficient funds are not available in any reserves for 
such purpose under the Bond Indenture. 

Section 14. Refunding Bonds. 

In the event that the Base Charge and/or the Monthly Water Supply Costs may be reduced by the 
refunding at any time of all or less than all of the Project Bonds then outstanding or in the event it shall 
otherwise be advantageous in the opinion of the Seller to refund any Project Bonds, the Seller may issue 
and sell refunding bonds. 

Section 15. Excess Funds. 

In the event the proceeds derived from the sale of any series of Project Bonds exceed in the 
aggregate the aggregate amount of funds required for the purposes for which such Bonds were issued, the 
amount of such excess shall be used to retire, by purchase or redemption, Project Bonds of such series in 
the manner permitted under the Bond Indenture. 

Section 16. Other Bonds. 

This Contract shall not be interpreted to restrict the amount of or purpose for which bonds other 
than Public Wholesale Water Supply Project Bonds may be issued under the Bond·Indenture except that 
the Seller may not issue bonds under the Bond Indenture prior in right in any manner to the Public 
Wholesale Water Supply Project Bonds. 

Section 17. Sale of Water Not Taken by the Purchaser. 

Any Water, which the Purchaser is entitled to receive under this Contract but does not take, may 
be sold by the Seller to any party upon such terms and conditions as the Seller in its sole discretion shall 
determine, and all receipts, revenues and other moneys received shall be applied as a credit against 
Monthly Water Supply Costs; and, except as the Purchaser may thereby receive a portion of the benefit 
of such sale, the Purchaser shall have no right, by offset or otherwise, to any amounts realized by the 
Seller in connection with such sale. Before Seller shall sell any water to a third party under the terms of 
this Section, Seller shall first offer that water to the City of Russell, Kansas. Such offer shall be 
extended, in writing, and shall remain available for acceptance by the City of Russell, Kansas for a 
period of seven days from the date offered. No sale of water shall be made by the Seller to any third 
party on terms more favorable than those offered to the City of Russell, Kansas without first offering 
water for sale on those more favorable terms to the City of Russell, Kansas. 

Section 18. Other Sales of Water. 

It is understood that, as between the Purchaser and the Seller, subject to any applicable 
provisions of the Bond Indenture, the Seller may sell Water which the Purchaser is not entitled to receive 
pursuant to this Contract on such terms and conditions as the Seller in its discretion shall determine. 
Sales of water by Purchaser shall be governed by the Seller's Administrative Policies and Procedures but 
in no event shall Purchaser make any sale or sales which might adversely affect the tax-exempt status of 
any Project Bonds. 

Section 19. Default by the Water Purchasers, Remedies of the Seller. 

(a) In the event the Purchaser shall fail to perform any obligation under this Contract, 
including failure to make to the Seller when due any payment for which provision is made therein, the 
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Seller shall have in addition to any other rights or remedies it may have under law, the following rights 
and remedies: 

(1) the Seller may bring any suit, action or proceedings in law or in equity, including 
mandamus and action for specific performance, as may be necessary and appropriate to enforce 
against the Purchaser any covenant, agreement or obligation to make any payment for which 
provision is made in this Contract or to collect amounts due pursuant to this Contract; 

(2) if such failure shall continue for fifteen (15) days following written notice to the 
Purchaser from the Seller specifying such failure, the Seller may at any time thereafter, upon 10 

days' written notice to the Purchaser, cease and discontinue delivering Water to the Purchaser so 
long as such failure shall continue; provided, however, that any such cessation and 
discontinuance shall not relieve the Purchaser of any obligation, under this Contract, including 
the obligation to pay amounts becoming due on and after the date of such cessation and 
discontinuance; and 

(3) whether or not the Seller shall have ceased and discontinued delivering Water 
pursuant to clause (2) above, if such failure shall continue for six months following written 
notice to the Purchaser from the Seller specifying such failure, the Seller may at any time 
thereafter while such failure shall be continuing, upon written notice to such Water Purchaser, 
terminate this Contract; provided, however, that any such termination shall not relieve the 
Purchaser of the obligation to pay any amounts required to be paid under this Contract with 
respect to any Month ending on or prior to such termination and for the Month in which such 
termination shall occur, without proration. 

(b) The cessation and discontinuance of the delivery of Water to any Water Purchaser, or the 
termination of any Water Supply Contract, shall not change the Entitlement Share of any other Water 
Purchaser. 

Section 20. Default by Seller. 

In the event of any default by the Seller in the performance of any of its obligations under this 
Contract, the Purchaser may bring any suit, action or proceeding in law or in equity, including 
mandamus, injunction, and action for specific performance as may be necessary or appropriate to enforce 
such obligation against the Seller, but the same shall not give the Purchaser the right to discontinue the 
performance of its obligations under this Contract. 

Section 21. Abandonment of Remedy, No Waiver. 

In the event any action or proceeding taken by the Seller or the Purchaser in connection with any 
default by the other shall have been discontinued or abandoned for any reason, the Seller and the 
Purchaser shall be restored to their former positions under this Contract, and all rights, remedies, powers 
and obligations of the Seller and the Purchaser shall continue as though no such action or proceeding had 
been taken. The failure of either party to insist in any one or more instances upon strict performance by 
the other of this Contract or to take advantage of any of its rights hereunder shall riot be construed as a 
waiver or relinquishment 
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Section 22. Assignment, Sale of Purchaser's System. 

(a) This Contract shall inure to the benefit of and be binding upon the respective successors 
and assigns of the parties to this Contract; provided, however, that, except as otherwise provided in this 
Contract in the event of a default and except for the assignment by the Seller authorized in paragraph (b) 
below, neither this Contract nor any interest herein shall be transferred or assigned by either party hereto 
except with the consent in writing of the other. No assignment or transfer shall relieve the assigning or 
transferring party of any obligation contained in this Contract. The Purchaser acknowledges that the 
rights of the Seller to transfer or assign its interest in this Contract may be limited by the Bond Indenture. 

(b) The Purchaser acknowledges and agrees that the Seller may pledge and assign to the 
Trustee all of the Seller's right, title and interest in and to all payments to be made to the Seller by the 
Purchaser under this Contract as security for the payment of the principal (including sinking fund 
installments) of and premium, if any, and interest on the Project Bonds, and, upon the execution of such 
pledge and assignment such trustee shall have all of the rights and remedies provided to the Seller with 
respect thereto. 

( c) The Purchaser agrees that it will not sell or otherwise dispose of its water distribution 
system except on ninety (90) days' prior written notice to the Seller, and in any event will not sell or 
otherwise dispose of the same in a manner that in the judgment of the Seller adversely affects the (i) tax
exempt status of the interest on any Project Bonds or (ii) without the prior written consent of the Seller, 
the value of this Contract as security for the payment of the Project Bonds. 

Section 23. Termination, Amendment. 

(a) This Contract may not be terminated by either party hereto under any circumstances, 
including upon the default of the other party, except as otherwise specifically provided in this Contract. 

(b) If the Seller shall not have issued and sold any Public Wholesale Water Supply Project 
Bonds prior to the expiration of twenty-four (24) Months from the effective date of this Contract, this 
Contract shall automatically terminate. 

( c) This Contract may be terminated by the Seller at any time prior to the first issuance of 
Public Wholesale Water Supply Project Bonds by notice to the Purchaser if: 

(1) a decision shall have rendered in any judicial determination with respect to the 
proposed issue and sale of the Public Wholesale Water Supply Project Bonds which Seller, in its 
judgment, determines. shall prevent the issuance of Public Wholesale Water Supply Project 
Bonds on reasonable terms, or 

(2) the Seller shall not have obtained all the permits and approvals deemed 
necessary by the Seller to be obtained prior to the issuance and sale of Public Wholesale Water 
Supply Project Bonds, or 

(3) the Seller is unable to sell initial Public Wholesale Water Supply Project Bonds 
at an effective interest rate satisfactory to the Seller. 

(d) If any Water Supply Contract with any Water Purchaser is terminated pursuant to any 
provision similar to paragraphs (b) or ( c) above, this Contract shall automatically terminate and the Seller 
shall so notify the Purchaser. 

12 01650.L 



( e) If this Contract shall be terminated pursuant to paragraphs (b ), ( c) or ( d) of this Section 

23, neither the Seller nor the Purchaser shall have any liability to the other, including any liability for 
costs and expenses to the other. 

(f) This Contract may not be amended, modified or otherwise altered in any manner except 
in writing signed by both parties. The Purchaser acknowledges that the .Bond Indenture may contain 
provisions restricting the right of the Seller to amend, modify or alter this Contract. 

Section 24. Compliance with Laws. 

The Purchaser shall not dispose of Water to which it is entitled pursuant to this Contract in any 
manner which would cause the sale thereof by the Seller to the Purchaser to contravene any provision of 
law at the time applicable thereto or adversely affect the tax-exempt status of the interest on any Project 
Bonds. 

Section 25. Taxes. 

In the event that any federal, state or local tax shall be levied upon the sale and delivery of Water 
to the Purchaser pursuant to this Contract or upon the Seller measured by the Water sold to the Purchaser 
or the revenue received by the Seller therefrom, the amount of such tax shall be added to the next 
statement rendered to the Purchaser pursuant to Section 4. 

Section 26. Governing law. 

This Contract shall be governed by and construed in accordance with the laws of the State of 
Kansas. 

Section 27. Disclosure Covenants. 

The Purchaser specifically agrees to provide to the Seller, if requested, financial information and 
operating date of the Purchaser and the Purchaser's water system or combined water and sewage system 
and the occurrence of certain material events, to the extent necessary for the Seller to comply with the 
continuing disclosure obligations set forth in Rule 15c2-12 adopted by the Securities and Exchange 
Commission under the Securities Exchange Act of 1934, as may be amended from time to time or such 
other similar rule regarding disclosure ·of information in securities transactions. Such financial 
information shall be audited. Such financial information and operating data, if requested, shall be 
supplied with 180 days after the end of the Purchaser's fiscal year, and may be supplied, if appropriate, in 
the Purchaser's comprehensive annual financial report and/or annual report. If audited financial 
information is not available within 180 days of the end of the appropriate fiscal year of the Purchaser, 
unaudited financial information shall be provided to the Seller pending receipt of audited financial 
information. 

Section 28. Notices and Computation of Time. 

Any notice which may be or is required to be given under this Contract shall be deemed properly 
given if mailed postage prepaid and addressed to the Seller at P. 0. Box 220, Hays, Kansas 67601, and to 
Purchaser at P.O. Box 490, Hays, Kansas 67601-0490; and in computing any period of time from such 
notice, such period shall commence at 12:01 a.m. on the day following the date such notice was mailed. 
The foregoing designations and addresses to which notices shall be addressed may be changed at any 
time and from time to time by giving notice as above provided. 
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Section 29. Addresses for Statements and Payments. 

(a) Statements rendered by the Seller pursuant to Section 4 shall be mailed to the Purchaser, 

addressed as follows: P.O. Box 490, Hays, Kansas 67601-0490. 

(b) Payment of statements rendered by the Seller pursuant to Section 4 shall be made to the 
Seller at P. 0. Box 220, Hays, Kansas 67601, in a manner so that the Seller will have funds available at 
the opening of business on the day such payment shall become due. 

( c) In the event any day on which any payment under this Contract shall become due shall be 
a Saturday or Sunday or a holiday recognized by the Seller, the payment shall be made on the next 
preceding day which is not a Saturday, Sunday or such holiday. 

Section 30. Severability. 

In the eventthat any provision in this Contract is declared illegal or no longer in force by reason 
of any judgment or order issued by any court or regulatory body of jurisdiction, all remaining provisions 
of this Contract not affected by such judgment or order shall continue in full force and effect. 

Section 31. Reports and Information. 

Each party hereto shall furnish to the other party such reports and information concerning its 
operations as the other party may reasonably request from time to time. 

Section 32. Right of Access. 

Each party grants to the other party right of access to its premises to install, maintain, operate, 
repair, and renew any and all equipment, apparatus and devices owned or operated by such other party 
and necessary in the performance of this Contract. 

Section 33. Liability of the Seller. 

The Seller shall not be liable to the Purchaser for any failure of the Seller to perform its 
obligations to the Purchaser due to Uncontrollable Forces and in no event shall be liable to the Purchaser 
for any consequential damages. 
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IN WITNESS WHEREOF, this Contract is executed by the duly authorized officers or 

representatives of the parties, pursuant to authority vested in them by the lawful action of their respective 
council, commission, or board, as of the day and year first above written. 

(SEAL) 

ATTEST: 

�*C� 
Title: Secretary 

(SEAL) 

ATTEST: 

Title: City Clerk 
1 

PUBLIC WHOLESALE WATER SUPPLY DISTRICT N0.15 

'---!// By _________ �-+------� 
Title: President !./ Date of Execution: 

CITY OF HAYS, KANSAS 

�{,le:fi3:'1-- -

Date of E ecution: 

15 

'i 1'"5 0 � ,) - b'L \ 4 

-- ------·--- -----------------
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WATER SUPPLY SCHEDULE 

Entitlement Share for Term of Contract Years 

Name of Water Purchaser 

City of Hays, Kansas 

ENTITLEMENT 

SHARE 

All of the Water Available 
From the Public Wholesale 

Water Supply District Project 

PURCHASER'S 

SHARE 

(%) 

100% 

0.16505 

-- -- - - ----�� --� -----�------------,--------�----------��- ---



KANSAS GEOLOGICAL SURVEY 

David M Traster 
Foulston & Se1fkm LL P 
Banlc of Amenca Center 
100 N Broadway, Suite 700 
Wichita, KS 67202-2295 

Dear Mr Traster 

August 3, 2001 

AUG 8 

1930 Constant Ave , Campus West 

The Un1vers1ty of Kansas 

Lawrence, Kansas 66047-3726 

phone 785-864-3965 

fax 785-864-5317 

RE Kansas Public Water Supply Loan Fund Project No 2304 for the Public Wholesale Water 
Supply Distnct No 15 

The Kansas Geological Survey received your 2-page letter of July 3, 2001 bnefly 
descnbmg the proposed water supply project for Public Wholesale Water SupplyD1stnct No 15 
and requestmg our review of the project Two large maps showmg the locat10n of the proposed 
project were mcluded with the letter As this 1s a large project, mvolves ground-water resources, 
and would substantially impact the amount of funds available from the Kansas Public Water 
Supply Loan Fund, I obtamed additional mformat10n to evaluate the project and make 
comments 

The miss10n of the Kansas Geological Survey (KGS) 1s to conduct geological studies and 
research and to collect, correlate, preserve, and dissemmate mformat10n leadmg to a better 
understandmg of the geology of Kansas, with special emphasis on natural resources of economic 
value, water quality and quantity, and geologic hazards The KGS does not have regulatory or 
plannmg respons1b1lities but provides research and data to better allow local, state, and federal 
agencies and the public to make mformed dec1s1ons related to Kansas natural resources The 
followmg review makes vanous pomts that are aimed at helpmg Distnct No 15 and the local, 
state, and federal agencies who must approve the project to make appropnate dec1s10ns regardmg 
the project 

The project proposes to obtam ground water from the alluvial aquifer of the Smoky Hill 
River valley m southern Russell County The 1mtial phase of the project mvolves mstallmg three 
vertical wells and one Raney collector well at three locat10ns (PW-3, PW-4, and PW-6) along the 
nver valley The maps md1cate that there are 5 addit10nal locat10ns for vertical wells located m 
the alluvial aquifer and the letter states that two more well sites are proposed for a total of 10 
vertical wells The sect10n along the nver valley with the proposed well locat10ns extends from 
the confluence of Big Creek and the Smoky Hill River downstream to three miles west of the 
Russell-Ellsworth county boundary The proposed project will treat the salme water obtamed 
from the alluvmm to reduce its salimty to acceptable levels for public supplies 

mcampbell
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Water quantity cons1derat10ns of proposed pro1ect 

The Quaternary alluvial aqmfer of the Smoky Hill River m southern Russell County 1s a 
narrow band along the nver with a width from about Y4 mile to nearly a mile (Johnson and 
Arbogast, 1996) The average width 1s about Yi mile The aqmfer mcludes sediments underlymg 
the current floodplam as well as terrace deposits The sediments are composed of sand and 
gravel that can readily yield water to wells, and clays and silts of much lower permeability In 

add1t10n, there are valley-side wall deposits that mclude some sand and gravel The valley-side 

wall sediments can serve to receive surface recharge from prec1p1tat10n and supply some water to 
the alluvial aqmfer through ground-water flow towards the nver valley 

In general, the narrowness of the alluvial aqmfer md1cates that the maJor amount of water 
that would be supplied to large capacity wells m the alluvial aqmfer dunng pumpmg over an 
extended time penod would come from the nver A smaller amount of water would be denved 
from ground water dischargmg from the Dakota aqmfer and the valley-side wall deposits to the 
alluvial aqmfer The cones of depression, whether for a collector well or a vertical well, would 
extend to the nver over a penod of several days or a few weeks until most of the water 
mamtaimng the pumpmg would be from the nver The amount of ground water entenng the 
alluvial aqmfer from the bedrock and valley-side deposits would be substantially smaller than the 
amount of nver water entenng the alluvial aqmfer dunng long-term pumpmg of high-capacity 
wells When flow m the nver ceased, the water levels m the wells would declme as the alluvial 
aqmfer storage was depleted 

The discharge of the Smoky Hill River vanes substantially m the stretch m which the 
wells are proposed as md1cated by Figure 1 (daily discharge south of Bunker Hill from 1939 to 
2000) (U S Geological Survey) Figure 2 contains the same data as m Figure 1 but the discharge 
1s represented by a log axis rather than a lmear axis The 1mtial value of2 mgd and the project 
value of 7 mgd proposed for the proJ ect are shown as dashed Imes on Figure 2 at the flows 
eqmvalent to the pumpmg The graph md1cates that there are occas10nally dry penods when the 
flow of the Smoky Hill River would not be sufficient to meet the 2 mgd rate, assummg all water 
was denved from the nver, and more frequent penods when the flow could not meet the 7 mgd 
value 

There 1s a mimmum desirable streamflow (MDS) set for the Smoky Hill River at 
Ellsworth, which 1s downstream of the section along which the proposed wells would be 
mstalled The MDS values range from 15 cfs dunng August-October up to 45 cfs for June 
Figure 3 displays the discharge of the Smoky Hill River at Ellsworth with dashed Imes for the 
range m MDS values The graph md1cates that there have been penods dunng which the nver 
flow 1s below the MDS values Pumpmg from the Smoky Hill River alluvium m southern 
Russell County, which would largely come from the nver, would reduce flow m the nver 
Dunng dry penods, the effect could be to produce even more frequent cond1t10ns downstream m 
which the nver flow dropped below MDS levels The water nghts for the proposed project 
would be Jun10r to other earlier nghts In the event that the D1v1s10n of Water Resources (DWR) 
needed to mvoke the MDS regulat10ns at Ellsworth and request that Jumor water nghts holders 
stop withdrawals, the proposed wells might need to be temporanly shut off until streamflow 
recovered 
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Pumpmg of water from the Schoenchen well field of the City of Hays m the alluvial 
aqmfer of the Smoky Hill River m Ellis County decreases the flow of the nver through nver 
seepage dunng extended pumpmg Dunng dry penods, the flow downstream from the 
Schoenchen well field would impact the flow that would be available to be drawn m by the south 
Russell wells 

The quantity of water that can be physically (based on available nver flows and ground
water storage) and legally (based on water nghts) withdrawn from the alluvial aqmfer will vary 
from wet to very dry penods Dunng penods when little or no ground water can be pumped, 
there could potentially be a problem with maintaimng flows to a desahmzat10n plant that uses the 
reverse osmosis process 

Water quality considerations of the proposed pro1ect 

The quahty of the water m the Smoky Hill River and the ground water m the alluvial 
aqmfer downstream of the confluence with Big Creek 1s salme The salme water extends 
through southern Russell County, although the water does become less salme downstream The 
salimty of the water 1s high enough that the proposed project mcludes a desahmzation plant to 
treat the water Most of the salimty 1s natural The source 1s d1ssolut10n of rock salt m 
subsurface Permian rocks The saltwater has slowly nngrated from the Permian rock to the 
overlymg strata of the Dakota aqmfer and discharges from the Dakota aqmfer mto the alluvial 
aqmfer and then mto the nver However, a small amount of the salrmty m the nver has been 
identified as bemg denved from 011-field bnne contammat10n that discharges from the alluvial 
aqmfer (Whittemore, 1991) The contammat10n probably came from 011 bnne that seeped mto 
the shallow subsurface from surface disposal before regulations requrred deep subsurface 
disposal In add1t10n, some bnne was disposed mto the Dakota aqmfer m relatively shallow 
disposal wells before d1sposal mto much deeper wells was reqmred (Frye and Brazil, 1943) 
Although the amount of salme water denved from 011-bnne contammation could be expected to 
slowly decrease as the old sources discharge and are diluted, the natural salimty m the nver 
could be expected to contmue 

The salimty of the water m the Smoky Hill River vanes substantially with flow The low 
flows contain the highest sallillty and the dissolved sohds are much lower m high flows because 
they represent mainly overland flow or flow through s01ls The sahmty of the ground water from 
the different locations m the alluvial aqmfer ranges along the nver valley The sal1mty of the 
water m the alluvial aqmfer probably vanes with depth In the sect10n of nver valley where the 
maJor salme mput from the Dakota aqmfer first enters the alluvial aqmfer, the salimty would be 
expected to be greater near the contact with the bedrock than near the water table of the alluvial 
aqmfer because the nver water mteractmg with the aqmfer would be much fresher In general, 
the salimty of water m the Dakota aqmfer decreases m a west to east drrection along the nver 
valley m southern Russell County (Macfarlane et al , 1998) At the downstream end of the 
proposed proJ ect, water drawn m from the nver durmg low flows could potentially be more 
salme than water deeper m the aqmfer that receives less salme mput from the Dakota aqmfer 
The drawdown caused by the vertical wells could potentially cause a small mcrease m the flow 
of water from the underlymg Dakota aqmfer The impact of mcreased Dakota discharge on 
elevatmg the sahmty of the pumped water would be expected to be greatest m the western part of 
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the proposed project The desahmzat10n plant will need to be able to operate efficiently with a 
range m sahmties as a result of the spatial and temporal vanat10ns m nver- and ground-water 
quahty and the possible changes m the mixtures of ground water and surface water dependmg on 
which and at what rate the proposed wells will be pumped 

Techmcal considerations of possible alternatives 

The above observat10ns and the large expense of the proposed project raise quest10ns as 
to whether alternative water sources and approaches were considered The letter did not md1cate 
any alternatives The followmg paragraphs mclude possible approaches to supplies that D1stnct 
#15 and state agencies mvolved m approvmg the project loan, water nghts, and other aspects 
may wish to consider 

The 1mtial amount of2 mgd equates to 2,241 acre-ft/yr (AF/yr), which 1s approximately 
the average amount of water product10n by the City of Hays dunng the last few years The 
potential expanded project quantity of7 mgd 1s eqmvalent to 7,842 AF/yr The water nghts held 
by the Hays for the well field m the alluvial aqmfer of the Smoky Hill River valley m Elhs 
County are 2,285 AF/yr, although the currently sustamable amount 1s apparently about 1,000 
AF/yr The nghts for Big Creek are 1,227 AF/yr The amount of water that could be sustamed 
from the Dakota aqmfer 1s about 120 AF/yr (City of Hays and D1v1s10n of Water Resources) 

1 What 1s the poss1b1hty of recon figunng and rehab1htatmg the well field m the Smoky Hill 
River valley m Elhs County (the Schoenchen well field) to mcrease the sustamable yield? The 
hm1t on the water available from this well field might possibly be somewhat hm1ted by well 
performance and, dunng extended drought, by sustamab1hty of the supply The water nghts for 
the well field (2,285 AF/yr) are substantially greater than the apparent sustamable yield The 
Schoenchen well field extends a httle over a mile along the nver valley If water nghts 
regulations would allow movement of the wells m the well field by up to Yz mile, then the most 
upstream and most downstream wells might possibly be moved to extend the distance of the well 
field and thereby probably mcrease the sustamable yield The Div1s10n of Water Resources 

(DWR) would need to determme the distance allowable for movement of wells Rehab1htation 
of ex1stmg wells might mcrease the yield 1f the performance of some wells has decreased due to 
decreased permeab1hty m the screened mterval by cloggmg by sedrment and bactenal mats 
combmed with iron and manganese oxyhydrox1de precipitates Although the ground water from 
the Schoenchen well field 1s hard, 1t 1s fresh 

2 What is the poss1b1hty of purchasmg additional water nghts m either the Smoky Hill 
River or Big Creek valleys m Elhs County? Ground water from these sources would be expected 
to be fresh and thus not reqmre the expense of a desahmzation plant There are over 6,000 AF of 
water nghts m the Smoky Hill River valley and over 8,000 AF of water nghts m the Big Creek 
valley m Elhs County accordmg the DWR The cost of the mitial proposed project m south 
Russell County totals to $25,369,000 If that amount of fundmg 1s proposed, then, alternatively, 
would the dollar amount per AF of water nght that might possibly be available for purchases be 
high enough to facilitate procurement? This approach would mvolve obta1mng add1t10nal 
freshwater and not reqmre bmldmg and mamtaimng a desahmzat10n plant, and would be m 
locations closer to the ex1stmg water Imes, thereby not requmng as extensive a new p1pmg 
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system It would also avoid the issues oflack of water due to low or no streamflow or MDS 
hmits Although the City of Hays reuses some of its mumcipal wastewater, it is required to 
release a certain percentage mto Big Creek The amount required for release is greater than the 
amount of ground water removed from the alluvial aquifer associated with the Big Creek valley 
because of the large amount of water brought mto Hays from the Schoenchen well field Thus, 
streamflow m Big Creek is augmented by the wastewater release Thus, the amount of water that 
can be sustamably drawn from the alluvial aquifer of Big Creek downstream of the wastewater 
discharge location m Elhs County would be expected to be larger than m the absence of the 
discharge 

3 Has the feasibihty ofusmg Wilson Lake water been compared to the proposed south 
Russell County project? The reservorr water would probably be a more dependable supply 
durmg drought than from the alluvial aquifer of the Smoky Hill River valley m southern Russell 
County The water m Wilson Lake is salme and would require the proposed desahmzat10n plant 
The temporal vanation m the sahmty of the water would be expected to be less than that of the 
nver water due to the reserv01r of water available for rmxmg salme and freshwater mputs The 
combmation of the more contmuous flow and less vanable quahty potentially available from the 
lake could allow a more efficient and less comphcated operat10n of the desahmzat10n plant A 
smgle water lme from Wilson Lake would require a much smaller distance ofpipelme 
mstallat10n than the multiple-lme system needed for the different wells proposed along the 
Smoky Hill River valley An assessment of the use of water from Wilson Lake was performed 
dunng the 1990's and a report on the water supply storage allocat10n, mcludmg an 
environmental assessment was completed m 1997 (US Army Corps ofEngmeers and Heartland 
Engmeers) Have the above factors and the costs mcluded m the 1997 report been compared, 
along with the other techmcal considerations above, to the proposed south Russell County 
project? 

The Kansas Water Office, the water plannmg, pohcy, and coordmat10n agency for 
Kansas, may be able to offer additional alternatives to the above and provide techmcal 
mformat10n that could be used for compansons of advantages and disadvantages, and costs and 
bene fits 

Summary 

The mam source supplymg water to the proposed wells m the alluvial aquifer of the 
Smoky Hill River m southern Russell County will be the Smoky Hill River The pumpmg from 
the wells would decrease nver flow Dunng extended drought when the nver flow was very low, 
there is the possibihty that the nver could become dry and not be able to supply water to the 
alluvial aquifer Water levels m the wells would then declme more substantially as the aquifer 
storage was depleted durmg the penod of no flow Decreased nver flow from the proposed 
pumpmg might result m the shut down of the wells through implementation ofrmmmum 
streamflow regulations on the nver dunng drought The nver water is salme durmg moderate 
and low flows and the sahmty vanes substantially with flow The ground water m the alluvial 
aquifer ranges m sahmty with locat10n and probably with depth The potential vanat10ns m the 
quantity and quahty of the water supply would need to be handled by the proposed desahmzation 
plant The letter sent for review did not mclude alternatives The techmcal aspects of such 
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alternatives as (1) reconfigunng and rehabilitatmg the Schoenchen well field, (2) purchasmg 
additional water nghts for the alluvial aqmfers of the Smoky Hill River and Big Creek valleys m 
Ellis County, and (3) usmg Wilson Lake water were presented to provide mformation to the 
applicants and agencies reviewmg the loan application 

I hope that the above mformat10n will be useful to you dunng the assessment of the 
proposed project and careful companson of other opt10ns Please let me know if you have any 
questions I have copied this letter to the others listed below who may either be mdividuals 
whom you wish to contact for mformation related to the project or who may find the above 
comments useful for their evaluat10n 

References 
U S Army Corps of Engmeers and Heartland Engmeers, 1997, Reconnaissance report and 

environmental assessment, Water supply storage reallocat10n for Wilson Lake, Kansas, 20 p 
and appendices 

Frye, JC , and Brazil, J J ,  1943, Ground water m the 011-field areas of Ellis and Russell counties, 
Kansas Kansas Geological Survey Bulletm 50, 104 p and maps 
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Smcerely, 

Donald Whittemore 
Chief, Geohydrology Sect10n 

C David Waldo, Kansas Department of Health and Environment 
Will Gilliland, Divis10n of Water Resources, Kansas Department of Agnculture 

Scott Ross, Division of Water Resources, Kansas Department of Agnculture 
Cathy Tucker-Vogel, Kansas Water Office 
Henry Schwaller, IV, Major, City of Hays 
Robert Vmcent, Groundwater Associates 
Lee Allison, Kansas Geological Survey 
Wilham Hamson, Kansas Geological Survey 
Rex Buchanan, Kansas Geological Survey 
Manos Sophocleous, Kansas Geological Survey 
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KANSAS WATER OFFICE 
Al LeDoux 

Director 

August 6, 2001 

Foulston & S1efkm L L P 
David M Traster 
Bank of America Center 
100 N Broadway, Suite 700 
Wich�� 67202-2295 

Dear�r 

STATE OF KANSAS 

Bill Graves, Governor 

AUG - 9 901 S Kansas Avenue 
Topeka, Kansas 66612-1249 

785-296-3185 
FAX 785-296-0878 

Reference 1s made to you letter dated July 3, 2001, concerning an application to the Kansas 
Department of Health and Environment, Kansas Public Water Supply Loan Fund (KPWSLF) for 
financial assistance for water system improvement for Public Wholesale Water Supply District No 
15 (the completed Project Review Form 1s enclosed) 

The Kansas Water Office (KWO) has reviewed the proposed project for consistency with the 
Kansas Water Plan and environmental concerns related to its completion Three issues of 
concern were 1dent1fied during this review Minimum Desirable Streamflow, Hays and Russell 
drought vulnerability, and depletion of inflows into Kanopolis Reservoir 

K S  A 82a-703c establishes the minimum desirable streamflow (MOS) for the Smoky Hill River at 
Ellsworth All water rights hydraulically connected to the Smoky Hill River above E11sworrb 
approved after April 12, 1984 are considered junior to MOS and subject to water rights 
adm1nistrat1on when MOS 1s not being achieved 1n the Smoky Hill River It appears that both 
groundwater and surface water d1vers1ons 1dent1fied m this project meet this criteria and would be 
subject to MOS adm1nistrat1on Therefore, during periods when MOS 1s not being met, Public 
Wholesale Water Supply District #15 will not be able to divert water from this project 

Hays and Russell are listed as drought vulnerable m the Kansas Water Plan, Smoky HJ/I-Sa/me 
Basm Section due to a basic source llm1tat1on Completion of this project will not result 1n removal 
from the list because of the MOS issue discussed above The basic source llm1tat1on will still exist 
during periods of drought It 1s difficult to justify a project of this scope and cost that does not 
address the drought vulnerability of Hays and Russell Other sources or alternatives should be 
explored that will result 1n removal from the list 
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The third and final issue I would like to address concerns Kanopolis Reservoir The KWO, on 
behalf of the State, 1s 1n the final phase of completion of a water purchase contract with the Corps 
of Engineers for water supply storage m Kanopolis Reservrnr The KWO currently holds a priority 
senior to the d1vers1ons proposed 1n this project for water reservation rights 1n Kanopolis These 
water reservation rights are senior to the water rights that will be acquired by PVVVVSD #15 for this 
project If d1vers1ons of water upstream from Kanopolis by junior water right holders adversely 
impact the yield protected by the KWO reservation rights, the Office will request water right 
adm1rnstrat1on to protect inflows into the lake This could impact PVVVVSD #15's ability to divert 
water under some or all of the water rights acquired for this project Once again other sources or 
alternatives should be explored that will provide a more secure source of water supply for the 
district 

I appreciate the opportunity to comment on this project If you have any questions please call me 

Respectfully, 

Director 

ctv 
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The folio\\ mg form may be used by Review Agency/Comm1ss10ns for comments m response 
to the request for clearance for the propO'Sed Pubhc Water Supply Loan Fund project 

Anny Corps of Engineers 
Kansas Biological Survey 
Kansas Conservation Commission 
Kansas Corporation Commission 
Division of Water Resources/Kansas Department of Agnculture 

__ Kansas GeqlQgical Survey 

__ Kansas History Center, Cultural Resources 
� Kansas Water Office 

Kansas Wildlife & Parks 
Natural Resources Conservation Service 
Kansas Department of Health and Environment 

- - - - -Kg ency Review-Comments:-( to-be-complded-hy-revieWlllg_ag_em�y and returned to applicant 
contact person at name and address shown below) 

----- - --- ---

Comments 5e-e.. O.�c..h e.cl \e:k\« 

Recommended Action: (to be completed by reviewmg agency and returned to applicant contact 
person at name and address shown below) 

__ Clearance of project should be granted 
__ Clearance of project should not be granted 
Z--clearance of project should be delayed until the issues or questions have been 

clanfied 
__ Clearance of project should not be delayed, but the applicant (m the application) 

address or clanfy the quest10ns or concerns mdicated above 

��-o/ 1'<ant>4� LJ914-� @ty, 
D1v1sion/Agency/Conumssion 

Project Title: Pubic Water Supply Loan Fund Appbcat10n 

Applicant -:PW LO s o-41=-1 � 

Contact Person La. t/em s'ff 1-ec /f);µ;,J lwitw 
I 

City, State ________ Z1p. ____ Phone CJ�) Ct, ::J,<;, -3/0d 
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Ground \Nater Associates. Inc. 
61 ON. MAIN, P.O. BOX 3834 •WICHITA, KANSAS 67201 • 316-262-3322 

April 30,2002 

Lavern D. Squier, President 
Public Wholesale Water Supply District #15 
P.O. Box 220 
Hays, Kansas 67601 

Subject: Ground Water Investigation 
South Russell Water Project 

Dear Mr. Squier, 

This letter is written to serve as a preliminary report concerning our investigation 

of the ground water available at selected sites in and near the Smoky Hill River valley 

from one mile east of Russell to two and one-hal f miles east of Dorrance-a distance of 

sixteen miles. The objective of the investigation was to locate acceptable well sites in six 

additional areas along the river-two other areas required no additional drilling-and to 

obtain water samples from all eight areas for the Kansas Department of Health and 

Environment's (KDHE) analyses. Additionally, one site was investigated for water from 

the Dakota Formation. All drilling and pumping procedures were completed by Clarke 

Well and Equipment personnel under the oversight of Ground Water Associates and the 

invaluable assistance of Mr. Frank Peirano. Communication, throughout the course of the 

work, was maintained with Mr. Jeffery Henson, P.E. 

mcampbell
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Conclusion 

There is a significant volume of acceptable quality ground water available from 

the area of investigation for use with a reverse osmosis plant, and a lessor amount that 

could be pumped directly to a standard plant that removes hardness, iron and manganese. 

In the opinion of this writer, the Division of Water Resources (DWR) should be able to 

appropriate approximately 500 acre-feet of ground water per year from the alluvial . 

formation at each of the eight proposed sites. This water would be subject to minimum 

desirable streamflow (MDS), and therefore, not available at all times. 

There is also a lessor volume of ground water available from the Dakota 

Formation in the area south of Dorrance. The quality of the water appears to be quite 

suitable for use with a reverse osmosis plant, and it is probable that this water would not 

be subject to MDS requirements. The exact amount of water that would be available 

would need to be determined by additional study of the hydro geology of the area and 

through negotiations with the DWR. At this time, it is estimated that probably no more 

than 1500 to 2000 acre-feet of water could be taken in any one-year, and this would be on 

an intermittent yearly basis. 

Water from the South Russell Water Project would need to be used in conjunction 

with the existing supplies available to the cities of Hays and Russell. Basically, this 

would mean taking water from the South Russell Project at times when water is available, 
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and then falling back on existing ground water supplies and possibly new Dakota 

Formation wells when MDS requirements are imposed. 

I will explain our conclusions. 

The Investigation 

Forty-three test holes and five test wells were drilled on six proposed well site 

areas in the Smoky Hill River valley, on one Dakota Formation site and two north-south 

cross-sections. Water samples were pumped from three test holes (partial analyses) and 

nine test wells for complete KDHE analyses. Table 1 provides a summary of the test hole 

and test well data, and Table 2 provides their legal descriptions. No additional drilling 

was completed in Areas 3 and 4 because the previous Layne-Western Company 

investigation had located satisfactory well sites. And, it is at area 3 that they investigated 

for a potential horizontal well site. 

Table 3 provides the legal description of a satisfactory well site in each of the 

eight areas. These sites exhibit from 32.5 to 44.5 feet of saturated thickness, and because 

of the permeable sand and gravel located, production wells with capacities in the 300 to 

350 gpm range should be achievable. And this means that a battery of two wells will be 

needed at several sites, if not all of them. This would be for the purpose of being able to 

pump peak demand amounts of water, and not just average amounts. (A 300 gpm well 
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pumping on a continuous basis will yield 484 acre-feet of water per year.) The alluvial 

aqui fer is unconfined at all sites. 

Our 1994 Dakota Formation report prepared for the city of Russell was reviewed, 

and a site was selected to complete a test well. Test Well 44-02 was drilled two miles 

south of Dorrance to gain in formation concerning the aquifer characteristics and the -

water quality. The well was completed at a depth of 148'-the sandstone aquifer was 

present from 91' to 148'-and the water level was 54 feet pelow the land surface. This 

well yielded water under confined conditions, and thus the aquifer is separated from the 

upper unconfined alluvium and terrace deposits. Therefore, it should not be limited by 

MDS requi rements. 

A well completed in the Dakota at this site could yield up to 200 gpm, but the 

total amount of water that could be extracted from it over a year's time has not been 

dete rmined because more information is needed. However, my estimate at this time is 

possibly up to 200 acre-feet. Many different factors, both hydrological and legal will · 

determine the final amount. 

Water available for recharge of the alluvial fo rmation (in the river valley) and the 

terrace deposits (on the higher land adjacent to the valley) comes from local precipitation, 

which in this area varies from 1.5 to 1.7 inches per year. This is the figure the DWR uses 
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to determine the amount of water that can be appropriated in any given area. They utilize 

a two mile radius circle (which encompasses 8042 acres) around each proposed well site, 

and then determine how much of the area contributes water to the alluvial aquifer (the 

producing formation). The test holes drilled in a north-south direction (see map) on the 

west and east ends of the project were completed to investigate the contributing 

formation. Both of these show terrace deposits with limited thickness aquifers that extend 

two and one-hal f miles north of the river valley. The west cross-section shows direct 

hydraulic connection to the alluvium, and the east cross-section shows the terrace 

deposits to be drained by a creek valley, which, in turn, drains into the alluvium (see 

attached cross-sections). Then, counting the valley, it appears that 50 to 60 percent of a 

full circle could be contributing water, and this means from 4021 to 4825 acres. 

Multiplying by 0.125 feet (1.5 inches) provides from 503 to 603 acre-feet of recharge 

available for appropriation. 

In general, the Dakota formation contributes most of the natural saline water to 

the river valley with lessor amounts from oil brine, which seeps out of the alluvium, · 

terrace deposits and Dakota. This drainage is caused by the fact that the river has cut into 

the Dakota Formation throughout most of Russell County. 

Table 4 is a summary of the inorganics analyses made on the water pumped from 

the test wells completed at each of the eight proposed well areas plus the Dakota site. 
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These show an average water quality that is quite suitable for use with a reverse osmosis 

plant. And, it is my understanding that the average total dissolved solids amount should 

not exceed 3300mg/l. The water from areas 10, 9 and 6 could be blended and pumped to 

a standard water plant for hardness, iron and manganese removal. 

The high iron and manganese content of the water influences the well design and 

number of wells needed. These constituents tend to cause well plugging, and therefore 

the movement of water into the well bore needs to be maintained in laminar flow to 

reduce the well problems. 

The MDS requirements in this area will require the careful management of the 

new water supply and the existing supplies that are not subject to MDS. These latter 

supplies can be held in reserve, and then pumped when the new water supply cannot be 

utilized. Being ground water supplies, they will not evaporate and the water moves very 

slowly so the water will not leave the storage area even through a Kansas drought. It is 

my understanding that the city of Hays is going to expand their existing Schoenchen well 

field, and this will increase the amount of water in storage. The total amount of expansion 

needs to be determined to properly evaluate its effect. 

We will expand on this report for your May 22, 2002 meeting, and we will 

address questions that are raised by this letter-report. 
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RLV/av 

;::;;;:;/� 
Robert L. Vincent, C.P.G., P.Hg. 
Ground Water Associates, Inc. 
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Area s 

TH 25-02 

TH26-02 

TW38-02 

Area 6 

TH 18-02 

TH 19-02 

TH20-02 

TH23-02 

TH24-02 

Area 7 

TH 1-02 

TH2-02 

TH 3-02 

TH4-02 

TH22-02 

TW 40-02 

: . 

Tcrble :7 

Apr 18, 2002 
Legal Descriptions 

Test Holes & Test Wells 

1510' S & 10' W ofNE cor, Sec 33, T14S, R13W 

1260' S & 10' W of NE cor, Sec 33, T14S, R13W 

1521' S & 9' W ofNE cor, Sec 33, Tl4S, R13W 

1400' S & 2340' E ofNW cor, Sec 31, Tl4S, R12W 

1620' S & 2040' E ofNW cor, Sec 31, T14S, R12W 

20' S & 12' E of NW cor, ofNE quarter, Sec 31, Tl4S, R12W 

710' S & 2600' E ofNW cor, Sec 31, Tl4S, R12W 

280' N & 12' E of SW cor of SE quarter, Sec 30, T14S, R12W 

1800' S & 1965' W ofNE cor, Sec 28, Tl4S, R12W 

1550' S & 1945' W ofNE cor, Sec 28, Tl4S, R12W 

1160' S & 2000' W ofNE cor, Sec 28, Tl4S, R12W 

700' S & 1950' W ofNE cor, Sec 28, Tl4S, R12W 

137' S & 2090' W ofNE cor, Sec 28, T14S, R12W 

1600' S & 1945' W ofNE cor, Sec 28, Tl4S, R12W 
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Legal Desc riptions continued 

Area s 

Area 9 

TH 15-02 750' S & 8' W ofNE cor, Sec 35, Tl4S, Rl2W 

TH 16-02 1050' S & 8' W ofNE cor, Sec 35, Tl4S, Rl2W 

TH 17-02 1350' S & 8' W of NE cor, Sec 35, Tl4S, Rl2W 

TH 2I-02 20' N & 1330' E of SW cor, Sec 25, Tl4S, RI2W 

TH 43-02 450' S & 200' W of NE cor, Sec 35, Tl4S, RI2W 

TH 46-02 440' S & 500' W of NE cor, Sec 35, TI4S, RI2W 

TW 47-02 440' S & 500' W ofNE cor, Sec 35, Tl4S, Rl2W 

TH 5-02 

TH6-02 

TH7-02 

TH 8-02 

TH9-02 

TH I0-02 

TH 11-02 

TH4I-02 

TH42-02 

TW 45-02 

I980' S & 50' W ofNE cor, Sec 3 I, TI4S, RI IW 

I580' S & 27' W ofNE cor, Sec 3 I, TI4S, RI IW 

1480' S & 3I' W ofNEcor, Sec 3I, Tl4S, R11W 

10' S & 10' W ofNE cor, Sec 31, TI4S, RllW 

700' N & 5' E of SW cor, Sec 29, TI4S, RI IW 

1338' N & 5' E of SW cor, Sec 29, TI4S, RI IW 

2138'N & 3' E of SW cor, Sec 29, TI4S, RI IW 

326' S & 840' E ofNW cor, of the SW qua rter, Sec 29, TI4S, RI IW 

626' S & 840' E ofNW cor, of the SW qua rter, Sec 29, TI4S, RI IW 

626' S & 82I' E of NW cor, of SW quarter, Sec 29,TI4S, RllW 
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Legal Descriptions continued 

Area 10 

TH I2-02 

TH 13-02 

TH I4-02 

Dakota Site 

TW 44-02 

East C ross Section 

TH27-02 

TH 28-02 

TH29-02 

TH 30-02 

TH3I-02 

TH 39-02 

TH 48-02 

West Cross Section 

TH 32-02 

TH 33-02 

TH34-02 

TH 35-02 

968' N & I I' E of SW cor, Sec 27, TI4S, RI IW 

338' N & 10' E of SW cor, Sec 27, TI4S, RI IW 

I54' N & 8' E of SW cor, Sec 27, TI4S, RI IW 

66' S & 560' W ofNE cor, ofNW qua rter, Sec 30, TI4S, RI IW 

450' S & 10' E ofNW cor, Sec I6, TI4S, RllW 

2639' S & 6' E ofNW co r, Sec I6, TI4S, RllW 

IOO' S & 10' E ofNW cor, Sec 21, TI4S, RllW 

2640' S & 10' E ofNW cor, Sec 2I, TI4S, RI IW 

100' N & 12' E of SW cor, Sec 21, TI4S, RllW 

100' N & 10' E of SW cor, ofNW quarter, Sec 9, Tl4S, RI IW 

800' S & 10' E ofNW cor, Sec 29, Tl4S, RI IW 

46' N & l l'E of SW cor, Sec 31, Tl4S, Rl3W 

2611' N & 72' E of SW co r, Sec 3 I, Tl4S, R13W 

225' N & IO' E of SW cor, Sec 30, Tl4S, R13W 

60' N & 10' E of SW co r, of NW quarte r, Sec 30, Tl4S, Rl3W 



Legal Desc riptions continued 

West C ross Section 

TH 36-02 

TH 37-02 

258' N & 10' E of SW cor, Sec 19, Tl4S, R13W 

2596' N & 10' E of SW cor, Sec 19, T14S, R13W 

Table :Z (p. 4-) 



Area 3 

Area 4 

Area 5 

Area 6 

Area 7 

Area s 

Area 9 

Legal Descriptions 
Proposed Well Sites 

& 
Sampling Sites 

/able 3 

Mar 29, 2002 

RS-9 (LW 8" Test Well)- 2050' S & 146' E ofNW cor Sec 1, Tl5S, Rl4W 

RS-10 (LW 811 Test Well)- 3600' N & 122' W of SE co r Sec 31, Tl4S, Rl3W 

TW 38-02 (Clarke 511 Test Well) - 1521' S & 9' W ofNE co r Sec 33, Tl4S, Rl3W 

TH 23-02 (Cla rke 2" Test Hole)- 710' S & 2600' E ofNW cor Sec 31, Tl4S, Rl2W 

Sample pumped from TW-6-01(LW 811 Test Well)- 390' S & 2630' E ofNW co r Sec 31, 
Tl4S, Rl2W 

TW 40-02 (Clarke 5" Test Well)- 1600' S & 1945' W ofNE cor Sec 28, Tl4S, Rl2W 

TW 47-02 (Clarke 5" Test Well) - 440' S & 500' W ofNE cor Sec 35, Tl4S, Rl2W 

TW 45-02 (Cla rke 5" Test Well)- 626' S & 821' E of NW cor of SW qua rter, Sec 29, 
Tl4S, RllW 
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Legal Descriptions continued 

Area 10 

TH 13-02 (Clarke 2" Test Hole)- 338' N & 10' E of SW cor Sec 27, T14, Rl lW 

Sample pumped from TW LW-10-01(LW 8" Test Well)- 638' N & 10' E of SW cor 
Sec 27, T14S, RllW 

Dakota Site 

TW 44-02 (Clarke 5" Test Well) - 66' S & 560' W of NE cor ofNW quarter, Sec 30, 
T14S, RllW 



Site Nitrate 
N 

Area 3 
RS9 0.1 

0.1 

Area 4 
RSlO 0.1 

0.1 

Area 5 
TW 38-02 9.5 

0.1 

Area 6 
TWLW6-01 4.4 

1.58 

Area 7 
TW 40-02 3.6 

0.1 

Area s 
TW47-02 0.1 

0.1 

Area 9 
TW 45-02 0.1 

0.1 

Area 10 
TWLWl0-01 7.0 

4.72 

Summary 
Wate r Samp les from Test We l ls 

PWWSD 15 

Ch lo ride Iron Manganese Total 

Table 4-

A pr 29, 2002 

Total E lectrica l 
C l  Fe Mn Disso lved Hardness Conductivity 

So lids 

807 0.970 0.730 2144 669 3.35 
799 1.161 0.759 1981 627 3.39 

2020 5.570 0.520 4307 974 6.73 
2142 5.441 0.555 3683 945 6.74 

2281 1.450 0.150 4422 619 6.91 
2001 1.519 0.137 3910 598 4.64 

445 2.520 0.620 1478 552 2.31 
496 2.395 0.610 1418 501 2.33 

786 4.880 1.000 2317 715 3.62 
895 5.211 0.985 2182 655 3.60 

1109 1.060 0.300 2995 321 4.68 
1286 1.038 0.280 2788 303 4.82 

193 0.500 0.930 986 381 1.54 
213 0.497 0.886 957 342 1.56 

57 0.360 1.520 890 521 1.39 
51 0.341 1.446 985 481 1.45 



Water Samples continued: 

Site Nitrate Chloride Iron Manganese 
N Cl Fe Mn 

Dakota Site 
TW 44-02 0.1 1109 0.710 0.220 

0.1 1221 0.736 0.216 

Notes: 

1. Analyses made by Servi-Tech. 
2. Analyses made by KDHE 

Table 1- (p. · 

Total Total Electrical 
Dissolved Hardness Conductivity 

Solids 

2925 340 4.57 
2612 322 4.64 

3. All results given in mg/I except for Electrical Conductivi ty which is 
shown in mmho/cm. 

KDHE 
Drinking 
Water 
Standards 

Average 
Smoky Hill 
River 
Water Near 
Russell 

10 250 0.30 

686 

0.05 500 400 

1788 564 
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EXECUTIVE SUMMARY 

The purpose of this report is to summarize the findings from a variety of source documents and 

to recommend a course of action for the Cities of Hays and Russell to help assure an affordable, 

long-term water supply for their citizens. The findings of this summary include the following: 

• Depending upon the aggressiveness of the water use projections, both Cities have sufficient 

time to plan a long-term course of action. The Cities should continue to cooperate in their 

efforts, developing interlocal agreements as necessary or under the umbrella of PWWSD No. 

15. 
• The current City of Hays potential development limiting factor is the cap on their total water 

rights. Current well field delivery and water treatment capacities are adequate. 

• While the water rights cap also potentially limits Russell's development potential, the current 

limiting factor within the Russell system is treatment plant capacity. The City has an on

going project to expand treatment plant capacity. The next infrastructure limiting factor will 

be matching supply delivery systems to both the available water rights and the expanded 

treatment plant capacity. 

• The most cost effective solution to continuing the area's water supply development is to 

develop a holistic, regional approach to the Smoky Hill River System. This regional 

approach includes maximizing the potential of the Schoenchen and Pfeifer well fields as they 

are influenced by Cedar Bluff Reservoir. The institutional aspects as influenced by State and 

Federal regulators will be a key component to the success of the regional system 

development. 
• The Cities should work with State and Federal water regulatory agencies to maximize the 

water resources of the area. Contacts should be cultivated at the earliest opportunity. The 

success of these efforts over the next 5 years will help to define what actions the Cities 

should consider if the long-term goals cannot be met. 

• Wilson and Kanopolis Lakes present an opportunity to invest in long-term water supply 

"insurance". The Cities must decide if and how much they are willing to pay. 
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INTRODUCTION 

Over the past several years, the Cities of Hays and Russell have individually and collectively, 

under the umbrella of Public Wholesale Water Supply District No. 15 (PWWSD 15), 

investigated several alternatives to assure long-term water supplies for the communities and the 

region. A variety of formal studies were initiated, each with a slightly different water supply 

source emphasis. The formal studies were supplemented by data and opinions from a number of 

State and Federal government agencies as well as more pinpoint issue opinions from engaged 

professionals. Multiple filing cabinets have been filled with documents testifying to the effort 

and energy the Cities have expended to assure their citizens a dependable water supply. 

The commendable efforts to date can be likened to trying to assemble a jigsaw puzzle without 

benefit of the picture on the front of the box. While everyone agrees the finished product has 

something to do with water, there are still multiple opinions what the end product should look 

like and there remains a concern that some of the pieces may still be missing. However, as 

significant pieces are extracted from the work efforts discussed above, a pattern for completing 

the puzzle and bringing the picture into clearer focus begins to emerge. Having a few years of 

hindsight on the efforts to date is a distinct advantage. 

It is not the purpose of this report to catalog the previous report contents or provide a chronology 

ofthe previous works. A detailed critical review of the documents is not included. Rather, the 

purpose of this report is to sort through some of the more recent works and to extract those 

pieces that provide some definition to the puzzle's picture. A listing of the more comprehensive 

documents that were reviewed is included. 

The development future and the economic viability of the region are highly dependent upon the 

availability of a dependable and affordable water supply. This report includes a discussion of 

how to maximize the existing water resources to serve the near term demands as well as potential 

water supply sources if the existing sources are threatened. The long-term opportunity for 

regional success depends upon a continued cooperative effort by the area's principal water 

purveyors working within flexible limits set by the State and Federal water regulatory agencies. 

The report first discusses the water supply situation at each City and then discusses the 

alternatives available to address the potential needs. The review is based upon average daily 

demands. 

1 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
a 
I 
I 
I 
I 
I 
l 

CITY OF HAYS 

The McLaughlin report most succinctly summarizes the available water rights and the City's 

recent demands on those rights. Hays currently draws its water supply from four primary 

sources: 

1. The Schoenchen well field in the Smoky Hill River alluvium. In 2001, the City pulled 38 

percent of its 1.84 Million Gallons per Day (MGD) usage from here or about 0. 70 MGD. 

The original water rights for this area totaled 2,539.8 acre-feet (ac-ft) per year (2.27 

MGD) but was reduced to 2,285.8 ac-ft (2.04 MGD) as a result of creation of the 

Intensive Groundwater Use Control Area (IGUCA) in 1984. The University of Texas 

study concluded the City could safely withdraw about 1700 ac-ft (1.52 MGD) without 

depleting the aquifer based upon current conditions within the Smoky Hill River Basin. 

The full water rights could be extracted if there was flow within the River. 

2. The City well field produced 35 percent of the demand or about 0.64 MGD. The original 

water rights for this area totaled 2,025 ac-ft (1.81 MGD) but several actions over the 

years have reduced the total to 1,317 ac-ft (1.18 MGD). 

3. The Dakota well field produced about 6 percent of the total water use or 0.11 MGD. The 

water rights are limited to 882 ac-ft (0.79 MGD) but the water quality is such that the 

water can only currently be used in a minor quantity blending scheme. 

4. The groundwater cleanup wells in the City well field area provided 21 percent of the 

water or about 0.39 MGD. These wells do not have permanent water rights but are 

currently authorized to temporarily divert as much as 564.5 ac-ft (0.50 MGD) until the 

groundwater is considered to be cleaned up. One report mentions that the clean up period 

could easily be 20 years. It is a credit to State and local entities that this water is being 

beneficially used after pretreatment to remove contaminants rather than just discharging 

the water to surface drainage. 

The City of Hays is ultimately limited to a total withdrawal of 3,675 ac-ft (3.28 MGD) from all 

sources. Based upon the University ofTexas Report, the Bums & McDonnell Study concluded 

the current safe yield from all of the City's sources was about 3,100 ac-ft (2.80 MGD) under 

current conditions. The Burns & McDonnell report summarizes the capacities of the City's well 

field delivery and water treatment facility at 6 MGD, exceeding both the reported safe yield and 

available water right availabilities. Therefore, the City has transmission and treatment capacity 

available for growth if additional water supply could be assured. 

Figure 1 is a graphical representation showing water use projections for the City plotted over the 

top of the available water rights and safe yield limitations discussed above. Population 

projections along with water use projections are often as much art as they are science. The key 

to their use is estimating the sensitivity of the results to their impacts on the subsequent actions. 

For example, under-estimation could result in under-sizing long-term infrastructure requiring 

parallel units to be installed later. The converse of over-building requires expenditures of often 

short capital dollars for capacity that may never be used. 

2 
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The graph shows the historical data from 1990 through 2002 and clearly shows the impacts of 

the water conservation measures implemented by the City in 1992. The current average usage 

within the City is about 100 gallons per capita per day (gpcd), down from about 150 gpcd prior 

to judicious and commendable conservation efforts. 

The curve data extracted from the Bums & McDonnell report represents a combination of a 

projected 1.25% annual population growth rate (growing to 36,350 by 2050) but more 

significantly projects that the per capita water demand would also increase to 151 gpcd by the 

year 2040 and then held constant to 2050. This projection shows that the current estimated safe 

yield of the City's water supply sources would be exceeded starting in 2010 and the current 

water rights limits would be exceeded in about 2020. 

The second curve reflects a 2% annual growth rate in water use for the period. This curve 

combines the projected population growth with a more modest growth in projected per capita 

water demand, showing that the projected per capita water use might increase to about 140 gpcd 

by 2050. This projection shows that the safe yield would not be exceeded until about 2020 and 

the current water rights not until about 2030. 

Both of the curves show growth rates significantly greater than that experienced in the area over 

the past 20 years. More conservative estimates would shift the intersection points even farther to 

the right. The important point to be gleaned is that the City has sufficient capacity to accept near 

term planned growth demands while maintaining its current conservation ethic. However, the 

City should continue efforts to assure the firm capacity of its water supply. 

3 
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CITY OF RUSSELL 

Extracting similar water rights and demand data from the McLaughlin report for the City of 

Russell shows that the City has three primary sources: 

1. The Smoky Hill River system includes a surface diversion structure from the River and 

the Pfeifer well field. Over the past approximately 20 years the City has drawn about 30 

percent of its water supply from this combined source. The original water rights for the 

Smoky Hill system included a combined total of about 3,820 ac-ft (3.41 MGD) water 

diversion from the River and the Pfeifer well field. As a result of the 1984 IGUCA order, 

the combined diversion from both sources was limited to a total of 1,435.8 ac-ft (1.28 
MGD). 

2. The surface water source from Big Creek has provided about 70 percent of the City's 

water use over the past 20 years. The Big Creek water is typically better quality than that 

from the Smoky Hill system. The original and current water rights for the Big Creek 

diversion are 1,000 ac-ft (0.89 MGD). 
3. Russell has a 2,700 ac-ft storage contract with the Bureau of Reclamation and a water 

right to withdraw 2,000 ac-ft (1.78 MGD) from Cedar Bluff Reservoir. In order to take 

full advantage of this right, the released water would have to be piped directly to the 

City's Smoky Hill Pump Station. If the water is released to the Smoky Hill River 

channel and the City's diversion is either at the river intake or through the Pfeifer well 

field, the release is subject to the total IGUCA limit of 1,435.8 ac-ft (1.28 MGD). 

4. The City also has a pending water right application for Fossil Lake as a potential 

emergency water supply if some event were to disable both the Smoky Hill and Big 
Creek systems. The availability of this source requires that the sediment be removed 

from the impoundment and that the water level then be maintained by supplemental water 

from the City's other sources. 

The City of Russell is currently limited to a total diversion of 1,842 ac-ft (1.64 MGD) even 

though the sum of available water rights from the Smoky Hill River and Big Creek Systems total 

2,435.8 ac-ft (2.17 MGD), ignoring the potential additional 2,000 ac-ft contribution from Cedar 

BluffReservoir. The 1.64 MGD is also considered to be the safe yield. 

According to the Bums & McDonnell report, the capacities of the City's existing well field and 

surface intakes are about 2.5 MGD and the current water treatment plant capacity is limited to 

about 2.0 MGD. While both of these exceed the current average daily water right limit of 1.64 

MGD, the treatment plant capacity is less than the total potentially available from the Smoky Hill 

River and Big Creek Systems (2.17 MGD) if the limiting cap was removed, again ignoring the 

Cedar Bluff supplement. The water right cap together with existing infrastructure limitations, 

particularly water treatment capacity, limit the City's capacity to expand. 

5 
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Similar to Hays, Figure 2 on the following page shows water use projections for the City of 

Russell plotted over the top of currently limited water rights. The historical data from 1990 

through 2002 shows the impacts of adding a proportionally significant water user to the City's 

system. The development of the Northeast Industrial Park and the impacts of water use by the 

wheat starch I gluten plant beginning generally in 1995 are clearly evident. The temporary 

shutdown of the industry but with a subsequent addition of the new ethanol facility in 2001/2002 

are also evident on the graph. Because of the significant industrial demand with respect to the 

existing population base, the average per capita water use is higher in Russell than in Hays, 

averaging about 200 gpcd. The apparent discrepancy between City usages provides an 

immediate caution to anyone who extracts individual pieces of data from the larger picture. 

The top curve again represents the data extracted from the Burns & McDonnell report and is 

based upon a 1% annual growth rate (growing to 7,342 by 2050) plus the addition of an 

additional demand of 0.25 to 0.30 MGD for an anticipated industrial customer. This curve 

shows that the available water rights would be exceeded before the year 2010 depending upon 

when the industrial demand was added. The anticipated per capita water use was projected to 

increase to an equivalent of 344 gpcd by 2050 reflecting the greater proportional industrial 

demand. 

The lowest curve reflects a 1% annual growth rate in water use for the period. This curve 

combines the projected population growth with a more modest growth in projected per capita 

water demand, showing that the projected equivalent per capita water use might increase to about 

230 gpcd in 2050. This projection shows that the available water rights would not be exceeded 

until about 2045, based upon average demands. 

A third plot has been added to the water use projections and reflects the addition of a 0.3 MGD 

industrial demand to the 1% growth projection, a situation that could materialize as a result of 

further growth in the Northeast Industrial Park. Under this projection, the available capped water 

rights would be exceeded about midway through the period. Per capita water use would increase 

to about 270 gpcd by 2050 in this scenario. 

All of the curves again reflect growth rates greater than those experienced over the past 20 years, 

including the addition of the Northeast Industrial Park demands. More conservative efforts 

would shift the intersection points farther to the right. The two lower curves show, however, that 

the impact of adding an additional, similar water using industry will cause the City to more 

quickly approach its capped water right limits. 

6 
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SURF ACE WATER SUPPLY ALTERNATIVES 

The three surface impoundments, Cedar Bluff, Wilson, and Kanopolis, contain water that could 

be used to supplement the existing Hays and Russell water supplies. Less likely new 

groundwater sources include the jointly owned ranch in Edwards County and the proposed South 

Russell well field. Each has advantages and disadvantages. The goal is to find and develop the 

water supply source, or combination of sources that will affordably serve the respective systems 

long-term needs. 

Any new water supply sources or management changes of existing sources will require 

continued cooperation between the Cities of Hays and Russell. While some immediate changes 

may be accomplished individually and independently, the long-term development potential of the 

area depends upon a more regional outlook. As the potential impacts reach outside the 

individual spheres of influence, the potential long-term value of Public Wholesale Water Supply 

District No. 15 and what it might do to serve the regional needs increases. The collective 

influence of a locally formed, regional governmental unit will likely be considered more credible 

in the long-term, particularly when dealing with State and Federal water regulatory agencies on 

area-wide issues. 

The potential long-term surface water supply alternatives will be discussed in an order that 

generally follows from the least expensive to the most expensive, based upon information 

contained in the reviewed reports. Each alternative has its particular institutional constraints, 

some of which may require a shift in State Agency policy in order to provide a win-win scenario 

for the long-term good of this region of the State. 

The Smoky Hill River System 

Hays' Schoenchen well field and Russell's Pfeifer well field are located in the Smoky Hill River 

alluvium. Cedar Bluff Reservoir is located upstream from both well fields. The influences of 

the Reservoir are discussed in the University of Texas and the McLaughlin reports. The 

predicted responsiveness of the static water levels in the well fields to the flow in the River is 

discussed in the Texas report. The rapid response interconnection was clearly demonstrated 

through a cooperative effort between the Cities to measure well field static water levels during 

the 2002 Cedar Bluff release requested by Russell. Essentially, if there is flow in the River, 

significant water flows into and can be safely extracted from the alluvial aquifer without 

depletion of the aquifer's storage. 

As a matter of choice, mostly due to water quality treatment considerations, both Cities have 

opted to use their other sources ahead of the Smoky Hill System water. Historically, Russell has 

used the Big Creek source for about 70 percent of the time and Hays has tapped the Schoenchen 

well field for only about 40 percent of its use. To its credit, Hays has worked diligently to 

preserve the Schoenchen well field from overdrafts based upon an earlier estimate the aquifer's 

safe yield was only 1,000 ac-ft (0.89 MGD), a conservative estimate that was expanded to about 
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1,700 ac-ft (1.52 MGD) by the University ofTexas research. (Current IGUCA limit is 2.04 

MGD and the original water right total was 2.27 MGD for reference). 

The Texas report included a recommendation that Hays withdraw more water from the 

Schoenchen well field when the measured water flow in the River exceeds predetermined levels 

upstream from the well field. It recommended a management system be set up to establish 

various warning levels for changing the pumping rates from the well field. The report, however, 

only mentions briefly the potential impacts on downstream users, the first and most significant 

being the City of Russell and the Pfeifer well field. 

Working together, the Cities should develop well field management systems that take advantage 

of water flowing in the River. The management systems will be also be subject to institutional 

requirements like minimum desirable stream flows downstream from both well fields. Proven, 

prudent regional management solutions could be a major step in maximizing the benefits of the 

regional water supply and could also be important demonstration and justification points for 

raising the 1984 established IGUCA water right caps. 

There are two existing institutional constraints that need to be considered in the efforts to 

regionalize and to maximize the system resources. The first is acknowledgement ofthe impacts 

that Cedar Bluff Reservoir has had on the water availability in the respective City well fields. 

Both Cities hold water rights that are senior to the Reservoir construction. Together, the Cities 

need to make sure this point is not ignored during discussions with State and Federal water 

agencies as a win-win regional approach is developed. 

The second existing institutional factor is the status of Russell's original water storage (2, 700 ac

ft, 2.41 MGD) and water right release contract (2,000 ac-ft, 1.78 MGD) with the Bureau of 

Reclamation. Russell has requested releases only 6 times since the Reservoir was constructed. 

When the State agencies assumed responsibility for the irrigation district water rights in the 

Reservoir, they may have also assumed more authority than authorized over the City of Russell's 

storage and release contracts. This item needs to be resolved as part of the overall regional 

concept. The IGUCA water right cap and the ability to use the Cedar Bluff releases as a water 

supply supplement either under the cap or as an addition to the cap also become part of the 

overall regional solution. 

The new institutional factor that needs to be considered in the more holistic, system-wide 

approach is the State's acquisition of an interest in the conservation pool of Cedar Bluff 

Reservoir. As part ofthe agreement a "designated operating pool" of29,739 ac-ft was 

designated for beneficial uses, including the City of Russell's water right discussed above. The 

Kansas Water Office was allocated 5,400 ac-ft as an "artificial recharge pool" for 

"environmental, domestic, municipal, industrial, and irrigation purposes". The Kansas 

Department of Wildlife and Parks controls a "tish, wildlife, and recreation pool" of 21,639 ac-ft. 

The total operating pool is a portion of the full conservation pool capacity of 176,829 ac-ft. The 

potential for judicious, planned utilization of the "designated operating pool" needs to be part of 

the discussion for more efficiently using the regional water resources. 
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Both Cities are accustomed to treating the Smoky Hill River System water quality. Additionally, 

the location of the Reservoir upstream from the well fields provides the most cost effective 

means of delivery, if required, because gravity can be used to advantage rather than having to 

pump "up-hill" as would be required from other potential downstream sources. A cost-benefit 

analysis of hard piping versus surface discharge, if and when a release might be required, needs 

to be completed. Pipeline costs would be significant for potentially limited use, based upon the 

discharge history to date. While a direct pipe to the needing location would gain the greatest 

beneficial water utilization efficiency, the other environmental benefits of a surface discharge 

would be eliminated. 

Wilson Lake 

Wilson Lake has long been considered a potential water supply source, especially for Russell 

because of its relatively close proximity compared to other reservoir sources. The Lake's 

viability as a regional source for PWWSD No. 15 has been investigated more than once. Indeed, 

in an application dated August 26, 1991, the Cities of Hays and Russell requested a water storage 

right from the Division ofWater Resources for 8,000 ac-ft to yield an annual discharge of2,000 

ac-ft (1.78 MGD). The application is still pending. 

The Cities began negotiations with the Corps of Engineers to purchase storage within the Lake. 

The preliminary 1997 report indicated the water storage capacity would have to be purchased 

from the Corps. The estimated annual capital cost to purchase the storage was $353,800 with an 

annual operation and maintenance cost of $25,600. Capital and operation and maintenance costs 

for transmission and treatment must be added to the opportunity to access the water. The 

negotiations were abandoned when PWWSSD No. 15 began investigating other water supply 

sources. 

The biggest technical limiting factor for tapping this source has been the raw water quality. 

Relative to other reservoirs, the water within Wilson Lake is much more mineralized, 

particularly regarding natural occurring salts that enter the impoundment. Dissolved monovalent 

salts are not typically removed in conventional treatment processes. Therefore, in order to use 

the water for municipal use, the water must in effect be treated twice, once as a surface water 

supply and secondly through a desalinization process, now most commonly Reverse Osmosis 

(RO). A byproduct of the RO process is a concentrated brine that under current KDHE policies 

requires disposal into a Class I injection well. 

10 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 

Kanopolis Lake 

The long-term potential for utilizing water from Kanopolis to serve customers from the Trego -

Ellis County lines on the west to the Saline - Dickinson County lines on the east is currently 

being studied by a private consultant through a joint effort between the Corps of Engineers and 

the Kansas Water Office. The preliminary cost estimates from this study won't be available until 

sometime in the Fall of2003. Kanopolis Lake is the greatest distance from the Russell/ Hays 

area and, accordingly, previous studies have shown that this alternative is the most costly capital 

investment alternative. 

After the Year 2000 Reallocation Report, the State of Kansas in 2002 prudently purchased the 

available water, preserving the water for beneficial use by Kansas citizens, and included the pool 

into the State's Water Marketing Plan. The challenge to marketing the water, however, depends 

upon the affordable transport and treatment of the water to areas of demand or need. The only 

current customer is the Post Rock Rural Water District. Even though Post Rock serves 

customers in the Russell area, it has very limited capacity to provide supplemental water to the 

area without significant infrastructure investment. 

The water supply capacity in Kanopolis Lake is available for purchase and reservation for future 

use if the customer is willing to pay for the equivalent of using half of the reserved water under 

current State policies. For example, if an entity were to purchase a 2 MGD allocation (2,240 ac

ft), the entity would be charged for use of 1 MGD at a current rate of about 15 cents per 1,000 

gallons or $150 per day ($54, 750 annually). The relative value of"insuring" the availability of a 

long-term water supply reserve is a judgment that each interested water supplier or cooperative 

of suppliers must make. As a point of reference, the City of Russell's late 1950's decision to 

participate in the construction ofthe Cedar Bluff Reservoir will become a major part of the 

discussions concerning maximizing the potential regional development of the upper Smoky Hill 

River System. 

11 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
~~ I 

l 
I 

GROUND WATER SUPPLY ALTERNATIVES 

There are no major, untapped sources of good quality ground water in the Hays and Russell 

areas. However, the Cities have invested in some ground water supplies and have the potential 

to expand the use of some existing ground water sources if the need should arise. The sources 

include the Edwards County Ranch, the proposed South Russell well field, KDHE's ground 

water clean-up wells in Hays, and the Dakota well system in Hays. Each will be discussed 

briefly. 

Edwards County Ranch 

Seizing the opportunity to assure a long-term water supply source for their users, the Cities 

jointly purchased a tract ofland in Edwards County, about 60 miles due south of Hays, together 

with about 5,000 ac-ft (4.5MGD) of water rights. The economic viability of developing the 

ground water from the Ranch compared to other alternatives together with the institutional 

hurdles that must be cleared now make development of this resource less desirable. 

Leases on the property currently provide an income return to the Cities that could be used to 

supplement long-term debt retirement. If capital investments are considered to improve the 

collective water supply situations, the Ranch could provide a significant source of capital to 

apply to construction improvements. A potential second use of the property might be as a 

bartering piece to achieve long-term institutional changes for maximizing the development 

potential of the Smoky Hill River System or to offset annual costs for water purchase 

agreements. 

South Russell Well Field 

While development of the well field together with a regional Reverse Osmosis (RO) treatment 

facility would now provide Russell relief for its treatment capacity limitations, the original 

proposal would have been relatively expensive at a cost per 1,000 gallons comparison level. The 

project was stopped when it became apparent that Hays did not have an immediate demand for 

the treated water. 

The water quality is highly mineralized when compared to the Smoky Hill alluvium water. 

Disposal of the waste brine from the RO treatment facility would have required construction of a 

Class I disposal well (similar to the Wilson Lake surface water alternative). 

While it appears to be non-viable for a regional water supply source, the western part of the 

proposed South Russell well field may represent the best source for an additional 500 ac-ft (0.45 

MGD) supply for the City ofRussell, particularly if the combined Smoky Hill/Big Creek 

Systems cannot be maximized. The City's current proposal to install an RO plant to treat the 

ground water from the Pfeifer well field will be planned to adapt to South Russell water if 

12 
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necessary. (Because of the raw water quality differences, the waste discharge from the Pfeifer 

RO plant may not require construction of a Class I disposal well). 

The City of Russell must ultimately decide if it needs to apply for a portion of the water rights 

applications that were dismissed by PWWSD No. 15. 

KDHE's Groundwater Clean-Up Wells in Hays 

These wells are currently operating under a temporary, special water right application. After the 

volatile chemical contaminants are air-stripped from the raw water, the City of Hays processes 

the water through the City's water treatment facility. Various reports indicate the clean-up 

operation may last as long as 20 years. In 2001, the recovered water represented about 21 

percent ofthe City's total water use. The City should monitor the status of these wells and, if it 

can be shown there is no adverse impact on any adjacent water right holders (including the City), 

the City should request that the water rights be transferred to the City as part of a permanent 

application. 

The Hays Dakota Wells 

The City holds a potentially significant quantity of water rights from the Dakota formation. 

Typically, the water quality is highly mineralized. Accordingly, the City minimally uses this 

source, limiting the amount to that which can be blended with other better quality sources 

without adversely impacting the treatment processes and the delivered final water quality. The 

Dakota water would require RO treatment together with a Class I disposal well for maximum 

use. The incremental cost per 1,000 gallons would be high compared to the City's other sources. 

However, the City should consider the economic viability of this source as part of the City's 

overall system when comparing the volumes and unit costs available from other ground and 

surface water sources. 

13 
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SUMMARY & RECOMMENDATIONS 

The Cities ofHays and Russell, individually and collectively as PWWSSD No. 15, have 

expended significant energies and effort to assure reliable water supplies for their citizens. Now, 

with more than 10 years of experiences coupled with the benefit of several alternative studies 

completed by various professionals, the Cities have the opportunity to reflect on the results. A 

review of the water use projections for the Cities plotted over the available water rights indicates 

the Cities have time to plan a course of action for the future. 

The City of Hays has sufficient water supply delivery and treatment capacity for a number of 

years. The potential limiting factor for the City's long-term development is the cap currently 

placed on the total water rights. 

The capped water rights also limit the long-term development of Russell, particularly if another 

similar water using industry locates in the City. The most critical need for the City is additional 

treatment plant capacity followed by a potential need to improve the capacity and delivery 

efficiencies of the pumping systems from the supply sources. 

The Cities should continue to work together to provide a long-term regional approach. The 

cooperative effort can be accomplished by working together through interlocal agreements or 

under the umbrella ofPWWSD No. 15. There may be advantages to having a regional 

governmental entity involved as negotiations evolve with the various State and Federal water 

regulatory agencies. 

The most cost effective alternative is to develop the most familiar resource, in this case, the 

Smoky Hill River System. The Smoky Hill River System includes Cedar Bluff Reservoir and its 

impacts on the flow in the Smoky Hill River. The flow in the River has a direct impact on the 

Schoenchen and Pfeifer well fields. Maximizing the efficiency and management of the resources 

of the Smoky Hill River System will require the State and Federal water regulatory agencies to 

also develop a more holistic, regional approach. The Cities should work together to cultivate 

positive contacts with the regulatory agencies to develop the regional system approach. 

While Wilson and Kanopolis Lakes offer some opportunities for investment I insurance for 

banking longer-term water supplies, the Cities must decide how much oftoday's capital should 

be invested for the insurance. The incremental costs per 1,000 gallons are higher for these Lakes 

compared to maximizing the resources of the Smoky Hill River System because of the distances 

that must be crossed in order to deliver water. Treated water from these sources likely cannot 

currently be efficiently used without abandonment of some of the existing functioning 

infrastructure, particularly the existing water treatment plants. Without outside agency 

investments in the form of grants, the near-term affordability of the delivery and treatment 

systems needs to be carefully considered. 
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In accordance with your authorization, we have prepared and are hereby 
submitting a one-volume engineering report covering our study, analysis, 
recommendations and estimates of cost concerning the future water supply 
for the City of Russell. 

We gratefully acknowledge the assistance and cooperation of Mr. Marvin 
Simonton while compiling the information required for this study. 

You will note certain preliminary steps recommended in regard to Pfeifer 
in establishing this source as a firm supply through the year 2020. 
We strongly urge that these preliminary steps be accomplished as soon 
as possible. The size of the presently needed pipeline from Big Creek 
Station to Russell hinges on whether or not this source be selected as 
a primary supply. 

As your engineers, we would welcome the opportunity to meet with you 
to discuss this report, to establish a schedule of proceeding, and to 
establish budgetary requirements. The recommended improvements are 
based on sound engineering principles, established design criteria and 
experience. We hope that this report meets with your approval. 

WILSON & COMPANY 

g ?-71~ #r.a.d-
Mfartfri.Hall, P.E. 

C i~f Engineer 
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GENERAL 

PURPOSE OF STUDY 

The purpose of this study is to determine a feasible source or sources 
of supply that will furnish to the City of Russell an adequate amount 
of water of acceptable quality until the year 2020. 

INTRODUCTION 

The City of Russell is located some 40 miles northwest of the geographical 
center of the State of Kansas. It is situated on a ridge which forms 
the divide between the Smoky Hill and Saline Rivers. This ridge was 
selected by the Union Pacific Railroad soon after the Civil War period 
as its best route across the state. In recent times, the same topography 
that drew the railroad's decision has dictated the location of Interstate 
Highway No. 70. North-south State Highway No. 281 intersects Interstate 
Highway No. 70 at Russell. 

Unfortunately, the geology of the area which formed the topography so 
favorable to transportation is not favorable at all to the usual source 
of water supply, that of wells. The fact is established, by Water 
Resource Bulletins, drillers' logs and experience, that wells in the 
ridge area produce water that is unacceptable from the standpoints of 
quantity and quality for a city supply. Shallow wells are found in 
the local tertiary deposits that provide small quantities of water for 
farm, domestic and stock supplies. Deep wells penetrating the under
lying Dakota Formation sometimes produce large quantities of water. 
Generally, this water is highly mineralized, containing not only 
chlorides, but iron, manganese and gypsum. Some deep wells, that may 
not show a high mineralization at first, usually become more and more 
mineralized with pumping. Therefore, it is safe to assume that wells 
in the ridge area will not be satisfactory for a city supply. This is 
not to say that wells developed in the alluvium deposits of stream 
beds will not be satisfactory. Such wells may be made to produce 
satisfactory quantities and qualities of water, provided the alluvium 
has the required characteristics and depth, and provided the well does 
not penetrate the Dakota Formation. 

There is an abundance of water on earth for man's use. The problem 
of water supply in deficient areas is that of redistribution of water, 
in the most economical manner, from areas of oversupply to those of 
undersupply. Economy in the redistribution of usable water includes 
consideration of the following cost factors: 

Development of an adequate source 
Transmission 
Quality and required treatment 

The least cost, amortized over the period to be considered, is one of 
the basic considerations of this report. 
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SOURCES INVESTIGATED 

Covered in this report are the following sources of water supply in 
the vicinity of Russell, Kansas. Each location will be discussed 
fully in later chapters: 

Big Creek Surface Supply 
Smoky Hill River Valley, Surface and Underground Supplies 
Fossil Creek Reservoir (3 locations) 
Saline River Valley Surface and Underground Supplies 
Wilson Reservoir Surface Supply 
Landon Creek Surface Supply 
Cedar Creek Surface Supply 
Paradise Creek Surface Supply 
Arkansas River Valley Ground Water Supply 

REFERENCES AND ACKNOWLEDGEMENTS 

We wish to acknowledge gratefully the excellent information and facts 
found in the following bulletins, surveys, and former reports pertinent 
to the scope of this report. 

Report on the Ellis Unit, Kansas 
(Proposed Round Mound Reservoir) 

Cedar Bluff Dam - Design and 
Construction 

Climatological Data, Kansas 

Technical Paper No. 40 

The Kansas Rock Column 

Bulletins No. 16, No. SO, No. 76, 
Part 6, No. 95, No. 149 

Kansas Streamflow Characteristics 
Technical Reports No. 1, No. 2 
and No. 4 

Drought of the 1950's (Midcontinent) 

Surface Water Records of Kansas 

Chemical Quality of Surface Waters 
and Sedimentation in the Saline 
River Valley, Kansas 
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- Department of the Interior 
Bureau of Reclamation 

- Department of the Interior 
Bureau of Reclamation 

- Department of Co1Illllerce 
Weather Bureau 

- Department of ComD1erce 
Weather Bureau 

- State Geological Survey of Kansas 

- State Geological Survey of Kansas 

- Kansas Water Resources Board 
U.S. Geological Survey 

- Department of the Interior 
Geological Survey 

- Department of the Interior 
Geological Survey 

- Department of the Interior 
Geological Survey 
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Investigation of Water Quality 
Wilson Reservoir, 1964 through 
June 1966 

Chemical Quality of Surface Waters 
in Kansas, Bulletin No. 1-8 

Chemical Quality of Public Water 
Supply in Kansas, Bulletin No. 1-7 

Information on Water Rights, 
City of Russell 

Recovery of Usable Water from 
Saline Water 

Outlook for Economic Use of Fresh 
Water from the Sea 

Report on Water Supply, 
City of Russell 

Report on Additional Water Supply, 
City of Russell 

Report on Water System Improvement, 
City of Russell 
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- U.S. Department of the Army 
Kansas City District 
Corps of Engineers 

- Kansas State Board of Health 
Division of Sanitation 

- Kansas State Board of Health 
Division of Sanitation 

- State Board of Agriculture 
Division of Water Resources 

- American Society of Civil 
Engineers, Trans. 122 (1957), 
Pg. 556, by David B. Smith 

- American Society of Civil 
Engineers, Trans. 128-Part III 
(1963), Pg. 130, by Samuel B. 
Morris 

- Wilson & Company (1944) 
by Murray A. Wilson 

- Wilson & Company (1951) 
by Kenneth W. Willey 

- Wilson & Company (1964) 
by Robert P. Selm 
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HISTORY OF RUSSELL WATER SUPPLY 

FOSSIL CREEK lAKE AND BIG CREEK WELLS 

In about the year 1909, the Fossil Creek dam and pump station were 
built at the present location, two miles southeast of the filtration 
plant. The area and capacity.of the Fossil Creek Lake were well suited 
to its drainage area and runoff. Losses from evaporation did not 
nullify its use as a city water supply except in the years of critical 
rainfall deficiency. As the use of water increased, it became apparent 
that the runoff from the drainage area was inadequate in the dry years. 
To augment the Fossil Creek Lake supply, two shallow wells were installed 
in Big Creek valley in the SE\ Section 2S, T 14 S, R lS W. A 3SO 
gallon per minute (gpm) pump was installed in one well and a 400 gpm. 
pump in the other. These wells were pumped alternately, not simul
taneously, because of deficiencies in heads and excess friction in the 
8-inch supply line that delivered the water to a manhole on the ridge 
three and one-half miles northeast of the wells. From this point, the 
water was delivered to Fossil Creek by gravity. This arrangement 
served to maintain the Fossil Creek Lake level for many years. At 
some stage in the drought period of the 1930's, a low diversion dam 
was built in Big Creek upstream from the wells, from which an 8-inch 
gravity line delivered water to one of the wells to relieve the 
excessive drawdown. 

FIRST SMOKY HILL PUMP STATION 

In 1938, a pump station was installed on the north bank of the Smoky 
Hill River in the SW\ Section 28, T 14 S, R 14 w. This station is 
still operable. It consists of two infiltration galleries, one laid 
two feet below the river bed and one approximately eight feet below. 
River water was pumped from the wet well at the rate of 82S gpm through 
a 12-inch supply line to the same manhole utilized in the original Big 
Creek system described above. From the manhole, an 18-inch gravity 
line delivered the water to Fossil Creek Lake. The combined systems 
of Big Creek and Smoky Hill River were capable of delivering about 600 
million gallons per year (mgy) to Fossil Creek which, with the net 
yield of SO mgy in a normal year from the Fossil Creek drainage area, 
would have been adequate for maximum day demand until about 19SO. It 
soon became apparent that, with heavy pumping at the Smoky Hill station 
during low-flow periods, the salt content of the river water was 
increasing at an alarming rate. During periods of higher flow when 
the dilution lowered the salt concentration sufficiently, acceptable 
water could be pumped. A report was prepared in 1944 by Wilson & 
Company showing that a surface flow of SO cubic feet per second in the 
Smoky Hill River was necessary to dilute the salt content to acceptable 
standards. The average number of days per year in which SO cfs passed 
the pump station was as follows: 

Normal year - 106 days per year 
Minimum year - 4S days per year 
Maximum year - 208 days per year 

5 



Therefore, it was necessary to pump much of the time from lower flows 
in the Smoky Hill River. This water often contained a salt content 
above acceptable standards. This condition existed through the period 
of World War II. Due to predominantly unacceptable water,quali:ty, 
this portion of the system has been inoperative for the past 20 years, 
except as noted hereafter. Fossil Creek Lake has become almost filled 
with silt. Its capacity has been impaired to the point that evapora
tion more than offsets its storage capacity. Fossil Creek Lake is now 
used as a recreation area. In dry years, it is possible to replenish 
th~ evaporation losses by pumping water from the original Smoky Hill 
pump station to maintain the water level in the Fossil Creek Lake for 
recreation purposes. 

BIG CREEK PUMP STATION 

In 1945, plans were completed for constructing a low level diversion 
dam and pump station in the Big Creek Valley in Section 23, T 14 S, 
R 15 W. Construction was completed in 1947. The system included a 
12-inch supply line from the pump station to the filtration plant and 
an 8-inch connection downstream into the existing supply line from the 
former Big Creek wells to Fossil Creek Lake. Two pumps were installed; 
one delivers 1,000 gpm to the filtration plant and is still in use; 
the other pump, since replaced, delivered 750 gpm to Fossil Creek Lake 
by way of the 8-inch pipeline connection at the old wells. This basic 
system, with later improvements in pumping capacity and supply, is 
presently the backbone of the city water supply. 

RAPID POPULATION INCREASE AND DRY WEATHER 

During the period from 1952 through 1955, the City of Russell reached 
a population peak of over 6,800. This was not only a period of rapid 
development, but was the period of greatest rainfall deficiency in the 
history of rainfall records. Russell was again short of water. It is 
estimated, through necessary water rationing, that four years' normal 
demand was met with the equivalent of three years' supply from Big 
Creek. In other words, for the four-year period, the supply failed to 
meet the normal demand by 338 million gallons. The City was and is in 
the business of selling water profitably to satisfied customers; this 
situation was neither profitable nor conducive to good public relations. 

SMOKY HILL PUMP STATION NEAR PFEIFER 

In July 1953, construction was started on the Pfeifer pump station on 
the north bank of the Smoky Hill River, in Section 25, T 15 S, R 17 W. 
An 18-inch supply line was constructed 11,000 feet north over the ridge 
where the water was delivered through a 21-inch gravity line to one of 
the small tributaries of Big Creek. The Pfeifer station, completed in 
late 1954, consists essentially of a diversion dam, a 20-foot diameter 
circular wet well to bed rock, an infiltration gallery, and two deep
well turbine-type centrifugal pumps driven by gas-powered reciprocating 
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engines. The nominal capacity of each pump is 2,500 gpm against a 
217-foot total dynamic head at 1,460 revolutions per minute. This 
pump station is presently used intermittently to bolster the supply at 
the Big Creek pump station. Total flow in the open channel is some 24 
miles. 

IMPROVEMENTS AT BIG CREEK PUMP STATION 

During the 1953-54 period of construction, the Big Creek Station was 
improved by changing out the smaller pump and installing a 2,000 gpm 
high head pump. A similar high head pump of equal capacity was installed 
in a new booster station 10,400 feet from the Big Creek pump station. 
The two pumps at Big Creek and the booster pump were automated for 
remote control at the filtration plant. The combined rate of pumping 
is 2,000 gpm. · 
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GEOLOGY AS RELATED TO GROUND WATER 

The elevation of the ridge on which Russell is situated is 1,840 feet~ 
above mean sea level. The top soil consists of disintegrated shale 
and wind-deposited loess material. Beneath the top soil the Fairport 
chalk member of the Carlile Shale appears in outcrops. Where the edges 
of the ridge are eroded more deeply, the Greenhorn limestone is identi
fied by its top ledge of Fencepost limestone. The Greenhorn is further 
identified generally by the heavy growth of bluestem grass which seems 
to prefer the chalky limestone environment and which excludes other 
grasses. The Greenhorn formation is approximately 100 feet thick in 
this area. It yields small amounts of water to wells from fissures in 
the limestone below the ground water table. It also contributes calcium. 
carbonate hardness to surface water runoff. The bottom stratum of the 
Greenhorn is the Graneros Shale, 30 feett thick, which typically covers 
and seals the Dakota Formation. Locally, the Graneros Shale is inter
bedded with extremely fine sandstone material in cemented beds. Even 
where these sandstone beds occur, the Graneros Shale is considered 
practically impervious to water seepage. 

As stated previously, the Dakota Formation contains higherly mineralized 
water. When stream erosion cuts through the Graneros Shale, springs 
emerging from the Dakota Formation usually contain water which is not 
acceptable as drinking water. As a. result, the alluvium and surface 
waters of streams become polluted during periods of low flow with high 
concentrations of sodium, chlorides, iron and manganese compounds and 
other objectionable.minerals. During periods of high flow, springs are 
held back in their natural reservoirs, the stream bed is cleared of 
mineralized water and, as long as the high flows continue, the stream
flow is usually satisfactorily purged of the offending minerals. The 
alluvium is less subject to purging at higher flows and continues to 
yield hard water much longer than the streamflow. 

Throughout Russell County, both the Saline and the Smoky Hill Rivers 
have cut down into the Da'KO'[a-Fori:nat.ion. Low stream flow in both rivers 
is polluted from the Dakota Formation as is the stream bed alluvium. 
These sources are not recommended as water supplies within the limits 
of Russell County. Big Creek, on the other hand, is still flowing in 
the Greenhorn limestone, well above the Graneros Shale which shields 
the deeper Dakota Formation. The present Smoky Hill River bed at the 
Pfeifer Diversion Dam in Ellis County has cut down only into the top 
of the Graneros Shale, but is still well above the Dakota Formation. 
The elevation of the shale bed at Pfeifer is some 50 feet below the 
top of the spillway, or about Elevation 1,816 feet above mean sea level. 
The dam provides excellent protection against a future channel change 
and against deeper erosion into the Graneros. This site should provide 
good quality water throughout the period considered in this report. 

The possibility of purging Wilson Reservoir of its salt build-up, as 
well as the possibility of desalination of water supplies in the future, 
will be discussed later in this report. 
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WATER RIGHTS 

Water rights in the State of Kansas are allocated in the chronological 
order of the application until such time as all the theoretically 
available water at the designated source is appropriated. The State 
Board of Agriculture, Division of Water Resources, is responsible for 
the allocation of water rights and for administration of the law. This 
agency is charged with up-dating each water right and the redistribu
tion of the right to other users in case the permit, under which the 
present user operates, is not being fully utilized. Such redistribu
tion is based on reported use of water, a.s related to probable ultimate 
use by the present user. In order to maintain the validity of a water 
right, it is the responsibility of the Owner to report annually all of 
the data required by the Division of Water Resources. 

Water rights currently in force for municipal use by the City of Russell 
will be perfected only when the full amounts of the annual appropria
tions have been actually used for municipal water supply and duly 
reported to the Division of Water Resources. In general, Russell now 
has registered water rights allowing the City to use up to 750 million 
gallons per year from either Smoky Hill or Big Creek. As long as the 
two sources are mingled in Big Creek flow, 750 mgy from Big Creek is 
the limiting water right. It is contemplated that, under the present 
system of supply, this water right will have been fully utilized in 
years of deficient rainfall about the year 2000. In years of normal 
rainfall, this right will not have been fully utilized until after the 
year 2020. Following is a list of water rights now in force. 

SMOKY HILL RIVER 

Application No. 1267. Smoky Hill River surface supply at Pfeifer Station. 

Total Annual: 3,000 acre-feet or 978 million gallons* 
Limiting Rates: 4,860 gpm; 10.83 cfs; 7 mgd 

*The above quantity is limited to 2,302 acre-feet or 750 million 
gallons per year at the Russell water plant when combined with 
all vested rights and other appropriations on Smoky Hill River. 
It is presently good only for an annual net supply of 188 acre
feet until such time as the restriction is raised •. Apparently, 
the maximum rates of pumping shown in the Smoky Hill River water 
rights are not subject to the restriction placed on the annual 
total. 
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Vested Right No. 7. Smoky Hill River surface supply SW~ Section 28, 
T 14 S, R 14 W. 

Total Annual: 614 acre-feet or 200 million gallons 
Limiting Rates: 900 gpm; 2 cfs; 1.3 mgd 

This right is no longer used for municipal water supply. Application 
should be made for a modification in purpose of the right from municipal 
water supply to recreational uses in order that its utilization will 
not be charged against the 750 million gallon limit in Application No. 
1267. 

Application No. 1861. Smoky Hill River, ground water supply from Pfeifer 
Station. 

Total Annual: 1,500 acre-feet or 489 million gallons 
Limiting Rates: 2,430 gpm; 5.41 cfs; 3.5 mgd 

This right apparently was used for a total of 14.08 million gallons in 
1960, but was not reported to the Division of Water Resources. It is 
a valuable right for auxiliary supply when the surface supply is limited 
during periods of high demand. 

BIG CREEK 

Vested Right No. 8. Big Creek Pump Station, surface supply. 

Total Annual: 768 acre-feet or 250 million gallons 
Limiting Rates: 1,400 gpm; 3.10 cfs; 2.0 mgd 

Application No. 206. Big Creek Pump Station, surface supply. 

Total Annual: 1,000 acre-feet or 326 million gallons 
Limiting Rates: 1,725 gpm; 3.85 cfs; 2.5 mgd 

Application No. 1266. Big Creek Pump Station, surface supply. 

Total Annual: 1,200 acre-feet or 392 million gallons* 
Limiting Rates: 2,420 gpm; 5.41 cfs; 3.5 mgd 

*The above quantity is limited to 2,302 acre feet or 750 million 
gallons per year at the Russell water plant when combined with 
all vested rights and other appropriations on Big Creek. As 
long as the water from the Pfeifer pumps reaches this station by 
way of open flow in Big Creek, this is the limiting right in the 
overall system. It is presently good only for an annual net 
supply of 534 acre-feet until such time as the above restriction 
is raised. Apparently, the maximum rates of pumping shown in 
the Big Creek water rights are not subject to the restriction 
placed on the annual total. 
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CEDAR BLUFF RESERVOIR 

Storage and releases at Cedar Bluff Reservoir, under Application No. 
7628, for municipal use by Russell are: 

Storage 
Annual Releases 

2,700 acre-feet 
2,000 acre-feet 

13 
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ESTIMATED FUTURE WATER REQUIREMENTS 

POPUlATION 

The population of the City of Russell in 1966 was counted at 6,307 
persons. This population figure has been more or less static since 
1960, when the record showed 6,285 persons. During the intervening 
years, the figure varied from a high in 1963 of 6,319 to a low in 1964 
of 6,254. 

• The static population era of the 1960's followed a period of rapid 
growth and decline during the 1950's. Beginning with a population in 
1949 of 6,013, thegrowth period extended through 1954, when a record 
high of 6,860 was recorded. Since 1954, the population gradually 
declined to the 6,300 level maintained since 1960. 

The above records form only short term curves. They cannot be relied 
upon wholly to predict the long term gain. Since the year 1920, the 
long term gain in the population of Russell has approximated an increase 
of 106 persons per year. With the static population years of the 1960's, 
the present population is 293 persons less than the 6,600 predicted by 
such a curve for 1966. This sort of increase represents the normal 
gain of births over deaths, plus the normal influx of retired rural 
population, less the unfortunate loss of young people who leave the 
home town after graduation from high school and college. This latter 
loss may be attributed in part to the lack of industry with which to 
interest the young people in taking jobs in their home town. The lack 
of industry may be attributed in part to the uncertainty of a firm 
water supply. One purpose of this report is to suggest ways and means 
of providing a firm dependable water supply for the City of Russell. 

The population curve shown on Plate I has been projected through the 
next 53 years along the same straight line that represents the average 
of the past 47 years. This projection predicts a population in the 
year 2020 of 12,300 persons. This figure is some 2,800 persons above 
the figure forecast by the U.S. Bureau of Census in a general curve 
prediction for·similar urban areas over the United States. In defense 
of the figure 12,300, it is firmly believed that Russell is a better 
than average city in the United States. In the long term, even if the 
city does not reach the predicted population figure, i~ is safer to 
have ample water available than not to have enough. 

WATER USE PER CAPITA 

The use of water in an urban area includes that used for domestic 
purposes plus that used for irrigation purposes. Both uses depend 
on population. The formula for domestic use predicts a gradual 
increase in use per capita per day as the population becomes more 
sophisticated in the use of more water consuming equipment. 
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Domestic use of water, based on the formula used in this report, has 
varied from 87 gallons per capita per day in 1937 to 100 gallons per 
capita per day in 1966. Projected domestic use of water in the year 
2020 will reach 125 gallons per capita per day. 

The method for predicting irrigation use contemplates a stable popula
tion, owning its individual homes and giving normal care to its yards 
and parks. The method is based on a total of one inch of water per 
week, May through October, whether the water comes from rainfall or 
from the municipal water system during periods of deficient rainfall. 
If the year 2020 happens to be a dry year, the combined use of water 
by residents of Russell will reach an annual average of 200 gallons 
per capita per day. 

The following data give a rational method of predicting future use of 
water by Russell residents. The figures so derived, when compared with 
the actual use of water over the past thirty years, are somewhat higher 
than the actual use in all but three years: 1947, 1956 and 1966. During 
those years, the actual use of water was greater than was predicted by 
rainfall data. 

In other years, the discrepancy can be considered due to rationing and 
to the characteristics of a transient population living in rented rooms, 
trailer courts and bachelor .·apartments, where yard watering normally 
is not necessary. 

1 

Domestic Use Formula1 

G = 54 pO. 33 = Gallons per capita ·per day 
Where P = Population in thousands 

Rainfall Statistics - 1937 through 1966 

Mean annual rainfall at Russell: 24 inches 
Maximum of record: 40.86 inches, 1951 
Minimum of record: 19.62 inches, 1952 

Average Ratio: Rainfall, May through October = 213 
Total Annual Rainfall 

Maximum Effective Rainfall, May through October: 21.21 inches, 1961.* 
Minimum Effective Rainfall, May through October: 7.34 inches, 1952.* 

* The amount of actual rainfall for any one month, May through 
October, has been reduced, where applicable, to "Effective 
Rainfall 11 of not more than 4. 5 inches per month in order .to 

( 

exclude excessive runoff. 

From "Water Supply Engineering" by Babbitt and Doland, modified to 
conform to local conditions. 
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Irrigation Criteria: 

Area in Public Parks: 1 Acre per 100 population 
Area in Yards: 0.04 Acre per person 
Area in Golf Course: Not applicable. Present golf course is 

being irrigated from sewage treatment plant. Adequate until 
year 2020. 

Quantity of Water Required: One inch per week, May through 
October; 26 inches total 

Deficiency: 26 inches minus rainfall, May through October 
Maximum Deficiency: 18.66 inches, 1952 
Normal Deficiency: 10 inches 
Deficiency used in predicting maximum water use: 20 inches, 

any year, 1967 through 2020 

ESTIMATED ANNUAL DEMAND 

The use of irrigation water coupled with deficiency of rainfall is the 
key to annual water demand. In 1931, the total annual rainfall was 
20.06 inches; 42.7 percent of the total amount fell during the six 
months period, May through October, for a total of 8.57 inches of 
effective rainfall during the irrigation season. This resulted in a 
deficiency, below the required 26 inches, of 17.43 inches. Again in 
1952, when the total rainfall amounted to 19.62 inches, only 37.4 
percent of the total amount, or 7.34 inches of effective rainfall, 
occurred during the irrigation season, for a deficiency of 18.66 
inches. 

The maximum annual total demand for water during the period 1970 through 
2020 is based on a possible deficiency of 20.0 inches of effective 
rainfall which might occur in any one year, plus the projected annual 
demand for domestic use. As shown on Plate II, the maximum annual 
total demand varies from 454 million gallons in 1970 to 895 million 
gallons in 2020. The maximum pumping rate for a maximum day in 2020 
is 7.5 million gallons per day or 5,200 gallons per minute throughout 
the 24 hours. 

In a normal year of 24 inches total rainfall, 2/3 of the total will 
occur from May through October, or 16 inches. This indicates a defi
ciency of 10 inches effective rainfall which theoretically must be 
supplied by irrigation. This amounts to an annual total demand of 359 
million gallons in 1970, and 728 million gallons in 2020, if normal 
rainfall occurs. 

ESTIMATED MAXIMUM DAILY DEMAND 

During the years 1954 through 1966, the records were searched for the 
maximum use of water during three consecutive days. The average of 
the three highest days has been used as the maximum daily demand for 
each year. The average daily demand was computed by dividing the actual 
total annual use by 365 days. The ratio of maximum daily use to average 
daily use varied from 2.1 to 2.9 and averaged 2.56 during the 13 years 
of record. In the design of pumps and transmission lines, the ratio 
of 3 to 1 has been used for the maximum daily demand over the average 
daily demand. 
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DESIGN OF PIPELINES AND PUMPS 

PIPELINES 

Pipelines will be designed on the basis of the maximum daily demand in 
the year 2020; 7.5 million gallons per day or 5,200 gallons per minute. 

PUMP FACILITIES 

Each primary pumping station will be equipped with a set of pumps which, 
operating under known head conditions, will deliver the appropriate 
amounts of water required for the expected demands during the'Hfe ·of 
the pump. Each pump will be equipped with an electric motor driver, 
remotely controlled from the water treatment plant. 

Standby Pumps. One standby pump is recommended for each primary $tation 
installation. This recommendation will allow for alternate operation 
of the pumps, down-time of any pump, and parallel operation at times 
of maximum demand. 

Average Pumping Costs, 1970 through 2020. The average annual power 
costs shown are based on the average water demand 1970 through 2020, 
taking into consideration the total dynamic head on the pump for the 
respective pipeline sizes. This cost will be true only in the year 
1995, if that year is a normal year. Actual power costs will vary 
from the figures shown in the estimates according to actual amount of 
water pumped each year, but the figures shown should average out fairly 
well over the 50-year period. Costs will be about the same to the 
Water Department whether (1) the City constructs its own power lines, 
transformer stations and switches, amortizes its investment over the 
fifty years and charges the amortized cost plus a kilowatt-hour charge 
of 1~ cents per kilowatt-hour per month to the Water Department or (2) 
the City buys power from a commercial power source at the average rate 
of 2 cents per kilowatt-hour per month, including schedu1ed demand 
charges of the power company. 
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INVESTIGATION OF WATER SUPPLY SOURCES 

GENERAL 

Many potential sources of water supply in the Russell area have been 
recognized, investigated or utilized in the past. Through t~e years, 
a large amount of information has accumulated regarding the various 
potential supplies, both from surface waters and ground water. However, 
there are still a great many unknown factors involved that are, in some 
instances, the key to determining the best course of water supply 
development. One of the purposes of this study is to identify the 
many potential sources, and to evaluate them on the basis of factors 
that are known at this time or can be estimated. 

Succeeding parts of this section include discussion of general aspects 
of surface and ground water supplies and discussions of the specific 
sources that might appear to be potential water supplies for Russell. 

SURFACE SUPPLY 

The average discharges of the many streams in the area represent huge 
quantities of water, but without control by reservoirs the larger part 
quickly flows out of the area. The stream discharges during extended 
dry periods are diminished to a small fraction of average flows, and 
stop completely in many of the streams. The prime consideration in 
the value of a source of water supply is the amount that can be assured 
during the dry periods, hence the necessity for storing water for use 
during times of deficient streamflow. 

A large number of factors may influence the suitability of a particular 
storage reservoir intended for a water supply. First, there must be a 
reasonable assurance that over a long period of time the watershed, or 
drainage area contributing runoff and underflow to the reservoir will 
yield enough water to replenish drafts for consumptive use and to 
replace unavoidable losses from the reservoir, such as evaporation and 
seepage. In the Russell area, the long term average surface runoff is 
on the order of five percent of the average rainfall. However, during 
a dry year the runoff may be less than one percent of rainfall. The 
most important loss from a reservoir in this area is that due to evapo
ration. 

The volume of water lost by evaporation is frequently many times the 
volume withdrawn for use during a given period. It is estimated on 
the basis of local weather records that, during the 5-year period 1952 
to 1956, a reservoir would have suffered a net loss of more than 30 
feet from evaporation alone. Techniques have been developed, and are 
being perfected, to retard reservoir evaporation. Even at their present 
state of development, it seems likely that efforts to reduce this loss 
would be very worthwhile in this area, and would result in a substantial 
increase in the reliability of a reservoir's supply. 
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The combination of small runoff and large reservoir losses requires a 
large amount of storage and a large drainage area to provide a reasonable 
assurance of an adequate supply of water. For these reasons, many 
apparently promising reservoir sites in the area do not prove to be 
feasible for water supply because of inadequate yield. 

Other factors that influence the feasibility of potential reservoirs 
are large economic in nature. While the installation cost of a reser
voir is likely to be rather high, its relatively long useful life 
results in a proportionately smaller annual cost than many of the 
other facilities comprising the total water supply system. The loca
tion of the reservoir in relation to the point of delivery largely 
determines the cost of the transmission system and operating costs, 
and the quality of water obtained at the source is reflected in the 
costs of treatment. There is, at the present time, a substantial 
increase over conventional treatment costs if a form of desalination 
becomes necessary. In the Russell area, contact with the Dakota Forma
tion is most often responsible for the degree of chemical pollution 
that requires desalination. 

Any reservoir that might be installed for water supply would also 
provide some secondary values in the form of recreational use, reduced 
flood damages downstream and increased recharge to groundwater supplies 
in the vicinity of the reservoir. Because the primary purpose of this 
study is to consider alternatives for development of a municipal water 
supply, no monetary value has been assigned herein to any of these 
secondary benefits. The recreational importance of a particular 
reservoir is a matter to be decided by the personal values of the 
people in the community. 

GROUND WATER SUPPLY 

Many of the same factors that determine the feasibility of a surface 
supply also influence the value of a ground water supply. The primary 
difference is that, in the ground water supply system, the porosity of 
underground soils and rock strata are utilized as the storage reservoir. 
The operation of an underground water-bearing stratum is largely related 
to the amount of void spaces around the relatively small particles of 
the material and the degree of interconnection between the spaces. 
The characteristics of the void spaces in the material determine the 
permeability, or resistance to the flow of water, as well as its volu
metric capacity for storage of water. Water bearing strata are termed 
aquifers if their storage and permeability characteristics are favorable 
for use to some degree as a water supply. 
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Just as the amount of runoff and stream flow determines the feasibility 
of a surface reservoir supply, so does the amount of recharge from 
seepage of rainfall and from infiltration of stream flow into an aquifer 
determine the amount that may be withdrawn from a ground water supply. 
Over a long period of time, there must be enough recharge to replace 
withdrawals and natural losses by exfiltration, evaporation and plant 
transpiration; or the supply will eventually fail. Two basic types of 
aquifers are present in the vicinity of Russell that are of sufficient 
extent and capacity to be considered for a municipal supply. First, 
the Dakota Formation is known to contain large volumes of stored water, 
but experience and numerous investigations indicate that most of its 
water is of extremely poor quality, and would probably require treatment 
by desalination techniques. Second, deposits of alluvium are present 
in the major stream valleys of the area which are recharged by local 
rainfall and drained in part by the stream channels. These alluvial 
aquifers are considerably more limited in extent than the Dakota Forma
tion aquifers, but their rates of recharge or replenishment are rela
tively high. The quality of water found in the alluvial aquifers is 
usually directly related to the minerals present in the aquifer and 
overlying deposits and to the mineralization of adjacent stream flows. 

One of the economic concerns that is sometimes a determining factor in 
ground water supplies is the development of well fields that will 
accomplish withdrawals at the rate needed to satisfy demand. The 
deeper aquifers with high permeability rates permit the· more economical 
well fields, comprised of high capacity, closely spaced wells. The 
shallower and less permeable the aquifer, the more wells are required 
to deliver the same rate of flow. 
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BIG CREEK SURFACE SUPPLY 

At the present time, Russell depends upon the water flow in Big Creek 
for its municipal water supply. Big Creek has its headwaters in the 
northwest corner of Gove County, Kansas, and flows east and southeast 
to its confluence with the Smoky Hill River approximately seven,miles 
southwest of Russell. Big Creek drainage basin, averaging about six 
miles in width, extends a total of about 120 miles from its head to 
its confluence with the Smoky Hill, and has about 500 square miles of 
drainage area. A proposed federal dam will be located south of Ogallah 
and west of Ellis. Flows in Big Creek are extremely variable, with 
many periods of no flow, and numerous serious floods. The climate is 
notable for extremes of drought and flood, and extremes of low and 
high temperatures. 

Big Creek constitutes the largest tributary to the Smoky Hill River in 
Russell County. Downstream from the present Big Creek pumping station, 
where the stream flow has penetrated the Dakota Formation, the stream
flow has become polluted with chlorides and is unfit for use as a water 
supply. 

The present existing impoundment reservoir on Big Creek was completed 
in 1947, and a 12-inch cast iron pipeline and a pumping station equipped 
with one 1,000 gpm and one 750 gpm pump were installed. This system 
could deliver approximately 1,800 gpm to the Russell water treatment 
plant. The water at the dam is highly turbid with silt, and a substan
tial fraction must be discarded in the treatment after having been 
pumped for somewhat more than seven miles to the plant. A new pump 
replaced the smaller pump and a booster station was installed in 1953 
to raise the pumping rate to 2,000 gpm. 

ROUND MOUND RESERVOIR! 

Round Mound Reservoir, to be located on Big Creek, is proposed as a 
multiple-purpose dam and reservoir designed to provide municipal water 
for Hays and Ellis, flood control, recreation and fish and wildlife 
preservation. Flood control cost allocation represents about 2/3 of 
the total cost of this reservoir. No irrigation use is proposed. 

Round Mound dam will be located on Big Creek in Trego County, about 
five miles west of Ellis, and will be an earth-fill structure about 
140 feet high, having crest length of 18,000 feet, and maximum spillway 
capacity of 102,000 cfs. The reservoir will enclose about 3,085 acres 
at normal water elevation of 2,233.3 feet, and will have a shoreline 
of about 35 miles. The drainage area above the reservoir totals about 
332 square miles. Big Creek has an annual average runoff of 25,500 
acre-feet at Hays and 15,000 acre-feet at Ogallah. 

1Taken in part from proposed Regional Director's report on the Ellis 
Unit, Kansas, Smoky Hill Division, Missouri River Basin Project, 
Volume 1, U.S. Bureau of Reclamation, November, 1964. 
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TABLE 1 

PROJECTED ANNUAL USE 
2020 

Projected Total Annual Demand 
Acre-Feet 

Ellis 
Russell 
Hays 

672 
3,000 

10,100 

Of the projected total annual demand for Hays, the Round Mound average 
yield constitutes only a partial supply. By 1999 it may be expected 
that Hays will require the entire average yield, and no water will be 
available for other uses, such as water quality control. Stream flow 
will, however, be increased, since the reservoir will be in use and 
most of the Hays supply will be discharged as effluent water. For 
approximately thirty years, Big Creek, with Round Mound Reservoir, 
will constitute an adequate water supply source of diminishing quality 
for Russell. 

PRESENT WATER QUALITY IN BIG CREEK 

Surface flows in Big Creek at Hays are of excellent quality, even 
during low flow periods. This water is considerably higher quality 
than water from Big Creek wells in this area, or from the Smoky Hill 
River well field to the south of Hays. The Big Creek water is of 
considerably better quality than specified under the 1962 USPHS 
Drinking Water Standards. Deterioration of water quality as Big 
Creek flows east is shown in the table. 

Constituent 

Sulfate, S04 
Chloride, Cl 
Nitrate, N03 
Total Dissolved 

TABLE 2 

WATER QUALITY IN BIG CREEK 
(MILLIGRAMS PER LITER) 

USPHS Big Creek 
Maximum1 at Hays2 

250 1.0 - 3.0 
250 0 - 16 
45 0 - 8.4 

Solids 500 122 - 372 

Big Creek 
at Russell 
ImJ2oundment3 

10 - 200 
20 - 100 

0 - 15 
400 - 800 

~1962 Drinking Water Standards. 

3
90 samples taken 1956-1958. No reservoir upstream. 
Spot samples taken at Russell Water Treatment Plant and at 

dam over 1960-1967. 
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PROJECTED WATER QUALITY IN BIG CREEK 

The United States Public Health Service has evaluated the need for 
stream regulation for water quality control in Big Creek and for quality 
control in Round Mound Reservoir. These needs are based upon criteria 
of 5 ppm dissolved oxygen with a 90 percent level of protection, requiring 
sufficient flows to be maintained past a diversion structure at Hays. 

This USPHS study, the results of which are summarized below, describes 
a situation already known to many citizens of Russell which is the 
pollution of Big Creek by effluents from Hays. This pollution has 
been made apparent to some degree by excessive foaming, taste problems, 
and odor problems in the Russell water plant. The USPHS study estimates 
the required water flow to maintain stream water quality. 

TABLE 3 

WATER FLOW REQUIRED IN BIG CREEK FOR WATER QUALITY 

Year 

1970 
1995 
2020 

Water Flow, Acre-Feet/Year, 
to Maintain Stream Quality 

420 
4,900 

12,500 

It is obvious that in later years there is not sufficient water to 
maintain water quality in Big Creek as defined by the USPHS. The con
struction of Round Mound Reservoir has extended the date when pollution 
will have rendered Big Creek water unsuitable for use by Russell, but 
it appears to be only a matter of time before Big Creek will not be 
usable as a water supply source, unless waste treatment and water 
renovation technology has progressed well beyond its present capability. 

Summarizing, Big Creek will constitute, with Round Mound Reservoir, an 
adequate water supply source for about 30 years, after which pollution 
can be expected to deny use of this water by Russell. Round Mound 
Reservoir is expected to be a great benefit to Hays, supplying about 
two-thirds of the projected total annual requirement in 1999. The 
quality and availability of water from Round Mound are such that 
probably it will be used by Hays to the exclusion of other sources, 
namely, the Big Creek well field or the Smoky Hill field, even though 
these will no doubt be fully developed by Hays by the year 2000. 

BIG CREEK PIPELINE 

Big Creek is expected to provide water of adequate quality and quantity 
for only about 30 years. However, the location of the existing pumping 
station used to transfer the water to the water treatment plant makes 
it useful to relay water from the Smoky Hill river intake at Pfeifer 
to the water treatment plant, whether by direct pumping or by discharge 
into Big Creek at some point west of the Big Creek pumping station, as 
is presently being done. 

27 



In S~pt~mber 1964, Wilson & Company prepared an interim engineering 
report on design of a pipeline and plant which would provide water 
from Big Creek at a design rate of 4.8 mgd, which represents the maxi
mum capability of the present water treatment plant. This study recom
mended construction of a 16-inch pipeline to feed this plant facility 
in conjunction with the existing 12-inch supply main. This dual pipe
line transmission furnishes an optimum capacity for the designated 
flow rates involved. This report was based upon the stated assumption 
that adequate water would be available at Big Creek through 1985. The 
16-inch pipeline would be adequate to supply the present plant treatment 
capability. The cost of this line was estimated at $550,000. 

Extension of the design period of this report to 2020 prompts a review 
of this pipeline size and function. Design flow is established as 
5,200 gpm, or 7.5 mgd in 2020. Since the Big Creek water supply is 
expected to be available only for a period of about 30 years, it is 
clear that ultimately the line must be employed to convey water from 
the Pfeifer intake on the Smoky Hill river or be abandoned, and, in 
the former case, any design sizing should be based upon the hydraulic 
conditions from the Pfeifer location. These pipeline designs are 
discussed under the section in which the Smoky Hill river water supply 
is considered. In this section, where Big Creek water alone is con
sidered, the basic conclusions of the 1964 report remain unaltered, 
and a 16-inch line, desilting plant, and the existing 12-inch parallel 
line would be employed to convey water from Big Creek to the water 
treatment plant. 

Adoption of the Big Creek water supply requires development of an 
alternate supply to become available at some time after 1985, as well 
as the 16-inch pipeline, desilting basin and pumping plant. Any cost 
analysis on the basis of the comprehensive plan extended to 2020 should 
include costs of the alternate supply. 

An alternate plan for pumping Big Creek water is covered in the 1964. 
report. This alternate is an interim solution only, in that it utilizes 
the existing 12-inch cast iron line, adding only additional pumping 
facilities. This solution offers only a very temporary additional 
water supply, and requires a great increase in the power consumption 
of the system. As an interim solution, this plan has only its low 
first cost to recommend it. Disadvantages include excessive pressures 
on the line, great increase in power consumption, and only a very modest 
increase in flow (about 0.7 mgd). Details of this plan, as well as 
applicable estimates, are available in the 1964 report. 
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WATER TREATMENT PLANT 

INTRODUCTION 

It is the purpose of this section to review the status of the existing 
water treatment plant and to define its role in the overall water 
supply picture at Russell. Detailed information is available in the 
Wilson & Company report prepared in September .1964. Certain improve
ments outlined in this report have been made and the plant capability 
is now consistent with the objectives outlined in that report. The 
original water treatment plant at Russell was constructed in 1936. 
This plant provided primary mixing, primary settling, secondary settling, 
recarbonation, and filtration through two sand filters. In 1945, addi
tional improvements were made with the addition of a primary clarifier, 
new recarbonation facilities, and two additional filters. In 1954, 
the use of surface water eliminated the need for aeration, and the 
aerator was dismantled. It has since been converted to a chlorine 
handling station. The design flow rate was raised from the original 
one million gallons a day to two million gallons a day in the 1945 
design. In 1964, certain improvements were proposed which have since 
been effected. These include replacement of the primary clarifier, 
repiping, complete new chlorine facilities, and a new plant control 
system. The overall plant control system was modified to permit 
continuous automatic operation. Present status of this plant is that 
of a modern, automatic water treatment plant. 

TREATMENT PROVIDED 

Treatment provided in the existing water plant has been designed to 
process typical surface water. The water entering is chlorinated and 
mixed with coagulant to remove silt and mud which may be in the water. 
The primary clarifier is a new Eimco solids contact unit which has 
about 122 minutes of detention time at the flow rate of 4.8 mgd. This 
clarifier has been designed as both a desilting basin and a softening 
basin. Effluent from the clarifier overflows the effluent weirs and 
proceeds to the primary recarbonation basin. In the primary recarbona
tion basin, the water which is at a high pH is treated with carbon 
dioxide for stabilization. This causes precipitation of the excess. 
calcium alkalinity which then settles out into the secondary settling 
basin. The existing recarbonator is a Walker "Carball" unit and will 
have to be replaced in about 10 years. The existing basin will provide 
about 3 minutes of retention time at a rate of 4.8 mgd. 

The existing secondary flocculation basin will provide about 12~ minutes 
retention at 4.8 mgd. While this is somewhat small, no additional 
capacity is proposed. Water leaves the secondary flocculation chamber 
and proceeds over a distributing weir into the secondary settling basin. 
The secondary settling basin holds about 69 thousand gallons of water, 
which is equivalent to about 21 minutes of retention at 4.8 mgd. This 
is inadequate for proper secondary settling and will place an excessive 
load on the filters. The addition of a circular secondary clarifier 
in the area north of the existing secondary clarifier has been proposed. 
This clarifier will provide 60 minutes detention and would overflow 
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into the existing secondary basin. Secondary clarifiers have the most 
important function of removal of excessive hydroxide alkalinity and 
deposited calcium carbonate. Insufficient secondary settling capacity 
results in shortened filter runs and wastage of water due to increased 
filter backwashing. The existing secondary basin should remain in the 
plant as an additional settling basin in series following the proposed 
new clarifier basin. 

There is no question that the water treatment plant will be able to 
function without the addition of this proposed secondary settling basin. 
However, this will be accomplished at the cost of decreased efficiency 
of operation. Greater losses of water will result due to the greatly 
increased filter loading. The water flows through the existing secondary 
basin and into the filter inlet manifold. The filter inlet manifold 
has been changed during the past year to provide a greater hydraulic 
rate of 4.8 mgd or approximately 2.8 mgd in excess of the original 
expanded design. The overall treatment plant capacity will be approxi
mately 4.8 times the original design capacity for this plant. Secondary 
recarbonation is performed at the outlet end of the secondary settling 
chamber. 

Four existing filters have an area of approximately 180 square feet 
each. These filters have been renovated during the past year with all 
the media being replaced by anthrafilt and sand in a dual bed. The 
media rests on Leopold block underdrains which were originally installed 
in 1946. These filters are equipped with modern, automatic controls 
which regulate the flow and level of water in each filter. Filters are 
manually operated and backwashed, the backwash water being furnished 
from the nearby elevated tank. Hydraulic valves have been completely 
replaced by pneumatically operated butterfly valves. The control system 
is built up: from solid state electronic and pneumatic components. 
Plant flow rate is determined by the level in the secondary settling 
basin which is, in turn, determined by the pumping rate from Big Creek 
pump station. The plant flow will adjust itself to this rate auto
matically; the plant operators need only~check and reset chemical 
feeders and recarbonator controls when supply pumps are changed at Big 
Creek. The filter controls provide equal rate of flow and equal level 
automatically. · 

Three existing high service pumps are capable of pumping at a total 
rate of 4.7 mgd. While these pumps are quite old, they do appear to 
be in good condition, and do not requirereplacementat this time. At 
some future date, additional high service pumping capacity will be 
required, and this should be obtained by substituting new larger pumps 
for the existing pumps. The clear well contains about 243,000 gallons 
of storage. The high service pumps take suction from the clear well 
to pump the clarified, filtered water into the distribution system. 
Additional filtered water storage should be provided as an extension 
to the existing water distribution system. Such additional storage 
will provide a greater capability for the city to absorb high demand 
periods of use. With a water supply system which is dependent upon a 
remote location with intervening pipelines and pumps, it is desirabl~ 
that as much filtered water storage be provided as may be possible. 
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HYDRAULIC CAPABILITY 

The maximum hydraulic capability of this plant has been established at 
4.8 mgd. When water treatment requirements exceed this figure, addi
tional plant facilities should be provided in a separate location. 
Such facilities should parallel or replace the existing plant. Produc ... 
tion capacity of 4.8 mgd will be adequate to provide the City with 
water until the year 2000 on an average basis. This rate is not ade
quate to provide the City with water during peak periods after 1985. 
Additional water treatment capability must be provided after this date. 
The existing plant chassis is not considered to be suitable for further 
expansion past the 4.8 mgd production rate. 

SUGGESTED IMPROVEMENTS 

In the period from the present time until 1985, several improvements 
are desirable. The first of these would be a desilting chamber or 
basin which would be located at Big Creek station. This is, of course, 
applicable only if the Big Creek pumping plant remains in use and 
water is taken from Big Creek. Should water be taken from Pfeifer, 
then the desilting basin may be located either at Pfeifer or at Big 
Creek. Desilting basins are best located near the source of water so 
that conveyance of sand and silt is avoided. 

Additional secondary settling facilities have already been mentioned 
above. These facilities are required to enable the present plant to 
operate at its full design limit of 4.8 mgd. The need for this facility 
has been outlined in the September 1964 report. 

A pH monitoring and control system is a desirable addition to this plant. 
Such a control system enables the operators to establish exact operating 
conditions and maintain the plant in its most efficient operating 
potential. This improvement is also mentioned in the September 1964 
report. Replacement of service pumps should also be considered within 
the next ten years. These pumps will be required to replace those 
which have been in service for a considerable period of time and which 
are operating with reduced efficiency and effectiveness. High service 
pumps should be provided with such capability that one major unit may 
be down without affecting the overall production rate of the plant. 

The need for additional storage has also been discussed. This storage 
may take either of two forms. Storage may be provided for raw water 
as was formerly done by use of Fossil Reservoir. However, the use of 
storage with a large surface area should be avoided. During a hot 
summer peak use, the evaporation rate at Russell is such that large 
bodies of water such as Fossil Reservoir will lose an excessive amount 
of water by evaporation. Such storage, to be effective, should be 
covered or more preferably underground. These storage facilities should 
be carefully considered as an integral part of the comprehensive 
water development plan for Russell. 
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AFTER 1985 

The existing water plant will undoubtedly continue to function and 
produce water after the 1985 period. After this date, when new water 
treatment facilities are required, desalination and other new techno
logical advances may alter the course of design of these future projects. 
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DESALINATION 

GENERAL 

It is the purpose of this section to review the general status of 
desalination and to examine its applicability to water supply problems 
at Russell. The past decade has seen an extensive development of the 
technology of desalination, and extensive reviews of this progress are 
available 1,2~ The federal government has actively supported research, 
and more particularly, demonstration plants to prove the practicability 
of the results of this research through the Office of Saline Water. 

There are a number of desalination processes under development. In 
some of these, the feed watE!r dissolved solids concentration is of 
paramount importance, while in other processes it makes practically 
no difference whether the salt concentration is high or low. In general, 
the distillation processes are not affected by high solids content, 
and, therefore, it is these processes that are applicable to highly 
mineralized waters, which we can classify as "sea water". 'Those pro-
cesses which rely on equilibrium systems such as ion exchange, reverse 
osmosis, crystallization, or electrodialysis, are sensitive to dissolved 
mineral matter to such a degree that they might be inoperable on "sea water". 
One of the hazards associated with desalination design is that a process 
might become unusable with a change in composition of the raw water. 
An ion exchange unit working on a brackish well water supply would become 
completely useless if the salt concentration should rise above a certain 
level. 

The presence of certain impurities in the water has been found to 
constitute a major problem for many desalination processes. Hardness 
in the water is a source of difficulty in the heat exchange sys~ems, due 
to rapid scaling and fouling of heat exchange surfaces. ,In almost all 
desalination processes, some form of water pretreatment is necessary 
to prevent scaling, deposition or plugging.' 

SEA WATER DESALINATION 

Of all the water on the earth, approximately 97 percent is in the ocean. 
The average salinity, that is salt content, of the ocean is on the order 
of 35,000 parts per million. Potable water has been produced from the 
sea by means of distillation processes since early times. Ship board 
evaporators have been in co~~on use since the 1800's. Shore-based, 
commercial plants have been producing fresh water from the sea since 
the 1940's. In those areas where it has been applied, desalting has 
been economically the most efficient means of providing suitable water 
supply. Desalination is a feasible approach to the provision of potable 
water from sea water where fresh water supplies are unavailable. 

~Chemical Engineering Progress, 63, 53-103(1967). 
Smith, D. B., Jl.A.S.C.E., 122, 556 (1957). 
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The largest single train sea water desalter in operation today produces 
about a million and one-,.half gallons of water per day. Plants of. this size 
and somewhat smaller have demonstrated costs for periods of operation 
ranging between 85¢ to $1.15 per thousand gallons product water. There is 
good reason to believe, with new developments in the technology, that product 
water will cost in the range of 20¢ to 40¢ per thousand gallo~s in the 
future. This is well within the range of cost now experienced by many 
municipal water treatment plants in Kansas. The national average cost 
of water produced in a municipal water plant is approximately 32¢ per 
thousand gallons. The large sea water desalters now being considered 
are based on.the multi-stage, flash evaporation process. This process 
produces a very pure product. With efficiently designed entrainment 
separators, a products purity level of 1 to 5 miligrams for liter is 
well within current practice. Such water is eminently suited for indus
trial, domestic, or agricultural uses. Water of this quality approaches 
the composition of rain water, and can result in a net saving of 3 to 4 
cents per thousand gallons in the cost of soap. 

Sea water desalters can produce good water from highly concentrated 
mineral solutions, even oil-,.field brines. A partial list of these 
processes gives the following principal types: 

Multiple Effect Evaporation 
Vapor Compression 
Flash Distillation (MSF) 

Full-size test installations using these methods are being built. 
A 50 mgd plant of the flash distillation (MSF) type is being built at 
the San Diego Saline Water Test Facility. 

In Freeport, Texas, the Office of Saline Water has constructed and 
operated a 1 mgd demonstration multiple effect evaporator plant, using 
long tube vertical evaporators.! This plant started up in 1961. A 
demonstration plant at San Diego, utilizing the flash distillation 
process (MSF), started up in 1962. Neither plant has achieved suitable 
long term performance characteristics.2 The total costs at San Deigo 
have averaged $1.83 per thousand gallons, while those at Freeport are 
$1. 4J or lZ percent .lower. These plants are producing about 1 mgd. 
While they are extremely promising as demonstration plants, they do not 
exhibit the typ~ of operation which could be considered as satsifactory 
for the City of\ Russel:!.. They are considered as 'second generation' . 
plants, and the improvements which they have engendered are'beip.g incor-,. 
porated into the 'third generation' plants now being constructed in 
California. 

1 
2 

Dykstra, D.I., C.E.P., 61,80 (July 1965). 
Standeford, F.C. and Bjork, H.F., C.E.P., ~' 70 (January 1967). 

34 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BRACKISH WATER DESALINATION 

Presently, about 80 percent of water used in the United States is taken 
from surface sources such as rivers, streams, and lakes. The remaining 
20 percent of the water used is ground water taken from underground 
aquifers. Surface water is subject to contamination from many sources. 
It is contaminated with turbidity and color, and may become polluted 
with natural or man-made pollution. 

Many aquifers not naturally brackish are susceptible to contamination 
from adjoining brackish aquifers if they are drawn down by pumping 
sufficiently to upset the inter-aquifer pressure systems. This problem 
is acute in a number of areas in the United States. It is particularly 
true in numerous areas in Kansas. Pollution of this type has undoubtedly 
greatly increased in the local areas around Russell, particularly south 
along the S~oky Hill River valley. Saline River valley, and Big Creek 
valley in the last 20 to 30 years. The increasing contamination of 
surface water supplies by dissolved mineral matter can be expected 
to become more serious with the passing years. Conventional water 
treatment practices do not remove this dissolved mineral matter.in 
most instances. In a general sense, chlorides and sulfates, nitrates, 
and sodium ion in particular, are not removed by conventional water 
treatment .practices. Desalination alone offers the future possibility 
of using brackish water of our surface supplies by enabling us to remove 
dissolved mineral matter. 

A growing number of municipalities are drawing all, or a significant 
portion, of their water supply from desalting plants using the electro
dialysis process. This process has the characteristic that the product 
water is produced at a cost which is directly proportional to tlw level 
of dissolved solids in the raw water. This is distinct from distillation 
or evaporation processes in which the production cost is about thesame, 
regardless of the initial contamination of water. The town of Coalinga, 
California, about the same size as the City of Russell, has utilized 
electrodialysis for a number of years. This town has installed a 
28,000 gpd electrodialysis plant and produces water of approximately 
290 mg/1 purity at a cost of about $1.00 per thousand gallons. Such a 
plant is, of course, far smaller than would be needed by the City of 
Russell. This plant is in the nature of a demonstration plant. Electro
dialysis does appear to be the best process for desalting inland brackish 
water today. The waters of Wilson Reservoir, for example, could be treated 
by electrodialysis or by ion exchange. 

There are other attractive processes that should be considered whenever 
desalination is being studied .for a particular location. One of these 
is vapor compression, which is the process utilized at the Office of 
Saline Water demonstration plant at Roswell, New Mexico. This process 
is particularly attractive for heavily charged brackish water. The raw 
water at the Roswell plant has an approximate concentration of total 
dissolved solids of 16,000 mg/1. Another process is known as reverse 
osmosis, or ultra filtration, and a pilot installation has been in 
operation at Coalinga since July 1965. 
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Conventional ion exchange has been used for many years as a means of 
desalination of slightly brackish waters to a very high purity product 
water. Deionization is a form of water softening using zeolite. In this 
case, softening alone is accomplished. By a similar process, all the 
mineral matter can be removed. A new improvement involves the use of 
a continuously regenerating demineralizer column. This process is highly 
suitable for good quality water, but becomes less so as the water quality 
deteriorates. Ion exchange is suitable in the quality ranges just outside 
the Drinking Water Standards. It is not suitable for brackish waters 
above 2500 mg/1. 

CONCLUSIONS 

The success of desalination in solving water supply problems is dependent 
on the solution of several problems before a municipality can be justified 
in entering into a desalination program. The first problem is that 
low cost power must be available. This power must be in the form of 
heat or electrical energy. 

The second problem which must be solved in each individual location is 
that of waste disposal of the brines produced by the desalination process. 
AS water is demineralized, the dissolved mineral constituents are separated 
by one means or another and must be discharged into some waste disposal 
location. 

A third problem which must be solved is the problem of operator training. 
Desalination plants are very complex in design and operation. It is 
difficult to extend the normal technology presently used in conventional 
water treatment plants to that required for desalination plants. Principles 
of desalination involve the concepts of thermodynamics, physical chemistry, 
and heat transfer. All of these are substantially different from the pro
cesses which are used in conventional water treatment. 

It is clear that desalination must be regarded as a new technology that is 
still under development. Despite the fact that a number of successful 
demonstration plants have been erected and are in operation, the state 
of the art is not sufficiently advanced for municipalities to adopt 
these designs when conventional water sources are available. In Russell, 
at the present time, the acute need is not for better treatment, but 
rather for better water in suitable quantities. CertainJy in .. the future, 
desalination may have a very clear role to play in the municipal water 
supply at Russell. The existing water treatment plant at Russell should 
have a capability for full operation for a minimum of 20 years. At 
the conclusion of this period, the technology of desalination should 
be advanced to the point where such a plant might well be the design 
for the new plant to follow. 
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SMOKY HILL RIVER VALLEY 

GENERAL 

Investigation of the Smoky Hill River as a suitable source of water 
supply has included a review of previous reports and flow and runoff 
records, and estimate of irrigation water returned to the channel. This 
report is a're-evaluation of the source on the basis of a total annual 
demand of 3,000 acre-feet per year and a maximum daily withdrawal of 
7.5 million gallons per day or 5,200 gallons per minute required in the 
year 2020. 

CONVEYANCE BY OPEN CHANNEL 

The present method of conveying water from Cedar Bluff Reservoir to 
Russell is by utilizing the stream beds of the Smoky Hill River and 
Big Creek. It is not considered practical, due to the intervening 
terrain, to construct an open aqueduct or ditch; therefore, that type 
of conveyance will not be discussed. Water is diverted from the river 
at Pfeifer and pumped 11,000 feet north beyond the ridge by way of an 
18-inch, Class 150, cast iron pressure pipeline. It is released into 
a vitrified clay gravity pipe line which leads to one of the small 
tributaries of Big Creek. After its entrance into the Big Creek 
channel, the water flows some 24 stream miles to the Big Creek diversion 
dam at the Big Creek pump station. From this pointthewater is pumped 
directly to the treatment plant in Russell. 

WATER RIGHTS 

A review of the present water rights contained in this report will 
show that the limiting value of 2,302 acre feet or 750 million gallons 
per year at the Pfeifer pump station is sufficient only through the 
year 2000. A further review will show that the maximum daily draft 
limitation of 7.0 million gallons per day or 4,830 gallons per minute 
will satisfy the projected maximum daily demand through the year 2015, 
in a record dry year. During a year of normal rainfall, the above 
1 imitation on daily draft will easily satisfy the projected daily demand 
well beyond the year 2020. The ground water right on the Smoky Hill 
River can be utilized as an alternate supply to the limit of 1,500 
acre-feet per year, in case the stream flow at Pfeifer should become 
exhausted during short periods by reason of evaporation, irrigation and 
heavy diversions by the Hays well field. The maximum daily pumping 
rate from groundwater at the Pfeifer station is limited to 3.5 million 
gallons per day or 2,430 gal~ons per minute by appropriation. 
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PFEIFER PUMP STATION DATA 

The facility at Pfeifer consists of a 3-foot high diversion dam across 
the Smoky Hill River, a "wet~well" for the pumps which serves to collect 
water from the river through a short diversion pipe and/or to collect 
water from the underflow by means of an infiltration gallery consisting 
of three 12-inch perforated pipes extending westerly from the wet well 
100 feet. The pumping equipment is housed directly over the wet well 
and consists of two identical Layne turbine pumps, each powered by a 
225 HP diesel engine operating on natural gas. The pumps are equipped 
with right angle gear drives with a 2 to 3 gear ratio. The pumps 
operate at about 1,460 rpm; the engines operate at about 975 rpm. 

Under normal operating conditions, the pumps are used alternately rather 
than simultaneously. 

The Pfeifer station now has pumping capacity for 2,500 gpm (3.6 mgd) 
with one pump or 3,500 gpm (5.0 mgd) with two pumps. The capacity of 
these two pumps could be readily increased to the 2020 requirement 
of 7.5 mgd by changing to electric motor drives and increasing the 
speed from the present 1,460 to 1,750 rpm. The same result could be 
achieved with new gas engine drives but it would require much larger 
engines than those now in use at the station. 

From a pumping capacity standpoint, therefore, the Pfeifer station is 
capable, with modifications, of handling the predicted requirements of 
the year 2020, assuming that the water is piped to Russell rather than 
by being conducted in an open channel. 

ANNUAL FLOW AT PFEIFER 

There is a considerable amount of stream bed loss due to leakage to 
the underflow, evaporation, appropriation by farmers, and diversion 
by the City of Hays from ground water pumping at Schoenchen. There is, 
however, ,a gain in stream flow due to natural runoff between Cedar 
Bluff and Pfeifer, surface water returned to the stream from the 
Fish Hatchery ponds, and groundwater returned from irrigation. 

The total stream flow available for diversion at Pfeifer varies, d{?.pend
ing upon the amount of rainfall in the area and many other factoEs. 
The figures given in the following table are estimated to show the 
amount of water that can be expected to be available annually at the 
Pfeifer pumping station under the conditions listed. These figures 
are based on the best information available at this time supplemented 
by judgment where reasonably accurate information is not available. 
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TABLE 4 

ESTIMATE OF ANNUAL FLOW AVAILABLE AT PFEIFER 

TCYrAL INFLOW 

Release from Cedar Bluff (W.R. 7628) 
Return Flow from Fish Hatchery 
Release from Cedar Bluff to match Inflow 
Return Flow from irrigation 

(full development) 
Net Flow from run-off, Cedar Bluff-Pfeifer 

Total Inflow 

LOSSES 

Stream losses, Cedar Bluff to Pfeifer 
Evaporation 
Irrigation (pumped from Stream Flow) 
Diversion by City of Hays 

Total Losses 

Surface Water Available at Pfeifer 
Plus Ground Water Available at Pfeifer 

Total Annual Quantity Available at Pfeifer 

QUALITY OF SMOKY HILL RIVER SURFACE WATER 

Minimum 
Rainfall. 

(Acre-Feet) 

2,000 
2,000 
2,400 

5,000 
5,000 

16,400 

1,600 
1,300 
3,400 

6,300 

10,100 
1,500 

ll ,600 

Normal 
Rainfall 

(Acre-Feet) 

2,000 
2,000 

70,000 

2,500 
34,000 

llO, 500 

1,330 
650 

2,020 

4,000 

106,500 
1,500 

108,000 

The water quality of the stream flow should not change appreciably from 
the present quality at comparable stream flows, until such time as the 
irrigation district is more fully developed. The quality might even 
be improved because of the maintenance of greater average stream flow 
by reason of the Cedar Bluff releases. After a period of years there 
is a strong possibility that the quality might begin to decline by 
reason of the leaching out of fertilizers and pesticides applied in the 
irrigated areas. A very extensive study of the stream quality is now 
being undertaken by the Geological Survey and the Water Pollution 
Control Administration. The study has not been completed and no reports 
of their findings are yet available. No doubt, if the quality begins 
to deteriorate, measures will be taken by the authorities to maintain 
a quality acceptable under United States Public Health Service Standards. 
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The present surface water quality of the river at Pfeifer could be 
anticipated to fall in the following ranges; all figures in milligrams 
per liter: 

Non-
Flow Total Total Carbonate 

Condition Solids Chloride Sulfate Sodium Hardness Hardness 

Below Normal 800 25 400 60 500 300 

Normal 500 15 250 30 500 200 

Above Normal 300 10 150 30 250 100 

lOSSES IN BIG CREEK CHANNEL 

A significant amount of water discharged into Big Creek is undoubtedly 
lost in the channel. Losses occur by reason of evaporation and seepage, 
including that lost to the Victoria well field, as well as water being 
diverted. to irrigation by farmers along the stream. There is no accu
rate method of determining the amount of the losses that have occurred 
in previous years. A comparison of the amount of water pumped from 
the Pfeifer station with that of the Big Creek station is inconclusive, 
since the records are not complete. Also, there have been no records 
of the natural flow in Big Creek at the point of entry of the Pfeifer 
water or of the flows that have been wasted over the dam at the Big 
Creek pumping station. 

TABLE 5 

PUMPAGE AT PFEIFER AND BIG CREEK 

Water Pumped Water Pumped 
at Pfeifer, at Big Creek, 

Year Million Gallons Million Gallons 

1954 No Report No Report 
1955 No Report No Report 
1956 No Report No Report 
1957 No Report No Report 
1958 No Report No Report 
1959 No Report No Report 
1960 21.145 242.7 
1961 None 221.4 
1962 None 689.6 
1963 124.93 No Report 
1964 No Report No Report 
1965 84.309 257.023 
1966 364.246 309.457 
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EFFECT OF ROUND MOUND RESERVOIR ON OVERALL SUPPLY 

Big Creek Supply. Engineers of the Bureau of Reclamation have analyzed 
the yield of the reservoir and have estimated that it would supply 
about 29 percent of the total water requirement of the City of Hays in 
the year 2020. The following table, taken from a feasibility report1 

by the Regional Director of the Bureau of Reclamation, summarizes 
their plan for a water supply for Hays to the year 2020: 

TABLE 6 

HAYS WATER SUPPLY WITH PROJECT DEVELOPMENT 

Source 

Round Mound Reservoir storage 
Round Mound Reservoir seepage 
Big Creek pick-up below dam 
Big Creek well field, sustained yield 
Smoky Hill well field, sustained yield 

Total Water Supply 

Potentially 
Available 

(acre-feet)* 

1,600 
2,000 

10,300 
1,100 
4,700 

19,700 

*Average annual amounts for study period, 1919-1961. 

Amount 
Supplied 

(acre-feet) 

1,400 
1,800 
2,700 

800 
3,400 

10,100 

Water supplied by Round Mound Reservoir would probably be of better 
quality than the other sources available to Hays and, after the required 
initial installations, would probably be a more economical source than 
any other source. It could therefore be reasonably expected that Hays 
would use the surface water available in Big Creek to its maximum extent. 

Smoky Hill River Supply. Round Mound Reservoir would contribute an 
estimated 3,200 acre-feet to the annual supply required at Hays, as 
shown in the section on the Big Creek supply. It is possible that, if 
the reservoir is not installed, Hays would have to make up this defi
ciency in their future supply by further development of well fields 
or a surface supply along the Smoky Hill River. Therefore, Round Mound 
Reservoir could reduce the potential competition for Smoky Hill River 
water by 3,200 acre-feet per year. 

1"Report on the Ellis Unit, Kansas, Smoky Hill Division, Missouri 
River Basin Project", Volume 1, November 1964, page 24. 
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PIPELINE, PFEIFER TO RUSSELL 

The stream losses in the Big Creek channel could be eliminated by the 
construction of a pipeline connecting the Pfeifer station with the Big 
Creek station. 

The Big Creek station will probably continue to be used in the future 
to the extent that water is adequate in quality and quantity from the 
Big Creek source, and the Pfeifer source used only in a supplementary 
way. The total cost of pumping and treating water from Big Creek will 
be lower than that of any other available source to the southwest of 
Russell. 

The design of a pipeline from Pfeifer to Big Creek, however, should 
take into consideration that Pfeifer may have to be a primary and not 
a supplementary source. Therefore, such a pipeline should be designed 
for the maximum capacity required for 2020, even though that magnitude 
of flow may not be available at the Pfeifer station, in which event it 
would then be necessary to seek additional groundwater further west, 
or even extend a pipeline to Cedar Bluff Reservoir. If Pfeifer is 
considered as a primary source, a new pipeline will be needed between 
Big Creek and Russell. 

The optimum pipeline size is 24-inch for pumping the entire maximum 
2020 daily demand of 7.5 mgd or 5,200 gpm from Pfeifer to Russell with 
the assistance of the Big Creek Station as a booster. This pipeline 
is good for an average pumping rate of 5.0 mgd or 3,470 gpm from the 
Pfeifer Station straight through the Big Creek station without assist
ance. Pumping 12 hours per day, this rate would deliver more than 
enough water to Russell in a normal rainfall year through the year 2020. 
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ESTIMATE OF COST 

A. 

B. 

SMOKY HILL RIVER AT PFEIFER 

Primary Source: 
Standby Source: 

Smoky Hill River Streamflow 
Smoky Hill River Groundwater 

CONSTRUCTION COST 

Part I. Well Field 

18 Wells 
Collection Pipelines; 12", 10" and 8" 

Total Estimated 'Construction Cost, Part 1 

Part 2, Supply Line from Big Creek to Russell 

Supply Line, 24" x 37 ,650' 
Big Creek Pumping Station Revisions 

Total Estimated Construction Cost, Part 2 

Part 3. Supply Line from Pfeifer to Big Creek 

Supply Line, 24" x 71,750' 
Pfeifer Pumping Station Revisions 

Total Estimated Construction Cost, Part 3 

SUMMARY OF CONSTRUCTION COSTS 

Part 1 
Part 2 
Part 3 

$767,000 
815,650 

1,536,750 

Total Estimated Construction Cost $3,119,400 

PROJECT COST 

Part 1. Well Field 

Construction 
Land Acquisition 
Administration, Engineering and Legal 

Total Estimated Project Cost, Part 1 
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$270,000 
497,000 

$767,000 

$790,650 
25,000 

$815,650 

$1,506,750 
30,000 

$1,536,750 

$767,()00 
80,000 
92,000 

$939,000 



Part 2. Supply Line from Big Creek to Russell 

Construction 
Land Acquisition 
Administration, Engineering and Legal 

Total Estimated Project Cost, Part 2 

Part 3. Supply Line from Pfeifer to Big Creek 

c. 

Construction 
Land Acquisition 
Administration, Engineering and Legal 

Total Estimated Project Cost, Part 3 

Part 1 
Part 2 
Part 3 

SUMMARY OF PROJECT COSTS 

Total Estimated Project Cost 

OPERATION COST (AbiNUAL AVERAGE) 

Maintenance 
Pumping 
Storage Fee 

Total Estimated Operation' Cost, An:mial 

D. AVERAGE ANNUAL COST 

Fixed Costs 
Operation Cost 

Total Estimated Average Annual Cost 

GROWm WATER AT PFEIFER 

$939,000 
914,000 

1,733,000 

$3,586,000 

$815,650 
None 
98,350 

$914,000 

$1~536,750 
12,000 

184,250 

$1,733,000 

$ s,ooo 
13,500 

8,900 

$27,400 

$156,000 
27,400 

$183,400 

The facilities for collecting groundwater at Pfeifer, as mentioned pre
viously, consist of three 12-inch by lOO~foot perforated pipes on 
bedrock leading into the wet· well. The wet well is located on the north 
bank of the river. There is a system of sheet piling, driven into 
bedrock and extending beneath the diversion dam south to the south 
edge of the valley aquifer. This system serves to divert the under• 
flow north around the end of the sheet piling, where a large portion 
of it can be intercepted by the underdrain system. 
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History of Ground Water Supply at Pfeifer. There have been no recorded 
long term tests from the ground water at the Pfeifer station. It has 
been reported that slightly over 14 million gallons of ground water 
were pumped during 1960 but there are no details as to the period of 
continuous pumping. 

In May 1955, during a capacity check of the Pfeifer pumps, the flow 
from the river was shut off and water was removed from the aquifer at 
the rate of approximately 2,500 gpm for several hours. No change in 
the pumping level occurred during that period. 

Reliable information regarding the capabilities of the ground water 
source at the Pfeifer pump station could be obtained only from an 
extended test. It would seem advisable to have this information and, 
therefore, such a pump test is recommended. 

In September 1953, a rather limited amount of exploratory drilling was 
done along the Smoky Hill River Valley in Section 25, T 15 S, R 17 W. 
This was done in order to compare costs of developing wells in the area 
with the cost of constructing an infiltration gallery at the wet well 
in the Pfeifer station. 

The complete results of these tests are unavailable at this time, but 
the project records show that some of the locations tested were thought 
capable of producing water at the rate of 300 to 350 gpm. The total 
extent of the valley aquifer was not determined during the exploratory 
phase. 

During construction of the wet well and installation of the infiltration 
gallery, it was necessary for the contractor to dewater the excavation 
at the continuous rate of approximately 3,500 gpm. It was during this 
period that the City recovered the water removed from the excavation 
and pumped it to Big Creek at the rate of approximately 3,000 gpm. 
This was done for a period of nearly two months. There was no flow 
in the Smoky Hill River during that period. 

At the present time, one can only estimate the amount of ground water 
that could be obtained from the Pfeifer station. On the basis of the 
information available, however, it would appear that the Pfeifer station 
could maintain a continuous pumping rate of 2.2 mgd from May to October 
when there was no flow in the Smoky Hill River, and that an additional 
1 mgd could be obtained from about three wells within ~mile of the 
station. 

Estimated Maximum Capacity of Infiltration Gallery. Through the 
period from May through September, it is estimated that 489 million 
gallons (1, 500 acre-feet), of water could be obtained from the ground 
water supply in the vicinity of the Pfeifer station, with no flow in 
the Smoky Hill River. 
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Ground Water Quality. The following is a chemical analysis of water 
taken from a test hole immediately south of the Pfeifer. bti_dge (all 
figures in milligrams per liter): 

Calcium 
Magnesium 
Sodium 
Bicarbonate 

174 
28 
52 

292 

Sulfate 
Chloride 
Flunride 
Nitrate 

TotalDissolved Solids 791 

Total Hardness (as CaC03) 
Carbonate Hardness 

Non-Carbonate Hardness 

549 
240 

309 

345 
44 

o.s 
1.3 

Aside from excessive hardness, the analysis indicates the water is of 
acceptable quality. The hardness can, of course, be reduced by the 
City's water treatment plant. 

GROUND WATER UPSTREAM FROM PFEIFER 

Although no detailed ground water explorations have been made along the 
Smoky Hill Valley upstream from Pfeifer, except for that conducted by 
the City of Hays in the vicinity of Schoenchen, there are undoubtedly 
other areas along the river where suitable supplies of ground water may 
be obtained. 

The unconsolidated formations are not extensive, nor is the saturated 
thickness very deep, but it may be expected that rather limited well 
fields capable of producing from 250 to 350 gpm per well could be 
developed. The water quality should be similar to that found at Pfeifer. 

Development costs for sources would be rather expensive, because quite 
a number of wells, well houses, pumps, motors, collecting lines and power 
lines would be required. In addition~,a pipeline would have to be 
constructed from the well field at least to Pfeifer and a power line 
would have to be constructed. Pumping costs, because of the added 
length of pipeline, would also be rather high. 

CEDAR BLUFF RESERVOIR 

Utilization of water directly from Cedar Bluff Reservoir could be the 
best solution to Russell's long-range water problem. There are, however, 
many factors .involved in the development of this source that need to 
be conisdered. The reservoir could probably furnish the City with the 
best quality water of any of the sources studied in this report. This 
would be true if the water were conveyed all the way to Russell in a 
closed conduit. 

Environmental Health Services of the State Department of Health estimate 
that, over the long range, water quality in Cedar Bluff Reservoir will 
vary within the following limits (all figures in miligrams per liter): 
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Minimum 
Maximum 

Total 
Solids 

600 
700 

Chloride 

19 
22 

Sulfate 

250 
300 

Sodium 

30 
40 

Total 
Hardness 

350 
425 

At the present time Russell's water allocation from Cedar Bluff is only 
2t000 acre-feet per year; W'he-reasRussell'stotal 2020 requirement is 
3,000 acre-feet per year. The Cedar Bluff storage has now all been 
allocated. For Russell to obtain an increase, it would have to condemn 
and acquire existing rights now allocated to the Irrigation District 
or to the Fish Hatchery. 

Gravity Pipeline. The transmission of water from Cedar Bluff to 
Russell by gravity pipeline will be discussed first. 

The conservation level at Cedar Bluff is at elevation 2,144. The 
minimum elevation from which water can be taken from the reservoir is 
elevation 2,095. This is some 261 feet above the Russell water plant. 
It would be possible, therefore, to conveywater by gravity pipeline from 
Cedar Bluff to Russell. In calculating the size of a gravity pipelin~, 
however, it will be assumed that the hydraulic gradient at Cedar Bluff 
will be 2,100 and the hydraulic gradient at the entry to the plant 
will be 1,850, allowing 250 feet of loss in pipeline friction. 

There is a promontory south of Hays and another about 3~ miles from 
Russell which will prevent using a straight line hydraulic gradient 
between the ends of the pipeline. 

The total length of the pipeline is approximately 53.4 miles. 

Hydraulic calculations indicate that a pipeline designed to transmit 
water by gravity to Russell from Cedar Bluff·at the maximum rate of 5,200 
gpm must be sized as follows: 

The first 23.5 miles 36-inch 

The next 26.5 miles 30-inch 

The last 3.4 miles 24-inch 
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A. 

ESTIMATE OF COST 
GRAVITY PIPELINE, CEDAR BLUFF TO RUSSELL 

CONSTRUCTION COST 

Pipeline, 124,080 feet of 36-inch; 139,920 feet 
of 30-inch; and 18,000::feet of 24-inch 

Total Estimated Construction Cost 

B. PROJECT COST 

c. 

Construction Cost 
Non-Construction Cost 

Total Estimated Project Cost 

AVERAGE. lNNUAL COST 

Fixed Charges @ 5% 
Storage Fee, ~,000 A~re~eeet 
Storage Purchase 1, 000 Acre..,feet @ ,$ 7. 00 
Operation and Maintenance 

Total Estimated Average Annual Cost 

$8,l10,520 

$8,l10,520 

$8, llO, 520 
889,480 

$9,000,000 

$ 450,000 
1,92(.) 
7,000 
6,000 

$ 464,920 

Pressure Pipeline. It has been determined that the optimum size for 
a pressure pipeline to transmit 7.5 mgd or 5,200 gpm from Cedar Bluff 
Reservoir directly to Russell is 24-inch. The following estimate 
includes the costs of two sections of the supply line as well as the 
cost of a high-service pumping station at the dam and revisions to the 
pumping facilities at Big Creek to be used only.'for maximum daily 
demands. 
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ESTIMATE OF COST 
PRESSURE PIPELINE DIRECTLY FROM CEDAR BLUFF RESERVOIR TO RUSSELL 

Primary Source: Cedar Bluff Reservoir 
Standby Source: None 

A. CONSTRUCTION COST 

B. 

Part 1. Supply Line from Pfeifer to Russell 

Supply Line, 24" x 109,400' 
Big Creek Pump Revisions 

Total Estimated Construction Cost, Part 1 

Part 2. Supply Line from Cedar Bluff to Pfeifer 

Supply Line, 24" x 172,600' 
High Service Pumping Station at Dam 

Total Estimated Construction Cost, Part 2 

SUMMARY OF CONSTRUCTION COSTS 

$2,297,400 
25,000 

$2,322,400 

$3,624,600 
100,000 

$3,724,600 

Part 1 
Part 2 

$2,322,400 
3' 724,600 

Total Estimated Construction Cost 

PROJECT COST 

Part 1. Supply Line from Pfeifer to Russell 

Construction 
Land Acquisition 
Administration, Engineering and Legal 

Total Estimated Project Cost, Part 1 

$6,047,000 

$2,322,400 
.12,000 
277 '600 

$2,612,000 

Part 2. Supply Line from Cedar Bluff to Pfeifer 

Construct ion 
Land Acquisition 
Administration, Engineering and Legal 

Total Estimated Project Cost, Part 2 
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$3,724,600 
29,400 

447,000 

$4,201,000 



c. 

D. 

Part 1 
Part 2 

SUMMARY OF PROJECT COST 

Total Estimated Project Cost 

OPERATION COST (ANNUAL AVERAGE) 

$2,612,000 
4,201,000 

$6,813,000 

Maintenance $ 8,000 
6,300 
8,900 

Pumping 
Storage Fee 

Total Estimated Operation Cost, Annual $ 23,200 

AVERAGE ANNUAL COST 

Fixed Cost 
Operation Cost 

Total Estimated Average Annual Cost 

so 

$ 302,400 
23,200 

$ 325,600 
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FOSSIL CREEK RESERVOIR 

PRESENT FOSSIL CREEK LAKE 

The dam at the present lake was constructed over 50 years ago. The 
original capacity of the lake is estimated to have been approximately 
500 acre-feet. This had been reduced to 300 acre-feet in 1942. Silting 
since that time has reduced it to an estimated surface area of 40 acres 
and a volume of 140 acre-feet with an average depth at spillway level 
of some 3~ feet. The drainage area of 10,000 acres above this site 
can be expected to yield approximately 900 acre-feet of water during a 
normal year and 200 acre-feet in a dry year. The limited storage 
remaining results in the greater portion of the water going over the 
spillway in a normal year. The yield in dry years is not sufficient 
to maintain the lake at spillway level. Only the most fortunate 
spacing of summer rainfall would prevent a completely dry lake bed in 
these years as the net evaporation will exceed the present water depth 
at spillway level. Thus, this site can no longer be considered as a 
source of municipal water supply and it is, in fact, of doubtful value 
for recreational purposes. 

The masonry spillway weir and concrete wing walls have been repaired 
several times and they have now reached a state of deterioration where 
their repair would more correctly be described as rebuilding this 
structure. The Wilson & Company report of 1942 recommended removal of 
the upper portion of the masonry and its replacement with a concrete 
crest together with an upstream curtain wall. The present condition 
of the structure is such that the concrete wing walls should be replaced 
and the masonry weir can no longer be considered as stable against 
sliding along one or more of the various planes of weakness which have 
developed. The repair of this structure would now entail replacement 
of the concrete wing walls and encasement of the masonry weir in concrete 
of sufficient mass to provide stability against sliding. Only enough 
masonry would be removed from the crest to permit placement of the 
concrete and the mass of masonry would be utilized to prevent overturn
ing. The riprap should be repaired and the slopes of the dam should 
be dressed and cleared of trees and brush. Trees growing in an earth 
dam are a definite hazard as the decaying root system provides an easy 
entrance for water into the fill after the tree has died. Another 
minor item is the entrance road which should be repaired. 

The estimated cost of the above described construction is as follows: 
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REHABILITATION OF EXISTING FOSSIL CREEK LAKE DAM 

Item 
No. Description 

1. Remove Existing Concrete 
and Masonry 

2. Earth Excavation 
3. Shale Excavation 
4. New Concrete Including Steel 
5. Compacted Earth Fill 
6. Dewater 
7. Repair Riprap, Dress Dam Slope, 

Etc. 
8. Miscellaneous and Contingent 

Total Construction Cost 

2uantity 

600 
200 
500 

1,300 
500 

Legal, Engineering and Supervision 

Total Estimated Project Cost 

Surface Area at Spillway Level = 40 Acres 

Unit 

C.Y. $ 
C.Y. 
C.Y. 
C.Y. 
C.Y. 
L.S. 

L.S. 
L.S. 

Construction Cost Per Surface Acre = $153 , 000 = $3,825 
40 

Capacity at Spillway Level = 140 Acre-Feet 

Construction Cost Per Acre-Foot = $153,000 = $1,093 
140 

FOSSIL CREEK LAKE SITE NO. 2 

Unit 
Price 

2.50 
2.00 
5.00 

80.00 
1.00 

$ 

Amount 

1,500,00 
400.00 

2,500.00 
104,000.00 

500.00 
15,000.00 

15,000.00 
14,100.00 

$153,000.00 
30,000.00 

$183,000.00 

Examination of Fossil Creek shows that, from surface indications, a dam 
can be constructed at a site approximately 1/3 mile downstream from 
the present site. The presence of shale in the bed of the stream at 
the site of the present dam indicates that favorable foundation condi
tions should also be present at the site under discussion, but soundings 
would be required to verify this and determine its exact condition. 

Construction of a dam at this site with the water level at the same 
elevation as in the present lake would produce a lake with a surface 
area of 80 acres, a capacity of 720 acre-feet and an average depth of 
9 feet. The drainage area at this location can be expected to yield 
approximately 950 acre-feet of water in a normal year but not over 210 
acre-feet in dry years. As in the case of the present lake, there would 
be some spillway flow in normal years but in ~ry years the loss from 
evaporation would exceed the expected yield and the lake would recede. 
Most of the area above the present dam would be lost during the first 
year but because of reduced surface area the evaporation loss would not 
be so great in succeeding dry years. The yield from the drainage area and 
the capacity of the lake at the site are not large enough to be of value 
as a source of municipal water supply and it should be considered only 
for its recreational value. The dam at this location would run approxi
mately north and south just east of the deadend public road running north 
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approximately 1/3 mile east of the present lake. The dam would be of 
rolled earth with a core trench extending to shale or other impervious 
formations in the foundation. The spillway would be concrete, of 
the open type. The drainage area is too large in comparison to the 
storage above spillway level to permit use of the cheaper drop inlet 
type spillway which is now being used on many flood control projects. 
An outlet works consisting of a pipe controlled by a valve would be 
provided to permit draining the lake should that become necessary. 
The existing dam should be left in place during construction to provide 
a measure of flood protection, and should be left in place after 
completion of a new dam to provide a basin where a considerable amount 
of silt will be trapped and prevented from entering the new reservoir. 

A .portion of the public road on the ~ section line in Section 2-14-14 
would be inundated. This would require that the road be elevated or 
abandoned. 

The estimated cost of the above described construction is as follows: 

Item 
No. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

FOSSIL CREEK LAKE 
SITE NO .. 2 

l/3 Mile Downstream from 
Present Lake (Section 2-14-14) 

Description Quantity 

Rolled Earth Fill 95,000 
Core Trench Excavation 16,000 
Spillway Structure 
Rip rap 12,500 
Outlet Works 
Roadwork 
Miscellaneous and Contingent 

Total Estimated Construction Cost 
Land, 120 Acres @ $300 
Legal, Engineering and Supervision 

Total Estimated Project Cost 

Unit 

C. Y. 
C.Y. 
L.S. 
s.Y. 
L.S. 
L.S. 
L.S. 

Unit 
Price 

$ 0.40 
o.so 

4.00 

Surface Area at Spillway Level = 80 Acres 

$221,000 
Construction Cost Per SUrface Acre = 80 = $2,763 

Capacity at Spillway Level= 720 Acre·Feet 

$221,000 
Construction Cost Per Acre-Foot = 720 = $307 

Amount 

$ 38,000.00 
8,000.00 

80,000.00 
50,000.00 
15,000.00 
10,000.00 
20,000.00 

$221,000.00 
36,000.00 
45,000.00 

$302,000.00 



FOSSIL CREEK LAKE SITE NO. 3 

The third location on Fossil Creek where topography and surface condi
tions indicate a desirable damsite is approximately 500 feet north of 
the line between Sections 12 and 13, Township 14 South, Range 14 West, 
approximately 1~ miles downstream from the present lake. The valley 
of Fossil Creek becomes much wider immediately south of the site. 
Upstream, the location of Interstate Highway No. 70 seriously restricts 
the capacity at any other location farther north. Soundings will be 
required to verify foundation conditions at this site. 

Construction of a dam at this site with nonnal water level at elevation 
1,780, the highest elevation which can be used without encroaching on 
Interstate Highway No. 70, would produce a lake with a surface area of 
230 acres, a capacity of 2,650 acre-feet and an average depth of 11~ 
feet. The drainage area of 17,400 acres above this location can be 
expected to yield 1,550 acre-feet of water in nonnal years and approxi
mately 350 acre-feet in dry years. The lake would then recede to 
approximately 120 surface acres and 900 acre-feet of storage in three 
successive dry years. The loss would become progressively less in 
succeeding dry yea~s as the area for evaporation was reduced. It can 
thus be seen that the site is not of sufficient value for water supply 
but should be considered only for its recreational value. 

The effluent from the Russell sewage disposal plant is presently dis
charged into the east fork of Fossil Creek, which joins the west fork 
near the north line of the section. The presence of this sewage in the 
lake water would be objectionable at all times and in dry periods it 
would render it entirely unsuitable for recreational purposes. The 
estimate of cost for this project includes an extension of the sanitary 
sewer outfall from the plant to carry the sewage to a point downstream 
from the dam where it would be discharged. 

The dam would be rolled earth fill with a core trench extending to 
shale or other impervious material. An outlet works consisting of a 
pipe controlled by a valve would be provided to pennit draining the 
lake should that become necessary. The spillway would be concrete, 
of the open type. Lack of sufficient lake storage for use of a drop 
inlet again prevents its use at this site. 

A county road on the line between Sections 1 and 12 and Sections 2 and 
11 would be inundated at two points. This would require that the road 
be elevated above high water or abandoned. 

The estimated cost of the above described construction is as follows: 
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Item 
No. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 

FOSSIL CREEK LAKE 
SITE NO. 3 

1~ Mile Downstream from 
Present Lake (Section 12-14-14) 

Description Quantity 

Rolled Earth Fill 387,900 
Core Trench Excavation 30,000 
Spillway Structure 
Rip rap 17,000 
Outlet lfjrks 
Sewer Outfall Bypass 18,000 
Roadwork (Public Road 

and Lake Road) 
Miscellaneous and Contingent 

Total Estimated Construction Cost 
Land, 700 Acres @ $200 
Legal, Engineering and Supervision 

Total Estimated Project Cost 

Unit 

C. Y. 
C. Y. 
L.S. 
S. Y. 
L.S. 
L.F • 

L, S. 
.,. " l...!.0. 

Surface Area at Spillway Level = 230 Acres 

Unit 
Price 

$ 0.40 
0.50 

4.00 

16.00 

Construction Cost Per Surface Acre = $760,000 
230 = $3,304 

Capacity at Spillway Level = 2, 650 Acre··Feet 

$760,000 
Construction Cost Per Acre~Foot = 2, 650 = $287 

DISCUSSION OF THREE FOSSIL CREEK LAKE SITES 

Amount 

$154,800.00 
15,000.00 

105,000.00 
68,000.00 
20,000.00 

288,000.00 

40,000.00 
69,200.00 

$760,000.00 
140,000.00 
90,000.00 

$990,000.00 

Present Fossil Creek Lake. Any money spent on the present Fossil Creek 
Lake for water supply, except in the sense of standby use for short 
periods during emergencies, is money wasted. With the lake maintained 
at approximate spillway level by pumping from auxiliary supply, the 
140 acre-foot capacity of the lake could be expected to provide emer
gency supply at the rate of 2.0 mgd for about 16 days. The maximum 
rate of pumping of the present pumping facilities is 1.15 mgd which, 
with the present 0.9 million gallons of elevated storage, would cover 
the emergency for one day at the present maximum demand rates. Until 
such time that a second supply line is constructed to the Big Creek 
facility, it would appear prudent to repair and reconnect the present 
8-inch supply main from Fossil Creek Pumping Station to the treatment 
plant. 
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Fossil Creek Lake Site No. 2. The analysis presented in the Wilson & 
Company 1944 report shows that the evaporation losses would increase 
due to additional surface area, but that the additional volume afforded 
by Site No. 2 over the present lake site volume would about triple. 
Today, with the additional silt deposits in the present lake, the 
indicated volume at Site No. 2 would be more than five times that of 
the present lake. However, as shown in the following tabulation, the 
lake level on Site No. 2 would be more difficult to maintain by some 
75 million gallons pumped from another source in a dry year. 

TABLE 7 

ANALYSIS OF FOSSIL CREEK STORAGE 

A. PHYSICAL DATA 

Drainage Area 
Area 
Capacity 
Silt Deposit, 1944-1966 
Projected Capacity, 1985 

Present Site With Addition of Site No. 2 

10,000 Acres 
40 Acres 
46 Million Gallons 
7.1 Acre-Feet/Year 
2 Million Gallons 

l0,500 Acres 
80 Acres 
235 Million Gallons 

190 Million Gallons 

B. ANNUAL YIELD FROM DRAINAGE AREA 

Present Lake 
(All Figures in Millions of Gallons) 

Normal Year 

Total Yield 
Losses from Evaporation 

290 
(3. 5 f) 46 

Net Yield* 244 

With Addition of Site No. 2 
(All Figures in Millions of Gallons) 

Total Yield 
Losses from Evaporation 

310 
(3.5') 92 

Net Yield* 218 

Minimum Year 

65 
< 6. o•) 78 

-13 

68 
(6.0') 156 

-88 

*These figures are inexact in that no doubt a large portion of the net 
·. yield will be lost over the spillway due to limited storage capacity. 
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C. POTENTIAL USE FOR WATER SUPPLY 

Lake full at start and no auxiliary supply, all figures in millions of 
gallons. 

Maximum Daily Demand 
Maximum Daily Loss 

Total Daily Draft 

Days Supply 

Present Site 
1967 1985 

2.0 
0.9 

2.9 

*16 

Silted 
Full 

With Site No. 2 
1967 1985 

2.0 
1.8 

3.8 

61 

4.8 
0.9 

5.7 

33 

*With present pumping facilities, having a capacity of 1.15 mgd, 
the period of supply would increase to 22 days under restricted 
use. 

Fossil Creek LakE! Site No. 3. This lake site is the least expensive 
per acre-foot of water stored when compared with either of the other 
two Fossil Creek Lake sites. Attendant with its construction are 
three drawbacks which should be discussed in detail. 

1. Lack of Drainage Area. The ratio of drainage area to surface 
area is such that the lake will not support itself during a series of 
dry years. Evaporation alone will deplete the lake to about one-third 
of its full volume in three successive dry years. Pumping usable water 
for 45 days in a dry year from Smoky Hill River, using present facili
ties, would amount to an auxiliary supply of 164. acre-feet per year or 
54 million gallons per year. It would be possible to pump from the 
Big Creek surface water supply 100 days out of the year when excess 
water is available. Using the present smaller pump at Big Creek and 
utilizing the existing 8-inch supply line to Fossil Creek, it is esti
mated 500 gpm can be delivered as an additional auxiliary supply. 
This would amount to 221 acre-feet per year or 72 million gallons per 
year; making a total of 285 acre-feet or 126 million gallons annual 
auxiliary supply from two sources. Using this auxiliary pumping supply 
in addition to the natural run-off, the lake would recede to approxi
mately 135 surface acres and 1,125 acre-feet of storage during 5 con
secutive dry years. This amount of storage represents approximately 
one year's annual usage or 367 million gallons after having pumped 
1.7 times that amount into the lake to bolster the lake level. 

2. Sewage Disposal Effluent. The present estimate of cost 
includes $288,000 for a sewer outfall gravity line to bypass the lake 
site and discharge into Fossil Creek below the dam. This is a necessity 
if this lake is to be built. Chlorides, nitrates, phosphates, b-coli 
and other minerals and harmful germs would build up in the lake if 
sewage were allowed to remain in the stream flow. Algae and other 
scum would become quite prevalent. The potential capacity of the 
sewage treatment plant is 1.0 mgd. Even though a part of the effluent 
is being pumped to irrigate the golf course, it is not pumped every 
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day of the year, and the effluent from those days of nonpumping would 
soon pollute the lake water. Without the sewage bypass, the lake 
would soon become unsuitable for water supply or recreation. 

3. Water Supply Intake and Pumping Facilities. It would be 
necessary to construct a tower intake in the lake near the west shore 
some 1,000 feet upstream from the dam. A pumping station, similar to 
the one at Big Creek, would be called for on the west bank opposite 
the intake tower. Pumps from this station would deliver water to the 
treatment plant through 16,000 feet of 12-inch pressure supply line. 
If this lake site is to be considered as a water supply source, the 
cost of these facilities in addition to the construction cost of the 
dam would be $200,000. 

RECOMMENDATIONS ON THREE FOSSIL CREEK lAKE SITES 

Present Fossil Creek Lake Site. It is recommended that the present 
lake site be left in its present condition. It is further recommended 
that the existing 8-inch supply main be repaired and reconnected under 
Highway 281 and under Interstate Highway No. 70 in order to have a 
short term stand-by for emergency water supply. 

Fossil Creek Lake Site No. 2. If it pleases the Governing Body to 
develop Fossil Creek further as a recreation facility, it is recommended 
that Site No. 2 be developed. This site is near the city and can be 
combined with present recreation facilities for relatively less expendi
ture than Site No. 3. As a short term emergency water supply, this 
lake will afford better protection than will the present lake site. 
Still better protection could be had by replacing the present pumps 
with larger pumps and replacing the present 8-inch supply main with 
8,000 feet of 10-inch main. This work could be accomplished for 
approximately $80,000. In this way, the present supply possibilities 
could be almost doubled. 

Fossil Creek Lake Site No~ 3. This site is not recommended at the 
present time. It would make an· excellent recreation facility, but its 
value as a water supply source in dry periods is not worth the extra 
cost of providing an intake tower, pumps and transmission line. A 
firm water supply facility is only as good as its ability to provide 
water in ample quantities duri.ng periods of maximum demand. 
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SALINE RIVER VALLEY 

Very little precise dataareavailable regarding groundwater in the 
alluvial deposits of the Saline River, but enough is known in a general 
form to guide a judgment as to the potential supply value of the 
valley's aquifers. The wells in the river alluvium that have been 
tested indicate a satisfactory quality of water available at some 
locations. However, the existing wells are low production, shallow 
wells used only for domestic or stock use on farms, and their operation 
does not appreciably affect the normal groundwater migration toward 
the river channel. The sustained large draft that would be 
necessary for a municipal supply would almost certainly draw the 
brackish river water into the aquifer, even if an aquifer could be 
located that would supply the required demand. Considerations of 
the quantity and quality of groundwater supplies likely to be found 
in the Saline River Valley do not indicate that a feasible municipal 
supply could be developed. 
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WILSON RESERVOIR SURFACE SUPPLY 

GENERAL 

Investigations of the Wilson Reservoir consisted of studies of the area 
topographic maps to determine the possible routing and cost of a 
transmission pipeline from the reservoir to Russell, and costs of 
pumping water to the city. Detailed investigations of the probable 
quality of the water were also made. 

QUANTITY OF WATER AVAILABLE 

Studies of the reservoir operation show that storage will be available 
at Wilson Reservoir in adequate amounts to furnish the water demands 
of Russell to the year 2020 and beyond. The availability of water from 
Wilson Reservoir does not appear to be much of a problem and therefore 
will not be discussed in detail< in this report. 

PUMPING AND TRANSMISSION 

Water could be diverted from Wilson Reservoir at or below the dam or 
upstream from the dam a considerable distance depending on the location 
of a suitable intake site. The routing of a pipeline from the dam 
site would require about 26 miles of supply pipeline. It would be 
much more economical to locate the intake upstream. An intake could 
be constructed about midway on the south shore of the reservoir and 
the pipeline extended from there south about four miles, thence west 
to the water treatme.nt plant, a total length of about 103,500 feet 
(19.6 miles). Economical design of the pipeline would require one 
booster station. 

WATER QUALITY 

The water being stored in Wilson Reservoir is of rather poor quality 
at the present time because it contains excessive amounts of 
chlorides. The concentrations vary over the reservoir area but all 
appear to be too high to merit consideration of the source for a 
municipal water supply. 

The water quality inthe reservoir and in the stream discharges above 
and below the reservoir is now the subject of an intensive study by 
the Corps of Engineers, Bureau of Reclamation, Geological Survey and 
the Federal Water Pollution Control Administration. The results of 
parts of the study so far completed are reported in the "Investigation 
of Water Quality, Wilson Reservoir, 1964 through June 1966", published 
by the Department of the Army, Kansas City District, Corps of Engineers. 
This report contains both thepre-impoundment survey and the post-impound
ment survey. At one point in the pre-impoundment survey, the statement 
is made that "The water entering the reservoir contains 30% sea water, 
the water in the reservoir now contains 20% sea water, while the dis
charge contains 14% sea water". 
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The individuals who have been connected with the pre- and post-impound
ment surveys give the impression that a long period of study will be 
required before the range of water quality characteristics can be 
documented or predicted. 

RECOMMENDATION 

It is recommended that a decision as to whether or not Wilson Reservoir 
should be considered as a primary source of water supply for Russell 
be deferred until the Government investigators can reach a definite 
conclusion regarding the quality of water available from that source. 
At the present time, the prospects do not appear too optimistic. 

The expense of source development, pumping and transmission is extremely 
high in comparison to the cost of development or expansion of other 
sources. 
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LANDON CREEK SURFACE SUPPLY 

A potential damsite was located on Landon Creek approximately 3 miles 
upstream from the creek's confluence with the Smoky Hill River. The 
topography,and geology of this site are favorable for the construction 
of a dam that would produce a large reservoir in the valley, extending 
nearly to the t·own of Milberger. However, hydrologic studies indicate 
that the 44 square miles of drainage area would not yield enough runoff. 
to support such a reservoir even with average rainfall. Because ground
water contribution at this location is negligible, any reservoir at 
this site would fail completely during periods of deficient rainfall, 
andwould, therefore, be useless as a water supply. 
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CEDAR CREEK SURFACE SUPPLY 

Cedar Creek, east of Russell, was investigated to determine the 
feasibility of installing a reservoir for water supply. A potential 
damsite in Section 22, Tl3S, Rl3W was examined, and the Dakota Formation 
was identified in outcrops nearly 40 feet above the stream bed at the 
damsite. A reservoir at this location would have a contributing 
drainage area of less than 15 square miles and would be situated almost 
entirely in the Dakota sandstones. Runoff from the drainage area 
would barely replace evaporation losses during periods of normal 
precipitation and the seepage losses through the sandstone would make 
the reservoir unsupportable except at times when runoff was well 
above normal. A reservoir at this location or at a point further 
downstream would be deeply embedded in the Dakota Formation, and would 
probably yield brackish water. There is apparently no practical 
location on Cedar Creek for a municipal water supply reservoir. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PARADISE CREEK SURFACE SUPPLY 

RESERVOIR 

A number of potential damsites are apparent along Paradise Creek, but 
the streambed is situated in the Dakota FOrmation from about U.S. 
Highway 281 bridge crossing to its confluence with the Saline River. 
The stream valley above the town of Paradise is occupied by the Union 
Pacific Railroad, the necessary relocation of which would make the 
cost of constructing a reservoir prohibitive upstream from Paradise. 
It appears that a suitable reservoir could be constructed by damming 
the creek about ~mile west of U.S. Highway 281. Water would be 
backed to the south side of the town of Paradise, and detailed study 
might indicate the necessity for flood protection works for the town 
in conjunction with the reservoir. At the upper level of the conserva
tion pool, the reservoir would have a surface area of about 1,800 acres, 
a gross storage of about 36,000 acre-feet and an average depth of 
nearly 20 feet. Nearly four square miles of land would have to be 
acquired for the reservoir, a large portion of which would be rather 
valuable bottom land. 

RESERVOIR YIELD 

The 212 square miles of drainage area above this site can be expected 
to support the reservoir except during periods of extreme and prolonged 
drought. If a drought similar to that from 1952 to 1956 should occur 
when Russell's consumption is about 3,000 acre-feet per year, as pro
jected for the year 2020, the supply would probably fail in the fourth 
year unless an effective means were employed to retard evaporation 
from the reservoir. The quantity of water that would be available at 
this source is sufficient as a prime supply for Russell as long as a 
firm emergency supply was available. 

QUALITY OF SUPPLY 

Streamflow in Paradise Creek becomes quite salty east of U.S. Highway 
281 where it comes in contact with the Dakota Formation and receives 
groundwater discharge which is high in chloride concentration. West 
of U.S. Highway 281, the streambed is in the Graneros and Greenhorn 
Formations, and the chloride content is relatively low. Dry weather 
flows in the stream consist primarily of water that has seeped through 
the chalky Greenhorn and Carlisle Formations, and has become rather 
highly mineralized, but does not contain salt in the objectionable 
quantities found below the dam site. However, this relatively hard 
water represents only a small portion of the average yield of the 
watershed, and is not indicative of the quality of the water that 
would be impounded in a large reservoir. 

On the basis of the limited tests available at this time, it would 
appear that over a long term the reservoir might average about 300 
to 400 mg/1 total dissolved solids, 200 to 300 mg/1 carbonate hardness, 
75 to 150 mg/1 non-carbonate hardness, and 10 to 30 mg/1 chloride, 
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with a specific conductance of 500 to 7.00 micromhos. The concentrations 
of all dissolved solids will be higher during sustained dry periods, 
and lower during periods of above normal flow in the stream. Water 
of the quality expected at this reservoir site would require only 
conventional softening and treatment. 

TRANSMISSION 

Water from the reservoir would be pumped from the dam through a pressure 
pipeline along the west side of U.S. 281 to the treatment plant, with 
a booster pumping station south of the Saline River. The total pipe
line length would be about 13.5 miles, and the total lift about 190 
feet. The combined capacity of the pumping stations would require 
nearly 1,000 horsepower.' 

ESTIMATE OF COST 

PARADISE CREEK RESERVOIR 

Primary Source: 
Standby Source: 

Paradise Creek Reservoir 
Smoky Hill Valley Groundwater 

A. CONSTRUCTION COST 

Part 1 Paradise Creek Reservoir 

Dam 
Spillway and Intake Structure 

Total Estimated Construction Cost, Part 1 

$465,000 
115,000 

$580,000 

Part 2. Primary Supply Line from Paradise Creek to Russell 

Pipeline, 20" x 72,000' 
Pumping Stations (2) 

Total Estimated Construction Cost, Part 2 

$1,152,000 
100,000 

$1,252,000 

Part 3. Secondary Supply Line from Big Creek to Russell 

Pipeline, 16u x 37,650' 
Big Creek Pumping Station Revisions 

Total Estimated Construction Cost, Part 3 

$452,000 
25,000 

$477' 000 

Part 4. Secondary Supply Line from Pfeifer to Big Creek 

Pipeline, 18" x 71,750' 
Pfeifer Pumping Station Revisions 

Total Estimated Construction Cost, Part 4 
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$1,004,500 
30,000 

$1,034,500 
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B. 

SUMMARY OF CONSTRUCTION COSTS 

Part 1 
Part 2 
Part 3 
Part 4 

$ 580,000 
1,252,000 

477 ,ooo 
1 ,034, 500 

Total Estimated Const:tuction.Cost $3,343,500 

PROJECT COST 

Part 1. Paradise Creek Reservoir 

Construction 
Land Acquisition 
Administration, Engineering and Legal 

Total Estimated Project Cost, Part 1 

$ 580,000 
520,000 

70,000 

$1,170,000 

Part 2. Primary Supply Line from Paradise Creek to Russell 

Construction 
Land Acquisition 
Administration, Engineering and Legal 

Total Estimated Project Cost, Part 2 

Part 3. Secondary Supply Line from Big Creek 

Construction 
Land Acquisition 
Administration, Engineering and Legal 

Total Estimated Project Cost, .Part 3 

to 

$1,252 ,ooo 
12,000 

150,000 

$1,414,000 

Russell 

$ 477 tOOO 
None 

57,000 

$ 534,000 

Part 4. Secondary Supply Line from Pfeifer to Big Creek 

Construct ion 
Land Acquisition 
Administration, Engineering and Legal 

Total Estimated Project Cost, Part 4 

Part 1 
Part 2 
Part 3 
Part 4 

SUMMARY OF PROJECT COST 

Total Estimated Project Cost 
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$1,170,000 
1,414,000 

534,000 
1,170,000 

$4,288,000 

$1,034,500 
12,000 

123,500 

$1,170,000 



c. 

D. 

OPERATION COST (ANNUAL AVERAGE) 

Maintenance 
Pumping 

Total Estimated Operation Cost, Annual 

AVERAGE ANNUAL COST 

Fixed Cost, 
Operation Cost 

Total Estimated Average Annual Cost 
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$ 8,000 
23,500 

$ 31,500 

$167,200 
31,500 

$198~700 
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ARKANSAS RIVER VALLEY GROUND WATER SUPPLY 

GENERAL 

This plan considers the installation of a well field in the Arkansas 
River Valley and a supply main with booster stations delivering the 
water to the Russell water treatment plant. The suggested location of 
the well field is approximately 5 miles northwest of Great Bend, Kansas, 
along Wet Walnut Creek, a tributary of the Arkansas River. The supply 
main would proceed northerly paralleling U.S. Highway 281. 

WATER QUALITY 

The following analyses are taken from wells in the vicinity of the 
proposed well field and are indicative of the ground water available. 
An analysis of the present Smoky Hill water supply is presented for 
comparison. 

TABLE 8 

CHEMICAL ANALYSIS OF ARKANSAS RIVER UNDERGROUND WATER 
(FIGURES IN MILIGRAMS PER LITER) 

Great Bend Great Bend Big 
Constituent Well No. 8 Wells* Pump 

Calcium, Ca++ 83 80 
Magnesium, Mg++ 13 20 
Sodium, Na+ 84 155 
Potassium, K+ 4. 7 5.9 
Iron, Fe 0.09 0.01 
Manganese, Mn 0 0 
Carbonate, C03 0 0 
Bicarbonate, HC03 266 256 
Sulfate, S04-- 106 125 
Chloride, Cl- 80 197 
Nitrate, N03- 9.7 4.4 
Fluoride, Fl- 0.5 0.7 
Total Hardness, CaC03 260 282 
Carbonate Hardnes~, CaCl3 218 210 
Noncarbonate Hardness, CaC03 42 72 
Total Alkalinity, CaC03 218 210 
Total Solids 523 729 
Specific Conductance 860 1,190 
pH 7.8 7.4 

Creek 
Station 

97 
11 

0.09 

0 

150 
73 

289 
222 

67 
222 
598 
935 

7.2 

*As reported in "Chemical Quality of Public Water Supplies, KSDH-EHS, 
June , 19 6 5 • " 
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With exception of a wide variance of chlorides reported in the Great 
Bend water supply, the Arkansas River Valley ground water supply 
compares favorably with the present source of supply. It should be 
noted that the ground water supply will be uniform in quality, whereas 
a surface supply will have a wide variance in quality. The drinking 
water standard for limit of chlorides is 250 mg/1. The Arkansas River 
valley source apparently meets this criteria and with continued control 
of oil field disposal the chloride content should be favorable. 

WELL FIELD 

The actual location of wells and the dispersion 'Of"t.he>wei''ll!l-gi·l!l .l 
have to be determined by test drilling and pumping. However, data 
on Great Bend and Hoisington wells in this general area indicate that 
wells will be approximately 100 feet deep, static water level is 12 to 
15 feet below the ground surface, and wells can be constructed to pro
duce 800 to 1,000 gallons per minute. A series of wells would be con
structed with a collection piping system discharging to a high-service 
pumping station with a 100,000-gallon wet well. wells would be gravel 
packed and equipped with low head turbine pumps. A superstructure 
would be constructed over each well housing the pump motor, electrical 
controls and discharge pumping. Initially,four wells would be constructed 
and additional wells added later as required. The high-service pumps 
will be designed to deliver the water at 100 psi. With the pumps 
operating at 100 psi, booster stations onthe supply main will not be 
required until the peak demand reaches 3,300 gpm or until the antici
pated peak demand for the year 1985. 

SUPPLY MAIN 

The supply main will be 24-inch cast iron, steel or concrete pressure 
pipe. Air bleed-offs and blow-offs will be installed at high and low 
points in the line. Facilities will be provided to run a cleaning 
tool through the pipeline to maintain a low friction loss coefficient. 

ESTIMATE OF COST 

A. 

ARKANSAS RIVER VALLEY 

Primary Source: Arkansas Valley Groundwater 
Standby Source: None 

CONSTRUCTION COST 

Part 1. ~11 Field 

Wells: 6 @ $25,000 each 
Collection Pipe 1 ines, 12" and 16" 
High Service Station 

Total Estimated Construction Cost, Part 1 
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$ 150,000 
90,000 
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B. 

Part 2. Primary Supply Line from Great Bend to Russell 

Supply Line, 24" x 174, 240' 
Booster Pumping Stations (2) 

Total Estimated Construction Cost, Part 2 

Part 1 
Part 2 

SUMMARY OF CONSTRUCTION COSTS 

Total Estimated Construction Cost 

PROJECT COST 

Part 1. Well Field 

Construction 
Land Acquisition 
Administration, Engineering and Legal 

Total Estimated Project Cost, Part 1 

$ 340,000 
3,740,000 

$4,080,000 

Part 2. Primary Supply Line from Great Bend to Russell 

Construction 
Land Acquisition 
Administration, Engineering and Legal 

Total Estimated Project Cost, Part 2 

Part 1 
Part 2 

SUMMARY OF PROJECT COSTS 

Total Estimated Project Cost 

C. OPERATION COST (ANNUAL AVERAGE) 

D. 

Maintenance 
Pumping 

Total Estimated Operation Cost, Annual 

AVERAGE ANNUAL COST 

Fixed Cost 
Operation Cost 

Total Estimated Average Annual Cost 
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$3,659,000 
81,000 

$3,740,000 

$ 340,000 
145,000 
40,800 

$ 525,800 

$3,740,000 
33,000 

448,800 

$4,221,800 

$ 525,800 
4, 221,800 

$4,747,600 

$ s,ooo 
19,600 

$ 204,000 
24,600 

$ 228,600 
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RECOMMENDED WATER SUPPLY PROGRAM 

GENERAL 

Russell needs industry in order to keep its young people at home after 
graduation from high school and college. Industrial development is 
somewhat dependent on a firm water supply as well as on the attitudes 
and energies of the civic leaders. In order to grow as a normal city 
should grow, Russell must consider its water supply to be of prime 
importance. In this study, it has been assumed that Russell will 
continue to grow in the future as it has in the past. It may take 
considerable effort to accomplish this goal. 

FOSSIL CREEK LAKE 

The rehabilitation of the Fossil Creek Lake or the construction of a 
new lake at either one or two proposed Fossil Creek sites will help 
only insofar as recreation facilities will attract a few tourists and 
will afford many pleasurable hours of recreation for the local resi
dents. However, Fossil Creek Lake will never contribute, to any 
appreciable extent, to the development of a water supply. This is 
true because the drainage area is insufficient to support a lake in 
dry years and the lake cannot offer any worthwhile storage for utili
zation as water supply. Of the three sites on Fossil Creek, Lake Site 
No. 2 can be recommended as a recreation site because (1) relatively 
less auxiliary pumping would be required to maintain the water level, 
(2) it is close to the present lake site and existing recreation 
facilities, and (3) the present high service pumping facilities could 
be rehabilitated to provide short term emergency water supply. 

POSSIBLE WATER SUPPLY SOURCES 

Of the ten sources investigated, six have been discarded or deferred 
as inadequate in quantity of water and/or quality of water to meet 
United States Public Health Services standards under present technology 
of treating brackish waters. Those discarded are (1) Fossil Creek Lake, 
(2) Cedar Creek Reservoir, (3) Saline River Valley, (4) Landon Creek 
Reservoir, (S) Wilson Reservoir, and (6) Big Creek Surface water except 
as a temporary backup. This leaves four possible sources or systems 
which should each be considered separately to determine the role each 
may play in the future of Russell's water supply. These sources are 
as follows in the ascending order of amortized costs: 

1. 

2. 

Smoky Hill River surface supply as the primary source, with 
Smoky Hill River ground water as the secondary source, and 
with Big Creek surface supply as a temporary backup. 

Paradise Creek Reservoir as the primary source, with Smoky 
Hill River ground water as the secondary source, and with 
Big Creek surface supply as a temporary backup. 
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3. Arkansas River Valley ground water as the primary source, 
without backup. 

4. Cedar Bluff Reservoir., as the primary source, without backup. 

SUMMARY OF COSTS 

Source 

1. Primary Source - Smoky 
Hill Surface Water at 
Pfeifer 

Second~ry Sour.ce - Smoky 
Hill Ground Water near 
Pfeifer 

2. Primary Source - Paradise 
Creek Reservoir 

Secondary Source -
Smoky Hill Surface Water 
at Pfeifer 

3. Arkansas Valley 
Ground·Water 

4. Cedar Bluff Reservoir 

Operation Total 
Cost Average 

Construction Project (Annual Annual 
Cost Cost Average} Costt 

$3, ll9,400 $~,589,000 $27,400 $183,400 

$3,343,500 $4,288,000 $31,500 $198,700 

$4,080,000 $4,747,600 $24,600 $228,600 

$6,047,000 $6,813,000 $23,200 $325,600 

*Includes installation costs amortized through 2020 and operational 
costs. 

RECOMMENDATIONS 

The following order of procedure is recormnended in view of the facts 
presented and amortized costs listed. 

SMOKY HILL SURFACE WATER AS THE PRIMARY SOURCE WITH SMOKY HILL VALLEY 
GROUND WATER AS THE SECONDARY SOURCE 

This system of water supply is recormnended as first choice because it 
represents the lowest overall amortized cost of the four systems recom
mended. The following steps of procedure must be checked out before 
this becomes a firm source: 
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Infiltration Gallery Tests. It is recommended that immediate steps be 
taken to run pump tests on the existing infiltration gallery at the 
Pfeifer Pump Station to determine its firm capacity for use when surface 
flow may not be available in the river. A record should be made of 
the ground water levels at each end of the infiltration gallery outside 
the wet well, as well as a record of the water level inside the wet 
well, at various constant pumping rates. All water level measurements 
will be taken at one-minute intervals through the first 30-minute 
period of any change in the pumping rate and at 30-minute intervals 
thereafter until the water level becomes fairly constant. The exterior 
water level measurements will be referenced to the top of cased obser
vation holes of known elevations, drilled through the alluvium. The 
bottom of each casing will be perforated or equipped with a suitable 
well point. 

Smoky Hill River Valley. It is recommended that i.mmediate steps ·be ·taken 
to explore the Smoky Hill River Valley from the Pfeifer Station upstream 
to the mouth of Timber Creek in Ellis County to ascertain the avail
ability of ground water from wells in this area. It will be necessary 
to drill test holes in sufficient number to trace the deepest channel 
in the valley and to install and pump temporary test wells at locations 
where the aquifer appears to be the most productive. Media in the 
aquifer will be analyzed for porosity, drawdown will be measured at 
cased observation holes in the vicinity of each test well, and the 
capacity of the aquifer will be determined. These first steps are 
necessary to determine the long term dependability of Pfeifer as> a:• 
primary water supply. 

Land and Water Rights. If the ground water supply in the Smoky Hill 
River Valley proves to be adequate as a secondary supply to the Pfeifer 
Station, then immediate steps should be taken to increase the ground 
water rights and to acquire the land either by purchase or easement. 
The actual number of wells installed will depend on the projected 
maximum daily demand for a dry year, say 20 years in the future. 
Water rights should be kept current by reporting faithfully the actual 
use of water from each water right. 

Supply Line, Big Creek to Russell. If the ground water supply in the 
Smoky Hill River Valley proves to be adequate as a secondary supply to 
the Pfeifer Station, it is recommended that a,r·rangements be made .for con
structing the proposed 24-inch supply line from Big Creek to Russell. 
As long as Big Creek water is of acceptable quality, it is the cheapest 
water available, and should be used. At the same time, it is recom
mended that several of the proposed wells above Pfeifer, as necessary 
to meet the maximum projected daily demand, be constructed and the 
necessary collecting pipelines installed and connected into the Pfeifer 
wet well for repumping over the ridge into Big Creek during dry years. 
These steps will suffice for a few years until such time as the Big 
Creek water quality is unacceptable for use or until such·time as this 
supply is lost by reason of upstream users. 
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Future Wells and Supply Line, Pfeifer to Big Creek. As the above situ
ation develops, it is recommended that more wells be constructed upstream 
from Pfeifer, as necessary to meet the maximum daily demand in dry 
years, and that the proposed 24-inch supply line be constructed from 
the end of the existing 18-inch pressure line out of the Pfeifer Station 
and thence along the ridge to the Big Creek station. These steps, 
together with necessary modifications of the two pumping stations, will 
complete a firm water supply for Russell. 

PARADISE CREEK RESERVOIR AS THE PRIMARY SOURCE WITH SMOKY HILL SURFACE 
WATER AS THE SECONDARY SOURCE 

In case the ground water supply proves to be inadequate to supplement 
the Smoky Hill surface flow at Pfeifer, it is recommended that a dam 
be constructed on Paradise Creek west of U.S. Highway 281, as a primary 
water supply and recreation area. From preliminary examination, this 
appears to be a feasible source during normal years of rainfall and up 
to four consecutive years of extremely dry weather. It will be necessary 
to confirm this source by a comprehensive survey of the reservoir site. 

Method of Conservation of Reservoir Supply. From information obtained 
in the primary study, it appears feasible to supplement the reservoir 
supply with surface water from the Pfeifer Station at appropriate rates 
up to 3.0 million gallons per day, for 185 days or more of the driest 
year, for a total of 1,700 acre-feet to conserve the Paradise Creek 
reservoir supply and maintain the lake level. A review of Table 4 of 
this report will show that a minimum of ll, 600 acre-·feet of water is 
available in the driest year at the Pfeifer Station on an annual 
basis. This is about. four times the maximum projected annual use of 
water in Russell in the year 2020. This does not mean, however, that 
the projected maximum daily demand would be available in the stream 
flow at Pfeifer at all times. With Paradise Creek Reservoir maintained 
at a level as high as possible during dry seasons, it appears likely 
that ample water will be available at all times from which to pump all 
or as much as necessary of the maximum daily demand from the reservoir. 
This dual supply will provide ample water through the year 2020 and 
beyond. 

Recommended Pipeline Size, Paradise Creek Supply. It is recommended that a 
20-inch supply line be constructed from the high service pumping station 
at the dam to the Russell treatment plant. On the first hill south of 
the Saline River, a booster station will be constructed to augment the 
higher flows. 

Recommended Pipeline Sizes, Pfeifer Station Secondary Supply. It is 
recommended that the pipeline size from Pfeifer to Big Creek, as a 
secondary supply, be reduced from the proposed 24-inch size to 18-inch. 
From Big Creek to Russell, under the proposed standby delivery rates, 
the optimum size is 16-inch which, when operating in parallel with the 
existing 12-inch supply line, makes the combined capacity approximately 
equivalent to an 18-inch single line. 
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Priorities. It is recommended that the same priority of construction 
be followed in completing the Pfeifer secondary supply system as that 
recommended in developing Pfeifer as the primary source. This recom
mendation is consistent with the Wilson & Company 1964 report for water 
supply through 1985. The two possible occurrences not considered in 
the 1964 report, but brought out in this study, are as follows: (1) 
without Round Mound Reservoir, Big Creek water may become unacceptable 
prior to 1985, and (2) in a dry year the Smoky Hill surface supply may 
not be adequate to supply the maximum daily demand, even with Big Creek. 
Paradise Creek primary supply (or the well field secondary supply 
proposed under Recommendation No. 1) is the answer to this deficiency. 
This means that decisions must be made as soon as possible, relative 
to which system is to be adopted. Once decided, steps should be taken 
immediately thereafter to initiate the purchase or leasing of land and 
right-of-way and the construction of pipelines and pumping facilities 
as required. 

ARKANSAS RIVER VALLEY UNDERGROUND SUPPLY 

This supply is recommended only in the event comprehensive surveys 
prove the first two recommendations unfeasible. This source is ample, 
has a good as or better water quality than either of the first two 
recommended sources, but requires the purchase of potentially irrigable 
land. It requires a well field survey of less extent than that proposed 
in the recommendations in the Smoky Hill Valley above Pfeifer. Wells 
in the Arkansas River Valley each produce 1,000 gallons per minute or 
more, while those in the Smoky Hill River Valley each produce about 
one-third of that amount. Low head pumps, in each of six wells, would 
deliver water to a high-service pumping station. The high service 
pumps would deliver water through a 33-mile length of 24-inch pipelin~, 
aided during high demand periods by two booster pumping stations; one 
north of Blood Creek and one north of the Smoky Hill River. 

DIRECT SUPPLY FROM CEDAR BLUFF RESERVOIR 

As recommended in the Wilson & Company 1944 report, Cedar Bluff reservoir 
offers the best quality of water available to Russell. It is entirely 
possible to bring the water to Russell through a gravity system of pipe
lines; but the cost of the larger gravity pipelines, when weighed against 
the cost of a 24-inch pressure pipeline, with a high-service pumping 
station at the dam and augmented by Big Creek station modified to become 
a booster pumping station, makes the gravity system more expensive in 
the long run. Therefore, the pressure pipeline system is recommended 
over the gravity pipeline system. The estimate shown for the Cedar 
Bluff to Russell system is for the entire system to be built now as a 
primary source. In case the Pfeifer system were to be built first and 
the 24-inch pipeline were extended at some later date to Cedar Bluff, 
the estimate of construction cost for the Cedar Bluff system would be 
reduced by some $2,300,000 at present prices, by reason of the existing 
facilities constructed under the Pfeifer system. 

The direct supply from Cedar Bluff Reservoir to Russell offers diffi
culties in securing adequate storage rights. This is discussed in the 
section on Smoky Hill River Valley. 
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APPENDIX A 

FINANCIAL AID AND JOINT PARTICIPATION PROJECTS 

GENERAL 

There are a number of federally sponsored programs of financial 
assistance and aid in the development of water supply facilities. 
A brief summary of the programs available is presented herein. Adequate 
planning isaprerequisite of participation in any federaL program. 
In those projects where the applicant disburses the project costs and 
is reimbursed, through a grant by a federal agency, the applicant must 
comply with requirements of the Labor Department and with the provisions 
of Title VI of the Civil Rights Act. 

DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT (HUD) 

Several aid programs are available through HUD for specific-water and 
sewer projects. These include loaris for planning and construction and 
grants for land acquisition and construction. 

Advances for Public Works Planning ("702 Planning"). Interest free 
loan or advance for preparation of construction plans. The advance 
is repayable when construction is started. Advances are provided from 
a revolving fund; up to one year may be required for an eligible 
applicant to receive authorization to proceed with the planning. 

Public Facility Loans. Loans for terms up:to 40 years for construction 
of the portion of the work not covered by other federal programs. All 
costs, including land purchase, are eligible under the loan. Bonds are 
sold at public sale and HUD buys them onlywhen private investors do 
not offer to take the bonds at the same or better rates than the 
government offers. 

Grants to Assist in Land Acquisition. Grants may be made to cover the 
interest cost of a loa.n incurred to purchase .land before actual initiation 
of a project. This is to protect against a rise in land costs 
on impending public works. Prepayment may be required if the planned 
construction is not begun in five years or the land is diverted to 
other use. The grant covers only the interest for the period between 
date of issue and the date when construction pegins but not to exceed 
five years. 

Grants for Basic Water and Sewer Facilities. A grant of up to 50 
percent for all costs of construction and land acquisition. This does 
not include engineering, legal, administration, financing and other 
normal project costs. In the last two years, there have been applications 
made for 18 to 20 times the amount of money funded for this program. 
A priority system is being developed by HUD to establish those projects 
most worthy of participation. A very carefully prepared application 
is required to substantiate the City's need for inclusion in the 
program. It may be anticipated that several conferences with HUD 
officials in Fort Worth will be required and as the application 
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receives greater attention more justification of various items will be 
required. This program would be applicable to all types of construction 
programs: reservoirs, pipelines, pumping stations, well fields,::etc~ 

The following general planning requirements are prerequ:Ls:Lte for 
favorable attention to the application: 

l. A current Comprehensive City Plan ("701 Plan") 

2. 

3. 

4. 

If the City has a Workable Program, it must carry current 
cert if icat ion. 

The City must be included in an Areawide Water and Sewer 
Comprehensive Plan. For the City to be eligible prior to 
l July 1968, the Plan must be at least in development stages. 
After l July 1968, the Plan must be completed before the 
City is eligible. 

An engineering report for the specific project and evidence 
that the specific project is in compliance with the "701 Plan", 
or the Workable Program, and the Areawide Basic Water and Sewer 
Plan. 

DEPARTMENT OF COMMERCE, ECONOMIC DEVELOPMENT ADMINISTRATION (EDA) 

This program is applicable only to "Redevelopment Areas". Such areas 
are those where substantial and persistent unemployment has existed 
for an extended period and areas where there has been a:;substantial 
loss of population due to lack of employment opportunity. No such 
areas have been designated in Kansas at this time. A population center 
can be declared a "Redevelopment Area" and be eligible for benefits. 
Grants up to 50 percent and loans up to 100 percent for forty years 
can be made under the program. It does not appear that the City of 
Russell would be eligible for this program. 

DEPARTMENT OF INTERIOR, FEDERAL WATER POLLUTION CONTROL ADMINISTRATION 
(FWPCA) 

A program of grants to assist in pollution abatement. An eligible 
applicant may receive a grant of 30 percent of all costs, except purchase 
of land, for the construction of pollution control facilities. The grant 
will be increased to 33 percent where the project is in compliance 
with a regional development plan. It is possible that the extension 
of the outfall sewer from the present sewage treatment plant to prevent 
the discharge of treated sewage into the proposed Site 3 on Fossil Creek 
may be an eligible project under this program. 
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DEPARTMENT OF INTERIOR, BUREAU OF OUTDOOR RECREATION (BOR) 

A program to assist in providing outdoor recreation areas and facilities. 
A 50 percent grant on eligible projects for the costs of planning, 
acquiring land or water, and developing recreation areas. The specific 
project must be in compliance with a Statewide Outdoor Recreation Plan. 
This Plan is now being developed. The program is administered in Kansas 
by a State Agency, The Joint Council on Recreation. This program may 
be applicable~to the purchase of land and development of recreational 
facilities for a municipal reservoir. 

DEPARTMENT OF AGRICULTURE, FARMERS HOME ADMINISTRATION (FHA) 

A program to assist in the cost of development of water and sewer 
facilities in rural communities. The program authorizes grants of up 
to 50 percent to assist in the planning and construction of such 
facilities. However, the program is limited to communities under 
5,500 population and several other stringent requirements. The City 
of Russell will not be eligible under this program. 

DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE (SCS) 

Under the SCS Watershed District Plan, there are provLsions for multiple 
use reservoirs. Under this arrangement, the costs for each use are 
apportioned according to formulae developed by SCS. In the case of 
municipal water supply storage and recreation, the City would be required 
to pay a proportionate share of the costs of constructing those volumes 
into the reservoir. In a joint use project, the City is required to 
purchase all land required for the entire project. A watershed district 
development plan must be initiated by property owners of the drainage 
area involved. From initial formation of a watershed district until 
first construction takes place may be expected to require a period of 
7 to 10 years. This program is applicable only to reservoir construction. 
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OCT-18-1993 15:47 FROM C I TY OF HAYS, KS . TO 628 1471 P . 03 

. 

BLACK & VEATCH 

MEMORANDUM 

Hays, Kansas 
Water Re&ourccs Eval��tions 
Wilson R1s1rvoir 
W�ter Supply Deve1opmbnt Plan 

B&V Project 23489.300 
B&V tile A 

August 26, 1993 

Toi llannes Zecharias, Jud,y Sar�'111L, �nd Leo �ellbrock 
Frum; Jeff Henson 

Th1s �orandum suminar1zes our rev1ew of the f�asib1lity of develop1ng a 
water supply fr·om Wilson Reservoir to serve bo� the ·c1ty of Ht\ys and 
the �1ty of Russell. The scope of our study included the following: 

• Collect and Review Av�11ob1e Data 
• Perform a Brief Water Quality Analysis 
• Identify Proboble. Treatment Altr:rnati:ves 
• Identify Probab1� Intake locations i 
• Identify Brine D�sposal Alternatives; 
• Iu�ntify P�obable �ipeline Alignment'. 
• Develop Opinions of Probable Costs i 

i 
Costs were developed for annual supplies of 400,0 ac•ft and for 8000 ac� 
ft. The fol lowin9 paragraphs summarize our fin:dfngs for each of the 
items reviewed. ' · 

DATA 
Our revi�w was based on available data• no new �ata was developed. Data 
sources included state reyulatQry «yenc1nt th-, CQrjiS of Engineen, \;Hy 
staff from both Hays and Russell, and the City l<>f ���sell 's engineer, 
W1lson and Company. TheJe .sources provtded 1nf�nnation on regulatory 
requirements, the. reservoir, existing tr<tnsmiss1ion ftnd treatment 
f(lti lities, and water quality. i 

WATER QUAlltY 
I � 
! 
i . 

Water ·qu:a1 ity data for W11son Reservoir was ob�aine4 :from the EPA. 
Table 1 be1ow summarizes the water quality data.. · 

•' 

PARAftETER 
Dicarb<?nate 

-·-

Calcium 
.. 

ChlQride 

� 
Tablt 1 i 

Wi 1son Reser'ioi r Raw Water qu1 Ht)' 
i 

VALUE i UNITS ' 

154 : ma/L i 
1 mtJ/L 150 l ' 

800 ! mg/L 

006961 
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OCT-18-1993 15 : 49 FROM C I TY OF HAYS, KS . 

BLACK & VEATCH 

M�MORANDUM 
Hays, Kansas 
Water kesources Evaluations 
Wilson Reservoir 
Hater :>upply Development Plan 

PARAMETER VALUE 
Fluoride 0.'1 
Iron., dinolved 0.1 
Maqnesium 58 
Nitrate 10 
DH 1.1 
Potassium 10 
Sodium 590 
Silica 5.5 
sulfate �44 

... 

Temperature 35 .. es 
TDS 2316 

TREATMENT ALTERNATIVES 

TO 

: 

l 
1 r 
l 
I 

l 
! 
; 
; 
' 
' i 
: 

I 
I i 
i i 
: 

; 

i 

i 
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UNlTS 
ma/L 
ma/L 
mrr/L 
-.IL 
oHiunits 
lllCl/L 
ma/L 
JIClll 
ma/L 
or. 
ma/L 

; . 

Because of the high concentrat1on of TDS, N1tra�es, .Chlorides, and 
Sulfates, treatment of th1s water by a desalin�tion;process is required. 
lwo methods appear feasible at this time, Revense O�ntasis (RO) and 
Electrodialysis/flectrod1alys1s Reversal (ED/EO�). 1�0 1s a pressure 
driven inembrane process whi �e ED(EDR is an eled,tric1ty dtiven membran� 
process. Both methods requ1re significant enef$y costs to operate. 

i 
Brine flows will be �pproximately 500,000 gall�ns pe� day for a 4000 ac-
ft per year plant and about 1.0 million gallon� per,�ay for an 8000 ac-
f t per y��r p hnt. · i 
Pretreatment of the water prior to desa1 inAtion'. wil 1 be required for 
bnt.h mP.thnd!; t.n ren�ove fine materials and prev�t p 1 ugg ing of membranes • 

Additional water quality analyses and pilot sc�le testing will be needed 
-to mor� accurately d�firie the pretreatment rt:iq�irem�rih, the most c:ost 
effective treatment 11ethod, arid rHu 1t f ng trea�d water qua 1i ty. 
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l i l 

ThP. d���lin�tion faci11ty can be des;gned to fl�ctu.�e with increasing. 
water:demands. As water deinands increase, memtirane!�ect;ons ean be 
added.to the facility to handle increases in flEw. llf increases in 
treatment capacities are e�pected througho�t ttie de�i_gn life of the 
fac111ty, the treatment buildin9 ilrld raw water !pipeline must be sh:ed 
appropriately. ! · 

JN TAKE i .. 
' . 

Major issues re1ated to th� design of the inta�-e in¢l'ude the range of 
watar 1eve1s e�pected and prox1mtty to ex1st1ng fac111t1es. The top of 
the flood pool is at elevGt;on 1554 and the mi�imumipool e1evation 1s 
expected to be at about elevation 1470. The 1�take:must be des1gned to 
function within this range of water surfaet ele,vat1ons. The location 
shown on Ffgure 1 appe�rs to be the most feasf�le b'cause it is in an 
area where the reservoir is deep neat the south shoreline and it is 
relat;vely close to Russell. ! 

; 

The assumed intake is a tower configuration si�ilar to the outht works 
at Corps uf Enyin�ers 1 akes. The intake w111 �llow grav1 ty flow to a pump1n� station located on the shore. The int�ke wfll helve few pieces 
of equipment to minimi7e costs and eHminate the ne•d for- an access 
bridge. · 

• 

A co1�plete site 1n�estigat1on at the reservoir [is n$eded to verHy the 
location and idcnt1fy dosi9n criteria for the irtake. 
A very brief yield study of the reiervoir WQ$ Q�lctcd as �art or our 
r�view. It appears that the reservoir is capab;le of supplying up to 
8000 ac•ft ptn ,yeQr under drought conditions. f4. more. th�rough /fold 
evaluation should be completed to verify that t�e water ls ava1lable. 

BRINE DISPOSAL 
As discussed above, treatme.nt of either a 4000. iac-ft .or 8000 ac-ft 
supplX from Wilson Reservoir w111 result in a f.�irly high rate of br1ne 
f1uw from the treatment plant. Due to the h1gh1 TDS concentration of the 
brine solution, wa tlflve not been able to identi\fy alt:rnat(: uses for the 

.brine flow other than disposal. Recent discuss:ions w1th the Kansas 
� . 

·006963 
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Department of liea l th and Environment suggest t�at r��urn 1 ng the brine 
solut1on back to Wilson Reservoir would not be �llowed. Therefore, the 
brine flow must be disposed of us;ng a different met�od. The least 
custly 111\tthu� �s to discharge the brine to � w�stew4t,er treatment plant. 
Other method� include the injection of br1ne into d&�p disposa1 wells, 
or implement1n9 an evaporative process to concentrate the br;ne to dry 
solids. i 

; ' 

No detailt-d investi9at ion of Ruue111s wastewatler tt;ea.tme"t pl•nt hu 
been �ompleted; however, the TDS concentration �f ttte waste stream 
appears to be too g�eat to discharge to a Wa5te�ate� ·t�atment plant. 
With TDS concentrations in the brine of 30,000 �9/l.�r more, the 
resulting concentra·L·ion in tho effluent fr-om th� trq�tmont phnt would 
be 101000 mg/L or more, �h1ch 1s too high. The�efofoe, we have assumed 
that the bd ne wf1 l be d1 sposed of throygh deep; inJ�ct ion wells. 

Uur1ng the ciLy or Hays' D&kQttt we111"ie1� proJe;ct, li�got1at1ons w1th the 
State of Kansas resulted in the granting of a t�por�ry permit to 
df spose or br1ne from a portable desal1nat1on p�ant 1nto an ex1st1ng 011 
field brine we11. Thh inv,o1ved development of'. a n�w permit category 
and discussions w1th both t.he Kansas corporat1o;t c;omm1ss1on (KCC) and 
Kansas Department of Health and Environment (kD�E). :Recent 
ct>r1V6r'stttiuns with tile KCC 1ndicated that a sim:flar arrangement may be 
possible for th;s project. 1 

KCC indicated several exist.ing oil field brine �isposal wells are 
located northeast and southwest of Russell. A �eta11ed fnvestigation of 
the location of these wells has not been comple�ed. However t the wells 
located northeast of Russel 1 appear to be su1ta�1e for further 
investigation of their ava11abil1ty for brinP. d�spo�al. 

KCC also indic�ted that disposal wells typica1 1� can handle up to 
210,000 gpd. Most of the wells are not used t� their full capacity. 
Therefore, these wells can probably handle bothi oil '.f·ie1d and 
desal1nat.ion brine flows. If the exist1n� oil· �ie1d brine disposal 
w�lls are unable.to meet th� capacity of the brpne �astewater, new brine 
d1spusal wells w1ll be requ1red. Because this ptirte 1s considered an 
industrial waste, new injection wells wtll have; to meet industrial wa5te 
disposal codes. Use of existing we11s will most: 11ke1y be far less .. . . � 

P.l<::lb 
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i: 
expensive t.han construction of new we 11 s. i ' ' 

i 
Additional equipment requir�rmmts T"!quired for �1tid�ing exi�ting oi1 
field d1sposal wt11s w111 include connection piping ;�nd possibly storage 
tanks t� �qualize brine flo'ws and allow mixing �ith'dil field b��nes 
prior to injection. : · 

Costs have been developed for botn use of ex1st!1ng ofl field brine wens 
and construction of new di3posa1 wolls to indus�riol w�st� d1spos41 
codes. ' · 

I 

Other disposal options include evaporative proc�ss�� :such u the 
con�truct1on of evaporation pouds, v1· can evaporlativ� :treotmont facility, 
conoonly referred to as a Zero D1sc:llarge Facili�y. !Both of these brine 
dtsposal methods are very expensive and would cpst 4p,prox1mate1y double 
the a'!'Ount compared to cor1structin9 new brine d�$po�a1 wells. Due to 
tt1e h1�h c.:usts, these lwo methods were not cons\1dered feasible. 

1 
PIPEUNE 
A plan has been developed to make the maximum u�e of .existing pipelines. 
Two existing pipe1 ines wi 11 be used. These incllude the 18 inch 
pipeline from Rus.sel 1 to th'e1 r Smoky wells at Pifeif•r' and the 
transmbs ion 1 i nes fro1n Hays 1 Smoky well f1 el d tp the cfty. A new 
pipeline from th& intake at Wilson Reservofr to: Russ.ell h required, as 
wel 1 as a new pipeline from Pfeifer to the Hays) tra11s.111iss ion mains. An 
18 inch diameter line w11l be adequate for trans1111s$1on of 4000 ac-ft per year wh; 1e a 24 inch diameter lf ne h tequi)red t� tr�msmit 8000 ac-
ft per year. · · 

The existing pipeline betwe,en Russell and Pfei�r m�y not be adequa�e to 
convey 4000 ac-ft or 8000 ac-ft withuiAt puttfingj� T�erefor•• a pumpin9 
station will be required to convey the design filows�, Va1ves and meters 
·in the pipeline will need re11l1gmnent since fl'*' wil.l h in the opposite 
direction· from the original design. 'l 
The wells at Pfeifer will n·o longer be used by �ussell. They can be 
modff1ed to be used by Hay�, '. . 

t-'. Id'( 
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Prior to the project, the ex1st1ng pipeline shduld be pressure tested 
for the increased pressures that wil 1 resul t ftjom p�mping the water uphill towards Pfeifer to ensure that A new P1Re11ne :is not required. 

COSTS 
' 

Opinii>ns of probable construction to$h and o�nti�� and maintena"ce 
costs for develop11ent of 4,.000 ac·ft and 8,0001ac .. f� ;have been developed 
and •r• presented ;n Tables 2, 3, and 4. Tabl�� 2 4nd 3 present 
construction costs for use of existing oil fiel� br1ne disposal wells 
(Option A) and for construction of new brine di�posa1 well3 {Option D), 
The oper�tfon and maintenance costs apply to bd.th option A and B. 

! 

Co1t1ponen t 

Intake 

Table 2 ! 
Dpini9n of Probable cost for 

4000. ac-ft par year Suppi1 
: ! 

I 
' 

option A Opt1on n ' 

Cost Cost : 

$2,400.000 $2,400,000 1 
$Z.700.000 ; . Pipeline 

,._._ 
SZ.700,000 

Treatment Plant 
Br1ne D1sposol 

Pumping 
Stations 
. Land 

Con�1r»gen.cies . •. 

Mm1n1 strat1ve, 
.Legal, Enoil'l eerina 

TOTAL 

$8,200.000 
$700,000 

$1,8001000 
. 

$50,000 
_j2' 400 ,000 

$1,800,000 

$20 ,oso·,ooo 

j $8.200.000 : 

$4,500,000 : 

' 
$1,800,000 i . 

$50.000 
' 
l 
i 

$2.900.000 l 
' 

$Z1300,000, 

i 
$24,850,000 l 

: 

. .  

o :a· M Co5b 

$145;000 

$L3oo.ooo 

$85,000 ' . 

� : . . 

. . 

$1,530,000 
. 
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Component 

Intake 
Pioeltne 

Treatment Plant . 
tJrine Uisposal 

Pumping 
�tations 

Land 
_,. ____ .,,,.. 

contingencies 

Adm1n1strat1ve, 
Lcgll1, 

Eno; neeri no 
lOlAL 

.. �-

Tab1a 3 . 
Opinion of Probable Cost for 8000, ac-ft par )'O•r Supp�1 

: j ' 
I option A Option B 

Cost Cost : ' 
$2,100;000 $2.700.00() � : 
$3,500.000 $3,500.000 ; 
$15.500.000 $1!5.soo.ooo I 
$1. 400,000 $9.000,000 j 
$2,400,000 $Z,400,000 i 

' i5o,ooo $50 000 
·- ·-· ' .. l .. ·- ·· 

' 
$3.800.000 $5,000.000 1 
$'2,900,000 $3,800,000 

! 
1 
i 
� ; ; 

$3Z,250,000 $41, 950 tooo I 
! ; 
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. ' ' 

' ' : ' 
O:&" Co1t1 

' $110. 000 

· $2 • 000 1 000 

$Z40 , 000 

;$� t 350 f 000 

As can be seen the cost of Option B is signif1c�nt1y grc�ter tht\n Option 
A. The diffenmce in cost is the cost of us1ngl existing oi1 fie1d 
brines cl1sposal wells versus c;unstruct1on of ne)tt 1n�11strta1 �aste 
dispos�l wells. This 1s one of the most iff1>ort�nt components of this 
option and additional study- to more accurately,betetmine the 1ucat1on of 
existing ·dfaJJusa1 wells, th'eir re$peetive capac�ties,· and the State's 
opinion on the use of these wells is needed. l 
Another option iS to construct the desa1inationi treot.ment plant using a 
_phased apJ:!roach. The desalinat1on plant could J,e initially designed for 
2 , 000 4c .. ft with the flexibility to expanci to 4;,ooo ac-tt and ts,uoo ac· 
ft. This would 1nvolve the· addition of membnm�s with the RO system or 
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I : ! j 
treatment uni ts wi th the EUR �ystem. The trea�ent /�u1 1d 1no and i ntake 
structure wi l l  need to be· des 1 gned for a , ooo ad-oft . l !Also ,  the pipel i ne 
wuul tl  �e des i gned to t ransport the maximum capa,e ity �ri.f 8 , 000 ac •ft . The 
pump stat i on capac i ty and the number of pump st!at iorit wi l 1 increase with 
thP. n�qui red eapat i ty .  The CO$t assoc i lted wi�h ·��'h phtH of capac i ty 
i s  l isted in Tab l e  5 .  l · 

Co11porlent 

I ntake 
Pipel i ne 
lreatment 
Pl ant 
Sti ne 
Oi sDOsal 
Pumpi ng 
Stati ons 
land · Conti ng .  
Admi n . ,  
Legal 1 • 

Enai neeri no 
Total 

' 
t 

Tabl e  5 . 
Phasi ng Costs for Desal i nation �rH-nt 

• j I 
! 

lntti a1 Add1t1ona� Exp�sion 
Constructi on Cost Cpsts : · 

to tre•t lh�oo ac� 
ft t wt t the 4, 000 ! $,000 Abi l i ty tg ·•Xp•nd ac .. ft I •c .. ft to 8, 000 ac .. ft ' ' 
$2 , 000 .000 $400 , 000 i $300. 000 
$3 , 500 , 000 so l � ' $0 ' $7 , 230 , 000 $970 , 000 t $8 , :200 , 000 i i 

$350 , 000 $350, 000 i $i00 ,000 ! 
� 
I $� 1tOO ;OOO $600 , 0()0 $ 1 , 200 ,000 ! 
j : 

$0 i : . so $50 . 000 ) 
j I . 

$2 .000 . 000 $440.000 . Si.560 ,000 i 

$335, 000 . i " 

$1 , 600, 000 $� ,200 ,000 ' 1 
$ 1 7 , 330,,000 $3 , 695 ,000 : $13 t 160 1  000 --
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Quar, tlly Av•ll•blt: . _ 

- · -.. ------......----- ·-h • • · .. •r ---.---� 

! 
. _ _  ..  ______ _ _  · --�--+--·· ... . ··

---------

Quali :V /1auu: 
. .. ..... -------�--· �- , ... . . . . . .. .... -. . .. � - - ........ ----------------· .. 

: 
Com1 1onont• of Plan Unlla A�J1lt eosi Quantity TCital cost l""""-..Pr1uu1 1 .•. :. · : ; .. · : .,,..., ,..,... . .  ,, .... u.m'"'"'-===--...,_.=...,,...�11\.' '"' .... . � . . : · .  ·--..., ...... ...... �=-oJiilillil"'==ol�:;;,:,;;riiiiiij��_..,...,,._...,...., 
Welll Alluvial, 300 ipm (484 ec-ntyr) 

Dakota 150 aom <242 ae·ftlvr> 
�nta� 81ructure Capacity 2,000 ac-ft 

Caplcfty 4,000 ac-ft 
CaDICltv 8 000 ae>ft 

�lpel ne t>laJMter (PVC) 6 

8 
1 0  
1 2  
14  
1&  
1&  

Pil\AI ·�� Diamet.r IBIP) 24 
Pum1 Station Capacity 2.000 ao-ft 

Capac.tty 4,000 ac-ft 
c:aD.tiCitv a.ooo ao-ft 

Deaa nation Trt capacity 2,000 ac.f't 
011kuta Capacity 4,ooo ac--n 

canar.:ttv 8,000 •<>ft 
Desai nation Trt 

Wi son Res. 

Brina Dlspoaal 

Capacity 2,000 ac:>ft 
Capacity 4,000 ao-ft 
Capacity s.ooo ac·ft 
existing Well: cap. 100,000 gpd 

• '  

New W11ll; Cc.P. 2.10,000 mxJ 

Conti 1aoncle1 115%1 

Enalr eerina. Ltaal Administration t10,.•\ 

. .  -�� . . -·-1_.,_· ___....$ .... e ........ 0.00 .... 0.,......�-_,------• 
ea. 1 S 1 10.000 

1---11t_a_. -·· __ (_ ��,�.090 . .. .  -�--1�----1 
I J---"'-'��'-----1-� sz�W,o�o�o�----�+-�-�� 

ea. i s2 eeri.ooo : 
Lf i : Sft.40 1--_..;:::...---+--t--��.f.-.- -...... 

·-·-··��1.. .. . . . . . _.,...i __ 1 ...... s.,..a.=oe"-+------4·-�··--· 
Lf s1o.as -r· $16.02 . . . .�t . ... ... -�------,1----·--t-··-··· ·· · .  ·- . · - -! 
Lf i i19.� -·· · - -�--r---_. 

_ _ _  _..t:t ...... .. ·t-··--__;:i�;:z,;·3::;,:,;•90�----'-···- . " . 
i 5�9.70 Lf 

Lt ; , a?.2 00 
ea i sa•�.ooo 1-�=----+

-;..., 

��=-!-· . . - --

--i�----t 
ea ! $56�0�.o�oo----�--�-�-· l---�Oo.000 ea 

I " 

ea 1 $1 ,5$0.000 
) 

-H�� � . . .. -· -----· 

! $3 16D.OOO . -· ·"'!..i..=..�::..i.;:;..;;;..;;..,i.----+-----
•• \ $8 320 000 

I • • 

ea : $3 ., ... MO 
ea : $6.094.0DO 

-····-;.� · .
. . . .

. . . ,1 1 .231 .000 
ta . : $ 1 15,ooo i � : 

· $9()().ooo 
: sub Totar 

Sub Total 

Total Coat 

0 0 6 9 7 0  
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WILSON LAKE, KS 
RECONNAISSANCE STUDY 

FOR 

• 

WATER SUPPLY STORAGE REALLOCATION 

Introduction 

A. Study Authority 

Wilson Lake Storage Reallocation Report 
and 

Environmental Assessment 

The Water Supply Act of 19 58, (PL 8 5- 500) as amended gives the Corps of Engineers 
the authority to reallocate existing storage in a reservoir project from its present use to 
municipal and industrial water supply use. The Official Corps of Engineers guidance on 
reallocations is contained in Engineering Regulation (ER) 110 5-2-100, "Guidance for 
Conducting Civil Works Planning Studies", dated December 28, 1990. Paragraph 4-32d states 
that Congressional approval is required for a reallocation of storage that would have severe 
effect on other authorized purposes, or that would involve major structural or operational 
changes. The paragraph further states that provided these conditions are not violated, 1 5  
percent of the total storage capacity or 50,000 acre-feet, whichever is less, may be allocated 
from the storage serving authorized purposes to storage serving municipal and industrial 
(M&I) water supply, at the discretion of the Commander, United States Army Corps of 
Engineers. This reconnaissance study, under authority of Section 216 of the 1970 Flood 
Control Act (PL 91-611), will determine the advisability of reallocating 30,000 acre feet of 
Wilson Lake existing storage to water supply storage for municipal and industrial use. 
Approval of this reallocation of 30,000 acre-feet of storage is within the discretion of the 
Commander, since it comprises only about 4 percent of total storage capacity. 

B. Study Purpose 
An Initial Appraisal Report was prepared prior to initiation of this study. It was 

approved on November 17, 1993, and documented the potential for reallocation at Wilson 
Lake and recommended further study. The Kansas Water Office, by letter dated May 11, 
1993, requested a reallocation study at Wilson Lake, Kansas, for potential water supply 
storage for the cities of Hays and Russell, Kansas. A copy of this request can be found in 
Appendix A. 

The purpose of this reconnaissance report for reallocation of water supply storage is 
to furnish the information required by the official Corps guidance on reallocations contained 
in paragraph 4-32d(l) of (ER) 110 5-2-100. The report investigates the potential of 
reallocating 30,000 acre-feet of storage in Wilson Lake to water supply storage to satisfy the 
municipal and industrial water supply needs of the cities of Hays and Russell, Kansas, 
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evaluates the impacts on other project purposes and users, assesses the environmental effects 
of the proposed reallocation and other alternatives as required by the National Environmental 
Policy Act of 1969 (NEPA), and determines if the effects associated with the proposed 
reallocation to the human environment are significant enough to warrant the preparation of an 
Environmental Impact Statement (EIS). ER 1105-2-100 requires reallocation reports to 
include the purpose of the report, background (including map), a pertinent project data table, a 
water supply needs analysis, a test of financial feasibility, the cost of storage analysis, an 
analysis of all alternatives considered for solving the water supply needs, the appropriate 
NEPA documentation of environmental effects, and the recommendation of the district 
comma.rider. The environmental effects of the proposed reallocation are addressed in the 
Environmental Assessment (EA) which is a part of this report and which was prepared 
pursuant to the National Environmental Policy Act of 1969 (NEPA). 

Background Information on Authorized Project 

A. Project Location 
Wilson Lake is located in Kansas, in the east-central part of Russell County. A small 

arm of the lake reaches into Lincoln County. Interstate 70, which crosses Kansas in an east
west direction, lies about three miles to the south of the project. The dam is on the Saline 
River 153.9 miles above the confluence of the Saline and the Smoky Hill Rivers. The project 
is located about 50 miles west of Salina, I 0 miles north of Wilson, and 20 miles east of 
Russell, Kansas. A map showing the location of Wilson Lake is located on the following 
page. 

B. Project Authorization and Construction 
The Wilson Lake project was initially proposed in Senate Document No. 191, 78th 

Congress, by the Bureau of Reclamation, for the purposes of irrigation, flood control, and silt 
control. Construction of the Wilson Lake project was authorized by Public Law 78-534, as a 
unit of the Missouri River basin comprehensive plan for flood control, irrigation, and other 
purposes authorized by the Flood Control Act, approved December 22, 1944, as modified by 
subsequent acts. Administrative jurisdiction for the construction, operation and maintenance 
of the project was transferred from the Bureau of Reclamation to the Corps of Engineers by 
Public Law 505, 84th Congress, 2d Session, approved May 2, 1956. Construction of the 
project began in April 1961. Closure of the dam was made on September 3, 1963, and the 
project was placed in operation in December 1964. The top of the multipurpose pool, 
elevation 1516.0 feet mean sea level (m.s.l.), was first reached on March 12, 1973. 

C. Project Purposes 
The Corps of Engineers reviewed authorized project purposes for all Corps projects in 

response to the Water Resources Development Act of 1990 (PL 101-640). The results of the 
review are documented in Authorized and Operating Purposes of Corps of Engineers 
Reservoirs, dated July 1992. Authorized project purposes of Wilson Lake are flood control, 
navigation, irrigation, recreation, fish and wildlife, and water quality. Wilson Lake was 
constructed with flood control storage, conservation storage, and sediment storage. The 
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principal use of conservation storage was for irrigation; however, conservation storage would 
serve navigation until irrigation use developed. 

D. Wilson Lake Project Data 
The existing project consists of an earthfill dam about 5,600 feet long and 1 60 feet 

high, with a gated-outlet works and an uncontrolled chute spillway. The project controls 
drainage from an area of 1 ,9 1 7  square miles above the damsite. Total storage capacity of 
Wilson Lake is 776,000 acre-feet, including 40,000 acre-feet for sediment reserve, flood 
control storage of 5 1 1 ,000 acre-feet, and multipurpose storage of 225,000 acre-feet. Federal 
lands at the project include 2 1 ,  77 1 acres owned in fee and 1 2,593 easement acres. A total of 
6, 1 30 acres in the upper reaches of the lake, on both sides of the Saline River and Cedar 
Creek, have been .set aside for wildlife management. The primary use of these acres is for the 
production of upland game, particularly pheasants and quail. The top of dam is at elevation 
1 592.0 ft. m.s. l. The rolled earthfill dam is 5,600 feet long, has a maximum base width of 
about 1 ,500 feet, and a top width of 40 feet. Maximum height above streambed is 1 52 feet. 
The uncontrolled notch spillway is located on the right abutment, has a crest elevation of 
1 582.0 ft. m.s.l., and has a maximum discharge capacity of about 1 5,700 cubic feet per 
second (c.f.s.) at elevation 1 5 87.5, the top of surcharge pool. Table I provides pertinent area 
and capacity data for Wilson Lake. 

TABLE 1. Project Data, Wilson Lake, Kansas 

Feature Elevation Capacity Area 

(ft. m.s.l.) (acre-feet) (acres) 

Top of Dam 1 592 --- ---

Top of Flood Control Pool 1 554 776,000 20,000 

Top of Multipurpose Pool 1 5 1 6  245,000 9,000 

Flood Control Storage 1 5 1 6  - 1 554 5 1 1 ,000 ---

Multipurpose Storage 1440 - 1 5 16 225,000 ---

Sediment Storage --- 40,0001 ---

E. Information on Previous Reallocations and Approved Cost Allocation 
There have been no previous reallocations of storage at Wilson Lake. There is no 

approved cost allocation for Wilson Lake because there are no reimbursable purposes. . 

F. Other Project Background Information 
Although Wilson Lake was originally planned as a flood control and irrigation project 

by the Bureau of Reclamation, authorizing legislation for the lake indicated that any additional 

1 100-year sediment allocated 1/2 to flood control pool and 1/2 to multipurpose pool 
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irrigation works (canals, water control systems, etc.) could be built only after the feasibility of 
an irrigation project in the area could be justified in a report to Congress. Detailed 
investigations of an irrigation unit covering some 18,000 acres of land located on both sides 
of the Saline River downstream of the dam were started in 1946. Conclusions reached in 
1949 indicated that the development of irrigation on the greater portion of the Wilson unit 
was not justified. The project was recommended for construction based on flood control 
benefits. In 1961 the Bureau of Reclamation again conducted detailed investigations of the 
potential for irrigation development at Wilson Lake. A 1967 Reclamation report indicated 
that development of a Federally financed irrigation project below Wilson Lake was 
unjustifiable due to the widely scattered tracts of arable land, the adverse soil and drainage 
characteristics, and the high salt content of water available from lake discharges. The 
Nebraska-Kansas Area Office of the Great Plains Region, Bureau of Reclamation, was 
contacted by letter dated November 26, 1996, requesting its views on the immediate and 
longer term potential for irrigation development at Wilson Lake. The Reclamation provided a 
response by letter dated March l 7, 1997, indicating that concerns about water quality and the 
lack of a large consolidated area suitable for irrigation remain limiting factors in irrigation 
development at Wilson Lake. The Reclamation indicated that irrigation development at 
Wilson Lake by a traditional irrigation district with surface delivery facilities does not appear 
feasible now or in the foreseeable future. However the Reclamation also stated that there is 
the possibility of irrigation releases for individual diversions or river pumps serving 
unassociated irrigable tracts of land near the river below the dam (totalling less than 3,000 
acres). Copies of this correspondence can be found in Appendix A. 

G. Lake Regulation. 
Flood control regulation objectives for Wilson Lake include protection of the Kansas 

cities of Tescott, Abilene, Enterprise, Junction City, Manhattan, Topeka, Lawrence, the 
Kansas Citys (Missouri and Kansas) and a number of smaller communities. 

Water quality investigations have shown that the concentration of dissolved minerals, 
primarily chlorides, in the Saline River is above the desired limits set by the U.S. Public 
Health Service. In the absence of the use of multipurpose storage in Wilson for irrigation, 
multipurpose storage is used to dilute highly saline water of low inflows. We make 
discretionary releases for low flow supplementation from unused storage. Minimum releases 
from Wilson Lake made for water quality are 5 cubic feet per second (c.f.s.) from 1 October 
through 31 March, and 15 c.f.s. from I April through 30 September. To provide for 
recreational use, the objective is to keep the pool within the range of elevations that provide 
convenient access to the water. The minimum usable water elevation for boat ramp usage and 
accessibility is 1496.0 ft. m.s.l. Regulation objectives for fish and wildlife are to maintain the 
pool steady or slowly rising during the fish spawning season and to make minimum releases 
to enhance local fish and wildlife below the dam. 

Water Supply Needs Analysis 

Groundwater pumped by wellfields is the primary current source of water for the cities 
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of Hays and Russell. Current sources of water include wells along Big Creek (City Wells); a 
well field (Smoky Well Sites) built in about 1945 along the Smoky Hill River, with yield 
depending on river flow; Cedar Bluff Reservoir (Russell has water rights but the reservoir has 
been dry for the past four years); and the Dakota Aquifer deep wells which discharge 150 
gallons per minute (g.p.m.) and which are not usually pumped. Their largest well yields 350 
g.p.m. compared with a normal well yield of about 1,000 g.p.m. It is difficult to obtain 
permits for new wells because of regulatory requirements for minimum distances between 
wells and because of the Intensive Groundwater Use Control areas (IGUCA). The cities of 
Hays and Russell have formed a partnership to address water supply issues and problems. 
Public Wholesale Water Supply District #15 (PWWSD #15) was formed in April 1996 and 
represents the cities of Hays and Russell. 

The City of Hays has been aggressive in adopting, encouraging, and enforcing strict 
water conservation measures. Their community water conservation program has been very 
effective. Conservation measures include a strict allocation program of 300 cubic feet per 
household plus 200 cubic feet for each person, a showerhead program, a strict usage 
ordinance, education programs, and limited lawn watering. Although the population of Hays 
increased by approximately 9 percent over the 1980-1990 decade, the amount of water 
pumped by the city declined by nearly 47 percent over the same period. During 1994 the 
average water consumption in Hays was 97 gallons per capita per day compared with a 
regional average of 160 gallons per capita per day. Per capita consumption per day decreased 
more than 35 percent from the 1987 level of 150 gallons per capita per day. 

Projected water shortages will be realized in the next few years with current water 
supply sources. The current estimated population of the city of Hays, Kansas, is about 18,800 
persons and the city of Russell, Kansas, has approximately 4,750 persons. Based on 
conservative estimates, by the year 2050, the population of Hays is expected to grow to more 
than 49,500 persons, and Russell is expected to have a population of more than 7,500. 
Additionally, these communities are located on or near Interstate 70, a major east-west route, 
and offer lodging and services for travelers. Average daily water demand is expected to 
increase from the current demand of nearly 4 million gallons per day (MGD) for these two 
communities to nearly 9.5 MGD in the year 2050. The cities of Hays and Russell are seeking 
a source of water to supply an additional approximately 7 MGD to meet their needs through 
the year 2050. The cities of Hays and Russell prepared an analysis of their water needs over 
the next 50 years, and provided a copy of the analysis with their letter of March 7, 1997. 
Appendix B contains copies of the letter and water supply needs analysis. The per capita 
water use rate has been held constant and population growth has been estimated at 2 percent 
per year for Hays and l percent per year for Russell. The cities of Hays and Russell have 
requested us to look at reallocation of storage to provide 8,000 acre-feet per year at the 
pipeline. 

Wilson Lake Yield Study 

A Wilson Lake yield study was conducted as part of this reallocation study to verify 
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yield estimates from prior reports and studies that used several different methods. The 
potential net yield estimates from prior studies ranged from 77 to 99 c.f.s. The current yield 
study analysis has determined that the yield estimates from the prior studies are comparable. 
The current study indicates the Wilson Lake 2 percent net yield value is approximately 80 
c.f.s. The analysis results are documented in Appendix C. 

Analysis of Water Supply Alternatives 

A. Alternative Water Supply Sources Investigated 

The cities have done extensive investigations of alternative water supply sources. 
About 15 different alternatives within a l 00 mile radius were initially considered. The cities 
of Hays and Russell contracted with Black and Veatch, architectural and engineering 
consultants, to conduct investigations of the likely alternatives for water supply. A copy of 
the Black and Veatch report is contained in Appendix B. 

Other than a reallocation of storage from Wilson Lake, the most likely alternative for 
the cities to pursue to obtain 8,000 acre-feet per year would be a combination of alternatives. 
These include acquisition of a ranch about 60 miles a way in Ed wards County, Kansas, along 
the Arkansas River, with water rights for 5,500 acre-feet, and purchase of storage in 
Kanopolis Lake, including acquisition of Post Rock Water District, to obtain the remaining 
2,500 acre-feet per year. Wells, pumping stations, pipelines, and other appropriate structures 
would be constructed for extraction and conveyance of the water .. 

B. Wilson Lake Storage Reallocation Alternatives 
The K ansas Water Office and the cities of Hays and Russell are a ware of the overall 

water quality at Wilson Lake and the potential for costly water treatment. Although Wilson 
Lake has not been considered for potential water supply storage in the past, potential 
problems with traditional sources of water (for example, ground water depletions, inadequate 
supply during droughts, and ground water treatment requirements) have made Wilson Lake, 
even with high water treatment costs, a potentially viable alternative for consideration. Based 
on a Wilson Lake 2 percent net yield of 80 c.f.s. as confirmed in the yield study and a Wilson 
reservoir simulation model developed for this report, we determined that approximately 
30,000 acre feet of storage would be required to provide the cities of Hays and Russell 8,000 
acre-feet per year at the pipeline. We initially developed and investigated three alternatives at 
Wilson Lake for this water supply reallocation study. The " No Action" alternative maintained 
water storage allocations in Wilson Lake as they currently exist. A second alternative 
investigated reallocating water storage from the existing multipurpose pool to water supply for 
the cities of Hays and Russell. The third alternative considered reallocating water storage 
from the flood control pool to water supply for the cities of Hays and Russell, thus 
permanently raising the multipurpose pool. 

1) No Action. The " No Action" alternative would maintain the existing water storage 
allocations in Wilson Lake as depicted in Table 1, Project Data, Wilson Lake, Kansas. No 
storage would be made available for water supply for the cities of Hays and Russell, Kansas. 
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The cities would be compelled to pursue development of one or more other alternatives 
developed in the Black and Veatch investigations for additional water supply. 

The other alternatives available to the cities of Hays and Russell, as described above, 
are acquisition of land and water rights in Edwards County and storage in Kanopolis Lake 
including acquisition of Post Rock Water District. 

2) Reallocation of Multipurpose Storage to Water Supply. This alternative would 
reallocate 30,000 acre-feet of water storage from multipurpose to water supply for the cities 
of Hays and Russell. Multipurpose storage at Wilson Lake was constructed for the principal 
purpose of irrigation. With a reallocation of a portion of multipurpose storage to water 
supply, there would be no lost irrigation benefits since irrigation use has never been 
developed at Wilson Lake. This alternative has been investigated in more detail as described 
later in this report. 

3) Reallocation of Flood Control Storage to Water Supply. This alternative would 
permanently raise the multipurpose pool and would reallocate 30,000 acre-feet of storage from 
flood control to water supply for the cities of Hays and Russell. Based on information 
received from the Bureau of Reclamation, there is virtually no potential to utilize 
multipurpose storage for irrigation in the foreseeable future. There are no irrigation benefits 
lost with reallocation from multipurpose storage. Therefore, there was no reason to complete 
a detailed evaluation of a pool raise, and reallocation from flood control storage was 
eliminated early in the study process. 

C. Planned Use of Wilson Lake Storage 

Information was received from the cities of Hays and Russell about their proposed use 
of the storage. Appendix B contains copies of the March 7, 1997 and March 18, 1997 letters 
received from the City of Hays which describe their proposed water use. Water would be 
withdrawn on a continuous basis throughout the year, but would be somewhat cyclical with 
more water withdrawn in summer months than in winter months. Their pumps would be 
sized initially to pump 850 g.p.m. This would give them the capability of withdrawing up to 
1,373 acre-feet per year. In future years, an increase in pumping capacity would allow them 
to increase withdrawals to meet their future water needs. Pumping capacity would be 
increased to allow them to withdraw 8,000 acre-feet per year. 

Cost of Storage Analysis 

According to guidance set forth in paragraph 4-32 d. of ER 1105-2-100, the cost 
allocated to the non-Federal sponsor (i.e., the price to be charged for the capital investment 
for the reallocated storage) will normally be established as the highest of the benefits or 
revenues foregone, the replacement cost, or the updated cost of storage in the Federal project. 
The with-reallocation condition is compared with the most probable future without
reallocation condition to determine impacts and potential benefits foregone. The most 
probable future without reallocation condition is expected to be the existing condition 
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operation, based on the assumption that use for irrigation will not be developed in the 
foreseeable future. The analyses to determine the cost of water supply storage for the Wilson 
Lake storage reallocation alternatives are presented in the following section. 

A. No Action 

No storage would be reallocated from Wilson Lake under this alternative so a cost of 
storage analysis is not applicable. 

B. _ Reallocation from Multipurpose Storage 

Benefits Foregone. 
I) Irrigation Benefits. The principal use of multipurpose storage in the legislation 

authorizing Wilson Lake was for the purpose of irrigation; however, as discussed above in 
paragraph F of the section entitled Background Information on Authorized Project, irrigation 
use has never developed at Wilson Lake. There would be no irrigation benefits foregone with 
a reallocation from Wilson Lake multipurpose storage for water supply use. 

2) Navigation Benefits. Navigation is an incidental benefit with no dedicated storage 
or specific operations for that purpose. So long as minimum streamflows and releases 
established by the State are met, a reallocation from multipurpose storage would not affect 
any navigation benefits. 

3) Recreation Benefits. Based on the proposed use of storage, water supply 
withdrawals could decrease pool levels under current operation by less than 1 foot during non
drought periods and up to about 4 feet during prolonged drought periods. Some recreation 
benefit losses might be expected during these prolonged droughts with a reallocation from 
multipurpose storage. Costs for modification of swimming beaches may be incurred. 
Potential impacts to recreation are described more fully below in the section entitled Other 
Effects of Alternatives. The water supply sponsor would be responsible for any specific costs 
related to adding water supply to the project. 

4) Fish and Wildlife Benefits. These benefits have not been quantified. Any loss of 
benefits would be expected to be minimal since project operations to benefit fish and wildlife 
would continue with reallocation of storage. 

Revenues Foregone. There are no existing repayment agreements for Wilson Lake 
project purposes. 

Replacement Costs. According to paragraph 4-32 d.(2)(c) of ER 1105-2-100, 
replacement costs of storage analyses are applicable to reallocation of storage from flood 
control pool where adverse impacts warrant mitigation, or to reallocation from hydropower 
pool with loss of hydropower benefits. Impacts of this reallocation from multipurpose storage 
will not seriously affect existing project purposes or cause major structural or operational 
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changes. Mitigation through replacement of multipurpose storage would not be warranted. 
Therefore, replacement cost of storage analyses are not applicable. 

Updated Cost of Storage. The updated cost of storage analyses uses updated joint
use construction costs. The total construction cost of Wilson Lake, as provided by the Kansas 
City District Resource Management Office, is $21,280,477. As-built, joint-use construction 
costs are defined as the total construction costs less specific costs. Specific costs at Wilson 
total $707, 184 for specific recreation and these are subtracted from the total construction cost 
to arrive at the as-built, joint-use cost of $20,573,293 to be used in determining the updated 
cost of storage. 

The mid-point of physical construction for Wilson Lake is February 1963. This is the 
mid-point of the date construction began (April 1961) and the date the project was placed in 
operation (December 1964). Table 2 below shows the as-built, joint-use costs for the project, 
updated from the mid-point of the physical construction period to the beginning of the fiscal 
year in which the contract for the reallocated storage is approved. The costs are updated from 
1963 to 1967 by use of the ENR Construction Cost Index. The Corps of Engineers Civil 

TABLE 2. Updated Joint-Use Construction Costs 

Feature As-Built Joint- 1967 ENR/ 1967 Cost 
Use Costs 1963 ENR 

(factor)* 

Lands & $4,659,164 NIA NIA 
Damages 

Relocations $3,474,548 1.1920 $4,141,692 

Reservoirs $133,586 1.1920 $159,235 

Dams $11,012,442 1.1920 $13,126,929 

Roads $827,383 1.1920 $986,248 

Buildings, $394,319 l .1920 $470,031 
Grounds & Util 

Perm Operating $71,852 1.1920 $85,648 
Equipment 

TOTAL Joint-Use $20,573,293 
Costs 

* ENR Construction Cost Index factor is 1074/901 1.1920 (1963 to 1967) 
** CWCCIS index factors obtained from EM 1110-2-1304, March 1997 

10 

FY97 Oct 97 Joint-
CWCCIS/ Use Cost 
FY67 . .  

CWCCIS 
(factor)** 

5.6756 $26,443,564 

4.8603 $20,129,864 

5.1629 $822,115 

4.7257 $62,033,929 

4.8603 $4,793,459 

4.5762 $2,150,957 

4.5762 $391,941 

$116,765,830 
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Works Construction Cost Index System (CWCCIS) is used to update costs from I 967 to 
October 1997. The index used to update the Lands and Damages feature account is the 
weighted average index for all the other feature accounts. The updated cost of storage for 
30,000 acre-feet is determined by multiplying the updated joint-use construction cost by the 
ratio of water storage reallocated to total usable water storage. Total usable storage does not 
include water storage set aside for sediment accumulation. Total storage at Wilson Lake, as 
listed in Table 1, is 776,000 acre-feet. Sediment storage is 40,000 acre-feet. A total of 
736,000 acre-feet of usable storage remains at Wilson Lake after sediment accumulates for 
I 00 years. The calculation for the updated cost of 30,000 acre-feet of reallocated storage is as 
follows: 

$116, 765,830 X 30,000 acre-feet 
736,000 acre-feet 

which equals $4,759,477. 

The cost to be allocated to the non-Federal sponsor is the highest of the benefits 
foregone, revenues foregone, replacement cost, or the updated cost of storage. Because the 
value of the updated cost of 30,000 acre-feet of water storage ($4,759,477) as determined 
above, is considerably greater than any potential recreation benefits foregone and since there 
are no irrigation benefits foregone, and replacement cost is not applicable, the cost allocated 
to the non-Federal sponsor would be the updated cost of storage in the fiscal year a contract is 
approved. The water supply sponsor would be responsible for any specific costs related to 
adding water supply to the project such as the cost for modification of recreation facilities. 

Other Effects of Alternatives 

A. Effects on Pool Levels 
As described in the preceding section entitled Proposed Use of Storage, water would 

be withdrawn on a continuous basis throughout the year, but would be somewhat cyclical 
with more water withdrawn in summer months than in winter months. The rate of withdrawal 
is limited by pumping capacity and size of pipelines. According to information received from 
the sponsor, pumps and pipes would be initially sized to pump 850 g.p.m., with capability to 
withdraw up to 1,373 acre-feet per year. In future years pipes and pumping capacity would 
be increased to allow withdrawal of 8,000 acre-feet per year, the maximum required to meet 
their water supply need. With the initial 850 g.p.m. pumping capacity, which would allow a 
withdrawal of 1,373-acre feet per year, there would be minimal decrease in pool levels (about 
0.1 feet). With increased pumping capacity that would allow a withdrawal of 8,000 acre-feet 
per year, pool levels could be one foot lower per year during non-drought periods. Impacts of 
reallocation from multipurpose storage and withdrawals of 8,000 acre-feet per year are 
described more fully below. 

The cumulative effects on pool elevations of reallocating a portion of the multipurpose 
pool to water supply are based upon analyses of data generated by a Corps-developed 
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computer model of lake operations for the with and without reallocation conditions, and water 
supply demand for 8,000 acre-feet per year. Since development of irrigation use is not likely, 
the most probable future condition without reallocation is expected to be the existing 
operation of the project. Using the results of the model, the Corps was able to predict the 
difference between the existing condition and what would exist with the proposed reallocation 
for water supply. The computer model was developed by the Kansas City District Water 
Control Section and simulates the operation of Wilson Lake over the period of January, 1935 
to December, 1996. A graph comparing the Wilson Lake pool levels for both the with 
proposed reallocation to water supply and without proposed reallocation (current operation) 
conditions is located on the following page. 

1) No Action. There would be no effect on pool levels with the No Action alternative. 

Operation of Wilson Lake would continue in the status quo. 

2) Reallocation from Multipurpose Storage. As depicted in the graph on the 
following page, during non-drought periods the maximum drawdown from current operation 
would be about 1 foot. For a severe drought period, the maximum cumulative drawdown 
from current operation would be about 4 feet over a 3- to 5-year period. Under current 
operation the Wilson minimum pool level reaches 1509.5 ft. m.s.L (May 1992) and with 
reallocation from multipurpose storage to water supply, and 8,000 acre-feet per year water 
supply demand, the minimum pool level reaches 1505.3 (May 1992). 

B. Effects on Project Operations 
1) No Action. There would be no effect on project operations under this alternative. 

Operation of Wilson Lake would continue in the status quo. 

2) Reallocation from Multipurpose Storage. Based on lake operation simulations, the 
proposed reallocation and withdrawal of 8,000 acre-feet per year would have insignificant or 
no effect on project operations for water quality, recreation, and fish and wildlife. 
Reallocation from the multipurpose pool would have no adverse impact on flood control 
operations. 

C. Effects on Recreation and Recreation Facilities 
Swimming, boating and camping are three of the most popular activities at Wilson 

Lake. Boating, in particular, is an integral part of the recreation activities, and includes 
pleasure boating and boating as a part of other activities such as fishing and water skiing. 
Estimated effects on recreation and recreation facilities are based on changes in pool levels 
for the with and without reallocation conditions as determined by the reservoir simulation 
model described above. 

1) No Action. There would be no effect on recreation or recreation facilities with the 
No Action alternative. Operation of Wilson Lake would continue in the status quo. 

2) Reallocation from Multipurpose Storage. The reservoir simulation model analysis 
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determined the number of months (end of month period) during the period of record that the 
pool elevation would fall below multipurpose pool and below other elevations required for 
recreation use, recreation facilities and other facilities. When the pool goes below elevation 
1512. 0, recreation visitation could begin to be somewhat affected, but access to water would 
be the major determinant. Water related recreational activities at Wilson Lake depend to a 
large extent on the existing boat launching ramps. Changes in pool elevations would not 
hinder lake access for boaters. All boat ramps would be accessible and operational during the 
period of record with the exception of the ramp at Wilson State Park Area, which would not 
be operational during 24 out of the 744 months in the period of record (3.2 percent). Of 
those 24 months, only 5 occur during the main recreation season in the summer (defined as 
May through September). Boat ramps at the other parks would remain operational during the 
entire period of record. Boat ramp access to the water is available down to elevation 1507.8 
in the Wilson State Park Area, down to 1502 in Otoe Park, and down to 1494 in the two 
remaining park areas, Lucas Park and Minooka Park. Boat ramps are long but may be subject 
to silting in, and during severe drought conditions there could be additional costs for using a 
drag line to clear out silt. Any shallow islands and rocky points exposed during periods of 
lower pool levels would need to be marked for safety of boaters and skiers. However, it is 
expected that operation and maintenance (O&M) costs for the with-reallocation condition 
would not be significantly greater than· O&M costs under current operation. The marina at 
Wilson Lake (in Wilson State Park) is located on a deep cove and it is not expected to be 
significantly affected by the changes in pool elevations with reallocation of storage. The 
maximum effectiveness of swimming beaches requires minimum pool elevations of about 
1512 during the months of June, July and August. For this analysis it was assumed that 
elevations down to 1511 could be accommodated during these months. Under current 
operation, pool levels fall below 1511 for 2 summer swimming season months during the 
period of record (1.1 percent of swimming season months during the period of record). With 
reallocation of storage, however, during 45 (24 percent) of the 186 swimming season months 
during the period of record, pool levels would be below 1511 ft. m.s.l. The four swimming 
beaches would have to be modified to accommodate pool levels that could be about 4 to 5 
feet below the 1512 ft. m.s.l. required for maximum effectiveness of swimming beaches. 
Estimated total cost for the modifications would be about $46,000. Camping units and 
facilities would not be expected to be affected by a reallocation from multipurpose storage. 

D. Effects on Flowage Easements and Roads 
1) No Action. The current operation of Wilson Lake would remain unchanged, with 

no effect on flowage easements and roads. 
2) Reallocation from Multipurpose storage. No adverse impacts to flowage easements 

and roads would be expected with a reallocation from multipurpose pool. Decreases in the 
frequency and duration of inundation of flowage easements and roads could be expected due 
to lower pool levels. 

Financial Feasibility 

As a test of financial feasibility, ER 1105-2-100, para. 4-32 d.(5) requires comparison 
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of the cost of the Federally reallocated storage to the most likely alternative available to the 
non-Federal interest in the absence of the Federal project. The comparison should take into 
consideration all costs the user would incur to obtain comparable quantity and quality of water 
to the same location. Treatment and transmission costs are to be considered if they are 
significantly different. 

The financial feasibility of providing ra w water was analyzed initially. The annual 
cost of water supply storage in Wilson Lake (for this study, the percentage share of the 
updated cost of storage, $ 4, 7 59, 477) is $353,813 (rounded to $353,800), using an interest rate 
of J 318 percent and amortized over the remaining 68-year project life ( 100-year life from the 
date the first project purpose was placed in operation, December 196 4) (factor .07 4338 57). 
Specific costs for .adding water supply storage would include about $ 46,000 in costs incurred 
for modification of recreation facilities ($3,400 on an annual basis). With reallocation, the 
non- Federal interest also pays a percentage of the annual operation, maintenance, and major 
replacement (OM&R) costs for the storage. Wilson Lake OM&R costs were estimated by 
using the FY 1996 joint use OM&R costs ($628,079). The calculation is as follo ws: 

$ $628,079 X 30,000 acre-feet 
736,000 acre-feet 

Annual OM&R paid for the storage would be $25,601, (roun�ed to $25,600). 

The most likely non- Federal alternative for Hays and Russell to meet a requirement of 
8,000 acre-feet of water per year is a combination alternative. It includes acquisition of a 
ranch in Ed wards County with water rights for 5, 500 acre-feet per year and contracting for 
storage in Kanopolis Lake for 2, 500 acre-feet, for a total of 8,000 acre-feet per year. The 
annual cost of the non-Federal alternative sho wn in the table is based on an interest rate of 7-
3/8 percent and a 68-year life. 

Table 3 displays the total annual cost of providing ra w water from water supply 
storage space at Wilson Lake and by means of the most likely non-Federal alternative. 

The non-Federal interest is well a ware of the high salinity of the water at Wilson 
Lake, and the treatment costs and desalination facilities that would be required. Although 
treatment of the water is the responsibility of the non-Federal interest, an analysis of financial 
feasibility was also completed to include treatment costs and conveyance costs for the Wilson 
Lake water supply storage alternative and for the most likely non-Federal alternatives. As 
discussed in the Black and Veatch report, the 5, 500 acre-feet of water obtained from wells at 
the Kinsley R9 Ranch would also likely require treatment, and these costs are included in the 
analysis of the most likely non- Federal alternative. 

Estimated infrastructure and O&M costs for the Wilson Lake alternative in the Black 
and Veatch report were for providing 5,500 acre-feet of water per year. These costs were 
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increased by an estimated 45 percent (8000/5500) to roughly account for provision of 8,000 
acre-feet per year, for the analysis requested by the cities of Hays and Russell. 

TABLE 3. Financial Feasibility (provision of raw water) 

Alternative Capital Cost Annual Capital Annual OM&R Total Annual 

Cost Cost Cost 

Wilson Lake $382,800 
Multipurpose 
P.ool 

Storage $4,759,500 $353,800 $25,600 $379,400 

Specific $46,000 $3,400 -- $3,400 
Water Supply 

Most Likely $5,847,000 $434,700 $5,500 $440,200 
Non-Federal 
Alternative 

TABLE 4. Financial Feasibility (including treatment and conveyance costs) 

Alternative Capital Cost Annual Annual Total Annual 

Capital Cost O&M Cost Cost 

Wilson Lake $5,459,400 
Multipurpose Pool 

Storage $4,759,500 $353,800 $25,600 $379,400 

Specific Water Supply $46,000 $3,400 -- $3,400 

Infrastructure for $30,820,400 $2,291,100 $2,785,500 $5,076,600 
treatment and 
conveyance 

Most Likely Non- $6,223,100 
Federal Alternative 

Acquisition/Storage $5,847,000 $434,700 $5,500 $440,200 

Infrastructure for $54,411,500 $4,044,900 $1,738,000 $5,782,900 
treatment and 
conveyance 

As shown in Tables 3 and 4 above, reallocation from the multipurpose pool is financially 
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feasible compared with the most likely non-Federal alternative for provision of 8,000 acre-feet 
per year. 

Environmental Considerations 

The environmental and cultural resource effects of reallocating a portion of existing 
storage to municipal and industrial water supply usage are addressed in the Environmental 
Assessment (EA) prepared pursuant to the National Environmental Policy Act of 1969 
(NEPA). The EA is bound with this reconnaissance report and is located immediately 
following the signature page of this report. 

Coordination and Public Involvement 

A public open house was held in Hays, Kansas on November 5, 1 996. The open 
house was announced by a news release provided to state and local representatives and 
agencies, newspapers, radio stations, and television stations. The purpose of the open house 
was to inform interested members of the public about the initiation of the study, the study 
purpose, authority, process, and schedule, and to obtain public input to the study. Interested 
parties were invited to provide written comments. No members of the public attended the 
open house. The report will be made available for public review and comment. 
Docwnentation of public involvement may be found in Appendix D. As part of the NEPA 
process, the study was also coordinated with the Bureau of Reclamation, U. S. Fish and 
Wildlife Service, U.S. Environmental Protection Agency, Kansas Water Office, Kansas 
Department of Wildlife and Parks, Kansas Department of Health and Environment, and the 
Kansas State Historic Preservation Officer. Copies of pertinent correspondence may be found 
in Appendix A. 

Incorporation of Fish and Wildlife Coordination Act Report 
Recommendations 

Comments of the U. S. Fish and Wildlife Service have not been incorporated into this 
report because the final Coordination Act Report was not received within the scheduled 
timeframe for report completion. At such time as there may be a report recommendation to 
go forward with reallocation of storage, U. S. Fish and Wildlife Service recommendations and 
responses thereto will be incorporated. This task has been included in the section below that 
describes additional tasks and investigations that would need to be completed before a 
recommendation for reallocation of storage. 

Summary and Conclusions 

At the request of the Kansas Water Office and the cities of Hays and Russell, we 
assessed the effects of reallocating existing storage from Wilson Lake to water supply storage. 
The cities of Hays and Russell, Kansas requested that the study look at reallocating Sufficient · 
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storage to provide 8,000 acre-feet per year at the pipeline. It was determined that 
approximately 30,000 acre-feet of storage would be required to yield 8,000 acre-feet per year 
with a 2 percent chance of shortage. The cities of Hays and Russell formed a partnership to 
address water supply issues and problems and are represented by Public Wholesale Water 
Supply District 1 5 .  Despite aggressive action in adopting and encouraging strict water 
conservation measures over the last few years, it is projected that water shortages will be 
realized by these communities in the next few years with current water supply sources. The 
non-Federal interests are well aware of.the high salinity of the water at Wilson Lake and that 
desalination facilities and treatment would be required. In addition to a reallocation of storage 
from Wilson Lake, they have extensively considered and analyzed a number of other 
alternative sources, including developing groundwater sources in Edwards County, near the 
Arkansas River, and in Graham County from the Ogallala Aquifer, and a storage reallocation 
from Kanopolis Lake. 

We initially considered three Wilson Lake reallocation options for Hays and Russell, 
Kansas: ( 1 )  no action, (2) reallocation from Wilson multipurpose storage, and (3) reallocation 
from Wilson flood control storage. Reallocation from Wilson flood control storage was 
eliminated as an option early in the study. Although multipurpose storage at Wilson Lake 
was constructed for the principal use of irrigation, irrigation use has never developed at 
Wilson Lake, and based on information from the Bureau of Reclamation, it is not anticipated 
to develop in the future. Thus no irrigation benefits would be foregone with a reallocation 
from Wilson multipurpose storage to water supply. Project operations would not be impacted; 
however, based on a Corps reservoir simulation model analysis, during prolonged drought 

· 

periods a cumulative decrease in pool levels of about 4 feet could occur over a 3- to 5-year 
period from the existing condition operation. Swimming beaches would require modification, 
and these specific costs would be paid by the non-Federal interest. One boat ramp would be 
inaccessible during about 3.2 percent of the time during the period of record. However, of 
the months of inaccessibility during the period of record, only 5 of these occur during the 
main recreation season. Recreation activities and visitation are not expected to be 
significantly impacted since all other boat ramps would remain operational during the entire 
period of record with a reallocation of storage to water supply. Access to the water is the 
major determinant for recreation use and visitation. Information provided in the 
Environmental Assessment indicates that the environmental and cultural resource effects of a 
reallocation from multipurpose storage at Wilson Lake are minimal. Pending public review 
and comment, a draft Finding of No Significant Impact (FONS!) has been prepared. 
Although the reallocation study and EA do not identify significant issues or impacts that 
would preclude a recommendation to reallocate multipurpose storage to water supply at 
Wilson Lake, additional work would need to be completed as described in the section below 
entitled Additional Requirements and Further Investigations. 

Repayment Obligations for Reallocated Storage 

If storage is reallocated from the multipurpose storage at Wilson Lake, and a water 
supply storage contract is approved, the non-Federal interest would be required to pay the 

18  

00554 4 



• • 

updated cost of storage and a percentage of the annual joint-use operation and maintenance 
costs at Wilson Lake. The total project joint-use construction cost, updated to October 1 997 
price levels is $ 1 1 6,765,830 (see Table 2 for detailed update). The non-Federal interest's cost 
for 30,000 acre-feet of storage is the total updated joint-use construction cost multiplied by 
the ratio of reallocated storage to total usable storage. The calculation for the updated cost of 
30,000 acre-feet of reallocated storage is: 

$116,765,830 x 30,000 acre-feet 
736,000 acre-feet 

which is equal to $4,759,477. 

The non-Federal interest would have the option of paying for the storage in a lump
sum or over 30 years with interest. The FY 1 997 water supply interest rate is 7- 1 /8 percent. 

The non-Federal interest would be required to pay the specific recreation costs of 
adding water supply. If further investigations would determine that significant impacts to 
aquatic resources would occur as a result of adding water supply storage, the non-Federal 
interest would also be required to pay the specific mitigation costs for adding water supply. 
Costs for modification of swimming beaches to accommodate decreases in pool levels are 
estimated to be $46,000 (FY97 price level). These costs must be paid by the non-Federal 
interest prior to or during the modification period. The non-Federal interest is encouraged to 
establish a sinking fund in order to cover these costs should they occur. 

The non-Federal interest would also be required to pay a percentage of the j oint-use 
operation, maintenance, and replacement costs at Wilson Lake. The annual cost for joint-use 
operation, maintenance, and replacement (OM&R) cost at Wilson Lake is estimated by using 
the FY 1 996 joint use OM&R costs. The non-Federal interest's share is calculated as follows: 

$628,079 x 30,000 acre-feet 
736,000 acre-feet 

which is equal to $25,601 per year. The actual annual OM&R costs would depend on the 
actual joint use O&M cost actually incurred each year at Wilson Lake. 

Additional Requirements and Further Investigations 

The reallocation study and EA do not identify significant issues or effects that would 
preclude reallocation of multipurpose storage at Wilson Lake. However, before any 
recommendation to reallocate storage, some additional tasks would need to be accomplished. 
The following tasks would be necessary: 

1) Include the U.S. Fish and Wildlife Service's final Coordination Act Report; 
2) Incorporate U.S. Fish and Wildlife recommendations and Corps responses to those 
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recommendations into the report; 

3) Hold a coordination meeting with representatives of the U.S. Fish and Wildlife Service and 
the Kansas Department of Wildlife and Parks to discuss concerns about potential aquatic 
resource impacts; 

4) Update the cost of storage analysis and update cost to modify swimming beaches; 

5) Provide quality assurance review of the Black and Veatch report; 
6) Provide for public review of the report and incorporate comments; 
7) Prepare a signed Finding of No Significant Impact (FONSI) (if appropriate);  

Some further investigations would assist in alleviating some initial concerns expressed 
byihe U. S. Fish and Wildlife Service. These investigations include: 

I) Preparation of a table of average fluctuations during the fish spawning season months of 
April, May and June for the with- and without-reallocation conditions; 

2) Preparation of a table showing actual downstream releases during critical drought periods, 
with- and without-reallocation, using gauges suggested by U.S.  Fish and Wildlife Service 
(2000 feet below the dam at mile 153 .4 and at Prescott, Kansas at mile 68.5); 

3) A Wilson Lake simulation model for reallocation from the flood control pool. 

Recommendations 

The sponsors have indicated that they are not ready at this time to go forward with a 
contract for reallocation of 30,000 acre feet of storage at Wilson Lake to water supply storage 
to meet the municipal and industrial water supply needs for the cities of Hays and Russell, 
Kansas. Therefore, I recommend the study be terminated. 

Sep t ember 9 ,  1 997 
Date 
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DRAFT 
FINDING OF NO SIGNIFICANT IMP ACT 

ENVIRONMENTAL ASSESSMENT 
WILSON LAKE, KS 

RECONNAISSANCE STUDY 
FOR 

WATER SUPPLY STORAGE REALLOCATION 

Having reviewed the information contained in this Environmental Assessment, the 
Reallocation Report, and other supporting documents, I find that the implementation of the 
Wilson Lake Reallocation action will not have a significant effect on the quality of the human 
environment. This project is  not a major Federal action and, therefore, preparation of an 
Environmental Impact Statement (EIS) is not required. This determination may be 
reevaluated if warranted by later developments. 

The proposed action is  the reallocation of an estimated 30,000 acre-feet of storage 
from the multi-purpose pool. This reallocation would produce an estimated annual yield of 
8,000 acre-feet of water to be used for Municipal and Industrial purposes in the Cities of 
Hays and Russell, Kansas. 

Alternatives considered along with the preferred action include: 

a. Wilson Lake Storage Reallocation From Flood Control Pool - this would include an 
approximate 2 foot raise of the multipurpose pool. 

b. No Action. 

Factors that were considered in making a determination that an EIS was not required are: 

a. The project involves reallocation from the existing multipurpose pool, which will 
cause minimal lowering of current lake levels by as little as 0. 1 0  of a foot in any given 
month, with a maximum drawdown of 4 foot projected. 

b. Impacts to local wildlife communities and aquatic resources upstream and 
downstream of the lake will be minimal. Minor impacts to the reservoir fishery may occur 
during periods of prolonged drought, due to a reduction in available spawning habitat. 

c. No threatened or endangered species, either State or Federal, will be affected by the 
project action. 

d. No significant environmental, social, economic, or cultural impacts are anticipated 
as a result of implementing the proposed project. 



• • 

Based on the Environmental Assessment for the proposed action, no significant adverse 
impacts on the quality of the human environment are anticipated. The proposed action has 
been coordinated with appropriate resource agencies and there are no significant unresolved 
issues. Accordingly, I have determined that preparation of an Environmental Impact 
Statement is not required for the recommended reallocation of 30,000 acre-feet of multi
purpose pool storage to water supply for Municipal and Industrial Purposes in the Cities of 
Hays and Russell,  Kansas. 

Date William E. Ryan III 
Lieutenant Colonel, Corps of Engineers 
Acting District Engineer 
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ENVIRONMENTAL ASSESSMENT 

WILSON LAKE, KS 
RECONNAISSANCE STUDY 

FOR 
WATER SUPPLY STORAGE REALLOCATION 

I. PROJECT PURPOSE AND NEED FOR ACTION 

- -
The U.S. Army Corps of Engineers (Corps) at the request of the Kansas Water Office has 
undertaken a study to evaluate the potential to reallocate a portion of Wilson Lake storage to 
water supply for the Cities of Hays and Russell, Kansas. 

The Cities of Hays and Russell (the Cities) have indicated that they would need approximately 
8,000 acre-feet of water per year for Municipal and Industrial Purposes projected for the next 
50 years. This figure was based on a modest population growth and the assumption that 
alternative water supply sources currently available may not be available in the future. In 
order to supply the 8,000 acre-feet, approximately 30,000 acre-feet of storage would need to 
be reallocated to water supply. 

Currently the population of Hays is approximately 18,800 and the population of Russell is 
approximately 4,750. The Cities have jointly petitioned for the water rights in Wilson Lake, 
with the City of Hays receiving 82 percent of the water and the City of Russell receiving 18 
percent of the water. Presently, the average for the City of Hays is 160 gallons per day per 
person. The water demand for Russell is 196 gallons per day per person. 

Information received from the Cities indicate that water would be withdrawn on a continuous 
basis throughout the year, but would be somewhat cyclical with more water withdrawn in 
summer months than in winter months. The water intake pumps and pipes would be sized to 
initially pump about 850 gallons per minute (g.p.m.). This would allow withdrawal of 1,373 
acre-feet per year, or 113 acre-feet per month. The Cities anticipate needing to upgrade this 
pumping capacity to 8,000 acre-feet in approximately 15-20 years to meet future demands. If 
the pipeline from Wilson Lake is constructed, it is anticipated to become the major source of 
water for the Cities and the current sources will be used as supplemental water supplies. 
During drought conditions, the Cities anticipate becoming more dependent upon the water 
from Wilson Lake as other supplies become less dependable. 

II. PROJECT DESCRIPTION 

Wilson Lake was initially authorized as a part of the comprehensive plan for the Missouri 
River Basin by the Flood Control Act of 1944 (P.L. 78-534). In 1956 authority for the 
construction, operation and maintenance of Wilson Dam and Reservoir was transferred from 
the Secretary of the Interior to the Secretary of the Army by Public Law 84-505. 
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Authorization purposes include flood control, irrigation, navigation, recreation, fish and 
wildlife, and water quality. As constructed, the principal use of multipurpose (conservation) 
storage is for irrigation, however, multipurpose storage is to serve navigation until irrigation 
use is developed. 

Wilson Dam is located at mile 153.9 on the Saline River, in Russell County, in north central 
Kansas. A map showing the location of Wilson Lake project is located at Figure 1. The 
damsite is about 45 miles west of Salina, and 10 miles north of Wilson, Kansas. The lake 
primarily lies in eastern Russell County, although a small portion extends into western 
Lincoln_ County. The Saline River basin is long and narrow with a total drainage of 1,917 
square miles above Wilson Dam. At multipurpose pool, the lake has 9,000 surface acres and 
a 100-mile shoreline. There are 12,842 acres of fee land above the multipurpose pool 
elevation of 1,516.0 feet mean sea level (m.s.I.). 

Wilson Lake is operated to provide flood control and a diversity of recreation opportunities 
consistent with sound conservation and aesthetic values. A.Ii informal agreement between the 
Kansas Department of Wildlife and Parks (KDWP) and the Corps has been formed to develop 
an annual water level management plan. The purpose of this agreement is to make optimum 
use of available water for fish and wildlife, recreation, and consumptive uses. The plan 
attempts to maximize benefits for specific users, without adversely affecting other aspects of 
the lake resource: The lake fluctuation plan is not a fixed plan, but is a flexible plan subject 
to change annually based on prevailing conditions at that time. The fluctuation plan also calls 
for periodic water releases to enhance the Saline River below Wilson Lake for fish and 
wildlife benefits. 

The proposed action for this Environmental Assessment is the reallocation of an estimated 
30,000 acre-feet of storage for municipal and industrial uses for the Cities of Hays and 
Russell, Kansas. 

III. ALTERNATIVES 

A. Wilson Lake Storage Reallocation From Multi-Purpose Pool (Preferred). This 
would include storage from the existing multi-purpose pool. 

B. Wilson Lake Storage Reallocation From Flood Control Pool. This alternative 
would include a pool raise of approximately 2 feet in which the lake would operate in the 
flood control pool on a regular basis. 

C. No Action. The No Action alternative would not reallocate water from Wilson 
Lake for water supply to the Cities of Hays and Russell, Kansas. 
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IV. AFFECTED ENVIRONMENT 

General 

Wilson Lake is a 2 1 , 800-acre multipurpose project. Land use includes 9,000 acres for the 
lake at multi-purpose pool, 475 acres for project operations, 2,900 acres of intensive 
recreation, 2, 1 00 acres of low density recreation, 300 acres of natural areas, and 6, 990 acres 
for wildlife management. 

The area of Russell and Lincoln Counties has often been subjected to the extremes of the 
�!ltral _Plains weather patterns. Temperatures and precipitation vary from month to month 
and more generally from year to year. The average January and July temperatures are 29· 
Fahrenheit and 82° F, respectively. The average annual precipitation for the area is 24 inches. 
January is the driest month and May is the wettest. Droughts, which may occur at any time 
during the year, are most serious during July and August. Most flooding occurs in the spring 
and early summer. Prevailing winds are from the south during the spring and summer and 
from the north during the winter. High winds are not uncommon. The average annual 
snowfall is about 1 7  inches. 

Wilson Lake is located in an area of well defined hills and valleys with numerous sandstone 
outcrops. Elevation ranges from 1 ,440 ft. m.s.l. in the area below the dam to a high of 1 ,  780 
ft. m.s.l. at the western end of the project. Much of the area around Wilson Lake is 
characterized by relatively high . hills with steep foots lopes to the shoreline. A way from the 
river valley, the topography is less severe with indistinct terraces, dissected escarpments and 
rolling hills. Wilson Lake occupies a broad, flat, floodplain which is deeply cut into the 
surrounding uplands. The local geographic unit is the Smoky Hills. The Smoky Hills are 
made up of a maturely dissected belt some 20 to 40 miles wide lying on the eastern border of 
the Dissected Hill Plains province which forms the eastern edge of the High Plains. The 
latter in turn belongs to the Great Plains. section. The lake area is characterized by sandstone 
outcroppings of the Dakota formation. This formation from the Cretaceous Age is the oldest 
bedrock exposed in the lake area. The sandstone appears in most cases to weather rapidly, 
but in some instances has become hardened and quite resistant to weathering. 

The Saline River has, in the past, undercut the channel sandstone causing massive blocks of 
the sandstone to separate along the vertical jointing and to slump toward the river. Steep 
sandstone walls and ledges line the valley and adjoining canyons throughout this part of the 
Saline Valley. On the western edge of Lucas Park is an interesting concentration of rock 
formations resembling a small scale city. These formations, known as Rocktown, are 
comprised of a soft sandstone ranging in color from white to bright red. In the lake areas 
there are also deposits of limestone, gravel, lignite, and various clays. For the most part, 
these deposits are buried beneath overburden or water and so are not readily observable. 

Lake Management 

The annual water level management plan developed by KDWP usually has a rise in lake 
levels beginning in March to a lake elevation of 1 ,5 1 6  ft. m.s.L, normal multipurpose pool 
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elevation is l ,5 1 5  ft m.s.L. This is done to flood terrestrial vegetation that has established 
along the shoreline. This flooded vegetation creates habitat for spawning, hatching and 
nursery areas for many game and pan fish, such as white and black crappie, largemouth bass 
and bluegill. Many forage fish such as gizz.ard shad and minnow will also use this as 
spawning and/or nursery areas. As the flooded vegetation decays it acts as a nutrient source 

to stimulate growth and production of invertebrate species, which young fish can use as 
forage. The water level management plan usually tries to maintain the lake at a constant level 
through early July. The stable water level is important for fisheries as it allows time for 
hatching and development of young fish. 

The water level management plan then suggests a drawdown of 2 feet, to occur as quickly as 
feasible, ideally by the end of July, and then a stable pool is to be maintained through mid
September. This is accomplished in order to expose the shoreline and allow it to revegetate 
with species such as nutsedge, cattails, and smartweed, in some areas seeding of millet and 
rye may also occur. Millet is primarily for preparation of fish spawning and nursery areas for 
the following spring. Drawing the lake down at this time also reduces the areas available for 
forage fish to hide from predation. Lowering the lake and increasing downstream flows also 
helps scour out the stream bed downstream of the dam and maintain an open channel. This 

scouring occasionally creates holes and pools in the stream which improve habitat for catfish 
species. 

A slight (no more than I foot) rise is desired. from mid-September through the end of 
December for purposes of flooding some of the millet to make it available for use by 
waterfowl during the fall migration. 

A drawdown is then initiated to level l ,5 1 5  ft. m.s.l. through the winter months to prepare for 
spring flood storage. A reduction of wave and ice damage to vegetation above this elevation 
also results, which protects this habitat for spring fisheries. 

Water Quality 
Fifteen water quality observation stations have been established on Wilson Lake with water 
quality parameters. The parameters are periodically sampled by Corps personnel. All water 
quality readings are well within the State of Kansas water quality criteria and are suitable for 
the support of a diversity of aquatic life. 

Nutrient loading is an important factor for water quality at Wilson Lake due to low turbidity. 
Concentrations of phosphorus and nitrogen have decreased to levels that prevent algal blooms. 
Yearly nitrogen-phosphorus ratios in the lake since 1 969 have remained near I 0: 1 ,  indicating 
that the probability of nuisance algal production is limited. 

The fecal coliform sampling in the lake has yielded readings of 1 0- 1 00 organisms per I 00 ml. 
This is within the State of Kansas water quality standards for water used for body contact 
recreation. 

• 1i 
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Recorded pH values have ranged from 7.3 to 8.2 and the lake is well buffered. Typical 
Secchi disk readings have ranged from 3 to 20 feet. The zone of photosynthesis activity 
normally extends to a depth of 5 to 6 feet. 

Sulfate and chloride parameters have been important to Wilson's water quality. Problems 
associated with inflowing sediments stem mainly from agricultural land in the associated 
watersheds. The drainage from cultivated cropland picks up and transports soil particles 
containing residuals of fertilizers used in farming operations. Since 90 percent of the 
sediments contributed by the watershed are silt and clay size particles, a large percentage of 
the_ nutrients derived from the fertilizers are tied up with the fine-grained sediments. The 
estimated volume of sediments derived from the watershed totals 400 acre-feet per year. This 
volume does have a limiting effect on aquatic production at all levels of the lake. Although 
dissolved solids in the lake are higher than most impoundments, they are not detrimental to 
recreation use. They would, however, affect water supply uses. 

Following lake impoundment, high phosphorus concentrations initially favored a large blue
green algae population, but this dominance was short lived. Phosphorus levels declined 
significantly and green algae replaced blue-green as the dominant class in the lake: No 
nuisance conditions are expected in the lake from the proposed action. The standing crop 
shows a good base for continued production of food organisms for fish. 

Both upstream and downstream areas have moderate benthic densities, but the diversity of 
organisms is less downstream. The dominant organisms doW'nstream are now more related to 
a clean water environment due to the filtering action of the lake. The benthic community in 
the Saline River upstream from the lake is dependent upon the concentration of dissolved 
solids and the high salt concentrations which limit the variety and density of bottom-dwelling 
organisms. Lower salt concentrations in the lake lead to a more diverse benthic population. 
Benthos populations in the lake itself are similar to upstream populations but also include 
caddis flies. 

Terrestrial Habitat 

Wilson Lake lies entirely within the central Mixed Prairie region. The prairie is dominated 
by a mixture of tall and short grasses, with an intermingling of native forbs. Native 
grasslands around Wilson are in good to excellent condition. Such native prairie associations 
throughout the central plains have survived for centuries because of two conditions. Native 
warm season grasses grow well in the heat of the summer thus providing excellent 
competition for moisture with various woody and forb species. These grasses are, therefore, 
effective in limiting invasions by undesirable trees and brush. The second factor has been 
periodic wild fires sweeping across the prairie, killing young wood growth and stimulating 
additional grass production as the soil was laid bare. Fish and wildlife resources at Wilson 
Lake are in good condition. 

Tree cover in the Wilson Lake area is of two types, native species occurring naturally at 
various sites throughout the project and those trees, both native and nonnative, that have been 
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planted and maintained by the Kansas State Extension Forester during the first several years 
of Wilson's existence. Tree cover is sparse with most timber limited to narrow strips in and 
adjacent to the stream channels and draws where soil moisture is relatively abundant. The 

economic value of these existing irregular stands is generally poor with both species 
composition and tree vigor of less than desirable quality. 

Russell and Lincoln Counties contain a wide variety of wildlife, including many game species. 
Nongame mammals endemic to the area include bats, shrews, moles, pocket gophers, ground 
squirrels, mice, voles, prairie dogs and rats. Game species include white-tailed deer, mule 
de_ey, fo?C squirrel, black-tailed jackrabbit, and eastern cottontail. Fur-bearing mammals 

include the opossum, beaver, musk rat, coyote, red fox, raccoon, mink, badger, striped skunk 
and bobcat. Many species of birds are present in the area and utilize habitat for nesting, 
wintering, and spring and fall migration. Game species include, mourning dove, ring-necked 
pheasant, bobwhite quail, northern greater prairie chicken and many species of waterfowl. 

V. ENVIRONMENTAL EFFECTS OF THE PREFERRED ALTERNATIVE 

A. Natural Resource Effects 

1. Air and Noise Quality. This water resource based project would have no impacts 
on noise levels or air quality. 

2. Aquatic Community. The water level management plan would need to be 
modified to adjust to the reallocation project. Potential changes to the plan may include, 
adjusting the mid-summer drawdown. This may need to be more flexible and adjust to the 
rate of drawdown from the water supply uptake system. Any additional drawdown from 
either the management plan or the reallocation may reduce the benefits to fish and wildlife 
from the management plan. The water level management plan originally tried to implement 
periodic increases in downstream flows, to scour the channel and provide some fisheries 
benefits, however this component of the plan has not been implemented. 

During drought conditions, lake levels would generally be lower and may not recharge as 
quickly, or at all during severe droughts. This may have several effects on the aquatic 
ecosystem. Fish that go upstream to spawn may not be able to get upstream due to low levels 
making the channel impassable. The flooding of vegetation in the spring may not occur, 
which would then negatively effect available spawning sites, fish cover, and invertebrate 
species. Although many of these conditions may occur under the No Action alternative 
during drought conditions, the Preferred Alternative may increase the severity of these 
conditions. 

Specific impacts to the fisheries resources are mainly related to the availability of suitable 
substrate for spawning under with project conditions. White bass begin spawning when water 

. temperatures reach 60-70° F, which is usually mid-April to late May. The white bass migrate 
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upstream whenever possible, but can, and do spawn in open water areas of the lake. When 

the pool drops below elevation 1 ,5 1 5  ft. m.s.l . ,  the passage to the upstream area is cutoff to 
the bass. Therefore, spawning would be reduced to the open water on the lake whenever 
water elevations are below 1 ,5 1 5  ft. m.s.l. in April and May. 

Smallmouth bass begin to spawn once water temperatures reach 6 1 -65 °F which is usually 
during the month of April at Wilson Lake. They spawn in areas having a rocky bottom. This 
type of substrate is common at Wilson Lake at elevations above 1 ,5 1 3  ft. m.s.l. Smallmouth 
bass usually spawn in water depths ranging from 2 to 20 feet, and are therefore generally less 
sep..§itive to water level fluctuations compared to walleye. When lake levels are below 
elevation 1 ,5 1 3  ft. m.sJ. in April, smallmouth bass spawning will be severely impacted as the 
majority of suitable habitat will not be available. An increase in negative effects to 
smallmouth bass Win occur when there are several years in a row where suitable spawning 
habitat would not be available due to lowered lake levels below elevation 1 ,5 1 3  ft. m.s.I. 

Walleye spawn at Wilson Lake mainly along some rocky points near the dam, and also along 
the rip rap on the upstream face of the dam. Spawning can occur from late March to early 
May. Walleye lay eggs very near the surface of the water column, usually from 1 to 4 feet 
deep. The rock outcrops near the face of the dam are thought to be out of the water at an 
approximate elevation of 1 ,5 1 1 ft. m.sJ., however this is not a confirmed elevation. 
Therefore, when lake elevations are below 1 ,5 1 1 ft. m.s.l. suitable substrate for walleye is 
reduced substantially. Rip rap on the upstream face of the dam extends the entire distance of 
the dam, and would be available as suitable habitat for walleye spawning at any lake level. A 
steady water level is necessary when eggs and nonmotile fry are present (late March to early 
May) in order to ensure successful spawning. If the lake level drops during this period, the 
eggs and larvae may be stranded. If high outflows occur, the potential for the eggs or larvae 
to be swept downstream exists due to the close proximity of spawning areas to the outlet 
structure. It is not anticipated that the water level would fluctuate substantially with project 
as compared to without project during the walleye spawning season. 

Of the 744 months in the period of record, 1 83 months occur in April, May, and June, which 
were defined as peak spawning season months for walleye, smallmouth bass, and white bass. 
When looking at with project conditions, of those 1 83 months, 46 months would occur in 
which the lake elevation would be at or below elevation 1 5 1 1 . 1  ft. m.s.l. .  This equates to 25 
percent of the time in which suitable spawning substrate would not be available for walleye 
spawning. Under without project conditions, the lake elevation is at or below elevation 
1 5 1 1 . 1  ft. m.sJ. less than 1 percent of the time. For any one given year impacts to the 
fisheries resource from a reduction or even complete loss in spawning would have minor 
effects overall. However, when there are several years in a row in which this impact occurs, 
the overall severity of the effect on the fisheries resource increases. Both walleye and white 
bass would probably have at least some spawning activity when lake elevations· are below 
1 5 1 1 . 1  ft. m.s.l. .  Smallmouth bass may have very little spawning success below lake 
elevations of 1 5 1 1 .  l ft. m.s.l. Therefore, the largest effect to the fisheries resource under the 
preferred alternative is expected to be to smallmouth bass populations when several 
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consecutive drought years occur. If the project is implemented, it may be necessary for the 
Corps, the Cities of Hays and Russell, the United States Fish and Wildlife Service (USFWS), 
and KDWP to meet and discuss possible mitigation or compensation for the loss to the fishery 
resource. Table EA-I summarizes this data. 

Table EA-1 : Number of Months Wilson Lake is at or Below Elevation 1 5 1 1 . 1  ft. m.s.I. 
During Spawning Season using Reallocation of Multi-Purpose Pool (w/project), 

Compared to Existing Conditions (w/out project) 

# of occurrences in 
April 

w/Project 1 6  

Ave elev. w/Proj. 1 509.2 ft. m.s.l. 
for those months 

Years of occurrence 1 955, ' 56,'57, '67, 
' 7 1 ,  ' 72, ' 8 1 ,  ' 82, 
' 83, ' 84, '85,  '86, 
' 89, '90, ' 9 1 ,  '92 

w/out Project 3 

Ave elev. w/o Proj. 1 5 1 0. 5  ft. m.s.l. 
for those months 

Years of occurrence 1 956, '91 ,  '92 

# of occurrences in 
May 

1 7  

1 509.6 ft. m.s.1. 

1955, '56, ' 57, '65, 
'67, ' 7 1 ,  '72, ' 8 1 ,  
'82, '83 ,  '84, '85 ,  
'86, '89, '90, ' 9 1 ,  
'92 

2 

1 5 1 0. l  ft. m.s.L 

1 956, '92 

# of occurrences in 
June 

1 4  

1 509.5 ft. m.s.l. 

1 955, ' 56, ' 7 1 ,  ' 72,  
' 8 1 ,  '82, ' 83 ,  ' 84, 
' 85,  ' 86, ' 89, ' 90, 
'9 1 ,  '92 

1 

1 5 1 0.7 ft. m.s.l. 

1992 

3. Terrestrial Habitat and Wildlife. The proposed preferred alternative is expected 
to have little or no effect on terrestrial habitat or wildlife species that utilize the habitat. 
Some increase in the amount of terrestrial habitat around the perimeter of the lake is expected 
to occur during periods when lake levels are lower. This effect would be similar to that 
which already occurs under the water level management plan, when the lake is lowered in late 
July to encourage vegetation growth along the shoreline. Therefore, benefits to fish and 
wildlife are expected to be similar to those of the water level management plan. 

4. Threatened and Endangered Species. In accordance with Sections 7(c) of the 
Endangered Species Act, the U.S. Fish and Wildlife Service provided a listing of the 
Federally listed species that potentially occur in the project area. These species are listed in 
Table EA-2. 
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Table EA-2: Federally Threatened and Endangered Species in the Wilson Lake Area 

Species *Status Distribution 

Bald Eagle (Haliaeetus /eucocepha/us) T Known to occur as a seasonal migrant and common 
winter resident of the Saline River & Wi lson Lake. 

Black-footed ferret (Mustela nigripes) E Last documented in 1 976. The ferret is almost 
exclusively associated with prairie dog towns. 

Whooping Crane (Grus americana) E Known to occur occasionally as a seasonal 
transient. May stop to rest/feed at marshes, 
mudflats and hay fields with open views of the 
surrounding terrain. 

Peregrine falcon (Falco peregrinus) E Widespread but uncommon migrant throughout 
Kansas, generally occurring during Mar-Apr & 
Oct-Nov. Utilize wetlands & open areas, primarily 
prey on other birds. 

Piping plover (Charadrius melodus) T Seasonal spring and fall migrant along larger 
Kansas rivers, associated with unvegetated 
shorelines, sandbars and mudflats, feed on aquatic 
invertebrates. 

Least tern (Sterna antillarum) E Similar habitat usage as the piping plover, in same 
geographic regions, feed primarily on small fish, 
occurs in spring and fall. 

Source: Kansas Department of Wtldlite anc t'arKS; U.S. Fish and Wlldllte Service 
•T= threatened, E= endangered 

The riparian wetland perimeter trees are the type of trees threatened bald eagles use for 
perching and roosting. Nesting bald eagles are making a come back in Kansas lakes with 
most of the nesting occurring on Corps lakes. As nesting eagles expand their nesting 
locations, it is likely Wilson Lake will begin attracting these birds. No impacts to riparian 
trees that are suitable for bald eagle use would result from this project, therefore, no impacts 
to bald eagles are anticipated. 

The whooping crane uses habitat types such as marshes and hay fields. Marshes are not a 
predominant wetland type at Wilson Lake. The proposed action will have no affect on hay 
fields in the area. No loss of mudflats is expected, and in fact mudflat areas may be 
increased late in the summer. Therefore, no adverse impacts to whooping cranes would occur 
from the proposed action. 

The endangered least tern and the threatened piping plover use similar habitat types. Both 
utilize unvegetated shoreline, sandbars and mudflats. It is possible as a result of this project 
that more shoreline would be exposed later in the summer months. Also, more sandbar and 
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mudflat type habitat may be created on the lake itself and downstream of the lake, especially 
during drought conditions. No adverse impacts to either the least tern or the piping plover 
would be expected as a result of this project, and in fact some beneficial impacts may result. 

The peregrine falcon may hunt in the Wilson Lake area, especially in the spring and fall 
during migration of waterfowl and other birds which is the peregrines preferred prey. No 
adverse impacts to migrating birds or the habitats they would utilize such as open water and 
wetland areas is anticipated as a result of this project, therefore, no adverse impacts to the 
peregrine falcon would be expected to occur. 

· - -

The black-footed ferret is almost exclusively associated with the prairie dog towns, and is 
dependent on them for cover and food. The last documented ferret evidence in Kansas was 
1 976. This project would not impact prairie dogs or their habitat, therefore, it should not 
impact black-footed ferrets. 

5. Wetland Effects. Wetlands in the project area are mainly limited to the upstream 
portions of the lake. These wetlands are affected by fluctuations in lake levels. High lake 

levels inundate the wetlands which supplies them with fresh, oxygenated waters. Low lake 

levels influence the ground water levels as well, which may cause the wetlands to have less or 
no water during the driest times of the year. Under the proposed action, the lake would still 
fluctuate and the wetlands would still become inundated during high water events. However, 
the wetlands may be impacted by lower lake levels. It is anticipated that the lake could 
consistently be lower by approximately 0. 1 0  of a foot in any given month, with a maximum 
of 4 feet during the late summer months during severe drought conditions. This could mean 

very shallow wetlands that currently do not become dry, may become dry due to decreased 
ground water levels. Although wetlands can sustain limited periods without water, animals 
that currently utilize these wetlands for their water supply, may have to travel greater 
distances to gain access to water. This could make certain species more susceptible to 
predation by having longer exposure times, especially game birds such as quail. 

A change in the water regime at these wetlands may also influence vegetation associated with 
these wetlands. Plants that are water-dependent may no longer be present if the wetlands 
consistently go dry. Plants that are more tolerant to drought conditions may become the 
predominant species, typical species of this type would include, cattails and smartweed. 

6. Water Quality. Water quality conditions in the lake are not expected to change 
significantly by the proposed action. Concentrations of some chemicals such as phosphorus, 
and fertilizers may be somewhat higher during summer months when there is less water in the 
lake, however, it is not anticipated that they would be substantially higher. Water clarity is 
expected to remain similar to current conditions as clarity is affected by resuspension of 
bottom sediments from wind and wave action. 

7. Erosion. Eroded shoreline areas do exist at Wilson Lake. The proposed action is 
not expected to significantly increase erosion rates. In fact, compacting of sediments exposed 
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during drought periods and allowed to revegetate may have positive effects and actually 
reduce erosion rates in some areas. 

8. Recreation. There are six large lakes located within 75 miles of Wilson Lake. 
Kanopolis Lake is the only one of these six lakes that is operated by the Corps of Engineers. 
The other five lakes are operated by the Bureau of Reclamation (BOR), or the USFWS, which 
operates Kirwin lake. The primary purpose of the BOR lakes is for irrigation, therefore, all 
of these lakes, except Waconda Lake, have fluctuating pools. Kirwin Lake is operated for 
irrigation but also has a primary purpose to manage for fish and wildlife benefits. 

The major limiting factors to visitation at Wilson Lake are the influence of Kanopolis Lake, 
Waconda Lake, and the low regional population base. Recreational opportunities and 
estimated use per activity are outlined in Table EA-3. A visitor survey conducted by the 
Corps during the 1 982 (the most recent year of data available) recreation season is the source 
of information. 

Table EA-3: Recreational Activities and Percent Visitation at Wilson Lake 

Activity Percent Per Activity 

Swimming 62 

Boating 3 3  

Camping 24 

Fishing 1 9  

Picnicking 1 9  

Water Skiing 1 6  

Sightseeing 1 3  

Hiking 0.3 

Of the activities listed in Table EA-3, boat ramps would probably be most affected by the 
proposed action. Of the nine boat ramps at Wilson Lake, three lanes at Wilson State Park 
become unusable at elevation 1 507 .8 ft. m.s.l., two lanes at Otoe Park become unusable at 
1 502.0 ft. m.s.l. and all the remaining ramps are unusable below elevation 1 494.0 ft. m.s.l . .  
During peak season (May through September), five out of the 744 months of record are 
projected to be at or below elevation 1 507 . 8  ft. m.s.l. with the preferred alternative. Other 
boat ramps may be silted in at lower lake levels and would require some dredging to make 
them operational, however, dragline dredges are accessible in the area. 

EA- 1 1 
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Other affects on recreation include some exposed rocky points at lower lake levels. These can 
be marked with buoys to prevent haz.ardous conditions for boaters and skiers. Conditions at 
the swimming beaches may be undesirable during low lake levels, but it is anticipated that 
these beaches could be modified, such as adding sand to improve conditions. Details of 
recreation activities and the affects of the preferred alternative on these activities are discussed 
in the Main Report in the section titled "Other Effects of Alternatives" under the subsection 
titled "C. Effects on Recreation and Recreation Facilities" on page 12. 

B. Cultural Resources Effects. 

The Wilson Lake area was probably inhabited at least as early as 7,000 B.C. and has been 
occupied sporadically ever since. In historic times, the Plains nomadic tribes known to be in 
and near the area were the Apache, Comanche, Kiowa, Kiowa-Apache, Cheyenne and 
Arapaho. Village tribes such as the Kansas, Wichita and Pawnee hunted in the area and may 
have built villages around Wilson Lake. The first Euro-Americans traveled on exploration 
and trading expeditions in the early 1 8th century. Settlement in the county by farmers and 
ranchers started in the late 1 860' s. 

Several archeological surveys have been conducted on Wilson Lake lands. The first were 
conducted by the National Park Service and the Smithsonian Institution from 1 948 through 
1 960 before construction of the dam began. The Corps of Engineers conducted surveys 
within the Public Use Areas and along the shoreline in the 1 980's. In 1 98 1 ,  the Department 
of the Interior and the Kansas State Historical Society jointly studied rock art in Kansas and 
featured four of the many rock art sites at Wilson Lake. 

Approximately 27 percent of the fee lands ( 1 0  percent of fee and easement lands) at Wilson 
have been systematically surveyed. Three sites ( 14RU5, 1 4RU 1 0  and 1 4RU3 1 3), all 
petroglyph sites located on sandstone cliffs that extend above the multipurpose pool level, are 
listed on the National Register of Historic Places. 

Fifteen sites are below the multipurpose pool between 1 ,450 and 1 ,5 1 0  ft m.s.l. 1 00 percent 
of the shoreline has been surveyed between 1 ,5 1 6  and 1 ,528 ft m.s.l. Thirty-eight sites, 
located at 1 ,520 ft. m.s. l. ,  are noted to be "at the shoreline" on the site forms. The site forms 
also note that the 1 ,520 ft. m.s.l. elevation was estimated from the map and was considered an 
approximation. Six petroglyph sites located at 1 ,520 ft. m.s.l. require additional investigation 
and may be situated on bluffs that extend into the water. Three other sites (a prehistoric 
camp, a historic farmstead and a bridge) also require study. 

Although no sites are recorded as having elevations between l ,5 1 1  and 1 ,5 1 9, four sites are 
large enough to extend between 1 ,5 1 0  and 1 ,520 ft m.s.l. (within the potential fluctuation 
zone described by this study). A Native American petroglyph site ( 1 4RU 1 2), was recorded to 
be at 1 , 5 10 ft m.s.l. on a sandstone outcrop 20 feet high and may extend into the fluctuation 
zone. Site 1 4RU548, the Cooper Ranch first settled in 1 900, is partially inundated. 

EA- 12 
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Recommendations for these sites include resurvey to locate the sites, assess their condition, 
photograph and possibly test for National Register eligibility. Site 1 4RU303, a prehistoric 
camp dating to about A.D. 1 000, was tested in 1 960 and no further work is recommended. 
Site 14RU 1 ,  a petroglyph site, i s  thought to be a forgery of historic signatures and requires no 
additional work. 

C. Hazardous, Toxic and Radioactive Wastes Investigation. 

Shoreline surveys conducted by Park Rangers at Wilson Lake are conducted on at least 
an ill1flual basis. These surveys are done to identify any items which may pose a potential 
hazard to lake recreators. Any items found are disposed of in compliance with all applicable 
regulations and guidelines. A program managed by Corps Operations Division personnel 
using the Environmental Review Guide for Operations (ERGO) has been implemented at 
Wilson Lake. An ERGO inspection was conducted at Wilson Lake in May 1 997. The survey 
found that Wilson Lake qualifies for a categorically exempt status which means it is a small 
quantities generator of hazardous material. Some minor hazardous materials (mainly solvents) 
are generated in connection with maintenance shop activities. This material is stored in 
approved containers and hauled off site by commercial haulers. All lessees in the immediate 
area of the lake, such as the KDWP and a commercial marina operator are also inspected and 
kept in compliance with ERGO. 

D. Socioeconomic Effects. 

1. Community and Regional Growth. Beneficial impacts to short-term and long
term growth of Hays and Russell may be realized as a result of the proposed action by 
providing water supplies to meet future water demands associated with projected population 
increases for the region. 

2. Aesthetics. The aesthetics of Wilson Lake would not likely be adversely affected 
by the proposed action. During lower lake levels some mudflats and exposed shoreline may 
develop, however it is anticipated that these would become vegetated in a short amount of 
time. 

3. Community Cohesion. The purpose of this project is to provide a reliable future 
water supply for the Cities of Hays and Russell. Therefore, direct impacts to the region and 
these communities is likely to be beneficial. An increase in the water available for use should 
promote community cohesion. 

4. Property Values and Tax Revenues. The proposed action would occur within 
property that is currently federally owned. Private residences and properties would not be 
directly affected. Indirectly, the ability of the Cities to supply water to support future growth 
would assure tax and property revenues associated with the growth. 

5. Natural Resources, Public Facilities and Services. Access to and use of 
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Wilson Lake recreational sites will not be affected by the recommended action except in 
extreme drought conditions when some boat ramps may become difficult to use. Natural 
resources will be minimally affected by the proposed action. Some wetlands may become 
dry, travel distance to water may be increased for wildlife species, and some affects on 
fisheries may occur as a result of the proposed action. 

6. Employment and Labor Force. Permanent employment in the region would not 
be affected by this action, or will benefit due to the availability of water for M&I purposes. 

_ 7. Life, Health and Safety. Implementation of the recommended plan would help 
ensure an adequate supply of water for future use by the cities of Hays and Russell. 

8. Business and Industrial Activity. Present businesses and possible future 
businesses receiving water from the Cities of Hays and Russell would have a reliable source 
of water, especially during periods of drought. 

9. Displacement of People. No displacement of people would result from this action. 

10. Farm Displacement. No farms would be affected by the proposed action. 

1 1 .  Noise Levels. No increase in noise levels would result from the proposed action. 

VI. ENVIRONMENTAL EFFECTS OF THE NONPREFERRED ALTERNATIVES 

The negative impacts associated with Alternative B, Wilson Lake Storage Reallocation From 
Flood Control Pool, include the loss of approximately 1 mile of riparian habitat upstream of 
Wilson Lake. The Saline River upstream of Wilson Lake was surveyed by the Kansas Fish 
and Game Commission (now the KDWP) in 1975. The survey above Wilson Lake indicated 
good populations of channel catfish, flathead catfish, and sunfish available along with some 
white bass. Because of the uniqueness and riparian association along this reach, the Saline 
River in Russell County has been classified as "Highest-Valued Fisheries Resource" the 
highest stream ranking bestowed by the KD WP. The USFWS has identified this riparian 
habitat in the draft Coordination Act Report (CAR) as a resource that would be urunitigatable. 
A conversion of terrestrial habitat to aquatic habitat associated with the lake shoreline area 
would occur with the reallocation from the flood control pool alternative. The total acreage 
of this converted shoreline/terrestrial habitat is estimated to be approximately 250 acres. 

Increased erosion due to wind and wave action on the shoreline would most likely occur, 
based on past observations when the water management plan called for a lake elevation of 
1 ,5 1 7  ft. m.s.l . .  Increased erosion would reduce water clarity which may impact aquatic 
vegetation and associated organisms that rely on the vegetation. Erosion and wind and wave 
action may also cause resuspension of fertilizer and other contaminants that are bound to the 
soil particles. 

• . i. "': ' • r 
1 :· · t. r . : 1  .' 
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Maintaining a higher lake level may have some positive benefits as well. Fisheries may 
receive some benefits by an increased lake area, however effects from shoreline erosion may 
limit those benefits. Wildlife may have less distance to travel for water from vegetative cover 
surrounding the lake to the shoreline, which could reduce their risks from predation. 
Wetlands may benefit from a higher water table which may cause water to remain in wetlands 
that would normally dry out during the driest summer months. Overall negative effects from 
this alternative are expected to be slightly greater than the preferred alternative. However, 
positive effects to the lake fisheries would be greater than the preferred alternative. 

U@.er the reallocation from flood control pool alternative, increased erosion may impact 
prehistoric and historic archeological sites, especially petroglyph sites on the sandstone bluffs 
that extend into the water.  One site, 14RU10, listed on the National Register of Historic 
Places, is located at elevation 1525 ft. m.s.L on a steep bluff that extends into the water. 
This alternative is not expected to significantly increase erosion rates. 

The environmental and cultural resource impacts of the No Action alternative are minimal. 
Some negative socio-economic impacts will occur to the Cities of Hays and Russell under the 
No Action alternative as they would not be able to receive a permanent reliable water supply 
from Wilson Lake. This may jeopardize the financial viability of the Cities in the future, 
especially if  current water supplies are depleted. The following matrix compares the 
environmental effects of each alternative. 
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Alternative 

No Action 

· -

Reallocation from 
Multi-Purpose 
Pool (Preferred) 

Reallocation from 
Flood Control 
Pool 

. 
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Table EA-4: Environmental Effects Matrix 

Terrestrial Aquatic Resources Wetlands 
Resources 

No Change No Change No Change 

Some increase in shoreline Lower pool levels within the During periods of sustained 
habitat during late summer Lake during late summer drought, ground water 

months and periods of drought months or periods of tables that are influenced 
This area should become drought. Pool levels could by Wilson Lake may be 
vegetated and provide be O. I O  foot lower in any lowered due to lower lake 
beneficial habitat to wildlife given month up to a levels. Some shallow 

and, if inundated, to reservoir maximum of 4 feet. wetlands that currently 
fisheries. contain some water may 

Fisheries resources may be then go dry. 

affected. Spawning habitat 
may be reduced. Of the sport Wetlands in the upper 

fish species affected, portion of the lake would 

smallmouth bass would more continue to be influenced 
than likely be most affected, by Wilson Lake levels. 

mainly during periods of Wetlands would be 
drought lasting 3 or more inundated during high lake 

years. levels. 

White bass would not be able 
to migrate upstream when 
lake elevation is below I ,S I S  
ft. m.s.I.. 

No impacts to upstream 
riparian habitat 

Minimum flows downstream 
will be maintained. 

Approximately 250 acres of Approximately one mile of Wetlands located within 
shoreline/terrestrial habitat the Saline River upstream of one mile upstream of 
would be converted to aquatic Wilson Lake would be Wilson Lake would 
habitat. converted from riparian & become permanently 

riverine to lacustrine habitat. inundated. However, new 
Shoreline erosion may The loss of riparian & wetlands may form over 
increase. When lake levels riverine habitat would be time adjacent to the newly 
were held higher in the past at difficult to replace or established multi-purpose 
the request of the State for mitigate in-kind. pool. 
fish and wildlife benefits, 
shoreline erosion from wind, In· reservoir fisheries may 
wave and ice action became a benefit from an increase in 
concern and the State lake area habitat. 
requested the lake level be 
lowered again. However, over No change to downsream 
time it is possible the banks riparian resources is 
would stabilize. anticipated. 
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Recreation 

No Change 

The boat ramp at Wilson 
Lake State Pane is the 
only ramp affected by the 
projected lower lake 
levels. During the period 
of record this boat ramp 
would not be operational 
24 out of the 744 months 
of record (32%). 
However, of those 24 
months only S occur 
during the main recreation 
season. 

Some rocky hard points 
and shallow areas may 
become exposed or 
partially expo&ed which 
could pose a danger to 
boaters and skiers. 

Beach areas may be 
unusable if lake levels are 
lowered. 

An increase in multi· 
purpose pool elevation 
would provide a larger 
lake surface area for 
boating. 

Some existing recreation 
facilities located near the 
current lake shoreline 
such as camp sites or 
picnic areas may be 
inundated, and would 
need to be relocated. 

Beach areas may be at 
least partially inundated. 
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VII. COMPLIANCE WITH ENVIRONMENTAL QUALITY STATUTES 

Compliance with the Water Resource Council (WRC) Designated Environmental Quality 
Statutes that have not been specifically addressed earlier in this report are CO"'.ered in Table 
EA-5. 

A. Endangered Species. No threatened or endangered species would be affected by 
the proposed action. 

_ B. Cultural Resources. No additional impacts to archeological and historic sites 
should occur as a result of the preferred alternative . 

C. Federal Water Project Recreation Act. The project would have minimal 
impacts on recreation opportunities, with impacts occurring only during prolonged drought 
conditions. 

D. Fish and Wildlife Coordination Act. No significant effects to fish and wildlife 
resources would occur as a result of the reallocation. However some negative effects to lake 
fish spawning may occur during drought cycles. The Draft Coordination Act Report prepared 
by the USFWS under the provisions of the Fish and Wildlife Coordination Act (16.U.S.C. 
661 et seq.) is located at Appendix A. The Final CAR was not provided in time to be 
included in this document. If this study is resumed, the recommendations in the Final CAR 
will be responded to and incorporated into the report as appropriate. 

E. Executive Order 1 1988, Flood Plain Management. The proposed project would 
take place in an area designed for flood control purposes and is unavailable to the public for 
development. The project therefore would not directly or indirectly induce growth 
(construction of structures and/or facilities) in the floodplain. The project, as proposed, is 
therefore determined to be in full compliance with the goals and objectives of the Order. 

F. Wild and Scenic Rivers. No wild or scenic rivers or rivers proposed for study or 
currently under study for inclusion as a wild or scenic river are within the project area. 

G. Executive Order 1 1990, Protection of Wetlands. No significant wetlands would 
be permanently impacted by the reallocation. Some wetlands my periodically go dry as the 
pool decreases and the ground water table fluctuates. 

H. Clean Water Act. No construction work would be required for the proposed 
reallocation. Bank erosion from wind action would cause turbidity, however this will 
continue with or without the reallocation. Downstream minimum flows currently in effect 
will be maintained to meet water quality standards whenever feasible. 

I. Clean Air Act. This action would have no affect on air quality. 
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J. Farmland Protection Policy Act. No farmlands would be affected by the project. 

K. National Environmental Policy Act of 1 969, as amended. The compilation and 
distribution for public review and comment of this Environmental Assessment and the Finding 
of No Significant Impact fulfills NEPA compliance. 

VIII. FINDINGS AND CONCLUSIONS 

Based upon information collected in current and prior studies, preparation of an 
Eqyironmental Impact Statement is not anticipated at this time. The proposed action would 
not have a significant adverse effect on the quality of the human environment and would 
more than likely have positive effects in the form of a dependable water supply for area 
residents, especially the Cities of Hays and Russell. No additional impacts to archeological 
and historic sites should occur as a result of the reallocation. The Kansas City District has 
prepared a Draft Finding of No Significant Impact (FONSI) and included it with this EA 

IX. PUBLIC INVOLVEMENT AND COORDINATION 

Coordination with the public and governmental agencies has been maintained during the 
planning process. Under the Fish and Wildlife Coordination Act, the Kansas Department of 
Wildlife and Parks, and the U.S. Fish and Wildlife Service were contacted by letter dated 
June 12, 1 997. The U.S. Environmental Protection Agency, Region 7, the Kansas Water 
Office, and the Kansas Department of Health and Environment were also coordinated with by 
letter dated June 12, 1 997. The State Historic Preservation Office (SHPO) was contacted by 
letter dated July 28, 1997. The SHPO then notified the Corps by letter dated August 4, 
1997, that the project should not affect any property listed on the National Register of 
Historic Places, and did not object to the implementation of the project as proposed. 

A public open house was held for this study on November 5, 1996. The open house was held 
in Hays, Kansas in the City Council Chambers to obtain public input to the study and to 
answer any questions concerning the project. 

Additional coordination for this Environmental Assessment is accomplished by circulating it 
for review and comment by various individuals, and local, State, and Federal agencies. 

X. REFERENCES 

U.S. Army Corps of Engineers, Kansas City District 
1 984 Wilson Lake Master Plan. November 1 984. Design Memorandum No. 12A. 
Multiple-Purpose Project. Kansas River Basin, Saline River, Kansas. 
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Table EA-5: Compliance of Preferred Plan with Environmental Protection 

Statutes and Other Environmental Requirements 

Federal Polices 

Archaeological and Historic Preservation Act, 1 6  U.S.C. 469, et seq. 

Clean Air Act, as amended, 42 U.S. C. 1 857h-7, et seq. 

Clean Water Act (Federal Water Pollution Control Act), 
33 !:J.S.C 1 25 1 ,  et seq. 

Coastal Zone Management Act, 16  U.S.C. 1 45 1 ,  et seq. 

Endangered Species Act, 1 6  U.S.C. 153 1 ,  et seq. 

Estuary Protection Act, 1 6  U .S.C. 1 22 1 ,  et seq. 

Federal Water Project Recreation Act, 1 6  U.S.C. 460- 1 ( 12), et seq. 

Fish and Wildlife Coordination Act, 16  U.S.C. 601 ,  et seq. 

Land and Water Conservation Fund Act, 16 U.S.C. 460/-460/- 1 1 , et seq. 

Marine Protection Research and Sanctuary Act, 33 U.S.C. 1 40 1 ,  et seq. 

National Environmental Policy Act, 42 U.S.C. 432 1 ,  et seq. 

National Historic Preservation Act, 1 6  U.S.C. 470a, et seq. 

River and Harbor Act, 33 U.S.C. 403, et seq. 

Watershed Protection and Flood Prevention Act, 1 6  U.S.C. 1 00 1 ,  et seq. 

Wild and Scenic River Act, 16  U.S.C. 1 27 1 ,  et seq. 

Flood Plain Management (Executive Order 1 1 988) 

Protection of Wetlands (Executive Order 1 1 990) 

Farmland Protection Act 

NOTES: 

Compliance 

Full Compliance 

Full Compliance 

Full Compliance 

Not Appl icable 

Full Compliance 

Not Applicable 

Full Compl iance 

Full Compliance 

Not Applicable 

Not Applicable 

Full Compliance 

Full Compliance 

Full Compl iance 

Full Compliance 

Not Applicable 

Full Compliance 

Full Compliance 

Full Compliance 

a. Full compl iance. Having met all requirements of the statute for the current stage of planning (either 
preauthoriz.ation or postauthorization). 

b. Partial compliance. Not having met some of the requirements that nonnally are met in the current 
stage of planning. 

c. Noncompliance. Violation of a requirement of the statute. 
d. Not appl icable. No requirements for the statute required; compliance for the current stage of 

planning. 
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KANSAS \.\'ATER O FFI CE 
Stephen  A .  H tt r' l  
D i rcnor 

May 1 1 , 1 993 

Colonel Wilbur Boutin 
District Engineer 
Kansas City District 
U.S. Corps of Engineers 
700 Federal B uild.ing 
Kansas City, MO 64106 

Dear Colonel B outin:  

' 

STATE O F  KA NSAS • 

.Jo:1 1 1  Fi rrncr. Go\'crnor 

Su i te"  :mo 
J O� $ \\" ?-: i n t h  

Topc l.:.:1. 1-:;ni�a�  (; 6 6 1  :? - I  :.?·1 !l 
�l l �-'.?!16-:1.J 8 5  

F:\ X �1 1 �-�%-0878 

Over the past three years, there has been great interest in developing additional water supplies 
for cities in central Kansas, particularly Hays and Russell. A variety of alternative sources are 
lx;iub c1..i1J 1 i..im::<l fu1· !'hy�icul, fimml.:lal aml pol1tlcaJ reaslbtllty. In the course of our !:4 Y 1 ��) 
water planning cycle, it has come to onr attention that there is interest in Ellis and Russell 
counties on the use of Wilson Lake as a water supply source. To date, we have not done any 
analysis nn th� rel iahilit.y nr q1rnlity nf w::i tr.r ,;:npply fr0m Wil son L�e. 

This letter is a request that the Kansas City District place within their proposed FY 1 995 budget 
funding for a reconnaissance study of the feasibility of water supply from Wilson Lake. We 
would also encourage your planning staff to facilitate a meeting with representatives from central 
Knnsns to discuss use of Wilson Lake for water supply. 

I hope you can acconunodate this  request. Please let me know if I can be of any assistance. My 
planners are ready to work with your planning staff on this issue. Your consistent cooperation 
in these matters is always appreciated. Thank you for your consideration. 

Stephen A. Hurst 
Director 

SAH:TCS:boutin.ltr/dk 
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ADMINISTRATIVE OFFlCES • COMMISSIONERS 

HANNES ZACHARIAS. CITY MANAGER 

CAROL Sllf GRABBE. CITY CLERK-FIN DIR 

KENT LAAS. CHIEF BUILDING INSPECTOR 

SUSAN BILLINGER. PERSONl\EL DIRECTOR 

EBER PHELPS. MAYOR 

ROBERT ALBERS. M .D. 

SHARON LEIKAM 

DAN RUPP 

JOE GLASSMAN 

P O. BOX 490 
liAYS. KANSAS 67601·0490 

TEL 913/625·2815 
FAX 913/625·8964 

Don Hammond 
U . S .  Army Corp of Engi n e e rs 
7 0 0  Federa l Bu i l d i ng 
6 0 1  E a s t  1 2 t h  
Kans a s  C i t y ,  MO 6 4 1 0 6  

' 

D e a r  Don : 

September 1 ,  1 9 9 3  

I j u s t  want t o  t a k e  a moment t o  s ay t h a nk you f o r  
mee t i ng w i t h  m e  and repre s entati ves f rom t h e  C i ty o f  
Rus s e l l  c o nc e r n i ng wa t e r  i s sues and W i l s o n  Res e r vo i r . 
The i n f orma t i on you gave t o  the group was v e ry hel p f u l  
and gave u s  new i ns i gh t s  o n  l ea� i ng water s tora g e  i n  
Wi l s o n  Res er vo i r ,  p u rc h a s i ng such wat e r  s torage through a 
s epara t e  c o n tract w i t h  t h e  Corp , a s  wel l  a s  u s i ng the 
Kans a s  Wa t e r  O f f i ce Mar k e t i ng Program . I am s ur e  we w i l l  
b e  u s i ng your exper t i s e  i n  t h i s  area i n  the f u tu re . 

As I unde rs tand , you p l a n  t o  prov ide us with i n fo r 
mat i o n  on t h e  cos t s  i nvo l ved i n  a re a l l oc a t i o n ,  i n - f l ow ,  
and y i e l d  s tudy for Wi l s o n  Re s ervo i r . I u nd e r s t and t h a t  
t h e  Ka n s a s  Wa ter O f f  i c e  has a l ready requ e s t ed s u c h  s tud
i e s  be per f o rmed a t  W i l s on Re s ervo i r . Fu r t he r , f u n d i n g  
f o r  s u c h  s er vi c es s ho u l d  b e  i nc l uded i n  t h e  f e de r a l  FY 
1 9 9 6  Budget w i t h  work b e g i n n i ng arou nd Oc t o b e r  o f  1 9 9 5 , 
i f  approv ed by Congres s .  Thi s  t ime l i ne howeve r ,  may be 
mo ved up i f  ge nera l opera t i o n  funds in the Corp of E ng i 
n e e r s  budget become a va i l ab l e  t h i s  s p r i ng . I unders t a nd 
t h a t  a n o � h e r  a l t e rna t i ve t o  t h i s  t ime l i ne i s  t o  h a v e  
f unds f or s uc h  s t ud i e s  i nc o rporated i n  t h e  1 9 9 5  Budget 
t hrough s pec i f i c c ongre s s iona l act i o n . P l ea s e  l et me 
know i f  a ny of the above i n forma t i o n  is in e r r o r . 

I further unders t a nd t h a t  you w i l l  supp l y  u s  w i t h 
w a t e r  qua l i ty s amp l e  i n f o rmat i on taken at W i l s o n  R es er 
vo i r  t hroughout i ts h i s t o ry . I f  you wou l d  b e  s o  k i n d  a s  
t o  s e nd t h i s  i n forma t i o n  to me , I wou l d  appre c i at e  i t . 
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Don Hammond 
S eptember 1 ,  1 9 9 3  
Page 2 

• 

Aga i n , I want to thank you for your w i l l i ngne s s  to 
s h a re your expert i s e  i n  t h i s  area w i t h  us . A s  t h e  poss i 
bi l i ty o f  u s i n g  Wi l s o n  Lake Re s ervo i r  water i nc re a s es , s o  
wi l l  o u r  c onversa t i ons w i th you . 

sd ' 

pc : Judy Sa rgent 
Lavern S qu i er 
L e o  We l l brock 

Be t re gards , 

1i � /) . /l Q .�� 
H�nnes Z a c  r i a s  
C i ty Ma na ger 
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•DEPARTMENT OF THE ARM& 
N SAS C IT Y  D I STR ICT. COR PS O P'  f;NGIN-5 

700 FEDERAL B U I LD I NG 

REPLY TO 
ATTENTION OF: 

KANSAS C ITY. M ISSOURI 64106-2898 

Novemb e r  26 , 1 996 

Planning and Hydrologic Engineering Branch 
Engineering and Planning Division 

Mr. Robert Gyllenborg 
Area Manager 
Bureau of Reclamation 
Nebraska-Kansas Projects Office 
Post Office Box 1607 
Grand Island, Nebraska 68802- 1607 

Dear Mr. Gyllenborg: 

This requests your assistance in our reconnaissance study of reallocating 
storage in Wilson Lake, Saline River, Russell County, Kansas. 

The project design as constructed includes 225,000 acre-feet of multiple
purpose storage. The major justification for including this volume of storage 
was to support irrigation which has not developed. The lake has been in 
operation since 1964. 

At the request of the Kansas Water Office, we are examining the 
desirability of making Wilson Lake storage available for Municipal and 
Industrial Water Supply under the provisions of the Water Supply Act of 1 958. 
One alternative would be to reallocate a part of the multipurpose storage to 
Municipal and Industrial Water Supply which would reduce the volume of 
multipurpose storage available to support irrigation. We are considering 
reallocations in the range of 25,000 to 35,000 acre-feet. 

We would like for our report to include your views on the immediate and 
longer term potential for Wilson Lake irrigation development as well as any 
other concerns you may consider pertinent. The study began in September 
1996 and must be completed in 1 year or less. To avoid impacting our study 
schedule, we would appreciate receiving your comments within 60 days. 

. . . . .. ••t " 
, • r: r; · � t ;  

Sincerely, 

�· /Y2 4-,,t:-� 
Robert E. Morris 
Colonel, Corps of Engineers 
District Engineer 
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Department of the Army 
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Kansas City District, Corps of Engineers 
700 Federai Building 
Kansas City, MO 64106-2896 
Subject: Reallocation of Storage in Wilson Lake, Saline River, Russell County, Kansas 

Dear Colonel Morris: 

As you requested , we have reviewed the potential for irrigation development from 
Wilson Lake in central Kansas. 

Concerns about water quality and the lack of a large consolidated area suitable for 
irrigation remain the limiting factors in the widespread development of surface irrigation 
downstream of Wilson Dam. A traditional irrigation district with surface delivery 
facilities does not appear to be feasible either now or in the foreseeable future. There 
remains, however, the technical possibil ity of irrigation releases for individual 
diversions or "river pumps" serving u nassociated irrigable tracts of land near the river. 
The estimated total area of these irrigable tracts of land is less than 3,000 acres and is 
located primarily between Wilson Dam and the town of Lincoln , Kansas. 

!n summary, Reclamation has r.o immediate objection to the Corps of Engineers' 
carefully considered real location of storage water i n  Wilson Lake. 

If you have any questions, please contact Rod O'Sullivan at this office or call (308) 389-
4622, ext 205. 

R. J. Gyllenborg 
Area Manager 
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P lanning & Hydro logic Engineering 
Branch 

Engineer ing and Plann ing Divi s i on 

Mr . Wi l l iam H .  Gi ll 
Field Supervi sor 
U . S .  Fi sh and Wildlife service 
Kansas Field Off ice 
3 1 5  Houston Street , Suite E 
Manhattan , Kansas 6 6 5 0 2 - 6 1 7 2  

Dear Mr .  G i l l : 

• 

The Kansas City District (KCD ) , Corps o f  Engineers , 
is current ly initiat ing a study to investigate the 
poss ible rea l location of approximately 3 0 , 4 0 0  a cre-feet 
of storage i n  Wi lson Lake to water supply . The study 
is be ing undertaken at the request of the Kansas Water 
Office and the c ities of Hays and Russel l ,  Kansas . The 
preferred a lternative currently ident i fied for the 
study i s  to rea l locate water from the exist ing multi
purpose poo l . Other alternatives being considered 
inc lude real l ocat ion from the f l ood control storage 
pool and the "No Acti on" alternative . 

The rea l location study wi l l  include an analys i s  of 
current water supp l ies for the c it i es of Hays and 
Russel l , an ana lys is of the alternatives cons idered for 
solving the water supply needs , a test of f inanci a l  
fea s ibi l ity , and the appropriate Nationa l Environmental 
Pol icy Act (NEPA ) documentat ion . Prior to recommend ing 
any rea l l ocat ion of storage in Wi lson Lake , we wi l l  
provide an opportunity for public review and comment on 
the study's draft reports . 

The request for 3 0 , 4 0 0  acre-feet of storage in 
Wi lson Lake would provide a water supp ly of about 11 
cubic feet per second ( c . f . s . ) with a 2 percent chance 
of shortage . According to the cities of Hays and 
Russe l l ,  82 per cent of the water would go to the c ity 
of Hays for municipa l / industrial (M& I )  supp l ie s  and the 
other 18 per cent for M&I to the city of Russel l .  A 
min imum downs tream f low of 5 c . f . s .  wou ld be ma intained 
from October through March and 1 5  c . f  . s  from Apr i l  
through September for water qua l ity purposes . 
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CENWK-EP-PR 

Ms . Han sen/ba w/3 1 4 3/ 1 0  J u n  97 
- 2 -

A t  th is t ime , we are requesting your comments 
regarding any s igni f icant resources wh ich might be 
impacted by the proposed act ion . Federa l and state 
threatened and endangered species , wet lands , water 
qua l ity , cu ltura l resources , important f i sher ies 
habitats , and recreationa l faci l it ies are of part icular 
concern . A map of Wi lson Lake i s  enclosed . Please 
provide your comments and information regarding this 
proposed action within 30 days o f  the date of this 
lette r . 

Should you have any quest ions regarding this 
proj ect , please ca ll Ms . Va leri e  Hansen of our 
Environmenta l Resources Section at 8 1 6-9 8 3 -3 14 3 .  
Written responses may be sent to our addres s , 
ATTN : CENWK,;_EP-PR . 

Enclosure 

s incerely , 

oR'' ''SIGNED F 
Harry F .  Beyer , Jr . 
Chief , Engineering & 

Planning Divis ion 

same Corre spondence Sent To (with/ encl osure ) : 

Mr . u .  Gale Hutton 
Director 
Water Resources Protection Branch 
Water , Wetlands , & Pesticides Divis ion 
U . S .  Environmental Protection Agency , Region 7 
7 2 6  Minnesota Avenue 
Kansas City , KS 6 6 1 0 1  

Mr . Bob Wood 
Sect ion Ch ief 
Kansa s  Department of W i ldlife and Parks 
5 1 2  SE 2 5th Avenue 
Pratt , KS 6 7 1 2 4 -8 17 4 
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Mr .  Al LeDoux 
Director 
Kansas Water Off ice 
Suite 3 00 
109 SW Ninth 
Topeka , KS 6 6 6 12 - 1 2 4 9 

- 3 -

Director , Bureau o f  Water Protection 

• 

Kansas Department of Health and Environment 
Forbes Field 
Topeka , KS 6 6 6 2 0  

Mr . Elden J .  Hammerschmidt 
D irector , Pub l i c  Works 
City of Hays 
1002 Vine Street 
Hays , KS 6 7 6 0 1  

City Manager 
P . O .  Box 1 1 2  
1 3 3  West 8th 
Russel l ,  KS 

• �· r"" ,· 1 • .' t ' ' ' ·- ... _. � 

Street 
6 7 6 6 5  
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KAN SAS WAT E H  O F F I C E  
A l  LeDoux 
Director 

June 30, 1 997 

Harry F. Beyer, Jr. 

• STATE OF KA NSAS 

Bi l l  G raves, Governor 

Chief, Engineering and Planning Division 
Kansas City District Corps of Engineers 
700 Federal Building 
Kansas City, Missouri 64 1 06-2896 

• 

S u i l e  300 
I 09 SW Ninth 

Topeka, Kansas 666 1 2- 1 249 

9 13-296-3 185 
FAX 913-296-0878 
ITY 9 1 3-296-6604 

A TIENTION: PLANNING AND HYDROLIC ENGINEERING BRANCH 
ENGINEERING AND PLANNING DMSION 

Dear Mr. Beyer: 

Reference is made to your letter dated June 12, 1 997, concerning your initiation of a study to 
investigate the possible reallocation of approximately 30,400 acre feet of storage in Wilson Lake to 

water supply. This study is being undertaken at the request of the citys of Hays and Russell, Kansas 
and is supported by the Kansas Water Office. We at the Kansas Water Office are ready and willing 
to work with you as you conduct this study. 

The Kansas Water Office has reviewed the proposed study for consistancy with the Kansas Water 
Plan and for identification of specific environmental concerns related to the study. No specific 
environmental concerns have been identified by this office. However; I have forwarded a copy of 
your letter to the Kansas Department of Wildlife and Parks (KDWP), for there further review and 
have requested that they prepare comments regarding any significant resources which might be 
impacted by the proposed action. Such as, Federal and State threatened an endangered species, 
wetlands, water quality, cultural resources, important fisheries habitats, and recreational facilities. 
The KDWP will provide comment by separate letter. 

Respectfully, 

*11fl__;_ 
Al Le Doux 
Director 
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Harry F. Beyer, Jr. 
June 30, 1 997 
Page Two 

• 

cc: Tom Stiles, KWO 
Terry Duvall, KWO 
David Leib, KWO 
Steve Williams, Kansas Department of Wildlife and Parks 

David Pope 
Division of Water Resources, 
Kansas Department of Agriculture 

Director, B ureau of Water Protection 

Kansas Department of Health and Environment 
Forbes Field, Topeka 

Director of Public Works 
City of Hays 
Hays, Kansas 

City Manager 
Russell, Kansas 

GK:wbasl.:cllgldrkn I 941og.11r/ni 

• 
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• 
l(DIT !AAS, COMMUNITY Jll'.\"IJ.Ol'Mf.l\'T COORO!NA TOR 

SUSAN RIWNGER. l'EKSONNH lllRECTOR 

P.O. BOX 490 

HA \"S, KANSAS li7C-<l J -04'1!1 

Harry E -Beyer, Jr. 
Chief, Engineering & Planning Division 
Corps of Engineers 
Kansas City District 
700 Federal Building 
Kansas City, MO 64 1 06-2896 

Dear Mr. Beyer: 

• 

July I ,  1 997 

( "( !M�HSSI( lNtRS 

1•\YN[ E Cl .ARl\h-MA\"OR 

\\'A YNI: lllLUNGl'R 

!KOY 111(1\MAN � p ti:) 
!IOWARI) ROME I- I 
<;UARON IJ:IK!\M 

IH. •ll :l/li2H- 7]20 

l'-\X •J U/liZR·7:lll 

h:t arharii\1''.4-spidom<' .net 

RE: Response to June 1 2, 1 997, Letter Regarding Wilson 
Reservoir 

I am writing in response to your June 12, 1 997, letter requesting o�r comments regarding any 
significant resources which might be impacted by the proposed real location of Wilson Reservoir water. 

In reviewing the information, we find there will be no significant impact on resources presently being 
used out of Wilson Reservoir on the City of Hays. Further, we do not envision any significant impact on 
current lake users or downstream users by this reaIJocation. We feel this reaIJocation will not affect, threaten, 
or endanger species, wetlands, water quality, cultural resources, fishery habitat, or recreational facil ities. It is 
our feeling that this reallocation will be so insignificant to the overall lake operation that the affects on lake 
operation wil l  be difficult to detect. 

Thank you for the chance to comment on the proposed real location. 

sd 

c: Elden Hammerschmidt 
PWWD # 1 5  

,.. - " " 1' ·· A ,• • • l f I i 
� ,I �" ... .  \ . •  • ? .' 

x:· ( ,JJ,�'----
Hannes Zac�r�� x. 
City Manager 



UNITE.ATES ENVIRONMENTAL PRWCTION AGENCY 

REGION VII 

Mr. Harry F. Beyer, Jr. 
Engineering and Planning Division 
Kansas City District, Corps of Engineers 
700 Federal Building 
Kansas City, Missouri 64106-2896 

726 MINNESOTA A VENUE 
KANSAS CITY, KANSAS 66 1 0 1 

July 11, 1 997 

RE: Study on Reallocation of Storage in Wilson Reservoir to Water Supply 

Dear Mr. Beyer: 

Thank you for your letter of June 12, 1997 inviting our comments on significant resources which 
might be impacted by the proposed reallocation of storage in Wilson Reservoir. The study you propose 
is of interest to several programs within our Agency, and we hope that you maintain contact with this 
office throughout the course of your efforts. I have included the following general comments to help 
identify issues which will be of particular concern to EPA: 

Scope of NEPA Analysis: 

Your assessment should include an analysis of the impacts resulting from both the reallocation of 
storage within the reservoir and the system for delivering the water to the cities of Hays and 
Russell, including both upstream and downstream reaches of the Saline River and tributary streams 
as well as impacts within Wiison Reservoir. In addition, we anticipate that the cumulative anaiysis 
will examine any land use changes associated with the increased municipal/industrial water supply. 

General Hydrologic Effects: 

We believe your hydrologic evaluation should entail an analysis of historic river flows, both 
upstream of and downstream from the reservoir, as well as reservoir elevations, and accurate 
projections of changes resulting from storage and delivery of the reallocated water. Any impacts 
associated with these hydrologic changes, including impacts to downstream flood protection, 
regional groundwater levels, adjacent wetlands and riparian areas, and recreational uses of the 
reservoir, must be addressed. 
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Downstream Water Quality : 

If the proposed action would result in changes of either upstream or do wnstream flo ws ,  we 
anticipate that your study will thoroughly analy ze the resulting impacts to ambient water quality. 

I hope these comments prove to be of use in the design and conduct of your proposed study. I 
would like to reiterate our interest in this effo rt, and would be pleased to meet with you or members of 
your staff to further dis cuss these and other aspects of your project . If you have questions, or need a ny 
clarification of my co mments, please do not hesitate to contact me by phone at 9 13/ 55 1-7 4 56, or by 
electronic mail at kring.ly nn @epam aiLepa .gov. 
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�TMENT OF WILDLIFE & P.S 
Operations Office 

5 1 2  SE 25th Avenue 

Pratt. KS 67 124-8174 

3 16/672·59 1 1 FAX 3 1 6/672-6020 

July 1 1 ,  1 997 

Mr. Harry F.  Beyer, Jr. ,  Chief, Engineering & Planning Div. 
U.S. Army Corps of Engineers, Kansas City District 
A TIN C ENWK-EP-PR 
700 Federal Building 
Kansas City, MO 641 06-2896 

Dear Mr. Beyer: 

REF: D5.0400 
L INCOLN & RUSSELL 

Tracking No. 970275 

We have reviewed the Kansas City District, Corps of Engineers' proposal for possible reallocation 
of approximately 30,400 acre-feet of water stored in Wilson Reservoir to the municipal water 
supplies of Hays and Russell, KS (T1 2S & T1 3S, R 1 0W, R 1 1 W, R 1 2W, R1 3W; Lincoln & Russell 
Counties). The project was reviewed for potential impacts on crucial wildlife habitats, current state
listed threatened and endangered wildlife species, and public recreation areas for which this 
agency has some administrative authority. 

We consider this project to be an Impact Level 3, meaning the project as it i s  currently designed 
should not be implemented and some a lternate approach should be considered. The project 
sponsor should consider the "no action" alternative as well as alternatives that address water 
conservation by the two cities a nd possible reallocation of existing Kansas water rights through 
conservation measures by the rural and urban water users and transfer via purchase from willing 
sellers. In addition, if the Corps of Engineers still plans to proceed with the other described 
alternatives, we request that they conduct a thorough cost-benefit analysis and Environmental 
Assessment or Environmental Impact Study, including secondary impacts and impacts up- and 
downstream of the project. 

Because of the controversial nature of the proposal, on behalf of our constituents - anglers, 
hunters, trappers, boaters, water skiers, wind surfers, swimmers, campers. hikers, wildlife 
enthusiasts -, we request that a public meeting be held in  the local area of Wilson Reservoir to 
ensure a thorough discussion of the balance of public interests and potential violations of the Public 
Trust of invaluable public natural resources. 

The above condmon recommendations are based upon the following: 

The two alternatives presented in  the public notice will have significant impacts to 

public aquatic and terrestrial wildlife resources as well as outdoor recreational 
opportunities. 

The alternatives of "No Action", Water Conservation Plan, and Transfer of Existing 

Kansas Surface and Ground Water Rights have less direct and indirect impacts to 
invaluable public natural resources and recreational opportunities held in  the Public 
Trust. 

. . ... ..., ; •• , .. -: , • r  l ' ; i , , .. . • I ' . 
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Wilson Reservoir is one of the most stable reservoirs in the State of Kansas and this 

water level stability creates high quality angling and boating opportunities. Making 
Wilson Reservoir fluctuate more often will lead to declines in these resources and 
opportunities as well as the aesthetics by preventing the successful reestablishment 
of riparian timber, shrubs, and native grasses along its shores and upstream 
reaches of the Saline River. 

Creating drawdowns in Wilson Reservoir and the Saline River will negatively impact 

wetlands upstream of the reservoir. The Section 404(b)(1 ) guidelines of the Clean 
Water Act mandate that the least deleterious alternative is selected to protect 
Special Aquatic Sites. A public drinking water supply has alternatives not 
dependent on destroying Special Aquatic Sites. 

A survey upstream, downstream and in the reservoir to identify Special Aquatic 

Sites (wetlands, pool-riffle areas, mudflats, and vegetated shallows) is needed. The 
Environmental Analyses should thoroughly consider impacts to identified Special 
Aquatic Sites. Deltas may form on the upstream end of Wilson Reservoir due to 
siltation associated with drawdowns that may block the inflows to Wilson Reservoir 
- similar to problems experienced in past years with Cedar Bluff Reservoir. These 
deposition zones may reduce the aesthetics and interfere with the recreational value 
of the flood pool at lower stages for angling, hunting, a nd canoeing. 

A scenario with pool increases destroys more than 1 mile of the Saline River above 
Wilson Reservoir, according to USFWS projections. This Crucial Wildlife Habitat 
needs to be mitigated with similar habitat in the basin, including the possibility of 
habitat restoration, upstream of Wilson Reservoir. Increased reservoir habitat does 
not compensate lost stream habitat. 

The economic analyses should thoroughly consider the costs of desalination and 

softening of Wilson Reservoir water for making it potable for the citizens of Hays 
and Russell, KS against the benefits of additional drinking water supply. The waters 
of the Saline River and Wilson Reservoir are relatively salty and hard. 

The environmental analyses should thoroughly consider the secondary impacts of 

desalination and water softening, including the fate of the waste softening sludge 
and the sitings of facilities, and the need for water pipelines, pump stations, and 
other related facilities. Many miles of Kansas streams are degraded by municipal 
softening sludges deposited directly below water treatment plants including the 
Smoky Hill River in the City of Ellsworth and several reaches of the Kansas River. 
These impacts may be felt in the Big Creek and Fossil Creek drainages of Hays and 
Russell, KS. Big Creek is Designated Critical Habitat for the threatened Plains 
spotted skunk. 

... The Conservation Pool of Wilson Reservoir along with wildlife areas and state parks 

are part of the mitigation of lost State wildlife and recreational resources for 
constructing this Federal reservoir. Reallocating the reservoir may violate this 
original mitigat�on plan under the Fish and Wildlife Coordination Act. 

The recreation and tourism value of Wilson Reservoir on the local and regional 

economy is significant. Many conces';ions, businesses, and jobs depend on the 
high-quality angling, hunting, camping, wildlife appreciation, aesthetics, and other 
values Wilson Reservoir offers the people of Kansas and the United States. 
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We are concerned that once the reallocation is allowed, that additional reallocations 

in the future to these cities to the detriment of valuable public natural resources and 
outdoor recreation opportunities will be much easier. Periods of extreme drought 
may create a political climate not able to defend these irreplaceable public 
resources. 

The Kansas Department of Wildlife and Parks has a significant investment in 

infrastructure to support outdoor recreation and fish wildlife management in and 
around Wilson Reservoir including Wilson State Park with several camping areas, 
boat ramps, and the Wilson Wildlife Area. Destruction or degradation of these 
facilities, some of which were purchased with Federal Aid or Land and Water 
Conservation Fund dollars may require m itigation at the expense of the project 
sponsor and may negatively impact KDWP through reduced revenue in license 
sales, boating and park permits as well as revenues from concession contracts and 
agricultural leases. 

The Corps of Engineers must consider the economic, intrinsic, and aesthetic values 

of the important natural wildlife and recreational resources provided by Wilson State 
Park, Wilson State Wildlife Area, Wilson Reservoir, and the Saline River, up and 
downstream while trying to balance the Public Interests. In Kansas, with more than 
97% of the land in private hands, and much of the 3% of public lands, unavailable 
for public recreation - highway right-of-ways, mil itary facilities - public natural areas 
such as Wilson Reservoir must weigh heavier than in other areas of the country with 
more public access. 

If the Corps of Engineers rejects our request for the "No Action", Water 

Conservation, or Water Rights Transfer Alternatives, we would prefer the alternative 
with additional two feet of storage, as the alternative that has relatively less negative 
impacts on the valuable public fisheries supported i n  the reservoir and up- and 
downstream in the Saline River. We could support reallocation of the flood pool and 
not the conservation pool, under such a plan. 

Both action alternatives presented in the public notice will probably negatively 

impact wetlands, riparian areas, and terrestrial wildlife. 

The negative impacts of the two action alternatives presented could be minimized 

by strictly setting the monthly drawdowns and water use by the cities. With careful 
coordination, some mitigation of waterfowl and fisheries losses can be recovered 
by seasonal water level manipulation. Conversely, drawdowns at critical times 
could destroy spawning and recruitment by fishes in the reservoir, spawning runs 
such as the white bass above Wilson Reservoir, and the refuge and hunting values 
of the wetlands for migratory waterfowl and shorebirds. 

The riparian areas and wetlands in,  above, and below the project area support 

many species of wildlife including threatened and endangered wildlife. Endangered 
bald eagles, peregrine falcons, whooping cranes, least terns, and threatened piping 
plovers, snowy plovers, and white-face ibises use the wetlands, shoreline of the 
impoundment, mudflats, and river sandbars, at least seasonally, as crucial wildlife 
habitat. 

0 0 5 5 8 7  
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Potential impacts to listed State and Federal species should be considered u nder 

the Kansas Nongame and Endangered Species Conservation Act and the federal 
E ndangered Species Conservation Act. If a n  action alternative is selected, the 
applicant should apply for a KDWP Project Action Permit and we will determine, if 
a permit is necessary, with or without special conditions and/or mitigation. Formal 
consultation with the U.S. Fish and Wildlife Service may be necessary. 

The continued existence of the Minimal Desirable Stream Flows allocated by the 

State of Kansas for the Saline River, as described in the public notice, nor the 
reservoir releases, do not necessarily protect the aquatic resources and recreational 
opportunities below Wilson Reservoir, because these MOS flows are junior to many 
water rights on the river and the state considers the storage releases as available 
"natural" surface waters. If the releases are to act as mitigation for riverine losses, 
then formal agreements or water rights need to be established to guarantee their 
protective qualities. 

Thank you for providing us this opportunity to review this project. We look forward to reviewing 
other, less damaging alternatives; providing additional environmental reviews; and participating i n  
public meeting(s), once scheduled. 

LDZ 

xc: Schroeder, KDWP REG1 F&W Superv. ,  Hays 
Taggart, KDWP REG1 PL Superv. , Hays 
White, KDWP REG1 Parks Superv., Hays 
Berger, KDWP Dist. Wild. Biol . ,  WILP 
Hover, KDWP Parks Div. Director, Pratt 
Kramer, KDWP F&W Div. Director, Pratt 
Lanterman, KDWP L&WCF Coordinator, Pratt 
Adams, KDWP NRA, Off. of Sec. , Topeka 

{f:\WP511.ESSIPROJ\1997'B70275.LOZ) 

Sincerel�
L 1 

Cl.""..:a� .-;uatic Ecologist 
Environmental Services Section 

Liechti, KBS, Lawrence 
Mueldener, KDHE, Topeka 

LeDoux, KWO, Topeka 
Streeter, SCC, Topeka 

Pope, DWR, Topeka 
Cavin, COE, KCMO 

Gill, FWS, Manhattan 
Jacobs, EPA, KCKS 
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United States Department of the Interior 

Harry F. Beyer 

FISH AND WILDLIFE SERVICE 
Kansas Field Office 

31 S Houston Street, Suite E 
Manhattan. Kansas 66502-6172 

July 1 1 , 1 997 

Chief, Engineering and Planning Division 
U.S.: Army Corps of Engineers 
Kansas City District 
700 Federal Building 
Kansas City, Mo. 641 06-2896 

ATTN: CENCR-EP-PR 

Dear Mr. Beyer: 

This draft Fish and Wildlife Coordination Act Report {FWCAR) is provided pursuant to the 
Fiscal Year 1 997 Scope-of-Work Agreement for the Reallocation of Storage at Wilson Reservoir, 
Russell County, Kansas between the U.S. Fish and Wildlife Service(Service) and the Kansas 
City District, Corps of Engineers. This draft FWCA.R was prepared in accordance with 
provisions of the Fish and Wildlife Coordination Act ( 1 6  U.S.C. 661 et seq.) , and in it's final 
form will constitute the report of the Secretary of the Interior on the project within the meaning 
of Section 2 {b) of this Act. 

The Corps requested the Service to limit its analysis to: describing the existing flora and fauna 
and any other threatened and endangered species or habitat in the Wilson Lake/Saline River 
project area that could be affected by actions resulting from a reallocation of water from the 
multi-purpose pool to M&I or from the flood control pool for M&I and proposed lake operations 
and release plans. Provide information which accurately describes the impacts of the proposed 
study alternatives on fish and wildlife of the project area, and provide information on mitigation 
needs for those study alternatives that will adversely 'impact area resources. This draft FWCAR, 
therefore, presents the Service Analysis of reallocating the water storage capabilities of Wilson 
Reservoir. 

Cooperation and information utilized in preparation of this report was obtained from the Kansas 
Department of Wildlife and Parks, the Kansas Water Office and the Corps. The Service is 
soliciting the concurrence of the Kansas Department of Wildlife and Parks on this FWCAR and 
their comments and recommendations will be included in the final FWCAR. 
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We appreciate the opportunity to discuss impacts to fish and wildlife anticipated by 
implementation of this reallocation. If you should have any questions concerning the content of 
our draft FWCAR, please feel free to contact me at 9 1 3  539-3474 Ext. 1 4. 

We would appreciate any comments you may have by August I ,  1 997. 

Enclosure 

Sincerely, 

William H. Gill 
Field Supervisor 
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DRAFT 
F I SH AND WILDLIFE COORDINATION ACT REPORT 

FOR THE 
WI LSON RESERVOIR REALLOCATION OF STORAGE FOR WATER SUPPLY 

RUSSELL COUNTY , KANSAS 

I ._ :1 ,' • J I  ! l , ; { . c  b l  

PREPARED FOR THE 
UNITED STATES DEPARTMENT OF THE ARMY 

CORPS OF ENGINEERS 
KANSAS CITY DI STRI CT 
KANSAS CITY ,  KANSAS 

U.& 
FISH a WD..DLIP'E SEKVICB 

PREPARED BY THE 
UNI TED S TATES DEPARTMENT OF THE INTERIOR 

FISH AND WILDLI FE SERVICE 
KANSAS STATE FIELD OFF I CE 

MANHATTAN , KANSAS 

Ju ly 1 9 9 7  
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EXECUTNE SUMMARY 

The Kansas City District, Corps of Engineers, is conducting a feasibility study for the potential 
reallocation of a portion of Wilson Reservoir storage to water supply for the cities of Hays and 
Russell, Kansas. This draft Fish and Wildlife Coordination Act Report describes the project 
area, identifies important aquatic and terrestrial resources, evaluates impacts, and describes 
mitigation and enhancement measures. 

Con�truction of Wilson Reservoir was authorized by the Flood Control Act of 1 944, the dam was 
completed in 1 964 and filled to conservation pool in 1 972. In 1 965, the Kansas Fish and Game 
Commission received license under a General Plan to manage 6, 130 acres of project lands and 
accepted management responsibility for the fishery resource. The wildlife area now has 
approximately 8,000 acres of land and approximately 9,000 surface acres of water at 
conservation pool ( 1 5 1 6  msl). From 1 965 to 1 987, Wilson was recognized as one of the state's 
most stable reservoirs with a water level fluctuation of only about three feet. Other than 1 987, 

1 993 and 1 995 the reservoir has remained stable throughout its history with 9000 acres of water 
for public use. Over this time, wildlife related activities, fisheries and aquatic sports have 
remained stable as well. The primary impact of water reallocation or operating Wilson Reservoir 
as a water supply source will be upon the fishery of the reservoir itself and could be positive , 
negative, or neutral depending on several factors , the most important of which are timing and 
magnitude of changes in water level. It is our detennination that reallocation of the existing 
conservation pool at Wilson Reservoir would be much more detrimental to the reservoir's sport 
fishery than continued operation of the facility under its base plan. 

RECOMMENDATIONS 

In summary the U.S. Fish and Wildlife Service recommends the following be incorporated in the 
reallocation and pool raise plan for Wilson Lake to ascertain and lessen impacts of these plans on 
the Saline River, the sport fishery of Wilson Lake and project lands currently managed for fish 
and wildlife. 

1 .  The "No Action,, alternative should become the "preferred" alternative. Reservoir operations 
should not be appreciably changed from the current base operation condition. 

2. If the "No Action" alternative does not become the preferred alternative, we urge the Corps 
,the Kansas Water Office and the cities of Hays and Russell to consider and limit reallocation to 
reallocation of the flood pool and a permanent pool raise to 1 5 1 8  m.s.L 

A. Pool levels and fluctuations should be modeled for a 2 foot pool raise and each 
alterative for the period of historical record and for comparison to the existing 
condition. 

B. Fish and wildlife habitat losses attributable to the 2 foot pool raise alternative, 
preliminary mitigation recommendations and costs associated with these 
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recommendations should be included in a Final Fish and Wildlife Coordination act report 
for this project. 

C. Conduct a complete land use inventory of habitat types within the project area. 
Habitat types should be evaluated by a team of biologists from the U.S. Fish and Wildlife 
SeIYice the Kansas Department of Wildlife and Parks and the U.S. Army Corps of 
Engineers by applying the Habitat Evaluation Procedures (HEP) or the Fish and Wildlife 
Habitat Analysis Procedures developed by the Kansas Department of Wildlife and Parks. 

3. We recommend a reallocation of the existing conseIYation pool not be implemented without: 

A. A plan to replace the lakes sport fishery when it is lost. A contingency plan should be 
developed and stand ready for implementation when a prolonged drought decimates the 
lake. The Corps should assume the Federal Responsibility in developing this contingency 
plan. The Corps should pursue an add on study prior to reallocation to address this issue. 

B .  Stream flows downstream of Wilson Dam should be modeled for the existing 
condition and for each alternative for the period of historical record. 

C. Specific infonnation on htmting and fishing on the project area should be developed 
by conducting a use survey to more clearly determine the economic impact of this 
alternative to recreation interests. 

4. The Corps of Engineers should, as part of any reallocation agreement, reach an agreement with 
the State on protection of low flow releases for instream needs and tmder specific conditions 
especially drought. The State should then protect these water quality release from Wilson. 

5. The Kansas Department of Wildlife and Parks annual reseIYoir fluctuation plan may have to 
"evolve" with a change in conseIYation PQOl but this enhancement measure should continue to be 
implemented. 

· 
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I NTRODUCTI ON 

Thi s  dra ft report eval uate s  the effects on f i sh and wi ldl i fe o f  a 
proposed rea l l ocation o f  t he mul t i -purpos e  poo l storage or 
real l ocat i ng a port ion o f  the flood c ontrol st orage above Wi l son 
Dam , Sal ine Rive r ,  Rus se l l  County, Kansas . The proposed pool 

re? l l oc a t i on i s  des i rabl e if storage from Wi l s on Lake i s  to be 
used for water supply . Thi s  study has been requested by t he 
Kansas Water Office and t he c i t i es o f  Russel l and Hays , Kansas . 

Work for this proj ect i s  based on agreements i n  the Fiscal Year 
1 9 9 7  Scope of Work identi fying opti ons rai s ing t he permanent 
mul t ipurpose pool leve l 2 feet or wi thdrawing water from t he 
exi st i ng conservation pool at Wi l son Reservo i r . Thi s  study wa s 
carri e d  out under the authority o f  and in accordance with 
provi s i ons of the Fish and Wildl i fe Coordination Act o f  1 9 5 8  ( 1 6  
U . S . C .  6 6 1  e t  seq . ) .  Thi s  report i n  i t s  f inal form wi l l  
c ons t i tut e the report o f  the Secret ary o f  the Int e rior o n  t he 
proj ect wi thin the meaning o f  Section 2 (b )  of the Fish and 
Wi l dl i fe Coordinat i on Act ( 1 6 U . S . C .  6 6 1  et seq . ) .  

The S e rvice has l imi t ed i t s  analys i s  t o : a description of the 
f i sh and w i l dl i fe res ources and envi ronment al sett ings both wi t h  
and w i t hout t he proj ect , ( 2 )  potent i a l  e nvi ronmental impacts , ( 3 ) 
opportuni t i es for envi ronment al enhancement or management 
measure s ,  ( 4 )  assessment of alt ernatives , ( 5 )  and prel iminary 
mit igat ion reconunendations . Thi s  report , theref ore , present s the 
Servi ce ' s  analys i s  of ra i s i ng the permanent mult ipurpose pool 2 
feet o r  real locat ing the exi s t ing mul t ipurpose pool at Wil son 
Re s e rvo i r ,  Sal ine River Bas in , Russel l and Linco l n  Count ie s , 
Kansas . 

Coope rat i on and information ut i l i zed i n  preparat i on of t hi s  F i sh 
and W i l dl i fe Coordinat ion Act Report was obt ained from personnel 
wi th the Kansas Department o f  Wi ldl i fe and Parks , the Kansas 
Water Off i ce and the Corps . 

The Service prepared a seri e s  of Fi sh and Wi ldl i fe Coordinat ion 
Act Reports dat i ng back to July 1 9 6 0  deal ing wi t h  development of 
Wi l son Reservoi r  as it was be ing pl anned and authori zed . 

1 
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DESCR I PTION OF THE PROJECT AREA 

W i l son Res e rvoi r  was authori zed as a f l ood c ontro l  proj ect by 
the2 Flood Control Act o f  1 9 3 8 . ( P . L .  7 5 - 7 6 1 ) . Authori zat ion for 
i rrigat ion was included in the Flood Contro l  Act s  of 1 9 4 4  and 
1 94 6 . Aut hori ty to provide for Recreat ion use was authori zed by 
the Flood Control Act o f  1 94 4  ( P . L .  7 8 - 5 3 4 )  and by the F lood 
Contro l  Act of 1 9 4 6  ( P . L .  7 9 - 5 2 6 ) . The s e  acts a l l owed 
const ruct ion , maintenance and opera t i on o f  publ i c  parks and 
rec reat i on f ac i l it ie s . The Fl ood Control Act o f  1 94 6  ( P . L .  7 9 -
5 2 6 ) al so provided for p l anning , reporting ,  and further 
devel opment of f i sh and wi ldl i fe resourc e s . Storage for wat er 
qua l i ty control was authori zed by the Wat er Cont rol Act 
Amendmen t s  o f  1 9 6 1  ( P . L . 8 7 - 8 8 ) . Wi l s on Reservoir was origina l l y  
author i zed a s  a Bureau o f  Rec l amat ion Proj e c t . In May o f  1 9 5 6 ,  
aut hor i ty for t he construct ion , opera t ion and mai ntenance o f  
Wil son Dam and Reservoi r  was t ransferred f rom t he Secretary o f  
t he I nt er i or to t h e  Secretary o f  t he Army by Publ ic Law 8 4 - 5 0 5 . 

W i l son Reservoi r  i s  located on the Sal ine River at mi l e  1 5 3 . 9  in 
Rus sel l County ,  about 20 mil e s  ea�t and 6 mi l e s  north o f  Rus s el l , 
Kansas . The reservoi r  conta ins 5 3 1 , 0 0 0  acre feet o f  s t orage at 
f l ood pool e l evat i on 1 , 5 5 4  feet mean s e a  l eve l . At thi s 
e l evat ion , t he reservoi r  has 2 0 , 0 0 0  surface acres . At 
mul t ipurpos e  pool e l evat i on 1 , 5 1 6  f e e t  mean sea l evel , t he 
reservoi r  has 9 , 0 0 0  surface acres and 2 4 5 , 0 0 0  acre feet o f  
storage ( U . S .  Army Corps of Engineers , 1 9 82 ) . 

There a re 2 1 , 7 7 1  acre s  of land acqu i red i n  f e e  for the proj ect 
a long wi t h  1 2 , 5 9 3  acres o f  f l owage easement s .  The Wi l son Lake 
Master P l a n ,  Des ign Memorandum 12A,  November 1 9 8 4 , al locates 
proj ect l and as fol l ows : 

Use Allocat i ons 

P roj ect Operat i ons 
Ope rat i ons : Recreat ion - I nt ens ive Use 
Operat i ons : Recre a t i on - Low Den s i ty Use 
Opera t i ons : Natural Areas 
Opera t i ons : Wildl i fe Management 
Mul t ipurpose Pool 

Total 

2 

4 7 5  
2 , 9 0 6  
2 , 1 0 1  

2 9 9 
6 , 9 9 0  
9 . 0 0 0  

2 1 , 7 7 1  
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The F i s h  and W i l dl i fe Coordinat ion Act { P . L .  8 5 - 6 2 4 } as amended ,  
provide s that wildl i fe conservat ion sha l l  receive equal 
cons idera t i on and be coordinated with other features of water 
resourc e devel opment programs . Thi s  coordinat ion has been a part 
of the Wi l son Re servoir pl anning proc ess for many years and 
culmina t ed wi th preparat ion of a General P l an for Wilson 
Reservoi r  in Ju ly of 1 9 6 4 . {Appendix A} . Thi s  plan spec i f ic a l ly 
des ignates and makes ava i l able 6 , 1 3 0  acres of proj ect l ands for 
wildl i fe conservat ion and management . Approximately 8 6 0  acres of 
proj e c t  l ands were added to the orig inal reque st for 6 , 1 3 0  acres 
and the Kansas Department of Wildl i f e  and Parks has purchased an 
addi t i onal 1 , 0 5 9  acres of l and adj oining the l icensed area . 

ENVIRONMENTAL SETTING 

The ent ire proj ect area l ie s  within t he Pl a i ns Border sect ion of 
the Great P l a i ns phys iographic province . The area i s  
charac teri zed by undulat ing and broad val l ey topography with 
e l evat ions near the l ake ranging f rom 1 , 4 4 0  t o  1 , 7 8 0  feet M . L  .. 
The drainage bas in above the dam i s  l ong and rel at ively narrow 
and contains an area of about 1 , 9 1 7  square mi l es { Kansas 
Department o f  Health and Environment , 1 97 8 ) . 

The topography of Wil son Reservoir i s  characteri zed by a local 
geog raphi c uni t  cal led the Smoky Hi l l s . The Smoky Hi l l s  are made 
up o f  a mature ly di s sected bel t some 2 0  to 4 0  mi l e s  wide lying on 
the easte rn border of the Dissected H i l l  Pl a i ns province whi ch 
forms the eastern edge o f  the High P l a i ns . Much of the area 
around Wil son Reservoir is characteri zed by rel at ive ly high hi l l s  
with st eep foot slopes to the shore l i ne .  Away f rom the river 
val l e y , the topography i s  l e s s  severe with indi s t i nc t  terraces , 
di ssec ted e scarpments and rol l ing h i l l s . 

Nearly a l l  proj ect l ands at Wil son Re servoir can be c l as s i f i ed a s  
rangel and . Whi l e  gra s s  and forb spec ies vary according to past 
l and use pat terns , predominate gra s s  species are big and l i t t l e  
bluestem ,  indiangra s s , western wheatgra s s , buf falograss and blue 
gramma . Woodlands on the proj ect a re primarily conf ined to the 
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areas near drainages . Natural ly occurring woody growth cons ists 
primari ly of cott onwood , elm,  ash , ha ckberry ,  osage orange , oaks 
wild p l um ,  and box e l der . Some woody t re e  and shrub species are 
being int roduced into agri cul tural l ands and upl ands current ly 
void of woody vegetat ion in an e f fort to expand this type of 
habitat . 

Al l o f  the l ands incl uded in the General Plan and l ands 
de� ignated for low dens ity use are present ly managed for wi l dl i fe 
and associ at ed recreat ion act ivi t i es by ei ther the Kansas 
Department of Wildl i f e  and Parks or the Corps . Mos t  of these 
l ands are l eased for interim agr i cultural use because the l easing 
program gives the Department and Corps the opportunity to 
accompl i sh many resource management goal s  (wi ldl i fe f ood and 
habi t a t  protect ion , eros ion control , noxious weed control ) at 
l i t t l e  cost to the government . Special l easing condit ions insure 
that envi ronme ntal ly degrading practi ces are minimi zed and 
benef i c ial wildl i fe pract ices are maximi zed . 

DESCRIPTION OF THE PROJECT PLAN 

Two Kansas communi t i es have expre ssed interest in u sing Wil son 
Reservo i r  a s  a source of wat e r  suppl y .  The int eres t ed part ies 
incl ude t he C i t i e s  of Hays and Russe l l ,  Kansas . Reallocat ion 
opt i ons under cons iderat ion incl ude ; doing nothing , rai sing the 
pe rmanent mul t ipurpose pool l evel 2 feet or real l ocating the 
exi s t ing conse rvat ion pool . 

Approximately 8 , 0 0 0  acre - feet o f  wat e r  per year i s  the proj ected 
requi rement for wat er supply needs for Hays and Rus se l l , Kansas 
for the next 50 years . Thi s f igure i s  based on a modest 
populat ion growth and as sumpt i on t hat alt ernat ive water supply 
sources current ly avai lable may not be avai l abl e in the future . 
I n  order to supply the 8 , 0 0 0  acre - feet , approximately 3 0 , 4 0 0  
acre - feet of s torage would b e  needed to b e  a llocated t o  water 
supply . Wat e r  would be withdrawn on a cont inuous bas is 
throughout t he year , but would be somewhat cycl ical with more 
water wi thdrawn in summer months than in winter months . The 
C i t i e s  pumps and pipes would be s i zed t o  ini t i ally pump about 8 5 0  
gal l ons per minut e , this would al low withdrawal o f  1 , 3 7 3  acre 
feet per year , or 1 1 3  acre - f eet per month . At 8 , 0 0 0  acre - feet per 
year ( 1 1  c f s ) the cit ies woul d  withdraw approximately 22 acre -

5 

005600 



• • 
fee t per day , or 6 6 0  acre - feet per month . According to the c i t ies 
of Hays and Rus s el l , 8 2 % o f  the water would go to the c i ty o f  
Hays and the other 1 8 %  t o  the c i ty o f  Russell . An intake 
fac i l ity would be constructed on W i l son Reservo i r  and water would 
be pumped to the c i ties by p ipe via an overland route .  

Based on the above informat ion , the Corps of Engineers has 
determined impa c t s  to pool l evel s ,  at mult i -purpose pool , would 
be _ 0 . 0 1 foot decrease in any g iven month or 0 . 2  foot decrease in 
the mul t i -purpose pool with a 1 , 3 73 acre - foot per year 
wi thdrawa l . Wi th an increase in pumping capac ity to al low for 
wi thdrawal of 8 , 0 0 0  acre feet , the mult i -purpose pool level could 
decrease about 0 . 9  feet in any given year . 

No informat ion i s  current ly unava i lable on the ef fect of the 
above withdrawal rate on a 2 foot increase in t he mult i -purpose 
pool (a rea l locat ion o f  2 feet of flood s torage to water supply) , 
or how such a real location may ef fect downstream releases to t he 
Sal i�e River , especially during drought . However , we a ssume the 
pool f l uc tuat ions , depth of drawdown s , and durat ion of drawdowns 
would be less than that current ly envi sioned for a real locat ion 
of the exi s t ing mul t ipurpose pool . 

FI SH AND WILDLI FE RESOURCES WITHOUT THE PROJECT 

WILDLI FE RESOURCES 

Current land use s , nat ive vegetat ive assembl ies and the pres ence 
o f  the reservo i r  provide h igh qual i t y  habitat for many species o f  
wil dl i fe . Mos t  species indigenous to central Kansas a s  wel l  a s  
many migrant species can b e  found on or near l ands a t  Wi l son 
Reservoir . 

In an agricul tural area l ike the Sal ine River Bas in,  the 
presence o f  permanent nat ive vegetat ion i s  highly important to 
many species of wi ldl i fe .  W i t h  very few except ions , terre s t rial 
wildl i fe spe c i e s  have a dependency on nat i ve pra i ri e  grasslands 
for some of their habi tat requirement s .  Characterist ic species 
us ing nat ive gra s s l ands in the basin include mul e  deer , coyote , 
swi ft fox , badger , black - t a i l ed j ackrabbi t ,  greater prairie 
chicken , bobwh i t e  quail ,  morning dove , wes tern meadowlark , horned 
lark , west ern hognose snake , and Great Plai 1s toad . 

. . • , • ::'i f  ' . 
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Approximately 5 0 %  o f  the rangel and in t he bas in has been 
conve r t ed to cropland s . Maj or crops grown include corn , sorghum , 
wheat , and a l f a l f a . Thes e  provide abundant food for pheasant s ,  

qua i l , cot t onta i l s ,  and ground feeding song birds and sma l l  
mamma l s  s uch a s  the deer mouse and ground squirre l s . 

Mos t  o f  the fore s t  l and in the basin occurs a s  re lat ively smal l ,  
often scattered s trips al ong s t ream borders . Thes e  riparian 
wood l ands represent a smal l ,  but very signi ficant port ion o f  the 
total area . The common t re e  species are cottonwood , ash ,  black 
wal nut , and bur - oak in the upl and draws . Common shrub species 

inc l ude rough - l eaved dogwood , buckbrush , e l diberry , fragrant 
sumac , gooseberry ,  poison i vy ,  and prairi e  rose . Riparian 
woodl and s , being the mos t  d iverse ' in pl ant spec i e s  , are a l so 
mos t  diverse in animal spe c i e s . The i r  meandering nature and 
assoc iat ion with f lowing water make them i nvaluabl e  wi l dl i fe 
habi t a t . Wi ldl i fe spec i e s  a s s ociat e d  with riparian areas inc lude 
whi t e - t a i l ed deer , coyot e ,  fox , raccoon , mink , bobcat , beaver , 
muskrat , f ox squirre l , turkey , bobwhi t e  quai l ,  morning dove , 
king f i sher ,  heron spec i e s , and various passerine b i rds . 

As ide f rom providing qua l i ty wi ldl i f e  habi tat , riparian areas 
have other important va lue s . They prevent degradat ion o f  water 

qua l i t y  of the s tream and downstream impoundment s .  Thi s  is 
accomp l i shed through decreased streambank e rosion and retenti on 
o f  s ediments and pol lutant s in the f loodplain . Riparian woodl and 
a l so enhance s  the s tream ecosystem by providing shade , habitat 
s t ructure and nutrient s . I n  addit ion , riparian woodlands provide 
important socioeconomic va lues for t he a re a  in the form of 
hunt i ng ,  f i shing ,  t imbe r , f i rewood , and nut and f ruit col l ect ion . 

Wi l s on reservo i r  has deve l oped shorel ine vege tat ion that i s  
tolerant o f  varying periods o f  inundat i on and soi l moi sture 
condi t i on s . The cottonwood -wil low a ssociat ion coloni zes exposed 
bot t oml ands . The first species to appear are typically sma l l  
wi l l ows which stabi l i z e  the soil and increase s i l t  deposit ion 
Eastern cottonwood and bl ack wi l low are l arger trees that fol l ow 
t he coloni z ing wi l l ow and l ater dominate the community . Thes e  
spec i e s  are tolerant o f  ext ended periods o f  inundation and high 
s o i l  mo i sture condi t ions . Their exi s tence is dependent upon an 
abundant and cont inuous supply of moi sture throughout the growing 
seasor • .  
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Common shrubs o f  the reservoi r  shorel i ne inc l ude but tonbush ,  
which i s  o f t e n  f ound a t  or near the waters edge , rough - le aved 
dogwood , a roma t i c  sumac , and e ldibe rry . 

Non - wooded port i ons of the shore l ine are common a long recrea t i on 
areas , cropl ands and wet l ands . The non- wooded port i ons a re 
primarily open f i e l ds or mowed areas . The mowed a reas are 
a s soc iated w i t h  deve loped recre at ion areas , and the open f ie lds 
are adj acent to pastures or c ropl ands . Wet l ands are sma l l  and 
scat t e red in the uppe r  port i on of the reservo i r . Some o f  the 
p l ant spe c i e s  found i n  t he s e  wet lands include sma rt weed , barnyard 
gra s s , cockl ebu r , c at t a i l  and bulrushes .  

Waterfowl u s e  o f  Wi l son Re s e rvoi r  was high duri ng t he ini t i al 
years o f  re s e rvoi r  f i l l ing , but s t abi l i zed when f i l l i ng was 
comp l e t e  and no new vegetat ion was being inundat ed . Annual 
waterfowl numbers depend primari ly on water l eve l cond i t i ons in 
the f a l l  o f  t he year . 

Some o f  t he maj o r  spe c i es o f  dabb l e rs that f requent t he res e rvoi r  
i nc lude mal lard , green and blue -winged t eal , gadwal l ,  American 
Widgeon , nor t he rn shove l e r , pint a i l , and wood duck . 
Representat ive o f  the divi ng ducks a re redhea d ,  canvasback , 
l es s e r  s caup , r i ng -necke d ,  and buf f lehead . Maj o r  goose spec i e s  
i nc lude seve ral subspec ie s  o f  Canada geese , whit e - front ed gee s e , 
and occ a s i onal use by l e s s e r  snow geese . 

De ferred gra z i ng ,  modi f ied f arming pract ices , l and conserva t i on 
pract i ce s ,  hab i t at p l ant ings , cont rol l ed (pre s cr i bed) burning ,  
and t i mber s t and improvement work s ince 1964  have i nc reased the 
Wil son Wi ldl i f e  Area s  carrying capac i ty for w i l dl i fe . '.. Through 
succes s ion , t a l l e r  grass spec i e s , trees , brush , and f orbs have 
e s t ab l i s hed on previously overgrazed grass and was t e l and . The 

farm grounds a re no longer c l e an - farmed and odd a reas and edge 
produc i ng pract i c e s  are employed . The resul t ing a f f e c t s  of 
vegetat ive changes upon w i l dl i fe use and dist ribut i on and a l so 
upon hunt er use and success are be i ng cont i nuous ly s tudied and 
evaluated by the Kansas Department of Wildl i fe and P arks . 
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AQUATI C  RESOURCES 

The headwa t er s  o f  the Sal i ne River l i e  in Thomas County i n  the 
northwes te rn part of Kansas . I t  flows eastward through i t s  ent i re 
course and j oins t he Smokey Hi l l  River a few mi l e s  east o f  
Sal ina , Kans as and about twenty- one rive r mi l es west of the 
Solomon - Smokey H i l l  conf l uence . 

I n �he ext reme we stern port ion of the bas i n  the stream channel i s  
above t h e  wat e r  table i s  dry during mos t  of the year . From the 
southeastern portion of Sheridan County and eas tward the channel 
is be l ow the water table , t hus ground wat er seeps and springs 
keep t he s t re am f l owing through a l l  but severe , pro longed 
droughts . 

Through Sher idan County , the only measurabl e  angl i ng that exi s t s  
i s  i n  a few pool s created by a sandpit and a n  o l d ,  norma l ly dry 
area behind a run-of - the - river dam . Through Trego , Ell is and 
Russe l l  c ount i e s  some beaver dams and l ow wat er c ros s i ngs form 
smal l poo l s  t hat: provide deeper pools where l imi ted angling i s  
provi ded . The most s igni f i c ant f i shing i s  f rom Wi l s on Reservoir 
we st , approximately 2 0  mil es , to the Russe l l /El l i s  County l ines . 
The Kansas F i s h  and Game Commi ssion surveyed reaches of the 
Sal ine Rive r  ext ens ively i n  1 9 75 ( Hartman , R .  1 9 7 9 ) . The survey 
above Wi l son Reservoir indicated good populat i ons of channel 
cat f i s h ,  f l at head cat f i sh ,  and sunfi sh ava i l able along with some 
white bass . I n  spring providing there are suf f i c i ent f lows into 
the re s e rvo i r ,  whi te bass make a spawning run up the Saline River 
and provide an excellent , but short term f i shery . Because of t he 
uniquene s s  and riparian assoc iation along this l ower reach , t he 
Sa l i ne River i n  Russel l County has been c l a s s i f i ed as "Highes t 
Va lued Fi sheries Resource "  t he highest st ream ranki ng bestowed by 
the Kansas Fi sh and Game Commission ( Moss , R . E .  and Brunson , 
1 9 8 1 ) . 

Minimum des i rabl e streamf low monthly cfs values for the Sal ine 
River at Rus se l l  were set by a state agency commi ttee composed o f  
Kansas Water O f f ice , Divi s ion o f  Wat er Res ources , Kansas 
Department o f  Hea l th and Envi ronment and , and the Kansas Fish and 
Game Commi s s i on i n  the fal l o f  1 9 8 5 . Tabl e 1 .  shows t he 
recommended monthly cfs values that are to preserve , maintain , 
or enhance instream water uses relat ive to water qual ity ,  fish , 
wildl i fe ,  aquatic l i fe recreat ion , and general aes thet ics wi thin 
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thi s river reach ( Kansas Water O f f i c e , 1 9 8 6 ) . 

Tab l e  1 .  Sal ine River at Rus se l l ,  Monthly Minimum 
Des i rabl e  S t reamflow Recommenda t i ons . 

January 5 
February 5 
March 1 5  
Apri l 1 5  
May 1 5  
June 1 2  
July 2 
Augus t  2 
S eptember 2 
October 2 
November 5 
December 5 

I n  the Sal ine River between Wi l son Dam and i t s  j unct i on with the 
Smoky Hi l l  River t he f o l l owing f i sh are found : c ommon carp , 
g i z zard s had , rive r  carpsucker , channe l cat fi sh ,  freshwater drum , 
f l athead cat f i sh ,  bl ack bul lhead , b i gmouth buf f a lo ,  green 
sunf i s h , crapp i e , whi t e  bass , longnos e  gar , wal l eye and 
shove l nose s turgeon . The f urther downstream from W i l son Dam the 
f ewer wal leye , whi t e  bass , b lack and whi t e  crapp i e  wi l l  be found . 
Concent rated ang l er use occurs immediately bel ow W i l son Dam and 
extends a mi l e  or more downstream . Th i s  11 tai l wa t e r 11 area 
cons i s t ent ly supports between 1 , 3 0 0  to 1 , 5 0 0  ang l e r  days each 
year . The 1 5 1  mi l e  reach of river between the �i l son Dam and 
the mouth i s  noted for f i ne catches of f l athead cat f i s h ,  channel 
c a t f i sh ,  and bul lheads . Thi s  stretch o f  river provides an 
exc e l l ent warm - water f i shery whi ch i s  moderately used by resident 
angl ers . Thi s reach i s  e s t imated t o  support approximately 3 , 2 0 0  
t o  3 , 3 0 0  ang l e r - days per year ( Kansas Department o f  Health and 
Environment , 1 97 8 ) . 

No minimum des i rabl e s t reamfl ow has been establ i shed for the 
S a l ine River downstream of W i l son dam . However , t he principal 
use of mul t ipurpose s torage in Wi l son Reservo i r  i s  to di lute 
highly sal ine water of l ow flows . Minimum re leases for water 
qua l i ty are 5 c . f  . s .  duri ng the period 1 October through 3 1  March 
and 1 5  c . f  . s .  during the period 1 Apr i l  through 3 0  Sept ember . 

1 0  

005 6 05 



• • 

The init ial Wi l son Reservo i r  f i sh populat ion consi sted large ly o f  
nat ive s peci e s  which exis t ed i n  the river a t  the t ime of 
impoundment . The ini t ial closure of the dam was made in December 
1 9 64 , and reservo i r  stocking program began immedi atel y ,  but lake 
f i l l ing to mul t i -purpose pool was not reached unt i l  March of 
1 9 7 3 . During 1 9 6 5 , the stocking o f  hatchery f i sh included 
largemouth bass ,  crapp ie ,  whi te bas s  and wal leye . Smal lmouth bass 
were thought to be sui t abl e for this reservo i r  and were 
int roduced in 1 9 7 8 . The int roduced striped bass , which reaches 
we ights exceeding 3 0  pounds at Wi l son ,  has been a popular and 
exc i t ing add i t i on to the f i shery and has thrived in the sal ty 
waters . Fi shing pres sure at the l ake peaked in 1 9 7 8  when 
approximately 7 9 , 0 0 0  angler-days were expended in pursuit of this 
newly e stabl ished f ishery . Angl er use has s ince stabi l i zed at 
approximately 4 0 , 0 0 0  to 4 5 , 0 0 0  angler-days e ach year . 

W i l son Lake i s  the Kansas premier sport f ishing reservoir in the 
wes tern part o f  the stat e . The reservo i rs s t able water level 
{ Figure 2) and i t s  trophy striper f ishery are the primary reasons 
for the reservoirs popul arity {Kansas Department of Wildl i fe and 
Parks , 1 9 9 6 ) . Most other wes t ern reservoirs a�e used as sources 
of i rrigat ion water,  resul t i ng in fluc tuat i ng wat e r  levels and 
decreasi ng rel i ab i l i ty o f  inflows to rep leni sh supply . 

The pool e l evat i on at Wi ls on Reservo i r  i s  regulated by agreement 
between the Corps o f  Engineers , Kansas Water o f fice , and the 
Kansas Department of W i l dl i f e  and Parks . The purpose of this 
agreement i s  t o  make opt imal use o f  avai lable water for f i sh and 
wi l dl i fe ,  recreat i on ,  and consumpt ive uses . The p l an attempt s to 
maximi ze bene f i ts for speci fi c  users , wi thout adversely affect ing 
other a spects o f  the reservoir resource . Basi ca l ly the plan 
cons i s t s  of s toring water in the spring to increase habit at for 
f i sh ,  releasing water in the summer to allow revegeta t ion of the 
shorel ine , s toring water in the fal l to provide waterfowl 
bene fi t s , and too release water in the winter to prevent ice 
damage and to prepare for spring inflow . Low rainfall in the 
Sal ine River Basin caused the init ial reservo i r  water level 
management p l an implemented at Wil son Reservo i r  to produce less 
than the des i red resul t s . The ini t ial plan c al l ed for , what 
proved to be , a t o  dra s t i c  fluctua t i on in the pool elevat ion . 
The current p l an cal l s  for a more stable pool fluc tuat ion which 
reflects the l ow runoff experienced in this bas in . The plan cal l s  
for a rise in the spring to 1 , 5 1 6 , a drop to 1 foot below 
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Figure 2. Wilson Reservoir Levels 1 972 - 1 99 5. 
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c onservat ion pool ( 1 , 5 1 5 }  i n  the summer ,  hold any f a l l  rises to 
bene f i t  wat erfowl ( po s s ib l y  1 5 1 7 ) , and re l ease wat er to elevat ion 
1 , 5 1 5 . 5  in the winter to provide for spring inflow ( Kansa s  
Department o f  Wi ldl i fe and Parks , 1 9 96 ) . The fluctuat ion plan 
a l s o  c a l l s  for periodic wat e r  rel eases to enhance the Sal ine 
River be l ow Wil son Re se rvo i r . 

EVALUATI ON METHODOLOGY 

In 1 9 8 3  an instre am f l ow a s s e s sment was conducted below Wi l son 
Reservo i r  us ing the I FG4 Inc remental Methodology devel oped by the 
Cooperat ive Instream Flow S e rvice Group , U . S . Fi sh and Wi ldl i fe 
Service in Fort Col l ins , Colorado ( U . S . Fish and Wi ldl i fe Servi c e , 
1 9 8 3 ) . The I FG4 Methodology s imulates the phys i c a l  habi t at 
cond i t i ons ( dept h ,  vel oc i ty and subst rat e )  and f rom a range o f  
stream discharge s , quant i f i e s  the amount o f  pot ent i a l  habi tat 
ava i l ab l e  for s e l e ct ed f i sh species and l i fe stages as a func t ion 
of s t reamf l ow . Thi s  t he n  provides a des cription of the a f f e c t s  
o f  changes in s treamfl ow on t he instream f i shery potent ial , and 
a l l ows the ident i f icat i on o f  releases f rom the reservoi r which 
woul d  provide des i rabl e  hab i tat condi t i ons for f i s he s  occurring 
in t he river . The spec i e s  f or which thi s evalua t i on was made are 
channe l c at f i sh , whi t e  sucke r ,  l ogperc h ,  whi te c rapp ie ,  
l argemouth bass ,  s t onecat , wal l eye and whi t e  bas s . The resu l t s  o f  
thi s analys i s  were t hen compared wi t h  h i st oric s t ream gauging 
records t o  devel op the month by month recommendat i ons for 
reservo i r  rel eases whi ch are cons i s t ent with his toric 
streamf l ows . The recommended flows ( Tabl e  3 )  are those which 
shou l d  be suf f ic i ent to ma int a in the usual status o f  the Sal ine 
Rive r ' s f i shery rather than those whi ch woul d  enhance f i sh 
produc t i on . 

A subj ect ive evaluat ion o f  t he effects of the wat er l evel 
changes ,  caused by impl ementat ion the plan to rea l l ocate the 
exi s t ing conserva t i on pool , was made on the reproduct ive suc c e s s  
o f  t h e  res e rvoirs wal l eye , sma l l mouth bas s , and whi t e  bass 
popul at ion . A computer generated hydrograph disp l aying reservo i r  
e l evat ion changes under t he base cond i t i on and pro j e c t ed 
reservo i r  e l evat ions with real locat i on o f  the exi s t i ng 
conservat ion pool was the bas i s  of compari son . 
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ENDANGERED S PECIES 

Six Federa l l y  l i s t ed threatened and endangered spec i e s  may occur 
i n  the general vic ini ty o f  the proj ect area . They inc lude t he 
bald eagl e ( Ha l i ae e tus leucocephal i s ) , a seas onal migrant and 
c ommon winter re s ident of t he Sal ine River and W i l son Re servo i r ,  
part i cularly i n  the upper end where migratory wate rf owl 
concentrat e ; t he perigrine f a lcon ( Fa l co peregri nus) , a rare 
migrant t hrough t he area ; the piping plover ( Charadrius mel odus ) ,  

a rare t rans i ent t hat ut i l i zes saline f l at s and open ground 
a round marshes and ponds and re servo i r s ; t he l e a s t  tern ( Sterna 
ant i l la rum) , ut i l i zes s imi l a r  unvegetated wet land hab i t at a s  do 
t he piping plovers , feeding on aqua t i c  invertebrates and sma l l  
f orage f i s h ;  the whoopi ng c rane ( Grus americana ) a regular 
migrant t hrough c entral Kansas that prefers wet l and s , open 
f i elds , a nd g ra s s l and in areas of l ow rel ie f  w i t h  short 
vege t a t i on t ha t  a f fords the b i rds an open view o f  surroundi ng 
t e rra i n ,  and the b l ack- footed f erret ( Mustela pigripe s )  t ha t  i s  
a lmos t  exc lus ivel y  as sociated wit h  pra i r ie dog t owns and i s  
dependent upon t hem for cover and food . 

S ec t ion 7 ( c )  o f  t he Endangered Spec i e s  Act , 8 7  Stat . 8 8 4 , a s  
amended , requires an agency t o  ask the Secretary of the I nt e r i o r ,  
a c t ing through the U . S .  F i sh and Wi ldl i fe Servi ce , whether any 
l isted o r  propos e d  endangered speci e s  may be present i n  the area 
of each F ederal const ruc t i on proj ect . If the proj e c t  may e f fect 
l i sted spe c i e s , t he Corps o f  Engineers shoul d  init i at e  formal 
Sect ion 7 consul t a t i on with this o f f i ce . I f  there w i l l  be no 
e f fect , or i f  the F i sh and W i ldli fe Service concurs in wri t i ng 
t here wi l l  be bene f i c i al e f fects , further consu l t a t i on i s  not 
necessary . 

Kansas S t a t e  Law ( K . S . A .  3 2 - 50 4 , 3 2 - 50 7 : e f fect ive May 1 ,  1 9 8 1 )  
requires persons undertaking o r  sponsoring publ icly funded o r  
S tate or Federal ly Ass i sted act i on wh ich is l i ke ly t o  impac t  
endangered o r  threat ened wi ldl i fe habi t a t s  where they are l i ke l y  
to occur , to obt a i n  a proj ect act ion permi t f rom the Secretary o f  
the Kansas Department of W i l dl i fe and Parks prior to i ni t i a t ion 
of such act ion . I n  addit ion t o  the Federa l . y l i sted thre at ened 
and endangered spec i e s , t he State l i s t s  add i t i onal spe c i e s  that 
may be of conce rn w i thin the proj ect area . Thi s  l i st shoul d  b e  
reques t e d  f rom t he Environme n t a l  Services Sect ion , Kansas 
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6 7 1 2 4 - 8 1 7 4 . 

F I SH AND WILDL I FE RESOURCES WITH THE PROJECT 

Terrestrial Ecosystem 

Under normal c l ima t i c  condit ions , the impact to the terrestrial 
ecosystem ( l ake shore , wil d l i fe management l ands and downstream 
ripari an hab i t at s )  associated with reservo i r  real locat ion at the 
present conserva t i on eleva t ion ( 15 1 6  m . s . l . ) would be minor 
and/or negl igible .  A 1 , 3 7 3  acre- foot per year withdrawal in a 
normal year would resul t i n  only a 0 . 2 foot drop i n  conservation 
pool t o  1 , 5 1 5 . 8  m . s . l .  A 8 , 0 0 0  acre - foot withdrawal in a normal 
year would resu lt in a decrease , 0 . 9  feet , in conservat ion poo l , 
down to 1 , 5 15 . 1  m . s . l .  The most severe terrestri a l  impacts would 
be those whi ch are l i kely to occur during a drought condi t ion . 

With a change i n  mul tipurpose pool elevat ion ,  a rai se o f  2 feet 
the e f fect on terrestrial habi tats would be modera t e ly severe . 
The reservo i r  surf ace area would increase ( from i t s  present day 
9 , 0 0 0  surface acre s )  t o  9 , 5 0 0  surface acres . I f  such a raise 
were t o  t ake p lace approximat ely 5 0 0  acres of land currently 
managed for w i l dl i fe and recr�at ion interests would be lost . The 
net gain would be an increase of approximately 1 8 , 5 5 0  acre - feet 
of water that could be rea l l ocated f rom f lood control to water 
supply , decreasing the need to u ti l i ze the mul t ipurpose pool as 
the sole source o f  supply . 

At this time we are unable to determine the acreage for each o f  
the maj or hab i t a t  types that may b e  inundated i f  thi s a l ternat ive 
were to be implemented . There would be losses in the category 4 
cropland and pasture/hayland , and category 3 gras s l and, forbland • 

habitat types , but an increase in the lacustrine habitat . With 
an increase in pool elevat ion there would be a corresponding 
decrease in the amount of riparian and riverine habit at 
ava i l able . We a ssume t hat a l l  exi s t ing reservo i r  shore 
habitats and wet lands would be lost but that " new " reservoir 
shore hab i t a t  and wet lands would form in the future when the pool 
level stabi l i zes . Whether and where wet lands would reform over 
the long term is not predictable at this t ime due too the 
uncerta inties of potential water wi :hdrawals from the reservoir 
and reduced f l ow in the Sal ine river ups tream of Wi l son . 

Riparian hab i t a t  a long the Sal ine River above the reservo i r  
could be l o s t  o n  both banks for a d i s t ance o f  approximately 1 . 
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mi l e  ups t re am w i t h  a two foot rise . I n - kind hab i t at replacement 
woul d be d i f f i cul t i f  not imposs ibl e . Out of kind repl acement 
( p l ant i ng t he l ake shore l ine ) , and widening rema ining riparian 

hab i t a t  i n  t he upper reach o f  the reservo i r  or improving timber 
s t ands down s t ream of W i l son Dam may be necess ary to achieve 
repl acement . 

Should t h i s  a l t ernat ive become the pref erred a l t e rnat ive and the 
pro j e c t  progres s  beyond t he f eas ibi l i ty phase a comp l e t e  l and use 
i nventory and mapping o f  pro j ect l ands on a one o r  t wo foot 
contour woul d  be necessary to determine impac t s  of the two foot 
pool r a i s e  alternat ive . I n  addit ion , t erre s t r i a l  habit at should 
be eva l u a t ed i n  a quant i t a t ive and qua l i t at ive manner to 
det e rm i ne i t s  value to wi ldl i fe and to determine what measures ,  
are nee ded for mi t igat ion and/or compensat ion . Only a f te r  such 
an a s s e ssment w i l l  i t  be pos s ible to det e rmine t he numbe r  o f  
acre s , under di f ferent l eve l s  of management , that wi l l  be 
nec e s s a ry to o f f se t  the f i s h  and wi ldl i fe product ivity lost 
t hrough real l oc a t i on of a port ion o f  the f l ood pool . 

An anal ys i s  wi l l  a l so be necessary t o  determine a f fect s t o  access 
roads , boat ramps , parking l ot s , camp ing f ac i l i t i es and other 
phys i c a l  f ac i l i t i es that wi l l  need to be a l t e red or repl aced with 
impl ement a t ion o f  thi s a l t e rnat ive . The cost o f  repl a cement 
shoul d  be borne by the pro j e c t  proponent s .  

AQUATI C  HAB I TAT 
The Res e rvoi r  

Al t hough i t  i s  reasonably certain t hat a change i n  t he. 
conse rva t i o n  l eve l of the re servo i r  woul d  s igni f i c ant ly a l t e r  the 
cond i t i on of t he reservoi r ' s  f i shery , it i s  di f f i cul t to predict 
prec i se l y  what its condit ion woul d be a ft er t he conse rvat ion pool � 

has been rea l located or a new "higher" conse rvat i on pool i s  
e st ab l i shed . I n  genera l , however ,  n o  negat ive i mpacts would be 
expec t ed f rom a ra i se in t he conservat i on pool . The species 
compo s i t ion o f  t he res e rvoi r  woul d  rema i n  subst ant i a l ly the s ame . 
Relat ive abundance of f i shes present woul d  pos s i b l y  change ; total 
abundance woul d  a l most certainly . 

The wal l eye populat ion o f  W i l iJon Res e rvo i r  i s  current ly in good 
cond i t i on and t here i s  no reason to expect a change to the worse 
i f  the conse rvat i on pool is rai sed . Mos t  o f  the reservo ir ' s  
wal l eye current ly spawn on rocky poi nt s  near t he dam . Some 
spawn i ng a c t ivity i s  al so suspected to occur on the face of tqe 
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dam s i nce adul t s  do concent ra te al ong i t  duri ng t he period of 
time when spawning i s  expected to occur . Rai s ing the wa ter level 
would increase t he amount o f  riprap that i s  ava i l able for 
spawning substrate . Never-the - less , t he f i sh woul d  cont inue to 
actual l y  spawn over riprap that i s  very near the surface ( 1  t o  4 
feet deep usual ly) . Consequent l y ,  dis charges whi ch re sul t in 
l ower i ng t he wat er l eve l when eggs and nonmot i l e  f ry are pre sent 
{ l ate March to early May) would have a negat ive ef fect on the 

species . 

Sma l l mouth bass are a unique addi t ion to the aqua t i c  fauna of 
Wi l son Reservo i r i  t hey were first int roduced in 1 9 7 8 , and have 
been doing very we l l . Spawning by sma l l mouth bas s  i n  �he 
re servo i r  has been observed to occur during April ( when the wat er 
temperature reaches 61 degre es to 65 degrees F) in areas having a 
rocky bo ttom . Thi s type of subs trate i s  quite common and 
widespread i n  Wi l son Re servoi r  at elevat ions above 1 5 1 3  feet 
m . s . l .  Sma l lmouth bas s  usually spawn i n  ne sts l ocated at wat er 
depths ranging from 2 to 2 0  feet . Ten to twenty days after the 
eggs are deposi ted , the young begin to l e ave the nest s . Since 
these f i sh general l y  reproduce in s l ight l y  deeper wat er t han 
wal l eye , t hey are s omewhat l ess sens i t ive to water l eve l 
f l uctuat ions . However ,  temporary f l uctuati ons exceeding 2 feet 
during a span of 10 to 2 0  days can negat ive ly impact the species 
by st randing its eggs and fry above the water - l i ne . 
Addit i onal l y ,  releases which resul t i n  wat er e l evat i ons be low 
1 5 1 3  feet m . s . l .  during its spawni ng period can seve rel y  impact 
t he spe c i e s  by e l i minat i ng much of the sui t able spawning habitat 
that is present i n  t he reservoi r .  

Largemouth bass are al so most sens it ive t o  water l eve l 
f l uctuat i ons whi l e  reproduc ing . Thi s species usual l y  spawns i n  
Wi l son Re servoir �from mid May t o  t o  mi d- June (when water • 

temperature i s  62 to 65 degrees F )  . The mal e  sweep cl ean nests in 
areas having a subs trate varying from grave l ly sand to soft mud . 
Most ne s t s  are locat ed i n  water depths of 1 to 4 feet . Hat ching 
normal l y  occurs 3 to 5 days after eggs are laid . After the fry 
hatch , t hey are immobile unt i l  they have absorbed their yo lk sac . 
This usual l y  occurs about one week after they hat c h . The fry 
then l e ave the nest . 

Re leases whi ch re sult in even relat ively minor f l uc tuat ions of 
the reservoi rs water leve l can s t rand the immobi l e  eggs and fry 
above the water l ine . There fore , i n  order to avo i d  negat ive ly 
impact ing the spec ies , wa ter leve l s  must be steadi l y  or s l owly 
ri s i ng dur i ng i t s  reproduc t ive peri od ; rapi d  decre ases are also 
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mos t  detrimenta l . 

Whi t e  c rapp i e  spawn t hroughout the s ha l l ow port ions o f  the 
res e rvo i r ,  usua l ly during Apr i l  or May . The mal e s  come to the 
spawning ground and c lean i l l - de f i ned nes t s ; the pref erred 
l ocat i on i s  in a cove , protected f rom wave act ion and having a 
sub s t rate o f  f ine gravel that i s  f re e  of s i l t . Thi s  pre ferred 
hab i t at should be read i ly ava i l abl e a f t er the reservoi rs 
e l evat ion i s  i ncreased . The nest s are l ocated a t  depths that 
range f rom 1 to 20 feet wi th mos t  bei ng 10 to 14 f e e t  deep . The 
eggs which adhere t o  t he nes t ' s  subst ra t e , hat ch i n  2 to 4 days , 
a nd t he f ry  rema in on t he nes t  for only a short whi l e . The t ime 
e l ap s ed between the s t art of hatching and departure of t he f ry 
c a n  be as l i tt l e  as 4 days . 

Di s charges that resul t in l owering the reservo i rs water l evel 
during the spawning period crappi e  can s trand eggs and fry above 
the water l ine . Thi s  impact would be part i cularly acute whenever 
the reservo ir ' s  wat e r  l evel dec re as e s  by several f e e t  or more 
dur i ng a per i od o f  2 weeks or l es s . 

The whi t e  bas s ,  s triped bas s and channel cat f i sh populat ions o f  
W i l son Reservoi r  are rel a t ively insens i t ive t o  moderately 
f l uc tuating water l eve l s . The s triped bass do not reproduce in 
W i l son and are primarily pelagic . Consequen t l y ,  t hey are not 
usua l ly g re a t l y  a f fe c t ed by moderate f l uc tuat i ons o f  wate r  l evel . 

S evere wat e r  l eve l reduct i ons duri ng t he period when channel 
c at f i sh spawn ( norma l ly l a t e - May t o  early-July) wou l d  resul t  i n  
t he l o s s  of some eggs and fry . Such l o s s e s  woul d ,  however ,  
probably not have a nega t ive e f f ect on the condi t ion o f  the 
c hanne l cat f i sh population of the reservoir . 

Whi t e  bas s are tbe mos t  f requent ly c aught game f i sh in Wil son � 

Res e rvo ir .  They spawn i n  t he spring when wat er t emperature 
reaches 6 0  to 70 degrees F ;  usua l ly in mid - Ap r i l  to l a t e -May . 
Fert i l i zed eggs are scatte red over rocky , grave l l y  s hoa l s  in the 
res e rvoi r  and in i t s  t ribut ary s t reams . The eggs adhere t o  t he 
bot t om and hatch in about 2 days . The larvae then qui ckly move 
i nt o  the upper l eve l s  o f  the re servo ir ' s open wat e r . 

Because whi t e  bas s spawn throughout t he res e rvo i r  a s  wel l  as in 
t ribut ary s t re ams and have a rel at ive l y  short peri od of 
i mmobi l i ty ,  t hey are f a i rly i nsens i t ive to mode ra t e , temporary 
wa t e r  l evel fluctua t i ons . I t  ha s been obs e rve d , however ,  that a t  
r e s e rvoi r  pool - el evat i ons below 1 5 1 5  f e e t  m . s . l .  migrat ion o f  t he 
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species into the Sal ine River is greatly restricted . Marked 
decreases in year - c lass s i z e  have occurred during years in whi ch 
upst ream spawning did not occur . 

Gi z zard shad are the most i mportant forage f i sh ava i labl e to the 
sport fish of Wi l son Reservoir . Thi s spec ies spawns pelagi cal ly 
in t he sha l l ow areas of the reservoi r ,  usual l y  in late -May or 
June . Although how t hey woul d  respond to modera te fluctuations 
i s  not def ini tely known , it has been reported that giz zard shad 
product ion and the amount of wa ter level fluctuat ion are 
negat i vely related . The total , but not the re l ative number of 
gi z zard shad in Wi l son Re servoir shoul d change when the poo l 
l evel i s  ra i s ed . I t  i s  not certain what e f fect short - te rm 
moderate wat er level f luctuations around t he higher elevation 
would have on t he species . 

The reservo ir ' s rough f i sh populat ion (bigmouth buffalo , common 
carp , smallmouth buf falo , and river carpsucker)  woul d  l i ke ly 
increase wi th t he change in surface area , caused by ra is ing t he 
conservation pool l evel . Whe ther the ir numbers would change 
re lat ive to those of t he sport fish i s  unknqwn . The se spec ies 
woul d  not be very much effected by short - term moderat e 
f luctuations in water l eve l after the reservo i r  reaches the new 
conservation pool el evat ion . Temporary drawdowns of long 
durat ion and l arge magni tude would negat ively a f fect the 
product ion of rough f i sh but could potent ial l y  enhance sport f ish 
growth . Dec l ining water l eve l s  would concentrate prey fish and , 
t hereby , al l ow increased foraging and growth by the reservo ir ' s 
sport f i sh .  Lush st ands of herbaceous veget ation would grow up 
in the denuded zone and , i f  then inundated during a subsequent 
growing s eason , could serve as substrate for f i s h  food organi sms . 
For such a beneficial effect to occur , i t  i s  e ssent ial that the 
vegetat ion remain inundated t hroughout mos t  i f  not a l l  of the • 

growing s eason . Use of vegetation for food requi res suf ficient 
t ime for it t o  be coloni zed by algae , bacteria and invertebrates . 

The current water leve l management plan at Wi l son Reservoir takes 
advantage of the bene ficial effect when regenerated plant 
materia l s  are i nundated . 

When in e f fect , the current water l evel management plan ,  
f luc tuat es the pool 1 foot above conse rvation pool . I f  
conservati on pool i s  rai sed to 1 5 1 8  ( the 2 foot pool rai s e )  the 
one foot di f f erence in e l evation and surf ace area would impact 
approximat ely 2 3 0  acre s of addit ional terre s t r i a l  habitat . The 
bene f i c ial e f f ec t s  of t he wa ter leve l management plan t o  t he 
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reservo i r ' s f i shery and to wa terfowl populat ions i s  we l l  
documented . �here i s  concern that this important f i sheri es and 
wi ldl i fe management tool may become inc reas ingly di f fi cul t to 
i mpl ement with conversion of a greater percentage of the 
mul t ipurpose pool to s i ngl e purpose wa ter supply . There i s  a l so 
conce rn that i f  water l eve l management i s  to cont inue it may be 
within the area 1 foot above any newly e stabli shed conservat ion 
pool leve l . 

A computer generated hydrograph (Figure 2 )  displays reservo i r  
e l evat ion changes that would have occurred during the 62 -year 
period from January 1 9 3 5  to December 1 9 9 6  with Wi lson Reservo i r  
operation a s  i t  normal l y occurs (base condit ion} and a n  est ima te 
of pool e l evat ions which might be expected to result from future 
operat ion with real l ocat ion of the exi s t ing conservat ion pool . 

The impact of the current operat ional p l an (base condi t ion} and 
the i mpact o f  rea l l ocat ion of the exi st ing conse rvat ion pool upon 
the reproduct ive success of white bass , sma l lmout h  bass and 
wa l l eye was examined for each year of record . An est imate of t he 
number o f  years that l i t t l e  or no success ful reproduct ion woul d  
be expected for each o f  these evaluat ion spec ies was determined . 
I t  can be as sumed that i f  reproduct ive success i s  f requent ly and 
severe ly decreased , i t  i s  unl i kely t hat the f ishery wi l l  be 
sustained in good condi t ion . 

For compari son purposes onl y ,  i t  i s  assumed that the least 
expected impact upon the reproduct ion of the evaluat i on species 
would be cont inuing to operate Wilson Reservoir under i t s  current 
operat i onal p l an . I nc reas ing conservat ion pool by two feet may 
improve on this s cenario , but we have no comput er simulat ions for 
the poo l rai s e , water qual ity rel eases and wat er suppfy rel eases 
combined . 

I f  rea l l ocat ion of the mul t i purpose pool i s  implemented there i s  
a much greater probab i l i ty t hat l i t t l e  o r  no reproduction of 
wal l eye , white bass or sma l l  mouth bass would be expected during 
3 5 7 months ( 4 8 % )  of the 7 4 4  month record . Under the existing 
operat ional plan (base plan) spawning habitat availabi l i ty i s  
vi rtual l y  assured 7 8 %  o f  the t ime . I nspect ion o f  the simulated 
hydrograph indicates t hat t he reservoir l eve l would not only be 
be low the maj ority of rock used as spawning substrate , but the 
re servo i r  wou ld have remained low for several spawning seasons , 
perhaps causing a col lapse of the popul at ion . In 1 9 5 5 , 1 9 56 and 
1 9 5 7  t he res ervo ir wou ld not have been above 1 5 1 1  m . s . l .  in Apr i l  
or May for three consecut ive years . I f  t he wea t her pat t e rns 
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pres ent i n  1 9 8 1  through 1 9 8 6  were to repeat l i t t l e  or no spawning 
i n  Apri l or May would have occurred for s ix consecut ive spri ngs . 
I n  1 9 8 9  t hrough 1 9 92 the s ame s cenario woul d  have resul ted i n  
l i t t l e  o r  no reproduct i on .  

The S tream 

Rai s i ng the mul t ipurpose pool would inundat e  approxima t e l y  one 
mi l e  o f  the Sal ine R iver i n  t he reach ups t re am o f  W i l son 
Reservo i r . The l o s s  o r  convers ion of rive rine to l acusriane 
habi t at c annot be rep l aced . 

The current res ervo i r  rel e as e  schedul e i s  to be maintaine d  wi t h  
real locat i on . { Tabl e 2 . )  

Current Low Flow Re l ea s e s  

January 5 c f  s 
February 5 c f  s 
March 5 c f  s 
Apri l  1 5  c f  s 
May 1 5  c f  s 
June 1 5  c f  s 
July 1 5  c f  s 
Augus t  1 5  c f  s 
S eptember 1 5  c f  s 
Oct ober 5 c f  s 
November 5 c f  s 
December 5 c f  s 

Senior water r ight hol ders between the dam and t he mout h  near 
Sal ina are ent i t l ed only to surface water that f l ows into the 
reservo i r . They are not ent i t l ed to s torage wat e r  t hat i s  
rel eased for l ow� f l ow/water qual i ty . The S t a t e  o f  Kansas , � 

however ,  does not current ly protect federal wate r  qual ity 
rel ea s e s  f rom divers ion ; t hey are treated a s  natural f l ow and are 
subj e c t  t o  appropriat i on . Therefore , senior and j unior wat e r  
r ight hol de r s  f rom t h e  dam down t o  t he mout h  c a n  and do d ive rt 
water qua l i t y  re leases in t imes of drought . Thi s demand can 
exceed t he s t ream f l ow and the river can and doe s  become dry 
during periods o f  high demand . 

I n  our Dra f t  P l anning Aid Letter of June 3 0 , 1 98 3 , that addre s sed 
f ive pot ent i a l  rat e s  o f  w i t hdrawal f rom the c onserva t ion pool o f  
Wi l son Re servo i r , t he Service recommended minimum re l eases f rom 
W i l son Re servo i r  for ma intenance of the f i shery in t he S a l ine 
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River down s tream of the dam ( Tabl e 3 . )  

F i sh and Wildl i fe Service recommended minimum releases from 
Wil son Res e rvoi r  for maintenance o f  the fishery in the Sal ine 
River downst ream f rom the reservoir and h i storic median flows in 
the river . 

Month Recommended Release+ Median Flow *  

January 1 5  2 5  
February 1 5  3 5  
March 1 5  4 5  
Apr i l  4 5  4 8  
May 5 0  8 0  
June 5 0  1 2 0  
July 1 5  9 0  
Augus t  1 5  52 
September 1 5  4 5  
October 1 5  3 4  
November 1 5  3 5  
December 1 5  3 0  

+ c . f  . s .  
* Average inflow t o  Wi l son Reservoir during a 4 0 -year period 

I t  would be useful t o  be abl e  to compare median f lows down s tream 
of the reservoir under the pool raise and corresponding yield 
inc reases agains t  the hi storic median f l ows for this river 
reach . By comparing the model ed median flows for the "with" and 
"wi thout " proj ect condi t ion over the same historical period of 
record we would have a bet ter idea of how real location and the 
pool rai se alternat ives may ef fect instream resources . A • 

compari son o f  mode led median f lows wi th the Service ' s  minimum 
instream flow recommendations would a l so be useful t o  determine 
i f  the Service recommendat ion is attainabl e  or more closely 
at tainable when comparing one al ternat ive agains t  another . 
Without this model ing informat ion we can not determine whether 
the pool raise al ternat ive i s  better or whether rea l locat ion o f  
the exi st ing conservat ion pool wi ll have pos it ive or negat ive 
ef fect s  on the Sal ine River downstream of the dam . Given that 
current Corps low flow re leases are to be ma intained perhaps 
rea l l ocat ion would s imply rule out the poss ibi l i ty of the 
Services recommended releases ever being implemented s ince they 
require approximately the same amount of water as the water 
supply a l t ernat ive s . 
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DI SCUS S I ON 

Terr e s t r i a l  Hab i t at 

Impa c t s  to wi ldl i fe l ands at W i l son Reservoir as a resul t o f  
rea l l ocat ion at t he exi s t ing mul t ipurpose pool e l evat i on would be 
minor as wat e r  l eve l f luctua t i ons wou l d  occur below 1 5 1 6 m . s . l . 
The "bathtub r i ng" or area between conservat ion pool and the 
wat e r  surface may become broader due to mo re f requent 
f l uctua t ion . No new or add i t i onal t e rrestrial hab i t a t  would be 
i nundat ed . 

I f  a pool rai s e  i s  to take p l ace i n  c onj unct i on with 
rea l l ocat ion , impact s to wi ldl i fe l ands of the proj ect would 
range f rom minor to s evere depending upon the e l evat i on s e l e cted . 
The reservo i r  i s  current ly manipulated between 1 5 1 6  and 1 5 1 7  to 
enhance f i sh and wildl i fe on an annual bas i s . A permanent pool 
ra i s e  of 2 feet to 1 5 1 8  m . s . l .  would t he refore i mpact only 2 3 0  
acres more t erre s t r ia l  habitat than i s  current l y  i nundat ed on an 
annual bas i s . I f  the water l evel management plan coul d t hen 
operate be low conservat i on pool , as opposed to above conservat i on 
pool as i n  the past , or s l ight ly above and s l ightly bel ow ,  the 
status quo woul d be relat ive l y  unchanged . 

A l and use i nventory of proj ect l ands and a breakdown o f  how many 
a cres o f  each hab i t at type woul d  be i nundated by the 2 f oot pool 
rai s e  a l t ernat ive should be deve l oped . Terrestrial hab i tat 
w i t h i n  the proj e c t  area shoul d  be eval uated by a t eam o f  
b i o l ogi s t s  f rom the U . S .  F i sh and W i l d l i fe Servi c e , the Kansas 
Department o f  W i l dl i fe and Parks and the U . S .  Army Corps of 
Eng ineers by appl y i ng the Habi tat Evaluat i on Procedures ( HE P )  or 
t he F i sh and Wi l dl i fe Habit a t  Analys i s  Procedures devel oped by 
the Kansas Department of Wildl i fe and Parks . The qtiant i ty and 
qual i ty of each habitat type should be determined for the present 
cond i t ion and compared against the future potent i a l  al t e rnat ive � 

pool l eve l . The procedure woul d  prov i de est imates o f  the number 
o f  acres , under di f ferent l eve l s  o f  management , t hat wi l l  be 
nec e s s a ry to o f f s e t  wi ldl i fe produ c t i v i ty los t through 
imp lementat ion of t h i s  a l t e rnat ive . W i thout such an eva l uat i on we 
can only surmi s e  that mit igat ion wou l d  l i kely be necess ary and 
that i t  may or may not be achievabl e on pro j ect l ands . 

Aguat i c  Habitat 

Re servo i r  An i nc rease in l acust rine habitat ( w i t h  a 2 foot pool 
rai s e ) would undoubtedly provide add i t iona l space for f i sh 
spec i e s  a l ready present wi thin the re s e rvo i r . To what ext ent 
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these species wou l d  be abl e t o  take advantage of and ut i l i ze this 
new habi tat depends upon the he ight and t i mi ng of wa ter l evel 
f luctuat ions , and rate of wa ter exchange within the reservoir . 
An increase i n  reservoir l eve l in the dead of wint er would not be 
a s  des i rable as a late spring rise that would inundate freshly 
sprout ed spring growth . A sharp rise in reservoir l eve l woul d  
not b e  as conduc ive to fish product ion as a s l ow gradual rise 
that spanned the spawning seasons . Stage area f i l l ing , {a 
gradual rise in pool leve l ove r a number of years { 0 . 5  feet per 
ye ar ) ) ,  would be a vast improvement over a sharp rise to the 
newly approved pool l evel . 

We have l i tt l e informat ion concerning di fference s  i n  f luctuat ion 
of pool l eve l between the proposed re a l l ocat i on plan and the 
current operat ional p l an ,  other than t hat displayed i n  Figure 4 .  
The greater the amount of storage real l ocated under t he sel ected 
p l an ,  t he greater the poss ibi l i ty that the water l evel wi thin the 
reservoir wi l l  fluctuate on a seasonal/ annua l bas i s . The impact 
of operating Wi l son Reservoir as a wat er supply source upon the 
f i shery of the reservoir itsel f could be pos i ti ve , negative or 
neut ral dependent upon several factors , the mos t important of 
which are t iming and magnitude of change s in wat e r  l evel . As 
indicated we have l i t t l e  informat i on concerning thi s aspect of 
the proj ect other t han a computer run on a monthly basis 
comparing pool elevat i ons with water qual i ty rel eases and a run 
with wat er qual i ty releases and an 1 1  cfs wit hdrawal for Hays and 
Rus s e l l  i n  combinat ion . Table 4 indicates the number of months 
at or bel ow a certain pool elevation with water suppl y  wi thdrawal 
and wit hout i t . 

• 
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Table 4 Wil son Re servo i r  number of months at or below speci fied 
e l evat i ons . 

January 1 9 3 5  to December 1 9 9 6  

Elevat i on Water Quality Water Qua l i ty 
( feet M .  S .  L . } Demands and Water Supply 

Demands 
-

%< % >  % <  % >  

1 5 1 6  7 4 4  7 4 4  

1 5 1 5  4 4 0  5 9  4 1  52 6 70  3 0  

1 5 14 2 9 3  3 9  6 1  4 3 3  58  42  

1 5 1 3  1 6 9  2 2  7 8  3 5 7  4 8  5 2  

1 5 12 6 0  8 92 2 8 0  3 8  6 2  

1 5 1 1  1 4  . 0 8 9 9  2 0 8 2 8  72  

1 5 1 0  4 1 4 1  1 9  8 1  

1 5 0 9  0 7 3  9 9 1  

1 5 0 8  0 2 7  7 9 3  

1 5 07 0 1 0  1 9 9  

1 5 0 6  0 2 

1 5 0 5  0 0 

Pre l iminary infQ.rmat i on from the KDW&P and the Corps based on 
previous experience indicates that drawdowns of 3 feet or more 
begin to curta i l  aqua t ic sport s and a ssoc i a t ed recreat ion uses . 
Of the 9 boat ramps 2 are unusable at 1 5 1 2 , one unusable at 1 5 0 7 , 
and al l are unusable at 1 4 9 4 . 

White bas s  spawning runs up the Sal ine River are curtailed a t  
e l evat ions at o r  bel ow 1 5 1 5 . Sma l lmouth bass spawning i s  great ly 
reduced wi th a drop in pool elevat ion to 1 5 1 3 . The maj ority of 
suitable spawning substrate for the mos t  sought after game 
species i s  above the waterline at elevations o f  1 5 1 1  and below . 

As i ndicated by the above t ab l e  the f requency of drawdowns i n  the 
range of 1 5 1 4 and be l ow begi n  to doubl e  and t r i p l e  ( over t hat -

''" 
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whi ch would be norma l ly expe ct ed) wi th the proposed real l ocation 

from t he exi st ing conserva t i on poo l . We c an only conc lude tha t 
the proposed plan to rea l l ocate water from the exi s t ing 
conserva t i on poo l within Wi l son Reservo i r  would adversely af fect 
the f i s hery o f  Wi l son Reservo i r  and recrea t ional i nterests 
assoc i a ted wi th aquat i c  sports . 

I f  t he cons erva t i on pool i s  ra i s ed 2 feet , recreati onal use wi l l  
st i l l  be curtai l ed by annual fluctuat ions o f  3 feet or more . The 

f requency of the f luctuat i ons would probably be about the same as 
with real locat i on of the exi s t i ng conserva t i on pool but the boat 
ramps woul d be ac c e s s ible for a more ext ended period . The whi t e  

bass run would n o t  b e  curt ai led a s  f requent ly and t he maj ority o f  

the rock substrate used by mo st sport f i sh f o r  spawning would 
remain below the water l ine and acces sible to the f i sh . From a 

f i sheri es perspect ive a pool rai se o f  2 f e e t  i s  much more 
accept abl e  than re a l l ocati on of the exi s t i ng mul t ipurpos e  pool . 

Stream The impac t s  t he proposed poo l  ra i s e  would have on areas 
below W i l son Dam because of changes in water rel eased bel ow the 

dam are not spec i f i c a l ly addres s ed in t h i s  �eport . In general , 
howeve r ,  i f  the Corps o f  Engineers l ow f l ow rel ease schedul e i s  
t o  b e  maintained and the river were t o  be t he c onveyance sys tem 
for wa ter supply del ivery t hen more water , no t l es s  water, could 
be ava i l able for i ns t ream use . I t  i s  c l ear inst ream de l ivery o f  

water supply a l l ocat ion i s  far more de s i rable than direct 
withdrawal from a re servo i r ,  f rom a st ream f i sheries st andpo int , 
provided the eventual divers ion of water oc curs some distance 
downs tream . Rea l l ocat ion proposal s at Tut t l e  Creek , John Redmond , 
Counc i l  Grove and others real located the water qua l i ty port ion of 
the mul t ipurpose poo l and used the stream as the conveyance 
system for water del ivery . Thi s  proposal for Wi l son , however , 
does not rea l locate the water quality poo l , and does not use the 
st ream as the conveyance sys t em ,  but would pump directly from the 
reservo ir to the c i t ies and l ess wat er would be ava i l able wi thin 
the re servo i r  for f i sh ,  wi l dl i fe and recreation and for 
downst ream releas e s  during an extreme drought . With a smal ler 
pool , i ncreased evaporat i on ,  and decreased inflow carrying a 
higher sa l inity the sal ini ty wi thin the sma l l e r  poo l wi l l  become 

higher and less suitabl e to the exi sting f i shery and l e s s  
sui tabl e for water qua l ity rel eases . The water t reatment cost 

a s soc iated with progre ss ively poorer qua l i ty wat er i n  W i lson 
Reservo ir needs to be evaluated careful ly . 

An area o f  concern i s  how re l e ases wi l l  be handled during an 
ext ended or ext reme drought . Current ly f ederal wa ter qual ity . 
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releases are not p ro t e ct ed and wate r  right holders downs t ream o f  
W i l s on can actua l ly de - water t he rive r .  The Corps o f  Eng ineers 
should , a s  part o f  any rea l l ocation agreement , reach a n  agreement 
with the S t a t e  on p rote c t i on o f  low f l ow rel eases for inst ream 
needs and under s pe c i f i c  condi t i ons , especially drought . Once an 
agreement i s  reached , t he state should protect the wat e r  qua l i ty 
rel eases f rom W i l son . 

Rai s ing the pool l evel should not have an appreci abl e e f f ect on 
t he downs� ream f i s he r i e s  or r iparian habitat . Rai s i ng the pool 
l evel two f e e t  wou l d  convert one mi l e  o f  the Sal i ne River 
ups t ream o f  t he rese rvo i r  f rom riverine to l acust r i an habi tat . 
Thi s  woul d  e f f e c t  one o f  the S t ate ' s  few Highe s t  Priority Fi shery 
Resource s s tr eams . Thi s  loss would be permanent and could not be 
mit igated . 

RECOMMENDATIONS 

In summary , t he U . S .  Fi sh and Wildl i fe S ervice recommends the 
f o l l owing be i ncorporated in t he rea l l ocat i on and pool rai se 
plans for W i lson Res e rvoi r  t o  ascerta i n  and l e s sen t he impacts o f  
these p l ans o n  the S a l i ne Rive r , the sport f ishery o f  Wil son 
Reservo i r  and proj ect l ands current ly managed for f i sh and 
w i l dl i fe . 

1 .  The "No Act i on" a l t e rnat ive should become the "pre f e rred" 
a l te rna t ive . Reservo i r  operat i ons should not be app re c i ably 
changed f rom t he current bas e  operat ion condi t ion . 

2 .  I f  t he "No Act i on" a l ternat ive doe s  not become t he pre f erred 
a l t ernat ive , we urge the Corps , the Kansas Wat e r  O f f i c e  and the 
c i t i e s  of Hays and Rus s e l l  to cons ider and l imi t reallocat ion to 
real locat ion o f  the f lood pool and a permanent poo l rai s e  to 1 5 1 8  
m .  s . 1 .  

A .  Pool l eve l s  and f luctuat ions should be mode l ed for a 2 
foot pool rai se and each a l t e rat ive for the pe r i od o f  
historical record and f o r  compar i son to t he exi s t i ng 
condi t i on .  

B .  F i s h  and w i l dl i fe hab i t at losses att ribut abl e to the 2 
foot pool rai s e  a l t ernat ive , pre l iminary mi t iga t i on 
recommenda t i ons and cos t s  assoc iated with these 
recommendat ions should be inc luded in a F i na l  F i s h  and 
W i l dl i f e  Coordina t i on act report for t h i s  p roj e c t . 

-
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C .  Conduc t a complete land use inventory o f  habitat types 
within the proj ect area . Habitat type s should be evaluated 
by a t e am of biolog i s t s  from the U . S .  F i sh and W i l dl i fe 
Service the Kansas Department o f  Wi ldl i fe and Parks and the 
U . S .  Army Corps of Eng ineers by applying the Hab i ta t  
Evalua t i on Procedures {HEP)  o r  the Fish and W i l dl i fe Habi tat 
Analys i s  Procedures developed by the Kansas Department of 
W i l dl i f e  and Parks . 

3 .  -we recommend a real location o f  the exi sting c onservat ion pool 
not be implemented without : 

A .  A p l an to replace the reservoir ' s sport f i shery when i t  
i s  lost . A cont ingency plan should be devel oped and stand 
ready for imp lementation when a prolonged drought decimates 
the reservo i r . The Corps should assume the Federal 
Respons i b i l i ty in devel oping this cont ingency p l an . The 
Corps should pursue an add-on s tudy prior t o  rea l l ocation to 
addres s  thi s i ssue . 

B .  S t ream flows downstream of Wil son Dam should be modeled 
for the exis t ing condit ion and for each a l ternat ive for the 
period of h i stor ical record . 

C .  Spec i f ic informat ion on hunt ing and f ishing on the 
proj e c t  area should be developed by conduct i ng a use survey 
to more c l early determine the economic impact o f  this 
al ternat ive t o  recreation interests . 

4 .  The Corps o f  Engineers should , as part of any rea l locat ion 
agreement , reach an agreement with the State on prot ec t i on of low 
flow rel e ase s for instream needs and under speci fi c  conditions 
especi a l ly drought . The State should then protect these water 
qual ity rel ease from Wi l son . 

5 .  The Kansa s  Department of Wi ldl ife and Parks annual reservoir 
fluctuat ion p l an may have to 11 evolve 11 with a change in 
conservat ion pool but this enhancement measure shoul d continue to 
be impl ement ed . 

The preceding informat ion i s  provided as an a i d  to 
assessment o f  real locat ion of mult ipurpose st orage 

. . supply and inc reases of 2 feet in the mul t ipurpose 

the Corps ' 
to water 
pool leve l _ at 
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a s s e s sment o f  rea l l ocat ion o f  mul t ipurpose s torage to wat e r  
supp l y  and inc re a s e s  o f  2 feet i n  the mul t ipurpose pool l evel a t  
Wi l son Res e rvo i r . The Service apprec i ated the opportunity t o  
p rovide t h i s  dra f t  Fish and Wi ldl i fe Coordina t i on Act Report . 
Thank you for your cont inued coopera t ion . 
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REPLY TO 
ATTENTION OF: 

• DEPARTMENT OF T H E  ARM!a 
:A.NSAS CITY DISTRICT. COR PS OF ENGIN-S 

700 FEDERAL BUILDING 
KANSAS CITY. MISSOURI 64 106-2896 

Ju l y  28, 1 997 

Environmenta l  Resources Section 
Planning & Hydrologic Engineering 

Branch 

Dr . Ramon s .  Powers 
Director and State Historic 

Preservation Off icer 
Kansas State Historical Soc iety 
6 4 2 5  s . w .  6th Avenue 
Topeka , Kansas 6 6 6 1 5 - 1 0 9 9  

Dear D r .  Powers : 

The Kansas City D istrict (KCD ) , Corps of Engineers , 
has been requested by the Kansas Water Off ice to 
undertake a study to evaluate the potential to 
real locate a portion of Wilson Lake storage to water 
supply for the c ities of Hays and Russell ,  Kansas . 

W ilson Lake is a multiple purpose use lake operated 
for :flood control ,  irrigation , recreation , and fish and 
wildlife benef its . These uses , in particular the 
annual water management plan developed for f i sh and 
wildlife , can cause the lake to f luctuate from two feet 
below multipurpose pool elevation to one foot above 
during the various seasons of the year . some eros ion 
does occur with this proces s .  

The preferred alternative is to reallocate an 
estimated 3 0 , 0 0 0  acre-feet of storage to water supply . 
Thi s  would a llow withdrawal of up to 8 , 0 0 0  acre-feet 
per year whi ch is equivalent to about one foot ·of 
water . During an extended drought period , the pool may 
be lowered perhaps as much as four feet over a three
to-f i ve year period . The proposed action is not 
expected to s ignif icantly increase eros ion rates . 

Storage within the f lood control pool , which wou ld 
ra ise the pool level in order to store the required 
water , is not recommended . 

Pertinent information about the cultural resources 
in the study area is enc losed for your use . We do not 
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feel that this proj ect wil l  a ffect cultura l resources 
at Wi l son Lake . P lease provide your concurrence as 
soon as poss ible . 

I f  you have any questions on this information , 
please contact Ms . Cami lle Lechl iter , Cultural 
Resourc es Special ist , at 8 16 -9 8 3 - 3 1 3 7 . 

Enc l osure 

• . . .  , - r c· : • •• () (� • ! 

S incere ly , 

MeJ�� 
Ch ief , Planning & Hydroloqic 

Enqineerinq Branch 
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KANSAS 

STATE 

HISTORICAL 

SOCIETY 

6425 S.W. 6th Avenue 
Topeka, Kansas 

66615-1099 
PHONE# {913) 272-8681 

FAXI {913) 272-8682 
TTY# {913) 272-8683 

KANSAS HISTORY CENTER 
Administration 

Center for Historical Research 
Cultural Resources 

Education I Outreach 
Historic Sites 

Kansas Museum of History 
Library & Archives 

HISTORIC SITES 
Adair Cabin 

Constitution Hall · 

Cottonwood Ranch 
First Territorial Capitol 

Fort Hays 
Goodnow House 

Grinter Place 
Hollenberg Station 

Kaw Mission 
Marais des Cygnes Massacre 

Mine Creek Balllelield 
Natlve American Heritage Museum 

Pawnee Indian Village 
Pawnee Rock 

Shawnee Mission 

I.ORIC PRESERVATION OFFICE 
6425 SW 6TH A VE 
TOPEKA, KS 66615-1099 
913-272-8681 " FAX 913-272-8682 

August 4, 1997 

Ms. Camille Lechliter 
Cultural Resources Specialist 
Kansas City District, Corps of Engineers 
700 Federal Building 
Kansas City, Missouri 64106-2896 

• 

Re: Reallocate Portion of Wilson Lake for Storage for Water Supply to 
Hays and Russell 
Ellis and Russell Counties 

Dear Ms. Lechliter: 

We have reviewed the project identified above and have determined that it 
should not affect any property listed on the National Register of Historic Places 
or otherwise identified in our files as having historical significance. This office 
has no objection to implementation of the project. 

Sincerely yours, 

Ramon Powers 
State Historic Preservation Officer 

&if:!fi� 
Historic Preservation Office 

BW/dj w 
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DEPARTM ENT OF THE ARMY-

KANSAS CITY DI STR ICT, COR PS OF ENG I NEERS 
700 FEDERAL B U I LD I NG 

REPLY TO 
ATTENTION OF: 

KANSAS CITY. MISSOU R I  64 106-2896 
Aug u s t  6 ,  1 997 

Environmental Resources Section 
P lanning & Hydrol ogic Engineering 

Branch 

Mr .  Wi l l iam H .  Gill 
Field Supervisor 
U .  s .  Fish and Wildl i f e  Service 
Kansas Field Off ice 
3 1 5  Houston Street , Suite E 
Manhattan , Kansas 6 6 5 02 - 6 1 7 2  

Dear Mr .  Gil l :  

The Kansas City District ( KCD ) , Corps of Engineers 
( Corps ) , has reviewed the draft Fish and Wi ldl i fe 

Coordination Act Report ( CAR) provided by the U .  S .  
Fish and Wi ldlife Service (USFWS ) , Kansas Field Office , 
as agreed upon in the Fiscal Year 199 7  Scope-of-Work 
for the Rea l location o f  storage at Wilson Lake , Russell 
county , Kansas .  The Corps is providing the fo llowing 
comments for cons ideration by the USFWS in completing 
the f inal CAR which wi l l  be included in the 
Env ironmental Assessment for the Wi lson Lake 
Rea llocation report and wil l  constitute completion by 
the Corps of the provis ions of the Fish and Wildlife 
Coordination Act _( 1 6  U .  s .  c .  6 6 1  et seq . ) • 

Comments of an editori a l  nature are noted on the 
hard copy enclosure included with this letter . 
Comments other than editorial w i l l  be addressed on an 
individual bas i s  as follows . 

In the last paragraph , on page 1 0 , the statement 
i s  made that the principa l use of the mult ipurpose poo l 
storage is to d ilute h ighly saline water of low f lows . 
Clarification of this statement is needed to ref lect 
the fact that d ilut ion is one of the purposes of the 
multipurpose pool , but it is not the pr inc ipa l purpose . 
Authorized proj ect purposes of Wi lson Lake are flood 
control , navigation , irrigatio n ,  recreation , f ish and 
wi l d l i fe habitat , and water qua l ity . As constructed , 
the principa l use of mu ltipurpose ( conservation) 
storage is for irrigation , however , mult ipurpose 
storage is to serve navigation unt i l  irrigation use is 
developed . 
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The f irst sentence in the last paragraph o n  page 
1 1  states that the pool elevation is "regulated by 
agreement" between the Corps , the Kansas Water 
Office ( KWO ) , and the Kansas Department of W i ldlife and 
Parks ( KDWP ) . The Corps would l ike thi s  s entence 
corrected to reflect that thi s  is an annual water level 
management p lan that is submitted by the KDWP to the 
Corps . It is based upon an informal agreement between 
the three agencies , and it i s  only executed by the 
Corps when conditions at the l ake are f avorable .  

On page 13 , the last paragraph exp lains the 
evaluation methodology for impacts to the lake ' s  sport 
f i shery . It would be helpful to add the l ake e levation 
considered critical f or each species of f i sh used in 
the evaluation (wa l l eye , smal lmouth bas s , and white 
bass ) . A brief description of why that e levation i s  
critica l would a l so b e  useful i n  help ing readers o f  the 
report understand the evaluation of impacts to the 
f ishery resource . 

At the top o f  page 17 , the statement is made that 
"rais ing the water l evel would increase the amount of 
riprap that i s  ava i lable for spawning substrate" 
relative to wal leye spawning . Later it is stated that 
wa l leye spawn over r iprap that is very near the surface 
( 1  to 4 feet deep usua l l y } . Riprap on the upstream 
face of the dam occurs a l l  the way to the foot of the 
dam at Wilson Lake . Because wal leye only use the top 1 
to 4 feet o f  water to spawn , they would have the same 
amount o f  substrate ava i lable to them at any l ake 
e levation . Therefore , a higher water e l evat ion would 
not provide wal leye with more substrate than a lower 
elevation ; ( they would be equal in that} there would be 
1 to 4 feet of inundated riprap available to wal l eye at 
any l ake elevation for a l l  a lternatives . 

There is discuss i on on page 17 o f  sma l lmouth bass 
and largemouth bas s  spawning activities . For 
smal lmouth bass , it is stated that water temperatures 
reach 61-65 degrees F in Apri l .  However , the 
largemouth bass discuss ion states that 6 2 -65 degrees F 
occurs from mid-May to mid-June . These appear to be 
inconsistent statements . 

Page 2 0  discusses the indicator species f or 
evaluation of spawning impacts being white bas s , 
sma l lmouth bass , and wa l leye . It should be c l ar i f ied 
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that white bass w i l l  continue t o  spawn in the lake but 
would be unable to spawn upr iver below e levation 1 5 15 . 0  
m . s . l . , there fore , a total loss of spawning would not 
occur for this spec ies at poo l elevat ions be low 1 5 1 5 . 0  
m . s . l .  As for wa l l eye , some spawning could occur at 
lower pool elevations on the riprap at the dam , and 
clarif icat ion should be made that only the rocky points 
near the dam would be unava i lable for use for spawning 
below elevation 1 5 1 1 . 0  m . s . l .  It should also be noted 
that no one is certain of the exact elevation at wh ich 
the rocky points near the dam become exposed and that 
f ield veri f ication would be needed to identi fy the 
exact elevat ion . 

The last paragraph on page 2 0  states that if 
rea l location for the mult ipurpose pool is implemented , 
there is a much greater probabi l ity that l ittle or no 
reproduction is expected to occur 3 5 7 out of the 7 4 4  
months o f  record or 4 8  percent o f  the t ime . This is 
compared to existing cond it i ons in which spawning can 
occur approximately 78 percent of the t ime . There is 
no explanation of the critical elevat ion used to 
determine the 3 5 7-month f igure . Later in the same 
paragraph , there is a discuss ion using e levation 
1 5 1 1 . 0 .  However , according to the data which was 
provided to the USFWS , the lake is at or bel ow 
elevation 1 5 11 . 0  m . s . l .  2 08 months out o f  the 7 4 4  
months o f  record which equates t o  2 8  percent , not 4 8  
percent . Therefore , further discuss i on o f  the 
e levations used to obtain the 3 5 7 -month f igure is 
needed for c larif ication of the eva luation . 

In relation to this same discussion , the USFWS 
used tota l months ( a l l  year} within the per iod of 
record to evaluate spawn ing succes s , rather than 
looking at j ust spawning months with in the period of 
record . Out of the 7 4 4  months of record , 1 8 3  months 
occur in Apri l ,  May , and June which were defined as 
peak spawning months for walleye , sma l lmouth bas s ,  and 
white bass . Of those 18 3 months , 4 6  months occur in 
which the lake elevat ion is at or below 1 5 1 1 . 1  m . s . l . , 
which equates to 2 5  percent , if rea l location occurs 
from the mu ltipurpose pool . The corps then looked at 
the same period of record for base l ine ( existing 
cond itions ) .  Of the 1 8 3 months , 6 months are at or 
below elevation 1 5 1 1 . 1  m . s . l .  which i s  less than 1 
percent . This data is summar i z ed in Table 1 on the 
next page . 
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Table 1 

Number o f  Months Wi lson Lake Is At Or Below Elevation 
1 5 1 1 . 1  m . s . l .  During 

Spawning Season Us ing Rea l l ocat ion of Mu lti-Purpose 
Pool (w/proj ect) , 

Compared to Existing Conditions (w/ out proj ect) 

# of months 
. # of months 

. # o f  months in in in 
Apri l  May June 

w/Proj ect 1 6  1 7  1 4  

Ave e lev. 1 5 09 . 2  m . s . l .  1509 . 6  m . s . l .  1 5 0 9 . 5  m . s . l .  
w/ Proj . for 
those months 

Years of 1 95 5 ,  ' 5 6 , ' 5 7 , 1 9 5 5 , ' 5 6 , '5 7 , 1 9 5 5 , ' 5 6 , ' 7 1 , 
occurrence ' 67 I '7 1 ,  ' 7 2 , ' 6 5 , ' 6 7  I ' 7 1 ,  ' 7 2 , '8 1 ,  ' 8 2 , 

' 8 1 ,  ' 8 2 , ' 8 3 I ' 7 2 , ' 8 1 ,  '8 2 , '8 3 I '8 4 , '8 5 ,  
'8 4 , '8 5 ,  ' 8 6 ,  '8 3 , ' 8 4 , '8 5 ,  '8 6 , ' 8 9 , '9 0 ,  
' 8 9 , '9 0  I '9 1 ,  ' 8 6 ,  '8 9  I ' 9 0 I ' 9 1 , '92 
'9 2  ' 9 1 , ' 9 2 

w/out Proj ect 3 2 1 

Ave e lev. w/o 1 5 1 0 . 5  m . s . l .  1 5 10 . 1  m . s . l .  1 5 1 0 . 7  m .  s . 1 . 
Proj . for 
those months 

Years o f  1 9 5 6 , '9 1 ,  ' 9 2  1 9 5 6 , ' 9 2  1 9 9 2  
occurrence 

Based upon the Corps' recreation data , the f irst 
paragraph be low Table 4 , on page 2 6 ,  needs to be 
revised . Of the n ine boat ramps at W i l son Lake , three 
lanes at the Wi l son State Park area become unusable at 
elevat ion 1 5 07 . 8 ,  two lanes at Otoe Park become 
unusable at 1 5 0 2 . 0 ,  and a l l  the rema ining ramps are 
unusable be low elevat ion 1 4 9 4 . 0 . In the past 10 years , 
1 9 8 9  was the year with the h ighest vis itation . The 
lake e levation dur ing the recreation season (Apr i l
October ) in 1 9 8 9  ranged from a maximum of 1 5 12 . l  in 
Apr i l  to a min imum of 1 5 1 1 . 7  in May and June , with an 
average e l evation of 1 5 1 1 . 9  for those 6 months . 

In the recommendations section , on page 2 8  o f  the 
CAR , the US FWS recommends using the alternative to 
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rea l locate water from the flood pool as the pref erred 
alternative rather than the existing multipurpose pool . 
However , the CAR ident i f ies impacts to approximately 1 
mile of the S a l ine River upstream of the reservoir as 
be ing a permanent loss and cannot be mitigated . The 
CAR also states that a raise of 2 feet would have 
"moderately severe" impacts to terrestr ial habitats . 
These terrestri a l  impacts were assoc iated with 
inundation o f  approximately 500 acres of land , 
currently managed for w ildlife and recreation . The CAR 
identif ies beneficial impacts from the 2 foot pool 
raise a lternative to be the gain of approximately 5 0 0  
acres of aquatic ( reservoir) habitat whi ch would more 
than l ikely benef it reservoir f i sheries . The CAR al so 
states that r ecreation may benefit from a pool raise , 
but it is not clear how recreation would benefit . 

For the multipurpose pool real location 
alternative , the CAR states that there would be "minor" 
impacts to terrestr ial habitat associ ated with the 
"bathtub r ing" e ffect from fluctuations in the pool . 
However , under exist ing conditions the water l evel 
management p lan f luctuates the pool l 1 to 2 f eet in a ny 
given year for the benef it of f ish and wildl ife . There 
would be no impacts to the Sal ine R iver , upstream of 
the reservo i r ,  due to inundation . Impacts to the 
reservoir f ishery were identified as "adverse" based 
upon impacts to spawn ing mainly due to su itable 
substrate bei ng unavailable . The corps contends , based 
on information ident i f ied in the draft CAR, that the 
multipurpose pool a lternative would have less overa l l  
impacts t o  a l l  f ish and wildlife habitats associated 
with Wilson Lake than the flood control pool 
a lternative ( pool raise ) . 

Minimum flows would be maintained downstream of 
the reservoir . The Corps , however , is in the process 
of gather ing data to compare current downstream f lows 
with the proj ected flows from rea llocation of the 
multipurpose pool . As per an agreement between the 
Corps and USFWS in a telephone conversation on 
August 1 ,  1 9 9 7 , the USFWS will give the Corps 
information on the representative reach they used for 
their in-stream flow study , and if possible , the Corps 
will use the same reach . once the Corps has ana lyzed 
�his data , they will provide it to the USFWS to use as 
add itiona l information for consideration in the f inal 
CAR . The Corps wi l l  a lso provide information to the 
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USFWS on comparison of fluctuations in the pool on a 
monthly bas is for the months of Apr i l , May , and June 
( spawn ing sea son ) for the multipurpose pool 
real location a lternative and exist ing condit ions ( no 
action a lternative) . 

We appreciate the opportunity to comment on the 
dra ft CAR and look forward to continu ing coordination 
with you on the f inal CAR . If you have any questions 
or concerns regarding any of the items contained in 
th is letter , please contact Hs . Valer i e  Hansen of our 
Environmental Resources section at 8 1 6-9 83 - 3 14 3 .  

Enclosure 

fl ' ,-f I ·. ; I t ; • t • ·" ' • .  
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KA N S A S  WAT E R  OFFICE 
Al Ld)rnn 
Di rt' ct o r  

August 1 9, 1 997 

Mr. Harry F. Beyer, Jr. 

STAT E O F  K A N S A S  

Bi l l  G raves, Governor 

Chief Engineering and Planning Division 
Kansas City District Cmps of Engineers 
700 Federal Building 
Kansas City, MO 64 1 06-2896 

RE: WILSON LAKE STUDY 

Dear Mr. Beyer: 

• 

Suite  300 
1 09 SW N i n l h  

Topd;a . K ansas fi6fi l 2- 1 249 

9 1 :1- 296-3 185 
FAX 9 1 3 -296-0878 
TTY 9 1 3-296-6604 

We have reviewed the draft report on the referenced study which you sent to us on July 1 7, 1997. 
We have also contacted Mr. Paul Montoia, our contact person for Public Wholesale Water Supply 
District No. 1 5  (PWWSD #1 5). 

At the present time, neither the PWWSD nor the Kansas Water Office are ready to negotiate a 
contract for water supply storage space in Wilson Lake. The Public Wholesale Water Supply 
District No. 1 5  is the only local entity that has expressed an interest in obtaining water supply from 
Wilson Lake. The District has considered Wilson Lake along with other options to meet its future 
water supply needs. 

The District has purchased water rights in Edwards County and has also looked at utilizing 
Kanopolis Lake storage. Currently, the District considers the Edwards County option to be the most 
cost effective option to pursue. 

Although the State and the Di:::trict are not prepared to negotiate a contract for storage at the current 
time, we may be interested in purchasing reallocated storage in Wilson Lake in the future. 

JJ056_3_ft .... 



Mr. Beyer 

August 1 9, 1997 
Page Two 

• • 

We appreciate the work which was done in completing the draft report and the opportunity to review 

the document. The infonnation is val uable to the State and the District as we consider options to 
meet the Di strict's  water supply needs. 

Sincerely, 

� � 
Terry Duvall 

Public Service Executive 

cc: Paul Montoia, PWWSD # 15 
Glen Kirk, Kansas Water Office 
Tom Stiles, Kansas Water Office 

TD/eccles.ltr/mc 
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Public Wholesale Water Supply District #15 
P.O. Box 490 

Hays, Kansas 67601 

August 29, 1 997 

Jeanne Musgrave 

U.S. Army Corp of Engineers 

Kansas City District 

700 Federal Building 

Kansas City, MO 64 1 06-2896 

Dear Ms. Musgrave: 

The purpose of this communication is to inform the -Corp of Engineers that 
the Public Wholesale Water Supply District # 1 5  (PWWSD) does not wish 

to negotiate a contract at this time for water storage in Wilson Lake at this 
time. However, future water needs may require that the PWWSD reevaluate 

its options to provide water to its customers. Therefore, the PWWSD may 

want to contract for the storage of water at a later time in Wilson Lake to 
help satisfy those needs. Please keep us informed of changes in the 
allocation of storage of water at Wilson Lake. 

The PWWSD thanks the Corp of Engineers for its efforts in the evaluation 

of the reallocation of water storage in Wilson Lake. 

Sincerely, 

cJ- a� 
Lavern D. Squier 
President 
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APPENDIX B 
Reports Prepared by Others 

• 

005639 · 



• • 



• 
PUllJC WOBKS � 
ELDEN J HAMMERSCHMIDT. DIRECTOR OF PUBLIC WORKS 
BRENDA G. CARY. ASST. DIRECTOR OF PUBLIC WORKS 
1002 VINE ST • HAYS. KS 67601 
TEL 913-628·7350 • FAX 9 13-628·7352 

PAUL A MONTOIA. WATI:R Pl.ANNER/WEUREU) MGR 
PO 80X 490 • HAVS. KS 67601 
TEL 913-628-7312 • FAX 913-628·7323 

March 7, 1997 

Jeanne Musgrave 
U.S.  Anny Corps of Engineers 
Kansas City District 
700 Federal Building 
Kansas City, MO 64 106-2896 

Dear Ms. Musgrave: 

• 
SFRVICE OMSION 

DONALD L LARSON. SUPERINTDIOENT • 1002 VINE ST. 
TEL 913·628·7353 SHOP913-628-7l54 

FAX 913-628·7352 

WASTEWATI:R DIVISION 
STEVE LEIKER. SUPERINTENDENT · 1498 a HWY 40 BYPASS 

TEL 913-62!!-7360 FAX 913-628-7362 

WATER OMSION 
JOE OBHOLZ. SUPERINTENOENT • IOOO VINE 

TEL 913·628·7380 FAX 913-628·7382 

The purpose of this correspondence is to reply to your communication of February 27, 
1997. That communication requested information concerning our plans for the delivery 
of water from Wilson Lake to the Cities of Hays and Russell and how the delivery will be 
accounted for in the Wilson Lake Allocation Study. 

1 .  Amount of water needed : 

Please find the enclosed long tenn water need estimates. These estimates are our "best 
estimate" of the amounts water the Public Wholesale Water Supply District # 15  
(PWWSD) will  annualJy need to  supply its customers (the City of  Hays and the City of 
Russell) in 50 years. 

Currently, the population of Hays is nearly 1 8,800 people and the population of Russell is 
nearly 4,750 people. Conservatively, we estimate that, on average, the City of Hays will 
grow at a rate of 2% per year and the City of Russell will grow at a rate of I% per year 
over the next 50 years. Presently, the regional average for the City of Hays is 1 60 gallons 
per day per person. The water demand of City of Russell is 1 96 gallons per day per 
person. 

The Cities of Hays and Russell have jointly petitioned for the water rights in Wilson 
Lake, with the City of Hays receiving 82% of the water and the City of Russell receiving 
1 8% of lhe water. As you can see from the chart, the estimated amount of water needed 
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in 50 years is more than 6, 100 acre feet. Given the length of time and all of the 
unknowns, it is my opinion that 8,000 acre feet of water is a number which seems 
reasonable. The chart does not take into account sudden population growth or 
encountering a major drought cycle. 

2. Usage of storage space in Wilson Lake: 

If the pipeline from Wilson Lake is constructed, it will become the major source of water 
forlhe Cities and the current water sources will be used to supplement water from Wilson 
Lake. Therefore. the water would be withdrawn on a continuous basis. A chart of the 
water withdrawal would be cyclical with more water withdrawn in the summer months 
than in the winter months. 

During a drought cycle, I would expect the Cities to become more dependent upon the 
water from Wilson Lake as other supplies become Jess dependable. During a prolonged 
drought cycle, I would expect the water to be withdrawn more rapidly as the water from 
currently existing supplies is depleted. 

3. Yearly usage: 

The water from Wilson Lake would be withdrawn throughout the year. I would see the 
water use being somewhat cyclical with summer demand peaks and winter demand 
valleys appearing. 

4. Usage per Year: 

Using our "best guess estimate" as a guide, the chart shows that in year ten ( 10) years the 
PWWSD would need approximately 725 acre feet of water to the Cities. However, in 
year fifty (50) years we would need more than 6,000 acre feet. I would expect a cyclical 
water use curve with an increase in water demand during the summer months (May 
through September) and lower, but steady, water demand during the winter months. 

5. Sizes of Piping and Withdrawal from the Wilson Lake: 

The size of the intake would be built to withdraw, at a minimum, 10,000 acre feet of 
water per year. The piping would be built to deliver 10,000 acre feet of water so that 
PWWSD could process and transport water for other entities, should the opportunity 

005641  



• • 

anse. 

While the initial pwnp sizes may be limited in capacity, the construction would be such 
that the pumps could be changed with minimwn of effort to increase the flow. 

If l can answer, any further questions please do not hesitate to call me at (9 1 3 )  628-73 12 .  

Sincerely, 

� 4- � 
Paul A. Montoia 
Well Field Planner 

Enclosure 

cc: Hannes Zacharias 
Lavern Squier 
Judy Sargent 
Elden Hammerschmidt 

005-642 



===::CTORCHOOUC4l 
BRENDA G CAfl:Y. ASST DIRECTOR OF PUBUC \llORKS 
1002 VINE ST • HAYS. KS 67601 

TEL 913·628·7350 • FAX 91 3-628-7352 

PAUL A MOl'ITOIA. WATER PLANNERIWEUF1EID MGR 
PO. BOX 490 • HAYS. KS 67601 

TEL 913-628 7312 • FAX 913-628-7323 

March 1 8 ,  1 9 9 7  

Ms . Jeanne Mus grave 
U . S .  Army Corp of E n g i n e e r s  
Kans a s  C i t y  D i s t r i c t  
7 0 0  Fede r a l  Bu i l d i n g  
Kan s a s  C i t y ,  MO 6 4 1 0 6 - 2 8 9 6 

Dear Ms . Musgrave : 

YS SERVICE DIVISION 
L LARSON. SUPERll'ITENDENT • I 002 VINE ST 

TEL 913-628·7353 SHOP 913-628-7354 

FAX 913-628-7352 

WASTEWAnR DMSION 
SITVE LEIKER. SUPERINTENDENT • 1498 E. HWY 40 BYPASS 

TEL 913-628-7360 FAX 913-628-7362 

WATER DIVISION 
JOE OBHOU. SUl'ERlNTENDENf • I 000 VINE 

TEL 913-628-7380 FAX 913-628-7382 

The purpo s e  o f  t h i s  l e t t e r  i s  i n  respons e  to your correspondence 
of March 1 3 ,  1 9 9 7 . 

I n  vi s i t i ng w i t h  our enginee r ,  the pipe l i n e s  and pumps wou l d  be 

de s i gned to have the capa c i ty to pump and hand l e  approximate l y  
8 5 0 ga l l on s  per minut e . 

I f  I can answer any o th e r  que s t ions , p l e a s e  con t a c t  my o f f i c e . 

S incere l y ,  

Paul A .  Monto i a  

cc : Je f f  Henson , B l a c k  & Ve a t ch 
C i t y  Manager - Hays 
C i t y  Manager - Rus s e l l  
D i r e c t o r  o f  Pub l i c  W o r k s  - Hays 
Publ i c  W o r k s  Di r ec t o r  - Rus s e l l  
Pub l i c  Who l e s a l e  W a t e r  Supp l y D i s t r i c t  # 1 5  

Y1 l � : !.1':J'. 1 . �·1 . 1o·: :.· •ltl 
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Grw Rate: Hays Date: 3/3/97 Grw Rate: Russell 
- 1 .02 1 .01 
- . Yr P O P  3PD/p GPO AF/D AF/yr C U R  WR NEED P O P  G P D/p GPO AF/D AF/YR � ur WR Need Comb ... .. I,. .,.- "' Need �-� 1 1 8800 1 60 3,008,000 9.23 3368 2600 768 + 4750 1 96 931 ,000 2.86 1 042 1 840 -798 - - -30 -- J 

2 1 91 76 1 60 3,068, 1 60 9.41 3435 2600 835 + 4798 1 96 940,31 0 2.88 1 053 1 840 -787 -- 48 
3 1 9560 1 60 3, 1 29,523 9.60 3504 2600 904 + 4845 1 96 949,71 3 2.91 1 063 1 840 -777 - - 1 27 
4 1 9951 1 60 3 , 1 92,1 1 4  9.79 3574 2600 974 + 4894 1 96 959,2 1 0  2.94 1 074 1 840 -766 -- 208 
5 20350 1 60 3,255,956 9.99 3645 2600 1 045 + 4943 1 96 968,802 2.97 1 085 1 840 -755 - - 290 
6 20757 1 60 3, 321 ,075 1 0. 1 9  371 8 2600 1 1 1 8  + 4992 1 96 978,490 3.00 1 096 1 840 -744 - - 374 
7 21 1 72 1 60  3,387,497 1 0.39 3793 2600 1 1 93 + 5042 1 96 988,275 3.03 1 1 07 1 840 -733 -- 459 
8 21 595 1 60 3,455,246 1 0. 60 3869 2600 1 269 + 5093 1 96 998,1 58 3.06 1 1 1 8  1 840 -722 - - 546 
9 22027 1 60  3,524,351 1 0.81 3946 2600 1 346 + 51 44 1 96 1 ,008 , 1 40 3.09 1 1 29 1 840 -71 1 -- 635 

1 0  22468 1 60  3,594,838 1 1 .03 40:25 2600 1 425 + 51 95 1 96 1 ,0 1 8 , 221 3 . 1 2  1 1 40 1 840 -700 - - 725 
1 1  2291 7 1 60 3,666,735 1 1 .25 41 05 2600 1 505 + 5247 1 96 1 ,028,403 3. 1 5  1 1 51 1 840 -689 -- 8 1 7  
1 2  23375 1 60 3, 740,070 1 1 . 47 41 88 2600 1 588 + 5299 1 96 1 ,038,687 3 . 1 9  1 1 63 1 840 -677 - - 9 1 0  
1 3  23843 1 60 3,81 4,871 1 1 .70 4271 2600 1 671 + 5352 1 96 1 ,049,074 3.22 1 1 75 1 840 -665 - - 1 006 

• 1 4  24320 1 60 3,891 , 1 69 1 1 .94 4357 2600 1 757 + 5406 1 96 1 ,059,565 3.25 1 1 86 1 840 -654 - - 1 1 03 � 1 5  24806 1 60 3,968,992 1 2. 1 7  4444 2600 1 844 + 5460 1 96 1 ,070, 1 60 3.28 1 1 98 1 840 -642 - - 1 202 
;p. 1 6  25302 1 60 4,048,372 1 2.42 4533 2600 1 933 + 551 5 1 96 1 ,080,862 3.32 1 21 0  1 840 -630 -- 1 303 --l 1 7  25808 1 60 4 , 1 29, 339 1 2.67 4623 2600 2023 + 5570 1 96 1 ,091 ,671 3.35 1 222 1 840 -61 8 -- 1 406 tTl 

1 8  26325 1 60 4,21 1 ,926 1 2.92 471 6  2600 21 1 6  + 5625 1 96 1 ' 1 02,587 3.38 1 234 1 840 -606 -- 1 5 1 0  � 
1 9  26851 1 60 4 ,296, 1 65 1 3. 1 8  481 0 2600 221 0 + 5682 1 96 1 , 1 1 3,61 3 3.42 1 247 1 840 -593 - - 1 6 1 7  C/) 
20 27388 1 60 4 ,382,088 1 3.44 4906 2600 2306 + 5739 1 96 1 , 1 24 ,749 3.45 1 259 1 840 -581 1 726 c - -

"'O 21 27936 1 60 4 .469, 730 1 3.71  5004 2600 2404 + 5796 1 96 1 , 1 35,997 3.48 1 272 1 840 -568 - - 1 836 "'O 22 28495 1 60 4 ,559, 1 24 1 3.99 51 05 2600 2505 + 5854 1 96 1 , 1 47,357 3 . 52 1 285 1 840 -555 - - 1 949 r 
-< 23 29064 1 60 4 ,650,307 1 4.26 5207 2600 2607 + 591 2 1 96 1 , 1 58,830 3 . 55 1 297 1 840 -543 - - 2064 

24 29646 1 60 4,743, 31 3 1 4. 55 531 1 2600 271 1 + 5972 1 96 1 , 1 70, 4 1 9  3.59 1 3 1 0  1 840 -530 - - 2 1 8 1  z 
25 30239 1 60 4,838, 1 79 1 4.84 541 7  2600 281 7  + 6031 1 96 1 ' 1 82, 1 23 3.63 1 324 1 840 -51 6  - - 2301 tTl 

t'T1 26 30843 1 60 4 , 934,943 1 5. 1 4  5525 2600 2925 + 6092 1 96 1 , 1 93,944 3.66 1 337 1 840 -503 - - 2422 0 27 31 460 1 60 5,033,642 1 5.44 5636 2600 3036 + 61 52 1 96 1 ,205,884 3.70 1 350 1 840 -490 - - 2546 C/) 28 32089 1 60 5, 1 34,31 5 1 5.75 5749 2600 31 49 + 621 4 1 96 1 ,21 7,942 3.74 1 364 1 840 -476 - - 2672 ;p. 29 32731 1 60 5, 237,001 1 6.06 5864 2600 3264 + 6276 1 96 1 ,230, 1 22 3 .77 1 377 1 840 -463 -- 2801 z 30 33386 1 60 5,34 1 ,741 1 6.39 5981 2600 3381 + 6339 1 96 1 ,242,423 3.81 1 391 1 840 -449 - - 2932 ;p. 31 34054 1 60 5 ,448,576 1 6 .71  6 1 00 2600 3500 + 6402 1 96 1 ,254,847 3.85 1 405 1 840 -435 -- 3065 r 
32 34735 1 60 5,557,547 1 7 .05 6222 2600 3622 + 6466 1 96 1 ,267,396 3.89 1 4 1 9  1 840 -421 3201 -< - -

C/) 33 35429 1 60 5,668,698 1 7 .39 6347 2600 3747 + 6531 1 96 1 ,280,070 3.93 1 433 1 840 -407 -- 3 340 
• 

-
34 361 38 1 60 5,782,072 1 7 .74 6474 2600 3874 + 6596 1 96 1 ,292,870 3.97 1 448 1 840 -392 348 1 C/) - -
35 36861 1 60 5,897,71 4 1 8.09 6603 2600 4003 + 6662 1 96 1 ,305,799 4.01 1 462 1 840 -378 -- 3625 
36 37598 1 60 6,01 5,668 1 8.45 6735 2600 4 1 35 + 6729 1 96 1 ,31 8,857 4.05 1 477 1 840 -363 -- 3772 
37 38350 1 60 6 , 1 35,981 1 8.82 6870 2600 4270 + 6796 1 96 1 ,332,046 4 .09 1 491 1 840 -349 - - 3921 
38 391 1 7  1 60 6,258,701 1 9.20 7007 2600 4407 + 6864 1 96 1 ,345,366 4. 1 3  1 506 1 840 -334 - - 4074 
39 39899 1 60  6,383,875 1 9.58 7 1 48 2600 4548 + 6933 1 96 1 ,358,820 4. 1 7  1 521 1 840 -31 9 - - 4229 
40 40697 1 60 6,51 1 ,552 1 9.97 7291 2600 4691 + 7002 1 96 1 , 372,408 4.21 1 537 1 840 -303 -- 4387 
41 4 1 51 1 1 60 6 , 641 , 783 20.37 7436 2600 4836 + 7072 1 96 1 ,386, 1 32 4.25 1 552 1 840 -288 -- 4548 � 42 42341 1 60 6,n4,61 9 20.78 7585 2600 4985 + 71 43 1 96 1 ,399,993 4 .29 1 567 1 840 -273 -- 471 3  0 43 431 88 1 60 6,91 0, 1 1 1  21 .20 7737 2600 51 37 + 721 4  1 96 1 ,41 3,993 4.34 1 583 1 840 -257 -- 4880 U1 44 44052 1 60 7,048,3 1 4  21 .62 7892 2600 5292 + 7286 1 96 1 ,428, 1 33 4.38 1 599 1 840 -241 -- 5051 

(3), 45 44933 1 60 7, 1 89,280 22.05 8049 2600 5449 + 7359 1 96 1 ,442,4 1 5  4.42 1 61 5  1 840 -225 -- 5224 
� 46 45832 1 60 7,333,065 22.49 821 0 2600 561 0 + 7433 1 96 1 ,456,839 4.47 1 631 1 840 -209 -- 5401 
� 47 46748 1 60 7,479,727 22.94 8375 2600 5775 + 7507 1 96 1 ,471 ,407 4 . 51 1 647 1 840 - 1 93 -- 5582 

48 47683 1 60 7,629,321 23.40 8542 2600 5942 + 7582 1 96 1 ,486, 1 21 4.56 1 664 1 840 -1 76 - - 5768 
49 48637 1 60 7,781 ,908 23.87 871 3  2600 61 1 3  + 7658 1 96 1 ,500,982 4 . 60 1 681 1 840 -1 59 -- 5953 
50 4961 0 1 60 7 ,937,546 24.35 8887 2600 6287 + 7735 1 96 1 ,51 5,992 4 . 65 1 697 1 840 - 1 43 - - 6144 
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BLACK & VEATCH 
8400 l/Vord PorkWQ'f. P.O. Box No. 8d05. Kansas Cily. Mi�ri 641 1 4. (Q I 31 458·2000 

Hays , Kan s as 
Water Resources Eva l uat i on 

B&V Proj ect 3641 7 . 0 1 10 
B&V F i l e  A 

May 13 , 1997 

Mr . Pau l A. Monto i a  
Water P l anner/We l l Fi e l d  Man ager 
C i ty of Hays 
P . O .  Box 490 
Hays , Kans as 67601 

S ubj ect : S u11111ary Report 

Dear M r .  Montoi a :  

Th i s  l etter report s u11111ari zes our rev i ew of the feas i b i l i ty of devel op i ng a 
water supp l y  from Kanopo l i s  Res ervo i r  to serve both the C i ty of Hays and 
the C i ty of Russel l .  Th i s  report al s o  prov i de s  updated cost est i mates for 
the 1993 W i l son Reservoi r study an d the 1994 Ki ns l ey Ranch study .  A bri ef 
rev i ew of the feas i b i l i ty of deve l opment of a water s u p p l y  i n  Graham County 
has  a l s o  been i nc l u ded . F i gure 1 shows a schemat i c  of the water s upp l y  
opt i on s . 

The scope of our study i nc l udes the fo l l ow i n g : 

• Col l ect and rev i ew avai l ab l e  data . 
• Rev i ew proj ect fi l es fo r Ki n s l ey Ranch and Wi l s o n  Res ervo i r stud i es . 
• Upd ate opi n i on s  of probab l e  cost for Ki n s l ey and W i l son . 
• Eval uate deve l opment a l ternat i ves for Kanopo l i s  Reservo i r . 
• Ev a l uate devel opment a l tern at i ves for Graham County us i ng i n fonnat i on 

prov i ded by st aff . 

Op i n i on s  of probab l e  proj ect costs were dev e l oped for annu a l  supp l i es of 
5 , 500 ac-ft devel oped i n  f i ve i nc remen t s : 1000 ac-ft , 2000 ac - ft , 3000 ac
ft , 4000 ac-ft ,  and 5500 ac -ft . Key a s s umpt i on s  used to devel op the 
op i n i on s  of cost i nc l ude : 

• Seven cents per k i l owatt-hour for e l ectri c a l  costs . 
• Un i t  costs for PVC p i pe l i ne based on b i d  pri ces rec e i ved duri ng 

construct i on of the B i g  C reek Water Ban k i ng Pl an and more recent 
p roj ects . Costs can vary s i gn i fi cant l y  depen d i n g  on market tren d s . 

• Cost to purchase l and i n  Graham County i s  $3500 per acre . 
• Eva l u at i on of each potent i a l source of s uppl y  con s i deri ng two 

opt i on s : 1 .  Con s t ruct i on of two p i pe l i nes to convey the water to 
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Hays and Ru s s e l l .  Th i s  reduces i n i t i a l costs and en s u res that the 
supp l i es are re l i ab l e .  2 .  Con s t ruct i on of one p i pel i ne to convey 
water to Hays an d Ru s s e l l ,  wh i ch res u l t s i n  the l owest total  cost . 

-The fo l l owi ng paragraph s s ummar i ze our f i n d i ng s  for each of the i tems 
rev i ewed . 

RUSSELL-HAYS PIPE CONN ECTION 

The costs to contruct the 8 mi l e  p i pe l i n e connect i on between Rus s e l l ' s 
wel l f i e l d  n ear Pfei fer and Hays ' wel l fi e l d  near S choenchen h ave been 
est i mated separatel y .  Fo r t h e  opt i on s  { W i l son and Kanopo l i s )  that pump 
wat e r  from Russ e l l to H ays , a 20 i n ch p i pel i ne i s  needed and the op i n i on of 
p robab l e  cost i s  $2 . 1  m i l l i on .  For Graham County and K i ns l ey ,  the wat er 
wou l d  be pumped from Hays to  R u s se l l .  S i nce Ru s se l l ' s water s upp l y  needs 
are much smal l er than H ays , a 12  i nch p i pe l i ne wou l d  be requ i red and the 
op i n i on of p robab l e  cost i s  $ 1 . 4  mi l l i on .  

KINSLEY 

A detai l ed an a l ys i s  of t h e  study area was s unnnari zed December 2 1 , 1994 i n  
our report to the C i ty .  That report cont a i n s  the re su l ts of the water 
q u a l i ty an al y si s  a l on g  wi th the ori g i na l  l ayout of the sys tem .  

The cu rrent study on l y  req u i red an update of costs and assumed that the 
conc l u s i on s  reac hed in  the p rev i ou s  study are s t i l l  val i d .  Rev i ew of 
c u rrent water q u a l i ty con d i t i on s  was beyond the scope of th i s  proj ect . Key 
conc l us i on s  from the 1994 s t udy i nc l ude : 

• Approx i mate l y  3 , 500 acre- feet per year of water cou l d  be b l ended w i t h  
ex i st i ng C i ty o f  H ays  and C i ty o f  Ru s se l l supp l i es t o  produce a 
fi n i s hed water q u a l i ty s u i tab l e  for potab l e  use  w i thout des a l i nati on . 

• Desa l i n at i on of a port i on of the s up p l y  from Ki n s l ey i s  requ i red to 
produce 5 , 500 ac re- feet of water per year wi th a fi n i s hed water 
qual i ty s u i t ab l e  for potab l e  use . 

Based on the a s s umpt i on by staff that the h i gh n i trates can be reduced over 
t i me w i t h  p roper farm man agemen t ,  desa l i n at i on wi l l  not be  requ i red to 
p roduce f i n i shed water qua l i ty w i t h  n i t rate concentrati on l es s  than 10 
mg/ L .  Su l fate con c ent rat i on s  are al s o  a concern . However , recent 
reg u l atory deve l opments i nd i cate that a l ternat i ves to treatment to reduce 
s u l fat e  concentrat i on s  are avai l ab l e ;  and that the f i n a l  max i mum 
cont am i n ant l ev e l  i s  s t i l l  bei ng eval uated . 

Thus , w i t h  these assump t i on s , the p robab l e  proj ect costs pre sented i n  
Tab l es la - lj do not i n c l ude costs of a des a l i n at i on water treatment p l an t . 
I f  a des a l i n at i on p l ant  i s  nec e s s ary , the op i n i on of p robab l e  con s t ruc t i on 
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cos t i s  $6 . 9  mi l l i on for the t reatment p l ant  and $ 1 . 0 mi l l i on for bri ne 
d i sposa l . 

WI LSON RESERVOIR 

The study for the Wi l son Reservo i r  was comp l eted August 1993 . It was 
updated i n  December 1 994 for compari son to t h e  K i n s l ey opt i on .  Th i s  study 
p rov i des water qu a l i ty ana l ys i s ,  t reatment a l tern at i ves , bri n e  d i spos a l  and 
a descri p t i on of· the i n take st ruct u re and n ec es sary supp l y  p i pe l i ne .  Key 
con c l us i on s  from these ear l i er stud i es i nc l ude : 

• Water stored i n  W i l son Reservo i r can con ta i n  h i gh concentrat i on s  of 
c h l ori de ,  n i t rate , sod i um ,  su l fat e ,  and TDS . 

• Treatment to reduce the h i gh concentrat i on s  of these con s t i tuents 
wi l l  requ i re a des a l i na t i on proces s .  

• It  was a s s umed that bri ne cou l d  be d i sposed of i n  ex i s t i ng nearby o i l 
fi e l d  b ri n e  di sposa l  we l l s .  

• The C i ty of Rus s e ll ' s  ex i st i ng water t reatment p l ant wou l d  be 
mod i f i ed and expanded to p rov i de p ret reatment for the des a l i nat i on 
proce s s . 

The updated probab l e  costs are shown i n  Tab l es 2 a-2j . Cap i t a l  costs fo r 
desa l i n at i on have i ncreased compared to costs  s h own i n  1 994 . The pri mary 
cause for the i nc rease i s  t h at actu a l  costs for a des a l i nat i on p roces s i n  
Kansas are now avai l ab l e  from the recen t l y  comp l eted p roj ect i n  Abi l ene , 
Kans as . B i d  costs for a 2 . 6  mgd des a l i n at i on water t reatment p l ant ranged 
from $ 5 . 3  to $6 . 1  m i l l i on for an average u n i t  cost of $2 . 1 9  mi l l i on per 
mgd . Th i s  un i t  cost was mod i f i ed s l i ght l y  to factor i n  the use of 
Rus s e l l ' s t reatment p l ant for p ret reatment and u s ed to update the probab l e  
p roj ect costs . 

Cos t s  to p u rchase storage from the reservo i r  h av e  a l so been i nc l uded . 
These are based on U . S .  Army Corps of Eng i neers W i l son Lake , Kan sas 
Reconn a i s s ance S tudy Pub l i c  Open House November 5 ,  1 996 i n format i on 
p ro v i ded by staff . Th i s  doc ument i nd i c ated that the y i e l d  of 25 , 1 75 ac-ft 
o f  storage i s  7 . 15 mgd (8000 ac -ft pe r year) . S i nce the max i mum supp ly 
needed is  5500 ac - ft per yea r ,  the tot a l  storage needed is  approximate l y  
1 7 , 300 a c - ft . Based on the f i g u res p rov i ded i n  the i n format i on ,  th i s  
res u l t s i n  a cost to purc h a s e  the req u i red storage o f  approx i mate ly $ 2 . 8 1  
m i  1 1  i on . 

KANOPOLIS RESERVOIR 

DATA 

Data sourc e s  cont acted i nc l ude the Corps of Eng i neers (Corps ) ,  Kan sas Wat er 
Off i c e  ( KWO ) , staff from H ays and Russ e l l ,  and  Pos t  Roc k Ru ra l Water 
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Di s t r i ct ( PRRWD) . These sources p rov i ded i n format i on on reg u l atory 
req u i rements , the reservoi r ,  ex i s t i ng t ransmi s s i on and treatment 
fac i l i t i es ,  and water q u a l i ty .  

- WATER SUPPLY CAPAB I L I T I ES OF KANO PO L I S  

A t  th i s  t i me ,  there i s  no s torage a l l oc ated for water s u pp l y  wi th i n  
Kanopo l i s  Lake . The Corps has a d ra ft report d ated Ap ri l 1996 wh i ch 
e v a l uates the feas i b i l i ty and potent i a l effec t s  of c reat i ng storage for 
water s up p l y  by rai s i ng the pool e l evat i on .  The State of Kansas has al s o  
ap proached t h e  Co rp s reg a rd i n g real l ocati on of s torage . At th i s  t i me ,  t h e  
amou n t  of water that wi l l  b e  av a i l ab l e  from Kanopo l i s  lake i s  uncerta i n .  A 
meet i ng was he l d  March 2 1 , 1997  wi th the KWO to d i scus s the i s sues 
regard i ng rea l l ocat i on of the st orage . From t h i s  meet i ng , i t  was apparent 
t h at there i s  compet i t i on for t h i s  wat er and that the St ate of Kan s a s  need s 
to  be  i n v o l ved to en s u re that the res ervo i r  i s  managed p roperl y for water 
s u pp l y . Fu rther i n vest i gat i on of the of the q u ant i ty of water ava i l ab l e  i s  
needed and i s  beyond the scope of th i s  st udy . 

The KWO h a s  i nd i cated that cost to purc h as e  storage i n  the reservoi r wi l l  
be $538 per ac -ft . I n format i on i n  the COE report s  i nd i cate that the y i e l d 
of 10 , 000 ac-ft i s  1 5  cfs ( 10860 ac - ft per year) . S i nce the max i mum annu a l  
yi e l d  needed i s  5 , 500 ac -ft , approx imat e l y  5 1 00 ac - ft o f  storage i s  needed . 
Therefo re ,  the cost to purchase the needed st orage i s  app rox i mat e l y  $2 . 73 
mi 1 1  i on .  

PRRWD 

PRRWD obt a i n s  i ts raw water s upp l y  from Kanopo l i s Lake . The water i s  
obt a i n ed under a negot i ated s u rp l u s wate r  cont ract w i th the Co rp s . 
Deve l opment a l ternat i v es for Hays  and Ru s s e l l i nc l ude s h ar i ng fac i l i t i es 
w i t h  PRRWD or purchase of PRRWD fac i l i t i es .  I n format i on obtai ned by staff 
i nd i cate that the cost to purchase the outstand i ng l oans on the PRRWD 
system i s  j ust over $7 . 5  mi l l i on .  Conversat i on s  wi th Dav i d  Bai l ey of Post 
Roc k i nd i cated that the peak capac i ty of thei r i ntake i s  u n known . .  Further ,  
tran smi s s i on mai n s wi th i n  the i r system that cou l d  be u sed by Hays  and 
Ru s s e l l are on l y  12  i nc h  d i ameter , wh i ch i nd i c ates the i r  capac i ty i s  
l i mi ted . The devel opment opt i on s  cons i d er u s e  o f  thei r fac i l i ti es to the 
extent pos s i b l e .  Addi t i on a l  st udy o f  thei r system i nc l ud i ng hydrau l i c 
ev a l uat i on i s  needed . 

I NTAKE 

Maj or i s s ues re l ated to s i z i ng of the i ntake i nc l ude the range of water 
l evel s expected and p rox i mi ty to ex i s t i ng fac i l i t i es . The top o f  the fl ood 
poo l i s  at e l evat i on 1 508 and the mi n i mum acceptab l e  poo l e l evat i on i s  
approx i mat e l y  1 460 acc ord i ng to re al l oc at i on s t ud i es .  The i n take must be 
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des i gned to funct i on wi th i n  th i s  range of water s u rface e l evat i ons . The 
l oc at i on shown in F i g u re 1 appears to be the most feas i b l e .  The l oc at i on 
on the north s i de of the reservo i r  near the d am i s  deep and wi l l  p rov i de 
easy acces s . 

The a s s umed i ntake i s  a tower confi g u rat i on s i m i l ar to the out l et wo rks at 
other Corps reserv o i rs . The i nt ake w i l l  i nc l ude a pump i ng stat i on and 
therefore an access bri dge wi l l  be req u i red . A comp l ete s i te i nvest i g at i on 
at the reservoi r i s  needed to veri fy the l oc at i on and i dent i fy des i gn 
c ri teri a for the i ntake . 

P I PE L I NE 

The exi st i ng p i pe l i ne sys tem cons i sts of a t ran smi s s i on l i ne from Hays to 
thei r Smoky we l l fi el d  at Schoenc hen and a t ransmi s s i on l i ne from Rus s e l l to 
thei r Smoky wel l s at Pfei fer . A p l an has been devel oped to make the 
max i mum use of these ex i st i ng p i pe l i nes . The ex i st i ng sys tems wi l l  be 
l i nked by a 20 i nch di amete r  t ransmi s s i on l i n e  and p ump i ng stat i on from 
P fe i fer to Schoenc hen . A t ransm i s s i on l i ne wi l l  connect the Hays and 
Ru s s e l l system to the PRRWD system near W i l son . Another t ransmi ss i on l i ne 
and requ i red pump i ng s t at i ons wi l l  l i nk the p roposed new i nt ake structure 
at Kanopo l i s  Reservoi r wi t h  the water t re atment p l ant at R u s se l l as shown 
i n  F i g u re 1 .  Because of the l ength of the p i p e l i ne ,  pH adj us tment may b e  
req u i red t o  contro l  potenti a l p rec i p i t at i on i n  t h e  p i pe l i n e .  

WATER QUAL I TY AND TREATMENT 

Avai l ab l e  water qua l i ty s amp l es i nd i c ate that water qua l i ty wi l l  be s i mi l ar 
to that i n  the Smoky H i l l  Ri ver at Rus sel l .  Therefore , no maj o r  
mod i fi c at i on t o  the Russe l l water t reatment p l ant wi l l  be requ i red . 
However , mod i fi c at i on may be requ i red at Hay s ' soften i ng p l ant to t reat the 
s u rface water . Cost s  for a p resed i ment at i on b as i n  h ave been i nc l uded to 
remove t u rb i d i ty p r i o r  to t reatment at the exi s t i ng p l ant . 

COSTS 

Op i n i ons of probab l e  construc t i on costs for devel opment of the Kanopo l i s  
sys tem are p resented i n  Tab l es 3 a-3j . 

ADD I T IONAL S TUDY 

Ava i l ab l e  i n fo rmati on on Kanopo l i s Lake was l i mi ted . Therefore , addi t i on a l  
study i s  needed t o  veri fy as sumpt i ons used i n  t h i s  report and to refi ne 
op i n i ons of probabl e  cost . One of the key i s s ues i s  to h ave a c l ear 
underst and i ng of the quant i ty of wat e r  avai l ab l e .  

Bec a u s e  th i s  i s  su rface wat e r ,  the rami f i c at i ons of the Su rface Water 
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Treatmen t Ru l e  ( SWTR) a l s o  need to  be determi ned for Hays ' water soften ing  
p l an t . SWTR has mi n i mum req u i rements for d i s i n fect i on contact t i me and 
d i s i nfectant byproducts format i on ,  wh i c h cou l d  requ i re add i t i on a l  
mod i fi cat i on s  a t  t h e  p l ant . 

GRAHAM COUNTY 

As d i s c u ssed above , cost to purchase l and  i n  G raham County i s  assumed to be 
$3 , 500 per acre . As s um i n g that approx i mate l y  1 . 05 ac res of l a nd i s  
a s s oc i ated w i th each acre-foot of water , the c o s t  t o  purchase water f rom 
Grah am County i s  $20 . 2  mi l l i on .  When the add i t i on a l  cos ts  of the neces sary 
fac i l i t i es are i nc l uded , th i s  opt i on does not appear to be cost -effec t i v e .  

CONCLUSIONS 

Tab l e  5 and the g raphs fo l l ow i ng s ummari z e  the i n cremental  cos ts to devel op 
each of the a l ternat i ve s  and prov i des a s ummary of the est i mated operat i on 
and mai nten ance costs  a s  wel l .  As the tab l es i nd i cate , the K i ns l ey 
a l tern at i v e wi th one p i pel i ne i s  the mos t  c o s t -effec t i v e  i n  terms of l i fe 
cyc l e  cost s . The most cost-effect i ve i n i t i a l 1 000 i nc rement of supp l y  i s  
the Ki n s l ey opt i on w i th two p i pe l i ne s . Th rough the 3000 i n crement , the 
K i n s l ey opt i on wi th two p i pel i nes i s  the mos t  cost -effecti ve .  O&M costs 
for Wi l son are s i gn i fi c an t l y  h i gher than the others becaus e  of the need to 
desa l i nate the water . 

Other important factors that shou l d  be  con s i dered i n  t h e  eva l uat i on 
i nc l ude compet i t i on for water and cert a i nty of supp l y .  Several  other 
part i es a re i nterested i n  purchas i ng wat er from Kanopo l i s  Reservoi r .  A l so ,  
p u rchase o f  the PRRWO sys tem adds uncert a i nty t o  thi s opt i on .  The 
cond i t i on of the sys tem and system capac i t i es are unknown at t h i s  t i me .  
There does n ot appear to be as much compet i t i on for water from W i l s on 
Res ervo i r .  However , s i nce Hays  and Rus s e l l a l ready own the water from 
Ki n s l ey ,  i t  i s  the most re l i ab l e  source w i t h  n o  other compet i t ors for 
water . 

We apprec i ate the opportun i ty to prov i de o u r  s erv i ces and p l e ase cal l wi th 
your ques t i on s  and comments . 

Very t ru l y  yours , 
BLA�K 

I 
;;VEATCH 

fl!� 
Jeff Hens on 
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Table 1 a. Opinion of Probable 1 997 Project Cost for Kinsley Ranch 

Kinsley Ranch 1 000 ac-ft/yr 

II Long-Term Option: Kinsley Ranch 

'I Comeonent �lluvial Well 
I 
I 

400 gpm l 

I 

. -

600 gpm l 
700 gpm l 
800 gpm 
900 gpm 

1 000 gpm 
Pipeline Diameter (PVC) 

8 
12  
1 6  
1 8 1  
20 1 

Desalination at 5500 ac-ftlVr I 
Brine Disposal - Existing Wells 

- New Wells 
Pumo Station 

Contingencies 

Engineering 

Caoital Cost of Water 

Unit Cost I Units 

$96.ooo.oo I well 
s1 1 1.ooo.oo I well 
$1 33,000.00 i well 
$1 47,000.00 I well 
$1 54,000.00 well 
$1 59,ooo.oo I well 

i 
$1 8.50 I Lf 
$26.50 Lf 
$33.75 I Lf 
$37.oo j Lf 
$40.00 1 Lf 

$6,900,ooo.oo I plant 
s122.ooo.oo I ea 
$957,000.00 ea 
$ 1 1 2.000.00 I Luma Sum 

1 5% 

1 0% 

: Quantitv 

I 1 
I 1 

0 
1 
0 
0 

260 
1 ,000 

345,000 
0 
0 
0 
0 

1 
Subtotal 

Subtotal 

Subtotal 

TOTAL 

1 997 Costs 

! 
!� 
I 

$1 1 7,000 ! 
$0 1 

$147,ooo l 
$0 
$0 

l 
$4,810 1 

$26,500 1 
$1 1 ,643,750 

$0 1 
$0 l 

I $0 1 
$0 

$1 1 2.000 
$ 12, 1 47,060 

j· $ 1 ,822,059 1 
! $1 3,969, 1 19 
i $1 ,396,912 I 

I $ 15,366,031 I 
I 

i I 

! I $ 1 513661031 11 
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Table 1 b. Opinion of Probable 1 997 Project Cost for Kinsley Ranch 

Kinsley Ranch 2000 ac..ft/yr 

Long.Term Option: Kinsley Ranch 

Component 
!Alluvial Well ' 

400 gpm . 

600 gpm i 
I 700 gpm 

800 gpm 
900 gpm 

1 000 gpm 
Pipeline Diameter (PVC) 

8 
12 
1 6  
1 8  
20 1 

Desalination at 5500 ac-ft/vr 
Brine Disposal - Existing Wells 

- New Wells 
Pumo Station 

ntingencies 

Engineering 

Caoital Cost of Water 
I 

,... .. . . ·:, ,.. , 
• 1 . r1 t, 1 1 1 • 

Unit Cost Units 

$96,000.00 well 
$ 1 1 7,000.00 well 
$133,000.00 well 
$147,000.00 well 
$154,000.00 well 
$159,000.00 well 

$18.50 Lf 
$26.50 Lf 
$33.75 1 Lf 
$37.00 Lf 
$40.oo l Lf 

$6,900,000.00 I olant 
$122,000.00 ea 
$957,000.00 ea 
$1 12 000.00 Lumo Sum 

15% 

10% 

Quantitv 

0 
1 
0 
0 
0 
2 

260 
1 ,000 
2,670 

0 
! 0 

0 
0 

0 
Subtotal 

Subtotal 

Subtotal 

TOTAL 

1997 Costs 

ll 
j 

! 
I 
I 

$0 1 
$ 1 1 7,000 ! 

$0 ! 
r $0 1 

$0 1 
$31s,oool 

$4,8 10  
$26,500 1 
$90,1 13 1 

$0 
$0 1 
$0 
$0 

$l 
$556,� 
$83,46, 

$639,886 
$63,989 

I $703,874 1 
$0 1 

ii $7031874! 
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Table 1 c. Opinion of Probable 1 997 Project Cost for Kinsley Ranch 

Kinsley Ranch 3000 ac-ft/yr 

Long-Term Option: Kinsley Ranch 

I Component 
Alluvial Well - 400 gpm ! 

600 gpm l 
700 gpm 
800 gpm 
900 gpm 

1 000 gpm 
Pipeline Diameter (PVC) 

8 
1 2  
1 6 1  
1 8 1 
20 1 

Desalination at 5500 ac-ft/vr I 
I 

Brine Disposal - Existing Wells 
- New Wells 

Pumo Station 

Continaencies 

Engineering 

�aoital Cost of Water 

Unit Cost I Units ' 
$96,000.00 well 

$ 1 1 7, 000.00 well • 
$1 33,000.00 ! well 
$1 47,000.00 well 
$ 1 54,000.00 well 
$ 1 59,000.00 well 

$ 1 8.50 Lf 
$26.50 Lf 
$33.75 I Lf 
$37.oo I Lf 
$40.00 Lf 

$6,900,000.00 plant 
$ 1 22,000.00 ea 
$957,000.00 ea 
$336 000.00 Lumo Sum 

1 5% 

1 0% 

QuantffV 

0 
1 
1 
0 
0 
0 

1 75 
1 ,000 
2,670 

! 0 
I 0 j 
I 0 

0 

3 
Subtotal 

Subtotal 

Subtotal 

TOTAL 

1 997 Costs 
i 
I 
! I ' 
i 

I I 
$0 1 

! $1 1 7,000 1 
$1 33,000 1 

$0 ! 
$0 
$0 

$3,238 
$26,500 1 

I 

I $90, 1 1 3 1  
SO I 
$0 
$0 
$0 

$ 1 .0�, 
$1 ,377, 

$206, 
$ 1 ,584,5 

$158,45 
I $1 ,742,9B 

$0 
42,980 
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Table 1 d. Opinion of Probable 1 997 Project Cost for Kinsley Ranch 

Kinsley Ranch 4000 ac-ft/yr 

I Long-Tenn Option: Kinsley Ranch 

I 
Comeonent 

Alluvial Well 
I 
I 

- 400 gpm 1 
600 gpm l 

I 

700 gpm l 
800 gpm i 

I 900 gpm 
1000 gpm 

Pipeline Diameter (PVC) 
8 

12 1 
1 6  
1 8  
20 

Desalination at 5500 ac-ft/yr 
Brine Disposal - Existing Wells 

- New Wells 
Pumo Station 

Contingencies 

Engineering 

Caoital Cost of Water 
I 

Unit Cost Units 

$96,000.00 well 
$1 1 7,000.00 well 
$ 1 33 ,ooo.oo I well 
$147,000.00 well 
$1 54,000.00 well 
$1 59,000.00 well 

$1 8.50 Lf 
$26.50 Lf 
$33.75 ' Lf 
$37.00 1 Lf 
$40.00 Lf 

$6,900,000.00 plant 
$ 122,000.00 ea 
$957,000.00 ea 
$280 000.00 Lumo Sum 

1 5% 

10% 

Quantity 

0 
0 
1 
1 
1 
0 

1 75 
1 ,000 

I 345,000 
0 
0 ' 

0 
0 

1 
Subtotal 

Subtotal 

Subtotal 

TOTAL 

1997 Costs 

!I 
I i 

I 
so i 

I 
$0 11 

$1 33,000 ! 
l $147,000 i 

' 

$154,000 
$0 

$3,238 . 
$26,500 1 

$ 1 1 ,643,750 I 
$0 1 

I $0 1 
$0 
$0 

$280 000 
I $12,387,488 1 

$1 ,858, 1 23 I 
! $14,245,61 1 

$1 ,424,561 
' $15,670,.172 1 
l $0 1 
ii $15,670.172 ! 

005651 
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Table 1 e. Opinion of Probable 1 997 Project Cost for Kinsley Ranch 

Kinsley Ranch 5500 ac-ft/yr 

Long-Term Option: Kinsley Ranch 

j 
Component 

I 
All�vial Well 

I 
400 gpm . 
600 gpm 1 
700 gpm j 
800 gpm 
900 gpm 

1000 gpm 
Pipeline Diameter (PVC) 

8 
1 2 1 
16 1 

I 1 8 1 
' 20 1 I Desalination at 5500 ac-fVvr I 
Brine Disposal - Existing Wells 

- New Wells · 
Pumo Station I 

Contingencies 

Engineering 
I ! Capital Cost of Water 
ii 

Unit Cost Units 
I 

$96,ooo.oo I well 
$1 11,000.00 I well 
$1 33,ooo.oo I well· 
$1 47,ooo.oo j well 
$1 54,000.00 well 
$1 59,000.00 well 

$1 8.50 Lf 
$26.50 1 Lf 
$33.75 Lf 
$37.oo l Lf 
$40.00 I Lf 

$6,900,000.00 I plant 
$122.000.00 

I 
ea 

$957,000.00 ea 
$280 000.00 Lumo Sum 

1 5% 

10% 

Quantitv 

0 
0 
2 
0 
0 
0 

1 75 
1 ,000 
2,670 

I 
0 
0 
0 
0 

1 
Subtotal 

Subtotal 

Subtotal 

TOTAL 

1997 Costs 

: 
I I 
I $0 ! 

$0 1 
$266,000 i 

$0 
$0 
$0 

$3,238 , 
$26,500 1 
$90, 1 1 3 

$0 1 
$0 1 
$0 1 
$0 

$280 000 
$665,850 
$99,878 

$765,728 
$76,573 

$842,300 1 
$0 1 

!I $8421300 1 

00565 6  
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Table 1f. Opinion of Probable 1997 Project Cost for Kinsley Ranch 

Kinsley Ranch 1 000 ac-ft/yr 

I Long-Term Option: Kinsley Ranch 

Component Unit Cost Units Quantity 
!Alluvial Well I 

; 
- 400 gpm · $96,000.00 well 1 

l I 600 gpm , $1 17,ooo.oo I well 1 
700 gpm i $133,000.00 ' well 0 
800 gpm $ 147,ooo.oo I well 1 
900 gpm $ 154,000.00 well 0 

1 000 gpm $159,000.00 well 0 
Pipeline Diameter (PVC) 

8 $1 8.50 Lf 260 
12 $26.50 Lf 1 ,000 
16 1 $33.75 I Lf 1 ,670 
1 8 1  $37.00 j Lf 1 ,000 
20 $40.00 I Lf 342,21 0  

Desalination at 5500 ac-ft/yr $6,900,000.00 I plant 0 
Brine Disposal - Existing Wells $122,000.00 ea 0 

- New Wells $957,000.00 ea 
Pumo Station $ 1 12.000.00 Lumo Sum 1 

Subtotal 
Contingencies 1 5% 

Subtotal 
Engineering 1 0% 

I Caoital Cost of Water 
Subtotal 

11 TOTAL 

1997 Costs 

i 
$96,ooo l 

$1 1 7,000 1 
$0 1  

$147,000 1 
$0 
$0 

$4,810  
$26,500 
$56,363 
$37,000 ! 

$13,688,400 
$0 
$0 

$ 1 12.000 
$14,285,073 
$2,1 42,761 

$16,427,833 
$ 1 ,642,783 

$1 8,070,617 1  
I 

ii $1810701617 1 

00 565 7 
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Table 1g. Opinion of Probable 1 997 Project Cost for Kinsley Ranch 

Kinsley Ranch 2000 ac-fUyr 

Long-Tenn Option: Kinsley Ranch 

Com onent U nit Cost Units Quanti 
lluvial Well l 400 gpm 1 $96.000.00 well 0 

600 gpm l $ 1 1 7,000.00 well 1 
700 gpm ! $ 1 33,000.00 well 0 
800 gpm $ 1 47,000.00 well 0 
900 gpm $ 1 54,000.00 well 0 

1 000 gpm $ 1 59,000.00 well 2 
Pipeline Diameter (PVC} I 

8 1 $ 1 8.50 Lf 260 
1 2 i $26.50 Lf 1 ,000 
1 6 l  $33.75 1 Lf 1 ,670 
1 8 i  $37.00 Lf 1 ,000 
20 1 $40.00 1 Lf 0 

alination at 5500 ac-ft/ r $6,900,000.00 I I ant 0 
Brine Disposal - Existing Wells $ 122,000.00 ea 0 

- New Wells $957,000.00 ea 
Pum Station $ 1 1 2  000.00 Lum Sum 0 

Subtotal 
Cantin encies 1 5% 

Subtotal 
1 0% 

Subtotal 

TOTAL 

flA'. ' ' ... , , /" 
· -- � . _ 1 1 , 4 . ) � ·  - - -- - ---. -.. ·-- - · 

1 997 Costs 

$0 1 
$1 1 7,ooo l 

$0 ! 
$0 
$0 

$31 8,000 

$4, 8 1 0 1 
$26,500 
$56,363 1 
$37,000 

$0 1 
$0 1 
$0 

$643,623 
$64,362 

$707,986 

00565 8 
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Table 1 h. Opinion of Probable 1 997 Project Cost for Kinsley Ranch 

Kinsley Ranch 3000 ac-ft/yr 

I Long-Term Option: Kinsley Ranch 

Component 
�lluvial Well 

400 gpm l -

600 gpm l 
700 gpm 
800 gpm 
900 gpm 

1000 gpm 
Pipeline Diameter (PVC) 

8 
1 2 !  
1 6 1  
1 8 i  
20 1 

Desalination at 5500 ac-ft/vr I 
Brine Disposal - Existing Wells 

- New Wells 
Pumo Station 

Continaencies 

Enaineerina 

Capital Cost of Water 
I 

... ' . . ... . r : , • { . • t i 1  -· J , .. .. _  

i 

Unit Cost Units 
I 

$96,aaa.aa I well 
$1 1 7,000.00 i well 
$133,aaa.aa I well 
$147,000.00 well 
$154,000.00 well 
$ 159,000.00 well 

I 
$ 18.50 I Lf 
$26.50 1 Lf 
$33.75 1 Lf 
$37.00 I Lf 
$40.00 I Lf 

$6,900,000.00 I plant 
$ 122,000.00 ea 
$957,000.00 ea 
$336 000.00 Lumo Sum 

1 5% 

10% 

Quantitv 

a 
1 
1 
a 
a 
a 

1 75 
1 ,000 
1 ,670 
1 ,000 

a 
a 
a 

a 
Subtotal 

Subtotal 

Subtotal 

TOTAL 

1 997 Costs 

; 
l I 

$O j 
$1 1 7,000 j 
$133,000 ! 

$O j 
$0 1 
$0 1 

$3,238 1 I 
I $26,500 I I 
I $56,363 I $37,000 I 

so i I 
$0 
$0 

$0 
$373 , 100 
$55,965 

$429,065 . 
$42,907 

$471 ,972 
. $0 

!I $471 ,972 1 

00565 9 
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Table 1 i. Opinion of Probable 1 997 Project Cost for Kinsley Ranch 

Kinsley Ranch 4000 ac..ft/yr 

II Long-Term Option: Kinsley Ranch 

I Com onent 
lluvial Well 

400 gpm
j 600 gpm . 

700 gpm j 
BOO gpm 
900 gpm 

1 000 gpm 
Pipeline Diameter (PVC) 

8 
1 2  
1 6  
1 8  

j 20 
I Desalination at 5500 ac- r 
Brine Disposal - Existing Wells 

- New Wells 

Unit Cost 

$96,000.00 
$ 1 1 7,000.00 
$1 33,000.00 
$1 47,000.00 
$ 1 54,000.00 
$ 1 59,000.00 

$ 1 8.50 
$26.50 
$33.75 l 
$37.00 
$40.00 1 

$6,900,000.00 
$ 1 22,000.00 
$957,000.00 

6 1 7  000. 

1 5% 

1 0% 

Units 

well 
well 
well 
well 
well 
well 

Lf 
Lf 
Lf 
Lf 
Lf 
I ant 
ea . .  
ea 

Sum 

Quanti 

0 
0 
1 
1 
1 
0 

1 75 
1 ,000 
1 ,670 
1 ,000 

0 
0 
0 

2 
Subtotal 

Subtotal 

Subtotal 

TOTAL 

1 997 Costs 

so l 
$O i 

$1 33,000 1 
$1 47,000 1 
$1 54,000 

$0 . 

$3,238 
$26,50o j 
$56,363 1' 
$37,000 

$0 1 
$0 
$0 

$268,665 
$2,059,765 

$205,977 
$2,265,742 

$0 



I 
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Table 1j. Opinion of Probable 1 997 Project Cost for Kinsley Ranch 

Kinsley Ranch 5500 ac-ft/yr 

I Long-Term Option: Kinsley Ranch 

Component 
�lluvial Well 

. -· 400 gpm 
600 gpm . 
700 gpm j 
800 gpm l 

I 
900 gpm 

1 000 gpm 
Pipeline Diameter (PVC) I 

8 
12 
1 6 1  
1 8 1  
20 

Desalination at 5500 ac-ftlyr I 
Brine Disposal - Existing Wells 

- New Wells 
Pumo Station 

Contingencies 

Engineering 

Caoital Cost of Water 

Unit Cost Units 

$96,000.00 well 
s1 1 1.ooo.oo I well 
$133,ooo.oo I well 
$ 147,000.00 well 
$154,000.00 well 
$ 159,000.00 well ; 

$1 8.50 Lf 
$26.50 Lf 
$33.75 1 Lf 
$37.00 i Lf 
$40.00 1 Lf 

$6,900,000.00 plant 
$ 122.000.00 

I 
ea 

$957,000.00 ea 
$61 7,000.00 Lump Sum 

1 5% 

10% 

Quantity 

0 
0 
2 
0 
0 
0 

1 75 
1 ,000 
1 ,670 
1 ,000 

0 
0 
0 

1 
Subtotal 

Subtotal 

Subtotal 

TOTAL 

1 997 Costs 

� 
I 

I 

I $0 1 I $O j I 
' 

$266,000 1 I 
I 

$0 1 
so l 
$0 

' 

$3,238 
$26,500 
$56,363 1 

I 
$37,000 i 

$0 1 
$0 
$0 

I $617.000 
$1 ,006, 100 

I $150,915 ' 

$1 , 157,01 5 
$1 1 5,702 1 

I $1 ,272,(1 7 1  ! 
$0 11 

ii $11272?1 7! 

0056.6 1 
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TABLE 2a. Opinion of 1 997 Probable Project Costs for Wilson Reservoir  

HAYS, KANSAS 

Option: Wiison Reservoir 
Quantity Available: __ 1""""000'-'--"a-'-c·....::Wo.Ly'-r --------------------------

Qua/ity nsues: _P_en_·o_d_s_of_h���h_TD __ s _______________________ _ 

1997 Costs 
Comoonents of Plan Units Unit Cost Quantitv Total Cost 

ntake Structure Caoacitv 5 500 ac-ft ea. $2,658 000 1 $2,658 000 

Access Bridae ' Lf $ 1 200 800 $960 000 

Pir>eline Diameter (PVC) 1 6  inch I Lf I $33.75 1 1 1 5a4o I . $3,91 0,000 

Pioeline Diameter (PVC} 20 inch I Lf I $40.00 i ! 
Pump Station lcaoacity 3,000 ac-ft I ea I $336.ooo I 2 i $672,000 

Pumo Station lcaoarnv 5 500 ac-ft I ea I s61 1  ooo I 1 I $61 7  000 

Desalination Trt lcanarnv 1 000 ac-ft I ea ! $3 1 00 ooo I 1 $3 1 00 000 

Brine Dlsoosal IE.xistina Well: Cao. 1 00 000 aod ea I s122 ooo l 2 $244 000 

Sub Total I $ 1 2 1 6 1  000 

Continaencies 1 5% I $1 824 1 50 

Sub Total l $13 985 1 50 

Enaineerinci, Leaal Administration 10% I $1 398 51 5 
I 

Sub Total I $ 1 5  383 665 

Caoital Costs of Water ! $2 8 1 4  325 
I 

Total Cost l $ 1 8 1 97 990 
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TABLE 2b. Opinion of 1 997 Probable Project Costs for Wilson Reservoir  

HAYS, KANSAS 

Option: Wilson Resetvoir 

• 

Quantity Available: _.;.2..,_000--"a-'-c-""'"'ftl}l'-"-'--r------------------------
Quality Issues: �P�eri�o�d=s�o�fh���h�Ti�D�S----------�------------

Comoonents of Plan 

•ntake Structure Canadtv 
Access Bridae 

Ploeline Diameter f PVCl 

Pioeline Diameter tPVCI 

Pump Station lcaoacity 
Pumo Station lcaoacitv 
Desalination Trt lcaoa..nv 

5.500 ac-ft 

16 inch 
20 inch 

3,000 ac-rt 
5 500 ac-ft 
1 000 ac-ft 

Brine Disoosal IExistina Well: Cao. 1 00.000 and 

Continaencies 

Enaineerina. LE!Oaf Administration 

Caoital Costs of Water 

Units 

ea. 
Lf 

I Lf I 
! Lf I 
I ea I 

ea i 
I 

ea I 
ea 

1 Sok 

1 0% 

1997 Costs  

Unit Cost Quanntv Total Cost 

$2,658 000 
$1 200 
$33.75 ! i 
s4o.oo I I ... 

$336.ooo I I 
$617 ooo I 1 I $617 000 

$530 000 1 1 I $530 000 
$122.000 1 $122 000 

Sub Total $1 269 000 
I $190 350 

Sub Total I $1 459 350 
I $145 935 

Sub Total I $1 605:285 
i ;.: ' ·  

Total Cost i $1 605 285 

0 0 566 3 
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TABLE 2c. Opinion of 1 997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wifson Reservoir 

• 

Quantity Available: 3000 ac-ftlyr 
------�---------------------------------------------------

Qua U ty n sues: _P�en�o�d�s �of�hJig�h�TD=:::.S ______________________________________________ _ 

1997 Costs 
Comnonents of Plan I Units Unit Cost i Quantitv Total Cost 

ntake Structure Caoacitv 5 500 ac..ft ea. $2 658 000 

Access Bridae Lf $ 1 200 

Pioeline Diameter (PVC) 1 6 inch I u I $33.75 I I 
Pioeline Diameter {PVCl 20 inch I Lf I s4o.oo I i 
Pump Station lcapacitv 3,000 ac-ft I ea I $336,000 1 1  $336,000 

' ! i $61 7  ooo I ! Pump Station 'Caoacitv 5 500 ac-ft ea 
Desalination Trt lcaoar.itv 1 000 ac-ft ! ea I $727 ooo I 1 I $727 000 

Brine Dlsoosal IExistino Weft: Cao. 1 00 000 aod I ea I $ 1 22 000 1 $122 000 

Sub Total I $1 1 85 000 

Continaencies 1 5% I s1n 1so 

Sub Total i $1 362.750 

Enaineerina. L"""al. Administration 1 0% 
I 

$ 1 36 275 i 

Sub Total i $ 1 499 025 

caoital Costs of Water 
I ! 

Total Cost 
i $ 1 499 025 i 

00566 4 
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TABLE 2d. Opinion of 1997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wllson Reservoir 

Quantity Available: 4000 ac-ftlyr ���..L"-�������������������������-

Q u a/ fty Issues: Periods of high TDS ----.;_.;;.,;;___..c�=.c;.;;;;.,.;;;�����������������������-

1997 Costs 
Comnnnents of Plan Units Unit Cost l Quantltv Total Cost 

Intake Structure Caoacitv 5,500 ac-ft ea. $2,658.000 
Access Bridae Lf $1 200 

Pioetine Diameter (PVC) 1 6  inch I Lf I $33.75 1 1 5840 ! $3,910,000 

Pineline Diameter (PVC> 20 inch i Lf I s4o.oo I I · ' ·  

Pump Station lcaoacity 3,000 ac-ft i ea I $336,ooo l 2 1 $672,000 ' 

Pumo Station !caoar.itv 5 500 ac-ft I ea ! s611 ooo I i 
Desalination T rt lcaoacitv 1 000 ac-ft ea I $685 000 1 $685 000 
Brine Disnosal IExistinQ Well: Cao. 1 00 000 nnd ea s122 000 I 2 $244 000 

Sub Total I $5 51 1 000 
Continaencies 

. I $826 650 15% 
Sub Total I $6 337 650 

Enaineerina. Leaat. Administration 10% I $633 765 
Sub Total I $6 971 415  

Caoital Costs of Water I ' 

Total Cost 
I $6 971 415 ! 

,. '. i • ) r� ; f , i 005665 
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TABLE 2e. Opinion of 1 997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wiison Reservoir 

• 

Quantity Available: _5500 __ ac __ ·.;..,;ftl.,Lyr'---------------------------
Quauty Issues: _P_erl_o_d_s_ot_h���h_TD_s _______________________ _ 

1 997 Costs 
Comnonents of Plan Units Unit Cost I Quantitv Total Cost 

intake Structure Caoacitv 5,500 ac-ft ea. $2,658 000 

Access Bridoe I Lf $ 1 200 

Pioeline Diameter <PVC) 1 6  inch I u I $33.75 I I 
Pinaline Diameter (PVC) 20 inch I Lt I $40.00 I I 
Pump Station !capacity 3,000 ac-ft I ea I $336.ooo l 1 I $336,000 

Pump Station !caoacitv 
i ! 

$61 1 000 I 2 1 $1 234 000 5 500 ac-ft ! ea j 

lcaoacitv 1 500 ac-ft 
l 

s2 600 ooo l Desalination Trt ea I 1 $2 600 000 

Brine Disoosal !Existina Well: Cao. 1 00 000 aod ea $122 000 2 $244 000 

Sub Total $4 4 1 4 000 

Continnencies 1 5% I $662 1 00 

Sub Total I $5 076 1 00 

Enaineerina. Leoal. Administration 10% I $507 61 0 

Sub Total I $5 583 7 1 0  

Capital Costs of Water 
i I 

Total Cost I $5 583 710 

005666 
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TABLE 2f. Opinion of 1 997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wiison Reservoir 
Quantity Available: _1ooo __ a_c-_ft/y..._r _________________________ _ 
Quafity lssues: _P�en_o�d�s�o�fh���h�TD;...;;.;:s;__ ______________________ _ 

1997 Costs 
ComDOnents of Plan Units Unit Cost Quantitv Total Cost 

ntake Structure Capacilv 5 500 ac-ft ea. $2,658,000 1 $2 658,000 

Access Bridae ' Lf $ 1 200 800 $960 000 

Pioellne Diameter f PVCl 20 inch I Lf I $40.00 1 1 5840 1 $4 634 000 

Pump Station !caoacitv 5 500 ac-ft I ea I s611 ooo I 3 $ 1  851 000 

Desalination Trt !caoacilv 1 000 ac-ft I ea I s3 1 00 ooo I 1 l $3 100,000 

Brine DisDOsal iExistino Well: Cao. 1 00 000 nnd I ea i $ 1 22 ooo I 2 1 $244 000 

Sub Total I $ 1 3  447 000 

Continaencies 1 5% $2 017 050 

Sub Total I $ 1 5  464 050 

Enaineerina. Leaal Administration 10% I $1 546 405 

Sub Total i $17 010 455 

Caoitat Costs of Water ! $2 814 325 

Total Cost I $ 1 9  824 780 

005667 
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TABLE 2g. Opinion of 1 997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

Quantity Available: 
Quality Issues: Periods of high TDS 

1997 Costs 

Comnnnents of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Caoacitv 5,500 ac-ft ea. $2,658,000 

Access Bridae Lf I $1 200 

I I I Ploeline Diameter f PVCl 20 inch Lf $40.00 I 
lcaoacitv I I $617 ooo I i 

Pumo Station 5.500 ac-ft ea 1 I $61 7  000 

Desalination Trt lcaoacitv 1 ooo ac-ft i ea I ' 
$530.000 1 1 $530 000 

. I I $ 1 22 ooo I 1 I Brine Dlsnnsal iE.xistina Well: Cao. 1 00 000 nnd I ea $ 1 22 000 

Sub Total I $1 269 000 

Continaencles 1 5% 
.- I $ 1 90 350 

Sub Total i $1 459 350 

Enaineerina. Leoal Administration 10% I $145 935 

Sub Total I $1 605 285 

Caoital Costs of Water I 
Total Cost 

I $1 605 285 I 

� -· - 005668 
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TABLE 2h. Opinion of 1 997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

• 

Quantity Available: .;:.3.;;..;000:..:..=ac::.c·..:.:ftl:..Ly.:.-r ________________________ _ 

Quafity nsues: _P_en_o�d_s�o�f h=�=h�TD;..,;;;...:;s ______________________ � 

1997 Costs 
,_ nents of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Caoaeifv 5,500 ac-ft ea. $2 658 000 

Access Bridae : Lf $1 200 

Pipeline Diameter (PVC) 1 6 inch Lf I $33.75 1 I 
Piceline Diameter {PVC) 20 inch i Lf s4o.oo I I 
Pump Station !caoaeifv 5 500 ac-ft I ea i $611 000 I l I 

!caoacitv I I $727 0oo l I 
Desalination Trt 1 000 ac-ft I ea 1 ! $727 000 

I I i s 1 22 ooo I 1 i Brine Oisoosal IExistina Well: Can. 1 00 000 nnrl ea $122 000 

Sub Total $849 000 

Continaencies 1 5% I $127.350 

Sub Total I $976 350 

Enaineering, Leaal Administration 1 0•,<, I $97 635 

Sub Total I $1 073 985 

Caoital Costs of Water , i : 
' 

Total Cost I $1 073 985 

0 0 5 6 6 9  
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TABLE 2i. Opinion of 1 997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: 

Quantity Available: 4000 ac-ftfyr ���--<-�������������������������� 
Quality Issues: _P_en_o_d_s_o_fh_�-h�TD_s������������������������ 

1997 Costs 
Comnnnents of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Caoacitv 5,500 ac-ft ea. $2.658,000 
Access Bridae Lf $1 200 

Pi Deline Diameter f PVCl 20 inch I Lf I $40.oo l I 
I I I sa1 1  ooo I I PUmD Station lcaoadtv 5 500 ac-ft l ea 
I I I $6B5 ooo i I 

Desalination Trt lcaoacitv 1 000 ac-ft ea 1 1  $685 000 

Brine Oisoosal IExistina Well: Cao. 1 00 000 nnrl I ea I s 1 22 ooo I 2 $244 000 

Sub Total I $929 000 
Continaencies 1 5% I $ 1 39 350 

Sub Total I $ 1 068 350 
Enaineerina. Leaal. Administration 10% I $106 835 

Sub Total I $ 1 1 75 1 85 
Caoital Costs of Water I 

Total Cost 
I $1 1 75 1 85 I 
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TABLE 2j. Opinion of 1 997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

• 

Quantity Available: ..;;.5.;;.;500:..:_..:;a.;;.;c·.:..:ftY:J.;;.;.r _________________________ _ 

QuaUty tssues: �P�erl.:..:o�d�s�o�f h�lghz:.:...TD:..:.=s _______________________ _ 

1 997 Costs 
Comnnnents of Plan Units Unit Cost Quantitv I Total Cost 

Intake Structure Caoacttv 5 500 ac-ft ea. $2,658,000 

Access Bridae Lf s1 200 I 
Ploeline Diameter f PVCl 20 inch I Lf I $40.00 I 

!caoacttv I I ss1 1  ooo I I 
Pumo Station 5 500 ac-ft ea 3 1  $1 851 000 

Desalination Trt lcaoacitv 1 500 ac-ft ! ea I $2 600 000 I 1 I $2.600 000 

Brine Olsnosal 
I 
!Existina Well: Cao. 100 000 nnrl I ea ! s122 ooo I 2 1 $244 000 

Sub Total I S4 695 000 

Continaencies 1 5% $704.250 

Sub Total I $5 399 250 

Enaineerina. L@ftal Administration 1 0•1. I $539 925 

Sub Total I $5 939 1 75 

Caoital Costs of Water I 
Total Cost I $5 939 1 75 

00567 1 
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Table 3a. Opinion of Probable 1 997 Project Cost for Kanopolis Lake 1000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: _1ooo __ ae_-_ftly...._r _________________________ _ 

Quality Issues: 

Comoonents of Plan 

�ntake Structure Caoacitv 4,500 ac-ft 

Access Bridae 

Plnruine Diameter (PVC) 1 2  inch 

20 inch 

:Treatment Plant Modifications 

Pump Station 1capacitv 1 ,000 ac-ft 

Pumo Station iCaoacitv 4 500 ac-ft 

Continaencies 

Enaineerina. Leoal Administration 

Caoital Cost of Water 

. ._,_ .- I \ t• . ,  ··' , I .. . \ i t ' ' 
1i _,, -- - ·--+---• - ., .. - • � 

Units 

ea. 

lf 
I Lf 
i 
I ea. 
i ea 

I ea 

1 5% 

10% 

1997 Costs 

Unit Cost Quantitv I Total Cost 

$2,658 000 

$1 200 
I $26.50 1 01000 1 $2 836 000 

I $40.00 I I 
! ssoo ooo I 1 I $800 000 

I $ 1 1 3.ooo l 2 1  $226,000 

I sso5 ooo I I 
1 I $505.000 

Sub Total I $4.367 000 
I $655 050 I 

Sub Total I $5 022 050 

$502 205 

Sub Total I $5 524 255 
! $10 269 960 

Total Cost i $15 794 215 

00567� 
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Table Jb. Opinion of Probable 1 997 Project Cost for Kanopolis Lake 2000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lal<e 
Quantity Available: -'-2--ooo ___ a __ c---ftl'""'r:.;....r _________________________ _ 

Quality Issues: 

1 997 Costs 
Comoonents of Plan I Units Unit Cost Quann+v Total Cost 

ntake Structure Caoacilv 4,500 ac-ft ea. $2,620,000 1 $2,620,000 

Access Bridae Lf $ 1 200 1 000 $1 200 000 

Ploeline Diameter tPVCl 1 2 inch I Lf I $26.50 i I 
! I s31.oo I I 

1 8 inch Lf 339768 l $ 1 2.571 000 

20 inch i Lf l $40.00 i l 
Treatment Plant Modifications 

I I ' I ! ea. $800 ooo I I 
Pumo Station lcaoacitv 1 ,000 ac-ft 

i I $1 1 3,000 i I I ea 
Pump Station lcaaacitv 4 500 ac-ft I ea I $505 000 1 2 $ 1 01 0 000 

Sub Total i $17 401 000 

Continaencies 1 5% I $2 6 1 0 1 50 

Sub Total I $20 01 1 1 50 

Enaineerina. LAnal Administration 1 0% I $2 001 1 1 5  

Sub Total i $22 0 1 2 265 

Caoital Cost of Water i 
Total Cost I $22.01 2 265 

0056 73 
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Table Jc. Opinion of Probable 1997 Project Cost for Kanopolis Lake 3000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: _3000 __ a_c-_ftl�y
_
r _________________________ _ 

Quality Issues: 

1997 Costs 
Comnonents of Plan Units U nit Cost l Quantitv Total Cost 

•ntake Structure Caoacitv 4,500 ac-ft ea. $2,620.000 I 
Access Bridae Lf $ 1  200 I 

Pioeline Diameter tPVCl 12 inch I Lf I $26.50 I i 
1 8 inch I Lf I $31.00 I i 
20 inch I Lf I $40.00 I I 

Treatment Plant Modifications I I I I ea. $800 000 I ! 

Pump Station !capacitv 1 ,000 ac-ft I ea I $1 1 3,ooo I I 
Pumo Station lcaoacitv 4 500 ac-ft I ea $505 ooo I 2 $1 0 1 0 000 

Sub Total I $1 010 000 
Continaencies 1 5% I $151  500 

Sub Total I $1 1 6 1  500 
Enaineerina. L�al Administration 10°/o I $ 1 1 6 1 50 

Sub Total I $1 277 650 
Capital Cost of Water I 

Total Cost i $1 277 650 

005 674 
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Table Jd. Opinion of Probable 1997 Project Cost for Kanopolis Lake 4000 ac..ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: ...:.4000=-=-a.:::..c-.:..:ftl�rr::__ ________________________ _ 

Quality Issues: 

1997 Costs  

Comnnnents of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Capacitv 4 500 ac-ft ea. $2,620,000 

Access Bridae Lf $ 1 200 ' 

Pineline Diameter tPVCl 1 2 inch Lf I $2a.so I I 
1 8 inch I LI I $37.00 

20 inch I Lf I $40.oo l ' 

Treatment Plant Modifications I $800 ooo l I ea. ' 

Pumo Station icapacitv 1 ,000 ac-ft ! ea I $ 1 1 3,000 l 
Pumo Station lcaoacitv 4 500 ac-ft ea $505 000 1 $505 000 

Sub Total $505 000 

IContinaencies 15% I $75 750 

Sub Total I $580 750 

Enaineerina. Leaal. Administration 10•4 I $58 075 

Sub Total I $638 825 

Caoital Cost of Water I 

Total Cost i $638 825 ' 

. 005675 
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Table 3e. Opinion of Probable 1997 Project Cost for Kanopolis Lake 5500 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: 5500 ac-ft/yr 
������������������������������ 

Quality Issues: 

1997 Costs 
Comoonents of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Capacitv 4,500 ac-ft ea. $2 620,000 
Access Bridqe Lf $1 200 

Ploeline Diameter (PVCl 12 inch Lf I $26.50 I I 
1 8  inch I Lt I $37.oo I I 

I ! I I 20 inch Lf s4o.oo I 
Treatment Plant Modifications I I I ! ea. $800 000 I 
Pump Station lcaoacitv 1 ,000 ac-ft ! ea I $ 1 1 3,ooo I I 
Pump Station lcapacitv 4 500 ac-ft I ea I _ s5o5 ooo I 4 1  $2 020 000 

Sub Total I $2 020 000 
Continaencies 1 s•1o I $303 000 

Sub Total I $2 323 000 
Enaineerina. L""1al. Administration 10% I $232 300 

Sub Total I $2 555 300 
Caoital Cost of Water I 

Total Cost I $2 555 300 

005676 
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Table 3f. Opinion of Probable 1 997 Project Cost for Kanopolis Lake 1 000 ac..ft 

HAYS, KANSAS 

Option: Kanopoffs Lake 

Quantity Available: ..:..1.;;..;000;.;;....;;a.;;:..c·..;.;;ft/y�r ------------------------

Quality Issues: 

Comnnnents of Plan 

Intake Structure Caoacitv 4 500 ac-ft 
Access Brldae 

Ploeline Diameter tPVCl 1 2 inch 

20 inch 

Treatment Plant Modifications 

Pump Station lcaoacitv 5 500 ac-ft 

Continaencles 

Enaineerina. Leaal. Administration 

CaDital Cost of Water 

.. . � 
· �  1 i • r  .. 1 ·� t .! 

Units 

ea 

lf 

lf 

ea 

I ea 

1 5% 

1 0% 

1997 Costs 

Unit Cost Quantitv Total Cost 

$2,658 000 

$ 1 200 

$26.50 

$40.00 1 06000 $4 240 000 

$800 000 1 I $800 000 

I $61 7 0oo l 3 $ 1 851 000 

Sub Total I $6 891 .000 

$1 033 650 

Sub Total I $7 924 650 

I $792.465 

Sub Total I $8 717 1 1 5  

I $ 1 0 269 946 

Total Cost I $ 1 8  987 061 

0 0 5 6 7 7  
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Table lg. Opinion of Probable 1997 Project Cost for Kanopolis Lake 2000 ac..ft 

HAYS, KANSAS 

Option: Kanopolis Lake 
Quantity Available: .:;;2.:..:000:..::....:::•.::.c·.:.::ftl:.r.Y:...r _________________________ _ 

Qua�ity Issues: 

1997 Costs 
�omnnnents of Plan I Units I Unit Cost i Quantitv I Total Cost 

Intake Structure Caoacity 4,500 ac-ft ea. $2 620 000 1 $2 620 000 
Access Bridae Lf $ 1 200 1 000 $ 1 200 000 

Pioeline Diameter rPVCl 1 2 inch I Lf I I 
$26.50 I J 

I i 
$40.00 i 234000 i $9 360 000 20 inch lf I 

Treatment Plant Modifications I i 
$800 000 I I ea. I 

Pumo Station lCapacitv 5 500 ac-ft ! ea I $617 000 i 1 l $617 000 
Sub Total $ 1 3  797 000 

Continaencies 1 5% $2 069 550 
Sub Total I $ 1 5 866 550 

Enaineerina. Ll"!tlal Administration 1 0%  I $1 586 655 
I 

Sub Total I $ 1 7  453 205 
Caoital Cost of Water I 

Total Cost I $ 1 7  453.205 

�H• · .005678 
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Table 3h. Opinion of Probable 1997 Project Cost for Kanopolis Lake 3000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: .::3000=.:a!::=c-!!ftf'Lyr!-________________________ _ 

Qualit:y Issues: 

Comoonents of Plan 

•ntake Structure Caoacitv 

Access Brklae 

Pioeline Diameter f PVCl 

Treatment Plant Modifications 
i 

Pumo Station !Caoacitv 

Continaencies 

4,500 ac-ft 

1 2 inch 

1 8  inch 

20 inch 

5 500 ac-ft 

Enaineerina. Leaal Administration 

Caoital Cost of Water 

.. , ... .. - '-'. ... . " 
· � i ( 1 C ' .' ! '  

Units 

ea. 

Lf 

l Lf 

I Lf 

I Lf 

I ea. 

I ea 

1 5% 

1 0% 

1 997 Costs 

Unit Cost i Quantitv I Toh• r ...... 

$2,620 000 

$1 200 
' 

$26.5o l I 
i ! 

I $31.00 I ! 
I 

' ' 
$40.00 ! 

I $800 000 I 1 
$617 000 1 I $617 000 

Sub Total I $61 7  000 

I $92 550 

Sub Total ! $709 550 
i 

$70 955 I 

Sub Total I $780 505 

I 

Total Cost I $780 505 

0056 79 



Table 3i. Opinion of Probable 1997 P roject Cost for Kanopolis Lake 4000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: _4000"'----a"'-c-.;.;;.ttJ..Ly_r --------------------------

Quality Issues: 

1997 Costs 
Comnnnents of Plan I Units Unit Cost I Quantitv Total Cost 

Intake Structure Caoacitv 4 500 ac-ft i ea. $2,620 000 

Access Brldae I Lt $ 1 .200 

Pineline Diameter f PVCl 1 2 inch I Lt I $26.50 I 
20 inch 

I Lf I $40.oo I j ! 

Treabnent Plant Modifications I I I 
ea. $800.000 i 

I I I 
$61 7  ooo I 1 ! Pumo Station lcaoacitv 5 500 ac-ft ea i $617 000 

Sub Total I $617 000 

Continoencies 1S°lo I $92 550 

Sub Total $709 550 

Enoineerina. Lenal. Administration 10% I $70 955 

Sub Total i 
$780 505 I 

Caoital Cost of Water I 

Total Cost ! $780 505 

0056 8_Q __ _ 



Table 4b. Opinion of Probable 1 997 Project Cost for Graham County 

5500 ac-ft/yr 
1 997 Costs 

I: Long-Term Option: Graham County I 
1� Component U nit Cost U nits i Quantitv I !!Deep Well 

700 aom j I I I I j Ii $350,000.00 I well ; 5 ' $1 ,750,000 !\Pipeline Diameter {PVC) ! i 
! I I ,, 8 $ 1 8.50 I Lf 

' 
1 ,040 i $ 19,240 I 

j 1 2  $26.50 Lf 5 ,0 1 0  $1 32,765 I 1 6  $33.75 Lf 8,350 $281 ,8 1 3  

I 1 8  $37.00 Lf 5,01 0 $1 85,370 
! 20 $40.00 Lf 345,000 $ 1 3,800,000 
IPumo Station $336 000.00 Lump Sum I 4 $1 344 000 
! Subtotal !1)1 7,5 1 3,1 88 
Contingencies 1 5% I $2,626,978 

Subtotal $20,140,1 66 
IEnaineerina 1 0% ' $2,014,0 1 7  

Subtotal $22,154,1 82 
Caoital Cost of Water s20 200.ooo 
I TOTAL 11 $42,354,1 821 

! 

) 
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fable 5 Opinion of Probable Cost Summary 

I I 
I capital  

Option 
! Increment 
acre-feet I Cost 

Kanapolis I - I 

I 
I 

Wilson 

Kinsley 

I 

Graham 

� �. . 
. .• 

r r . 1 1  1 t 1 i  

1 000 
2000 
3000 
4000 
5500 · 
1 000 
2000 
3000 
4000 
5500 
1 000 
2000 
3000 
4000 
5500 
1 000 
2000 
3000 
4000 
5500 
1 000 
2000 
3000 
4000 
5500 
1 000 
2000 
3000 
4000 
5500 
1 000 
5500 

$1 5,800,000 
$22, 000, 000 

$1 , 300,000 
$640,000 

$2,600,000 
$1 9,000,000 
$17 ,500,000 

$780,000 
$780,000 

$3, 1 00,000 
$1 8,200,000 

$1 ,600,000 
$1 ,500,000 
$7,000,000 
$5,000,000 

$1 9,800,000 
$1 ,600,000 
$1 , 1 00,000 
$1 ,200,000 
$5,900,000 

$1 5,400,000 
$700,000 

$1 ,700,000 
$1 5, 700, 000 

$850,000 
$1 8, 1 00,000 

$700,000 
$500,000 

$2,300,000 
$1 ,300,000 

$37 ,200,000 
$42,400,000 

!Annual 
IO&M 
! Cost 

$68,000 
$1 49,000 
$301 ,000 
$582,000 

$1 , 334,000 
$51 ,000 

$1 49,000 
$337,000 
$635,000 

$1 ,365,000 
$499,000 
$733,000 

$1 ,054,000 
$1 ,345,000 
$1 ,889,000 

$498,000 
$71 0,000 
$976,000 

$1 ,31 1 ,000 
$1 ,91 5,000 

$23,000 
$74,000 

$276,000 
$286,000 
$427,000 

$23,000 
$33,000 
$66,000 

$1 79,000 
$495,000 

$23,000 
$546 000 

• 

I I !Pipe S ize I Incremental 
I inches !Sum 

1 6  $1 5,800,000 
$37,800,000 
$39, 1 00,000 
$39,740,000 
$42,340,000 

20 $1 9,000,000 
$36,500,000 
$37,280,000 
$38,060,000 
$41 , 1 60,000 

1 6  $1 8,200,000 
$1 9,800,000 
$21 ,300,000 
$28,300,000 
$33,300,000 

20 $1 9,800,000 
$21 ,400,000 
$22,500,000 
$23,700,000 
$29,600,000 

1 6  $1 5,400,000 
$1 6, 1 00,000 
$1 7 ,800,000 
$33,500,000 
$34,350,000 

20 $1 8, 1 00,000 
$1 8,800,000 
$1 9,300,000 
$2 1 ,600,000 
$22,900,000 

1 6  $37,200,000 
20 $42,400,000 

00568 4 
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• 
Wilson Lake Yield Study 

April 17, 1997 

• 

Kansas City District Corps of Engineers 
Hydrology and Hydraulics Section 

I. Summary 
The potential net yield for Wilson Lake ranges from 77 to 99 cfs as documented in Table 1-1. 
Comparable yield results were reached with several different methods. Extensive basin 
parameters used in the H&H model, incorporating droughts in both the 1930s and 1950s, 
suggest the 2% net yield value is approximately 80 cfs. 

II. Strategy 
A Determine the type of yield required for the study. 
B. Determine study parameters such as critical period, pool elevations, percent chance 

occurrence, and period of record. 
C. Gather the stream inflow data. 
D. Use the Sequential Mass Inflow Method to determine the yield. 1 

E. Subtract non-productive losses and calculate a Net Sequential Mass Inflow Yield. 
F. Use the Non-Sequential Mass Inflow Method to determine the stream inflow yield. 
G. Create a Lake Net Yield Curve from the stream inflow yield 
H. Analyze the Lake Net Yield Curve and compare to existing yield values. 
I. Determine if additional analyses are required to determine lake yield. 

III.Study Definition 
A. Definitions for Yield 

·- l I 
I : "' t 

I .Reservoir Yield 
Yield is the volume of water that can be supplied from the reservoir within a specified 
interval of time. Yield is dependent upon inflow and will vary from year to year. Yield 
(outflow) is equal to the inflow plus or minus an increment of storage. 2 

2.Safe Yield 
The maximum quantity of water that can be guaranteed during a specified critical dry 
period, (i.e., the probability of an event) . In practice, the critical period is often taken as 
the event, or period of lowest natural flow on record for the stream. A finite probability 
exists that a drier event may occur with a yield even less than the safe yield. 

1
lake Yield Computations, Methods and Procf?edures, Koontz, Claron L., U.S. Army 

Corps of Engineers, Kansas City District, Hyuology and Hydraulics Section, June 1 984 

2 Water Resouces Engineering, Linsley, Ray K., McGraw-Hill, Inc., 1 979, ppg. 1 50- 1 58 

""'" . (; � _: t- t  
1 



3.Firm Yield 
• • 

Safe yield with a probability of 1.0. Since firm yield can never be determined with 
absolute certainty, treating yield in probabilistic terms is better. 

4.Maximum Yield 
Equal to mean inflow less evaporation, transpiration and seepage losses. 

5.Maximum Yield 
The greatest safe yield obtainable under a given set of restraints. 

6.Target Yield, Design Yield 
-

The desired amount of water that can be supplied from a reservoir for design purposes. The 
target yield will not always be realized. 

7.Secondary Yield 
Water in excess of safe yield during periods of High flow. 

8.Potential Net Yield 
The yield remaining after evaporation and other non-productive losses have been extracted. 

B. Additional Definitions 
1. Critical Period 

Period of lowest natural flow on record. The critical period is used to calculate the safe 
yield, and may vary according to design purposes. The actual period in a sequential record, 
either historical or simulated, which requires the largest storage volume to provide a 
specified yield. The critical period is often taken as the time from beginning of storage 
utilization to the time the conservation pool refills, during the period when the reservoir is 
drawn down to its lowest level. The period from beginning of storage utilization to 
minimum pool level is referred to as the critical draw down period. 3 

2.Reservoir Reliability 
The probability that a reservoir will deliver the expected demand throughout its economic 
lifetime without incurring a deficiency. 

3. Capacity 
The volume of reservoir storage required to provide safe yield. Capacity is based on the 
storage equation: 

The parameters I and 0 are the average ranges of inflow and outflow for the interval At. 
The parameter As is  the change in the storage volume between the inflow and outflow 
sections during the interval At. 

3Reservoir Storage- Yield Procedures, U.S. Army Corps of Engineers, May 1 967 
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4.0peration Study 

The determination of required capacity for a reservoir. It is essentially a simulation of the 
reservoir operation over time in accord with an adopted set of rules. An operation study 
may be done with annual, monthly, or daily intervals. Monthly data are most commonly 
used, but for large reservoirs which carry over storage for many years, annual intervals are 
satisfactory. 

5 .Sequential Mass Curve 
The cumulative plotting of net reservoir inflow over a given period of time. 

6.Uniform Demand Rate 
Constant outflow rates represented by straight lines on a mass curve. 4 

7.Two-Percent Chance Shortage 
The volume of reservoir storage required so that safe yield will occur with a probability of 
98% or greater.5 A 2% chance shortage can be viewed as an event with a 50-year 
recurrence interval. 

8.Relative Frequency of Shortage 
The probability that the demand will exceed the reservoir capacity. 

IV. Study Narrative 

A. Location and Description 
The Saline River basin lies within the Great Plains Physiographic Province, and rises in the 
northwestern High Plains region of Kansas to an elevation of about 3500 feet, m.s.l. The 
river flows generally eastward to its confluence with the Smoky Hill River downstream of 
Salina, Kansas, at approximate elevation of 1 1 85 feet, m.s.l. The basin is long and narrow 
with a length of about 2 1 5  miles and an average width of only 1 6  miles. In the lower reaches, 
the stream winds through broad, flat valleys. Upstream the valleys become more sharply 
defined and the land more rolling with irregular sandstone outcrops. Soils in the Saline basin 
are windblown loess material above Wakeeney, and below this point, are derived largely from 
shales, sandstone, and limestone. The flood plain alluvium contains a thick mantle of silt and 
silty clay. Headwaters of the Saline River begin approximately 1 5  miles south and west of 
Goodland, Kansas. The drainage area of the Saline River at Tescott, Kansas is 2820 square 
miles, approximately 1 5  percent of the total smoky Hill River basin. Wilson Lake is located 
at mile 1 53 .9 on the Saline River, Russell County, Kansas, 50 miles west of Salina, Kansas, 
and 1 0  miles north of Wilson, Kansas. 

B. Climatology 

4 Water Resouces Engineering, Linsley, Ray K., McGraw-Hill, Inc., 1 979, ppg. 1 50- 1 58 
5 Report on Reallocation of Storage at Melvern, Pomona, and Tuttle Creek lakes, 
Kansas, U.S. Anny Corps of Engineers, Reallocation Report and Environmental 
Assessment, December 1 988 
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The climate of the Sal.River basin is classified as subhumid Ae east and semiarid in the 
, 

west. The average annual precipitation over the basin is 23 inches and ranges from 1 8  inches 
in the west to 26 inches in the east. The maximum annual rainfall over the basin was 36.4 
inches in 1 95 1  and the minimum was 14. l inches in 1 934. The greatest recorded 24-hour 
rainfall amount was 7.4 inches at Wakeeney on 29 July, 1 923. The National Weather Service 
computed statewide-average precipitation by month from 1 895- 1994 for the U.S.  Geological 
Survey (USGS). Statewide averages for July 1 993 were among the three wettest years since 
1 895 for eight of the nine States in the flood-affected area for the upper Mississippi River 
Basin. During May-June 1993, precipitation totaled 35.4 inches.6 Statewide Annual and 
monthly precipitation amounts are varied, with 70 percent of the annual rainfall total 
occurring during the growing season. January is the driest month and May the wettest. 

-Droughts may occur anytime during the year. However, the critical drought period occurs 
in July and August. Prevailing winds are from the south during spring and summer months 
and from the north during winter months. The average annual snowfall is about 1 7.3 inches 
occurring during the period November through March. Temperatures within the basin vary 
seasonally. The average temperature is 1 0° F in the winter and 93° F in the summer. 

C. Evaporation 
The availability of surface water supplies in the Saline River basin is affected materially by 
the rate of evaporation from soil and water surfaces and evaporation and transpiration by 
plants ( evapotranspiration). Like the Smoky Hill basin, the Saline River basin lies in an area 
of relative high wind movement and low relative humidity. Studies have shown that of the 
precipitation that falls in an average year in the eastern part of the basin, mean annual surface 
runoff amounts to less than 2 percent ·of the mean annual precipitation. Unlike stage or 
discharge, measuring evaporation under field conditions is difficult to perform. Various 
methods have been used for calculating vapor transport from water surfaces. These methods 
include the water budget, the energy budget, and the mass-transfer method. The most 
commonly accepted method has been estimates from pan evaporation. In areas where surface 
lake water freezes, the pan evaporation method is typically limited to the months of April 
through October. The ratio of pan evaporation to lake evaporation is not constant and 
therefore monthly pan evaporation coefficients are used. The National Weather Service uses 
an average pan evaporation coefficient of 0. 7 to calculate lake evaporation. 

Prior to construction, historical lake evaporation rates for Wilson Lake were estimated from 
recorded pan evaporation data at the Agricultural Experiment Station (AES) at Hays, Kansas, 
and at Kanopolis Lake, near EHsworth, Kansas. The AES is approximately 40 miles west of 
Wilson Dam, and Kanopolis Lake is, approximately 40 miles southeast of Wilson Dam. 
Similar meteorological and climatic conditions exist within these stations since all lie within 
proximity. These records suggest the pan evaporation at Wilson Lake would average about 
9 .5  inches a month from April through October or 66.5 inches in a seven-month period. 
Generalized studies by the National Weather Service as published in Technical Paper No. 37, 
indicate the annual pan evaporation near Wilson Lake is approximately 84 inches and the 
annual lake evaporation would be 58 inches. Recorded pan evaporation data in the KCD ROl 

6The Great Flood of 1993 Post-Flood Report Appendix E, U.S. Anny Corps of 
Engineers, Kansas City District, September 1 994, ppg. 1 8- 1 9  
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data base indicate the annual net evaporation for the drought years of 1 988-89 was 3 1 . 7 
inches. An average annual evaporation rate using recorded RO l data at Wilson Lake was not 
investigated in this study. 

Water Quality 
Water in the upper reaches of the Saline River primarily contain chlorides and sulfates. 
These minerals originate in the Dakota formation found in Russell County above Wilson 
Dam. The Dakota formation has been exposed by significant erosion. The Kansas State 
Board of Health and the Corps of Engineers determined the total dissolved solids ranged from 
294 ppm to 8460 ppm with corresponding chloride concentrations of 24 to 4040 ppm from 
samples taken during 1 964- 1 966. Chloride concentrations in the Wilson Lake impoundment 

- in 1 969 were near 550 ppm, sulfate concentrations at 300 ppm and total dissolved solids at 
approximately 1 500 ppm. In 1 99 1  the KCD Water Quality unit reported Wilson Lake 
dissolved oxygen (DO) concentration for inflow was 5 .2 mg/L, and concentrations for the 
outflow was 7.8 mg/L. Sulfate and chloride levels in the lake averaged 1 1 50 mg/L and 569 
mg/L respectively. The sulfate and chloride concentrations exceed the U.S. Public Health 
Service recommended drinking water standards of 250 ppm for both. By comparison, the 
chlorinity of seawater has an average salinity of 1 1 ,000 mg/L. Water samples were also 
analyzed for the presence of pesticides. Atrazine was the only toxic found above detection 
levels. The concentration of 0.2 µg!L is below EPA criteria. Pesticides such as atrazine, 
chlordane, metolachlor, toxaphene, methoxychlor, alachlor, and 2,4-D have been above 
detection levels in previous studies. 7 

D. Planning and Construction 
The Wilson project was proposed in Senate Document No. 1 9 1 ,  781h Congress, by the Bureau 
of Reclamation for the purposes of irrigation, flood control,  and silt control .  Total capacity 
of the lake was to be 262,000 acre-ft. Storage designated for irrigation was to supply 1 8,000 
acres of new land. Construction was authorized, as proposed, by Public Law 78-534, more 
commonly known as the 1 944 Flood Control Act. Public Law 84-505 transferred 
administrative jurisdiction for construction, operation, and maintenance from the Bureau of 
Reclamation to the Corps of Engineers. Construction was initiated by the Corps in April 
1 961 and closure of the dam was made in September 1 963.  Storage began in December 1 964 
and the Multipurpose Pool Elevation of 1 5 1 6  feet m.s.l. was first reached on 1 2  March, 1 973 . 

E. Lake Specifications 
The Wilson Lake dam axis lies 1 53 .9 miles above the confluence of the Saline and Smoky 
Hill Rivers. Contributing drainage area is 1 9 1 7  square miles. The USGS gage number 
06868000 near Wilson, Kansas officially began recording data in 1 929. The gage was located 
near the existing dam site and was discontinued in 1 963 when the dam was constructed. It 
was replaced by gage 06868 1 00 at the control tower of the dam, and 06868200 located 0.5 
miles downstream of the outlet. The maximum discharge of record occurred from July to 
August 1 928 and was estimated at 25, 700 cfs. The USGS based the discharge on a surveyed 

7 Additional water quality characteristics of the Saline river basin and Wilson Lake can 
be found from the KCD Water Quality Lab and in the U.S. Geological Survey Water 

Supply Paper 1 65 1 ,  Chemical Quality of Surface Waters and Sedimentation in the Saline 
River Basin, Kansas. 
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high water mark at a stage of 26.8 feet at the site of the original gage.. 8 The Surcharge Pool 
capacity is 894,300 acre-ft from elevation 1 587.5 to 1 554.0. Flood Control capacity is 
530,200 acre-ft from elevation 1 5 54.0 to 1 5 1 6.0 ft.m.s.l. Multipurpose capacity is 242,500 
acre-ft from elevation 1 5 1 6.0 to 1435.0 ft. m.s.L 

V. Yield Analysis History 
A. Neosho Basin Study 

The KCD Corps of Engineers conducted yield studies in 1 982 for lakes in the Kansas-Osage 
basin as part of the Kansas-Osage Reallocation Study. These studies used the South West 
Division model {SWD), which did not consider depletions or existing water rights. In 1 983 
Black and Veatch prepared a report for Kansas River Alliance that concluded the KCD yield 

- studies were much lower than reported. The Black and Veatch study assumed high depletions 
and high water rights requirements. The Bureau of Reclamation prepared a report on Milford 
Lake depletions for the Kansas Water Office in 1 984. KCD computed yields based on the 
Bureau of Reclamation report, assuming the SWD method and large depletions. In 1 984 the 
Tulsa District Corps of Engineers began yield studies for the Neosho and Vergdisgris basins 
using the "Tulsa Methodology." This methodology considered water rights but not depletions. 
In 1 986, at the request of the Kansas Water Office, the Tulsa and Kansas City Districts began 
a joint venture for a new yield computation method. The goal of the joint venture was to 
arrive at a yield method that both districts agreed upon. The Kansas Water Office established 
a technical review committee that included representatives of Federal agencies, State agencies, 
universities, and Architect-Engineering consulting firms, to review the model. The model 
was approved by the committee, and the Tulsa District completed work on the Neosho basin 
in mid- 1 986. After review, the committee suggested a revision of low flows, and the revised 
Neosho studies were completed in February 1 987. 

B .  Kansas River Basin Study 
A preliminary study on storage reallocation in the Kansas River Basin was initiated in 1 982. 
Input data for stream inflow, precipitation, evaporation, evapotranspiration and water rights 
for the study were compiled from the Bureau of Reclamation through the KWO. The Kansas 
City District Corps of Engineers Hydraulics and Hydrology Section {H&H) used this input 
data to model the basin. The model was complex and attempted to account for all significant 
factors of the "system," necessary to determine basin wide yield and stream flows. Initially 
all lakes within the basin were considered for storage reallocation. However, the study was 
narrowed specifically to analyze only Melvern, Pomona, and Tuttle Creek Lakes. The 
conclusions of the H&H study were published in a report in 1 9889• 

C. Initial Wilson Lake Study 
Although Wilson Lake was not included in the final 1 988 reallocation analyses, the 2% yield 
of approximately 80 cfs was calculated in a preliminary analysis. This result was published 

11 Surface Water Supply of the United States 1936 Part 6 Missouri River Basin, United 
States Government Printing Office, Washington, 1 938 
Annual Report of Reservoir Regulation Activities, Summary for 1995-1996, U.S.Anny 
Corps of Engineers, Engineering & Planning Division, Water Control Section 

9 Report on Reallocation of Storage at Melvern, Pomona, and Tuttle Creek lakes, 
Kansas, US Army Corps of Engineers, Kansas City District, December 1 988 
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in the H&H report, Initial Appraisal for Wilson Lake, Kansas Reallocation of Storagew. A 
2 percent yield is the potential yield that the lake will supply 98 years in any l 00-year period, 
or a 50-year frequency. The H&H model established 64 control points throughout the basin 
and included numerous parameters including the following: local uncontrolled area flow, 
unregulated natural flow, total runoff inflow, upstream reservoir release inflow, diverted 
stream water rights, required low flow, total lake storage, primary, secondary and low flow 
water supply storage, downstream allocated water rights, return flow, primary yield, secondary 
yield, yield ratio, average yield, shortage index, net yield ratio, net average yield, hydropower, 
seepage, local diversions, average monthly pan evaporation and sedimentation. The model 
examined many reallocation alternatives by extrapolating historical data, into the year 2035. 
The input data was prepared by the KWO from the period 1940- 1982. This data included the 

- drought years from 193 1-34, and 1953-56. After the Kansas City District converted from 
mainframe computers to desktop personal computers, the ability to rerun the H&H model 
was lost. Because of the complexity of the input and output files, economic constraints 
prohibited revaluation of the model. 

D. Current Wilson Lake Yield Study 
In 1995, the Kansas Water Office requested KCD to reevaluate Wilson Lake for storage 
reallocation. Although the H&H yield was available, a project design manual had initially 
estimated a 2% yield of 99 cfs. 1 1  A decision was made to reanalyze both estimates since 
more data from the current period of record was available and a comparison to the 80 cfs 
yield resulted in a difference of 19 cfs (23.8%). 

An initial observation revealed that the yield study of Wilson Lake records ended in 196 1, 
i .e. ,  available data to estimate the yield included gage records up to only 196 1.  However, 
data for the current H&H yield used the period of 1940- 1982, 2 1  more years of data. 
Variable basin parameters that existed from 1929- 196 1, may not have reflected the same 
conditions for the 1940-1982 period. Parameters such as higher runoff, and lower loss rates 
would provide greater yield. Furthermore, the initial estimate based the yield on the drought 
of 193 1-34. The H&H yield included the drought from 193 1-34 and from 1953-56. Finally, 
the initial estimate yield may not have accounted for all upstream water rights and losses that 
were included in the H&H computations. 

Two additional methods were used to calculate yield to further examine the initial estimate 
yield and the H&H yield. First, a trial and error method using the Sequential Mass Inflow 
method was used. Wilson Lake inflow data for the period of 1935- 1996 was taken from the 
KCD Water Control Section. The data was used to create a sequential mass inflow curve. 
Total monthly inflow was plotted over time. Critical minimum inflow periods and recovery 
peaks were identified. A line was drawn tangent to the inflow peaks. A second line was 
drawn tangent to the local minimums and parallel to the first line. The resulting slope of the 
line provided inflow over time, or yield. The maximum distance between the two l ines was 

'°Initial Appraisal for Wilson lake, Kansas Reallocation of Storage for Municipal and 
Industrial Water Supply, US Anny Corps of Engineers Initial A ppraisal Report, October 
1 993 

1 1 Personal correspondence, Mr. Jerry Buehre, Chief KCD Water Control Section, 
January 1 997 
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the reservoir storage r!ired to supply the yield. A yield of 1.lfs was calculated with this
, 

method. The drawback to the Sequential Mass Inflow method is that non-productive loss 
(i.e., evaporation, transpiration, seepage, and infiltration) were not accounted for. The inflow 
data from 1 935- 1 996 included non-productive losses. The yield value thus became gross 
yield and not net yield. However, an approximate net yield was determined by extracting the 
non-productive losses from the Sequential Mass Inflow yield. An average annual loss was 
multiplied by the surface area of the average annual pool. The loss rate in units of acre-feet 
per year was then converted to cubic feet per second. A pool elevation of 1 5 1 8.4 feet msl 
was used as the average annual pool elevation. This elevation had a corresponding surface 
area of 9533 acres, and an annual average loss rate of 58  inches. Non-productive losses 
accounted for 64 cfs. An approximate net yield of 77 cfs was calculated when the losses 

- were subtracted from the gross yield. 

The Non-Sequential Mass Inflow method was used next. Inflow data from 1 935- 1 996 was 
scrutinized for consistency between pre-project and post-project periods of record. A 
determination could not be made if inflows were homogeneous. Complete USGS gage inflow 
data for the period of record from 1 935- 1 996 was not available. Total annual evaporation 
data, rain on pool and seepage rates were also unavailable. A determination was made not 
to synthesize missing data but to use calculated RO 1 inflow data from existing project 
records. The RO 1 records incorporate pan evaporation, rain on pool, seepage, lake releases 
and change in storage to calculate net inflows. The period of record from 1 964- 1996 was 
selected because the data was homogeneous and included the entire period of construction, 
completion and operation of the Wilson Lake Project. The critical drought period over the 
period of record was identified from minimum daily precipitation data taken from the 
National Climatic Data Center12 • Daily precipitation data was available for a critical duration 
of 24-months. An annual net lake evaporation rate of 2.64 feet was calculated from pan 
evaporation rates recorded in the RO I data. The resulting 2% net yield of 82 cfs was 
calculated for a 24-month drought. Although this yield value does not include the drought 
periods of 193 1 -34 or 1 953-56, it does include the drought periods of 1988-89. The yield 
correlates within 2.5% of the 1982 value of 80 cfs and 1 .2% of the Sequential Mass Inflow 
method of 83 cfs. 

VI.Conclusions 

Lake net yield is primarily a function of stream inflow and evaporation parameters. Yield results 
are tabulated in Table 1 - 1 .  Corresponding yield differences as a percentage of the Non
Sequential Mass Inflow method are also included inTable I .  I Net yield values investigated in 
this study range from 77 to 99 cfs. A net yield of 82 cf s was computed with the Non-Sequential 
Mass Inflow method. Although the original DM yield estimate could not be reproduced, the 
difference in yield of 1 7  cfs (20. 7% ), falls within acceptable limits. The difference of 59 cfs ( 
72.0%) with the Sequential Mass Inflow yield, reflects non-productive losses included in the 
result. When non-productive losses are extracted from the Seqential Mass Inflow yield, the 
difference is reduced to 5 cfs (-6. 1 % ). The H&H yield incorporated additional analysis of basin 
loss parameters. A difference in yield of 2 cfs (2.4%) seems plausible since the losses were not 
included in the Non-Sequential Mass Inflow method. Calculated results of the Non-Sequential 
Mass Inflow method correlated well with the H&H model. 

12
Daily data was taken from the C/imatedata TD 3200 Summary of the Day Cooperative 

Observer Network, Hydrosphere Data Products, Inc. Boulder, CO 
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The H&H model incorporated extensive basin paramaters within the model. The conclusion 
reached in this report is that the Wilson Lake net yield is approximately 80 cfs. 13 Completing 
a basin depletion study to analyze yield trends may be necessary if more accuracy in yield is 
required. 

Wilson Lake Potential Yield Results 
Table 1-1 

Method of Analysis Potential Yield Percent Difference 
(cfs) (%) 

Sequential Mass Inflow 141 72.0 

Sequential Mass Inflow 77 -6. 1 
(Non-productive losses extracted) 

2% Chance Occurrence, 24-month drought 82 
Non-Sequential Mass Inflow 
(Elev. 1 5 1 8  ft.msl - 1484 ft.msl) 

1 982 H&H Kansas Basin Reallocation 80 2.4 
Study (Elev. 1 5 1 8  ft.msl - 1 484 ft.msl) 

Original DM Yield Estimate 99 20.7 
(Based on drought of 1 93 1 -34) 

Period of Record 

1935-1996 

1 935- 1 996 

1 964-1 996 

1 940- 1 982 

not available 
( 1 929- 1 96 1  ?) 

1 3
The Architect-Engineering firm, Bums & M ;Donnell  Company cited a 2 percent yield 

of 80 cfs in their 1 995 report, Impact analysis for Reallocation of Storage Water 
Supply Kanopolis Lake, Kansas, Bums and McDonnell, Project No. 95-809-4-00 I ,  
November 1 995. 
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US Anny Corps of Engt_...,. 
Kansas City Dislricl 

News Release 
700 Federal Building Contact: 

Kansas City, Missouri 64 1 06-2896 
(8 1 6) 426-524 1 

George Hanley 

Larry Crump 
October 4, 1 996 

The Kansas City District, U.S. Army Corps of Engineers, will hold an open house in Hays, 

Kan., Nov. 5, 1 996, to outline a study underway to provtde water to the communities of Hays 

and Russell, Kansas, and to obtain public input and answer questions about the proposal. 

The open house will begin at 7 p.m. in the Hays City Council Chambers, 1 6th and Main, in 

Hays. Participation is encouraged by all interested citizens. 

According to Corps officials, the Kansas Water Office asked the Corps to conduct the study to 

reallocate reservoir storage at Wilson Lake to allow providing water to the two communities. The 

Corps' initial appraisal, approved in November 1 993, indicated a potential for reallocation, and 

recommended further study. That study, which began last month, will be completed within 12  

months. 

Anyone having questions or who wishes to provide written input should write Ms. Jeanne 

Musgrave, study manager, at the Corps of Engineers, Kansas City District, (Attn: EP-PF), 60 1 E. 

1 2th Street, Kansas City, MO 64 1 06-2896, or call 8 1 6  426-3 1 73.  

# 
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WILSON LAKE, KS 

RECONNAISSANCE STUDY 

PUBLIC OPEN HOUSE 
Heartland Engineers 

C ITY COUNCIL CHAMBERS, HAYS, KS 
7:00 P.M. , NOVEMBER 5, 1996 

Purpose of the Study: The Kansas Water Office has requested that the 
Corps conduct a study to reallocate existing reservoir storage at Wilson Lake 
to provide water supply storage for the conununities of Hays, Kansas and 
Russell,  Kansas. 

Study Authority and Process: Wilson Lake currently provides flood control 
storage and multipurpose storage. Under authority of the Water Supply Act 
of 1958, storage in existing projects may be reallocated to water supply. Up 
to 50,000 acre feet or 1 5 %  of total storage capacity, whichever is less, may be 
reallocated to water supply as long as project operation and authorized project 
purposes are not seriously impacted. The cost for storage is borne by the non
Federal sponsor and a water supply agreement for storage space is required. 
Costs for reallocated storage include a pro-rata share of updated construction 
costs and a pro-rata share of lake O&M costs. Repayment of costs assigned 
to the reallocation will be over a period of 30 years from the date of 
availability of the storage space. 

Point of Contact: 

Anyone who wishes may provide written input to: 

Kansas City . District, Corps of Engineers 
60 1 East 12th Street 
Kansas City, Missouri 64 1 06-2896 
Attn: EP-PF, Jeanne Musgrave, Study Manager 

If you have questions, Ms. Musgrave may be reached at (8 1 6) 426-3 173. 

Please share this announcement with anyone who may be interested. 

0 0 5 7 0 5  
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WHAT THE WILSON LAKE STUDY WILL DO: 

o Describe the water supply needs 

• 

o Describe alternative water supply sources investigated 

o Identify potential sponsors who have indicated an interest in reallocation 

o Look at Wilson Lake storage reallocation alternatives which include a 
no action alternative, reallocating multipurpose storage to water supply, 
and reallocating flood control storage to water supply 

o Determine potential impacts to authorized project purposes 

o Determine potential impacts to lake levels 

o Determine effects on downstream release patterns 

o Include an Environmental Assessment and describe all potential 
environmental impacts 

o Show costs for storage to be acquired 

o Compare costs for reallocation of storage with costs of other likely 
alternative sources of water 

o Describe the non-Federal sponsor's repayment obligations for reallocated 
storage 

--0057 (}'6· .. 
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Mr. Lavern D. Squier 
Execuuve Director 
Public Wholesale Water Supply District #15 
Ellis County Coalition 
1301 Pinc Street 
Hays, KS 67601 

PWWSD#l5 
Evaluation of Lake Wilson and Kanopolis Reservoir 
Final Report for Water Supply to Public Wholesale 
Water Supply District #15 
BMcD Project No. 31322 

Dear Mr. Squier: 

A. BACKGROUND 
The purpose of this report is to detail the findings for a water supply evaluauon for 
Pubhc Wholesale Water Supply District (PWWSD) # I  5. PWWSD # I  5 consists of 

two members - the cities of Hays and Russell, Kansas. Both cities have a history of 
water rights reduction and the need and desire to increase their available water 
supply. Additionally, there is an intense groundwater use area, IGUCA, from the 
confluence of the Big Creek and Smoky Hill River west to the Colorado border. 
which includes both cities. As a result, no additional water rights arc available. 

Russell has added several industrial water users to their system in recent years. This 
increased use has caused maximum day demands to reach the water plant's capacity. 
Water demand is anticipated to continue to increase in the future which creates a 
projected long-term maximum day facility deficit. 

Hays experienced relatively level water use over the years. This 1s primarily due to a 
well-managed water conservation (demand management) program. Additionally, 
potcnual individual customers have not located new facilities in Hays due to 
percepllons of limited water supply. 

PWWSD #15 has a desired budget of $40 million for the impllcmentation of a water 
supply plan. Funds include a $1  million federal grant, $16 million in state revolving 
fund loan, and $8 million in cash raised from a $0.005 sales tax for water supply 
development. The City of Hays implemented this sales tax in 1992. which remains in 
place as long as Hays has debt to service for a long-term water supply. This tax raises 
about $2 million per year. This money will be used to assist in  the remainder of the 
payment. 

Kansas (ily, Minouri 64114 3319 Q 2 .... , 8 .. 'I .q T1/: 816 333· 9400 
Fax· 11' 333 3690 
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The following sections of this report discuss existing water supply and treatment, 
demand projections, net water need, evaluation criteria, potential water sources, water 
supply alternatives, potential environmental issues, and econorrucs Lastly, this 
study compares four water supply plans for PWWSD #15 and recommends a plan for 
implementation. 

B. EXISTING WATER SUPPLY 
Hays and Russell both have multiple water supply sources as shown in Figure I .  
Hays' water supplies include three well fields, the Schoenchen, Dakota, and City. 
plus KDIIL remediation well<,. Russell's wali::1 suppht:s include Phtefcr Well Field, 
intakes on the Smoky Hill River and Big Creek, and Fossil Lake. Russell also owns 
storage in Cedar Bluff Reservoir. 

When evaluating water supply, the following three factors must be considered to 
determine existing system limitations and requirements to upgrade the system: 
• Safe yield of each source. 
• Water rights. 
• Maximum day capacity of the water supply and treatment facihlles. 

These factors are used to determine what limits water supply to the customer and 
which value is used in the net water needs analysis. Safe yield is the reliable annual 
quantity of water that can be pumped from a lake, river or aquifer through an 
extended dry period. For instance, many rivers in Kansas, like the Smoky Hill, have 
extended periods of very low flows and can not provide water via a surface water 
intake on a firm or reliable basis. The Smoky Hill River at Schoenchen flows less 
than 10 cubic feet per second (cfs) 50 percent of the time and less than 1 0  cfs below 
Schoenchen 25 percent of the time as shown in Figure 2 and listed in Table 1.  An 
aquifer's safe or sustainable yield is limited to average annual quantities to prevent 
water mining, which lowers static groundwater levels. 

The Kansas Division of Water Resources issues water rights to municipaltues, 
industries, and irrigators. These water rights represent the average annual volume and 
maximum instantaneous rate at which water can be pumped from a lake, river, or 
well. Water rights may be set for individual sources and limited to a combined 
amount, as in the case for Hays and Russell. 

All facilities must be sized to meet projected maximum day demands. This includes 
the intake and/or wells. pipelines, and water plant. This is typically the easiest water 
:.upply problem to fix when compared to a lack of water rights or a lack of safe yield. 

I .  Hays, Kansas 
a. Safe Yield 
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Table 1 

SMOKY HILL RIVER STREAM FLOW EXCEEDANCE SUMMARY 

Gage Near Schoenchen Below Schoenchen Bunker Hill Ellsworth 

0.5 mile upstream of 

Location Above Schoenchen WF Below Schoenchen WF Sellens Creek Highway 14 Bridge 

River Mile 31 1 . 1  304.9 261.6 213.7 

90% Exceedance (cfs) 0.38 0 7.5 1 6  

50% Exceedance (cfs) 1 1  2.2 36 60 

MOS (cfs): no MDS al this gage no MOS at this gage no MDS al this gage 

January 20 

February 20 

March 25 

April 30 
May 35 

June 45 
July 34 

August 15 

September 15 

October 15 

November 20 

December 20 -

smoky hill river flow 11/01/2002 
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Limited information is available regarding the safe yield of Hays' three 
well fields. Capacities, water rights and safe yield are listed in Table 2. 

A draft report was completed by Tom Brikowski of the University of 
Texas at Dallas in August 2002 addressing the determination of safe yield 
for the Smoky Hill aquifer in the area of the Schoenchen Well Field. 
Based on his report. the well field has a safe yield of 1,000 acre-feet per 
year, which relates to an average day supply of 0.9 million gallons per day 
(MGD). 

No publisl1t:<l i11fu1111allu11 1s available on the safe yield of the Dakota and 
City Well Fields. Water quality in the Dakota formallon 1s l11gh in 
chlorides, sodium and fluoride which limits City pumpagc to 15 percent of 
treated volume, about I 00 to 125 gpm. Pumping higher volumes of 
Dakota groundwater would require reverse osmosis treatment of that 
water. 

Their la�t source, the six KDHE air stripper welb were installed in 1999 
and will run until remediation of the PCE and BTEX contamination 1s 
complete, which could about 20 years. 

Based on the available information and City staff input, �afc yield for the 
Schoenchen. Dakota. and City Well Fields are respec11vcly. 1 .000. 200. 
and 1.200 acre-feet per year (total of 2,400 acre-feet per year). This 
relates to an average day supply of 0.9, 0. 18, and 1 . 1  MGD (total of 2.2 
MGD). 

b. Water Rights 
Water rights for Hays are as summarized below and a complete list is 
included in the Appendix. Hays' water rights are limited to a combined 
annual use of 3.675 acre-feet per year, which relates to an average annual 
day pumpage of2.278 gallons per minute (gpm) or 3.3 MGD. 
• Vested Right File No. EL 002 for Big Creek (all City Wells except C-

32 and C-33) originally authorized 16 wells for 2,025 acre-feet per 
year and 1,250 gpm. Several actions occurred bet ween 1978 and 1991 
that resulted in a reduction of the water right to 1,228 acre-feet per 
year and 760 gpm. 

• Water Right file Nos. 1248 and 5757 for the Smoky Hill River 
includes ten certified wells in the Schoenchen Well Field. Prior to 
1983. these wells were authorized for the diversion of 2,500 acre-feet 
per year. However, due to declines in river and static groundwater 
levels in the early I 980's, all water rights in the Smoky Hill River 
above the confluence with Big Creek were combined with File No. 
33,296 and were limited to 2.285 acre-feet per year and 1.415 gpm. 

3 
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Well 

C-YE1 

C-YE2 
C-17 
C-19 
C-21 
C-24 

C-27 

C-28A 
C-29 

r.-�n 
C-31 

C-32 
C-33 

D-1 

D-2 
D-3 
D-4 
D-5 
0-6 

Table 2 

City of Hays 
Well Discharge Capacity Report 

Discharge 

(gpm) 
75 

110 

135 
90 
70 
50 
155 
185 

160 

166 
120 
125 

75 

150 
150 
150 

150 
150 

150 

Water Right 
(acre-feeUyear) 

Limited to 
1.317 

Limited to 
882 

Safe Yield 
(acre-feet/year) 

Esmiated at 
1,200 

Estimated at 
200 

- ,... ... ..... � . ....,. ----.. 
S-6 250 
$-7 325 
S-8 140 

S-10 340 
S-11 210 
S-12 360 Limited 10 Estimated at 
S-13 320 2,285 1,000 
S-14 310 
S-15 250 
S-16 200 
S-17 310 
S-18 320 

Total 5,750 Limited to Estimated at 
3,675 2,400 

Firm Yield (10% out of service) 4,565 

KDHE Remedi�tiQn Wells 

40 9ei:i! 64.5 
80 gpm (2 wells) 129.0 

80gpm 129.0 
350gpmC-20 564.5 

350 m C-20TA 564.5 

Total 1451.5 

Note: 

1. ·c· represents City Wells, ·s· represents Smoky Wells, and "D" represents Dakota Wells. 

hays well discharge capacity I 1/01/2002 
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• Water Right File No. 33,296 for the Smoky Hill River covers two 
wells in the Schoenchen Well Field with a diversion of 300 acre-feet 
per year. These wells were certified in 1995 for 176.96 and 155.2 
acre-feet per year but were limited to 300 acre-feet per year when 
combined with each other. These water rights are combined with File 
Nos. 1248 and 5757 and were limited to 2,285 acre-feet per year and 
1,415 gpm. 

• Water Right File No. 33,548 for two wells acquired from Yuasa-Exide 
Corporation for the City Well Field. Consumptive use analysis set the 
water rights for the wells at 61 and 72 acre-feet per year, for a total of 
133 acre-feet per year. This increased Hays' combined water right to 

3,675 acre-feet per year and 2,278 gpm. 
• Water Right File Nos. 40,702; 40,703; 40,704 ; 40,705; 40,706; and 

40.707 for six wells in the Dakota Formation. The Dakota Well Field 
has a total diversion of 882 acre-feet per year as listed below in Table 
3. The combined City water right is limited to 3,675 acre-feet per year 
and 2,278 gpm. 

Table3 
Dakota Well Field Water Rights 

Quantity 
File No. Rate (17nm) (acre-feet oer vear) 
40,702 200 12 1 
40,703 250 160 
40,704 250 160 
40,705 250 160 
40,706 200 1 2 1  
40,707 250 160 

Maximum Day Capacity 
Hays operates three well fields, plus KDHE air stripper wells, that supply 
the City. The Schoenchen Well Field, located on the Smoky Hill River, 
includes 1 2  S-wells and can supply up to 3,100 gpm with the booster 
pump off and 3,600 gpm with the booster pump on. The booster pump 
was last in working condition in 1987. Hays' Dakota Well Field includes 
six wells of which one can be pumped at 100 to 125 gpm without water 
quality degradation, 15 percent of the total pumpage. Pumping these wells 
at a higher rate will cause the water quality to degrade to a point where 
reverse osmosis treatment is required. The City Well Field includes 14 
wells located around the City. Nine wells pump to the water plant and 
five wells directly into the distribution system. Hays' water plant also 
receives raw water from four KDHE air stripper wells. These wells are 
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used to remediate PCE and BTEX contamination in the aquifer. Based on 
this information, Hays has 4,565 gpm (6.6 MGD) of firm raw water 
diversion capacity if all facilities are properly working, excluding the 
KDHE air stripper wells. 

In 200 I, Hays pumped an average of 1.84 MGD. Schoenchen Well Field 
provided 38 percent, City Well Field provided 35 percent, Dakota Well 
Field provided 6 percent. and the KDHE wells pronded 21  percent of the 
annual supply. Prior to the year 2000, the Schoenchen and City Well 
Fields supplied about 90 percent of the total supply 

Water Supply Summary 
Based on review of available data, the safe yield of 2.14 MGD limits 
Hays' water supply. This safe yield is less than their water right of 3,675 
acre-feet per year (average pumping rate of 3.28 MGD) and the well field 
supply and water plant treatment capacity of 6 MGD. 

2. Russell, Kansas 
a. Safe Yield 

b. 

No information, such as studies. is available regardmg the safe yield of 
Russell's Pheifer Well Field, Fossil Lake, and mtakes on the Smoky Hill 
River and Big Creek. Russell has a water right of 2.000 acre-feet per year 
from Cedar Bluff Reservoir. The issue is how much water actually flows 
to the Pheifcr Well Field or the Smoky Hill River intake. 

No available safe yield information is available for the Pheifer Well Field, 
Fossil Lake, Smoky I lill River lntakc, and Big Creek Intake. Based on 
discussions with City staff, the City has never had a problem providing 
their water right of 1,842 acre-feet per year from combinations of the 
existing water sources. Therefore, their water right 1s also used as the 
safe yield. 

Water Rights 
Russell ha<; a combmed water right of 1,842 acre-feet per year (1,140 gpm 
or 1.6 MGD) for all three sources. Additionally, Chey have 2,000 acre-feet 
per year of water rights for Cedar Bluff Reservoir. These water rights 
appear to be in addition to other water right�, but arc only a reliable supply 
if an intake/pump station arc built in the reservoir and a pipeline 
constructed to convey water directly to Russell. Once the water is 
released into the Smoky Hill River, the State docs not guarantee delivery 
of that water to the City. Losses occur, including infiltration, induced 
infiltration, evaporation, and direct pumping by others 

c. Maximum Day Capacity 
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Russell has a maximum day supply capac11y which ranges from 1,500 to 
1,800 gpm from their Smoky Hill River intake. This intake is located just 

downstream of a two-foot high low head dam and is only operational 
when water flows over the low head dam. During low flow periods, water 
is diverted from the Pheifer Well Field. This well field includes nine wells 
and can pump about 1,500 gpm, but could pump up to 2,500 gpm with 
pump station repair. The intake on Big Creek can pump about 1,500 gpm, 
provided water is flowing past the intake. 

During extended periods of low flow, Russell can call for a release from 
Cedar OluffReservoir into the Smoky Hill Rivc1. LimiteJ Jala is 
available as to how much of that water would reach Russell, but a study 
has been contracted. Fossil Lake may also available during dry periods 
for emergency supply. 

Water Supply Summary 
Based on review of available data, the water right of 1 .64 MGD limits 
Russells' water supply. This water right is less than their safe yield of 3.6 

MGD and their intake/well field capacity of2.5 MGD. Additionally, their 
water plant limits water production to about 2.0 MGD. 

C. EXISTING WATER TREATMENT 
The City of Hays operates a 6 MGD groundwater treatment plant. The plant includes 
aeration, lime softening. sedimentation. filtration. and dismfecllon. Additionally. 
Hays operates several wells that pump directly into the distribution system primarily 
to meet peak demands. 

The City of Russell operates a 2 MGD surface water treatment plant. Plant processes 
include sedimentation, lime softerung, filtra11on, and d1sinfec11on. Plant hydraulics 
and age limit the capacity to 2 MGD at current regulations of the Safe Drinking 
Water Act. 

D. DEMAND PROJECTIONS 
Demand projections for the cities of Hays and Russell were provided by PWWSD 
# 15 staff as shown in Figure 3 and listed in Table 4. I lays is anticipated to grow from 
about 20,000 people in year 2001 to about 22,550 people in year 2010 to about 
36,000 in the year 2050. Russell is anticipated to grow from about 4,500 people in 
2001 to 7,300 people in year 2050. PWWSD #15's year 2050 total water demand 
increases to an average day of 8.0 MGD and a maximum day of 15.4 MGD. Hays 
has an average day demand of 5.5 MGD and a maximum day demand of 1 1 .0 MGD. 
Russell has an average day demand of 2.5 MGD and a maximum day demand of 4.4 
MGD. 
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E. NET WATER NEED 
Net water need for PWWSD #15 is delermined on an annual allocation and maximum 
day basis as listed in Table 4. The net annual alloca11on needed is based on the 
difference between the projected average day demand and safe yield or water rights, 
whichever is lower. Review of Table 4 shows the net annual water need is 4.700 
acre-feet per year or 4.2 MGD for the year 2050. This annuaJ need sets the required 
firm yield for purcha'>c of water from the selected reservoir. 

Maximum day net need is based on the difference between the existing supply 
systems limitations or maximum instantaneous water right diversion. whichever is 
lower, and the projected maximum Jay J�mam.l. Review of Table 4 show-, the 
maximum day nel water need for PWWSD #IS is 8.2 MGD. Hays is projected to 
need a maximum day of 6.7 MGD and Russell is projec1ed 10 need a maximum day of 
1.5 MGD by the year 2050. 

F. EVALUATION CRITERIA 
1 .  Basic Criteria 

These basic evaluation criteria are applied to each water supply altemauve to 
guide 1he decision-making process and determine 1f any fatal flaws ex1s1 for any 
alternatives. Primary criteria typically include the following: 
• Water Supply Capability 
• Water Quality 
• Legal, Policy and Political issues 
• Risk 
• Future Planning 
• Environmental Issues 
• Cost Estimates and Economic Comparisons 

a. Water Supply Capability 
Each potential water source musl have the capability to supply all or part 
of the project net water need on an average day and maximum day basis. 
Water supply capability should be evaluated for the following: 
• Safe or Firm Yield - the safe yield of a reservoir or aquifer is the 

available supply dunng the most severe drought of record. Kansas 
evaluate!. rei.ervoir yield with hydrolog1c data for the drought of 
19SO's to detennine how much water would be available without 
interruption. Firm yield for a groundwater supply is the pumping rate 
that wil I not cause incrustation or solidification damage to the aquifer 
formation or mine water from the aquifer over time. 

• Ability to Meet Demands - the ability to meet total water demands, 
individually or collectively with other sources, will likely impact 
project cost. Maximum use of existing infrastructure is an important 
consideration in the development of alternatives for cost savings. 

027821 
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Additionally. the ability of a supply lo be developed in stages, which 
delays costs until demands increase, is another important consideration. 

• Water Rights Kansas permits the annual and maximum allowable 
withdrawal of water in lhe state from each river. reservoir, and 
groundwater well. These rates are typically based on a \afc or firm 
yield. 

• Integrated/Conjunctive Use - Conjunctive use allows the utility to 
manage the operations of available water sources and maximize the use 
of "as-available" water supplies with other aspects of the project. Both 
Hays and Russell appear to have potential conjunctive use situations 
based on their ability to pump high volumes of water on an "as 
available" basis and their limited safe yield and/or water right. 

• Peak Non-Potable Use Criteria - Use of treated wastewater effluent, 
storm water storage, or remediated groundwater in a reclaimed water 
system could be used to reduce wmmcr peaks and lower annual usage. 
These systems arc typically used to irrigate parks. golf courses. ball 
fields, farm land or to supply non-potable process water. cooling 
water, and irrigation water to large industries. 

Water Quality 
The quality of the raw water from a perspective water source and the 
desired finished waler quality by the utility are important variables in the 
alternative evaluation process. Types and cost of treatment can vary 
significantly for each alternative and impact the results. All finished water 
must meet the regulations of the Safe Drinking Water Act and it!. 
amendments at a minimum along with any other state regulations. Some 
parameters, such as chlorides, nitrates. arsenic, and pesticidci., may require 
special treatment processes for removal. These special processes represent 
additional expenses and will impact capital and operating costs. 

Legal, Policy and Political Issues 
Water law issue� for the particu lar state(s) must be evaluated for each 
alternative. Many states have unique approaches to the transfer, 
permitting, and use of the state'., water. For instance, Kansa'> does not 
allow an inter-basin transfer, i.e., the transfer of water from one watershed 
into another. 

Policy and political issues must be carefully considered as they can 
substantially delay or kill a project or alternative. Policy i'>sues address 
federal, state, and local rights and regulations such as a C11y's nght of 
condemnation, purchase and transfer of water rights, and environmental 
fatal flaws (critical habitat for a listed threatened or endangered species or 
abnormally large area of important wetlands. 
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Political issues associated with each water supply alternative should be 
carefully considered. Significant opposition to a project can cause long
term delay!.. !>Ubstantial increases in cost, litigation, and potenllal 
cancellation of the project. 

Risk 
Risk is a common variable in an integrated water resource management 
approach and complicates the selection process. An alternative can have 
various levels of risk depending on the project. A project wtth a firm 
yield, like a reservoir, will have less nsk of a water shortage or inadequate 
maAi111u111 suµply than a well field project wirh no or limited water rights. 
Different alternatives can also have varying levels of nsk. Risk can be 
managed by increasing the level of water conservation during extended 
dry periods .  

Future Availability 
Future availability of a water supply is related to the ability of the utility to 
execute a plan given a number of regulatory, social. economic. 
environmental, and political constraint!>. Other factors that should be 
considered are continued development by other communiues, their need 
for water, and how much of this supply will be available over the next 10 
to 50 years. 

Environmental Issues 
Environmental issues associated with each alternative are evaluated to 
determine if a potential environmental "deficienc:> ·· or "fatal flaw" might 
exist. Typical fatal flaws deal with the presence of federally endangered 
species, wetlands, historically important property. or other !tignificant 
environmental resources. These fatal flaws are used in the preliminary 
screening to eliminate alternatives from further more detailed evaluations. 

Various areas of concern might involve the following: 
• Relocations of dwellings, churches, and cemetene!>. 
• Land or right-of-way required for the alternative. 
• Timber removal. 
• Inundation of rivers and stream�. 
• Wetlands. 
• Cultural resources. 
• Biological resources, including federally endangered species, federally 

threatened <,pcc1es, state endangered species, and state rare species. 
• State fore"t" and natural areas. 
• Recreation. 
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g. Opinions of Probable Costs and Economic Comparisons 

Opinions of probable cost for construction and operation, maintenance, 
replacement and energy (OMR&E), present value analysis, raw water 
purchases, and other cost allowances are used to compare each water 
supply alternative to determine the most economically feasible 
alternatives. Cost estimates for water supply alternatives developed in 
previous studies arc modified, updated and used in th1<, report. Opinions 
of probable cost for new alternatives developed for the new study will 
require a preliminary conceptual design to determine preliminary sizes. 
layout, and quantitie<, of materials and components. OMR&E costs 
1equi1� p1di111i11a1y con�1deration of how each alternative will function in 
relation to the existing water system. All costs arc typically set to an 
Engineering News Record Construction Cost lndex for the city or region. 

1) Project Costs 
Project costs consider construction, contingencies, land or right-of
way, environmental mitigation, water storage purchase (from 
existing reservoirs), and other costs. These costs arc often used for 
comparisons of alternatives in present day dollars without 
consideration of the time value of money. 

a) 

b) 

Construction Cost 
Estimates of construction cost arc uhe primary components 
of project cost. Estimates of construction costs are based 
on the application of unit or component costs, derived from 
historical projects, to the number and size of components 
and quantities of materials associated with each water 
supply alternative. 

Land and Right-of-Way Costs 
Land and right-of-way costs associated with each water 
supply alternative are estimated from historical 
informauon. Right-of-way for p1pehne altcmauvcs are 
typically based on a permanent eao;ement of 30 feet with 
temporary easement of 50 feet depending on the size of the 
project. Permanent easements are u�ed for right-of-access 
along the pipeline route for repairs and maintenance 
activities. Temporary construction casements are used 
during construction to revert back to the landowner after 
construction is complete. 

c) Environmental Mitigation Costs 
Costs for various types of environmental mitigation should 
be included in each water alternative. Typical cost 
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allowances may include mitigation for habnat, threatened 
or endangered species, fish and wildlife. wetlands, and 
cultural resource. 

Water Storage Purchase Costs 
The purchase of a ponion or all the water storage in 
existing reservoirs is included in the alternatives cost 
estimate. Purchase of water from a State rcsen·oir is 
through the Kansas Water Office and requires an annual 
operating cost per 1 .000 gallons of water used. At a 
minimum, the public water supplier mu�t pay for one-half 
of their allocated volume. This current cost 1s about SO. 15 
per 1,000 gallons. 

Purchase of water storage directly from the Corps of 
Engineers requires the public water supplier to buy storage 
to support the desired firm yield. plus their portion of the 
annual maintenance cost. 

e) Other Costs: 
Other costs associated with each alternative include fees 
and expenses associated with technical. professional, and 
special services required to execute delivery of each 
alternative or plan. Such costs include environmental, 
technical, geotechnical, and hydrological studies; land and 
right-of-way appraisals and negotiations, design, and 
resident engineering fees, construction material testing, 
legal fees. project insurance. land surveying and legal 
dei.criptions, project design surveying. operation and 
maintenance manuals, additional management, O&M 
pe rsonnel. and personnel training. 

2) OMR&E Costs 
Operation. maintenance, replacement and energy (OMR&E) costs 
are used along with capital costs in the economic comparison of 
alternatives. These costs are budgeted on an annual basis and are 
ongoing throughout the study period. 

3) Present Value and Cost of Water Analyses 
Present value and cost of water analysis are performed on each 
water source alternative to permit econom ic comparisons of project 
cost and OMR&E costs for all phases of the work in current 
dollars. Present value analysis covers the full study period and 
includes inflation, discount rate and debt service. 
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The cost of water analysis is based on the present value accounting 
for the volume of water used by the alternmive. Costs are typically 
shown in dollars per million gallons per day (MGD) or per 1000 
gallons for each year and over the study period. 

G. POTENTIAL WATER SOURCES 
Thie; project has three potential water sources. Kanopolis Reservoir, Wilson Lake, the 
proposed Phase I Well Field. as shown in Figure 4. Yield analysis repons were 
re\ 1ewed for Kanopolis Reservoir and Wilson Lake. Review of these repons show 
the analyses arc reasonable a.� dctatled in the summary memu1 am.lu1 1 1  im.:luud iu the: 
Appendix. Each of these sources is discussed below. 

I . Kanopolis Reservoir 
The State owns 12,500 acre-feet of water supply storage in Kanopolis Reservoir 
and the Kansas Water Office (KWO) markets this storage. The reservoir is 
constructed, owned and operated by the Corps of Engineers. KWO estimates the 
year 2000 yield of the lake to be 24.5 cfs or 15.8 MGD and the year 2060 yield of 
the lake to be 15.0 cfs or 9.7 MGD. Based on discussions with KWO, Post Rock 
RWD is the only customer of the storage at 1.0 MGD. An add111onal 7 ,500 acre
feet of storage is available from the Corps if desired by the State. 

Kanopolis Reservoir has good raw water quality. Post Rock uses conventtonal 
softening methods to treat the water. 

2. Wilson Lake 
Wilson Lake is owned and operated by the Corps of Enginee rs and has approved 
uses for recreation, flood control, navigation, irrigation, and water quality. The 
lake has a total yield of about 80 cfs or 52 MOD. The lake docs not have a water 
supply pool and would require reallocation of storage for the purpose of water 
supply. 

Ba!-.ed on interest in the '>lorage by Hays and Russell, the Corps performed a 
reallocation study in 1997 and determined lhat 30,000 acre feet of storage would 
be required to provide a firm yield of 8,000 acre-feet per year or 7.1 MGD. The 
cost for 30.000 acre-feet of storage is about $4.8 million m 1997 dollari., which 
can he paid to the Corps in a lump sum or paid over 30 yea r� with interest. 
PWWSD # 1 S would also be responsible for their portion, ahout 4. I percent, of the 
joint-use operation, maintenance, and replacement costs at Wilson Lake. 
Additional storage is availahle to increase the yield if needed. 

Based on current projections, PWWSD #IS would need to purchase 17 ,600 acre
f eet of storage for an annual yield of 4,700 acre-feet or 4.1 MGD. This storage 
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would have a year 2002 capital cost of about $3,023,000 and an annual cost of 
$20,000 per year. 

Wilson Lake has high salinity water with chlorides ranging from 290 to over 
2,000 mg/L with a mean of about 1030 mg/L. This water requires reverse 
osmosis treatment to conform to current water quality standards for Hays and 
Russell. 

3. Proposed Phase I Well Field 
A proposed Phase I Well Field concept was developed arnd partially designed by 
ulh�rs !u s�rv� as a. immediate supply which could continue to be used into the 
future. The well field is located outside the Intensive Groundwater Use Control 
Area (IGUCA) and starts just east of the confluence of Big Creek and the Smoky 
Hill River and proceeds about 20 miles cast along the Smoky Hill River as shown 
in Figure I .  Locations and estimated capacity for the proposed wells are listed in 
Table 5. 

Table 5 
Summary of Proposed Phase 1 Well Field 

Desi1mation Caoacitv (!!om) 
PH-I 400 
PH-2 225 
PH-3 1 ,300 to 1 ,600 (horizontal collector well) 
PH-4 500 
PH-5 400 
PH-6 400 
PH-7 400 
PH-8 400 
PH-9 400 

PH-JO 400 

The safe yield of the Proposed Phase I Well Field is currently uncertain. 
Additionally, water rights for the wells have not been secured. Therefore, water 
supply facilities from Kanopolis Reservoir and Lake Wilson are sized to meet the 
entire net water need for the maximum day demand of PWWSD #15. If no water 
rights are available. construction and operation costs of these facilities would be in 
addition to costs presented in this study for the Kanopolis and Wilson Alternatives. 
However, until safe yield and availability of water rights arc determined, 
implementation of the proposed Phase I Well Field should not be pursued. An 
operations study with all water supply alternatives working in conjunction with other 
existing supplies is needed to determine the value of this potential water source. 

13 
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Evalua1ion of waler supply alternalives include lhe devclopmen1 of schemauc concepl 
design of water supply allernativei. with adherence 10 all the cvalua1ion cri1eria, 
meeting water quality goals, and preparation of op1mons of probable project costs. 
A<.. part of the study, the existing raw water collecuon, delivery and treatment systems 
are evaluated to determine the existing capacity, strength<> and weaknesses of the 
<..ystem. Concept designs are completed for each water c,upply alternative to work 
with the existing system, supply water to the delivery point(s), and meet projected net 
water needs throughout the study period within the limits of the alternative's available 
supply capacity. 

During the preliminary concept design, USGS mapping is typically used to develop 
and layout the concept. This provides a sufficient level of accuracy to note facility 
elevations, reservoir design, well field layou1, intake location, and length of pipe to 
connect the alternative to the existing system delivery point(s). Available water 
quality data is evaluated and treatment concepts arc developed to treat the water to 
desired water quality. Preliminary environmental reviews, paper studies of known 
resources, are completed through combinations of agency contacts, use of GIS, and 
available data and information document\ and resource!.. 

Facilities are sized and quantities estimated based on the locations of the facilities and 
their proximity to the delivery points. Capital costs are developed for each 
alternative. Operating parameters are developed to generate operation and 
maintenance costs. Replacement costs are based on the alternauve's mechanical 
equipment type, size, life expectancy, and operating frequency. Energy costs are 
based on the cost of energy, 1he size of the concept components, and the operatmg 
parameters. All this information i'> combined to develop pre-.ent value and cost of 
water estimates for comparison with other alternatives. 

Two water supply alternatives are evaluated m this study as listed below: 
• Alternative I - Wilson Lake. 
• Alternative 2 - Kanopolis Reservoir. 

Two water supply alternatives are not evaluated since no water right and cost data are 
available as listed below: 
• Alternative 3 - Wilson Lake plus Proposed Pha�e l Well Field. 
• Alternative 4 - Kanopolis Reservoir plus Proposed Phase l Well Field. 

Multiple pipeline routings were developed to convey water from Wilson Lake to 
Russell and Hays and from Kanopolis Rc:-.crvoir to Russell and Hays as shown in 
Figure 4 and listed in 'fable 6. Selected routes arc primarily based on pipe length, 
minimizing environmental impact, and constructability. Alternatives I and 3 includes 
pipeline options W-1 Branch, Wilson Extensions I and 2, and KW-3A to convey 
water from Wilson Lake. Alternative\ 2 and 4 includes pipeline option K- 1 Branch, 
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K·t Stanch 

K·t13 Eldet,.;"!!._ __ 

K·tB 

K-2B 

K·3B 
-----

W-1 Stanch 

Wilson Extension 1 

Wilson Extension 2 

Russell Extension 1 

Aus.sell Extension 2 

W·l 
KW·tA 

K\Y·2A 

K\Y·3A 

Wilson I 

W11son2 

W1lsonJ 

w-.--rson 4 

Kano(Xll.s 1 

Kanop<>1S 2 
Kanop<>,;J ----

Kanop<>hs 4 

Notes 

Length 
(LF) 

68.896 

___ 3_1.�-

1i'i,716 

.�-W!. 
128,106 

41.976 

2,791 

__ 8,470 
5.306 

13,137 
246,9:i6 

248,92� 
256 .250 

--W.300 

288.912 

302.J.64 
309.487 

-�.067 
479.953 

. �.180 
-415.519 -- . 

458.857 

Creek 

0 

4 
---4 --� 

_1 

--�6 

5 
- 5 

---
5 

__ , 
-7 

J 
6 

-,2 
�--12 

-� ,, -

12 -

1 Wilson 1 includes Wilson t Branch and W· 1 

Number ol Croulnoa 
Alllroed Road 

tl 
0 -- 4 

-�o ---14 

1 ____ 16 
·� 0 �-12 �� 

0 4 

0 0 

0 

6 2 

0 

----5 -----�44-
---t ___ 52 

2 --68 
---2 ---'° 

5 � 
--

58 

2 74 

44 
2 87 

� !Q.1 

3 69 

3 85 

2 Wiison 21ncludes Wilson 1 Branch, Wilson Eldenslons 1 and2, end KW·1A 
3 Wiison 3 •ncludes Wilson 1 Branch, Wiison Eldenslons 1 and 2. end KW ·2A 
4 Wiison 4 includes Wilson 1 Branch, KW ·3A. and Wilson Eldonsion 1 

Table 6 

PIPELINE ROUTE SUMMARY 

Hiahw•v 

0 

0 

2 

. ------------. 
0 

l 
0 

0 
--
--

___ c 
---=-2 

c 
___ t 

----t -

3 
4 

2 -

2 

Air Release Pope Cost of Cro11lro1 Air Release Total 
Vaults Cost Creek Railroad Road Hlohwav Cost Cost 

6.614.208 t2.()00 90.000 66.000 6.772.208 

3.069.024 z4.ooo -3:093:024 
10,724 736 24,000 84.000 � 10,992.736 

--- ----11,768.544 �000 
-

SO.ooo 
-

-96.000 --80.000 12.048.544 

12.298.176 24 ,000 72.000 80,000 12.474 176 
1� 1� 4,029.696 _6.0C!J -1�Z

4.
00£ 4.Q59�69� 

267,936 80.000 347,936 

013.120 6.000 . 2.000 
-

831 .. 1.20 

1,261152 -s:ooo --= 24�" . �  ----�1 .t52 

23,705,856 36,000 400 .000 264 .000 80,000 24,485.856 
�- � 

23,896,99_2 39,000 �OC1Q �-3.:l,<pQ_ 24,3t8.992 
-----24. 600.000 �.()()() !�� - -406.000 t60 .000 ---- 25.358.000 

23.t64.800 30.000 160.000 2'-0.000 ---- 23.594.800 -� ·� n 
27,735.S52 42.()()() _400.000 288.()(10 -- __ eo.ooo 28.545.S52 

29.007.744 _E.000 -80.oOO --JLS.000 80.000 29�-!44 
29.710.752 - 42.000 - 16()L000 4L4.000 240.()()() 30.596.752 

61�7.462432 36,oOo - 100.00Q. 2\A,000 80.000 28.002.432 
-

-

61 

45.566.112 n.@ 
42.982,752 66.00() 
45,146.� 66.000 

43.5§.896 72.ooo 

�.:.000 
_320.000 

240,000 
-----� 240..QOO 

510.000 

5;0.000 
4()2.000 
·�8.000 

-100.000 46468, 1_i2 

240.000 �128.752 
80.()()() _i5.!J34.20ll. 
80.000 44� 

5 Kanopolis 1 includes K·1 Branch, K·IB E1<1enslCYl, K·1B. KW-IA. arod Russell Eldensoons 1 and2 
6 Kanopolis 2 includes K·1 Branch, K·2B. KW·2A. and Russell Eldensoons I and 2 

Kanopolis 3 includes K·1 Branch, K·IB E1<1ensio�. KW·3A, K·3B, and Russell Extension 1 
s Kanopolis 4 includes K-1 Branch. K·2B. KW 1A, and Russell Eldenslons 1 and 2  
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K-2B, Russell Extensions I and 2, and KW-IA to convey water from Kanopolis 
Reservoir. Lake Wilson intake and surface water treatment plant arc si7ed to convey 
and treat an additional 20 percent flow. This additional flow accounts for the reject 
stream from the reverse osmosis treatment. 

Alternative 1 includes the following components: 
• 4.8 MGD intake in Wilson Lake expandable to 9.6 MGD by year 2050. 
• 4.8 MGD surface water treatment plant with reverse osmos1:. expandable to 9.6 

MGD in year 2050. Water plant will be located near the lake 
• Pipeline opt10n Wilson 4 - 53.5 miles of 24-inch pipeline and I mile of 12-inch 

diameter p1pehne. 
• High Service/booster pump stations installed in years 2005 and 2050 with 

expansions about years 2020, 2030, 2037, and 2050. 

Alternative 2 includes the following components: 
• 4.1 MGD intake in Kanopolis Reservoir expandable to 8.2 MGD by year 2037. 
• Proposed Phase I Well Field. 
• 4.1 MGD surface water treatment plant expandable to 8.2 MGD m year 2037. 
• Pipeline option Kanopolis 4 - 81 miles of 24-inch pipeline and 3.5 miles of 12-

inch diameter pipeline. 
• High Service/booster pump !>tation!> installed in years 2005 and 2050 with 

expansions about years 2020, 2030, 2037, and 2050. 

Alternative 3 includes the following components (not included in the analysis due to a 
lack of water rights and cost data from other): 
• 4.8 MGD intake in Wilson Lake expandable to 9.6 MGD by year 2050. 
• 4.8 MGD surface water treatment plant with reverse osmosis expandable to 9.6 

MGD in year 2050. Water plant will be located near the lake. 
• Pipeline option Wilson 4 - 53.5 miles of 24-inch pipeline and I mile of 12-inch 

diameter pipeline. 
• High Service/booster pump stations installed in years 2005 and 2050 with 

expansions about yea� 2020, 2030, 2037, and 2050. 
• Proposed Phase 1 Facilities including well field, pipelines, and reverse osmosis 

plant. 

Alternative 4 includes the following components (not included in the analysis due to a 
lack of water rights and cost data from other): 
• 4.1 MGD intake in Kanopolis Reservoir expandable to 8.2 MGD by year 2037. 
• 4.1 MGD surface water treatment plant expandable to 8.2 MGD m year 2037. 
• Pipeline option Kanopolis 4 - 81 miles of 24-inch pipeline and 3.5 miles of 12-

inch diameter pipeline. 
• High Service/booster pump stations installed in year:. 2005 and 2050 with 

expansions about years 2020, 2030, 2037, and 2050. 

1 5  U27830 
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• Proposed Phase 1 Facilitie� including well field, pipelines, and reverse osmosis 
plant. 

!. ENVIRONMENT AL ISSUES 
Review of Figure 4 shows several areas where additional environmental and cultural 
resource investigation will be required for the different routes; however, based on the 
preliminary review of the intake locations and pipeline route:., no fatal flaws are 
identified. 

ECONOMICS 
1 Opiniuns uf Pwuaul� Cu!>l 

This section of the report presents "order of magnitude" opinion of probable 
construction cost, opinion of probable OMR&E cost, and a present worth analysi� 
for the four water supply alternatives discussed above. These "order of 
magnitude" opinions of probable costs are preliminary in detail and arc intended 
for the evaluation of alternatives to allow identification of the most economical 
alternative and are based on an Engineering News Record Construction Cost 
Index of 6791.96 for September, 2002 for Kansas City, M15soun. 

These "order of magnitude" opinions of probable costs are primarily based on 
experience and judgement as combined with information from past experience, 
vendors, published sources, and previously reports provided by PWWSD #I S. 
Since Bums & McDonnell has no control over weather. cost and availability of 
labor, material, equipment, labor productivity, coni-.truction contractor's 
procedures and methods, unavoidable delays, construction contractor's method:. 
of determining prices, economic conditions, government regulations and laws 
(including the interpretation thereof), competitive bidding or market conditions 
and other factors affecting such opinions or projections; consequently, the final 
project costs will vary from the opinions of costs presented in this study and 
funding needs must be carefully reviewed prior to making specific financial 
decisions or establishing final budgets. 

Unit costs for the project facilities are listed in Table 7. These costs are used in 
the opinion of project CO!.t and present value table:. for each alternative. 

A 20 percent contingency allowance is used to cover all types of unaccounted-for 
project costs resulting from conditions, details or components, which are not 
normally known or determined until final detailed design. Other costs include 

engineering, surveys, geotechnical, legal, construction observation. and other 
related costs at an allowance of 1 S percent. 

Present value analy�ii. i., ba!>ed on an inflation rate of 3.0 percent and a discount 
rate of S.O percent. Debt service for all capital costs were assigned to the year the 
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Table 7 

OPINION OF PROBABLE UNIT COSTS 

Item 
Construction: 

Size/ 
Capacity Unit Cost(S) 

Lake Storaoe • KanopolisBe_se ___ rv_oi_r ______________ ·------·- annual 
_L!ck�StOr!lge·W•son_lake -� 17650� 3.023� ,� Intake ·_Kanopolas.p1ual �nstrucllOn _ a:2+--'MG==cD-jl---=3.200� 

Intake ·Wilson 9.84 MGD _ 3.300 ,000 
i� Intake Pumps. Motors. VFOs, Ele<:bcal. Valves and_Popmg • lmbaf _::.= 2.5 . 2.73 MGD. 80·120' EA _ 350,000 
__ l�take Pumps, Motors, VFDs. Electrical. Valves and 1'•�· Ei<pansoon 2-:-s�.73 MGD. 80· 120' EA 220,000 

1�-
_P1�1ne (24·hnch) 

�n��hnc�h�>�---
P1gg1ng �nn�ec�t�oo_n�•------
Air RtiHC_! Vaull& 
lnte_'!late_c::rosso�� Hog� Crossings (100') 
Ra1lr.Q_ad Crossings (100') 
Cree_k CI_ossings (1 00') 
R£>&d gross

1

ngs �01_ 
Rlght-ol·W�_lootl 

-

_Ro<;k Excavation • Kanopolis (Ells'-'w'-'o"-rt"'h'-'C'-'o'-'.)L·-'5'-'0'-'%-'--------
Rock Excavation · Wilson (RusselVElhs Co.) - 25% ---
High Service Pump S1at1on_c,------------
Kanopol1s lnlermed1a1e B�P-"S'------------

--
-

--
-

---
--

W1lson lntermed1a�te�B�P�S __________ -----
Hays/Russell BPS __________ _ 

--
---

------

-
-

--

- -

Meier Structur-'-es'----------------------• ---

Surface Water Treatment Plant · lmual ConstrucllOn 
_ Surface Water Treatment Plant · Expansion 

Reverse Osmosis Plant at Wilson Lake • Initial ConstrucllOn 
Reverse OsmoSJS Plant at Wilson Lake - 1 MGD Expansion 
Reverse 0$mos1s Plant at Wilson Lake • 2.5 MGD � 
O.sposal Well -

---
. --
--
-

-

24 
12 

1 
1 
1 

__ 1 
1 

1 -
1 -

2 
1.0 
2.5 
1 

f>owe� Supply_ 
SCADA_ ---�----------

LF 
LF 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
LF 
LF 
LF 

LS LS 
LS 
LS -

-

EA 

MGD 
MGD 

MGD 
MGD 
MGD EA 

LS 
LS 

75 
- 40 sS.000 

!:i,000 
- 120.QQQ 
- 80.._000 
- 80,000 

- 6,000 
-- 6,000 

1.1 5 --
0 
0 

1.100.000 
1,550,000 
1,320,000 
1.390,000 

--- -
30.000 

1,500,000 
1.250.� 
2, 090,000 

5?0.000 

_ _!.395.� 
_ __!,__000� 

Phase I well Field -------------- -------- - L�� ------< 
Annual Operation & Maln1enance: 

Kanopolis Water Supply 
Wilson Lake OM&R 
Surface Water Treatment Chemicals and Energy 
Surface Water Plant Lab-or 
RO Treatment 
P1pehne 
Pump Stations 

Relacement: 
Mechanical Equ1pmen1 

Energy: 

Present Value 
lnftatoon 
Bond Rate 

--- -----------

--- ----------

- -

--

---1 .000 
1 -

---- 1,000 
1 

1.000 ----
1 ---� 
1 -

-----
1 

-
--
-

Gallons 0.1 5 
YR - 20,000 

Gallons 0.30 -
YR - 150,000 

Gallons 0.2:5 -
YR - 20,000 
YR 10,000 

% 5,Q 
--- -Kwh 0 .07 

� 
... 3.0 ---
... . � 

11.Ul/2002 
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project construction is initiated. All OMR&E costs are inflated annually. 
Replacement is based on 0.75 percent of the inflated construction cost. 

Opinions of probable cost for the Kanopolis Reservoir Alternative and 'W 1lson 
Lake Alternative are respectively listed in Tables 8 and 9. Review of Table 8 
shows the Kanopolis Reservoir Alternative has a Phase l cost of $64.1 million 
and a total cost of $75.1 million in year 2002 dollars. The Wilson Alternative has 
a phase 1 cost of $59.7 million and a total cost $84.3 million in 2002 dollars. 
Thei.e costs are ba!>ed on the following assumptions: 
• A rock trencher will be used to prepare the pipeline trench. GeotechnicaJ data 

j, 1c4uin:d lo vcnfy the effectiveness of a rock trencher and product1v1ty ot 
the trencher. 

• Pipeline is installed in existing right-of way adjacent to the road. Sections of 
the roads will be closed to through traffic during construction. 

• No costs are included for pigging connections, right-of-way, power supply, 
and SCADA. 

• No information was provided for the Phase I Facilities construction and 
OMR&E costs: therefore, the Phase I Facilities are not included 111 the 
analysis at this time. 

2. OMR&E 
Operations and maintenance costs, replacement costs, and energy costs arc 
detailed in Table &, the unit costs table. These costs are used in the present value 
analysis. Energy costs are calculated for the pipeline based on projected net need 
and applied to the present value. 

3. Present Value 
Present value is used to compare the initial and long-term costs of the alternauves 
as listed in Tables 10 and 1 1 ,  respectively for Kanopolis and Wilson alternatives. 
The analysis includes debt service based on inflated construction costs, water 
storage costs, treatment costs, pipeline and pump station operations and 
maintenance costs, pipeline energy, and replacement. Review of the tables shows 
the Wilson alternative has slightly lower initial construction cost� but has slightly 
higher operations costs due the required reverse osmosis treatment. As a result, 
the year 2024 present value is $4. 15 per 1 ,000 gallons for both alterna11ves and 
the year 2049 present value is $0.S I per 1,000 gallons for Kanopolis and $0. 70 
per 1,000 gallons for Wilson. 

K. CONCLUSIONS AND RECOMMENDATIONS 
The two alternatives are compared on a initial and total const.ruction cost, present 
value, environmental, water supply capability, water quality, legal, policy and 
poli11cal issues, risk, future planning basis as shown in Figure 5 and summarized 
below in Table 12. The Phase I Well Field , by others, is not included in the 
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Phase 1 : �� -
,_LakeSt�e 

Item 

Table 8 

OPINION OF PROBABLE PROJECT COST 
8.2 MGO SUPPLY TO PWWSO #15 

KANOPOLIS RESERVOIR 

Quantity Unit 

ANNU AL COST 

Unit Cost ($) 

l nlake w/ Cnem

1

ca"'l'-'F='
e:.::e:.::d ________ _ 

ln1akeSubmera1b�ps and Motors (2.73 MGD � 80] 1 LS �3.200.000 
350.000 

_ Pipeline • 24" 
P1oe1ine . 12· 
Pt001no Connections 
Air Release Valults 

,___,_ln_te_r&�lale CrOCC111QO 
H 1ahwav Crossings 1--+R""a"'

'

'""'°ad Crossing• ,_ £!!>ek Crossings ,_ !:!_oad CroSSings � R1ght-ol·W_l!L 

Hljj�ervlce Pump Station 

2 EA 

426,360 LF 75 
------------r--,..1s"' • .,.4so=-=-0t--��-=F--1·- 85.C: 

__ 6_1_._ __ EA� 5.000 
__ o"t--=EA"-- ___ 120.000 

2 EA 80.000 l-----"3-t--'EA ----80,000 
12 EA ----6,000 _::--as EA 

---
6.000 

__ -_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-.: - 0 � =-- , 15 - 1 
Hays/Russell Booster Pump S t atio_n _________ -t_ -- 1 

LS 
LS
--· 1,100.000 

1,390,000 

--�"'St;::;<U::.:C1"'U::.:l.::.es::_ ____ _ 
� 

2 -
-

4 

EA 3(),000 

MGO �590.000 _ 

Cost(S) 

0 
-3:200.000 700,000 

31L9n,ooo 
739.000 

0 
305.000 

0 
160,000 
240.000 

72,000 
510,000 

0 

1 ,100,000 
1,390,000 

60.000 

6.000.()()() 

-- -
-
------------- ---- -----

t---+P_o_v._e_r Supe!)' _________________ ----t-----t------___ O 
SCAD A ----------------_ --- Q 
Phase I Well F!eld ____________ _ 

Subtol81 
Cont1naency 0 20% 

Su bro ta I 
1--�0to-c'he=r Costs 0 15% 

,__ ___ P_hase 1 P1ojec1 Cost 

Pha59 2 · Year 2020 to 2025 lmpro� me_nts_: __ 
Intake Submel'Slble Pumps ExpanSIOn (2.73 MGD 0 801 
Surface WatelTi'eatment_flant �SIOl)_at Lake __ 

Hioh SeMCe Pump Sl8tion Expansion 
1---+H_a�1VS/�IRussell-Booster _Pump Statio�n�Expa=--n-sio_n ___ _ 

Kanopolis Intermediate Booster Pump Slation 

1--1---�--"S:.::ubtolal 
>---Contingency 0 20% 

_ Subtoral 
Other Costs 0 15% ----------

,__ ___ P_h_•_•• 2 Project Co1-'t __________ _ 

PhaS<! 3 • Year 2030 Improvements: 

__ 11--__ EA __ ,.__ __ 220.000 

, ____ 2+-_MG�0�---+--�1 ,250.000 
1 LS 
1 LS 
,--LS 

1n.ooo 
---8&,000 J,sso.ooo 

IHioh Service Pu_!!!P Sta="""�-�Expa==n�510fl�------- 1 LS 20G.OOO IHavs!Russell Booster Pu!!!!> Stabon Expan510fl::.:,... _____ ----'�-
-

L_S_� ___ 2_97 .000 

0 
46,453,000 

9.291,000 
-55,744 ,000 8,362,000 

64,106,000 

220.000 

_J.�.� 
_1n.ooo 

88_,_000 
1,550,000 

206.000 
297.000 

reviseo_cos1-summary1 11/0112002 
f'\ � ..., " .. 
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Item 

-
Subtotal -

Cont1ngen91 0 20!-
Subtotal 

Other Costs 0 _15'1� 

Phase 3 Project Cost 

Table 8 

OPINION OF PROBABLE PROJECT COST 
8.2 MGD SUPPLY TO PWWSD #15 

KANOPOLIS RESERVOIR 

Quantity Unit 

-
---- --------

---------
---

-
-

- --
---- --

Phase 4 · Year 2037 to 2040 Improvements: 

Intake Submers•ble Pumps E�sion (2.73 MGD 0 80l 1 EA 
----f- -

Surlace Water Treatment Plant Expansion at Lake 2 MGO 

H 1ah Service Pump Statoon Expansion 1 LS 

�s!Fiussell Booster Pu'!'Jl Stat�nsion 1 LS 

-
Subtotal --- Conbngency 0 20% 

- - --
Subtotal 

Unit Cost (S) 

220,000 

1 ,250,000 

- 41 2,000 
149,000 

-

----Other Costs 0 15'• 

Phue 4 Project Cost 

Phase s · Y ear 2050: ,._ Fgh Servrce Pump Station Expansion 1 LS 206,000 
Hays/Russell Booster Pump StallOn Exi>ansion 1 LS 149.000 

- -------
Subtotal -------. Conbngency 0 20% ----- -

. Subtotal ---- --
Other Costs @ 1 5% 

Phan 5 Project Cost --
- Total Project Coat -

Note· 
1 All ccsts are on Augutt 2002 dollars. 

Cost($) 

-503,000 - 101_,ooo 

-

,_ 604.000 
91.000 

695,000 

220.000 

2.500.000 

412,000 
149,000 

3 .281,000 
556,000 

-3,937..QQQ 
591_.QQQ 

4,528,000 

-206.000 
�9.000 
-� 

149.0QQ 30.(/QQ 
179.000 
27.00Q 

206,000 

75,098,000 

11/01/2002 
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Table 9 
OPINION OF PROBABLE PROJECT COST 

8_2 MGD SUPPLY TO PWWSD 115 
WILSON LAKE 

Ouanlily Unit Unit Coat (S) Cost($) 

!,JI"! Sto_!!9e 1 LS_ I ____2_,023 ,000 3.023,000 
Intake w1 Chemoe&i Feed 1 LS 3.300.000 3.300.000 
l�ke Submers11!!,e Pumes and Motors !2-5 MGD O 1 20) 2 

--
-- � 350.000 700.000 

, _ _  --
1� P1pehne • 24" 2!S_48() u:----- � 21.186,000 
1� 

P1�hne - 12· 5,438 u;- 40 - _!18,000 

- P1gg1ng Connecuons 
-0 � ---85.oOO -- 0 

- Atr Release Valults �1 EA 
._ 

5.000 305.000 
lntcr:Jtotc CroM1ngs j C: A - 120,000 1�0.000 
Highway Crossings - 1 EA 80.000 80.000 
Roil road Crossings -- --- 2 EA 80,000 160.000 
Creek Crossings ----- -- 6 EA �C>QQ --�"-000 
Road Crossing!_ - 44 "EA 6.000 264.000 

!of 
. 

�ht-ol-Way - p 1_,_1� 0 

High Service Pump Station 
- -

1 LS 1,100,000 1,100,000 
Hays/Russell Booster Pumo Stauon 1 -LS 1 ._390.000 1 .390.000 

Meter Structures 2 EA -_30_,_0_QQ 60,000 

--1�ace Water Treatment Plant at Lake 4.8 M90 J',soo_.ooo 7 200,000 

- ----
Reverse Osmosis Plant at Wilson Lake • Initial Consln.tcbon 1 EA �.000 2,090.000 
Disposal Wells 2 EA - 1,000.000 2.000.000 

-------
Power Sueel}I 0 
SC AO A �---

0 

- -
-Phase I Well Field - 0 

I--
Subtotal - -,_ 43,232,000 

Cooun-� 0 20% - --- - 8,_646_,_000 

Subtotal - - 5_1,878,000 >- -------
Other Costs 0 15% - 7,782,000 

Phase 1 Project Cost - 59,660,000 

Ph•H 2 • YHr 201 4 Improvement$: --
Reverse Osmosis Pla nt at Wilson Lake · 1 MGO E�ansion 1 EA 570,000 570,000 

. - --
Subtotal ---- --- 570,000 

. 1 14,000 

. �nttngen� O 20% - 1--- - -
. - ---- . 

884 . 000 Su btotal -
. Qth_!r COS!!� 1 �% - 103.000 

Phase 2 Protect Cost - -- 787,000 

Phase 3 • YHr 2020 to 2025 Improvements: r ... """''�'" '"ml" -·- I'·' MGG 0 •"'1 1 EA 220,000 220,000 

- . 
Su rface Water Treatment Plant Exoansion at La k e 2 4 MGD 1,250,000 - 3,0Q0,000 
Reverse OsmoSts Plant at Wilson Lake - 2.5 MGO F•""nsion l._ EA t,395,000 1.�s.000 

--- --

rvvi$80 _cost-summaryt 11101r.2002 

() f') '""' 'l �  . ( 
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Table 9 

OPINION OF PROBABLE PROJECT COST 
8.2 MGD SUPPLY TO PWWSD •15 

WILSON LAKE 

Item 
H19h SeMCe Pump Staoon Expansion 
Hay&1Russen Booster Pump S1aoon �nsion 

SublOlal 
Coni.n�ncy 0 20% 

Subtotal 
Q!.h!l_r�5% 

Phase 3 Protect Coal 

Ph•�·� Year 2030 Improvement&: 
Roverse Osmosis Plant al Wilson Lake - 2.5 MGD Expansion 

High .?e_rv�e Pump Station Expansion 

H.!.)'!!R_ussell Booster Pump Station Exoansion 

Subto1al 
ConMgency 0 20% 

Subto1al 
Other Costs 0 1 S°io 

Phase 4 Projoct Cost 

Phase 5 - Year 2037 to 2040 lmpro.ements: 
Intake Submersible Pumos Emansion (2.73 MGD 0 80'l 

·->----·-Surface Water Treatment Plant Emansion at Lake 
--_!!everw Osmosis Plant at Lake 

-
H19h SeMCe Pump Staoon Emansion 

--.�ys/Russell Booster Pumg_§tabon t:xDansion 

- Subtotal -
Con11ngency 0 20% 

-
Subtotal 

Other Costs 0 15% 

Phase 5 Projocl Cost 

Ph111 6 - Year 2050: -- -
High Service Pu_mp Station Expansion 
Wiison Intermediate B()Osler Pump Station 
Hays/Russell Booster Pump Slal10n Ex�nsion 

Subtotal 
Contingency 0 20% 

Sub101al 

� Other Costs 0 15% 

Ou•nll1y Unl1 
1 LS 
1 ____g; 

--
---�-
--------

----
-

-
-- 1 -EA 

1 - LS 

.J LS 

------
-----
---

1 EA 
2.4 MGD 
2.4 MGD 

1 LS 

1 LS 

,_ -- -
-- -
------
,___ __ --

-

LS 1 
1 ,_ 

LS 
1 LS 

-

-

Unit Cost (S) 
177.000 

88,000 

I- -----

-� 

1 .395,000 

- 206,000 
291,000 

--
--

--
--

220,000 

1.250,000 --
__ 2.090-'000 

412.0QQ 
149,000 

----

- 206,000 
1.3�.ooo 
�000 

----

Cosl (S) 

177,000 
88,000 

-4.880.000 
- 976� 
- 5,856,000 

878.0QQ 
6,734,000 

1,395,000 --
206,000 
297,000 

1 ,898,000 
380,000 

-
2,278.Q.QQ 
342.000 

2.,620,000 

�·� 
3,000,000 
5,016,000 

412�000 
149,000 

8,797,000 
- 1,759,_QQQ 

10,556.000 
1.583.000 

12,139,000 

206,000 
1.320,000 

149,000 

--�67�.000 
335,000 

2,010.000 
302,000 

11/01/2002 

� " 7 8 ':  ... 
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Table 9 

OPINION OF PROBABLE PROJECT COST 
8.2 MGD SUPPLY TO PWWSD #15 

WILSON LAKE 

Quantity Unit 

---
-

Unit Cost (S) Cost ($) 

2.312,000 ---
---- 84,252.000 

11Al1/2002 
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evaluation since it increases costs and does not appear to provide any reliable water 
supply. 

Criteria 

Table 12 
Alternative Comparison 

Kano olis Reservoir Wilson Lake 
lm11al Construction Cost $64.1 million $59.7 million 
Total Construction Cost >- $75 I million $84 3 million .. 
Present Value $JOO million .j_IOS million 
Environmental More d1srupt1on - although Less disruption - closer to 

moi,t of the disruption is cities. 
tcmoorarv. 

Water Suooly Capacity Adequate - more available Adcaualc - more available 
Water Quality Good - conventional Poor raw water - reverse 

treatment. osmosis treatment required. 
Best finished water quality. 

Legal, Policy, and Political State owns and is marketing Corps owns the storage. 
1'.sucs the storage. Serve more 

communities in route. 
Risk Acceptable Acceotable 

I 
Future Planning Buy additional storage as I Could be incorporated later. 

needed. 

Based on this information, both alternatives would make acceptable water supply 
alternatives. The Kanopolis Alternative has a lower overall cost, could serve other 
communities, and storage can be purchased faster than the Wilson Alternative. 

Additional studies are also recommended to quantify the existing available water 
supply and how it could be used to reduce the net need or delay this major project. 
An operations model of the PWWSD #15 (Hays and Russell) system 1s required to 
define if safe yield or water rights control, the impact of extended dry periods on 
aquifer storage, and the risk of shonfall. Other hydrogeological studies may be 
required to funher refine safe yields of the sources for Russell and Hays and the 
interaction of the river and the aquifer. Russell should also improve their raw water 
system to convey 2.9 MGD on a maximum day basis to fully utilize their water right. 
A new 2.9 MGD water plant should be built to replace the existing 70 year old plant 
due to its limited hydraulic capacity. 

L. POST OCTOBER 23, 2002 DRAFf REPORT MODIFICATIONS 
In November, 2002, Hays increased their safe yield estimate for the Schoenchen Well 
Field from 1,000 acre-feet per year to 1,500 acre-feet per year ba�cd on the University 
of Texas-Dallas (UTD) study completed in late 2002 of the well field. Lateral 

1 8  
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expansion of the well field could increase the firm yield to a minimum of 1,700 acre
fcct per year up the full IGUCA water right. The study included the following work: 
• Basin yield analysis. 
• Field studies of the Smoky Hill River alluvium. 
• Groundwater modeling. 

The UTD study recommended lateral expan'>ion of the well field through relocauon 
of wells to help "drought-proof' the Schoenchen Well Field. The CTD study also 
stated that the existing Schoenchen Well Field water right of 2,285 acre-feet per year 
(2.0 MGD) could be pumped 95 percent of the time. These improvements increase 
the total safe yield of the Hays raw water syMem from 2.18 MGD 10 2.8 MGD as 
listed in Table 13. This increase in safe yield reduces the projected year 2050 
maximum day net water need from 8.2 to 6.9 MGD, extends Hays' need for water 
until about 2011,  and reduces the size and cost of the ultimate improvements. 

Additional improvements to the Hays raw water system could increase their safe yield 
to match their total 3.28 MGD water right. Improvement\ could include evaluation of 
firm yield from Dakota wells and use of reverse osmosis treatment to maximize use 
of that supply, operational adjustments, and potential off-system storage. 

Improvements to allow full use of Hays' water rights would reduce the projected year 
2050 maximum day net water need to 6.0 MGD and extend the need for water until 
about year 2015. Installation of local improvements to increase safe yield 10 their full 
water right, which should be the goal for Hays, and would significantly reduce the 
size and cost of the ultimate improvements. 

Kanopolis Reservoir and Wilson Lake altcmauves arc reevaluated for a maximum 
day demand of 6.0 MGD as listed respectively m Table-. 14 and 15. Reviev. of these 
tables shows the installation of !>everal item\ not included in the 8.2 MGD options, 
such as four 400 gpm wells. associated header piping, Russell pump station, I MGD 
reverse osmosis plant, and disposal well all to help Russell meet immediate water 
needs. These facilities account for $5.2 million of the Phase I cost and could 
continue to be used after the Kanopolis or Wilson project 1s complete or could serve 
as a back-up supply. The other Phase I improvements will be integrated into the 
Kanopolis or Wilson alternative. 

Other water supply options were developed to evaluate 1.5 MGD supply options for 
Russell, since they have the immediate need and Hays does not need any additional 
supply until at least year 2011.  These alternatives, as well as a Cedar Bluff Reservoir 
alternative, are summarized in Table 16 and detailed table� arc included in the 
Appendix. The Cedar Bluff Reservoir Alternative evaluates a maximum day supply 
of 8.2 MGD and a average day of 4.2 MGD (4,700 acre-feet per year) and includes an 
intake, water plant, pump station, 24-inch diameter pipeline. and a Russell booster 
pump station at a cost of about $48 million. 

t9 
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Y ear 

1950 
1951 c 
1952 
1953 
1954 
1955 
1956 0 
1957 

u 1958 i-!-959 
1960 
1961 
19'62 
1 963 
1 964 � 1 966 D 
1 967 

[ 1968 
1969 
1970 
1971 
1972 

c 197 3 
1 974 

.� 1976 
1977 

D 197 8 
1979 
1980 
1981 
1982 

u 1963 
1984 
1985 � 1987 

0 1988 
19'89 
1990 
1991 
19'92 

D 1993 
1994 
1995 
1996 
1997 

0 1!>98 

� 2000 
2001 
2010 
20:20 
2030 
2040 
20!50 

[ 
c 
0 

Hen Watler Demtr\d 
Wate r Use AD MD/AO MO d tconserv•tlve\ 14 S\ 

Pooulotlon ln�d\ (MGO) Ratio (MGOl 

8.586 
8551 111 095 
9.126 119 1.09 
9.848 138 1.36 
9610 159 1.53 
10,033 153 1.53 
1 0,567 1 69 1.78 
10,864 106 1.18 
11 ,386 105 1.19 
11.784 111 1.:3' 
11,879 1 16 1.38 
12,301 99 1.22 
1�,l)11 105 1.31 
12 75-4 124 1 58 
12,989 130 1.68 
13,305 117 1.55 
13.519 127 1.72 
1 3,n4 117 1.61 
13 950 126 1.76 
14,154 127 1 80 
15.396 134 2.07 
14.221 162 2.31 
15�70 138 2.11 
15.562 155 2 41 
15,125 176 2.67 
15571 166 2.58 

15958 157 2.51 
16,274 131 2 1 3 
16,6411 157 2.62 
16,751 181 3.02 1.37 4.15 
16.301 181 295 1 .59 4 . 68 
17,55"4 159 2.78 1.57 4.38 

2.60 1.68 4.38 
3.15 1.70 5.35 
2.79 1.93 5.39 

17.SM 153 2 .69 1 . 41 3. 80 
18,087 144 2.60 1.38 3.58 
18 ,087 135 2.45 1.10 2.69 
17,810 160 2.86 1.28 3.66 

2.47 2.31 5.7 1 
18,632 126 2.35 1.27 2.99 
17 767 129 2.30 2.30 5.29 
17,807 91 1.62 236 3.82 
17,636 92 1.62 1.65 2.67 
17 814 97 1.73 1.37 2.37 
17,729 94 1.67 1.56 2.60 
18,632 105 1.95 1.27 2.48 
18,632 1 07 1.99 1.43 2.85 
18 866 113 2.14 1.44 3.06 
19 107 11 1 2.12 1 . 88 3.98 
20,013 98 1 96  1.51 2.96 19817 93 1.84 1.87 3.43 
22 550 125 2.B 2.0 5.6 
25,400 135 3.4 2.0 6.9 

28:620 145 4.1 2.0 8.3 
32,250 151 4.9 2.0 9.7 
36,350 151 s . s 2. 0 11.0 

1 Average day ano maxi,,..,, day values are based on production. 
2. Based on P<Oioctions provided by PWWSO 115 Boatd. 

I/Water Po.GOl 

-

--

·1 .S 
-1.9 
0.1 
0.8 
1.8 r-a.1 
3.6 

3 PQP\Aatio<l, water use ano demand projectk>o> P<ov!dedi by PWWS 
4 Safe YleldlWater Righi Nol Need is based on the average day dem 
5. MO Nol Need is based on the P<olected maxiroom day net ne<ld mi1 
6. Ne1 Need Is based on wal0t rights for Hays ano Russell. 
7. Hoys' ufe yleld re\llsed trom 2.18 to 2.80 MGO (2400 AFY to 31 

MO 
(MGO) 

-2.2 
· 3.1 
0.1 
1.6 
3.4 
5.3 
6.9 

A lternate Net Nee d 61 
Water R i ght MO 

IMGO) (MGO\ 

-

- -

-

-
-

-

- -

-
-

-1.9 ·3.0 
-2.4 -4.0 
-<J.4 -<J.9 

0.4 0.7 
1.3 2.S 
2.2 4.3 
3.1 6.0 

02794� 
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Item 
Phase 1: 

Wells (400 gpm) 
P1p1ng to Header (2 mdes of 8·1nch eac� 

Pipeline · 24" 
Pipeline · 12· 
Pigging Connections 

-

Air Release Valults 
Interstate Crossings 
Highway Crossings 
Railroad Crossings 

C1""k Cru••ing• 
Road Crossings 
Right-of-Way 

Russell High Service Pump Stalion U .O MGD) 

Meter Structures 

Reverse Osmosis Plant ( 1 MGO) 
Disposal Wells 

Power Supply 
SCAOA 

Subtotal 
Contingency @ 20% 

--
Subtotal 

Other Costs@ 15% - --

Phase 1 Project Cost 

Phase 2 • 2015 Improvements: 
Lake Storage 
Intake wl Chemical Feed 

Table 14 

OPINION OF PROBABLE PROJECT COST 
6.0 MGD SUPPLY TO PWWSD #15 

KANOPOLIS RESERVOIR 

auanmy Unit 

4 EA 
42,240 LF 

89,760 LF 
31,680 LF 

0 E A  
14 EA 

1 E A  
1 EA 
1 EA 

3 EA 
6 EA 
0 LF 

1 LS 

1 E A  

-- 1 EA 
1 EA 

-

ANNUAL COST 
1 LS 

Intake Submersible Pum� Expansion (1.5 MGD @ 80') 2 EA 

Pipeline - 24 " -
Pipeline - 12· 
Pigging Conneciions 
A i r Release Valul t s 

Interstate Crossings 
Highway Crossings 
Railroad Crossings 
Creek Crossings 
Road Crossings 
Righi-of-Way 

High Service Pump Station 
-

Ha ys/Russell Booster Pump Station 

Meler Structures 
-

Surface Water Trealment Plant al Lake 
-

--
Power Supply 
SCAOA 

Sublotal 

revised_oost·summa.ry1 

336,600 

0 
4 7 --

0 
1 
2 
9 

79 
0 

1 
1 

1 -
-

1 -----
- - -

LF 
LF 
EA 
EA 
EA 

EA 
EA 
EA 
EA 
LF 

LS 
LS 

EA 

MGD 

Unit Cost Cost ($) 

100.000 400,000 
25 1,056,000 

75 6,732,000 
40 1,267,000 

85,000 0 
5,000 70,000 

120,000 120,000 
80,000 80,000 
80,000 80,000 

5,000 15,000 
5,000 30,000 
1.15 0 

250,000 250,000 

30,000 30,000 

1,045,000 1,045,000 
1,000,000 1,000,000 

0 
0 

12,175.000 
2,435.000 

14,610,000 
2, 192,000 

16,802,000 

0 
2.560,000 2,560,000 

280,000 560,000 

75 25,245,000 
40 0 

85,000 0 
5,000 235.000 

120.000 0 
80,000 80,000 
80.000 160.000 

6,000 54.000 
6,000 474,000 
1.15 0 

880,000 880,000 
1,1 12,000 1,112,000 

30,000 30.000 

- 1,500,000 1,500,000 

0 

- 0 

32.890.000 

0211412003 



[ 

D 

c 

0 

D 

0 

D 

c 

Tat>le 14 

OPINION OF PROBABLE PROJECT COST 
6.0 MGD SUPPLY TO PWWSO #15 

KANOPOLIS RESERVOIR 

Item Quantity Unit 
Conlingency @ 20% 

Sublotal 
Other Costs @ 15% � 

Phase 2 Project Co st 

P hase 3 - Year 2020 Improvements: 
Intake Submersible Pumps Expansion (.!..5 MGO @ 80') t EA 

Surlace Waler Trea1men1 Planl Expansion al Lake 1.5 MGD 

High Service Pump S1a1ion Expansion 1 LS 
Hays/Russell Booster Pump S1a1ion Expansion 2 LS 

Subtotal 
Contingency @ 20% 

Subtotal 
Other Costs @ 15% 

Phase 3 Project Cost -
Phase 4 - Year 2030 Improvements : 

Intake Submersible Pumps E•pansion (1.5 MGD @ 80') 1 EA 

Surlacc Water Trea1ment Plant Expans!On at Lake 2 MGD 

High Service Pump S1a1ion Expans10n 1 LS 
Hays/Russell Boosler Pump Slation Expansion 1 LS 

Subtotal 
Contingency @ 20% 

Sub1ota1 
Other Costs @ 15% 

Phase 4 Project Cost 
Phase 5 - Year 2040 Improvements: 

Intake Submersible Pumps Expansion (1.5 MGD @ 80') - 1 EA 

Surface Water Trea1ment Plant Expansion at Lake 1.5 MGD 

Kanopolis Intermediate Booster Pump Station 1 LS 
High Service Pump Station Expansion 1 LS 
HaySIRussell Booster Pump Station Expansion 1 LS 

Sublolal 
Contingency @ 20% 

Subtotal 
Other Costs @ 15% 

Phase 5 Project C<>St 

Total Project Cost 

rev1sed_cost·summary1 

Unit Cost Cost ($) 
6.578.000 

39.468,000 
5,920,000 

45,388,000 

176,000 t76,000 

1,250,000 1,875,000 

88,000 88,000 
88,000 176,000 

2,315,000 
463,000 

2.778,000 

417.000 

3,195,000 

176.000 176.000 

1.250.000 2,500,000 

88,000 88.000 
88,000 88,000 

2.676.000 
535,000 

3,21 1 ,000 

482,000 

3,693,000 

176,000 176.000 

1,250,000 1,875,000 

1,240,000 1,240,000 
88,000 88,000 
88,000 88,000 

3,467,000 
693,000 

4,160,000 
624,000 

4,784,000 

73,862,000 

02114/2003 
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Table 14 

OPINION OF PROBABLE PROJECT COST 
6.0 MGD SUPPLY TO PWWSD 115 

KANOPOLIS RESERVOIR I Quantity I Unit Unit Cost Cost( S) 

02/1412003 
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Item 
Phase 1 : 

Wells (400 gpm) 
Piping 10 Header (2 tnlles or 8-•nch each) 

Pipehne • 24 
Pipeline • 12· 
Pigging Connections 
Air Release Valults 
Interstate Crossings 
Highway Cro11ings 
Railroad Crossings 
Creek Cro11ing1 
Road Crossings 
Right-of-Way 

Table 15 

OPINION OF PROBABLE PROJECT COST 
6.0 MGD SUPPLY TO PWWSD 115 

WILSON LAKE 

Quantity Unit 
- 4 EA 

42.240 LF 

89,760 LF 
31,680 LF 

0 EA 
14 EA 

1 EA 
1 EA 
1 EA 
3 EA 
6 EA 
0 LF 

Russell High Service Pump Slation (1.0 MGD) 1 LS 

Meter Structures 1 EA 

Roverso Osmosis Plant ( 1 MGD) 1 EA 
Disposal Wells 1 EA 

-
Power Supply 
SCAD A - -

Subtolal 
Con1ongcncy 0 2064 

Subtola.I 
Other Cos1s 0 15% 

Phase 1 Project Cost 

Phaae 2 • 2015 Improvements: 
Lake Srorage 1 LS 
Intake wl Chemoe<1I Feed t LS 
Intake Submersible Pumps and Mot� (t.2 MGD 0 120') 2 EA 

Popehne - 24" 192,720 LF 
Pipehne • t 2" LF 
Pogg1ng ConnOCbons 0 EA 
Air Release Valulls 47 EA 
ln1ersta1e Crossings 0 EA 
Highway Crossings 0 EA 
Railroad Crossings 1 EA 
Crook Crossings 3 EA 
Road Crossings 38 EA 
R1ghl-ol·Way 0 LF 

High Service Pump S1at1on 1 LS 
Hays/Russell Booster Pump Slation 1 LS 
Motor S1ruc1uros 1 EA 

Surface Water Treatment Plant at Lake 1 2 MGD 

Reverse OsmosJS Plant near Russell - 1.0 MGD Eicpansion 1 EA 
O.sposal Wells 1 EA 

I 

Unit Cost ($) Cost ($) 
t00.000 400.000 

25 t.056.000 

75 6,732,000 
40 1,267,000 

85,000 0 
5,000 70,000 

120,000 120,000 
80,000 80,000 
801000 80,000 

5,000 1 5,000 
5,000 30,000 
1.15 0 

250,000 250,000 

30,000 30,000 

1.045,000 1.045.000 
1,000.000 1.000.000 

0 

0 

12,t75,000 
2,435,000 

t4,610,000 
2.t92,000 

16,802,000 

2,231.000 2.231,000 
2.970,000 2.970,000 

245.000 490.000 

75 14,454,000 
40 0 

85.000 0 
5,000 235,000 

t20.000 0 
80.000 0 
80.000 80.000 

6.000 18.000 
6,000 228.000 
t 15 0 

990,000 990,000 
t,1 12,000 1,1 t2,000 

30,000 30.000 

1.500.000 1.800.000 

570.000 570.000 
1.000.000 1.000.000 

02/14/2003 
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Table 1 5  

OPINION OF PROBABLE PROJECT COST 
6.0 MGO SUPPLY TO PWWSO t15 

WILSON LAKE 

Item Quantity Unit 
Power Supply 
SC ADA 

Subtotal 
Contingency 0 20"4 

Sub101ol 
Other Costs 0 15% 

Phase 2 Project Cost 

Pho'c 3 Ycor 2020 lmprovcmcnta: 
1n1ako Submors1blo Pumps Expansion (1.2 MGO @120') 2 EA 

Surfaeo Waler Troa1mon1 Plant Expansion at Lake 1.8 MGO 
Roverse Osmosis Plant near Russell • 1.5 MGO Expansion 1 EA 

High ServK:e Pump S1a11on Expansion 2 LS 
Hoys/Russoll Booster Pump S1a1ion Expansion 1 LS 

Sublotal 
Conungeney O 20% 

Sublotal 
Omer Costs O 15% 

Phase 3 Project Cost 

Phase 4 • Year 2030 Improvements: 
Intake Submersible Pumps Expansion (1.6 MGD 0120·1 1 EA 
Surface Waler Treatment Plant Expansion at Lake 24 MGO 
Reverse Osmosis Plant near Russell · 2.0 MGO ExpansJOn 1 EA 
High SeMCe Pump S1atoon Expansion I LS 

Hays/Russell Boos1er Pump S1a1ion Expansion t LS 

Sublotal 
Contingency 0 20% 

Subto1a1 
Other CoSIS 0 15% 

Phase 4 Project Cost 

Phaae s • Year 2040 Improvements : 
lnlako Submors1blo Pumps Expansion (1.6 MGO @ 120') I EA 

Surface Waler Troalmont Plan! Expansion at Lake 1.8 MGO 
Rovorso Osmosis Plant near Russell · t .5 MGO E><pansion 1 EA 

High Sel'\/1Ce Pump Sta11on Expansion t LS 
Hays/Russell Booster Pump Stalion Expansion t LS 

Sub101al 
Con11ngancy 0 20% 

Subtotal 

Unit Cost ($) Cost (S) 
0 
0 

26.208.000 
5.242,000 

3t.450,000 
4,718,000 

36,168,000 

154.000 308.000 

t,250.000 2,250,000 
855,000 855,000 

88.000 176,000 
88,000 88.000 

3,677,000 
735,000 

4.412.000 
662,000 

5,074,000 

176.000 176.000 

1,250.000 3.000.000 
1,140.000 t.140.000 

88.000 88,000 
88.000 88,000 

4.492.000 
898,000 

5,390,000 
809.000 

6,199,000 

t76,000 176.000 

1,250,000 2.250.000 
855,000 855,000 

88.000 88,000 
88.000 88,000 

3.457,000 
691.000 

4,t48.000 

02/1 4'2003 
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Table 15 

OPINION OF PROBABLE PROJECT COST 
6.0 MGO SUPPLY TO PWWSO #15 

WILSON LAKE 

Quantity Unit Unit Cost ($) Cost($) 
622.000 

4,no,ooo 
69,013,000 

02114/2003 
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Table 16 

PWWSD l15 
SUMMARY OF WATER SUPPLY ALTERNATIVES 

Mulmum D•y Average D•y Annual Transmission Pipe No.of Opini on of Probable Cost 

Capacity Capacity Use Main Length Diameter Smoky Hill Project 

Ailemative (MGD) (MGD) (acr&-feet) (miles) (inches) River Wells Cost ($MI 

Kanopolis Resenioor 8.2 4.2 4,705 81 24 0 751 
6.0 3.1 3.473 8t 24 4 739 

Lake Wilson 8.2 4.2 4,705 54 24 0 84.3 

6.0 3.1 3,473 54 24 4 69 

t.5 1.5 1,680 20 12 0 t3.1 

Western Portion of Smoky Hill 
River t.5 1.5 1,680 7 24 4 12.1 

t .5 1 .5 1,680 7 20 4 11.3 

Eastern Ponion of Smoky Hin 
River 1.5 t.5 1,680 17 24 4 17.6 

1.5 1.5 1,680 17 20 4 15.7 

Wiison, KS Supply 15 1.5 t,680 1 9  1 2  0 12.9 

Hays Supply 10 Russell 1.5 t.5 1.680 26 24 0 166 

Lake Wilson + Wilson, KS 1.5 1.5 t,680 19 24 0 18.4 

Cedar Bluff ReseM>ll 8 2  4 2  4,705 26129 24112 0 47.6 

Notes 
1 Capaaty is based on Hays and Russell using fun waler nght Phase 1 tS wol supply only and delays major pipe�ne Prorect about 10 years 
2 Supply lo Russell onty. 
3 Supply to Russell onty from Post Rock 

4 Firm supply 1SSUe need to be resolved 
5 All allemabVes wit� 20-inch and 24·mch mains are sized to convoy luluro demands to Hays and Russen. 
6 An operalions model is required to confirm integrated use of proposed wells 

presentation summary 

Phase 1 

Cot1($1M) 

64 I 
1 6 8  

60.0 

t6.8 
13.1 

12.1 

t 1.3 

1 7 6  

1 5  7 

12.9 

1 6 6  

1 8 4  

397 

Present 
Value Comments 

100 1 

nol evaluated Note I. 

105.2 

nol ovalualed Note 1. 

not evaluated Note 2. 

not evaluated 
not evaluated 

not evaluated 
not evaluated 

not evaluated Notes 2. And 3. 

not evaluated 

not evaluated 

not evaluated Note4. 

02/14/2003 
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Russell has a water right for 2,000 acre-feet per year in Cedar Bluff Reservoir. 
Directly piping this water to the Hays and Russell water plants or treating this water 
at the reservoir and pumping treated water to the cities would he an less expensive 
alternative to supply a portion of the projected demand; however, Cedar Bluff 
Reservoir must have a firm, reliable supply and the water must be available 
from the State. Completion of this project could delay the need of the Kanopol is or 
Wilson water supply project unul about the year 2030. 

Based on conversations with the Kansas Water Office and a copy of their Februar} 
12. 2003 lette1 tu curn.:e111eu 1.:ilile11s, they slate "The Kansas Water Omce has 
completed an analysis that indicates that Cedar Bluff Lake is not a viable option 
for sustainable, significant, long-term public water supply." A copy of this letter 
is included in the Appendix. 

We recommend the District, Hays and Russell resolve the availability and reliability 
of water from Cedar Bluff Reservoir with the State before further investmenb of time 
and money are made on this alternative. We further recommend the District, Hays 
and Russell continue to pursue acquisition of water rights for the South Russell 
PrOJCCt to avoid a water supply shortage in Russell in the 1mmed1ate future. 

We appreciate the opportunity to serve PWWSD #15. If you have any quesuons, please 
do not hesitate to contact us. 

Sincerely, 

/)J)7 a� 
David F. Oligschlaeger, P .E. 
ProJCCt Manager 

final report.doc 

Enclosures 

L. Jeffrey Klein, P.E. 
Assistant Project Manager 
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Dear Study Participant, 

As a water supplier or concerned stakeholder within the Eastern Smoky Hill-Saline 
River Basin you are receiving a copy of the draft final report resulting from a regional 
study sponsored by the Kansas Water Office and the U.S. Army Corps of Engineers. 

This report was discussed during the Ellsworth, KS workshop on April 23, 2003. The 
workshop addressed preliminary regional concepts for using Kanopolis Reservoir to 
provide long-term public water supplies for the region. 

The report formulates strategies to meet the year 2040 needs of the service area and 
includes three alternatives addressing supply, treatment, and distribution 
considerations. The alternatives are described in the report along with a documentation 
of the process and steps that led up to their formulation. 

You are encouraged to send any comments you may have, for receipt no later than 
September 19, 2003, to the following address: 

URS Corporation 
clo Raul Filardi 
10975 El Monte, Suite 100 
Overland Park, KS 66211 

A final report will be printed by September 30, 2003 and at that time a copy of the 
report, incorporating any comments received, will be mailed out to you. 

Kansas Water Office 

U.S. Army Corps of Engineers 

URS Corp. 

mcampbell
Rectangular Exhibit Stamp
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This study provides a regional approach that addresses public water supply needs and opportunities in the 
Eastern Smoky Hill-Saline Basin (ESH-S Basin) in Central Kansas. The planning process and results of 
the study are documented in this report. The Kansas Water Office (KWO) and the U.S. Army Corps of 
Engineers (USACE) are sponsoring the study under the Planning Assistance to States Program authorized 
by Section 22 of the Water Resources Development Act of 1974, as amended. This study formulates plans 
that describe a strategy to meet the year 2040 needs of the service area in the most cost-effective manner 
and will include tri-faceted supply, treatment, and distribution considerations. 

Kanopolis Lake Reservoir is considered the primary raw water source for a potential public wholesale 
water supply system that may supplement and even replace some of the other existing water supply 
sources that have been identified and considered to the extent practicable. All existing sources will be 
related to both the long-term and the shorter-term (i.e., 5 to 10 years) phasing options, along with water 
quantity and quality factors. The evaluation of existing sources considers permanence of supply, cost, 
protection from cost escalation, convenience, and social and institutional issues. The water quantity and 
water quality needs of project potential participants and future potential customers are evaluated in terms 
of present and future demands; supply sources; drought vulnerability; treatment requirements; and the 
technical, financial, managerial, and water quality requirements imposed by government. 

The KWO has provided the present and future demand projections to the year 2040 in 10-year 
increments. The approach to the planning process can be summarized in the following steps: 

1) data collection and data analysis; 

2) determination of problems and needs; 

3) development, analysis, and selection of conceptual solutions to the problems/needs; 

4) conversion of the preferred concepts into planning level alternatives; 

5) conceptual design and planning level costing of the alternatives; and 

6) generation of a report documenting the process and results. 

In consultation with the KWO, USACE and other agencies, a potential service area was developed 
bounded generally by the Smoky Hill-Saline river basins from the Trego-Ellis county line on the west, to 
the Saline-Dickinson county line on the east. A data needs questionnaire was distributed to the service 
area residents requesting information necessary to the analysis of the situation. A total of 57 entities were 
identified in this area from which information was requested. Information and data was received from 24 
towns and 17 rural water districts. 

The information was organized and analyzed to provide an idea of what the problems and needs are with 
regards to water supply. The combined potential participant entity total water demand was estimated at 
23.3 MGD for the year 2040. Since the water demand projections address the average day demand, a dry 
year factor was introduced as one way to take in to account the effect that drought conditions have on 
demand. The dry year factor increased the overall year 2040 water demand by an additional 1.3 MGD. A 
maximum day peaking factor, applied for system sizing purposes, brings the design total 2040 water 
demand to 49.2 MGD. Drought vulnerability is another important issue for many of the participating 
entities. Ten of the public water suppliers for the basin were classified as drought vulnerable by the State 
of Kansas in May of 2002. There is also a concern that Safe Drinking Water Act requirements impose 
technical, managerial, financial, and water quality requirements that are difficult for small communities to 
meet. As indicated by analysis of the available information some entities in the service area lack 
sufficient water rights, contracts, or allocations to provide for their water demand needs through the year 

J·\ 1 652951 1 N Central Kansas\Rep.m\Main TC'x.t\NCKSDraftRepon.doc 
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2040. For some entities, this is true even if their current contracts are renewed or rights perfected. Other 
entities appear to have enough water rights, contracts, or allocations to provide for their water demand 
needs through 2040. However, all entities need changes, improvements, additions, or modifications in 
order to provide the needed amount of water at the locations served or intended to be served. Based on 
that analysis a set of three (3) preliminary concepts was assembled. 

The KWO and local meeting attendees were requested to review the concepts and related information in 
order to generate comments and suggestions. This information was used to develop the concepts into 
alternatives that were then carried forward into more detailed conceptual design. 

The conceptual design of the alternatives provided a possible layout and sizing for water delivery lines, 
pumping stations, storage tanks, and treatment facilities. The output of the conceptual design phase 
includes drawings and text providing the layout and approximate size of components for each alternative, 
along with their conceptual planning level cost. In terms of costing, consideration was given to short
term interim measures and/or phasing, in 20-year increments, for implementation prior to construction of 
a complete wholesale water supply system. 

All of the alternatives use Kanopolis Lake as the residential and industrial water supply for the Eastern 
Smoky Hill-Saline (ESH-S) Basin. The following describe the principal elements of the alternatives. 

Alternative I would expand the current Post Rock Water Treatment Plant (WTP). Transmission would 
generally follow the existing line routing fm: entities currently served by Post Rock. For entities not 
currently served by Post Rock, new lines and routings would be established. The existing lines would be 
paralleled if it becomes necessary to do so. Existing lines may be replaced if cost-effective to do so. New 
system pumping stations and storage tanks would be phased in as they become necessary. 

Alternative 2, in addition to providing raw water to the current Post Rock WTP for the eastern and central 
portions of the basin, would also provide raw water to a treatment plant located in the western portion of 
the basin and operated by Hays, Russell, or a public wholesale water supply district. This should provide 
water supply flexibility to the basin entities. The approach to transmission lines, pumping stations, and 
storage tanks would be similar to Alternative 1. Although the entire transmission system would be 
interconnected, valves would prevent the mixing of water from different treatment plants except during 
emergencies. 

Alternative 3, in addition to the current Post Rock WTP for the central portions of the basin, would 
provide raw water to treatment plants located in the western and eastern portions of the basin. These 
plants could be operated by Hays/Russell (west) or Salina (east), or a public wholesale water supply 
district. This should provide additional water supply flexibility to the potential participating entities. The 
approach to transmission lines, pumping stations, and storage tanks would be similar to Alternative 1. As 
for Alternative 2 the whole transmission system would be interconnected, and valves would prevent the 
mixing of water from different treatment plants except during emergencies. 

All three alternatives provide and transmit water and all meet the water needs of all the potential 
participants. All of the alternatives are also technically and administratively implementable and create an 
ESH-S Public Wholesale Water Supply District as a legal entity to own, operate, and maintain the new 
plants and system. No alternative would create other than normal construction-related disturbance. 
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The main difference between the alternatives is the estimate cost per thousand gallons, with Alternative 1 
having the lowest price ($10. 12) and Alternatives 2 and 3 following close behind ($12.63 and $12.79). In 
terms of planning level costs this difference may be less than it appears. 

1:11 652951 1 N Central Kansas\Report\Main Texi\NCKSDraftRepon doc 



l 

L 

l 

L 
L 

l 
L 

l 

L 
L 

2.0 INTRODUCTION 

Draft Final Report 
Contract No. DACW41-00-D-0026-00I O  

Planning Assistance to States Program 
Eastern Smoky Hill-Saline Basin 

Public Water Supply Study 
September 2003 

Page 2- 1 

The purpose of this study is to provide an assessment of water supply needs in portions of the Eastern 
Smoky Hill-Saline (ESH-S) Basin in Central Kansas, develop plans to address these problems, and to 
document the results in a report. This study is funded jointly by the KWO and the USACE. 

The USACE contracted URS to conduct a planning study that would assess water needs of the area and 
evaluate potential solutions. The study develops conceptual designs and cost estimates for three wholesale 
water system alternative plans. The conceptual designs included potential layoutsof water supply systems 
consisting of adequate information regarding line sizing, pump stations, tanks, and treatment plants to 
allow preliminary costing. Further, the study assessed social, institutional, and environmental 
considerations influencing the situation. Lastly, the study assessed financial funding options and potential 
structure of a water supply Agency to implement these alternatives. 

Section 3.0 describes the definition and evaluation of the ESH-S Basin system. This includes customer 
identification/profiling and investigation/evaluation of the water supply source and the features of the 
existing systems. The section also provides a review of social, institutional, and environmental 
considerations, which includes a discussion of a potential public wholesale water supply district 
(PWWSD) structure and a review of potential financing options. The assumptions of the data analysis are 
presented and explained in Section 4.0. Section 5.0 discusses the process whereby wholesale water
treatment system concepts were developed and how they were evaluated in order to select three for 
transformation into alternatives. The section further describes the alternative conceptual design, 
development of planning level costs, and final

' 
alternative evaluation. 

The tables and appendices cover the informational databases developed, the conceptual design, modeling, 
and costing assumptions, and the actual cost tabulations. 

1:\16529511 N Central Kansas\Repnrt\Main Text\NC KSDraftReport.W.lC 
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The definition portion of the study had four components: the identification of customers, customer water 
profiles, potential supply sources, and physical system characteristics. 

3.1 Identification of Customers 
In consultation with the KWO, USACE and other agencies, a service area was developed bounded 
generally by the Smoky Hill-Saline river basins from the Trego-Ellis county line on the west, to the 
Saline-Dickinson county line on the east. Thirty-four towns, and twenty-three rural water districts in 
Barton, Ellis, Ellsworth, Lincoln, McPherson, Rice, Russell, Osborne, Ottawa, and Saline counties were 
identified by the Kansas Water Office and the Corps of Engineers as potential customers for the study. 
Some of these entities had experienced (or information indicated the future possibility of) adverse water 
supply effects in the near and long term, especially during drought conditions. This regional study 
provides a planning vehicle for meeting their projected needs. The ESH-S Basin potential participants 
(customers) identified for the study include: 

City of Assaria 
City of Beverly 
City of Brookville 
City of Bunker Hill 
City of Bushton 
City of Claflin 
City of Culver 
City of Dorrance 
City of Ellsworth 
City of Galva 
City of Geneseo 
City of Gorham 
City of Hays 
City of Holyrood 
City of Kanopolis 
City of Lincoln 
City.of Linsborg 
City of Little River 
City of Lorraine 

3.2 Profile of Customers 

City of Lucas 
City of Luray 
City of Marquette 
City of McPherson 
City of Natoma 
City of Paradise 
City of Russell 
City of Salina 
City of Solomon 
City of Susank 
City of Sylvan Grove 
City of Tescott 
City of Victoria 
City of Waldo 
City of Wilson 
Ellis RWD#1 
Ellis RWD #2 
Ellis RWD#3 
Ellis RWD #5 

Ellis RWD#6 
Ellis RWD #7 
Ellsworth RWD #1 (Post Rock) 
McPherson RWD #2 
McPherson RWD #3 
McPherson RWD #4 
Osborne RWD #2 
Ottawa RWD#2 
Russell RWD #1 
Russell RWD #2 
Russell RWD#3 
Russell RWD #4 
Saline RWD #1 
Saline RWD #2 
Saline RWD #3 
Saline RWD #4 
Saline RWD #6 
Saline RWD #7 
Wilson Lake Estates 

For this regional water supply planning effort the customer water profiles focused primarily on the 
customers' present and projected future water demands. The potentially participating entities are thirty
four towns (urban setting), and twenty-three rural water districts (small to medium rural communities). 
The study also addressed two factors, dry year and maximum day, which are applied to the water demand 
data during analysis and evaluation. The profiles also discuss the points of delivery for wholesale treated 
water, the geographic service area, and its mapping. 

3.2. 1 Water Demand Projections 
The KWO has developed water demands for all of the participating entities. The City of Hays and the 
City of Russell provided their own water demand projections to be used in this study. The present and 
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projected future water demands for the ESH-S Basin entitles are shown in Table 1, ESH-S Basin 
Participant Present and Projected Water Demand.1 Because the projections address average day demands 
and because some potential participants could have rapid growth the study included a dry year factor to 
provide an added measure of conservatism to the planning level projections. This factor is discussed in 
Section 4 below. 

3.2.1.1 Present Demand 
In general terms this study used the demand projections generated by the KWO for the potential ESH-S 
Basin participants for the year 2000. The exception was incorporation of the demand projections 
provided by the City of Hays and City of Russell. Since conditions affecting water demand can change 
rapidly and the study projections cover decades, phased implementation of the study recommendations 
were deemed advisable to avoid potential shortfalls in the near future. The total year 2000 average day 
water demand estimated by the KWO for the ESH-S Basin potential participants is approximately 15.6 
MGD. 

3.2.1.2 F11t11re Demand 
The study also used the KWO future water demand projections generated for most potential participants 
except for the City of Hays and the City of Russell independently provided their own future demand 
projections. All projections covered from the year 2010 to the year 2040 in 10-year increments. The 
projections for year 2040 indicated a total average day water demand of about 23.3 MGD. 

3.2.2 Location of Supply Points for Wholesale Treated Water 
To make the best use of the existing systems, the existing master meter locations where considered 
possible supply pick-up points for wholesale treated water. For those cases where the proposed 
transmission lines where coming from a different direction additional or different pick-up points were 
postulated. 

3.2.3 Geographic Service Area 
At the study onset the ESH-S Basin area bounded generally by the Trego-Ellis county line on the west to 
the Saline-Dickinson county line on the east was considered the base geographic service area, or the area 
from which potential participating entities would be considered. For the study development these 
boundaries became, to all intents and purposes, the geographic service area. Although the geographic 
area included non-participating districts or towns, their projected demands were not included in the 
calCulation of the needed water supply. 

3.2.4 Mapping 
The physical features for which information was made available by the potential part1c1pants (e.g. , 
existing transmission line, master meters, storage tanks, standpipes, pump stations, and treatment plants) 
along with available topographical information, were incorporated into electronic map files (e.g., Arcview 
shapefiles). They were also incorporated into the base map upon which the generated alternatives were 
overlain. 

3.3 Source of Supply 

Under the State of Kansas Water Plan Storage Act, Kansas has water supply storage space in federal
owned lakes. The State has a Water Marketing Program that sells this water to municipal and industrial 

1 The original projections and a paper describing the methodology used to generate the demand projections by the 

KWO are available through the KWO web site (http://www.kwo.org/). 
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users. Since the marketing program might not meet the needs of those municipal and industrial users who 
only need supplemental water during periods of low flow, the State of Kansas also has a Water Assurance 
Program that coordinates the operation of storage space in Federally constructed lakes to satisfy 
downstream water rights on water assurance contracts during drought conditions. 

The supply source, Lake Kanopolis, was selected by the KWO and the USACE. KWO/USACE 
examined several potential sources and came to the conclusion that it was not only the best source in the 
area but had enough capacity to meet the projected water demands or potential participants. The ESH-S 
Basin area is large, encompassing an area of approximately 10,000 square miles (80 by 125 miles). Such 
large areas are usually served by large regional or not-so-large sub-regional systems more efficiently, 
reliably, and cost-effectively than by a large number of small systems. Since there is already a large 
regional system in existence it can be conveniently upgraded and added to without the addition of many 
transmission line miles at a relatively low cost Sub-regional systems would generally: a) require less 
transmission line miles than one source (reducing cost and friction losses); b) provide supplemental, 
temporary, or emergency sources, and therefore more subarea independence; and c) provide less total 
cost/gallon (economies of scale) for clients when used instead of an assortment of very small systems . .  

The conventional sizing of  system components for a water distribution system entails the generation or 
use of a peaking factor called a maximum day factor. However, a determination of sufficiency of 
supply only uses the average day demands. 

The total expected year 2040 water demand of the ESH-S Basin potential participants, with the dry year 
factor mentioned in section 3. 1 along with the·· maximum day factor, would be approximately 49.2 MGD. 
Without applying either factor the year 2040 average day demand is about 23.3 MGD (See Table 1). For 
all of the ESH_S Basin entities, regardless of likelihood of participation or not, the total year 2040 
average day demand is about 29 MGD (See Table 2). 

The long-term drought yield of Kanopolis Lake quantified by the Kansas Department of Agriculture -
Division of Water Resources (KDA DWR) at a given point in time was compared to the available 
appropriation and request information. Any amount above the quantity is a candidate for satisfying the 
long-term demands of all entities (members and non-members) within a source's general geographic area 
(See Table 3). These appropriations and requests represent a "snapshot" in time and do not include 
changes that may come later. The available raw water supply quantity provided is documented in 
Appendix A, taken from a report provided by the Kansas Water Office. 

3.3. 1 Sources of Raw Water 
The original list of raw water sources considered by the KWO and the USACE included the following: 

Cedar Bluff Lake 
Wilson Lake 
Groundwater 
Kanopolis Lake 
Smoky Hill River 
Saline River 

Cedar Bluff Lake was eliminated due to a historical record lack of storage and recharge issues. A 1999 
yield analysis indicated a very low yield. Wilson lake was also eliminated from consideration due to 
water quality issues (i.e., high salinity requires desalination of water and disposal of the brine, both 
increase the cost). In addition to the 1984 Intensive Groundwater Use Conservation Act (IGUCA) 
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requirements and minimum desirable streamflows, groundwater is already fully committed to satisfying 
some other area demands .. 

The Smoky Hill and Saline Rivers both feed into Kanopolis Lake. Kanopolis Lake was selected based on 
a USACE yield analysis which indicated that 12.9 MGD is available after satisfying all the Smoky and 
Saline Rivers allocations. Because 1 . 1  MGD is already committed, only 1 1 .8 MGD remains available to 
satisfy basin needs. This amount appears enough to satisfy the projected demands. In addition, 
Kanopolis Lake raw water quality is amenable to treatment by conventional unit processes and would not 
require special or costly processes. 

3.3.2 Treated Water 
Although there is only one raw water source under consideration, namely Kanopolis Lake, there are 
several water treatment plant options. The ones this study considered were the following: 

Post Rock Water Treatment Plant 
Existing Basin Treatment Plants 
New ESH-S Basin Regional or Sub-Regional Water Treatment Plants 

The Post Rock Water Treatment Plant, already serving a large portion of the area, is a logical option. 
This facility provides an experienced and reliable provider that with plant expansions could cost
effectively provide for the basin's needs. This concept would make efficient use of the existing 
transmission system, only adding new lines when necessary. The option should result in a reasonable 
shared cost. 

There are other suitable and experienced water treatment plants in the area, such as the ones in Hays, 
Russell, and Salina, that are also experienced treated water providers. Any or all, with appropriate plant 
expansions, could become cost-effective providers of treated water to sub-areas within the basin. This 
would require raw water transmission to these plants. Providing raw or treated water provides more 
flexibility to users. More than one treatment plant provides a more flexible regional system and a backup 
source of treated water. A mix of existing and new transmission lines is more efficient, flexible, and cost
effective than just using the existing facilities. The shared cost is expected to be reasonable. On the 
down side, providing both raw and treated water transmission lines adds to the capital and operational 
cost. Having more than one treatment plant also adds to both the capital and the operational costs. 

Lastly, a new ESH-SPWWSD has the option of itself becoming a treated water supplier. Such an entity 
can itself build and operate water treatment plants and would have the same advantages and 
disadvantages that the existing treatment plants would have. 

3.3.3 Conclusions 
Based on the above, this study used Kanopolis Lake as the source of raw water supply. The cities of 
Hays, Russell, and Salina, and the existing Post Rock water Supply District, or potential ESH-SPWWSD 
Water Treatment Plants are additional sources of treated water supply. Kanopolis Lake would provide the 
required amounts for the ESH-S Basin potential participants even under drought conditions. 

The study also concludes that regional solutions consisting of one or more treatment plant(s) would 
benefit the potential participants more reliably and cost-effectively than several individual and local 
systems. In general, regional systems provide operational economies of scale over a multiplicity of very 
small systems, producing lower total cost/gallon. 
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A questionnaire was provided to the study potential participants. The questionnaire addressed physical 
system information in addition to information regarding water use. The physical information included 
location, capacity, and related elevations of treatment plants/well fields, pump stations, storage 
tanks/standpipes, and transmission lines. This information was necessary for the conceptual design and 
costing. The information was entered into two databases, an informational/engineering database (an excel 
spreadsheet), and a water distribution modeling database (WaterCAD). These databases were used in the 
analysis, evaluation, conceptual design, and costing. 

The informational/engineering information obtained to date is included herein as a series of tables (Tables 
4 through 10). Table 4 includes information regarding general entity and current source, allocations, draw 
volumes, water rights, and master meters. Table 5 summarizes information regarding allocations, 
available water volumes, and water demands. Tables 6, 7, and 8 respectively summarize current 
information regarding treatment plants, storage tanks, and pump stations. Table 9 provides preliminary 
information/calculations regarding known transmission lines and Table 1 0  summarizes the supplier 
provided information regarding water costs. 

3.5 Social, Institutional, Environmental and Water Supply Agency Considerations 

This study addresses a few social and institutional issues and/or requirements that are relevant to the 
alternatives under consideration. They are described below. 

3.5. 1 Social 
One of the most important and pressing social issues in the ESH-S Basin is drought vulnerability. In a 
region with a normally limited supply of water drought conditions have a strong social and economic 
effect. In the ESH-S Basin there are several public water suppliers that are classified as drought 
vulnerable in terms of basic source, single well source, or distribution system. In terms of potential 
participants these drought vulnerable suppliers are the Cities of Hays, Kanopolis, Natoma, Russell, 
Susank, and Tescott and Russell RWD2, Russell RWD3, Saline RWD 2, Saline RWD 3. 

3.5.2 I nstitutional 
One institutional consideration pertinent to the study is seniority of rights, which can impose limitations 
on the contracted amounts during extreme drought conditions. Also relevant are the built-in conditions 
imposed by the Memorandum of Understanding between the State of Kansas and federal government in 
terms of water from Corps of Engineer built multi-purpose lakes. These agreements not only set a 
payback schedule but also impose other requirements such as conservation plans. 

3.5.3 Environmental 
The technical, managerial, and financial requirements imposed by the 1 996 Amendment to the Safe 
Drinking Water Act on public water systems plus the increasingly stringent quality requirements that 
continue to be imposed by regulatory agencies (e.g., US Environmental Protection Agency), have a 
markedly strong and adverse impact on many small communities. This effect is especially noticeable in 
the Midwest where the smaller communities confronting the cost and legal implications of meeting the 
regulatory requirements are searching for practical and cost-effective solutions. Increasingly, these 
communities are adopting regionalized remedies because of their substantial economies of scale, in 
addition to their helping to provide the technical, managerial, and financial capabilities. 
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One of the premises of this study is that regional solutions, consisting of more than one source/treatment 
plant would benefit the study potential participants more reliably and cost-effectively than the many 
currently existing individual and local systems. In general terms, regional solutions provide operational 
flexibility and can handle makes the regional sub-areas more independent. Regional systems provide 
operational economies of scale over multiple small systems. 
These combined elements result in lower total cost/gallon. Additionally, regional systems also address 
the current need for technical, managerial, and financial capabilities mentioned above in Section 3.5.3. 

The concept of a regional system as formulated above works well with and within the formation of a 
PWWSD. The formation of a PWWSD is warranted and proposed for the ESH-S Basin entities. A 
strong reason for the formation of a PWWSD is drought vulnerability, which in the basin is a frequent 
occurrence. Drought specially affects the smaller towns and rural water districts, which most of the 
entities are. The Public Wholesale Water Supply Act of 1977 was in fact motivated by drought 
conditions, and it is intended to permit the creation of a district to obtain water on a large scale and to sell 
said water to participants. 

The State of Kansas Public Wholesale Water Supply District Act (KSA Statutes 19-3545 through 19-
3556) governs the makeup and powers of this quasi-municipal entity. If the ESH-S Basin entities decide 
to pursue the formation of a PWWSD there are several steps required and several agencies that would be 
have to be dealt with before, during, and after the formation of the district. 

The steps are generally as follows: 
1 .  Form a steering committee 
2. The group must hire an attorney or legal firm to represent them during the process of obtaining grants 

and loans. 
· 

3. Hire an engineer to prepare plans and cost estimates. 
4. Secure water purchase agreement from members. The agreements must specify their duration, the 

organizational structure and composition of the district, the purpose of the agreement, the manner of 
financing the district, and the permissible ways for termination of the agreements. 

5. All of the agreements must be submitted to the Attorney General for review. 
6.  The agreements must be filed with the Secretary of State and the Register of Deeds for the counties 

involved. 

7. -If the Attorney General approves, then the Secretary of State declares the district organized as a 
quasi-municipal corporation. 

8. Appoint a governing body with representatives from each participant. The scope of the powers of the 
district are also established by law. 

9. Issue a no funds warrant to cover start up costs including preliminary legal and engineering services. 
10. Issue revenue bonds to finance the construction, improvements, and other associated system costs. 
1 1. Obtain final plans and take bids. 
12. Submit for funding and build once received. 

The foregoing describe requirements for the State of Kansas agencies involved. The county governments 
also have to be contacted (e.g., the Register of Deeds and/or County Clerks and probably also Planning 
and Development Departments, Offices, and/or Commissions; Zoning and Codes Departments) and so 
would the elected/appointed governing bodies of the rural water districts and towns involved. 

Once the PWWSD is formed, coordination with the appropriate State agencies (KDA -DWR, and the 
KDHE, and KWO) would be required. 
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There can be many different organizations, compositions, and structures for a PWWSD; with varied 
purposes, methods of financing, and methods of dealing with water, real estate, or other physical 
properties. There are some things provided for in the Act such as appointing a governing body. The 
members and terms of the governing body are provided by the law (e.g., One but not more than two 
appointees from each participant, with staggered terms of one to four years). The governing body elects a 
president, treasurer, and secretary. The governing body also appoints a general manager to be responsible 
for the administration and supervision of the water system. 

The District may enter into contracts for periods not to exceed 40 year with any public or private entity 
for the planning, development, construction, acquisition, or operation of any facility or service. This 
report suggests limiting the periods to 20-year increments to allow for re-evaluation and re-direction in 
line with the repayment periods. The District may also purchase, lease, construct and operate reservoirs, 
transmission lines, · pumping stations, and water treatment plants for the production and wholesale 
distribution of water. Securing water purchase agreement from the members is a very important element. 
A duration of at least 20 years is suggested and that permissible ways for terminating the agreements, 
although satisfactory to all participants, should be conservative and protect the interests of the District. In 
addition to being tied to the appropriation or water right of an entity the agreement it should discourage 
termination and notice of intended termination. 
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The assumptions made during the ESH-S Basin area planning study fall into four categories: demands, 
factors, informational/engineering database, and water distribution system computer modeling. The 
assumptions are summarized below. 

4.1 Demands 

As stated in prior sections, except for two cities, the study used the KWO generated future demand 
projections. The cities of Hays and Russell provided their own projections. The 2040 projections were 
the underlying basis of the concepts and alternatives, that is, those projections were a target to be 
satisfied. As stated previously the total average day water demand for ESH-S Basin potential participants 
is about 23.3 MGD (See Table 1). These average day demands are modified by the application of two 
factors described below. 

4.2 Factors 

At least two factors were deemed important to the planning level analysis process described in Section 5, 
namely a dry year factor and a maximum day factor. The dry year and maximum day factors were used 
in the analysis that culminated in the development of the three final alternatives. Both factors are 
described below. 

4.2. 1 Dry Year Factors 
' 

The dry year factor is intended to enhance the water demand projections. By their very nature the water 
demand projections address average demand conditions and do not allow for the effect of a dry year. A 
dry year is defined as the effect in demand, generally an increase, induced by drought conditions in an 
area. The effect is generally different for each community since it reflects their patterns of water usage. 
The effect can be dampened in communities with a large industrial user base with unvarying water needs. 
An increase can be the result of increased lawn watering or irrigation. A decrease could result from 
conservation measures or lack of water. 

In this study, it was decided to compute the effect of a dry year by comparing the water demands for a 
group of five years that included at least one drought year. The Palmer Drought Index (PDI), used 
nationally to define drought conditions over geographic areas, was used to identify a drought year for 
most of the area. The PDI indicated that the year 2000 was a severe drought year for the central portion 
of Kansas and it was therefore used as the basis for the calculations. The calculations, their results, and 
the assumptions made are included in Appendix C. The total average day demand for the year 2040 is 
increased to about 24.6 MGD by application of the dry year factor. 

4.2.2 Maximum Day Factors 
The maximum day factor is an accepted peaking factor used in water system analysis to size system 
components. They are used to calculate the maximum flow rate expected by multiplying the average day 
demand by the factor. Generally accepted factors can range from 1.8 the average day in urban settings to 
2.5 or more in rural small communities without large industrial or commercial users. 

The participating entities are 34 towns (semi-urban settings) and 23 rural water districts (small to medium 
rural communities). Considering the above mix, the proposed maximum day factor for this study the 
maximum day factor used was twice the average day. Since the average day already had the dry year 
factor included this meant that the effective factor ranged from 2. 10 to 2.2, depending on the dry year 
factor used by the entities. This is a reasonable range for the entities involved, with the factor applied the 
year 2040 total water demand is approximately 49 MGD. 
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The data/information was entered into two databases, a series of Excel spreadsheets and a water 
distribution computer model. The first type of database and its applications are briefly described below. 

4.3. 1 Informational 
This is a mix of a Geographic Information System (GIS) and an Excel spreadsheet containing engineering 
information. This database provides information for presentations or figures illustrating the layout of the 
system. The information can be transferred from GIS via shape files or as a series of Excel spreadsheets. 
The shape files can also be used to transfer information to a water distribution computer model. The GIS 
database can be used to generate figures for presentations. The Excel spreadsheet can also be used to 
input data into a water distribution model. 

4.3.2 Engineering Calculations 
The study generated a series of Excel spreadsheets in the form of tabulations or tables. The tables stored 
and used the data/information collected for analytical purposes and for calculating information necessary 
to the evaluation and modeling phases. Examples of both the evaluation and modeling activities are 
transmission line calculations, used to determine if existing lines had the required capacity and to 
calculate the diameter of new transmission lines. 

4.3.2.J Transmission Lines 
The Excel spreadsheets were used to calculate the capacity of the ex1stmg lines. This allowed a 
determination of whether new lines were needed or if the existing ones appeared sufficient to transport the 
required 2040 flows. If new or parallel lines appeared to be necessary spreadsheets were used to provide 
preliminary sizing of the new or parallel lines that were inputted into the water distribution system model. 

4.3.2.2 Pumps 
Examination of the topography over which the new transmission lines would be established was used to 
determine if pumps would be needed to convey the flows. Preliminary calculations were made regarding 
the static and friction head that would have to be overcome. This allowed a preliminary calculation of the 
required pump capacity and total dynamic head. If existing pumps did not have the required capacity, 
new pumps with the calculated characteristics were added. The line sizes were modified to account for 
the pumps. 

4.3.2..J Tanks 
Preliminary evaluations were made to determine if additional tanks or tank capacity were needed to 
accommodate the required flows. For the analysis the required tank capacity was calculated as a 
combination of fire flow, emergency storage, and equalization capacity. If the existing capacity did not 
meet this requirement then a new tank or tanks were added to provide the storage volume. At no time 
were tanks or standpipes added for operational reasons such as maintaining uniform water pressures or 
allowing pumping during off peak power rates. Such items are usually addressed during the system 
design after planning. 

4.4 Water Distribution Modeling 

Information regarding current physical information such as location, capacity, and elevations of treatment 
plants/well fields, pump stations, storage tanks/standpipes, and transmission lines was entered into Water 
CAD, the water distribution model used for the conceptual design and planning evaluation. This provided 
a representation of the existing system(s) and their operation. The information available in some cases 
included more information than what was necessary for planning level modeling. Because of this the 
model representation of the distribution systems was simplified so that only the major/necessary 
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transmission lines were included in the representation, thus including only those portions required for 
analysis of the system performance. In other cases there was not enough information available and some 
assumptions had to be made in order to represent an operational system .. 

The next step was model calibration. Because information available at this planning stage was not of a 
level sufficient for the composite system, several simplifying assumptions were made. The basic concept 
used was to verify that the model representation could reproduce known system information, such as 
flows currently being delivered by the composite system components. In some cases, determination of 
what to include and what not to include, was made by applying engineering judgement. Once preliminary 
calibration was achieved, the next calibration step was to modify the model to represent current 
conditions during steady-state modeling of the base system. 

4.4 . 1  Design Assumptions 
Assumptions were made to govern the conceptual design process. Criteria, described and discussed in 
Section 5.3.l below, were developed to address the following design elements: 

1. Transmission line sizes. 
2. The transmission line friction coefficients. 
3. Sizing of the transmission pipelines, tanks, pump stations, and treatment plants. 
4. Transmission line pressures. 
5. Points of delivery. 
6. System demand distribution. 

4.4.2 Analysis 
As mentioned above, a water distribution system computer model called Water CAD was used to analyze 
the system operation. Steady-state conditions of the different alternatives, considered sufficient for 
planning level modeling, were used. If the required water volumes and/or flow rates were satisfied and 
the specified pressure conditions maintained, the system configuration was considered successful. 
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5.0 WHOLESALE WATER TREATMENT SYSTEM ALTERNATIVE 
DEVELOPMENT PROCESS 

In order to arrive at the alternatives the process that was implemented progressed from a purely 
conceptual phase to the more detailed final planning level alternatives described below in Section 5.3.2. 
The development process is summarized below. The figures illustrating the alternatives are provided in 
the section titled Figures. 

5.1 Development and Evaluation of Wholesale Water Treatment System Concepts 

Concept development began when the demand projections and a geographic representation of the existing 
system became available. Factors considered in the development of the concepts included the areal 
extent, the number of entities involved, the water demands, and the location of existing physical facilities. 
The concepts describe possible ways of providing water to the potential participants. They illustrated the 
concept of routing/transporting water from the source to the users and were not exact or precise (i.e., only 
the major elements were represented; the routes could vary; distances and locations were estimated; 
diameters were not provided). 

Water deficit tabulations (see Table 5, Allocation) indicated that twelve of the entities that responded to 
the questionnaire lacked enough water rights or contracts to meet their "dry year" needs through 2040. 
Nine lacked enough to meet their needs by 20 10. The remaining responding potential participants had 
sufficient water rights or contracts to provide for their "dry year" needs through 2040. 

At the beginning of the study ten water treatment concepts, addressing both regional and sub-regional 
configurations, were developed. The ten concepts explored combinations of ways in which the different 
sources and water supply entities could deliver the needed water, that is, the water making up the shortfall 
that responding entities encounter over the planning period. The concepts also attempted to satisfy the 
needs of potential but non-responding entities. 

After preliminary evaluation, seven concepts were subjected to a more detailed and intensive analysis and 
evaluation. These results were presented to the KWO and the USACE in the form of schematic drawings 
and tabulations that described the concepts and their advantages/disadvantages. The three most promising 
concepts were presented to interested parties and stakeholders at an April 23, 2003 informational meeting. 
Meeting participant questions were addressed and their comments and suggestions taken under 
consideration. 

5.2 Alternative Conceptual Design and Cost 

The three concepts were further developed, incorporating stakeholder comments and KWO/USACE 
suggestions before transforming them into alternatives of sufficient detail to allow conceptual design and 
costing. The alternatives address the needs of as many potential participants as possible, regardless of 
whether the potential participants voiced intent to participate or not. 

The conceptual design identifies and describes a layout and conceptual sizing of water transmission lines, 
pumping stations, storage tanks, and treatment facilities. The conceptual design phase output includes 
schematic drawings of the alternatives and planning level (plus 50% or minus 30%) capital and annual 
cost estimates. The costs developed also provide unit costs (i.e., cost/ 1,000 gals). 

Each alternative was evaluated with respect to four criteria: l) Effectiveness at satisfying the water 
demand of all of the potential participants; 2) technical and administrative implementability; 3) Beneficial 
or adverse social. environmental, and economic effects; and 4) Costs/ l ,000 gallons. The alternative 
descriptions and the criteria evaluations were tabulated and are included in Section 5.5. 
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A conceptual design for a water supply system identifies and describes a layout and conceptual sizing of 
the water transmission lines, pumping stations, storage tanks, and treatment facilities_ The conceptual 
design phase output includes schematic plans of the alternatives and conceptual capital and annual cost 
estimates. The design effort included several steps addressing the transmission lines, pumps, storage 
tanks, and treatment plant sizing. The sizing for all elements was based on the maximum day demand, 
which includes the dry year factor. 

Preliminary evaluations of the existing transmission line sizes determined their adequacy for transmission 
of anticipated flows. Additional calculations provided preliminary line sizes for those cases requiring 
new lines or the paralleling of existing lines. Based on estimates of friction loss (length and material of 
line) plus static head (the transmission route elevations) pumping needs and/or storage tanks needs were 
determined. Approximate sizing calculations were made for each of the elements included. Decisions to 
include elements took into account the cost implications. For example, although a pump may be 
relatively cheap from a capital cost point of view it is a relatively costly item from the O&M perspective. 
Therefore, the decision to include a pump was based on the need to overcome the head differential from 
low to high elevations or to provide the requisite flow. 

Conceptual design drawings, illustrating the alternatives, are provided as Figures 1 through 3. 

5 .3 . 1  Design Criteria/Assumptions 

The following design criteria/assumptions were adopted/made to govern the alternative conceptual design 
process: 

1. Nominal transmission line sizes were used. 
2. The transmission line friction coefficients used (C in Hazen-Williams Equation) were varied 

depending on the known or proposed pipe material. In general terms, unless an existing pipe was of 
recent vintage and its material known the C value used was 100. 

3. The transmission pipelines, pump stations, and treatment plants were all sized based on the maximum 
day demand (2 times the average day with the dry year factor included). Tanks were sized based on 
fire flows, emergency storage, and demand equalization capacity. A summary of the calculations is 
provided in Table 1 1 , Estimated Storage Tank Capacities. 

4. The design of the transmission network did not include pumping into the potential participating 
entities' storage tanks. 

5. Water was generally delivered either to existing master meter locations or to new storage tanks. In a 
few cases new pick-up points were necessary to minimize the length of transmission lines. 

6. Any pressure zones maintained within any of the systems were not modeled. 
7. Low and high points were identified along the transmission line routes only and included in the model 

representation. 
8. Water demands within the study area were allocated at simplified system junction points proportional 

to the areas potentially served by the lines. 

5.3.2 Alternative Description 
The recommended alternatives were designed to address the 2040 projected water supply demands. All 
of the alternatives rely on the same source of raw water, Kanopolis Lake. Each alternative has a different 
number of regional treatment plants, located in the same or different areas. The storage tank requirements 
are also the same for all of the alternatives. The main physical elements that vary are the size and length 
of the transmission lines required and the location and sizing of the pump stations. Who owns and 
operates the plants can also vary, but this is not an engineering issue. 
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Kanopolis Lake is the principal residential and industrial water supply for the Eastern Smoky Hill-Saline 
(ESH-S) Basin. The system would provide treated water from an expanded Post-Rock water treatment 
plant located close to the intake. This plant could be operated by Post-Rock or an Eastern Smoky Hill
Saline Public Wholesale Water Supply District (ESH-SPWWSD). Transmission lines would follow the 
existing line routing for entities currently served by Post Rock. For entities not currently served by Post 
Rock, new lines and routings would be established. The existing lines would be paralleled or replaced if 
and when (phasing) it becomes necessary to do so. New system pumping stations and storage tanks would 
be phased in as they become necessary to meet demands. 

The advantages of this alternative are: 1) Post Rock is a capable, reliable, and experienced water supply 
entity; 2) Kanopolis has the capacity to meet the anticipated additional demands of potential participants; 
3) the concept makes efficient use of the existing transmission system, only adding new lines when 
necessary; and there is a reasonable shared cost. 

The main disadvantage is: 1) the existing transmission system may not be the most efficient method of 
supply and distribution. 

5.3.22 A !ternative 2 

Kanopolis Lake is the principal residential <\Ild industrial water supply for the ESH-S Basin. In this 
alternative treated water from an expanded Post-Rock water treatment plant located close to the intake 
would supply the central and eastern portions of the service area. A new lake pump station would also 
provide raw water for a new or expanded treatment plant located in the western portion of the service 
area. This plant could be operated by Hays/Russell (west), or an Eastern Smoky Hill-Saline Public 
Wholesale Water Supply District (ESH-SPWWSD). Transmission lines would follow existing line 
routing except where new routings and lines are deemed more efficient for the area being served. The 
existing lines would be paralleled or replaced if it becomes necessary. The new treatment plant, system 
pumping stations, and system storage tanks would be phased in as they become necessary to meet 
demand. Although the whole transmission system would be interconnected, valves would prevent the 
mixing of water from different treatment plants except during emergencies. 

The advantages of this alternative are: 1) Post Rock, Hays/Russell are capable and reliable water supply 
entities; 2) Kanopolis capacity can meet the anticipated additional demands of potential participants; 3) 
providing raw or treated water provides more flexibility to users; 4) a second treatment plant provides a 
more flexible regional system and a backup source of treated water; 5) a mix of existing and new 
transmission lines can be more efficient, flexible, and cost-effective than just using the existing over the 
long run; and 6) a reasonable shared cost, although higher than Alternative 1 .  

The disadvantages are: 1) new transmission lines would add t o  the cost; 2) providing both raw and treated 
water transmission lines would add to the capital and operational cost; and 3) two treatment plants instead 
of one would add to both the capital and the operational costs. 

5.3.2.J A !ternative .J 

Kanopolis Lake is the principal residential and industrial water supply for the ESH-S Basin. In this 
alternative treated water from an expanded Post-Rock water treatment plant located close to the lake 
intake would supply the central portion of the service area. Two new lake pump stations would provide 
raw water for new or expanded treatment plants located in the western and eastern portions of the service 
area. These plants could be operated by Hays/Russell (west) or Salina (east), or an Eastern Smoky Hill-
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Saline Public Wholesale Water Supply District (ESH-SPWWSD). Transmission lines would follow 
existing line routing except where new routings and lines are deemed to be more efficient. The existing 
lines would be paralleled or replaced as it becomes necessary to do so. New treatment plants, system 
pumping stations, and system storage tanks would be phased as they become necessary to meet demand. 
Although the whole transmission system would be interconnected, valves would prevent the mixing of 
water from different treatment plants except during emergencies. 

The advantages of this alternative are: 1) Post Rock, Hays/Russell, and Salina are all capable and reliable 
water supply entities; 2) Kanopolis capacity can meet the anticipated additional demands of potential 
participants; 3) providing raw or treated water provides more flexibility to users; 4) two additional 
treatment plants provide increased flexibility and emergency sources of treated water; 5) using existing 
and new transmission lines can be more efficient, flexible, and cost-effective than just using the existing 
over the long run; and .6) reasonable shared cost, although higher than Alternative 2. 

The disadvantages are: 1) new transmission lines would add to cost; 2) providing both raw and treated 
water transmission lines would add to the capital and operational cost; and 3) three treatment plants 
instead of one would add to the capital and the operational costs. 

5.4 Alternative Cost 

The cost tables developed provide unit costs for different sizes/capacities. The cost categories include 
urban/rural pipelines; control and pressure reducing valves; elevated, ground level, and below ground 
storage tanks; standpipes; pump stations; and new or expanded water treatment plants. 

5.4. 1 Assumptions 
As always, planning level cost estimates only provide a cost range. The cost range for this study is plus 
50% or minus 30%. Tables covering a range of sizes and associated costs of components such as water 
treatment plants, storage tanks, pump stations, and pipelines were developed. The tables use nationwide 
historical databases and no specific correction was made for local conditions, although, some local 
conditions are included in the database. These resulting tabulations allowed for the planning level 
estimation of project costs by interpolation. 

5.4.2 Capital and Annual Costs 
The. capital costs include change order, market at bid time, and design contingencies; design and 
engineering fees; permitting and legal fees; construction management and site inspection fees; and 
mobilization and demobilization costs. The annual costs include supply, treatment, and distribution 
operation and maintenance along with customer accounts and general and administrative costs. These are 
summarized as a total annual cost broken down into two categories: supply and treatment and distribution. 
They are shown in Appendix C. 

The results for each alternative are tabulated below. 
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5. 4.2.J A lternative l 

Expense Item Alternative 1, 20201 

Capital Cost $342,865,326 

Annualized Debt Service 4 $32,364,06 1.26 

Annual O&M Costs5 $6,056,078 

Annual Wholesale Water $495,2 13.75 
Costs6 

Total Annual Costs7 $38,9 15,353.01  

Cost/1,000 gals.8 $ 10.66 
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Alternative 1, 2020 Alternative 1, 20403 

to 20402 

$ 142,243,089 $485, 108,4 15.00 

$ 13,426,74 1 .34 $35,833,786.37 

$7,960,754 $9,629,225 

$ 137,559.38 $687,796.88 

$2 1,525,054.72 $46, 150,808.25 

$ 4.72 $ 10. 12 

1 - Based on ESH-SPWWSD buying an additional 9 MGD (added to current 1 MGD totaling JO MGD) from Kanopolis. 
2 - Based on ESH-SPWWSD buying an additional 2.5 MGD (added to prior JO MGD) from Kanopolis 
3 - Based on ESH-SPWWSD buying a total of 12.5 MGD ( 1 1 .5 MGD plus current 1 MGD)from Kanopolis. 
4 - The present worth of each 20 year period is computed at 7% interest. For the full 40 years, the second 20-year period is 
brought from 2040 to 2020 and then from 2020 to the present. 
5 - Based on the size of the system. • 

6 - Based on a price/JOOO gallons of $0. 15075 for the lakes and $0.001 95 from the Kansas River. The lake and Kansas River 
estimates were provided by Ms. Cheryl Buttenhoff of the KWO. The lake estimate is for 2003 and the Kansas River estimate is 
based on the Kansas River Water Assurance District 's present cost for principal and interest on debt plus O&M and 
administration costs. 
7 - The sum of annualized debt service, annual O&M costs, and annual the capital cost wholesale water costs. 
8 - Total Annual Costs divided respectively by JO MGD, 12.5 MGD, and 12.5 MGD, representing the average day water 
demand. 

The costs shown are preliminary planning level costs, usually viewed as within the range of +50% I -30%. 
This means that the 2020 cost/ 1000 gals. shown above could vary between $ 15. 1 8  to $7.08. 

5. 4.2.2 A lternative 2 

Expense Item Alternative 2, 20201 Alternative 2, 2020 Alternative 2, 20403 

to 20402 

Capital Cost $446,5 19,575 $ 166,609,654 $6 13, 129,229.00 

Annualized Debt Service 4 $42, 1 48,289.09 $ 15,726,772.70 $46,2 12,386.0 1 

Annual Costs5 $6,576,390 $8,40 1,636 $8,40 1,636 

Annual Wholesale Water $495,2 13.75 $ 165,071.25 $687,796.88 
Costs6 

Total Annual Costs7 $49,2 19,892. 84 $24,293,479.95 $55,30 1,8 1 8.89 

Cost/1,000 gals.8 $ 14.98 $ 5.55 $ 12.63 

1 - Based on ESH-SPWWSD buying 9 MGD from Kanopolis. 
2 - Based on ESH-SPWWSD buying an additional 3 MGD from Kanopolis 
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3 - Based on ESH-SPWWSD buying a total of 1 2.0 MGD ( 1 1 . 0  MGD plus current 1 MGD)from Kanopolis 
4 - The present worth of each 20 year period is computed at 7% interest. For the full 40 years, the second 20-year period is 
brought from 2040 to 2020 and then from 2020 to the present 
5 - Based on the size of the system. 
6 - Based on a price/1000 gallons of $0. 15075 for the lakes and $0.001 95 from the Kansas River. The lake and Kansas River 
estimates were provided by Ms. Cheryl Buttenhoff of the KWO. The lake estimate is for 2003 and the Kansas River estimate is 
based on the Kansas River Water Assurance District 's present cost for principal and interest on debt plus O&M and 
administration costs. 

7 - The sum of annualized debt service, annual costs, and annual the capital cost wholesale water costs. 
8 - Total Annual Costs divided respectively by 9 MGD, 12.0 MGD, and 12.0 MGD, representing the average day water demand. 

The costs shown are preliminary planning level costs, usually viewed as within the range of +50% I -30%. 
This means that the 2040 cost/1000 gals. shown above could vary between $ 1 8.94 to $8.84 

5. 4.2.3 A lternative 3 

Expense Item Alternative 3, 20201 Alternative 3, 2020 Alternative 3, 20403 

to 20402 

Capital Cost $468, 709 ,542 $ 162,936,750 $631 ,646,292.00 

Annualized Debt Service 4 $44,242,864.99 $ 15,380,076.54 $48,2 1 7,369.03 

Annual Costs5 $7, 168,685 $9,059,738 $8,401,636 
. 

Annual Wholesale Water $495,2 13.75 $ 165,071 .25 $687,796.88 
Costs6 

Total Annual Costs7 $5 1 ,906,763.74 $24,604,885. 79 $57,306,801 .9 1  

Cost/1,000 gals.8 $ 12.36 $ 5.62 $ 12.79 

1 - Based on ESH-SPWWSD buying 9 MGD from Kanopolis. 
2 - Based on ESH-SPWWSD buying an additional 3 MGD from Kanopolis 
3 - Based on ESH-SPWWSD buying a total of 1 2.0 MGD ( 1 1 .0 MGD plus current 1 MGD) from Kanopolis 
4 - The present worth of each 20 year period is computed at 7% interest. For the full 40 years, the second 20-year period is 

brought from 2040 to 2020 and then from 2020 to the present 
5 - Based on the size of the system. 
6 - Based on a price/1000 gallons of $0. 15075 for the lakes and $0.001 95 from the Kansas River. The lake and Kansas River 
estimates were provided by Ms. Cheryl Buttenhoff of the KWO. The lake estimate is for 2003 and the Kansas River estimate is 
based on the Kansas River Water Assurance District 's present cost for principal and interest on debt plus O&M and 
administration costs. 
7 - The sum of annualized debt service, annual costs, and annual the capital cost wholesale water costs. 
8 - Total Annual Costs divided respectively by 9MGD, 12.0 MGD, and 12.0 MGD, representing the average day water demand. 

The costs shown are preliminary planning level costs, usually viewed as within the range of +50% I -30%. 
This means that the 2020 cost/ 1000 gals. shown above could vary between $ 17.98 to $8.39 

5.5 Evaluation of the Alternatives 

Each alternative was evaluated with respect to four criteria: 
• Effectiveness at satisfying the water demand needs of all of the ESH-SPWWSD members; 
• Technical and administrative implementability of the alternative; 
• Beneficial or adverse social, environmental, and economic effects; and 
• Cost per thousand gallons. 

The evaluation is summarized in the tabulation below. 
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Concept /Drawing Identifier 

1 Kanopolis Reservoir and 
Treatment Plant - Parallel 
Existing Pipes 

2 Kanopolis Reservoir and 
Treatment Plant. New & 
parallel pipes. Raw 
transmission line to a new or 
expanded western area 
treatment plant. 

3 Kanopolis Reservoir and 
Treatment Plant. New & 
parallel pipes. Raw 
transmission lines to new or 
expanded western and eastern 
area treatment plants. 

EASTERN SMOKY HILL-SALINE BASIN CONCEPTUAL ALTERNATIVES 

Description 

Kanopolis Lake is the principal residential and industrial water supply for the 
Eastern Smoky Hill-Saline (ESH-S) Basin. The lake would provide treated water 
from an expanded water treatment plant located close to the intake. Transmission 
would generally follow the existing line routing for entities currently served by Post 
Rock. For entities not currently served by Post Rock, new lines and routings would 
be established. The existing lines would be paralleled if it becomes necessary. 
Existing lines may be replaced if cost-effective to do so. New system pumping 
stations and storage tanks would be phased as they become necessary. 

Kanopolis Lake is the principal residential and industrial water supply for the ESH-S 
Basin. Treated water from an expanded water treatment plant located close to the 
intake would supply the central and eastern portions of the basin. A new lake pump 
station would also provide raw water for a treatment plant located in the western 
portion of the basin and operated by Hays, Russell, or a public wholesale water 
supply district. Transmission would follow existing line routing except where new 
routings and lines are deemed more efficient for the area being served. The existing 
lines would be paralleled as it becomes necessary or replaced if more cost-effective. 
New treatment plants, system pumping stations, and system storage tanks would be 
phased in as they become necessary. Although the whole transmission system would 
be interconnected, valves would prevent the mixing of water from different treatment 
plants except during emergencies. 
Kanopolis Lake is the principal residential and industrial water supply for the ESH-S 
Basin. Treated water from an expanded water treatment plant located close to the 
lake intake would supply the central portion of the basin. Two new lake pump 
stations would also provide raw water for treatment plants located in the western and 
eastern portions of the basin. These plants could be operated by Hays/Russell (west) 
or Salina (east), or a public wholesale water supply district. Transmission would 
follow existing line routing except where new routings and lines are deemed to be 
more efficient for the area being served. The existing lines would be paralleled as it 
becomes necessary or replaced if more cost-effective. New treatment plants, system 
pumping stations, and system storage tanks would be phased in as they become 
necessary. Although the whole transmission system would be interconnected, valves 
would prevent the mixing of water from different treatment plants except during 
emergencies. 

Effectiveness Implementability 

System would provide 
transmit water. 

and I Technically and administratively 
implementable. 

Meets the water needs of all the 
potential participants and could 
meet the needs of additional 
participants. 

System would provide and 
transmit water. 
Meets the water needs of all the 
potential participants and could 
meet the needs of additional 
participants. 

System would provide and 
transmit water. 
Meets the water needs of all the 
potential participants and could 
meet the needs of additional 
participants. 

An ESH-SPWWSD is created as a 
new legal entity to own and 
operate the new plants and system. 

Technically and administratively 
implementable. 
An ESH-SPWWSD is created as a 
new legal entity to own and 
operate the new plants and system. 
Raw water transmission and a 
second plant provide planning, 
design and operational challenges. 

Technically and administratively 
implementable. 
An ESH-SPWWSD is created as a 
new legal entity to own and 
operate the new plants and system. 
Raw water transmission and two 
additional plants provide 
additional planning, design, and 
operational challenges. 
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BeneficiaU Adverse Effects 

Allows the satisfaction of the year 
2040 water demands of all entities 
and allows their unfettered growth 
and economic development. 
Would create minimal 
environmental disturbance during 
construction. 

Allows the satisfaction of the year 
2040 water demands of all entities 
and allows their unfettered growth 
and economic development. 
Would create minimal 
environmental disturbance during 
construction. 
Potentially offers more flexibility 
than Alternative 1 and emergency 
backup treatment plants. 

Allows the satisfaction of the year 
2040 water demands of all entities 
and allows their unfettered growth 
and economic development. 
Would create minimal 
environmental disturbance during 
construction. 
Potentially offers more flexibility 
than Alternatives 1 and 2 and 
emergency backup treatment 
plants. 

Costs/1,000 gallons 

$10.12 

; 

$12.63 

$ 12.79 
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This study investigated available federal and state funding options. Brief descriptions of the options that 
appear feasible for application to the alternatives are provided, highlighting the relevant objectives, types 
of assistance, uses and use restrictions, eligibility requirements, and the repayment conditions. More 
complete descriptions of options are provided in Appendix E. 

5 .6 . 1  Federal Funding Options 
Water and Waste Disposal Systems for Rural Communities. 

Objectives: To promote orderly growth of rural communities by meeting the need for new and improved 
rural water facilities. 

Type of Assistance: Project Grants, Direct Loans, Guaranteed/Insured Loans. 

Uses and Use Restrictions: Funds may be used installation, repair, improvement or expansion of a rural 
water facility including distribution lines, well pumping facilities and costs related thereto. Grant funds 
may not be used to pay interest on loans, operation and maintenance costs, or to acquire or refinance an 
existing system. 

Eligibility Requirements: Municipalities, counties, and other political subdivisions of a State, such as 
districts and authorities, associations, cooperatives. Facilities shall primarily serve rural residents and 
rural businesses. The service area shall not include any area in any city or town having a population in 
excess of 10,000 inhabitants according to the latest decennial census of the United States. 

Range of Assistance Amounts: Ranged up to $9,500,000 in the past. 

Repayment conditions: No maximum loan amount is established by statute. The maximum term on all 
loans is 40 years. 

Related Grants: Technical Assistance and Training Grants, Emergency Community Water Assistance 
Grants, Water and Waste Disposal Loans and Grants, and Grants for Public Works and Economic 
Development Facilities. 

Capitalization Grants for Drinking Water State Revolving Funds. 

Objectives: To create Drinking Water State Revolving Funds (DWSRFs) through a program of 
capitalization grants to States which will provide a long-term source of State financing for the costs of 
infrastructure needed to achieve or maintain compliance with SDW A requirements, and to protect public 
health. A State may also use the grant funds for programs that emphasize preventing contamination 
problems through source water protection and enhancing water system management. States determine 
priorities for funding within their state in accordance with SDW A. The program supports the Agency's 
strategic goal of ensuring Clean and Safe Water. The funding priority established by the SDWA are for 
projects that are needed to achieve or maintain compliance with SDWA requirements, protect public 
health, and assist systems with economic need. 

Type of Assistance: Formula Grants. 

Uses and Use Restrictions: Capitalization grants are available to each State for the purpose of establishing 
a DWSRF for providing assistance to drinking water systems for infrastructure improvements. 
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Eligibility Requirements: States are the primary beneficiary of assistance from EPA. States use funds 
awarded to them to provide loans and other types of financial assistance to eligible public water systems 
which are publicly and privately owned community drinking water systems. The required State match is 
20 percent of the amount of the capitalization made to the State. The State must agree to enter into 
binding commitments with loan recipients to provide financial assistance from the DWSRF in an amount 
equal to the sum of Federal assistance, less amounts used by the State for eligible set-aside purposes, and 
the State match. 

Range of Financial Assistance: For fiscal year 2003 and 2004 actual and estimated respectively 
$850,000,000. Kansas has lent several million dollars to communities with population between 10,000 
and 50,000. 

Repayment conditions: Set by the State in accordance with OMB Circular No. A-87, "Cost Principles for 
State, Local, and Indian Tribal Governments." 

5.6.2 State Fund ing Options 
Community Development Block Grants. 

Objectives: To assist communities in financing infrastructure projects. 

Type of Assistance: Grants. 

Uses and Use Restrictions: Funded activities must lead the creation or retention of permanent jobs in 
Kansas. 

Eligibility Requirements: All cities or counties in Kansas except Kansas City, Wichita, Topeka, 
Lawrence, Leavenworth, Overland Park, and Johnson County. 

Funded activities: Design and construction phase of water systems. 

Kansas Public Water Supply Loan Fund. 

Objectives: To provide funds to cities and rural water districts for water supply projects 

Type of Assistance: Low interest loans (below market interest rates) with no cost of issuance. 

Uses and Use Restrictions: Nearly all project costs, including interest during construction qualify. 

Purchase of water rights, loans without an existing water conservation plan, SWDA non-compliant 
entities do not qualify. 

Eligibility Requirements: Cities, rural water districts, or other political or taxing subdivisions of a state. 
Repayment conditions: Up to 20 years to repay; semi-annual payments starting within 1 year of project 
completion or 2 years of first draw of funds. 

No single funding source provides enough funding for the proposed project. A combination, possibly 
with more than one requestor, may have to be used. The possibility of having individual cities and water 
districts request portions may also have to be explored. 
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Source: Kansas Water Office 8/27/2003 

TABLE 1 EASTERN SMOKY H I LL - SALIN E  BASIN WATER SUPPLY STUDY PARTICIPANT 

PRESENT AND PROJECTED WATER DEMAND 

( In 1 ,000 gals.by potential public water supplier and selected year) 

Year 

Name of Public Water S upplier 2000 201 0 2020 2030 2040 
Brookville 8,579 8,655 8,731 8,845 8,921 
Bunker Hill  5,507 5,095 4,735 4,323 3,91 1 
Dorrance 5,847 5,574 5, 332 5,090 4,847 
Ellis RWD #01 6,095 6,095 6,095 6,095 6,095 
Ellis RWD #02 1 ,395 1 ,395 1 ,395 1 ,395 1 ,395 
Ellis RWD #03 6,224 6,224 6,224 6,224 6,224 
Ellis RWD #05 1 ,202 1 , 1 04 975 877 747 
Ellis RWD #06 1 1 ,695 1 2,877 1 4,060 1 5,242 1 6,42� 
Ellis RWD #07 9,301 9,601 9,901 1 0,251 1 0,551 
Ellsworth 1 43,849 1 54,393 1 64,936 1 75,480 1 85,971 
Ellsworth RWD #01 (Post Rock) 1 09,331 1 1 8,094 1 26,8 1 8  1 35, 580 1 44,393 
Gorham 9,940 9, 1 59 8,4 1 4  7,669 6,925 
Hays1 7 1 5,400 1 ,022,000 1 ,241 ,000 1 ,496,500 1 ,788,500 
Kanopol is 29,983 29,635 29,337 29,039 28,692 
Lindsborg 1 90,402 214,  1 1 4 237,880 261 ,592 285,304 
Lorraine 7 , 1 90 7, 1 90 7 , 1 90 7, 1 90 7, 1 9C 
Lucas 2 1 ,471 21 ,800 22, 1 30 22,460 22,789 
Luray 7,977 7,1 62 6,450 5,805 5,228 
McPherson 1 ,01 2,989 1 ,082,7 1 3  1 , 1 52,51 4 1 ,222,238 1 ,292,036 
McPherson RWD #02 6,833 7,2 1 7  7,559 7,943 8,28!: 
McPherson RWD #03 2, 1 3 1  2,790 3,501 4 ,2 1 1 4,871 
McPherson RWD #04 27,625 29,336 31 ,046 32,757 34,467 
Natoma 1 3,529 1 2 , 1 87 1 0,961 9,850 8,85:3 
Osborne RWD #02 4,843 5,3 1 8  5,889 6,364 6,83f 
Paradise 2,431 2,365 2,267 2,201 2 , 1 3!: 
Russell 1 3.72,300 61 3,200 678,900 751 ,900 832,20C 
Russell RWD #01 2,626 2,626 2,626 2,626 2,62{ 
Russell RWD #02 1 ,737 1 ,737 1 ,737 1 ,737 1 ,73 1 
Russell RWD #04 3,874 3,830 3,785 3,785 3,741 
Salina 2,304,637 2,474, 1 43 2,643,649 2,81 3,205 2,982,71 1 
Saline RWD #01 2,7 1 3 3,359 4,027 4,673 5,341 
Saline RWD #02 2 1 ,637 20,860 20,028 1 9,252 1 8 ,47� 
Saline RWD #03 26,771 31 ,787 36,835 41 ,884 46,93, 
Saline RWD #04 25,487 28,732 31 ,934 35, 2 1 8  38,421 
Saline RWD #06 5,049 6,833 8,655 1 0,477 1 2,261 
Saline RWD #07 9,2 1 3  1 0, 1 26 1 0,987 1 1 ,929 1 2,841 
Sylvan Grove 1 4,044 1 3,956 1 3,868 1 3,779 1 3,691 
Tescott 1 3,856 1 3,981 1 4, 1 06 1 4,231 1 4,397 
Waldo 1 ,  1 73 1 , 058 966 851 78. 
Wilson 38,205 36,020 33,836 3 1 ,651 29,467 
Assaria 1 5,242 1 5,407 1 5,538 1 5,669 1 5,834 
Beverly 6,260 6,065 5,820 5,625 5,42� 
Bushton 1 8,794 1 8,794 1 8,794 1 8,794 1 8,79� 
Claflin 37,4 1 6  36,969 36,578 36, 1 32 35,741 
Culver 4,840 4,954 5,068 5 , 2 1 0  5,324 
Galva 28,039 28,543 29,005 29,466 29,97( 
Geneseo 1 4,741 1 4,741 1 4,702 1 4, 664 14,66< 
Holyrood 29,054 26, 1 54 23,81 0  2 1 ,898 1 9,98E 
Lincoln Center 59,434 53,505 48, 1 50 43,320 38,96� 
Little River 33, 1 1 6  34,791 36,4 1 1 38,086 39,70€ 
Marquette 27,51 8 27,284 27,098 26,864 26,63( 
Solomon 60,252 67,21 1  74, 1 70 8 1 ,  1 29 88,087 
Susank 1 ,830 1 ,737 1 ,675 1 ,582 1 ,520 
Victoria 50,209 54, 1 87 58,205 62,224 66,202 
Ottawa RWD #02 53,599 70,890 88, 1 09 1 05,365 1 22, 582 

I KUSsell KWU R'Uj 00,JL::I !:>l:S, l ::IL OU,::1::1� OJ,OUO 00,00\: 

TOTAL 5,700,764 6,563,765 7 , 1 65,41 1 7,81 2,253 8,503,327 
TOTAL (MGY) 5700.764 6563.765 7 1 65.4 1 1 781 2.253 8503.327 
TOTAL (MGD) 1 5.6 1 8.0 1 9.6 2 1 .4 23.3 

I Demands provided by PWWSD # 1 5  

l :\1 652951 1 \Report\Tables\Ta b 1 .xlsTB 1 - Smoky H i l l  Proj. Demand Page 1 of 1  



Source: Kansas Water Office TABLE 2 POTENTIAL PARTICIPANT 
PRESENT AND PROJECTED WATER DEMAND 

( In  1 ,000 gals.by potential public water supplier and selected year) 

County 
ID 

DK 
SA 
BT 

· OT 
LC 
RH 
SA 
AS 
AC 
MP 
DK 
BT 
CY 
OT 
DK 
D K  
DK 
AS 
MN 
EL 
EL 
EL 
EL 
EL 
EL 
EL 

EW 
EW 
DK 
MP 
RC 
RS 
SA 
EL 
DK 
BT 
EW 
DK 
MC 
EW 
RH 
MN 
RH 
LC 
MP 
RC 
CY 
EW 
RS 
RS 
DK 
MN 
MP 

Name of Public Water Supplier 
Abilene 
Assaria 
Barton RWD #01 
Benninoton .,., , �: :..J 
Beverly 
Bison .. •r; ... ft; ,"j •·•A-' 

Brookville 
Bunker Hil l  
Bushton 
Canton 
Chaoman -
Claflin 
Clay RWD #02 � • rr"\ ., 
Culver 
Dickinson RWD #0 1 

.. 

Dickinson RWD #02 
Dickinson RWO #03 
Dorrance 
Durham "'· " 

Ellis 
Ellis AWO #01 
Ellis AWD #02 
Ellis AWD #03 
Ellis AWD #05 
Ell is AWD #06 
Ell is AWD #07 
Ellsworth 
El lsworth RWD #01 (Post Rock) 
Enterorise 
Galva 
Geneseo 
Gorham 
Gypsum 
Hays1 

Herinaton 
Hoisinaton 
Holyrood 
Hooe -

Hunter 
Kanopolis 
La Crosse 
Lehiah 
Liebenthal 
Lincoln Center 
Lindsbora 
Little River 
Lonaford 
Lorraine 
Lucas 
Lu ray 
Manchester 
Marion AWD #01 
Marauette 

.. 

- - ., 
.. 

l:\1 652951 1 \Report\Tab2.xlsTB2- Tot Proj. Demand 

Year 
2000 201 0 2020 

377 314 421 543 465 772 
1 5,242 1 5,407 1 5,538 

1 063 1 1 77 1 253 
Iii 23 316 24 527 25 737 

6 260 6,065 5 820 
10 954 1 0 420 9 841 
8 579 8 655 8 731 
5 507 5 095 4,735 

1 8,794 1 8  794 1 8  794 
51 049 54 547 58 095 
85 1 25 92 651 1 00 1 76 
37 4 1 6  3 6  969 36 578 
31 51 1 32 336 33r1 61 

4 840 4 954 5 068 
35 731 38 435 41 .035 
60 880 63 293 65.708 

2 32� 3 1 76 4 043 
5,847 5,574 5 332 
7 036 6 690 6 286 

81.1 06 79 884 78.662 
6 095 6 095 6 095 
1 395 1 395 1 395 
6 224 6 224 6 224 
1 202 1 ,1 04 975 

1 1  695 1 2  877 1 4  060 
9 301 9 601 9 901 

1 43 849 1 54 393 1 64 936 
1 09 331 1 1 8  094 1 26 8 1 8  

39 987 43 566 47 1 44 
28 039 28 543 29 005 
1 4,741 1 4,741 14 702 
9 940 9, 1 59 8 4 14  

1 6 1 7� 1 5  79( 1 5.445 
7 1 5  400 1 022 000 1 241 000 
1 26 3 1 2  1 33 732 1 41 1 96 
1 56 092 1 63 567 1 71 .042 

29 054 26 1 54 23 8 1 0  
1 2  780 1 3 498 1 4,21 7 

3 250 3 097 2 943 
29,983 29 635 29,337 
62 307 62 307 62 307 

8 067 8 249 8.432 
4 1 1 9  3,820 3.521 

59 434 53 505 48 1 50 
1 90,402 2 1 4  1 1 4 237,880 

33, 1 1 6  34,791 36,41 1 
5 046 5.366 5 62 1  
7 1 90 7 1 90 7 1 90 

21 ,471 21 800 22,1 30 
7,977 7, 1 62 6,450 
3 1 57 3 358 3 559 

42 089 42 089 42 089 
27, 5 1 8  27,284 27,098 

2030 
5 1 0  001 

1 5,669 
1 367 

26 .948 
5 625 

. 9 307 
8,845 
4 323 

1 8,794 
61 ,594 

1 07,702 
36 1 32 
33.945 

5 2 1 0  
43 794 
68 1 22 

4,91 1 
5,090 
5.882 

77 440 
6 095 
1 395 
6 224 

877 
1 5  242 
1 0  251 

1 75 480 
1 35 580 

50 723 
29,466 
1 4 ,664 

7,669 
1 5 1 00 

1 496 500 
1 48 6 1 5  
1 7-8 5 1 7  

21 898 
1 4 935 

2 790 
29,039 
62 307 

8 61 4  
3 222 

43 320 
261 592 

38,086 
· 5.877 
7 1 90 

22 460 
5,805 
3 761 

42 089 
26,864 

2040 
554 1 81 

1 5,834 
1 442 

. >•·28 1 5� 
5 429 

. 8 772 
8,921 
3 91 1 

1 8,794 
65 092 

1 1 5  228 
35 741 
34 77( 

5,324 
0'46 393 

.70 537 
5 75f 
4 847 
5 536 

76 2 1 S  
6 095 
1 395 
6 224 

747 
1 6  425 
1 0  551 

1 85 971 
1 44 393 

54 342 
29 97C 
1 4  664 

6,925 
1 4.755 

1 788 500 
1 56 035 
1 85 992 

1 9,986 
1 5  65� 

2 63i 
28 692 
62 307 

8 797 
2 923 

38 969 
285 304 

39,706 
6 1 3t: 
7 1 90 

22 789 
5,228 
3,96t: 

42 089 
26 63C 

8/25/2003 
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Source: Kansas Water Office TABLE 2 POTENTIAL PARTICIPANT 
PRESENT AND PROJECTED WATER DEMAND 

( In 1 ,000 gals.by potential public water supplier and selected year) 

County 
I D  Name o f  Public Water Suoolier 

. RH McCracken 
M P  McPherson 
MP McPherson RWD #01 i';, 
M P  McPherson RWD #02 
M P  McPherson RWD #03 
M P  McPherson RWD #04 
CD Miltonvale 
OT Minneaoolis 
MC Mitchell AWD #02 l,i 1 ·-- I 
OB Natoma 
BT Olmitz - ·-. ' ' " ·· ' I 
OB Osborne RWD #02 
AH Otis . -' u 
OT Ottawa RWD #02 
RO Palco ·::. " ,,.' · -fl ",. � 

RS Paradise 
RO Plainville ;·� .. , 
RC Rice RWD #01 " \'  " ,J . ,  r 
AO Rooks AWD #02 ... .. ,. ( 
AO Rooks AWD #03 
RH Rush RWD '#01 
RS Russell1 

RS Russell RWD #01 
RS Russell RWD #02 
BT Russell RWD #03 
RS Russell RWD #04 
SA Salina 
SA Saline RWD #01 
SA Saline RWD #02 
SA Saline RWD #03 
SA Saline RWD #04 
SA Saline RWD #06 
SA Saline RWD #07 
DK Solomon 
BT Susank 
LC Sylvan Grove 
OT Tescott 
EL Victoria 
RS Waldo 
EW Wilson 
MP Windom " < 

2000 
9 823 

1 ,01 2 989 
8 09C 
6 833 
2 1 31 

27,625 
24 522 

1 1 1  497 
91 .644 
1 3  529 

6 1 5S 
4 843 

48 1 55 
53 599 
1 3 49€ 

2 431 
108 867 

32,507 
2 1 46 

39,097 
1 5.6 1 €  

372 300 
2 626 
1 737 

55 329 
3 874 

2 304 637 
2 7 1 3  

2 1  637 
26 771 
25,487 

5 049 
9 2 1 3  

60 252 
1 830 

1 4 044 
1 3  856 
50 209 

1 1 73 
38,205 

7,099 

201 0  

9 654 
1 ,082 7 13  

8 492 ·� 
7 2 1 7  
2 790 

29 336 
26 283 

1 1 3  496 
91 . 1 33 
1 2 1 87 

6 1 1 8  
5 31 8 

48,975 
70 890 
1 2.379 

2 365 
1 01 .51C 

43 621 
2 1 46 

39 097 
1 6 209 

61 3 200 
2 626 
1 737 

58 1 92 
3 830 

2 474 1 43 
3 359 

20 860 
31 787 
28,732 

6,833 
1 0, 1 26 
67 21 1 

1 737 
1 3  956 
1 3  981 
54 1 87 

1 ,058 
36,020 

6,900 

Year 
2020 

9.484 
1 1 52,5 1 4  

8 938 
7 559 
3 501 

31 046 
28,091 

1 1 5,441 
90 6 1 7  
1 0  961 

6 077 
5 889 

49 795 
88,1 09 
1 1  2 1 2  

2,267 
94 1 01 
46 956 

2 1 46 
39 097 
1 6 802 

678 900 
2 626 
1 737 

60 999 
3,785 

2 643 649 
4,027 

20 028 
36,835 
31 ,934 

8,655 
1 0  987 
74, 1 70 

1 675 
1 3  868 
14,1 06 
58,205 

966 
33,836 

6,701 

TOTAL SMOKY HILL REGIONAL CURRENT & POTENTIAL PARTICIPANTS 

!TOTAL SMOKY HILL REGIONAL LESS LIKELY PARTICIPANTS 

TOTAL SMOKY HILL REGIONAL AREA 

1 Demands provided by PWWSD # 1 5  

l:\1 652951 1 \Report\Tab2.xlsTB2- Tot Proj. Demand 

2030 

9 31 5  
1 ,222 238 

9 381 
7 943 
4 21 1 

32 757 
29 853 . 

. 1 1 7  385 
90 233 

9 850 
5 996 
6 364 

50.6 1 5  
1 05 365 

1 0 096 
2 201 

86 691 
50 252 

2.146 
' 39 097 

1 7  394 
751 900 

2 626 
1 737 

63 806 
3 785 

2 81 3 205 
4 673 

1 9  252 
41 884 
35 2 1 8  
1 0  477 
1 1  929 
81 1 29 

1 582 
1 3  779 
1 4,231  
62,224 

851 
31,651 

6,453 

MGD 

MGD 

MGD 

2040 
9 1 45 

1 ,292,039 
9 784 
8 285 
4 871 

34 467 
31 66( 

1 1 9 3� 
89.7 1 7  

8 853 
5.95€ 
6 838 

51.435 
1 22 582 

9.08� 
2 1 35 

79 335 
53 54S 

2 1 46 
39 09i 
1 7 9H 

832 20( 
2 62E 
1 737 

66 669 
3 741 

2 982 71 1 
5 341 

1 8  475 
46 933 
38 421 
1 2,261  
1 2  841 
88,087 

1 520 
1 3  691 
14 397 
66,202 

782 
29 467 

6,25� 

8,503,327 
23.3 I 

2,092, 1 68 
s.1 I 

1 0,595,495 
29.o I 

8/25/2003 
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Source: Kansas Water Office 

TABLE 3 - PROJECTED WATER SU PPLY AVAILABILITY VS. PROJECTED AVERAGE DAY DEMAND 

CONTRACTED REQUESTED 2040 DEMAND (AD)6 

SOURCE APPLICANT MGY MGD MGY MGD 
Kanopolis Post Rock !Ellsworth RWD#1 l 400.000 1 .096 
Kanooolis PWWSD#1 5  !Hays & Russell) 1 •4 0.000 0.000 2555.000 7.000 
Post Rock Brookville 1 0.800 0.030 
Post Rock Dorrance 6.000 O.Q1 6 
Post Rock Ellsworth2 91 .250 0.250 
Post Rock Gorham 29.030 0.080 
Post Rock Luray 1 7.366 0.048 
Post Rock Paradise 3.240 0.009 
Post Rock Waldo 2.700 0.007 
Post Rock Ellis RWD#5 NA5 NA 
Post Rock Osborne RWD#2 9.000 0.025 
Post Rock Saline RWD#7 8.290 0.023 
Post Rock Wilson Lake t::.states 2.551 0.007 

Tota13 400.000 1 .096 2555.000 7.000 
Total Drought Yield Available 4672.000 1 2.800 

Ditterence 4272.000 1 1 .704 

Smokey Hill River Ellsworth2 328.500 0.900 
Smokey Hill River Hays'·4 744.91 0 2.041 
Smokey Hill River Salina 7300.000 20.000 
::>allna Saline RWD#3 27.290 0.075 

Total 8400.700 23.01 6 
Total Drouaht Yield Available 

Difference 

Groundwater Bunker Hill NA NA 
Groundwater Hays2'4 1 1 60.739 3. 180 
Groundwater Kanopolis 1 34.028 0.367 
Groundwater Lindsbora 236.350 0.648 
Groundwater Lorraine NA NA 
Groundwater Lucas NA NA 
Groundwater Natoma NA NA 
Groundwater Russell4 600.492 1 .645 
Groundwater Syvan Grove 31 5.360 0.864 
Groundwater Tescott 1 44.540 0.396 
Groundwater Ellis RWD#1 NA NA 
Ellis RWD#7 Ellis RWD#2 5.256 0.014 
Groundwater Ellis RWD#3 NA NA 
Groundwater Ellis RWD#6 58.342 0.160 
Groundwater Ellis RWD#7 NA NA 
Groundwater Russell RWD#1 NA NA 
Groundwater Russell RWD#2 6.307 0.01 7 
Groundwater Russell RWD#4 NA NA 
Groundwater Saline RWD#1 7.358 0.020 
Groundwater Saline RWD#2 NA NA 
Groundwater Saline RWD#4 45.000 0.1 23 
Groundwater Saline RWD#6 1 1 .881 0.033 
Groundwater Assaria 33.774 0.093 
Groundwater Beverly 7.000 0.01 9 
Groundwater Bushton NA NA 
Groundwater Claflin NA NA 
Groundwater Culver NA NA 
Groundwater Galva NA NA 
Groundwater Geneseo NA NA 
Groundwater Holyrood 320.61 6 0.878 
Groundwater Lincoln 1 25.000 0.342 
Groundwater Little River NA NA 
Groundwater Marauette NA NA 
Groundwater Solomon NA NA 
Russell RWD#3 Susank NA NA 
Groundwater Victoria 21 0.240 0.576 
Groundwater Ottawa RWD#2 NA NA 
10tis Russell RWD#3 47.322 0.1 30 

Total 3469.605 9.506 
Total Drouaht Yield Available 

Difference 

McPherson BPU McPherson NA NA 
McPherson BPU McPherson RWD#2 24.000 0.066 
McPherson BPU McPherson RWD#3 NA NA 
McPherson BPU McPherson RWD#4 24.000 0.066 

Total 48.000 0.132 
Total Drought Yield Available 

Difference 

1 The demand for PWWSD#15  is the sum of Hays' and Russell's demands. 
2 Receives water from multiple sources. Demand on each source is proportional to the amount contracted from each source. 
3 This total is the sum of current contracts on Kanapolis Lake. Post Rock then distribrutes the water to its customers. 
4 Demand provided by PWWSD #15. 
5 NA stands for Not Available. 
6 AD stands for Average Day. 
7 This difference equals (contracted + requested) - 2040 demand. 

l:\1652951 1\Report\Tab3.xlsTB3 - Availability vs Demand 

MGY MGD 
1 44.393 0.396 

2620.700 7. 1 80 
8.921 0.024 
4.847 0.01 3 

40.428 0.1 1 1  
6.925 0.01 9 
5.228 O.Q1 4 
2.1 35 0.006 
0.782 0.002 
0.747 0.002 
6.838 0.o 19  

1 2.841 0.035 
NA NA 

2854.785 7.821 

1 45.543 0.399 
699. 1 1 7  1 .915 

2982.71 1 8. 172 
46.933 0. 1 29 

3874.304 1 0.61 5 

3.91 0.01 1 
1 ,089.38 2.985 

28.69 0.079 
285.30 0.782 

7.19 0.020 
22.79 0.062 
8.85 0.024 

832.20 2.280 
1 3.69 0.038 
14.40 0.039 
6.1 0  0.01 7 
1 .40 0.004 
6.22 0.01 7 

1 6.43 0.045 
1 0.55 0.029 
2.63 0.007 
1 .74 0.005 
3.74 0.010 
5.34 0.01 5 

1 8.48 0.051 
38.42 0.1 05 
1 2.26 0.034 
1 5.83 0.043 
5.43 0.01 5 

18.79 0.051 
35.74 0.098 
5.32 0.01 5 

29.97 0.082 
14.66 0.040 
1 9.99 0.055 
38.97 0. 107 
39.71 0.1 09 
26.63 0.073 
88.09 0.241 
1 .52 0.004 

66.20 0.181 
1 22.58 0.336 
66.67 0.1 83 

3025.809 8.290 

1 ,292.04 3.540 
8.29 0.023 
4.87 0.01 3 

34.47 0.094 
1 339.662 3.670 

8/25/2003 

DIFFERENCE7 

MGY MGD 
255.607 0.700 
-65.700 -0. 180 

1 .879 0.005 
1 . 1 53 0.003 

50.822 0. 1 39 
22.1 05 0.061 
1 2. 138 0.033 
1 . 1 05 0.003 
1 .918 0.005 

-0.747 -0.002 
2.1 62 0.006 
-4.551 -0.012 
-2.551 -0.007 

1 00.215 0.275 

1 82.957 0.501 
45.793 0 . 125 

431 7.289 1 1 .828 
-1 9.643 -0.054 

4526.396 1 2.401 

-3.9 1 1  -0.01 1 
71 .356 0.195 

105.336 0.289 
-48.954 -0.134 
-7. 1 90 -0.020 

-22.789 -0.062 
-8.853 -0.024 

-231 .708 -0.635 
301 .669 0.826 
1 30.1 43 0.357 

-6.095 -0.017 
3.861 0.01 1 

-6.224 -0,017 
41 .917 0.1 1 5  
-1 0.551 -0.029 
-2.626 -0.007 
4.570 0.013 
-3.741 -0.01 0 
2.0 17  0.006 

-1 8.475 -0.051 
6.579 0.01 8 
-0.380 -0.001 
17.940 0.049 
1 .571 0.004 

-1 8.794 -0.051 
-35.741 -0.098 
-5.324 -0.015 

-29.970 -0.082 
-14.664 -0.040 
300.630 0.824 
86.031 0.236 

-39.706 -0.109 
-26.630 -0.073 
-88.087 -0.241 
-1 .520 -0.004 

144.038 0.395 
-122.582 -0.336 
-1 9.347 -0.053 
443.796 1 .216 

-1 292.039 -3.540 
1 5.71 5 0.043 
-4.871 -0.01 3  

-1 0.467 -0.029 
-1 291 .662 -3.539 
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·94.tn(low _ 0u1now T 1bl• 

Weier Agney Source 

C1lv of Brookville Ellsworlh RWD #1 tPost Rock} 
c11v or Bunkor Hm ·, ·. •• 
Cilv or Oorranc1 EllSW011h RWO #1 lPost Rock\ 

Source Capaclly Source Capacity Sourc1 
(gpd) (MGY) Allocallon (gpd) 

29569.04 

11S438.38 

Source 
Allocation 

IMGVI 
10 80 

e.oo 

Source Craw Sourc1 Ot'aw Water Right 
Volume (gpd) Volume (MOY) Source 
29569.04 

16438.38 

10.80 Contracl 

6 00 Contrad 

Waler Righi 
EJi:piraUon 

2025 

2025 

TABLE 

GENERAL ENTITY AND SC 

Master Meter Inflow 

._ .. : .. • �· • • • .,: c 

Citv of ParadlH Ellsworth RWD #1 Po1I Rock 8878.71 3.24 88715.71 3.24 Conlrad 2025 

CHyof Ru1Mll 

Ell"""'1h RWO #1 (Posl Rock) 

McPherson RWO #2 

210 s. Front SI.; 

Ellawor1h RWO # 1 Post Rock 
Will #1 72000.00 28.280 72000.00 26.280 72000.00 26.280 114 mn1 Hsi or Catherine 
Well #2 50400.00 18.395 50400.00 18.396 50400.00 18.398 114 mne south of Emmeram Rd a 280th Ave. 
Well #3 37440.00 13.668 37440.00 13.868 37440.00 13.68e 1/8 mile we.st of Buckeve Rd. & 2801h Ave. 

Kanoooll1 Lakl 10QS8QQ.41 400.000 1095690.41 

Mcf>her"son BPU 53.40 24.000 e5753.40 

400.000 

24.000 
�...;� .. .\�,-.; 

KWO 

Contract 

2015HWV 14' NW114 Sec11 T11S R6W' •IW1 

2016 Norttwlew Rd. between C.nntenlal end MuweH S 
McPherson RWO 114 Mcl'Nfson Bf'U 24.000 252054.79 92.000 

10.512 
Contract 1448 171h Avt. McPherson KS 

Osborne RYt/O #2 Ellswor1h RWO #1 tP01t Rock\ 24657.63 G 000 28800.00 Centred December 2028 NW comer of Sec 2WTilSIR14W Osbon .. Co 
Auuoll RW0#1 p2�W�el�l;,1 _______ �t------t-----r-----�-----ir-----r-----r-----�-----t"SE�NW"""'S"'E,,_Sec�34�,�T�14�S"":'R�14�W�---� 

•
#
�
2
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lw��;��'�o He�•�··�
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;
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;
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;

7
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���11�� 4 

R
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.. -: � �=:: 20160.00 7.358 20160.00 7.358 20160.00 7.358 �
R
�
1
i
rSN
�

hl�ln�=== 
#2 Well #1 50400.00 18.396 244600.00 89.352 244600.00 69.352 � Wetl #2 72000.00 26.280 Included above included above included above included above -:;R2W�\-----

Saline R\VO #3 

Sellne
R
W0#4 

Sallno RWO tie 

Wlfl #3 57800.00 21.024 included .above included above Included above included above -:;R2W�\-----
Well #4 84800.00 23 652 Included above includld above Included abov� includ9d above �R2W=-----
Cltv cf Salina 74767.00 27.2U 74797.00 27.29 

2 Wells 201600.00 73.564 123287.00 45.000 34435 & 22388 Sec 2CVl13S/R3W Slll
no 

Co. 
Sec em 55/RJW • 2 we111 

"s"'11"'1no"""r<
w
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Well #4 417600.00 152.424 20821 Q2 7.600 Included above Included tbovt KOA 
Well #5 417800.00 152.424 20821.92 7.600 included above Included above KDA 

Well#1 144000.00 52.580 19176.06 7.000 19176.08 7.000 
We11#2 184320.00 87.277 included above included above Included tboY• Included above 

Cilv ofGatv.,- '4 well1 1 152000.00 420.460 1152000.00 420.480 1 152000.00 420.4
60 

s. 
s
. Ave. 

oad Ave. 

of Geneseo-:-.. :,�·�";:"'- · ·-.·�,,r.:,;.��-.-,; ..... ·.1.�'" J.�--.. .. �-·· .. � "'-''":�\ .. -�·r.::_.·."�- -\!" .. ..,..., .'. -, • .b. ;.;:· · ' �r,.. ..,,� i·· ··· ... ..... �- ; ; C"I- r:; � _,� ,.t -�� � ��� t.: ,;._!?_�·:...,.;-. -.,If! "";_,.-:· .... . :-t�:-��-; ... IJ. � •• ; '4Jt-�.,:.; "··· �-�::�'.:. ... •t:!) . .., • · 

Well #4 inctuded abo111 included above included above included above mcluded above lncludl'd above Wat• Riaht SE NW "'1VV -""""'"RZW=-----
Russell RW'0#3 Citv of Oti

• 
R.definilion: 
1. Capacity • Treatment OI' well field oulpul (applleabtt only lo these willi pl1nl1 Of' wells) 
2 Allocation • Toltl conlract amounl availabt1 from w.al• rlRht. K:WO, and seller contr1cl 
3. Draw Volume • Amount M>Ure1, &Ml•. or system willinQ, able or capable of providing (< No. 2 >) 

'---'-----'-----'• Old not respond lo survey 

121le4V5 47.322 121le49.75 47.322 



LE 4 
SOURCE INFORMATION 

Maatw Mel• Outnow Customer 

. . ., ·- "' .... . .. -

:lion 

St. 

>do St 
f\Ac.Phersone RWO#e 

401 Soulh Sh Slreef Saline Co. RWD #3 

See 14/T12S/R1CM/ 

CUslamer Cu Slomer Cuslom« Cuslomer 
Al1ocalion Allocahon Oraw Volume Draw Volume 

'"�' IMGYl lood\ IMGY\ 

M000.00 32. 12 

-!;•._, 4_._. "· �'. "" ' . ,...._,, .� : . .: 

74787. 00 27.29 

.. ·. 

Commenla 

. c.: • • .. . •·· -

m1ss1ng page i: 
WTP expansion lo 1.4 MGO, Mtiin consln.icticn in 412002 

IGUCA llmilaUon on Wiier r;a111 • 2285 Af/vr rrom 2499 Arrvr 
8 MGO WTP 

Permit ravitw'lc:I IVW'V 5 \ltl 
Water Rlnhl end of oerfecl ion oeriod al 2012 

Chlorin.tlon buUdina • 1300 com drlW volume 

IGUCA limits diversion of ?f1if1r well field lo 1435.8 acft 

1 laft blank 

I llaoa 1 lefl blenk, Wells 8 Ind & •• combined 

?>i.. ,·lf':$"'l --.4 .� .•.r: pi.-.-- . ..,......Jl.• l.�<:·r�-:;.�f��.'!f��� ..,�..,..i.Jt:::t·'·'""·'ii:. l ... "'; ,...-,-• • -.:��i.;:·:o. ·'-�-;.-.-'" �.r -�'""! .,. .._  .... _ .•• • -=·-��;;. 'i:i. t'l. .... ;•,.;.;!·.� .;. ,.:."' .. �H:;.·" 1.c��·�r.-�-.:._, ;,;.��-;:-�:o,f.s,..c::'>rv.-"t:· :::. ... -.J. ,;-·-,,r. ,.Ji·!..�- ,.�'�:.t,�· .. 
�-,_ ' .t· :�.;··· "t"f ;':•.· ... tn··· "' ··�·. i..Y :."-' t...,::-. Tr.� .... .  ' .. ) .. -""�'! ;;:r;;:.":.""' � ... �,"""+"�� .,.��·-> ...... :· · �:r;.�-i';Ji-f_ �.w��":-"'""'r ;o1< •••• \.w-�.1 ·.:,.-..:._;. �.�, �"...i....,. . .-.......... -:· .. � ::::�}IF,:·�·i<.!".:.•; .... ...,:;.��l,;i�.·;·ii( ..;.� ;· •• ,...,:;;_ -,1�-o_�,...;.,_ .... �!;.; 

mi11ina Dace 1 

Contract llmll ol can not sunniv waler lo sub-divisions. 
mlssino Daae 1 Allocation not lo exeffd 750,000 all/monlh 

in ss o in11amna masl• meler 11 wen head 

missirv1 nane 1 

missing page 1: Proposed 2 wells wtltl 150gpm eaeh in 
Sec71T14SIRJW Saline Co. 
mlsslno o.aoe 1 

344CJl/.I See6 12-15·3W 

7SW Sec3 12-1&..JW 

moil Hrvk:e linn & tlydrants and all meh!rs replaced summer 
2002 

+;ro,;.�• •• .� •.-·J"�'-* ...... �, \1:<(/:J•'._ ";·) ... 'U ':if�.t;:::,::-..,:;:.�,!..:,�:_.�{'·1'�- 1�;-_,,;1,;�:.,�;....:..$j1f!r:!'�, '"';;..,:..;:;, .• ""J..::.•�• .� ,i \l.�· -'1�:' .,. .-';'•, .�"•J:1.)o•·f. } ,.:,.;.. ,..:!1� �>��;!,.:'.(• ,. ;,.,;.;.�,-:.."''.f.:'°;';"-;'.·j$."•.:;;•'1 'i- ',� \."•�":.�.:-:,..· •:�lr-�;f_::J...-:;-'1.'?�•\;1; /!'� .. �.���·�,',' !• _,.-;;..,_,� .;,-.:·��'�"1 
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200 aom eactl welt 
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1c11v of Susank, B�cn co. �.cu, nss. 
R13W C1tv or SUsank 

Master meler localed on First Slreet 

3 w•IM richts eombined c:annot exceed 103.51 MGV 



TBS-Demand with Dry Year 

�ry Year
_
�11ct�:�fJ,·�t:·�i '��::;,'.-�'l;;f����_/;�7);' 

WaterAaencv I Dry Year factor 
City of Brookville I 1 .00 
City of Bunker Hill I · . 1 .00 
City of Dorrarice I 1 .00 
City of Ellsworth I 1 .  13  
City of Gorham I 1 .00 
City of Hays 1 I 1 .05 
City of Kanooolis I 1 .00 
City of Lindsborg I 1 .05 

g&����=!�;:·��-,:-,__ ': � »o r·c:�_�·;_�:�-�:��": 
City of Luray 1 . 1 1  
c· of McPherson ·.::: < ;� •• • ; .. . . •  }:·· ;-::-_:,- "°"-· 1 .oo,-: -:: :;· 
Ci of Natoma.c•·e:,._.,-, :c · -��:t . "o"- �,"-;· r. 1 .00":'.' • ,  

City of Paradise 1 .00 
City of Russell1 I 1 .  12  
City of Salina I 1 .05 
City of SYtlian Grove I 1 .00 
City of Tescott I 1 . 12  
City of Waldo I 1 .00 
Ci -of Wil(on��.f.;:·,.-'�-��-���·:r.::.;�'<:·�:--� ���{:..-?--f.oo-:;t�.;::> 
Ellis RWD. #�::��:��l�-��.:c��'.l�::-�3�- ���!'"1:00_�"'�!�·::;' 
Ellis RWD #2 1 .51 
Ellis RWD #3 I 1 .20 �:::: =��-= i>:'�i ��$�.��·i<..?� ;;· 1:-.•.· '�",,;� :��-,;{f-t�-'o 
Ellis RWD #7:ti. ,-s;,� t'��-.2�1 �, ::;:z·, "1' .0Q ,,_�gr..:, 
Ellsworth RWD #1 (Post Rock) 1 . 12  
McPherson RWD #2 I 1 .00 
McPher5on·RwD:#3..;;�··;�·<:;:,,;·�1.l°"r.�fOO::tl:,,: 
McPherson RWD #4 1 .00 
Osborne RWD #2 I 1 .21 
Rus5ell RWD-#1i$�'!tJ�t", ,;.;.;-,£c''.'e�:":; 1��:-7--'i 1 :OO�od;.'' 
Russell RWD #2 1 .24 
Russell RWD #4 I 1 .00 
Saline RWD #1 I 1 .00 
Saline RWD #2 I 1 .35 
Saline RWD #3 I 1 .00 
Saline RWD #4 I 1 .31 
Saline RWD #6 I 1 . 12  
Saline RWD #7 I 1 .00 
Wilson Lake Estates 
City of Assaria 
City of Beverly 
City of Bushton�:-£'::::::.::· '' �-·� • · -
City of Ctaflin � -�2<•°"' .-... •· -O.'.c0) • .-

Citv of Culver"'-�"-'.···\ _ · c. ." .- . 
City of Galva 
City of Geneseo· .·:, · ·;._ 
City of Holyrood 
City of Lincoln 
City of Little River". · · · .c � · � ' 

City of Marquette - . -
City of Solomon 
City of Susank 
City of Victoria 
Ottawa RWD#2 
Russell RWD#3 

1 .00 
1 . 13  
1 .38 

-'::� .1 .00-'i" 
°"•"'-'-=:.: . _1 .00 . '  '< 

� · ! 1'.00c;�!·'.;-'-
1 .03 

•• . 1 .00 
1 .23 
1 .07 

- . 1 .00 
1.00 ' 
1 .00 � 
1 .00 
1.08 
1 .09 
1 .35 

TABLE 5 
ALLOCATIONS 

Water Demand Projections With Dry- Year factor.applied · .•.c-. � i .  .. co. · --');. --'-'·'-' _-., •.>:< ; "'·--:-<-.,..: - '"''-·, "!"'·, .\ .. .,.,;,:;..,,_. .;:.': ., ._, _,,. �.:J---� - ·�"j��:-�_- --��:-.�J- -::J"�tr�:._���· s-��·-;:,� ·. � -���'-�'"=_-: ::t��...;�r,-}��,� ·.::-��If.:�./�-!�· :� ... " :;·�--"":t�· :.�r:�--:;�·�_;_ "':�·-r�-:_�--:;5-; 
WaterAaencv I WtrD 2010 (MGY) I WtrD_2020 (MGY) I WtrD 2030 (MGY) I WtrD 2040 (MGY) 

City of Brookville I 8.655 I 8.731 I 8.845 I 8.921 
City of Bunker Hill · ·• I 5.095 I 4.735 I · "

. 4.323 · ·. I · 3.91 1 
Cityof Dorrance I 5.574 I 5.332 I 5.090 I 4.847 
City of Ellsworth I 1 74.464 I 1 86.378 I 198.292 I 210.147 
Citv of Gorham I 9.159 I 8.414 I 7.669 I 6.925 
City of Hays' I 1 ,073.100 I 1 ,303.050 I 1 ,571 .325 I 1 ,877.925 
City of Kanopolis I 29.635 I 29.337 I 29.039 I 28.692 
City of Linsborci I 224.820 I 249.774 I 274.672 I 299.569 
Ci of Lorraine ·· ·· .':,:.- .-..:._ ,y:- · - . - -- · 7.190.-.· ·_, - '-' · 7.190�'-·· ,.,, ..._ ,.,, _,, 7:1 90-.. �-_. '' ,·..:,. ,  ' 7:190'; ., .. "c. 
Ci of lucas'<·' •  . • . l �···· '•."-'£'· · .:� . 21 .800· ·-,··· · · .- . ,.. __ .,.. 22.1 30 ' Y-' -;:":--.c',:� 22.460"-'' '··;: · - - " -�·'-', 22.789 
City of Luray 7 .950 7 . 160 6.444 5.803 
Ci of.McPherson ·x_,,. , .. ,. ,_ ::;-c;-:.)::· -.�'�··· 1 ,082.713- .,c- - 1 , 152.514 ·-"l';;_,.- !- ,.::--5!',1 ,222.238-- ��-... ·:- ;  '·1;292.039 - :, , 
C' of Natoma �.<_'..-.""''.·" �--.·:.;;••;;'_',,-,,,. ,. ;:,,. ,, 12.18'1"·'� •.'..,: .  ' '.: 1 0.961-fc\::?f' .," •<.f.'.,-9.850.;::;•.;..�'.S• �t• 'ic°'. 8.853'·;:r · 
City of Paradise 2.365 2.267 2.201 2.135 
City of Russell' I 686.784 I 760.368 I 842.128 I 932.064 
City of Salina I 2,597.850 I 2,775.831 I 2,953.865 I 3,131 .847 
City of Sylvan Grove I 1 3.956 I 1 3.868 I 1 3.779 I 13.691 
Cityof Tescott I 1 5.659 I 1 5.799 I 1 5.939 I 16.125 
City of Waldo I 1 .058 I 0.966 I 0.851 I 0.782 
Ci �of Wilsofr1$'!•·c:'1t?ho·,':'.'t1't�0%.".,<>: -&,.;:::�, ,.36.020.o·;'.>':•-' , �,o;T;;.< 33:8361�:' ··'''"'' ,,;:.'.1''-'<-"" 31 :651-r.::;;1,; :�"':;�?29.467-� •. ·-c,::·. 
Ellis RWD #1?. '"i:-:;(A "-'-" :¢·:·::<:-c��"'.t3'- f!r::,,f;:,'f 6:095'�'?'' -c, ·-.iJ� -1· 6.0'9S:-';;'!-1;"..i., ;:i ic,,< 6'.095iof';,p) �'ft,"'1t'l6.095�<:<,-;;'.:'': "· 

Ellis RWD #2 2.106 2.106 2.1 06 2.106 
Ellis RWD #3 I 7.464 I 7.464 I 7.464 I 7.464 
Ellis RW.D'#5��-:.���:::-·�-�'·2ii� "''·��;;:-_ J .1 041--�. q ·- !��. ··�.0�975'·£�'-�i'\. :'{'::1·.""·k::_0;8Vi':·£e� ")i'-;-,:c;-.?;;0.747 .. -:.·"�h 
Ellis RWD #6 1 3.907 1 5. 1 85 16.461 17.739 
Ellis RWff #7!7-·'si�7� �'"'B��'-'"-'S-1-" ""�..._.,,_"9.601 ;;:·�,.;. ·< ·'-"'-.. : 9.90_1?=£-":��:o �{ -� :''10:25t,(':;;zi.::2 li'"�:#10.551 . ..;;�i01:0 
Ellsworth RWD #1 (Post Rock) 1 32.265 142.036 151 .850 161 .720 
McPherson RWD #2 I 7.217 I 7.559 I 7.943 I 8.285 
MCf,'herSbn RWD_-#3·>£�'�;,�,-:S'.'� ;::.;.--..�;;.'? 2.790.?:0>si'!i;" --�:�""'"3.501;tt>t:t?-. ''1t'�-,4.2'1 t��':!', -��"]';4:8.1.f.;'ifc!� 
McPherson RWD #4 29.336 31 .046 32.757 34.467 
Osbome RWD #2 I 6.435 I 7.126 I 7.700 I 8.274 
Russell;RWD. ft.1;..."t1�%�<i;��:.'f�¥'J' �.ffr,.:;2.626¥Vi>�X °<:'."t�·��..::-2.6261-f'<�""'-J ;.';�626B. f-'��: ;r-.[-;.,�,2:626;�,--t �: 
Russell RWD #2 2.154 2.154 2.154 2.154 
Russell RWD #4 I 3.830 I 3.785 I 3.785 I 3.741 
Saline RWD #1 I 3.359 I 4.027 I 4.673 I 5.341 
Saline RWD #2 I 28.161 I 27.038 I 25.990 I 24.941 
Saline RWD #3 I 31 .787 I 36.835 I 41 .884 I 46.933 
Saline RWD #4 I 37.639 I 41 .834 I 46.136 I 50.332 
Saline RWD #6 I 7.653 I 9.694 I 1 1 .734 I 13.732 
Saline RWD #7 I 10.126 I 1 0.987 I 1 1 .929 I 12.841 
Wilson Lake Estates I 0.000 I 0.000 I 0.000 I 0.000 
City of Assaria I 17.410 I 1 7.558 I 1 7.706 I 17.892 
City of Beverly I 8.370 I 8.032 I 7.763 I 7.492 
C]ty of Bushtbn!'c.•"':� 'c� · . . ;,.·;·,'.:Cf';:::· · •. .. , · .. 1 8:794�-·- . , � ." 1 8,794"-···�· :·· " " ' ' J8:7947•�:' - , 2, ,.: • .  !?_;;18:79.4 c �.,::-; 

g:� �; g����:::'-� �.-�� "<'�:,'�.:�'�: .:.��99�;·��::� ·C • • '3:.o5::c�---'�'- �:;\;'. �35���3J��:"· ���=i;2;;2� :�:- -
City of Galva 29.272 29.746 30.219 30.736 
Cf of Geneseo •::·;= : ,  '·.<�-.�,, .  �·_,c-, ·,, 14.741 . -:-_; .· 14:702 . ' ;,_;, - ·:.;:'-: <':·14:664 . . , .- ... ·:: ·:·;.;: · :14.664 ;·, .: 
City of Holvrood 32.169 29.286 26.935 24.583 
Ci of Lincoln 57 .250 51 .521 46.352 41 .697 
City of Little.River-: :_· ' ·�"-:,, . - -:-. • -· ·•· 34.791-J .-._ 36.41 1.. · >-· 38.086� .-" ,, ". • , 39.706 
C:Tf./of Marquette- ·· -..,. _ ;,. . _; ,-;i . : I : · 27:284 ' . I :. 27.098 1 ·.· / 26.864• "'. :. -1<'>'' 26.630 
City of Solomon ;. ::.' · :,- I 61.21 1 · .• I - 74:170 -I 81 .129 · I · �- 88.087 
City of Susank I 1 .737 I 1 .675 I 1 .582 I 1 .520 
City of Victoria I 58.522 I 62.861 I 67.202 I 71 .498 
Ottawa RWD#2 I 77.499 I 96.323 I 1 1 5. 187 I 134.009 
Russell RWD#3 I 78.559 I 82.349 I 86.138 I 90.003 

'<---------------' = Did not respond to survey 
1 Demands provided by PWWSD #15 

���yc ���·�vi���������;������£r$i�i�;;��;,�1j��1f{�l���·�:�;·�·(�%�;:� 
WaterAaencv I 2010 (MGY) I 2020 (MGY) I 2030 (MGY) I 2040 (MGY) 

City of Brookville I 2.145 I 2.069 I 1 .955 I 1 .879 
City ofB u nker Hill . . I -- -5.095 I : -4. 735 - I - -4.323 • I -3.91 1 
Cityof Dorrance I 0.426 I 0.668 I 0.910 I 1 . 1 53 
City of Ellsworth 245.286 233.372 221 .458 209.603 
City of Gorham 1 9.871 20.616 21 .361 22.105 
City of Hays' 832.549 602.599 334.324 27.724 
City of Kanopolis 1 04.393 104.691 104.989 105.336 
City of Linsborci -20.590 -45.544 -70.442 -95.339 
Citv of Lorraine -�:_.;. ':.,'.f·>'"'> · '• .. :�,,. _t;;; '' -7.190"?.!'_. ,u.��:-T.190· ::. j.:: . -7.1 90,_:. . .-. ·' <·7.19o .; ·: ... 
Citv of Lucas�·�-"r':.;:�,; Ye-'· .. .,.,,,;_.j'.-;·"· -21 .800'' ' --���-22:130·. ' '" .  "22.4160-: . .f, -·• -22.789.' :, 
Citv of Lurav 9.417  10.207 1 0.923 1 1 .563 
Citv of McPher5on --�.,,::;,,..�:"''"",.;§; f::-1 ,08Z.713·- . . .;;.-.1 ,1 52;514,-; .r.· �1 .222.23e:- ·  · c01 ,292.039 ,. 
CitV of Natoma;1{!"·�·��::::· ".i<Sii ·�:i.: , .12;1 8V'· ... i:i_:;�10.961�':: i:-?.· ·9·.850?,>s.�' ii: ·:.-8�653�:;:_•· 
City of Paradise 0.875 0.973 1 .039 1 .105 
City of Russell' -86.292 -159.876 -241.636 -331.572 
City of Salina 1 ,794.441 1 ,61 6.460 1 ,438.426 1 ,260.444 
City of Svtvan Grove 301.404 301 .492 301 .581 301 .669 
Citv of Tescott 128.881 1 28.741 128.601 128.415 
CitvofWaldo 1 .642 1 .734 1 .849 1 .918 
Ci · .. of Wilso·n;;;r�:;:; .. ��;;�::,k;\£�: : �--36.020' .,_, =£?...33-.836::}.i': ;;-.:.-::--3� -7��·?29.467 ;,-;j,, 
Ellis .RWD.#,1:Z.,'f° A1f:'?� ·,:.;:, i �"lj;. '*�-9(095<.->t' 4;'>1�.095�: .. -,;.:;.- ·:.S.095&�--< i0--,,�--9.095 .• !;;;;< 
Ellis RWD #2 3.150 3.150 3.150 3.1 50 
Ellis RWD #3 I 3.536 I 3.536 I 3.536 I 3.536 
Ellis RWD #5���:�-" ;.·;;., .. -�: _,.1:1 04>:, �;;� -0.97'5 ·.::;·�� -�-·-'-0,8i..W2;: 'f:4.,,P.7�7ffco'$-
Ellis RWD #6 44.434 43.157 41 .880 40.603 
Ellis. RWD #7,;�.,;c;·�<�,Pt�;.>;o:'�' :.� "9.601\l:'�· :S��·!f.901.,.,_"!t'. -i� ·10.251>-�il '?;' -10:551�·--
Ellsworth RWD #1 (Post Rock) 87.503 77.732 67.919 58.048 
McPherson RWD #2 16.783 16.441 1 6.057 1 5.715 
McEhersan R\'VD;.#3��ft.·r.·�,it -£��-i:�190 . .'-:; '"'fJ-3�50jk.j' A • .., -;;;;.4�2:1 1�� �;::'.-.: :.t:871�� 
McPherson RWD #4 -5.336 -7.046 -8.757 -1 0.467 
Osborne RWD #2 2.565 1 .874 1 .300 0.726 
R\Jssell-RWD #1-!t��·--J":.;;·.,�-- ��-=2.626..?.:�- �7�1.626Z:..!-2 -#' -2�62� ;;;;;�2.626�·'1-
Russell RWD #2 4.153 4.153 4.153 4.153 
Russell RWD #4 I -3.830 I ·3.785 I -3.785 I -3.741 
Saline RWD #1 I 3.999 I 3.331 I 2.685 I 2.017 
Saline RWD #2 61 .191  62.314 63.362 64.41 1 
Saline RWD #3 -4.497 -9.545 -14.594 -19.643 
Saline RWD #4 7.361 3.1 66 -1 .136 -5.332 
Saline RWD #6 4.228 2.1 87 0.147 -1.851 
Saline RWD #7 -1.832 -2.693 -3.635 -4.547 
Wilson Lake Estates 2.551 2.551 2.551 2.551 
City of Assaria 16.364 16.216 1 6.068 1 5.882 
City of Beverly -1 .370 -1.032 -0.762 -0.492 
Citv:of Bushtorr�.:t":Si'::'.;;'._. ·:.,? ;.,'f>: • :-:-18.794}.�.'> ;;.i_-1 e ,194·,,;• ;i',o.-.-1 8.?94.;·�- •:..,-. -18,794 , ,  
City�of Claflin'f;_+" r-'�;=��:::. :  . . .,�. ;,_ :,;:· -36.969_-..;: "' -,36.5?8 •::-> '<c'�'.-36:·132c';. ,,�--'-35.741 ·'-'� 
City.of Culver '- -;:.�,,,.,.-,,.,'Ji:c-,..::i'.·'· ,;;i: \.� '-4.954:Ji',.. . �ii-5;068 t:-.:.- ? .5,2rn"i-E :;"' -5.324'·;,i'_ 
City of Galva 391 .208 390.734 390.261 389.744 
Citv of Gerfese6".i•·��,,��'-· :•· ·,;_�- - .:.-;�·-14.74F/=- .. -�. �14.702z•_· ·� . -14.664.:"'=, · . ' -�14.66�� 
City of Holvrood 288.447 291 .330 293.681 296.033 
City of Lincoln 67.750 73.480 78.648 83.303 
City of little River. -..:;�-.;="'�'- • -·.-., -· --- �J;t.79k� · -t_.-36.41 1. -· " /-38.086'.> .:-3U06 •• 

City of Marouette\:' _,·'.· '·.-. �; • . . , :, -.:,.27.284=. · ; : :-'=27.098-- .:,' . -26.864 ='c·: -: -26.630 
CitvofSolornori·.:o· .-•:· _ ._._ . .  ·- " -67.21 1 '. • �"'.·14'.170 -81 .:129 -c< , . -88.087 •. 

City of Susank -1 .737 -1 .675 -1.582 -1 .520 
City of Victoria 151 .718 147.379 143.038 138.742 
Ottawa RWD#2 26.01 1 7.187 -1 1 .677 -30.499 
Russell RWD#3 -31.237 -35.026 -38.816 -42.681 
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Tab6-Treatment Plant 

TABLE 6 - EXISTING TREATMENT PLANTS 
Treatment Plant I Capacity (MGD) Service Areas Current Allee 

City ct Ellsworth 1 400 City of Ellsworth 1 1 50  
900 Gay St Total 1 1 50 

Dffterence' 0 250 

Treatment Plant I Capacity (MGDl Service Areas Current Allee 
City ct Hays-' 6 000 Citv of Hays 5 221 
1 000 Vine St Total 5 221 

Dijterence' 0 779 

Treatment Plant I Caoacitv IMGD\ Service Areas Current Allee 
Crty of Salina 20 000 City ct Salina 1 2. 1 08 
401 South 5th Street Sahne RWD #3 0 075 

Salina, KS 67401 Total 1 2 1 08 
Drtterence' 7 892 

Treatment Plant I Capacity (MGD) Service Areas Current Allee 
City ct Russell' 2 500 City of Russell 1 645 

21 o s Front Slreet Total: 1 645 
Drtterence' 0 855 

Treatment Plan1 I Caoacitv IMGD Seivice Areas Current Allee. 
Ellsworth RWD#1 (Post Rock) 1 000 Ellsworth RWD#1 (Post Rock) 1 096 

2015 HWY 14, Kanopolis Lake Ellsworth 1 1 50  
�JW1 .4,  Sec1 1 .  T1 1 S ,  R6W Brookville 0 030 

Dorance 0 01 6  
Gorham 0 080 
Luray 0 048 
Waldo 0 007 
Paradise 0 009 
Saline RWD#7 0 023 
Osborne RWD#2 0 025 
Wilson Lake Estates 0 007 

Tolal: 1 096 
Drtterence2 -0 096 

Treatment Plant I Caoacitv IMGY\ Seivice Areas Curren1 Allee 

Crty ot Lincoln 0 608 Crty of Lincoln 0 342 

520 E Lincoln Total 0 342 
Drtlerence2 0 266 

Treatment Plant .' Power Plant I Cao;icitv IMGD\ Seivice Areas Current Allee 

City of Lincoln 0 648 Citv of Lincoln 0 342 

405 W South Total 0.342 
Drtference2 0 306 

' MD stands for Max Day Max Day = 2 times the average day demand with dry year factor applied 
2 This number provides an indication of potential need tor plant expansion. 
3 Demands provided by PWWSD #1 5 

I 1 652951 1 Report Tab6 xis Tab6-Treatment Plant 8125/2003 

Current Draw MD' 2010 MD 2020 

0 000 0.956 1 021 
0 000 0.956 1 .021 
1 400 0.444 0 379 

Current Draw MD 2010 MD 2020 
0 000 5 880 7 1 40 
0 000 5.880 7. 1 40 
6 000 0. 1 20  ·1.140 

Current Draw I MD 201 o MD 2020 
0 075 1 4 235 1 5 21 0  
0.000 I 0. 1 74 0.202 
0.075 I 1 4 235 1 5 21 0  

1 9  925 I 5.765 4 790 

Current Draw MD 201 0 MD 2020 
0.000 3 763 4 1 66 
0.000 3.763 4 1 66 
2.500 ·1.263 ·1.666 

Current Draw MD 2010 MD 2020 
0.494 1 1 8.094 1 26.8 1 8  

0 000 0 255 0 255 
0 000 0 047 0 048 
0 000 0.031 0 029 
0 000 0 050 0 046 
0 000 0 044 0 039 
0 000 0.006 0.005 
0 000 0.013 0 01 2  
0 000 0 055 0 060 
0 000 0 035 0 039 
0.000 0.000 0 000 

0.494 1 1 8.630 1 27 352 
0 506 -1 1 7.630 - 1 26 352 

Current Draw MD 201 0 MD 2020 
0 000 0 31 4  0 282 
0 000 0 31 4  0 282 
0 608 0 294 0 326 

Current Draw MD 201 0 MD 2020 
0 000 0 31 4  0 282 
0 000 0 31 4  0 282 
0 648 0 334 0 366 

MD 2030 

1 .087 
1 087 
0 313 

MD 2030 
8 6 1 0  

8 6 1 0  
·2.810 

MD 2030 
16 186 
0 230 
1 6 . 1 86 
3 81 4  

MD 2030 
4.61 4  
4 6 1 4  
·2.114 

MD 2030 
135 580 

0 255 
0 048 
0 028 
0.042 
0 035 
0 005 
0 01 2  
0 065 
0 042 
0 000 

136 1 1 3 
-1 35 1 1 3  

MD 2030 
0 254 
0 254 
0 354 

MD 2030 
0 254 
0 254 
0 394 

r � P"" , .  � � � 

MD 2040 Comments 
0 9 MGD capactiy, 
Increase capacity to 1 4 MGD 
construction begin in April 

1 1 51 2002 
1 1 51 
0 249 

MD 2040 Comments 
10 290 

10 290 
-4.290 

MD 2040 Comments 
1 7 1 6 1  
0 257 

1 7 1 6 1  
2 839 

MD 2040 Comments 
5 1 07 
5 1 07 
·2.607 

MD 2040 Comments 
1 44.393 

Assumes Ellsworth RWD#1 
(Post Rock) will only meet the 
current contractual demand 

through year 2040 despite the 
increase in projected 

0 255 demand 
0 049 
0 027 
0 038 
0 032 
0 004 
0 01 2  
0 070 
0 045 
0 000 

Ellsworth RWD#1 (Post 
Rock) current allocation 
includes the allocation ct all 

144 925 its customers 
-1 43.925 

MD 2040 Comments 
0 228 
0 228 
0 380 

MD 2040 Comments 
0 228 
0 228 
0 420 

Page 1 of 1 



L 
Yttiil fypA 

l: 1tyof Bunkt1r H1ll 
Cttv nl Dorroocn Elevatt1d 
City al Ellsworth Ehwatfld 

1955 Elevated 
1972 Elevated 
1 950 O'ound 

Glfv of Oortlam Elevated 
C1tit ol Hays 1949 Clenrwell 

1930 Clearwell 
1 958 Clearw�I 
1955 Cleatwoll 
1972 Ele11a1ed 
1 9!J6 El811aled 

City of K!YlOOolls 

L City of lmsbOfg 

Cit.I ol Lonaine 
Citv ol luc• 

Ele11ated 
1 996 SIMdn1oe 

Citv of L01av 2000 Ele\/ated 
Citv of McPherson 
G1tv of Natoma 
C11\/' qf PNadiee 

2000 Elevated 
l9!j0 Ele11aled 
1999 Clearwell 

Clearwell 

L City of Sahna 1 9 1 2  Elevated 
1970 El8'iated 
1 953 Elevated 
1962 El8'iated 
1 958 Eleva led 
1995 El8'iated 

l 1 995 Ele¥ated 
1993 Elevated 
1940 Cl'ound 
19M O'ound 

City of 8YIVM Cl'ove 1 9 1 1  El8'1aled 
Qtil of Tescott 1949 Elevated 
City of Waldo 

Ellie R'NO 11 
Ellis AVw'D 12 
Elli8 RV'JD !f3 1967 Standoioe 
EllloRWD lll 
Ellie R'ND #6 1 981 Cl'ound 

1 981 Standoioe 
Ellie RYVO 17 

Ellsworth RWO lt1 (Post Rock) G'ound 

El811ated 

StMdoioe 

Elevated 
Standoioe 
Stondpipo 

Standoioe 
McPh6fson RWD •2 
tk-Pherson RWD 13 
McPherson RWO U 2000 Standpioe 

1990 Standoioe 
1 900 Standpioe 

Russell RWO 11 
Russell RWD 12 1970 
Russet! RWD •4 

L Sal.-ie RIND 11 
Saline RIND •2 
Sallflo RWO lt:1 
SallfleRWO U 

Oound 

1974 
19H1 Stancki1 e 

Saline R'M) lt6 1900 

Citv o f  E\811erlv l �alineRWD 111 

Wllt>on Lake Estates 
Citv of Assana 2002 El ovated 

Standpipe 
C1tv of Bushton 
C. tv o f ClaHin 
C1tv Of Cul'ler 
Gitv o f  Oat\/a 1 93.'I Elevated 

Gtfv of HoMood 1920 E\e\/ated 
City of Lmcoln 19H7 Elevnled 

1 952 Und01 round 
19l9 Underaround 

C1fv ollllt1e Rl'.l'ftr 
C1ly oi Marquette 

C1tv ol Solomon 
City of Susank 
City of Victona 1921 Eleva.led 

1955 Reservmr 
Ottawa RWOJJ2 1997 

1 9><0 S!andn1 e 

19.,.; Standn1 e 

RU!>SRllRWOf/13 

.'-l\<1rllipl!Jft 

l Slandnmt1 

,'·Handp1pe 

Tobie 7 • Existing Storoge Tanks 

l.NHtllnw l1<11>t1 f-_ l>-'Vdl1011 ! ) 1i1inr1 

flt1V<1bon flt'! Ot\ El,..vnb<1n (I!) CrtJ'<l''lly (gdl) L <)Ccthnn 

1 7 1 9  u 1 ff79 0 
171!:1 0 1669 0 15HO U 

1719 0 1""5 0 1.''i7fi 0 
1 �f>U 0 

1 �00 0 1974 0 1990 0 
1900 5 1 975 0 1990 0 
1 9 86 5  1973 0 1992 0 
1 987 5 1 974 5 1 993 5 
2 1 7 1  0 2131 5 2Q4fi 0 

Z!5."i 5 221 8 0  

1330 0 
1575 0 1490.0 

173AO 1fl.42 0 1f.1B 0 

1 954 0 1924 0 1EU4 0 
1951 0 1921 0 H<J5 0 
1946.0 1004 0 1004 0 
1 �6 0  1004 0 1 004 0 
136tl 0 1335 0 1 2 r n  a 
1300 0 1 335.0 1 2 1 8  0 
136tl o 1335 0 1236 a 
1385 o 1 33.'l o 12'J9 0 
1 4 1 4  0 1394 0 1noo o 
1 4 1 5  0 1 300.0 1Z'lfi 0 
1439 0 1 424 a U 1 9 0 

1 467 0 1437 0 1329 a 
1 225 0 1 209  0 1228.0 
1225 0 1209 0 1228 0 

1500.0 
1290 a 

22' above ornd 5' above amd 

oo· above <nnd 3· above arnd 

1 665  0 0 0  1555 0 
1 675 0 0 0  1560 0 

2175 0 2175 0 

1 9 1 9  5 1000 0 1 H47 6 

1na1 o 1353 0 1 352 0 
1490 0 1 390 0 

1520 0 1 430.0 
1520 0 1400 o 
1 5 1 0  0 1 420 u 

:11 6' above am 1 1 2' above ornd 140' Iola/ ho1ah 

1 1 2' above rnd 

100' above ornd 

1 20' above amd 100' above amd 

1534 0 1440 0 
1 5 1 4  0 1420 0 
1494 0 1400 0 
1308 0 1 :ao u 
1 4flH O 1 ..j.(JO 0 

21 1 0  I) :W:JO u �0 0 

W13 U 1H7U U 

1!:!7U U 

1'J2f• I) 

W1 U O  1!-JUU U 1 H!J O  U 

:won u  

�u:w o 1 8 20 u 

;u (JOO 

fiO 000 

1:'iU UOU 4 1 1  Wl"lil 1 1 th S110el 
41.IO uoo [(tit 2.nd 8trnt11 
500 000 15th and fltate Rt eet 

4H 000 900 Gav 8trsRt 
w ooo 
50 ouo 1 000 Vine s•eet 

1.000000 t OOO VineRtMt 

1 .000,000 1000 Vine Steet 
1 ,000 000 CM!erburv and Metro L.sne 

!iOO 000 ."i1Rl fitreet Md Ht<lhwav 100 

Z"i0.000 Corner of Main & Swnnsen 
16.000 @ welt.ead 1 O ml f!:tN of town 

!'JO 000 �fl Md F a!MBW Street 

25,000 
450 000 2 1 0  South Front Street 
475.000 15th and Lincoln Street 
750.000 210 South Front Streel 
167.50C 210 South Fron I Street 

1 ,000,000 507 Norlh 5th S1J00I 
500,000 Z'l7 Oold Road 
500.000 900 W0&t Jewef 
500,11t1t 2404 Belmon 1 
500, 000 1825 Clan 
500 000 3340 Genlsnrna 

75 000 4601 W08t Waterwefll Road 
!'IOO,l1t.1t 1901 MarldeyRnod 

1 ,000.000 401 South 51'1 Streel 

2 000 DOC 401 South 511 Street 
50,000 424 Norfl llinioe 
50,000 120 South Kanst1S A11ooue 

sE.NE,NW, Sec33, T1!>S, R 1 1J/i/  

Waler TrnalmenlPlantNmlh RRs 
Water TrnatTuml PIMI South ARR 

No Tanke 

1 5  5'xll5 

Quesionaire says oft:tlev::JO 
bsAll:\11=2°&' andg ffle11:1 20· 

lotal he1ghl 135' abo\/e grnc 
total htt1ght 1 3 1 '  abo11e gmc 

NoTMkE 

00.000 sE,SW,SE, 8ec24, T 1 4S, R 1 BW'  1 009  Munk>r Ad 

SW1/4, Sec 12, T t 3S  R H W  
80 1•• 1/2. mile east of Fairaround A d. & Tomk>n 

1/2 mle east of LOCU8t Orove Rd & Godel 
30.rYlll Ad 

NE1/4, Sec 2 T158 A19W EIB County 
SE 1 /4 8ec3, Tt4S, A 1 9W 

3�, 000 SW1/4, Ssc 21, T15S RBW 
300,1•• SW1/4, Sec 23, T 1 48 REm 
200, 000 SE114, Sec 2, T14S, R 1 1 W  

25.000 NW1/4, S ec  14, T 1 4S. R13W 
50, 000 SW1/4, Sac. B. T13S, A15W 
17 500 NE114, Sec 29, T100. R13W 
30, 000 SE1/4, Sec 13, T16S, A 1 1 W  
30 000 NE 1 14. S ec  27, T 1 2S ,  R 1 1 W  

5 5  DOC �9 NavtVo Rd. McPherson KS 
55, 000 1852 19th A11e McPherson KS 
61,00U NW comer of Soc 1 7·9·15. Osborne Co 

NW,b""W,NW. Sac1 1 ,  T14S. A14W 

15,000 NE, NE, NW, 21-13·14 
NW.SE.NE, Sec29, T13S. R t5W 

15,000 f!:t/t/. SW. Sec 10, T16S. A4W. Sahne C o  
50,00C SE.NW.SE . Sec26. T 1 4S, AZ# 

SE,NW,NE , Sec7, T 1 6S, R3W 
52.90C SE 114 8ec 2'J , T 1 3S,A4W 
45,120 NE 1/4Sec 1 6.T14S,R4W 
52,900 SW114. Sec 6,T15S.R3W 

8E NW NE. Soc::35. THS, R5W 

100 000 30'l 8 Hiahl<Vld 
M 000 N Mam & 3rd SL 

50000 South Mam & 2nd 81 

50,000 1 oo E Olds 
200.000 102'J N. 3rd Street 

120,000 4cti W soufl Street 
120 000 .""20 E Lmcoln Awtnuft 

50,000 Corner ol 1oti & H1ckm}' 
? Corner of f11St Street & MaJR Street Terrace 

29,740 NW,SE,SE, Rec32. T 1 4S. AM 
29,740 NE NW.NE . See6 T 1 18 R1'v\ 

1 H'l  000 SE.NW.NW Sec7. T 1 3S ,  R M  
7U 500 SW SW,SW. 8oc l 2  T \ 48 Hffl 
5!:1 000 SE NW.NE St!C34 T 1 4..<.:; R �  

Rush Co 3 W  :J N  1 z.N n l  O�-. K� SR1; 1 7  

Towm 1 
Tower 2 
Tower 3 
TOW9f 4 

Tower 5 
TOW6f H 
Tower 7 
tower H 
No Tank� 

a.l Power Plant 
di Wdter F'lant 

7 5 � T7S. R 1 bW fdnk it 1 , ..j. x!:IO 
Ru&rnll Co \/Vinte11.;11->S! Hd & 19Ulh Sw:� 

1 1 274 T 1 5..'-' R 1 :1W T,mk •-'. 4 • 1 2U 

C1ly u! Swirmk f\d1ton ( :o s1 .. :tu l l h...., 

:J:l 1-122 H 1 :JW Tcmk 11r,, H KLJU 

Bdlton Go NE WU FM & N[YU A'.l'R St•c2."i 
1 4 700 l l f;S R i 2V'/  Tdflk ,U>. fi x t OO  

Rt1li61-1U Cu S Cour11y t 11 1" Hd &. l 'JHlh S I  
i t •  1 1u Ht11::!fi T 15S H i m  r .. mk •7 r, x 1 1 u  

:lU OHI P.11rton C o  81,.:21 f H >S  H l 'iW Tt1.nk #2. l:lxOO 

r•rt']" I nl 1 
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T 00 P.-f 'ump �1Hhor 1:-1 

G1!'v of 8rnokV1lltt 
G11Y ol Runkm Hdl 

1950 
12002) 

C11Y ol GOlhdll 
City of Hays 1950 

1950 
1Y50 
1956 
1956 
1956 

C1tv of Kanooohs 
C1tv of LinHboro 
CiN of LorrHme 
Olv of lUt:a:J 
C1tv of lurav 

C.tv of Natoma 

Ctty ol AUf.tiBI 199fl 
1999 

1995 
1995 
1995 

City olSalma 19�9 
1989 
1Y89 
1989 
1989 

1997 
1958 
1958 
1993 
1993 
1996 
1995 
1995 
1995 
1998 
1996 

Ci1Y of T°"'ott 
C1tv of Waldo 

EDisRWD # 1  
Elis R VVD  #2 
ElisRWO #3 
Elis RV\IO #5 
EllB flWD #6 2001 

1998 
EM1s RV\IO #7 
EIHwalll flWD 11 (Poot flod<) 

McPherson RWD #'i 1996 

McPherson RWD #4 1994 
Osborne RWD #2 
Ru!itiall AIM:> # I  
Ruftiatl R V\O  #'.! 1996 
RU!flell RV\O #4 
Saline RWD #1 
same RWD #l 
same RWD #3 
Saline RWD U 
S<i1ne RWO #6 
Sal1n0AWO #7 
Wiison Lake Estat� 
C1tv of AsHaria 
C1lv of B8\l&flY 
citv of Busht<:<l 
Citv of Clalin 
C1tv ot Cul'llttf 
C�of Galva 
C1tv ol Oenooeu 

Citv of Hol\/Jood 
City ol lincoln 1987 

1987 
C1rv of lrttle Rtver 

C1tv uf Maouette 
Citv of Solomon 
C1tv ol Susank 

1955 
WY1 
1 'J/?.5 

Hlf',fl 

TABLE 8 - EXISTING PUMP STATIONS 

Pump C�a�ty f'um!J Ci'(ln1,1ty f 'ump E11-w<1IHJ(1 
(�d) (UPfll) Pow!ll' (Hp )  (tt) 

1 . 1 00 000 
1 400.000 972 

2.073,600 1,440 
2 376,000 1,650 
2 304,000 1,600 
1,584,000 1. 100 
1,584,000 1 , 1 00 
1 .584,000 1. 100 

1 .440,000 1 .000 
1,440,000 1 .000 
:l 592.000 1 ,800 
1 584,000 1 . 1 00 
006,000 660 
936,000 660 

3,600,000 2,500 
5,760,000 4,000 
5,760,000 4.000 
5,760,000 4,000 
5,780,000 4,000 
B,480,000 4,500 
2, 160,000 1 500 
1, 656,000 1 , 150 
1 ,656,000 1 , 150 
1 ,872,000 1 ,300 
1 ,872,000 1 ,300 
2,592,000 1,800 
2,592,000 1 ,800 

230 400 160 
ZJ0,400 160 

1 152,000 800 
1, 152,000 800 

108,000 75 
50,400 

72,000 50 

252.000 175 

7,200 

576,000 400 
1 .  152,000 BOO 

1 .296 000 900 
9�i .600 66 
50 400 as 

"" 
2B P.00 
28 P.00 "" 
259 �0 \P.O 

�l1b .".QO Z,!1) 

1 00 
100 

100 
150 
ao 
100 
100 
100 

60 
60 

75 

200 
250 
250 
250 
250 
250 
<!00 
50 
50 
75 
75 
60 
60 

20 

10 

0 5 

60 

20 
7 5  

:..�) 

000 Gay St1 oot 
900 Gay Str AAl 

2043 Chelolah Gold Road and Htohwav 1 a:._1 
2043 Chetolah Gold Road and Highway 1 83  
2043 Cht:tlobth Gold Road and Highway 1 e.:._-1 
206a 118th mi Nofth of Butterfield flail & Hiahway 1 P.:J 
2Q6:_l 1/8th m1 North of Butteifiafd Trail & Hiahwav ll'.::i 
2063 1/8th mi North of ButtRtfiul d Trail & H1!lhwav 1 P.3 

18�'14 210 Sou1h FrontStrnet 
1834 2 1 0 South Front StrAet 
1834 210 South Front Street 
H\34 210 South Frontb'trefft 
rna4 210 South Front Sta:1et 
1834 210 South Front Street 

.lO 1 South 5th Street 
401 South 5th Street 
401 South 5th Street 
40 1  South 5th Street 
40 1  South 5th Street 
40 t South 5th Street 
401 South5th Street 
461 Wldiana StJeet 
461 lndlana Street 
1532 East Magnoha 
1532 Eitit Maonolia 
540 EEEt ScMlino Road 
540 Et11t sctulli'la Road 
2575 WfJEd. Waterfall Road 
2575 We8f. Waterfall Road 
1650 W0181. Cloud Street 
1650 Weal Cloud Street 

112 0110 eaJt of FE11ground Rd & Tomlon Aw. 
112 mle eaJt ot Locust Grow Rd & Code61 Rd. 

SW114, Sec 9. T 15S, R7W 
SE114. Sec 7. T 1 4S. fl 1fN'I 
NE114, Soc 13, T14S, R t 8VV 
SW1/4,Sec 1 2  T W S  A 15W 
SE1/4, Sec 17. Tt6S, RfNll 
NEt/4, Sec 35. T 1 0S, R t �W 
8W1/4, Sec 25. T 1 2S, R 1 1W 
NW Com8f, Sec 27. T9S, R 1 4W 

1500 No1twmw Road between MaxwsH and Cenntenial 

1520 1448 1 7tl Ave McPherson KS 

1 847 6 NE. NE, NW 2 1 - 13- 1 4  

520 E L1ocoln Avenue 
405 W South Str et:Jt 

Comer of Fn\it Strl*-lt & Main Street Ter1a.-e 
NE. Sec22 T14S H2W 

NW SHI �fi T 1 �S H:W 
SE. Stt1::l1 T 1 0� R 1W 
SW St:it-��2 T l�S R 1[ 

I 1 f)!'",�·�;;1 1 flHJ1u1\ f d!JP, x� fnb.<>.-F'tJlllp Stn!Ju11s Fl l:) lDO:-l 

P1op0H0d dullflo olant 1nvrovemooB bea111mna -41200'.l 

Boos10f # 1  unns Tota6Dvnm1ic H0adlTDHl = 226 
Booster I 1 ourms, TOH = 285 
BOORter 11 ounus. TOH = 60 
BoostAf I'.:! ounvR, TOH = 300 
Boostef #'2: nu.......-w:.. TOH = 300 
BOOAtAf '2 ouO"us: TOH = 300 
No pun'(ls 
No purrcis 

No PUOlJ8 

Hi!1l Service #'� 
High Service # 1  
P201 
P202 
P203 
P204 
P205 
P206 
P208 
lndlMa t 
lndii¥1 a 2  
Magnolia 1 

IMBOnolia2 
Sdlll1na 1 
Sctulina 2 
BLwma t 

Cloud 1 
Clrud 2 
Noounlle 
No ourroe 

No tiurros 
No purros 

al 80,000 oallon around tank 
at 30,000 nallon starvr11ne 

Purnp #2, near Kanooobs 
Pump #3; neClf Wilson 
p11mn 14. near BunkAr H1I 
PunlD #5, Wffil of Ru�ell 
Pun10 17, SW of Eltswo1th 
Pumo #6: nortl of Waldo a-id Lurav 
Pun'IO #B, near Wiison lake ddn1 
Pump #9 fJom nl�s. nea- OB·O'l 

No puf11Je 

localed in stan,.....'"'e b� 

No pufl1ls 
No oun"'&Js 

No punl>s 
No ourrcs 

NopuffJ>s 
No ouffvs 

No ounl:ls 

No pun'l>R 
Wat(;tf Plant 
Power Plalt 

South Boostm 
Nortl BoUiler 
AHp1::1n E\oUitHr 
Nortl Hvd'o 
Ealt Hydro 
Nor1h [�ou-itu1 
South t1oOHlttf 

PaJn 1 ul 1 



Tab9 . Line Table 

TABLI: 9 
ExAMPLE PRELIMINARY CALCULATION OF EXISTING TRANSMISSION LINES 

Hazen-Williams Equation: hr = (.002083Ls)((1 00Q/C)•1.852)((1/d)•4.8655) 

WaterAgncy 

ICilY or Brookville 
Citv of Bunker Hill 
Citv of Dorrance 
City of Ellsworth 

Citv of Gorham 
City of Hays 

City of Kanopolis 

City of Lindsborg 

Citv of Lorraine 
Citv of Lucas 
Citv of Lurav 
Citv of McPherson 
Citv of Natoma 
Citv of Paradise 
City of Russell 

City of Salina 

City of Sylvan Grove 

City of Tescott 

Citv of Waldo 
Citv of Wilson 
Ellis RWD #1 
Ellis RWD #2 
Ellis RWD #3 
Ellis RWD #5 
Ellis RWD #6 

Ellls RWD #7 

where hr = head loss due to friction (feet of water/1000 feet) 
L = pipe system length (ft) 

Source 

t:llswortn "vvu 111 wost RocKJ 

Ellsworth RWD #1 IPost Rockl 
Smokv Hill River 
Ellsworth RWD #1 IPost Rockl 
Ellsworth RWD #1 CPost Rockl 
Smokv Hill River 
Big Creek 
Big Creek Remediation 
Dakota Aquifer 
Well #7 
Well #1 
Well #4 
Well #9 
Well #10 
Well #1 1 

Ellsworth RWD #1 IPost Racki 

Ellsworth RWD #1 IPost Racki 
Plant Well Field 
Pfiefer Well Field 
Bio Creek 
SA002 
3042 
7635 
31 636 
Well #5 
Well #6 
Well # 3  
Well # 6  
Well # ?  
Ellsworth RWD #1 {Post Rock\ 

Ellis RWD #7 
3 wells 
Ellsworth RWD #1 (Post Rock) 
Well #1 
Well #2 
Well #3 

s = specific gravity of fluid 

Diameter 
(In) 

4 
4 
4 
8 
8 
4 

20 
1 6  
1 6  
1 8  
6 
6 
6 
14 
14 
14 
4 
4 
4 
1 6  
4 
4 
1 8  
1 8  
1 2  
36 
36 
36 
36 
6 
6 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
4 

Length (ft) 

1 000 
1 000 
1 ,000 
1 ,000 
1 ,000 
1 000 
1 000 
1 , 000 
1 ,000 
1 000 
1,000 
1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 , 000 
1 ,000 
1 000 
1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 000 
1 000 
1 000 
1 ,000 
1 ,000 
1 000 
1 ,000 
1 ,000 
1 ,000 
1 000 
1 000 
1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 000 
1 ,000 
1 000 
1 ,000 
1 000 

Material 
(PVC, Cl, DIP, or HOPE) 

Pvv 
PVC 
PVC 

Cl 
PVC 
PVC 

Concrete 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 

Cl 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 

DI 
DI 
DI 

PVC 
PVC 
PVC 
PVC 
PVC 

Cl 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 

Ellsworth RWD #1 IPost Rockl Kanooolis Lake 12 1 ,000 PVC 
McPherson RWD #2 McPherson BPU 
McPherson RWD #3 
McPherson RWD #4 McPherson BPU 
Osborne RWD #2 Ellsworth RWD #1 f Post Rockl 
Russell RWD #1 2 Wells 

1 Well 
Russell RWD #2 A. W. Kruo Heirs; natural serine 
Russell RWD #4 3 Wells 
Saline RWD #1 2 Wells 
Saline RWD #2 Well #1 

Well #2 
Well #3 
Well #4 

Saline RWD #3 Citv of Salina 
Saline RWD #4 2 Wells 
Saline RWD #6 3 Wells 

1 Well 
Saline RWD #7 Ellsworth RWD #1 f Post Rockl 
Wilson Lake Estates Ellsworth RWD #1 f Post Rockl 
City of Assaria Well #6 

Well #4 
Well #5 

City of Beverly Well#1 
Well#2 
Well#3 

Citv of Bushton 
City of Claflin 
City of Culver 
City of Galva 4 wells 
City of Geneseo 
City of Holyrood Well #2 

Well #3 
Well #5 
Well #6 
Well #? 

City of Lincoln Gabelmann Wells 
Woody & Tunnel Wells 
Price Wells 

Citv of Little River 
Citv of Marquette 
City of Solomon 
Citv of Susank Russell RWD#3 
City of Victoria Hertel #12 

Gerstner #8, 8, 1 O 
Tholen #1 1 
Dinkel #13 
Dinkel #14 

Ottawa RWD#2 Well #1 
Well #2 
Well #3 
Well #4 

!Russell RWD#3 '"'''Y or U!IS 

1 6  
4 
3 
3 
4 
4 
2 
4 
4 
4 
4 
4 
4 
6 
4 
4 
4 
4 
4 
6 
6 
6 
6 
6 
6 
4 
4 
4 
4 
4 
6 
6 
6 
6 
6 
10 
4 
8 
6 
6 
6 
4 
4 
4 
4 
4 
4 
6 
6 
6 
6 
6 

1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 000 
1 000 
1 ,000 
1 000 
1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 000 
1 000 
1 ,000 
1 000 
1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 000 
1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 000 
1 ,000 
1 ,000 
1 ,000 
1 , 000 
1 ,000 
1 000 
1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 ,000 
1 000 
1,000 
1 000 
1 000 
1 ,000 
1 ,000 
1 000 
1 000 
1 ,000 
1 ,000 
1 ,000 
1 , 000 
1 ,000 
1 ,000 

Concrete 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
l"Vv 

Q =  flow (gpm) 
C = Hazen-Williams coefficle

'
nt 

d = pipe diameter (Inches) 

Hazen· 
Head Loss 

Specific 

Williams Gravity of 

coefficient 
(ft/1 000ft) Fluid 

140 1 0  1 
140 10 1 
140 1 0  1 
100 1 0  1 
140 10 1 
140 10 1 
100 1 0  1 
140 1 0  1 
140 10 1 
140 10 1 
140 10 1 
140 1 0  1 
140 1 0  1 
100 10 1 
140 1 0  1 
140 10 1 
140 1 0  1 
140 1 0  1 
140 10 1 
140 1 0  1 
1 40 1 0  1 
140 1 0  1 
140 1 0  1 
100 1 0  1 
100 1 0  1 
100 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
100 1 0  1 
140 10 1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 10 1 
140 10 1 
140 10 1 
140 10 1 
140 10 1 
140 1 0  1 
100 1 0  1 
140 10 1 
140 10 1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 10 1 
140 10 1 
140 10 1 
140 10 1 
140 10 1 
140 1 0  1 
140 1 0  1 
140 10 1 
140 10 1 
140 10 1 
140 1 0  1 
140 10 1 
140 1 0  1 
140 1 0  1 
140 10 1 
140 10 1 
140 10 1 
140 10 1 
140 10 1 
140 10 1 
140 10 1 
140 1 0  1 
140 10 1 
140 10 1 
140 1 0  1 
140 1 0  1 
140 10 1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 1 0  1 
140 10 1 
140 1 0  1 
140 1 0  1 
140 10 1 
140 10 1 
140 1 0  1 

-

Q Capacity Q Capacity 
(gpm) ( M'3Y) 

1 24.66 65.519 
124.66 65.519 
1 24.66 65.519 
550.10 289.132 
770.14 404.784 
124.66 65.519 

6,107.90 3,210.314 
4,757.97 2,500.791 
4,757.97 2,500.791 
6,483.48 3,407.7 1 5  

361 .69 1 90.103 
361 .69 1 90.103 
361 .69 1 9(•.103 

2,392.98 1 ,257.753 
3,350.18 1 ,760.854 
3,350.18 1 ,760.854 

124.66 65 519 
124.66 65 519 
1 24.66 65.519 

4,757.97 2,500.791 
124.66 65.519 
124.66 65.519 

6,483.48 3,407.715 
4,631 .05 2,434.082 
1 ,596.1 0  83Ei.910 

28,6 1 1 .05 15,0:17.967 
40,055.47 21 ,0!i3. 1 54 
40,055.47 21 0!;3. 1 54 
40,055.47 21 ,0!i3. 1 54 

361 .69 1 90.103 
361 .69 1 90.103 
89.04 46.800 

124.66 65 519 
124.66 65 519 
124.66 65.519 
124.66 65.519 
124.66 65 519 
124.66 65.519 
124.66 65.519 
124.66 65.519 
124.66 65.519 
58.54 30.771 
58.54 30.771 

1 24.66 65.519 
2,234.54 1 ,174.474 
3,398.55 1 ,786.279 

124.66 65.519 
56.54 30.771 
56.54 30.771 

124.66 65.519 
124.66 65.519 
20. 1 8  10 605 
124.66 65.519 
124.66 65.519 
124.66 65.519 
124.66 65.519 
1 24.66 65.519 
1 24.66 65 519 
361 .69 1 90.103 
124.66 65.519 
124.66 65.519 
124.66 65.519 
1 24.66 65.519 
1 24.66 65.519 
361.69 190.103 
361.69 1 9(1. 103 
361 .69 1 90.103 
361 .69 1 90.103 
361 .69 190.103 
361.69 1 90.1 03 
124.66 65.519 
124.66 65.519 
124.66 65.519 
124.66 65 519 
124.66 65.519 
361 .69 1 90.103 
361 .69 190.103 
361 .69 190.103 
361 .69 1 90.103 
361.69 1 90. 103 

1 ,384. 1 0  727'.481 
1 24.66 65 519 
770.14 404 .. 784 
361 .69 190.103 
361 .69 190.103 
361 .69 190.103 
1 24.66 65.519 
1 24.66 65.519 
1 24.66 65.519 
1 24.66 65.519 
1 24.66 65.519 
1 24.66 65.519 
361 .69 190.103 
361.69 190.103 
361.69 190.103 
361 .69 190.103 
361 .69 1 90.103 

This table is nothing more than a first attempt at calculating flow In a line and only accounts for diameter, material, distance, and assumed head loss. Flow in a line Is a function of several 'lalues ar 
URS assumed the same head loss (10) for everyone in order to be conservative and for planning purposes. Had we assumed a higher value (which is a way ta include the effect of pumping) the m 
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Water Cost 

TABLE 10 
CURRENT COST OF WATER (reported by supplier) 

' •  ' " '' ': ' Purchasea,:Water Cost from1Source '·,,w� ·,;·, ·-' ··'<�.,,,:,·1•• • 1('.i.�.i'l\�tA-�:·1 . ,. ;4·,�:t��:'f.,:;:: .. _,,, . . t�·� 1)_,t'JF;.'·;.�"\'::;,i;1 'ii�,���· 
Min Annual 

WaterA9ncy Payment to 
Source Source $/1000 gal Comments 

City of Brookville Ellsworth RWD #1 !Post Rockl 
Citv of Bunker Hill 
Citv of Dorrance Ellsworth RWD #1 {Post Rockl 
City of Ellsworth $20,000.00 Smoky Hill River $2.75 

Ellsworth RWD #1 {Post Rockl 
Citv of Gorham Ellsworth RWD #1 IPost Rockl 
City of Hays Smokv Hill River 

Bia Creek 
Bio Creek Remediation 
Dakota AQuifer 

City of Kanopolis Well #7 
Well #1 
Well #4 

City of Linsborg Well #9 
Well #10 
Well #1 1 

City of Lorraine 
Cltv of Lucas 
City of Luray $ 1 1 ,782.23 Ellsworth RWD #1 !Post Rockl $2.75 
Citv of McPherson 
Citv of Natoma 
Citv of Paradise Ellsworth RWD #1 !Post Rockl 
City of Russell Plant Well Field 

Pfiefer Well Field 
Bio Creek 

City of Salina SA002 
3042 

7635 
31636 

City of Sylvan Grove Well #5 
Well #6 

City of Tescott Well # 3  
Well # 6  
Well # 7  

Citv of Waldo Ellsworth RWD #1 <Post Rock\ 

Cltv of Wilson 
Ellis RWD #1 
Ellis RWD #2 Ellis RWD #7 $3.50 
Ellis RWD #3 3 wells 
Ellis RWD #5 Ellsworth RWD #1 IPost Rock\ 
Ellis RWD #B Well #1 

Well #2 
Well #3 

Ellis RWD #7 
Ellsworth RWD #1 <Post Rockl Kanooolis Lake 
McPherson RWD #2 $105/mo McPherson BPU $1 .20/Mgal O lo 1 8.75 Mgal 

$1.40/Maal 18.75 to 37.5 Maal 
$1.60/Maal > 37.5 Meal 

McPherson RWD #3 
McPherson RWD #4 McPherson BPU 

Osborne RWD #2 $0.00 Ellsworth RWD #1 (Post Rock) $2.75 
Russell RWD #1 2 Wells 

1 Well 
Russell RWD #2 A.W. Krua Heirs; natural sorina $0.00 
Russell RWD #4 3 Wells 
Saline RWD #1 2 Wells 

Saline RWD #2 Well #1 
Well #2 
Well #3 
Well #4 

Saline RWD #3 Citv of Salina 
Saline RWD #4 2 Wells 
Saline RWD #6 3 Wells 

1 Well 
Saline RWD #7 Ellsworth RWD #1 IPost Rockl 
Wilson Lake Estates Ellsworth RWD #1 (Post Rock) 
City of Assaria Wel l #8  

Well #4 
Well #5 

City of Beverly We11#1 
Well#2 
Well#3 

Citv of Bushton 
City of Clanin 
Citv of Culver 
City of Galva 4 wells 
Citv of Geneseo 
City of Holyrood Well #2 

Well #3 
Well #5 
Well #8 
Well #7 

City of Lincoln Gabelmann Wells 
Woodv & Tunnel Wells 
Price Wells 

City of Little River 
Citv of Marouette 
Citv of Solomon 
Citv of Susank Russell RWD#3 
City of Victoria Hertel #12 

Gerstner #8 8 1 o 
Tholen #11 
Dinkel #13 
Dinkel #14 

Ottawa RWD#2 Well#1 
Well #2 
Well #3 
Well #4 

Russell RWD#3 Citv of Olis �lAU 

1:1165295111Report\Tab1 0.xls Tab10 - Water Cost 8/27/2003 

�,<.i:·�· �� ,1\1· ,) ;.-;1 "i"';l-;i;: P. r f' 1 . • . ··r ... .  � :  Sale of.water to water'A 

WaterAgncy 
$11000 oal 

Citv of Brookville $3.56 
Citv of Bunker Hill 
Cltv of Dorrance 
Citv of Ellsworth $3.56 
Citv of Gorham 
Citvof Havs 
Citv of Kanooolis $2.59 

Cltv of Linsboro $2.50 
Citv of Lorraine 
Cltv of Lucas 
City of Lurey 
Cltv of McPherson 
Citv of Natoma 
Citv of Paradise 
City of Russell 
Citv of Salina 
City of Sylvan Grove $11 .00 

$3.00 
City ofT escott 
Cltv of Waldo 
Cltv of Wilson 
Ellls RWD #1 
Eills RWD #2 
Ellis RWD #3 
Ellls RWD #5 
Ellls RWD #6 $2.00 
Eilis RWD #7 

Ellsworth RWD #1 (Post Rock) $4 25 
$2.75 
$2.75 

McPherson RWD #2 $2.50/M!lal 
McPherson RWD #3 
McPherson RWD #4 $3.00 
Osborne RWD #2 
Russell RWD #1 

Russell RWD #2 $20/month 
$1 .25 
$0.80 

Russell RWD #4 
Saline RWD #1 $0.32 
Saline RWD #2 $2.50 
Saline RWD #3 
Saline RWD #4 
Saline RWD #6 
Saline RWD #7 
PWWSD #15 (Havs & Russell) 
Wiison Lake Estates 
City of Assaria 0.22/100 aal 

0.28/1 oo aal 
0.451100 aal 

$1 5.00 
$5.00 

Cltv of Beverlv $2.00 
Citv of Bushton 
Citv of Claflin 
Cltv of culver 

Citv of Galva $1.85 
Citv of Geneseo 
Citv of Holvrood $12/4 cu-ft 
City of Lincoln $1 0/200cu-ft 

$0.021/ cu-ft 
$0.01 6/cu-ft 
$0.013/cu-ft 

Citv of Little River 
Cltv of Marouette 
Citv of Solomon 
Citv of Susank 
Cltv of Victoria 
Ottawa RWD#2 
Russell RWD#3 $3.90 

Jencv .Users•' · "  "' ,, 

Base Cost Comments 

base cost depends on 
$158 40-$3000 meter size 

$158.4-$3000 depends on meter size 

See attachment 
$13.00 

Base cost includes first 
$10.00 1000 aal 

$1 1.00 uo to 2000 oal 
over 2000 Qal 

$10.25 

$23.00 

Retail: for first 20,000 
aal 
> 20,000 Qal 
Wholesale 

$1 2.50/mo 

$0.00 

$240/vr includes first 12,000 gal 
12k-16k aal 
> 16k gal 

to Saline RWD#7 
$16.67 

$1 2.00 1000 to 7500 aal 
7500 to 10,000 gal 
over 1 0,000 aal 
Multiple user 
connections • outside 
city limits 
Commercial contractor 
base includes first 1000 

$15.50 aals 

base includes first 3000 
$8.00 1aals 

$1 2/mo $0. 75 additional cu-ft 
First 200 cu-ft 
Next 200 cu-ft 
Next 200 cu-ft 
Over 600 cu-ft 

• Sele of water to water agency users Is the price the entity reported it charges its users. 
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Tank Summary TABLE 1 1  
STORAGE TAN K CAPACITY 

Existing Total 
Capacity 

raal\ 
Projected Stora( e Caoacitv (aal)1 Excess or Deficiency in Storage (aal) 

WaterAancv 
City of Brookville 
City of Bunker Hill 
City of Dorrance 
City af Ellsworth 
Citv of Gorham 
City of Hays 
City of Kanopolis 
City of Linsboro 
City of Lorraine 
City of Lucas 
Citv of Lurav 
Citv of McPherson 
Citv of Natoma 
City of Paradise 
City of Russell 
City of Salina 
Citv af Svlvan Grove 
Citv of T esco\f 
City af Waldo 
l"'ta.. -· f 

Ellis RWD #1 ' 
Ellis RWD #2 
Ellis RWD #3 
Ellis RWD #5 
Ellis RWD #6 
Ems RWD #7 
Ellsworth RWD #1 (Past Rock) 
McPherson RWD #2 
McPherson RWD #3 
McPherson RWD #4 
Osborne RWD #2 
Russell RWD #1 
Russell RWD #2 
Russell RWD #4 
Saline RWD #1 
Saline RWD #2 
Saline RWD #3 
Saline RWD #4 
Saline RWD #6 
Saline RWD #7 
Wilson Lake Estates 
City of Assaria 
City of Beverly 
Citv of Bushton 
Citv of Claflin 
Citv-of Culver 
City of Galva 
Citv of Geneseo 
Citv of Holvrood 
Ci y of Lincoln 
Ci y of Little River 
City of Mal'Quette 
City of Solomon 
City of Susank 
Citv of Victoria 
Ottawa RWD#2 
Russell RWD#3 

NOTES: 

.. ' 

50,000 
0 

50,000 
1 ,098,000 

50,000 
4,050,000 

0 
266,000 

0 
0 

50,000 
0 
0 

25,000 
1 ,842,500 
7 075,000 

50,000 
50,000 

0 
0 
0 
0 

80,000 
0 

1 1 0,000 
0 

997,500 
0 
0 

1 1 0,000 
61 ,000 

0 
1 5,000 

0 
1 5,000 
50,000 

0 
98,020 
52,900 

0 
0 
0 

55,000 
0 
0 
0 

50,000 
0 

50,000 
440,000 

0 
0 
0 
0 

50,000 
373,980 
1 29 724 

2020 2040 
76,414 
39 437 
48,876 

1 ,365 , 1 96  
73,909 

6,386,247 
245,303 

1 ,956,229 
60,323 
1 86,577 
57,703 

9,080 901 
95 741 
20,433 

1 ,820 , 1 96 
21 ,631 ,551 

1 1 8, 1 68 
1 2 1 ,397 

9,492 
283 810 
59 051 
1 2 ,982 
62,490 
8 81 1 

1 1 9,965 
82 778 

1 ,061 ,720 
64 801 
29.223 

257,965 
45,800 
22,805 
1 4, 1 1 5 
32,237 
40,258 

1 64,930 
330 1 64 
277,558 
75,749 
1 04,204 

0 
1 39,803 
48,835 

1 54 91 4 
300 784 
47 1 1 9  

249,032 
1 28 1 56 
1 93,403 
404,592 
299 41 2 
228 683 
608 309 
1 5,287 

503,741 
771 ,825 
497 451 

78,075 
32 577 
44,435 

1 ,538,824 
60,840 

7,1 35,344 
239,91 6 

2,344,949 
60,323 
1 92,127 
46,779 

1 0,1 75 608 
77 344 
1 9,245 

1 ,779,933 
24 375 4 1 3  

1 1 6,661 
1 23,899 

7,685 
247 205 
59 051 
1 2,982 
62,490 
6,752 

1 40 , 1 23 
88 209 

1 ,208,683 
71,020 
40 653 

286,356 
53, 1 79 
22 805 
1 4, 1 1 5 
31 ,861 
53,373 

1 52, 1 5 1  
420,438 
333,836 
107,273 
1 21 ,753 

0 
1 42,462 
45,555 
154 91 4 
293 908 
49 497 

257,306 
1 27 824 
1 62,362 
327,549 
326 475 
224,740 
722,253 
1 3,873 

572,787 
1 ,072,951 
543 587 

....._ __________ __. = did not respond to survey 
1 Projected capacities consist of fire flows, emergency storage, and equalization capacity. 

2020 2040 
-26,414 -28,075 
.39 437 ·32 577 

1 , 1 24 5,565 
·267,1 96 -440,824 
-23,909 -10,840 

-2,336,247 -3,085,344 
-245,303 -239,916 

- 1 ,690,229 -2 ,078,949 
-60,323 -60,323 

-1 86,577 - 1 92, 1 27 
-7,703 3,221 

·9 080 901 ·10 175 608 
.95 741 .77 344 
4,567 5,755 

22,304 62,567 
- 1 4  556 551 - 1 7,300,41 3 

-68,1 68 -66,661 
-71,397 -73,899 
.9 ,492 -7 ,685 

·283 810 -247,205 
.59 051 -59 051 
-1 2,982 -1 2,982 
1 7,51 0  1 7,510 
-8,8 1 1 -6,752 
-9,965 -30,1 23 

-82 778 . -88 209 
-64,220 -21 1 ,  1 83 
-64,801 -71 ,020 
·29 223 -40 653 

-1 47,965 -1 76,356 
1 5  200 7,821 

·22 805 -22 805 
885 885 

-32,237 -31 ,861 
-25,258 -38,373 

-1 1 4,930 - 1 02 , 1 5 1  
-330 , 1 64 -420,438 
-1 79,538 -235,8 1 6  
-22,849 -54,373 

-1 04,204 - 1 2 1 ,753 
0 0 

-1 39,803 ·1 42,462 
6 , 1 65 9,445 

-154 914 -1 54,91 4 
, -300 784 ·293 908 

-47 1 1 9  -49 497 
-1 99,032 -207,306 

\ ·1 28 1 56 · 1 27 824 
-1 43,403 -1 1 2,362 

35,408 1 1 2,451 
. . . ·299 412 ·326 475 

-228 683 ·224,740 
-608 309 -722 253 
-1 5,287 - 1 3  873 

-453,741 -522,787 
-397,845 -698,971 
-367 727 -41 3  863 

Fire flow, in gpm, is calculated using 0=1 020sqrt(P)(1 -0.01 sqrt(P)) where P is the population in thousands of people. 
Emergency storage equals twice.the avg. day demand, except for large metropolitan areas such as JOC01 & Lawrence 

where it equals the avg. day demand. 
Equalization capacity is 30% of twice the avg. day demand, except for large metropolitan areas such as JOC01 & Lawrence 

where it equals 30% of the avg. day demand. 
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l Alternative 1 Features Summary TABLE 1 2  
SU MMARY OF FEATU RES - ALTERNATIVE 1 

l Year 2020 

Pipes 
Year 2040 

New Parallel New Parallel 
Pipes Pipes Total Pioes Pipes Total 

Length Length Length Length Length Length 
Pipe Diameter (in) and Material (ft) (ft) (ft) Pipe Diameter (in) and Material (ft) (ft) (ft) 

4' Rural Pipeline - PVC Class 200 1 34,757 1 1 4,485 249,242 4' Rural Pipeline - PVC Class 200 372,951 372,951 

L 
6' Rural Pipeline - PVC Class 200 1 2 1 ,840 21 7,743 339,58 
8' Rural Pipeline - PVC Class 200 82,296 406,2 1 5  488,51 1 

1 O' Rural Pipeline - PVC Class 200 1 1 2,488 213 ,077 325,56E 
12' Rural Pipeline - PVC Class 200 1 57 , 1 99 306,901 464, 1 0C  

6' Rural Pipeline - PVC Class 200 470,293 470,293 
8' Rural Pipeline - PVC Class 200 263,720 263,72( 

1 O' Rural Pipeline · PVC Class 200 1 50,364 1 50,3&! 
12' Rural Pipeline - PVC Class 200 5,7 1 2  5,712 

14' Rural Pipeline - DI Reslrained Jl 57,044 1 73,757 230,801 14' Rural Pipeline - DI Restrained Jt 5,3 1 8  5,318 
16' Rural Pipeline - DI Res1rained Jt. 21 ,978 99,656 1 21 ,63'1 
18' Rural Pipeline - DI Reslrained Jt. 21 ,466 21 ,4Rf 
20' Rural Pipeline - DI Restrained Jt 1 3,368 97,520 1 1 0,888 
24' Rural Pipeline - DI Restrained Jt 36,329 1 02 , 1 83 1 38,51< 

L 16' Rural Pipeline • DI Restrained Jt 7,671 7,671 
1 8' Rural Pipeline - DI Restrained Jt. 24,840 24,84! 
20' Rural Pipeline - DI Restrained Jt 64,465 64,46E 
24' Rural Pipeline - DI Restrained Jt. 1 09,008 1 09,orn: 

30' Rural Pipeline - PCP 150 PSI 64,581 64,581 30' Rural Pipeline · PCP 1 50 PSI 242,735 242,73< 
36' Rural Pipeline - PCP 150 PSI 68,827 67,51 8  1 36,34E 36' Rural Pipeline · PCP 1 50 PSI 45, 1 49 45,149 
42' Rural Pipeline - PCP 150 PSI 1 7 1 ,909 1 7 1 ,909 42' Rural Pipeline · PCP 1 50 PSI 0 
48' Rural Pipeline - PCP 150 PSI 1 07 , 1 55 1 07,1 5E 48' Rural Pipeline - PCP 1 50 PSI 0 

54' Rural Pipeline - PCP 150 PSI 82,734 82,7'.'l.d 54' Rural Pipeline · PCP 1 50 PSI 0 

Total: 806,1 26 2,246,900 2 ,970,29< Total: 0 1 ,762,226 1 ,762,22{ 

Pumps 

2020 2020 to 2040 
Pumping No. of Pumping No. of 

Rate Additional Rate Additional 

Pumo ID (gpm) Pumps Pumo ID (gpm) Pumps 

Post Rock oumo #1 1 2,500 1 Post Rock oumo #1 4,200 1 

Post Rock pump #2 9,800 1 Post Rock oumo #2 2,900 1 

L Post Rock pump #3 7,300 1 

Post Rock oumo #4 6,900 1 

Post Rock oumo #5 4,500 1 

Post Rock oumo #6 45 1 

Post Rock oumo #3 2,800 1 

Post Rock oumo #4 2,800 1 

Post Rock oumo #5 2 , 1 00 1 

Post Rock oumo #6 0 0 

Post Rock oumo #7 700 1 Post Rock oumo #7 50 1 

Post Rock oumo #9 40 1 Post Rock oumo #9 20 1 

New Hays South 1 05 1 New Havs South 0 0 

New RS-03 350 1 New RS-03 0 0 

WTP L 2020 

Existing Expansion Total 2020 

2020 to 
2040 

Expansion Total 2040 

Capacity Capacity Capacity Capacity Capacity 

l Name (MGD) (MGD) (MGD) 

Post Rock 1 . 1 1 8.03 1 9. 1 3  

Name (MGD) (MGD) 

Post Rock 5.88 23.91 

l ' 

2020 Quantity 

Cateoorv Capacity Quantity 

Water Tank - 50,000 Ground Level Steel 50,000 1 0.93 

2040 - Add to 2020 Quantitv 

Cateoorv Caoacity Quantity 

Water Tank - 50,000 Ground Level Steel 50,000 7.99 

Water Tank - 1 00,000 Ground Level Steel 1 00,000 1 4.61 Water Tank - 1 00,000 Ground Level Steel 1 00,000 3.21 

Water Tank - 250,000 Ground Level Steel 250,000 7.27 Water Tank - 250,000 Ground Level Steel 250,000 2.76 

Water Tank - 500,000 Ground Level Steel 500,000 Water Tank - 500,000 Ground Level Steel 500,000 

Water Tank - 750,000 Ground Level Steel 750,000 Water Tank - 750,000 Ground Level Steel 750,000 1 .00 

Water Tank - 1 ,000,000 Ground Level Steel 1 ,000,000 1 .69 Water Tank - 1 ,000,000 Ground Level Steel 1 ,000,000 

Water Tank - 2,000,000 Ground Level Steel 2,000,000 1 . 1 7  Water Tank - 2,000,000 Ground Level Steel 2,000,000 

Water Tank - 4,000,000 Ground Level Steel 4,000,000 Water Tank - 4,000,000 Ground Level Steel 4,000,000 

Water Tank - 6,000,000 Ground Level Steel 6,000,000 Water Tank - 6,000,000 Ground Level Steel 6,000,000 

Water Tank - 8,000,000 Ground Level Steel 8,000,000 Water Tank - 8,000,000 Ground Level Steel 8,000,000 

t 
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l 
Alternative 2 Features Summary TABLE 1 3  

SUMMARY OF FEATURES - ALTERNATIVE 2 

Year 2020 Year 2040 

Pipes 

New Parallel New Parallel 
Pipes Pipes Total Pipes Pipes Total 

Length Length Length Length Length Length 
Pipe Diameter (in) and Material (ft) (ft) (ft) Pipe Diameter (in) and Material (ft) (ft) (ft) 

L 4" Rural Pipehne - PVC Class 200 1 1 6,916 1 22 , 1 03 239,019 
6" Rural Pipeline - PVC Class 200 1 26,439 270,558 396,997 
8" Rural Pipeline - PVC Class 200 98,966 462,404 561 ,370 

4· Rural Pipehne - PVC Class 200 455,566 455,566 
6' Rural Pipeline - PVC Class 200 588,944 588,944 
8" Rural Pipeline - PVC Class 200 202,373 202,373 

1 o• Rural Pipeline - PVC Class 200 1 1 2 ,488 250 , 1 95 362,683 1 o• Rural Pipeline • PVC Class 200 287,921 287,921 
12" Rural Pipeline - PVC Class 200 1 53,727 438,032 591 ,759 12" Rural Pipeline - PVC Class 200 1 6,41 4 1 6,41 4 
14" Rural Pipeline - DI Restrained Jt 57,525 1 38,648 1 96 , 1 73 14" Rural Pipeline - DI Restrained Jt 10,846 1 0,846 
16" Rural Pipeline - DI Restrained Jt. 21 ,497 1 31 ,057 1 52,554 1 6" Rural Pipeline - DI Restrained Jt 0 
18" Rural Pipeline - DI Restrained Jt 27,910 27,910 1 8" Rural Pipeline - DI Restrained Jt. 21 ,098 21 ,09! 
20' Rural Pipeline - DI Restrained Jt 1 3,368 69,869 83,237 20· Rural Pipeline - DI Restrained Jt 0 
24 • Rural Pipeline - DI Restrained Jt 36,329 1 27,471 1 63 ,80C 
30• Rural Pipeline - PCP 1 50 PSI 1 42,001 1 42,001 
36" Rural Pipeline - PCP 150 PSI 74,232 55,809 1 30,041 L 24" Rural Pipeline - DI Restrained Jt 0 

30" Rural Pipeline • PCP 1 50 PSI 0 
36" Rural Pipeline - PCP 150 PSI 435,503 435,503 

42" Rural Pipeline - PCP 150 PSI 0 42" Rural Pipeline - PCP 1 50  PSI 0 
48" Rural Pipeline - PCP r50 PSI 0 48" Rural Pipeline - PCP 150 PSI 0 

54' Rural Pipeline - PCP 1 50 PSI 0 54' Rural Pioeline - PCP 1 50 PSI 0 

60" Rural Pipeline - PCP 1 50 PSI 436,259 436,259 60" Rural Pipeline - PCP 1 50 PSI 0 

Total: 1 ,247,746 2,236,057 3,483,802 Total: 0 2,01 8,665 2,01 8,665 

l Pumps 

2020 
Pumping No. of 

2020 to 2040 
Pumping No. of 

Rate Additional Rate Additional 

Pump ID (gpm) Pumps 

Post Rock Pumo #1 4,31 3 1 
Post Rock pump #2 1 ,930 1 L Pump ID (gpm) Pumps 

Post Rock Pump #1 590 1 

Post Rock pumo #2 60 1 

Post Rock pump #6 45 1 Post Rock pump #6 0 1 

Post Rock pump #7 700 1 Post Rock pump #7 0 1 

Post Rock pump #9 40 1 
Raw Water pump to West #1 8,542 1 
Raw Water pump to West #2 8,542 1 L Post Rock pump #9 20 1 

Raw Water pump to West #1 2,870 1 
Raw Water pump to West #2 2,870 1 

Raw Water pump to West #3 8,542 1 Raw Water pump to West #3 2,870 1 
Raw Water Pump to West #4 8,542 1 L WTP 

2020 

Raw Water pump to West #4 2,870 1 

Expansion 2020 to 2040 
Existing or New Total 202C Expansion Total 2040 

Capacity Capacity Capacity Capacity Capacity 

Name (MGD) (MGD) (MGD) Name (MGD) (MGD) 

Post Rock - Expansion 1 . 1  6 33 7.43 Post Rock - Expansion 0.85 8.28 

West IHavs/Russelll - New 0 1 1 .70 ! 1 1 .70 West (Havs/Russelll - Expansion 3.93 ' 1 5.63 l Storage Tanks 

Category Capacity Quantity Category Caoacitv Quantitv 

Water Tank - 50,000 Ground Level Steel 50,000 1 0.93 Water Tank - 50,000 Ground Level Steel 50,000 7.99 

Water Tank - 1 00,000 Ground Level Steel 1 00 ,000 1 4.61 
Water Tank - 250,000 Ground Level Steel 250,000 7.27 

Water Tank - 500,000 Ground Level Steel 500,000 L Water Tank - 1 00,000 Ground Level Steel 1 00,000 3.21 
Water Tank - 250,000 Ground Level Steel 250,000 2.76 
Water Tank - 500,000 Ground Level Steel 500,000 

Water Tank - 750,000 Ground Level Steel 750,000 Water Tank - 750,000 Ground Level Steel 750,000 1 .00 

Water Tank - 1 ,000,000 Ground Level Steel 1 ,000,000 1 .69 Water Tank - 1 ,000,000 Ground Level Steel 1 ,000,000 

Water Tank - 2,000,000 Ground Level Steel 2,000,000 1 . 1 7  Water Tank - 2,000,000 Ground Level Steel 2,000,000 

Water Tank - 4,000,000 Ground Level Steel 4,000,000 Water Tank - 4,000,000 Ground Level Steel 4,000,000 

Water Tank • 6,000,000 Ground Level Steel 6,000,000 Water Tank - 6,000,000 Ground Level Steel 6,000,000 

Water Tank - 8,000,000 Ground Level Steel 8,000,000 Water Tank - 8,000,000 Ground Level Steel 8,000,000 

L 
L 
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l Alternative 3 Features Summary TABLE 1 4  
SUMMARY OF FEATURES - ALTER NATIVE 3 

l 
Year 2020 Year 2040 

p· 1oes 

New Parallel New Parallel 

Pipe Pipe Total Pipe Pipe Total 
Length Length Length Length Length Leng ti 

Pipe Diameter (in) and Material (ft) (It) (ft) Pipe Diameter (in) and Material (ft) (ft) (It) 
4' Rural Pipeline - PVC Class 200 1 1 6,916 1 53,368 270,284 4' Rural Pipeline - PVC Class 200 488,991 488,9 
6' Rural Pipeline - PVC Class 200 1 30,471 274,724 405, 1 9E �· Rural Pipeline - PVC Class 200 590,778 590.7 
8' Rural Pipeline • PVC Class 200 92,729 475,836 568,56E 8" Rural Pipeline - PVC Class 200 1 4 1 , 1 60 1 41 , 1  
1 O' Rural Pipeline - PVC Class 200 85,959 261 , 301 347,260 1 O' Rural Pipeline - PVC Class 200 247,961 247 .9 
12' Rural Pipeline - PVC Class 200 1 53,727 407,837 561 , 564 12" Rural Pipeline - PVC Class 200 1 6,41 4 1 6.4 

14' Rural Pipeline - DI Restrained JI. 53,493 1 61 ,336 21 4,829 14" Rural Pipeline - DI Restrained JI 5,528 5,5 
16' Rural Pipeline - DI Restrained Jt. 27,734 1 33,484 1 61 ,21 8 16' Rural Pipeline - DI Restrained JI 

1 8' Rural Pipeline - DI Restrained JI 8,783 1 3 , 1 63 21 ,946 
20' Rural Pipeline - DI Restrained JI 31 , 1 1 4  8,765 39,879 
24' Rural Pipeline - DI Restrained JI 36,329 61 , 1 50 97,479 L 1 8' Rural Pipeline - DI Restrained JI 21 ,098 2 1 .0 

20" Rural Pipeline - DI Restrained JI 

24" Rural Pipeline - DI Restrained Jt. 

30' Rural Pipeline • PCP 150 PSI 82,947 82,947 30' Rural Pipeline - PCP 150 PSI 

36' Rural Pipeline • PCP 150 PSI 74,232 83,598 1 57,830 36" Rural P1pel1ne - PCP 150 PSI 435,503 435.5 
42' Rural Pipeline - PCP 1 50 PSI 0 42' Rural Pipeline - PCP 1 50 PSI 

48' Rural Pipeline - PCP 150 PSI 1 67,086 1 67,086 48' Rural Pipeline - PCP 150 PSI 

54' Rural Pipeline - PCP 1 50 PSI 0 54' Rural Pipeline - PCP 1 50 PSI 
60' Rural Pipeline - PCP 1 50 PSI 435,923 435,923 60' Rural Pipeline - PCP 1 50 PSI 

Total: 1 ,41 4,496 2,1 1 7,509 3,532,005 Total: 0 1 ,947,433 1 ,947.4 

Pu mos 

2020 2040 
Pumping No. of No. of 

Rate Additional Pumping Rate Additional 

Pump_ID (gpm) Pumps Pump_ ID (gpm) Pumps 

Post Rock oumo #1 1 ,630 1 Post Rock oump #1 1 ,690 1 
Post Rock oumo #2 1 ,930 1' Post Rock oumo #2 1 ,990 1 

Post Rock oumo #6 45 1 Post Rock oumo #6 0 0 

Post Rock oumo #7 700 1 Post Rock oumo #7 0 0 
Raw Water pump to East #1 1 ,345 1 Raw Water pump to East #1 270 1 
Raw Water pump to West #1 8,542 1 Raw Water pump to West #1 2,870 1 
Raw Water pump to West #2 8,542 1 Raw Water pump to West #2 2,870 1 

L Raw Water pump to West #3 8,542 1 
Raw Water pump to West #4 8,542 1 

Raw Water pump to West #3 2,870 1 
Raw Water pump to West #4 2,870 1 

WTP 

L 2020 
Expansion 

Existing or New • Total 202C 
2020 to 2040 

Expansion Total 2040 
Capacity Capacity Capacity Capacity Capacity 

Name (MGD) (MGD) (MGD) Name (MGD) (MGD) 

Post Rock - Expansion 1 . 1 2.64 3.74 Post Rock - Expansion 0. 1 3  3.88 
West (Hays/Russell) - New 0 1 1 .70 1 1 .70 West (Hays/Russell) - Expansion 3.93 1 5.63 
East (Salina) - New 0 3.68 3.68 East (Salina) - Expansion 0.72 4 41 

0.85 

L Tanks 

Cateoorv Capacity Quantity 

Water Tank - 50,000 Ground Level Steel 50,000 1 0.93 

Cateoorv Capacity Quantity 

Water Tank - 50,000 Ground Level Steel 50,000 7.99 

Water Tank - 1 00,000 Ground Level Steel 1 00,000 1 4. 6 1  Water Tank - 1 00,000 Ground Level Steel 1 00,000 3.21 

Water Tank - 250,000 Ground Level Steel 250,000 7.27 Water Tank - 250,000 Ground Level Steel 250,000 2.76 

L Water Tank - 500,000 Ground Level Steel 500,000 
Water Tank - 750,000 Ground Level Steel 750,000 
Water Tank - 1 ,000,000 Ground Level Steel 1 ,000,000 1 .69 

Water Tank - 500,000 Ground Level Steel 500,000 
Water Tank - 750,000 Ground Level Steel 750,000 1 .00 

Water Tank - 1 ,000,000 Ground Level Steel 1 ,000,000 
Water Tank - 2,000,000 Ground Level Steel 2,000,000 1 . 1 7  Water Tank - 2,000,000 Ground Level Steel 2,000,000 
Water Tank - 4,000,000 Ground Level Steel 4,000,000 Water Tank - 4,000,000 Ground Level Steel 4,000,000 
Water Tank - 6,000,000 Ground Level Steel 6,000,000 Water Tank - 6,000,000 Ground Level Steel 6,000,000 
Water Tank - 8,000,000 Ground Level Steel 8,000,000 Water Tank - 8,000,000 Ground Level Steel 8,000,000 
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Kanopolis Lake 
Smoky Hill River, Kansas 

Federal Authorization: Flood Control Act of 1 938, Public Law 75-76 1 ,  as modified by the Flood 
Control Act of 1 94 1 ,  Public Law 77-228,  and 1 944; and the Water Supply Act of 1 958 (Title III, 
P.L. 85-500). 

Construction and Filling: The project, which is located on the Smoky Hill River in Ellsworth 
County, Kansas, approximately 1 9  miles west and 1 6  miles south of Salina, was completed and 
placed in operation in May 1 948. Kanopolis is the oldest federal lake in the State of Kansas. 

Assurances: No assurances were provided to the federal government at the time of construction 
of Kanopolis Lake. In the past, several entities have shown interest in acquiring a water supply. 
These entities have included the cities of Salina, McPherson, and Lindsborg, Post Rock Rural 
Water District, Public Wholesale Water Supply District No. 1 0, and the Kanopolis Irrigation 
District. The City of Salina filed an application for storage in 1 963. To date, no action has been 
taken on this application. Post Rock Rural Water District filed an application to divert natural 
flow and also had a surplus water contract with the Corps of Engineers. In 1 989, the District 
filed an application with the Kansas Water Office under the Water Marketing Program. This 
resulted in a signed contract contingent upon the Kansas Water Office acquiring storage space in 
the reservoir. 

The Kansas Water Resources Board began inquiring about purchase of storage in 1 977 and first 
filed a water reservation right for conser\ration storage water supply capacity on February 23, 
1 977; however, it was withdrawn July 24, 1 985.  On October 29, 1 990, the Kansas Water Office 
again filed a water reservation right. 

Water Supply Contract (DACW4 1 -02-L-000 1 ): On June 1 2, 2002, the Kansas Water Office, 
acting on behalf of the State of Kansas, signed an agreement for purchase of 1 2,500 acre-feet of 
water supply storage. The Kansas City Corps of Engineers ' District Engineer then signed the 
agreement on June 1 7, 2002, bringing an end to 25 years of negotiations .  

Lake Storage: 

Usable Storage* 
Feature Elevation (msl) (Ac-Ft.) 

Flood Control 1 463 .0 - 1 508.0 362,254 
Conservation Storage 1 43 1 .0 - 1 463.0 26,83 3  

Water Supply 
Multi-Purpose 

Total 389,087 
*Estimated storage remaining after 1 00 years of sedimentation. 
* *Yield calculated in 2002. 

1 2,500 
1 4,3 3 3  

2 %  Chance Drought 
Yield (mgd) 

1 2 .8** 
Not calculated 



Water Supply Costs: 

Item Immediate Use 
Water Supply Storage, Acre-Feet 

Water Marketing 1 2,500 

First Costs $4, 1 8 1 , 1 67 

Repayment Interest Rate* 5.625% 

Paid Up Front $642,272 
Annual Repayment 

Water Marketing $234,392 

Interest-Free Period May 1 948 to May 1 958 
*Interest rate adj usted at five-year intervals. 

TABLE S 
KANOPOLIS RESERVOIR 

App. 
No. Aoolicant 

1 2 1  Ellsworth RWD # 1  (Post Rock) 

1 67 PWWSD # 1 5  (Hays & Russell) 

SUBTOTAL .. 

MGY: M illion Gallons per Year 

Quantity 
Date Application Requested 
Filed Expires MGY 

9/1 2/1 989 

6/1 7/2002 61 1 7/20 1 2  2,555 .000 

2,555 .000 

Quantity Available 

Less Quantity Under Contract 

Uncommitted 

Less Quantity in Applications 

BALANCE 

Contract 
Number 

0 1 -2 

Quantity 
Contracted 

MGY 

400.000 

400.000 

4,70 1 .000 

(-W0.000) 

4,30 1 .000 

( 2.55 5 .000) 

1 ,746.000 

I 

• • 

I 
I 



Service Area for Kano 

_ _ _ _  i R�ell Co. I I 
� �------ �---�---· l &Wn Co. 

11 WJ Secondary Users I � J Blsoorth Co. 
·--- -�- -- - - ----- --- ------= 
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EASTERN SMOKY HILL-SALINE BASIN WATER SUPPLY STUDY 
I NFORMATION TO DEVELOP A DRY YEAR FACTOR 

Name of your water agency : _______________ _ 

Year 2001 Year 2000 Year 1999 

rm''' r,� ·  

Year 1998 Customer 
Tvne Consumption 1 Customers2 Consumption 1 Customers2 Consumption 1 Customers2 Consumption 1 Customers2 

Residential 

Farms 

Commercial 

Industrial 

Wholesale .. 
Other (Specify) 

Notes: 
1 .  Consumption in million gallons/year by customer type 
2. Customers are metered connections 

Provide as many of the above years as you can, but provide the first three (i.e., 2001 , 2000, and 1999) as a minimum. 

•""'""" "• r� F""'' r'" 

Year 1997 

Consumption 1 Customers2 



r-� r�· r" r·�· 1� F"' .-� r·,· r�· r·nr �- r:·· �- �� �- �  r-�· r""" r"'" 

Example RWD or City+A50 -----

EASTERN SMOKY H I LL-SALI NE BAS I N  WATER SUPPLY STUDY 
EXAMPLE CALCULATION FOR A DRY YEAR FACTOR 

Customer Year 2001 Year 2000 Year 1999 Year 1 998 

Type Consumption 1 

Residential 62.900 
Farms 
Commercial 50.000 
Industrial 2.300 
Wholesale 
Other (Specify) 1 6.000 

Total 131 .200 
otal gals./customE 328.267 
· · · ·  · acto . · " .  - .·· ·"""' · ..... . · ·f· · ,; .�· ... �-. ·. .,.,,Fi!"u;· . 

. .,,,t - , � ��.....- -.:-- ·- -- : �  ' ' ·::�":'� 

�rcent Comm/Ind. 
ercent Wholesale 

39.86% 
0.00% 

Customers" 

928 

1 64 
3 

1 ,095 

1 5 .25% 
0.00% 

Consumption 1 

77.200 

55.000 
1 .300 

1 7.400 
1 50.900 
372.455 

37.31 %  
0.00% 

Customers" 

949 

1 58 
3 

1 ,  1 1 0 

14 .50% 
0.00% 

Total gals/customer =  Total consumption/Total number of customers 

Consumption' 

72.200 

48.000 
0.920 

6.500 
1 27.620 
31.5.848 

38.33% 
0.00% 

Customers" 

966 

1 39 
2 

1 ,  1 07 

1 2.74% 
0.00% 

Consumption 1 

74.800 

51 .000 
1 .490 

6.880 
1 34. 1 70 
332.059 

39. 1 2% 
0.00% 

Dry Year Factor = (dry year total gallons per customer) /(average total gallons per customer for remaining years) 

Notes: 

General Note: 

Legend: 

1 Consumption in million gallons/year by customer type 
2 Customers are metered connections 

Year 0000 =Dry Year represented by the year with greatest consumption per capita, or by Entity. 

�\11"®� = Dry Year Factor Computed for Entity 

Customers" 

941 

1 64 
2 

1 , 1 07 

1 5.00% 
0.00% 

Year 1997 
Consumption 1 

74.000 

52.000 
1 .940 

8.330 
1 36.270 
337.256 

39.58% 
0.00% 

Customers" 

955 

1 50 
2 

1 , 1 07 

1 3.73% 
0.00% 
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Line 
02 

05 
06 

07 

� r" �- � F'" ,,.,.., �-· . . pi:r· r�" � r·--

Al TERNATIVE 1 Year 2020 

rr.' 

Smoky Hil l  Regional Water Study - Summary by Feature 
USACE Kansas City District - Water Supply System 

r'' � 

Barton, Ell is, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Average 
DescriQtion Quantity . UOM Size 

Rural Pipelines 3,053,026.00 Lf 1 7  

Storage Tanks 35.66 Ea 220, 1 1 8 

Pump Stations 1 0.67 Ea 3,960 

Water Treatment Plants 1 .80 Ea 1 0  

Totals 

URS Corporation - Alt1 _2020_Cost xis 

Summary by Feature 

Size x Quat. 
= Total Basis UOM 

50,550,302 Dia.-ln.-Ft. 
7,850,524 ; Gals. -42,240 GPM 

1 8 ) MGD 

Page 1 of 5 

r--
1 Unit Price ' $ 96.24 $ 
$ 236,507 ' $ -
-- --

-
-

. 

. $ 297,662 $ - r$- 20: 762,500 ; $ . -��-=---=- ' i 
- + I 

i l-

,. 

_ j -
t -

Amount 
293,823,912 ' $ 

8,435,01 9  $ 
3,1 75,060 $ 

37,431 ,335 $ 

$ 342,865,326 

Owner Cost 
59. 1 0°/o 

56.88 

1 39,772 

1 76,7 1 3  

1 2,268,833 

� r'' F'· re" 

$ 
$ 
$ 
$ 

Program Amount 
Unit Price 

1 53.12 ! $ 
376,279 - -
474,375 

· - -

$ 
$ 

-
�3,031 ,333 I $ 

1 
J 
I 

Amount 
467,480,000 

13,420,000 

5,060,000 

59,550,000 

$ 545,510,000 

8/24/2003 1 2:37 PM 



r •c r-"-

Line 
01 
02 
03 
04 
05 
06 
07 
08 
09 
1 0  
1 1  
12  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
19  
20 
21 
22 
23 
24 
25 
26 
27 

F"'' �- F'' _.,,., .. .  - �., . . - r· �- r� �- � 

ALTERNATIVE 1 Year 2020 

�- r-· F!!'!''' r- � � 

Smoky Hil l  Regional Water Study - Rural Pipel ines 
USACE Kansas City District - Water Supply System 

Barton, Ell is, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Description _ Ouci.ntity 

4" Rural Pipeline - PVC Class 200 249,242 
6" Rural Pipeline - PVC Class 200 
8" Rural Pipeline - PVC Class 200 
1 O" Rural Pipeline - PVC Class 200 
1 2' Rural Pipeline - PVC Class 200 
1 4" Rural Pipeline - DI Restrained Jt. 
1 6" Rural Pipeline - DI Restrained Jt. 
18" Rural Pipeline - DI Restrained Jt. 
20" Rural Pipeline - DI Restrained Jt. 
24' Rural Pipeline - DI Restrained Jt. 
30" Rural Pipeline - PCP 1 50 PSI 
36" Rural Pipeline - PCP 1 50 PSI 
42" Rural Pipeline - PCP 1 50 PSI 
48" Rural Pipeline - PCP 1 50 PSI 
54" Rural Pipeline - PCP 1 50 PSI 
60" Rural Pipeline - PCP 1 50 PSI 
66" Rural Pipeline - PCP 1 50 PSI 
72" Rural Pipeline - PCP 1 50 PSI 
84" Rural Pipeline - PCP 1 50 PSI 
96" Rural Pipeline - PCP 1 50 PSI 

Totals 

339,583 
488,51 1  
325,565 
464, 100 
230,801 
12 1 ,634 
21 ,466 

1 10,888 
1 38,512 
64,581 

1 36,345 
17 1 ,909 
1 07, 1 55 
82,734 

3,053,026 

UOM 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
Lf 

LI 

Dia 
4 
6 
8 
1 0  
1 2  
1 4  
1 6  
1 8  
20 
24 
30 
36 
42 
48 
54 
60 
66 
72 
84 
96 

1 6.557 

Rural Pipeline 

Dia-In-Ft Dia-In-Ft 
Contract Amount 

Lt 
996,968 ' $ 

2,037,498 $ 
- I -- - �  .. 

3,908,088 ' $ 
3,255,650 ' $ 
5,569,200 $ 
3,23 1 ,21 4 $ 
1 ,946, 1 44 $ 

- t -

386,388 : $ 
2,217 ,760 $ 
3,324,288 ! $ 
1 ,937,430 $ 
4,908,420 $ 
7,220 , 178 $ 
5,143,440 ' $ 
4,467,636 $ 

- $ 
$ 

- $ 
$ 
$ 

6.1 6  J $ 
5 . 17 : $ 
4.93 i $ - - - -- 1-
4.94 ! $ 
5.03 ! $ 
7.26 I $ 
7.07 : $ 
6.57 ' $ 
7.98 : $ 

1 --

6.84 . $ 
5.60 . $ 
6.04 ' $ ·t -
6.01 I $ 
5.3o ' $ 
5.03 ' $ 

$ 
$ 
$ 

; $  
$ 

24.63 $ 
31 .02 ' $ 
39.45 $ 
49.40 ' $ 
60.37 $ 

1 0 1 .66 I $ 
1 13.09 $ 
1 18.28 : $ 
1 59.57 : $ 
1 64.1 7  ' $ 
1 68.00 ' $ 
21 7.47 $ 
252.21 ' $ 
254.41 : $ 
271 .57 $ t 
395.28 $ 
470.35 $ 
550.71 : $ 
653.65 $ 
872.88 $ 

Amount 
Owner Cost 

59.1 0% 
6,1 38,830 $ 

1 0,533,865 $ 
1 9,271 ,759 $ 
16,082,91 1 $ 
28,017,7 17  ' $ 
23,463,230 $ 
1 3,755,589 ' $ ' 
2,538,998 $ 

1 7,694,398 $ 
22,739,51 5 $ 
1 0,849,608 $ 
29,650,947 $ 
43,357, 1 69 ' $ 
27,26 1 ,304 $ 
22,468,072 ' $ 

1 4.56 $ 
1 8.33 $ 
23.31 $ 
29.20 $ 
35.68 $ 

60.08 $ 
66.84 $ 
69.90 $ 
94.31 $ 
97.02 $ 
99.29 $ 

1 28.52 $ 
1 49.06 $ 
1 50.36 $ 
1 60.50 : $ 
233.61 $ 
277.98 $ 
325.47 $ 

Program Amount 
Lt Amount 
39. 1 9  $ 
49.35 $ 
62.76 $ 
78.60 $ 
96.05 $ 

1 6 1 .74 $ 
1 79.93 $ 
1 88 . 18  $ 
253.88 $ 
261 . 19  $ 
267.29 $ 
345.99 $ 
401 .27 $ 
404.77 $ 
432.07 $ 
628.89 $ 
748.33 $ 
876 . 18  $ 

9,770,000 
1 6,760,000 
30,660,000 
25,590,000 
44,580,000 
37,330,000 
21 ,890,000 
4,040,000 

28, 1 50,000 
36,1 80,000 
1 7,260,000 
47,170,000 
68,980,000 
43,370,000 
35,750,000 

$ 
$ 
$ 
$ 
$ 

386.31 $ 1 ,039.96 $ 
51 5.87 $ 1 ,388.75 $ 

50,550,302 $ 5.81 $ 96.24 $ 293,823,912 $ 56.88 $ 1 53 . 12  $ 467,480,000 

URS Corporation - Alt1_2020_Cost xis Page 2 of 5 8/24/2003 1 2:37 PM 

-11""' .. . 
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ALTERNATIVE 1 Year 2020 
Smoky Hi l l  Regional Water Study - Storage Tanks 

USACE Kansas City District - Water Supply System 

Barton, Ell is, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Storage Tan ks 

Gallons 
Line Descrifiliq11_ _ _ _ _ Qua_ntit'l UOM Capacity Total Gallon 
01 Water Tower - 50000 1 00' Height Ea 50,000 
02 Water Tower - 1 00000 1 00' Height 
03 Water Tower - 250000 1 00' Height 
04 Water Tower - 500000 1 00' Height 
05 Water Tower - 750000 1 00' Height 
06 Water Tower - 1 000000 100' Height 
07 Stand Pipe - 1 00000 1 00' Height 
08 Stand Pipe - 250000 1 00' Height 
09 Stand Pipe - 500000 1 00' Height 
1 O Stand Pipe - 750000 1 00' Height 
1 1  Stand Pipe - 1 000000 1 00' Height 
12  Stand Pipe - 1 500000 1 00' Height 
1 3  Stand Pipe - 2000000 1 00' Height 
1 4  Water Tank - 50000 Ground Level Steel 
1 5  Water Tank - 1 00000 Ground Level Steel 
1 6  Water Tank - 250000 Ground Level Steel 
1 7  Water Tank - 500000 Ground Level Steel 
18 Water Tank - 750000 Ground Level Steel 
1 9  Water Tank - 1 000000 Ground Level Steel 
20 Water Tank - 2000000 Ground Level Steel 
21 Water Tank - 4000000 Ground Level Steel 
22 Water Tank - 6000000 Ground Level Steel 
23 Water Tank - 8000000 Ground Level Steel 

Ea 
Ea 
Ea 
Ea 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

1 0.93 Ea 
1 4.61 Ea 
7.27 Ea 

Ea 
Ea 

1 .69 Ea 
1 . 1 7  Ea 

Ea 
Ea 
Ea 

1 00,000 
250,000 
500,000 
750,000 

1 ,000,000 
1 00,000 
250,000 
500,000 
750,000 

1 ,000,000 
1 ,500,000 
2,000,000 

50,000 
100,000 
250,000 
500,000 
750,000 

1 ,000,000 
2,000,000 
4,000,000 
6,000,000 . 
8,000,000 

250,000 
500,000 
750,000 

- I $ 1 .95 : $ 
t - ---- � 

$ _1 .89 i $ 
$ 1 .83 $ 
$ 1 .77 ' $ 

- $ 1-
.11 l $ 

$ 1 .65 I $ 
- I $ - 1 .90 ' $ 

! - i $ 1 .80 ' $ -· : - - i-
-J $ 1 .70 ., $ 
- I $ 1 .60 . $ j +- --- --- ' 
- : $ 1 .50 : $ 

j - --

. $ 1 .40 : $ 
-1 -

- ; $ 1 .30 i $ 
546,620 $ 1 .25 ! $ 

1 ,460,75_[> $ 1 .2_0 0 $ 
1 ,8 16,673 $ 1 . 1 5  ! $ 

--- t .,. 
- • $ 1 . 1 0  ! $ i - - ----- ----+ 
- . $ 1 .05 i $ 

1 ,690,229 $ 1 .00 I $ 
- - - - -+ 

2,336,247 $ 0.95 $ 

$ 0.90 $ 
$ 

-
0.85 j $ 

$ 0.80 I $ 
- $_ 1 .55 � $ 
- $ 1 .50 '. $ -·-+ 
- 1 $  1 .45 1 $ ·-' 

$ 1 .40 ' . $ 
- $ 1 .35 . $ 
- . $ 1 .30 $ 

Contract Amount 
Ea Amount 

- $ 
$ 

$ 
$ 
$ 

$ 
$ 

$ 

$ 
$ 

$ 

$ 
$ 

62,500 $ 
1 20,000 $ 
287,500 $ 

I 

$ 
$ 

1 ,000,000 $ 
1 ,900,000 $ 

$ 
- ! $ 

$ 

$ 

$ 

$ 
$ 

$ 

$ 
- $ 

$ 

$ 

$ 

$ 

$ 
$ 

683,275 $ 
1 ,752,906 $ 
2,089, 1 74 . $ 

$ 
$ 

1 ,690,229 $ 
2,21 9,434 $ 

$ 

$ 
$ 

24 Water Tank - 250000 Below Grd Reinf Cone 
25 Water Tank - 500000 Below Grd Reinf Cone 
26 Water Tank - 750000 Below Grd Rein! Cone 
27 Water Tank - 1 000000 Below Grd Reinf Cone 
28 Water Tank - 2000000 Below Grd Reinf Cone 
29 Water Tank - 4000000 Below Grd Rein! Cone 
30 Water Tank - 6000000 Below Grd Rein! Cone 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

1 ,000,000 
2,000,000 
4,000,000 
6,000,000 

j --- -- -;-- - - - -

$ 

$ 

$ 
$ 
$ 
$ 
$ 

$ 

$ 

$ 
$ 
$ 
$ 
$ 

Totals 

URS Corporation - Alt1_2020_Cost xis 

35.66 Ea 220, 1 18 

- i $ 1 .25 : $ 

7 ,850,524 $ 1 .07 $ 236,507 . $ 8,435,01 9  $ 

Page 3 of 5 

Owner Cost 
59. 1 0% 

- j $ 
- : $ I 
- : $ 
- $ 
- ! $ 

$ 
- $ 
- $ 
- $ 
- • $ 

- : $ - i $ 
- : $ 

37,000 I $ 
71 ,000 ! $ 

1 70,000 $ 
$ 
$ 

591 ,000 $ 
1 , 1 22,900 $ 

$ 

$ 
$ 

- $ 
- ' $ 
- I $ 

$ 
$ 
$ 
$ 

1 39,772 $ 

Program Amount 
Ea Amount 

$ 
$ 
$ 

$ 

$ 

$ 
$ 
$ 

$ 

. $ 

$ 
$ 

$ 
99,500 $ 

1 9 1 ,000 $ 
457,500 $ 

$ 
$ 

1 ,591 , 000 $ 
3,022,900 $ 

-
i $ 

$ 
' $ 

$ 

$ 

$ 
$ 
$ 
$ 
$ 

376,279 $ 

1 ,090,000 
2,790,000 
3,320,000 

2,690,000 
3,530,000 

1 3,420,000 

8/24/2003 1 2:37 PM 

P"' 
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ALTERNATIVE 1 Year 2020 
Smoky Hil l  Regional Water Study - Pump Stations 

USACE Kansas City District - Water Supply System 

P" pm"' 

Barton, Ellis, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Line DescriQtion 

01 Pump Station Facility - 100 GPM 
02 Pump Station Facility - 250 GPM 
03 Pump Station Facility - 500 GPM 
04 Pump Station Facility - 1 000 GPM 
05 Pump Station Facility - 1 500 GPM 
06 Pump Station Facility - 2000 GPM 
07 Pump Station Facility - 3000 GPM 
08 Pump Station Facility - 4000 GPM 
09 Pump Station Facility - 6000 GPM 
10  Pump Station Facility - 8000 GPM 
1 1  Pump Station Facility - 1 0000 GPM 
12  Pump Station Facility - 1 5000 GPM 
13 Pump Station Facility - 20000 GPM 
14 Pump Station Facility - 25000 GPM 
15 Pump Station Facility - 30000 GPM 
16  Pump Station Facility - 35000 GPM 

Totals 

URS Corporation - Alt1_2020_Costxls 

GPM 
Quantitl'. UOM CaQacitl'. 

1 .90 Ea 
1 .40 Ea 
1 .40 Ea 

Ea 
Ea 
Ea 
Ea 

1 . 1 3  Ea 
2.37 Ea 
1 .23 Ea 
1 .25 Ea 

Ea 
Ea 
Ea 
Ea 
Ea 

10.67 Ea 

100 
250 
500 

1 ,000 
1 ,500 
2,000 
3,000 
4,000 
6,000 
8,000 

10,000 
15,000 
20,000 
25,000 
30,000 
35,000 

3,960 

Pump Stations 

Total Gallon 
190 $ 105.00 . $ ; --

350 $ 1 01 .50 $ 
700 $ 98.00 $ 

$ 94.50 : $ 
-· . 

$ 91 .00 $ 
$ 87.50 $ 

- --- - - - -�- � - -

Contract Amount 
Ea 

1 0,500 : $ 
25,400 i $ . - -- I 49,000 . $ 

- $ 
- $ 
- : $ 

. -- ·r 
$ 

4,500 . $ 
1 4,200 $ 
9,800 $ 

1 2,500 $ 
$ 

$ 

$ 
$ 

$ 

84.00 ' $ 
-

80.50 i $ 
77.00 $ 
73.50 : t 
70.00 $ : 
66.50 $ 

-- j 
63.00 $ 
59.50 . $ 
56.00 : $ 

--- . 

52.50 $ 

42,240 $ 75. 17  $ 

Page 4 of 5 

- $ 
322,000 $ 

L 

462,000 : $ 
588,000 i $ 
700,000 f $ 

- j $ 
- i $ ; 
- : $ 
- $ 

-+ .  
- i $ 

t 

297,662 . $ 

Owner Cost 
Amount 59. 1 0% 

19,950 $ 6,300 $ 
35,560 $ 1 5, 1 00 $ 
68,600 $ 29,000 $ 

$ $ 
$ $ 
$ $ 

- $ $ 
362,250 $ 1 90,400 : $ 

1 ,093,400 $ 273, 100 $ 
720,300 $ 347,600 . $ 
875,000 $ 413,700 : $ 

$ - i $ 
- $ $ 
- ' $ $ 

$ - $ 

- $ - i $ 

3,175,060 $ 176,7 13  $ 

P"' �' � � 

Program Amount 
Ea Amount 

16,800 ' $ 30.000 
40,500 ! $ 60,000 
78,000 . $ 1 10,000 

- $ 
- $ 

$ 
$ 

51 2,400 $ 580,000 
735, 1 00 $ 1 ,740,000 
935,600 $ 1 , 1 50,000 : 1 , 1 1 3,700 $ 1 ,390,000 

$ 

, $ 

$ 
$ 

$ 

474,375 $ 5,060,000 

8/24/2003 1 2:37 PM 
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ALTERNATIVE 1 Year 2020 
Smoky Hil l  Regional Water Study - Water Treatment Plants 

USACE Kansas City District - Water Supply System 

� r"' 

Barton, Ell is, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Line DescriQtion 

01 Water Treatment Plant - 1 MGD (New) 
02 Water Treatment Plant - 5 MGD (New) 
03 Water Treatment Plant - 1 0  MGD (New) 
04 Water Treatment Plant - 25 MGD (New) 
05 Water Treatment Plant - 50 MGD (New) 
06 Water Treatment Plant - 75 MGD (New) 
07 Water Treatment Plant - 1 00 MGD (New) 
08 Water Treatment Plant - 1 50 MGD (New) 
09 Water Treatment Plant - 1 MGD (Expansion) 
--

10  Water Treatment Plant - 2.5 MGD (Expansion) 
1 1  Water Treatment Plant - 5 MGD (Expansion) 
12  Water Treatment Plant - 1 0  MGD (Expansion) 
13  Water Treatment Plant - 25 MGD (Expansion) 
14 Water Treatment Plant - 50 MGD (Expansion) 
15  Water Treatment Plant - 75 MGD (Expansion) 
16 Water Treatment Plant - 1 00 MGD (Expansion) 
17  Water Treatment Plant - 1 50 MGD (Expansion) 

Totals 

URS Corporation - Alt1 _2020_Cost xis 

Water Treament Plants 

MGD 
Quantiti'. UOM CaQaciti'. 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

1 .80 Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

1 .80 Ea 

1 .0 
5.0 
1 0.0 
25.0 
50.0 
75.0 
1 00.0 
1 50.0 
1 .0 
2.5 
5.0 
1 0.0 
25.0 
50.0 
75.0 
100.0 
150.0 

1 0  

Total Gallon $ 2 . 17  $ 
I - - ·  • s  2.00 $ 
! $ 1 .82 $ 
I s  1 .64 $ 

- -' $ 1 .47 $ 1 $ -·- j -
1 .29 $ 

·-$ 1 . 1 1 $ 
1 s- o.94 � $ 
: s  
[ $ $ 

2.70 
-- . 

$ 
2.49 $ 

-- ·  --4------

2.28 $ 

Contract Amount 
- --- - --- T -
Ea - ' $ 

- ! $ L $ 
$ - $ $ - $ - : $ 
$ - I $ 

- ! $ 
1 8.03 : $ 2.08 $ 20,762,500 $ i $ 

$ : $  
' $  
: $  

1 .87 ' $ 
--

1 .66 
1 .46 
1 .25 
1 .05 

- -- . 

$ $ 
$ 
$ 

-- --

1 8  $ 2.08 $ 

Page 5 of 5 

-- - -
--- -

$ - $ - ' $  
$ 

- $ 

20,762,500 $ 

Owner Cost 
Amount 59.1 0% $ $ $ $ 

$ $ 
$ $ 
$ $ 
$ $ 
$ $ 
$ $ 
$ $ - $ $ 
$ $ 

37,431 ,335 $ 1 2,270,700 $ - $ $ 
$ $ 
$ $ 
$ $ 
$ $ 

37,431 ,335 $ 1 2,268,833 $ 

pr· � � r"'" 

Program Amount 
Ea Amount 

- $ - $ 
$ $ 
$ 
$ 
$ : $ 
$ $ 
$ 

33,033,200 . $ 59,550,000 
$ 

- $ 
- $ 
- $ 

$ 

33,031 ,333 $ 59,550,000 

8/24/2003 1 2:37 PM 



Daily 
MGD 
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5 

1 0  
1 8  
25 

50 

75 

1 00 

1 50 

1 8  

Operation Maintenance Esti mated Cost 
KANO POLIS LAK E  Wholesale Water Su pply - O&M Est. Alt 1 - 2020 

U SACE Kansas City District - Water Supply system 

Smoky Hi l l  - Sal ine Basin ,  Kansas 

SMOKY HILL SALINE - ANNUAL O&M COST ESTIMATION - ALTERNATIVE 1 

Rate per MGD Annual Operation & Maintenance Historical Projected 
Supply & Supply & $/1 000 $/1 000 
Treatment Distribution Treatment Distribution Total O&M qals. aals. 

$426,544 $1 84, 1 94 $ 426,544 $ 1 84 , 1 94 $61 0,738 1 .6733 
$ - $ - $ - $ - $ -

$335,679 $1 88,872 $ 839, 1 98 $ 472 , 1 80 $1 ,31 1 ,378 1 .4371 
$ - $ - $ - $ - $ -

$261 ,470 $1 55,565 $ 1 ,307,350 $ 777,825 $2,085, 1 75 1 . 1 426 
$ - $ - $ - $ - $ -

$249,2 1 7  $1 02,434 $ 2,492 , 1 70 $ 1 ,024,340 $3,51 6,51 0 0.9634 
$ 238,893 $ 1 03,605 $ 4, 1 63,490 $ 1 ,892,588 $ 6,056,078 

$225,036 $ 1 06,092 $ 5,625,895 $ 2,652,305 $8,278,200 .. 0.9072 

$ - $ - $ - $ - $ -

$1 97,596 $99,950 $ 9,879,800 $ 4,997,500 $1 4,877,300 0. 8 1 52 
$ - $ - $ - $ - $ -

$1 55,237 $1 26,632 $ 1 1 ,642,775 $ 9,497,400 $21 , 1 40, 1 75 0.7722 
$ - $ - $ - $ - $ -

$257,608 $ 1 49,71 4 $ 25,760,800 $ 1 4,971 ,400 $40,732,200 1 .1 1 60 

$ - $ - $ - $ - $ -

$1 9 1 ,487 $1 1 3,563 $ 28,723,050 $ 1 7,034,450 $45, 757 ,500 0.8358 

$ - $ - $ - $ - $ -

Total $4, 1 63,490 $1 ,892,588 $6,056,078 
'Projected values - See Table 2 - O&M Projection 
'Values estimated by straight l ine interpolation or extrapolation of tabulated values. 
'Total for Alternative 

I :\ 1 652951 1 \Cost\Alt1 _ O&M_ Cost.xis 

Estimated 
$/1 000 

aals. 

0.0000 

0.0000 

0.0000 

0.92 1 8  

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 
$0.92 
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ALTERNATIVE 1 - Expansion from 2020 to 2040 
Smoky Hil l  Regional Water Study - Summary by Feature 

USACE Kansas City District - Water Supply System 

Summary by Feature 

� ..... P"' .....,. � 

Average Size x Quat. Owner Cost Program Amount 

Line Description Quantity UOM Size = Total Basis UOM , ___ Unit Price Amount 59.1 0% Unit Price 
. 

Amount 
02 Rural Pipelines 1 ,762,226.00 Lf 1 2  2 1 ,452,720 Dia.-ln.-Ft. [.$ 70.98 $ 1 25,077,614  $ 41 .95 $ 1 1 2.93 · $ 1 99,000,000 
05 Storage Tanks 1 4.95 Ea 144,398 2 , 158,871 ' Gals. $ 1 64,791 $ 2,463,756 $ 96,733 $ 261 ,524 I $ 3,91 0,000 

l -- t�- --� - - - -

06 Pump Stations 7.05 Ea 2,109 1 4,870 1 GPM : $ 1 80,560 $ 1 ,272,950 $ 107,383 $ 287,943 · $ 2,030,000 
-r--- ·- ---- - --

07 Water Treatment Plants 1 . 1 8  Ea 5 6 . MGD 1 $ 1 1 ,4 12,500 $ 13,428,769 $ 6,748,891 $ 1 8, 16 1 ,391 $ 21 ,370,000 
i 

Totals 

URS Corporation - Alt1 _2020_to_2040_Costxls 
Page 1 of 5  

$ 1 42,243,089 $ 226,310,000 

8/24/2003 12:38 PM 
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Line 
01 
02 
03 
04 
05 
06 
07 
08 
09 
1 0  
1 1  
1 2  
1 3  
1 4  
15 
16 
1 7  
1 8  
1 9  
20 
21 
22 
23 
24 
25 
26 
27 

rr··. r-' pi"' � r-' � � � � � re· P"" �•. I pi" � r""' 

ALTERNATIVE 1 - Expansion from 2020 to 2040 
Smoky Hill  Regional Water Study - Rural Pipelines 

USACE Kansas City District - Water Supply System 

Description Quantity 

4" Rural Pipeline - PVC Class 200 372,951 
6" Rural Pipeline - PVC Class 200 
8" Rural Pipeline - PVC Class 200 
1 0" Rural Pipeline - PVC Class 200 
1 2" Rural Pipeline - PVC Class 200 
1 4" Rural Pipeline - DI Restrained Jt. 
1 6" Rural Pipeline - DI Restrained Jt. 
18" Rural Pipeline - DI Restrained JI. 
20" Rural Pipeline - DI Restrained Jt. 
24' Rural Pipeline - DI Restrained Jt. 
30" Rural Pipeline - PCP 1 50 PSI 
36" Rural Pipeline - PCP 1 50 PSI 
42" Rural Pipeline - PCP 1 50 PSI 
48" Rural Pipeline - PCP 1 50 PSI 
54" Rural Pipeline - PCP 1 50 PSI 
60" Rural Pipeline - PCP 1 50 PSI 
66" Rural Pipeline - PCP 1 50 PSI 
72" Rural Pipeline - PCP 1 50 PSI 
84" Rural Pipeline - PCP 1 50 PSI 
96" Rural Pipeline - PCP 1 50 PSI 

470,293 
263,720 
1 50,364 

5,7 12  
5,318 
7,671 

24,840 
64,465 

1 09,008 
242,735 
45, 1 49 

UOM 
LI 
LI 
LI 
Lt 
Lt 
Lt 
LI 
LI 
Lt 
LI 
Lt 
Lt 
Lt 
Lt 
LI 
Lt 
Lt 
Lt 
Lf 
Lf 

Dia 
4 
6 
8 
1 0  
1 2  
1 4  
1 6  
18 
20 
24 
30 
36 
42 
48 
54 
60 
66 
72 
84 
96 

Rural Pipeline 

Contract Amount 
Dia-In-Ft Dia-In-Ft ·; Lt 

1 ,491 ,804 $ 6. 16 I $ 
2,821 ,758 $ 
2,109,760 I $ 
1 ,503,640 $ 

68,544 $ 
74,452 : $ 

1 22,736 $ 
447, 1 20 : $ 

1 ,289,300 $ 
2,6 16, 1 92 . $ 
7,282,050 $ 
1 ,625,364 : $

_ 
- $ - I 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

. 
5. 1 7 . $ 
4.93 $ 
4.94 . $ i -
5.03 I $ 
7.26 $ 
7.07 $ 
6.57 $ 
y.98 [ $ 
6.84 . $ 
5.60 . $ 
6.04 $ 

$ 

,. 

$ 
$ 
$ 
$ 

! $  >.  
; $ 

L$ 

. I  

24.63 $ 
31 .02 $ 
39.45 $ 
49.40 . $ 
60.37 $ 

1 0 1 .66 $ 
1 1 3.09 $ 
1 1 8.28 $ i 
1 59.57 : $ 
1 64.1 7  $ 

1 68.00 $ 
217.47 i $ 
252.21 $ 
254.41 $ 
271 .57 $ 
395.28 $ 
470.35 . $ 
550.71 . $ 
653.65 $ 
872.88 $ 

Amount 
Owner Cost 

59. 1 0% 
9,185,783 $ 

1 4,588,489 $ 
1 0,403, 754 $ 
7,427,982 $ 

344,833 $ 
540,628 $ 
867,513 $ 

2,938,075 $ 
1 0,286,680 $ 
1 7,895,843 $ 
40,779,480 $ 
9,818,553 $ 

$ 
- $ 

$ 

1 4.56 $ 
$ 1 8.33 

23.31 $ 
29.20 $ 
35.68 $ 
60.08 $ 
66.84 $ 
69.90 $ 
94.31 $ 
97.02 $ 
99.29 $ 

1 28.52 $ 
1 49.06 $ 
1 50.36 $ 
1 60.50 $ 
233.61 $ 
277.98 $ 
325.47 $ 

Program Amount 
Lt Amount 
39. 1 9  $ 1 4,620,000 
49.35 $ 23,210,000 
62.76 $ 1 6,550,000 
78.60 $ 
96.05 $ 

16 1 .74 $ 
1 79.93 $ 
1 88. 1 8  $ 
253.88 $ 
261 . 1 9  $ 
267.29 $ 
345.99 $ 
401 .27 $ 
404.77 $ 
432.07 $ 
628.89 $ 
748.33 $ 
876. 1 8  $ 

1 1 ,820,000 
550,000 
860,000 

1 ,380,000 
4,670,000 

1 6,370,000 
28,470,000 
64,880,000 
1 5,620,000 

- $ 
$ 
$ 
$ 
$ 

386.31 $ 1 ,039.96 $ 
51 5.87 $ 1 ,388.75 $ 

Totals 1 ,762,226 Lt 12. 1 74 21 ,452,720 $ 5.83 : $ 70.98 $ 1 25,077,6 14  $ 41 .95 $ 1 12.93 $ 1 99,000,000 

URS Corporation - Alt1 _2020_to_2040_Cost.xls Page 2 of 5 8/24/2003 1 2:38 PM 
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ALTERNATIVE 1 - Expansion from 2020 to 2040 
Smoky Hill Regional Water Study - Storage Tanks 

USACE Kansas City District - Water Supply System 

Storage Tan ks 

Gallons 
Line Description Quantity UOM Capacity 

01 Water Tower - 50000 100' Height Ea 50,000 , 
02 Water Tower - 1 00000 1 00' Height 
03 Water Tower - 250000 1 00' Height 
04 Water Tower - 500000 1 00' Height 
05 Water Tower - 750000 1 00' Height 
06 Water Tower - 1 000000 100' Height 
07 Stand Pipe - 100000 1 00' Height 
08 Stand Pipe - 250000 100' Height 
09 Stand Pipe - 500000 100' Height 
10  Stand Pipe - 750000 1 00' Height 
1 1  Stand Pipe - 1000000 1 00' Height 
12 Stand Pipe - 1 500000 1 00' Height 
1 3  Stand Pipe - 2000000 1 00' Height 
14  Water Tank - 50000 Ground Level Steel 
15  Water Tank - 100000 Ground Level Steel 
16 Water Tank - 250000 Ground Level Steel 
1 7  Water Tank - 500000 Ground Level Steel 
18 Water Tank - 750000 Ground Level Steel 
19  Water Tank - 1000000 Ground Level Steel 
20 Water Tank - 2000000 Ground Level Steel 
21 Water Tank - 4000000 Ground Level Steel 
22 Water Tank - 6000000 Ground Level Steel 
23 Water Tank - 8000000 Ground Level Steel 
24 Water Tank - 250000 Below Grd Rein! Cone 
25 Water Tank - 500000 Below Grd Rein! Cone 
26 Water Tank - 750000 Below Grd Rein! Cone 
27 Water Tank - 1 000000 Below Grd Rein! Cone 
28 Water Tank - 2000000 Below Grd Rein! Cone 
29 Water Tank - 4000000 Below Grd Rein! Cone 
30 Water Tank - 6000000 Below Grd Rein! Cone 

Totals 

URS Corporation - Alt1_2020_10_2040_Cost.xls 

7.99 
3.21 
2.76 

1 .00 

1 4.95 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

Ea 

1 00,000 
250,000 
500,000 
750,000 

1 ,000,000 
1 00,000 
250,000 
500,000 
750,000 

1 ,000,000 
1 ,500,000 
2,000,000 

50,000 
100,000 
250,000 
500,000 
750,000 

1 ,000,000 
2,000,000 
4,000,000 
6,000,000 
8,000,000 

250,000 
500,000 
750,000 

1 ,000,000 
2,000,000 
4,000,000 ' 

6,000,000 

144,398 

- _j _ ___ _ Contract Amount 
Ea 

Owner Cost 
59. 1 0% 

Program Amount 
Total Gallon i Amount Ea Amount 

- ' $ 1 .95 i $ �- I $ ___ 1 .8� $ -
.. 

$ 1 .83 i $ 

__
_ ._)_ -- $ 1 .11 I $ 

--- - -+- -

$ 1 .7 1  : $ -
$
-1.65]$ 

- $ 
- $ ' 
- $ 
- $ 
- $ 

$ 
$ 
$ 
$ 
$ 

I 

$ 
$ 

- $ 
- $ 
- : $ 

I 
- $ - $ - i $ 

$ 1 .90 - $ $ $ ' $ 
$ 1 .80 I $ $ $ $ 

---- � -
-- - � 1 20_1 $ -

$ 1 .60 ' $ : +-

$ 
$ 

: $ 

$ 
$ 
$ 

, $ 
$ 

399,336 $ 1 .25 : $ 62,500 : $ 
320,592 $ -

-
1 �20- $

- - 1 20,000 : $ 
689,847 $ __ 1 . 1 � j $ 287,500 $ 

$ 1 . 1 0  i $ $ 
-- 'f 

I 

749,097 $ 1 .05 : $ -- · 1  · - ·  

! _!-OOj $ _ _  
$ 0.95 I $  

- - ----+- -�- 0.90_] _$ 
- ' $ 0.85 i $ - 1  - - -+ 
- i $ 0.80 i $ 
- $ 1 .55 $ 

787,500 $ 
- $ 

$ 
- $ 
- $ 
- $ 
- ' $ 

$ 
$ 
$ 
$ 
$ 

499,1 69 $ 
384,71 1  $ 
793,324 ' $ 

$ 
786,552 $ 

$ 
$ 
$ 
$ 
$ 
$ 

$ 
$ 
$ 
$ 

- ' $ 
37,000 : $ 
71 ,000 : $ 

1 70,000 $ 
- $ 

465,500 I $  
- ' $ 
- $ 
_ ,  $ 
- ; $ 

I 
$ 

- ! $ 
-1 - -- -
- : $ 1 .50 $ I - - $ $ - 1 $ 
- : $ 1 .45 , $  $ $ - ' $  
- . 

$
-1 .40

-; $ $ $ _ I $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

99,500 $ 
1 91 ,000 $ 
457,500 $ 

$ 
1 ,253,000 $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

$ __ 1 .35 -l $ $ $ $ ' $ 
$ 1 .30 ' $ $ $ $ $ 
--- - - _ .... __ _ 

$ 1 .25 ; $ $ $ $ $ -- -

790,000 
61 0,000 

1 ,260,000 

1 ,250,000 

2 , 158,871 ! $ 1 . 1 4 : $ 164,791 $ 2,463,756 $ 96,733 $ 261 ,524 $ 3,910,000 

Page 3 of 5 8/24/2003 1 2:38 PM 
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ALTERNATIVE 1 - Expansion from 2020 to 2040 
Smoky Hill  Regional Water Study - Pump Stations 

USACE Kansas City District - Water Supply System 

Pump Stations 

� r-1"'' � � � 

GPM Contract Amount Owner Cost Program Amount 
Line Description Quantity UOM · Capacity Total Gallon ; - - - - --Ea �-·- Amount 59. 1 0% Ea Amount 
01 Pump Station Facility - 1 00 GPM 0.70 Ea 1 00 70 $ 1 05:�0 j � _ 1 0,500 : $ 7,350 • $ 6,300 $ 16 ,800 $ 1 0.000 
02 Pump Station Facility - 250 GPM Ea 250 $ 1 0 1 .50 • $ - • $ · $ $ $ -- - I ---- -- .. -- -- •-

03 Pump Station Facility - 500 GPM Ea 500 - $ 98.00 ' $ - $ - $ $ , $ 
04 Pump Station Facility - 1 000 GPM Ea 1 ,000 , $ 94.50 $ - i $ - $ - , $ $ 
05 Pump Station Facility - 1 500 GPM Ea 1 ,500 $ 9 1 .00 ! � � - - - l $ , $ - , $ - $ 
06 Pump Station Facility - 2000 GPM 5.30 Ea 2,000 10,600 $ 87.50 $ 1 75,000 ! $ 927,500 , $ 1 03,500 : $ 278,500 $ 1 ,480,000 
07 Pump Station Facility - 3000 GPM Ea 3,000 ' $ 84.00 ' $ - ' $ $ $ - $ 

' 

08 Pump Station Facility - 4000 GPM 1 .05 Ea 4,000 4,200 $ 80.50 $ 322,000 $ 338, 1 00 $ 1 90.400 $ 512,400 $ 540.000 
09 Pump Station Facility - 6000 GPM Ea 6,000 $ 77.00 $ - $ $ - , $ $ 
1 0  Pump Station Facility - 8000 GPM Ea 8,000 $ 73.50 . J _  ____ _ - ' $ $ - 1 $ $ 
1 1  Pump Station Facility - 1 0000 GPM Ea 10 ,000 $ 70.00 · $ - $ $ $ $ 
1 2  Pump Station Facility - 1 5000 GPM Ea 1 5,000 $ 66.50 , $ - $ $ $ - $ 

_ _ _  _. t 

1 3  Pump Station Facility - 20000 GPM Ea 20,000 $ 63.00 $ - � $ , $ $ $ 
1 4  Pump Station Facility - 25000 GPM Ea 25,000 $ 59.50 $ - . $ - , $ - $ $ 
1 5  Pump Station Facility - 30000 GPM Ea 30,000 $ 56.00 $ - i $ $ $ - $ 
1 6  Pump Station Facility - 35000 GPM Ea 35,000 $ 52.50 $ - , $ $ - $ $ 

Totals 7.05 Ea 2 , 109 

- - ; 

' 
- - 4 

14,870 $ 85.61 $ 1 80,560 $ 1 ,272,950 $ 1 07,383 $ 287,943 $ 2,030,000 

URS Corporation - Alt1 _2020_to_204D_Costxls Page 4 of 5 8/24/2003 1 2:38 PM 
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Line Descri[!tion 
01 Water Treatment Plant - 1 MGD (New) 
02 Water Treatment Plant - 5 MGD (New) 
03 Water Treatment Plant - 10 MGD (New) 
04 Water Treatment Plant - 25 MGD (New) 
05 Water Treatment Plant - 50 MGD (New) 
06 Water Treatment Plant - 75 MGD (New) 
07 Water Treatment Plant - 1 00 MGD (New) 
08 Water Treatment Plant - 1 50 MGD (New) 
09 Water Treatment Plant - 1 MGD (Expansion) 
--

1 0  Water Treatment Plant - 2.5 MGD (Expansion) 
1 1  Water Treatment Plant - 5 MGD (Expansion) 
1 2  Water Treatment Plant - 1 0  MGD (Expansion) 
1 3  Water Treatment Plant - 2 5  MGD (Expansion) 
1 4  Water Treatment Plant - 5 0  MGD (Expansion) 
1 5  Water Treatment Plant - 75 MGD (Expansion) 
1 6  Water Treatment Plant - 1 00 MGD (Expansion) 
1 7  Water Treatment Plant - 1 50 MGD (Expansion) 

Totals 

� r- � P"" r-'' �I � P" r"''' r-' · . �  � P"" 

. ALTERNATIVE 1 - Expansion from 2020 to 2040 
Smoky Hill  Regional Water Study - Water Treatment Plants 

USACE Kansas City District - Water Supply System 

Water Treament Plants 

MGD 
Quantiti'. UOM Ca[!aci!l'. 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

1 . 1 8  Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

1 . 1 8  Ea 

1 .0 

5.0 

1 0.0 

25.0 

50.0 

75.0 

1 00.0 

1 50.0 

1 .0 

2.5 

5.0 

1 0.0 

25.0 

50.0 

75.0 

100.0 

1 50.0 

5 

-

Total Gallon 

$ 2. 1 7  i $ 
$ - 1 

2.00 L$_ $ 1 .82 i $ 
$ 1 .64 : $ 
$ 1 .47 . $ 
$ 1 .29 $ 

[ $  1 . 1 1  $ 
i $ 

• -<\- -

0.94 $ 
$ 2.70 $ 

-

$ 2.49 $ 
I 

5.88 ! $ 2.28 . $ 
' $  

- . I 
2.08 ' $ 

1 $ 1 .87 $ 
$ 1 .66 . $ 
$ 1 .46 ' $ 
$ 1 .25 $ 

: $  1 .05 ' $ 

6 $ 2.28 $ 

Contract Amount 

- -

., 

Ea 
- $ 

.. , 

- ' $ 
- : $ 
_ ;  $ i - $ 
- $ 

$ 
$ 
$ 
$ 

1 1 ,41 2,500 $ 
- $ 
- : $ 

$ 
$ 
$ 
$ 

1 1 ,412,500 $ 

Amount 
- $ 
- $ 
- ! $ 
- $ 
- i $ 

$ 
$ 
$ 
$ 
$ 

1 3,428,769 : $ 
- I $ 
- ' $ 
- $ 
- $ 

$ 
$ 

1 3,428,769 ' $ 

Owner Cost 
59. 1 0% 

-

-

·.��. 
' y,.,, �.-rri _ 

.. ., 

$ 
$ 
$ 
$ 
$ 

- ' $ 
$ 
$ 
$ 
$ 

6,744,800 $ 
$ 
$ 
$ 
$ 
$ 

- : $ 

6,748,891 $ 

Program Amount 
Ea Amount 

- $ 
- $ 
- $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

1 8 , 1 57,300 $ 2 1 ,370,000 

$ 
$ 
$ 
$ 

, $ 
$ 

18 , 161 ,391 $ 21 ,370,000 

� 



Daily 
MGD 
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2.5 

5 

1 0  
24 
25 

50 

75 

1 00 

1 50 

24 

Operation Mai ntenance Esti mated Cost 
KAN OPOLIS LAKE Wholesale Wate r Su pply - O&M Est.  Alt 1 - 2040 

USAGE Kansas City District - Water Supply system 

Smoky Hi l l  - Sal ine Basin,  Kansas 

SMOKY HILL SALINE - ANNUAL O&M COST ESTIMATION - ALTERNATIVE 1 

Rate per MGD Annual Operation & Maintenance H istorical Projected 
Supply & Supply & $/1 000 $/1 000 
Treatment Distribution Treatment Distribution Total O&M qals. qals. 

$426,544 $1 84, 1 94 $ 426,544 $ 1 84, 1 94 $61 0,738 1 .6733 
$ - $ - $ - $ - $ -

$335,679 $1 88,872 $ 839, 1 98 $ 472 , 1 80 $1 ,31 1 ,378 1 .4371 
$ - $ - $ - $ - $ -

$261 ,470 $1 55,565 $ 1 ,307,350 $ 777.,825 $2 ,085, 1 75 1 . 1 426 
$ - $ - $ - $ - $ -

$249,2 1 7  $1 02,434 $ 2,492 , 1 70 $ 1 ,024,340 $3,51 6,5 1 0  0.9634 
$ 231 , 1 50 $ 1 04,483 $ 5,4 1 6,980 $ 2 ,543,774 $ 7,960,754 

$225,036 $1 06,092 $ 5,625,895 $ 2,652,305 $8,278,200 0.9072 

$ - $ - $ - $ - $ -

$1 97,596 $99,950 $ 9,879,800 $ 4,997,500 $1 4,877,300 0.81 52 
$ - $ - $ - $ - $ -

$1 55,237 $1 26,632 $ 1 1 ,642 ,775 $ 9,497,400 $21 , 1 40, 1 75 0. 7722 
$ - $ - $ - $ - $ -

$257,608 $ 1 49,7 1 4  $ . 25, 760,800 $ 1 4,971 ,400 $40,732,200 1 �1 1 60 

$ - $ - $ - $ - $ -

$1 9 1 ,487 $1 1 3,563 $ 28,723,050 $ 1 7,034,450 $45,757,500 0.8358 

$ - $ - $ - $ - $ -

Total $5,41 6,980 $2,543,774 $7,960,754 
'Projected values - See Table 2 - O&M Projection 
'Values estimated by straight l ine interpolation or extrapolation of tabulated values. 
'Total for Alternative 

I :\ 1 652951 1 \Cost\Alt1 _ O&M_ Cost.xis 

Estimated 
$/1 000 

qals. 

0 .0000 

0.0000 

0.0000 

0 .9088 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 
$0.91 
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Line 
02 
05 
06 
07 
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ALTERNATIVE 2 Year 2020 
Smoky Hi l l  Regional Water Study - Summary by Feature 

USACE Kansas City District - Water Supply System 

r-"' � 

Barton, Ell is, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Average 
DescriQtion Quantit� UOM Size 

Rural Pipelines 3,483,803.00 Lf 1 9  
Storage Tanks 35.66 Ea 220, 1 18 
Pump Stations 8.89 Ea 4,636 
Water Treatment Plants 2.44 Ea 7 

Totals 

URS Corporation - Alt2_2020_Cost xis 

Summary by Feature 

Size x Quat. · 

= Total Basis UOM 

- - - ' I 

64,959,608 ; Dia.-ln.-Ft. $ ' - - � 

7,850,524 Gals. • $  
41 , 1 97 GPM $ 

1 8  MGD 1 $ 

>---

- -+ --
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Unit Price 
1 1 4.60 • $ 

236,507 
350, 186 

� - - . 

$ 

$ 
1 4,671 ,965 i $ 

Amount 
399,239,252 

8,435,019 
3,1 1 1 ,750 

35,733,555 

' $ 446,519,575 

Owner Cost 
59. 1 0% 

$ 67.73 
$ 1 39,772 
$ 206,870 
$ 8,670,275 

� pr P"" � 

$ 

$ 

$ 

$ 

Program Amount 
Unit Price Amount 

1 82.33 . $ 635, 1 90,000 
376,279 $ 1 3,420,000 

I 557,056 I $ 4,950,000 
23,342,240 ' $ 56,850,000 

$ 710,41 0,000 

8/24/2003 1 2:38 PM 
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ALTERNATIVE 2 Year 2020 

P:' 

Smoky Hil l  Regional Water Study - Rural Pipelines 
USACE Kansas City District - Water Supply System 

r"' pr � r�' -�''' 

Barton, Ellis, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Description Quantity 
4" Rural Pipeline - PVC Class 200 239,01 9  
6" Rural Pipeline - PVC Class 200 
8" Rural Pipeline - PVC Class 200 
10" Rural Pipeline - PVC Class 200 
1 2" Rural Pipeline - PVC Class 200 
14" Rural Pipeline - DI Restrained Jt. 
16" Rural Pipeline - DI Restrained Jt. 
1 8" Rural Pipeline - DI Restrained JI. 
20" Rural Pipeline - DI Restrained JI. 
24" Rural Pipeline - DI Restrained Jt. 
30" Rural Pipeline - PCP 1 50 PSI 
36" Rural Pipeline - PCP 1 50 PSI 
42" Rural Pipeline - PCP 1 50 PSI 
48" Rural Pipeline - PCP 1 50 PSI 
54" Rural Pipeline - PCP 1 50 PSI 
60" Rural Pipeline · PCP 1 50 PSI 
66" Rural Pipeline - PCP 1 50 PSI 
72" Rural Pipeline - PCP 1 50 PSI 
84" Rural Pipeline - PCP 1 50 PSI 
96" Rural Pipeline - PCP 1 50 PSI 

Totals 

396,997 
561 ,370 
362,683 
591 ,759 
1 96, 173 
1 52,554 
27,910 
83,237 

163,800 
1 42,001 
1 30,041 

436,259 

3,483,803 

UOM 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
Lt 
Lt 
Lt 
Lt 
Lt 

Lt 

Dia 
4 
6 
8 
10  
1 2  
14  
16  
18  
20 
24 
30 
36 
42 
48 
54 
60 
66 
72 
84 
96 

18.646 

Rural Pipeline 

Dia-In-Ft Dia-In-Ft 
Contract Amount 

Lf Amount 
Owner Cost 

59. 1 0% 
Program Amount 

Lf Amount 
956,07!> . $ 6. 1 6  i $ 

2,381 ,982 : $ 5. 17  ' $  

4,490,960 $ 

3,626,830 ' $ 

7, 1 0 1 , 1 08 $ 

2,746,422 • $ 

2,440,864 ' $ 

502,380 $ 

1 ,664,740 $ 

3,93 1 ,200 $ 

4,260,030 ! $ 

4,681 ,476 $ 

• I $ 

- $ 
- - ! 

$ 
26, 175,540 $ 

$ 

- $ 

$ 

- $ 

-- ; 

64,959,608 $ 

4.93 $ 

4.94 $ ' 
5.03 $ 

7.26 ; $ 

7.07 . $ 
t 

6.57 i $ l 
7.98 $ 

6.84 ' $ 

5.60 $ 

6.04 $ 

$ 

$ 

_ ,.  
$ 

6.59 ' $ .. 
' $  
' $ 

$ 

$ 

6. 15 $ 

24.63 ' $ 

31 .02 . $ 

39.45 $ 
- - t 

49.40 $ 

60.37 ' $ 

101 .66 $ 

1 1 3.09 ' $ 

1 18.28 $ 

159.57 $ 

1 64. 1 7  $ 

168.00 $ 

217.47 $ 

252.21 $ 

��4.41 i $ 

5,887,038 $ 

1 2,314,847 
22, 1 46,047 

$ 

$ 

17,916,540 $ 

35,724,491 • $ 

1 9,942,947 $ 

17 ,252,332 $ I 
3,301 , 1 95 $ 

1 3,282, 1 28 $ 

26,891 ,046 $ 

23,856, 1 68 $ 

28,280,0 16 $ 

- ' $  

$ 
271 .57 $ $ 
395.28 $ 172,444,458 $ 

t 
470.35 $ 
550.71 $ 
653.65 $ 

872.88 $ 

. $  

$ 

$ 

$ 

1 14.60 ' $ 399,239,252 $ 

14.56 $ 

18.33 $ 

23.31 $ 

29.20 $ 

35.68 $ 

60.08 $ 

66.84 $ 

69.90 $ 

94.31 $ 

97.02 $ 

99.29 $ 

1 28.52 $ 

149.06 $ 

1 50.36 $ 

160.50 $ 

233.61 $ 

39. 1 9  $ 9,370,000 
49.35 $ 19,590,000 
62.76 $ 35,230,000 
78.60 $ 

96.05 $ 

16 1 .74 $ 

179.93 $ 

188.18 $ 

253.88 $ 

261 .1 9  $ 

267.29 $ 

345.99 $ 

401 .27 $ 

404.77 $ 

432.07 $ 

28,510,000 
56,840,000 
31 ,730,000 
27,450,000 
5,250,000 

2 1 , 1 30,000 
42,780,000 
37,960,000 
44,990,000 

628.89 $ 274,360,000 
277.98 $ 748.33 $ 

325.47 $ 876. 18 $ 
386.31 $ 1 ,039.96 $ 

51 5.87 $ 1 ,388.75 $ 

67.73 $ 182.33 $ 635,1 90,000 

URS Corporation - Alt2_2020_Costxls Page 2 of 5 8/24/2003 1 2:38 PM 
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ALTERNATIVE 2 Year 2020 
Smoky Hill  Regional Water Study - Storage Tanks 

USACE Kansas City District - Water Supply System 

p11'"'' �·'" r��·'" .!'>W .� 

Barton, Ell is, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Storage Tanks 

Gallons Contract Amount 
Line Description 01,!antity UOM Capacity Total Gallon ] . 

01 Water Tower - 50000 1 00' Height Ea 50,000 

02 Water Tower - 1 00000 1 00' Height 
03 Water Tower · 2110000 100' Height 
04 Water Tower - 500000 1 00' Height 
05 Water Tower - 750000 1 00' Height 
06 Water Tower - 1 000000 1 00' Height 
07 Stand Pipe - 1 00000 1 00' Height 
08 Stand Pipe - 250000 1 00' Height 
09 Stand Pipe - 500000 1 00' Height 
1 O Stand Pipe - 750000 1 00' Height 
1 1  Stand Pipe - 1 000000 1 00' Height 
12  Stand Pipe - 1 500000 1 00' Height 
13 Stand Pipe - 2000000 1 00' Height 
1 4  Water Tank - 50000 Ground Level Steel 
1 5  Water Tank - 100000 Ground Level Steel 
16  Water Tank - 250000 Ground Level Steel 
1 7  Water Tank - 500000 Ground Level Steel 
18  Water Tank - 750000 Ground Level Steel 
1 9  Water Tank - 1 000000 Ground Level Steel 
20 Water Tank - 2000000 Ground Level Steel 
21 Water Tank - 4000000 Ground Level Steel 
22 Water Tank - 6000000 Ground Level Steel 
23 Water Tank - 8000000 Ground Level Steel 
24 Water Tank - 250000 Below Grd Reinf Cone 
25 Water Tank - 500000 Below Grd Reinf Cone 
26 Water Tank - 750000 Below Grd Reinf Cone 
27 Water Tank - 1 000000 Below G rd Rein! Cone 
28 Water Tank - 2000000 Below Grd Rein! Cone 
29 Water Tank - 4000000 Below Grd Rein! Cone 
30 Water Tank - 6000000 Below Grd Rein! Cone 

Totals 

URS Corporation - Alt2_2020_Cost xis 

1 0.93 

1 4.61 

7.27 

1 .69 

1 . 17  

35.66 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

Ea 

1 00,000 

250,000 i 

500,000 

750,000 

1 ,000,000 

1 00,000 

250,000 

500,000 

750,000 

1 ,000,000 

1 ,500,000 

2,000,000 

50,000 

1 00,000 

250,000 

500,000 

750,000 

1 ,000,000 

2,000,000 

4,000,000 

6,000,000 

8,000,000 

250,000 

500,000 

750,000 

1 ,000,000 

2,000,000 

4,000,000 

6,000,000 

220, 1 1 8 

- 1 $ 1 .95 • $ 
- . $ 1 .89 $ . I -· . .. • . .  - $_2-�3-1 $ 

$ 1 .77 ' $ 
- $ 1 .71 $ 

$ 1 .65 $ 
$ �_2.90 �- $ 

- $ 1 .80 $ 
$ 1 .70 $ 
$ 1 .60 J $ 

�· ' - ' $  1 .50 $ 
- ! $ 1 .40 � $ 
- $ 1 .30 : $ 

546,620 $ 1 .25 ! $ 
1 ,460,755 $ 1 .20 ' $ 

--
-- -- - - "--1-

1 ,8 1 6,673 $ 1 . 1 5  i $ 
-- - -! 

$
_

1 .1 0  j. $ 
$ 1 .05 i $ 

1 ,690,229 $ 1 .00 $ 
2,336,247 $ 0.95 + $ 

- I $ 0.90 i $ 
j --+ -- $ 0.85 $ . . -· J. . 

- I $ 0.80 ! $ 
- $ 1 .55 , $  

- $ 1 .50 $ 
$ 1 .45 L_S 

- • $ 1 .40 ' $ 
- 1 $ - 1 .35 .J_$ . 

$ 1 .30 ' $ 
- s

--
1 .25T $ -

7,850,524 $ 1 .07 : $ 
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Ea Amount 

$ 
$ 
$ 

- $ 
$ 
$ 
$ 
$ 

- $ 
$ 
$ 
$ 
$ 

62,500 $ 
1 20,000 $ 
287,500 ' $ 

$ 
- $ 

1 ,000,000 $ 
1 ,900,000 $ 

$ 
$ 
$ 

- $ 
$ 

- ' $ 
$ 
$ 
$ 
$ 

236,507 $ 

$ 
$ 
$ 
$ 
$ 
$ 

- $ 
$ 
$ 

- $ 
$ 
$ 
$ 

683,275 $ 
1 ,752,906 ' $ 
2,089,1 74 $ 

$ 
$ 

1 ,690,229 $ 
2,21 9,434 $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

8,435,01 9 $ 

Owner Cost 
59. 1 0% 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

37,000 $ 
71 ,000 $ 

170,000 $ 
$ 
$ 

591 ,000 . $ 
1 , 122,900 $ 

$ 
$ 

' $ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

1 39,772 $ 

Program Amount 

Ea Amount 
$ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

99,500 $ 
1 91 ,000 $ 
457,500 $ 

$ 
$ 

1 ,591 ,000 $ 
3,022,900 $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

376,279 $ 

1 ,090,000 

2,790,000 

3,320,000 

2,690,000 

3,530,000 

1 3,420,000 

8/24/2003 12:38 PM 
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Line 
01 

02 

03 

04 

05 

06 

07 

08 

09 

10  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  
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ALTERNATIVE 2 Year 2020 
Smoky Hil l  Regional Water Study - Pump Stations 

USACE Kansas City District - Water Supply System 

':· � 
. .  

Barton, Ellis, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

DescriQtion 
Pump Station Facility - 1 00 GPM 
Pump Station Facility - 250 GPM 
Pump Station Facility - 500 GPM 
Pump Station Facility - 1 000 GPM 
Pump Station Facility - 1 500 GPM 
Pump Station Facility - 2000 GPM 
Pump Station Facility - 3000 GPM 
Pump Station Facility - 4000 GPM 
Pump Station Facility - 6000 GPM 
Pump Station Facility - 8000 GPM 
Pump Station Facility - 1 0000 GPM 
Pump Station Facility - 1 5000 GPM 
Pump Station Facility - 20000 GPM 
Pump Station Facility - 25000 GPM 
Pump Station Facility - 30000 GPM 
Pump Station Facility - 35000 GPM 

Totals 

GPM 
Quantit}'. UOM CaQaci!l'. . 

0.85 ' Ea 
Ea 

1 .40 Ea 
Ea 

1 .29 Ea 
Ea 
Ea 

1 .08 Ea 
Ea 

4.27 Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

8.89 Ea 

1 00 

250 

500 

1 ,000 

1 ,500 

2,000 

3,000 

4,000 

6,000 

8,000 

10,000 

1 5,000 

20,000 

25,000 

30,000 

35,000 

4,636 

Pump Stations 

Total Gallon ' ' 
85 $ 1 05.00 i $ 

- $ 1 0 1 .50 $ 
700 ' $ 

- $ 
1 ,930 $ ' $ 

$ 
4,31 3  $ 

$ 
34, 1 69 ' $ 

- $ 
- ' $ 

$ 

$ 
$ 
$ 

- ·  - -

98.00 $ 
94.50 $ 
91 .00 j $ 
87.50 . $ 
84.00 

80.50 

77.00 

73.50 
--- ! 

70.00 
-- · 

66.50 

$ 
-

$ 
$ 

$ 
$ 
$ 

63.�0 ' $ 
59.50 $ 
56.00 $ 
52.50 ' $ 

--- 1 -

4 1 , 1 97 $ 75.53 $ 

Contract Amount 
Ea 

1 0,500 $ 
- $ 

49,000 $ 
$ 

1 36,500 $ 
$ 
$ 

322,000 $ 
- $ 

588,000 j $ 
- ! $ 

- i $ I 
- i $ 
- $ 
- i $ 

I - $ 

350, 1 86 i $ 

Owner Cost 
Amount 59. 1 0% 

8,925 $ 6,300 ' $ 
$ $ 

68,600 $ 29,000 . $ 
- ! $ $ 

i 
1 75,630 $ 80,700 ' $ 

$ $ 
' $ - ' $  

347,197 ! $ 1 90,400 $ 
$ $ 

2,51 1 ,399 ' $ 347,600 ' $ 
I I 

- i $ - $ 
- $ - ; $ 
- $ - • $ 

- ! $ $ 
$ $ 

- $ $ 

3,1 1 1 ,750 $ 206,870 $ 

Program Amount 
Ea Amount 

1 6,800 $ 1 0,000 

$ 
78,000 $ 1 1 0,000 

$ 
21 7,200 $ 280,000 

$ 
$ 

51 2,400 $ 550,000 

$ 
935,600 $ 4,000,000 

$ 
$ 

- $ 
$ 
$ 
$ 

557,056 $ 4,950,000 
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ALTERNATIVE 2 Year 2020 
Smoky Hil l  Regional Water Study - Water Treatment Plants 

USACE Kansas City District - Water Supply System 

P1'" 

Barton, Ell is, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Line Descri�tion 

01 Water Treatment Plant - 1 MGD (New) 
02 Water Treatment Plant - 5 MGD (New) 
03 Water Treatment Plant - 1 0 MGD (New) 
04 Water Treatment Plant - 25 MGD (New) 
05 Water Treatment Plant - 50 MGD (New) 
06 Water Treatment Plant - 75 MGD (New) 
07 Water Treatment Plant - 1 00 MGD (New) 
08 Water Treatment Plant - 1 50 MGD (New) 
09 Water Treatment Plant - 1 MGD (Expansion) 
--

10 Water Treatment Plant - 2.5 MGD (Expansion) 
1 1  Water Treatment Plant - 5 MGD (Expansion) 
1 2  Water Treatment Plant - 1 0  MGD (Expansion) 
1 3  Water Treatment Plant - 2 5  MGD (Expansion) 
14 Water Treatment Plant - 50 MGD (Expansion) 
1 5  Water Treatment Plant - 7 5  MGD (Expansion) 
1 6  Water Treatment Plant - 1 00 MGD (Expansion) 
17 Water Treatment Plant - 1 50 MGD (Expansion) 

Totals 

URS Corporation - Alt2_2020_Cost xls 

Water Treament Plants 

MGD 
Quantity UOM Ca�acity 

Ea 
Ea 

1 . 1 7  Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

1 .27 Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

2.44 Ea 

1 .0 

5.0 

1 0.0 

25.0 

50.0 

75.0 

1 00.0 

1 50.0 

1 .0 

2.5 

5.0 

1 0.0 

25.0 

50.0 

75.0 

1 00.0 

1 50.0 

7 

Contract Amount 
Total 

1 1 .70 

6.33 

Gallon 
$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

2 . 17  $ 

2.00 $ 

1 .82 $ 
- . 

1 .64 . $ 

1 .47 $ 
--·-- 1 -- -
1 .29 $ 

- ' 

1 . 1 1  

0.94 

2.70 

2.49 
-

2.28 

$ 

$ 

$ 

$ 
• + -- -

$ 

2.08 . $ 
·-

1 .87 $ 

1 .66 ' $ 

1 .46 ! $ 

1 .25 $ - 1 �· -
1 .05 $ 

1 8  . $ 1 .98 $ 
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Ea 

$ 

$ 

1 8, 1 96,500 $ 

$ 

- ' $  

- $ 

$ 

- $ 

$ 

$ 

1 1 ,412,500 ' $ 

$ 

- $ 

- $ 

- $ 

- $ 
I 

- $ 

1 4,67 1 ,965 
. 

$ 

Owner Cost 
Amount 59. 1 0% 

$ $ 

- $ $ 

21 ,292,972 $ 1 0,754,200 $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

1 4,440,583 $ 6,744,800 ' $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

- $ $ 

35,733,555 $ 8,670,275 $ 

�· �- � .,$!);'l 

Program Amount 
Ea Amount 

$ 

$ 

28,950,700 $ 33,880,000 

$ 

$ 

$ 

$ 
- $ 

$ 

$ 

1 8, 1 57,300 $ 22,970,000 

$ 

$ 

$ 

$ 

$ 

$ 

23,342,240 $ 56,850,000 

8/24/2003 1 2:38 PM 



Daily 
MGD 

1 

2 .5 

5 
6.3 
1 0  

1 1 .7 
25 

50 

75 

1 00 

1 50 

1 Q  

Operation Mai ntenance Esti mated Cost 
KAN OPOLIS LAKE Wholesale Water Supply - O&M Est. Alt2 - 2020 

USAG E Kansas City District - Water Supply system 

Smoky H i l l  - Sal ine Basin,  Kansas 

SMOKY HILL SALINE - ANNUAL O&M COST ESTIMATION - ALTERNATIVE 2 

Rate per MGD Annual Operation & Maintenance Historical Projected 
Supply & Supply & $/1 000 $/1 000 
Treatment Distribution Treatment Distribution Total O&M qals. qals. 

$426,544 $1 84, 1 94 $ 426,544 $ 1 84, 1 94 $61 0,738 1 .6733 
$ - $ - $ - $ - $ -

$335,679 $1 88,872 $ 839 , 1 98 $ 472, 1 80 $1 ,31 1 ,378 1 .4371 
$ - $ - $ - $ - $ -

$261 ,470 $1 55,565 $ 1 ,307,350 $ 77�,825 $2,085 , 1 75 1 . 1 426 
$ 258,284 $ 1 41 ,751 $ 1 ,627, 1 91 $ 893,031 $ 2 ,520,222 

$249,2 1 7  $1 02,434 $ 2 ,492 , 1 70 $ 1 ,024,340 $3,51 6 ,5 1 0  0.9634 
$ 247,023 $ 1 02 ,683 $ 2,847,326 $ 1 ,208,843 $ 4,056, 1 68 

$225,036 $ 1 06,092 $ 5,625,895 $ 2 ,652,305 $8,278,200 0.9072 

$ - $ - $ - $ - $ -

$1 97,596 $99 ,950 $ 9,879,800 $ 4 ,997,500 $1 4,877,300 0.81 52 
$ - $ - $ - $ - $ -

$1 55,237 $1 26,632 $ 1 1 ,642 ,775 $ 9,497,400 $2 1 , 1 40, 1 75 0.7722 
$ - $ - $ - $ - $ -

$257,608 $ 1 49,71 4 $ 25,760,800 $ 1 4,971 ,400 $40, 732 ,200 1 . 1 1 60 
$ - $ - $ - $ - $ -

$1 9 1 ,487 $1 1 3,563 $ 28,723,050 $ 1 7,034,450 $45 ,757,500 0.8358 
$ - $ - $ - $ - $ -

... 

T�UU •4,474,!n7  $2,1 01 ,874 $8,576,390 
'Projected values - See Table 2 - O&M Projection 
'Values estimated by straight l ine interpolation or extrapolation of tabulated values. 
'Total for Alternative 

I :\ 1 652951 1 \Cost\Alt2_0&M_ Cost.xis 

Estimated 
$/1 000 
gals.  

0.0000 

0.0000 

1 .0960 

0 .9498 

0.0000 

0.0000 

0.0000 

0.0000 

0. 0000 
$1 .00 
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Line DescriQtion Quantit� 

02 Rural Pipelines 2,01 8,665.00 

05 Storage Tanks 1 4.95 

06 Pump Stations 7.72 

07 Water Treatment Plants 2.43 

Totals 

URS Corporation - Att2 .2020_to _2040 Cost xis 
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ALTERNATIVE 2 - Expansion from 2020 to 2040 
Smoky Hil l  Regional Water Study - Summary by Feature 

USACE Kansas City District - Water Supply System 

Summary by Feature 

Average Size x Quat 
UOM Size = Total Basis UOM I I 

Lt 1 3  26,260,806 Dia.-ln. -Ft $ 

Ea 1 44,398 2 , 158,871 Gals. i $ 

Ea 1 ,574 1 2, 1 50 GPM $ 

Ea 2 5 MGD , $  

Paqe 1 of 5 

Unit Price Amount 
74.80 $ 1 50,994,372 

1 64,791 $ 2,463,756 

1 38,694 
' 

$ 1 ,070,720 

4,979,993 $ 1 2,080,806 

$ 1 66,609,654 

Owner Cost 
59.08% 

$ 44.20 $ 

$ 96,733 $ 

$ 8 1 ,513 $ 

$ 2,942,944 $ 

Program Amount 
Unit Price Amount 

1 1 9.00 $ 240,220,000 

261 ,524 : $ 3,910,000 

220,207 I $ 1 ,700,000 
I 

7,922,937 ' $ 1 9,220,000 

$ 265,050,000 

8/2412003 1 2:38 PM 
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Line 
01 

02 

03 

04 

05 

06 

07 

08 

09 

1 0  

1 1  

12  

1 3  
14 

1 5  

16 

1 7  

18  

1 9  

20 

21 

22 

23 

24 

25 

26 

27 
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ALTERNATIVE 2 - Expansion from 2020 to 2040 
Smoky Hil l  Regional Water Study - Rural Pipelines 

USACE Kansas City District - Water Supply System 

Description Quantity 
4" Rural Pipeline - PVC Class 200 455,566 

6" Rural Pipeline - PVC Class 200 

8" Rural Pipeline - PVC Class 200 

1 O" Rural Pipeline - PVC Class 200 

1 2· Rural Pipeline · PVC Class 200 

1 4" Rural Pipeline - DI Restrained JI. 
1 6" Rural Pipeline - DI Restrained Jt. 
1 8" Rural Pipeline - DI Restrained Jt. 
20" Rural Pipeline - DI Restrained Jt. 
24" Rural Pipeline - DI Restrained Jt. 
30" Rural Pipeline - PCP 1 50 PSI 
36" Rural Pipeline - PCP 1 50 PSI 

. 42" Rural Pipeline - PCP 1 SO PSI 
48" Rural Pipeline - PCP 1 50 PSI 
54" Rural Pipeline - PCP 1 50 PSI 
60" Rural Pipeline - PCP 1 50 PSI 
66" Rural Pipeline - PCP 1 50 PSI 
72" Rural Pipeline - PCP 1 50 PSI 
84" Rural Pipeline - PCP 1 50 PSI 
96" Rural Pipeline - PCP 1 50 PSI 

588,944 

202,373 

287,921 

1 6,41 4 

1 0,846 

21 ,098 

435,503 

UOM 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 

Dia 
4 

6 

8 

1 0  

1 2  

1 4  

1 6  

1 8  

20 

24 

30 

36 

42 

48 

54 
60 

66 

72 

84 

96 

Rural Pipeline 

Dia-In-Ft Dia-In-Ft 
Contract Amount 

Lt 
$ 6.16 $ 1 ,822,264 

3,533,664 $ 
1 ,61 8,984 $ 
2,879,2 1 0  $ - - t � 

1 96,968 
. 

$ 
1 51 ,844 $ 

$ 
379,764 $ 

$ 
- $ 

$ 
1 5,678, 1 08 . $ 

$ 
$ 
$ 
$ 

- ' $  
$ 

- $ 
$ 

5. 1 7  $ 
4.93 : $ 

' 

4.94 $ 
5.03 : $ 

7.26 : $ - t 
$ 

6.57 $ 

$ 

$ 

$ 
6.04 $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

24.63 $ 
31 .02 $ 
39.45 $ 
49.40 $ 
60.37 $ 

1 01 .66 : $ 
1 1 3.09 $ 
1 1 8.28 $ 
1 59.57 $ 
1 64.1 7  ' $ 
1 68.00 $ 
21 7.47 $ 
252.21 $ 
254.41 $ 
271 .57 $ 
395.28 $ 
470.35 $ 
550.71 $ 
653.65 . $ 
872.88 $ 

Amount 
Owner Cost 

59. 1 0% 
1 1 ,220,591 $ 
1 8,269,043 $ 
7,983,61 5  $ 

1 4,223,297 $ 
990,913 $ 

1 ,  102,604 $ 

$ 
2,495,471 $ 

$ 

$ 
$ 

94,708,837 $ 

$ 
$ 
$ 

1 4 .56 $ 

18.33 $ 
23.31 $ 

29.20 $ 
35.68 $ 
60.08 $ 
66.84 $ 
69.90 $ 
94.31 $ 
97.02 $ 
99.29 $ 

1 28 .52 $ 
1 49.06 $ 
1 50.36 $ 
1 60.50 $ 

Program Amount 
Lt Amount 

39. 1 9  $ 1 7 ,tl::JJ,OOG 
49.35 $ '.' CJ,OCL'.0l iC 
62.76 s 1.!. /"0.uu: 
78.60 S ?.<, fJ 'JO,Oull 
96.05 $ 1 . SEO O• •v 

161 .74 $ 1 ,?50.lJCu 
1 79.93 $ 

1 88. 1 8  $ 
253.88 $ 

261 . 1 9  $ 

267.29 $ 

3,970,0(;0 

345.99 $ 1 50,680,00U 
401 .27 $ 
404.77 $ 
432.07 $ 

$ 233.61 $ 628.89 $ 
$ 277.98 $ 748.33 $ 
$ 325.47 $ 876. 1 8  $ 

- $ 386.31 $ 1 ,039.96 $ 
- $ 51 5.87 $ 1 ,388.75 $ 

Totals 2,018,665 LI 1 3.009 26,260,806 $ 5.75 $ 74.80 $ 1 50,994,372 $ 44.20 $ 1 1 9.00 $ 240,220,000 

URS Corporation - Alt2_2020_to_2040_Cost.xls Page 2 of 5 8/24/2003 1 2:38 PM 
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ALTERNATIVE 2 - Expansion from 2020 to 2040 
Smoky Hil l  Regional Water Study - Storage Tanks 

USACE Kansas C ity District - Water Supply System 

Storage Tanks 

Gallons 
Line Description Quantity, UOM �apacity Total Gallon 

Contract Amount 
Ea Amount 

01 Water Tower - 50000 1 00' Height Ea 50,000 
02 Water Tower - 1 00000 1 00' Height 
03 Water Tower - 250000 1 00' Height 
04 Water Tower - 500000 100' Height 
05 Water Tower - 750000 1 00' Height 
06 Water Tower - 1 000000 1 00' Height 
07 Stand Pipe - 1 00000 100' Height 
08 Stand Pipe - 250000 1 00' Height 
09 Stand Pipe - 500000 1 00' Height 
10 Stand Pipe - 750000 1 00' Height 
1 1 Stand Pipe - 1000000 1 00' Height 
1 2  Stand Pipe - 1500000 100' Height 
1 3  Stand Pipe - 2000000 1 00' Height 
14 Water Tank - 50000 Ground Level Steel 
15  Water Tank - 100000 Ground Level Steel 
16  Water Tank - 250000 Ground Level Steel 
1 7  Water Tank - 500000 Ground Level Steel 
18 Water Tank - 750000 Ground Level Steel 
19  Water Tank - 1000000 Ground Level Steel 
20 Water Tank - 2000000 Ground Level Steel 

Water Tank - 4000000 Ground Level Steel 21 
22 Water Tank - 6000000 Ground Level Steel 
23 Water Tank - 8000000 Ground Level Steel 
24 Water Tank - 250000 Below Grd Reinf Cone 
25 Water Tank - 500000 Below Grd Reinf Cone 
26 Water Tank - 750000 Below Grd Rein! Cone 
27 Water Tank - 1 000000 Below Grd Rein! Cone 
28 Water Tank - 2000000 Below Grd Rein! Cone 
29 Water Tank - 4000000 Below Grd Rein! Cone 
30 Water Tank - 6000000 Below Grd Rein! Cone 

Totals 

URS Corporation - Alt2_2020_to_2040_Cost.xls 

7.99 
3.21 
2.76 

1 .00 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

1 4.95 Ea 

1 00,000 
250,000 
500,000 
750,000 . 

1 ,000,000 
1 00,000 
250,000 
500,000 
750,000 

1 ,000,000 ' 
1 ,500,000 
2,000,000 

50,000 
1 00,000 
250,000 
500,000 
750,000 

1 ,000,000 
2,000,000 
4,000,000 
6,000,000 ' 
8,000,000 

250,000 
500,000 
750,000 

1 ,000,000 
2,000,000 
4,000,000 
6,000,000 

144,398 

$ 
$ 
$ 

- $ 1 .71  ! $ ·-
-----t--- I $ 1 .65 : $ 

- [$1.oo ! $ 
--- +- - ------r- - --- I $ 1 .80 ! $ 

-- ! -- - ---t - i $ 1 .70 i $ t - -- - -· - - - - -
- ! $  1 .60

_ 1 $  I �- - t  
- i $ 1 .50 : $ I - - · 

- ! $ 1 .40 ' $  
- ! - -- 1 - i $ 1 .30 i $ 

399,336 $ 1 .25 $ 
320,592 $ 1 .20 $ 
689,847 �- _1 - 1 5  _ i$ 

$ 1 . 1 o i $ 
749,097 $-1 .05 t- $ 

- $ 1 .00 I $ -- - - --1 -
$ 0.95 ! $ 

_ ____ _ _j.__ 

$ 0.90 I $ 
$0:851 $ 
--�- --t - -
$ 0.80 : $ 

- I $ 1 .55 • $ 
-- i ---- - - +- -- -

- I $ 1 .50 $ 
- .-r s-·1·_45 $ - 1  - - - -

$___1_.�()_ j_$ 
- : $ 1 .35 i r - - - � - !___!._3_() j_ $ 
- , $  1 .25 i $  

2 , 158,871 ' $ 1 . 1 4 ' $ ! I 

Page 3 of 5 

$ 
$ 
$ 
$ 
$ 
$ 

- $ 
- I $ 

$ 
$ 
$ 
$ 
$ 

62,500 $ 
1 20,000 $ 
287,500 $ 

$ 
787,500 ' $ 

- $ 
- ' $ 
- $ 
- ! $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

1 64,791 $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

499, 169 $ 
384,71 1  $ 
793,324 $ 

$ 
786,552 $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

- $ 

2,463,756 $ 

Owner Cost 
59. 1 0% 

$ 
$ 
$ 
$ 

- ' $ ' 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

37,000 ' $ 
71 ,000 . $ 

170,000 $ 
$ 

465,500 $ 
$ 
$ 

- $ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

. $ 

96,733 $ 

Program Amount 
Ea Amount 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

99,500 ' $ 
1 91 ,000 $ 
457,500 $ 

$ 
1 ,253,000 $ 

$ 
$ 
$ 
$ 

, $ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

261 ,524 $ 

790,000 
610,000 

1 ,260,000 

1 ,250,000 

3,910,000 

8/24/2003 1 2:38 PM 
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Line DescriQtion 

01 Pump Station Facility - 1 00 GPM 
02 Pump Station Facility - 250 GPM 
03 Pump Station Facility - 500 GPM 
04 Pump Station Facility - 1 000 GPM 
05 Pump Station Facility - 1 500 GPM 
06 Pump Station Facility - 2000 GPM 
07 Pump Station Facility - 3000 GPM 
08 Pump Station Facility - 4000 GPM 
09 Pump Station Facility - 6000 GPM 
10 Pump Station Facility - 8000 GPM 
1 1  Pump Station Facility - 1 0000 GPM 
12 Pump Station Facility - 1 5000 GPM 
13 Pump Station Facility - 20000 GPM 
14  Pump Station Facility - 25000 GPM 
15 Pump Station Facility - 30000 GPM 
16 Pump Station Facility - 35000 GPM 

Totals 

URS Corporation - Alt2_2020_to_2040_Cost.xls 
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ALTERNATIVE 2 - Expansion from 2020 to 2040 
Smoky Hil l  Regional Water Study - Pump Stations 

USACE Kansas City District - Water Supply System 

GPM 
Quantity UOM CaQacity 

0.80 : Ea 
Ea 

1 . 1 8  Ea 
Ea 
Ea 

5.74 Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

7.72 Ea 

100 
250 
500 

1 ,000 
1 ,500 
2,000 
3,000 
4,000 
6,000 
8,000 

1 0,000 
1 5,000 
20,000 
25,000 
30,000 
35,000 

1 ,574 

Pump Stations 

Total Gallon r 
80 i $ 1 05.00 J _$ __ 

- i $ 1 0 1 .50 i $ 
I - - - - ·-

590 $ 98.00 ' $ 
$ 

- $ 
1 1 ,480 $ ' 

- $ 
$ 
$ 
$ 
$ 

- $ 
- $ I - $ 
- $ 

$ 

94.50 $ 
91 .00 1 $ 
87.50 - . 

$ 
84.00 : $ 

� -- 1 -- - -

80.50 : $ 
77.00 . $ - t ---·-

73.50 : $ 
---· 4- - -

70.�0 ' $ 
66.50 ' $ - 1 
63.00 ' $ 
59.50 $ ·-- - 1  ---

56.00 $ 
-- · 

52.50 I $ - - I- -

1 2, 1 50 $ 88. 1 3  ' $ 

Page 4 of 5 

Contract Amount 
Ea 

-- -

10,500 ! $ 
- . 

- ! $ 
49,000 i $ 

- ' $ 
1 -

- : $ 
175.ooo l $ 

- $ 
- $ 
- $ 
- j $ 
- $ 
- ! $ 
- � $ 
- : $ 
- 1 $ l - ' $ 

1 38,694 $ 

Amount 
8,400 ' $ 

$ 
57,820 $ 

$ 
- . $ 

1 ,004,500 $ 
- $ 

$ 
- $ 
- $ 

$ 
$ 
$ 
$ 
$ 

- $ 

1 ,070,720 ' $ 

� --- -- · - � r"' ...... .--. 

Owner Cost Program Amount 
59. 1 0% Ea Amount 

6,300 $ 1 6,800 $ 10 ,000 
- $ $ 

29,000 ' $ 78,000 $ 90,000 
$ $ : $ $ 

103,500 : $ 278,500 $ 1 ,600,000 
$ $ 

- : $ $ 
- $ $ 

I - ' $  $ 
- $ $ 
- i $ $ 
- $ $ 
- $ $ 
- l $ $ 
- $ $ 

81 ,513 $ 220,207 $ 1 ,700,000 

8/24/2003 1 2:38 PM 
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Line DescriQtion 

01 Water Treatment Plant - 1 MGD (New) 
02 Water Treatment Plant - 5 MGD (New) 
03 Water Treatment Plant - 10 MGD (New) 
04 Water Treatment Plant - 25 MGD (New) 
05 Water Treatment Plant - 50 MGD (New) 
06 Water Treatment Plant - 75 MGD (New) 
07 Water Treatment Plant - 100 MGD (New) 
08 Water Treatment Plant - 1 50 MGD (New) 
09 Water Treatment Plant - 1 MGD (Expansion) 
--

10 Water Treatment Plant - 2 .5 MGD (Expansion) 
1 1  Water Treatment Plant - 5 MGD (Expansion) 
12 Water Treatment Plant - 10 MGD (Expansion) 
13 Water Treatment Plant - 25 MGD (Expansion) 
14 Water Treatment Plant - 50 MGD (Expansion) 
15  Water Treatment Plant - 75  MGD (Expansion) 
16  Water Treatment Plant - 100 MGD (Expansion) 
1 7  Water Treatment Plant - 150 MGD (Expansion) 

Totals 

� � � � �- P"" P-" � 

ALTERNATIVE 2 - Expansion from 2020 to 2040 
S�oky Hil l  Regional Water Study - Water Treatment Plants 

USACE Kansas City District - Water Supply System 

Water Treament Plants 

MGD Contract Amount 
Quantity UOM CaQacity Total Gallon Ea Amount 

Ea 1 .0 ' $ 2 . 17 $ - ' $  - ' $ 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

0.85 Ea 
1 .57 Ea 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

2.43 Ea 

5.0 
1 0.0 
25.0 
50.0 
75.0 
100.0 
1 50.0 
1 .0 
2.5 
5.0 
10.0 
25.0 
50.0 
75.0 
100.0 
1 50.0 

2 

$ 1 ! $ 
' $  
! $ 
; $  

$ 
i s 

0.85 i $ 
3.93 I s 

/ $ 
' 

' $  
i : $ 
' s  

$ 
$ . $ 

-- . -

2.00 $ 
" -

1 .82 . $ 
1 .64 $ 

. -

1 .47 ' $ 
--- . 

1 .29 ' $ 
1 . 1 1 . $ 
0.94 ' $ 
2.70 $ 
2.49 $ 

-

2.28 $ 
2.08 $ 
1 .87 . $ - -

1 .66 
1 .46 
1 .25 

- - . 

1 .05 

$ 
--� 

$ 
$ 
$ 

5 $ 2.53 $ 

r - • $ - $ 
- ' $ $ 

$ $ 
- $ $ 
- $ $ 
- ' $  $ 
- $ $ 

2,695,000 $ 2,302,087 $ 
. 

6,22 1 ,900 $ 9,778,7 19 . $ 
- $ $ 
- : $ $ 
- $ $ 

I • I $ $ 
I - ! $ - $ 
' 

- ' $ $ 
- ' $  $ 

4,979,993 $ 1 2,080,806 $ 

� -.· r- Y � .lr-• .t''-, 
rm'"' r"""'. r"'' 

Owner Cost Program Amount 
59.1 0% Ea Amount 

$ $ 
$ $ 
$ $ 
$ $ 
$ $ 

- $ $ 
- $ $ 

$ $ 
1 ,592,800 $ 4,287,800 $ 3,660,000 
3,677,200 $ 9,899, 1 00 $ 15,560,000 

- $ $ 
$ $ 
$ $ 

; $ $ 
1 $ $ 

$ $ 
$ $ 

2,942,944 $ 7,922,937 $ 19,220,000 



Daily 
MGD 

1 

2.5 

5 
8.28 
1 0  

1 5.63 
25 

50 

75 

1 00 

1 50 

24 

Operation Mai ntenance Esti mated Cost 
KAN OPOLIS LAKE Wholesale Wate r Supply - O&M Est. Alt2 - 2040 

U SAGE Kansas City District - Water Supply system 

Smoky Hi l l  - Sal ine Basin ,  Kansas 

SMOKY HILL SALINE - ANNUAL O&M COST ESTIMATION - ALTERNATIVE 2 

Rate per MGD Annual Operation & Maintenance H istorical Projected 
Supply & Supply & $/1 000 $/1 000 
Treatment Distribution Treatment Distribution Total O&M qals. qals. 

$426,544 $1 84, 1 94 $ 426,544 $ 1 84, 1 94 $61 0,738 1 .6733 
$ - $ - $ - $ - $ -

$335,679 $1 88,872 $ 839, 1 98 $ 472 , 1 80 $ 1 ,31 1 ,378 1 .4371 
$ - $ - $ - $ - $ -

$261 ,470 $1 55,565 $ 1 ,307,350 $ 777,,825 $2 ,085, 1 75 1 . 1 426 
$ 253,432 $ 1 20,71 1 $ 2 ,098,41 7  $ 999 ,488 $ 3,097,905 

$249,2 1 7  $ 1 02,434 $ 2,492, 1 70 $ 1 ,024,340 $3,51 6,5 1 0  0.9634 
$ 24 1 ,95 1 $ 1 03,258 $ 3,668,361 $ 1 ,635,370 $ 5,303,731 

$225,036 $1 06,092 $ 5,625,895 $ 2,652,305 $8 ,278 ,200 0.9072 

$ - $ - $ - $ - $ -

$1 97,596 $99,950 $ 9,879,800 $ 4,997,500 $1 4,877,300 0 .81 52 
$ - $ - $ - $ - $ -

$1 55,237 $1 26,632 $ 1 1 ,642 ,775 $ 9,497,400 $21 , 1 40, 1 75 0.7722 
$ - $ - $ - $ - $ -

$257,608 $ 1 49,71 4 $ 25,760,800 $ 1 4,971 ,:itOO $40,732,200 1 :1 1 60 

$ - $ - $ - $ - $ -

$1 91 ,487 $1 1 3,563 $ 28 ,723,050 $ 1 7,034,450 $45,757,500 " 0.8358 

$ - $ - $ - $ - $ -

Total $5,766,778 $2,634,858 $8,401 ,636 
'Projected values - See Table 2 - O&M Projection 
'Values estimated by straight line interpolation or extrapolation of tabulated values. 
'Total for Alternative 

I :\ 1 652951 1 \Cost\Alt2_0&M_ Cost.xis 

Estimated 
$/1 000 

qals. 

0 .0000 

0.0000 

1 .0250 

0.9297 

0 .0000 

0.0000 

0.0000 

0.0000 

0.0000 
$0.96 

I 
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ALTERNATIVE 3 Year 2020 
Smoky Hil l  Regional Water Study - Summary by Feature 

USACE Kansas City District - Water Supply System 

r,,. pc· 

Barton, Ellis, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Summary by Feature 

Average Size x Quat. 
Descriptiorr_ ___ Quantity UOM Size = Total Basis UOM 

Rural Pipelines 3,532,005.00 Lf 20 
Storage Tanks 35.66 Ea 220, 1 18 
Pump Stations 9.39 Ea 4,240 
Water Treatment Plants 7.50 Ea 2 

Totals 

URS Corporation - Alt3_2020_Cost xis 

69,737, 1 90 Dia.-ln.-Ft. 
i --

7,850,524 Gals. 

39,81 9  1 GPM 
·-

18  MGD 

' I ·-

Page 1 of 5 

$ 
$ 
$ 
$ 

I 

Owner Cost 
Unit Price Amount 59. 1 0% 

1 1 9. 1 5  $ 420,824,827 $ 70.41 
236,507 $ 8,435,019 $ 1 39,772 
322,761 $ 3,031 ,079 $ 1 91 ,556 

4,857,875 $ 36,41 8,618 $ 2,870,735 

! $ 468,709,542 

.,,_:·- F"" r�·,�: ·  W'''.''· 

Program Amount 
Unit Price Amount 

$ 189.56 $ 669,530,000 : $ 376,279 $ 1 3,420,000 
$ 514,3 17  I $ 4,830,000 
$ 7,728,6 10  $ 57,940,000 

$ 745,720,000 

8/24/2003 1 2:39 PM 
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Line 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10  
1 1  
1 2  
1 3  
14  
15  
16  
17  
18  
19  
20 
21 
22 
23 
24 
25 
26 
27 
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ALTERNATIVE 3 Year 2020 

� 

Smoky Hil l  Regional Water Study - Rural Pipelines 
USACE Kansas City District - Water Supply System 

r-· � �· F""" �· 

Barton, Ell is, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Description Quantity 
4" Rural Pipeline - PVC Class 200 270,284 
6" Rural Pipeline - PVC Class 200 
8" Rural Pipeline - PVC Class 200 
10" Rural Pipeline - PVC Class 200 
1 2" Rural Pipeline - PVC Class 200 
1 4" Rural Pipeline - DI Restrained Jt. 
16" Rural Pipeline - DI Restrained Jt. 
18" Rural Pipeline - DI Restrained Jt. 
20" Rural Pipeline - DI Restrained JI. 
24" Rural Pipeline - DI Restrained JI. 
30" Rural Pipeline - PCP 1 50 PSI 
36" Rural Pipeline - PCP 1 50 PSI 
42" Rural Pipeline - PCP 1 50 PSI 
48" Rural Pipeline - PCP 1 50 PSI 
54" Rural Pipeline - PCP 1 50 PSI 
60" Rural Pipeline - PCP 1 50 PSI 
66" Rural Pipeline - PCP 1 50 PSI 
72" Rural Pipeline - PCP 1 50 PSI 
84' Rural Pipeline - PCP 1 50 PSI 
96" Rural Pipeline - PCP 1 50 PSI 

Totals 

405, 1 95 
568,565 
347,260 
561 ,564 
21 4,829 
16 1 ,218 ' 
21 ,946 
39,879 ' 
97,479 
82,947 ' 

1 57,830 

167,086 ' 

435,923 

3,532,005 

UOM 
LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 
LI 
LI 
LI 
LI 
LI 
LI 
LI 

LI 

Dia 
4 
6 
8 
10  
1 2  
1 4  
16  
18  
20 
24 
30 
36 
42 
48 
54 
60 
66 
72 
84 
96 

19.744 

Rural Pipeline 

Contract Amount 
Dia-In-Ft Dia-In-Ft 

" 
Lf Amount 

Owner Cost
' 

59. 1 0% 
Program Amount 

Lf Amount 
1 ,081 , 1 36 $ 6. 16 ' $ 24.63 $ 6,657,095 $ 
2,431 , 1 70 $ 
4,548,520 $ --- I -

3,472,600 i $ 
6,738,768 . $ 
3,007,606 $ 
2,579,488 $ 

395,028 $ 
797,580 1 $ -

- t -·-
2,339,496 $ 
2,488,410 $ 
5,681 ,880 $ 

- $ 
8,020, 1 28 : $ 

� '. $ 
26, 155,380 $ 

- : $ -1 
- ! $ 
- ' $  
- : $ 

-1 

69,737, 1 90 $ 

5. 1 7  $ 
4.93 l $ 
4.94 ' $ 
5.03 ' $ 
7.26 $ - I - ·· 
7.07 $ 

6.57 $ 
7.98 $ 
6.84 $ 
5.60 $ 
6.04 i $ 

$ 
5.30 ' $ 

: $ 
6.59 $ 

$ 
$ 
$ 
$ 

I - - .__ 

6.03 $ 

31 .02 $ 
39.45 $ 
49.40 $ 
60.37 : $ 

10 1 .66 : $ 

1 1 3.09 $ 

1 18.28 $ 

1 2,569, 149 $ 
22,429,889 $ 
17, 154,644 $ 
33,90 1 ,6 19  $ 
21 ,839,516  $ 
18,232, 1 44 $ 
2,595,773 $ 

1 59.57 $ 6,363,492 $ 
1 64. 17 . 

$ 16,003, 1 27 $ 
168.00 • $ 1 3,935,096 $ 
217.47 $ 34,323,290 $ 
252.21 $ $ 
254.41 $ 42,508,349 $ 
271 .57 $ $ 
395.28 $ 172,31 1 ,643 $ 
470.35 ; $ 
550.71 $ 
653.65 $ 
872.88 ' $ 

$ 
$ 
$ 
$ 

1 1 9. 1 5  $ 420,824,827 $ 

14.56 $ 
18.33 $ 
23.31 $ 
29.20 $ 
35.68 $ 
60.08 $ 
66.84 $ 
69.90 $ 

39. 1 9  $ 10,590,000 
49.35 $ 20,000,000 
62.76 $ 
78.60 $ 
96.05 $ 

16 1 .74 $ 
1 79.93 ' $ 
188. 1 8 ' $ 

35,680,000 
27,290,000 
53,940,000 
34,750,000 
29,010,000 
4,1 30,000 

94.31 $ 253.88 $ 10. 120.000 
97.02 $ 261 . 1 9  $ 25,460,000 
99.29 $ 267.29 $ 22, 170.000 

1 28.52 $ 
149.06 $ 
1 50.36 $ 
160.50 $ 
233.61 $ 
277.98 $ 

345.99 $ 54,610,000 
401 .27 $ 
404.77 $ 67,630,000 
432.07 $ 
628.89 $ 27 4, 1 50,000 
748.33 $ 

325.47 $ 876. 1 8  $ 
386.31 $ 1 ,039.96 $ 
51 5.87 $ 1 ,388.75 $ 

70.41 $ 189.56 $ 669,530,000 

URS Corporation - Alt3_2020_Cost.xls Page 2 of 5 8/24/2003 1 2:39 PM 
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ALTERNATIVE 3 Year 2020 
Smoky Hill  Regional Water Study - Storage Tanks 

USACE Kansas City District - Water Supply System 

Barton, Ellis, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

Storage Tanks 

Gallons 
Line Description _ _Quantjty_UOM __ Ci!llilcity 

01 Water Tower - 50000 100' Height Ea 50,000 
02 Water Tower - 100000 100' Height 
03 Water Tower - 250000 100' Height 
04 Water Tower - 500000 100' Height 
05 Water Tower - 750000 1 00' Height 
06 Water Tower - 1 000000 1 00' Height 
07 Stand Pipe - 1 00000 100' Height 
08 Stand Pipe - 250000 1 00' Height 
09 Stand Pipe - 500000 100' Height 
10 Stand Pipe - 750000 100' Height 
1 1  Stand Pipe - 1 000000 100' Height 
1 2  Stand Pipe - 1 500000 100' Height 
13  Stand Pipe - 2000000 1 00' Height 
14  Water Tank - 50000 Ground Level Steel 
1 5  Water Tank - 1 00000 Ground Level Steel 
1 6  Water Tank - 250000 Ground Level Steel 
17 Water Tank - 500000 Ground Level Steel 
18 Water Tank - 750000 Ground Level Steel 
1 9  Water Tank - 1 000000 Ground Level Steel 
20 Water Tank - 2000000 Ground Level Steel 
21 Water Tank - 4000000 Ground Level Steel 
22 Water Tank - 6000000 Ground Level Steel 
23 Water Tank - 8000000 Ground Level Steel 
24 Water Tank - 250000 Below Grd Reinf Cone 
25 Water Tank - 500000 Below Grd Reinf Cone 
26 Water Tank - 750000 Below Grd Reinf Cone 
27 Water Tank - 1 000000 Below Grd Reinf Cone 
28 Water Tank - 2000000 Below Grd Reinf Cone 
29 Water Tank - 4000000 Below Grd Rein! Cone 
30 Water Tank - 6000000 Below Grd Rein! Cone 

Totals 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

10.93 Ea 
1 4.61 Ea 
7.27 Ea 

Ea 
Ea 

1 .69 Ea 
1 . 17  Ea 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

35.66 Ea 

1 00,000 
250,000 
500,000 
750,000 

1 ,000,000 
1 00,000 
250,000 
500,000 
750,000 

1 ,000,000 
1 ,500,000 
2,000,000 

50,000 
1 00,000 
250,000 
500,000 
750,000 

1 ,000,000 
2,000,000 
4,000,000 
6,000,000 
8,000,000 

250,000 
500,000 
750,000 

1 ,000,000 
2,000,000 
4,000,000 
6,000,000 

220, 1 18 

Total 
Contract Amount 

1 Gallon Ea Amount 
- $ 1 .95 $ 

$ _ _ 1 :8_9_J $ 
$ 1 .83 ·. $ - - � 
$ 1 .77 j $ t 

- $ 1 .7 1  i $ - -� 
$ 1 .65 . $ 
$ 1 .90 : $ 
$ 1 .80 $ 
$• 1 .70 . $ 
$ 
$ 

1 .60 : $ 
1 .50 . $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

- $ 
$ 
$ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

Owner Cost 
59. 1 0% 

: $ 
$ 

- $ 
i $ 
$ 

: $ 
$ 
$ 

- • $ 
: $ 

$ 
- $ 1 .40-, $ $ $ $ 

$ 1 .30 $ $ $ - i $ 
546,62� 1 $ 1 .25 ; $ -62,5Cl0_$ ___ 683:275 . $  37,000 . $ 

1 .460,755 j $ 1 .20 : $ 1 20,000 $ 1 ,752,906 $ 71 ,000 I $  
1 ,816,673 : $ 1 . 1 5  ; $ 

- 1 $ 1 . 10 . $ 
- i $ 1 .05 : $ - i -

1 ,690,229 1 $ 1 .00 I $ 
2,336.247 1 $- o.95- $ 

�1 $ - 6:00 1 $ -"_j � 0.85 � $ 
- I $ 0.80 I $ 
- j $ 1 .55 $ I - ·  - -• 
- ' $ 1 .50 

. $ 1 - .  · - - . 

- • $ 1 .45 . $ 
- 1 -$ 1 .40 i $ 
- 1 $ · - I - $ 
- !$  

1 .35- 1 $ 
1:30 -t $ 
1 .25 . $ 

7,850,524 :. $ 1 .07 • $ 

287,500 $ 
$ 
$ 

1 ,000,000 $ 
1 ,900,000 . $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

236,507 $ 

2,089, 174 $ 
$ 
$ 

1 ,690,229 $ 
2,21 9,434 $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

8,435,01 9 $ 

1 70,000 . $ 
: $ 
$ 

591 ,000 $ 
1 , 1 22,900 $ 

$ 
- $ 

$ 
- '  $ 

$ 
$ 
$ 
$ 
$ 
$ 

1 39,772 $ 

Program Amount 
Ea Amount 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

99,500 $ 
19 1 ,000 $ 
457,500 $ 

$ 
$ 

1 ,591 ,000 $ 
3,022,900 $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

376,279 $ 

1 ,090,000 
2,790,000 
3,320,000 

2,690,000 
3,530,000 

1 3,420,000 

I'":�'" 
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Line 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
1 1  
12  
1 3  
1 4  
1 5  
1 6  
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ALTERNATIVE 3 Vear 2020 
Smoky Hil l  Regional Water Study - Pump Stations 

USACE Kansas City District - Water Supply System 

� rv 

Barton, Ell is, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

DescriQtion 
Pump Station Facility - 1 00 GPM 

Pump Station Facility - 250 GPM 

Pump Station Facility - 500 GPM 

Pump Station Facility - 1 000 GPM 

Pump Station Facility • 1 500 GPM 

Pump Station Facility - 2000 GPM 

Pump Station Facility - 3000 GPM 

Pump Station Facility · 4000 GPM 

Pump Station Facility • 6000 GPM 

Pump Station Facility - 8000 GPM 

Pump Station Facility · 1 0000 GPM 

Pump Station Facility - 1 5000 GPM 

Pump Station Facility - 20000 GPM 

Pump Station Facility • 25000 GPM 

Pump Station Facility • 30000 GPM 

Pump Station Facility - 35000 GPM 

Totals 

GPM 
Quantity UOM CaQacity ' 

0.45 : Ea 
Ea 

1 .40 Ea 
Ea 

3.27 Ea 
Ea 
Ea 
Ea 
Ea 

4.27 Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

9.39 Ea 

1 00 ' 
250 
500 ' 

1 ,000 i 
1 ,500 
2,000 ' 

3,000 
4,000 
6,000 
8,000 

10 ,000 
1 5,000 : 
20,000 ' 
25,000 
30,000 
35,000 

4,240 

Pump Stations 

Contract Amount Owner Cost 
Gallon- i --

Total Ea Amount 59. 1 0% 
45 $ 1 05.� j  $ 1 0,500 : $ 4,725 i $ 6,300 ' $ 

$ 10 1 .50 ' $ - ' $ - : $ $ 
700 : $ 98.� : $ 49,000 $ 68,600 . $ 29,000 ' $ 

- $ 94.50 : $ ! $ - $ • ; $ 
4,905 $ 91 .00 1 $ 1 36,500 $ 446,355 i $ 80,700 $ ! 

$ 87.50 : $ $ - : $ • $ 
$ 84.00 : $ • $ 

' 

• ' $ • i $ 
$ 80.50 $ • $ . $ $ 
$ 77.00 ' $ $ - $ $ 

34, 169 $ 73.50 ' $ 588,000 $ 2,51 1 ,399 $ 347,600 $ 
$ 70.00 $ $ • $ $ 

-- ' 

$ 66.50 ; $ $ . $ $ 
$ 63.00 1 $ $ . ' $ . $ 
$ 59.50 $ $ . $ $ --i -
$ 56.00 i $ $ $ $ 
$ 

-
52.501 $ _ J  $ - $ $ 

39,8 1 9  $ 76. 1 2  ! $ 322,761 $ 3,031 ,079 $ 19 1 ,556 $ 

r"" r- r--· ,--. 

Program Amount 
Ea Amount 

16 ,800 ' $ 1 0,000 
$ 

78,000 $ 1 1 0,000 
$ 

2 17,200 $ 71 0,000 
$ 
$ 
$ 
$ 

935,600 $ 4,000,000 
$ 
$ 
$ 
$ 

• $ 
. $ 

51 4,31 7  $ 4,830,000 
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Line 
01 
02 
03 
04 
05 
06 
07 
08 
09 --
10 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
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ALTERNATIVE 3 Year 2020 
Smoky Hill  Regional Water Study - Water Treatment Plants 

USACE Kansas City District - Water Supply System 

_?� ,4 

Barton, Ellis, Ellsworth, Lincoln, McPherson, Osborne, Ottawa, Rush, Russell, Saline Counties, Kansas 

DescriQtion 
Water Treatment Plant - 1 MGD (New) 
Water Treatment Plant - 5 MGD (New) 
Water Treatment Plant · 1 O MGD (New) 
Water Treatment Plant - 25 MGD (New) 
Water Treatment Plant - 50 MGD (New) 
Water Treatment Plant - 75 MGD (New) 
Water Treatment Plant - 100 MGD (New) 
Water Treatment Plant - 1 50 MGD (New) 
Water Treatment Plant - 1 MGD (Expansion) 
Water Treatment Plant - 2.5 MGD (Expansion) 
Water Treatment Plant · 5 MGD (Expansion) 
Water Treatment Plant - 1 0  MGD (Expansion) 
Water Treatment Plant - 25 MGD (Expansion) 
Water Treatment Plant - 50 MGD (Expansion) 
Water Treatment Plant - 75 MGD (Expansion) 
Water Treatment Plant - 100 MGD (Expansion) 
Water Treatment Plant - 1 50 MGD (Expansion) 

Totals 

Water Treament Plants 

MGD 
Quantity UOM CaQacity 

3.68 Ea 
Ea 

1 . 17  Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

2.64 Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

7.50 Ea 

1 .0 
5.0 
10.0 
25.0 
50.0 
75.0 
100.0 
1 50.0 
1 .0 
2.5 
5.0 
10.0 
25.0 
50.0 
75.0 
1 00.0 
1 50.0 

2 

Total GanoriT 

3.68 I $ 

: $ 
1 1 .70 1 $ 

$ 

$ 

$ 

' $ 

$ 
2.64 ·, $ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

2. 1 7  ) $ 
2.� 1 $ 
1 .82 ! $ 

- -- - ! 

1 .64 ' $ 
- - ·  

1 .47 i $ 
1 .29 . $ 
1 .1 1 1 ,$ - 1 
0.94 $ 
2.70 $ 
2�9 l $ 
2.28 : 

$ - 1  
2.08 -- t 

$ 
1 � j $ 
1 .66 : $ - - t 
1 .46 ' $ --- 1 
1 .25 . $ 

---- t 
1 .05 I $ 

- - t 
-- I 

18 $ 2.02 ' $ 

- -
Contract Amount 

Ea 
2,172,500 $ 

- $ 
1 8, 196,500 $ 

i 
$ 

$ 

$ 

$ 

$ 
2,695,000 $ 

$ 

$ 
t - $ 

- $ ' - $ 
. $ 

$ 
- $ 

4,857,875 $ 

Owner Cost 
Amount 59. 1 0% 

8,002,6 19  ' $ 1 ,284,000 $ 
. $ $ 

21 ,292,972 $ 1 0,754,200 $ 

$ . $ 

$ •
I $ 

$ $ 

$ $ 

$ $ 
7,123,028 $ 1 ,592,800 $ 

$ $ 

$ $ 

$ . $ 

- $ $ 

$ . $ 
- $ . $ 
- $ $ 

$ - $ 

36,418,618  $ 2,870,735 $ 

Program Amount 
Ea Amount 
3,456,500 . $ 1 2,730,000 

$ 
28,950,700 $ 33,880,000 

$ 

$ 

$ 

$ 

$ -
4,287,800 $ 1 1 ,330,000 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

7,728,6 10  $ 57,940,000 



Daily 
MGD 

1 

2.5 
2.64 
3.68 

5 

1 0  
1 1 .7 
25 

50 

75 

1 00 

1 50 

18  

�;� 
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Ope ration Mai ntenance Esti mated Cost 

.. 
� ·: 

.}¥.�. 
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KANOPOLIS LAKE Wholesale Wate r Su pply - O&M Est. Alt3 - 2020 
U SAG E Kansas City District - Water Supply system 

Smoky Hi l l  - Saline Basin,  Kansas 

SMOKY HILL SALINE - ANNUAL O&M COST ESTIMATION - ALTERNATIVE 3 

Rate per MGD Annual Operation & Maintenance Historical Projected 
Supply & Supply & $/1 000 $/1 000 
Treatment Distribution Treatment Distribution Total O&M qals .  qals. 

$426,544 $1 84, 1 94 $ 426 ,544 $ 1 84 , 1 94 $61 0,738 1 .6733 
$ - $ - $ - $ - $ -

$335,679 $1 88,872 $ 839, 1 98 $ 472�1 80 $1 ,31 1 ,378 1 .4371 
$ 331 ,523 $ 1 87,007 $ 875,222 $ 493,698 $ 1 ,368,920 
$ 300,652 $ 1 73, 1 51 $ 1 ,  1 06,401 $ 637, 1 96 $ 1 ,743,597 

$261 ,470 $1 55,565 $ 1 ,307,350 $ 777,825 $2,085, 1 75 1 . 1 426 
$ - $ - $ - $ - $ -

$249,21 7 $1 02,434 $ 2 ,492, 1 70 $ 1 ,024 ,340 $3,51 6,5 1 0  0.9634 
$ 247,023 $ 1 02,683 $ 2,847,326 $ 1 ,208,843 $ 4,056, 1 68 

$225,036 $1 06,092 $ 5 ,625,895 $ 2,652,305 $8,278,200 0.9072 

$ - $ - $ - $ - $ -

$1 97,596 $99 ,950 $ 9,879,800 $ 4,997,500 $ 1 4,877,300 0.81 52 
$ - $ - $ - $ - $ -

$1 55,237 $1 26,632 $ 1 1 ,642,775 $ 9,497,400 $2 1 ,  1 40, 1 75 0.7722 
$ - $ - $ - $ - $ -

$257,608 $ 1 49,71 4 $ 25,760,800 $ 1 4,971 ,400 . $40,732,200 1 .1 1 60 

$ - $ - $ - $ - $ -

$1 9 1 ,487 $1 1 3,563 $ 28,723,050 $ 1 7,034,450 $45,757,500 0.8358 

$ - $ - $ - $ - $ -

Total $4,828,949 $2,339,737 $7,1 68,685 
'Projected values - See Table 2 - O&M Projection 
'Values estimated by straight line interpolation or extrapolation of tabulated values. 
'Total for Alternative 

Estimated 
$/1 000 
qals. 

0.0000 

1 .4206 
1 .2981 

0.0000 

0.9498 

0 .0000 

0.0000 

0.0000 

0.0000 

0.0000 
$1 .09 
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Line Descri[!tion Quantity 

02 Rural Pipelines 1 ,947,433.00 
05 Storage Tanks 14.95 
06 Pump Stations 1 5.01 
07 Water Treatment Plants 2.43 

Totals 

URS Corporation - Alt3_2020_to_2040_Costxls 
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ALTERNATIVE 3 - Expansion from 2020 to 2040 
Smoky Hill Regional Water Study - Summary by Feature 

USACE Kansas City District - Water Supply System 

Average 
UOM Size 

Lf 1 3  
Ea 1 44,398 
Ea 1 ,028 
Ea 2 

Summary by Feature 

Size x Ouat. 
= Total Basis UOM 

25,441 ,754 Dia.-ln.-Ft. 
j 

2 , 158,871 : Gals. 
1 5,430 . GPM 

t -
5 I MGD 

j 

Page 1 of 5 

Unit Price 
$ 

�- ---

L$ 

$ 
- r 

i $ 

-t· 

· -

75.46 
164,791 
96,392 

4,979,993 

Amount 
$ 1 46,945,01 6  
$ 2,463,756 
$ 1 ,447, 172 
$ 12,080,806 

$ 1 62,936,750 

$ 

$ 

$ 

$ 

r"' � 

Owner Cost 

F'" r"" 

Program Amount 

� . .  

59.09% Unit Price Amount 
44.59 . $ 

96,733 $ 
56,805 $ 

2,942,944 $ 

1 20.05 . $ 233,780,000 
261 ,524 . $ 3,91 0,000 
1 53,197 . $ 2,300,000 

7,922,937 • $ 1 9,220,000 

$ 259,210,000 

8/24/2003 1 2:39 PM 
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Line Descri[!tion 

01 4" Rural Pipeline - PVC Class 200 
02 6" Rural Pipeline • PVC Class 200 
03 8" Rural Pipeline · PVC Class 200 
04 1 0" Rural Pipeline - PVC Class 200 
05 1 2" Rural Pipeline - PVC Class 200 
06 14" Rural Pipeline - DI Restrained Jt. 
07 16" Rural Pipeline - DI Restrained Jt. 
08 1 8" Rural Pipeline - DI Restrained Jt. 
09 20" Rural Pipeline • DI Restrained Jt. 
10  24" Rural Pipeline · DI Restrained Jt. 
1 1  30" Rural Pipeline · PCP 1 50 PSI 
1 2  36" Rural Pipeline • PCP 1 50 PSI 
13  42" Rural Pipeline · PCP 1 50 PSI 
14  48" Rural Pipeline - PCP 1 50 PSI 
15 54" Rural Pipeline - PCP 1 50 PSI 
16  60" Rural Pipeline - PCP 1 50 PSI 
17  66" Rural Pipeline · PCP 1 50 PSI 
18 72" Rural Pipeline · PCP 1 50 PSI 
19 84" Rural Pipeline - PCP 150 PSI 
20 96" Rural Pipeline · PCP 1 50 PSI 
21 
22 
23 
24 
25 
26 
27 

Totals 

r- � � .--·, � � � 

. ALTERNATIVE 3 - Expansion from 2020 to 2040 
Smoky Hill Regional Water Study - Rural Pipelines 

USACE Kansas City District - Water Supply System 

Quantity UOM Dia 
488,991 LI 4 
590,778 LI 6 
1 4 1 , 1 60 . LI 8 
247,961 LI 10  

1 6,414 i LI 12 
5,528 LI 14 

LI 16 
2 1 ,098 LI 18 

LI 20 
LI 24 
LI 30 

435,503 : LI 36 
LI 42 
LI 48 
LI 54 
LI 60 
LI 66 
LI 72 
LI 84 
LI 96 

Rural Pipeline 
i Contract Amount c 

Dia-In-Ft Dia-In-Ft Lt 
1 ,955,964 $ 
3,544,668 . $ 
1 , 1 29,280 . $ - j 
2,479,61 0  i $ 

1 96,968 i $ 
77,392 : $ 

- I - ' � 
379,764 . $ 

. $ 

. • $ 
- $ 

1 5,678, 1 08 i $ 
- : $ I 
- • $ - : $ - I . : $ 

$ 
. $ . $ 
. ' $ 

I 

6.1 6 . $ 24.63 $ 
5. 1 7 ' $ 31 .02 $ 
4.93 $ 39.45 $ 
4.94 $ 49.40 ' $ 
5.03 . $ 60.37 • $ 
7.26 i $ 101 .66 i $ 

. $  1 1 3.09 . $ 
6.57 . $ 1 1 8.28 $ 

$ 1 59.57 $ 
$ 1 64. 1 7  $ 
$ 1 68.00 $ 

6.04 $ 217.47 $ 
: $ 252.21 $ 
$ 254.41 . $ 

1 $ 271 .57 ' $ 
i $ 395.28 . $ 
$ 470.35 $ 

! $ 550.71 $ 
$ 653.65 $ 

: $ 872.88 . $ 

� ·.r- .;,�,�;� �:-.-· ... x 
/\�:L 

r""' � 

Owner Cost Program Amount 
Amount 59.1 0% Lt Amount 
1 2,043,848 • $ 14.56 i $ 39. 19  $ 1 9, 160,000 
1 8,325,934 $ 18.33 $ 49.35 $ 29, 1 50,000 
5,568,762 . $ 23.31 $ 62.76 $ 8,860,000 

1 2,249,273 $ 29.20 $ 78.60 $ 1 9,490,000 
990,913 $ 35.68 $ 96.05 $ 1 ,580,000 
561 ,976 $ 60.08 $ 16 1 .74 $ 890,000 

$ 66.84 $ 1 79.93 $ 
2,495,471 $ 69.90 $ 188.18 $ 3,970,000 

$ 94.31 s 253.88 $ 
$ 97.02 $ 261 . 1 9  $ 
$ 99.29 $ 267.29 $ 

94,708,837 $ 1 28.52 $ 345.99 $ 1 50,680,000 
$ 1 49.06 $ 401 .27 $ 

' $ 1 50.36 ' $ 404.77 $ 
$ 1 60.50 $ 432.07 $ 
$ 233.61 $ 628.89 $ 
$ 277.98 $ 748.33 $ 
$ 325.47 $ 876 . 18  $ 
$ 386.31 $ 1 ,039.96 $ 
$ 51 5.87 $ 1 ,388.75 $ 

1 ,947,433 LI 1 3.064 25,441 ,754 . $ 5.78 $ 75.46 $ 146,945,016 $ 44.59 $ 1 20.05 $ 233,780,000 

F""" 
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ALTERNATIVE 3 - Expansion from 2020 to 2040 
Smoky Hil l  Regional Water Study - Storage Tanks 

USACE Kansas City District - Water Supply System 

Storage Tanks 

Gallons 
Line Description Quantity. UOM Capacity Total Gallon · 

Contract Amount 
Ea Amount 

Owner Cost 
59. 1 0% 

01 Water Tower - 50000 100' Height Ea 50,000 
02 Water Tower - 100000 100' Height Ea 1 00,000 
03 Water Tower - 250000 1 00' Height 
04 Water Tower - 500000 100' Height 
05 Water Tower - 750000 100' Height 
06 Water Tower - 1 000000 100' Height 
07 Stand Pipe - 100000 100' Height 
08 Stand Pipe - 250000 100' Height 
09 Stand Pipe - 500000 100' Height 
10  Stand Pipe - 750000 100' Height 
1 1  Stand Pipe - 1000000 1 00' Height 
12 Stand Pipe - 1500000 100' Height 
13  Stand Pipe - 2000000 100' Height 
14  Water Tank - 50000 Ground Level Steel 
15 Water Tank - 1 00000 Ground Level Steel 
16  Water Tank - 250000 Ground Level Steel 
17 Water Tank - 500000 Ground Level Steel 
18 Water Tank · 750000 Ground Level Steel 
19  Water Tank - 1 000000 Ground Level Steel 
20 Water Tank - 2000000 Ground Level Steel 
21 Water Tank - 4000000 Ground Level Steel 
22 Water Tank - 6000000 Ground Level Steel 
23 Water Tank - 8000000 Ground Level Steel 
24 Water Tank - 250000 Below Grd Rein! Cone 
25 Water Tank - 500000 Below Grd Rein! Cone 
26 Water Tank - 750000 Below Grd Rein! Cone 
27 Water Tank - 1 000000 Below Grd Rein! Cone 
28 Water Tank - 2000000 Below Grd Rein! Cone 
29 Water Tank - 4000000 Below Grd Rein! Cone 
30 Water Tank - 6000000 Below Grd Rein! Cone 

Totals 

URS Corporation - Alt3_2020_to_2040_Costxls 

7.99 
3.21 
2.76 

1 .00 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

14.95 Ea 

250,000 
500,000 
750,000 

1 ,000,000 ' 
1 00,000 
250,000 
500,000 
750,000 

1 ,000,000 
1 ,500,000 
2,000,000 

50,000 
1 00,000 
250,000 
500,000 
750,000 

1 ,000,000 
2,000,000 
4,000,000 
6,000,000 
8,000,000 

250,000 
500,000 
750,000 

1 ,000,000 
2,000,000 
4,000,000 
6,000,000 

1 44,398 

- $ 1 .95 $ --- -- -�---+-

$ 1 .89 $ 
$ 1 .83 $ 
$ 1 .77 $ 
$ 1 .71 ' $ 

- -
-

----+ 
$ 1 .65 . $ 

· ! $ 1 .90 I $ -l$ -1 .8o � ·$ - ·r· ·- _ ,  

- i $ 1 .70 $ 
- I - - 1  --- 1-� 1 .60

: 
$ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

$ ' 
- $ 
- $ 

i 
- : $ 
- i $ 

i 
- $ 
- $ 
- i $ 
- $ 
- i $ 

. ' $ 1 .50 : $ - $ $ - $ 
- 1 - -- � 

' . 
- I $ 1 .40 I $ - $ $ - i $ -- �- - - � j I . i $ 1 .30 $ - $ $ - $ 

399,336 ! $ 1 .25 ! $ 
--

62,500 $ - 499, 169 $ 3
-
7,0001 $ -·- - 1 -- ' ' 

320,592 $ 1 .20 . $ 1 20,000 . $ 384,71 1  $ 71 ,000 $ 
689,847 $ 1 . 1 5  ' $ 287,500 ' $ 793,324 $ 170,000 $ -- ' ----- - -i ' 

- 1 $ 1 . 1 0 • $  $ - $ $ 
749,09l_ ;$ · 1:os: ; $ 787,500 ' $ 786,552 $ 465,500 $ 

---k$ _ _1 .0�, $ $ $ - $ 
- i $ 0.95 . $ $ $ - $ 

-]) ?:9Cl I 
$ $ $ - : $ _ti $ 0.85 $ $ $ _ I $ 

. $ 0.80 $ - : $ $ - i $ 
- I $ 1 .55 • $ - $ - $ - : $ 

- - --+-- -- - -- - --+ ' ' 
. : $ 1 .50 ' $ f- -- - - L - . $  1 .45 • $  I -

- _) . I $ 1 .40 1 $ 
- [$ -1 �35� $ _ _ , - - - - - -l 
• I $ 1 .30 $ 

i-- - - - . -
- , $ 1 .25 ' $  

2 , 158,871 ' $  1 . 1 4 . $ I , 
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$ 
$ 
$ 
$ 

- $ 
$ 

1 64,791 ' $ 

$ 
$ 
$ 
$ 
$ 
$ 

2,463,756 $ 

- • $ 
- 1 $ 
- $ 
- i $ 
- ' $ 
- i $ 

96,733 $ 

Program Amount 
Ea Amount 

$ 
$ 
$ 
$ 
$ 

- $ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

99,500 $ 
1 91 ,000 $ 
457,500 $ 

$ 
1 ,253,000 $ 

$ 
$ 
$ 
$ 
$ 
$ 

' $ 
$ 
$ 
$ 
$ 
$ 

261 ,524 $ 

790,000 
610,000 

1 ,260,000 

1 ,250,000 

3,91 0,000 

8/24/2003 1 2:39 PM 
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Line DescriQtion 
01 Pump Station Facility - 100 GPM 
02 Pump Station Facility - 250 GPM 
03 Pump Station Facility - 500 GPM 
04 Pump Station Facility - 1 000 GPM 
05 Pump Station Facility - 1 500 GPM 
06 Pump Station Facility - 2000 GPM 
07 Pump Station Facility - 3000 GPM 
08 Pump Station Facility - 4000 GPM 
09 Pump Station Facility - 6000 GPM 
10 Pump Station Facility - 8000 GPM 
1 1  Pump Station Facility - 1 0000 GPM 
12 Pump Station Facility - 1 5000 GPM 
13 Pump Station Facility - 20000 GPM 
14 Pump Station Facility - 25000 GPM 
15  Pump Station Facility - 30000 GPM 
16 Pump Station Facility - 35000 GPM 

Totals 

� � . "• � � �I P1'" � .... � r--"' . ;: ·.� � � P" 

ALTERNATIVE 3 - Expansion from 2020 to 2040 
Smoky Hil l  Regional Water Study - Pump Stations 

USACE Kansas City District - Water Supply System 

Pump Stations 

GPM Contract Amount 
Quantity UOM . CaQaci!Y Total Gallon Ea Amount 

Ea 1 00 I 
1 .08 Ea 250 

Ea 500 
1 1 .48 Ea 1 ,000 
2.45 Ea 1 ,500 

Ea 2,000 
Ea 3,000 
Ea 4,000 
Ea 6,000 
Ea 8,000 . 
Ea 10,000 
Ea 1 5,000 
Ea 20,000 
Ea 25,000 

- $ 1 05.00 . $ i - -- , 
270 ! $ 10 1 .50 . $ 

- $ 
1 1 ,480 $ 
3,680 $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

- l  
98.00 : $ 
94.50 . $ ' 
91 .00 

- - - ·  
$ 

87.50 : $ 
84.00 . $ 
80.50 ; $ 
77.00 
73.50 --- ' 

$ 
$ 

70.0� ;  $ 
66.50 $ I 
63.00 : $ 

. i 59.50 $ 

- $ -
25,400 : $ 27,432 

- $ -
94,500 ' $ 1 ,084,860 

1 36,500 $ 334,880 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ -
$ -

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ ' 
$ 
$ ' 

Ea 30,000 ' $ 56.00 $ $ - ' $ 
Ea 

1 5.01 Ea 

35,000 

1 , 028 

$ 52.50 . $ 

] I 
1 

15,430 $ 93.79 ' $ 

$ - $ 

96,392 $ 1 ,447, 1 72 $ 

�:j 
\/ :". 

Owner Cost Program Amount 
59. 1 0% Ea Amount 

$ - $ ' 
1 5, 1 00 : $ 40,500 $ 40,000 

$ $ 
55,900 : $ 1 50,400 $ 1 ,730,000 
80,700 I $  217,200 $ 530,000 ' 

! $ $ 
$ $ 
$ $ 
$ $ 
$ $ 

- $ $ 
- $ $ 

$ - $ 
, $ $ 
$ $ 
$ $ 

56,805 $ 153, 1 97 $ 2,300,000 
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Line DescriQtion 

01 Water Treatment Plant - 1 MGD (New) 
02 Water Treatment Plant - 5 MGD (New) 
03 Water Treatment Plant - 10 MGD (New) 
04 Water Treatment Plant - 25 MGD (New) 
05 Water Treatment Plant - 50 MGD (New) 
06 Water Treatment Plant - 75 MGD (New) 
07 Water Treatment Plant - 100 MGD (New) 
08 Water Treatment Plant - 1 50 MGD (New) 
09 Water Treatment Plant - 1 MGD (Expansion) 
--

10  Water Treatment Plant - 2.5 MGD (Expansion) 
1 1  Water Treatment Plant - 5 MGD (Expansion) 
1 2  Water Treatment Plant - 10  MGD (Expansion) 
13  Water Treatment Plant - 25 MGD (Expansion) 
14  Water Treatment Plant - 50 MGD (Expansion) 
15  Water Treatment Plant - 75 MGD (Expansion) 
16 Water Treatment Plant - 100 MGD (Expansion) 
17  Water Treatment Plant - 150 MGD (Expansion) 

Totals 

� �- ..,. �· �· P""'· � � 

ALTERNATIVE 3 - Expansion from 2020 to 2040 
Smoky Hill  Regional Water Study - Water Treatment Plants 

USACE Kansas City District - Water Supply System 

Water Treament Plants 

MGD 
Quantity UOM · CaQacity 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

0.85 Ea 
1 .57 Ea 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

2.43 Ea 

1 .0 
5.0 
1 0.0 
25.0 
50.0 
75.0 
100.0 
1 50.0 
1 .0 
2.5 
5.0 
10.0 
25.0 
50.0 
75.0 
100.0 
150.0 

2 

- -

Contract Amount 
Total , Gallon 1 Ea 

: $ 2. 17 • $ - $ -- - j 
$ 2.00 . $ - $ - + 
$ 1 .82 ; $ - $ 
$ 1 .64 i $ $ 

: $ 
- -!  

1 .� I $ - • $ 
$ 1 .29 $ - $ - - 1 

$ 1 . 1 1  ' $ $ 
I - - . ... 
i $ 0.94 ; $ $ 

0.85 $ 2.70 : $ 2,695,000 ' $ 
' 

3.93 $ 2.49 . $ 6,221 ,900 $ 
$ 2.28 I $  $ 
$ 2.08

; 
$ $ 

1 $ 
-- j 

1 .87 $ $ 
$ 1 .66 $ $ 

1 $ 
1 

1 .4� ; $ $ 
$ 1 .25 $ $ 
$ 1 .05 $ $ 

5 $ 2.53 $ 4,979,993 $ 

Amount 
- •, $ 

I 
$ 
$ 
$ 

' $ 
- ; $ 
- $ 
- ' $  

2,302,087 $ 
9,778,7 19 $ 

- $ 
- $ 

: $ 
- $ 

$ 
$ 
$ 

1 2,080,806 $ 

� r""' . ";<.,.,,., � � � 
::'-r:_� ·. 

Owner Cost Program Amount 
59.1 0% Ea Amount 

$ - $ 
- $ , $  

$ $ 
$ $ 
$ $ 

' $  $ 
$ $ 
$ $ 

1 ,592,800 $ 4,287,800 $ 3,660,000 
3,677,200 $ 9,899, 100 $ 1 5,560,000 

- $ $ 
- i $ $ I 
- : $ $ 
- $ $ 

$ $ 
$ $ 
$ $ 

2,942,944 $ 7,922,937 $ 19,220,000 
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Daily 
MGD 

1 

2.5 
3.88 
4.41 

5 

1 0  
1 5.63 

25 

50 

75 

1 00 

1 50 

24 

Operation Mai ntenance Esti mated Cost 

KANOPOLIS LAKE Wholesale Wate r Supply - O&M Est. Alt3 - 2040 
U SAGE Kansas City District - Water Supply system 

Smoky Hi l l  - Saline Basin ,  Kansas 

SMOKY HILL SALINE - ANNUAL O&M COST ESTIMATION - ALTERNATIVE 3 

Rate per MGD Annual Operation & Maintenance H istorical Projected 
Supply & Supply & $/1 000 $/1 000 
Treatment Distribution Treatment Distribution Total O&M gals. gals. 

$426,544 $1 84, 1 94 $ 426,544 $ 1 84, 1 94 $61 0,738 1 .6733 
$ - $ - $ - $ - $ -

$335,679 $1 88,872 $ 839, 1 98 $ 472, 1 80 $1 ,31 1 ,378 1 .4371 
$ 294,71 6 $ 1 70,487 $ 1 ,  1 43,497 $ 661 ,488 $ 1 ,804,985 

·-

$ 278,983 $ 1 63,425 $ 1 ,230,31 6 $ 720,706 $ 1 ,951 ,022 
$261 ,470 $1 55,565 $ 1 ,307,350 $ 777,825 $2,085, 1 75 1 . 1 426 

$ - $ - $ - $ - $ -

$249,2 1 7  $1 02,434 $ 2,492 , 1 70 $ 1 ,024,340 $3,51 6 ,51 0 0.9634 
$ 24 1 ,951 $ 1 03,258 $ 3,668,361 $ 1 ,635,370 $ 5,303,731  

$225,036 $1 06,092 $ 5,625,895 $ 2,652,305 $8,278,200 0.9072 

$ - $ - $ - $ - $ -

$1 97,596 $99,950 $ 9,879,800 $ 4,997,500 $1 4,877,300 0.81 52 
$ - $ - $ - $ - $ -

$1 55,237 $1 26,632 $ 1 1 ,642,775 $ 9 ,497,400 $21 , 1 40, 1 75 0.7722 
$ - $ - $ - $ - $ -

$257,608 $1 49,71 4 $ 25,760,800 $ 1 4,971 ,400 $40, 732,200 1 .1 1 60 

$ - $ - $ - $ - $ -

$1 9 1 ,487 . $1 1 3,563 $ 28,723,050 $ 1 7,034,450 $45,757,500 0.8358 

$ - $ - $ - $ - $ -

Total $6,042,1 74 $3,01 7,564 $9,059,738 
'Projected values - See Table 2 - O&M Projection 
'Values estimated by straight line interpolation or extrapolation of tabulated values. 
'Total for Alternative 

Estimated 
$/1 000 
gals. 

0.0000 

1 .2745 
1 .2 1 2 1  

0.0000 

0 .9297 

0.0000 

0.0000 

0.0000 

0 .0000 

0.0000 
$1 .04 
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WATER QUALITY 

INTRODUCTION 

A comprehensive approach to water quality includes components of protection, improvement and 
remediation .  There are regulatory and non-regulatory programs to protect and improve water quality. 
Nonpoint pollutant sources, or those that may come from widespread, unregulated sources, are the most 
prevalent cause of water qual ity impairments statewide.  The state has adopted a voluntary, incentive 
based approach to addressing nonpoint sources of pollution .  Implementation of many of these measures 
is at the local level working in cooperation with landowners. Landowner action is encouraged through 
educational and incentive programs. State programs provide technical and financial assistance, as well 
as monitoring and evaluation. 

Point sources of pollution are those that can be tied to a specific entity, such as a factory, wastewater 
treatment plant, or large feeding operation. Point sources of pollution are subject to regulatory control. 

Water quality protection and improvement is addressed at the watershed level. The watershed approach 
identifies the relationships that exist between surface water and ground water and land uses. Drinking 
water sources and sensitive natural resources such as wetlands are identified and effective ways to 
control nonpoint runoff, as well as point sources, of pollution are considered in this approach. All the 
watersheds in the state have been classified through the Unified Watershed Assessment, an action item 
from the Clean Water Action Plan ( 1 998), which charts the course toward fulfi l ling the Federal Clean 
Water Act. Out of the 92 watersheds in Kansas, 71 are classified as in need of restoration; 9 are 
classified as in need of protection . 

Water qual ity monitoring is conducted to assess the level of pollutants in surface and ground water. The 
state's surface water quality monitoring network is more extensive and long term than that for ground 
water. The water quality monitoring network� for both surface and ground water are used to determine 
priorities for improving , as well as protecting water quality. 

When a specific site is suspected to be contaminated, the State seeks cooperation and participation from 
potentially responsible parties in site investigations and remediation. Responsible parties are held 
accountable for addressing contamination sites. The State undertakes remediation at sites where there 
are no potentially responsible parties if it is determined that a contaminated site poses a threat to human 
health or the environment. If a potentially contaminated site poses an immediate threat to human health 
or the environment, emergency response actions are performed. 

Surface Water Quality 

The protection and improvement of the state's surface water is managed through activities that are, for 
the most part, patterned after guidance in the Federal Clean Water Act. All surface waters are 
determined to be either classified, meaning they are subject to meeting Surface Water Qual ity Standards, 
or unclassified . All classified water bodies have one or more uses that are designated . The designated 
uses of the surface waters are defined within the standards. These designated use categories are: 1 )  
agricultural water supply; 2) aquatic life support; 3) domestic water supply; 4) food procurement; 5) 
ground water recharge; 6) industrial water supply; and 7)  recreation. The Surface Water Quality 
Standards that apply to a specific body of water vary according to the water's designated use(s), with the 
most protective standards applying if there is more than one designated use. The Kansas Surface Water 
Quality Standards (K.A.R. 28-1 6-28b et seq) provide specific water quality goals for surface waters in the 
State. The Kansas Surface Water Quality Standards allow site-specific criteria to be developed if the 
Kansas Department of Health and Environment finds that the statewide criteria are underprotective or 
overprotective for a given surface water segment (K.A.R. 28-1 6-28e(a)). The site-specific criteria must be 
based on sound scientific data, and must be adopted into regulation prior to their use . 

If a designated use for a specific water body is contested , such as if a river designated for secondary 
(non-contact) recreation might support primary (contact) recreation, then a Use Attainability Analysis 
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could be conducted . Contesting a water's designated use could occur at the federal (Environmental 
Protection Agency), state, or local levels. A standard protocol has been developed for conducting the 
Use Attainabil ity Analysis. A single Use Attainability Analysis may cost several thousand dollars to 
conduct. 

Surface water qual ity monitoring is conducted to assess the level of pollutants in the water. If monitoring 
indicates that a river segment or other water body is consistently violating water quality standards, the 
water is deemed water qual ity impaired . Water bodies not meeting water quality standards for their 
designated use(s) are identified on the 303(d) list. Section 303(d) of the Clean Water Act requires states 
to identify those waters that fail to meet surface water qual ity standards and submit a list of such waters 
to the U .S .  Environmental Protection Agency every two years. Information from the Kansas Department of 
Health and Environment water quality monitoring programs is used in this identification. Among these 
programs are the stream monitoring network, the stream biological monitoring network, the lake and 
wetland monitoring network and the fish tissue contaminants monitoring network. The 303(d} list is used 
to identify those waters targeted for the development of total maximum daily loads (TMDLs). 

The TMDL sets the maximum amount of pollutant that a specific water body can receive without violating 
the surface water quality standards. The TMDLs provide a tool to target and reduce point and nonpoint 
pollution sources. Kansas is currently establishing TMDLs for all impaired river segments and lakes 
within a major river basin ,  with every basin having the TMDLs established by the year 2003. 

Since resources for implementation of actions to achieve TMDLs are finite, a priority is established for 
each. The specific TMDLs are slated as high, medium, or low priority. For the first five years, TMDLs 
with high priority will have state programs and resources directed at corrective action to bring about 
improvement in water quality. Implementation of TMDLs with medium priority will be deferred until the 
sixth year, after a review and re-evaluation of implementing those TMDLs. Low priority TMDLs will 
continue to have data collected on those impaired streams and lakes and will have their status re
evaluated as part of the process of develo�ing the 303(d} list in 2006. Should they continue to be 
impaired; the low and medium priority TMDLs will be reviewed a nd upgraded, if necessary, a s  medium or 
high priority for implementation. There is the possibil ity that certain low priority TMDLs will be removed 
from the next 303(d) list. 

A component of addressing TMDLs is to quantify the cost of implementing best management practices 
and technical assistance to address the impairments. The State Conservation Commission prepares a 
"needs inventory" to estimate costs associated with reducing nonpoint source pollution contributions in 
TMDL watersheds designated as high priority. The needs inventory process attempts to quantify costs 
for all identified practice needs that are applicable to the designated TMDL impairments within a 
watershed. The process does not determine how many of these practices will need to be implemented to 
achieve the TMDL objectives. 

Tbe Kansas Water Plan identifies programs for implementation in the high priority TMDL areas. There 
are regulatory means to address and control point source pollution . Implementation for reducing nonpoint 
source pol lution is based on voluntary local and landowner action encouraged through educational and 
incentive programs. Programs provide technical and financial assistance, monitoring and evaluation. 
Should voluntary local participation significantly lag below expectations over the next five years, or 
monitoring indicate lack of progress in improving water qual ity conditions from those seen over 1 987-
1 999, the state may employ more stringent regulatory actions on nonpoint source contributors in the 
watershed in order to meet the water quality endpoint of the TMDL. The state has the authority to impose 
conditions on activities with a significant potential to pollute the waters of the state under K.S .A. 65- 1 7 1 d .  

Ground Water Quality 

The evaluation and protection of ground water quality in Kansas is generally based on the ability of the 
water to be used for human consumption by meeting the Federal 1 974 Safe Drinking Water Act and later 
amendments. The Kansas Ground Water Monitoring Program was managed and operated by the Kansas 
Department of Health and Environment from 1 990 through 200 1 .  However, the ground water quality 
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network was discontinued in fiscal year 2002 due to budget cuts. The 1 990-200 1 data includes 1 ,736 
analyses from a maximum of 200 wells used for public water supply, rural/domestic water supply, 
irrigation, l ivestock watering, industrial water supply, ground water monitoring, or a combination of these 
uses that were sampled for inorganic chemistry, pesticides, volatile organic compounds ,  radionuclide and 
radon samples. 

The primary objective of this monitoring program was to provide reliable information on ground water 
quality for use in the identification of any temporal and spatial trends in aquifer chemistry associated with 
( 1 )  alterations in land use patterns, (2) advances in land treatment methods and other resource 
management practices, (3) changes in ground water availability or withdrawal rates, and (4) variations in 
regional climatological conditions. This monitoring network provided a reliable indication of ground water 
quality conditions within each of the state's major aquifers from 1 990-2001 .  Ground water qual ity 
conditions can be evaluated with respect to conformity with applicable state and federal water qual ity 
standards and guidelines and changes from background concentrations. 

Ground water quality is also monitored for specific projects or areas by state and local agencies including 
Kansas Department of Health and Environment, Kansas Geological Survey; Kansas Corporation 
Commission; Kansas Department of Agriculture and Groundwater Management Districts. The Kansas 
Department of Health and Environment and Kansas Corporation Commission monitor point sources of 
potential ground water contamination and remediation sites. Kansas Department of Agriculture monitors 
for agricultural chemical application problems through chemigation systems. Kansas Geological Survey 
samples ground water as part of specific stud ies of hydrologic systems, contamination transport or other 
issues. The Groundwater Management Districts sample ground water to meet their own goals. The most 
extensive monitoring network is maintained by Southwest Kansas Groundwater Management District No. 
3 ,  Garden City. Sampling began in 1 988, to determine background concentrations and monitor for trends 
in ground water quality. Over 500 wells, in parts of 1 3  counties, are now in that network to be sampled 
periodically. 

One source of degradation of Kansas ground water is through ground and surface water interaction. 
Recharge of ground water occurs through overall leaching through soils or from surface water bodies 
such as lakes and streams. When ground water levels are below stream or lake bottoms, surface water 
migrates to the ground water, often carrying minerals or contaminants with it. So surface water qual ity 
also affects ground water quality. It should also be noted that other stresses on the hydrologic system, 
such as ground water declines may affect ground water quality as poorer quality water from other aquifers 
moves into those being used or minerals are concentrated as the total volume of water is reduced . 

STATUTORY FRAMEWORK 

The Federal Clean Water Act is the foundation upon which much of the water quality protection effort in 
Kansas is based . Initially enacted in 1 948 as the Federal Water Pollution Control Act, the Clean Water 
Act was significantly expanded and strengthened in 1 972 and reauthorized in 1 987. The 1 972 legislation 
focused upon "point" (specific) sources of pollution, while the 1 987 reauthorization added a focus on "non
point" (d iffuse) sources. Two fundamental goals of the Clean Water Act are to: 1 )  eliminate the discharge 
of pollutants into the nation's waters, and 2) achieve water quality levels that are fishable and swimmable. 

• The Water Resources Planning Act (K.S.A. 82a-901 et seq.) provides the statutory basis for 
addressing water quality issues in the Kansas Water Plan. Long-range goals for management, 
conservation and development of the waters of the state include: Protection and improvement of the 
quality of the water supplies of the state and prevention of the pollution of the water supplies of the 
state (K.S.A. 82a-927(c)(f)). Statutory policies for achieving these goals include: the achievement of 
the primary drinking water standards (K.S.A. 82a-927(h)); maintenance of the surface waters of the 
state within the water quality standards, protection of the quality of the ground waters of the state 
(K.S.A. 82a-928(h)U)(k)). 

• The Water Resources Planning Act also contains considerations in the development of the Kansas 
Water Plan, which includes the public health, and welfare of the people of the state , safeguards to 
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public health, aquatic and animal l ife and the interrelationship of ground water and surface water 
supplies (K.S.A. 82a-907(c)(e)(g)). 

• The Kansas Surface Water Quality Standards (KAR. 28-1 6-28b et seq. ) provide specific water 
quality goals for surface waters in the state. Specific goals apply depending on the type of use for 
which the stream reach or lake has been designated. Kansas has established Surface Water Quality 
Standards as authorized by the Clean Water Act. A water quality standard consists of: 1 )  the 
designated beneficial use or uses of a waterbody or segment thereof, 2) the water quality criteria 
necessary to protect the use or uses of that particular waterbody, and 3) an anti-degradation policy. 
See www.kdhe.state.ks.us/bef/public docs/implementation 2002 wqsfinal.pdf for more information 
on designated uses. 

• The Kansas Department of Health and Environment has statutory authority to regulate and remediate 
pollutant sources and pollution under K.S.A. 65-1 64 to 65-1 7 1 x. This includes industria l ,  municipal 
and agricultural National Pollutant Discharge Elimination System (NPDES) permits and the federal 
stormwater regulations. 

• K.S.A. 65- 1 87 gives the secretary of health and environment authority to adopt rules and regulations 
designating and establishing "sanitation zones" for the purposes described in K.SA 65-1 84 (regulate 
and control development of areas around certain water impoundments to prevent pollution, assure 
sound and economical development and maintain healthy and sanitary conditions). K.SA 65- 1 85 
defines these zones as being within three miles of the waterline of the conservation pool of reservoirs 
with conservation pool surface areas of more than 1 00 acres. 

• KAR. 28 sets out specific rules that relate to sanitation under the authority of K.SA 65- 1 87 .  KAR. 
28-5 provides for minimum domestic sewage treatment and disposal. KAR. 28-10  defines the 
specific sanitary zones around reservoirs and sets minimum standards and requirements. K.A.R. 28-
30 sets water well construction and water\vell plugging minimum requirements. 

• Fundamental programmatic tools to addresses nonpoint source pollution sources are contained in the 
federal Clean Water Act - Sections 1 0 1  (a)(7) and 3 1 9. 

• The Kansas Department of Health and Environment has authority to establish Critical Water Quality 
Management Areas (KAR. 28-1 6-70) under the authority of K.S .A. 65-1 7 1 a  and 1 7 1 d ,  and K.S.A. 
65-3301 et seq. 

• The Kansas Corporation Commission has authority to regulate and remediate oil and gas activities 
that may have impact on water quality (K.SA Chapter 55). 

• K.S.A. 75-5657 established the Environmental Protection Grant Program. 

• Kansas Department of Agriculture has authority to regulate and enforce the labeling and use of 
pesticides in Kansas (K.S .A. 2-Articles 2 1  and 24). Pesticide labeling includes water qual ity protection 
considerations. 

• Kansas Department of Agriculture under K.SA2-24 72 has authority to develop pesticide 
management areas for a pesticide that poses a serious threat to health , safety and welfare or the 
natural resources of the state. 

• Kansas Department of Agriculture has authority to regulate the application of agricultural chemicals 
through irrigation systems (chemigation) (K.S.A.2-Article 33), including requiring anti-pollution devices 
(K.S.A. 2-3305) to prevent chemicals entering the water source. 
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KANSAS WA TER PLAN OBJECTIVES AND RESOURCE CONDITIONS 

The Kansas Water Plan 201 0  Objectives provide a means to quantify the condition of water resources in 
the state through the assessment of each objective. The assessments wil l  provide valuable information 
to planners and program managers to target funding and efforts to meet the 201 0  Objectives. Each 
completed assessment will be summarized in assessment notebooks for the state and by basin, and 
published on the Internet at www.kwo.org/Reports/201 0%20Assessments/201 0  assessments.htm. 

• By 20 10 ,  reduce the average concentration of bacteria, biochemical oxygen demand, dissolved 
solids, metals, nutrients, pesticides and sediment that adversely affect the water qual ity of Kansas 
lakes and streams. 

Assessment of surface water quality has been completed. The Kansas Water Office contracted with the 
Department of Statistics at Kansas State University to conduct the surface water quality assessment. 
Water quality data was provided by the Kansas Department of Health and Environment for the period 
1 990 through 1 999. Seventeen potential pollutants were identified for analysis. A total of 1 0,292 samples 
per pollutant from 252 stream monitoring sites, statewide, were used. 

Streamflow levels influence pollutant concentrations. Precipitation data from a 50-mile area surrounding 
each monitoring station was used in the data analysis in order to account for some of this variation. A 
computer model was used to predict pollutant concentrations in 1 992, 1 995 and 1 998 at a water 
temperature of 32, 50 and 68 degrees Fahrenheit and for rainfall amounts of 0.0, 1 .0 and 2 .0 inches. 
Table 1 provides a statewide summary of observed pollutant concentrations derived from the assessment 
project described above. 

Tabla 1 ··\ 
"' r . _., Kansas Surface Water Pollutant Summary 

. 1 990 -1 999 Measured Concentration 
Pollutant . Units 1 • Average Standard Deviatlon:l 

Alachlor uq/L 0. 1 8  0.27 
Ammonia mq/L 0. 1 2  0.51 
Atrazine uq/L 1 .05 1 .71 
BOD� mq/L 3.67 2.47 
Ch loride mq/L 1 30.86 31 7.26 
Feccoli4 cfu/1 00ml 2 , 1 64.29 9,000.97 
Flouride mq/L 0.30 0.30 
Iron UQ/L 2 ,307. 1 1  4,375.25 
Lead UQ/L 8 .22 34. 1 6  
Manqanese UQ/L 259.21 51 3.09 
Nitrate mq/L 0.96 1 .4 1  
Phosphorous mq/L 0.32 0.52 
Selenium UQ/L 6.40 1 1 .74 
Sulfate mq/L 1 68. 1 8  284.68 
TDS5 mq/L 675.38 785.83 
TSS0 mq/L 1 28 .36 332 . 1 4  
Zinc uq/L 80.45 397.88 
1 ug/L is micrograms per liter. Equals one part per bill ion or 2 lumps of sugar in an Olympic-size swimming pool .  

Mg/L is mil l igrams per liter. Equals one part per million or a pitcher of tea in an Olympic-size swimming pool. 
2 The standard deviation is a measure of variation in individual values around the average. A high value relative 

3 
to the average indicates greater variation than a lower value. 
Biochemical oxygen demand 

4 Fecal coliform bacteria. Unit is colony forming units per 1 00 mill iliters. 
5 Total dissolved solids 
6 Total suspended solids 
Calculated by Kansas State U niversity from water quality data provided by the Kansas Department of Health and 
Environment 
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In evaluating the effect 25 years of Clean Water Act enforcement has had on Kansas water quality, the 
Kansas Department of Health and Environment concluded that the levels of two major pollutants, fecal 
coliform bacteria and ammonia, are both generally about one-tenth of their 1 976 levels. 

The Kansas Department of Health and Environment also prepares two water quality reports required by 
the Clean Water Act. The 2000 Kansas Water Qual ity Assessment, also know as the 305(b) Report is the 
biennial assessment of the state's surface water quality as required by the Clean Water Act. The Kansas 
Department of Health and Environment assessed the water quality for the period 1 998-1 999, of 1 8,236 
miles of monitored streams. A total of 1 88,508 lake acres were assessed. The contributors to 
impairment for streams are fecal coliform bacteria, organic enrichment, sulfates, chlorides and metals. 
The major cause for lake impairments were sediments, turbidity, nutrients/eutrophication; and taste and 
odor problems. 

1 998 Kansas Water Qual ity Limited Segments is published to fulfill a requirement of Section 303(d) of the 
Clean Water Act, to prepare a list of water quality limited surface waters and develop a priority ranking for 
the determination of total maximum daily loads (TMDLs). Kansas has an extensive water quality network 
consisting of 291 ambient stream chemistry monitoring sites, 78 biological stations, 38 fish tissue 
collection sites, and 1 4 1  lake and wetland monitoring sites. The Kansas surface water register 
designates beneficial uses for 3 1 ,243 stream miles, 1 8 1 , 337 acres of publicly owned lakes, and 35,607 
acres of publicly owned wetlands. The 1 998 list, approved by the Environmental Protection Agency l ists 
over 770 water quality l imited stream segments and 1 30 lakes needing establishment of TMDLs. An 
updated list was submitted to the Environmental Protection Agency October 1 ,  2002. Both lists are being 
used in FY 2003 to determine TMDLs in the last three basins to have them developed. 

• By 2010 ,  reduce the average concentration of dissolved solids, metals, nitrates, pesticides and 
volatile organic chemicals that adversely affect the water quality of Kansas ground water. 

Assessment of ground water quality in Kansas is nearing completion. The initia l  data set used for analysis 
was from the Kansas Ground Water Qual ity Monitoring Network maintained by the Kansas Department of 
Health and Environment. This provided ambient ground water quality data covering the entire state. 

Kansas Ground Water Quality Monitoring Network wells are sampled on a 2-year rotation resulting in a 
maximum of five data sets per monitoring site during the 1 990-2000 assessment periods .  

Statewide summary descriptive statistics by pollutant are shown in Table 2 .  
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Table 2 
Kansas Ground Water Quality Summarv 1 990-2000 

Concentration (mall) Percent 
Pollutant1 Samples2 Average Maximum Standard lTYDe)3 Exceedence4 

Dissolved Solids 
Chloride 1 , 201  67 782 250

-
(SMCL) 6 

Sulfate 1 ,201 1 67 2 ,990 250(SMCU 1 8  
TDS 1 ,  1 66 620 5,4 1 7  500(SMCL) 43 

Metals 
Arsenic 1 ,  1 7 1 0.0 1 3  0.042 0.05 (MCL) 0 
Iron 1 , 1 99 0.77 1 9. 1 8  0.30(SMCL) 37 
Lead 1 ,031 0.01 1 0.25 0.0 1 5  (Action Level) NA 
Manganese 1 ,  1 99 0 . 15  3.37 0.05 (MCL) 6 
Selenium 1 ,031 0.01 0. 1 2  0.05 (MCL) 4 

Nutrients 
Ammonia 1 , 1 99 0. 1 7  6.55 none NA 
Nitrate 1 , 1 43 4 .48 65.60 1 0 .0 {MCL) 8.5 

l Pesticides (atrazine, alachlor ad metolochlor) not included because standards varied and 

2 
concentrations recorded only if standard was exceeded. 
Total number of samples from 274 monitoring wells. 

3 MCL (maximum contaminant level); SMCL (secondary maximum contaminant level). 
4 Percent of wells exceeding standard. Not shown where data is inconsistent or standard changed 

d uring assessment period. 
Compiled by Kansas Water Office from data provided by Kansas Department of Health and 
Environment . 

Drinking water suitability and safety are the standards Kansas uses to evaluate ground water qual ity. 
Maximum contaminant levels are mandatory drinking water standards set by the U .S .  Environmental 
Protection Agency and by Kansas for health reasons. Secondary maximum contaminant levels are 
recommendations only, primarily based upon drinking water taste, odor or other factors. 

Overall , Kansas ground water is of good quality, suitable for d rinking. The maximum contaminant levels 
were met in 90 percent of the samples (89.5 percent of wells) from the monitoring network. The 
secondary maximum contaminant levels were met in 44.4 percent of the samples (42 percent of wells). A 
relevant standard was exceeded in 64.6 percent of the wells at least once during the 1 990-2000 
assessment period. 

An important source of degradation of Kansas ground water is through ground and surface water 
interaction. Recharge of ground water occurs through percolation through soils and bedrock and from 
lakes and streams. When ground water levels (water table) are beneath stream or lake bottoms, surface 
water migrates to the ground water, often carrying minerals or pollutants with it. Since 1 .  7 mill ion Kansans 
use ground water or a combination of ground and surface water for their drinking water supply, ground 
water qual ity is of immediate concern for a large portion of the state's population. 

High nitrate (nitrate as nitrogen) concentrations accounted for about 76 percent of the analyses that 
exceeded federal drinking water maximum contaminant levels during 1 997 and 1 999 for the ground water 
monitoring network. Maximum contaminant levels violations by public water supplies using ground water 
as all or part of its source water were most often due to high levels of bacteria or nitrate. The majority of 
excessive nitrate levels were obtained from wells less than 1 00 feet deep or located in areas of sandy soil 
and high water tables. Other ground water contamination concerns included the presence of volatile 
organic compounds, heavy metals, petroleum products and/or bacteria .  
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• By 2010,  ensure that water quality conditions are maintained at a level equal to or better than year 
2000 conditions. 

This Objective has not been assessed. It is anticipated that the Kansas Department of Health and 
Environment Ambient Water Qual ity Database and Ground Water Quality Monitoring Network will be used 
in the assessment. 

APPLICABLE PROGRAMS 

The State and Federal Water Related Programs Manual contains a comprehensive listing of programs 
and activities that can be used to address a wide variety of water related concerns. This reference is 
available on the Kansas Water Office web site, www.kwo.org/Reports/Publications/red book.htm or by 
contacting the Kansas Water Office. 

Following are key agency programs for which specific Kansas Water Plan priorities and guidance have 
been identified for FY 2005 to facilitate achievement of the 201 0  objectives stated in the previous section. 

Kansas Department of Health and Environment Water Quality Monitoring and Assessment (Formerly 
TMDL Program and Use Attainability Analysis): This program is responsible for identifying and 
determining the nature and extent of water qual ity conditions in Kansas, developing and recommending 
appropriate corrective action, and evaluating the effectiveness of these actions. Activities of the program 
include operating a monitoring network , compilation of data, the analysis interpretation of that data, use 
attainability analyses, and development of TMDLs for surface waters that do not meet water qual ity 
standards. 

• Current Activities - By June, 2003, TMDLs will have been set in all basins. Beginning in FY 2004 the 
medium and low priority TMDLs in the Kansas Lower Republican basin will be reviewed. The Kansas 
Department of Health and Environment is updating the register of classified streams annually. The 
listing of streams for recreational use attainabil ity analyses was completed October 2001 . The listing 
of streams for other use attainability analyses was completed October 2002. Median flows for 
classification will be evaluated by December 2002. Other flow scenarios for classification will be 
evaluated by December 2005. Recreational use attainability analyses will be conducted in priority 
order over the next 5 years. The listing of designated recreational use status is available on the 
Department's web site: www.kdhe.state.ks.us/pdf/befs/1 02001 designated rec-use.pdf. 

• FY 2005 Priorities -
o Conduct follow-up monitoring and analyses where TMDLs are established (All basins). 
o Evaluate and revise existing high and medium priority TMDLs (Cimarron, Lower Arkansas, Upper 

Arkansas). 
o Develop TMDLs for priority 1 and 2 impaired waters identified in the October 2002 303(d) list that 

were not previously developed (All basins except Smoky Hill-Saline, Solomon and Upper 
Republican). 

o Conduct use attainabil ity analysis for all water bodies that are designated for recreational use. 
Review these with the Basin Advisory Committees (All basins). 

Kansas Department of Health and Environment Environmental Remediation Program: The Bureau of 
Environmental Remediation is responsible for environmental emergencies and investigation and long
term cleanup of contaminated areas. The Bureau investigates suspected contamination sites to 
determine if contamination exists; evaluates the potential threat to public health and the environment from 
contaminated sites; and maintains the contaminated site list used to establish priorities for cleanup. The 
Bureau responds to petroleum and chemical spills and is responsible for coordination of cleanup at spill 
sites; provides oversight of cleanup by private parties at contaminated sites; administration of the Federal 
Superfund Program in Kansas; and administration of the Storage Tank Program for above and 
underground tanks. 
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• Current Activities - Currently there are approximately 67 sites being investigated or remediated by 
Kansas Department of Health and Environment in the State's 1 2  river basins. There is continuing 
long-term monitoring of existing orphan sites and any new sites recommended for monitoring . 

• FY 2005 Priorities -
o Investigate priority sites; cost recovery from responsible parties when identified (All basins). 
o Take corrective action at priority orphan sites (All basins). 
o Conduct long term monitoring at priority orphan sites (All basins). 
o Conduct emergency response as necessary, cost recovery from responsible parties when 

identified (All basins). 

Kansas Department of Health and Environment Watershed Management (Formerly Nonpoint Source 
Pollution Technical Assistance Program): The mission of the Watershed Management Program is to 
achieve widespread use of nonpoint source pollution control measures. This will result in reduction of 
pollution caused by nonpoint sources. Principal funding is provided via federal Section 31 9-nonpoint 
source pollution control grants and the Kansas Water Plan funds. Funds support: 1 )  Kansas Department 
of Health and Environment staff and operations; 2) demonstration projects; 3) special investigations; 4) 
grants to local governments to develop and implement local environmental protection plans; 5) technical 
assistance; 6) technology transfer; and 7) information and education. Technical assistance is provided to 
public and private sector organizations in identifying nonpoint source caused water pollution problems 
and preparation of a corrective action plan. Nonpoint source pollution control plans prepared by county 
conservation districts and others are reviewed to assure consistency with Kansas nonpoint source 
pollution control principles and practices. The program also directs the Source Water Assessment 
Program required by the Federal Safe Drinking Water Act. 

• Current Activities - Continue to support watershed specialists. Developing Watershed Restoration 
and Protection Strategies (WRAPS) in areas where interest exists. Program provided a grant to 
Kansas Alliance for Wetlands and Streams (KAWS) to promote development of local chapters. Local 
projects are being conducted statewide in ·a variety of watersheds. 

• FY 2005 Priorities -
o Focus demonstrations and grants in TMDL high priority watersheds to address the identified 

impairments (All basins). 
o Provide techn ical assistance to public water suppliers to develop source water protection plans 

(All basins). 
o Provide demonstration projects and grants for source water protection projects (All basins). 

Kansas Department of Health and Environment Environmental Protection Grant Program: This program 
allows local entities to receive a grant for development of an environmental protection plan to implement 
the environmental protection strategy of the Kansas Water Plan. An environmental protection plan covers 
the sanitary code, subdivision water and wastewater plan, solid waste management plan, hazardous 
waste management plan , public water supply protection plan and nonpoint source pollution control plan. 

• Current Activities - Base grants are made to 98 counties in FY 2003. One hundred and one counties 
have adopted and are enforcing sanitary codes. 

• FY 2005 Priorities -
o Continue statutory charges to develop and implement sanitary codes, subdivision water and 

wastewater plans, public water supply protection plans, solid and hazardous water management 
plans, and nonpoint sources pollution control plans (All basins). 

o In TMDL high priority watersheds, work with local units to address the identified impairments. (All 
basins except Cimarron). 

o In watersheds or wellhead areas for public water supply sources, work with public water suppliers 
to develop source water protection plans (All basins). 

Kansas Department of Health and Environment Water Pollution Control Program:  Protects health and the 
environment through control of sources of water pollution. This includes permitting of wastewater 
treatment and facilities and storm water systems. 
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• FY 2005 Priorities -
o Provide technical, financial and managerial assistance to municipal governments and sanitary 

d istricts to allow these entities to meet Federal Environmental Protection Agency requirements to 
manage storm sewer overflow (Lower Arkansas and Walnut). 

o Set appropriate permit limits to help achieve water quality compliance with total maximum daily 
loads for chlorides on impaired segments listed for the Arkansas River, Cow Creek, Turkey Creek 
and Little Arkansas River (Lower Arkansas). 

Kansas Corporation Commission Conservation Division: The Abandoned Oil and Gas Well/Site 
Remediation Fund, created during the 1 996 legislative session, provided for the plugging of abandoned 
wells and the remediation of contamination sites related to oil and gas activities thorough July 1 ,  2002. 
Senate Bill 32 1 ,  passed during the 2001 legislative session, extends this fund for seven more years to 
July 1 ,  2009. The Kansas Corporation Commission utilizes this funding for the plugging of the State's 
orphaned oil and gas wells and the remediation of contamination sites. Since FY 1 997 approximately 
3,400 abandoned wells have been plugged with about 8,639 wells on the inventory for plugging at the 
end of FY 2002. There is a site priority ranking system that allows the program to focus resources on 
contamination sites that pose the greatest risk to human health and the environment. At the close of 
2002, 97 contamination sites have been awarded and are currently in remediation or monitoring. The Soil 
Stabilization Program assists in stabilizing soil with high salinity and reducing siltation, which may affect 
water quality. 

• Current Activities - Focus remains on plugging priority one wells. Almost all of the priority 1 wells 
have been plugged. Remediation has taken place at a third of the original 1 00 sites identified. Soil 
remediation assistance to operators and landowners to amend salt scars is being addressed through 
workshops and an interactive website that calculates the appropriate amount of soil amendments. 

• FY 2005 Priorities -
o Target plugging to priority 1 wells (All basins). 
o Remediate priority contamination sites identified (All basins). 
o Monitor Cedar Hill salt water disposal wells (Upper Arkansas). 
o Ensure all leases comply with conditions pertaining to brine in high priority TMDLs watersheds 

impaired by chlorides (Lower Arkansas). 
o Investigate sources of brine in high priority TMDL watersheds (Lower Arkansas). 

State Conservation Commission Nonpoint Source Pollution Control Program: Provides state financial 
assistance for nonpoint pollution control projects for the protection or restoration of surface and ground 
water qual ity. The program is administered at the local level by the county conservation districts. 
Counties must have a State Conservation Commission approved local nonpoint source plan for 
landowners in county to be eligible for funds. State Conservation Commission conducts a needs 
inventory in high priority TMDL watersheds to determine practices that are needed to address the 
impairments of fecal col iform, dissolved oxygen, eutrophication and nutrients and pesticides. Based on 
the needs inventory, a proportion of the nonpoint source program allocation is dedicated specifically to 
practices to address those impairments in high priority watersheds. The counties also receive a base 
level of funding that is used to fund other priorities identified in the local nonpoint source management 
plans. 

• Current Activities - A base al location is available in each county to implement the approved local 
nonpoint source management plan. A specific al location for TMDL is available for specific practices 
to address identified impairments in most basins. Counties are encouraged to use their allocation to 
address TMDLs and source water protection issues. In FY 2003, 99 counties received general 
nonpoint source funds and 55 counties received additional funds to target high priority TMDL areas. 

• FY 2005 Priorities -
o Target practices to high priority TMDL watersheds to address the identified impairments (All 

basins). 
o Target practices to public water supply source water protection areas (All basins). 
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State Conservation Commission Water Resources Cost Share Program: Provides state cost-share 
assistance to landowners for the establishment of enduring water conservation practices to protect and 
improve the quality and quantity of Kansas water resources. These practices, which are not generally a 
part of normal farming operations, are in the public interest and contribute to the protection and 
enhancement of water resources. The program is administered at the local level by the 1 05 county 
conservation districts. 

• Current Activities - A base allocation is available in each county to implement locally identified priority 
practices. Counties are encouraged to use their allocation to address TMDLs and source water 
protection issues. A specific allocation for TMDL is available for specific practices to address 
identified impairments in some basins. All counties get base allocation. In FY 2003, 55 counties in 5 
river basins received Water Resources Cost Share assistance for TMDL targeted areas. 

• FY 2005 Priorities -
o Target practices to high priority TMDL watersheds to address the identified impairments (All 

basins, except Cimarron). 
o Target practices to public water supply source water protection areas (All basins). 

State Conservation Commission Buffer Initiative: This initiative compliments the Federal Conservation 
Reserve Program continuous sign-up provisions by offering additional financial incentives to landowners 
installing grass filter strips or riparian forest buffers. Though benefits accrue for other purposes, the 
program is targeted for water quality restoration purposes. The initiative is available only in h igh priority 
TMDL watersheds. 

• Current Activities - In FY 2003, the Butter Initiative Fund is available to 55 counties in the Kansas
Lower Republican, Upper Arkansas, Lower Arkansas, Marais des Cygnes, and Missouri basins. A 
state buffer coordinator position is also funded through a contract with the N RCS. 

• FY 2005 Priorities - Target practices to high priority TMDL watersheds to address the identified 
impairments (All basins except Cimarron).' 

Kansas Department of Wildl ife and Parks Stream Monitoring {Biological Monitoring): This program within 
the Environmental Services Section of Kansas Department of Wildlife and Parks assesses aquatic 
biological resources to develop a biological baseline of data and an Index of Biotic Integrity. The program 
is focused on obtaining baseline aquatic data in basins where the TMDLs have been established. It will 
provide a tool to assess the relative success of addressing surface water quality impairments. The 
program was initiated in the Neosho Basin and the Kansas-Lower Republican Basin. Biological 
monitoring within a basin consists of three years of sampling 40 to 45 sites throughout the basin, of which 
approximately 30 sites remain as long-term monitoring locations. Stream survey crews measure a variety 
of biological and physical parameters. 

• Current Activities - I n  FY 2002, biological monitoring was initiated in the Upper Arkansas and the 
Cimarron basins, targeting high priority TMDL watersheds. FY 2004 will be the third and final year of 
the survey of the Cimarron and Upper Arkansas River basins. 

• FY 2005 Priorities - I nitiate the three-year study in the priority TMDL basins in the Marais des Cygnes 
and Missouri Basins . 

Kansas State University Water Qual ity Program: Kansas State Research and Extension has 
comprehensive statewide research and extension programs in water quality, especially nonpoint source 
pollution prevention in agriculture. Educational program needs and goals are developed at the county 
level by local citizens. Educational programs are delivered by state and area-based specialists and 
county extension agents. The goal of these programs is to minimize the impact of agriculture on water 
quality and protect the environment while maintaining the economic competitiveness and profitability of 
agriculture. Programs and expertise exist i n  areas such as best management practices for pesticides and 
ferti l izers, domestic drinking water, well plugging, grazing land management, conservation tillage, crop 
residue management, cropping systems, urban pollution problems, and soi l ,  crop, and livestock 
management. On-farm demonstrations, field days, publications, newsletter, news releases, and public 
meetings are utilized in the delivery of the educational programs. Research programs are carried out on 
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the main campus and at the Northwest Kansas Research and Extension Center, Colby; the Agricultural 
Research Center, Hays; the Southwest Kansas Research and Extension Center, Garden City; the 
Southeast Agricultural Research Center, Parsons; and several experiment fields around the state . 

• Current Activities - Support watershed specialists, along with a grant from Kansas Department of 
Health and Environment, to provide education to landowners in TMDL priority areas. Since 
November 2000, Kansas State University Research and Extension watershed specialists have 
provided watershed management expertise and developed watershed educational program activities 
throughout Kansas. The special ists are assigned to six watersheds: Upper Blue, Lower Arkansas , 
Lower Kansas, Upper Delaware, Upper Arkansas, and Marais des Cygnes. 

• FY 2005 Priorities -
o Provide educational assistance to landowners to implement practices to address identified 

impairments in high priority TMDL watersheds. (Missouri, Neosho, Smoky Hill-Saline, Solomon, 
Upper Republican, Verdigris, Walnut Basins) 

o Use watershed specialists to provide one-on-one and group awareness of best management 
practices to address identified impairments in high priority TMDL watersheds (Kansas-Lower 
Republican, Lower Arkansas, Upper Arkansas, Marais des Cygnes Basins) 

Kansas Water Office State Water Planning Program:  This program coordinates the development of  the 
Kansas Water Plan. 

• Current Activities - The Kansas Water Office has approached the Kansas Health Institute to identify 
health issues relating to water quality in Kansas. The goal is to enhance the 20 1 0  objectives for 
reducing the average concentration of contaminants that adversely affect water quality by tying these 
goals to water quality related health affects. Provide coordination and public participation in the TMDL 
process. 

• FY 2005 Priorities - Evaluation of water quality and health related affects by Kansas Health Institute 
and other agencies' information that may' be available, will be the basis to consider a revision of the 
201 0  water quality objectives. 

Kansas Department of Wildlife and Parks. Environmental Services: The Environmental Services Section 
is responsible for reviewing publicly funded and state and federally permitted development projects to 
determine impacts to wildlife habitats and public recreation lands. The section also is responsible for 
preparing permits issued by the Kansas Department of Wildlife and Parks for projects impacting 
threatened and endangered species. Projects reviewed may include utility company inquiries, Kansas 
Department of Health and Environment solid and hazardous waste proposals ,  reviewing 404 notices, 
(U.S. Army Corps of Engineers), Water Projects Environmental Coordination Act reviews (Kansas 
Department of Agriculture), National Pollution Distribution Elimination System permits and 401 
certification proposals (Kansas Department of Heath and Environment) and Environmental Protection 
Agency construction grant proposals.  Environmental Services personnel investigate new methods of 
impact modeling, track threatened or endangered species distributions, and review state and federal 
environmental legislation. 

• FY 2005 Priorities - Implement corrective action plans for nutrient control leading to improvement in 
trophic state of lakes with high priority TMDL impairments that are under Kansas Department of 
Wildl ife and Parks jurisd iction (Cimarron and Lower Arkansas) .  

Kansas Department of Agriculture Pesticide and  Fertilizer Program:  Oversees the registration and  use of 
agricultural chemicals in the State. The Program has components that work to control nonpoint source 
pollution and improve water quality. 

• Current Activities - Facilitate the implementation of atrazine risk reduction activities in watersheds 
that affect 29 public water supplies. These water supplies are in the Kansas-Lower Republican,  
Marais des Cygnes, Missouri , Neosho, Smoky Hill-Saline, Solomon and Verdigris Basins. Monitor 
chemigation wells, and test and certify operators and equipment through the Chemigation Program to 
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reduce the potential for groundwater contamination. Regulate pesticide labeling and enforce labeling 
requirements. 

Following are other related state and federal program activities: 

State Conservation Commission Riparian and Wetland Program:  A program developed out of the Kansas 
Water Plan and implemented by the conservation districts to address the conservation and management 
of riparian areas and wetlands. Financial assistance is provided to implement practices such as tree 
plantings, riparian fencing, wetland enhancement and other innovative bio-engineering practices. Over 
40 demonstration projects have been completed. 

Kansas State University Kansas Local Government Water Quality Planning and Management: The 
Kansas State Research and Extension Office of Local Government has a resource publication and guide 
for local governments to develop surface and ground water protection programs that are best suited to 
their communities. This non-technical guide is targeted to the needs of local elected officials, their 
technical advisors, and citizens who are concerned about water quality and interested in making 
recommendations for its protection. 

Kansas Forest Service Forest Stewardship Program: The Forest Stewardship Program emphasizes the 
preparation of detailed comprehensive management p lans that include recommendations for timber 
harvest, stand improvement, water quality, wildlife, soil erosion, recreation and tree planting. Kansas 
Forest Services has opted to focus the Forest Stewardship efforts in riparian forest management and 
windbreak establishment. 

FY 2005 POLICY ISSUES - No issues identified .  

FUTURE ISSUES 

1 .  Explore methods to encourage local efforts such as Hil lsdale and Cheney Watershed projects to 
protect water quality on a watershed basis. 

2 .  Examine issues related to the financial assurance program for oil and gas operators including 
whether any new problems are being created under the current program that will be future state 
responsibilities. 

3 .  Expand the Buffer I nitiative beyond riparian areas, to  provide a higher level of comprehensive 
watershed protection. 

4 .  Provide financial and technical assistance for the development and implementation of source 
water protection plans is to protect and maintain water qual ity for public water suppl ies. 
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PU BLIC WATER SUP PLY 

INTRODUCTION 

Under Kansas law (K.S.A. 65-1 62a) a public water supply system is defined as " . . .  a system for the provision 
to the public of piped water for human consumption, if such system has at least ten ( 1 0) service connections or 
regularly serves an average of at least twenty-five (25) individuals daily at least sixty (60) days out of the year. 
Such term includes any source, treatment, storage or distribution facilities under control of the operator of the 
system and used primarily in connection with the system and any source treatment, storage or d istribution 
facilities not under such control but which are used in connection with such system." Kansas has 
approximately 1 ,  1 00 public water supply systems. Public water supply systems are typically managed by a 
public entity, such as a municipal ity or a rural water district, but may be managed by a private entity as well .  
The governing bodies of public water supply systems bear primary responsibility for providing an adequate 
supply of high qual ity drinking water to the public. 

In eastern Kansas, the primary source of water is surface water: rivers, federal reservoirs, multipurpose small 
lakes and municipal lakes. In western Kansas, the primary source is ground water drawn from wells that reach 
into the water bearing aquifers. While 68 percent of the State's public water systems rely upon ground water 
sources, these systems serve only 29 percent of the population. In 2000, average gallon per capita usage for 
public water suppliers ranged from a high of 306 in western Kansas to a low of 95 in eastern Kansas. Per 
capita averages increased approximately 1 9  percent from 1 999 to 2000 in western Kansas, while in eastern 
Kansas per capita average increased by only two percent over the same period. 

Most Kansas public water suppliers have their own source of raw water. Such sources include wells in alluvial 
or deeper aquifers, streams and rivers, springs or municipal lakes. Several suppliers utilize lakes developed 
through the Kansas Multipurpose Small Lakes Program . Utilization of these sources requires a water right 
from the Kansas Department of Agriculture, Division of Water Resources. The maximum annual authorized 
quantity of water that can be diverted is establish�d by the water right. Other sources of raw water include the 
Kansas Water Marketing Program and d irect purchase of water in federal reservoirs from the federal 
government. Under the Kansas Water Marketing Program, the State of Kansas has purchased water supply 
storage in 12 federal reservoirs. Water from this storage space may be purchased from the state for municipal 
or industrial use. Many public water suppliers also buy finished water at wholesale from another supplier, 
either as a sole source of supply or to supplement their own source(s). 

Kansas' goal is to insure that all federal and state drinking water quality standards are met and capacity 
development goals are achieved by public water suppliers. Regulation of public water supply systems is 
accomplished through the Kansas Department of Health and Environment's Public Water Supply Program. 
The Department administers all requirements of the Federal Safe Drinking Water Act with statutory authority 
identified in K.S.A. 65- 1 7 1 m .  Technical and financial assistance is also provided through a variety of 
government programs administered by state and federal agencies. 

The Kansas Department of Health and Environment Drinking Water Program indicates that in 2000, the overall 
compliance rate with monitoring or Maximum Contaminant Levels for Kansas public water supply systems was 
85 percent. A total of 1 65 systems incurred at least one violation of a drinking water regulation. This means 
that 957 of the 1 ,098 systems operating had no violations in 2000. Ninety-one percent of the Kansas 
population was served by water systems in compliance with federal and state drinking water regulations. Only 
nine percent, or 223,589 people, were affected by water systems that had monitoring or Maximum 
Contaminant Level violations. 

Although Kansas has a good record of compliance with drinking water standards, public water suppliers still 
face many challenges. The state has two financial assistance programs available for public water supply 
projects. The Drinking Water State Revolving Loan Fund , administered by the Kansas Department of Health 
and Environment, has provided $ 1 22 mi llion in low interest loans since 1 998 to public water suppliers to help 
them meet their increasing responsibilities under the Safe Drinking Water Act. In 200 1 ,  the Kansas 
Department of Commerce and Housing provided a total of $4,044,51 5 in Community Development Block 
Grant Program grants to utilities with low and moderate-income customers for water supply projects. 
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The Safe Drinking Water Act as amended in 1 996 makes capacity development an important strategy in 
preventing public water supplier problems. Capacity development involves helping public water suppliers 
improve their finances, management, infrastructure and operations so they can provide safe drinking water 
consistently, reliably and cost-effectively. Capacity has three components: technical , financial and managerial, 
each of which must be adequate for a public water supplier to achieve overall capacity (capability). Technical 
capacity refers to the physical infrastructure of the water system, including source water adequacy, 
infrastructure adequacy (wells and/or water intakes, treatment, storage and distribution), and the ability of 
system personnel to implement requisite technical knowledge. Financial capacity refers to the financial 
resources of the water system including revenue sufficiency, credit worthiness and fiscal controls. Managerial 
capacity considers the management structure of the public water supplier including ownership accountability, 
staffing and organization and effective l inkages. 

Another provision of the 1 996 amendments to the Safe Drinking Water Act requires each state to develop a 
Source Water Assessment Program. Additionally, each state is required to develop a source water 
assessment for each public water supply system that treats and distributes raw source water. An assessment 
includes the delineation of the source water assessment area, an inventory of potential contaminant sources, 
susceptibility analysis, and public information. Source water assessments in Kansas are being done in 
partnership with the affected public water suppliers. Kansas' goal is to complete the state source water 
assessment in 2003. 

Drought can severely challenge a public water supplier through depletion of the raw water supply and greatly 
increased customer water demand . Even if the raw water supply remains adequate, problems d ue to limited 
treatment capacity or limited distribution system capacity may be encountered . The Kansas Water Office has 
developed guidelines for development of municipal water conservation plans that contain a 
droughUemergency contingency component. A key element is identification of triggers for imposing voluntary 
or mandatory water use restrictions. Approximately 80 drought vulnerable public water suppliers have state 
approved water conservation plans. Forty-four public water suppliers are known to have imposed water use 
restrictions at some time in 2002. Water conservation is also an effective mechanism for reducing long-term 
demand by reducing waste and lowering the amount of water used on a per capita basis. The Water 
Conservation Policy Section addresses public water suppliers with excessive unaccounted for water. 

The State encourages the development of regional public water supply systems. Regionalization of public 
water supply service in Kansas usually involves formation of a public wholesale water supply district. 
Wholesale water supply districts are commonly comprised of several member municipalities or rural water 
d istricts that may rely upon the water provided by the wholesale district to supplement their own water supply 
sources or to provide their entire water supply. Wholesale districts provide the advantages of economies of 
scale that commonly are not available to their individual members. Wholesale districts generally use a reliable 
water supply source such as a Kansas Water Marketing Program contract from a federal lake or a 
multipurpose small lake and have a newer water treatment plant that can readily be upgraded to meet more 
stringent Safe Drinking Water Act requirements as they become effective. Regionalization is a key state 
strategy for ensuring that small systems attain and maintain technical ,  financial and managerial capacity. 
Regional ization is further encouraged by Kansas statute. K.S.A. 65- 1 63(g) (2) states that the Secretary of the 
Kansas Department of Health and Environment shall, "in consultation with the Kansas water office, encourage 
regional cooperative public water supply projects in accordance with the public water supply regional ization 
strategy of the state water plan; . . .  " In addition, the development of regional systems provides a mechanism 
for the efficient distribution of raw and finished water supplies for municipal use from existing state-owned 
storage in federal lakes, multipurpose small lakes or other supply sources. Priority for state funding should 
encourage water supply planning and construction projects that are cost-effective. 

Twenty-three public wholesale water supply districts have been organized in Kansas, to date. Not all of these 
districts are actively delivering water. Several have been organized recently and have not yet had the time to 
develop the infrastructure to deliver water. Others were formally organized but never became operational. 
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STATUTORY FRAMEWORK 

• Long-range goals of the State related to public water supply are "the development, to meet the anticipated 
future needs of the people of the state, of sufficient supplies of water for beneficial purposes" (K.S .A. 82a-
927(a)) and"the efficient, economic distribution of the water supplies of the state (K.S.A. 82a-927(g))." 

• The development of adequate water storage to meet, as nearly as practicable, present and anticipated 
water uses through planning and construction of multipurpose reservoirs and through the acquisition from 
the federal government of storage in federal reservoirs and by agreements with the federal government 
regarding the use of storage (K.S.A. 82a-928(f)). 

• The design of municipal water systems to provide an adequate water supply to meet the needs during a 
drought having a two percent chance of occurrence (K.S .A. 82a-928(q)). 

• The achievement of the primary drinking water standards promulgated by the Secretary of Health and 
Environment pursuant to K.S.A. 65-1 7 1 m, and amendments thereto (K.S.A. 82a-928(h )). 

• The provision of financial and technical assistance to public corporations concerned with management, 
conservation and development of water resources (K.S .A. 82a-928(m)). 

• The encouragement of local initiative in the planning, implementation, funding and operation of local water 
programs to the extent that the same are supportive of state water programs ( K.S.A. 82a-928(p)). 

• The Kansas Department of Health and Environment has authority under Kansas law (K.S.A. 65-1 63) to 
regulate public water supply systems through permitting, investigations, and regulations. 

KANSAS WATER PLAN OBJECTIVES AND RESOURCE CONDITIONS 

The Kansas Water Plan 201 0  Objectives provide a means to quantify the condition of water resources in the 
state through the assessment of each objective. The assessments will provide valuable information to 
planners and program managers to target funding and efforts to meet the 201 0  objectives. Each of these 
201 0  Objectives has been assessed to provide baseline information to aid in targeting programs to areas of 
greatest need and to evaluate future progress in achieving the objective. Fol lowing is a summary of the 
assessments conducted. Refer to the publication Kansas Water Resource Conditions 2002 for a more 
complete description of these assessments. 

Note: The exact number of public water suppliers included in the assessment of each objective may vary from 
objective to objective or from year-to-year within a given objective assessment due to factors such as 
availability of information, consolidation of suppliers, and formation of new suppliers. 

• By 201 0, ensure that sufficient surface water storage is available to meet projected year 2040 public water 
supply needs for areas of Kansas with current or potential access to surface water storage. 

Assessment of the 201 0  Objective concerning sufficiency of surface water storage to meet long-term needs 
was broadly interpreted to include all water sources, statewide. The general procedure used in assessing 
long-term water supply sufficiency was to compare each public water supplier's available supply from all 
sources in the years 1 992, 1 995 and 1 998 with the supplier's projected 2040 demand and its contractual 
obligations. The total number of public water suppliers in a river basin that did not have sufficient water 
supplies to meet their 2040 projected water demand and their contractual obligations was the data parameter 
used in this assessment. Public water suppliers are considered to have sufficient water supplies if the total 
amount of water available to them from their own supplies and/or purchase from other public water suppliers 
equals or exceeds their year 2040 projected water demand and their contractual obligations. Known 
impairments due to water quality or other reasons were noted. Table 1 summarizes the 1 998 long-term water 
supply situation, by river basin in Kansas. It must be emphasized that this assessment looked at the adequacy 
of present supplies to meet future demands, not to meet present demands! 
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Table 1 
Kansas Public Water'Sunoliers 1 998 Lona-Term Suoolies Summary 

Suppliers With 2040 Population Water Needed and 
Deficit1 Affected 2 Available fMGYl 3 

% of % of 2040 Surplus or 
Basin Number Total Total Total Demand Deficit 
Cimarron 7 30 1 9 ,558 29 5 ,303 788 
Kansas-Lower Republican 75 42 1 ,076,830 70 74,853 -6,421 
Lower Arkansas 26 22 81 ,032 1 0  45,7 1 6  1 4,523 
Marais des Cygnes 2 1  29 82,237 46 6 , 1 93 1 ,378 
Missouri 2 6 58,724 40 1 3,593 1 2,747 
Neosho 34 31  64, 1 86 33 9 ,795 3,643 
Smoky Hil l-Saline 1 5  1 7  28, 1 1 9 1 6  7 ,427 5 ,288 
Solomon 5 1 1  2,321 7 1 ,642 1 ,555 
Upper Arkansas 7 1 6  42,938 27 9 ,303 1 ,339 
Upper Republican 1 6 1 26 1 2 ,022 1 ,023 
Verdigris 1 1  1 6  7,289 1 0  3 ,2 1 9  3 , 1 98 
Walnut 1 3  37 32 , 1 43 22 6 ,565 845 

Kansas 2 1 7  26 1 ,495,503 42 1 85,633 39,906 

1 The number of public water suppliers and the percentage of the total number of public water 
suppliers in the basin with a water supply deficit in 1 998. 

2 The 2040 projected population served of public water suppliers and the percentage of the total 
projected population in the basin with a water supply deficit i n  1 998. 

3 The projected 2040 total water demand of all public water suppliers in the basin and the basin 
overall water supply surplus or deficit in 1 998 for meeting this projected demand. Unit is mil lion 
oallons per year. 

Population projections indicate that the Kansas-Lower Republican and the Walnut basins will experience rapid 
population growth between the present and 2040. This is reflected in the percentage of public water suppl iers 
in both basins that had deficits in 1 998 and in the overall deficit for the Kansas-Lower Republican Basin and 
the small surplus in the Walnut Basin.  

• By 201 0 ,  less than five percent of public water suppliers will be drought vulnerable. 

An assessment of the drought vulnerability of public water supplies was conducted in 2000 by the Kansas 
Water Office. Assessment of the 201 0  Objective used the 1 992 Drought Vulnerable Kansas Public Water 
Supplies List as the starting point. Drought vulnerable public water suppliers were considered to be those 
suppliers most likely to first be adversely affected by drought. It was recognized that nearly any public water 
supplier may experience problems during an extreme, extended drought. Information from the Public Water 
Supplies Sources and Purchasers List maintained by the Kansas Water Office and file information regarding 
Kansas Water Marketing Program contracts and multipurpose small lakes was used to determine if basic 
source limitation or single well source limitation factors had been resolved such that the supplier was no longer 
drought vulnerable. 

Public water suppliers were also considered drought vulnerable due to contract provisions for l imitation or 
termination of water delivery service in the event of an emergency such as drought. The presence of such 
limitation or termination provisions in a contract to purchase water at wholesale from another supplier was 
considered indicative of d rought vulnerabi l ity if such purchase was the sole source of water for the purchasing 
supplier and the seller was drought vulnerable. Drought vulnerability was also assumed where such drought 
limitation or termination contract provisions were present and the only other source was a single well .  
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Public water suppliers whose sole source of water was purchased from another supplier that was drought 
vulnerable were considered drought vulnerable regardless of whether or not there were contract provisions for 
limitation or termination of water delivery service. Where no such contract provisions were present, the 
purchaser was assigned to the same limitation category as the seller. 

Table 2 provides summary information, by river basin, about public water suppliers considered drought 
vulnerable in 1 998. 

Table 2 
Kansas Public Water Sunnliers 1998 Drouaht Vulnerability Summary 

Drought Vulnerable 2000 Population Predominant 
Suooliers 1 Affected 2 Limitation 

Basin Number % of Total Total % of Total Category 3 · 
Cimarron 1 4 3 1 3  1 sws 
Kansas-Lower Republican 40 22 56,665 6 SSL 
Lower Arkansas 9 8 20,227 3 DSL 
Marais des Cygnes 1 3  1 8  1 4 ,055 1 1  SSL 
Missouri 4 1 3  1 ,004 1 DSL 
Neosho 1 4  1 4  3,091 2 TCL 
Smoky Hil l-Saline 1 9  22 30,450 20 SSL 
Solomon 8 1 7  5,650 1 4  SSL 
Upper Arkansas 5 1 1  4 ,250 3 SSL 
Upper Republ ican 3 1 9  8,876 3 1  SSL 
Verdigris 22 32 1 1 , 1 3 1  1 5  SSL 
Walnut 1 2  36 1 9,481 1 9  SSL, CRT, DSL 

Kansas 1 50 , 1 8  1 75 , 193 7 SSL 

1 Those suppliers most l ikely to first be affected by drought. 
2 Population served by drought vulnerable suppliers in 2000. 
3 SSL (basic source) ;  CRT (contractual); DSL (distribution system); SWS (single well 
source); TCL (treatment capacity). 

As indicated by Table 2, 1 50 public water suppl iers, or 1 8  percent of the total were considered drought 
vulnerable in 1 998. This was 93 fewer drought vulnerable suppl iers than in 1 992. Approximately seven percent 
of the state's population was served by these drought vulnerable public water suppliers. The predominant 
reason for a supplier's drought vulnerability was a basic source lim itation. 

• By 2010 ,  ensure that all public water suppliers have the technical, financial and managerial capabil ity to 
meet their needs and to meet Safe Drinking Water Act requirements. 

Table 3 summarizes the number of public water suppliers with high , medium and low capacity priority 
classifications by population served. The priority is for capacity development assistance. 
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Table 3 
Kansas Public Water Suoolier Capacity Priority Summary 

Number of Suooliers by Population Served 1 
500 or Less 501-3,300 3,301 or More 

Priority Class Tech F & M  Total Tech F & M  Total Tech F & M  Total 
High Priority 7 6 1  68 7 7 1 4  2 1 3 
Medium Priority 55 248 303 97 1 0 1  1 98 23 1 2  35 
Low Priority 1 9  22 41  66 5 1  1 1 7 29 9 38 

Totals 81 331 4 1 2  1 70 1 59 329 54 22 76 

1 Tech refers to technical capacity; F&M refers to financial and managerial capacity 

Source: Kansas Department of Health and Environment 

The explanation for the difference between small and large suppliers is twofold . Small systems are usually 
less complex to operate. Most small systems use ground water with treatment processes consisting of 
disinfection. From the managerial and financial perspective small systems often have volunteer or part-time 
managers and/or bookkeepers whose primary responsibility may not be management of the water supply 
system. Therefore , financial and managerial issues are not adequately addressed . Conversely, large systems 
generally have the financial resources to employ adequate full-time staff to ensure proper management of the 
system. However, large systems in Kansas are predominately surface water systems that have complex 
treatment process that pose greater technical challenges and are therefore more likely to experience 
difficulties. 

. 

Generally, smaller systems appear to need financial and managerial training assistance while medium sized 
systems are about evenly divided between the need for technical and managerial and financial training 
assistance. Assistance for larger systems should focus more on technical issues. 

APPLICABLE PROGRAMS 

The State and Federal Water Programs Manual contains a comprehensive listing with descriptions of 
programs used to address a wide variety of water-related issues. The report is available at www.kwo.org or 
from the Kansas Water Office. 

Following are key agency programs for which specific Kansas Water Plan priorities and guidance have been 
identified for FY 2005 to facil itate achievement of the 201 O Objectives stated in the previous section.  

Kansas Department of Agriculture, Division of Water Resources Water Appropriation Program: This program 
provides for the processing , administration and enforcement of water rights. 

• Current Activities - Ongoing program administration. 
• FY 2005 Priorities -

o Require municipal water conservation plans for all drought vulnerable communities (all basins except 
Cimarron). 

o Participate in the development of regional public water supply strategies. 

Kansas Department of Health and Environment Public Water Supply Program :  This program provides 
regulatory oversight and technical assistance to public water suppliers to assure safe potable drinking water to 
Kansas residents and is responsible for implementation of the State's Capacity Development Strategy. 

• Current Activities - Assistance is provided to public water suppliers, including drought vulnerable 
communities as requested . A capacity development strategy for Kansas was approved in 2000. A 
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capacity development survey of public water suppliers was completed in 2002 and an assessment of 
priority Technical Financial and Managerial (TFM) needs is being conducted in cooperation with the 
Kansas Water Office. KDHE is currently developing a public water supplier training program for rural 
water district board members and city council members. 

• FY 2005 Priorities -
o Target technical assistance to drought vulnerable communities and to communities identified as high 

priority in the TFM assessment (al l  basins). 
o Provide training to rural water d istrict board members and city council members 
o Participate in the development of regional public water supply strategies. 

Kansas Department of Health and Environment Drinking Water State Revolving Loan Fund Program: 
Provides low interest loans to public water supply systems for infrastructure projects to help achieve or 
maintain compliance with Safe Drinking Water Act requirements. 

• Current Activities - $ 1 32 million in loans have been provided to public water supplier through FY 2001 . 
• FY 2005 Priorities - Target funding to facilitate the implementation of regional public water supply 

strategies developed through the State Water Planning Process. 

Kansas Water Office State Water Planning Program:  This program coordinates the development the Kansas 
Water Plan. 

• Current Activities - Two regional public water supply planning projects are being conducted through the 
Corps of Engineers Planning Assistance to States Program including the Quad County study in Miami, 
Johnson, Douglas and Franklin counties and the North Central Kansas project in the Eastern Smoky Hill
Saline basin. These projects will be completed in 2003. A Phase I Study was also completed in FY 2003 
for members of Public Wholesale Water Supply District No. 21 in Northeast Kansas. Development of 
regional public water supply strategies has been initiated for the Marais des Cygnes river basin .  Regional 
public water supply strategies will be developed for each of the twelve major river basins in the state and 
will focus on achievement of the 201 0  objectives for long-term water supply availabil ity, drought 
vulnerabil ity and capacity development. A primary focus of the strategies will be on the use of existing 
water supply sources for raw and finished water. The Corps of Eng ineers Planning Assistance to States 
Program is being used to provide assistance in developing regional public water supply strategies. 
Development of regional strategies is being initiated according to the following schedule. This schedule 
may be adjusted as the strategy development process progresses. 
o Fiscal Year 2003 - Marais des Cygnes, Smoky Hill-Saline basins 
o Fiscal Year 2004 - Kansas-Lower Republican, Missouri , Verdigris, Neosho basins 
o Fiscal Years 2005 - Upper Arkansas, Cimarron, Walnut, Lower Arkansas, Solomon, Upper Republican 

basins 
• FY 2005 Priorities -

o Focus on implementation of regional strategies for the Marais des Cygnes and Smoky Hill-Saline 
basins. 

o Complete strategy development in the Neosho, Verdigris, Kansas-Lower Republican and Missouri 
basins. 

o Initiate strategy development in the remaining basins (Cimarron , Lower Arkansas, Upper Republican, 
Solomon, Upper Arkansas and Walnut). 

o Develop a modeling system to analyze and improve reservoir operations in the Marais des Cygnes 
and Verdigris basins by the Kansas Water Office in cooperation with the Division of Water Resources 
and the U .S. Corps of Engineers. 

o Assist the City of Wichita in seeking federal funding for the Equus Beds Groundwater Recharge 
Project (Lower Arkansas). 
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Kansas Water Office Water Conservation Program:  Provides technical assistance to public water suppliers to 
develop water conservation plans and address high unaccounted for water and other problems. 

• Current Activities - Technical assistance is provided through the Kansas Rural Water Association to public 
water suppliers with high unaccounted for water and for development of municipal water conservation 
plans. 

• FY 2005 Priorities - Provide technical assistance to public water suppliers to implement regional public 
water supply strategies in basins where strategies have been completed (Marais des Cygnes, Missouri, 
Kansas-Lower Republican, Neosho, Smoky Hill-Saline and Verd igris basins). 

I 
I 

I 
Following are other related state and federal program activities: I 
Community Development Block Grant Program Administered by the Kansas Department of Commerce and 
Housing: Provides grants for water and sewer infrastructure projects. Project appl icants are required to

·' 
;I. 

discuss proposed projects with an interagency committee of funding agencies including the Kansas • Department of Commerce and Housing, Kansas Department of Health and Environment and USDA Rural 
Development. Water project applications are reviewed by Kansas Department of Health and Environment and 
Kansas Water Office for input prior to selection of projects for funding . Ten water projects were funded during 'Iii 
200 1 .  The Kansas Department of Commerce and Housing encourages water supply utilities receiving • 
Community Development Block Grants to have an approved Water Conservation Plan. 

Kansas Water Office Assurance Program: Allows coordinated operation of. state-owned or controlled water 1· supply storage space in federal lakes to satisfy downstream municipal and industrial water rights during 
drought conditions. Three water assurance districts are operational in the Kansas-Lower Republican, Marais 
des Cygnes and Neosho river basins. Current activities include continued operations of existing water ii assurance districts and river-reservoir modeling in the Neosho, Marais des Cygnes, Smoky Hil l-Saline and I Verdigris basins FY 2005 Kansas Water Plan Priorities. 

Kansas Water Office Water Marketing Program:  Provides for present and future municipal and industrial water 1· supply needs through the purchase of water supply storage in federal reservoirs. Water is supplied to 
municipal and industrial water supply users through long-term purchase contracts. The State of Kansas owns 
water supply storage in 1 2  federal reservoirs available for this program. Regional public water supply 
strategies will be used to direct future decisions regard ing water marketing contracts. a 
Kansas Water Office Multipurpose Small Lakes Program: Provides for the addition of storage space for public 
water supply and/or recreation in a planned flood control structure. Ten multipurpose small lakes constructed • with public water supply storage and one scheduled for construction. Future program activities will be directed • to project consistent with regional public water supply strategies . 

USDA Rural Development Water Loan and Grant Program:  Provides financial assistance to state agencies for � 
water and sewer projects in rural areas and towns up to 1 0 ,000 people. During the 2001 Fiscal Year, 21  • 
communities received loan and grant assistance totaling $ 1 9 ,504,500. 

U.S. Army Corps of Engineers Planning Assistance to States Program: Provides planning assistance to state 1·· agencies for water resource planning. The program is currently being utilized to conduct regional water supply 
planning projects in the Marais des Cygnes, Kansas-Lower Republican and Smoky Hi ll-Saline Basins. The 
program will be used to provide assistance to the Kansas Water Office in developing regional public water 1,. supply strategies through the State Water Planning Process. 

Multi-Agency Project Proposal Reviews: The Kansas Water Office coordinates with the United States 
Department of Agriculture Rural Development, the Kansas Department of Health and Environment, and the I'. Kansas Department of Commerce and Housing to review and comment on proposed water projects for 
consistency with the Kansas Water Plan and prioritization for funding . The development of regional public 
water supply strategies wil l  be used to further coordinate government program activities regarding public water 1 .. 

supply projects. 
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FY 2005 POLICY ISSUES - No issues identified. 

FUTURE ISSUES - No issues identified . 
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SMOKY HILL-SALINE BASIN 

BASIN DESCRIPTION 

The Smoky Hi ll-Saline Basin in Kansas is an elongated drainage area, which extends eastward from the 
Colorado border approximately 250 miles to the vicinity of Junction City, Kansas. The basin had a 
population of 1 56, 1 6 1  in 2000, which is projected to increase to 1 78 ,466 in 2040 and includes all or part 
of 30 counties in western and central Kansas. Although the basin is projected to have modest growth, 
most of this growth will be the larger cities of the basin, which include Hays, Salina, Abilene and Junction 
City. 

The basin illustrates major demographic changes which are taking place in Kansas. In the past 40 years, 
two trends have dominated the state and the basin. Rural counties have lost population, sometimes more 
than 1 0  percent every decade. Urban counties are gaining population; although the smaller urban 
centers in the basin lag behind the Wichita and Kansas City areas in percentage of growth. Two 
examples demonstrate these trends. Ellis County, with a population of 2 1 ,270 in 1 960, had a population 
of 27,507 in 2000. Gove County, with a population of 4 ,  107 in 1 960, had a population of 3 ,068 in 2000. 

The Smoky Hill River headwaters are located in eastern Colorado where the North and South Forks rise. 
These forks join in Logan County, Kansas. The Smoky Hill flows eastward to Junction City where the 
confluence with the Republican River is located . Below this point the river is known as the Kansas River. 

The Smoky Hil l  River has a drainage area of about 8,81 0 square miles (see Figure 1 ) . The Saline River, 
a tributary of the Smoky Hill , rises near the Sherman-Thomas County line in extreme western Kansas. 
The Saline River flows eastward to its confluence with the Smoky Hi l l  River several miles east of Salina, 
Kansas. The drainage area of the Saline River is about 3,4 1 9  square miles, giving the entire Smoky Hill
Saline Basin in Kansas a drainage area of abqut 1 2,229 square m iles. 

Principal aquifers include the Ogallala-High Plains in the northwest, the Dakota in the east, and alluvial 
deposits along major streams. A portion of the basin lies within Northwest Kansas Groundwater 
Management District No. 4 and another portion in Groundwater Management District No. 1 . 

Three large federal irrigation and/or flood control projects are located in the Smoky Hill-Saline Basin .  
Cedar Bluff Lake is located on the Smoky Hill River in Trego County. This is a Bureau of  Reclamation 
project. Wilson Lake on the Saline River and Kanopolis Lake on the Smoky Hil l  River are operated and 
maintained by the Corps of Engineers. 

Topography within the basin is flat to gently rol l ing, with narrow, shallow valleys and low relief. The 
highest point in Kansas, Mount Sunflower at 4 ,039 feet, is located in northwestern Wallace County. From 
this point, elevations in the basin decrease to approximately 1 ,087 feet at the confluence of the Smoky 
HNI and Republican rivers. 

Due to the extreme east-west extent of this basin and the differences in altitude, the basin exhibits strong 
variations in climate and land-use patterns. While agriculture is the predominant economic activity 
throughout, irrigation takes on added significance in the semi-arid west. 

Average annual precipitation in the Smoky Hil l-Saline Basin decreases from about 33 inches in the east 
to less than 1 6  inches in the west. Mean annual runoff also shows an east to west decline, from about 
5.0 inches in the east to less than 0. 1 inch in the west. More than 75 percent of the precip itation occurs 
during the April-September growing season.  

Ground water accounts for nearly 97 percent of reported 2000 water use in th is  basin. I rrigation accounts 
for over 91 percent of all water used with municipal the next largest user at over 5 percent. The 
remaining uses include stockwater, industry and recreation. 
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MANAGEMENT CATEGORIES 

Water resource issues in this basin section are addressed within the following six management 
categories: 

• Water Management 
• Water Conservation 
• Public Water Supply 
• Water Quality 
• Flood Management 
• Wetland and Riparian Management 

These categories correspond to the Pol icy Sections which contain additional program guidance and 
recommendations on various policy issues. This basin section contains specific guidelines to applicable 
programs that can be used to accomplish the stated objectives in each management category. 

WATER MANAGEMENT 

All of the streams and alluvial corridors in the basin are closed or restricted for new water appropriations. 
There are three sites where minimum desirable streamflow levels were set. A key focus in this basin is 
on management of the Ogallala-High Plains aquifer. Recommendations for the long-term management 
for the Ogallala-High Plains aquifer are presented in the Water Management Policy Section. 

The Smoky Hil l  and Saline rivers are part of the Kansas River System, which supports municipal and 
industrial water supply; flood control ;  fish, wildlife and recreation; threatened and endangered species; 
and water quality. Operational challenges faced by the State of Kansas and the Corps of Engineers to 
meet these needs during the year 2000 drought highlighted the need for a comprehensive approach to 
operation and management of the system. 

The State is working closely with the Corps and the public to develop an approach that encompasses 
operation and management for all of the uses and needs listed above. A computer model has been 
developed that will allow the Corps and the Kansas Water Office to evaluate alternatives for operation 
and management of the Kansas River System in the Smoky-Hil l Saline, Kansas-Lower Republican, and 
Solomon river basins. Not all reservoirs will be evaluated for all purposes listed above and the modeling 
will be conducted in a phased approach . 

Phase I will include all operations of Perry, Clinton, Tuttle Creek, Milford , Kanopolis, Glen Elder and 
Lovewell lakes in Kansas and Harlan County Lake in Nebraska. Phase II will add Cedar Bluff, Wilson , 
Kirwin and Webster lakes to the computer model. The computer model will a lso be used to evaluate the 
benefit versus the cost of releases for support of navigation on the Missouri River from the Kansas River 
System. 

Ground water is the source for nearly 97 percent of all reported water uses in the Smoky Hill-Saline basin. 
Much of the western half of this basin is underlain by the Ogallala-High Plains aquifer. The average 
annual Ogallala-High Plains aquifer water level decline rate has slowed markedly over the past three 
decades. However, the aquifer is still declining. From 1 989-1 999 , the average annual rate of decline in 
this basin was just under 0.5 feet per year. 

Objectives 

1 .  By 201 0 ,  reduce water level decline rates within the Ogallala aquifer and implement enhanced water 
management in targeted areas. 

2. By 201 5 , achieve sustainable yield management of Kansas surface and ground water sources 
outside of the Ogallala aquifer and areas specifically exempt by regulation. Sustainable yield 
management would be a goal that sets water management criteria to ensure long term trends in 
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water use will move as close as possible to stable ground water levels and maintenance of sufficient 
stream flows. 

3 .  By  201 5, meet minimum desirable stream flow at  a frequency no  less than the historical achievement 
for the individual sites at time of enactment. 

Applicable Guidelines for FY 2005 

• Kansas Department of Agriculture, Division of Water Resources: Water Appropriation 
Program 

1 .  Provide enhanced enforcement addressing the top blatant and recurring overpumpers with 
emphasis on priority ground water decline areas or high priority subunits. Conduct random 
checks on 10 or more reported overpumpers and random reviews of 10 or more active water 
rights for compliance within defined geographic areas. Require conservation plans and request 
technical assistance from Kansas Water Office, as needed, to bring overpumpers into 
compliance. (Objectives 1 and 2) 

2. Encourage Groundwater Management District Nos. 1 and 4 to partner with the Division of Water 
Resources in compliance monitoring and enforcement. Rules and regulations, d istrict 
management plans, and memorandums of understanding should express the areas of 
responsibility of each entity. (Objective 1 )  

• Kansas Department of Agriculture, Division of Water Resources: Subbasin Water Resources 
Management Program 

1 .  Assist and cooperate with Groundwater Management D istricts Nos. 1 and 4, and other state 
agencies, to define Ogallala-High Plains aquifer characteristics and identify water uses as needed 
to delineate Ogallala aquifer subunits, establish water use goals, and set priorities. (Objective 1 )  

2. Work to delineate preliminary Ogallala-High Plains aquifer subunits for areas that l ie outside of 
groundwater management d istricts, establish preliminary water use goals, and set preliminary 
subunit priorities. (Objective 2 )  

• Kansas Water Office: Assessment and Evaluation 

1 .  Conduct analysis to determine streamflow trend and whether minimum desirable streamflow is 
achieved at a frequency no less than the historical achievement at the time of enactment. 
(Objective 3) 

• Kansas Water Office: River Operations/Management 

1 .  Use date from the Kansas River system modeling to best management of the Smoky Hil l-Saline 
system. (Objectives 2 and 3) 

WATER CONSERVATION 

Water conservation is essential for the management of water resources in the basin. This includes 
changes in irrigation to reduce water use, requiring communities to develop conservation plans and the 
implementation of a long-term strategy for use of the Ogallala-High Plains aquifer. 

As of late March 2002, there were approximately 2 ,885 active irrigation water rights and approximately 
3,561 irrigation points of diversion in the Smoky Hil l-Saline Basin. The number of irrigation points of 
diversion in the basin for which the annual water use reports contained a val id diverted quantity amount 
and total number of acres irrigated averaged 2 ,404 for the 1 99 1 - 1 999 time period. The overal l  trend in 
the number of irrigation points of diversion and the amount of irrigation water used over the county-based 
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AF/A standards for the Smoky Hill-Saline Basin shows a general decline from high exceedences in 1 991  
with a steady decline since 1 994 . In both cases, the number of  points of d iversions and amount of water 
used in excess for the Smoky Hill-Saline Basin is correlated to seasonal precipitation, defined as the 
amount of precipitation recorded during the months from March to October. 

There are 86 public water suppl iers in the Smoky Hil l-Saline Basin .  Fifty three of them had water 
conservation plans as of December 2002. Twenty-two public water suppliers reported 30 percent or more 
unaccounted for water at least once during the 1 992-1 997 time period. 

Objectives 

1 .  By 201 0, reduce the number of public water suppliers with excessive "unaccounted for" water by first 
targeting those with 30 percent or more "unaccounted for" water. 

2. By 201 0, reduce the number of irrigation points of diversion for which the amount of water applied in 
acre feet per acre exceeds an amount considered reasonable for the area (amounts typically 
considered reasonable are 1 .0 AF/A in eastern Kansas, 1 .5 AF/A in central Kansas, and 2.0 AF/A in 
western Kansas) and those that overpump the amount authorized by their water rights. 

3 .  By  201 5, all non-domestic points of diversion meeting predetermined criteria will be metered , gaged 
or otherwise measured under the authority of K.S.A. 82a-706c and K.S.A. 82a-1 028(1) . Criteria will 
include a minimal use requirement and priority area targeting. 

4.  By 201 5 ,  conservation plans will be required for water rights meeting the priority criteria under K.S.A. 
82a-733 when it has been determined that such a plan would result in significant water management 
improvements. 

Applicable Guidelines for FY 2005 

• Kansas Department of Agriculture, Division of Water Resources: Water Appropriation 
Program 

1 .  Require conservation plans for water users where it has been determined that an impact on water 
management would be achieved and that meet any of the following criteria: (Objective 4) 

a .  Are in a priority ranking 1 or 2 ground water decline area or in high priority subunits defined by 
the Groundwater Management Districts and the Division of Water Resources as characterized 
in the Water Management Policy section and the 20 1 0  objective focusing on the Ogallala-High 
Plains aquifer declines (see Water Conservation Policy Section) and have water use in excess 
of peers; 

b. Use a restricted stream in need of recovery (see Water Management Policy Section); 
c. Use a drought vulnerable resource; and 
d .  Are public water suppliers with over 30 percent unaccounted for water. 

• State Conservation Commission: Water Resources Cost-Share Program 

1 .  Target cost share assistance for installation of more efficient irrigation systems to priority ground 
water decline areas or high priority subunits (see Water Conservation Policy Section) and in a 
manner to most effectively complement the federal funds available through the Natural Resources 
Conservation Service EQIP Program. (Objective 2) 

• Kansas Water Office: Water Conservation Program 

1 .  Target technical assistance to water users required by the Chief Engineer to develop 
conservation plans. (Objectives 1 ,  2, and 4)  
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2. Provide funding to Kansas State University to target the Mobile Irrigation Lab to demonstrate 
irrigation scheduling methods in priority ground water decline areas or high priority subunits (See 
Water Conservation Policy Section). (Objective 2) 

3 .  Provide funding for support of weather stations that provide basic information for irrigation 
scheduling. (Objective 2) 

4 .  Provide technical assistance to  public water suppliers with 30  percent or  more unaccounted for 
water based on the most current annual water use report. (Objective 1 )  

• Kansas Water Office: State Water Planning Program 

1 .  The Kansas Water Office will continue to work with United States Department of Agriculture, 
Natural Resources Conservation Service to direct federal funds (2002 Farm Bil l ,  Environmental 
Quality Incentive Program (EQIP)) to priority ground water decline areas (See Water 
Conservation Pol icy Section) until aquifer subunits are established . (Objective 2) 

PUBLIC WATER SUPPLY 

The primary approach to addressing public water supply issues in the basin focuses on ensuring that 
there are adequate supplies of surface and ground water within the basin to meet future water demands, 
reducing the number of public water supply systems that are vulnerable to drought, and ensuring that 
systems have the technical, financial and managerial capacity to meet future needs for water qual ity and 
quantity. A regional public water supply strategy will be developed for the basin to address these needs 
and provide program guidance to appl icable state and federal programs. 

An assessment completed in 2002 of long-term water supply availability for public water supply systems 
in the basin indicated that additional authorized quantities of water were needed for fifteen public water 
supply systems to meet their projected 2040 demands ( 1 998 data).  An assessment of the technical, 
financial and managerial capacity of public water supply systems will be completed in FY 2003.  

There are 86 public water suppliers i n  the Smoky Hil l-Saline Basin , 30 of which are rural water districts. 
The average municipal water use across the basin ranges from 57 to 3 1 5  gallons per capita per day, with 
a basin wide average of 1 31 gallons per capita per day ( 1 999 data).  Ground water is the primary public 
water supply source in the basin. There is one ( 1 ) public wholesale water supply d istrict in the basin.  

Drought vulnerable public water suppliers are those suppliers most l ikely to first be impacted by drought 
due to basic source, distribution system or treatment capacity l imitations; or that rely upon a single well as 
a sole source of water supply. Assessment of this objective in 2000 identified 20 public water suppliers in 
the Smoky Hill-Saline Basin that were drought vulnerable. The 1 9  public water suppliers sti l l  considered 
drought vulnerable as of May 2002 are l isted in Table 1 .  

Table 1 
DROUGHT VULNERABLE PUBLIC WATER SUPPLIERS 

(Ma1 2002) 
Name Limitation Category 

Abilene Basic Source 
Bunker Hil l  Single Well Source 
Dickinson RWD 02 Basic Source 
Gove Basic Source 
Gypsum Basic Source 
Hays Basic Source 
Kanopolis Basic Source 
Lonqford Basic Source 
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Table 1 
DROUGHT VULNERABLE PUBLIC WATER SUPPLIERS 

(May 2002) 
Name Limitation Category 

Natoma Basic Source 
Rooks RWD 02 Single Well Source 
Russell Basic Source 
Russell RWD 02 Single Well Source 
Russell RWD 03 Distribution System 
Saline RWD 02 Basic Source 
Saline RWD 03 Distribution System 
Susank Distribution System 
Tescott Basic Source 

Objectives 

1 .  By 201 0, ensure that sufficient surface water storage is available to meet projected year 2040 public 
water supply needs for areas of Kansas with current or potential access to surface water storage. 

2. By 201 0, less than five percent of public water suppliers will be drought vulnerable. 

3. By 201 0, ensure all public water suppliers have the technical , financial and managerial (TFM) 
capability to meet their needs and to meet Safe Drinking Water Act requirements. 

Applicable Guidelines for FY 2005 

• Kansas Department of Agriculture, Division of Water Resources: Water Appropriation 
Program 

1 .  Require municipal water conservation plans for drought vulnerable public water suppliers. 
(Objective 2) 

• Kansas Department of Health and Environment: Public Water Supply Program 

1 .  Target assistance to drought vulnerable communities. (Objective 2) 

2. Target assistance to public water supply systems identified as having high priority technical, 
financial, or managerial needs. The results of the capacity development assessment of all 
Kansas public water supply systems in FY 2003 will be used to identify priority needs. (Objective 
3)  

• Kansas Water Office: State Water Planning Program 

1 .  The Kansas Water Office will coordinate with public water suppliers, the basin advisory 
committee, and state and federal agencies to develop regional strategies to address public water 
supply issues. The development of regional strategies is d iscussed in the Public Water Supply 
Pol icy Section. The strategy development process for the Smoky Hill-Saline Basin will be 
initiated in Fiscal Year 2003. (Objectives 1 ,  2, and 3) 

• Kansas Water Office: Water Conservation Program 

1 .  Provide, or arrange to provide, technical assistance to public water suppliers to facilitate the 
implementation of the regional public water supply strategy for the basin. (Objective 3) 
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WATER QUALITY 

Water quality is addressed through a combination of restoration and protection efforts using voluntary, 
incentive based approaches, as well as regulatory programs. 

In this basin there are seven contamination sites for which the state has assumed responsibility. All 
counties have adopted state approved sanitary/environmental codes. One hundred public water 
suppliers are conducting source water assessments. One public water supply was recommended by the 
United States Environmental Protection Agency (EPA) for participation in the 2003 atrazine monitoring 
program which is to run for five years. The atrazine risk reduction program includes runoff prevention in 
watersheds feeding the public water supply. 

Development and Implementation of Total Maximum Daily Loads 

A Total Maximum Daily Load (TMDL) is the maximum amount of a pollutant that a water body can receive 
without violating water quality standards. Since pollution can arrive via point and nonpoint sources, the 
TMDL process attributes responsibility for the pollutant loads among those contributing sources. A TMDL 
is developed through determining: a)  the pollutants causing water quality impairments: b) the degree of 
deviation from water quality standards; c) the level of pollution reduction needed to achieve water quality 
standards; d) corrective action, including load allocations, to be implemented among point and nonpoint 
sources in the watershed; e) the monitoring and evaluation strategies needed to assess the success of 
corrective actions in achieving TMDLs and water quality standards; and f) provisions for future revision of 
TMDLs based on those evaluations. 

Smoky Hil l-Saline Basin Impairments 

Impairments from the 1 998 303(d) list were carried over and combined with the 2002 303(d) list to identify 
53 impairments in 27 watersheds and 23 laK'e impairments in 1 7  lakes in the Smoky Hill-Saline Basin. 
Among the streams, the greatest number of impairments were caused by excessive levels of selenium, 
chloride and sulfate. Among the lakes, eutrophic conditions indicative of excessive algae production was 
the predominant cause of impairment. Other pollutants limiting the use of the Smoky Hill-Saline River 
Basin streams include biological impairments, d issolved oxygen depletion, lead, copper, and fluoride. 
Additional lake impairments were caused by dissolved oxygen depletion, pH,  silt, atrazine, aquatic plants, 
chloride, fecal coliform bacteria, and sulfates. Some impairments concerning bacteria, d issolved oxygen, 
cadmium, pH and sulfate are proposed for delisting from the 303(d) list of impairments due to low 
frequency of violations, so will not require TMDL development. Each parameter causing impairment 
requires a TMDL. The high priority TMDLs will be submitted to the Environmental Protection Agency by 
June 30, 2003. The low and medium priority TMDLs will be completed by the end of 2003. 

In 2001 , Senate Bil l 204 redefined classified streams for water quality consideration. Classified streams 
wtl l have numeric criteria applied to them. Under the legislation, streams could be considered classified 
if they had a medium flow over the most recent 1 0-years of one cubic foot per second (cfs) or more. 
Streams are considered classified if they have refuge for threatened and endangered species or if a point 
source discharges to the stream. In the Smoky Hi l l-Saline basin the streams comprising the watershed 
on the Smoky Hil l  River at Elkader are unclassified. As such , numerical criteria cannot be applied to 
these streams and thus, no TMDLs will be developed for that watershed. 

In 2003 House Bill 22 1 9  established five classes of primary and secondary contact recreation, based on 
the probabil ity of recreation occurring and accessibility of the water to the public. The law also declares 
that for any recreation class, the stream cannot be considered impaired unless the geometric mean of at 
least five samples taken on a 30 day period exceeds the applicable bacteria criterion. Since KDHE 
collects samples bimonthly, the agency has no data to assess streams in the manner of HB 2219.  
Therefore , by state law no streams can be l isted as impaired and no bacteria TMDLs can be developed . 
At best, bacterial TMDLs will be medium priority for implementation until different sampling with the 
necessary frequency demonstrates the streams are impaired . 
Impl ications of Priority 
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Realizing that resources for implementation of actions to achieve TMDLs are finite, a priority has been 
established. The specific TMDLs are slated as high, medium, or low priority. For the first five years (state 
fiscal years 2004-2008), TMDLs in this basin with high priority will have state programs and resources 
directed at corrective action to bring about improvement in water qual ity. Implementation of TMDLs with 
medium priority will be deferred until 2009, after a review and re-evaluation of implementing those 
TMDLs. Low priority TMDLs will continue to have data collected on those impaired streams and lakes 
and will have their status re-evaluated as part of the process of developing the 303(d) list in 2008. Should 
they continue to be impaired , the low and medium priority TMDLs will be reviewed and upgraded , if 
necessary, as medium or high priority for implementation. There is the possibi lity that certain low priority 
TMDLs will be removed from the next 303(d) list. 

Considerations in Assigning Priority to Implementation of TMDLs 

The following considerations were made in assigning priority to the implementation of the TMDLs. 

HIGH PRiORITY MEDIUM PRIORITY LOW PRIORITY 

1 .  Multiple Impairments 1 .  Impairments of Moderate 1 .  Impairments with Low 
2. Impairments of High 

Frequency 
3. Water Supply Reservoirs 

Frequency 
2. Biological Indicators 
3 .  State Fishing Lakes 

Frequency 
2. Metal Impairments 
3. Local Lakes 

4. Significant State Park Lakes 4. Non-Water Supply Reservoirs 4. Natural Mineral Pollutants 
5. Bacteria Impairments 

Table 2 shows the preliminary high priority impairments. The remaining stream segments are 
preliminarily designated as low and medium priority. The locations of preliminary high priority TMDL 
watersheds are shown in Figure 2. 

TABLE 2 

SMOKY HILL-SALINE BASIN HIGH PRIORITY TMDLs 

WATERBODY IMPAIRMENTS HUC 1 1  WATERSHEDS 'l 

STREAM SEGMENTS 

Spillman Creek DO 1 026001 0020 
Holland Creek DO 1 0260008040 
LAKES 

Kanopolis Lake E 1 0260006060 
Herington Reservoir E, DO 1 0260008070 
Lake Scott G, DO, pH 1 02600040 1 0, 1 0260004020, 1 0260004050 
Key: 
DO: (IN LAKES) Low dissolved oxygen in upper 3 meters of water column over deepest location in water body. (IN 
STREAMS) Low dissolved oxygen (<5 mg/L). 
E: Eutrophication, biological community impacts and excessive nutrient/organic loading. If applicable, the 
Eutrophication TMDLs are bundled with pH, aquatic plants, and/or DO impairments. These impairments are all 
interrelated and effected by nutrient loading. 
HUC: U.S. Geologic Survey Hydrologic Unit Code 

Approach to Implementation 

The Kansas Water Plan identifies programs to be targeted at the high priority TMDL areas for 
implementation. There are regulatory means to address and control point source pollution. 
Implementation for reducing nonpoint source pollution is based on voluntary local and landowner action 
encouraged through education and incentive programs. Incentives include technical and financial 
assistance. 
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A component of the TMDL process is to quantify the cost of implementing best management practices 
and technical assistance necessary to address the impairments. The State Conservation Commission 
prepares a "needs inventory" to estimate costs associated with reducing nonpoint source pollution 
contributions. The needs inventory in this basin will be conducted during fiscal year 2003 and allocations 
for implementing best management practices will begin in fiscal year 2004 as indicated in the Kansas 
Water Plan. 

Should voluntary local participation significantly lag below expectations over the next five years, or 
monitoring indicate lack of progress in improving water quality conditions from those seen over 1 987-
2000, the state may employ more stringent regulatory actions on nonpoint source contributors in the 
watershed in order to meet the water quality endpoint of the TMDL. The state has the authority to impose 
conditions on activities with a significant potential to pollute the waters of the state under K.S.A. 65- 1 71  d .  
If overall water quality conditions in the watershed deteriorate, a Critical Water Qual ity Management Area 
(K.A.R. 28-1 6-70) may be proposed for the watershed. 

Objectives 

Smoky Hill-Saline Basin 
High Priority lMDL Watersheds 

1 .  By 20 1 0, reduce the average concentration of bacteria, biochemical oxygen demand (BOD), 
dissolved solids, metals, nutrients, pesticides and sediment that adversely affect the water qual ity of 
Kansas lakes and streams. 

2 .  By 2010 ,  reduce the average concentration of chloride, metals ,  nitrate, pesticides, sulfate and volatile 
organic chemicals that adversely affect the water qual ity of Kansas ground water. 

3 .  By 2010,  ensure that water quality conditions are maintained at a level equal to or better than year 
2000 conditions. 

Applicable Guidelines for FY 2005 

• Kansas Corporation Commission: Conservation Division 

1 .  Target plugging to priority 1 well. (Objective 2) 

2 .  Remediate priority contamination sites identified. (Objective 2) 

• Kansas Department of Health and Environment: Watershed Management (Formerly Nonpoint 
Source Pol lution Technical Assistance Program) 

1 .  Focus demonstrations and grants in TMDL high priority watersheds to address the identified 
impairments. (Objective 1 )  

2. Provide technical assistance to public water suppl iers to develop source water protection plans. 
(Objective 3) 
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3.  Provide demonstration projects and grants for source water protection projects. (Objective 3) 

• Kansas Department of Health and Environment: Water Quality Monitoring and Assessment 
(Formerly TMDL Program and Use Attainability Analysis) 

1 .  Conduct follow-up monitoring and analyses where TMDLs are established. (Objective 1 )  

2 .  Conduct use attainabil ity analysis for a l l  water bodies that are designated for recreational use. 
Review these with the Basin Advisory Committees. (Objectives 1 and 3)  

• Kansas Department of Health and Environment: Environmental Protection Grant Program 

1 .  Provide grants to local units to continue statutory charges to develop and implement sanitary 
codes, subdivision water and wastewater plans, public water supply protection plans, solid and 
hazardous water management plans, and nonpoint sources pollution control plans. (Objective 3) 

2. In  TMDL high priority watersheds work with local units to address the identified impairments. 
(Objective 1 )  

3 .  In watersheds or wellhead areas for public water supply sources, work with public water supply 
owners to develop source water protection plans. (Objective 3)  

• Kansas Department of Health and Environment: Environmental Remediation Program 

1 .  Investigate priority sites; cost recovery from responsible parties when identified . (Objective 2) 

2. Take corrective action at priority orphan sites. (Objective 2) 

3. Conduct long term monitoring at priority orphan sites. (Objective 2) 

4. Conduct emergency response as necessary, cost recovery from responsible parties when 
identified .  (Objective 2) 

• State Conservation Commission: Water Resources Cost-Share, Nonpoint Source Pollution 
Control Program 

1 .  Target practices to high priority TMDL watersheds to address the identified impairments. 
(Objective 1 )  

2 .  Target practices to public water supply source water protection areas. (Objective 3)  

• Kansas State U niversity, Research and Extension: Water Quality Program 

1 .  Provide educational assistance to landowners to implement practices to address identified 
impairments in high priority TMDL watersheds. (Objective1 )  

• State Conservation Commission: Buffer Initiative 

1 .  Target practices to high priority TMDL watersheds to address the identified impairments. 
(Objective 1 )  
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FLOOD MANAGEMENT 

The primary approach to flood management in the basin focuses on floodplain management through 
community participation in the National Flood Insurance Program and reduction of rural flood damages 
through construction of watershed dams in organized watershed districts. 

The basin has 29 communities (cities and counties) participating in the National Flood Insurance 
Program. Two communities haw been suspended from the program and ten communities with identified 
flood hazard areas do not participate. The communities shown in Table 3 have been identified by the 
Kansas Department of Agriculture, Division of Water Resources as priority communities in the basin for 
future floodplain mapping . 

Priority watersheds for rural flood damage priorities were identified for the basin in 1 986 by the USDA 
Natural Resources Conservation Service and are shown in Figure 3 .  Four watershed districts have been 
organized in the basin. 

The Kansas Water Office will be conducting an assessment of priority areas for flood damage reduction in 
FY 2003-2004 that will be used to target future program activities. 

Table 3 
PRIORITY COMMUNITIES FOR FLOODPLAIN MAPPING 

Objective 

. 
(JANUARY 2003) , 

Barton County 
Ellis County 

McPherson County 
Ottawa County 
Saline County 

1 .  By 201 0 ,  reduce the vulnerability to damage from floods within identified priority communities or 
areas. 

Applicable Guidelines for FY 2005 
• Kansas Department of Agriculture, Division of Water Resources: Floodplain Management 

Program 

1 .  Target floodplain mapping assistance to priority communities in need of new or updated maps. 

2. Target assistance to communities that have the highest potential for flood damage reduction. A 
process for identifying priority communities will be coordinated through the Kansas Water Office 
in FY 2003-2004 as part of the assessment of the 20 1 0  flood management objective. 

3 .  In  urbanizing watersheds, give additional priority for mapping assistance to communities that use 
future conditions hydrology in determining floodplain boundaries. 

4. Evaluate the status of community participation in the National Flood Insurance Program and 
target technical assistance to the highest priority communities to facilitate proper floodplain 
management in the basin. 

• State Conservation Commission :  State Assistance to Watershed Dam Construction Program 

1 .  Cost-share funds should be targeted to the 1 2  watersheds (HUC 1 1 s) in the Smoky Hi ll-Saline 
Basin, which have the highest priority for rural flood damage reduction. A process for identifying 

200 Smoky Hi l l-Sal ine Basin Section 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 



priority communities will be coordinated through the Kansas Water Office in FY 2003-2004 as 
part of the assessment of the 20 1 0  flood management objective. 

S m o k y H i l l - S a l i n e B a s i n 
P r io r i ty W a te rs h e d s  fo r F l o o d  D a m a g e  R e d u c t i o n  

E lh 
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WETLAND AND RIPARIAN MANAGEMENT 

E a s t  B a s i n  

Figure 3 

The primary approach to wetland and riparian area management in the basin focuses on providing 
technical and financial assistance to landowners to protect and restore these resources in priority 
watersheds through the implementation of best management practices. Water qual ity restoration has 
been a primary focus and efforts have been targeted to high priority TMDL watersheds. Additional 
targeting has been undertaken by the Kansas Water Office taking into account areas of high biological 
importance. Nine conservation districts in the basin have developed county wetland and riparian 
protection plans. 

A map of proposed targeted watersheds for FY 2005 program assistance is shown in the Wetland and 
Riparian Management Policy Section . 

Objective 

1 .  By 201 0 , maintain, enhance or restore priority wetlands and riparian areas. 

Applicable Guidelines for FY 2005 
• Kansas Forest Service: Forest Stewardship Program and Conservation Tree Planting 

Program 

1 .  Target funds and program resources first, to those areas identified as highest priority (those with 
both high priority TMDLs and high biological significance); second ,  to those areas with high 
priority TMDLs only; and third, to those areas with high biological significance only. These areas 
are identified on the implementation map in the Wetland and Riparian Management Policy 
Section. 
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• State Conservation Commission: Riparian and Wetland Protection Program 

1 .  Target funds and program resources first, to those areas identified as highest priority (those with 
both h igh priority TMDLs and high biological significance); second, to those areas with high 
priority TMDLs only; and third, to those areas with high biological significance only. These areas 
are identified on the implementation map in the Wetland and Riparian Management Policy 
Section. 

2. Target technical assistance to the highest priority areas shown on the implementation map to 
assist conservation districts in developing county wetland and riparian protection plans. 

• Kansas Department of Wildlife and Parks: Wildlife Habitat Improvement Program 

1 .  Target funds and program resources first, to those areas identified as highest priority (those with 
both high priority TMDLs and high biological significance); second, to those areas with high 
priority TMDLs only; and third , to those areas with high biological significance only. These areas 
are identified on the implementation map in the Wetland and Riparian Management Policy 
Section. 
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ASSESSMENT OF PU BLIC WATER SUPPLIER DROUGHT VULNERABILITY 
SMOKY HILL-SALINE BASIN 

1 992 - 201 0 

By 201 0, less than five percent of public water suppliers will be drought vulnerable. 

I NTROPUCTION 

In October 1 998, The Kansas Water Authority approved objectives for the year 201 O as part of 
the Kansas Water Plan. The objectives were developed to define targets to quantify achieve
ments of the Kansas Water Plan. The objective listed above is included in the Publ ic Water 
Supply Section of the FY 2002 Kansas Water Plan. 

This assessment identifies recent trends in the number of drought vulnerable public water 
suppliers in the Smoky Hil l-Saline Basin. A projection of the number of drought vulnerable 
supp liers in 201 0  has been made from this baseline information . This will a l low period ic 
review of progress toward achieving the objective in upcoming years and facil itate program 
enhancements etc. should they be necessary. 

DEFINITION OF PROUGHT VULNERABILITY 

Drought vulnerable publ ic water suppliers are those suppliers most likely to first be adversely 
affected by drought due to basic source, d istribution system, treatment capacity, or water 
purchase contract l imitations or that rely upon a single well as a sole source of supply. 

ASSESSMENT DATA SETS 

In assessing this objective, use of presently available information in a simple and straightfor
ward manner was stressed .  Many of the assessment data sets were already avai lable and 
previous identification of d rought vulnerable public water suppliers had occurred as recently as 
1 992. 

Previous Assessment Efforts 

The most recent prolonged drought period in Kansas occurred from 1 988 - 1 991 . Most areas 
of the state were affected , though not all at the same time or to the same degree. During this 
drought period, drought vulnerable public water supply systems were identified and technical 
assistance to them was offered . The Kansas Department of Health and Environment, former 
Kansas State Board of Agriculture - Division of Water Resources and the Kansas Water 
Office cooperated in this effort. 

The Drought Vulnerable Kansas Public Water Suppl ies l ist was updated several times, most 
recently on May 1 1 ,  1 992 . A total of 1 8 1  public water suppliers were identified as d rought 
vulnerable based on these factors: basic source l imitation ( 1 1 2) ,  distribution system l imitation 
(34), single well source (29) , and treatment capacity l imitation (6) . I n  developing this l ist, it was 
recognized that nearly any public water supplier can provide adequate service in wet years 
and be driven to fai lure in an extreme, extended drought. This l ist was aimed at identifying 



those public water suppliers most likely to first experience drought-related problems. 

1 992 Drought Vulnerable Kansas Publ ic Water Suppliers 

This l ist, described above, served as the starting point for the assessment. The 1 81 public 
water suppl iers l isted were screened using the assessment criteria developed for this project 
(see below) in order to ensure consistency in results for each assessment year. 

Kansas Population and Water Demand Projections 

The 2010  Objective makes reference to fewer than five percent of Kansas public water suppli
ers being drought vulnerable. Thus, the total number of public water suppliers was needed . I n  
developing these projections, the Kansas Water Office identified all suppl iers that served 10  or 
more residential water service connections in 1 995. In assessing the 201 0  Objective concern
ing unaccounted-for water, these suppliers were assigned to the basin in which the largest 
portion of their service area was located . I n  order to maintain consistency among assessment 
projects, those public water suppliers (and basin assignments) identified during the Unac
counted-For Water Assessment Project were used in this project as wel l .  

Public Water Supplies Sources and Purchasers 

This assessment project involved identifying those public water suppliers uti l izing single wells, 
those that had basic source l imitations, and those that had water purchase contract l imitations. 
Information regard ing assessment criteria for these l imitations was obtained from the Publ ic 
Water Suppl ies Sources and Purchasers list for each assessment year. This l ist, maintained 
by the Kansas Water Office, identifies each suppl ier's own sources of water, other sources of 
water and purchasers other than their own customers. 

Survey of Public Water Supply Contracts in Kansas 

Many contracts between public water suppliers for the purchase of water at wholesale contain 
provisions for l imitation or termination of water delivery service in the event of an emergency 
such as drought. This vulnerabil ity factor was addressed in this 201 0 Objective assessment 
project. A survey was conducted in 2000 by the Kansas Water Office asking all publ ic water 
suppl iers that sell water at wholesale to other systems whether or not such provisions were 
present in their contracts. The survey requested add itional information , as well . 

Water Treatment Plant and Distribution System Upgrades 

The inability to meet customer demands during d rought periods due to inadequate water 
treatment or d istribution system capacity was used in identifying public water suppliers to be 
placed on the1 992 Drought Vulnerable Kansas Public Water Suppliers l ist. Information regard
ing upgrades to these facilities that had taken place since 1 992 was needed to determine 
whether or not these l imitations were still present. This information was collected through a 
telephone survey of affected suppl iers conducted by the Kansas Water Office. 
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ASSESSMENT TI ME PERIOD 

The time period used for this assessment was 1 992 to 2010 .  The year 1 992 was chosen as 
the initial year because of data set availabil ity and because it coincides with the most recently 
compiled Drought Vulnerable Kansas Public Water Suppliers list. Nineteen ninety-two was 
also the in itial year for the Unaccounted-For Water Assessment Project. The number of 
drought vulnerable public water suppl iers in 1 995 and 1 998 was also identified ; this 1 992-
1 998 baseline period information was used in making projections of the number of drought 
vulnerable public water suppl iers in 201 0. 

New public water suppliers that began provid ing service after 1 992 are not included in this 
assessment project. 

ASSESSMENT DATA PARAMETERS 

The total number of drought vulnerable public water suppliers in a river basin was the data 
parameter used in assessing this Kansas Water Plan 201 0  Objective. The l imitation catego
ries used in the 1 992 Drought Vulnerable Kansas Publ ic Water Suppliers list were util ized . In  
addition , a l imitation category covering vulnerabil ity due to water purchase contract provis ions 
was established. If a supplier met the criteria establ ished for one of these categories it was 
considered drought vulnerable. These criteria are d iscussed below. 

Basic Source Limitation 

Sources of raw water vary greatly in how rapidly and to what extent they are affected by 
drought conditions. Surface water sources are generally more sensitive to d rought than are 
ground water sources . At particular risk are small impoundments on tributary streams with 
l imited drainage areas above the impoundment. Without adequate inflows, the water level in 
such impoundments is l ikely to drop rapid ly, significantly reducing the avai lable water yield and 
posing the threat of exposure of the raw water intake structure. 

The 1 992 Drought Vulnerable Kansas Publ ic Water Suppliers l ist identified those public water 
suppl iers with basic source l imitations based upon the knowledge and experience of ind ividu
als famil iar with all Kansas suppliers. This l ist was used as the starting point for identifying 
systems still exh ibiting basic source l imitations in subsequent assessment years. Whether or 
not a system remained drought vulnerable due to a basic source l imitation was assessed by 
comparison to a number of factors indicative of source reliabi l ity. These factors include rel iable 
sources themselves (e.g. Missouri River) as well as institutional factors such as membership in 
a Water Assurance District or purchase of water from a non-vulnerable public water supplier. 
Such purchase was only considered to resolve a basic source l imitation if the contract for 
purchase did not contain any provisions for l imitation or termination of water delivery service in 
the event of an emergency such as drought. 

In this assessment, the fol lowing were considered as reliable water sources or factors indica
tive of reliabil ity: 

• Kansas River 



• Missouri River 
• Spring River 
• Federal Reservoir 
• Multi-purpose Small Lake 
• Assurance District Member 
• Public Wholesale Water Supply District Member 
• Kansas Water Marketing Program Contractee 
• Purchase Water From Another Non-vulnerable Supplier (w/o drought l imitation/ termina

tion provisions in contract 

In  western river basins such as the Smoky Hill-Saline many of these rel iable water sources or 
reliability factors are not available. The judgment of persons familiar with a particular publ ic 
water suppl ier's situation was relied-upon in  determining whether or not a particular action had 
resolved the suppl ier's basic source l imitation .  

Distribution System Limitation 

A public water supplier may have a rel iable source of raw water and adequate treatment 
capacity to meet increased demand for water during drought conditions, but sti l l  be unable to 
meet this increased demand due to an inadequate d istribution system. This inadequacy may 
be due to lack of fin ished water elevated storage or the d istribution mains or laterals may be 
too small to transport enough water to meet demands. 

Treatment Capacity Limitation 

In a few cases, public water supplier treatment capacity has simply been too l imited to keep
up with increased demand for water during drought conditions, even though no other l imita
tions to meeting this demand are present. 

Single Wel l  Source Limitation 

Increased demand for water during drought conditions puts added stress on system mechani
cal components such as raw water pumps due to excessive hours of operation etc. If the 
supplier relies solely upon a single well for its source of water supply, this increased l ikelihood 
of mechanical problems puts the system at risk of being unable to meet even essential cus
tomer needs for water. 

Contractual Limitation 

A public water supplier may be drought vulnerable due to contract provisions for l imitation or 
termination of water delivery service in the event of an emergency such as drought. The pres
ence of such l imitation I termination provisions in a contract to purchase water at wholesale 
from another supplier was considered indicative of drought vulnerabil ity if such purchase was 
the sole source of water for the purchasing supplier and the sel ler was d rought vulnerable. 
Drought vulnerabil ity was also assumed where such drought l imitation I termination contract 
provisions were present and the only other source was a single well .  
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Public water suppl iers whose sole source of water was purchase from another supplier that 
was drought vulnerable were considered drought vulnerable regard less of whether or not there 
were contract provisions for l imitation or termination of water del ivery service. Where no such 
contract provisions were present, the purchaser was assigned to the same limitation category 
as the seller. 

Contracts that provide for equal l imitation of the seller's own retai l  customers and wholesale 
customers in the event of a shortage were not considered indicative of d rought vulnerabil ity. 

REVIEW OF PRELIMINARY RESULTS 

Once drought vulnerable public water suppliers were identified using the assessment data 
sets and l imitation category criteria described above, these resu lts were provided to others 
with personal knowledge of the suppliers in question for review. Reviewers included staff from 
the Kansas Rural Water Association, the Bureau of Water at the Kansas Department of Health 
and Environment (KDHE) and the Kansas Water Office Public Water Supply Unit. KDHE 
district office personnel also reviewed the prel iminary results for thei r d istrict. 
DROUGHT VULNERABLE PUBLIC WATER SUPPLIERS 

The 1 992 Drought Vulnerable Kansas Public Water Supplies l ist identified 1 8  of the 85 public 
water suppliers in the Smoky Hil l-Saline Basin as being drought vulnerable . Upon review, it 
was d iscovered that Geary RWD 02 (Geary Water Dist. 2) was actua lly located in the Kansas-
Lower Republican Basin. 

• 

The remaining 1 7  suppliers were first screened against the assessment criteria for the appli
cable l imitation category for 1 992 to ensure consistency in assessment methodology in al l  
assessment years. This screening procedure was then appl ied for the years 1 995 and 1 998. 
The results of this preliminary screening were then reviewed by ind ividuals with personal 
knowledge of the suppliers in question as described above. Likewise, those suppliers with 
contractual l imitations were identified . Finally, the total number of drought vulnerable pubic 
water suppl iers in the Smoky Hi l l-Saline Basin was identified for each year. 

The results of this screening and review are summarized below by lim itation category. 

Basic Source Limitation 

Fourteen public water suppliers in the Smoky Hill-Saline Basin were drought vulnerable due to 
a basic source l imitation in 1 992 as shown in Table 1 .  This number increased to 1 6  in 1 995 
but was reduced to 1 1 in 1 998. Abilene, Dickinson RWD 01 and Lindsborg added new wells 
between 1 995 and 1 998 that resolved their basic source l imitations based upon review com
ments. The basic source l imitations for Manchester (purchase from Dickinson RWD 01 )  and 
the Red Bud Lake Association (purchase from Abilene) were also resolved as a result of 
adding these new wel ls. 

Gove, Saline RWD 04 and Sharon Springs were added to the l ist of public water suppliers with 
basic source l im itations based upon review comments. 



Distribution System Limitation 

Three public water suppliers in the Smoky Hil l-Sal ine Basin were drought vulnerable due to a 
distribution system limitation in 1 992 as shown in Table 2. All remained drought vulnerable in 
1 998. Russell RWD 03 was identified by review comments as having a d istribution system 
l imitation . Susank's sole source of water supply is purchase from Russell RWD 03. 

Treatment Capacity Limitation 

No public water suppliers in the Smoky Hi l l-Saline Basin are d rought vulnerable due to a 
treatment capacity l imitation. 

TABLE 1 
Public Water Suppliers With Basic Source Limitation (SSL) 

Smokv Hill-Saline Basin 
Basic Source Limit? • 

Public Water Suoolier ' 1 992 1 995 1 998 Comments 
Abilene ves ves no Based uoon review comments 
Dickinson RWD 01 ves ves no Based uoon review comments 
Gove ves ves ves Based uoon review comments 
Gypsum yes yes yes 
Hays yes yes yes 
Kanopolis yes yes yes 
Lindsborg yes yes 

. 
no Based upon review comments 

Lona ford yes yes yes 
Manchester yes yes no Purchase from Dickinson RWD 0 1  
Natoma ves ves yes 
Red Bud Lake Assn. no ves no Purchase from Abilene 
Russell ves ves ves 
Saline RWD 02 yes yes ves 
Saline RWD 04 no yes yes Based upon review comments 
Sharon Springs yes yes yes Based upon review comments 
Tescott yes yes yes 

Total BSL PWS J 1 4  1 6  1 1  
Footnotes: 

1 .  From Drought Vulnerable Kansas Public Water Supplies (May 1 1 ,  1 992), unless otherwise noted. 
2. Did PWS have a basic source limitation in year indicated? See Public Water Suppliers With Basic 

Source Limitation Tables for 1 992, 1 995 and 1 998 (separate). Primary information sources 
were1 992, 1 995 and 1 998 Public Water Supplies Sources and Purchasers Lists. Other sources 
included 1 996 Status Report on Water Marketing, Water Assurance and Multipurpose Small Lakes 
Programs; KWO program file data; and the KWO Survey of Public Water Supply Contracts in 
Kansas. Limit status also reflects review comments. 

3. Total number of drouQht vulnerable public water suppliers in basin due to basic source l imitation. 
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TABLE 2 
Public Water Suppliers With Distribution System Limitation (DSL) 

Smoky Hill-Saline Basin 
Distribution Svstem Limit? • 

Public Water Supplier ' 1 992 1 995 1 998 Comments 
Russell RWD 03 ves ves yes Based upon review comments 
Saline RWD 03 ves ves yes 
Susank ves ves yes Purchase from Russell RWD 03 

Total DSL PWS � 3 3 3 
Footnotes: 

1 .  From Drought Vulnerable Kansas Public Water Supplies (May 1 1 ,  1 992), unless otherwise noted. 
2.  Did PWS have a distribution system l imitation in year indicated? Information source was telephone 

survey of affected suppliers conducted by Kansas Water Office. Limit status also reflects review 
comments. 

3. Total number of drought vulnerable public water suppliers in basin due to distribution system 
limitation. 

Single Wel l  Source Limitation 

F ive public water suppliers in the Smoky Hil l-Saline Basin were drought vulnerable due to a 
single well source l imitation in 1 992 as shown in Table 3. All remained drought vulnerable in 
1 998. 

TABLE 3 
Public Water Suppliers With Single Well Source Limitation (SWS) 

Smokv HI/I-Saline Basin 
Single Well Source? • 

Public Water Suoolier ' 1 992 1 995 1 998 Comments 
Ellis RWD 02 yes yes yes 
Geary RWD 02 Moved to Kansas-Lower Republican Basin 
Rooks RWD 02 ves ves ves 
Russell RWD 02 ves ves ves 
Wallace yes yes ves 
Wallace RWD 01 yes yes yes 

Total SWS PWS J 5 5 5 
Footnotes: 

1 .  From Drought Vulnerable Kansas Public Water Supplies (May 1 1 ,  1 992), unless otherwise noted. 
2. Was PWS using a single well a s  its sole source of water supply in year indicated? Information 

source was Public Water Suppl iers Sources and Purchasers (1 992, 1 995 and 1 998). Limit status 
also reflects review comments. 

3. Total number of drought vulnerable public water suppliers i n  basin due to single well source 
limitation. 

Contractua l  Limitation 

Manchester was the only public water supplier in the Smoky Hil l-Sa line Basin that was drought 
vulnerable due to a contractual l imitation in 1 992. Manchester's sole source of water supply is 
purchase from Dickinson RWD 01 . When Dickinson RWD 01 resolved its basic source l imita
tion, Manchester's contractual l imitation was also resolved . 



Total Number of Drought Vulnerable Public Water Suppliers in 1 992. 1 995 and 1 998 

As indicated in Table 4,  the total number of drought vulnerable public water suppl iers in the 
Smoky Hil l-Saline Basin declined from 22 in 1 992 to 1 9  in 1 998. In 1 998, 22 percent of the 
public water suppliers in the Smoky Hi l l-Sal ine Basin were drought vulnerable. 

TABLE 4 
Total Number of Drought Vulnerable Public Water Suppliers 

Smokv Hill-Saline Basin 
Number of Drought Vulnerable Sunnliers 

Limitation Category 1 992 1 995 1 998 
Basic Source 1 4  1 6  1 1  

Distribution System 3 3 3 
Treatment Capacity 0 0 0 

Sinale Well Source 5 5 5 
Contractual ' 1 (Q) 1 (Q) 0 (Q) 
Total DV PWS � 22 3 24 . 1 9  
Total PWS 0 85 85 8 5  
Percentaae DV b 26 28 22 
Footnotes: 

1 .  F irst value in annual column indicates total number of public water suppliers with a contractual 
limitation. Value in parentheses indicates how many of these were not identified as drought 
vulnerable under another limitation category. 

2. Total number of drought vulnerable public water suppliers in basin based upon limitation category 
criteria screening and review comments. 

3. In 1 992, one supplier was included under two categories. Thus the total number of drought 
vulnerable suppliers in the basin was 22 rather than 23. 

4. In  1 995, one supplier was included under two categories. Thus the total number of drought 
vulnerable suppliers in the basin was 22 rather than 23. 

5. Total number of public water suppliers in basin. 
6. Percentage of public water suooliers in basin that are drouaht vulnerable. 

Projected Number of Drought Vulnerable Public Water Suppliers in 201 0  

The 201 0  Objective is for fewer than five percent of public water suppliers in the Smoky Hi l l
Saline Basin to be drought vulnerable. In  this basin, the 201 0  Objective will be achieved when 
four or fewer suppl iers are drought vulnerable. The projected number of drought vulnerable 
public water suppliers in 201 0  in the Smoky Hi ll-Saline Basin is 1 5 . This projection was made 
from the number of such suppliers in 1 992 , 1 995 and 1 998 using an exponential projection 
model. If this projected number of drought vulnerable public water suppliers is realized , the 
201 0  Objective will not have been achieved . 
Year 2000 Situation 

In this assessment project, drought vulnerable public water suppl iers were identified for the 
years 1 992, 1 995 and 1 998. In most cases, information for the year 1 998 was the most recent 
available concerning basic source and single wel l  source l imitations. Information regard ing 
contractual, distribution system and treatment capacity l imitations was collected in 2000. 
Some publ ic water suppl iers resolved their l imitations between 1 998 and 2000 and a re no 
longer considered drought vulnerable. 
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A list of drought vulnerable public water suppl iers based upon most recent avai lable informa
tion is of greatest value for planning purposes and to help set priorities for p roviding financial 
and technical assistance to resolve drought vulnerabil ity l imitations. Table 5 l ists drought 
vulnerable public water suppliers in the Smoky Hi l l-Saline Basin in 2000 . 

Population Affected -Tab le 5 ind icates the estimated population served by each d rought 
vulnerable public water supplier in the Smoky Hi l l-Saline Basin in 2000. 
The total population served by the drought vulnerable public water suppliers l isted in Table 5 
represents approximately 1 9.5  percent of the total population of the Smoky Hil l-Saline Basin in 
2000. 

TABLE S  
Drought Vulnerable Public Water Suppliers In 2000 

Smoky HI/I-Saline Basin 
Public Water Succlier Limitation Cateaorv Population Served ' 

Ellis RWD 02 Sinole Well Source 49 
Gove Basic Source 1 07 
Gypsum Basic Source 422 
Hays Basic Source 1 9,541 
Kanopolis Basic Source 604 
Longford Basic Source 79 
Natoma Basic Source 353 
Rooks RWD 02 Sinole Well Source 70 
Russell Basic Source 4,836 
Russell RWD 02 Sinole Well Source 28 
Russell RWD 03 Distribution System 934 
Saline RWD 02 Basic Source 390 
Saline RWD 03 Distribution S ystem 806 
Saline RWD 04 Basic Source 652 
Sharon Sorinos Basic Source 857 
Susank Distribution System 59 
Tescott Basic Source 333 
Wallace Sinqle Well Source 1 1 2 
Wallace RWD 0 1  Sinqle Well Source 2 1 8  

Total 30,450 
Footnotes: 
1 .  Estimated population served by public water supplier i n  2000. From Kansas Water Office, Kansas 

Population and Water Demand Projections. 

SUMMARY ANP CONCLUSIONS 

Eleven of the 1 9  drought vulne�able public water suppliers in the Smoky H il l-Sal ine Basin in 
1 998 were "stand alone" suppliers with basic source l imitations. Resolution of these l imitations 
either individually or as part of a regional strategy, as appropriate, wil l  be a key to achieving 
the 201 0  Objective in  the Smoky Hil l-Saline Basin.  Resolution of the five single well source 
l imitations also is vital in th is regard . 

Any public water supplier can experience drought-related problems, regard less of whether 
they are considered drought vulnerable. All public water suppliers are encouraged to develop 



and implement an approved municipal water conservation plan. The state guidelines for mu
nicipal water conservation plans include a drought I emergency contingency section which 
aides the supplier in identifying goals , triggers and appropriate water conservation practices 
for several stages of drought. Free, on-site techn ical assistance with conservation plan devel
opment is available from the Kansas Water Office. 

drought assessment summary shs.doc 
08/17/2001 1 2:04 PM 
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Appendix E 
Potential Funding Options 

Draft Final Report 
Contract No. DACW4 1 -00-D-0026-0010 

Planning Assistance to States Program 
Eastern Smoky Hil l-Saline Basin 

Public Water Supply Study 
September 2003 
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) '=:atalog of Federal Domestic Assistance - Related Links 

�0.760 Water and Waste Disposal Systems for Rural  Com munities 

Page 1 of 4 

FEDERAL AGENCY: 

L RURAL UTILITIES SERVICE, DEPARTMENT OF AG RICULTU RE 

L�uTHORIZATION: 

Consolidated Farm and Rural Development Act, as amended, Section 306, Public Law 92-41 9, 7 
u.s.c. 1 926. 

t')BJECTIVES: 

l • 
To provide basic human amenities, alleviate health hazards and promote the orderly growth of the 
rural areas of the nation by meeting the need for new and improved rural water and waste disposal 
facil ities. 

lT
YPES OF ASSISTANCE: 

Project Grants; D i rect Loans; Guaranteed/Insured Loans. 
•· 

l.JsES AND USE RESTRICTIONS: 

l 
L 
l 
L 

Funds may be used for the installation, repair, improvement, or expansion of a rural water facil ity 
including distribution l ines, well pumping faci l ities and costs related thereto, and the instal lation, 
repair, improvement, or expansion of a rural waste d isposal faci l ity including the col lection, and 
treatment of sanitary, storm, and solid wastes. Grant funds may not be used to pay: Interest on 
loans,  operation and maintenance costs, or to acqu i re or refinance an existing system. No 
maximum loan amount is established by statute. The maximum term on all loans is 40 years. 
However, no repayment period wil l  exceed any statutory l imitation or the organization's borrowing 
authority nor the useful l ife of the improvement or facil ity to be financed. There are currently three 
interest rates for d irect loans: A 4.5 percent rate when the loan is required to meet health or 
sanitary standards and the median household income of the service area is below the higher of the 
poverty J ine or 80 percent of the statewide Nonmetropolitan median household income; the 
intermediate rate, halfway between 4.5 percent and market rate, if the median household income 
of the service area is not more than 1 00 percent of the nonmetropolitan median household income 
of the State; and market rate for those appl icants that do not qualify for 4.5 percent or intermediate 
rate. The i nterest rate on guaranteed loans is negotiable between the applicant and the lender. 

L:uGIBILITY REQUIREMENTS: 

L 
L 

Applicant Eligibility: Municipalities, counties, and other political subdivisions of a State, such as 
districts and authorities, associations, cooperatives, corporations operated on a not-for-profit basis, 
I ndian tribes on Federal and State reservations and other Federally recognized Indian tribes. 
Faci l ities shall primarily serve rural residents and rural businesses. The service area shall not 
include any area in  any city or town having a popu lation in  excess of 1 0,000 inhabitants according 
to the latest decennial census of the U nited States.  The applicant must: ( 1 ) Be unable to finance 
the p roposed project from its own resources or through commercial credit at reasonable rates and 
terms; and (2) have the legal authority necessary for constructing, operating , and maintain ing the 
proposed facil ity or service, and for obtain ing, g iving security for, and repaying the proposed loan. 
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Plans and specifications must be developed to comply with State and local health and pollution I 
regulations and other requirements. Grants are made only when necessary to reduce the average 
annual benefited user charges to a reasonable level. Normally, grants are considered only when 

1··· 
the debt service portion of the cost to grant eligible users exceeds the following percentages of 
median household incomes (MHI) for the applicant service area; 0.5 percent when the MHI  of the 
service area is below the poverty l ine or below 80 percent (whichever is higher) of the State's non- I'" metropolitan household income (NMHI ) ;  1 .0 percent when the NMHI  of the service area exceeds 
the 0.5 percent requirement but is not more than 1 00 percent of the State's NMHI ;  no AUS grant 
funds will be used in any project when the MHI  of the service area is above the poverty l ine and I more than 1 00 percent of the State's NMHI .  The AUS grant may not exceed 75 percent of the 
eligible project development cost when the MHI  of the service area is below the poverty l ine or 
below 80 percent (whichever is higher) of the State's NMHI  and the project is necessary to 1· alleviate a health or sanitary problem; 45 percent when the M H I  of the service area exceeds the 75 
percent requirements, but is not more than 1 00 percent of the State's NMHI .  Assistance is 
authorized for eligible appl icants in  rural areas of the United States, Puerto Rico, the Virgin Islands, I Guam, Commonwealth of Northern Mariana Islands, American Samoa, and to the extent the 
Secretary determines feasible and appropriate, the Trust Territory of the Pacific Islands. 

Beneficiary Eligibility: Farmers, ranchers, rural residents, rural businesses and other users in 
el igible applicant areas. 

APPLICATION AND AWARD PROCESS: 

Preapplication Coordination: The standard application forms as furnished by the Federal 
agency and required by OMB Circular No. A-1 02 must be used for this program.  An environmental 
assessment is required for this program. This program is el igible for coverage under E.O. 1 2372, 
" Intergovernmental Review of Federal Programs." An applicant should consult the office or official 
designated as the single point of contact in his or her State for more information on the process the 
State requires to be followed in applying for assistance, if the State has selected the program for 
review. 

Application Procedure: USDA Ru ral Development (RD) offices adm inisters the program on the 
local level. Appl ication Form SF-424 is filed at the local RD Office from which assistance may be 
obtained. This program is subject to the provisions of OMB Circular No. A-1 1 0. 

A ward Procedure: After the appl ication has been reviewed at the local level ,  it is forwarded to 
the RD State Director for review and processing instructions.  Following completion of application 
processing requirements and loan/grant approval ,  funds are made available to the appl icant. 

Deadlines: None. 

Range of ApprovaVDisapproval Time: From 30 to 90 days. 

Appeals: I f  an application is rejected,  the reasons for rejection are fu l ly stated. The appl icant may 
request a review of this decision at the RD or AUS National level. 

Renewals: Not appl icable. 

ASSISTANCE CONSIDERATIONS: 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I Formula and Matching Requirements: This program has no statutory formu la. Funds are 
allocated to States based upon rural population , number of households in poverty, and 
unemployment. This program has no matching requirements. 
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loan or grant funds. Funds wil l be awarded when al l AUS requirements are met and the project can L be completed on a timely basis. Funds may be advanced on an as needed basis by the AUS to 
cover expenses for a 30-day period. 

�>OST ASSISTANCE REQUIREMENTS: 

L 
t 
L 

Reports: Periodic reports are to be made to the RD servicing official . 

Audits: I n  accordance with the provisions of OMB Circular No. A- 1 33 (Revised , June 24 , 1 997) , 
"Audits of States, Local Governments, and Non-Profit Organizations, "  non federal entities that 
expend financial assistance of $300,000 or more in Federal awards wil l  have a single or a 
program-specific audit conducted for that year. Nonfederal entities that expend less than $300,000 
a year in Federal awards are exempt from Federal audit requirements for that year, except as 
noted in C i rcular No. A-1 33. 

l. Records: Records and accounts are required to reflect the operations of the facil ity. 

't1NANCIAL INFORMATION: 

L Account Identification: (Loans) 1 2-41 55-0-3-452; (Grants and Loans) 1 2-0400-0-1 -452. 

L 
L 

Obligations: (Di rect Loans) FY 01 $765,6 1 9 ,4 1 7; FY 02 est $885,04 1 ,301 ; and FY 03 est 
$900,000,000. (Guaranteed Loans) FY 01  $ 1 0,771 ,835; FY 02 est $75,000,000; and FY 03 est 
$75,000,000. (Grants) FY 01  $557,606,000� FY 02 est $572,848,983; and FY 03 est 
$600,000,000. Note: Technical Assistance and Train ing (TAT) and grants earmarked under 
Section 306C of the Consol idated Farm and Rural Development Act to Note: Colonias are included 
in these estimates. 

Range and A verage of Financial Assistance: (FY 2001 ) (Direct Loans) $500 to $9,509,000; 
$854,285; (Grants) $3,423 to $9,900,000; $657,339. 

l>ROGAM ACCOMPLISHMENTS: 

• There were 908 d irect loans, 765 grants, and 9 guaranteed loans made i n  fiscal year 2001 . It is 
• estimated that 1 ,  1 21 direct, 1 5  guaranteed loans, and 902 grants wil l be made in fiscal year 2002. 

rEGULATIONS, GUIDELINES, AND LITERATURE: 

7 CFR 1 780; Water and Waste Loans and G rants, PA 1 203, 7 CFR 1 980, Subpart I ;  Community 
Programs G uaranteed Loans, PA 1 1 00. 

INFORMATION CONTACTS: 

l Regional or Local Office: Consult your local telephone d irectory for Rural Development local 
number. If no l isting, get in touch with the appropriate Rural Development State Office listed in 
Appendix IV of the Catalog . 

Headquarters Office: Assistant Administrator, Water and Environmental Programs, Rural 
�· Utilities Service, Department of Agriculture, Washington, DC 20250. Telephone: (202) 690-2670 . 
.. 

Web Site Address: httgL/www_,_ru rdey. usda. gov. 
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RELATED PROGRAMS: 

1 1 .300, Grants for Public Works and Economic Development Faci l ities ; 1 4.21 8, Community 
D�velqpment E3 lock Grno1�LE:_n_t_i_t1�me_!1LGJ'_gJJJ.§_. 

EXAMPLES OF FUNDED PROJECTS: 

The fol lowing areas received funds for specified projects: Construct new water system consisting 
of water l ines, pumping stations, wel ls, storage tanks and treatment plants; water system 
improvements consisting of additional water l ines, new water treatment facil ity and booster pump; 
renovation of existing water system which includes new distribution l ines, wells and pressure tanks; 
construct new waste water collection and treatment systems; replace waste water treatment plant 
and improve waste water collection l ines; rehabi l itate waste water collection l ines and construct l ift 
station; purchase site for landfil l ;  and purchase trucks and equipment for solid waste d isposal. 

CRITERIA FOR SELECTING PROPOSALS: 

In selecting appl ications for funding, the agency cooperates with appropriate State agencies. RUS 
assistance for water and waste disposal projects wil l  be d irected toward truly rural areas and rural 
communities. Considerations for avai lable funds emphasize such criteria as: Population; low 
income unemployment; and health and sanitary problems. RUS financed faci l ities wil l  not be 
inconsistent with any development plans of the State, multiju risdictional area, county, or 
municipality in which the proposed project is located. 

General SeNices Administration 
Office of Govemmentwide Policy (M) 
Office of Acquisition Policy (MV) 
Governmentwide Information Systems Division (MVS) 
Federal Domestic Assistance Catalog Staff 

I 
I 
I 
I 
I 
I 
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.,0.761 Techn ical Assistance and Train ing Grants 
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, FEDERAL AGENCY: L RU RAL UTILITIES SERVICE, DEPARTMENT OF AG RICULTURE 

L�UTHORIZATION: 

L Consolidated Farm and Rural Development Act, as amended, Sections 306(a) ( 1 6)(A) , Public Law 
99-1 98, 7 U .S.C. 1 926(a) . 

l')BJ ECTIVES: 

To identify and evaluate solutions to water and waste disposal problems in rural areas; to assist 

�· . appl icants in preparing appl ications made in  accordance with 7 CFR 1 780; to improve operation 
• and maintenance of water and waste disposal facil ities in  rural areas. 

LTYPES OF ASSISTANCE: 

Project Grants. 

�SES AND USE RESTRICTIONS: 

L 
L 
l 
l 

Funds may be used to pay expenses associated with providing technical assistance and/or training 
(TAT) to identify and evaluate solutions to water problems relating to source, storage, treatment, 
and d istribution, and to waste d isposal problems relating to col lection ,  treatment, and disposal; 
assist applicants that have fi led a preapplication with AUS in the preparation of water and/or waste 
disposal loan and/or grant appl ications; and to provide training that wil l improve the management, 
operation and maintenance of water and waste disposal facil ities. Grant funds may not be used to 
recruit appl ications, duplicate current services such as those performed by a consultant in  
developing a project, fund political activities, pay for capital assets, pu rchase real estate or 
vehicles, improve and renovate office space or repair and maintain privately owned property, pay 
construction or O&M costs, and pay costs incurred prior to the effective date of grants made. 

ELIGIBILITY REQUIREMENTS: 

L Applicant Eligibility: Private nonprofit organizations that have been granted tax exempt status 
by the I nternal Revenue Service of the United States. Appl icants must have proven abil ity, 
background,  experience, legal authority and actual capacity to provide technical assistance and/or 
train ing on a regional basis to associations. 

Beneficiary Eligibility: Entities that may be eligible for water and waste disposal loans and 
grants ( 1 0 .760) such as municipalities, cou nties, districts, authorities, and other political 
subdivisions of a State, organizations operated on a not-for-profit basis, such as associations, 
cooperatives, or private corporations , I ndian tribes on Federal and State reservations and other 
federally recognized Indian tribes. 

l �PPLICATION AND AWARD PROCESS: 

Preapplication Coordination: This program is excluded from coverage under E .O. 1 2372. An 
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I envi ronmental impact assessment is required for this program. 

Application Procedure: This program is subject to the provisions of OMS Circular Nos. A-1 1 0  
and A-1 22. Preapplication form SF 424. 1 ,  wi l l  be filed with the appropriate Rural Development 
(RD), formerly FMHA, State or Rural Util ities Service (AUS) National Office between October 1 and 
December 31 each fiscal year. 

' 

A ward Procedure: Preapplications received by an RD State office wil l be reviewed and 
forwarded with any written comments within 7 working days to the AUS National Office, 
Washington, DC. 

Deadlines: Preapplications must be filed between October 1 and December 3 1  of each fiscal 
year. 

Range of Approval/Disapproval Time: Form AD-622 "Notice of Preapplication Review Action" 
will normally be issued within 45 days after December 31 of each year. SF 424 . 1  "Application for 
Federal Assistance (for Non-construction) , "  wi l l  be submitted by the applicant upon notification of 
funding eligibil ity. 

Appeals: I f  an application is rejected ,  the reasons for rejection are fully stated. The appl icant may 
request a review of this decision with the National Appeals D ivision of U SDA. 

Renewals: Not applicable. 

ASSISTANCE CONSIDERATIONS: 

Formula and Matching Requirements: This program has no statutory formula or matching 
requirements. Not less than one percent or more than three percent of appropriated Water and 
Waste Disposal grant funds may be used for TAT grants. Nonprofit organizations with proven 
abil ity to provide technical assistance/training are eligible. 

Length and Time Phasing of Assistance: A time l imitation is not specified, however, priority wi l l  
be given to appl icants whose time frame for completion of the technical assistance and/or training 
grant project is 1 2  months or less. 

POST ASSISTANCE REQUIREMENTS: 

Reports: All grantees wil l  submit quarterly reports to the AUS National Office through the 
appropriate RD State Office. 

A udits: I n  accordance with the provisions of OMS Circular No. A- 1 33 (Revised, June 24, 1 997) , 
"Audits of States, Local Governments, and Nonprofit Organizations," non federal entities that 
expend financial assistance of $300,000 or more in Federal awards wil l  have a single or a 
program-specific audit conducted for that year. Nonfederal entities that expend less than $300,000 
a year in Federal awards are exempt from Federal audit requ irements for that year, except as 
noted in Circular No. A-1 33. 

Records: Financial records, supporting documents, statistical records, and al l  other records 
pertinent to the grant must be retained for a period of at least 3 years after closing.  

FINANCIAL INFORMATION: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Obligations: (Grants) FY 01 $1 5,972 ,620; FY 02 est $1 6 ,21 5 ,000 ; and FY 03 est $1 6,21 5 ,000. 
(Note: Grants included in program 1 0.760, Water and Waste Disposal Systems for Rural 
Communities.) 

Range and A verage of Financial Assistance: $40,000 to $7,902,632. Average: $ 1 ,597,353 (FY 
' 2001 ) .  

�ROGAM ACCOMPLISHMENTS: 

l I n  fiscal year 2001 , 1 O grants were made. 

£EGULATIONS, GUIDELINES, AND LITERATURE: 

7 CFR, Part 1 775, Technical Assistance and Training Grants. 

�FORMATION CONTACTS: 

L 
l 

Regional or Local Office: Consult your local telephone directory for RD d istrict office number. If 
no l isting, get in  touch with the appropriate RD State Office l isted in Appendix IV of the Catalog. 

Headquarters Office: Assistant Administrator, Water and Environmental Programs, Rural 
Utilities Service, Department of Agriculture, Washington, DC 20250. Telephone: (202) 690-2670. 

I. Web Site Address: http://www.ru rdev.usda.gov. 

RELATED PROGRAMS: 

L None. 

L:XAMPLES OF FUNDED PROJECTS: 

L 
Recipients of this program received funds to administer technical assistance and training to smal l 
communities experiencing water and waste d isposal problems. 

CRITERIA FOR SELECTING PROPOSALS: 

l 
L 

Assistance wil l be directed to those appl icants who: ( 1 )  Have demonstrated abil ity to provide 
technical assistance and/or training to rural associations; (2) propose to serve multi-state, regional , 
or nationwide areas; (3) maximize use of grant funds for d irect staffing of activities that are 
delivered to the associations; and (4) the population of the associations served have low income . 

• , :-neral Services Administration �ce of Govemmentwide Policy (M) 
Office of Acquisition Policy (MV) i lovemmentwide Information Systems Division (MVS) a..'ederal Domestic Assistance Catalog Staff 

l 
; 
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�0.763 Emergency Com m u n ity Water Assistance Gra nts 

� .. ---(EDER AL AGENCY: 

RURAL UTILITIES SERVICE, DEPARTMENT OF AG RICULTURE 

1.�UTHORIZATION: 

Consolidated Farm and Rural Development Act, Section 306A; Food, Agriculture, Conservation, 
and Trade Act of 1 990, Title XXl l l ,  Public Law 1 01 -624. 

l :>BJECTIVES: 
• 

Through the Emergency Community Water Assistance G rant Program,  the Rural Util ities Service 
(RUS) is authorized to help rural residents who have experienced a significant decl ine in quantity 
or quality of water to obtain  adequate quantities of water that meet the standards of the Safe 
Drinking Water Act. ./J . 

lrvPES OF ASSISTANCE: 

Project Grants. 

USES AND USE RESTRICTIONS: 

L 
l 
L 
L 
L 
L 

Grant funds may be used to extend water l ines on existing systems; to construct new water l ines; 
to repair existing systems; to perform significant maintenance on existing systems; to construct 
new wells, reservoirs, transmission l ines, treatment plants, storage tanks, etc . ;  to replace 
equipment; to provide connection and/or tap fees; to pay costs i ncurred with in  six months of the 
date an application was filed with USDA to correct an emergency situation that would have been 
eligible for funding under this program; to provide funds for any other appropriate related purposes, 
such as, legal fees; engineering fees; recording costs; environmental i mpact analyses; 
archaeological surveys; possible salvage or other mitigation measures; planning,  establishing, or 
acquiring rights associated with developing sources of treating, storing,  or d istributing water; and to 
assist rural water systems in complying with the requirements of the Federal Water Pollution 
Control Act or the Safe Drinking Water Act, when fai lure to comply is d i rectly related to a recent 
decl ine in quality of potable water. G rants provided under this program shall not be used to assist a 
rural area or community with a population in  excess of 1 0,000; to assist a rural area that has a 
med ian household income in excess of the statewide nonmetropolitan median household income 
according to the most recent decennial census of the U .S . ;  to finance facil ities which are not 
modest in size, design, and cost; to pay loan or grant finder's fees; to pay any annual recurring 
costs considered to be operational expenses; to pay rental for the use of equ ipment or machinery 
owned by the rural community; to purchase existing systems; to refinance existing indebtedness; 
and to make reimbursement for projects developed with other g rant funds. G rants made to 
alleviate a significant decline i n  quantity or qual ity of water avai lable from the water supplies in 
rural areas that occurred within two years of fi l ing an application with USDA cannot exceed 
$500,000. G rants for repairs,  partial replacement, or significant maintenance on an establ ished 
system cannot exceed $75,000. 

leLIGIBILITY REQUIREMENTS: 

L 
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Applicant Eligibility: Rural Util ities Service may make grants to public bodies, private nonprofit I 
corporations, and political subdivisions of a State , as well as I ndian tribes. 

Beneficiary Eligibility: Public bodies, private nonprofit corporations, and political subdivisions of 
a State, as wel l  as Indian tribes. 

APPLICATION AND AWARD PROCESS: 

Preapplication Coordination: This program is eligible for coverage under E.O. 1 2372, 
" Intergovernmental Review of Federal Programs." An applicant should consult the office or official 
designated as the single point of contact in his or her State for more information on the process the 
State requires to be followed in applying for assistance, if the State has selected the program for 
review. An environmental impact assessment is required for this program.  The standard application 
forms as furnished by the Federal agency and required by U .S.C.  Parts 301 5  and 301 6  must be 
used for this program. 

Application Procedure: Rural Development (RD) State D i rector wil l administer the program on 
the local level .  This program is subject to the provisions of U .S.C. parts 301 5 and 301 6. Application 
Form SF-424 wil l  be filed with the appropriate RD District office. 

A ward Procedure: Appl ications received wil l  be reviewed and scored for funding priority by the 
RD State office. The RD State Director will request funds from the National office. Projects must 
compete on a national basis for available funds. 

Deadlines: All funding requests will be re�iewed by the National office after November 1 of each 
year and continue as long as funds are avai lable. 

Range of Approval/Disapproval Time: Withi n  60 days of receipt of complete application . 

Appeals: If an application is rejected,  the reasons for rejection are fully stated . The appl icant may 
request a review of this decision at the higher management level of RUS. 

Renewals: Not appl icable. 

ASSISTANCE CONSIDERATIONS: 

Formula and Matching Requirements: Not applicable. 

Length and Time Phasing of Assistance: Not applicable. 

POST ASSISTANCE REQUIREMENTS: 

Reports: Request for funds, as needed . 

Audits: I n  accordance with the provisions of OMB Circular No. A- 1 33 (Revised, June 24, 1 997) , 
"Audits of States, Local Governments, and Nonprofit Organizations, "  non federal entities that 
expend financial assistance of $300,000 or more in Federal awards wil l  have a s ingle or a 
program-specific audit conducted for that year. Nonfederal entities that expend less than $300 ,000 
a year in Federal awards are exempt from Federal audit requirements for that year, except as 
noted in Circular No. A- 1 33. 

Records: The grantee shall maintain adequate records and accounts to assure that grant funds 
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llNANCIAL INFORMATION: 

Account Identification: 1 2-0400-0-1 -452. 

Obligations: (Grants) FY 01 $200,200; FY 02 est $20,000,000; and FY 03 est $0. (Note: The one 
grant for FY 01 was obligated from prior year funds.) 

Range and Average of Financial Assistance: $200,000 to $200,200. Average: $200,200. 

L>ROGAM ACCOMPLISHMENTS: 

l In  fiscal year 2001 , one grant was awarded . 

REGULATIONS, GUIDELINES, AND LITERATURE: 

L 7 CFR, Part 1 778. 

LNFORMATION CONTACTS: 

L 
i. 

Regional or Local Office: Consult your local telephone directory under United States 
Government, Department of Agriculture for Rural Development District Office number. If no l isting , 
contact appropriate Rural Development State office l isted in  Appendix IV of the Catalog. 

Headquarters Office: Assistant Administrator, Water and Environmental Programs, Rural 
Utilities Service, Department of Agriculture, Washington, DC 20250. Telephone: (202) 690-2670. 
FTS is not available. 

Web Site Address: bttp_:llwww_, LLJJ.deYJJSQa.gqy. 

L �ELATED PROGRAMS: 

L 
1Q]60. Water g._rJd Waste Disposal Systems for Rural Communities ; lQ.766, CQmmunity_E-9cilities 
L9ans and_GJanJs_ . 

EXAMPLES OF FUNDED PROJECTS: 

L 
l 

Rural communities can use these funds to correct d rinking water problems that have been created 
by a significant decl ine in quantity or qual ity of their  water supply. The communities use the funds 
for new systems, waterl ine extensions, construction of water sources and treatment facil ities, 
storage tanks, and repai rs or renovation of existing systems. 

t:RITERIA FOR SELECTING PROPOSALS: 

l 
l 

The proposed projects designed to serve a rural area with a population of 5,000 or less that has a 
median household income of not more than 70 percent of the statewide nonmetropolitan 
household income and had a significant decline in quantity of water avai lable from private 
individual ly owned wells wi l l  be given priority. Preference also wi l l  be g iven to proposed projects 
that wi l l  assist an establ ished water system or remedy an acute shortage of qual ity water. The 
Rural Development State Director will rate appl ications on a point system and points received wil l  
be considered in selecting projects for funding. 
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General Services Administration 
Office of Governmentwide Policy (M) 
Office of Acquisition Policy (MV) 
Governmentwide Information Systems Division (MVS) 
Federal Domestic Assistance Catalog Staff 
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� 0.770 Water and Waste Disposal Loans and G rants (Section 306C) 

(EDERAL AGENCY: 

RURAL UTILITIES SERVICE, DEPARTMENT OF AGRICULTURE 

�UTHORIZATION: 

Consolidated Farm and Rural Development Act, Section 306C, 7 U .S.C. 1 926(c) , as amended; 
Food, Agriculture, Conservation, and Trade Act of 1 990, Title XXl l l ,  Public Law 1 01 -624. 

L')BJECTIVES: 

L 
Provide water and waste disposal faci lities and services to low i ncome rural communities whose 
residents face significant health risks. 

TYPES OF ASSISTANCE: 

l Project Grants; D i rect Loans. 

LJSES AND USE RESTRICTIONS: 

L 
L 

Funds may be used for 1 00 percent of costs to: Construct, enlarge, extend, or otherwise improve a 
community water or waste system; extend service l ines and connect i ndividual residences to a 
system.  Allow appl icant to make grants d irectly to i ndividuals to: Extend service lines, connect 
resident's plumbing to system,  pay reasonable charges and fees for connecting to system, 
installation of plumbing and related fixtures, and construction in dwel l ing of a bathroom. 

ELIGIBILITY REQUIREMENTS: 

l Applicant Eligibility: Local level governments, federally recogn ized I ndian tribes , U .S. Territories 
and possessions, and nonprofit associations can receive assistance under this program. Except for 
rural areas known as "Colonia" along the U.S ./Mexico border, the projects funded under this 
program must primarily provide water and/or waste disposal services to residents of a county 
where the per capita income of the residents is not more than 70 percent of the most recent 
national average per capita income, as determined by the U .S. Department of Commerce, and 
unemployment rate of the residents is not less than 1 25 percent of the most recent national 
average unemployment rate, as determined by the Bureau of Labor Statistics. Also the residents 
must face significant health risks due to not having access to an affordable community water 
and/or waste d isposal system. 

Beneficiary Eligibility: Public bodies, private nonprofit corporations, cooperatives, political 
subd ivisions of a State, and Indian tribes. 

l �PPLICATION AND AWARD PROCESS: 

l 
l 

Preapplication Coordination: This program is eligible for coverage under E.O. 1 2372, 
" Intergovernmental Review of Federal Programs." An appl icant should consult the office or official 
designated as the single point of contact in his/her State for more information on the process the 
State requ i res to be fol lowed in applying for assistance , if the State has selected the program for 
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review. An environmental impact assessment is required for this program. 

Page 2 of 

I 

Application Procedure: Appl icants are required to file a appl ication Form SF-424 with the 
appropriate Rural Development (RD) Office. 

A ward Procedure: Appl ications wil l  be reviewed and scored for funding priority by the RD State 
Office. Applications must compete on a national basis for available funds. 

Deadlines: None. 

Range of Approval/Disapproval Time: From 60 to 90 days. 

Appeals: Appl icants that are determined to be not el igible may request review of this decision at 
a h igher management level of Rural Uti l ities Service (AUS). 

Renewals: Not appl icable. 

ASSISTANCE CONSIDERATIONS: 

Formula and Matching Requirements: Not appl icable. 

Length and Time Phasing of Assistance: Not applicable.  

POST ASSISTANCE REQUIREMENTS: 

Reports: Requests for funds are granted as needed. 

A udits: In accordance with the provisions of OMB Circular No. A- 1 33 (Revised, June 24, 1 997) , 
"Audits of States, Local Governments, and Non-Profit Organ izations, "  non federal entities that 
expend financial assistance of $300,000 or more in Federal awards wil l  have a single or a 
program-specific audit conducted for that year. Nonfederal entities that expend less than $300,000 
a year in Federal awards are exempt from Federal audit requ i rements for that year, except as 
noted in Circular No. A-1 33. 

Records: Required to maintain records and accounts to assure funds are used for authorized 
pu rposes. 

FINANCIAL INFORMATION: 

A ccount Identification: 1 2-0400-0-1 -452. 

Obligations: (Grants) FY 01 $20, 1 57,42 1 ; FY 02 est $20,099,644; and FY 03 est $20,000,000. 
(Loans) FY 01 $0; FY 02 est $0; and FY 03 est $0. (Note: G rants are i ncluded in p rogram 1 0.760, 
Water and Waste Disposal Systems for Rural Communities. Only grant funds for Colonies have 
been appropriated for this program.) 

Range and A verage of Financial Assistance: FY 2001 : $522,400. 

PROGAM ACCOMPLISHMENTS: 

For fiscal year 2001 , 36 infrastructure projects and 380 individual connections were awarded. 

I 

I 

I 

I 

I 

I 
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�EGU LATIONS, G U I D ELI NES, AND LITE RATU RE:  

L 7 CFR,  1 777. 

, INFORMATION CONTACTS: 

Page 3 of 3 

"-
Regional or Local Office: Consult local telephone directory under United States Government, 
Department of Agriculture, for Rural Development office nu mber. If no l isting contact appropriate 
Rural Development State Office l isted in Appendix IV of th ,j Catalog . 

Headquarters Office: Assistant Administrator, Water and Environmental Programs, Rural 
Uti l ities Service, Department of Agriculture, Washington ,  DC 20250-3200. Telephone: (202) 690-
2670. Use the same number for FTS. 

L Web Site Address: http://www. ru rdev.usda.gov. 

L'=IELATED PROGRAMS: 

10_,_Z6.Q._Water and Waste Disposal Systems tor Rura,LC_0mmunities . 

L:xAMPLES OF FUNDED PROJECTS: 

L None.  

CRITERIA FOR SELECTING PROPOSALS: 

I. 

L 

A proposed project servicing a rural area with a population not i n  excess of 1 ,500, a median 
household income not in excess of 50 percent of the statewide no metropolitan median household 
income and servicing residents of a Colonia along the U .S ./Mexico border will be given priority. 
The Rural Development State Director will rate appl ications on a point system and points received 
will be considered in selecting projects for funding. Fiscal year 2000 funding is l imited to the 
Colonies. 

· rteneral Services Administration 
·ce of Governmentwide Policy (M) 
·ce of Acquisition Policy (MV) 
vernmentwide Information Systems Division (MVS) 

Federal Domestic Assistance Catalog Staff 

l 
L 
L 
l 
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� 1 .300 Grants for Public Works and Economic Development Faci l ities 

� .  CEDERAL AGENCY: 
i.. 

ECONOM IC DEVELOPMENT ADMIN ISTRATION, DEPARTMENT OF COMMERCE 

�UTHORIZATION: 

Public Works and Economic Development Act of 1 965, as amended; 42 U .S .C. 31 4 1 , Section 201 , 
Public Law 1 05-393; 1 1 2 Stat. 3596.  

LJBJECTIVES: 

L 
To promote long-term economic development in areas experiencing substantial economic distress. 
EDA provides Publ ic Works investments to support the construction of rehabi l itation of essential 
public infrastructure and development facil ities necessary to generate higher-ski l l ,  higher-wage 
jobs and private i nvestment. 

LvPES OF ASSISTANCE: 

L Project Grants. 

USES AND USE RESTRICTIONS: 

L 
L 
L 
L 
L 
L 

I nvestments in facil ities such as water and sewer system improvements, industrial access roads, 
industrial and business parks, port faci l ities, railroad sidings, distance learning facil ities, skil l
training facil ities, business incubator facil ities, redevelopment of brownfields, eco-industrial 
facil ities, and telecommunications infrastructure improvements needed for business retention and 
expansion . Eligible activities include the acquisition, rehabil itation, design and engineering, or 
improvement of publ ic land or publ ically-owned and operated development faci l ities, including 
machinery and equipment. Projects may also include infrastructure for broadband deployment and 
other types of telecommunications-enabling projects and other kinds of technology infrastructure. 
Eligible projects must fulfil l a pressing need of the area and must: 1 )  improve the opportunities for 
the successfu l establishment or expansion of industrial or commercial plants or facil ities; 2) assist 
in the creation of additional long-term employment opportunities; or 3) benefit the 
unemployed/underemployed residents of the area or members of low-income famil ies. In addition, 
all proposed investments must be consistent with the currently approved Comprehensive 
Economic Development Strategy for the area in which the project wil l  be located , and the applicant 
must have the required local share of funds committed and available. Also, the project must be 
capable of being started and completed in a timely manner. 

LELIGIBILITY REQUIREMENTS: 

L 
L 
L 

Applicant Eligibility: States, cities, counties, an institution of higher education or a consort ium of 
institutions of higher education, and other pol itical subdivisions, I ndian tribes, the Federated States 
of M icronesia, the Republic of the Marshall Islands, Commonwealths and territories of the U .S .  
flag , Economic Development D istricts, and private or  public nonprofit organizations or  associations 
acting in cooperation with officials of a Political Subdivision of a State or I ndian Tribe. I nd ividuals,  
companies, corporations, and associations organized for profit are not eligible. 
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Beneficiary Eligibility: Private firms and unemployed and underemployed persons and/or 
members of low-income fami l ies are the primary beneficiaries of EDA's investments. 

APPLICATION AND AWARD PROCESS: 

Preapplication Coordination: The Economic Development Representative (ED R) or other 
appropriate EDA official wi l l  meet with the applicant and community leaders to explore the 
appl icabil ity of the proposed project. If deemed appropriate, a proposal wi l l  be requested. After 
reviewing the proposal, the EDR and/or the regional office wi l l  notify the applicant regarding the 
decision to invite, or not i nvite an appl ication. If the project appears viable, a pre-appl ication 
conference with regional office personnel may be arranged at EDA's discretion. If EDA invites a 
formal application, the OMS-approved application form furnished by EDA must be used. An 
environmental impact assessment is required for this program. The review of the envi ronmental 
impact assessment may result in an environmental impact statement being required. This program 
is eligible for coverage under E.0. 1 2372, " Intergovernmental Review of Federal Programs. "  An 
applicant should consult the office or official designated as the Single Point of Contact in  his or her 
State for more information on the process the State requires to be followed in applying for 
assistance, if the State has selected the program for review. 

Application Procedure: Appl icants should contact the EDR servicing the State i n  which the 
project is located or other designated EDA official .  The economic development representative or 
other appropriate EDA official assigned as coordinator for the project wil l  provide necessary forms 
and assistance to interested applicants. 

Award Procedure: Applications are invited and approved by the Regional Director and 
announced by the Assistant Secretary of Commerce for Economic Development. 

Deadlines: Generally, the applicants are g iven 30 days after their applications have been invited 
to submit the formal application . 

Range of Approval/Disapproval Time: Normally within 60 days of acceptance by EDA of a fully 
completed application. 

Appeals: None. 

Renewals: None. 

ASSISTANCE CONSIDERATIONS: 

Formula and Matching Requirements: The basic grant rate may be up to 50 percent of the 
project cost. Severely depressed areas may receive supplementary grants to bring the Federal 
contribution up to 80 percent of the project cost; recogn ized I ndian tribes may be el igible for up to 
1 00 percent assistance. Additionally ,  el igible areas located within and actively participating i n  the 
operations of Economic Development Districts are, subject to the 80 percent maximum Federal 
grant l imit, el igible for a 1 O percent bonus on grants for public works projects. On average, EDA's 
investment covers approximately 50 percent of project costs. 

Length and Time Phasing of Assistance: EDA funds, which are disbursed for costs incurred , 
are generally not disbursed until after all contracts for construction have been awarded . Supports 
the long- range economic development of areas with severe unemployment and low fami ly i ncome 
problems; supports the development of public works i nfrastructure and development faci l it ies and 
private enterprise to help create new, permanent jobs. 

http://www.cfda.gov/public/printfriendl yprog.asp ?progid= 1 67 
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't>OST ASSISTANCE REQUIREMENTS: 

Page 3 of 4 

Reports: Standard financial and performance reports are required , and special reports for 
specific projects may be requested. Compliance: Appl icable statutes include the Architectural 
Barriers Act, Civil Rights Act, Davis Bacon Act, the Water Pollution Control Act, other applicable 
Acts. 

Audits: I n  accordance with the provisions of OMB Circu lar No. A- 1 33, (Revised, June 24, 1 997 
with supplement of March 2002), recipients that are States, Local Governments, Non-profit 
Organizations (to include Hospitals) , and Institutions of H igher Learning shall be subject to the 
audit requirements contained i n  the Single Audit Act Amendments of 1 996 (31 U.S.C. 7501 -7507).  
States, local governments, and non-profit governments that expend $300,000 or more in a year in  
Federal awards shall have a single or program-specific audit conducted for that year. 

Records: All financial and programmatic records, supporting documents, statistical reports, and 
other records of grantees or sub grantees are required to be maintained by the terms of the 
agreement. The grantee must retain records for 3 years from the date when the final expenditure 
report is submitted. 

llNANCIAL INFORMATION: 

Account Identification: 1 3-2050-0- 1 -452. 

t 
L 

Obligations: ( Investments) FY 02 $249,956,037; FY 03 est $232, 1 00,000; and FY 04 est 
$232, 1 00,000. 

Range and A verage of Financial Assistance: No statutory minimum or maximum amount; 
average investment in FY 2002 was $ 1 ,201 ,991 . 

L'ROGAM ACCOMPLISHMENTS: 

�. I n  fiscal year 2002, 209 Public Works investments were approved . 
.. 
REGULATIONS, GUIDELINES, AND LITERATURE: 

L 
l 

Title 1 3  CFR Chapter I l l ,  Part 302, 304, 305, 31 6, 31 4 and 31 7;  Annual Report; Economic 
Development Administration Civi l Rights Gu idel ines. Department of Commerce Organization Order 
1 0-4, as amended (40 FR 56702, as amended) . 

INFORMATION CONTACTS: 

Regional or Local Office: Refer to Appendix IV of the Catalog for EDA Regional Office 
addresses. 

L 
L 
L 

Headquarters Office: David L. Mci lwain ,  D i rector, Public Works Division, Economic 
Development Administration, Room H7326, Herbert C.  Hoover Bui lding, Department of Commerce, 
Washington, DC 20230. Telephone: (202) 482-5265. 

Web Site Address: http://www.doc.gov/eda/. 

�ELATED PROGRAMS: 
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t1_�_Q3_,J=_e_onomic DeveJopm�ot_J_ecboigfiJ_A$�ista_nc_e ; 1 1 .307 ,_i=cQo_omic Adius tm-?nt 
A�s_tstc:mc�_ ;  l5_,124,Jndi9.0 LQC3.l"!S_l;c;orn:m1ic_OeyelQQrllent ; 2�.001 , Appalachiar 1 R ·;gi_onal 
QevelQQm_emL(See intjjvidua l_ApRalachian Prngrams}_. 

EXAMPLES OF FUNDED PROJECTS: 

Page 4 of 4 

(1 ) Infrastructure for industrial park development; (2) port development and expan s io n :  (3) 
infrastructure necessary for economic development (e.g. water/sewer facil ities) ; (4) renovation and 
recycling of old industrial bui ldings; (5) construction of vocational-technical facilities and ski ll 
centers; (6) construction of incubator facil ities; (7) redevel-opment of brownfields and (8) Eco
industrial development. 

CRITERIA FOR SELECTING PROPOSALS: 

Project proposals must be located within  an economically distressed EDA eligible are:=t and be in 
conformance with a Comprehensive Economic Development Strategy (CEDS)for the eligible area. 
Projects must also contribute to long-term economic development of the area by creating or 
retain ing permanent jobs and raising income levels. In fiscal year 2002, EDA wil l  give priority 
consideration to projects that assist the nation's most economically d istressed areas, such as ( 1 )  
areas with persistently high rates of poverty; (2) previously unserved distressed areas and 
applicants; (3) involve innovative partnerships and private investment leveraging, (4) support sub
state regional networks and collaborations; and (5) areas undergoing significant economic 
downturns and d islocations. Proposal for investments must meet EDA's I nvestment Guidel ines. 
Conformance with the Federal Register announcement and other EDA and/or Federal program 
requirements such as NEPA, C ivi l  Rights, a!1d Historic Preservation is part of the selection criteria. 

General Services Administration 
Office of Governmentwide Policy (M) 
Office of Acquisition Policy (MV) 
Govemmentwide Information Systems Division (MVS) 
Federal Domestic Assistance Catalog Staff 
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1 4.21 8 Commun ity Development B lock Grants/Entitlement Gra nts 

Page l of 4 

L-----·-----
L'=EDERAL AGENCY: 

COMMUNITY PLANNING AND DEVELOPM ENT, DEPARTMENT OF HOUSING AND U RBAN 
DEVELOPMENT 

AUTHORIZATION: 

L Housing and Community Development Act of 1 974 , Title I ,  as amended, Public Law 93-383. 

t)BJECTIVES: 

To develop viable urban communities , by providing decent housing and a suitable l iving 
environment, and by expanding economic opportunities, principally for persons of low and 
moderate income. 

l_fYPES OF ASSISTANCE: 

Formula G rants. 

L,SES AND USE RESTRICTIONS: 

l 

L 
L 

Recipients may undertake a wide range of activities directed toward neighborhood revital ization, 
economic development, and provision of improved community facil ities and services. Entitlement 
communities develop their own programs and funding priorities as long as programs/activities 
conform to the statutory standards and program regulations. Some of the specific activities that 
can be carried out with Community Development Block G rant (CDBG) funds include acqu isition of 
real property; relocation and Demolition; rehabil itation of residential and nonresidential structures; 
provision of public facil ities and improvements, such as water and sewer facil ities which require 
reviews by the State single point of contact or a Regional Planning Agency i n  accordance with 
Executive Order 1 2372; streets, and neighborhood centers. I n  addition, CDBG funds may be used 
to pay for public services within  certain l imits. Recipients may contract with other local agencies or 
nonprofit organizations to carry out part or all of thei r programs. Community-based development 
organizations may carry out neighborhood revitalization, community economic development or 
energy conservation projects to further achieve the national objectives of the CDBG program. 
Recipients may provide assistance to microenterprises or other for-profit entities when the recipient 
determines that the provision of such assistance is appropriate to carry out an economic 
development project. All el igible activities must either benefit low- and moderate-income persons, 
aid in  the prevention or el imination of slums or blight, or meet other community development needs 
having a particular urgency. 

L:LIGIBILITY REQUIREMENTS: 

l 
L 
l 

Applicant Eligibility: Cities in  Metropolitan Areas designated by OMS as a central city of the 
Metropolitan Area; other cities over 50,000 in Metropolitan Areas; and qual ified urban cou nties of 
at least 200,000 (excluding the population in  entitlement cities located within  the boundaries of 
such counties) are eligible to receive CDBG entitlement grants determined by a statutory formu la. 

Beneficiary Eligibility: The principal beneficiaries of CDBG funds are low- and moderate-income 
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persons (generally defined as a member of a family having an income equal to or less than the I 
Section 8 low income l imit established by HUD) .  The grantee must certify that at least 70 percent 
of the grant funds received during a 1 ,  2, or 3-year period, that it designates, are expended for 1·· 
activities that wi l l  principally benefit low- and moderate-income persons. 

APPLICATION AND AWARD PROCESS: I 
Preapplication Coordination: A grantee is required to prepare a proposed action plan in  
accordance with the requirements of Part 9 1 ; have and fol low a detailed citizen participation plan; 
provide information to citizens on the amount of CDBG funds available and the range of 
community development and housing activities that may be u ndertaken; hold public hearings; 
publish a proposed action plan which includes a description of activities in sufficient detai l ,  
including location, to afford affected c itizens an opportunity to submit views and comments prior to 
the preparation of a final action plan ; prepare a final action plan. This program is covered under 
E.0. 1 2372, " Intergovernmental Review of Federal Programs."  Recipients should consult the office 
or the official designated as the single point of contact in its respective State for more information 
on the process the State requires to be fol lowed when funds are used for the planning or the 
construction (reconstruction or rehabil itation) of water or sewer faci l ities. 

Application Procedure: Submit a Consolidated Plan, an annual action plan and certifications to 
H UD. The Consolidated Plan and annual action plan cover four  major formula-distribution HUD 
community development programs, i ncluding CDBG. The annual action plan must include the local 
community development objectives and show the proposed use of the funds. If the grantee makes 
a complete submission within the established deadl ines,  the Department wil l  make a grant award 
unless the Secretary has made a determination that the grantee's performance is u nsatisfactory. 
The Secretary wil l approve the submission generally withi n  45 days of receipt of the annual action 
plan and required certifications unless a determination has been made that the grantee has failed 
to carry out its CDBG program i n  a t imely manner or has fai led to conform to the requirements of 
the statute or other applicable laws. U nder such circumstances, the Secretary may take 
appropriate actions, including reductions in the amount of the final grant. 

A ward Procedure: Not applicable. 

Deadlines: For formula grants, action plans associated with the Consolidated Plan must be 
submitted based on the grantee's program year, but no earl ier than November 1 5  or no later than 
August 1 6  of the fiscal year for which the funds are al located .  

Range o f  Approval/Disapproval Time: Generally within  45 days. 

Appeals: Administrative appeals p rocess followed if entitlement grant funds are withheld or 
reduced , or repayment proposed for non- compliance or non-performance. 

Renewals: Every 3 to 5 years, localities submit a Consolidated Plan . Each year localities submit 
an annual action plan and certifications. 

ASSISTANCE CONSIDERATIONS: 

Formula and Matching Requirements: Entitlements are based on a dual formu la under Section 
1 06 of the Act using statistical factors. Each metropolitan city and u rban county is entitled to 

I 
I 
I 
I 
I 
I 
I 
a 
I 
I 
I 
I 
-
I 

receive an amount equaling the greater of the amounts calculated under two formulas. The factors 1 .. 
involved in the fi rst formula are popu lation ,  extent of poverty and extent of overcrowded housing, 
weighted 0.25, 0.50, and 0.25, respectively. The factors involved in  the second formula are 
population growth lag, poverty, and age of housing, weighted 0.20, 0.30, and 0.50, respectively. j 

http://www.cfda. izov/public/printfriendlvprog.asp?progid=330 8/ l 5/2tl3 



catalog of Federal Domestic Assi stance - Related Links 

The statistical factors used for fund allocation are ( 1 )  total resident population from the 2000 
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L 
L 
L 
L 

Census of Population and Housing; (2) number of persons with incomes below the poverty level 
from the source 2000 Census; (3) number of housing units with 1 .01 or more persons per room 
from the source 2000 Census; (4) age of housing; number of year-round housing un its bui lt in 1 939 
or earlier from the source 2000 Census; (5) growth lag; the lag in population growth as computed 
from population in 1 960 to current popu lation from the source 1 960 Census and P25, Census 
Report. Statistical factors used for el igibi l ity are (1 ) metropolitan city: central city of a Metropol itan 
Area or city within MA with 50,000 population from the source Census and OMB; (2) urban county: 
generally, counties in MA having a net population of 200,000 or more excluding entitlement cities 
located therein from the source Census and OMB. Questions concerning the formula shou ld be 
addressed to Robert Meehan, Systems Development and Evaluation D ivision, Community 
Planning and Development, 451 7th Street SW. ,  Washington, DC 204 1 0. Telephone: (202) 708-
0790 . 

Length and Time Phasing of Assistance: Assistance is for an annual program of activities, but 
activities generally may be continued beyond one year until completed . 

L>osT ASSISTANCE REQUIREMENTS: 

l 
t 

Reports: An annual performance report is required on the use of funds to meet program 
requirements including the grantee's objectives and the national objectives of the program. 

Audits: In accordance with the provisions of OMB Circular No. A- 1 33, "Audits of State and Local 
Governments and Non-Profit Organizations, "  nonfederal entities that expend $300,000 or more in  
Federal awards in a year shall generally ha'{e a single audit conducted for that year. (The auditee 
may elect to have a program-specific audit conducted under certain l imited ci rcumstances.) 

Records: The appl icant must maintain records with regard to eligibi l ity, national objectives, 
financial management, citizen participation, relocation, other resources, acqu isition, housing 
assistance to units and households, equal opportun ity, environmental impact, labor standards and 
other requirements set forth in regulations. Records shall be retained for four years after 
submission of the report in which the activity is reported as completed , except as otherwise 
prescribed in the published regu lations. 

llNANCIAL INFORMATION: 

Account Identification: 86-01 62-0- 1 -45 1 .  

L Obligations: FY 02 $3,038,700,000; FY 03 est $3,037,677,000; and FY 04 est $3, 1 00,300,000. 

L Range and Average of Financial Assistance: Determined by formula. 

PROGAM ACCOMPLISHMENTS: 

L There are 1 ,034 un its of local government potentially el igible to receive entitlement grants during 
fiscal year 2003. 

�EGULATIONS, GUIDELINES, AND LITERATURE: 

L Administrative Regulations for Community Development Block G rants , 24 CFR 570. 

INFORMATION CONTACTS: 
. t.. 
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Regional or Local Office: Contact appropriate HUD Field Office l isted in Appendix IV of the I 
Catalog. 

Headquarters Office: Entitlement Communities Division, Office of B lock G rant Assistance, 
Community Planning and Development, 451 7th Street, SW. , Washington, DC 2041 0. Telephone: 
(202) 708-1 577. Use the same number for FTS. 

Web Site Address: bllQ://www.hud .gov/offices/cpd/inc:iex_._GL11J. 

RELATED PROGRAMS: 

l4.2l9._ Comm1Jnity_[)_ev�loprn_emt6IQC!s _G ranJsLSmglJ_Qj1i�s__E_rngram_; H.22Jt_Commu_11Jty 
P�velo_p_memt _6loc_k_ GrnmsLState'_s_F?_r_ogr_am_. 

EXAMPLES OF FUNDED PROJECTS: 

Not applicable. 

CRITERIA FOR SELECTING PROPOSALS: 

Not applicable. 

General Services Administration 
Office of Govemmentwide Policy (M) 
Office of Acquisition Policy (MV) 
Govemmentwide Information Systems Division (MVS) 
Federal Domestic Assistance Catalog Staff 
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Community Development : :  Water and Sewer Facil ities 

What the Program Does: The CDBG program funds projects that assists communities in financing 
infrastructure projects. 

Who the Program Helps: Eligible applicants under the CDBG program are "general purpose units of 
government." These "units" are all counties and cities which are not 
participants in the CDBG entitlement program. All cities and counties are 
eligible except Kansas City, Wichita, Topeka, Lawrence, Leavenworth,  
Overland Park, and Johnson County. 

How It Works: Community Development Block Grant funds are allocated on an annual 
basis, usually in the fall of each year. Communities interested in upgrading 
their water and wastewater systems must submit an application that states 
the community's needs, proposed solution, and all associated costs. After 
grant award, communities can proceed with designing the water or 
wastewater system. During the construction phase of the project, CDBG 
field representatives will conduct two audits. Upon completion of all 
construction activities, and the resolution of all potential audit findings, the 
project can be closed. 

Type(s) of Assistance: -Grants 

Funding Cycle: Annually 

Eligible Entities: -Communities 

Key Statistics: 1 .  $6,287,781 in CDBG funds was awarded to 1 9  communities in 200 1 . 
2. A total of $1 4,356,083 was contributed in local leverage towards the 
funding of the water and wastewater projects. 
3. 1 0  water and nine wastwater projects were funded during 200 1 . 

Contact Information: Debbie M. Beck 
CDBG Economic Development Specialist 
Community Development 
1 000 S.W. Jackson Street, Suite 1 00 
Topeka, Kansas 666 1 2-1 354 
Phone: (785) 296-7092 
Fax: (785) 296-01 86 
E-mail: dbeck@ kansascommerce.com 

Related Programs: Agricultural Value Added Center 
Community Service Tax C redit Program 
Kansas Main Street Program 

: :  Home Page : :  Privacy Policy : :  Terms of Use : :  Search : :  
Copyright 2001 -2003 l<ansas Department of Commerce 

Last Upated: 2003-03- 1 7  
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l F u n d i n g  Opti o n s  

Page 1 of 1 

• Need money for i m p rovements for you r  water system ?  Need a n  i ndependent eva luation of your water system's la financial strength? N eed help to review you r  syste m 's water o r  sewer rates? 

L . P u b l i c  W a t e r  S u p p l y  Lo a n  F u n d  

KKRWFA is u nder contract with the Kansas Department of Health and E nviro n m ent to prepare a financial 
. capacity a nalysis of all  loan a p pl ications to the Ka nsas Pub l ic Water Su pply Loa n  Fund and to assist i n  the L marketi ng of that progra m .  From assisting com m u nities to prepa re for their loa n appl ication to reviewing their 

budget and water rates, cities and rural water d istricts have a n  a l ly i n  the KRW FA. 

L Kansas is leading the nation with the ability to leverage the EPA gra nt by a 4-to-1 ratio. For every 
one dollar of EPA grant the Kansas program can turn fou r  dollars of loa ns. As of May 3 1, 2003, small 
systems have received 56 of the 90 loans made - amounting to $68, 6 1 1 , 2 1 5 .84 or 33°/o of the total 

L funds loaned. Systems serving a population of 5,000 or fewer are classified as sma l l  systems u nder 
the Kansas Public Water Supply Loan Fund. 

L The Water Su pply Loa n  Fund offers these adva ntages : 

• Loans are made at below-market interest rates 

• There a re no costs of issua nce L 
l • Smal l  cities and rura l  water districts receive o ngoing financial  review, advice and techn ical su pport with no 

add itional cost. 

; To learn more a bout the Kansas Publ ic  Water S u pply Loa n Fund,  find Fact Sheets, forms and other related i. information, cl ick on this l i n k  to KDH E :  

l 
L 
L 
L 

Public Water Su pply Section-- Ka nsas Publ ic Water Supply Loa n  Fund 

Hom_e I M ission Statement I Board & Staff I H i story I Location I Contact KRWA I Links I What's N e w  I Leg islative 
News I Current Projects I Kansas Lifeline I Tra i n i ng Calendar I Reg ister for Session I Conference I About Membership 

I Rural Water Districts I Municipal ities I Associate Members I Fund ing Options I Finance Authority I General Store I 
Waterin g  Hole I Trading Post I Comments/Survey I Search �JKRWA 

706 Waterway Drive, Seneca, Kan sas 66538 I 1 m il e  west of Seneca on US 36 
Phone:  785.336. 3760 I Fax: 785 .336.2751 I Emai l : krwa@ n vcs . com I website by JenSharp.com 

f 

�ttp://www.krwa.net/finance/fundopt.htm 8/ 1 5/2003 
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t r I KRW A News & Kansas Training Discussion 

la ..,, A About KRWA Information Lifeline Sessions Membership Financing & Trade Search 

L F i n a nce Autho rity 

� What is the Kansas Rura l  Water Fi na nce Authority? I Pu rpose of the KRW FA I E l ig ible Entities I Types of II Financing Avai lable I Who Governs the KRW FA? 

L ·- W h a t  i s  t h e  Ka n s a s  R u r a l  W a t e r  F i n a n c e  A u t h o r i ty ?  

The Ka nsas Rura l Water Finan ce Authority ( KRWFA) i s  a Kansas corporation created through i nter-governmental l agreement in 1987, p u rsuant to Kansas Statutes An notated 1 2- 290 1 .  The Kansas Ru ral  Water Association • endorsed the creation of the Authority. This action was promoted by the Discount P u rchase Prog ra m ,  an activ ity 
that was i n itiated by the Reaga n Ad m i n istration to reduce federa l  debt. The Disco u nt Purchase Prog ra m  resulted 

L in  the sale of a major portion of the old Farmers Home Ad m i n istration loans for rura l  water d istricts. KRWA led 
an effort that g a i ned systems the rig ht to p u rchase their  loans at the sa me d iscount that was being promoted to 
Wall  Street investors . KRWFA assisted h u nd reds of ru ra l  water d istricts i n  a nalyzing the potentia l p u rchase of 

I their  loans from FmHA at that t ime;  KRWFA negotiated fu nding for 1 6  systems i n  1988 and 1989 u nder the Ii Discount Purchase Prog ra m .  

I n  1 997, the State o f  Kansas, thro u g h  the Kansas Department o f  Health & Environment, entered i nto a contract • with KRWFA to provide financi a l  advisory services to the Kansas Publ ic Water S u pply Loan Fu n d .  KRWFA I. conducts a financial  review of a l l  a ppl ica nts to the State Loa n  Fu nd a nd makes recommendations a s  to the 
adequacy of the water rates, etc. O n  ru ra l water djstricts and those sma l l  towns that req u i re reporting l assistance to participate i n  the Loa n  Fund, the KRWFA enters i nto a g reement w ith those borrowers to provide 
financia l oversight to those bo rrowers d uring the l ife of their loa n .  The result is that smal l  and ru ra l water 
systems are well served as this oversight p rovides assu ra nce on debt repaym ent. Systems in turn receive the t sa me i nterest rate as the large, rated m u nic ipa l ities that participate in the State Revolving Loa n  Fu nd.  

l :� P u rpose of t h e  K R W FA 

The pu rpose of the KRWFA is :  

l To assist i n  fina ncing loca l govern me ntal activities, i nclud ing adequate water su p ply, service, and treatment or  
sewage treatment and d isposa l ;  

L To a l low cooperation between the M e m bers o f  the Authority for the efficient use o f  a l l  power of Pu bl ic Agencies, 
a n d ;  

L To engage i n  any lawfu l act o r  activity for w hich the Authority,  Rural  W ater Districts or other P u b l i c  Agencies 
may be o rganized under the Act or other laws of the State of Ka nsas. 

t The Authority strives to achieve the fo l lowin g : .. 1 .  Provide a lternative a nd reco m mendations to M embers for the " most 
com petitive" sou rces of fin a nci ng ; 

L 2. Provide a means to " pool" financing needs ;  
3 .  To structure q u a l ity financing that serve the best i nterest o f  the 

borrower and that result in the best avai lable m arket i nterest rates ; 
'·  4. To obta i n  economy of scale  adva ntages i n  financi ng costs ; L 5 .  To g a i n  efficiency a nd consistency i n  executing fi nanci ngs, and ; 

6. To serve the financing needs of Kansas ru ra l  water districts and 
mun icipal ities . 

t 
I. 

http://www. krwa. net/finance/financeauth. htm 8/ 1 5/2003 
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E l i g i b l e  E n t i t i e s  

A .  Rura l  Water Districts 
B.  Publ ic Wholesale Water Supply Districts 
C. Cities 
D. Cou nties 
E. Other Mu nicipal  Governmental Entities 

... Types of F i n a n c i n g  Ava i l a b l e 

A. Construction a n d/or equ ipment 
B.  Inte rim fi nanci ng 
C.  Loa n  and bond refinancing 
D. Lease/Purchase financing or refinancing 

·., W h o  G ove r n s  t h e  K RW FA? 

Page 2 of 2 

I 
I 
I 
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I 
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A five-member Boa rd of Representatives, e lected by the members h i p ,  governs the Authority. E m a i l  or ca l l  a ny ofl 
them : 

Maurice Meirowsky 
Preside nt (Rural Water District No.  1 ,  H a rvey Cou nty) m moose@southwwi n d . net 

David Mueller 

Vice President ( R u ral  Water District No.  1, Ma rion Cu nty) muel@tetelco. net 

Patricia Meyer 

Vice President ( R u ra l  Water District N o .  2, Dicki nson County) rlwate r@oz-o n l i n e . net 

Mark Kostner 

Treasurer (Rural  Water District No.  1, Kin g m a n  County ) ,  3 1 6-296-34 2 1  

Elmer Ronneba u m  
Secretary (Kansas Ru ra l  Water Association )  krwa@ nvcs . com 

Fi n a ncial adviser to the KRWFA is David Shupe .  David has been e m ployed as a fu l lt ime 

I 
I 
t 
I 
I 

fi nancial  adviser to the KRWFA si nce 1 997 . David has worked as adviser to the A
.
utho�ity since 1·' 

1 99 1 .  H e  holds a master's deg ree i n  p u bl ic a d m i n istration from W ichita State Univers ity and a 
bachelor's deg ree from Ka nsas State U niversity i n  pol itica l science a nd econom ics. David can be 
reached d i rectly at 3 16-265-485 5  or e m a i l  h i m  at s h u pe @ ra n sonfina ncia l . co m .  

back to top 

Home I Mission Statement I Board & Staff I H istory I Location I Contact KRWA I Links I What's New I Leg islative 
News I Current Projects I Kansas Lifeline I Training Calendar I Register for Session I Conference I About Membersh i p  

I Rural  Water Districts I Municipalities I Associate Members I Funding Options I Finance Authority I Genera l  Store I 

Watering Hole I Trad ing Post I Comments/Survey I Search �JKRWA 
706 Waterway Drive, Seneca, Kansas 66538 I 1 m i le west of Seneca on US 36 
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.13:ure<!tt of _Water. 

Industrial Programs. 

LiYelitock 
Management. 

M_u_njcjpa.LPrngrnrn_s. 

Public Water Supply .  

Iechnic:;1l _Ser\'ices. 

Watershed 
Mfill_'!gt�Inent. 
Watershed Planning 
and TMDL Program. 

Public Water Supply Section 

Kansas Public Water Supply Loan Fund 
(KPWSLF) 
Documents 
The fol lowing KPWSLF documents are currently available in electronic format. 
Editable documents are in Microsoft Word Format (.doc) and uneditable documents are 
in Adobe Portable Document Format (pdf). The paragraphs fol lowing the links explain 
what the documents are and how they are used in the Fund. 

• K.S.A. 65- 163d through 65- 1 63u 
• K�AJi,__Z_8-=-l 5-=�QJhrnugh __ Z8_::15--65 
• Project Submittal Form 
• Loan Application 
• City_ _ _Resolution Desig1rnti_n_g_l\_uthori_zed RtW1e£.entative 
• Rural Water Distri�LRe_soluti__Qn_Oesignatiug_A.:uthQti_Z.ed_Rep_r�entative 
• City 's Record of Minutes of Public Hearing 
• Rural Water District's Record of Minutes of Public Hearing 
• Cit)'_'�Notice of P111>lic_H�r_ing 
• Rural Water District's Notice of Public Hearing 
• Environmental Review Procedures 
• CiJy_LQan_Agr�ement 
• Rund Water District Loan �m_ent 
• Rural Water District's Loan Agreement Execu_tion Resolution 
• CiJy�s _ _L.Qan Ag.t:e�meJJtExec.:ution Qrc:linace 
• Form of Opinion of City's Counsel 
• Form of Opinion of Rural Water District's Counsel 
• Fmanciallu�til)t_As.s:u_rnnc�_.C.o.n_trncJ 
• Construction Contrnct Assurances 
• Procurement Policy Memorandum 
• Out_Iay_Report arn;l_Re'-UJ.esLfoJ Disl:u1J:sement� 

KPWSLF History 
The KPWSLF is a state revolving loan fund (SRF) program which provides financial 
assistance in the form of loans to Kansas municipalities, at below market interest rates ,  
for construction of public water supply system infrastructure. Ka.ns_a.s Statues 65- 1 63d 
t)}rpy_gb_163_l! establishing the Loan Fund were passed by the legislature and K<!nsas 
Admini strati ve RegulatiQns_28- l 5_=50 through 28- 1 5-65 were promulgated by KDHE. 

The National Drinking Water State Revolving Ftmd (DWSRF) program, which was 
established by the Safe Drinking Water Act (SDWA) Amendments of 1 996, authorizes 
the U.S. Environmental Protection Agency (EPA) to award capitalization grants to the 
States. The EPA capitalization grant for the KPWSLF is not loaned directly to 
municipalities. Instead, the grant is deposited into a reserve account, and pledged as 
security for repayment of state issued revenue bonds. Proceeds from the revenue bonds 
are loaned to the municipalities. The reserve account is invested, and the interest 
earnings are combined with the loan repayments from municipalities to buy down the 

http://www.kdhe .state. ks.us/pws/loan/loan fund. h tm 812812003 
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loan's interest rate. Municipalities are charged interest rates equal to 80% of the previous 
three months average of the Bond Buyer 20 General Obligation Index. Rates have 
averaged 4.25 % for the first 5 years of the program. The Loan Fund currently leverages 
at a ratio of four to one, that is four dol lars can be borrowed for every dollar placed into 
the reserve fund. 

Loan funds can be received by two distinct types of municipalities, cities and rural water 
districts (RWD). Rural water districts lack the general taxing powers of cities, and are 
perceived in credit markets as a greater financial risk. The Kansas Public Water Supply 
Loan Fund provides equal access and interest rates to both types of borrowers, but 
requires different pledges of security to receive a loan, which is discussed in the loan 
agreement section of this page. 

KPWSLF Application Phase 
In order for a municipality to be eligible for consideration of a loan, it must adopt and 
implement a Water Conservation Plan consistent with guideli_n�_s developed by the 
Kansas Water Office. For more information on obtaining and implementing a water 
conservation plan, contact the Kansas Water Office at 785-296-3 1 85 . 

After a water conservation plan is approved and implemented, the Municipality must 
then submit to KDHE a p_rojeGLl_tJbmittal forrn. The project is then ranked by KDHE and 
put on a project priority l ist, which i s  part of a Intended Use Plan developed by KDHE. 
Higher ranking wil l  be given to projects that address the most serious health risks, that 
are necessary to assure compli ance with requirements of the national primary drinking 
water regulations, and that assist public water supplies most in need. Projects that are 
needed solely for future growth or tire protection, can not be considered for 
funding. 

The highest ranked projects wil l  have first avai lability to funds. If higher ranked projects 
are not ready to start the funding and construction process, that money is made available 
to lower ranking projects. Municipalities that submit projects wil l  be notified by KDHE 
when funding is avai lable, and given a loan application form. An application is 
considered complete when all of the following materials are submitted to KDHE: 

1 .  Completed Loan Application 
2.  Resolution Designating Authorized Representative of Applicant, for City or RWD 
3. Record of Minutes of Public Meeting, for City or RWD 
4. Notice of Public Meeting, for Cit)' or RWD 
5 .  2 Copies of  the Municipality's last 3 years of  Financial Statements 
6. Environmental Review Comments 
7 .  Map Showing Project Location 
8. Documented Water Rate 
9. Engineering Study for Project 

KPWSLF Loan Agreement 
Once the municipality has a complete application, KDHE performs a environmental 
assessment and a financial capacity analysis .  

The environmental assessment is based on the environmental review comments recei ved 

I 
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from various agencies and will address any special circumstances that are found. The 1 
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environmental assessment is put on public review for 30 days. Any environmental 
concerns that are made must be addressed before a loan agreement is drafted. 

KDHE contracts with the Kansas Rural Wat�r Finan_ce Authority (KRWFA) to perform 
the financial capacity analysis. This report analyzes the financial capabilities of the 
municipality to repay the loan. 

If the environmental assessment and financial capacity analysis are approved, KDHE 
will then draft a loan agreement. The standard loan agreement is for a 20 year repayment 
schedule that begins either one year after project completion or two years after the first 
disbursement, whichever comes first. There is a Loan Origination Fee equal to .25% of 
the loan amount, which can also be borrowed from the KPWSLF. 

Municipalities with taxing authority (City) are required to either pledge that authority as 
a safeguard against loss of water system revenues, or pledge system revenues only and 
purchase a bond insurance policy. Municipalities with no taxing authority (RWD) are 
required to purchase an insurance policy, maintain a debt service coverage ratio of 1 25% 
with a 10% reserve account, or maintain a 140% debt service coverage ratio. The 
municipality can choose to borrow the 10% reserve account from the KPWSLF. 

Before loan disbursements can be made the following must be submitted to KDHE: 

1 .  A signed loan agreement LCjt)'} or .(RWD); 
2.  A resolution (RWD) or an ordin_ance (City) must be passed authorizing the 

execution of a loan agreement, and minutes of the meeting in which it was passed 
must also be submitted; 

3 .  A form of opinion of municipality's counsel for a RWD or City. 

All Rural Water Districts and some Cities are required to enter into a Eina_rwi<!Untegrity 
Assura,11c{! Contract (FIAC) with the Kansas Rural Water Finance Authority as a 
condition of receiving a loan. The FIAC has a one time fee of 1 % of the loan and can be 
borrowed from the KPWSLF. The municipality must submit an annual budget and 
quarterly financial and management reports to KRWFA under this contract. The intent 
of the FIAC is to make professional financial and management assistance available to 
the recipient, to assure debt obligations are satisfied and to identify problems in daily 
operations so they can be corrected before they lead to financial problems. 

KPWSLF Project Construction Phase 
Construction of KPWSLF projects, sometimes referred to as SRF projects (State 
Revolving Fund) require certain procedures and documents that normal construction 
projects do not need. Before a SRF project can advertise for bid, the design plans and 
specifications must be approved by KDHE. The specifications must contain certain 
c_onstruction contract ass_unui_�s. KDHE review and approval of bids is required prior to 
award. For more detailed information about the Kansas Public Water Supply Loan Fund 
procurement procedures and copies of al l construction related forms download the 
Polic_y Memm]l.ndum. 
Loan disbursements are made as construction costs are incurred and require the 
municipality to fi l l  out a Quth!)'_Report and Request for DisbursemenJ. Loan 
amendments may be requested if project construction cost is over/under the loan 
amount. 

http://www. kdhe. state. ks. us/pws/loan/loan fund. htm 8/28/2003 
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If you have questions about the Kansas Public Water Supply Loan Fund or need 
documents in a different format, please contact William Carr at (785)296-0735 or email 
Q_G_arr_@ �db�-'�t<lJ�Jss_.1.1�. 

h ttp://w w w . kdhe . state . ks. us/pw s/loan/loanfund.htm 8/28/2003 
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66.468 Capital ization G rants for Drin ki ng Water State Revolving Funds 

(Dri nking Water State Revolvin g  Fund) 

FEDERAL AGENCY: 

OFFICE OF GROUND WATER AND D RINKING WATER, ENVIRONMENTAL 
PROTECTION AGENCY 

AUTHORIZATION: 

Safe Drinking Water Act (SOWA) Amendments of 1 996, Section 1 30; Public Law 1 04- 1 82. 

OBJECTIVES: 

G rants made to States capital ize their Drinking Water State Revolving Funds (DWSRFs) 
which wil l  provide a long-term source of State financing for the costs of d rinking water 
infrastructure. The funding priority establ ished by the SOWA are for projects that are 
needed to achieve or maintain compliance with SOWA requirements, protect public health, 
and assist systems with economic need . A State may also use the grant funds to for 
programs that emphasize preventing contamination problems through source water 
protection and enhancing water system management. States determine priorities for 
funding with in their state in  accordance with SOWA. The program supports the Agency's 
strategic goal of ensuring Clean and Safe Water. Funding Priority: Grants made to States 
capitalize their Drinking Water State Revolving Funds (DWSRFs) which wil l  provide a 
long-term source of State financing for the costs of drinking water infrastructure.  The 
funding priority established by the SOWA are for projects that are needed to achieve or 
maintain compliance with SOWA requirements, protect public health, and assist systems 
with economic need . A State may also use the grant funds to for programs that emphasize 
preventing contamination problems through source water protection and enhancing water 
system management. States determine priorities for funding with in  thei r state i n  
accordance with SOWA. 

TYPES OF ASSISTANCE: 

Formula Grants. 

USES AND USE RESTRICTIONS: 

Capitalization grants are available to each State for the purpose of establishing a DWSRF 
for providing assistance to drinking water systems for infrastructure improvements. The 
capitalization grant is deposited in the State's DWSRF, and is used to provide loans and 
other types of financial assistance to el igible public water systems. A State may elect to 
use up to 31 percent of the capitalization grant for other el igible activities, including 4 
percent for administration of the program. States may also elect to transfer up to one-third 
of the DWSRF capitalization grant to the Clean Water State Revolving Fund (CWSRF) or 
an equ ivalent amount from the CWSRF to the DWSRF program. 

ELIGIBILITY REQUIREMENTS: 

Applicant Eligibility: States and the Territory of Puerto Rico are eligible to receive 

http ://www.cfda. Qov/publ ic/pri n t fri endl  vproQ.  asp ?pro Qi d=829 8/28/2001 



Catalog of Federal Domestic Assistance - Related Links Page 2 of 5 

capitalization grants. The District of Columbia, Territories excluding Puerto Rico, and 
Indian tribes are eligible for d irect grants from the program. 

Beneficiary Eligibility: States are the primary beneficiary of assistance from EPA. 
States use funds awarded to them to provide loans and other types of financial assistance 
to eligible public water systems - which are publ icly and privately owned community 
drinking water systems and non-profit non-community d rinking water systems (including 
water systems owned by I ndian Tribes and Alaska Native Vil lages) . 

APPLICATION AND AWARD PROCESS: 

Preapplication Coordination: An appl icant (State) should seek preapplication 
assistance from the appropriate EPA Regional Office. The State is required to prepare 
and provide for public comment on a plan identifying the intended uses ( Intended Use 
Plan, or IUP) of the funds in the DWSRF and how those uses support the goals of the 
DWSRF. The IUP is to be submitted no later than the appl ication. An environmental 
impact statement is not required prior to grant award; however, a State environmental 
review process must be appl ied to all subsequent State assistance for drinking water 
systems. This program is eligible for coverage under E.O. 1 2372, " Intergovernmental 
Review of Federal Programs" . An applicant should consult the office or official designated 
as the point of contact in his or her State for more information on the State's process for 
applying for assistance, if the State has selected the program for review. 

Application Procedure: The standard appl ication for EPA non- construction grant 
assistance (Standard Form SF-424 A and B) is submitted to the appropriate Regional 
Office. The State must certify that it has the legal authority to receive a capitalization grant 
and that it has the legal authority to operate the program. The State must provide the 
assurance in its appl ication that it has the legal , managerial , technical and operational 
capabil ities to administer the DWSRF program competently and that wil l  comply with all 
applicable Federal cross-cutting authorities and Federal statutes. EPA grant regulations 
(40 CFR Part 31 apply to States receiving capitalization grants. Establishment of the 
DWSRF is a prerequisite for a grant award. 

A ward Procedure: A grant appl ication is reviewed by the appropriate Regional Office, 
and if approved, the grant is awarded by the Regional Administrator under a delegation of 
authority from the Administrator of EPA. EPA Headquarters retains the authority to review 
certain applications or parts thereof. 

Deadlines: Appl ications should be submitted to the appropriate Regional Office no later 
than June 30 of the year following the year of appropriation to allow sufficient time for 
review and processing prior to the September 30 reallotment deadl ine. 

Range of Approval/Disapproval Time: Approval time averages 45 days. 

Appeals: As described in  EPA's Regulation 40 CFR Part 31 , Subpart F .  

Renewals: For those portions of the State program that do not change from year to year, 
a subsequent grant application may incorporate by reference relevant portions of the 
previous year's appl ication which have not changed and are placed in its operating 
agreement. 

ASSISTANCE CONSI DERATIONS: 

httn://www .cf  da .  £ov/nuhl i clnri ntfriendl vnro£ . asn?nro£i d=829 8/2 8/1003 
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Formula and Matching Requirements: The Regional Administrator may award 
capitalization grants for DWSRFs from funds appropriated for this purpose. Allotments to 
the States are based on a formula, approved by the Administrator, that allocates the funds 
based on the proportional share of the State needs identified in the most recent needs 
survey conducted, except that each State and the District of Columbia wil l  receive a 
minimum of one percent. The requ i red State match is 20 percent of the amount of the 
capitalization made to the State. States must also provide a match or demonstrate a credit 
for State funded eligible activities to receive Federal funds for certain program support 
activities. 

Length and Time Phasing of Assistance: Funds are available for EPA's obl igation to 
the State during the fiscal year in  which they are allotted and during the following year. 
The State must agree to enter into binding commitments with loan recipients to provide 
financial assistance from the DWSRF in an amount equal to the sum of Federal 
assistance, less amounts used by the State for eligible set-aside purposes, and the State 
match. The State is also required to agree to commit and expend all funds in  the DWSRF 
as efficiently as possible, and in  a timely manner. 

POST ASSISTANCE REQUIREMENTS: 

Reports: Beginning the second fiscal year after receiving payments the State shal l 
provide a biennial report to the Regional Administrator in  accordance with the schedule 
established in  the grant agreement (generally not later than 90 days after the end of the 
second fiscal year during which the payments were received). The biennial report shall 
describe how the State has met the goals and objectives for the preceding two fiscal years 
as identified in its intended use p lans for those periods, including identification of loan 
recipients, loan amounts, and loan terms and simi lar details on other forms of financial 
assistance provided from the DWSRF. 

A udits: A State must comply with the provisions of the Single Audit Act Amendments of 
1 996, and the OMS Circular No. A- 1 33 and Compliance Supplement. States are also 
encouraged to conduct annual independent audits. The audit of the fund to be prepared 
by the State or an i ndependent auditor must be in accordance with the standards of the 
General Accounting Office (known as the Generally Accepted Government Auditing 
Standards) . To the extent that the set-asides are used for project purposes that must be 
repaid, or are d irectly related to the DWSRF (e.g . ,  administration) or are revolving funds 
themselves, they must be part of an audited opinion(s) . The audits must provide an 
auditor's opinion on the DWSRF financial statements, a report on internal controls and a 
report on compl iance with laws and regu lations. Those set-aside funds that are not loaned 
out may be audited in conjunction with audits conducted under the Single Audit Act, as 
described in  OMS Circular No. A-1 33 and OMB's Compl iance Supplement for Single 
Audits of State and Local Governments . In accordance with the provisions of OMS 
Circular No. A-1 33, "Audits of States, Local Governments, and Non-Profit Organizations," 
nonfederal entities that receive financial assistance of $300,000 or more within  the State's 
fiscal year shall have an audit made for that year. The Office of Management and Budget 
(OMS) Circular No. A-1 33, "Audits of States, Local Governments, and Non-Profit 
Organ izations," was published in the Federal Register on June 30, 1 997. The Circular 
implements the Single Audit Act amendments of 1 996. The Circular requires nonfederal 
entities that expend more than $300,000 in Federal award dollars , to have an audit 
conducted i n  accordance with the Circular's provisions. With the revised Circular, the 
previous OMS Circular NO. A- 1 28 for single audits of State and local governments was 
rescinded and the single audit requirements for these entities were incorporated among 
the provisions of OMS Circular No. A-1 33. 

http://w w w . cfda.gov/publ i c/printfriendl yprog.asp?progi d=829 8/28/2003 
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Records: As part of the annual review conducted by the agency to assess the State's 
performance against activities identified in  the intended use plan and biennial report, and 
to determine compliance with the terms of the capitalization grant agreement, the State or 
assistance recipient shall make avai lable to EPA such records as the Regional 
Administrator reasonably requires to review and determine State compliance with the 
requirements of the SOWA. 

FINANCIAL INFORMATION: 

Account Identification: 68-01 08-0-1 -304. 

Obligations: (Appropriation) FY 02 $823 , 1 85,000; FY 03 est $850,000,000; and FY 04 
est 850,000,000 (estimate based on Pres Budget Request) . 

Range and A verage of Financial Assistance: For fiscal year 2002 $8,058,500 to 
$82,523, 700; $1 5,590,896. 

PROGAM ACCOM PLISH M ENTS: 

All 50 states and the Territory of Puerto Rico have establ ished DWSRF programs through 
receipt of a capitalization grant. 

REG U LATIONS, GUIDELINES, AND LITERATU RE: 

Final program guidance was issued February 28, 1 997. Regulations include 40 CFR Part 
31 and DWSRF regu lations 40 CFR Part 35, Subpart L . .  Additional program i nformation is  
avai lable onl ine. 

INFORMATION CONTACTS: 

Regional or Local Office: See EPA Regional Offices l isted in  Appendix IV of the 
Catalog, or onl ine. 

Headquarters Office: Charles Job , I nfrastructure Branch (4606M) , Drinking Water 
Protection Division , Office of Groundwater and Drinking Water, U .S .  Environmental 
Protection Agency, 1 200 Pennsylvania Avenue, NW, Washington, DC 20460. Telephone: 
(202) 564-3941 .  

Web Site Address: hltp:L/www ,ep�. goy/s_a,fewaterL�w§rthJrnl .  

RELATED PROG RAMS: 

6-6.458, Capitalization Gran!§ __ fQr SteiliLBevolv_iog£yogs_. 

EXAM PLES O F  FUNDED PROJ ECTS: 

Drinking Water State Revolving Fund; drinking water projects addressing treatment, 
storage , source, transmission, distribution and consolidation .  

CRITERIA FOR SELECTING PROPOSALS: 

Grants are awarded to States that satisfy the requirements outl ined in the appl ication 
procedure section. 

http://www.cfda. 2ov/puhl ic/printfriend l v pro2.asp?pro2id=829 8/2 81100'.i 
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9400 Ward Parkway 

July 8, 2005 

Mr. Eric Lynn, P.E. 
Project Manager 
Formulation Section (PM-PF) 
U.S. Army Corps of Engineers 
700 Federal Building 
601 East 12th Street 
Kansas City, Missouri 64106-2896 

KWO / CORPS 
Wilson Lake Water Treatment Plant Concept 
Transmittal of "Final" Report 
Burns & McDonnell Project Number 36873 

Dear Mr. Lynn: 

In accordance with our contract dated June 04, 2004 please find six copies of the enclosed "Final" 
Wilson Lake Water Treatment Facilitates Concept Design Report. This report addresses the 
comments from the "For Approval" report. A reverse osmosis (RO) water treatment plant (WTP) 
is proposed adjacent to Wilson Lake in northeastern Kansas. This new WTP will serve Russell, 
Hays and other public water suppliers (PWS) through the north central region of Kansas. The 
purpose of this report is to present a Facility Concept Design for the new WTP with process 
recommendations, opinions of probable capital costs, operating costs, present value, estimated 
average finished water unit costs and transmission system recommendations to serve the above 
area. 

The Facility Concept Design examines in detail the use of Wilson Lake as a supplemental water 
supply for the new RO WTP and evaluates the general processes that are required at the new 
water treatment plant. Additionally the report generally discusses the distribution of the finished 
water from the WTP to the proposed connection points. The general processes at the new WTP 
include the following systems: raw water intake, pre-treatment, intermediate pumping, RO 
system, disinfection, storage, and high service pumping. 

We appreciate this opportunity to be of service to the Kansas Water Office and United States 
Corps of Engineers and wish to express out appreciation for the assistance provided by you and 
agency staff. 

Sincerely, 

~&~ 
Project Manger 

cc: Diane Coe (2 copies) 

Kansas City, Missouri 64114-3319 
Tel: 816 333·9400 
Fax: 816 333-3690 
www.burnsmctl.com 
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Wilson Lake Water Treatment Plant 
Facility Concept Design 

A. INTRODUCTION 

07/07/05 

EXECUTIVES~ARY 

A reverse osmosis (RO) water treatment plant (WTP) is proposed near Wilson Lake in 

northeastern Kansas. This new WTP will serve Russell, Hays, and other public water 

suppliers (PWS) throughout the north central region of Kansas. The purpose of this report is 

to present a Facility Concept Design for the new WTP with process recommendations, 

opinions of probable capital costs, present value analysis, estimated average finished water 

unit costs and transmission system recommendations to serve the above area. 

B. WATER REQUIREMENTS 

Detailed demand projections for the cities of Hays and Russell are presented in Part I of this 

report. The maximum day net water need is 5.9 MGD for Hays and Russell in the year 2050. 

This maximum day need sets the required capacity for facilities while the net average day net 

need of 3.0 MGD sets the firm yield for purchase of water from the selected reservoir. 

Additionally, an extra 1.0 MGD of maximum day need is assumed to be needed for other 

public water suppliers in the area. Based on this additional need, the total maximum day net 

water need for the regional area is rounded-up to 7 MGD and the average day net need is 3.5 

MGD for year 2050. Hay' s net water need excludes use of the KDHE remediation wells. 

C. CONCEPT DESIGN 

This Facility Concept Design examines in detail the use of Wilson Lake as a supply for the 

new Reverse Osmosis (RO) WTP and evaluates the general processes that are required at the 

new water treatment plant. Additionally, the report discusses the distribution of the finished 

water from the WTP to the proposed connection points. 

The general processes at the new WTP include the following systems: raw water intake, pre

treatment, intermediate pumping, RO system, disinfection, storage, and high service pumping 

as shown in Figure ES-1. This figure provides a general overview of the above processes and 

includes both conventional and ultrafiltration (UF) pre-treatment systems. 

1. Raw Water Intake 

The raw water collection system is comprised of the raw water intake, raw water pumps, 

and the raw water transmission pipeline. This system is responsible for collection and 

transportation of all raw water from the point of diversion to the Water Treatment Plant. 

ES-1 
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2. Pre-Treatment System 

07107105 

First raw water must be pre-treated upstream of the RO membranes to remove 

particulates and organics to improve membrane life and operating efficiency. The 

concept design of both the conventional pre-treatment system and the UF system are 

evaluated within Part III of this report. 

The conventional pre-treatment system generally utilizes rapid mixing, flocculation, 

settling, and filtration to treat the water prior to entering the RO system. A concept block 

diagram of this process is shown in Figure ES-2. The UF system utilizes submerged 

membranes to treat the water prior to entering the RO system. A concept block diagram 

of this process is shown in Figure ES-3. Raw water quality data was shared and 

discussed with the membrane manufacturer and based on their preliminary analysis, no 

chemical addition is anticipated for the UF pre-treatment. This should be confirmed with 

bench and pilot scale tests ifUF is considered in the future as a viable pre-treatment 

alternative. 

3. RO System 

Once the raw water has been pre-treated to reduce the turbidity and Silt Density Index 

(SDI) levels, the process stream enters the RO system. The RO membranes remove 

dissolved solids that are present in the water such as chlorides, sulfates and nitrates. 

Once the water passes through the RO membranes it is blended back in with the bypass 

water, which constitutes about 22% of the total flow. Bypass water is only pre-treated to 

achieve the finished water quality with the desired chemical properties. 

The RO treatment system includes the flowing processes: cartridge filtration, booster 

pumping, RO membranes, blending, and chemical addition. The general arrangement 

concept design for the RO treatment system is shown in Figure ES-4. 

4. Disinfection 

Disinfection follows RO membrane treatment and is utilized to provide inactivation of 

pathogens. Disinfection can be achieved through the use of a number of oxidants, such 

as free chlorine, chlorine dioxide, ozone, and chloramines. Selection of the appropriate 

disinfectant depends on the application and is influenced by factors such as disinfection 

by-product (DBP) formation potential, disinfectant residual requirement, cost, and ease of 
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operation. Chlorine is used as the disinfection method at the new WTP and chloramines 

are utilized within the transmission system, since Hays and Russell currently use this 

method within their respective systems. 

5. Storage and High Service Pumping 

Storage and a high service pump station are required at the WTP to provide system 

pressure and the required flows within the potable water transmission system. The high 

service pump station and pipeline alone cannot deliver the ultimate net water need of 7 

MGD while maintaining reasonable system construction and operations costs; therefore, 

a booster pump station is eventually required in Phase 3. A booster station is 

substantially less expensive than increasing the pipe size to 30-inches, the minimum size 

required to avoid intermediate pumping. 

6. Transmission System 

Multiple pipeline routings are developed to convey water from Wilson Lake to Russell 

and Hays as listed in Table ES-1. Additionally, a detail of each route is shown in Figure 

N -1. Selected routes are primarily based on total pipeline length, elevation variation, 

and on their ability to provide the required amount of water to the delivery points. 

Table ES-1 
Opinion of Probable Comparison Cost for Pipeline Alignment Alternatives 

Alignment Data 

Alignment 
Length (LF) Number of Crossings 

Alternative Creek Railroad Road Hi2bwav 

Alternative I 288,912 7 5 48 I 

Alternative 2 286,067 6 2· 44 l 

Alternative 3 302,164 10 I 58 I 

Alignment Comparison Costing 

Alignment 
Pipeline Cost Cost of Crossings 

Alternative Creek Railroad Road Hi~hway 

Alternative I $27,740,000 $42,000 $400,000 $288,000 $80,000 

Alternative 2 $27,460,000 $36,000 $160,000 $264,000 $80,000 

Alternative 3 $29,010,000 $60,000 $80,000 $348,000 $80,000 

*The above costmg mfonnat10n does not represent total constructed cost of the alternatives. 
**The above costing infonnation is in 2003 dollars. 

ES-3 

Air Release 
Vaults 

50 

50 

60 

Air Release 
Cost 

$250,000 

$250,000 

$300,000 

Total Cost 

$28,800,000 

$28,300,000 

$29,900,000 
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The opinion of alternative comparison probable cost presented in Table ES-1 is an 

alternative comparison tool and does not represent the total installed construction cost; 

these costs are detailed within Part V, of this report. The cost does not include items such 

as pennanent and temporary easements, engineering, and pump stations along the routes. 

This cost is only representative of the cost difference between the three alternative 

alignments. 

Alternative 2 has the least comparison cost a~sociated with the alignment and is used to 

complete the project economic and present value analysis in Part V of this report. AU 

three alternatives are viable and very comparable from a capital cost perspective, within 6 

percent. Land availability and the desired connection points for Hays and Russell will 

probably dictate the selected route. 

D. ECONOMIC EVALUATION 

Capital construction cost for the new water treatment plant utilizing conventional and UF pre

treatment systems are respectively listed in Tables ES-2 and ES-3. All dollar amounts 

contained within the Tables ES-2 and ES-3 are in November 2004-dollar amounts based on 

an ENR CCI of 8014.70 for Kansas City, Missouri. Additionally, the total dollar amount 

presented in the tables includes the required cost of all mechanical equipment, construction 

cost, engineering and contingency for the associated part of the Project. 

In general, these order-of-magnitude cost opinions presented are based on the experience and 

judgment as a professional consultant combined with infonnation from past experience, 

vendors, and published sources, such as Means Construction Cost Guide. Since Burns & 

McDonnell has no control over weather, cost and availability oflabor, materials and 

equipment, labor productivity, construction contractor's method of pricing, economic 

conditions, government regulations and laws, competitive bidding or market conditions and 

other factors affecting such opinions or projections, Burns & McDonnell does not guarantee 

the actual rates, costs, etc. will not vary from the opinions and projections developed herein. 

Construction costs are converted to the present value over a 45-year period at a rate of 

inflation equal to 3.5 percent and an interest rate of 6.0 percent. Annual operation and 

maintenance expense includes power costs for the operation of pumps, motors, equipment 

maintenance costs, and estimated chemical usage for the selected pre-treatment system and 

ES-4 
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Item 
Phase 1 • 2 MGD: 

Intake/Pump Station 
Pre-Treatment 
Intermediate Pump Station 
Reverse Osmosis Treatment 
Disposal Wells 
Residuals Handling 

1 Chemical Feed 
Storage 
High Service Pump Station 
Plant Site Work 

Table ES-2 

Opinion of Capital Cost 
Conventional Pre-Treatment 

Unit Unit Cost 

LS 2,820,000 
LS 3,090,000 
LS 278,000 
LS 2,840,000 
LS 7,070,000 
LS 506,000 
LS 58,000 
LS 994,0001 
LS 1,130,000 
LS 370,000 

Quantity 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Potable Transmission Pipeline LS 41,210,000 1 

Phase 1 Total 

Phase 2 • 2 MGD Expansion: 
Intake/Pump Station LS 260,000 1 -· 
Pre-Treatment LS 1,800,000 1 
Intermediate Pump Station LS 67,000 1 
Reverse Osmosis Treatment LS 1,770,000 1 
Chemical Feed LS 58,000 1 
High Service Pump Station LS 240,000 1 

Phase 2 Total 

Phase 3 -2 MGD Expansion: 
Intake/Pump Station LS 250,000 1 
Pre-Treatment LS 1,210,000 1 
Intermediate Pump Station LS 58,000 1 
Reverse Osmosis Treatment LS 1,780,000 1 
Residuals Handling LS 506,000 1 
Chemical Feed LS 58,000 1 
Storage LS 948,000 1 
Booster Pump Station LS 625,000 1 
High Service Pump Station LS __ 272,000 1 

·~ 

Phase 3 Total 
·-

Phase 4 • 2 MGD Expansion: 
Pre-Treatment L.s 790,000 1 
Intermediate Pump Station LS 34,000 1 -- -·· 
Reverse Osmosis Treatment LS 1-----880,000 1 
Chemical Feed LS 29,000 1 
High Service Pump Station LS 1---

206,000 1 

----·. 
Phase 4 Total 

··- ------ ------

1-· -- .. 
Total Phase14--

!-----~~--~--·· -- f· 

Cost 

·---::-::: 
~_6_820,0Q.O 

3,090,0QQ 
.. 278.Q.Q.O 

2,840,09.? 
·-- 7,070,Q_OQ 

510,000 
58,000 

994,000 
1,130,000 

370,000 
41,210,00o 

-----
60,370,0~~ 

260,000 
1,800,0Q.Q 

67,000 
1,770,000 

58,000 
240,000 

4,195,000 

250,000 
1,210,000 

58,000 

1,7~~ 
506,000 

58,000 
948,000 
625,000 
272,000 

5,707,000 

790,_D~ 
34,000 

~- 880,000 
29,000 

206,000 

·---·----::-
__ 1,939,~00 

?2,210,~~ 
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Table ES-3 

Opinion of Capital Cost 
Ultrafiltration Pre-Treatment 

Item Unit Unit Cost Quantity 

Phase 1 • 2 MGD: 
1--· 
t-- Intake/Pump Station LS 2,820,000 1 

Pre-Treatment LS 3,650,000 1 
Intermediate Pump Station LS 278,000 1 
Reverse Osmosis Treatment LS 2,840,000 1 
Disposal Wells LS 7,070,000 1 
Residuals Handling LS . 506,000 1 
Chemical Feed LS 58,000 1 
Storage LS 994,000 1 
High Service Pump Station LS 1,130,000 1 

~I ant Sjte Work LS 370,000 1 
,___Potable Transmission Pipeline LS 41,210,000 1 

Phase 1 Total 
1--·· 

Phase 2 • 2 MGD Expansion: 
Intake/Pump Station LS 260,000 1 
Pre-Treatment LS 1,350,000 1 
Intermediate Pump Station LS 67,000 1 
Reverse Osmosis Treatment LS 1,770,000 1 
Chemical Feed LS 58,000 1 
High Service Pump Station LS 240,000 1 

Phase 2 Total 

Phase 3 • 2 MGD Expansion: 
Intake/Pump Station LS 250,000 1 
Pre-Treatment LS 1,330,000 1 
Intermediate Pump Station LS 58,000 1 
Reverse Osmosis Treatment LS 1,780,000 1 
Residuals Handling LS 506,000 1 
Chemical Feed LS 58,000 1 
Storage LS 948,000 1 
Booster Pump Station LS 625,000 1 
High Service Pump Station LS 272,000 1 

Phase 3 Total 

Phase 4 • 2 MGD Expansion: 
t--Pre-Treatment LS 740,000 1 

Intermediate Pump Station LS B' Reverse Osmosis Treatment LS 1 
Chemical Feed LS )001---_!-
High Service Pump Station LS _206,0 1 

Phase 4 Total 
f-----~-·- 1---

----- ---------- -------·-1-----
Total Phase 1 • 4 

-~~-~---·----~- ··-----~----- --~~------ 1-

Cost 

2,820,0Q9 
3,65.2~ 

278,000 
__ 2,840,000 

7,070,000 
510,000 

···-::-

5~~ 
99~~ 

1,13~~ 
. 370,0QQ 

41,210,000 

_60,930_,~ 

··-

?~0.000 
.12§Q,QQ_() 
. 67,0QO 
1,770,000 

58,000 
240,Q_QQ 

··= 3,745,000 

250,2.gg 
1,330,000 

58,000 
1,780,000 

5~~ 
58,000 

948,000 
625,000 
272,000 

5,827,000 

740,000 
34,000 

880,QQQ 

2~~ 
206,000 

1,889,000 --

''~M _______ M ___ 

72,400,000 
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RO Membrane system. Annual replacement expense includes the capital cost for 

replacement of mechanical systems once they have reached their useful life, and replacement 

for the cartridge filters and RO Membranes, with the estimated replacement life presented by 

membrane manufactures. 

1. Present Value 

Present value for the new water treatment plant utilizing conventional and UF pre

treatment systems are respectively listed in Tables ES-4 and ES-5. The total present 

value includes: debit service for the construction capital cost over a twenty year period at 

a 6.0 percent interest rate, operation I maintenance cost, energy cost and replacement 

fund for mechanical systems, cartridge filters and membranes. 

Additionally, each of the above tables include the projected unit cost of finished water 

produced at the Wilson Lake WTP and delivered through the potable water distribution 

system as detailed in Part IV of this report. This unit cost of finished water is based on 

the present value of the project and does not take into consideration non-revenue iteins 

such as lost water in the transmission system and actual water sales from the WTP. 

Review of Tables 88.0 million and $4.97 per 1000 gallons for conventional pre-treatment 

and $94.2 million and $5.27 per 1000 gallons for UF pre-treatment. 

E. RECOMMENDED ALTERNATIVE 

1. Intake Structure 

The lake intake structure is the recommended alternative to supply the raw water from 

Wilson Lake to the WTP site. This recommendation is based on the opinion of probable 

cost associated with the construction of the lake intake system versus the operation of a 

shallow river intake structure. During periods of low flow and minimum discharge from 

Wilson Lake, the raw water quality in the Saline River may not be as optimal as the water 

that is taken directly from the storage reservoir. 

2. Pre-treatment System 

Conventional and UF pre-treatment are recommended to be reevaluated during the design 

phase. Since Phase 1 is about seven or eight years away, continued technological 

improvements and changes in drinking water standards could impact the alternatives. 

Bench scale tests of the selected alternative system are recommended to determine the 

ES-5 
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Phase 

Phase One 

Phase Two 

Phase Three 

Phase Four 

Year 

2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 

Totals 

Construction 
Debit Service 

Cost 

82,278,000 7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 

8,347,000 7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 

16,018,000 2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 

7,677,000 2,066,000 
2,066,000 
2,066,000 
2,066,000 
2,066,000 
2,066,000 
2,066,000 

114,320,000 193,615,000 

Table ES-4 

Total System Present Valve 
Conventional Pre-Treatment 

OM Energy 
Replacement 

Fund 

295,000 1,139,000 
315,000 1,145,000 
389,000 274,000 1,203,000 
413,000 284,000 1,210,000 
437,000 294,000 1,218,000 
461,000 304,000 1,225,000 
485,000 314,000 1,233,000 

509 00 I 325,000 1,241,000 
53 337,000 1,249,000 
557 349,000 1,257,000 
581,000 361,000 1,265,000 
605,000 373,000 1,344,000 
646,000 387,000 1,440,000 
687,000 400,000 1,535,000 
728,000 446,000 1,631,000 
770,000 491,000 1,727,000 
811,000 537,000 1,823,000 
852,000 582,000 1,919,000 
904,000 657,000 2,015,000 
956,000 732,000 2,112,000 

1,008,000 807,000 2,209,000 
1,060,000 882,000 2.407,000 
1,119,000 957,000 2,525,000 
1,183,000 1,093,000 2,643,000 
1,247,000 1,228,000 2,762,000 
1,311,000 1,364,000 2,881,000 
1,375,000 1,499,000 3,001,000 
1,438,000 1,635,000 3,120,000 
1,511,000 1,785,000 3,241,000 
1,583,000 1,936,000 3,362,000 
1,656,000 2,086,000 3,483,000 
1,728,000 2,236,000 3,676,000 
1,803,000 2,387,000 3,805,000 
1,879,000 2,537,000 3,938,000 
1,957,000 2,687,000 4,076,000 
2,037,000 2,837,000 4,218,000 
2,118,000 2,988,000 4,366,000 
2,202,000 3,138,000 4,519,000 

40,149,000 41,529,000 89,163,000 

Total 
Total Present Summation Cost of Water 

Value Present Value ($11 000 gal) 

8,607,000 5,094,000 5,094,000 
8,633,000 4,821,000 9,915,000 
9,039,000 4,762,000 14,677,000 35.987 
9,080,000 4,512,000 19,189,000 10.869 
9,122,000 4,277,000 23,466,000 10.126 
9,163,000 4,053,000 27,519,000 9.433 
9,205,000 3,841,000 31,360,000 8.790 
9,248,000 3,640,000 35,000,000 8.194 
9,292,000 3,451,000 38,451,000 7.643 
9,336,000 3,271,000 41,722,000 7.130 
9,380,000 3,100,000 44,822,000 6.652 

10,223,000 3,188,000 48,010,000 6.735 
10,374,000 3,052,000 51,062,000 6.350 
10,523,000 2,920,000 53,982,000 5.985 
10,706,000 2,803,000 56,785,000 5.661 
10,889,000 2,689,000 59,474,000 5.352 
11,072,000 2,580,000 62,054,000 5.062 
11,254,000 2,474,000 64,528,000 4.785 
11,477,000 2,380,000 66,908,000 4.276 
11,701,000 2,289,000 69,197,000 3.839 
11,925,000 2,201,000 71,398,000 3.461 
6,473,000 1,127,000 72,525,000 1.668 
6,725,000 1,105,000 73,630,000 1.545 
7,043,000 1,091,000 74,721,000 1~ 7,361,000 1,076,000 75,797,000 1. 
7,680,000 1,059,000 76,856,000 1.268 
7,999,000 1,041,000 77,897,000 1.190 
8,317,000 1,021,000 78,918,000 1.116 
8,661,000 1,003,000 79,921,000 1.053 
9,005,000 984,000 80,905,000 0.995 
9,349,000 963,000 81,868,000 0.938 
9,706,000 944,000 82,812,000 0.888 

10,061,000 923,000 83,735,000 0.839 
10,420,000 902,000 84,637,000 0.793 
10,786,000 880,000 85,517,000 0.749 
11,158,000 859,000 86,376,000 0.709 
11,538,000 838,000 87,214,000 0.671 
11,925,000 817,000 88,031,000 0.635 

364,456,000 88,031,000 4.977 
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Phase 

Phase One 

Phase Two 

Phase Three 

Phase Four 

Year 

2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 

Totals 

Construction 
Debit Service 

Cost 

83,041,000 7,240,000 
7,240,000 
7,240,000 
7,240,000 
7,240,000 
7 240,000 
7,240,000 
7,240,000 
7,240,000 
7,240,000 
7,240,000 

7,452,000 7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 

16,355,000 2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 

7,479,000 2,078,000 
2,078,000 
2,078,000 
2,078,000 
2,078,000 
2,078,000 
2,078,000 

114,327,000 193,846,000 

Table ES·5 

Total System Present Value 
Ultrafiltration Pre-Treatment 

OM Energy 
Replacement 

Fund 

253,000 1,339,000 
268,000 1,370,000 
383,000 286,000 1,472,000 
405,000 296,000 1,505,000 
428,000 306,000 1,538,000 
450,000 317,000 1,572,000 
473,000 328,000 1,606,000 
495,000 340,000 1,639,000 
518,000 352,000 1,673,000 
540,000 364,000 1,707,000 
562,000 377,000 1,741,000 
585,000 390;000 1,872,000 
622,000 403,000 2,007,000 
659,000 418,000 2,142,000 
697,000 466,000 2,277,000 
734,000 513,000 2,412,000 
771,000 561,000 2,548,000 
809,000 608,000 2,684,000 
866,000 686,000 2,821,000 
923,000 765,000 2,957,000 
980,000 843,000 3,094,000 

1,037,000 922,000 3,367,000 
1,099,000 1,000,000 3,536,000 
1,169,000 1,140,000 3,704,000 
1,239,000 1,280,000 3,873,000 
1,310,000 1,419,000 4,043,000 
1,380,000 1,559,000 4,214,000 
1,450,000 1,699,000 4,384,000 
1,537,000 1,856,000 4,556,000 
1,623,000 2,013,000 4,728,000 
1,709,000 2,169,000 4,901,000 
1,795,000 2,326,000 5,170,000 
1,884,000 2,483,000 5,351,000 
1,975,000 2,640,000 5,538,000 
2,067,000 2,797,000 5,732,000 
2,160,000 2,953,000 5,933,000 
2,255,000 3,110,000 6,141,000 
2,351,000 3,267,000 6,355,000 

40,461,000 43,252,000 123,502,000 

Total 
Total Present Summation Cost of Water 

Value Present Value ($/1000 gal) 

8,832,000 5,228,000 5,228,000 
8,878,000 4,957,000 10,185,000 
9,381,000 4,942,000 15,127,000 37.090 
9,446,000 4,694,000 19,821,000 11.308 
9,512,000 4,460,000 24,281,000 10.559 
9,579,000 4,237,000 28,518,000 9.861 
9,647,000 4,025,000 32,543,000 9.212 
9,714,000 3,824,000 36,367,000 8.608 
9,783,000 3,633,000 40,000,000 8.046 
9,851,000 3,451,000 43,451,000 7.522 
9,920,000 3,279,000 46,730,000 7.036 

10,737,000 3,348,000 50,078,000 7.073 
10,922,000 3,213,000 53,291,000 6,685 
11,109,000 3,083,000 56,374,000 6.319 
11,330,000 2,966,000 59,340,000 5.990 
11,549,000 2,852,000 62,192,000 5.676 
11,770,000 2,742,000 64,934,000 5.379 
11,991,000 2,636,000 67,570,000 5.099 
12,263,000 2,543,000 70,113,000 4.568 
12,535,000 2,452,000 72,565,000 4.112 
12,807,000 2,364,000 74,929,000 3.717 
7,402,000 1,289,000 76,218,000 1.908 
7,711,000 1,267,000 77,485,000 1.771 
8,089,000 1,253,000 78,738,000 1.659 
8,468,000 1,238,000 79,976,000 1.557 
8,848,000 1,220,000 81,196,000 1.461 
9,229,000 1,201,000 82,397,000 1.373 
9,609,000 1,179,000 83,576,000 1.289 

10,025,000 1,161,000 84,737,000 1.219 
10,440,000 1,140,000 85,877,000 1.152 
10,855,000 1,119,000 86,996,000 1.090 
11,369,000 1,105,000 88,101,000 1.039 
11,796,000 1,082,000 89,183,000 0.983 
12,231,000 1,058,000 90,241,000 0.930 
12,674,000 1,03~~ 91,276,000 0.881 
13,124,000 1,011 92,287,000 0.834 
13,584,000 987,000 93,274,000 0.790 
14,051,000 963,000 94,237,000 0.749 

401,061,000 94,237,000 5.273 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Wilson Lake Water Treatment Plant 
Facility Concept Design 07/07/05 

optimum levels of chemical addition, detention times, flux rates, etc. to provide adequate 

treatment of the raw water before it enters the cartridge filters. This testing and 

optimization is important to help ensure and try to prevent the cartridge filters and 

membranes from fouling prematurely. 

3. Reverse Osmosis System 

The reverse osmosis system that can supply 1.0 MGD of blended finished water per skid 

with the least amount of energy and smallest footprint is the recommended alternative for 

the WTP. This will decrease the overall capital cost and present value of the project due 

to the reduced construction cost for the RO building and the operation, maintenance and 

replacement fund costs association with the operation of multiple RO membrane skids. 

4. Potable Water Transmission Main 

The recommended alternative for the potable water transmission main includes a 24-inch 

pipeline that extends from the WTP to Russell and Hays along the alignment presented in 

Option 2 in Part N of this report. This alignment and size of pipeline will provide the 

maximum required flow of finished water to the distribution points using the least 

amount of high service pumping and booster pumping in the future phases. Access to 

land and delivery points selected by Hays and Russell in the next six to seven years could 

modifY this recommendation. 

5. Implementation Schedule 

As presented in Part IV of this report, the Project phases or flow splits are based on the 

total maximum day net water need projections as discussed in Part I of this report and are 

sized to meet ten years of demand; this results in a supply expansion every ten years. It is 

estimated project construction will begin in 2013 and the WTP will be on-line and 

delivering water to the delivery points in 2015. The following table details the year each 

phase is estimated to be completed and producing water. Additionally, the Table ES-6 

details the total amount of required raw water and finished water produced by phase. 

ES-6 
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Table ES-6 
Water Treatment Plant Capacity by Phase 

Phase 
Construction 

Year On-line 
Raw Water 

Year Per Phase Plant Total 
1 2013 2015 2.5 2.5 
2 2022 2024 2.5 5 
3 2032 2034 2.5 7.5 
4 2042 2044 1.25 8.75 

***** 

ES-7 

07/07/05 

Finished Water 
Per Phase Plant Total 

2 2 
2 4 
2 6 
1 7 
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A. PURPOSE 

07/07/05 

INTRODUCTION 

The purpose of this Project is to develop a concept design for a 7.0 million gallon per day 

(MGD) reverse osmosis water treatment plant at Wilson Lake in North Central Kansas with 

transmission to Hays, Russell, and other adjacent public water suppliers. The study includes 

an evaluation of existing conditions, net water need, a general process system overview, 

concept development, evaluation of transmission options, project phasing/scheduling, 

development of project construction costs, plant operations costs, and present value analysis. 

This Concept Design report evaluates available data and initiates collection of other data 

necessary for the ultimate design and financial evaluations necessary for implementation. 

B. SCOPE 

The Concept Design report includes the following tasks: 

• Evaluate maps and perform site visit of dam and surrounding area to site components of 

water plant. 

• Collect and review available water quality data and determine additional data needs. 

• Confirm demand projections and net water need. 

• Develop finished water quality goals. 

• Evaluate water quality and develop water plant process options. 

• Prepare concept design for pre-treatment, membrane component, and disposal options. 

• Develop a process flow diagram. 

• Review pipeline delivery concept to Hays and Russell. 

• Prepare quantity take-offs and concept design level opinions of probable cost. 

• Prepare operations, maintenance, replacement and energy (OMR&E) cost of the 

facilities. 

• Prepare a twenty-year present value analysis. 

***** 

INT-I 
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A. GENERAL 

PART I 
EXISTING CONDITIONS 

07107/05 

This section of the report discusses the collection and review of available planning studies, 

maps, water quality data, environmental documentation, and other available items relevant to 

the development of the 7 million gallon per day (MGD) reverse osmosis (RO) water 

treatment plant (WTP) near Wilson Lake in North Central Kansas (Project). Existing 

conditions are reviewed to determine the type and level of information required to be 

collected to complete this Project. 

B. PROJECT LOCATION 

The Project is located in north central Kansas adjacent to the dam at Wilson Lake. Wilson 

Lake is located within the Smoky Hills I Saline River Basin which has an approximate 

drainage area of I ,900 square miles. The main tributaries that feed the Lake include Paradise 

Creek and the Saline River. 

Wilson Lake has a total conservation pool area of8,290 acres. The maximum depth within 

the lake is 59 feet with a mean depth of 24 feet. In May 2004, the Kansas Water Office 

(KWO) completed ayield analysis report for the Lake and determined the safe yield of the 

Lake for water supply is 29.0 MGD; this yield is much greater than the demand used in this 

study. 

C. AVAILABLEDATA 

The following information was collected or provided for review: 

• Wilson Lake Yield Analysis Draft Report. 

• Wilson Dam Yield Analysis Period of Record Draft. 

• Smoky Hills I Saline River Basin Total Maximum Daily Load. 

• Kansas Department of Health and Environment (KDHE) Stream Chemistry Monitoring 

Site Data for the following locations: 

o Station 538 near Waldo on Paradise Creek. 

o Station 011 near Russell on the Saline River. 

• KDHE Lake Survey Field Data and Inorganic Chemistry Report. 

• Water quality data from USGS Site 06868200, Saline River at Wilson Lake Dam. 

• 2003 Water Supply to PWWSD #15 report by Bums & McDonnell. 

• 2004 Eastern Smoky Hill-Saline Basin report by URS. 

1-1 
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• Hays potable water quality goals. 

D. WATER DEMANDS AND PROJECTIONS 

07/07/05 

Nearly identical demand projections for the cities of Hays and Russell are provided in the 

PWWSD #15 and URS reports as listed in Table I-1. PWWSD #15 consists of two cities, 

Hays and Russell. Hays is anticipated to grow from about 20,000 people in year 2001 to 

about 22,550 people in year 2010 to about 36,000 in the year 2050. Russell is anticipated to 

grow from about 4,500 people in year 2001 to about 7,300 people in year 2050. PWWSD 

#15's year 2050 total water demand increases to an average day of 8.0 MGD and a maximum 

day of 15.4 MGD. Hays has an average day demand of5.5 MGD and a maximum day 

demand of 11.0 MGD. Russell has an average day demand of2.5 MGD and a maximum day 

demand of 4.4 MGD. 

Net water need for PWWSD #15 is determined on the water rights or annual allocation and 

maximum day demand as listed in Table I-1. Projected average day and maximum day 

demand and available supply is shown is Figure I-1 for Hays and Figure I-2 for Russell. The 

net maximum day demand is based on the difference between the projected maximum day 

demand and maximum day supply. The required yield from the lake is the difference 

between the projected average day demand and safe yield or water rights, whichever is lower. 

Review of Table I-1 shows the year 2050 projected maximum day water net water need is 5.9 

MGD for Hays and Russell. Additionally, an extra 1.0 MGD of maximum day demand is 

assumed to be needed for other public water suppliers in the area. Based on this additional 

demand, the maximum day net water need for the regional area is rounded-up to 7 MGD and 

the average day net water need is 3.0 MGD for year 2050. Hay's net water need excludes use 

of the KDHE remediation wells. 

Based on this information, Hays has a projected water supply deficit in the year 2020 and 

Russell in the year 2009. Russell's need could occur earlier depending on the schedule for 

industrial expansion. Additional information on Hays and Russell demands and available 

supply is included in Appendix A. 

E. WATER QUALITY 

1. Raw Water Quality 

Raw water quality data was obtained from the above KDHE stream quality monitoring 

sites and from the above stream sample and laboratory analysis. Stream quality 

I-2 



I 
I Table 1-1 

Water Treatment Plant Service Area Net Water Needs 

I Hays Water Demand Russell Water Demand Total Demand Safe Yield (Annual) Water Rights (Annual) MD Supply Capacity Net Need 
Water Use AD MD/AD MD Water Use AD MD/AD MD AD MD Hays Russell Total Hays Russell Total Hays Russell Total Water Rights MD 

Year Population (gpcd) (MGD) Ratio (MGD) Population (gpcd) (MGD) Ratio (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD} (MGD) 

1950 8,586 6,331 
1951 8,551 111 0.95 6,471 
1952 9,126 119 1.09 6,558 I 
1953 9,846 138 1.36 6,646 
1954 9,610 159 1.53 6,857 
1955 10,033 153 1.53 6,700 126 0.84 2.4 
1956 10,567 169 1.78 6,727 138 0.93 2.7 
1957 10,864 108 1.18 6,565 105 0.69 1.9 I 
1958 11,386 105 1.19 6,555 97 0.64 1.8 
1959 11,784 111 1.31 6,573 105 0.69 2.0 
1960 11,879 116 1.38 6,282 115 0.72 2.1 
1961 12,301 99 1.22 6,279 96 0.61 1.8 
1962 12,511 105 1.31 6,297 300 1.89 3.2 I 
1963 12,754 124 1.58 6,293 127 0.80 2.4 
1964 12,989 130 1.68 6,254 121 0.76 2.4 
1965 13,305 117 1.55 6,292 148 0.93 2.5 
1966 13,519 127 1.72 6,307 293 1.85 3.6 
1967 13,774 117 1.61 6,267 153 0.96 2.6 

I 
1968 13,950 126 1.76 6,065 129 0.78 2.5 
1969 14,154 127 1.80 5,997 102 0.61 2.4 
1970 15,396 134 2.07 5,869 120 0.70 2.8 
1971 14,221 162 2.31 5,788 135 0.78 3.1 
1972 15,270 138 2.11 5,516 118 0.65 2.8 

I 
1973 15,562 155 2.41 5,582 134 0.75 3.2 
1974 15,125 176 2.67 5,466 148 0.81 3.5 
1975 15571 166 2.58 5,631 138 0.78 - 3.4 
1976 15,958 157 2.51 5,552 163 0.91 3.4 I 
1977 16,274 131 2.13 5,548 159 0.88 3.0 
1978 16,648 157 2.62 5,567 268 1.49 4.1 

I 1979 16,751 181 3.02 1.37 4.15 5,580 291 1.62 4.6 
1980 16,301 181 2.95 1.59 4.68 5,447 213 1.16 4.1 
1981 17,554 159 2.78 1.57 4.38 5,934 217 1.29 4.1 
1982 2.60 1.68 4.38 5,394 136 0.73 1.93 1.4 3.3 5.8 
1983 3.15 1.70 5.35 5,427 154 0.84 2.05 1.7 4.0 7.1 
1984 2.79 1.93 5.39 - 5,394 191 1.03 1.41 1.5 3.8 6.8 
1985 17,554 153 2.69 1.41 3.80 5,411 125 0.67 2.17 1.5 3.4 5.3 
1986 18,087 144 2.60 1.38 3.58 5,647 110 0.62 2.03 1.3 3.2 4.8 I 
1987 18,087 135 2.45 1.10 2.69 5,647 104 0.59 2.05 1.2 3.0 3.9 
1988 17,810 160 2.86 1.28 3.66 5,250 125 0.65 1.92 1.3 3.5 4.9 
1989 2.47 2.31 5.71 5,250 119 0.62 1.89 1.2 3.1 6.9 
1990 18,632 126 2.35 1.27 2.99 4,781 132 0.63 2.14 1.4 3.0 4.3 
1991 17,767 129 2.30 2.30 5.29 4,781 139 0.67 1.95 1.3 3.0 6.6 I 
1992 17,807 91 1.62 2.36 3.82 4,781 115 0.55 1.94 1.1 2.2 4.9 
1993 17,636 92 1.62 1.65 2.67 4,781 108 0.52 2.03 1.1 2.1 3.7 
1994 17,814 97 1.73 1.37 2.37 4,860 122 0.59 2.13 1.3 2.3 3.6 
1995 17,729 94 1.67 1.56 2.60 4,723 140 0.66 2.00 1.3 2.3 3.9 
1996 18,632 105 1.95 1.27 2.48 4,882 191 0.93 1.78 1.7 2.9 4.1 I 
1997 18,632 107 1.99 1.43 2.85 4,792 176 0.84 1.72 1.5 2.8 4.3 
1998 18,866 113 2.14 1.44 3.08 4,597 213 0.98 1.52 1.5 3.1 4.6 
1999 19,107 111 2.12 1.88 3.98 4,509 218 0.98 3.1 4.0 
2000 20,013 98 1.96 1.51 2.96 4,696 218 1.02 1.54 1.6 3.0 4.5 2.80 3.60 6.40 3.28 1.64 4.92 6.0 2.5 8.50 -1.5 -4.0 
2001 19,817 93 1.84 1.87 3.43 4,509 157 0.71 1.44 1.0 2.5 4.4 2.80 3.60 6.40 3.28 1.64 4.92 6.0 2.5 8.50 -1 .9 -4.1 

.I 
2010 22,550 125 2.8 2.0 5.6 4,931 340 1.68 1.75 2.9 4.5 8.6 3.4 3.60 7.00 3.4 1.64 5.04 7.0 2.5 9.50 .0.5 .0.9 
2020 25,400 135 3.4 2.0 6.9 5,447 341 1.86 1.75 3.3 5.3 10.1 3.4 3.60 7.00 3.4 1.84 5.04 7.0 2.5 9.50 0.2 0.6 
2030 28,620 145 4.1 2.0 8.3 6,017 342 2.06 1.75 3.6 6.2 11.9 3.4 3.60 7.00 3.4 1.84 5.04 7.0 2.5 9.50 1.2 2.4 
2040 32,250 151 4.9 2.0 9.7 6,647 343 2.28 1.75 4.0 7.1 13.7 3.4 3.60 7.00 3.4 1.64 5.04 7.0 2.5 9.50 2.1 4.2 
2050 36,350 151 5.5 2.0 11 .0 7,342 344 2.53 1.75 4.4 8.0 15.4 3.4 3.60 7.00 3.4 1.84 5.04 7.0 2.5 9.50 3.0 5.9 

I 
I 1. Average day and maximum day values are based on production. 

2. Based on projections provided by PWWSD #15 Board. 
3. Population, water use and demand projections provided by PWWSD #15. 
4. Safe Yield/Water Right Net Need is based on the average day demand minus the sum of the lowest volumes; safe yield for Hays and water right for Russell. 
5. MD Net Need is based on the projected maximum day net need minus the s um of the Hays safe yield multiplied by 2.0 and the Russell water right multiplied by 1.75. 
6. Net Need is based on water rights for Hays and Russell. 

2.87 I 
7. Hays' Smoky Hill WF safe yield revised to 2.04 MGD (2285 AFY) and Dakota WF limned to 0.1 MGD. Excludes use of the KDHE remediation wells. 

I net need 0904.xls 7/6/2005 

I 
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information and water analysis data are contained in Appendix B. Pre-treatment of the 

raw water is required to reduce the levels of turbidity and the silt density index (SOl). 

Pre-treatment is accomplished by conventional methods or membrane technologies and is 

further evaluated in Part III of this report. 

Elevated levels of chloride and sulfate are the main chemical components the RO 

treatment system must remove from the raw water. The main source of the chlorides in 

Wilson Lake is from the discharge of the Dakota aquifer into the alluvial aquifer of the 

Saline River and from irrigation return flows into the river and lake. 

2. Potable Water Quality 

Potable water quality will meet or exceed the current water quality secondary standards 

of Hays, Kansas as listed in Table 1-2. Potable water quality will also meet or exceed all 

Environment Protection Agency (EPA) Primary and Secondary Drinking Water 

Standards. Both EPA and Hays potable water quality parameters are located in Appendix 

B. 

Table 1-2 
Hays Finished Water Quality Secondary Standards 

Sample 
Parameter · Units Goal 

Location 

Alkalinity mg / L 65-85 
Total Hardness mg / L 120- 140 

Filter 
pH pH Units 8.3- 8.6 

Effluent 
Fluoride mg / L 1.43 
Chloride mg / L < 160 
Sulfate mg / L <250 
Chlorine mg / L 2.0 - 3.0 

***** 

1-3 
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PART II 

RAW WATER COLLECTION SYSTEM 

A. GENERAL 

07/07/05 

This section ofthe report discusses the raw water collection system, which is comprised of 

the raw water intake, raw water pumps, and the raw water transmission pipeline. This system 

is responsible for collection and transportation of all raw water from the point of diversion to 

the Water Treatment Plant (WTP). 

B. INTAKE I PUMPS 

A new intake structure with pumps is proposed in or near Wilson Lake. The intake directs 

raw water from the lake to the WTP through the raw water transmission main. Two intake 

structure concept designs are presented below and the design of each intake structure is based 

on the following criteria: 

• Ultimate capacity of 8. 75 million gallons per day (MGD). 

• Intake valve operators located on top of the structure. 

• Intake Screens: 

o Teflon coated for ease of cleaning and Zebra Mussel removal. 

o Intake screens spaced throughout the storage pool, such that the screens are capable 

of receiving water from multiple levels within the storage pool of the lake. 

o Design flow of8.75 MGD. 

• Designed to all applicable codes and standards for lake and river intakes, 

1. Wilson Lake Intake Structure 

One raw water diversion option is direct withdrawal from the storage pool in the lake as 

shown in Figure II-I. This option uses a 24-inch diameter carrier pipe installed at an 

angle along the east bank of the lake, adjacent to the dam, and extends about 54 feet to 

the maximum depth of the lake. Intake screens are located at multiple levels within the 

storage pool to allow operators to select the depth for withdrawal of raw water with the 

highest quality. A submersible vertical turbine pump is installed near the bottom of the 

pipe to provide the required flow and discharge pressure to deliver the raw water to the 

WTP site through the raw water transmission main. The concept provides four carrier 

pipes with pumps and a common header pipe in the vault to deliver a firm capacity of 

8.75 MGD to the WTP. 

II-I 
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2. River Intake Structure 

07/07/05 

The second raw water diversion option is direct withdrawal from the discharge of Wilson 

Lake into the Saline River as shown in Figures ll-2 and 11-3. This option uses an intake 

screen installed parallel to the bank of the river. The intake screen is connected by a 

pipeline that extends to the pump wet well structure. The wet well structure contains four 

submersible pumps, which can be isolated for maintenance purposes. The pumps 

discharge into a common header that extends from the wet well structure to the head of 

the treatment plant facility. 

This type of intake requires greater maintenance and attention than the lake intake. 

Additionally, since the water in river consists of seepage and releases, the operators will 

not be able to select water quality by depth, and the water quality will be more variable 

than the lake intake option. 

3. Raw Water Pumping 

The number and size of pumps for the lake intake and the river intake structure are 

similar as shown below in Table ll-1. Pump head and total power usage (horsepower) 

differ between the two intake options due to the relation of the intake structure with the 

WTP elevation and water level. 

Table 11-1 
Raw Water Pumping Concept Design 

Firm 
Pumps (Duty+ Lake Intake River Intake 

Phase Capacity Pump Capacity Pump Head Total Power Pump Head 
(MGD) 

Redundant) 
(feet) Usage (Hp) (Feet) 

1 2.5 1+1 3-MGD 118 67 132 
2 5 2+1 3-MGD 118 135 132 
3 8.75 3+1 3-MGD 118 .237 132 

C. RAW WATER LINES 

A raw water transmission main from the intake structure to the Wilson Lake WfP is required 

to provide the Plant's raw water needs. The raw water transmission concept is based on the 

following criteria: 

• Design flow of 8.75 MGD. 

• C-value of 140 when pipeline is new and a C-value of 120 after several years of use. 

11-2 
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• Full-opening gate valves should be located in the raw water pipeline to provide isolation 

and to provide flexibility for future pigging operations to swab clean the line periodically. 

• 24-inch diameter. 

***** 

II-3 
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PART Ill 

WATER TREATMENT PLANT 

A. GENERAL 

07/07/05 

This section of the report discusses raw water quality, treatment goals, and the treatment 

necessary to meet these goals. Wilson Lake is the source of raw water as described in Part II 

of this report. Raw water must be pre-treated upstream of the reverse osmosis (RO) 

membranes to remove particulates and organics to improve membrane life and operating 

efficiency. The concept design of both the pre-treatment system and the RO membrane 

systems is discussed in the following and other sections. 

Pilot testing will be required of both the conventional pre-treatment and ultrafiltration (UF) 

pre-treatment options to verify the selected method will perform as required upstream of the 

RO membranes. Additionally, this pilot testing will verify how the selected pre-treatment 

system would need to be operated to provide the proper water quality levels required by the 

RO system. This pilot testing will also verify if the conventional pre-treatment system would 

be required upstream of the UF system thus increasing the cost from what was presented in 

the report for this alternative. 

The ultimate finished water design capacity of the water treatment plant (WTP) is 7 million 

gallons per day (MGD). In addition to this required flow, the intake and pre-treatment 

systems are designed to handle the additional flow required for finished water blending and 

25 percent brine water reject by the RO membranes for a total of 8.75 MGD. 

B. WATER QUALITY & TREATMENT GOALS 

Wilson Lake water is high in chlorides, total dissolved solids (TDS), sulfates, and hardness at 

respective concentrations of 600, 1800, 550, and 600 mg!L. Water quality analyses were 

performed by the Kansas Department of Health and Environment (KDHE) on the lake water 

and are included in Appendix B. Chlorides and sulfates cannot be removed by conventional 

means and require RO membranes for removal. 

The impoundment of Wilson Lake began in December 1964 and the reservoir was filled to 

the multi-purpose pool elevation of 1516 feet USGS in 1973. The high chloride levels noted 

from 1964 to 1968 probably reflect the low water levels associated with filling the reservoir. 

Chloride concentrations change dramatically over time from 1964 through 1968, ranging 

from about 600 to 2,000 mg!L. Concentrations decreased from 1985 to 1993 to a range of 

III-I 
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about 400 to 1 ,300 mg/L. Concentrations further decreased from 1993 through 2001 to about 

400 to 1 ,000 mg/L. Similar changes occurred with TDS, sulfates, and hardness. Additional 

sampling on a set periodic basis plus event sampling is recommended to determine chloride 

trends. Recent chloride concentrations are lower and require less treatment capacity. This 

has a major impact of lower capital and operations costs of the RO equipment. 

Finished water quality will meet the current and anticipated primary drinking water quality 

standards as set by the Environment Protection Agency (EPA) and KDHE. Additionally, the 

water will meet the secondary water quality goals set by the City of Hays, Kansas. Both EPA 

and Hays potable water quality parameters are located in Appendix B. 

C. PLANT SITE 

Several WTP site locations were discussed with the Kansas Water Office (KWO). Options 

for the location included areas adjacent to Wilson Lake and south of Russell. The Lake site 

was selected based on the WTP's ability to provide water to a broader regional wholesale 

water customer base. 

The proposed WTP site is located northeast of Wilson Lake as shown in Figure III -1. The 

site is located near the Wilson Lake dam and the start of the treatment train is located at an 

approximate elevation of 1550 USGS. The total area required for the WTP site is dependent 

on the size and location of the storage lagoons, but is estimated at 4 acres. It is assumed the 

new WTP will require approximately 2 new miles of power transmission lines. 

D. PRE-TREATMENT SYSTEM 

1. General 

The proposed water treatment system includes the raw water intake, pre-treatment, RO 

treatment, disinfection, finished water storage, high service pumping, and distribution as 

shown schematically in Figure III-2. The first step in the treatment train is the pre

treatment of all raw water entering the WTP. Pre-treatment of the raw water prior to 

treatment with RO membranes is required to reduce the levels of turbidity and the silt 

density index (SDI) to less than 1.0 NTU and 3.0, respectively. Pre-treatment also 

extends the useful life of the RO membranes and helps prevent premature fouling. 

Additionally, the blend water must be treated to meet all primary drinking water 

standards as it will be blended directly with the RO permeate before the process stream 

enters the storage reservoir for disinfection contact and system storage. 

111-2 
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To achieve pre-treatment of the raw water, both conventional treatment and membrane 

treatment alternatives are evaluated. Conventional treatment includes the following 

processes: rapid mix, flocculation, plate settling, and sand filtration. Membrane 

treatment includes submerged membranes with no additional pre-treatment systems. 

Each of the above systems is explained in additional detail in the following sections of 

Part III. 

2. Conventional Pre-treatment 

Based on the water quality information discussed in Part I of this report and the pre

treatment requirements discussed above, a concept design based on conventional surface 

water treatment is developed. The general process schematic for conventional pre

treatment system is shown in Figure III-3. Each treatment train is designed for 1.25 

MGD, with two trains each installed in Phases 1 through 3 and one train installed in 

Phase 4. This results in a total of seven trains and an ultimate pre-treatment capacity of 

8.75 MGD. 

The general arrangement concept design for the rapid mix chamber, flocculation basin, 

and settling basin with parallel plates is shown in Figure III-4. General concept design 

data including system and approximate process dimensions, capacities, and conceptual 

design criteria are listed after each of the following sub-sections. 

a. General 

Clarification is the first treatment barrier for turbidity (suspended solids and colloidal 

particles). Clarification is typically preceded by the addition of coagulation I 

flocculation chemicals, which help destabilize and agglomerate particles. Properly 

designed clarification facilities should be able to achieve an effluent turbidity ofless 

than 1 NTU. 

Conventional sedimentation is the oldest and most established water treatment 

process. Conventional sedimentation processes typically utilize a rapid mix chamber, 

a flocculation basin, and a sedimentation basin. These processes of conventional 

sedimentation are described in more detail below. 

b. Rapid Mixing 

Rapid mixing is a high-intensity, short detention time mixing chamber. A vertical 

axial-flow mixer is typically used to provide the mixing action for the desired 
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detention time of 10 to 15 seconds. This allows the coagulant to be used effectively 

with a short detention time and prevents the shearing of freshly formed floc. Bench 

scale tests are required to determine the actual coagulant and required feed rate for 

the coagulant. In addition, provisions to feed a polymer to aid in the creation of floc 

particles are assumed to be included if this is required based on bench scale tests. 

The concept design allows for a one-stage rapid mix basin with a detention time less 

than thirty seconds. The rapid mix concept design is presented below and the design 

of each basin is based on the following criteria: 

• One-Stage rapid mixing per treatment train. 

• G (1/s) less than 1,000. 

• Detention time of 10 seconds at 1.25 MGD. 

c. Flocculation 

The flocculation basin is utilized to agglomerate smaller particles into larger, more 

settleable floes. Flocculation typically consists of multiple stages (three or four). 

The first stage of flocculation is the highest mixing intensity and the successive 

stages of flocculation have reduced mixing intensity. This allows for a gradual 

building or growth of floc. As stated in the KDHE Design Requirements for Public 

Water Supply Systems in Kansas 1995, a minimum of 30 minutes at the maximum 

flow is required to allow for good floc formation. 

Flocculation can be performed hydraulically, with vertical mechanical mixers, 

horizontal paddle wheels, or walking beam flocculators. Hydraulic flocculation 

occurs only in plants where the flow rate is consistent and does not change 

considerably. Vertical flocculators perform similarly to the rapid mixers but operate 

much slower speed. If baffling and tapered flocculation is used, the design typically 

results in a large number of mixers with variable speed drives. Horizontal 

paddlewheels are normally provided for larger installations due to their advantages 

over vertical mixers in these situations, but operate at much slower speed. Walking 

beam flocculators are mechanical flocculators which utilize a pendulum motion. 

This type of motion prevents mass rotation of the water which can potentially occur 

in horizontal paddlewheel flocculators if designed improperly. Regardless of the 

flocculation equipment, the basin should be baffled properly in order to minimize 

short-circuiting. For the WTP, vertical mechanical mixers are recommended due to 
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longer time periods between backwashing. Typically, media configuration consists 

of anthracite, sand, coarse sand, and then gravel. A porous plate can be constructed 

on top of the underdrain system to replace the gravel layer. 

The filter concept design is based on applying water at a maximum rate of 4 gprnlsf 

of media with one filter out of service for backwashing. This filter-loading rate 

meets KDHE's design standards for filtration with dual media filtration. 

Additionally, due to the Phased Construction of the Project, steel cell type filters are 

selected for ease of construction in the future. 

Gravity filters need to be backwashed on a periodic basis to remove particles 

accumulated. To accomplish the backwashing, the filters use one cell to provide the 

clean backwash water and air is introduced to the backwash water to provided extra 

cleaning through the scouring of the media particles. Thus one extra cell must be 

provided in the initial phase to provide the required flow rate of water for the process 

and backwashing operations. The granular filtration concept design is presented 

below and the design is based on the following criteria: 

• Design filter loading rate of 4 gprnlsf. 

• Modular steel filter basin design. 

• Filter cell size of 14 feet by 16 feet. 

• 30-inches of dual media consisting of anthracite and sand. 

• Integrated backwash system with air scour for media cleaning. 

3. Membrane Pre-treatment 

a. General 

Based on the water quality information discussed in Part I of this report and the pre

treatment requirements discussed above, a concept design is developed based on 

ultrafiltration surface water treatment. Each treatment train in the system is designed 

for 1.25 MGD, with two trains each installed in Phases 1 through 3 and one train 

installed in Phase 4. This results in a total of seven trains and a pre-treatment 

capacity of8.75 MGD. 

The general process arrangement concept for ultrafiltration (UF) pre-treatment 

system is shown in Figures III-5. UF membranes evaluated in this pre-treatment 
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alternative have an absolute pore size ofO.l microns, which ensures that particulate 

matter greater than this size cannot enter the treated water stream. 

b. Ultrafiltration 

UF membranes are a viable alternative to conventional clarification I granular medial 

filtration for drinking water treatment. The UF system proposed for the WTP 

produces treated water by drawing water through immersed membrane modules, 

which operate under a vacuum in an "outside-in" mode. These modules are typically 

instated by lowering the frame-mounted membranes directly into a new or existing 

basin, which is open to the atmosphere. This concept is different from that used in 

other conventional membrane modules, where the membrane elements are enclosed 

in pressurized vessel. One of the most important features of this system is that its 

membranes are tolerant to relatively high level of solids in the process basin or tank. 

This allows direct raw water feeding to the membrane tank without prior clarification 

or pre-filtration. The general arrangement concept design for the membrane contact 

basin is shown in Figure ill-6. 

As stated previously in this section, UF membranes have an absolute pore size of 0.1 

microns. This ensures that particulate matter greater than this pore size, including 

algae, bacteria, yeast, protozoa, Giardia cysts, and Crypto oocysts, cannot enter the 

treated water stream. These membranes provide a removal level of at least 6 log for 

these microorganisms. These membranes operate under a slight vacuum created 

within the hollow membrane fibers by a permeate pump. Treated water is drawn 

though the membranes, enters the hollow fibers and is pumped out to a storage tank. 

Airflow is introduced at the bottom of the membranes modules to create turbulence, 

which scrubs and c1eans the outside surface of the membrane fibers, allowing them to 

operate at a constant high flux and to prevent potential fouling of the pores. 

Immersed membrane systems typically use a liquid-only backwash. The membranes 

are typically back pulsed every 15 minutes for 15 to 30 seconds each time using 

backwash water at 1.5 times the filtration rate to prevent fouling of the membranes. 

Extended back pulse cleaning is also conducted once per day by applying four short 

duration backpulses with backwash water containing 3 to 5 mg/L of chlorine with 

relaxation periods of2 minutes between successive pulses. This cleaning controls 

biofouling on the membrane surface and eliminates the potential for regrowth in the 
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membrane tanks. In addition to backwashing, UF membranes also require intensive 

membrane cleaning which, for water treatment plant applications, occurs every 4 to 6 

weeks. Intensive cleaning is accomplished with a mixture of sodium hypochlorite 

and citric acid solutions and lasts about 4 to 5 hours. During this cleaning the 

membrane basin needs to be shutdown and drained. 

Water production from these immersed UF membranes can range from 20 to 80 

gallons per day per fe of membranes surface. Since raw water is directly fed into the 

membrane tank the anticipated flux rate will be toward the lower end of this range. 

Based on prior manufacturer's experience with sources of similar water quality, a 

flux of 35 gdp/ft2 is recommended for conceptual design purposes. As previously 

stated, seven 1.25-MGD treatment train are recommended to provide for proper 

phasing of the project and operational flexibility. Since each membrane basin needs 

to be shut down for intensive cleaning for a period of several hours every month, this 

configuration allows temporary system operation at the design flow rate with a flux 

rate 25 percent higher than normal, which is within acceptable parameters. In the 

initial phases of the project, there are not enough membrane trains to provide the total 

maximum flow with a flux rate at 25 percent above normal, thus cleaning needs to be 

scheduled for times that will impact flow from the WTP. In addition to the area 

needed to for the membrane basins, additional space is required to for pumps, 

blowers, the membrane cleaning system, and controls. 

4. Intermediate Storage and Pumping 

Located downstream ofboth the conventional and UF pre-treatment options is 

intermediate storage and pumping. Intermediate storage is required to provide flow 

equalization between the pre-treatment system and the RO membrane system. 

Intermediate pumping is required to provide the necessary flow and head to the process 

stream prior to entering cartridge filtration vessels. The concept design includes 0.5-

million gallons (MG) of storage downstream of the pre-treatment system and a pumping 

scheme as indicated in the following Table ill-1 by construction phase. 
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Table 111-1 
Intermediate Pump Station Concept Design 

Phase 1 Phase 2 Phase3 Phase 4 
Pump Flow rate 

MotorHp 
Flowrate 

MotorHp 
Flowrate 

MotorHp 
Flow rate 

MotorHp 
MGD MGD MGD MGD 

I 1.25 60 1.25 60 1.25 60 1.25 60 
2 1.25 60 1.25 60 1.25 60 2.5 125 
3 2.5 125 2.5 125 2.5 120 2.5 125 
4 - 2.5 125 2.5 2.5 125 
5 - - 2.5 120 2.5 125 

Finn 
Capacity 

2.5 5.0 7.5 8.75 

5. Alternative Comparison 

An evaluation of the two pre-treatment alternatives as discussed previously in this part of 

the report is completed based on capital, operational, and maintenance costs. Cost is 

probably the most important factor assuming that all options evaluated produce 

acceptable water quality and are relatively easy to operate. An opinion of total capital, 

operational, and maintenance cost for the selected alternative in addition to the RO 

system is presented in Part V of this report. The pre-treatment alternatives are compared 

on the basis of present valve. Construction costs are converted to the present value over a 

45-year period at an interest rate of 3.5 percent. Annual operation and maintenance 

expenses include power costs for the operation of pumps, motors, and equipment 

maintenance costs. 

The opinion of alternative comparison probable cost presented is an alternative 

comparison tool and does not represent the total installed construction cost; these costs 

are detailed within Part V, of this report. This cost is only representative of the cost 

difference between the alternative alignments. The Engineer's "opinion of alternative 

comparison cost" presented herein is an "order-of-magnitude" opinion of probable 

comparison construction cost. These order-of-magnitude opinions of probable costs are 

based primarily on our experience and judgment as a professional consultant combined 

with information from past experience, vendors, and published sources. Bums & 

McDonnell has no control over weather, cost and availability of labor, unavoidable 

delays, construction contractor's means and methods of determining prices, economic 

conditions, government regulations and laws (including the interpretation thereof), 
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competitive bidding or market conditions and other factors affecting such opinions or 

projections; consequently, the final project cost will vary from the opinions of costs 

presented in this study and funding needs must be carefully reviewed prior to making 

specific financial decisions or establishing final budgets. 

Based on cost, conventional pre-treatment appears to be slightly less than the 

ultrafiltration membranes; however, their difference in cost is minimal compared to the 

overall project cost, improved water quality, and practical extension of membrane life. 

For these reasons, both pre-treatment alternatives are considered in Part V of this report. 

E. REVERSE OSMOSIS SYSTEM 

Once the raw water has been pre-treated to reduce the turbidity and SDI levels the process 

stream enters the RO System. The RO membranes remove dissolved solids that are present 

in the water such as chlorides, sulfates, and nitrates. Once the water has passed through the 

RO membranes it is blended back in with the bypass water, which constitutes about 22% of 

the total flow, that has been pre-treated only to achieve the finished water quality with the 

desired chemical properties prior to the process stream entering post-treatment and final 

stabilization processes. 

1. General 

The RO treatment system includes the following processes: cartridge filtration, booster 

pumping, RO membranes, blending, and chemical addition. The general process 

schematic for the RO treatment system is shown in Figure III-7. The above processes are 

explained in additional detail below. 

2. Cartridge Filtration 

Cartridge filters are placed upstream of the RO membranes to remove any remaining 

particles from the water to protect the membranes. The process water must be boosted to 

50 pounds per square inch (psi) by the intermediate pumps to pass through the filter 

elements. Once the differential pressure across the cartridge filter vessel has reached the 

maximum value, the vessel must be removed from service and the cartridge filters 

replaced. A total of 40 cartridge filters are used within each filtration vessel and one 

vessel is required per RO Skid. Cartridge filters are typically replaced every four to six 

weeks depending on the raw water quality entering the filtration vessel. The better the 

water quality entering the filtration vessel, the longer the cartridge filter will last. 
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Each RO skid will require a single stage 1.25 MGD 150 Hp pump capable ofboosting 

pressure up to 150 psi. This pressure is required to pass the process water through the 

membranes and remove the dissolved solids within the water. Each booster pump is 

located on the RO membrane skid. 

4. RO Membranes 

Low energy RO membranes are installed in skids. Each skid contains 30 element 

housings with a total of 180 membranes per skid. One skid is installed to create a train 

capable of providing 1.0 MGD ofRO water, which is blended with pre-treated water to 

create the fmished water quality as required by the system. Therefore, two trains each are 

installed in Phases 1 through 3 and one train installed in Phase 4. The plant design and 

recovery does not require any chemical treatment to control hardness scale; however, a 

system for anti-scale treatment or treatment for bio-fouling are included should they be 

required for membrane operation and maintenance. This should be analyzed in bench 

scale testing of the RO membranes prior to final design of the system. 

5. Permeate Post-Treatment I Stabilization 

A post-treatment system is required to stabilize the permeate once it leaves the RO 

system and before the finished water enters the distribution system. This system will 

bring the pH of the finished water to a level of almost 9.0, which will not cause corrosion 

within the distribution system. 

F. DISINFECTION 

1. General 

Disinfection follows RO membrane treatment and is utilized to provide inactivation of 

pathogens. Disinfection can be achieved through the use of a number of oxidants, such 

as free chlorine, chlorine dioxide, ozone, and chloramines. Selection of the appropriate 

disinfectant depends on the application and is influenced by factors such as disinfection 

by-product (DBP) formation potential, disinfectant residual requirement, cost, and ease of 

operation. 

The disinfection portion of the Surface Water Treatment Rule (SWTR) requires 99.9% 

(3-log) reduction of Giardia Iamblia and 99.99% (4-log) reduction of viruses. If the 

finished water turbidity is less than 0.3 NTU and a conventional process is used, such as 

granular media filtration, then a 2.5-log removal credit is granted for Giardia Iamblia and 
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2.0-log removal credit is granted for viruses. Higher credit for Giardia and virus removal 

may be granted if UF membranes are used for the pre-treatment system and should be 

further evaluated in the design of the WTP disinfection system. The remaining credit for 

the required removal is required to be completed using disinfection. The ability of a 

disinfectant to achieve a specific level of removal for a certain microorganism is a 

function of the disinfectant residual concentration (C), the time the water is in contact 

with the disinfectant (T), the water pH, and the water temperature. The product of the 

disinfectant residual and contact time is called the "CT" value. For a given combination 

of pH and temperature, the CT value required to achieve the necessary reduction in 

microorganisms may be obtained from tables published by regulatory agencies. 

Since the Wilson Lake WTP is anticipated to meet the Interim Enhanced Surface Water 

Treatment Rule {IESWTR) finished water turbidity requirements, the reduction levels to 

be achieved by disinfection for Giardia Iamblia and viruses are 0.5-log and 2.0-log, 

respectively. For a maximum finished water pH of 9, a minimum finished water 

temperature of 40°F, and a chlorine residual concentration of 1.0 mg/L, the CT value 

required to achieve these removal levels is 52 min-mg/L. Therefore, for a chlorine 

residual concentration of 1.0 mg/L, the contact time required for proper disinfection is 

about 52 minutes. 

To control the formation ofDBP once the required contact time has been met at the 

WTP, the free chlorine will be converted to chloramines by the addition of aqua ammonia 

to the finished water process stream. Chloramines will improve the disinfectant residual 

in the distribution system and will help control distribution system biofilms. RO 

membranes may reduce the level of organics in the water that cause the formation of the 

DBP's to a level which does not require the use of chloramines in the distribution system. 

This should be analyzed in the bench scale testing of the RO membranes prior to final 

design of the disinfection system. 

When using chlorarnines in the distribution system, the possibility nitrifying bacteria 

growth must be addressed. There are two primary ways to control bacteria growth and 

the resulting nitrification: properly controlling the feed rate of the ammonia and 

implementing chlorine dioxide in conjunction with the chloramines, as the by-product of 

chlorine dioxide inhibits the growth of nitrifying bacteria. The WTP ammonia feed 
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system will be designed such to prevent the overfeeding of ammonia into the process 

stream. 

2. Cleanvell Storage 

Clearwell storage is the final step in the treatment process before high service pumping 

and is typically designed to provide both additional contact time for the disinfectant in 

order to meet CT requirements and storage to provide for flexibility in the operation of 

the water treatment plant and for the high service pumping operation. These two storage · 

components are discussed in more detail in the following sections. 

a. Storage for Disinfection Contact Time 

Since water does not move through a basin or tank in a uniform manner, the contact 

time used to calculate the CT value is the detention time it takes for 10 percent of the 

water to pass through the reservoir (T10), which may be determined by tracer studies 

or theoretically by approximation. For vessels with a good flow distribution, where 

short-circuiting has been eliminated, T 10 may be similar to the theoretical detention 

time, whereas tanks with no baffling and poor flow distribution may have a T 10. as 

low as 10 percent of the theoretical detention time. Since RO membranes have low 

chlorine tolerance, the storage reservoir must provide the required contact time for 

disinfection, which is approximately 52 minutes. 

When a reservoir has adequate flow distribution with no significant short-circuiting, 

its T10 can be approximated to 70 percent of the theoretical detention time. 

Therefore, it is proposed the clearwell for the WTP is constructed with superior 

baffling conditions, which produce adequate flow distribution. The minimum 

required theoretical detention time is about 74 minutes (i.e., Tu/0.7), which requires 

a volume of approximately 360,000 gallons for 7 MGD of total treated water flow. 

b. Storage for High Service Pump Operation 

Storage for the existing cities distribution system operation, including storage for 

equalization and peak demands, is provided throughout their existing distribution 

system. Ideally, the high service pumps and treatment facilities are operated 

throughout the day at a constant rate equal to the average demand and the 

equalization storage throughout the distribution system supplies all demands above 

the average rate. Therefore, under ideal conditions, the WTP's clearwell is designed 

to provide storage for the high service pumping and WTP flow equalization needs. 
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However, enough storage capacity must be available in the clearwell to allow for 

flexibility in the operation of the treatment plant and the high service pumps. Also, 

due to emergency situations, the WTP may need to be partially or totally shut down 

or may be unable to meet the average day demand for a short period of time, which 

creates the need for some emergency storage at the clearwell. Furthermore, due to 

normal fluctuations in the hydraulic gradient of the distributions system and 

depending on the number of high service pumps in operation, the station cannot 

deliver exactly the same flowrate as produced by the treatment plant. For conceptual 

design purposes, the storage volume required to accommodate the above needs is 

estimated at about 20 percent of the plant capacity through Phase Three. This 

combined with the storage volume required for disinfection contact time gives a total 

required WTP storage volume of 1.0-MG. Additional storage is added in Phase 

Three of the project to provided a future total storage of2.0-MG to meet the higher 

storage demands and operational demands in the future at the WTP. 

G. REJECT DISPOSAL 

1. General 

RO or concentrate reject discharge lines collect and convey reject from the membranes, 

and membrane-cleaning waste. Additional reject includes decanted water from the pre

treatment system and filter backwash water. Concentrate reject is by far the largest, 

constant quantity at about 233 gpm per RO skid system. If any reject would be 

discharged to the surface a NPDES permit would be required. 

2. Wilson Lake 

One option to dispose of the RO reject is to discharge the reject directly into Wilson 

Lake. In addition to the concentrate from the RO membranes, the line could also collect 

and discharge residual decant as described above. 

The concept design includes a 16-inch diameter pipeline sized for the ultimate plant 

discharge of2.35 MGD RO concentrate plus any additional decant. The proposed 

concentrate line will be constructed from the WTP site to the lake bottom. The line will 

be equipped with five check valves along its length, as required, to diffuse the reject back 

into the lake and provide adequate mixing to avoid concentrating the reject into one area. 

Anticipated water chemistry data for the pure RO concentrate is about 2, 130 mg/L 

chlorides, 2,180 mg/L sulfates, and 7,310 mg/L TDS as noted within Appendix C. 
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In addition to discharging the above concentrate directly into Wilson Lake, the 

concentrate could also be discharged into the Saline River. The concept design includes 

a 16-inch pipeline constructed from the WTP to a location downstream of the intake for 

the RO WTP. The pipeline is designed to meet the same parameters of the previous 

option and includes the required number of diffusers to discharge the reject into the River 

to provide adequate mixing and avoid concentrating the reject into one area. 

During low flows within the Saline River there may not be enough flow to dilute the RO 

concentrate. The system will need fwther evaluation and testing prior to permitting the 

disposal system. 

4. Deep Well Injection Disposal 

Deep well injection disposal would provide another option to dispose of the RO 

concentrate from the WTP. The concept design includes two deep injection disposal 

wells drilled to a depth of approximately 4,000 feet, into the Arbuckle formation. Wells 

are sized for the ultimate plant constant discharge of 1,000 GPM RO concentrate. 

S. Recommended Alternative 

Based on preliminary discussions with KDHE, deep well injection disposal appears to 

provide the most conservative concentrate disposal option and have been initially 

recommended by KDHE. 

H. OTHER SYSTEM COMPONENTS 

1. Piping I Valves 

General plant piping and valves are either ductile iron pipe (DIP) or welded steel piping. 

Connection to the RO membrane skids requires an adapter to go from the DIP or steel 

plant piping to the poly-vinyl chloride (PVC) piping on the skids. The piping directly 

downstream of the RO skids and upstream of the blend water vault is either PVC or 

reinforced fiberglass pipe (FRP), due to the corrosive nature of pure RO water before it is 

blended back with pre-treated water. Additionally, any valves located within this section 

of piping must be corrosive resistant to the chemical properties of the pure RO water. 

2. RO Building 

The gravity filters or UF membranes, intermediate storage I pumping, cartridge filters, 

booster. pumps, and membrane skids are installed in a building to control and protect the 
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equipment. The building will include louvers and fans to circulate air and the control 

room and electrical room will be air-conditioned. An overhead crane is not anticipated; a 

forklift should be adequate to move most items. 

3. Chemical Storage I Feed 

Chemical storage requirements are based on the estimated chemical's maximum month 

by usage. Usage is calculated based on the Public Water Suppliers (PWS) maximum 

month water demand and the highest monthly average chemical feed concentration that is 

anticipated to occur at the same time as this water demand. 

To allow enough flexibility of operation and assure adequate performance under all raw 

water quality conditions, feed equipment is sized based on the anticipated chemical's 

minimum and maximum daily demands. 

4. Controls 

The RO building will include a control room with operator workstations that will allow 

the operators to monitor and control, when applicable all of the process equipment. The 

control system will utilize programmable logic controllers (PLC's) and human machine 

interface (HMI) software. Additionally, all process equipment control is available locally 

at the individual motor control centers (MCC). 

S. Power Supply 

The new power system for the WTP is comprised of a new high voltage power 

transmission main, transformers and emergency generator. The transmission main is 

designed to meet all current and future power needs at the WTP. The transformers and 

emergency power generation is designed based on the power requirements of the water 

treatment plant for the initial three phases and will be increased for future phases. 

6. Residuals Disposals 

The source of residuals at the WTP is from the pre-treatment process. Residuals from 

this process generally consist of the removed suspended solids.in the raw water, any 

precipitated minerals, and treatment process chemicals (lime/coagulant/powdered 

activated carbon). Additionally, the clarification process generates residuals from the 

sedimentation basins. Residuals generated from this process generally consist of the 

removed suspended solids in the raw water and any added coagulation chemicals. The 

flowing sections describe methods to dispose of the residuals at the WTP site. 
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Dedicated lagoons for the storage of water treatment plant residuals are concrete 

lined earthen holding basins where the relatively large storage volume allows for 

gravity to provide the settling mechanism. Normally used where available space is 

not a major concern, lagoons allow for extended periods between dewatering 

operations. After an appropriate settling period, water is decanted and recycled or 

discharged to the lake or Saline River. Testing of the decanted water may be 

required to obtain a discharge permit. 

Water is normally decanted from a lagoon, and upon sludge volume reaching the 

"full" level, the residuals are dewatered and properly disposed. This method requires 

very little operator oversight, other than occasionally opening or closing manual 

valves to isolate lagoon and mowing on a regular basis during the growing season. 

Once a lagoon reaches the full level, it must be removed from service; the 

accumulated residuals are dewatered, removed, and disposed. 

b. Drying Beds 

Drying beds typically consist of concrete structures that contain sand-lined filter beds 

which utilize an underdrain system topped with pea gravel and support sand. The 

residuals slurry is injected with an appropriate polymer as it passes through a 

mixing/flocculation tube. Following the mixing action, the slurry is then allowed to 

cover the surface of the filter bed(s). A PLC provides adjustments to the process to 

limit the total volume of water introduced into the filter and also controls the 

sequencing of automatic valves at the head of each filter. 

Jar testing of the residuals process stream helps to determine which polymer provides 

an acceptable floc and serves to provide an initial target dosage, or feed rate of 

polymer as a starting point for beginning full-scale chemical feed. Once startup 

begins, and the initial chemical feed rate is optimized, the process should operate 

with minimal operator oversight other than normal service and maintenance 

functions. 

c. Mechanical Dewatering 

Mechanical dewatering of the residuals involves using specific equipment to impart 

the required energy to the residuals slurry in order to provide dewatering. 
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Mechanical processes include belt filter presses, centrifuges and container filters. 

Belt filter presses and centrifuges require an external power source to perform their 

dewatering functions, while container filters use gravity to assist the dewatering 

function. Each of these three types of mechanical processes requires that the 

residuals slurry is pumped to/through the unit and that a selected polymer is blended 

into the mix in order to optimize the residual's dewatering characteristics. 

As with the sand drying bed alternate, mechanical dewatering requires jar testing to 

determine the target initial polymer feed rate. A properly sized floc is required for 

optimum performance of the process. After optimization of the polymer feed rate, 

little operator-initiated adjustment is required, but the filter press and centrifuge 

processes do require operator oversight to assure that all mechanical parts function 

properly. The container filters operate in a batch mode, requiring the operator to 

control the starting and stopping of the filling operation. 

Based on the ease of operation and the available space at the proposed WTP site, 

currently it is proposed to utilize dedicated lagoon storage for the treatment and disposal 

of residual waste generated from the pre-treatment process of the raw water. The other 

options may provide aviable alternative if space becomes limited at the site or the capital 

cost of the other alternatives change dramatically. 

***** 
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A. GENERAL 

PART IV 

POTABLE WATER SUPPLY 

07107105 

This section of the report discusses supply of treated water from the treatment plant at Wilson 

Lake to Russell, Hays, and other public water suppliers (PWS) through the finished water 

transmission mains as shown in Figure N -1. The transmission system concept design 

includes potable water storage, high service pump station, transmission main and a future 

booster pump station. Water is conveyed from the water treatment plant (WTP) by the high 

service pump station through the finished water transmission main to the delivery points in 

the system. Ultimately, an intermediate pump station is required. Review of Figure N -1 

shows the multiple transmission main alignments evaluated in the previous study by Bums & 

McDonnell entitled Evaluation of Lake Wilson and Kanopolis Reservoir, Final Report for 

Public Water Supply to Public Wholesale Water Supply District #15. 

B. PROJECT PHASES 

Project phases or flow splits are based on the maximum day net water need projections, as 

discussed in Part I of this report, and on the ability to meet ten years of demand; this results in 

a supply expansion every ten years. Flow splits for the potable water transmission system are 

as listed in Table N -1. Since the delivery point for the 1.0 MGD net maximum day water 

need by other PWS is unknown, a conservative flow split assumption is used - all water not 

going to Russell is conveyed to Hays, the farthest distance from the plant, and is used to 

develop the transmission main pipeline, high service pump station and booster pump station 

concepts. 

Table IV-1 
Finished Water Transmission System Maximum 

Day Flow Split by Phase 

Phase Year Russell Hays Total 

1 2010 1.0-MGD 1.0-MGD 2.0-MGD 
2 2020 1.5-MGD 2.5-MGD 4.0-MGD 

3 2030 2.0-MGD 5.0-MGD 7.0-MGD 

C. DELIVERY POINTS 

Potable water storage and the high service pump station are located on the WTP site near 

Wilson Lake. Each PWS needs to maintain their distribution system storage to meet peak 

N-1 
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hour and emergency water needs; the proposed system provides up to maximum day 

demands. Additionally, each delivery point is assumed to include a ground storage tank, re

chlorination system and booster pump station sized for the maximum day net water need. 

These system components represent the starting point for the PWS potable water transmission 

system. The frrst delivery point for potable water is the City of Russell. The potable water 

transmission system connects to the southern side of this City with Option 1 nearest to the 

City Limits and Option 3 farthest from the city limits. The second delivery point for potable 

water is the City of Hays. Options 1 and 2 connect to the northeast side of the City and 

Option 3 connects to the Southern section of the City. 

D. HYDRAULIC ANALYSIS 

Ground elevations are determined along the routes for Options 1, 2, and 3 with United States 

Geological Survey (USGS) quad maps. Hydraulic grade lines (HGL) are calculated using 

friction loss within the pipe, differential elevations between beginning and ending locations, 

and maintaining maximum and minimum pressure requirements within the pipeline. The 

goal of the hydraulic analysis is to provide a concept for the transmission main that provides 

the maximum amount of water using the least amount of energy and the smallest feasible pipe 

diameter. 

The criteria used for the hydraulic analysis are as follows and provides general design criteria 

for the transmission main design: 

• C-value of 120. 

• Minimum Operation Pressure of 20 psi. 

• Maximum flow in the transmission system as defined in Table IV -1. 

The results of the hydraulic analysis are shown in Figures IV-2 and IV-3. Options 1 and 2 are 

shown on the Figure IV-2, as their ground elevations are similar along the pipeline route and 

Option 3 is shown in Figure IV -3. The results from this analysis are used to determine head 

requirements for the high service pump station, location of the booster station, and the 

pressure requirements for the booster pump station. Review of the figures shows a 24-inch 

transmission main is required along the entire distribution system route. 

E. PUMP AND STORAGE REQUIREMENTS 

Storage and a high service pump station are required at the WTP to provide system pressure 

and the required flows within the potable water transmission system. The high service pump 
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station and pipeline alone cannot deliver the maximum day net water need of 7 MGD while 

maintaining reasonable system construction and operations costs; therefore, a booster pump 

station is eventually required in Phase 3. A booster station is substantially less expensive 

than increasing the pipe size to 30-inches, the minimum size required to avoid intermediate 

pumping. 

Total storage required at the WTP depends on the amount of storage required for chlorine 

contract time ("CT") credit, the required storage to provide equalization within the system, 

and ease of operation. A 1.0 MG of storage tank is preliminarily sized in Part III in Phase 1 

of the project and an additional 1.0 MG of storage is preliminarily sized to provide maximum 

day net water needs as defined in Part II for Phase 3 ofthe project. This totals 2.0 MG of 

storage at the WTP. 

The concept design criteria for the high service pump station are developed for each phase 

and are listed in Table VI-2. The high service pump station includes vertical turbine can-type 

pumps and provides firm capacity in each phase. 

TableiV-2 
High Service Pump Station Concept Design 

Phase Year 
Firm Capacity Pumps (Duty+ Pump 

(MGD) Redundant) Capacity 

1 2013 2 2+1 
2 at 1-MGD 

1 at 2-MGD 

2 2024 4 3+1 
2 at 1-MGD 

2 at2-MGD 

3 2034 6 4+1 
2 at 1-MGD 
3 at3-MGD 

4 2044 7 4+1 
1 at 1-MGD 
4at2-MGD 

Concept design criteria for the booster pump station required in Phase 3 are developed for 

Phases 3 and 4 and are listed in Table VI-3. 
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Wilson Lake Water Treatment Plant 
Facility Concept Design 

Table VI-3 
Booster Pump Station Concept Design 

Pipeline 
Firm Pumps 

Pump 
Alternative 

Phase Capacity (Duty+ 
Capacity (MGD) Redundant) 

I or 2 3 5 2+1 2.5-MGD 

3 3 5 2+1 2.5-MGD 

F. POTABLE WATER TRANSMISSION MAINS 

07/07/05 

Pump Head 
Required 

(feet) 
Power 
(Hp) 

300 345 

265 304 

Multiple pipeline routings are developed to convey water from Wilson Lake to Russell and 

Hays as shown in Figure IV-I and listed in Table IV-4. Selected routes are primarily based 

on total pipeline length, elevation variation, and on their ability to provide the required 

amount of water to the delivery points. 

The opinion of alternative comparison probable cost presented in Table IV -4 is an alternative 

comparison tool and does not represent the total installed construction cost; these costs are 

detailed within Part V, of this report. The opinion of alternative comparison cost does not 

include items such as permanent and temporary easements, engineering, and pump stations 

along the routes. This cost is only representative of the cost difference between the base 

alignment and the alternative alignments. 

Alternative 2 has the least comparison cost associated with the alignment and this option is 

used to complete the project economical and present value analysis in Part V of this report. 

AU three alternatives are viable, within 6 percent, and very comparable from a capital cost 

perspective. Land availability and the desired connection points for Hays and Russell will 

probably dictate the selected route. 

***** 

IV-4 
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Table IV-4 
Opinion of Probable Comparison Cost for Pipeline Alternative 

Alignment Data 

Alignment 
Length (LF) Number of Crossings 

Alternative Creek Railroad Road Hi~bwav 

Alternative I 288,9I2 7 5 48 I 

Alternative 2 286,067 6 2 44 I 
.. 

Alternative 3 302,164 10 I 58 I 

Alignment Comparison Costing 

Alignment 
Pipeline Cost Cost of Crossings 

Alternative Creek Railroad Road lli~hwav 

Alternative I $27,740,000 $42,000 $400,000 $288,000 $80,000 

Alternative 2 $27,460,000 $36,000 $I60,000 $264,000 $80,000 
-

Alternative 3 $29,010,000 $60,000 $80,000 $348,000 I $80,000 

*The above costmg mformatwn does not represent total constructed cost of the alternattves. 
** The above costing information is in 2003 dollars 

Air Release 
Vaults 

50 

50 

60 

Air Release 
Cost 

$250,000 

$250,000 

$300,000 

Total Cost 

$28,800,000 

$28,300,000 

$29,900,000 
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ECONOMIC EVALUATION 
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Wilson Lake Water Treatment Plant 
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A. GENERAL 

PARTY 

ECONOMIC EVALUATION 

07/07/05 

This section of the report discusses the opinion of project construction costs, operation, 

maintenance, and energy cost, and project present value for the new 7 million gallons per day 

(MGD) water treatment plant (WTP) at Wilson Lake. 

In general, these order-of-magnitude cost opinions presented are based on the experience and 

judgment as a professional consultant combined with information from past experience, 

vendors, and published sources, such as Means Construction Cost Guide. Since Bums & 

McDonnell has no control over weather, cost and availability of labor, materials and 

equipment, labor productivity, construction contractor's method of pricing, economic 

conditions, government regulations and laws, competitive bidding or market conditions and 

other factors affecting such opinions or projections, Bums & McDonnell does not guarantee 

the actual rates, costs, etc. will not vary from the opinions and projections developed herein. 

Construction costs are converted to the present value over a 45-year period at a rate of 

inflation equal to 3.5 percent and an interest rate of 6.0 percent. Annual operation and 

maintenance expense includes power costs for the operation of pumps, motors, equipment 

maintenance costs, and estimated chemical usage for the selected pre-treatment system and 

RO Membrane system. Annual replacement expense includes the capital cost for 

replacement of mechanical systems once they have reached their useful life, and replacement 

for the cartridge filters and RO membranes, with the estimated replacement life presented by 

membrane manufactures. 

B. CAPITAL COST 

Capital construction cost for the new water treatment plant utilizing conventional and 

ultrafiltration (UF) pre-treatment systems are respectively listed in Tables V-1 and V-2. All 

dollar amounts contained within the Tables V -1 and V -2 are in November 2004-dollars based 

on an ENR Construction Cost Index of 8014.70 for Kansas City, Missouri. Additionally, the 

total dollar amount present in the tables includes the required cost of all mechanical 

equipment, construction cost, engineering and contingency for the associated part of the 

Project. 

V-1 
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Table V-1 

Opinion of Capital Cost 
Conventional Pre-Treatment 

Item Unit Unit Cost 

Phase 1 • 2 MGD: 
Intake/Pump Station LS 2,820,000 
Pre-Treatment LS 3,090,000 

- Intermediate Pump Station LS 278,000 
Jeverse Osmosis Treatment LS 2.840,000 

Disposal Wells LS 7,070,000 
Residuals Handling LS 506,000 
Chemical Feed LS 58,000 
Storage LS 994,000 

1-
High Service Pum~ Station LS 1,130,000 
Plant Site Work LS 370,000 
Potable Transmission Pipeline LS 41 .?.!!1QQQ 

Phase 1 Total 

Phase 2 • 2 MGD Expansion: 
Intake/Pump Station LS 260,000 
Pre-Treatment LS 1,800,000 
Intermediate Pump Station LS 67,000 
Reverse Osmosis Treatment LS 1,770,000 ·-
Chemical Feed LS 58,000 
High Service Pump Station LS 240,000 

Phase 2 Total 

Phase 3 • 2 MGD Expansion: ---1---
Intake/Pump Station LS 250,000 

r---fre-Treatment LS 1,210,000 
!--·Intermediate Pume Station LS 58,000 

Reverse Osmosis Treatment LS 1,780,000 
Residu_~ls Handling LS 506,000 
Chemical Feed LS 58,000 
Storage LS 948,000 
Booster Pump Station LS 625,000 
High SEnvice Pume Station LS 272,000 

Phase 3 Total 

Phase 4 • 2 MGD Expansion: 
Pre-Treatment L.s -~·· 

790,000 
lnterme~iate Pume Station _____ LS . __ 24,00Q 
Reverse Osmosis Treatment LS -~o.o_o.Q 
Chemical Feed LS 29,000 --- --~~-

High Service Pump Station LS --- 206,000 

---- 1---- -----·· 
Phase 4 Total 

,_ _____________ 
~--->------

Total Phase 1-4 ----------------- ------·-

Quantity Cost 

1 2,8~0,000 

1 3,090.9~ 
1 278,0Q_9 

_ ___1 - 2,840,0~~ 
1 7,070~~ 
1 510,00Q .. 

1 --- 58,0Q.Q 
1 ~.ooo 
1 1,130,~ 
1 370,000 
1 41,210,000 

60,370,000 

1 1~m1 1 
1 67,000 
1 1,770,000 .. 

1 58,000 
1 240,000 

4,195,000 

1 250,000 
1 1,210,000 
1 58,000 
1 1,7~~ 
1 506,000 
1 58,000 
1 948,000 .. 
1 625,000 
1 272,000 

5,707,0~~ 

1 790,000 
1 34,000 

1-----· 
1 880,000 
1 --~~ 

1--- 1 206,000 

--
1,939,000 

--·---· ·--------::.-::. 
_!;~1_0,000 
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Item 

Phase 1 - 2 MGD: 
~ntake/Pump Station 

Pre-Treatment 
_ Intermediate Pump Station 

r---:Beverse Osmosis Treatment 
Disposal Wells 
Residuals Handlin9 
Chemical Feed 
Storage 
High Service Pume Station 
Plant Site Work 
Potable Transmission Pipeline 

Phase 1 Total 

Phase 2-2 MGD Expansion: 
Intake/Pump Station 

__ Pre-Treatment -
Intermediate Pump Station 
Reverse Osmosis Treatment 
Chemical Feed 
High Service Pump Station 

Phase 2 Total 

Phase 3 - 2 MGD Expansion: 
Intake/Pump Station 
Pre-Treatment 
Intermediate Pump Station 
Reverse Osmosis Treatment 

!--------Residuals Handling 
Chemical Feed 
Storage -
Booster Pump Station 
High Service Pump Station 

f--
Phase 3 Total 

Phase 4 - 2 MGD Expansion: 
1--- -

Pre-Treatment 
-~Intermediate Pump Station 

Reverse Osmosis Treatment 
Chemical Feed · 

f-.-- --
_t!igh Service Pump Station 

TableV-2 

Opinion of Capital Cost 
Ultrafiltration Pre-Treatment 

Unit Unit Cost 

LS 2,820,000 
LS 3,650,000 

Quantity Cost 

1 2.820,00Q 
11----_?,6502900 

LS --- = 1 278,0QO 
LS 2 1 2,840,0_QQ 

7,070,000 1 7,070!.Q9_Q LS 
LS 506,000 1 s1o •. m 
LS 58,000 1 58~_Q9 
LS 994,000 1 9~.000 
LS --- c__1,130,000 1 1,130,0_QQ 
LS 370,000 1 370,9~ 
LS 41,210,000 1 41,210,000 

60,930,000 

LS 260,000 1 260,0J>Q 
LS f----1,350,000 1 1,3~Q._QQQ --
LS 67,000 1 67,000 
LS 1,770,000 1 1,770,0~ 
LS 58,000 1 58,000 
LS 240,000 1 240,000 

3,745,000 

LS _ _?§QRQQ 1 252~ 
LS 1,330,000 1 1,330,000 
LS 58,000 1 58,000 
LS 1,780,000 1 1,780,000 
LS 506,000 1 506,000 
LS 58,000 1 58,000 
LS 948,000 1 948,000 
LS 625,000 1 625,000 
LS 272,000 1 272,000 

1---
5,827,000 

LS 740,000 1 740,000 
LS 34,000 1 -~000 -- --~--Cs --- 1--- 880,000 1 880,000 
Ts - 29,000 1 29,000 
LS 206,000 1 206,000 

--- -

-- --- . ~----· 

Phase 4 Total 1_.889,00!! 

1------~-~------~-- -- --~---~~· --·-
Total Phase 1 -4 72,400,000 

---·····-------- ---- ---··---------· 
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Wilson Lake Water Treatment Plant 
Facility Concept Design 07/07/05 

Review ofthese costs show a project cost of$72.2 million for the system with conventional 

pre-treatment and $72.4 million for the system with UF pre-treatment. These costs are within 

1 percent. 

C. PRESENT VALUE 

Present value for the new water treatment plant utilizing conventional and UF pre-treatment 

systems are respectively listed in Tables V -3 and V -4. As presented above the total present 

value includes: debit service for the construction capital cost over a twenty year period at a 

6.0 percent interest rate, operation I maintenance cost, energy cost, and replacement fund for 

mechanical systems, cartridge filters, and membranes. 

Additionally, each of the above tables include the projected unit cost of finished water 

produced at the Wilson Lake WTP and delivered through the potable water distribution 

system as detailed in Part IV of this report. This unit cost of finished water is based on the 

present value of the project and does not take into consideration non-revenue and actual water 

sales. 

Review of Tables V-3 and V-4 show the present values and average cost of water are very 

comparable, $88.0 million and $4.97 per 1000 gallons for conventional pre-treatment and 

$94.2 million and $5.27 per 1000 gallons for UF pre-treatment. 

***** 
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Phase 

Phase One 

Phase Two 

Phase Three 

Phase Four 

Year 

2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 

Totals 

Construction 
Debit Service 

Cost 

82,278,000 7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 
7,173,000 

8,347,000 7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 
7,901,000 

16,018,000 2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 
2,124,000 

7,677,000 2,066,000 
2,066,000 
2,066,000 
2,066,000 
2,066,000 
2,066,000 
2,066,000 

114,320,000 193,615,000 

TableV-3 

Total System Present Valve 
Conventional Pre-Treatment 

OM Energy 
Replacement 

Fund 

295,000 1,139,000 
315,000 1,145,000 
389,000 274,000 1,203,000 
413,000 284,000 1,210,000 
437,000 294,000 1,218,000 
461,000 304,000 1,225,000 
485,000 314,000 1,233,000 
509,000 325,000 1,241,000 
533,000 337,000 1,249,000 
557,000 349,000 1,257,000 
581,000 361,000 1,265,000 
605,000 373,000 1,344,000 
646,000 387,000 1,440,000 
687,000 400,000 1,535,000 
728,000 446,000 1,631,000 
770,000 491,000 1,727,000 
811,000 537,000 1,823,000 
852,000 582,000 1,919,000 
904,000 657,000 2,015,000 
956,000 732,000 2,112,000 

1,008,000 807,000 2,209,000 
1,060,000 882,000 2,407,000 
1,119,000 957,000 2,525,000 
1,183,000 1,093,000 2,643,000 = 1,228,000 2,762,000 

1,364,000 2,881,000 
1,375,000 1,499,000 3,001,000 
1,438,000 1,635,000 3,120,000 
1,511,000 1,785,000 3,241,000 
1,583,000 1,936,000 3,362,000 
1,656,000 2,086,000 3,483,000 
1,728,000 2,236,000 3,676,000 
1,803,000 2,387,000 3,805,000 
1,879,000 2,537,000 3,938,000 
1,957,000 2,687,000 4,076,000 
2,037,000 2,837,000 4,218,000 
2,118,000 2,988,000 4,366,000 
2,202,000 3,138,000 4,519,000 

40,149,000 41,529,000 89,163,000 

Total 
Total Present Summation Cost of Water 

Value Present Value ($/1000 gal) 

-

8,607,000 5,094,000 5,094,000 
8,633,000 4,821,000 9,915,000 
9,039,000 4,762,000 14,677,000 35.987 
9,080,000 4,512,000 19,189,000 10.869 
9,122,000 4,277,000 23,466,000 10.126 
9,163,000 4,053,000 27,519,000 9.433 
9,205,000 3,841,000 31,360,000 8.790 
9,248,000 3,640,000 35,000,000 8.194 
9,292,000 3,451,000 38,451,000 7.643 
9,336,000 3,271,000 41,722,000 7.130 
9,380,000 3,100,000 ~ 6.652 

10,223,000 3,188,000 6.735 
10,374,000 3,052,000 51,062,000 6.350 
10,523,000 2,920,000 53,982,000 5.985 
10,706,000 2,803,000 56,785,000 5.661 
10,889,000 2,689,000 59,474,000 5.352 
11,072,000 2,580,000 62,054,000 5.062 
11,254,000 2,474,000 64,528,000 4.785 
11,477,000 2,380,000 66,908,000 4.276 
11,701,000 2,289,000 69,197,000 3.839 
11,925,000 2,201,000 71,398,000 3.461 
6,473,000 1,127,000 72,525,000 1.668 
6,725,000 1,105,000 73,630,000 1.545 
7,043,000 1,091,000 74,721,000 1.445 
7,361,000 1,076,000 75,797,000 1.353 
7,680,000 1,059,000 76,856,000 1.268 
7,999,000 1,041,000 77,897,000 1.190 
8,317,000 1,021,000 78,918,000 1.116 
8,661,000 1,003,000 79,921,000 1.053 
9,005,000 984,000 80,905,000 0.995 
9,349,000 963,000 81,868,000 0.938 
9,706,000 944,000 82,812,000 0.888 

10,061,000 923,000 83~ 0.839 
10,420,000 902,000 84, 0.793 
10,786,000 880,000 85,517,000 0.749 
11,158,000 859,000 86,376,000 0.709 
11,538,000 838,000 87,214,000 0.671 
11,925,000 817,000 88,031,000 0.635 

364,456,000 88,031,000 4.977 
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Phase 

Phase One 

Phase Two 

Phase Three 

Phase Four 

Year 

2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 

Totals 

Construction 
Debit Service 

Cost 

83,041,000 7,240,000 
7,240,000 
7,240,000 
7,240,000 
7,240,000 
7,240,000 
7,240,000 
7,240,000 
7,240,000 
7,240,000 
7,240,000 

7,452,000 7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 
7,890,000 

16,355,000 2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 
2,076,000 

7,479,000 2,078,000 
2,078,000 
2,078,000 
2,078,000 
2,078,000 
2,078,000 
2,078,000 

114,327,000 193,846,000 

Table V-4 

Total System Present Value 
Ultrafiltration Pre-Treatment 

OM Energy 
Replacement 

Fund 

253,000 1,339,000 
268,000 1,370,000 
383,000 286,000 1,472,000 
405,000 296,000 1,505,000 
428,000 306,000 1,538,000 
450,000 317,000 1,572,000 
473,000 328,000 1,606,000 
495,000 340,000 1,639,000 
518,000 352,000 1,673,000 
540,000 364,000 1,707,000 
562,000 377,000 1,741,000 
585,000 390,000 1,872,000 
622,000 403,000 2,007,000 

734,00) 
418,000 2,142,000 
466,000 2,277,000 
513,000 2,412,000 

771,000 561,000 2,548,000 
809,000 608,000 2,684,000 
866,000 686,000 2,821,000 
923,000 765,000 2,957,000 
980,000 843,000 3,094,000 

1,037,000 922,000 3,367,000 
1,099,000 1,000,000 3,536,000 
1,169,000 1,140,000 3,704,000 
1,239,000 1,280,000 3,873,000 
1,310,000 1,419,000 4,043,000 
1,380,000 1,559,000 4,214,000 
1,450,000 1,699,000 4,384,000 
1,537,000 1,856,000 4,556,000 
1,623,000 2,013,000 4,728,000 
1,709,000 2,169,000 4,901,000 
1,795,000 2,326,000 5,170,000 
1,884,000 2,483,000 5,351,000 
1,975,000 2,640,000 5,538,000 
2,067,000 2,797,000 5,732,000 
2,160,000 2,953,000 5,933,000 
2,255,000 3,110,000 6,141,000 
2,351,000 3,267,000 6,355,000 

40,461,000 43,252,000 123,502,000 

Total 
Total Present Summation Cost of Water 

Value Present Value ($/1000 gal} 

8,832,000 5,228,000 5,228,000 
8,878,000 4,957,000 10,185,000 
9,381,000 4,942,000 15,127,000 37.090 
9,446,000 4,694,000 19,821,000 11.308 
9,512,000 4,460,000 24,281,000 10.559 
9,579,000 4,237,000 28,518,000 9.861 
9,647,000 4,025,000 32,543,000 9.212 
9,714,000 3,824,000 36,367,000 8.608 
9,783,000 3,633,000 40,000,000 8.046 
9,851,000 3,451,000 43,451,000 7.522 
9,920,000 3,279,000 46,730,000 7.036 

10,737,000 3,348,000 50,078,000 7.073 
10,922,000 3,213,000 53,291,000 6.685 
11,109,000 3,083,000 56,374,000 6.319 
11,330,000 2,966,000 59,340,000 5.990 
11,549,000 2,852,000 62,192,000 5.676 
11,770,000 2,742,000 64,934,000 5.379 
11,991,000 2,636,000 67,570,000 5.099 
12,263,000 2,543,000 70,113,000 4.568 
12,535,000 2,452,000 72,565,000 4.112 
12,807,000 2,364,000 74,929,000 3.717 
7,402,000 1,289,000 76,218,000 1.908 
7,711,000 1,267,000 77,485,000 1.771 
8,089,000 1,253,000 78,738,000 1.659 
8,468,000 1,238,000 79,976,000 1.557 
8,848,000 1,220,000 81,196,000 1.461 
9,229,000 1,201,000 82,397,000 1.373 
9,609,000 1,179,000 83,576,000 1.289 

10,025,000 1,161,000 84,737,000 1.219 
10,440,000 1,140,000 85,877,000 1.152 
10,855,000 1,119,000 86,996,000 1.090 
11,369,000 1,105,000 88,101,000 1.039 
11,796,000 1,082,000 89,183,000 0.983 
12,231,000 1,058,000 90,241,000 0.930 
12,674,000 1,035,000 91,276,000 0.881 
13,124,000 1,011,000 92,287,000 0.834 
13,584,000 987,000 93,274,000 0.790 
14,051,000 963,000 94,237,000 0.749 

401 ;os1,ooo 94,237,000 5.273 
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Wilson Lake Water Treatment Plant 
Facility Concept Design 

A. GENERAL 

PART VI 

RECOMMENDED ALTERNATIVE 

07/07/05 

As presented in the previous sections of the report, based on the opinion of probable cost, the 

present worth analysis, and feasibility of the options, the following are the recommendations 

for the selected alternatives for the new water treatment facility located near Wilson Lake, 

Kansas. 

B. RECOMMENDATIONS 

1. Intake Structure 

The lake intake structure is recommended to supply the raw water from Wilson Lake to 

the water treatment plant (WTP) site. This recommendation is based to the opinion of 

probable cost associated with the construction of the lake intake system, raw water 

quality control, and the possibility of operational issues with a shallow river intake 

structure. Additionally, it may be difficult to withdraw an adequate amount of water 

from the Saline River during periods of low flow and minimum discharge from Wilson 

Lake. 

2. Pretreatment System 

Conventional and ultrafiltration (UF) pretreatment are recommended to be reevaluated 

during the design phase. Since Phase 1 is about seven or eight years away, continued 

technological improvements and changes in drinking water standards could impact the 

alternatives. Bench scale tests of the selected alternative system are recommended to 

determine the optimum levels of chemical addition, detention times, flux rates, impact on 

the reverse osmosis (RO) membranes, etc. to provide adequate treatment of the raw water 

before it enters the cartridge filters. This testing and optimization is important to help 

ensure and try to prevent the cartridge filters and membranes from fouling prematurely. 

3. Reverse Osmosis System 

The reverse osmosis system (RO) that can supply 1.0 MGD of blended finished water per 

skid with the least amount of energy and smallest footprint is the recommended 

alternative for the WTP. This will decrease the overall capital cost and present value of 

the project due to the reduced construction cost for the RO building and the operation, 

maintenance, and replacement fund costs association with the operation of multiple RO 

membrane skids. 

VI-1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Wilson Lake Water Treatment Plant 
Facility Concept Design 

4. Potable Water Transmission Main 

07107105 

The recommended alternative for the potable water transmission main includes a 24-inch 

pipeline that extends from the WTP to Russell and Hays along the alignment presented in 

Option 2 in Part IV of this report. This alignment and size of pipeline will provide the 

maximum required flow of finished water to the distribution points using the least 

amount of high service pumping and booster pumping in the future phases. Access to 

land and delivery points selected by Hays and Russell in the next six to seven years could 

modify this recommendation. 

C. IMPLEMENTATION SCHEDULE 

As presented in Part IV of this report, the Project phases or flow splits are based on the 

maximum day net water need projections as discussed in Part I of this report and are sized on 

the basis to meet ten years of demand; this results in a supply expansion every ten years. It is 

estimated project construction will begin in 2013 and the WTP will be on-line and delivering 

water to the delivery points in 2015. The following table details the year each phase is 

estimated to be completed and producing water. Additionally, the table details the total 

amount of required raw water and finished water produced by phase. 

Table VI-1 
Water Treatment Plant Capacity and Construction by Phase 

Phase 
Construction 

Year On-line 
Raw Water Finished Water 

Year Per Phase Plant Total Per Phase Plant Total 
1 2013 2015 2.5 2.5 2 2 
2 2022 2024 2.5 5 2 4 
3 2032 2034 2.5 7.5 2 6 
4 2042 2044 1.25 8.75 1 7 

***** 
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- -- - - -
Year 
2010 
2020 
2030 
2040 

CITY OF RUSSELL 
City Data 

Total Demand (ac*ftl Total Demand CMGl 
1880 612.6 
2108 686.8 
2337 761.5 
2587 842.9 

*Blue indicates BMCD linear projection from existing data. 

23SO 

2300 
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22SO 

2200 
'3 
{:. 21SO 

2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

2108 
2130 
2153 
2175 
2197 
2220 
2243 
2266 
2290 
2313 
2337 

- -
Demand (MGDl 

1.68 
1.88 
2.09 
2.31 

2020 2022 2024 2026 2028 2030 2032 

Year 

- - - - - - - - -
CITY OF HAYS 

City Data 
Year Total Demand (ac*ftl Total Demand CMGl Demand (MGDl 
2010 2531.2 824.7 2.26 
2020 3091.2 1007.2 2.76 
2030 3763.2 1226.2 3.36 
2040 4592 1496.2 4.10 --· *Blue indicates BMCD linear projection from existing data. 
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Year 
2010 
2020 
2030 
2040 

Year 
2010 
2020 
2030 
2040 
2050 

CITY OF HAYS 
City Data 

Total Demand (ae-rt) Total Demand (MG) 
2531.2 . 824.7 
3091.2 1007.2 
3763.2 1226.2 
4592 1496.2 

1003 PWWSD #15 REPORT 
Hays Water Demand 

Average Day (MGD) Maximum Day (MGD) 
2:82 5.64 
3.43 6.86 
4.15 8.30 
4.87 9.74 
5.49 10.98 

URS EASTERN SMOKY HILL SALINE BASIN STVDY 
Cltyof'Hays 

Year Demand (1000 GPY) Average Day (MGD) 
2000 715,400 1.96 
2010 1,022,000 2.80 
2020 1,241,000 3.40 
2030 1,496,500 4.10 
2040 1,788,500 4.90 

*Demands provided by PWWSD #15 

l"'f"'UDADI<:ll'\t.l c:lUCCT vi.. 

Table 1 
CITY OF HAYS CITY OF RUSSELL, KANSAS 

Water Demand Projection Data Comparison 

Average Day (MGD) 
2.26 
2.76 
3.36 
4.10 

Year 
2010 
2020 
2030 
2040 

Year 
2010. 
2020 
2030 
2040 
2050 

CITY OF RUSSELL 
City Data 

Total Demand (ae-rt) Total Demand (MG) 
1880 612.6 
2108 686.8 
2337 761.5 
2587 842.9 

1003 PWWSD #15 REPORT 
Russell Water Demand 

Average Day (MGD) Maximum Day (MGD) 
1.68 2.93 
1.86 3.25 
2.06 3.60 
2.28 3.99 
2.53 4.42 

URS EASTERN SMOKY HILL SALINE BASIN STUDY 
City or Russell 

Year Demand (1000 GPY) Average Day (MGD) 
2000 372,300 1.02 
2010 613,200 1.68 
2020 678,900 1.86 
2030 751,900 2.06 
2040 832,200 2.28 

*Demands provided by PWWSD #15 

Average Day (MGD) 
1.68 
1.88 
2.09 
2.31 

- - - - - - - - - - - - - -

Average Day Total 
Hays & Russell 

Year Demand (MGD) 
2010 3.94 
2020 4.64 
2030 5.45 
2040 6.41 

Total (Hays & Russell) 
Year Demand (MGD) 
2010 4.50 
2020 5.29 
2030 6.21 
2040 7.15 
2050 8.01 

Total (Hays & RnsseU) 
Year Demand (MGD) 
2000 2.98 
2010 4.48 
2020 5.26 
2030 6.16 
2040 7.18 

- - - - -
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-------------------
U.R.S. EASTERN SMOKY HILL SALINE BASIN STUDY U.R.S. EASTERN SMOKY HILL SALINE BASIN STUDY 

CityofHays City of Russell 
~ Demand (1000 GPY) Demand (MGD> Year Demand (1000 GPY) Demand (MGDl 
2000 715,400 1.96 2000 372,300 1.02 
2010 1,022,000 2.80 2010 613,200 1.68 
2020 1,241,000 3.40 2020 678,900 1.86 
2030 1,496,500 4.10 2030 751,900 2.06 
2040 1,788,500 4.90 2040 832,200 2.28 

*Demands provided by PWWSD #15 *Demands provided by PWWSD #15 

2003 PWWSD #15 REPORT 2003 PWWSD #15 REPORT 
Hays Water Demand Russell Water Demand 

Year AD(MGD} MD(MGD) Year AD(MGD) MD(MGD} 
2010 2.82 5.64 2010 1.68 2.93 
2020 3.43 6.86 2020 1.86 3.25 
2030 4.15 8.30 2030 2.06 3.60 
2040 4.87 9.74 2040 2.28 3.99 
2050 5.49 10.98 2050 2.53 4.42 
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Table 

Wilson Lake WTP Concept 
Water Use (MGD) 

net need 0904.xls 1 3/1612005 
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Wilson Lake WTP Concept 
Water Use (MGD) 

net need 0904.xls 3 311612005 
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WATER PLANT 
PROCEDURES ON OPERATION 

1. The operator's primary duty is to supply the highest quality water possible to the 
public. An operator shall achieve the follo\\ring test results: 

Primary Basins: 

Filter Effiuent: 

Clear Well: 

p = 22-44 
ALK = 80-100 

OH = 20-40 
TH = 120- 140 
pH = 10.4- 10.6 

P= 
ALK= 

TH = 
PH = 

FLU 
CL2 = 

0 
65-85 
120- 140 
8.3 - 8.6 Saturation Index to +.1 
1.4 
2.0- 3.0 Combined residual 

When operating during the summer or when using the City 12" line to the rapid mix, the 
ALK and T.H. will increase. When this happens; you will have to increase the lime to 
drop the ALK down to the range of65. Whenever the ALK is below 65, this is an 
indication of too much lime. (To bring the total hardness down you will have to reduce 
the Primary Basin total hardness, because of the increased hardness of the city water 
bypassing the primary basins.) 

2. The p.H. must be set in accordance with the ALK in the filter effluent. In order to get 
test results to come within range, you must make changes whenever your influent 
increases or decreases. This means chemicals: lime, soda ash, ferric sulfate, fluoride, 
C02, chlorine and ammonia. When increasing influent, you increase chemicals into 
the primary basins, therefore you must decrease the amount of sludge drawn from 
these basins. 
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Randy Gustafson, City Manager 
Dorothy Stites, Asst. City Manager 

A Few Words About Your Water 

Troy Hickman 
Sunell Koerner 
Kent Steward 
Wayne Billinger 
Henry Schwaller IV 

Each day, City of Hays employees are working 24 hours a day to make sure that the water delivered to our customers 
meets or exceeds all regulatory requirements. To maintain high water quality, the staff runs various tests on water every 
two hours around the clock. 

The City employees of the Water Division are dedicated to ensuring quality service. The Water Division Sujperlinte:nden1 
is Joe Obholz and the Water Division Foreman is Jim Cooper. Other staff are Plant Operator II: Tim Huck, Steve Ferland, 
Steve Schmidtberger, Aaron Dome, Martin Byfield; Plant Operator I: Mark Pfeifer, Steve Werth, Marc Zolnierz, and 
Administrative Secretary: Tessa Scheck. 

This report is a summary of the water quality prov-ided by the City of Hays to our customers in 2003. Included are 
details about where the water comes from, how it is treated, what it contains and how it compares to standards set forth by 
regulatory agencies. 

Production Wellfield-Sources of Water 
The City of Hays receives its water from 37 groundwater wells. Twelve are sha11ow wells averaging 60 feet deep. 

are located 12 miles south of Hays and receive their water from the Smoky Hill Aquifer. Fourteen shallow wells, avc~ra:gingl 
60-90 feet deep are located in and around Hays and receive their water from the Big Creek Aquifer. Six deep wells, 
averaging 500 feet deep, receive their \VSter from the Dakota Aquifer and are located 3.5 miles southwest of Hays and five 
remediation wells located in the south part of Hays. 

Treatment Process and Chemicals Used 
To obtain the objectives of high quality water, the Water Softening Plant performs the following treatment processes: 

disinfection, aeration, lime-soda ash softening, addition of ferric sulfate for flocculation, recarbonation for pH control, 
addition of fluoride and filtration. 

Monitoring Water Quality 
The City of Hays, along with the Kansas Department ofHealth and Environment, constantly monitors the \Vater supply 

for various constituents. The City is proud that your drinking water meets or exceeds all federal and state requirements. 
Maximum Contaminant Levels are set at very stringent levels. To understand the possible health effects described for 

many regulated constituents, a person would have to drink two liters of water at the MCL every day for a lifetime to have a 
one-in-a-million chance of having the described health effect. . 

All drinking water, including bottled water, may be expected to contain at least small amounts of some constituents. 
important to remember that the presence of these constituents does not necessarily pose a health risk. 

Some people may be more vulnerable to drinking water contaminants than the general population .. Immuno
compromised people, such as those with cancer undergoing chemotherapy, someone who has undergone an organ 
transplant, those v.rith HIV/AIDS or other immune system disorders, some elderly and infants can aU be at risk for mtc!ctl:onJ 

More infonnation about contaminants and potential health effects can be obtained by calling the Environmental 
Protection Agency Safe Drinking Water Hot Line at 1-800-426-4791. 

Water Usage 
The City of Hays' largest use of>vater was in 1983 when we pumped 1,149,981,660 gallons of water. In 2003, the city 

pumped 285,061,200 gallons from Smoky Wells; 247,669,150 from City Wells; 38,327,900 from Dakota Wells and 
135,869,100 from its remediation wells for a total production of706,927,350 gallons of water. The City of Hays and its 
water customers have been wise water users. For example, in 1970 the city pumped 754,321,160 gallons of water from its 
production wells. There are probably not too many communities that can take pride in saying they are using approximately 
the same amount of water that was used more than 30 years ago. We are also doing this with a much larger population than 
in 1970. The city only bad a 5.6% water loss for 2003. Anything under 15% is acceptable by industry standards. 

The State of Kansas will allow the City ofHays to pump 1,126,701,933 gallons of water each year. This left the city 
\Vith 519,774,583 gallons of water it could have pumped if needed. Continued wise use of water will insure that the city will 
have water for the future. 

If you have any questions regarding tms report or the City ofHays Water Division, please contact Joe Obholz, Water 
Division · at 785-628-7380. 
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Glossary of Terms 
Aquifer: Underground rock, clay, sand and gravel materials that store water. 
Parts per million (ppm) or Milligrams per liter (mg/l): One pan per million corresponds to one minute in nvo years or a single 

penny in $10,000. 
I 

Parts per billion {ppb) or Micrograms per liter: One pan per billion corresponds to one minute in 2000 years or a single penny in I 
Sl 0 million. 

Action Level: The concentration of a contaminant that, if exceeded, triggers treatment or other requirements which a water system 
must fo1low. 

I 
Maximum Contaminant Level (MCL): The "Maximum Allowed" is the highest level of a contaminant that is allowed in drinking 

\vater. MCLs are set as close to the MCLGs as feasible using the best available treatment. 
Maximum Contaminant Level Goal (MCLG):The "Goal" is the level of a contaminant in drinking water below which there is no 

known or expected health risk. MCLGs allow for a margin of safety. 
I 

KDHE: Kansas Department of Health and Environment, the agency that monitors water quality. 
Remediation: KDHE Air Strippers that remove Volatile Organic Compounds in the water. 

Water Quality Monitoring Results (conducted by KDHE lab) I 
Contaminant Violation Level Unit MCLG MCL I Date Likely source of contamination 

YIN Detected Measurement 
MicrobioloEical Contaminants -
Total Coliform I N Coliform Presence of Naturally present in the environment. 
Bacteria bacteria. colifonn 

I none bacteria in 
found 5%of 

monthly 

I 
I 

samples 
Inorganic Contaminants 
Fluoride N High .95 pp_m 4 4 4-26..03 Erosion of natural deposits; water 

Low .57 ppm 4 4 7-24-03 additive, which promotes strong teeth; I 
Avg .. 76 ppm 4 4 discharge from fertilizer .and aluminum 

factories. Added to the water by the City 
ofHays. 

Lead N 1.7 ppb I 15 15 7-24-03 Corrosion of household plumbing 
systems erosion of natural deposits. 

I 
Nitrate N 4.4 ppm 10 10 4-23-03 Runoff from fertilizer use; leaching 
(as Nitrogen) from septic tanks, sewage; erosion of 

natural deposits. I 
Copper N 0.038 mgfL 1.3 1.3 7-24-03 Corrosion ofhousehold plumbing 

I systems, erosion of natural deposits; 
leaching from wood preservatives. 

Volatile O~anic Contaminants I 
ITHM N 39 ppb 0 100 8-19-03 By-product of drinking water 
(fotal tri- chlorination. 
halomethanes) 
Radionuclides I 
Gross-Alpha N 3.0 pCi/L 15 

15 I 3-00 There are radioactive materials which 
Gross-Uranium N 4.0 pci/L 0 NoMCL 3-00 can occur naturally or can be the result 

Established I of oil and gas production or mining. 

l pCi/L (Picocuries per liter) Unit of 
measurement for radioactive substance. 

I 
Routine Water Analysis (conducted by Water Softening Plant) I 

The City of Hays Water Division routinely monitors for various components in drinking water, according to federal and state regulations. 
There are 420 different water analvsis run daily at the Water Softening Plant. 

Raw Water Finished Water Definition 
Total Hardness 500-550 ppm 100-120 ppm I Calcium and magnesium are the principal minerals contributing to Total Hardness. 

A Total Hardness of 400 ppm is considered excessive in Kansas. 
I 

pH 7.1-7.4 

I 
8.3-8.6 The pH value of a solution indicates the intensity of the acidic or basic character of 

the solution. The pH scale extends from 0- very acidic, to 14 - very alkaline, with 
7 being neutral. The relationship of pH, calcium and alkalinity detennines whether 
a water is corrosive or whether it will deposit calcium carbonate. 

I 
I 
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DIVISION OF EE~~TH & E~viRON~~~P~ L~~O~~TORIES 
Ka~sas Departrr1ent of Eeal~h ~~d Enviro~~ent 

Forbes E~ildi~g #740,Topeka, Ka~sas 66620-0001 
(785) 296-1620 

RE?ORT OF J. ... NA.::YSIS 

INORGA-~IC CHEMISTRY 

Report To: Ed Carney- BEFS 
Curtis Bu~lding, Suite 430 

KS 66612 

Cc-lle-::t:ior.. Location: ~:..Lscin Lak.e/Su.rface I 

Collector: Carnev/Chamberlain Ma':rix: 
Da::e/'Iime Colled:eci: 05/19/04 10:40 

Sample. Comments : 

P.a:&me te.::-

Al)l;al.i.n:i tv 
Al-.:uninun. 

AS CaCO~ 4 

AmmOnia (N) 
An!=imo."ly 
Arsenic 
Barium-
Be::yl~:i.l.:%1\ 
Beron 
Bromide 
cadmium 
calcium-
Chlb~de-
Ch..-om.illn 
Cobalt: 
C~pper 

Fluoride . 
!=n-
Kjeldab.J. Nitrose.:l 
Leacl. 
Ma.gnesit.:rn 
Ma."lga.rlUie -
Mercu:rt 
:-lo l ybdi!:<:.Ut\1 
Nicke~ 
Nit:rat:e (N) 
Nit::::it;.s (:ll) 
Ort:..l-to l'bosph.ate (:?) 
Potassium-
Seleni.urn 
Silica-
Silve.r 
Sodium-
Specific ConC.uc:i ~ri t:r 
St::ont:i un -
Sulfate-
Temperature {:Field) 
Thalli urn 
'!ot:al !lissolvec solids-
Toc.al !la.:::cb:u~ss 
Toc.al 
Total 
Total Sus;;:e:o.ded. s-olids r:?ss·. 
T=bidity 
Vanadium 
Zinc: 
pH (F!eld.)-

E.e_;,cr'ting 
Date Reported: 

c~~i-=s T~: Fil 

: Jll3 
06/09/04 

.Ar.al v-::.ical 
P..esal.:: 

l2C 
c. J77 

< C.lQ 
< 0.050 

::2.7 
0.15 

< 0.0010 
0.2S 
0.6C 

< 1.0 
160 
.:.so 

,1.2 
< O.OlD 

:a.o 
o.so 
0.090 
0.63 

< l.O 
~9 

O.Olo 
o.sa 
O.Q26 
5 .. 9 

< 0.10 
< 0.050 
< 0.25 

l4 
3.0 

13 
< l.O 
4.:!0 

2800 
:z.o 

!SO 
20 

< O~CSO 

lBCO 
eOO 

6".::. 
< 0.020 

< lO 
1.7 

< 0. 005 0 
0. C094 
7.a 

L~ ~Tum.ber: 41627.9PT 
4EM3l 

S~te ID: LM014001 
Account Cede: LM 

Water Co:lect Deoth: G.S 
Date/Time Received: 05/19704 15:0S 

_a.,na.lysis -~"'1a1;,r--l::a:. 
O'.tu. ts Da.t:e He :::bod 

mg/L 05/20/0 .. SM 2320:S 
mg/L 05/25/04 Zl?A 200.7 
mg/L 06/0l./04 E:PA JSO.:i. 
rr.s/L 05;25/04 i:iA 200.i 
ug/L 06/07/04 EPA :zoo.a 
mg/.L 05/25/04 EPA 200.7 
:n<;;/L 05/25/04 E?A 200.7 
:r.t;/L OS/25/04 E?A 200.7 
:r.g/L 05/20/04 E:?A lOO.O 
ug/L 06/07/04 E?A lOO.S 
:r.g/L 05/25/04 E:?A .20.0.-:' 
mg/L 05/25/04 EPA 300.0 
ug/L 06/07/04 E:?A 200.8 
Tfi!/L 05/25/04 EPA 200.7 
ug/L 06/07/04 EPA 200.11 
mg/L 05/2•J/04 i:PA 300.0 
on;;/!. OS/25/04 EPA 200.7 
mg/L 06/07/04 EPA 35l.l 
ug/L 06/07/04 EPA 200.6 
mg/L 05/.25/04 EPA :!00.7 
mg/L 05/25/04 EPA 200.7 
ug/1:, 05/26/04 EPA 245.l 
mg/L OS/25/04 EPA 200.7 
ug/L 06/07/04 EPA :ZOO.S 
ms;/L 05/20/04 EPA 300.0 
ms/z.. 05/20/04 .EPA 300.0 
mg/L 05/20/04 EPA 300.0 
mg/~ 05/25/04 li:PA 200.7 
ug/L 06/07/04 EPA 200.8 
mg/L 05/25/04 :EPA 200.7 
ug/!. 06/07/04 EPA 200.8 
mg/L OS/25/04. EPA 200.7 
umho/cm 05/20/04 SM 2SlOS 
mg/!.. 05/25/04 i:PA 200.7 
mg/L 05/25/04 '!PA lOO.: 
Celsius o5/U/o;;. 
ms/r. 05/25/04 :E:PA 200.7 
mg/!. 06/0S/04 uSGS I7Sl-a 
mg/t 06/09/04 SM 2340& 
TEl'-' CG/02/04 EM 53105. 
mg/'t 06/02/04 E.? A 365 .1 
mg/!.: CS/20/0:;, ~;,. 150.2 
!v'T..j C5/;;.4/04 SM 21.30!! 
mg/L 05/25/04 EPA 200.7 
mg/L 05/25/04 E:?A 200.7 
;t:! ur .. it 05/19i14 ll:PA !.50.1 

< ... Not Dete-:::ted ar:. Indicated Le-rel 
* E':!ld:.ng Time E:<ceedeC 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



DIVISION C~ HE~~T~ & E~'liRON~N~AL LABOP~~TORIES 
K~~sas Denar~uent of Hea:th a~d Enviro~~ent 

Forbes Building #740,Tapeka, K~~sas 66620-0001 
(785) 296-1620-

REPORT 0~ ~2r~~YSIS 

INORG~~~C CHEMISTRY 

Re:;:.or:: To: Ed Carnev· :SEPS 
Curtis Buildins, Suite 430 

Topeka KS 

Collection L~cation: Wilsor- Lake/Bottom _ 
Collector: Carney/Chamberlain 
Date/Time Collected: 05/19/04 10:50 

Sample Comments: 

Matrix: 

l?~te: 

Analyt:.:ica.! 
.. ~esulc 

Alkal. io.ie.{ as Ca. CO 3 
A: umi. :ll:ml 
AmmOnia (N) 
Antimoay 
Arse..""l.ic 
Barium 
:eerylli.um 
Boron 
Bromide 
Cadm.im-, 
Ca.l.Cilm 
Ch.loriCe 
Ch.romi= 
Cobalt 
Copper 
Fluoride 
!ron 
Kjeldabl Nitrogen 
Lead 
H.a.gnesi.'.:lm 
Manga.:;,ese 
Mercu:"",r 
Molybde.'lurn 
Nickel 
Nitrate (N) 
Nitrite (N) 
Ort~ Phosphate (P) 
Potas•ium 

· Sele.."'"l.ium 
Silict 
Silver 
Sodi.um 
Spec:Ltic cond.c.c~ivi:.y 
Str:::ntium 
Sulfate 
'rhaliium 
Total Dissol7ed Solids 
Total l"..a.rdne s s 
Total Organic car~on 
Total P!l.osoho.r-..ts (P) 
To~al suso9ndsd Solids ~TSSi 
!".Irb i d.:. t;',;,.. 
Va....Tladium .. 
Zir>.c 
pli (Field) 

?..-:pc:::-cing -~..nal}rst: J?-.3 =•ce Repcrted: 06/09/84 

--/Jc::: 

:.:20 
o.a6a 

< 0.10 
< 0~050 

2.6 
O.lS 

< 0.0010 
0.28 
o . .::a 

< l.O 
lSO 
550 

:..3 
< O.OlO 

2 .-J. 
0.~7 
{). oss 
O.Sl 

< l.O 
H 

0,0099 
< 0.50 

0.02! 
4 .. ~ 

< 0.10 
< o. esc 
< 0.25 
l4 
3.3 

l:! 
< l.O 
420 

2ll0il 
1.9 

sso 
< il.G5il 

1800 
3SO 

5.6 
< 0.02() 

< l·::i 
2.7 

< 0. ooso 
0.00€3 
a.o 

-·- =·--

Lab Number: 4l6281PT 
431"..31 

Site ID: L~·f014001 
Acco~~t Code: L~ 

Water Collect Deptt: 12 
Date/Time Eeceived: 05/19/04 15:09 

Un.i:s 

,ms<~ 
C\S'l
..-..g/:. 
..-..g;:. 
us-/~ 
rnar-mSlL 
mg/L 
:ng/L 
ug<;:. 
1'115/.l..t 
mg/L 
ug/L 
mg/:. 
ug/L 
m::r/!.. 
rrE~'L 
tn:/L 
uc/L 
~/I. 
rtr;/l. 
ug/L 
mg/!. 
ug/L 
m;tr.~ 
mg/L 
mc./L 
:ri.;r.. 
ug/L 
mg/L 
ug/L 
mg/L 
umhoi=n 
rf9,:~ 
fnS'/.!...1 
mg/L 
mg/L 
mg/L 
ma/1 
:-r.;./L 
-:r~/'L 
NT!J 
:ng/L 
rr..g/7...: 
pE unit: 

Al::al ys is 
Dace 

05/:l!l/04 
05/:!5/04 
06/0l./04 
05/25/04 
Of./07/04 
05/25/04. 
05/l5/0<~ 
OS/25/04 
05/20/04 
06/07/0.t,. 
05/2:/04 
o:/25/04 
06/07/04 
05/25/04 
06/07/0"' 
0.5/'2.0/04 
05/25/04 
0$/07/04 
06/07/04 
05/2S/04 
05/25/04 
OE/25/04 
0.5/25/04 
06/07/04 
05/20/04 
05/20/04 
0.5/20/0<~, 
05/25/04 
06/07/04 
05/25/04 
06/07/04 
05/25/04 
05/20/04 
05/25/04 
05/25/04 
05/25/04 
06/09/04 
05/09/G-'; 
oe-;o</04 
06/02/04 
<lS/20/04 
05/H/04 
05/25/0.:0 
OS/25/04 
05/19/04 

.ltna.l yti c.a.! 
Met2lod 

SM 2320!l 
EPJ.. 20C. 7 
El?A :!SO.l 
EPA 200.7 
EPA 200.9 
Sl?A 200.7 
EPA 200.7 
EPA 200.7 
EI?J>-. 300. o 
EPA 200. B 
EPA 200.7 
EPA JOO.O 
EPA 200.8 
EPA 200.7 
EPA :zao.a 
El'.>,. 300.0 
EPA 200.7 
EPA 3Sl.l 
El?J.. 2 00 • B 
EPA 200.7 
EPA 200.7 
EPA 245.1 
EPA :bo.7 
EPA 200. a 
EPI'. 300.0 
:E:l?A 300.0 
EPA 300.0 
E:2A lOO.? 
EPA 2CTO.a 
EPA :lao, 7 
EPA 200.9 
EPA 200.7 
SM 25lOS 
EPA 200.7 
EPA ·JOO.O 
.E;l?A 200.7 
uses !751·3 
SM 234Qii 
SM S310E 
!PA 365.1 

SM 
EPA 

.EPA 

160.2 
2l30E 
200.7 1 

~c~.; 'I -5~ 

< ... Not Det~c-=ed at !:1dic.ated Levsl 
* - Hclding Time Exceeded 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.. 

... 
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I:IVISION OF EEF...LTE & EN7IRG:t:'f)I"~""T.?.L LJ.-BOP~_TORIES 

Kansas Deoart~ent c= Eealth and E~virc~ent 
Forbes Building #740,Topeka, Kansas 66520-0001 

(785) 295 1620 

RE?ORT OF ~~F...LYSIS 

INORG-~~IC CEEMISTRY 

? .. eport T~: 'BC Carr~~~_,.. - BEFS 
Cu=tis BUilding/ 

Topeka F.S 65Gl2 

Suite 4:30 

Collection 1ocat:l.on: ·N:....Lscn lc.Jc-:/Bct.t.om 2 
~cll~c~or: C~~ey/~ha~~~~~~in Matrix: 
0ate1T1me CoL~eccea: u~/L~)04 10:55 

Sample Comnents: 

'2a.:a.me~a:: 

A.i.kalini ty as caco:: 
llulnint.:::n 
Amnlon£a (N) 
A..J.t.imony-
Arser..i.c 
Ba:ium 
:aa:::-,(l~lum 
lloron 
Bromide 
Cadmiun 
Calciun 
Chloride. 
Cl".romi -urn 
Cobalt 
Coo"'e:;: 
n:Ucricle 
tron 
Kjeldahl. Ni-:.r:::gen 
kea.d 
Magn.es::.um 
Mangan£s:! 
l'lercUJ:OI 
Molybde.\'lutn 
NJ.ckel 
Nitrat.e (N) 
Nitrite. (N) 
Ort.."lo Phosphate (~\ 

Pctassilllll 
Selenium 
Silica 
Silver 
Sodium 

I S"Oeci.fic Conci:uc~i ~;i ':.y 
strontium 

I Sul:Eat.e 

I '!halli"Jm 
'!':~ta.l Ji:ssol veci S~lids 

I '!'ot:al 3ardness 
I 

I Total Organi: Ca=!:on 
Total fh.ost::h.crus {?) 

II '!'ota.l SUS~!lcieC. Solid: {TSSj 

I 
T\!::ol::ic!.ity 
\"a.."'l.act:. WI\ 

Zi!".t.: 
~a (Held) ra• 

P .. eporti::g .P....nalyst: JJ:..:S 
Dat= P.e?crt:~ci: G 09/04 

..... :::: 
, --

Ana.lyt:.ical 
R:su.:: 

120 
(l. 073 

< 0.10 
< 0.050 

2.3 
O.l:: 

< O.COlO 
0.29 
0.3:? 

< l.O 
lSO 
550 

1.: 
< 0.010 

1.3 
0.35 
0. oss 
o.ss 

< 1~0 
401 
\J.Oll 

< o.so 
0. 025 
4.~ 

< 0.10 
< 0. 050 
< 0.25 

14 
2.2 

l3 
< l.C 
420 

2300 
2..9 

s::o 
< a. oso 

1900 
500 

6.1 
< 0. C::2C 

lO 

4-' 
< 0.00!:0 

0.006: 
8.0 

Lab ~rumbe:: : 4l6292:?T 
4EM3i 

Site ID: U~0140Cl 
F.ccou....-.t Code: L<"! 

wa~er Ccllec~ De~th: 12 
Date/Time R.oe~ei\red: 05/19?04 15; 09 

C'.n.i :.s 

ms/L 
rrv;;/:. 
mg/L 
l't'lS'/L 
ug/r.. 
tr>;;/Z.. 
t'lg/~ 
r:v;;/:-
n-.;1::.. 
ug/~ 
tug'/~ 
rrv;;/:U 
ug/L 
n-.;/r.. 
ug/!.1 
rrv;;/L 
ms/r.. 
rrv;;/!. 
ug/!, 
mg/L 
mg/L 
us/L 
mg/L 
ug/L 
mg/L 
mg/L 
mg/L 
mg/L 
ug/L 
mg/'1:.: 
u;/!. 
rt-.;/L 
umho/crn 
m;-/L 
m;/L 
rrv;;/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/!.. 
N'!'J 
mg/L 
n-.;/!. 
pE uni:: 

< 

Aca.lys.is All.alyt:ica1 
.;:,at:e Method 

05/20/04 SM 2l20B 
05/25/0.;. C?A 200.7 
06/0li0-4 :S:?A '350 .1 
OS/25/04 EPA 200.7 
06/07/0~ E:P.;. :200.9 
05/25/0-4 E:?A 200.7 
OS/2Si04 li:l?A 200.7 
05/25/04 EPA 200.7 
OS/20/04 iPA 300.0 
06/07/04 EPA 20o.a 
CS/25/•J~ E:?A 200.7 
05/25/0i E:PA 300.0 
06/07/04 EPA 200.8 
05/25/•J4 !:?A 200.7 
06'/07/04. EPA JCO.B 
CS/:20i04 :C::PA 300.0 
CS/':1.5/04 E:COA 2C0.7 
Ofi/"07/04 ::::?A 351 .. 1 
05/0i /04 :S:PA 20c.a 
05/25/04 :S:PA 200.7 
CS/25/04 :S:l?A 200.7 
05/:;:6/04 :l::?A 24S.l 
OS/25/04 EPA 2C0.7 
06/07/0'< ZPA 200.8 
05/20/04 El?ll 300.0 
05/20/04 :S?A 300.0 
OS/20/04 E:?A 3CO."O 
GS/25/04 EPA 200.7 
06/07/04 E?A 200.8 
05/25/04 EP.\ 200.7 
06/07/'J4 E:J?A 20o.a 
os12sn4 E:.PJ\. 200.7 
05/20/04 Sio! 2510B 
05/25/~4 E?.lt ~00.7 
05/25/04 E:?A 300.0 
05/25/04 E?A 200.7 
0'5/09/04 USGS !751.-9 
06/0!:1/04 SM 2340B 
06/02/04 SM sno:s 
06'/02/04 !?A 365.1 
05/20/04 E:.?A 150.2 
OSi24/0.; SM 2:!.30B 
05/25/04 E?)_ :lQO_! 
05/25/04 !"?Ji~ 100.7 
OS/lS/0~ E:PA 150 .l 

:Ne-t D'et.ected at In.G.ica~ed Le-rel 
Ecldins Time Exceeded 



L ,. 
1

,.;. 

DIViSION OF HLUTH & ENvlJ\.0:-NJ\.fENTAL Lti:BOR.t\.TORIES 
Kansas Depal i..u1en.t of Health and Environment 

Forbes Field. Bldg. 740. Toneka. Kamas 66620-0001 
J - I ~ ~ 

REPORT 0 F A.1"TAL YSIS 

R..~ IOCHEMISTRY 

c;;:t ·E~... F-5:.:el.a .:Se'ri".ices 
SOJ:?.ti Su.i:te ~~·.0 

fo,p~e:'kia IGS ·{5•.&l!i:.2 

G:ocie: 

l 
I 

~3-~~-o.l 
Si-Ee IB= rntn-4·li@~ j 

A:et: G:lt!'lii't 6ofie: : ~r 1 
I. Ld:b:.:ii..l::e;i': .~k"ll::o·~;a.- Wi:is&n '1tak.e , 

~C'Cl~.S.:v /D·. C~'e::::l...S..:im-BE-FS 
~ O'Si! J19j.f@i'4i. :l 0 : 4'0 

:scr::~:-ace ;;.'i'~...;;r · 
D i!!l"-..:e 1 i!.i.nle Re c~i;t'.re'ci:t e s 1 19 i o ~ H : n ., 

~= 
'rli'" :Ee>'.<ill: 

.X 

. > 

:j 

I 

J 
j 
,, 
:l 

~ 
'if 

j 
A 

i 
~ 
:I 
J 
~ 
•I 
;J 

:! 

·I 
·I 

.'i 
--"-------~--. --·-- ........ ··-------'-......:.--------"-----'-='--'-.......C"--'--~-'-~-----~··/ 

= .. ··;:,--;:'1·:=-;t~:.!.::' ·::::r.;s~-.: .,., .... ~. ~··- .. -:..:·-.. ::-::;..~""- ·-. ...... - . -· . 
. ~....:. 
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DIVISIG~ OF F3ALTH & E~v-IRON-y3~~l~ Ll30P~TORIES 
Kansas De~artme~t c= Eealth and Enviro~~ent 

Forbes Building #740,Topeka, Kansas 65620-0001 
{785) 296-1620 

REPORT OF )~l~YSIS 

INORGP~IC CHEMISTRY 

F_eport To: Ed Carnev - BEES 
Curt~s Bl!ildir:~J 

'Topeka .r ... u 65E12 

Suite 430 

Collect.icr.:. Loca':.ion: Wilscn Lake/Surface 
Collector: Carney/Chamberlain 

2 . 
Ma::rb:: 

Date/Time Col~ected: 05/l;/04 10:45 

Sample Comments: 

AlkalL~ty as CaC03 
Cumi::urn 
Ammonia (N; 
Ar.timccy 
Arsenic 
Bar:..um 
:Se~.('lli\..:m 
!loran 
Bromide 
Cadmium 
Calcium 
C.'l.loride 
Chromium 
Cobalt: 
Copper 
Fluoride 
Iron 
Kjeldar~ Ni~=csen 
Lead 
MaSnesiun 
MaAga.cese 
Mercu;ry 
Molybdenum 
Nickel 
Ni tra.t:e tN) 
Nitrite (N) 
Ortho Phosphate (?) 
Poca.ssi\Jrli: 
aele.niUJ'l\ 
Silica 

Sadi\llll 
Soecific: Conduc~i ~;.l :,y 
st!'ont!urn 
Sulfate 
'tha.lliu.""t 
!'otal D:i:s :;o: -tree Scl.iC.s 
Total Ha:rd.n.ess 
Total !l:'gar~ ·= Ca:::bcn. 
Tocn_.l ?hosnhc.r:us {P} 
To~al suspended SQlids {Tss; 
Tu=~iCit:y 

Var.adi\m 
Zinc 
pH {P'ie~d) 

Reportir-s ~~a:yst: J?2 
Date Repozte~: 06/09/84 

/ / 

Ana.l "~/'"Ci cal 
ReSult 

120 
0.0€5 

< O.lO 
< o. csa 

O.l5 
< 0.0010 

o.:a 
o.::o 
l.C 

i50 
560 

:..c 
< 0.010 

2.1 
0.{0 
0.073 
0.07 

< l.O 
4S 

0. Oll 
< o.so 

4.'7 
< 0.10 
< 0.030 
< 0.25 
l4 
l.S 

l3 
< l.O 
420 

2900 
l. 

SGO 
< 0.050 

uioo 
530 

6.2 
< o. o:ao 

< l~ 
~.5 

< 0 .ocso 
0 \JOS! 
7~7 

-.. .::.::·"' 

Lc.b Number: 4l6280PT 
4EM3l 

Site ID: LMC140-01 
il.ccow'"lt Cede : L4vJ 

Water Collect Depth: 0.5 
Dat~/TiiT".e E.e=ei .. ved: 05/19704 15.:0:3 

mg/L 
ntg/I. 
mol!.. 
~:/L 
ucl~ 

~ir.. 
rng/L 
mg/!.: 
ng(L 
uo:/!. 
rng/L 
mg/L 
us/L 
mg/L 
ucl'!... 

~~=-rng;.;.., 
r.tg/L 
ustr. 
!tl!J/L 
ma/L 
u;;;:L 
!li:/L 
ug/L 
mg/L 
mg/!. 
mc/L 
.;_/L 
ug/L 
m:/l. 
.U:/L 
m0/L 
umnc/cm 
mg/L 
mg/L 
m<:/L 
m9/L 
mg/L 
nu::r/L 
:nS/~ 
!n9'i~ 
~J 

mg/L 
1!'.g/Z, 
p.E. u.."'li t 

Analysis 
;;,c.::e 

05/20/04 
OS/25/04 
06/0~/04 
OS/25/0-€: 
06/07/04 
05/25/04 
OS/25/04 
05/:!5/04 
05/20/04 
06/07/04 
05/25/04 
o:l5/25/04 
06/07/04 
OS/2.'5/04 
06/07/04 
05/20/04 
05/25/::!4 
06/07/04 
06/07/04 
05/25/04 
05/25/04 
05/26/04 
OS/25/04 
06/07/04 
Gsi:Zo/o.; 
05/20/04 
05/20/04 
05/25/04 
06/07/04 
05'/25/04 
06/C!7/04 
05/25/04 
05/20/04 
OS/25/04 
05/25/04 
05/25/04 
0~/09/04 
Oli/09/04 
OE/OV04 
06/02/04 
05/20/04, 
0!/24/C"i. 
CS/25/C-i 
05/25/04 
05/~9/04 

< - Not De:;:.ected 
* - Eoldi:1g 

A.o:tal.Ytical 
Me.t.':lod 

SM 2:i20B 
~A 200.7 
EPA 350.1 
EPA 200.7 
O:PA 200.5 
EPA 200.7 
EPA 200.7 
O:PA 200.7 
El?l\. 300. 0 
EPA 200.a 
EPA 200.7 
El?A 300.0 
EPA 200. 8 
E:?A 200:7 
E:?J>. 200. 3 
E:i?A 300.0 
EPA 200. i 
E::i'A 35:!. .. 1 
EPA 200.8 
il?Jl. 200. 7 
El?A 20!1. 7 
EPA 245.1 
E!?A 200.7 
EPA 200. S 
EPA 300.0 
EPA 300.0 
EPA 300.0 
EPA 206 7 
EPA 200.8 
EPA 200.7 
EPA 200.8 
.!:Z:A 200.7 
SM 25l0B 
E!?A 200.7 
E:?A 300.:! 
EPA 200.7 
USGS :7Sl· 9 
SM 2HOB 
SM S3l03 
E!?l< 305.1 
E!?A 150.2 
SM ~1300 
iPA ~00.7 
E?A 200.7 
E:P., 130 .l 

at Indicate~ 
E:<cesded 

I 
I 

I 
I 
li 

Level 



DIVISION G? EEA 7 -TE & E~'liRON~N~AL L~30P~~TORIES 
Kansas Denartment of Health a~d Enviro~~ent 

Fornes Building #740;TOFeka, Kansas 66520-0001 
(7 85) 296-1620-

REPORT 0? ~~ALYSIS 

INORG~~~C CHEMISTRY 

Ed Carne·v· - 3EFS 
Curtis Building, Suite 430 

Topeka KS 5561:2 

Collection Location: Wilso~ Lake/Bottom l 
Collector: Carney/Chamberlain 
Date/'I':.me Collected: 05/lS/04 l0:50 

Sample Comments: 

Matrix: 

Allalyt.:i ca.!. 

I 
Paz:arr:ete: 

AlJG:tu:Ue-:r as Ca.C03 
A.:umi.l:l.:lm 
Ammonia (N) 
Antimony 
A::'se..'"l.ic 
Barium 
:ae:rylli.um 
Boron 
Bromide! 
Cadm.i 1llr• 

Ca.l.citm 
Chlori=.e 
Cb.:romi;..:m 
Col:lalt 
Copper 
Fluoride 
:tron 
Kj elda.'"ll NitrQgen 
I.ea.d 
~..agnesium 
Mang-a..:~ese 

. Mercury 
Mol'jlt)de.."lum 
Nickel 
Nitrate (N} 
Nitrite (N) 
O::t!lo Phcsphat~ (P) 
Potassi\llll 
S e.l e-TJ.ium 
Silica 
Silver 
Sodium 
Snecific Condl.!c-.:i 'e.ri =Y 
str:mtillnl 
S\lJ.fate 
Thal::..ium 
Total. Dissol .. red Solids 
Total F...ardness 
Total orsanic: car:.on 
Total P~osnhor!ls (l?) 

I 
Total. sus~enc .. :d Solids ~TSS; 
r'.lrbid.:..ty-
Vanadium 
Zi.nc 
p.E! (Field) 

:? .. epc::-ting P...J.Lal:rst: J?.3 
:late Repcrted: 06/09/0:4 

.. ~es-J..l::: 

:::20 
o.c6a 

< 0.10 
< 0.050 

2.t: 
O.lS 

< O.OOlO 
0.28 
0.38 

< l.O 
150 
sso 

:.:; 
< O.OlO 

2.'1 
0.:::.7 
«l. oas 
0.91 

< l.O 
48 

0,00!15 
< 0.50 

o.o:B 
4.6 

< 0.10 
< o.csc 
< 0.25 
l4 
3.3 

13 
< 1.0 
420 

2900 
l.~ 

550 
< 0.050 

1800 
sao 

!i.e 
< 0.020 

< lQ 
2.7 

< 0.0050 
0.0063 
a.o 

2.~ ;·-::: 

Lab Number: 41.62SlPT 
43!'A31 

Site ID: IJ~1014001 
Account Code: L~ 

Collect Deptt: 1? Water 
Date/Time Received: 05/19/04 15:09 

Analysis A.na.lyt.ical 
Ur...i:s D&.::.e Met:btx! 

mgt:.. 05/20/04 SM 2320!! 
mg/:. 05/:!S/04 EPA 200- i 
mg/:. 06/0l/04 EPA 350 .l 
mg/::. 05/25/04 E::PA 200.7 
us;;:.. 05/07/04 E:PA 200.9 
mg/1.: 05/25/04 E:!?A 200.7 
mg'" i ~ 05/25/04 EPA 200.7 
mg/!. 05/25/04 EPA :200.7 
mg/'L 05/20/04 EPA 300.0 
ug/L 01!./07/0 .. EPA 200.8 
mg/L 05/25/04 EPA 200.7 
mg/!. 05/25/0~ EPA 300.0 
u:;;/L 06/07/04 EPA 200. a 
m;/L 05/25/04 EPA 200.7 
ue/L 06/07/04 E:P.!'. 2'JO .a 
mg/L 0,5/:!0/0-'1 E:PA 300.0 
l'J"'5/L 05/25/0-1. E:PA 2JO. 7 
m;:/L 05/07/04 EPA 351.1 
us/L 06/07/04 EPJ>. 2?0.8 
ms/L 05/25/04 EPA 200.7 
tn;;/L 05/:25/04 E:PA 200.7 
us;/L OS/25/04 EPA 245.1 
m;;;/L 05/25/0-'1 EPA :ioo. 1 
Ufi/L 06'/07/04 EPA :zoo. a 
mg/I.. 05/20/04 EP.l>. 300.0 
mg/L 05/20/04 EPA 300.0 
mg/L 05/20/04 EPA 300.0 
:ng/L 05/25/04 EPA :zoo. 7 
ug/L 06/07/04 EPA 201l.8 
mg/L 05/25/0.r. .iPA :zoo, 7 
ug/L 06/07/04 El?l'. 200.9 
mg/L 05/25/0-1 EPA 200.7 
urr..ho/ :::n 05/20/04 SM 25lOS 
malr:. 05/25/04 EPA 200.7 
mg/L 05/25/04 EPA 300.0 
msir.. 05/25/04 EPA 20il.i 
mg/L 06/09/04 USGS !7Sl-3 
mg/L 06/0':J/0 .. SM 23400 
mg/L OE/02/04 SM S3lOB 
:r.g/L 06/02/04 ::i:l?A 365.1 
:ng/L ')5/20/04 '£:?.>\ 150.2 
NTlJ 05/2-!.iO~ SM 2:30E 
=t!g/L 05/25/0~ .e:P .. \ 200.7 
«.g/"'l..t c:/2S/04 .sp_;. ;;oo. 7 
pE unit: 05/U/04 EPA lSV~l 

< - Not Detec:~ed at Indicated Level 
• - Hcl~ing Time Exceeded 
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Concentration (mg/L} 
I 

.... .... N N 

V\ 0 V\ 0 V\ 

8 8 0 0 · o I 0 0 0 

Sep-90 

Mar-91 
I 

Sep-91 I 
Sep-92 I 
Mar-93 

I 
Mar-94 

Sep-94 ~ I 
Mar-95 ~ 

(') I Sep-95 8 
0 

Mar-96 ! 
Sep-96 

~- I 
~ 

-< () Mar-97 
..., 

el ~r I I .... . 
\0 

~ I 6" 
N 

Mar-99 

§ 

I 

• ·;-! .., . . 4. ... 
- I • ·-' ~ .. . ~ ' . Y ~: -~~ 

,. 
"" 1:·~. 

t' .. 
~ ,J' ~ .. ~ ! . .. 

. .. !', 
_,. ., • . : ):- .. 

·~ 
....... ~l ·il ,.;;>,._I • •..r • ;<f/F' . : > " . .·•, .. 

~·- .. ~ p . )''•' ~ - ....... , 

Sep-99 

Mar-00 I 
Sep-00 

Mar-01 I 
Sep-01 

I Mar-02 

Sep-02 

Mar-03 I 
Sep-03 

Mar-04 I 
_I 
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Mar-91 

Sep-91 

Mar-92 

Sep-92 

Mar-93 

Sep-93 

Mar-94 

Sep-94 

Mar-95 

Mar-96 ~~= 
Sep-96 

~ Mar-97 
e: 

Sep-97 

N 

8 

Mar-98 ,~§i~ 
Sep-98 1 

Mar-99 

Mar-00 

~ 
0 
0 

Concentration (mg!L) 

00 
0 
0 

-0 
0 
0 

-N 
0 
0 
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USGS 06868200 SALINE RAT WILSON DAM, KS 

Kansas 
10280010 

~~· ,I.Jingllude 98"29'20"NAD27 
~~~.area 1,917.00 square miles 

1
,__ ... dral._ area 1,917.00 square miles 

1 y...,. dallm 1,437.00 feet above sea level NGVD29 

ID~~~L:E 

;t261111651 
1141111651 

r/191111651 
13119651 

• 31:119661 
5/4119661 

6123119661 

IC 

917119661 
!12611 
1101' 
~1511 

VIS/' 

119661 
119661 
119661 
'19661 
119661 
'19661 
'19661 

l/19691 
119691 

er. '119691 

usg~.x1s 

M;~~M 
AGENCY 

COL· 
TEMPER· LECTING 
ATURE SAMPLE 
WATER !CODE 
ID~.:;,CI NUMBER) 

-27 

AGENCY 
ANA-

LVZING 
SAMPLE 
!CODE 

NUMBER) 
~ 

C~E, TUR· 
INST. BID-
CUBIC ITY 

Stream- FEET IMGIL 
n- PER AS 

fft"/a) SECOND ~~:) 
~ -111 

SPE· w!':ER w:.~R w:.~R 
HARI). 

HARD- MAGNE• 
CIFIC WHOLE UNFLTRD UNFLTRD PHOS. NESS IN~~":: CALCIUM SlUM, 
CON· FIELD FET FET PHATE, TOTAL DIS. DIS. 
DUCT· !STAND- FIELD FIELD TOTAL IMGIL TOT FLD SOLVED SOLVED 
ANCE ARD MG/LAS MGILAS IMGIL AS MGILAS IMGIL (MGIL 

IU::M) UNITS) CACOJ HCOJ AS P04) CACOJI CAC03 
~~ ~~;I - _,ru)_ -~ _-1150 .eoo .eG2 

332a 
661101 

I 
49401 

390 
__.!! 

29101 8. 
29501 

SODIUM POT AS· CHLO.. FLU(). SILICA, IRON, 
SODIUM, AD- SlUM, RIDE, SULFATE RIDE, DIS· BORON, TOTAL 

DIS. SORP· DIS. DIS· DIS. DIS. SOLVED DIS. RECOV· 
SOLVED TION SOLVED SOLVED SOLVED SOLVED IMGIL SOLVED ERABLE 
IMGIL RATIO SODIUM IMG/L (MGIL IMGIL IMGIL AS IUGIL fUG/L 

A!:' 
PERCENT ASK) ASCL) -.s:' ",!;,' Sl02) ASBI ASFEI 

.est -4132 -4135 - -4155 ·1020 ·1045 

6. 

8. 
5. 

~- MANGA· :;.:E 
IRON, TOTAL NESE, AT110 
DIS. RECOV· DIS. DEG.C 

SOLVED ERABLE SOLVED DIS. 
IUGIL IUGIL IUGIL SOLVED 
ASFE) . ASMNI ASMNI (MGIL) 
~ ~ ~ :,ft..., 

9C 

90 

15C 

3C 8( 

9( 

111 81 

1M 

!~~~~ SOLIDS, 
CONSTI· DJS. 
TUENTS, SOLVED 

DIS. (TONS 
SOLVED PER 

~~= -~~ 

311701 

-mit 
20501 

35901 

I 
I 

28801 
2711f 

2300 
1700 
1720 

SOLIDS, 
IllS. 

SOLVED 
(TONS 

PER 

~= 

4. 
s. 

N~E':, 
NITRATE 

DIS. 
SOLVED 

1M GIL 
ASN031 
·71851 

311612005 
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USGS 068682110 SALINE RAT WILSON DAM, KS 

2 311612005 
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USGS 061168200 SALINE RAT WILSON DAM, KS 

4 311612005 
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&EPA National Primary .Drinking Water Standards 

LEGEND 

D I Dinsinfeclallt 

MoJ:lM Disinfection Byr-oduc! Microorganism 

Corrosion 
erosion of natural deposits; 
discharge from metal refineries; 
runoff tom waste batteries and 

zero 

zero 

zero 

zero 

zero . 

1 



...;. I 
I 
I 

MRDLG=41 I 
MRDLG=0.81 

I 
I 
I 
I 

0.07 I 
I 
I 
I 
I 

zero I 
zero 

I 
zero 

0.007 I 
zero 

cancer 

I 
LEGEND I 

·. 0 I Olnsil1fect8nt MI·M IIIOI!IIN:Cilemlcal - Otgank: Cheri:al . 

Ho!:!H tlsinfedlon Bypoducl MoM Mlctoolganism 
- Radianudrles 

2 

I 
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LEGEND 

D I Olnsinleclant 

MM8 Oislnfectlon Byproduct 

plorM lnorganlcChemi:al 

.,. loltmolgilllism 

use; 
leaching from septic tanks. 
sewage; erosi.on of natural 
deposits 

0.7 

zero 

zero 

zero 

zero 

3 



LEGEND 

o 1 Oinsinfeclant 

p.!:IM Dislnledion Bypoducl 

30ugll 
as of 

Not a health threat in to 
indicate whether other potentially harmful 
bacteria may be present5 

Uver, kidney or central nervous s~ 
problems; increased risk of cancer 

a measure cloudiness 
water. It is used to indiCate water quality and 
filtration effectiveness (e.g., whether 
disease-causing organisms are present). 
Higher tll'bidity levels are often associated 
with higher levels of disease-causing 
mlcto-organisms such as viruses, parasites 
and some bacteria These organisms can 
cause symptoms such as nausea, cramps, 

.,.. lnoigank: Chernk;al .• ,,.~ p•M Olgank: Chernk;al 

--~ 

. zero 

0.05 

zero 

zero 

zero 

zero 

4 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NOTES 
Dolfnllolll 

• Mlxlmum Conlaminii1ILM!Goai(ID.G)-The IMI Ill aconlalrinanlln~ 11111ar boiwrnohido....,lano boM!rr upoc:tad. risk ID h6aiii.I.Cl.Gtalowforamagilarllllelrllld .. ~ ...... blalhgoallt. 

Mlxlmum Conlamlnii1ILMI (In)-The lllghasiiMI Ill a conllminanllhllt Ill..,_ n Gi11mg Wlllr. t.Q.a n Ill a clo8eiD u;I.Gias A>aaiblluoq h bal......., -...-f8cllnology and takilg- nu 
COIIIidnlan.IC.s nlllllloolblo llandlldl. 

• Mlxlmuml!ioolobill:llsilfldiiiii.MI Goal (IIRDI.G)-The IMI Ill a~ 11111ar clillnlloQant bebnlidl....,laM biMI or upoc:tadrlsk tD hoallh.loRII.Gidonalllllolt h bllnotllslllh _.,disinfaclanla 1D ....mil 
mlcralial Cllllllmilftl. 

• lolmruml!ioolobill:llsilfldiiiii.MI (MRDI.l-The h~PotiMiotadloir-.t...-h Gi1lmg -· 11walac:amixing IIWilloncellllalldltionofa dlolnllclaltll_,flr....m.llllmlcralial.........._ 

• T-Tcllnlque (fl}-A....,.nd,..._inlllndediD ....... hlolllllllaconlalrinanlhddnloftg .... 

2 Unilllnln~porllar(mgoQ..,............., nalod.llllpas porlillrn......,..tD.,...pormiloll IP!m). 

3 EPA'a..,...11111arbalmenlrulloi,....S)IIIIBmouoq ..,...11111aror!JIIInl-undethdlroct~lli..,...WIIIrlll(1)cllol*%--.and(2)1111fllllirWIIIror meolcrllllria for aidrnglhlion.,llllh 
tllllloolngcanllmilanllnarialld llh .......,.IMII: • 
• ~~- lli1/Wlfor.,.,....,... >10,a!Oand 111411l5for.,.,......tlg<10,000)te%~ 
• GBdlt,._ 1111.~-11/11 clwllun 

• 1111....:1IUI%~ 

• ,_....,..No lml, lliii.EPA ...._llllrGBdltandn- .-.IWilCMICIIInlcl ... d, Ug~ono~t,.;allao ba Ollllflalod. 

• • Tllticlly.AIMiinl..., llltidlf(c:lolulhaalwallr)go abcM 5nopheloioii .... Vbillly unts(Nl\1); 'JIIoma thatllar-tnalftlllathtullidlly gonoNablrlllll1 NTU (0.5 NTI.Ifor COIMII!tlanllorchctlllnlllon)il 
alliot ~Hottle..., _..,..il.., ll'llll1lll. Aaat JlnMfl'/ 1, 2002.,., .,..,_ ..w:~ng >10.000. and .~~n~ay 14, 2ll05. for .,.....,.IIIWilg •m.ooo. flltidiJ...,-~ 1 trnJ. .-.~ -""' _... G.3 N1ll rn 
~llldllilf_.,...i!..,JII!IIII!. 

HPc: No-.. 500 ............ Plf milllllr 

Uqj Torm 1 Enlalced Slota. W. T........,. (EIIociM D* .1111u11y 14, Dl5); Sll'faco ....,......,. or (GWUDQ .,..._ ...... ,_ llan 10.000 peaplt 111111 _..,will.,. opplcabla long Term 1 ~ 
Sll'faco Walor hllmonl RldopiMIIons(a.g.IIR!dly --.lndviduallllirmonlfaWig. ~ ......... ......-. updolld.....-CI.llllnll......-forunllllnd syotoma}.' 

• FllarllldootohRicyclng:lbaFillrlladlwMhRioajol:ilngRido""'*"*S)IIIIBmolllatnocyaolllllllrnllpO!Cillc...,.laMtluughll..-oltheayollm'a4lllilllbg_..,..or __ .,.....orlll.,....,. 
b:allon "''!''II'Bdb\rhllllla. ' 

4 Ho """'llan !ftaamploo "*"lcalfonll.poolll h a monlh.jForlllilllr S)IIIIBmolllatcoledlewar"*' 40routila """""""""' monlh. no IliON....,..,.....,.. .... ba ..... ..,..,.,...,... p«monlh.) Ewly8llllfllolllathaeiJIIII 
c:o11orm -ba ~for..,.. locllcolbml or £a rtwo COIII8CIIII¥o 'J'C.jlolllh!t _..... and onola 111ao plllihlt lor E. colllocllcolltnno, .,..... ha MICUIIIID. .........._ 

5 F«:aacolbmand E.cdln blcllriow-pa..lndll:aothatllewallrJIIIYba ~wllll......., or ...... .-.. ~miaatiea{Jiaillotln8)111hae~...,-clladlu, cr...,-
hndal:l1lot. <tOller~ 1MMpalhogeno ...,,._ ............... dlllforlnl'lnll, J'MIOdilllhn. and,.... ... _...,COflllllllllloo ......... .,...... 

e Allhal.l!lll.,.. 111 no ca11oot1ve ID.G for till COIII:wninanl""""' .... n lniiiiUIID.Gt 1or-lll1hellldiwWII Clllllln*lril: 

• ~ cldl: olclilanllo::llldd (am); ~ ldd (0.3ft9'1.1 

• Trllalon""'-lln>mcdchlol••....,.(zn~ lmnafl:ml(aro); ~(llOIIII9'LI 

7 Lt8dand""P''Ifn~b\ra~Todlniquelllat,.....'JIIomalll....mllh~Gfllllir11111ar.lrncn111an10%Gftlp- ....,..._... .. .....,....., -...-lllllllaleadliloo'llllllllpll. 
F«......,, ........ IMIIa1.3ft9\.' ... foriMdls0.015mgA. . 

8 Eacll-.,....,.-cor11tt,hwDIQ,bthe-(llllng~ar~ca1llcallon)thatllll1enl,_~.-.:~~a~IDn.twolor, t.~(orpodu:llddoea..,_,..lolllldoes 
nal..-1 ........ epocillod, •"*-AG]Ianlldol• O.OS%doold tl1 mgA.(rt~ epictololohjllltn" ll.Ot%doold lll2lii!IQIL(or..,.....,. ' 

•HM lnorga~i: Chemi:al 

MI,M Microolgan.ism 
5 



~ I 

I 
National Secondary ·orin king Water Standards I 

National Secondaiy Drinking Water Standalds are non-enforceable guidelines regulating contaminants that may cause cosmetic effects {such as skin or · I 
tooth discoloration) or aesthetic effects (such as taste, odor, or color) in drinking water. EPA recommends secondSIY standards to water systems but does 
not require systems to comply. However, states may choose to adopt them as enfoo:eable standards. 

Office of Water (46061\4) 
EPA 816-F-03.,016 
www.epa.gov/safewater 
June2003 
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OSMONICS 

Winflows3 2 2 • 1. 0 
Project: 

Input Data Summary 

Project File . 
Analysis File: 

Wilson Lake 
Projection 70ct04.osm 

Project In.format.:i.OD 
Description: Wilson Lake 
Client Name: 
Location: 
Engineer: 
Comments: 

Flows.heet Con.f.igura tio.n 

Engineer: 
Analysis Name: 

Flowsheet Type: 
Feed Predosing? 

Single Pass Flowsheet 
No 

Feed Afterdosing? 
Product Dosing? 
Feed C02 Stripping? 
Product C02 Stripping? 
Raw Feed Bypass? 
First Pass Recycle? 

Feed-I.n.formatio.n 
Temperature, Deg F: 
Feed pH: 
Silt Density Index: 
Fouling_ Allowance: 
Feed Stream Composition 

Barium 
Calcium 
Iron 
Potassium 
Magnesium 
Manganese 
Sodium 
Strontium 
Bromide 
Chloride 
Fl'IJ.oride 
Bicarbonate 
Sulfate 
Silica 
Carbonate 
Carbon Dioxide 

No 
Yes 
No 
No 
Yes 
No 

(mg/1) 

50.0 
8.0 
4.0 
0.90 

0.15 
160.00 

0.09 
14.00 
49.00 

0.01 
'420.00 

1.90 
0.39 

550.00 
0.36 

146.29 
550.00 
13.00 

0.93 
2.56 

Flow Rate Spec.ificat.io.ns 
Product Flow: 
Bypass Flow is: 
Array Recovery: 

Array Data 
Interbank Pressure Loss: 

· 900 .. 0 Gal/min 
200.0 Gal/min 
75.011; 

Interbank Pressure Boost: 
0.00 Psi 
0.00 Psi 
0.90 FOULING FACTOR APPLIED: 

Bank .Housings 
1 20 
2 10 

Elements Element Type 
60MUNI LE-R0-400 
60MUNI LE-R0-400 

Element Age 
0.00 Years 
0.00 Years 

07-0ct-2004 10:51 

User Defined 

Interbank Boost 
0. 0 PSI 
0.0 PSI 
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OSJIONICS 

Results Summary 07-0ct-2004 10:51 Winflows32 2 • 1 • 0 
Project: 
Project File 
Analysis File: 

Wilson Lake 
Projection 70ct04.osm Engineer: 

·Flow Data 
RO/NF Feed 
Treated Permeate 
System Cone 

·system Feed 
System: Product 

System Data 
'Temperature: 

·overall Recovery: · 

Gal/mJ.n 
933.3 
700.0 
233.3 

1,133.3 
900.0 

Analysis Name: User Defined 

Allalytical Data 
RO/NF Feed TDS 
Treated Permeate TDS 
System Cone TDS 
System Feed TDS 
System Product TDS 

mg/'L 
. 1,906.1 

57.8 
7,308.4 
1,906.1 

468.5 

Single Pass Design 
50.0 Deg F 
79.4% 

Fouling Factor: 0.90 
Global Flux Decline: 

Array Data 
Pass/Stage Recovery: 75.0% Concentra,te TDS: 7,308 Cone. Flow: 233.3 

Total Total· Element Feed Flow Perm Flow Feed Delta Perm TDS 
Bank ·Housings Elem Type Gal/min Gal/min Psi Psi mglL 

1 20 120 OSMOMUNI LE 933.3 526.0 150 .5. 19.7 33.5 
2 10 60 OSMOMUNI LE 407.3 173.7 130.8 18.2 111.5 

Tot1;1l 30 180 933.3 700.0 52.8 

Allalyt:Lcal Data (mg/L) 
Perm Feed Cone Perm Feed Cone 

Ca 37.1 160.0 633.2 HC03 38.8 14.6.3 554.4 
Mg 11.3 49.0 194.0 C03 0.3 0.9 19.2 
Na 106.7 420.0 1,546.6 Cl 139.3 550.0 2,126.5 
K 3.1 14.0 o.o S04 127.2 550.0 2,178.2 
Ba 0.0 0.2 0.6 F 0.1 0.4 0.0 
Sr 0.5 1..9 7.4 N03 0.0 0.0 .Q. 0 
NH4 o.o 0.0 0.() P04 o.o 0.0 0.0 
Fe o.o 0 .• 1 0.4 Si02 3.9 13.0 48.0 
Mn o.o 0.0 0.0 C02 0.6 2.6 2.5 
TDS 468.5 ·1,906.1 7,308.4 pH 8.5 8.0 8.5 
Saturation Data 
CaS04 1.3% 14.2% 86.8% BaS04 159.5% 1,291.8~ 6,565.6 
CaF2 0.0% 0.0% 0.0% Si02 2.7% 11.7\ 33,3 
LSI 0.0 0.5 2.0 SrS04 1.5%. 10.2% 5~.3 

DISCLAIMER: This design does not represent a guarantee of performance & is provided 
solely as a service. The data contained herein should be used consistent with good 
engineering judgement. For tech assistance call Osmonics at 1.800.423.3725. 



·Winflows32 2.1.0 
Proj.ect: 
Project File 
Analysis File: 

mg/L 

Barium 
Calcium 
Iron 
Potassium 
Magnesium 
Manganese 
Sodium 
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I Winflows32 2.1.0 Element Detail Data oi-oct-2004 10:51 
Project: Wilson Lake 

I 
Project File Projection 70ct04.osm Engineer: 
Analysis File: Analysis Name: User Defined 

Ele.meJlt bl: .Element Data 

I Ban~ Number 1 Pe:E:meate Back Pressure for this bank is: o.o Psi 
Boost Pressure. for this bank isa o.o Ps~ 

I 
Elem 1 Elem 2 Elem 3 Elem 4 Elem 5 Elem 6 

Flow,· Gal/min 
Feed 46.7 41.7 36.9 32.4 28.1 24.1 
Permeate 5.0 4.8 4.5 4.3 4.0 3.8 

I Pressure, Psi 
Feed 150.5 145.5 141.2 137.7 134.9 132.6 

I 
Net Driving 130.5 123.7 117.3 111.0 104.6 97.6 
1lelta P 5.0 4.2 3.5 2.9 2.3 1.8 
Fd Osm Pres 14.4 16.0 18.0 20.4 23.4 27.1 

I Other 
Recovery, ' 10.73 11.40 12.21 13.17 14.28 15.56 
Bet;a-Conc Po 1218 1.18 1.19 1.19 1.20 1.20 

I 
Flux, Gal/ft 18.068 17.146 16.266 15.399 14.507 13.546 
A-cm/(sec-at 9.573 9.579 9.583 9.587 9.590 9.593 

Pexmeate Ions, mg/L 

I Barium o.o 0.0 o.o 0.0 0. 0. 0.0 
Calcium 0.8 1.0 1.2 1.4 1.8 2.3 
Iron 0.0 0.0 0.0 o.o . 0. 0 0.0 

I 
Potassium o.o 0.0 0.0 0.0 o.o 0.0 
Magnesium 0.2 0.3 0.3 0.4 0.5 0.6 
Manganese 0.0 0.0 0.0 0.0 o.o Q.O 
Sodium 5.3 6.5 8.o 10.1 13.7 17.1 

I Ammonium 0.0 0.0 0.0 0.0 0.0 o.o 
Strontium o.o 0.0 0.0 0.0 o.o 0.1· 
Bromide 0.0 0.0 o.o o.o 0,0 0.0 

I 
Chloride 7.4 9.0 11.2 14.1 19.1 23.8 
Fluoride 0.0 o.o 0.0 0.0 0.0 o.o 
Bicarbonate 1.8 2.1 2.6 3.2 4.3 5.3 
Nitrate· 0.0 0.0 0.0 o.o 0.0 o.o 

I Sulfate .2. 7 3.2 3.8 4.6 5.7 7.2 
Phosphate 0.0 0.0 0.0 0.0 0.0 o.o 
Silica 0.6 0.7 0.8 1.0 1.2 1.5 

I 
carbonate 0.0 0.0 o.o 0.0 0.0 0.0 
Carbon Dioxi 2.6 2.6 2.6 2.6 2.6 2.6 
TDS 18.7 22.8 28.0 34.9 46.3 57.8 

I pH 6.1 6.2 6.3 6.4 6.5 6.6 
LSI -5.2 -5.0 -4.7 -4.5 -4.1 -3.8 
Stiff-Davis -5.4 -5.2 ..:4.9 -4.6 -4.3 -4.0 

I Concentrate Saturation Values 
BaS04 Sat % 1,507.7 1,752.5 2,054.2 2,432.1 2,914.1 3,540. 2 

CaS04 Sat ' 16.8 19.9 23.8 28.7 35.2 43.7 

I CaF2 Sat ' 0.0 0.0 0.1 0.1 0.1 0.0 

SrS04 Sat ' 11.8 13.6 15.9 18.7 22.3 27.1 
Si02 Sat % 12.7 13.9 15.3 17.0 19.1 21.8 



Winflows32 2.1.0 
Project: 

OSMONICS 

Element Detail Data 
Wilson Lake 

Projection 70ct04.osm Engineer: 

07-0ct-2004 10:51 

Project File 
1Ulalysis File:· Analysis Name: User Defined 

Element by Element Data 
~ank Number 2 Permeate Back ~ressure for this bank' is: 0.0 Psi 

Boost Pressure for this bank is: 0.0 Psi 

Flow, Gal/min 
Feed 
Permeate 

Pressure, Psi 
Feed 
Net Driving 
·Delta P 
Fd Osm Pres 

Other 
Recovery, % 
Beta-Cone Po 
Flux, Gal/ft 
A-cm/(sec-at 

Elem 1 

40.7 
3.5 

130.8 
92.1 
4.2 

31.8 

8.70 
1.14 

12.784 
9.596 

Permeate Zona, mg/L 
Barium 0.0 
Calcium 2.5 
Iron 
Potassium 
r.,asnesium 
Manganese 
sodium 
Ammonium 
Strontium 
Bromide 
Chloride 
Fluoride 
Bicarbonate 
Nitrate 
Sulfate 
Phosphate 
Silica 
Carbonate 
Carbon Dioxi 
TDS 

pH 
LSI 
Stiff-Davis 

0.0 
0.0 
0.7 
0.0 

20.3 
0.0 
0.1 
0.0 

28.4 
0.0 
6.1 
0.0 
a .o 
0.0 
1.7 
0.0 
2.5 

67.9 

6.7 
-3.7 
-3.8 

Elem 2 

37.2 
3.3 

126.6 
85.1 
3.6 

34.7 

8.80 
1.13 

11.815 
9.601 

0.0 
3.0 
0.0 
0.0 
0.8 
0.0 

24.5 
0.0 
0.1 
o.o 

. 34.4 
0.0 
7.3 
0.0 
9.5 
0.0 
2.0 
0.0 
2.5 

8L6 

6.8 
-3.5 
-3.6 

Concentrate Saturation Values 
BaS04 Sat % 3,925.5 4,354.1 

. CaS04 Sat % 49.1 55.1 
CaF2 Sat % 
SrS04 Sat % 

0.0 
30.1 

0.0 
. 33 .s 

Elem 3 

33.9 
3.0 

123.0 
78.3 
3.2 

37.9 

8.89 
1.13 

10.876 
9.605 

0.0 
3.5 
0.0 
0.0 
1.0 
0.0 

29.8 
0.0 
0.1 
0.0 

41. 7' 
0.0 
8.8 
o.o 

11.2 
o.o 
2.3 
o.o 
2.5 

98.6 

6.8 
-3.2 
-3.4 

4,830.0 
61.8 
0.0 

37.3 

Elem 4 

30.9 
2.8 

119.8 
71.7 
2.7 

41.4 

8.93 
1.12 

9.962 
9.608 

o.o 
4.2 
0.0 
0.0 
1.2 
o.o 

37.6 
o.o 
0.1 
0.0 

52·. 8 
o.o 

10.9 
0.0 

13.4 
0.0 
'2. 7 

0.0 
2.5 

123.0 

Elem 5 

28.1 
2.5 

117.1 
65.2 
2.4 

45.2 

8.92 
1.12 

9.063 
9.611 

0.0 
5.1 
0.0 
o .. 0 
1.4 
0.0 

46.0 
0.0 
0.1 
0.0 

64.7 
0.0 

13.3 
0.0 

16.0 
0.0 
3.2 
0.0 
2.5 

149.9 

6. 9 7. 0· 
-3.0 -2.7 
-3.1 -2.9 

5,356.5 5,935.2 
69.3 77.6 
0.0 0.0 

41.6 46.3 

E1em 6 

25.6 
2.3 

114,7 
58.8 
2.1 

49.3 

8.84 
1.11 

8.178 
9.614 

0.0 
6.1. 
o.o 
0.0 
1.7 
0.0 

. 56.7 
0. 0 . 
0.2 
0.0 

79.7 
0.0 

16.2 
0.0 

19.3 
o.o 
3.8 
0.0 
2.5 

183.8 

7.1 
-2.5. 
-2.6 

6~565.6 

86.8 
0.0 

51.3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Pres 
Psi 

158.0 

157.0 

156.0 

Array Performance 
Wilson Lake 

~ 
..... ,--

~ ~ 
;_. 

155.0 
.,__-~ 

154.0 

153.0 

152.0 

151.0 I 
~If 

150.0 
0.0 

I 
/ 

I 

1.0 2.0 3.0 4.0 

Element Age, Years 

Legend 

Pass 1 TDS • • 

Pass 1 Pres • • 

80.0 

...II 70.0 

60.0 

50.0 

40.0 

30.0 

20.0 

10.0 

0.0 
5.0 

TDS 
mg/L 



K A N S A S 
RODERICK L. BREMBY, SECRETARY 

DEPARTMENT OF HEALTH AND ENVIRONMENT 

December 16, 2004 

Mr. L. Jeffrey Klein, PE 
Bui.ns & McDoiUlell Engineers 
9400 Ward Parkway 
Kansas City MO 64114-3319 

Re: Project No. 36873 
Wilson Lake Treatment Plant · 

Dear Jeff: 

KATHLEEN SEBELIUS, GOVERNOR 

This responds to your November 23, 2004 letter requesting KDHE thoughts on disposal 
of reverse osmosis concentrate resulting from the treatment of water from Wilson Lake. Your 
letter suggests three options; lake discharge, Saline River discharge below the chll:n, and injection 
wells. KDHE does not consider discharge to the lake or the river an acceptable option. 

A simple mass balance was done to evaluate the hypothetical impact of RO concentrate 
on Wilson Lake chloride levels, at a treatment rate of 2 MGD and 7 MGD, for the time period of 
1987 through 2003. Both scenarios indicate a likely accumulation of chloride in the reservoir. 
The impact to the lake during the severe 1950's drought would be more significant than that 
suggested by the simple analysis. Discharge to the Saline River would not be allowed by total 
maximum daily load waste load allocations for chloride and sulfate. We suggest cost projections 
be based on disposal of concentrate through injection wells. · 

Please do not hesitate to call if you need any further infonnation .. 

DFW:lw. 
·-

Sincerely yours, 

~.fw~ 
David F. Waldo, PE, Chief 
Public Water Supply Section 
Bureau ofWater 

DIVISION OF ENVIRONMENT 
Bureau of Water- Public Water Supply Section 

CURTIS STATE OFFICE BUILDING .. 1000 SW JACKSON ST., STE. 420, TOPEKA, KS 66612-1367 
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Kansas Geological Survey

The High Plains Aquifer
Rex C. Buchanan, B. Brownie Wilson, Robert R. Buddemeier,   

and James J. Butler, Jr., Kansas Geological Survey

Introduction
The High Plains aquifer, which 
includes the well-known Ogallala 
aquifer, is the most important water 
source for much of western and 
central Kansas (fig.1), supplying 70% 
to 80% of the water used by Kansans 
each day. Water from the High Plains 
aquifer supports the region’s cities, 
industry, and much of its agriculture.

However, large-volume pumping 
from this aquifer has led to steadily 
declining water levels in the western 
portion of the region, and the area 
faces several critical water-related 
issues. This Public Information Circular 
describes the High Plains aquifer, 
the effect of decades of large-volume 
pumping, and some responses to water 
issues in central and western Kansas.

 
The High Plains Aquifer Defined
Aquifers are underground deposits of 
permeable rock or sediments (sands 
and gravels) from which water can 
be pumped in usable quantities. The 
High Plains aquifer is a regional 
aquifer system composed of several 
smaller units that are geologically 
similar and hydrologically 
connected—that is, water can move 
from one aquifer to the other. The 
High Plains aquifer lies beneath parts 
of eight states in the Great Plains, 
including about 30,800 square miles of 
western and central Kansas (fig. 1).

Aquifer characteristics are 
determined in large part by geology. 
The High Plains aquifer is composed 
mainly of silt, sand, gravel, and 
clay—rock debris that washed off 
the face of the Rocky Mountains 
and other more local sources over 
the past several million years. The 
aquifer varies greatly from place to 
place: thick in some places, thin in 

others; permeable (able to transmit 
water easily) in some places, less so 
in others. Where the deposits are 
thick and permeable, water is easily 
removed and the aquifer can support 
large volumes of pumping for long 
periods. In most areas, this water is of 
good quality.

The most important component of 
the High Plains aquifer is the Ogallala 
aquifer, generally the western half 
of the High Plains aquifer in Kansas. 
In some locations (such as Lake 
Scott State Park in Scott County), the 
Ogallala Formation, for which the 
aquifer is named, crops out at the 
surface, forming a naturally cemented 
rock layer called mortarbeds. In 
the subsurface, the Ogallala largely 
consists of sands and gravel that are 
interlayered with silt and clay beds 
that are mostly unconsolidated, or not 
naturally cemented together.

The south-central extension of the 
High Plains aquifer is composed of 
younger sediments that are similar 
to the Ogallala. These younger 
sediments, deposited during the 
Pleistocene Epoch, or Ice Ages, include 

the Equus Beds aquifer (in McPherson, 
Reno, Harvey, and Sedgwick counties) 
and the Great Bend Prairie aquifer 
(in Stafford, Edwards, Pratt, Kiowa, 
and other counties). Also lying 
above the Ogallala Formation are 
other Pleistocene deposits and other 
younger deposits in the valleys 
of modern streams. Where these 
stream deposits (known as alluvium) 
are connected to the Ogallala or 
Pleistocene aquifers, the alluvial 
aquifers are considered part of the 
High Plains aquifer (fig. 2).

Beneath the High Plains aquifer 
is much older, consolidated bedrock, 
usually limestone, sandstone, or shale 
(fig. 3). In some places, this bedrock 
holds enough water to be called an 
aquifer, and it may be connected to the 
overlying aquifer. Layers of permeable 
sandstone in the Dakota Formation, 
for example, are connected to the High 
Plains aquifer in parts of southwestern 
and south-central Kansas. Some layers 
of the underlying bedrock contain 
saltwater; where these are directly 
connected to the High Plains aquifer, 
they pose a threat to water quality.

Figure 1—The High Plains aquifer in Kansas.
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Water Resources in the  
High Plains Aquifer
Usable water in the High Plains 
aquifer is in the pore spaces between 
particles of sand and gravel. 
This water (called groundwater) 
accumulated slowly—in some of 
the deeper parts of the aquifer, over 
tens of thousands of years. In the 
subsurface, water in the aquifer 
generally moves slowly from west to 
east, usually at the rate of tens of feet 
per year.

Recharge is the natural movement 
of water into an aquifer, usually from 
precipitation. Natural recharge to the 
High Plains aquifer from precipitation 
is low, in part because much of the 
rain falls during the growing season, 
when plant roots intercept the soil 
moisture. In western Kansas, where 
precipitation is scant and the water 
table is relatively deep (a few hundred 
feet) in many places, recharge occurs 
infrequently and the long-term 
average is less than an inch per year. 
In central Kansas, where the aquifer is 
closer to the land surface, where soils 
are sandier, and precipitation amounts 
greater, recharge can be significant, as 
much as 4 to 6 inches per year.

Water volumes and use are 
measured in various ways. One 
measure is an acre-foot, or the amount 
of water necessary to cover an acre 
of ground (a parcel about the size 

of a football field) with a foot of 
water. An acre-foot equals 325,851 
gallons of water. In 2005, about 19 
million acre-feet of groundwater was 
removed from the High Plains aquifer 
eight-state region (McGuire, 2011). 
In Kansas in 2013, the High Plains 
aquifer yielded 3.13 million acre-feet, 
of which 2.47 million acre-feet came 
from the Ogallala aquifer. Estimated 
average annual natural recharge to 
the Ogallala in Kansas is 0.75 million 
acre-feet.

A key aquifer characteristic 
is its saturated thickness—the 
thickness of the sands, gravels, and 
other materials that are saturated 

with water. Saturated thickness is 
commonly measured in feet, but “feet 
of saturated thickness” is not the same 
as feet of actual water. Only 10–25% of 
the aquifer volume is pore space that 
can yield extractable water. Therefore, 
in an aquifer with 17% pore space, a 
6-ft drop in the water table equates 
to about a foot of extractable water. 
In Kansas, the saturated thickness in 
the High Plains aquifer is generally 
greatest in the southwestern part of 
the state (see fig. 4). There, saturated 
thicknesses of 300 feet and greater 
were common before the onset of 
large-scale irrigation, a time that is 
often called “predevelopment.”

Figure 2—Schematic (A) and map (B) 
showing aquifers that make up the 
High Plains aquifer.

Figure 3—Generalized cross section showing the High Plains aquifer and underlying bedrock. The 
Ogallala Formation, Pleistocene deposits, and alluvium combine to form the High Plains aquifer.
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Aquifers can also be characterized 
by how much water can be removed 
by a well over short periods. Large 
volumes of water can be pumped 
rapidly (1,000 gallons or more per 
minute) from the High Plains aquifer 
in many locations. This contrasts with 
much of the rest of the state, where 
wells generally produce smaller 
amounts (less than 100 gallons per 
minute). By way of comparison, a 
good household well produces 5 to 10 
gallons per minute, although many 
household wells produce less.

Water-Level Declines in the Aquifer
Large-scale irrigation began in 
western Kansas in the late 1800s, with 
the use of ditches to divert water from 
the Arkansas River. As technology 
improved, groundwater became 
the major irrigation source because 
surface water (lakes, rivers, and 
streams) is relatively scarce in western 
Kansas. With the advent of large-
capacity pumps that were capable of 
drawing several hundred gallons of 
water per minute, people began to 
develop that groundwater. Using a 
technique called flood irrigation, water 
was pumped through long pipes or 
ditches along the edges of a field, then 
out onto rows of crops (fig. 5A).

In the 1950s and 1960s, 
technological developments led to 
a dramatic increase in large-scale 
pumping. In particular, center-pivot 
irrigation systems—large sprinklers 
that roll across the land on wheels—
allowed people to irrigate uneven 
terrain, thus opening up large 
new areas for irrigation (fig. 5B). 

These irrigation methods led to the 
cultivation of crops, such as corn, that 
could not previously be grown reliably 
in the area. That grain production led, 
in turn, to large feedlots and packing 
plants and a boom in the economy of 
much of western Kansas, all largely 
dependent on groundwater. Irrigated 
corn and wheat in southwest Kansas 
alone were estimated to contribute 
more than $900 million to the Kansas 
economy in 2013 (Roe, 2014, Kansas 
Department of Agriculture, personal 
communication).

For many years, people believed 
that the High Plains aquifer contained 
an inexhaustible amount of water. 

However, large-volume pumping 
(mostly for irrigation) eventually led 
to substantial declines in the water 
table, and people realized that the 
amount of water in the aquifer was 
finite and could be exhausted. Much 
of the Ogallala portion of the High 
Plains aquifer has declined since 
predevelopment, in some areas by 
more than 60% (fig. 6).

Nonetheless, in much of the aquifer, 
considerable amounts of water 
remain. For example, declines of 100 
feet or more have occurred in parts 
of southwestern Kansas, but that 
represents less than half of the original 
saturated thickness, and 100 to 200 

Figure 4—Predevelopment saturated thickness for the High Plains aquifer in Kansas.

Figure 5—Aerial photos of flood (A) and center-pivot (B) irrigation (photos courtesy of Tom Schmiedeler, Washburn University).
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feet (or more) of saturated thickness 
may remain. In contrast, in parts of 
west-central Kansas—such as Greeley, 
Wichita, Scott, and northern Finney 
counties—the original saturated 
thickness was much less, often less 
than 100 feet. In these places, where 
early flood-irrigation systems were 
prevalent, less than 50 feet of saturated 
thickness remains.

 
When Will the Aquifer Run Dry?
Perhaps the most common and 
important question about the High 
Plains aquifer is how much longer can 
it support large-scale pumping? It’s a 
simple question with a complicated 
answer. First, the aquifer will probably 
be able to support small, domestic 
wells far into the future. With proper 
planning, most cities and towns 
should be able to provide for their 
water needs. Second, the future of 
agricultural use of the aquifer depends 
on a variety of factors, including 
the price and type of irrigated 
crops, the price and availability of 
energy (the deeper the water table, 
the more energy it takes to pump 
water), climate, and how the water 
is managed. Third, the aquifer is not 
one consistent, homogeneous unit. 
In places, the aquifer consists of less 
than 50 feet of saturated thickness and 
receives little recharge. In other places, 
the aquifer is far thicker or receives 
considerably more recharge.

With those qualifications in 
mind, researchers at the Kansas 
Geological Survey have made 
simple projections about the aquifer, 
based on past trends in water-level 
declines. Obviously, the actual 
future use of water will be affected 
by many factors. Relatively little 
data are available for some parts of 
the aquifer, and projections are not 
practical in those areas. Assuming 
saturated thickness sufficient to 
support pumping of at least 400 
gallons per minute throughout 
the growing season, researchers 
concluded that parts of the aquifer 
are effectively exhausted in Greeley, 
Wichita, and Scott counties (fig. 
7). Other parts of the aquifer, in 
areas such as southwestern Thomas 
County, are projected to have 
a lifespan of less than 25 years. 

However, the biggest share of the 
aquifer in southwest Kansas would 
not be depleted for 50 to 200 years. 
It is important to remember that 
these projections are based solely 
on past water-level trends, and 
future changes could alter the actual 
depletion rate.

Managing Water in the Aquifer
Responsibility for managing water 
use in Kansas is spread over several 
agencies. The Division of Water 
Resources (DWR) of the Kansas 
Department of Agriculture (KDA) 
is responsible for administering 
water rights and thus is primarily 

Figure 6—Percent change in saturated thickness for the High Plains aquifer in Kansas, 
predevelopment to 2012–2014. 

Figure 7—Estimated usable lifetime (average 1995–1997 to 2012–2014 trend) for the High Plains 
aquifer in Kansas.
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responsible for regulation related to 
the quantity of water used. Water 
issues also are subject to local control 
and management. Five groundwater 
management districts (GMDs) have 
been created in Kansas to provide local 
management within the framework of 
the state’s water laws. Together, they 
cover nearly all of the state underlain 
by the High Plains aquifer (fig. 8). 
GMDs, through staff and an elected 
board, develop and implement policies 
and rules and regulations to manage 
the quality and quantity of water, 
undertake educational activities, and 
work with state and federal water-
related agencies to regulate and 
manage the High Plains aquifer.

GMDs allow management plans 
to be tailored to their particular 
locations and implemented at regional 
to local levels. To assist in measuring 
and interpreting the hydrologic 
responses at this finer scale, the KGS’s 
Index Well Program, a State Water 
Plan initiative, currently has seven 
continuous water-level recorders 
located in the three western Kansas 
GMDs. Hydrographs show that 
water-level conditions fluctuate 
greatly across a calendar year as the 
aquifer responds to pumping, changes 
in barometric pressure, and other 
factors. The water table at the Haskell 
County index well site fluctuates 
more than 120 ft during the growing 

season as it drops through a large and 
significantly less water-yielding clay 
layer that separates the more porous 
sections of the aquifer, an indication 
that estimated usable lifetime 
projections are overly optimistic in 
this location (fig. 9). In comparison, 
the Thomas County index well site 
shows remarkable consistency in 
its responses to pumping and is the 
only index well to have its minimum 

recorded water-level elevation not 
decline every year. This suggests that 
a significant amount of unaccounted 
for flow comes into the aquifer at this 
location and that relatively modest 
reductions in pumping might stabilize 
water levels in the short term.

Where Do We Go From Here?
By Kansas law, water is a public 
resource that is dedicated to the use 

Figure 8—Groundwater management district boundaries, Sheridan 6 LEMA, and index well site 
locations in Kansas.

Figure 9—Hydrographs showing water-level fluctuations in index wells in Haskell and Thomas counties.
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The mission of the Kansas Geological Survey, operated by the University of 
Kansas in connection with its research and service program, is to conduct 
geological studies and research and to collect, correlate, preserve, and 
disseminate information leading to a better understanding of the geology 
of Kansas, with special emphasis on natural resources of economic value, 
water quality and quantity, and geologic hazards.

The Geology Extension program furthers the mission of the KGS by 
developing materials, projects, and services that communicate information 
about the geology of Kansas, the state’s earth resources, and the products 
of the Kansas Geological Survey.

Additional reading
•	 Ashworth,	W.,	2006,	Ogallala	

blue—Water	and	life	on	the	
High	Plains:	W.	W.	Norton	and	
Co.,	330	p.	

•	 Buchanan,	R.,	and	
Buddemeier,	R.,	compilers,	
1993,	Kansas	ground	water:	
Kansas	Geological	Survey,	
Educational	Series	10,	44	p.

•	 Gilson,	P.,	Aistrup,	J.,	
Heinrichs,	J.,	and	Zollinger,	
B.,	2001,	The	value	of	
Ogallala	aquifer	water	in	
southwest	Kansas:	Docking	
Institute	of	Public	Affairs,	Fort	
Hays	State	University,	82	p.

•	 Kahl,	D.	W.,	and	Powell,	G.	
M.,	2001,	Agency	authority	
and	responsibilities	for	
water	in	Kansas:	Kansas	
State	University,	Agricultural	
Experiment	Station	and	
Cooperative	Extension	
Service,	MF–2503,	4	p.

•	 Kromm,	D.,	and	White,	
S.,	1992,	Groundwater	
exploitation	in	the	High	Plains:	
Lawrence,	Kansas,	University	
Press	of	Kansas,	240	p.

•	 McGuire,	V.	L.,	2011,	
Water-level	changes	in	
the	High	Plains	aquifer,	
predevelopment	to	2009,	
2007–08,	and	2008–09,	and	
Change	in	Water	in	Storage,	
Predevelopment	to	2009:	U.S.	
Geological	Survey,	Scientific	
Investigation	Report	2011–
5089,	13	p.

•	 Opie,	J.,	1993,	Ogallala—
Water	for	a	dry	land:	Lincoln,	
Nebraska,	University	of	
Nebraska	Press,	412	p.

of the people of the state. Individuals, 
companies, municipalities, and other 
entities can obtain permission to 
use water for beneficial purposes by 
obtaining a water right, either new or 
existing. In general, all beneficial uses 
of water, except most domestic use, 
require a water right. Kansas water 
law is based on the doctrine of prior 
appropriation. That is, when there is 
insufficient water to meet all water 
rights, the date of the water right 
determines who has the right to use 
the water. This doctrine is commonly 
expressed as “First in time, first in 
right.”

In south-central Kansas, the Equus 
Beds and Big Bend GMDs 2 and 5 
manage the aquifer based on safe yield 
policies, where the amount of water 
appropriated under water rights is 
equal to or less than the amount of 
recharge, depending on the impact 
on water quality and minimum 
streamflows. Adoption of a similar 
policy across the Ogallala portion of 
the High Plains aquifer would require 
substantial decreases in the amount 
of water currently used, which 

would affect cropping patterns and 
potentially economic activities.

In western Kansas, the emphasis 
has been on responses tailored to 
local conditions. In 2012, legislation 
was passed to allow the creation 
of Local Enhanced Management 
Areas (LEMAs). LEMA management 
plans are locally generated, have 
set operational time lines, and are 
supported by regulatory oversight. 
The KDA DWR reviews and either 
approves or rejects the plan but 
cannot modify it without local 
approval. To date, only one LEMA 
has been established—Sheridan 6 
in northwestern Kansas. Here, local 
water right holders voluntarily agreed 
to reduce their water usage by 20% 
for the next five years with the hope 
of slowing groundwater declines and 
extending the life of the aquifer. Initial 
results indicate that reductions are 
slowing the rate of decline.

•
The authors acknowledge the assistance of 
Dave Young, formerly of the Kansas Geological 
Survey, and Bob Sawin, Kansas Geological 
Survey, in the preparation of this circular.

Web Sites
Kansas Geological Survey
http://www.kgs.ku.edu/
•	 Information	about	water	levels	in	specific	wells	is	available	at	 

http://www.kgs.ku.edu/Magellan/WaterLevels	and	can	be	searched	by	
legal	description	or	county

•	 More	information	about	the	High	Plains	Aquifer	is	available	at	 
http://www.kgs.ku.edu/HighPlains/index.shtml

Kansas Department of Agriculture, Division of Water Resources
http://www.ksda.gov/dwr/

Kansas Water Office
http://www.kwo.org/

U.S. Geological Survey’s Water Resources Division Office, Lawrence
http://ks.water.usgs.gov/	
This	site	includes	current	streamflow	information.
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li!!lne-U/estern Compang,/nc. A Marley Company 

1011 West Harry • Wichita, Kansas 67213 • 316/264-5365 

Ken Carter, City Manager 
City of Hays 
1507 Main Street 
Hays, Kansas 67601 

Subject: Water Supply· 
Hays, Kansas 

Dear Mr. Carter: 

April 18, 1985 

The purpose of this letter report is to provide you our thoughts 
concerning possible additional groundwater supplies for your use. 
Based upon your direction andour analysis of the situation, we 
have basically looked at the aquifers existing in the northeastern 
portion of Trego County, all of Ellis County, the northern two
thirds of Rush County and the northwestern portion of Barton County 
(see attached maps). In these, we have examined the alluvial and 
terrace deposits, the Ogallala formation and the Dakota formation. 

In making our study, we haveutilized published information (such as 
State Geological Survey bulletins and U.S.G.S. reports), Division 
of Water Resources records, our own company records (which includes 
past reports for the City of Hays and other municipal and industrial 
customers) , and our personal knowledge of the area which is based on 
our experience and personal communication with other authorities in 
the field. Some, but not all, of our collected data are included in 
the attached appendix. 

Prior to our discussion concerning the various aquifers, we wish to 
outline what we see as options open to the City of Hays. These 
include obtaining existing water rights, the development of known 
aquifers in a~eas that are not over appropriated, and/or locating a 
new source of water. As will be seen from the remainder of this repor1 
obtaining existing water rights may be the most economically feasible 
method. 

It is our understanding that Travenol Laboratories will be closing, 
and we know that you are aware of this fact. They presently operate 

-----------------WATER SUPPLY SERVICES-----------------

mcampbell
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Ken Carter 
April 18, 1985 
Page 2 

three wells, two of which to our knowledge provide water of 
acceptable quality for municipal use. These wells yield approxi
mately 150 gpm each and take their water from the terrace deposits 
associated with Big Creek.. Another well site was located west of 
their west wells (with the better quality water), and it might be 
possible to obtain a change in point of diversion from their east 
well (with the poorer quality water) to the new site. This would 
mean three wells with appropriated water rights that could possibly 
be obtained if a new industry is not going to make use of the 
Travenol facility. 

We would suggest that. you investigate the possibility of leasing 
or purchasing water rights from nearby water users in both Big Creek 
valley and Smoky Hill River valley. Although acquisition costs 
would be a major consideration,their proximity to your existing pipe
line and pumping facilities would tend to mitigate overall expenses 
in the development of additional water supplies. 

Alluvium and Terrace Deposits 

In our opinion, the aquifers that have the greatest potential for 
continued use, and in some cases additional development, are the 
alluvium and terrace deposits associated with the rivers and creeks. 
This is particularly so when both quantity and quality of water are 
considered. These deposits collect, store, and provide avenues of 
transmission for water obtained from direct precipitation, surface 
water runoff and for the collection of the seepage that drains out 
of the Ogallala formation and the various bedrock formations. 
Unfortunately, areas adjacent to your existing wells in both the 
Big Creek valley and Smoky Hill River valley have been closed to 
additional development by the Division of Water Resources. (But, 
the possibility of acquiring existing rights does exist in both areas.) 

Ore area that is open for additional developmen·t and certainly has some 
additional capability, is the Saline River valley in northwestern 
Ellis County and northeastern Trego County. Specifically, we are 
referring to the river valley in the western two townships of Ellis 
County and for approximately eight miles west of the Ellis-Trego 
County line into Trego County. In this twenty mile stretch of river 
valley, there are approximately 17 irrigation wells that presently 
exist and these yield from 275 gpm up to 700 gpm. Of course, it 
should be kept in mind that these wells are utilized only during the 
growing season, and then they are allowed to recover throughout the 
winter months. This area extends from approximately 15 miles from 
Hays to 27 miles. 
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During 1974, we completed a report for the City of Hays i~ which 
test holes were drilled in the eastern two miles of T-11-S, R-19-W, 
and these revealed as much as 53' of saturated thickness containing 
good sand and gravel deposits. The rest of the report dealt with 
the Saline River valley on to the east and it was not comprehensive 
enough to deal with the western area. 

Test holes that have been drilled into the valley deposits in Trego 
County also revealed the presence of 50' of saturated thickness. 
These deeper deposits are due to the existence of a deep channel 
that runs under the alluvium and terrace deposits in the Saline River 
valley. Due to the coarse sand and gravel deposits found infuis 
deeper channel, the water yielding capability of the deposits is 
generally good. Due to the configuration of the bedrock under the 
Ogallala formation in northeastern Trego County, the water from the 
Ogallala formation tends to drain into the Saline River valley and 
thus recharge to the aquifer is enhanced. 

We do not have sufficient data in the way of test holes and test 
wells to be able to provide you with the ultimate amount of water 
that would be available to you from this twenty-mile section of the 
Saline River valley (or.a portion of it). But, based upon infor
mation we do have on hand, it would be a significant amount. The 
disadvantage of the alluvial and terrace deposits associated with 
the Saline River valley is the fact that they are relatively narrow 
(from one half to one mile in width). This limits the storage area 
for water. However, one of the main advantages of the river deposits 
is that they receive recharge from the surrounding areas and recover 
much more quickly then the upland deposits such as the Ogallala 
formation. In general, the water quality in this section of the 
valley should be much better than it is to the east. 

Another valley area that is not closed to development at this time 
is the Walnut Creek valley in Rush County. However, there are 
approximately 407 vested or appropriated water wells in the valley 
at this time, and it appears to us to be fully developed. The wells 
taper off in yield throughout the irrigation season indicating much 
well interference. However, water levels in the 30-mile long valley 
have continued to recover well each year. 

The wells in the Walnut River valley alluvium are 60 to 70' deep and 
yield approximately 500 gpm (average). The better wells are to the 
east side of ~ush county. The quality of water is very similar to 
that found in the Smoky Hill River valley. 
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It is our op1n1on that should the City of Hays wish to utilize 
water from the Walnut River valley, it would be necessary for 
you to buy or lease existing water rights. This area is 28 miles 
south of Hays or 17 miles south of your Schoenchen well field. 

Ogallala Formation 

The area closest to Hays in which significant~saturated Ogallala 
formation exists to warrant further investigation is'in northeast 
Trego County, and specifically this is a 2 to 3 mile wide area· 
commencing and centered on a point near the northeast corner of Section 
3, T-12-S, R-21-W and extending west and west-southwest for approx
imately ten miles, terminating near the northwest corner of Section 7, 
T-12-S, R-22-W (see map). This area extends from approximately 20 miles 
from Hays to 30 miles. In this area, the Ogallala formation is up to 
120• thick and the saturated thickness varies from 30 to 50 feet. There 
is approximately 115,000 acre feet of water in storage. Our investi
gation revealed the presence of only three irrigation wells in the 
described area and these reported yields of from 395 to 491 gpm. we 
suspect the reason for the lack of development is due to the nature 
of the sand and gravel deposits in the Ogallala, which is such that 
they do not lend themselves to large capacity well development. There 
is very little test hole information available, but what does exist, 
would lead us to evaluate them as well sites with the potential for 
yields in the neighborhood of 200 gpm. Th~~s- is not all bad, because 
it does limit the irrigation development and thus a large volume of 
water is still in storage. 

The key to development in an area such as this would be to drill and 
locate the better sand and gravel deposits and then to space the wells 
over a wide area. In this manner, continuous pumping could occur at 
nominal pumping rates which would basically harvest the annual recharge 
to the area, and this would be a very significant amount (3,000 to 
4,000 acre feet per year). Additionally, during periods of drought, 
the large volume of water in storage would serve as a reservior to 
draw from. Specific estimates of capacity and long term yield would 
have to be determined by test holes, test wells and hydrological studies. 

One particular advantage of the Ogallala formation is the general good 
quality of water that is derived from it, and it appears to be the best 
in the study area. 

Dakota Formation 

The Dakota formation exists below all the areas of investigation, and 
some water could probably be obtained from this formation at almost 
any point that a hole was drilled into it. However, we know 
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of only two large capacity wells within the study area, and they 
are no longer in use due to poor quality water. For some years, 
the City of LaCrosse utilized water from Dakota formation wells 
which were drilled within the city limits. They were approximately 
300' deep and yielded from 300 to 465 gpm. The water was soft, 
but high in fluorides, sodium, chlorides and sulphates, and it was 
not very palatable (see appendix for detailed information concerning 
these wells). 

The Division of Water Resources has no records of any large capacity 
Dakota formation wells within the. study area which they are aware 
of. They and we are. cognizant of hundreds of small capacity, 
domestic type wells that tap the Dakota formation for small water 
supplies. All the wells we have knowledge of have chloride contents 
over 300 mg/1 and most considerably more. 

The topmost sandstone in the Dakota formation appears to contain the 
best quality water, and if this sand is present, then useable but 
objectionable quality water can be obtained. If it is necessary to 
go deeper into the Dakota formation, then the water becomes much too 
salty for human or animal use, or irrigation purposes. The upper 
sandstone probably has ~ maximum capacity of 30 to 50 gpm per well. 

We will be pleased to disucss our findings and opinions with you 
and we welcome your additional inquiries concerning this subject. 

~u::::::r 
Robert L. Vincent, Geolog1st 
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Pg. A-5 

APPROPRIATED WATER RIGHTS 

Ellis Count~ in Saline River Valle~ 

Approp. 10 40 160 Sec. Tnsp & Capacity Depth Depth to Saturated 
No. Range Water Thickness 

15,971 NE NW sw 6 11-20 550 gpm 75' 22.1' 52.9' 

10,971 sw NE sw 9 11-20 315 gpm 70 1 30.6' 39.4' 

6,413 :r.."W NW SE 9 11-20 290 gpm 9.8' 

32,292 NE NE SE 10 11-20 500 gpm 80' 9.0' 71.0' 

13,169 10 11-20 

26,242 10 11-20 

36,768 NW NW sw 15 11-20 

37,126 c s~ SE 14 11-20 800 gpm 40' 9.0' 31.0 1 

requested 

37,088 NW SE NE 24 11-20 800 gpm 41' 9.0' 32.0' 
requested 

17,283 24 11-20 

25,566 NW SE NW 19 ·11-19 700 gpm 40' 20' 20.0' 

22,131 NW sw NW 23 11-19 400 gpm 40' 

Trego Count~ in Saline River Valle~ 

19,601 NC w~ W!.; 11 11-22 275 gpm 20.2' 
Sl! 

21,299 NE NW NW 12 11-22 428 gpm 

30,072 N~ N~ N~ 12 11-22 410 gpm 60' 8.0' 52' 

30,540 (2) SE NW SE 1 11-21 425 gpm 65' 10.0' 55' 

20,390 NE NW NW 12 11-21 600 gpm 78' 15.7 1 62.3' 

Trego Count~ in Ogn1la Formation - NE Portion of Count~ 

17,379 sw SE NE 9 12-22 491 gpm 114 I 

26,316 sw sw SE 10 12-22 425 gpm 89' 40 1 49' 

37,001 NC NE 11 12-22 395 gpm 
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APPENDIX 

EXISTING GROUNDWATER USERS IN STUDY AREA 

Partial-For Use As Examples 

City of Ellis 

Shallow wells from alluvium and terrace deposits of Big Creek. 
Some areas have salt contamination. Capacities 100-200 gpm 

City of LaCrosse 

Original supply from wells in town from the Dakota formation. 

Well 14 (2) 

Well #5 (3) 

Depth 
Cap. 
SWL 
DD 
PWL 

Depth 
Cap. 
SWL 
DD 
PWL 

294' (24" x 10" w/40' screen) 
300 gpm 
157' 

62' 
219' 

329' (24" x 10'' w/70' screen) 
465 gpm 
150' 

79' 
229' 

Dakota wells had following chemical analysis: 

Ca 
Mg 

*Na 
*S04 
*Cl 
*F 
T.H. 
N.C.H. 
T.A. 

12 
8.2 

456 
214 
422 
3.4 

64 
0 

226 

*Water soft, but high in 
fluorides, sodium, chlorides 
and sulfates. Not very 
palatable. 

Present wells are south of LaCrosse in Walnut Creek alluvium 

Well #4 DeiJth 
Cap. 
SWL 
DD 
PWL 

72' 
700 gprn 

36' 
20 
56 

(38" x 16" w/20' screen) 
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City of LaCrosse - Continued 

Well #5 Depth 
Cap 
SWL 
DO 
PWL 

73' 
700 gpm 
33' 
15 1 

48 

Pg. A-7 

Water is harder than Dakota and has some iron. Wells require 
occasional treatment. Water very similar in quality to Smoky 
Hill River wells. Lower in salts and fluorides than Dakota and 
more palatable. 

City of McCracken 

Alluvium wells at 25'-55' deep; Capacities 12-45 gpm 

Ca 
Mg 
Na 
S04 
Cl 
F 
TH 
NCH 
TA 

115 
26 
63 

186 
65 

0.7 
394 
159 
.235 

Dakota to 378' depth 

SWL 
Sat. 
Cap. 
Qual. 

170' 
208' 

45 gpm at 56' DO 
Unknown 

Gas Compressor Station - 4 Miles South of Ogallah 

City of Otis 

Max. depth 
Capacity 
Quality 

50' 
25 gpm 

TH 232 
Cl 10 
Ua 13 

South to Walnut Creek {4 miles). Alluvium similar to LaCrosse 
Walnut Creek wells. 

Cities Service at Otis: SE~, Sec. 11, T-17-S, R-16-W, Rush County 
of Otis 

(See chemical 

Dakota -
S~vL 

ST 
analysis 

3 miles north 
275' deep 
175' 
100' 

30' sandstone 

- Wilson & Company attached) 
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City 

City 

Pg. A-8 
of Palco 

Shallow wells 55' - 60 J 1 50-100 gpm 

Ca 77 
J.l.lg 9.8 
Na 16 
S04 10 
Cl 12 
F 0.3 
TH 232 
NCH 7 
TA 225 

of Plainville 

Shallow wells north of town in south fork of Solomon; prior to 
going to present area the city had shallow wells in town. 
Produced from a fine sand, 50-60' deep, approximately 20' of 
saturated thickness, quality as follows: 

Ca 99 
. J.l.1g 12 

Na 24 
S04 42 
Cl 26 
F 0. 3 
TH 296 
NCH 39 
TA 257 

1950 test hole to 510' depth did not have any sandstone 

City of Ransom 

Alluvium or shallow 

Ca 
Mg 
Na 
S04 
Cl 
F 
TH 
NCH 
TA 

Ogallala 

58 
12 
14 

7.0 
8.0 
0.3 
194 

6 
188 

wells 40'-50' depth, capacity-200 gpm 
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WILSON LABORATORIES 

ANALYTICAL • RESEARCH CHEMISTS i BIOLOGISTS 

~28 NORTH NINTH STREET• SALINA, KANSAS 
913/825-7186 

Pg. A-~ 

LAYNE-WESTERN COMPANY, INC 
ATTN; 

REPORT DATE: 09/29/81 

1011 WEST HARRY 
WICHITA, KS 67213 

SAMPLE RECEIVED:09/03/81 
DATE SAMPLED: NOT GIVEN 

SAMPLE: CITIES SERVICE GAS CO. 
Water From Dakota Formation 
WILSON LABS FILE NO.: 81-9~03 

OTIS,KS TIME SAMPLED: NOT GIVEN 

LAB NO.: 8109-0025 

GENTLEMEN; 

ANALYTICAL QUALITY CHECKS HAVE BEEN PERFORMED ON THIS ANALYSIS TO 
ASSURE THAT NO SIGNIFICANT ERROR HAS OCCURRED. THE ION BALANCE HAS 
BEEN CALCULATED FOR THE LABORATORY ANALYSIS, AND THE BALANCE ERROR 
IS SHOWN FOR YOUR INFORMATION. 

THE TOTAL IONIC STRENGTH OF THE WATER HAS ALSO BEEN CALCULATED BY THE 
COMPUTER. COMPUTATION OF TOTAL DISSOLVED SOLIDS HAS BEEN PERFORMED 
BASED ON THE CHEMICAL ANALYSIS. 

THIS WATER CONTAINS CONSIDERABLE DISSOLVED SODIUM WHICH MAY 
ADVERSELY AFFECT ITS PALATABILITY AND TASTE. HUMAN CONSUMPTION OF 
WATER OF THIS CONCENTRATION OF SODIUM SHOULD DE RESTRICTED FOR THOSE 
INDIVIDUALS ON A LIMITED SALT INTAK~. ITS USE AS IRRIGATION WATER 
SHOULD ALSO BE REVIEWED 

THIS IS A MODERATELY HARD WATER. 

LOW HARDNESS FAVORS LAUNDRY AND MOST DOMESTIC AND INDUSTRIAL USES: 
HIGH HARDNESS FAVORS USE AS DRINKING WATER, SO LONG AS IT IS NOT 
EXCESSIVE. 

THIS WATER CONTAINS HIGH ALKALINITY AS SODIUM BICARBONATE AND WILL 
NOT BE STABLE WHEN HEATED. 

FLUORIDE LEVEL EXCEEDS THE DRINKING WATER STANDARD LIMIT OF 1.8 MG/Lt 
AND A REVIEW OF USE OF THIS WATER IS SUGGESTED. 

THE CHLORIDE CONCENTRATION EXCEEDS THE SUGGEST~D LIMITATION OF 250 MG/ 
IN THE DRINKING WATER STANDARD. 

THE SULFATE LEVEL EXCEEDS THE DRINKING WATER SUGGESTED LIMIT OF 
2SO MG/Lr AND MAY RESULT IN PURGATIVE EFFECTS ON HUMANS. SULFATES CAN 
BE PARTIALLY PRECIPITATED BY WATER TREATMENT TECHNIQUES. 
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Pg. A-10 

LAYNE-WESTERN COMPANY, INC 09/29/81 PAGE ... 2 -.- .. 

TOTAL DISSOLVED SOLIDS CONCENTRATION IS EXCESSIVE, MAKING THIS WATER 
UNSUITABLE FOR MOST DOMESTIC, AGRICULTURAL AND INDUSTRIAL USES. USE 
WITH CAUTION. 

THIS WATER HAS A NORMAL PH FOR MOST PURPOSES. 

THE STABILITY INI1EX IN!IICA'rES THAT THIS WATER rs SLIGH'TLY AGGRESSIVE 
AND MAY CAUSE MINOR CORROSION. CORRECTIVE TREATMENT IS SUGGESTED. 

WILSON LABORATORIES 

Q~~ 
JAC?"xs BUTLER 
III RECTOR 

'" .,, - . ·-·--------
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' ( . :r- . WILSON LABORATORIES Pg. A-ll 

STANDARD CHEMICAL WAT~R ANALYSIS 

LAYNE-WESTERN COMPANYr INC 
ATTN: 
1011 WEST HARRY 
WICHITA, KS 67213 

REPORT DATE: 09/29/81 
DATE SAMPLED: NOT.GIVEN 
TIME SAMPLED: NOT GIVEN 
FILE NO.: 81-9503 · 

SAMPLE: CITIES SERVICE GAS CO. OTISrKS ORnER NO,: .1202 -····--· ·-----······ 
LAB NO.: 8109-002$ 

CATIONS 

CALCIUM 
IRQN,TOTAL 
MAGNESIUM 
MANGANESE 
POTASSIUM 
SODIUM 

ANIONS 

BICARBONATE 
CARBONATE 
CHLORIDE 
FLUORIDE 
HY!IROXIDE 
NITRATE 
PHOSPHATE 
SULFATE 
SILICATE 

SILICA 

CA+2 
FE+2 
MG+2 
MN+2 
I< +1 
NA+l 

HC03-1 
C03 -2 
CL -1 
F -1 
OH -1 
N03 -i 
P04 -3 
S04 -2 
SI04-4 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 

TOTAL FREE CARDON DIOXIDE 
EQUILIBRIUM CARBON DIOXIDE 
TOTAL DISSOLVED SOLIDS <CALC) 
TOTAL ALKALINITY AS 
CALCIUM ALKALINITY AS 
MAGNESIUM ALKALINITY AS 
SODIUM ALKALINITY AS 
TOTAL HARDNESS AS 
CALCIUM HARDNESS AS 
MAGNESIUM HARDNESS AS 
NON-CARBONATE HARDNESS AS 
CALCIUM NON-CARBONATE HARDNESS 
MAGNESIUM NON-CARBONATE HARDNESS 

S!02 
C02 
C02 

CAC03 
CAC03 
CAC03 
CAC03 
CAC03 
CAC03 
CAC03 
CAC03 

PH F'H UNITS 
EQUILIBRIUM PH <PHS) F'H UNITS 
STABILITY INDEX PH UNITS 
SATURATION INDEX PH UNITS 
TEMPERATURE DEGREES FAHRENHEIT 
CONDUCTIVITY, MEASURED MICROMHOS/CM 
IONIC STRENGTH <MOLAR) 

SAMPLE RECEIVED: 09/03/81 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 

LABORATORY 
ANALYSIS 

21.00 
o.oo 

13.80 
o.oo 

10.60 
710.00 

384.27 
14.34 

700.00 --
4.00 
o.o6 
1.55 
0.31 

386.00 
0.60 

10.70 
6.35 

14.71 
2250.93 

338.97 
52.50 
56.72 

229.81 
109.15 
52.50 
56.72 
o.oo 
o.oo 
o.oo 
8.40 
7.80 
7.20 
0.60 

68.00 
3600.00 

0.0394 
ION BALANCE ERROR <PERCENT> BY CONCENTRATION -2.17 
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Clarke Well and Equipn{ent, Inc. 
WATER RELATED PROJECTS·- Env1r.>11ml·ntul - lndu.,tr1ul - Muniural - Ap,ncultural 

ROUTE 1 - AIRPORT- GREAT BEND, KANSAS 67530-9712 
. 

TELEPHONE AC 316 - 793-8493 

CITY OF HAYS, KANSAS 

Pursuit of Additional Water Supply 

Eastern Trego County 

Black & Veatch Project No. 12736 

Conducted January 1987 
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Clarke Well and Equipment 
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Clarke Well and Equipment 
WATER RELATED PROJECTS - Environmental · Industrial · Municipal · A�ricultural 

ROUTE 1 ·AIRPORT· G REAT BEND, KANSAS 67530 
TELEPHON E AC 316 · 793-8493 

CITY OF HAYS , KANSAS 

PURSUIT OF ADDITIONAL WATER SUPPLY 
BLACK & VEATCH PROJECT NO . 1273 6 

TREGO COUNTY, KANSAS 

INTRODUCTION 

In response to our initial  proposal to the City o f  Hays , a c ontract 
was agreed upon b e tween the City o f  Hays and Clarke Well & Equipment 
to explore for addit ional ground water at locations designated  by 
Black & Veatch and the City . The general locat ion of the work is 
de fined as the northern t ier o f  sections within the boundary of 
Township 12 South,  Range 21 Wes t ,  Trego County,  Kansas . The dire c t  
dis tance from the City of Hays t o  the center of the prospe c t  described 
is approximately 22 mile s . The major aquifer in the described are a  
i s  the Ogallala Format ion. All s ervic e s  and analysis described  i n  this 
repor t refer t o  the Ogallala Format ion. 

The authorized work included format ion t e s t  drilling , collec ting 
formation samples , driller ' s  log, geophysical logging , and c onstruc t ion 
of S" piezome t e r  we lls at locations that ini tial t e s t  drilling 
ind icated water supply potential . Da t a  collected  a t  the pie zome t er 
wells includes s tatic  water  level ,  water  quality analy s is from sample 
obtained , and s and analysis of the wa t er-bearing s and 00ct ion . 

This report contains the copies of  field data collected from each 
of s ix ( 6 ) locations . 

The findings , summary and conclusions are s ubmitted  on pages 30  and 31 
of this report . 

1 
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.--.. -.- .. -.-.-..... ··��- - '-""'< V..&.& 1".t.ul,1 & J ---- � LO<: 
Of Tes t No. 9 

For City o f  Hays . I 
3 � '"'ate Drilled lLZLBZ 

J1 Locati on : NWi Sec . 3 T 1 2  S R 21 W/Jl 

Trego Co . , KS 

SECT ION 

Depth 
Formation Forma tion Remarks Thickness 

0-6 Topsoil  & brown clay , l imes tone & c l  av 

10-20 Clay , brown , w/streaks o f  limes tone 

and s t reaks o f  sand & gravel , f ine 

20-40 Limestone ,  green & whi te 

40-50 Clav , green 

50-58 Clay , green , w/gravel , f ine; gravel 

embedded in i t ,  w/a few thin l ime-

s tone s treaks 

58-60 2 Sand & gra\'el , f ine to medium 

60-62 Clav. s oft. vellow. tan 

62-7 3 11 Sand & !?ravel f ine to verv f ine t o  

medium clean 

73-87 Clav. brown tan & 2:reen w/fine S?ra' el 

embedded in i t .  

87-90 3 Sand & !?ravel. verv f ine to fine s iltv 

90-96 Clav. brown real s oft. sandv 

96-102 Clav. brown 

102- 1 0 6  Clav. vellow, white. cha lkv 

106-115 Shale, brown soft  

115-120 Shale. si:rav soft  

WATER SAMPLES 
none taken 

PPM-Chloride Other Tests 

to 
����� ����� 

to 
����� ����� 

--����to����� 

0 feet of 11 pipe was left for supply well. 
������� ���� 

IlY: Rodney Schenkel 

Driller 
6 
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l-L/\HK.t. Wt:LL C. �l,·UlPMENT, INC. 

l.OC 

Of Test No. 15 

For City of Hays 

Da te Drilled 1/6/87 

Location: SE Sec. 4 T 12 s n 21 W/!X 
Trego Co., KS x 

SW! SW! SE! 
SECTION 

Depth 
Formation Formation Remarks Thickness 

0-4 Topsoil & clay, brown 

4-15 Sand & grnvcl, fine to medium w/a 

few clay streaks 

15-27 Clay, tan w/limcstone streaks 

27-30 Limestone, sandy hard 

30-43 Clav, tan \\•/limestone streaks 

43-49 Sand & l:!ravclt fine to medium 

49-75 Clav. white. tan w/lirnestone streak� 
-· 

75-90 Clay, brown & tan 

90-97 3 Clay streaks, brown & sand, gravel 

streaks - fine 

97-106 Clay, brown 

106-113 3.5 Clay, brown, sand & gravel streaks fine 

113-119 6 Sand & gravel, fine to very fine clean 

119-120 Clay, brown 

120-122 2 Sand & gravel, fine to very fine clean 

122-127 Clav, vellow, tan 

127-135 Shale1 brow< 

Static �ater Level 

WATER SAMPLES 
none

tJaken 
PPM-Chloride Other Tests 

to ---------- ----------

to 
�-------- ----------

-0- feet of " pipe wns left for supply well. 
-------------- --------

13Y: Rodney Schenkel 

Driller 
8 
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Of Test 
for City of Hays 

�ate Drilled 1/7/87 

LOG Page -"1-

No. 16 

Location: NE! Sec. 5 T __ 1_2_s R 21 W/JX 
�-T_r_e�g�o'-----------�Co., KS 

x 

. . 

5 

• . 

SECTION 

Dep th 
Formation Formation Remarks Thickness 

0-18 Tons oil & c:} RV, brown. w/streaks of line stone 
18-30 Clav. brown. w/streaks of limestone and 

streaks of sand & r!ravel. fine to ncdium 

30-35 Sand & !!ravel fine to medium 

35-45 Limestone streaks clav streaks bro wn 
45-60 Limestone. !!reen and brown w/hard fairlv hard 

. streak (cl 57' 
60-74 Cl av Qreen ;:inrl hrnwn l.7/fine QT;:ive] 

-· ·embedded in it. 

74-76 2 Sand & gravel. fine to med. w/hard 

streak of limestone @ 76' 

76-82 Clay1 green & hrol.1n 

82-90 8 Sand & !!ravel. fine to verv fjne to clean 
med. few clav stre;:iks. vellow. thin 

90-97 7 Sand & r>:ravel. fine to verv fine Loose. C'. l i:>:in 

97- 109 Clav. brown & g:reen 

109- 117 8 Sand & !!ravel. verv fine to fine, 

lot of fine sand mixed 

117-120 Clav, brown & sand, soft, cemented 

120-139 19 Sand & !!ravel. fine to verv fine w/a loose rlp;:in 
few thin cla y streaks 

continued on next page 

WATER SAMPLES 

to 
----- ----� 

to ----- -----

PPM-Chloride Other Tests 

feet of " pipe was left for supply well. 
�------- -----

13Y: 

10 

Rodney Schenkel 
Driller 

. .  



Of Test No. 

LOG 

16 
, I 

For City of Hays 

Date Drilled 
���������������---

Location: Sec. T S R 

Depth 

��� ��--- -���-

Fo rmation 
Thickness 

Page -2-

W/E 

SECTION 

Formation Remarks 

139-146 Clay, brown w/s treaks of limes tone-

146-148 

148-158 

Static �ater Level 

WATER SAMPLES 

to 
�--��� ��----� 

to 
����� ����� 

to 
����� ����� 

to 

--

real hard streak @ 1 4 6' 

Clay , ye llow , tan 

Shale , brO\\'Il 

PPM-Chloride 

feet of " pipe was left for supply well. 
������-- �--�--

l3Y: 

11 

Rodney Schenkel 
Driller 

Other Tests 

.. 
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CLAH�E WELL & �QOl�ME c. 

For City of Hays 
ryate Drilled 1/20/87 
Location: NE! Sec. 6 T 12 _.;...___ 

Depth 
Formation 
Thickness 

0-20 

20-48 

48-57 

57-60 

60-65 ' 

65-86 

-· 86-90 
90-101 

101-120 
120- 131 1 1  

131-138 

138- 143 

143- 150 

Static �ater Level 

LOG 

6 

s n 21 

KS 

W/B{ 

SECTION 

Formation 

Topsoil & clay, brown 

Clay, tan w/limestone s treaks 

Sand & gra·1el, fine to medium w/limc loose 

s tone streaks - hard 5 1'-57' 

Clay, green & black 

ClCtv, brown & green w/limcstone strc aks 

Sand & e:rave l, medium to fine w/a 

few thin clav streaks 

Clav. white & l!reen 

Sand & gravP-1, verv fine to fine 

with fine sand 

Clav. brown 

Sand & grave l, very fine to fine 

and fine sand 

Clay, tan 

Clay, white, yellow, chalky 

Shale, hrm,11 

Est . 90'- 100' 

x � 
N 
J 

Remarks 

WATER SAMPLES 
none taken 

to 

PPM-Chloride Other Tests 

����� ----� 

to 

to 

0 feet of " pipe was left for supply well. 
�----�--- �--� 

13Y: Rodney Schenkel 

14 
Driller 
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--·------

l � LOG 

Of Te s t  No. 24 South 

For City of Hays . '{ � 
Date Dr i l led 1/ 19 / 87 

J I Location: SW! Sec. 6 T 12 s n 2 1  W/BC 
Trego Co., KS 

x 

SECTION 

Depth 
Fo rmation 
Thickness 

Formation Remarks 

0-32 Topsoil & clay, brown w/limes t one st re a ks 

32-3 6 Clay, brown w/gravel mixed 

36-50 Limes tone, cmeented, sandy hard 

50-6 3 Sand & gravel, fine to very f ine to 

medium 

63-80 Clay, green & brown· w/fine gravel 

embedded in it 

80-86 2 Clav l!reen w/fine sand & !!ravel s tr ea ks 

86-90 - ·  Cl av l.!reen 

90-10 1 1 1  Sand & gravel1 very fine & fine sane 

101-104 3 Sand & i:>:ravel1 fin�- t o  verv fine 

104-112 Clax1 brown 

11 7-11 q 7 Sancl & t>ravel fine to medium loose. clean 

1 19- 122  Clay, brown w/limes tone s t reak @ 12( ' real .hard 

122- 126 2 Sand & gravel s treaks, very f ine 

clay s treaks, brown, sandy 

126-135 Clay, brown w/gravel, fine embedded 

in it, ltme s tone s t reaks 

135-140 Clay1 yellow1 tan1 chalky 

140-150 Shale, brown 

Static �ater Level Est. Ground Elev. 8'- 10' lower than 2 4  North 

WATER SAMPLES 
none taken 

to 

to 

to 

feet of 
__ ...._ ____ _ ----

PPM-Chloride Other Tests 

" pipe was left for supply well. 

UY: Rodney Schenkel 

Driller 
16 
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l- Liilrn.� Wt.LL � t.ljUl l'Mlrn'l', INC. 

LOG 
. . 

Of Test No. 24 North 

For City of Hays 6 
I 

Date Dri l led 1/19/87 
x 

Location: SW! Sec. 6 T 12 s n. 21 W/ll -
• • 

Trego Co., KS 

SECTION 

Depth 
Formation 
Thickness 

Formation Remarks 

0-16 Topsoil & clay, brown 

16-21 Sand & gravel, very fine to fine 

21-32 Clay, brown w/limestone streaks 

32-45 Clay, brown w/fine gravel streaks 

& limestone streaks 

45-60 Limestone, cemented, sandy w/white 

clay streaks & fine gravel 

60-67 Sand & gravel, med. to fine 

67-75 Clay, green w/fine gravel embedded in it. 

75-82 Clay, green w/cemented sand streaks 

82-88 Sand & gravel, fine to medium 

88-91 Clav •. vellow, tan 

Ql-lf\() 9 Sand & gravel, fine to verv fine 
' 

100-114 Clay, yellow, tan 

114-130 16 Sand & gravel, very fine & sand, fir e, clean 

130-135 5 Sand & gravel, very fine to fine clean 

135-147 12 Sand & gravel, very fine to fine to med., clean - loose 

147-166 Clay, yellow, tan w/limestone streal s 

166-170 Clay, yellow, white, chalky 

170-176 Shale, brown 

Sta:ic \\.a.ter Level 

WATER SAMPLES PPM-Chloride Other Tests 
none taken 

to 

to 

to 

to 

-0- feet of ____ " pipe was left)for supply well. 
UY: Rodney Schenkel 

Driller 
18 
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C'LARKE \'iE!...L t.: EQUIPMENT, INC. Page -1-

IDes i gn 

�·;ELL RECORD 
,\nd Construction Sheet 

I · 1 o�ner ____ _____ C.;;..=i�ty,,__o� f_H�a=y.,..;.s __ __ ____
__ __

______
__ 

� 
Well No.�1�6 ____ 

_ 

Wel 1 U�c Test Appropriation No. I -----.-..-..----------------------� ---------------

Lo cat i c • n ( Fract i on ) NE!:f NE!:f NE!:f Sect i on No. 
--�-=- --��----------

• • 

5 

,. " 

SECTION 

ITownshi? T s Range R 21 W-'G· ____ ........ _________ ---=-=------------ tAh 12 �--T�r...,,.e9g� o __________ County, Kansas 

Hole 9 I nches in Diameter 

x 

r 

1size 
Size Casing 5 in. Dia • .  214 Wall; Wt. ------------------- --------�------- 2. 277 lbs/ft , ___ P_v_c __

_ Materia 
Size Screen 

• 5 in. Dia. 214 Wall -L.! PVC Material 1/8" 

I********************************************************************************************** 
FOR:·L'.7IO:.: LOG; From Test No. fo1•mation CASI NG & SCREEN, Record C. Mfgr. 

I 
I 
I 
I 
-
I 

I 
I 
I 
I 
• 

H 
I 

Thickness 
From To From Ground Level From To 

0 18 Topsoil & clay, brown w/streaks oJ Plain 0 121 
limestone Screen 121 141 

18 30 Clay, brown w/streaks of limestottE 

and streaks of sand & gravel, fi.r e to med. 

30 35 Sand & gravel, fine to med. 

'5 45 Limestone streaks & brown clay st:t ea ks 

45 60 Limestone, green & brown w/hard 

streaks @ 57' 

60 74 Clay, green & brown w/fine gravel 

embedded in it. 

74 76 Sand & 2ravel, fine to medium 

76 82 Clay, green & brown 

82 90 Sand & 2ravel. fine to verv fine 

to med. - clay streaks, yellow-ti in 

90 97 Sand & gravel, fine to very fine Casing Left Above Ground 

97 109 Clay, brown and green Total Casing & Screen 
log continue:i on next page . . . 

Static Kater Level 91' 
---F�·r-o�m--.G_ r_o_u_n_d-.--L-e _v _e�l--

Chlorinate: ____ n....,.o�n�e.._ ________ Quantity Us�� 
GRAVE L PACK 

110 to 141 106 

CEMENT 
to 110 - W/Bentonite Hole Plug 
to to 

�at is the nearest sou rce of poss i ble none apparent--farmland contamination [ irection From Well _________________ How Many Feet ________________________________ _ 

I. 

1/7/87 

Ft; 

121 
20 

2' 
1431 

lD
,
es1

.
· gned by ________________ 

_ 

•. Drilled by Rodney Schenkel Date: --------------------------- ------------------

I 21 



CLARKE �ELL C EQUIPMENT, INC. 

Page -2-I \\"ELL RECORD 

Design And �onstruction Sheet 

I 
. � 

1 Owner _ _ __ - ..-.C ... i..-.t.._y __ o=f-=H_a __ y __ s ____________ Well No. 16 

IWe 1 1  �$C _______________ App1•opri at:i.on No· --------

Locat1 on (Fraction) � � � Section No. 
----- ------ ------ -----------

• 

------------ ----------ITo...,-nship T S Range R W/E, 
SECTION 

County, Kansas 
----------------

Hole Inches in Diameter 

• 

F 

ISize 

Size 

Size 

Casing in. Dia. Wall; Wt. lbs/ft, Materia 
------------- --------- ----------

5 c re en in. Dia. Wall Material Slot/Ho 
--------

I ********************************************************************************************** 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

FOR�!..\ 710:'\ LOG; From Test No. Fo1•ma ti on CASING & SCREEN, Record C Mf gr. 
Thickness Frorn To From Ground Level From To 

109 117 Sand & gravel, very fine to fine 

(lot of fine sand mixed) 

117 120 Clay, brown & sand, soft, cemente< 

120 139 Sand & gravel, -fine to very fine 

w/few thin clay streaks -

, 39 1 41 Clay, brown & limestone 

� 

Static Water Level 
--F�r-o _m_G_r_ o_u_n_d....-�L-e_v _c_l_ 

GRAVEL PACK 

to 

to 

loose, < lean 

Casing Left Above Ground 

Total Casing & Screen 

Chlorinate: Quantity Used 
------------ . . 

CEMENT 

to 

to 

What is the nearest source of possible contamination 
----------------------�Direction From Well ___________ _ How Many Feet 
--------------------

••-,
Designed by _____________________ . 

Date: 

Ft: 

II Drilled by 
----------------

l 22 



.. 

• 

.. 

• 100 

• 90 

80 .. 

� 70 
• z < 

I-

�60 
I-.. z w v , l l.u Q,, 

• l&.I 
�40 ... < _, 

• ::> -�30 
v 

• 20· 

10 

r 

SAND AJNIALVSIS 
(COARSE.) 

Sam;;!e sent in by <_:HJ.' ... o.( .. H'!Y'.?. ___ ····------· ---· 

Town 

From .... e11 of 

Remarks: 

50 30 20 

- ! 

20 

... · ·-··· ·-···-- - ·- ···-···-··· .. .. ·- · · · ·-- .. Slate----·---�-·-- Zip Date _1-_7_-_8_7_ 
-�1'i-i;,go Co. E�p]or'Atio:-t _ Te::;�_.Ho_�':. 1116_. ___ ____ __ ·---------·-------

16 

.:o 

.. . . -· ·-··-···- ___ ... .. _ .. _______ , _______________ _ 

U.S. STANDARD SViVE NUMOERS 

12 0 6 4 

130 100 120 140 160 180 200 220 240 260 
SLOT OPENING AND GRAIN SIZE, IN THOUSANDTHS OF AN INCH : : .!·�·; 

0_ I . r.:J�" ... 
u 'i !- :- .( I �. � ·• E oi-.: ••;•4 � n1«111>111tr ... 11r�11•(0 Notes: !;;::..� .. L�.\l.0- \!>S · J09los·i.c.. � ,l)\°\ "' b: ll'i · · �;-:{.-:f. 

c.� 'l "\ (- J \ - • .��&: ... J I .... .-�'"4ES . I 250 · • 
' I 187 
€ I 132 
5 I C9.! 

, 2 I 0'56 
' '.) I 1)47 
20 I 033 
30 I 023 
50 I 611� 

I 

I 

...... ·�..'.t_11 .. 1--..!.hl:.ll.L �DI'L 
(j 35 
4.76 

_ _!.2,__ .:l, _J_.__'2_ __ 3.36 ,'-\ -� .... -- _jQ_J__ 
2 33 _\. \ °'· .:i.. �� 1.6fl -� ;l.1.b .5.l . .) ____ 

1 1') --�-- ..J...'-1_,_]_ J2�_,.5L . 0 84 I 
o �u.J..,. 1 ]_?_':'_:_Q_ 'llJ.� Q: �!L.LJ�.:e;�.} °IS. 

.. . , .. ---- - . ___ ,,, __ --r--- -- ----

-----· . ---�.S..�.!- '- .0.:t ·""C.o:.<.:a:..:.;' ·..::.·.., ._....S�G�=-.J.J------- · /�: 
;J.;;,r�: 

�-c�;�;;,-�1endcd_S_lo_t_O_p
_
e_n_i_n_g_: ���������������������������� i1 

��� �ffe:· 

----·--------------------- · �· .,,r·.�� :,��::� ,Rcc:1lmmcndcd Screen: Dia. _____ In. Length _____ Ft )�v� 
-··---------------------------- :·�� 
___ .. ·-·-·------

y: ------ ,,._ '·. 

--------------- B ·.'�.·.�.�-·it:... .-.. . 
·

• 

.23 .. 

�.•;r::;- �:., 

/,��· ' .. ;i: t'. .\-;1��:
. .. -----�:-::.:.. : .. c...:::::::-· ... =======�:S •. ,_ !fl_ 



C LJ\ l{ K l� w 1 •; 1 , 1 ,  '"' 1•:li u 1 J'M l�NT 
AQU I F E R  T E ST 

c I T \- O F  H AY S  - ----------.,....,. .. --- DI\ T E  JA l)J U t1 R l� / 9, / 9 87 
;c )c:. r 1 0 :·� ?n,.r zo 1l4'/.!: 7Fre. /<Ja<;;.c.<:V1./l"/(l/V W� L

0

L N O .  I 6 J O B  N O .  � 8 0 1.  
i ���-

l T l �.l C: O F  

D . " 
< '"' . 

-=t. g_ >;. f.\ fl\ - .... - - --· -

it" 4 ·. :3 0  
4 :  J S"  

• 4 � 40 
4 ·. '-1 5"  

;, . 4 :  .50 
Ii. 4 : 5 '5i 

s ·. o s 
5 .,  I 'S  1,· S ·. '"J O 

• s :  '-! 6  
" : o o � <� � I S  
G. � ·3 0 
(!) : 'i 5' 

�:,-· 'I : 0 0  
'1 ·. I ')-

i- '1 : "3 0  
I '1 : '1 '5' I a : a o  ' e. '. o <;  

ei ·. I S  -
s ·  . :3 (") 

�'II- � •. :Z S -

'�, 
• 

,. 
,� 
• 

�'\ I 

� 
I 

' � I 
. .  t 

' 

� -

E L A P S E D  T I M E  

I N  M l l'J U T E S  

S.W. L .  
· -··--- - -- -

1 ·  () 5" 
i 1 / 0  
I 2 1 5  
i 3 2.0 
I 4 c. 5 
I 5 'J" O  
I 7 40 I 

g 50 
1 1  b 5  
1 5  8 3  
20 9 5  

I 25 1 1 0 ·  
I 3 0  I 2. S" 
I 35 t •fo 
! 40 I S"S 
I 4 5  1 70 I 

I 50 1 85 I 

I 60 2. oo 
I 7 0  2. 1 S" 
I 80 .?. ?. 0 
I 90 ?_� ()  
! 1 00 L 1- ':; 
I 1 20 ?.. So 
I 1 50 
I 1 80 
I 2 1 0  

., 24 0 
270  

I 300 

I >-
I ...J c: 1 5  
I ..,.. 

I 
I 
I 
I I 
! 
I 
I 
I 
I 
I 
i 
• -.------.._....,.....,, .,. ... �---.. I 

i 
' ' 

T A P E  WAT E R  L E V E L  D R AW D OWN 

R EA D I N G  IJ E LOW M S  PT I N  F E ET 

__ :11,_g._ ____ _________ 9 � • ..?:,__ _ _ ____ 

q CC> .  0 Z . 8  
1 1 0 2.. / 7 .  0 
1 1 0 , '-1 / 7 .  'Z.. 
1 1  2 .  '1 1 9 . '5 
I I  2 .  9 / 9 . 7 
1 1 -5 .  4 2.0, 2. 
/ 1 3' , S S  2..0 .  3 5  
1 1 3 . T 20 . 5 
l 1 3 . 1 5"'  2 <'.l .  5' S"  
/ 1 1 .  'OS' '2. c. � '}  
I M - . o  2 0 . 8  
J 1 4 . I S'  2 a .  q s 
1 1 4 ,;t,. 5  Z I .  I S'  
1 1 4 . J S- i?. ( .  l '.5 -1 1 4 /i:') . ;>;. l , 2. 5° 
1 1 4 . S � I . 2.S 
I I 4. S i:;"  ?., /, 3  

-· 1 1 .q S $"  Z!. I .  "3 S 
1 1  "1·

. 5'$" 2. 1 , 3 5  
f I 3 .  P, 2 Q. (,, 
I I  ·3 . '2, 2 0 .  (,, 
1 1 -:S c, ?. () '  � 
C"/ 'I .  J I • f 

-

-

-�--... ····�,.- -... -" ... "'•" ' .  7 --- .. .. -..... -----.......... -----... --� ___ ... 

2 4  

P U M P I N G  R ATE 
OF T E ST W E L L · · 

Q 
1 2  

S S  !l- 5 
G ID 
G "  
Ci G. 
i;, c,  
� �  
6� ' 

I 6 "  
I 6 <0  

{, ?.,  
M c  
b b  
C,t;, 

I � b  

I ' �  
� '  
,:, (o 
b O  
b O  
60 

0 

I 

j 



�; . • 

HL Treating Chemlcals/HL Industries, Inc. 
P.O.  Box 1 50 6 ,  Great Bend , Kansas 67530 

JAN• C '  I j •1' '�0('\l  f:: tJ v 

WATER ANALYSIS 

I ro���-C_l_a�r_k_e:...-W_e_l_l�&�E_g�u_i�p_m_e_n�t������·��-
Ro u t e 1 ,  A i rpo r t  

G re a t B en d , Ka n s a s  6 7530 

1 .  c i ty o f  Ha vs  # 1 6  Job # 680 1 

2 .  C i ty o f  Hays #24 - No r th Job /1680 1 

1 . 2. 
Chlorides 1 0  1 5  

Calcium 5}  89 

Magnesium 25 1 8 
Su lfates 1 0  8 

1kahn1ty (Js Bicarbonates) 256 2 80 
Iron 0 . 0 0 0 
Nitra:es 1 9  
Sodium (calculated) 32 ] z 
Total Hardness (as calcium carbonate) 236 295 
Coliform Bacteria 
pH z. ] z . o  
M a ng a n e s e  0 . 0 1 mg/ 1  Q QL._mg / 1  

k-' 

To convert to grains per gJllon, divide by 1 7  . 1 . 

See reverse side. 

PHONE 3 1 6· 792·2549 

DATE J an ua ry 2 7 ,  1 987 

3 .  
Parts per million 
Parts per mi llion 
Parts per million 
Parts per million 
Parts per million 
Parts per mill ion 
Parts per million 
Parts per mil l ion 
Parts per million 
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-----------------� --------------
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• 

6 1  
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• 
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l size Ho l e  9 I nches in D iameter 

I ap 
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From To I 
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From Ground Level From To 
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nd 
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_
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1·�at i� the neares t source o f  po s s ible contamination none apparent /Farmland 

, 1 rect i on From We l 1 How Many Fee t --------------------------
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Treating 
C h emicals 

• HL Tl'!ating Che micals/NL Industries, Inc. 
P.O .  3o� 1 50 6 .  Great Bend. Kansas 67530  

JAN 

WATER . ANALYSIS 

':c :  ro ___ --'C'-1....;a;;..r_k_e_· _'W_e_l _l _&_E_g._u_i_..p_m_e_n--'-t _______ __ _ 

• 
� o u t e  1 ,  A i rpo r t  

ii ----�G_r�e�a�t_B�e_n_d_,,__K_a_n_s�a_s __ 6�7�5_3�0-----� 

____ 
1 . C i ty o f  Htlys // 1 6  Job // 680 1 

;, . ' 
•' " I  /. : u 'i987 

PHONE 3 1 6·792-2549 

DATE J a n u a ry 2 7 ,  1 987 

2 .  C i ty o f  Hay s # 2 � - No r t h J o b  # 6 80 1.-��������-��������----

.: Cl'llofldes a Ca lc ium 
Magnesn.:m 

Sulfates 

• "� ahn 1:y (3S S:carbonates) 
,n 

�1tra:es 
. .  Sodium (ca :cula ted) a Tota l ria:cness  ( a s  ca lc ium carbonate) 

Coliform 3ac !er ia 

pH .. M a nc a :i e s e  

1 . 
1 0  
53 
25 
1 0  

2 5 6  
0 . 0  

32 
236 

7 . 1  
0 . 0 1  

2 .  
1 5  
8g 
1 8  

8 
2 8 0  
0 0 

1 9  
1 7 

295 

__J_ . O  
mg/ 1 _Q...Jl!� / l  

To convert to grains per gallon, divide by 1 7 . 1 .  
See reve ·se s ide . 

·--- ·- - --·· -----·--------

2 9  

3 .  
Parts per million 

Parts per million 

Parts per million 
Parts per million 
Parts per million 
Parts per million 

Parts per million 

Parts per m il lion 
Parts per million 
Most Probable No. 
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j. === 
Clarke Well and Equipment 

WATER RE.LATED PROJECTS - Environmental · Industrial · Municipal - Agricultural 

ROUTE 1 · AI RPORT - G REAT BEND, KANSAS 67530 
TELEPHON E AC 316 · 793-8493 

SUMMARY OF FINDINGS AND CONCLUSIONS 

1 .  Preliminary Explorat ion 
(a )  S ix ( 6 ) locat ions were e s tablished . A fonu& i:.:ion test  hole 

was drilled at each locat ion . The driller logged and described  
the formation s trata . Geophysical logging of each s it e  was 
then performed . 

2 .  Re sults o f  Preliminary Exploration 
(a )  All s ix ( 6 )  locat ions revealed water-bearing Ogallala 

forma t ion . S aturated wat er-bearing sand and gravel within 
the Ogallala ranged from an e s t imated  3 feet  t o  a maximum 
o f  34 f e e t  a t  Location No . 1 6 . 

( b )  The presence of wa ter-bear ing Ogallala format ion a t  all 
locations explored indicates tha t  hydraulic c onnec t ion 
occurs . I t  is  probable that a dependable source  of good 
quality water may be  def ined and developed . 

3 .  Re sults of Pie zometer/Ob servat ion Wells . 
Two ( 2 )  of  the s ix prelinimary tes t locations revealed suf fic ient 
water-bearing format ion t o  j us t ify further evaluat ion . Thes e  
locat ions were No . 16  and No . 24  . N .  The following d a t a  i s  the 
result of informat ion ob tained form the piezome ter/observation 
we lls and pre liminary t e s t  wells drilled at the same described 
locat ions : 

Da ta 

Static Water Level 
Depth to Bedrock 
Total Saturated Thickness 
Saturated Thicknes s  

(water-bearing) 
Sand Sieve Analysis 
( 50% size )  

Observed Yield 
Specific Capacity 

( 120 1 - 135  I ) 
( 135 ' - 13 9 ' )  
( 120 ' - 135 ' ) 
( 135 ' - 14 7 ' )  

Potential Yield ( e s t imated)  
Water Quality 

Location 
No . 16 

9 1 ' 
148 ' 

4 9 ' 
34 ' 

. 02 9 ,  coarse s and 

. 06 8 ,  very coarse 

66  GPM* 
3 . 09 * 
250  GPM* 
good 

( See at tached analys is , page 25 and 2 9) 

Locat ion 
No . 2 4N 

9 9 '  
170 '  

5 6 '  
34 ' 

sand 
. 02 2  coarse sand 
. 03 3  coarse sand 

50  GPM* 
1 .  4 9  * 
250  GPM* 
good 

* Deno tes i tems of interes t  but no t s ignificant unt il fur ther 
evaluation of transmiss ivity , s torage and o ther hydro-geological 
information is ob taine d . 
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4 .  · Summary 
Economic j ustification of the expense t o  deve lop a we ll field in 
eastern Trego County and pipe  to the City of Hays is beyond the 
intent and s cope o f  this repor t . 

If  the economic and opera tional aspe c t s  are cons idered feasible 
following is recommended :  the 

(a )  

(b) . 
( c )  

Construct a high capacity t e s t  well  a t  Location No . 1 6  
with adj oining observation wells and perform an extensive 
pump ing t e s t  to further e s tablish potential yield , s t orage , 
and transmission data . 
Further evaluate the aquifer recharge in the general area . 
If results obtained from (a )  and ( b )  are sat isfac tory ,  
perform additional t e s t  drilling t o  def ine the well  field 
in accordance with data collected and the water  requirements 
e s tablished by the City o f  Hays . 

5 .  Pump ing Te s t  - Cost Estimate 

(a) Drill 24 inch reverse  c irculat ion hole , posit ion 2 0  
f e e t  o f  1 0  inch , . 080 s lot , black low c arbon Johnson 
We ll Screen , 1 20 feet of 10 inch casing , gravel pack 
and develop until maximum development is achieved . $ 

$ 
$ 

9 300 
1 200 
2 200 

(b)  Cons t ruct  three additional 2 "  observation "ells 
( c )  Conduc t  48 hour pumping t e s t  
( d )  Documentat ion and Submi t t al $ N/C  

$ 1 2 , 7 0 0  Total Estimated Cost 

For addit ional pumping time over 4 8  hours , Add $ 42 . 00 per  hour 

NOTES : 
1 .  

2 .  

The large diame ter t e s t  we.ll described above �oes not  comply 
with s tandards for a public water supply well . I t  is e s t imated  
that an  additional 

.
$4000 would be  required  to complete  the 

described . well  to proper s tandards . This cost  increase would 
be for s tainless steel  screen , standard casing , grou t , e t c . 
Pie zome ter/Observat ion Wells 1 6  and 2 4  N are cased and capped . 
If  no other exploration or evaluat ion is planned in the described  
Trego County area , the s e  wells will required p lugging and abandon
ment prior to existing Contract comple t ion . 
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SUMMARY OF POTENTIAL 
LONG-TERM SOURCES OF WATER SUPPLY 

FOR 
CITY OF HAYS 

The purpose of this summary is to present a comparison of alternative 
long-term sources of water supply and recounnendations concerning the 
option or options best meeting the City's long-range needs. Note that, 
to the extent possible, options were compared on equal bases. Those 
options offering ample supply were sized to provide 3,000 acre-feet of 
water per year. This increment of supply will meet foreseeable maximum 
day demands as well as yearly demands for the next 50 years when combined 
with the City's existing sources. In locations where water quality is 
marginal, treatment is assumed to be necessary. However, treatment costs 
for new supplies can be deferred until the City's water demands exceed 
the treatment capacity of the present plant on Vine Street. 

Of the alternatives listed, all offer ample supplies for long-range needs 
except wells in the Dakota Formation. Wells in the Dakota Formation 
could be used for supplying no more than 1,000 acre-feet per year to the 
City. The total quantity of water available is uncertain because poor 
quality water will migrate into the area of acceptable quality water as 
water is withdrawn from the formation. Even if only 1,000 acre-feet 
could be obtained for ten years from the Dakota, it should be considered 
as an interim supply because it can be implemented rather quickly and at 
a much lower total capital cost than other options. 

The option of wastewater exchange or water banking along Big Creek is not 
presented in this summary because it offers only 550 acre-feet per year 
of additional supply and because elements of the plan are presented in 
detail in the submittal drafted for consideration by the Chief Engineer, 
Division of Water Resources, State Board of Agriculture. 

The priority ranking of the options that offer a long-term, reliable 
source of supply is: 

1. Big Bend - Walnut River 
2. Big Bend - Pawnee River 
3. Big Bend - Edwards County 
4. Waconda Lake 
5. Ogallala - Graham County 
6. Ogallala - Trego and Gove Counties 
7. Wilson Lake 

Summaries of these sources of supply, as well as the Dakota Formation, 
are presented in the remainder of this document. A concluding table pro
vides a cost comparison of both long and short-range alternatives. Costs 

WP092189 
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for three alternatives listed for the Big Bend area are not independent. 
For example, if $21,000,000 were expended to obtain water supplies near 
the Pawnee River, the additional cost to extend a pipeline to Edwards 
County for extra supply would be much less than the $26,700,000 cost for 
the Edwards County alternative alone. 

The costs in this swmna ry do not include allowances for acquisition of 
water rights or rights-of-way, legal fees, engineering costs, or studies 
associated with the Water Transfer Act. These costs will probably be 15 
to 30 percent of the capital costs estimated for each alternative. 

A. WALNUT RIVER - BARTON COUNTY 

1. Present Water Rights. The City holds no water rights for use of 
water from the alluvium of the Walnut River or from the Big Bend area 
west of Great Bend. 

2. Potential Supply. Assuming that a pipeline would be constructed 
south of the City along Highway 183 to the Walnut River and then east 
along the Walnut River alluvium to the Big Bend area, potential water 
supplies are virtually unlimited. In several locations along this route, 
wells can be constructed yielding 1,000 gallons per minute. The Walnut 
River alluvium presently serves many high-capacity irrigation wells, and 
the Big Bend area has saturated thickness (total depth of available 
water) of as much as 160 feet. 

3. Quality. Water quality is generally good, but the quality varies 
greatly within the Big Bend area and care would have to be used to insure 
that supplies were obtained from the most favorable location. In this 
area, wells show high iron concentrations and borderline high total 
hardness concentrations. 

4. Additional Facilities Required. If a water supply pipeline would 
extend to the Big Bend area, the total length would be approximately 
60 miles. Additional supply of 3,000 acre-feet per year would require 
three 750 gallon per minute wells. Two pumping stations would also be 
required. 

5. Cost. A 60 mile, 20-inch pipeline would cost about $18,000,000. 
The wells and pumping station would cost about $900,000. The water would 
probably require treatment similar to the current sources, so expansion 
of the existing treatment plant is probably feasible. About $4 million 
is needed to eventually complete the water treatment plant expansion. 
The total first cost of $22,900,000 is about $7,700 per acre-foot. 
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6. Legal Requirements. The requirements of the Water Transfer Act 
must be satisfied. Use of water from either the Walnut River alluvium or 
the Big Bend area would require acquisition or leasing of existing water 
rights. The Walnut River alluvium is heavily used for irrigation and the 
State is concerned about low inflows from the river to the Cheyenne 
Bottoms wildlife area. Water use in the Big Bend area is administered by 
the Big Bend Groundwater Management District. The City would have to 
work with the district in locating water supply wells and protecting 
existing water rights. 

7. Remarks. Although this alternative is costly, it also offers the 
assurance of long-term, high-quality, abundant water supply. 

B. PAWNEE RIVER ALLUVIUM 

1. Present Water Rights: . None 

2. Potential Supply: Background information indicates that the Pawnee 
River alluvial aquifer is over-allocated. This information demonstrates 
that an aquifer-wide plan is needed to effectively manage withdrawals. 
However, near the confluence of the Pawnee River and Arkansas River, the 
aquifer appears to have adequate capacity to supply 3,000 acre-feet year. 

3. Quality. Samples taken from wells in this area indicate relatively 
good quality water. The manganese concentration is fairly high and a few 
wells show high iron concentrations. This water is also fairly hard and 
may require softening. 

4. Additional Facilities Required. About 58 miles of pipeline and two 
booster pumping stations will be required to convey the water to the 
City. Four 750 gpm wells will be needed on the site. The treatment 
plant will need to be expanded to handle the additional flow. 

5. Costs: The pipeline and pumping stations will cost about $17 mil
lion. The treatment plant expansion will eventually cost approximately 
$4 million. The total cost of $21 million is $7,000 per acre-foot. 

6. Legal Requirements: Water rights in this area must be acquired 
since the aquifer is so heavily used and the Water Transfer Act require
ment must be satisfied. 

7. Remarks. Water rights in this area may be difficult to acquire 
since the aquifer is highly over-allocated. If rights are obtained, the 
City should acquire senior rights to ensure a reliable supply because 
competition for the water is high. 

WP092189 
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C. EDWARDS COUNTY 

1. Present Water Rights. None. 

2. Potential Suoolv. Reliable supply of at least 3000 acre-feet per 
year could be developed. Water rights are available for greater quanti
ties. Little drawndown has been observed in the area. 

3. Quality. Well records show variable water quality. Some records 
show good quality water. Other wells have concentrations above the 
recommended maximum for iron, manganese, sulfates, and dissolved solids. 
The water may also be fairly hard. 

4. Additional Facilities Required. Three 1000 gpm wells will be 
needed. Approximately 76 miles of 20 inch diameter pipe and 2 booster 
pumping stations will also be required to convey the water to the City. 
The existing treatment plant will eventually need to be expanded to treat 
the increased flow. 

5. Cost. Approximately $22 million for 76 miles of 20 inch diameter 
pipe, $300,000 for three new 1,000 gpm wells, $4 million for the treat
ment plant expansion and $400,000 for booster pumping stations. The 
total would be about $26,700,000, or about $8,900 per acre-foot of 

supply. 

6. Legal Requirements. Water rights must be acquired and requirements 
of the Water Transfer Act must be satisfied. 

7. Remarks. This area can provide a long-term reliable source of water 
supply for the City. 

II. WACONDA LAKE - SOLOMON RIVER 

1. Present Water Rights. None. 

2. Potential Supply. For the past several years, the lake has been 
near its normal conservation pool capacity. Projections for next year 
also show maintenance of the present storage volume even in a dry year. 
Therefore, a supply of 3,000 acre-feet per year should be available from 
this source. The Bureau of Reclamation would make Waconda Lake storage 
water available under temporary water service contracts. 

3. Quality. Total dissolved solids concentrations are high. Data also 
indicates that sulfate concentrations are borderline and have been in
creasing. This water is also relatively hard. 

4. Additional Facilities Required. Since this is a surface water 
source, a completely new treatment plant will be required. An intake 
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structure, three pumping stations, and about 90 miles of 20-inch diameter 
transmission piping will also be required. 

5. Costs. The intake and pumping stations will cost approximately 
$3,000,000. Eighty miles of 20-inch diameter pipe will cost about 
$23,000,000. The new treatment plant will cost about $4,000,000. The 
total cost of $30,000,000 is about $10,000 per acre-foot. 

6. Legal Requirements. A contract will need to be signed between the 
City and the Bureau of Reclamation for the water. The Water Transfer Act 
must also be satisfied. 

7. Remarks. This appears to be a reliable source; however, it will be 
quite expensive. 

III. OGALLALA FORMATION 

A. GRAHAM COUNTY 

1. Present Water Rights. None owned by the City of Hays. However, a 
significant amount of water rights are available for sale in north-cen
tral Graham County. 

2. Potential Supply. Wells in the Ogallala (High Plains) aquifer will 
probably produce between 500 and 1000 gpm depending on location and 
interference from surrounding wells. Saturated thickness ranges from 
60 feet to 80 feet, and water levels have declined less than 10 feet 
since 1950. 

3. Quality. With respect to state limits, the groundwater quality from 
the Ogallala is good. However, total hardness levels are borderline as 
far as the water requiring treatment, and in most cases it is hard enough 
to require treatment. Hence, a conservative approach was used and water 
treatment facilities were priced for this scoping report. 

4. Additional Facilities Required. Approximately 70 miles of 20-inch 
pipe will be needed to transport the water to Hays. Ultimately, 2 new 
booster pumping stations will be required. Eleven (11) 200 gpm wells 
would be needed to supply the projected 50 year demands. Once the water 
rights are secured, these could be phased in over a period of years. 
Treatment facilities will also need to be expanded, eventually. 

5. Cost. Approximately $21,000,000 for 70 miles of 20-inch pipe, 
$600,000 for 11 new 200 gpm wells, $400,000 for three new booster sta
tions, and approximately $4,000,000 for total treatment plant expansions. 
Including contingencies, total costs could run to $26,000,000. 
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6. Legal Requirements. Water rights will be needed, wells certified, 
and requirements of the Water Transfer Act must be satisfied. 

7. Remarks. The quality of water from this source is generally good, 
but total quantities of water are somewhat limited, particularly if the 
saturated thickness is less than 60 feet. 

B. NORTHERN TREGO AND GOVE COUNTY 

1. Present Water Rights. None. 

2. Potential Supply. Areas in eastern Trego County about 25 miles from 
the City could furnish up to 3,000 acre-feet per year could be used. A 
pipeline could also be extended to the west with 250 gpm wells installed 
at intervals of about one mile. Total (not annual) supply of about 2,000 
acre-feet could be obtained for each well added in this western expan
sion. This expansion would tend to follow Interstate 70 into Gove 
County, if necessary. 

3. Quality. Good. Moderate to hard water, treatment is assumed. 

4. Additional Facilities Required. Two 250 gpm wells, 25 miles of 
16-inch pipeline, and a 1,000 gpm pump station. Additional wells, pipes, 
and booster stations coinciding with wellfield expansion. 

5. Cost: Approximately $11,000,000 initially. Assuming that an addi
tional well and one mile of 16-inch pipeline is needed each year to main
tain supply, annual capital costs would be about $350,000. The initial 
capital cost for supply would be about $14,000 per acre-foot, but would 
be only about $1,000 per acre-foot for additional supply. If 3,000 acre
foot capacity were initially developed, the total cost would be about 
$14,000,000, which is $4,700 per acre-foot. 

6 Legal Requirements: 
to be held for emergency 
rights from other users. 
be satisfied. 

Water rights are needed, and, if the supply is 
reserve, mechanisms for protecting the water 

Also, requirements of Water Transfer Act must 

7. Remarks: Limited total quantity of water and lack of recharge limit 
this option. However, due to small well yields the competition from irri
gators for the water is low. 

IV. WILSON RESERVOIR 

1. Present Water Rights. The City of Hays currently owns no Wilson 
Reservoir water rights, and due to the poor quality of the water, there 
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are no contracts with the U. S. Army Corps of Engineers for any releases 
from the reservoir. 

2. Potential Supply. Total reservoir volume is approximately 
225, 000 acre-feet at the top of the conservation pool. The associated 
surface area is 9,000 acres at this level. Even though inflows are 
historically low, Hays' needs of 3,000 acre-feet annually would only drop 
the water surface elevation approximately 1/3 to 1/2 foot per year, which 
could be regained in a normal year. Thus, this quantity of water is 
available for use. 

3. Quality. Very poor quality. The water has high salt content, high 
sulfates and dissolved solids, and is very hard. 

4. Additional Facilities Required. Due to the poor water quality, both 
a pre-treatment facility and a desalination facility would be required to 
treat the additional 3,000 acre-feet per year supplied from the reser
voir. An intake structure(s) , three pumping booster stations, and 
45 miles of 20-inch pipe would also be required. 

5. Costs. To treat the water to a suitable quality to be put through a 
desalination membrane, essentially a conventional softening plant would 
be required. This would probably double the capital costs for treatment. 
Hence, treatment capital costs would be approximately $8 million. Three 
pumping stations would cost $1. 2 million and 45 miles of 20-inch pipe 
would cost $13,000,000. An intake at the lake will cost approximately 
$1,000,000. Therefore, total capital costs will be $23. 2 million. For a 
reliable supply of 3,000 acre-feet per year, the capital cost is 
$7,700 per acre-foot. 

6. Legal Requirements. Water rights and contract between the Corps and 
the City of Hays for water releases would be needed. The Water Transfer 
Act must be satisfied. 

7. Remarks. Operation and maintenance costs for desalination processes 
are typically much higher than conventional treatment. 

V. DAKOTA FORMATION 

1. Present Water Rights. None. 

2. Potential Supply. Area in southwest Ellis County, about 11 miles 
west of Smoky Hill wellfield could have about 10,000 acre-feet of water. 
With three 300 gpm wells, annual supply would be about 1,000 acre-feet. 
As the requirements of the Water Transfer Act must be satisfied if the 
annual quantity of water is 1,000 acre-feet or more, the City should plan 
to use only 950 acre-feet per year. 

WP092189 
LTR9 

7 



I' • 

3. Quality. Hardness is low, but total mineral content is high, and 
fluoride concentration is about twice drinking water standard. 

4. Additional Facilities Required. Three 300 gpm wells, eleven miles 
of 12-inch pipe, and a pump station. 

5. Cost: Approximately $3,000, 000, or $3,200 per acre-foot. 

6. Legal Requirements. Water rights needed and requirements of Water 
Transfer Act must be satisfied. 

7. Remarks. Additional test holes may be needed. to more accurately 
assess extent of suitable water in formation. Even if quantity is 
limited, it may provide a significant increase in supply until a reliable 
long-range supply can be developed. 
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COMPARISON OF ALTERNATIVE WATER SUPPLIES 

Cedar Bluff Reservoir 

Dakota Formation 

Ogallala - Trego County 

Big Creek - Water Banking 

Big Bend - Pawnee River 

Big Bend - Walnut River 

Wilson Lake 

Big Bend - Edwards County 

Ogallala - Graham 

Waconda Lake 
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County 

Capital Annual 
Cost SUEElI 
($) (acre-feet) 

700,000 700(?) 

3,000,000 950 

14,000,000 3,000 

3,800,000 550 

21,000,000 3,000 

22,900,000 3,000 

23,200,000 3,000 

26,700,000 3,000 

25,000,000 2,800 

30,000,000 3,000 

9 

Capital 
Cost 

($/acre-feet) 

1,000 

3,200 

4,700 

7,000 

7,000 

7,600 

7,700 

8,900 

9,200 

10,000 



Ground \Nater Associates, Inc. 
610 N. MAIN. P.O. BOX 3834 • WICHITA, KANSAS 67202 • 316·262·3322 

L.K. Lampe, Ph.D., Director 
Water Resources Engineering 
Black & Veatch Engineers-Architects 
1500 r~eadow Lake Parkway 
Kansas City, Missouri 64114 

Subject: City of Hays 

!lear Les: 

August 24, 1989 

COPY 

This letter is written to inform you about several appropriated water rights 
in Graham County which are for sale. These belong to the Otoe County National 
Bank fA Trust Co. of Nebraska City, Uebraska. :4y involvement in the matter is 
that of a consultant to the bank. 

I called and visited with Mr. Ken Carter, City Manager of Hays, concerning this 
matter, and he expressed an interest in learning more of the facts about the 
amount of water available, the location of the water rights and other details 
which can be ascertained at this time. This would be for the purpose of in
vestigating the feasibility of purchasing these rights as a water supply for 
the City of Hays. 

The Otoe National Bank & Trust Co. owns the land in question, and its owner 
has made the decision to place much of this land in the Conservation Reserve 
Program now and to eventually return all of the land to a dry-land farming basis. 
Therefore the water rights are for sale. 

I have researched this area by using publications available to me, by discussions 
with various governmental agencies and by talking to the most recent operator of 
this land on an irrigated basis, Mr. Don Paxson of Penokee, Kansas. There are 
three parcels of land involved which are described as: 

{1) The south one-half {320 acres) and the south one-half of the north
west quarter {80 acres) of Section 18, T6S, R23W; 

{2) The southwest quarter of Section 20 {160 acres), the northwest 
quarter of Section 29 {160 acres), and the northeast quarter of Section 30 
{160 acres), T6S, R23W; and 
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L.K. lampe, Ph.D., Director 
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August 24, 1989 

(3} All of Section 8 {640 acres) and the northwest quarter of Section 17 
(160 acre~, T7S, R23W. 

All of the land lays over the High Plains aquifer (commonly referred to as the 
Ogallala formation) and is within the boundry of the Northwest Kansas Groundwater 
Management District No. 4. There is approximately 80' of saturated thickness 
under all of the land except the extreme southern portion of the parcel in T7S, 
and here it may decline to approximately 60'. ·Well depths are in the neighbor
hood of 200' throughout most of the area. 

The hydraulic conductivity of the water producing deposits in this area is esti
mated to run from 60 to 120 feet per day per foot (or 450 to 900 gallons per day 
per foot). This would indicate that wells in the production range of 500 to 1000 
gpm could be obtained. 

Water levels in the area of interest have declined less than 10 feet since 1950, 
and the best information available shows declines of only 4 to 5 feet. The U.S. 
Geological Survey has projected that the water level here will decline less than 
10 feet from 1980 to the year 2020. 

The following information concerning the existing water rights has been obtained 
principally from the computer records of the Division of Water Resources in Topeka. 
These should be correct, but minor changes may occur through a thorough examination 
of the printed records. 

Parcel (1), the S~ and the S~ of the NW~, Section 18, T6S, R23W has two wells, 
and these are covered by Application Nos. 19,324 and 31,209. 

Application No. 19,324 - One well in the NE,SW, SW of Section 18 -
Filed July 10, 1973 and requested 1000 gpm rate and 470 acre feet -
Inspected September 21, 1984 and tested at 584 gpm - The maximum 
year of use was 1984 when the well was pumped 2200 hours - This 
well has not been certified, but it is probable that it will be at 
a rate of 568 gpm for 2200 hours which will result in a maximum 
quantity of 230.1 acre feet. 

Application No. 31,209 - One well in theSE, SW, NW of Section 18 -
Filed May 4, 1978 and requested 2000 gpm rate and 960 acre feet 
(including Application No. 19,324) - Inspected September 21, 1984 
and tested at 610 gpm - The maximum year of use was 1983 when the 
well was pumped 2100 hours -This well has not been certified, but 
it is probable that it will be at a rate of 610 gpm for 2100 hours 
which will result in a maximum quantity of 235.9 acre feet. 

Parcel (2), the sw~ of Section 20, the NW~ of Section 29 and the NE~ 
of Section 30, T6S, R23W has three wells, and these are covered by Application 
No. 31,212. 



L.K. Lampe, Ph.D., Director 
Page 3 
August 24, 1989 

Application No. 31,212 - Three wells {one in each quarter)- Filed 
May 4, 1978 and requested 2700 gpm rate and 836 acre feet - Inspected 
and tested September 21, 1984 - These wells have not been certified, 
but it is probable that they will be based upon the 1984 pumpage as 
follows: 

One well near center of the SE~ of the Sl~~. Section 20 was tested at 
838 gpm and pumped 1838 hours which will result in a maximum quantity 
of 283.6 acre feet. 

One well near center of the NW~, Section 29 was tested at 915 gpm and 
pumped 1845 hours which will result in a maximum quantity of 310.8 
acre feet. 

One well near the center of the NE~, Section 30 was tested at 839 gpm 
and pumped 680 hours which will result in a maximum quantity of 105.1 
acre feet. 

Parcel {3), all of Section 8 and theN~ of Section 17, T7S, R23W has 
five wells, and these are covered by Application Nos. 23,433 and 31,210. 

Application No. 23,433 with a priority date of January 15, 1975 has 
been certified and covers three wells as follows: 

One well near the center of NE~, Section 8 has a diversion rate of 
610 gpm and a quantity of 244 acre feet. 

One well in the SW~, NW~, SW~ of Section 8 has a diversion rate of 
815 gpm and a quantity of 256 acre feet. 

One well in the SE~, NW~, NW~ of Section 17 has a diversion rate of 
555 gpm and a quantity of 195 acre feet. 

Application No. 31,210 with a priority date of January 3, 1978 has 
been certified and covers two wells as follows: 

One well in the W~, W~, N~ of Section 17 has a diversion rate of 
110 gpm and a quantity of 45 acre feet. 

One well near the center of theW~ of Section 8 has a diversion rate 
of 320 gpm and a quantity of 129 acre feet. 



L.K. Lampe, Ph.D., Director 
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The total of the calendar year diversion amounts (underlined above) is 2034.5 
acre feet. This is not as much as I had visited with Mr. Carter about, but that 
conversation took place prior to my lengthy discussions with the Division of 
Water Resources. You should be aware also that the Otoe County Bank & Trust 
Co. has other property located in T6S, R22W and in T7S, R22W which has been 
certified or proposed certified amounts of water totaling approximately 948 acre 
feet. These could possibly be brought into the negotiation if the project appears 
feasible. 

It was discovered during my research on this project that water use reports had 
not been submitted to the Division of Water Resources since 1984 on the applications 
listed in this letter. However, water was used during the years of 1985 through 
1987, and I am in the process of preparing a letter report to DWR on this matter. 
You will receive a copy of it. 

Please contact me if you have questions or comments concerning this letter. 

cc: Ken Carter, City Manager 
City of Hays 
P.O. Box 490 
Hays, Kansas 67601 

Very truly yours, 

Robert L. Vincent, C.P.G. 
Ground Water Associates, Inc. 

Ronald W. Jay, Sr., Farm Manager 
Otoe County Natinoal Bank & Trust Co. 
911 Central 
Nebraska City, Nebraska 68410 
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BLACK & VEATCH 

8400 Word Parkway, P.O. Box No. 8405, Kansas City, Missouri 64114, (913) 458-2000 

Hays, Kansas 
Water Resources Evaluation 

Mr. Paul A. Montoia 
Water Planner/Well Field Manager 
City of Hays 
P.O. Box 490 
Hays, Kansas 67601 

B&V Project 36417.0110 
B&V File A 

May 13, 1997 

Subject: Summary Report 

Dear Mr. Montoia: 

This letter report summarizes our review of the feasibility of developing a 
water supply from Kanopolis Reservoir to serve both the City of Hays and 
the City of Russell. This report also provides updated cost estimates for 
the 1993 Wilson Reservoir study and the 1994 Kinsley Ranch study. A brief 
review of the feasibility of development of a water supply in Graham County 
has also been included. Figure 1 shows a schematic of the water supply 
options. 

The scope of our study includes the following: 

• Collect and review available data. 
• Review project files for Kinsley Ranch and Wilson Reservoir studies. 
• Update opinions of probable cost for Kinsley and Wilson. 
• Evaluate development alternatives for Kanopolis Reservoir. 
• Evaluate development alternatives for Graham County using information 

provided by staff. 

Opinions of probable project costs were developed for annual supplies of 
5,500 ac-ft developed in five increments: 1000 ac-ft, 2000 ac-ft, 3000 ac
ft, 4000 ac-ft, and 5500 ac-ft. Key assumptions used to develop the 
opinions of cost include: 

• Seven cents per kilowatt-hour for electrical costs. 
• Unit costs for PVC pipeline based on bid prices received during 

construction of the Big Creek Water Banking Plan and more recent 
projects. Costs can vary significantly depending on market trends. 

• Cost to purchase land in Graham County is $3500 per acre. 
• Evaluation of each potential source of supply considering two 

options: 1. Construction of two pipelines to convey the water to 
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May 13, 1997 

Hays and Russell. This reduces initial costs and ensures that the 
supplies are reliable. 2. Construction of one pipeline to convey 
water to Hays and Russell, which results in the lowest total cost. 

The following paragraphs summarize our findings for each of the items 
reviewed. 

RUSSELL-HAYS PIPE CONNECTION 

The costs to contruct the 8 mile pipeline connection between Russell's 
wellfield near Pfeifer and Hays' wellfield near Schoenchen have been 
estimated separately. For the options (Wilson and Kanopolis) that pump 
water from Russell to Hays, a 20 inch pipeline is needed and the opinion of 
probable cost is $2.1 million. For Graham County and Kinsley, the water 
would be pumped from Hays to Russell. Since Russell's water supply needs 
are much smaller than Hays, a 12 inch pipeline would be required and the 
opinion of probable cost is $1.4 million. 

KINSLEY 

A detailed analysis of the study area was summarized December 21, 1994 in 
our report to the City. That report contains the results of the water 
quality analysis along with the original layout of the system. 

The current study only required an update of costs and assumed that the 
conclusions reached in the previous study are still valid. Review of 
current water quality conditions was beyond the scope of this project. Key 
conclusions from the 1994 study include: 

• Approximately 3,500 acre-feet per year of water could be blended with 
existing City of Hays and City of Russell supplies to produce a 
finished water quality suitable for potable use without desalination. 

• Desalination of a portion of the supply from Kinsley is required to 
produce 5,500 acre-feet of water per year with a finished water 
quality suitable for potable use. 

Based on the assumption by staff that the high nitrates can be reduced over 
time with proper farm management, desalination will not be required to 
produce finished water quality with nitrate concentration less than 10 
mg/L. Sulfate concentrations are also a concern. However, recent 
regulatory developments indicate that alternatives to treatment to reduce 
sulfate concentrations are available; and that the final maximum 
contaminant level is still being evaluated. 

Thus, with these assumptions, the probable project costs presented in 
Tables 1a-1j do not include costs of a desalination water treatment plant. 
If a desalination plant is necessary, the opinion of probable construction 
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cost is $6.9 million for the treatment plant and $1.0 million for brine 
disposal. 

WILSON RESERVOIR 

The study for the Wilson Reservoir was completed August 1993. It was 
updated in December 1994 for comparison to the Kinsley option. This study 
provides water quality analysis, treatment alternatives, brine disposal and 
a description of the intake structure and necessary supply pipeline. Key 
conclusions from these earlier studies include: 

• Water stored in Wilson Reservoir can contain high concentrations of 
chloride, nitrate, sodium, sulfate, and TDS. 

• Treatment to reduce the high concentrations of these constituents 
will require a desalination process. 

• It was assumed that brine could be disposed of in existing nearby oil 
field brine disposal wells. 

• The City of Russell •s existing water treatment plant would be 
modified and expanded to provide pretreatment for the desalination 
process. 

The updated probable costs are shown in Tables 2a-2j. Capital costs for 
desalination have increased compared to costs shown in 1994. The primary 
cause for the increase is that actual costs for a desalination process in 
Kansas are now available from the recently completed project in Abilene, 
Kansas. Bid costs for a 2.6 mgd desalination water treatment plant ranged 
from $5.3 to $6.1 million for an average unit cost of $2.19 million per 
mgd. This unit cost was modified slightly to factor in the use of 
Russell 1 s treatment plant for pretreatment and used to update the probable 
project costs. 

Costs to purchase storage from the reservoir have also been included. 
These are based on U.S. Army Corps of Engineers Wilson Lake, Kansas 
Reconnaissance Study Public Open House November 5, 1996 information 
provided by staff. This document indicated that the yield of 25,175 ac-ft 
of storage is 7.15 mgd (8000 ac-ft per year). Since the maximum supply 
needed is 5500 ac-ft per year, the total storage needed is approximately 
17,300 ac-ft. Based on the figures provided in the information, this 
results in a cost to purchase the required storage of approximately $2.81 
million. 

KANOPOLIS RESERVOIR 

DATA 

Data sources contacted include the Corps of Engineers (Corps), Kansas Water 
Office (KWO), staff from Hays and Russell, and Post Rock Rural Water 
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District (PRRWD). These sources provided information on regulatory 
requirements, the reservoir, existing transmission and treatment 
facilities, and water quality. 

WATER SUPPLY CAPABILITIES OF KANOPOLIS 

At this time, there is no storage allocated for water supply within 
Kanopolis Lake. The Corps has a draft report dated April 1996 which 
evaluates the feasibility and potential effects of creating storage for 
water supply by raising the pool elevation. The State of Kansas has also 
approached the Corps regarding reallocation of storage. At this time, the 
amount of water that will be available from Kanopolis Lake is uncertain. A 
meeting was held March 21, 1997 with the KWO to discuss the issues 
regarding reallocation of the storage. From this meeting, it was apparent 
that there is competition for this water and that the State of Kansas needs 
to be involved to ensure that the reservoir is managed properly for water 
supply. Further investigation of the of the quantity of water available is 
needed and is beyond the scope of this study. 

The KWO has indicated that cost to purchase storage in the reservoir will 
be $538 per ac-ft. Information in the COE reports indicate that the yield 
of 10,000 ac-ft is 15 cfs (10860 ac-ft per year). Since the maximum annual 
yield needed is 5,500 ac-ft, approximately 5100 ac-ft of storage is needed. 
Therefore, the cost to purchase the needed storage is approximately $2.73 
million. 

PRRWD 

PRRWD obtains its raw water supply from Kanopolis Lake. The water is 
obtained under a negotiated surplus water contract with the Corps. 
Development alternatives for Hays and Russell include sharing facilities 
with PRRWD or purchase of PRRWD facilities. Information obtained by staff 
indicate that the cost to purchase the outstanding loans on the PRRWD 
system is just over $7.5 million. Conversations with David Bailey of Post 
Rock indicated that the peak capacity of their intake is unknown. Further, 
transmission mains within their system that could be used by Hays and 
Russell are only 12 inch diameter, which indicates their capacity is 
limited. The development options consider use of their facilities to the 
extent possible. Additional study of their system including hydraulic 
evaluation is needed. 

INTAKE 

Major issues related to s1z1ng of the intake include the range of water 
levels expected and proximity to existing facilities. The top of the flood 
pool is at elevation 1508 and the minimum acceptable pool elevation is 
approximately 1460 according to reallocation studies. The intake must be 
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designed to function within this range of water surface elevations. The 
location shown in Figure 1 appears to be the most feasible. The location 
on the north side of the reservoir near the dam is deep and will provide 
easy access. 

The assumed intake is a tower configuration similar to the outlet works at 
other Corps reservoirs. The intake will include a pumping station and 
therefore an access bridge will be required. A complete site investigation 
at the reservoir is needed to verify the location and identify design 
criteria for the intake. 

PIPELINE 

The existing pipeline system consists of a transmission line from Hays to 
their Smoky wellfield at Schoenchen and a transmission line from Russell to 
their Smoky wells at Pfeifer. A plan has been developed to make the 
maximum use of these existing pipelines. The existing systems will be 
linked by a 20 inch diameter transmission line and pumping station from 
Pfeifer to Schoenchen. A transmission line will connect the Hays and 
Russell system to the PRRWD system near Wilson. Another transmission line 
and required pumping stations will link the proposed new intake structure 
at Kanopolis Reservoir with the water treatment plant at Russell as shown 
in Figure 1. Because of the length of the pipeline, pH adjustment may be 
required to control potential precipitation in the pipeline. 

WATER QUALITY AND TREATMENT 

Available water quality samples indicate that water quality will be similar 
to that in the Smoky Hill River at Russell. Therefore, no major 
modification to the Russell water treatment plant will be required. 
However, modification may be required at Hays 1 softening plant to treat the 
surface water. Costs for a presedimentation basin have been included to 
remove turbidity prior to treatment at the existing plant. 

COSTS 

Opinions of probable construction costs for development of the Kanopolis 
system are presented in Tables 3a-3j. 

ADDITIONAL STUDY 

Available information on Kanopolis Lake was limited. Therefore, additional 
study is needed to verify assumptions used in this report and to refine 
opinions of probable cost. One of the key issues is to have a clear 
understanding of the quantity of water available. 

Because this is surface water, the ramifications of the Surface Water 
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Treatment Rule (SWTR) also need to be determined for Hays 1 water softening 
plant. SWTR has minimum requirements for disinfection contact time and 
disinfectant byproducts formation, which could require additional 
modifications at the plant. 

GRAHAM COUNTY 

As discussed above, cost to purchase land in Graham County is assumed to be 
$3,500 per acre. Assuming that approximately 1.05 acres of land is 
associated with each acre-foot of water, the cost to purchase water from 
Graham County is $20.2 million. When the additional costs of the necessary 
facilities are included, this option does not appear to be cost-effective. 

CONCLUSIONS 

Table 5 and the graphs following summarize the incremental costs to develop 
each of the alternatives and provides a summary of the estimated operation 
and maintenance costs as well. As the tables indicate, the Kinsley 
alternative with one pipeline is the most cost-effective in terms of life 
cycle costs. The most cost-effective initial 1000 increment of supply is 
the Kinsley option with two pipelines. Through the 3000 increment, the 
Kinsley option with two pipelines is the most cost-effective. O&M costs 
for Wilson are significantly higher than the others because of the need to 
desalinate the water. 

Other important factors that should be considered in the evaluation 
include competition for water and certainty of supply. Several other 
parties are interested in purchasing water from Kanopolis Reservoir. Also, 
purchase of the PRRWD system adds uncertainty to this option. The 
condition of the system and system capacities are unknown at this time. 
There does not appear to be as much competition for water from Wilson 
Reservoir. However, since Hays and Russell already own the water from 
Kinsley, it is the most reliable source with no other competitors for 
water. 

We appreciate the opportunity to provide our services and please call with 
your questions and comments. 

Very truly yours, 
s;~CK1 !;VEATCH 
~ {~ i 
Jeff Henson 
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Table 1a. Opinion of Probable 1997 Project Cost for Kinsley Ranch 

Kinsley Ranch 1000 ac-ft/yr 
1997 Costs 

I 

Long-Term Option: Kinsley Ranch 
I 

Component Unit Cost Units Quantity 

Alluvial Well 
400 gpm $96,000.00 well 1 $96,000 
600 gpm $117,000.00 well 1 $117,000 
700 gpm $133,000.00 well 0 $0 

800 gpm $147,000.00 well 1 $147,000 
900 gpm $154,000.00 well 0 $0 

1000 gpm $159,000.00 well 0 $0 

Pipeline Diameter (PVC) 
8 $18.50 Lf 260 $4,810 

12 $26.50 Lf 1,000 $26,500 
16 $33.75 Lf 345,000 $11,643,750 
18 $37.00 Lf 0 $0 
20 $40.00 Lf 0 $0 

Desalination at 5500 ac-fUyr $6,900,000.00 plant 0 $0 

Brine Disposal - Existing Wells $122,000.00 ea 0 $0 

-New Wells $957,000.00 ea 
Pump Station $112 000.00 Lump Sum 1 $112 000 

Subtotal $12,147,060 

Contingencies 15% $1,822,059 
Subtotal $13,969,119 

Engineering 10% $1,396,912 
Subtotal $15,366,031 

Capital Cost of Water 

I TOTAL II $15,366,0311 



'-" Table 1 b. Opinion of Probable 1997 Project Cost for Kinsley Ranch 

Kinsley Ranch 2000 ac-ft/yr 

I 
Long-Term Option: Kinsley Ranch 

Component Unit Cost Units Quantity 

Alluvial Well 
400 gpm $96,000.00 well 0 

600 gpm $117,000.00 well 1 

700 gpm $133,000.00 well 0 

800 gpm $147,000.00 well 0 

900 gpm $154,000.00 well 0 

1000 gpm $159,000.00 well 2 

Pipeline Diameter (PVC) 
8 $18.50 Lf 260 

12 $26.50 Lf 1,000 
16 $33.75 Lf 2,670 

18 $37.00 Lf 0 
20 $40.00 Lf 0 

Desalination at 5500 ac-ft/yr $6,900,000.00 plant 0 

Brine Disposal - Existing Wells $122,000.00 ea 0 

-New Wells $957,000.00 ea 

Pump Station $112 000.00 Lump Sum 0 
Subtotal 

Contingencies 15% 
Subtotal 

Engineering 10% 
Subtotal 

Cajlital Cost of Water 
TOTAL 

1997 Costs 

I 

$0 
$117,000 

$0 
$0 
$0 

$318,000 

$4,810 
$26,500 
$90,113 

$0 
$0 
$0 
$0 

$0 
$556,423 

$83,463 
$639,886 

$63,989 
$703,874 

$0 

I $703,8741 



Table 1c. Opinion of Probable 1997 Project Cost for Kinsley Ranch 

Kinsley Ranch 3000 ac-ft/yr 
1997 Costs 

I 

Long-Term Option: Kinsley Ranch 
I 

Component Unit Cost Units Quantity 

Alluvial Well 
400 gpm $96,000.00 well 0 $0 

600 gpm $117,000.00 well 1 $117,000 

700 gpm $133,000.00 well 1 $133,000 

800 gpm $147,000.00 well 0 $0 

900 gpm $154,000.00 well 0 $0 

1000 gpm $159,000.00 well 0 $0 

Pipeline Diameter (PVC) 
8 $18.50 Lf 175 $3,238 

12 $26.50 Lf 1,000 $26,500 

16 $33.75 Lf 2,670 $90,113 

18 $37.00 Lf 0 $0 

20 $40.00 Lf 0 $0 

Desalination at 5500 ac-ft/yr $6,900,000.00 ~ant 0 $0 

Brine Disposal- Existing Wells $122,000.00 ea 0 $0 

-New Wells $957,000.00 ea 
Pump Station $336 000.00 Lump Sum 3 $1 008 000 

Subtotal $1,377,850 

Contingencies 15% $206,678 
Subtotal $1,584,528 

En_gineering 10% $158,453 
Subtotal $1,742,980 

Capital Cost of Water $0 

I TOTAL II $1,742,980 I 

OOG173 



Table 1d. Opinion of Probable 1997 Project Cost for Kinsley Ranch 

Kinsley Ranch 4000 ac-ft/yr 
1997 Costs 

I 

Long-Term Option: Kinsley Ranch 
i 

Component Unit Cost Units Quantity 
Alluvial Well 

400 gpm $96,000.00 well 0 $0 
600 gpm $117,000.00 well 0 $0 
700 gpm $133,000.00 well 1 $133,000 
800 gpm $147,000.00 well 1 $147,000 
900 gpm $154,000.00 well 1 $154,000 

1000 gpm $159,000.00 well 0 $0 
Pipeline Diameter (PVC) 

8 $18.50 Lf 175 $3,238 
12 $26.50 Lf 1,000 $26,500 
16 $33.75 Lf 345,000 $11,643,750 
18 $37.00 Lf 0 $0 
20 $40.00 Lf 0 $0 

Desalination at 5500 ac-fUyr $6,900,000.00 plant 0 $0 
Brine Disposal - Existing Wells $122,000.00 ea 0 $0 

-New Wells $957,000.00 ea 
Pump Station $280 000.00 Lump Sum 1 $280 000 

Subtotal $12,387,488 
Contingencies 15% $1,858,123 

Subtotal $14,245,611 
Engineering 10% $1,424,561 

Subtotal $15,670,172 
Capital Cost of Water $0 

I TOTAL II $15,670,1721 

OOG174 



Table 1e. Opinion of Probable 1997 Project Cost for Kinsley Ranch 

Kinsley Ranch 5500 ac-ft/yr 
1997 Costs 

. 
Long-Term Option: Kinsley Ranch 

I 

Component Unit Cost Units Quantity 

Alluvial Well 
400 gpm $96,000.00 well 0 $0 

600 gpm $117,000.00 well 0 $0 

700 gpm $133,000.00 well 2 $266,000 

800 gpm $147,000.00 well 0 $0 

900 gpm $154,000.00 well 0 $0 

1000 gpm $159,000.00 well 0 $0 

Pipeline Diameter (PVC) 
8 $18.50 Lf 175 $3,238 

12 $26.50 Lf 1,000 $26,500 

16 $33.75 Lf 2,670 $90,113 

18 $37.00 Lf 0 $0 

20 $40.00 Lf 0 $0 

Desalination at 5500 ac-ft/yr $6,900,000.00 plant 0 $0 

Brine Disposal - Existing Wells $122,000.00 ea 0 $0 

-New Wells $957,000.00 ea 

Pump Station $280 000.00 Lump Sum 1 $280 000 
Subtotal $665,850 

~-

Contingencies 15% $99,878 
Subtotal $765,728 

Eng~ineering 10% $76,573 
Subtotal $842,300 

Capital Cost of Water $0 
TOTAL I $842,300 I 

OOG175 



Table 1f. Opinion of Probable 1997 Project Cost for Kinsley Ranch 

Kinsley Ranch 1000 ac-ft/yr 

I 
Long-Term Option: Kinsley Ranch 

Component Unit Cost Units Quantity 

Alluvial Well 
400 gpm $96,000.00 well 1 

600 gpm $117,000.00 well 1 

700 gpm $133,000.00 well 0 

800 gpm $147,000.00 well 1 

900 gpm $154,000.00 well 0 

1000 gpm $159,000.00 well 0 

Pipeline Diameter (PVC) 
8 $18.50 Lf 260 

12 $26.50 Lf 1,000 

16 $33.75 Lf 1,670 

18 $37.00 Lf 1,000 

20 $40.00 Lf 342,210 

Desalination at 5500 ac-ft/yr $6,900,000.00 plant 0 

Brine Disposal- Existing Wells $122,000.00 ea 0 

-New Wells $957,000.00 ea 

Pump Station $112 000.00 Lump Sum 1 
Subtotal 

Contingencies 15% 
Subtotal 

Engineering 10% 
Subtotal 

Capital Cost of Water 

I TOTAL I[ 

1997 Costs 

I 

$96,000 
$117,000 

$0 
$147,000 

$0 
$0 

$4,810 
$26,500 
$56,363 
$37,000 

$13,688,400 
$0 
$0 

$112 000 
$14,285,073 

$2,142,761 
$16,427,833 

$1,642,783 
$18,070,617 

$18,070,6171 

0 {\,~.If- 6 
,j u .l f 



~ Table 1g. Opinion of Probable 1997 Project Cost for Kinsley Ranch 

Kinsley Ranch 2000 ac-ft/yr 

: 

Long-Term Option: Kinsley Ranch 

Component Unit Cost Units Quantity 

Alluvial Well 
400 gpm $96,000.00 well 0 

600 gpm $117,000.00 well 1 

700 gpm $133,000.00 well 0 

800 gpm $147,000.00 well 0 

900 gpm $154,000.00 well 0 

1000 gpm $159,000.00 well 2 

Pipeline Diameter (PVC) 
8 $18.50 Lf 260 

12 $26.50 Lf 1,000 

16 $33.75 Lf 1,670 

18 $37.00 Lf 1,000 

20 $40.00 Lf 0 

Desalination at 5500 ac-ft/yr $6,900,000.00 plant 0 

Brine Disposal - Existing Wells $122,000.00 ea 0 

-New Wells $957,000.00 ea 

Pump Station $112 000.00 Lump Sum 0 
Subtotal 

Contingencies 15% 
Subtotal 

Engineering 10% 
Subtotal 

Capital Cost of Water 

I TOTAL II 

1997 Costs 

I 

$0 
$117,000 

$0 
$0 
$0 

$318,000 

$4,810 
$26,500 
$56,363 
$37,000 

$0 
$0 
$0 

$0 
$559,673 

$83,951 
$643,623 

$64,362 
$707,986 

$0 
$707,9861 



-.,. Table 1 h. Opinion of Probable 1997 Project Cost for Kinsley Ranch 

Kinsley Ranch 3000 ac-ft/yr 

I 

Long-Term Option: Kinsley Ranch 

Component Unit Cost Units Quantity 

Alluvial Well 
400 gpm $96,000.00 well 0 
600 gpm $117,000.00 well 1 
700 gpm $133,000.00 well 1 
BOO gpm $147,000.00 well 0 
900 gpm $154,000.00 well 0 

1000 gpm $159,000.00 well 0 

Pipeline Diameter (PVC) 
8 $18.50 Lf 175 

12 $26.50 Lf 1,000 
16 $33.75 Lf 1,670 
18 $37.00 Lf 1,000 
20 $40.00 Lf 0 

Desalination at 5500 ac-fVyr $6,900,000.00 plant 0 

Brine Disposal - Existing Wells $122,000.00 ea 0 
-New Wells $957,000.00 ea 

Pump Station $336 000.00 Lump Sum 0 
Subtotal 

Contingencies 15% 
Subtotal 

Engineering 10% 
Subtotal 

Capital Cost of Water 

I TOTAL 

1997 Costs 

I 

$0 
$117,000 
$133,000 

$0 
$0 
$0 

$3,238 
$26,500 
$56,363 
$37,000 

$0 
$0 
$0 

$0 
$373,100 

$55,965 
$429,065 

$42,907 
$471,972 

$0 

II $471,9721 

000178 



Table 1 i. Opinion of Probable 1997 Project Cost for Kinsley Ranch 

Kinsley Ranch 4000 ac-ft/yr 
1997 Costs 

I 

Long-Term Option: Kinsley Ranch 
• 

Component Unit Cost Units Quantity 

Alluvial Well 
400 gpm $96,000.00 well 0 $0 

600 gpm $117,000.00 well 0 $0 

700 gpm $133,000.00 well 1 $133,000 

800 gpm $147,000.00 well 1 $147,000 

900 gpm $154,000.00 well 1 $154,000 

1000 gpm $159,000.00 well 0 $0 

Pipeline Diameter (PVC) 
8 $18.50 Lf 175 $3,238 

12 $26.50 Lf 1,000 $26,500 

16 $33.75 Lf 1,670 $56,363 

18 $37.00 Lf 1,000 $37,000 

20 $40.00 Lf 0 $0 

Desalination at 5500 ac-ftl}'r $6,900,000.00 plant 0 $0 

Brine Disposal - Existing Wells $122,000.00 ea 0 $0 

-New Wells $957,000.00 ea 

Pump Station $617 000.00 Lump Sum 2 $1 234 000 
Subtotal $1,791,100 

Contingencies 15% $268,665 
Subtotal $2,059,765 

Engineering 10% $205,977 
Subtotal $2,265,742 

Capital Cost of Water $0 

I TOTAL II $2,265,7421 



Table 1j. Opinion of Probable 1997 Project Cost for Kinsley Ranch 

Kinsley Ranch 5500 ac-ft/yr 
1997 Costs 

I 

Long-Term Option: Kinsley Ranch 
I 

Component Unit Cost Units Quantity 

Alluvial Well 
400 gpm $96,000.00 well 0 $0 
600 gpm $117,000.00 well 0 $0 
700 gpm $133,000.00 well 2 $266,000 
800 gpm $147,000.00 well 0 $0 
900 gpm $154,000.00 well 0 $0 

1000 gpm $159,000.00 well 0 $0 

Pipeline Diameter (PVC) 
8 $18.50 Lf 175 $3,238 

12 $26.50 Lf 1,000 $26,500 
16 $33.75 Lf 1,670 $56,363 
18 $37.00 Lf 1,000 $37,000 
20 $40.00 Lf 0 $0 

Desalination at 5500 ac-fUyr $6,900,000.00 plant 0 $0 

Brine Disposal - Existing Wells $122,000.00 ea 0 $0 
-New Wells $957,000.00 ea 

Pump Station $617 000.00 Lump Sum 1 $617 000 
Subtotal $1,006,100 

Contingencies 15% $150,915 
Subtotal $1,157,015 

Engineering 10% $115,702 
Subtotal $1,272,717 

Capital Cost of Water $0 

I TOTAL II $1,272,7171 

000180 



- TABLE 2a. Opinion of 1997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

Quantity Available: -'-1-=-:00=-=0-=a:.=.c---"ft/,_..y,_._r __________________________ _ 

Quafity~sues: ~P~e~~lo=-=d~s-=o~fh~l~gh'"---"TD~S~------------------------

1997 Costs 

Components of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Capacity 5,500 ac-ft ea. $2 658,000 1 $2,658,000 

Access Bridae Lf $1 200 800 $960 000 

Pipeline Diameter (PVC) 16 inch Lf $33.75 115840 $3,910,000 

Pipeline Diameter (PVC) 20inch Lf $40.00 

Pump Station Capacity 3,000 ac-ft ea $336,000 2 $672,000 

PumP Station Capacitv 5 500 ac-ft ea $617 000 1 $617 000 

Desalination Trt Capacity 1 000 ac-ft ea $3 100 000 1 $3 100 000 

Brine Disposal Existing Well: Cap. 100 000 gpd ea $122 000 2 $244 000 

Sub Total $12 161 000 

Contingencies 15% $1 824 150 

Sub Total $13 985 150 

Enaineerina. Legal Administration 10% $1398515 

Sub Total $15 383 665 

Capital Costs of Water $2 814 325 

Total Cost $18 197 990 



TABLE 2b. Opinion of 1997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

Quantity Available: -=2"-'00=-=0'--'a=-=c__,_-ftl=--y'-'-r __________________________ _ 

Qua/ity Issues: -'--P-=e":..:.:io::..:d:.::s--=o"-f'-"'hl,.g'-'-h-'-TD::cS=--------------------------

1997 Costs 

Comoonents of Plan Units Unit Cost Quantity_ Total Cost 

Intake Structure Capacity 5,500 ac-ft ea. $2 658,000 

Access Bridae Lf $1 200 

Pipeline Diameter (PVC) 16inch Lf $33.75 

Pipeline Diameter (PVC) 20 inch Lf $40.00 

Pump Station Capacity 3,000 ac-ft ea $336,000 

Pump Station Capacity 5 500 ac-ft ea $617 000 1 $617 000 

Desalination Trt Capacity 1 000 ac-ft ea $530 000 1 $530 000 

Brine Disp_osal Existin_g_ Well: CaQ. 100 000 gpd ea $122 000 1 $122 000 

Sub Total $1 269 000 

Continaencies 15% $190 350 

Sub Total $1 459 350 

Enaineerina, Leaal Administration 10% $145 935 

Sub Total $1 605 285 

Camtal Costs of Water 

Total Cost $1 605 285 



TABLE 2c. Opinion of 1997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

Quantity Available: -=3-=-0o=-=occ:a=-=c_,_-ff/=--y'-'-r __________________________ _ 

Quality~sues: ~P~e~~lo=-=d=-=s~o~f=hl~g~h~TD~S~------------------------

1997 Costs 

Components of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Capacity 5,500 ac-ft ea. $2,658,000 

Access Bridae Lf $1 200 

Pipeline Diameter (PVC) 16 inch Lf $33.75 

Pipeline Diameter (PVC) 20inch Lf $40.00 

Pump Station Capacity 3,000 ac-ft ea $336,000 1 $336,000 

Pump Station Capacity 5 500 ac-ft ea $617 000 

Desalination Trt Caoacitv 1 000 ac-ft ea $727 000 1 $727 000 

Brine Disposal Existino Well: Cao. 100 000 gpd ea $122 000 1 $122 000 

Sub Total $1 185 000 

Continaencies 15% $177 750 

Sub Total $1 362 750 

Enaineerina. Leaal Administration 10% $136 275 

Sub Total $1 499 025 

Capital Costs of Water 

Total Cost $1 499 025 



TABLE 2d. Opinion of 1997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

Quantity Available: -'-4=coo'-"o'-"a:.::c-...::ftl=--y,_,_r __________________________ _ 

Quality Issues: _P_e,_lo_d~s_o_fh-"i~gh~TD_S ________________________ _ 

1997 Costs 

Components of Plan Units Unit Cost Quantity Total Cost 

Intake Structure Capacity 5,500 ac-ft ea. $2,658,000 

Access Bridge Lf $1 200 

Pipeline Diameter (PVC) 16 inch Lf $33.75 115840 $3,910,000 

Pipeline Diameter {PVC) 20 inch Lf $40.00 

Pump Station Capacity 3,000 ac-ft ea $336,000 2 $672,000 

Pump Station Capacity 5 500 ac-ft ea $617 000 

Desalination Trt Capacity 1 000 ac-ft ea $685 000 1 $685 000 

Brine Disposal Existing Well: Cap. 100 000 qpd ea $122 000 2 $244 000 

Sub Total $5 511 000 . 
Contingencies 15% $826 650 

Sub Total $6 337 650 

Enaineerina. Leaal Administration 10% $633 765 

Sub Total $6 971 415 

Cal)ital Costs of Water 

Total Cost $6 971 415 



TABLE 2e. Opinion of 1997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

Quantity Available: ..=c55=-=0:..=0-=ac:oc-..:.:ftl=--yc:_r __________________________ _ 

Quality Issues: -'-P-=er:'-"io=--d=s-=o::...f,_._.hl""'g:_:_h_:_:TD'""'S,__ _______________________ _ 

1997 Costs 

ComDonents of Plan Units Unit Cost Quantity Total Cost 
Intake Structure Capacity 5,500 ac-ft ea. $2 658,000 

Access Bridae Lf $1 200 

Pi~eline Diameter (PVCJ 16 inch Lf $33.75 

Pipeline Diameter (PVC) 20inch Lf $40.00 

Pump Station Capacity 3,000 ac-ft ea $336,000 1 $336,000 

PumD Station Capacity 5 500 ac-ft ea $617 000 2 $1 234 000 

Desalination Trt Capacity 1 500 ac-ft ea $2 600 000 1 $2 600 000 

Brine DisDosal ExistinQ Well: Cap. 100 000 QPd ea $122 000 2 $244 000 

Sub Total $4 414 000 

Contingencies 15% $662100 

Sub Total $5 076 100 

Enaineerina. Leaal Administration 10% $507 610 

Sub Total $5 583 710 

Caj)ital Costs of Water 

Total Cost $5 583 710 

OGCr185 



TABLE 2f. Opinion of 1997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

Quantity Available: -'-1"-'00=-=0--=a=-=-c--'--ftf=--y'-'--r __________________________ _ 

Quality Issues: -'--P_et~-'-io_d_s_o_f h-'J_.._gh----'--TD'-S _________________________ _ 

1997 Costs 

Components of Plan Units Unit Cost Quantity Total Cost 

Intake Structure Capacity 5,500 ac-ft ea. $2,658 000 1 $2,658,000 

Access Bridg_e Lf $1 200 800 $960 000 

Pipeline Diameter (PVC) 20 inch Lf $40.00 115840 $4 634 000 

Pump Station Capacity 5 500 ac-ft ea $617 000 3 $1 851 000 

Desalination Trt Capacity 1 000 ac-ft ea $3100 000 1 $3 100 000 

Brine Dis~osal Existina Well: CaQ. 100 000 gpd ea _1122 000 2 $244 000 

Sub Total $13 447 000 

Contingencies 15% $2 017 050 

Sub Total $15 464 050 

Enaineerina, Leaal Administration 10% $1 546 405 

Sub Total $17 010 455 

Capital Costs of Water $2 814 325 

Total Cost $19 824 780 



TABLE 2g. Opinion of 1997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

Quantity Available: ~2~00~0~a~c~-ftl~y~r __________________________ _ 

Quality Issues: _,_P-=e"'-"lo=-=d=s-=o"'-f=hl""g'-'-h-'-TD=-S=--_______________________ _ 

1997 Costs 

Components of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Capacity 5,500 ac-ft ea. $2,658,000 

Access Bridge Lf $1 200 

PiPeline Diameter CPVCl 20inch Lf $40.00 

Pump Station Capacity 5 500 ac-ft ea $617 000 1 $617 000 

Desalination Trt Capacity 1 000 ac-ft ea $530 000 1 $530 000 

Brine Disposal Existina Well: CaP. 100 000 aod ea $122 000 1 $122 000 

Sub Total $1 269 000 

Contingencies 15% $190 350 

Sub Total $1 459 350 

Engineering, Leaal Administration 10% $145 935 

Sub Total $1 605 285 

CaPital Costs of Water 

Total Cost $1 605 285 

OuG137 



..... TABLE 2h. Opinion of 1997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

Quantity Available: ~30=0=-=0-"ac:cc--'-'ftl=--y"-r ___________________________ _ 

QuaUty~sues: ~P~e~~'o=-=d~s~o~fh~i~gh~TD~S~------------------------

1997 Costs 

Components of Plan Units Unit Cost Quantity Total Cost 

Intake Structure Capacity 5 500 ac-ft ea. $2,658,000 

Access Bridge Lf $1 200 

Pipeline Diameter (PVC) 16inch Lf $33.75 

Pipeline Diameter (PVC) 20 inch Lf $40.00 

Pump Station Caoacitv 5 500 ac-ft ea $617 000 

Desalination Trt Caoacitv 1 000 ac-ft ea $727 000 1 $727 000 

Brine Disposal Existinq Well: Gao. 100 000 ood ea $122 000 1 $122 000 

Sub Total $849 000 

Continaencies 15% $127 350 

Sub Total $976 350 

Engineering, Legal, Administration 10% $97 635 

Sub Total $1 073 985 

Capital Costs of Water 

Total Cost $1 073 985 

000188 



TABLE 2i. Opinion of 1997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

Quantity Available: --'4_oo~o_a_c-'--ftl"-'y'-'-r __________________________ _ 

Quality Issues: -'-P-'-eti"-lo'--'d'-s--"o-'-f'-"h'"""·gcc_h-'--TD=-S=--------------------------

1997 Costs 

Components of Plan Units Unit Cost Quantity Total Cost 

Intake Structure Capacity 5,500 ac-ft ea. $2,658,000 

Access Bridae Lf _$1 200 

PiReline DiameterJPVCl 20inch Lf $40.00 

Pump_ Station Caoacitv 5 500 ac-ft ea $617 000 

Desalination Trt Capacity 1 000 ac-ft ea $685 000 1 $685 000 

Brine Disposal Existing Well: Cap. 100 000 apd ea $122 000 2 $244 000 

Sub Total $929 000 

Contingencies 15% $139 350 

Sub Total $1 068 350 

Enaineerina, Leaal Administration 10% $106 835 

Sub Total $1175 185 

Capital Costs of Water 
Total Cost _i_1175 185 

OOG189 



TABLE 2j. Opinion of 1997 Probable Project Costs for Wilson Reservoir 

HAYS, KANSAS 

Option: Wilson Reservoir 

Quantity Available: -=-55=-=0=-=0-=a'-=-c-_,_,ftl,.__.y"-r __________________________ _ 

Qualitynsues: _P_e~_io_d_s_o~f~hl~g~h~TD~S~------------------------

1997 Costs 

Components of Plan Units Unit Cost Quantity Total Cost 

Intake Structure Capacity 5,500 ac-ft ea. $2,658,000 

Access Briqge Lf $1 200 

Pipeline Diameter (PVC) 20inch Lf $40.00 

Pump Station Capacity 5 500 ac-ft ea $617 000 3 $1 851 000 

Desalination Trt Capacity 1 500 ac-ft ea $2 600 000 1 $2 600 000 

Brine Disposal Existino Well: Cao. 1 00 000 aod ea $122 000 2 $244 000 

Sub Total $4 695 000 

Contingencies 15% $704 250 

Sub Total $5 399 250 

Enaineerina. Leaal Administration 10% $539 925 

Sub Total $5 939 175 

CaDital Costs of Water 

Total Cost $5 939175 

OOG1!'JO 



Table 3a. Opinion of Probable 1997 Project Cost for Kanopolis Lake 1000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: _,_1~00=-=0--=a=-=c_:_-ffi::...Yc:_r __________________________ _ 

Quality Issues: 

1997 Costs 

Comoonents of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Capacity 4,500 ac-ft ea. $2,658,000 

Access Bridge Lf $1 200 

Pipeline Diameter (PVC) 12 inch Lf $26.50 107000 $2 836 000 

20inch $40.00 

Treatment Plant Modifications ea. $800 000 1 $800 000 

Pump Station Capacity 1 000 ac-ft ea $113,000 2 $226,000 

Pumo Station Caoacitv 4 500 ac-ft ea $505 000 1 $505 000 

Sub Total $4 367 000 

Contingencies 15% $655 050 

Sub Total $5 022 050 

Engineering, Legal Administration 10% $502 205 

Sub Total $5 524 255 

Capital Cost of Water $10 269 960 

Total Cost $15794215 

000191 



Table 3b. Opinion of Probable 1997 Project Cost for Kanopolis Lake 2000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: -=-2=00=-=0__cca:ccc--'-ftl"-'yc:__r __________________________ _ 

Quality Issues: 

1997 Costs 

Comoonents of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Capacity 4,500 ac-ft ea. $2,620,000 1 $2,620,000 

Access Bridae Lf $1 200 1000 $1 200 000 

Pipeline Diameter (PVC) 12 inch Lf $26.50 

18 inch Lf $37.00 339768 $12 571 000 

20inch Lf $40.00 

Treatment Plant Modifications ea. $800 000 

Pump Station Capacity 1,000 ac-ft ea $113,000 

Pump Station Capaclli_ 4 500 ac-ft ea $505 000 2 $1 010 000 

Sub Total $17 401 000 

Continaencies 15% $2 610 150 

Sub Total $20 011150 

Enaineerina. Leaal Administration 10% $2 001 115 

Sub Total $22 012 265 

Capital Cost of Water 

Total Cost $22 012 265 



Table 3c. Opinion of Probable 1997 Project Cost for Kanopolis Lake 3000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: -=3~00=-=0'-'a=c--'--ftl"-"y'-'-r __________________________ _ 

Quality Issues: 

1997 Costs 

ComDonents of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Capacity 4,500 ac-ft ea. $2,620,000 

Access Bridae Lf $1 200 

Pipeline Diameter CPVC} 12 inch Lf $26.50 

18 inch Lf $37.00 

20inch Lf $40.00 

Treatment Plant Modifications ea. $800 000 

Pump Station Capacity 1,000 ac-ft ea $113,000 

PumD Station Capacity 4 500 ac-ft ea $505 000 2 $1 010 000 

Sub Total $1010000 

Continaencies 15% $151 500 

Sub Total $1161 500 

Enaineerina. Legal Administration 10% $116150 

Sub Total $1 277 650 

Capital Cost of Water 

Total Cost $1 277 650 

OOG1S3 



Table 3d. Opinion of Probable 1997 Project Cost for Kanopolis Lake 4000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: __,4"-'00=-=0'-=a=-=c--'--ftl=--y'-'-r __________________________ _ 

Quality Issues: 

1997 Costs 

Comoonents of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Capacity 4,500 ac-ft ea. $2,620,000 

Access Bridge Lf $1 200 

Pipeline Diameter (PVC) 12 inch Lf $26.50 

18inch Lf $37.00 

20inch Lf $40.00 

Treatment Plant Modifications ea. _$800 000 

Pump Station Capacity 1,000 ac-ft ea $113,000 

Pump Station Capacity 4 500 ac-ft ea $505 000 1 $505 000 

Sub Total $505 000 

Continaencies 15% $75 750 

Sub Total $580 750 

Enaineerina. Leaal Administration 10% $58 075 

Sub Total $638 825 

Caoital Cost of Water 

Total Cost $638 825 



Table 3e. Opinion of Probable 1997 Project Cost for Kanopolis Lake 5500 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: _::5.:::5o::.::o:_:a:.:::c_:_-fti=...Y,_._r __________________________ _ 

Quality Issues: 

1997 Costs 

Components of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Capacity 4,500 ac-ft ea. $2,620,000 

Access Bridge Lf $1 200 

PiPeline Diameter CPVC) 12 inch Lf $26.50 

18 inch Lf $37.00 

20inch Lf $40.00 

Treatment Plant Modifications ea. $800 000 

/ Pump Station Capacity 1,000 ac-ft ea $113,000 

Pump Station Capacity 4 500 ac-ft ea $505 000 4 $2 020 000 

Sub Total $2 020 000 

Contingencies 15% $303 000 

Sub Total $2 323 000 

Engineering, Legal Administration 10% $232 300 

Sub Total $2 555 300 

Capital Cost of Water 

Total Cost $2 555 300 

00i11!J.S 



Table 3f. Opinion of Probable 1997 Project Cost for Kanopolis Lake 1000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: -=.1~00=-=0--=a=c-=--ftl"-'y'-'-r __________________________ _ 

Quality Issues: 

1997 Costs 

Comoonents of Plan Units Unit Cost Quantitv Total Cost 

Intake Structure Capacity 4,500 ac-ft ea. $2,658,000 

Access Bridae Lf $1 200 

P~eline Diameter lPVC) 12 inch Lf $26.50 

20inch $40.00 106000 $4 240 000 

Treatment Plant Modifications ea. $800 000 1 $800 000 

Pumo Station lcaoacitv 5 500 ac-ft ea $617 000 3 $1 851 000 

Sub Total $6 891 000 

Contingencies 15% $1 033 650 

Sub Total $7 924 650 

Erm_ineerina. Leaal Administration 10% $792 465 

Sub Total $8717115 

Caoital Cost of Water $10 269 946 

Total Cost $18 987 061 

000196 



Table 3g. Opinion of Probable 1997 Project Cost for Kanopolis Lake 2000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: -=2=-:00:..:0:..::a-.:::c--'--ft/"-'y._,_r ___________________ . _______ _ 

Quality Issues: 

Components of Plan Units 

Intake Structure Capacity 4,500 ac-tt ea. 

Access Bridae Lf 

Piceline Diameter CPVCI 12 inch Lf 

20 inch Lf 

Treatment Plant Modifications ea. 

Pumc Station lcaoacitv 5 500 ac-tt ea 

Contingencies 15% 

Enaineerina. Leaal Administration 10% 

Cacital Cost of Water 

1997 Costs 

Unit Cost Quantity 

$2 620,000 1 

$1 200 1000 

$26.50 

$40.00 234000 

$800 000 

$617 000 1 

Sub Total 

Sub Total 

Sub Total 

Total Cost 

Total Cost 

$2,620,000 

$1 200 000 

$9 360 000 

$617 000 

$13 797 000 

$2 069 550 

$15 866 550 

$1 586 655 

$17 453 205 

$17 453 205 

0 "\ ~ "'~,..., t., ..... J.. .•• J j 



Table 3h. Opinion of Probable 1997 Project Cost for Kanopolis Lake 3000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: -=3-=--00=-=0'-'a:-=c--'--ftl"-'y'-'-r __________________________ _ 

Quality Issues: 

1997 Costs 

Components of Plan Units Unit Cost Quantity Total Cost 

Intake Structure Capacity 4,500 ac-ft ea. $2,620,000 

Access Bridae Lf $1 200 

Pipeline Diameter (PVC) 12 inch Lf $26.50 

18 inch Lf $37.00 

20 inch Lf $40.00 

Treatment Plant Modifications ea. $800 000 

Pump Station I capacity 5 500 ac-ft ea $617 000 1 $617 000 

Sub Total $617 000 

Contingencies 15% $92 550 

Sub Total $709 550 

Enaineerina. Legal Administration 10% $70 955 

Sub Total $780 505 

Capital Cost of Water 

Total Cost $780 505 

oou198 



Table 3i. Opinion of Probable 1997 Project Cost for Kanopolis Lake 4000 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: _4_oo_o_a_c~-ftl~y~r __________________________ _ 

Quality Issues: 

1997 Costs 

Components of Plan Units Unit Cost Quantity Total Cost 

Intake Structure Capacity 4,500 ac-ft ea. $2 620,000 

Access Bridae Lf $1 200 

Pj~eline Diameter fPVCl 12 inch Lf $26.50 

20 inch Lf $40.00 

Treatment Plant Modifications ea. $800 000 

Pump Station !capacity 5 500 ac-ft ea $617 000 1 $617 000 

Sub Total $617 000 

Contingencies 15% $92 550 

Sub Total $709 550 

Enaineerina. Legal Administration 10% $70 955 

Sub Total $780 505 

Capital Cost of Water 

Total Cost $780 505 

OOoi99 



Table 3j. Opinion of Probable 1997 Project Costfor Kanopolis Lake 5500 ac-ft 

HAYS, KANSAS 

Option: Kanopolis Lake 

Quantity Available: -=.5-'-'50'--"0--=a=-=-c-_:_ft/=--y'-'-r __________________________ _ 

Quality Issues: 

1997 Costs 

Components of Plan Units Unit Cost Quantity Total Cost 

Intake Structure C~aci!Y_ 4,500 ac-ft ea. $2,620,000 

Access Bridge Lf $1 200 

P~eline Diameter (PVC) 12 inch Lf $26.50 

18 inch Lf $37.00 

20 inch Lf $40.00 

Treatment Plant Modifications ea. $800 000 

Pumo Station lcaoacitv 5 500 ac-ft ea $617 000 4 $2 468 000 

Sub Total $2 468 000 

Contingencies 15% $370 200 

Sub Total $2 838 200 

Engineering, Legal Administration 10% $283 820 

Sub Total $3122 020 

Caoital Cost of Water 

Total Cost $3122 020 



'-' Table 4a. Opinion of Probable 1997 Project Cost for Graham County 

1000 ac-ft/yr 
1997 Costs 

I 

Long-Term Option: Graham County ! 

Component Unit cost Units Quantity 

Deep Well 
700 gpm $350,000.00 well 5 $1,750,000 

Pipeline Diameter (PVC) 
8 $18.50 Lf 260 $4,810 

12 $26.50 Lf 1,000 $26,500 
16 $33.75 Lf 345,000 $11,643,750 
18 $37.00 Lf 0 $0 
20 $40.00 Lf 0 $0 

Pump Station $336 000.00 Lump Sum 0 $0 
Subtotal $13,425,060 

Contingencies 15% $2,013,759 
Subtotal $15,438,819 

Engineering 10% $1,543,882 
Subtotal $16,982,701 

Capital Cost of Water $20 200 000 

I TOTAL II $37,182,7011 

0 .'\~ ")'01 li ..._,..... . 



'-" Table 4b. Opinion of Probable 1997 Project Cost for Graham County 

5500 ac-ft/yr 
1997 Costs 

! Long-Term Option: Graham County 
i 

Component Unit Cost Units Quantity 
Deep Well 

700 gpm $350,000.00 well 5 $1,750,000 
Pipeline Diameter (PVC) 

8 $18.50 Lf 1,040 $19,240 
12 $26.50 Lf 5,010 $132,765 
16 $33.75 Lf 8,350 $281,813 
18 $37.00 Lf 5,010 $185,370 
20 $40.00 Lf 345,000 $13,800,000 

Pump Station $336 000.00 Lump Sum 4 $1 344 000 
Subtotal $17,513,188 

Contingencies 15% $2,626,978 
Subtotal $20,140,166 

Engineering 10% $2,014,017 
Subtotal $22,154,182 

Capital Cost of Water $20 200 000 

I TOTAL II $42,354,1821 



-._, Table 5 Opinion of Probable Cost Summary 

Annual 
Increment Capital O&M Pipe Size Incremental 

Option acre-feet Cost Cost inches Sum 

Kana polis 1000 $1518001000 $681000 16 $1518001000 

2000 $2210001000 $1491000 $3718001000 

3000 $113001000 $3011000 $3911001000 

4000 $6401000 $5821000 $3917 401000 
5500 $216001000 $113341000 $4213401000 

1000 $1910001000 $511000 20 $1910001000 

2000 $1715001000 $1491000 $3615001000 

3000 $7801000 $3371000 $3712801000 

4000 $7801000 $6351000 $3810601000 
5500 $311001000 $113651000 $41 I 1601000 

Wilson 1000 $1812001000 $4991000 16 $1812001000 

2000 $116001000 $7331000 $1918001000 
3000 $115001000 $110541000 $2113001000 
4000 $710001000 $113451000 $2813001000 

5500 $510001000 $118891000 $3313001000 

1000 $1918001000 $4981000 20 $1918001000 
2000 $116001000 $7101000 $2114001000 

3000 $111001000 $9761000 $2215001000 
4000 $112001000 $113111000 $2317001000 
5500 $519001000 $119151000 $2916001000 

Kinsley 1000 $1514001000 $231000 16 $15,4001000 

2000 $7001000 $741000 $1611001000 
3000 $117001000 $2761000 $1718001000 

4000 $1517001000 $2861000 $3315001000 
5500 $8501000 $4271000 $3413501000 
1000 $1811001000 $231000 20 $1811001000 
2000 $7001000 $331000 $1818001000 
3000 $5001000 $661000 $1913001000 
4000 $213001000 $1791000 $2116001000 

5500 $113001000 $4951000 $2219001000 

Graham 1000 $3712001000 $231000 16 $3712001000 
5500 $42 400 000 $546 000 20 $42 400 000 

000203 
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PUBLIC WHOLESALE WATER SUPPLY DISTRICT #15 
Thursday, January 10, 2002 - 3:00pm 

Russell City Hall -- Russell, KS 

Prepared by: Larry Daugherty and Troy Hickman 

AGENDA 

1. Call to Order 

2. Roll Call 

3. Approval of Minutes from December 7, 2001 Meeting 
Action: Minutes were approved 

4. Financial Report 
Action: Financial Report was reviewed 

5. Review and consider adopting the following documents to be forwarded to Division of 
Water Resources: 

A. PWWSD #15 Water Conservation Plan 
8. PWWSD #15 Operations Plan 
C. Kanapolis Impact Statement 
D. PWWSD #15 Needs/ Usage Projection(s) 

Background: There were many revisions suggested by board members (and 
others in attendance) for all of these documents. The attorneys are to make the 
revisions for the Board's review at our next meeting. Once they are reviewed and 
completed to the board's satisfaction, the District will send these to the Div. of 
Water Resources for their review. 

Action: No formal action was taken. 

6. Hear Reports/ Update from consultants regarding Public Wholesale Water Supply 
District Project 
Background: Bob Vincent and others have gotten to the field for purposes of 
discovery and review. Mr. Vincent is now comfortable as to where he wants to 
start drilling test holes. Basically, there will be 3 holes dug in the proximity of 
each of the well sites. (note that Frank Peirano is working on obtaining access to 
these locations). Bob Vincent believes that this testing will lead to the next I final 
well site selection. As each hole is tested It will help develop the pattern for the 
well site selection. In other words, "with each hole dug it will tell you were to go 
next". The question had been brought up about doing resistivity testing. Mr. 
Vincent believes this is not necessary, would add extra cost and is not warranted. 
The drilling rigs (Clark Drilling) began Tuesday, January 22nd. 

mcampbell
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Also, Bob Vincent believes that there might be another supplemental water 
source near to (current) well site #8. Years ago, Russell had done some 
exploration in this area and Mr. Vincent believes we should look at this location 
again. It is very preliminary, but it is possible that these may be Dakota Wells, 
and may have good saturated thickness with good useable quality. If they are 
worthwhile wells, It may be categorized as a "separate source and supply" from 
the other wells along the South Russell Water Project. If all of this comes to be 
true, it has the possibility of adding the benefit of augmenting the system during 
Minimum Desirable Stream Flow. At this point, it is all preliminary but the District 
is considering how this exploration can be worked into Bob Vincent's services. 

It should also hf! nntAn that the PWWSD#15 plans on hosting a joint meeting with the 
District, the City of Hays and the City of Russell to hear and discuss Bob Vincent's final 
report. 

Action: No formal action was taken. 

7. Executive Session with Board Attorneys to discuss Attorney/Client Privileged Matters 
Action: The board did not enter into Executive Session. 

8. Other Items 
A. Reviewed a letter from the Kansas Rural Water Assoc., stating the position that 
all Public Wholesale Water Supply Districts are indeed tax exempt. 
B. Wellhead Protection was not discussed at this meeting but will be discussed at 
subsequent meetings. 
C. Invitation from the Middle Arkansas River Basin work group to attend their 
meetings. The reason for the invite/interest is that the Ranch falls in this Basin. 

9. Next Regular Meeting 
Action: The next meeting has not been set, pending the latest revisions of the 
above mentioned documents. 

10. Adjournment 

POST MEETING UPDATES ........ . 

1. Ranch Lease 
The finishing touches on the Ranch Lease Agreement appears to be complete and is 
awaiting final signature. You may be wondering, "I thought we already had the Lease 
Agreement signed?" Actually the "Letter of Intent" has been signed for quite some time, 
but there were some specifics in the lease itself that required some clarification and 
negotiation (i.e., hunting, pump repair, fencing standards, etc). But rest assured that the 
principles of the lease, like payment, term, insurance, and taxes have been established 

OSI 



as the "Letter of Intent". Hays and Russell have been receiving payment from BET 
Farms as agreed to. 

2. Smoky Hill - Saline Basin Study 
The original study that was discussed last between the Kansas Water Office and the 
Bureau of Reclamation is apparently not going to happen. But now, the Kansas Water 
Office and the Corps of Engineers are conducting a study. The study is to develop and 
evaluate concepts for a water treatment and distribution system to supply wholesale 
treated water to users in the Eastern Smoky Hill · Saline Basin region. The 
informational meeting took place Wednesday, January 2 3ro in Ellsworth. Many 
individuals throughout the area attended this meeting, including: Cecil Witt, Jim Aubel, 
Troy Hir.kmfln, I flVP.rn Squier, Larry Schmidt, Elden Hammerschmidt and Paul Montoia. 
The Kansas Water Office is in the process of buying water in Kanapolis Lake from the 
Corp of Engineers. The two bodies have been negotiating this deal for several years. 
The purpose of the study is to develop 4 alternate plans for developing and selling water 
from the lake to Wholesale Water Supply Districts. The alternates could range from 
allowing districts to work together to create super districts, to just selling water to 
smaller systems. The purchase would allow the KWO to sell 12 ,500 acre-feet of water 
with a possible option of adding an additional 7,500 acre-feet. The Kansas Water Office 
will pay the study's cost. However, the KWO clearly stated that would only be supplying 
raw water to customers. They will NOT be responsible for pipeline and treatment 
construction or costs. Kanapolis Lake is not drought proof; they use a 1 in 50 year 
scenario or a 2 %  chance. At this point, they are looking for participation in their study 
from those that may become potential buyers of their water. The study has a targeted 
completion date of October 15, 2 002 .  

The District is desirous of participating in this study. When the original water rights 
application for Kanapolis were made in 1 996, it read "From the City of Hays, the City of 
Russell and the PWWSD#15". I suggest that the survey request to the Kansas Water 
Office read the same. That way it protects Hays and Russell interests both individually 
and collectively. 
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SP,nt by: BLACK & VEATCH 

BLACK & VEATCH 

MEMORANDUM 

PWWSD # 15 
Kanopolis 
Post Rock Costs 

To: Paul Montoia 

From: Jef f Henson 

913 458 3730; 04/06/98 7:03AM;J.e.tfluL.#840jPage 3/10 

B&V Project 58322.100 
B&V File A 

April 6, 1998 

I had a conversation with Lavern Squi er and Davi d Traster on Thursday 
April 2. During the conversation, we agreed that the best way to update 
costs for Kanopolis was to present Post Rock costs separately. Because 
there are so many un knowns ,  I had to make the fal l owing assumptions to 
develop the costs. 

1. Demands in the system are unknown. The current belief is that 
demands are less than those assumed in the system des i gn. Therefore, I 
have developed costs based on assumi ng 400 gpm, 200, or 0 gpm are 
available at the Wilson Tower for PWWSD # 15 use. 

2. The flow available for use by PWWSD # 15 depends on the demands in 
Post Rock and the amount of additional pumping . The combinations are 
almost l i mitless . Therefore , I have assumed that the flow being used by 
PWWSO I 15 is 400 gpm, which is 645 ac-ft/year. 

3. The assumptions. above result increasing the flow by 0, 200, or 400 
gpm in the existing Post Rock system between Tower 2 and the Wilson 
Tower by add i tion al pumping. (I have attached my previ ous memorandum 
summar izing the pumping requirements between Tower 2 and the Wilson 
Tower.) 

4. Unit costs are the same as those used in the last update completed 
in May 1997. 

5. L i ttle information is avail ab le on the system east of Tower 2. I 
have assumed that the pipe size and pumping requirements east of Tower 2 
are the same as those required for the system between Tower 2 and Wil son 
Tower. Pi pe sizes, pump curve information, and tower elevations are 
needed to analyze the system east of Tower 2. 

6. A new 10 inch pipe is required to convey the water from the Wilson 
Tower to Russell. 

7. Cost to purchase Post Rock is $2 million. Cost to purchase 20,000 
ac-ft of storage in Kanopoli s is $3.5 million. PWWSO #15 only pays for 
that porti on of the storage required to supply 645 ac-ft/yr . (Storage 
could cost $11 mi l lion for 20,000 ac-ft. Th i s pr i ce is al so shown at 
the bottom of the spreadsheets.) 

009450 
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8. O&H costs are estimated based on the additional pumping required to 
convey 645 ac-ft to Russell. No costs are included for Post Rock to 
supp l y water to its customers. 

Based on these assumptions, the costs to develop 645 ac-ft (400 gpm) of 
suppl y from the Post Rock system is listed below and shown in more 
detail in the attached spreadsheets. 

• 400 gpm available with no additional pumping: $5.34 mi11ion 
capital and $30 , 000 annually for O&M. 

• 200 gpm available with no additional pumping: $5.91 mi ll ion 
capital and $74,000 annually for O&M. 

• 0 gpm avail able with no additional pumping: $6 . 50 million cap ital 
and $131,00 annually for O&M. 

009451 
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Table 3. Opinion of Probable 1998 Project Cost for Purchase of Post Rock 

PWWSD#15 

Option: ·--·· 

Quantity Available: -"�---il""'C-'--'ft/)'...-...;f ____________ -------- ·- --·· . 

Quality Issues: ---

·
-

-
·

·

-

--·

·

---· 

1997 Costs 

ComDOnents of Plan I Units I Unit Cost_ Quantity --·-··- I 

l��-�l!.�!ruc!�!!' . . .. •. . Capac:rty S,500 �-c-l't . .. 

Acees1> Bridge 

I 

I ea 

. ··r--L� 
-- . ·-·-···- --·- ·I· _ $2:.?�,ooo 

$1,200 

Pipeline Diameter (PVCl 10 inch Lf s22.so I 101000 I 
Treatment Plant Modifications ea . $800,000 

Pump Station . Capacity 645 ac-ft ea $75,000 

Contingencies 15"/e 

Encineering, Leaal, Administration 10°1. 

CaDilal Cost of Water $2 mil. orice for Post Rock• and buv 600 ac-ft of staraae 

Based on Purcl".ase Price of $3.5 milUon for 20,000 ac·ft for Kanopolis Storage 

Could be as hig1 as $11 milllion for PurchaH of Kanopolis Storage which 

would make the total cost"' $5,555,870 

Sub Total 

Sub Total 

Sub Total 

Total Cost 

Anume the same number of pumping stations required to get '!he water to Tower 2 as required to get 

the water from Tower 2 to Wilson Tower. 

Assume new pipe from Wilson Tower to Russeff. 

2 

I 

Total Cost 

···--

$2,408,000 

$150,000 

S2 558,000 

$383,700 

$2.941.700 

$294.170 

$3 235,870 

$2105 500 

$5 341,370 

009452 



S&nt by: BLACK & VEATCH 913 458 3730; 04/06/98 7:04AM;JAtf&L_#840;Page 6/10 

Ta� 3. Opinion of Probllble 1118 Project Coat for PUfchas• of Post Rock 

PWWSD#1tl 

Option: 
QUantlfJI AvaNabl•: _..US=..::.J:=l!P="""---------- -. ------ - -----

Qu.aty l•SUN: 

r"_,_,......,, .... _ofPlan - Un1ta 
-·· 

Intake Stn1et11re CanaeJtv s.sooac·ft J aa. 

AcceHBridae · --

· r- Lf 
lliotline Di1melllt' fPVCl , 0 il!Cll u 

Trea!Jnent Plaint Moclilicatian1 Ila. 

Pumo Station ]Can:v-.itu 645lll:-ll •• 

P11m11 Station ieao"""" 1000ac-1! DQ 

eon•naendes 

Enai"eerina, Leaal. Adnmiswalion 

Ca111tal Cost of Water $2 mil. Drico for Posr Roel<" and lluv 100 K.ft of sCAr:aac 

Based on P\Jrchaso Priee at $3.5 m�lion for 20 ,000 ae-ft for Karlopolis S1orae• 
Could be a• hieh H $11 l'llllllion fol Purchllw of Kanopoli5 Storage which 
-ilimlllcolhelOllllCOllt- $8,137,650 

1997 C::OSI!. 

Unit Caal 

-· · ·· $2,500.� 
$1 .200 
$22.50 

$a00.000 
S75.000 I 

' $113,000 ! 

Hi% 

10% 

Aliumo lho Hme number of pumpin11 :ltlllom required lo lilllt lho wi1tor to Towor 2 u roqutrld to 5111 
lt1o � frorn r-r 2 to Wil$0n Tower. 
Asaurne new pipe fl'Dm Wtl'°" T- to R1.1$$ell. 

/' ': " ·  

..... �� _,. .. /-· l.' ' , 

( i 

.. 
_.. :.u/ -1 

," (.__,� .) �/ -

<?11illl!iJ¥ ..... 
0 
0 

107000 
0 
2• 
4, 

Sub Toti! I 

� 

Sub Toal ! 
: 

Sub Tolal 

Total Cost 

Toi.I Coit ' ·' 

·---� 
$0 

S2 4'08 000 
$0 

$150.000 
'452,000 

$3.010 000 
$451.500 

$3,481,500 
$346,150 

Sl.a07.6SO 
$2.105,500 
SS,913.150 

009451 
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Table S. Opinion of ,.robable 1H8 Project Cost for Purchase of Post l'cck 

PWWSC#15 

---·----· 

QuanrJry A v.Jleble: �US=:::�:.·.:..:Ne':.<.:....---------- . ·----

Quality /uu.s.· 

19i7Co.is 

ComPOnencs of Pt:in . I.·- . .Jlrn1s I Uni1Co�t I Tofal Co5l 
lntalt• Struc:turo 5.500 ac·lt ee. $2,500.00D ! 0 i so ·---t-----·· - . 

Access Sridae Lf 

Pi-line Oi1meterlPVCI 10 inch Lf 
�re<11ment Plant Modifia1ion5 ea. 
Pu...., Station icaoacitY ea 

Pu_, Sfoiltion ea 

�nlinacncics 

�-incerina, L.e1111, Administradon 

�""ital Cost of Wat•r $2 mil. pnce for Post Rocle" and buy 600 ac.ft of 1tora!ltl 

Baffd on Purc:haH Price of $3.5 !lllU•on br 20,000 ac.ft for K;anopolili Slar.:lgc 
Could lie :ia high M $11 milllion for Putcnue of Kanopolis SlOlage YMc:h 
-ulli rMlt• thatotil c:ost= $5,723,725 

s1.200 
$22.SO 

$800,000 
$75,000 

$152.550· 

15% 

10•1. 

"'-• Ille same r.llmbar of pllmplng :sta11on:1 required to gal !:'le water to T orNer 2 1$ roquirod to gee 
the water from Tow8f 2 to Wilson Tower. 
Assume l'lOW plpo lrom Wilson Tower to Ru$$ell. 

o I so 
107000 $2.408.000 

oi SD 

$160.0DO 

$915,300 

Sub Total 53A73,300 

I 5620.985 

Sub Tocal $3994,285 

5389430 
Sub Total 54,3113,725 

$2,105,SOO 
Total Cost $8,499,225 
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March 25, 1998 

I have reviewed and analyzed the available informati on on Post Rock 
Rural Supply District provided by Foulston & s;efkin (F&S)to determine 
the capacity of the exi sting transmission main that lies close to 
Russe l l. Following are brief summaries of the findings of the analyses 
of the existing hydraulics. 

1. Information prov ided by F&S i ncl udes a base map showing pipe 
alignments, pump station locations, and tower locations. No pipe sizes 
are shown on the map. F&S also provided a spreadsheet showing hydraul i c 
calculations for a portion of the system. 

2. The system included in the hydraulic calculations pertinent to this 
study includes the portion from Tower 2 to Pump 3. The western limit of 
this system is near Tower 3, which I believe may be called the Wilson 
Tower. The pipeline appears to be 10" diameter PVC. I have attached a 
map showing this portion of the system. 

3 .  The flow rate through the pipe in the hydraulic calculations begins 
at 725 gpm (1.04 mgd or 1 170 ac-ft/yr) at Tower 2 and reduces to 400 gpm 
(0.58 mgd or 645 ac-ft per year) at Pump 3. 

4. The pressure range shown in the hydraulic calculation ranges from 63 
to 128 psi for static conditions (i . e . no demands on the system) and 
from 42 to 110 ps i for dynamic conditions (i.e. with demands on the 
system). 

5. Because there are users along the pipeline, the pressure range used 
in the previous hydraulic calculations appears to be appropriate . 

Based on the above findings regarding the exi sti ng system, following are 
brief sununaries of the available capacity of the pipeline . 

1. I could not determine the capacity of the pipeline or demands on it 
west of Pump 3 or east of Towe r 2 based on the informati on provided. 

2. As discussed above, the pressure ranges used in the previous 
calculations appear to be appropriate and therefore were maintained in 
my capacity calculations. 

00�45� 
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3. If flow in the pipel i ne is increased to provide additional flow dt 
existing Pump 3, add it iona l pumping stations will be required to 
maintain acceptable pressures . Pump 13 will also require modification 
to pump the higher flow rate. 

4. The following table summarizes the additional pumping stations 
required to increase the fl ow in the pipel ine. 

Table 1 
Reau ired Pumpino Stations 

Flow Increas e , gpm Number of Probable Cost 
Pumpi ng for Pumpi ng 

Stations Stations 

100 2 $157,000 

200 2 $187,000 

300 2 $215,000 

400 3 $366,000 

500 4 $544,000 

600 5 $751,000 

700 6 $1, 164 ,000 

5. As menti oned , the capacity calculations maintain the same range of 
pressures used in the previous hydraulic evaluation. I have not 
determined whether the resul t i ng pressures are suitable for all use rs. 

6. A much more detailed analys i s of the system is required to determine 
the req�ired pressures for all users, to siie new pumps, determine the 
optimum pump locations, evaluate the need for additional towers, and to 
determine the capac ity of the system west of Pump 3 and east of Tower 2. 

7. The probable costs shown in Table 1 do not include any costs for the 
system east of Tower 2 or west of Pump 3. 
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Burns& 
McDonnell 

SINCE 1B9B 

9400 Ward Parkway 

June 14, 2006 

Mr. Randy Gustafson 
City Manager 
City of Hays, Kansas 
1507 Main Street 
P.O. Box 490 
Hays, KS 67601 

HAYS 
Post Rock Water Supply Alternative Executive Summary 
BMcD Project No. 41190 

Dear Mr. Gustafson: 

Bums & McDonnell has completed its evaluation of the Post Rock Rural Water District 
(RWD) assets and their potential utilization to help meet the future water supply demands 
for the City of Hays, Kansas. 

Background: 

Hays, Kansas has been the subject of many studies and reports investigating possible 
short-term and long-term water supply alternatives. Following is a brief description of 
selected reports. 

• Public Wholesale Water Supply District (PWWSD) #15 Report (2005) evaluated 
Hays and Russell's water supply and investigated how to increase water rights 
and if doing so is necessary. 

• Wilson Lake Study (2005) evaluated potential treatment of water from Wilson 
Lake to fulfill the needs of Hays and Russell through 2042. 

These and other studies evaluated the Kanopolis Reservoir as a potential water source, 
treatment requirements for both Kanopolis and Wilson Lake raw water, pipeline 
alignment alternatives, pump station concepts, phased construction plans, environmental 
impacts, and opinions of probable cost. 

The data and analysis completed in conjunction with these reports was a significant 
resource utilized during the completion of this project. In particular, demand projections 
and firm yield estimates were used to establish the appropriate planning horizon. 

Kansas City, Missouri 64114-3319 

Tel: 816 333-9400 

Fax: 816 333-3690 

www.bumsmcd.com 

mcampbell
Rectangular Exhibit Stamp
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Following is a description of the two primary long-term water supply sources identified 
in previous studies. 

1. Kanopolis Reservoir 

Kanopolis Reservoir is constructed, owned and operated by the Corps of 
Engineers. The State owns 12,500 acre-feet of water supply storage in the 
reservoir and the Kansas Water Office (KWO) markets this storage. KWO 
estimates the Year 2000 yield of the lake to be 24.5 cfs or 15.8 MGD and the 
Year 2060 yield of the lake to be 15.0 cfs or 9.7 MGD. Based on discussions with 
KWO, Post Rock RWD is the only customer of the storage at 1.0 MGD. An 

additional 7 ,500 acre-feet of storage is available from the Corps if desired by the 
State. 

Kanopolis Reservoir has good raw water quality. Post Rock RWD operates a 1.0 
MGD water plant at Kanopolis Reservoir and uses conventional clarification 
methods to treat the water. 

2. Wilson Lake 

Wilson Lake is also owned and operated by the Corps of Engineers and has 
approved uses for recreation, flood control, navigation, irrigation, and water 
quality. The lake has a total yield of about 80 cfs or 52 MGD. The lake does not 
have a water supply pool and would require reallocation of storage for the 
purpose of water supply. 

Due to interest in the storage by Hays, the Corps performed a reallocation study in 
1997 and determined that 30,000 acre-feet of storage would be required to 
provide a firm yield of 8,000 AFY or 7.1 MGD. The cost for 30,000 acre-feet of 
storage is about $4.8 million in 1997 dollars, which can be paid to the Corps in a 
lump sum or paid over 30 years with interest. Participating parties would also be 
responsible for their portion, about 4.1 percent, of the joint-use operation, 
maintenance, and replacement costs at Wilson Lake. Additional storage is 
available to increase the yield if needed. 

Wilson Lake has high salinity water with chlorides ranging from 290 to over 
2,000 mg/L and a mean of about 1,030 mg/L. This water requires reverse
osmosis treatment to conform to current water quality standards for Hays. 
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Existing Supply: 

Hays' existing raw water supply is obtained from three well fields (the Smoky Hill River, 
Dakota, and City) and several Kansas Department of Health and Environment (KDHE) 
remediation wells. These sources have an estimated sustainable yield of 3.24 MGD, 
including approximately 2 MGD from the Smoky Hill River Well Field (SHRWF). The 
2-MGD contribution of the SHRWF to the overall sustainable yield reflects the ongoing 
well field improvements project. The planned improvements are designed to allow full 
production of the water right under extended drought conditions. The sustainable yield 
estimate does not reflect the utilization water from the groundwater remediation system 
due to the temporary nature of the permits. Contributions from the Dakota Well Field has 
also been limited due to water quality limitations. Additionally, periodic releases from 
Cedar Bluff Reservoir under the terms of the Cedar Bluff Operating Agreement will 
enhance or solidify sustainable yield. 

The City of Hays operates a 6-MGD groundwater treatment plant and several wells pump 
directly into the system to meet peak demands. 

Hays is anticipated to grow from about 20,000 people in Year 2001 to about 22,550 in 
Year 2010, and to about 36,000 in Year 2050. The current average day demand is 
approximately 2 MGD with an approximate max day demand of nearly 4-MGD. The 
Year 2050 average day demand for Hays is estimated to be 5.5 MGD and maximum day 
demand is 11.0 MGD. Based on these needs, Hays has a projected water supply deficit 
beginning in the year 2020. Modifications to the SHR WF improvement plan may result 
in a water supply deficit even sooner. 

Post Rock RWD Water System Review: 

General 

The Post Rock RWD consists of the following components: 

• Intake on Kanopolis Reservoir with three 600 gpm (0.86 MGD) pumps. 
• 1.0 MGD conventional sedimentation water treatment plant at Kanopolis Reservoir. 
• Pipeline sizes ranging from 2 to 12 inches in diameter. Most of the pipe is 6 inches or 

less in diameter. 

Post Rock RWD provides service to about 3,500 people through about 1,015 residential 
meters, 38 commercial/institutional meters, 178 pasture stock meters, and 10 other 
meters for a total of 1,241 meters. It also provides wholesale water to the following 
customers: 
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• Brookville, Saline County 
• Dorance, Russell County 
• Ellsworth, Ellsworth County 
• Gorham, Russell County 
• Luray, Russell County 
• Osborne RWD #2, Osborne County 
• Paradise, Russell County 
• Saline RWD #1, Saline County 
• Waldo, Russell County 
• Wilson Lake Estates, Lincoln County 

Water use statistics from 1995 though 2004 and un-audited valves for 2005 show minor 
changes in water use and a historical non-revenue water approaching 30 percent. This is 
a very high value and illustrates the need for additional activities to improve these values 
to less than 15 percent. 

Please refer to the attached Water Treatment Plant Condition and Value Assessment 
dated March 28, 2006 for additional details. 

The average demand on the system is about 0.5 MGD. During Post Rock's low demand 
periods water from the treatment plant could be available as additional supply to the City 
of Hays. However, low demand periods may likely coincide with periods of increased 
flow in the Smoky Hill River or periods when the Hays Smoky Hill River Well Field is 
capable of providing the required supply without removing water from storage within the 
well field. 

Modeling suggests that Post Rock's distribution system could not handle significant 
additional transmission capacity. Additionally the distribution system covers a large area 
and commonly experiences pipeline breaks and booster pump station failure. The 
maintenance issues likely result from a variety of factors including the improper 
construction materials and high-pressure differentials experienced throughout the system. 
In order to provide quantities capable of meeting future demands significant distribution 
system improvements would be required. The projected improvements would essentially 
mirror the proposed new pipeline construction identified in previous studies. Existing 
Post Rock pipeline easements could be used for a Kanopolis to Hays pipeline; however, 
the easements may not be in the most favorable alignment and thus may increase pipeline 
cost, so they offer little value. Although the plant and intake appear to be well 
maintained extensive plant and intake expansions would also be required to meet future 
demands. 
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The full capacity of the Post Rock RWD treatment plant in its current configuration is 
required to meet existing peak demands. Also, a significant capital investment will be 
required in order to achieve compliance with KDHE regulations. A corrective action 
order has been issued by KDHE. 

A formal asset evaluation was completed by Bums & McDonnell in order to establish the 
current value of Post Rock RWD assets should acquisition appear feasible. Please refer 
to the attached Reproduction Cost New Less Depreciation Estimate of Post Rock Water 
Treatment Plant report dated May 2, 2006. 

Several options exist to provide Hays with short-term and long-term water supplies. 
Wilson Lake and Kanopolis Reservoir are two viable alternatives with similar costs. The 
following table provides a comparison of the two alternatives. Based on the above 
evaluations, the acquisition of the assets of the Post Rock Rural Water District would 
result in very little reduction to the previously estimated costs of utilizing Kanopolis 
Reservoir as a water supply source for the City of Hays. Nor would acquisition of Post 
Rock RWD reduce the projected cost of utilizing Wilson Lake as a future water supply 
source. Thus acquisition of the Post Rock RWD assets does not substantially defray the 
cost of the Kanopolis Reservoir or Wilson Lake alternatives. 

Alternative Comparison 

Criteria Kanopolis Reservoir Wilson Lake 
Initial Construction Cost $64.1 million $59.7 million 
Total Construction Cost $75.1 million $84.3 million 
Present Value $100 million $105 million 
Environmental Issues More disruption - although Less disruption - closer to 

most of the disruption is cities. 
temporary. 

Water Supply Capacity Adequate - more available Adequate - more available 
Water Quality Good - conventional Poor raw water - reverse 

treatment. osmosis treatment required. 
Best finished water quality. 

Legal, Policy, and Political State owns and is marketing Corps owns the storage. 
Issues the storage. Serve more 

communities in route. 
Risk Acceptable Acceptable 
Future Planning Buy additional storage as Could be incorporated later. 

needed. 
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Based on information received from the KWO, there has been an additional application 
made for storage in Kanopolis Reservoir. The application requests 10 MGD or 
essentially the remaining balance of the allocated storage. The standard contract is a 40-
year contract with a variable rate and a 50% take or pay requirement. Current indications 
are that the current rate of $0.12 will escalate substantially over the next several years. 
This has the potential to materially increase the cost of water to the end user and thus 
may have an unpredictable result on consumer demand . 

Ranson Financial completed a review of the current and historic financial condition of 
Post Rock RWD. The ability of Post Rock to generate positive cash flow is highly 
questionable even with the significant reduction or elimination of existing debt. Please 
refer to their attached Water Financial Analysis Executive Summary dated June 5, 2006. 

Summary: 

It appears that acquisition of the Post Rock RWD is not in the best interest of the City of 
Hays. Additionally, as a result of a recent application submitted to the Kansas Water 
Office to buy water from Kanopolis Reservoir and the uncertainty surrounding future 
water rates through the water marketing program, focused consideration should be given 
to the utilization of Wilson Lake as a long term water supply source for the City of Hays. 

If you have any questions or comments, please do not hesitate to contact us. Burns & 

McDonnell appreciates the opportunity to be of service to the City of Hays. 

Sincerely, 

:J?:!Jlf::: Brian M. Meier 
Project Manager Assistant Project Manager 
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9400 Ward Parkway 

Date: March 28, 2006 

To: Randy Gustafson 

From: Jeff Klein 
Brian Meier 

Re: 

1. 

2. 

3. 

HAYS 
Water Treatment Plant Condition and Value Assessment 
Post Rock Rural Water District Site Visit 
Project No. 41190 

A site visit was conducted on March 22, 2006 at 10:30 a.m. to the Post Rock 
Rural Water District Office in Ellsworth, KS and the Post Rock Water Treatment 
Plant at Kanopolis Reservoir. Participants included David Bailey, General 
Manager of the Post Rock Rural Water District and Jeff Klein, Brian Meier, and 
Christina Gangl for Bums & McDonnell. 

Six topics were discussed as follows: 
• Basic overview of the system. 
• Potential additions/replacements/repairs. 
• Previous and ongoing system evaluations. 
• Recent additions and maintenance to the plant and distribution system. 
• Problems with the plant and distribution system. 
• Plant tour. 

Basic overview of the Post Rock RWD (PRRWD) system space was provided as 
follows: 

• Current revenue is not adequate to meet O&M costs and debt service. 
• Post Rock is currently under an administrative order with KDHE to 

address water quality issues within the distribution system. 
• Plant was put in service in 1984. 
• EPA Net model exists. Bums & McDonnell has run this model; minimal 

water is available on the western fringe. 
• PRRWD serves 10 wholesale customers. 
• PRRWD has 10 acres of land at the plant. 
• Water source is Kanopolis Reservoir. 
• Right-of-way is transferable or can be used to upgrade pipes; 40 feet total, 

20 feet on either side of water main. 
• The plant was once operated at 1.5 MGD with 1 clarifier and 2 filters. 
• Pumps have been changed over the years. 
• Influent turbidity: 

o Typical: 2 to 10 NTU. 
Kansas City, Missouri 64114·3319 

Tel: 816 333-9400 

Fax: 816 333-3690 

www.bumsmcd.com 
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4. 

5. 

o Summer: 10 to 30 NTU. 
o Big rains: greater than 100 NTU, but short lived. 
o Max: 150 NTU. 
o It takes several days to lower filtered turbidity after a power 

failure. 
• Intake: 

o Three pumps, 1 MGD each with 8 inch column pipe. 
o No additional capacity. 
o Pump in each of the three 16" casings. 
o Larger pumps could be installed. 

• Intake um station vault: 
Pump Pump Pump 

3 1 2 
o Center pump has VFD with a new swing check valve. 
o Control valves on installed on pumps 1 and 3. 
o A new SCADA system was recently installed. 

• 5000 LF of 1 O" raw water line, a second line could be added. 
• Water treatment plant: 

o Two two-stage rapid mix chambers, 1 MGD each. 
o Two clarifiers, 1 MGD each. 
o Two filters, 1 MGD each. 
o Third filter basin never been used, just a concrete basin and pipe 

stubs. 
• The water is low in solids and can be difficult to treat during cold weather. 

Potential additions/replacements/repairs - comments were as follows: 
• PRRWD looking to loop water mains; could pick up a few customers. 
• Replace 24" of anthracite with 24" of GAC to eliminate disinfection by 

product issues (PRRWD). 
• PRRWD would like to add hydrogen peroxide at intake. 
• PRRWD would like to put 3rd filter into service for TOC removal. 
• Intake expandability: 

o Bigger pumps in 16" casings? 
o Install parallel line, intake screens would need to be replaced. 

• PRRWD has a chlorine meter to install for filters. 
• PRRWD would like to remove electrical closet at the plant and replace 

with a PLC. 

Previous and ongoing system evaluations - comments were as follows: 

mem032806hayspr 
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• Wilson & Company prepared a report "Water Treatment Plant Study" in 
April 2005 (provided a copy). 

• Post Rock Rural Water District has also hired a HDR to evaluate the 
condition and value of the treatment plant, as well as the distribution 
system. 

• Water plant schematic. 

Recent additions and maintenance to the plant and distribution system - comments 
were as follows: 

• Pigged the raw water lines from the intake to the plant a few months ago. 
o Installed pig launch and retrieval stations 
o First time the line was cleaned in 20 years. 
o Lots of clams. 
o Ran 5 times with different pigs and used 150,000 gallons of water. 

• Started running the plant 24 hrs/day in fall 2004, flow paced and put a 
VFD on raw water pump. 

o Used to use a pinch valve - valve failed and a VFD and check 
valve were added . 

• About 3 years ago - Switched from chlorine gas as primary disinfectant to 
chlorine dioxide generator at point of entry into WTP. They also add some 
at entry of filters and add chlorine gas after the filters. 

• Chlorine dioxide helped with taste and odor control. 
• Tried KMN04 for 3 months at intake, it didn't work well; it may work 

better now that the intake line is clean. 

7. Problems with the plant and distribution system - comments were as follows: 
• Currently under and administrative order from the state due to non 

compliance with chlorine residuals. 
• THM issues: 

o Finding THMS 40 days later still in system. 
o WTP: 37 
o PRV: 7 
o Sample points: l O O 's 

• Water stays in the system about 40 days. 
• Have some pressure issues in east and south (Yankee Run). 
• Originally 30 meters at the lake, now 60 meters. 
• Some small wholesale customers would not buy enough water to tum-over 

the system at a reasonable rate. 
• Chlorines- could not keep a system residual and a film built up in the pipe. 

o Needed 7 to 8 mg/L to get to the end of the system. 

mem032806hayspr 



I 

l 
.. 

l 

l 

I 

l 
• 
• 

l 

l 

a 

I 

l 

l 

l 

l 

l 

[]��--1 &--nnt:tl! 
898 

Memorandum 
March 28, 2006 
Page 4 

8. 

o Regulations limit concentration to 4 mg/L. 
o Free chlorines made this problem go away. 

• Takes 3 months to tum over the water in the system. 
• Sludge lagoon is full ( 6 feet of sludge). 
• Distribution system has experienced numerous pipe breaks. May be 

caused by the frequent pressure fluctuations. 

Plant tour- comments were as follows: 
• Recently painted upper floor and are working on the basement. 
• Chlorine distribution panel ties into raw water with chlorine gas system. 
• Chlorine dioxide generator with RO unit uses sodium chloride. 
• Chemical feeds are flow paced. 
• Eastern most filter has never been used; they plan to plan to put it into 

service for TOC removal. 
• The two operational filters have original media . 
• No lime/alum feeder for the last 6 to 8 years; instead they add 12 mg/L of 

cationic polymer. This provides better reliability and better peace of mind 
when unmanned. 

• They recently started adding a homemade coagulant aid of polyacrylamide 
emulsion. 

• Two identical stages of rapid mix, aid goes in at the 2nd stage. 
• Chlorine dioxide gas goes in downstairs and goes outside. 
• Two high speed pumps pump water out to the system. 
• They think a 24" line runs under the floor in the basement and the HSPs 

sit in this pipe. 
• All pneumatic valves. 
• Turbidity analyzer on all filters. 
• Have a chlorine meter for filters, needs to be installed when the right 

equipment is found. 
• Currently a chlorine monitor only monitors plant effluent. 
• Backwash line runs to the lagoon. 
• Alarms: 

o Have a dialer, but it is not hooked up. 
o Operators dial in on laptops to check from home. 

• Drive is locked up on one clarifier. 
• 6' of sludge in the lagoon. 
• Ammonia room now used for storage. 
• Chlorinator is a small unit, replaced a larger one. 
• Dorrance tower is out of service. 
• SCADA- GE Team Controls, Dallas, maintained locally, Wonderware. 

mem032806hayspr 
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o Moskat (currently used as the PLC), very proprietary. 
• Instantaneous flow rate can easily be monitored. 
• Clear well- 12 ft deep, 200,000 gallon capacity. 
• The single lagoon has 6 feet of residuals and needs to be cleaned. 

The intake and water treatment plant could be expanded to 2 MGD firm or 3 
MGD total; however, the THM issue needs to be corrected. 

mem032806hayspr 
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9400 Ward Parkway 

May 2, 2006 

Mr. Randy Gustafson 
City Manager 
City Hall 
1507 Main Street 
Hays, KS 67601 

City of Hays, KS 
Reproduction Cost New Less Depreciation Estimate of Post Rock Water Treatment Plant 
Project No. 41223 

Dear Mr. Gustafson: 

Burns & McDonnell is pleased to present our letter report summarizing the Reproduction 
Cost New Less Depreciation (RCNLD) estimate for the Post Rock Water Treatment Plant 
(the Plant). This report has been completed in order to assist in the evaluation of 
potential acquisition of the Plant. 

SUMMARY 
The RCNLD estimate of the Plant as of January l ,  2006 is $1,881,900. The EPC Contract 
Costs of the project were trended forward to January 1, 2006 from the original 
construction date of November 1, 1985. Appropriate adjustments were included for plant 
additions since the time of original construction. The trended reproduction costs as of 
January 1, 2006 were factored down to reflect the loss in value consistent with the age of 
the Plant. Representatives from Burns & McDonnell visited the site and provided a 
condition and value assessment. This assessment is provided in a separate report. 

PROPERTY ESTIMATED 
The Plant is the subject property of this estimate and is a 1 million gallon per day water 
treatment plant constructed near Ellsworth, Kansas. The plant serves the retail customers 
of the Post Rock Rural Water District (PRRWD) and 10 whole sale customers. The Plant 
is currently owned by PRRWD. 

PURPOSE OF RCNLD ESTIMATE 
The RCNLD estimate of the Plant has been conducted to determine the estimated fair 
market value of the Plant. This value is to be used by the City of Hays (the City) in 
evaluating the potential acquisition of the Plant. This estimate is not the amount that the 
City should use as a potential purchase price for the Plant. 

Kansas Gty, Missouri 64114-3319 
Tel: 816 333-9400 
Fax: 816 333-3690 
www.burnsmcd.cam 
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DEFINITIONS 
Three appraisal approaches to determining value are generally accepted as standard 
valuation methodologies. To ensure that the terms used in this report are clearly 
understood, these three approaches and other frequently used valuation terms are defined 
below. 

Cost Approach 
The cost approach is one of three accepted valuation methodologies. The value of a 
property under the cost approach is determined as the maximum amount a knowledgeable 
buyer would pay for the property based on: ( 1) the cost of producing a substitute with the 
same function as the subject property, or (2) the cost of reproducing an identical 
substitute of the subject property. Replacement cost and reproduction cost measures 
generally result from a cost approach to property valuation. 

Market Approach 
The market approach is the second of three accepted valuation methodologies. The value 
of a property under the market approach is determined based on an evaluation of amounts 
knowledgeable buyers have paid for similar properties recently sold in the market. 
Overall, the market approach relies on a comparative analysis of similar property 
transactions to develop an indication of the most probable selling price of the subject 
property. 

Income Approach 
The income approach is the third accepted valuation methodology. The value of a 
property under the income approach is determined based on the present worth of future 
benefits derived from ownership of the subject property measured as the discounted value 
of a net income stream over a specified time period. 

Replacement Cost - New 
Replacement cost is defined as the current cost as of a certain time of producing a similar 
new property that provides an equivalent function as the subject property, but may not 
comprise the same materials. 

Reproduction Cost - New 
Reproduction cost is defined as the current cost as of a certain time of producing a new 
property identical to the subject property, comprised of the same or similar materials. 

Replacement or Reproduction Cost - Adjusted 
The replacement cost or reproduction cost adjusted to reflect the loss in value of the 
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property due to age, wear and tear, service, and obsolescence as of a certain time. 

Fair Market Value 
The fair market value of a property is equal to the amount that may reasonably be 
expected in an exchange between a willing buyer and a willing seller, neither under any 
compulsion to buy or sell, and both fully aware of all relevant facts. 

The terms and definitions above are based on definitions prescribed by the American 
Society of Appraisers. 

STATEMENT OF LIMITING CONDITIONS 
This estimate of fair market value of the Plant is developed expressly subject to the 
following limiting conditions. 

1. In preparation of this estimate, Burns & McDonnell has relied upon cost data and 
other information provided by PRRWD. While we have no reason to believe that 
the information provided to us, and upon which we have relied, is inaccurate in any 
material respect, we have not independently verified such information and cannot 
guarantee its accuracy or completeness. 

2. This estimate is prepared on the assumption that all contracts and agreements as well 
as all statutes, regulations, rules and permit requirements, under which the Plant was 
constructed and as is operating, will be fully enforceable in accordance with their 
terms and conditions. We make no representations or warranties and provide no 
opinion concerning the enforceability or legal interpretation of such contractual or 
legal requirements. 

3. This estimate is developed based upon a cost approach to valuation. The market 
approach and income approaches to valuation are specifically excluded from this 
report. 

4. This report does not include a technical engineering review of the Plant's 
construction or operations. We make no representations or warranties and provide 
no opinion concerning the Plant's construction or operations. 

5. ,-, This report is reflective of analysis and value conclusions as of January 1, 2006. 
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ESTIMATE METHODOLOGY 
The City retained Burns & McDonnell to evaluate the possible acquisition of the Plant. 
The RCNLD estimate for the Plant was conducted as one part of the analysis. 

As noted previously, there are three appraisal approaches: (1) cost approach, (2) market 
approach, and (3) income approach, that are generally accepted valuation methodologies. 
The City has requested that Bums & McDonnell provide the cost approach while Ranson 
Financial Consultants, LLC ("Ranson") provide the income approach. 

Appraisal Process 
Bums & McDonnell's RCNLD estimate of the Plant is outlined in the following steps: 

1. Conduct Site Visit: Burns & McDonnell's team members conducted a site visit of 
the Plant on March 22, 2006. 

2. Review Data: Burns & McDonnell reviewed available Plant cost data and operating 
information. 

3. Provide Reproduction Costs: Based on the site visit and review of available Plant 
cost and operating data, Burns & McDonnell provided the measure of the Plant's 
reproduction cost value for the EPC contract costs. Bums & McDonnell developed 
the reproduction cost value estimates by trending the EPC contract costs as of 
November 1, 1985 to January 1, 2006 values, based on the Handy-Whitman Water 
Treatment Plant construction cost indices. The reproduction cost value estimate of 
the Plant costs represents the total gross value as of January 1, 2006. 

4. Adjust Reproduction Costs for Loss in Value Due to Operations: Burns & 
McDonnell adjusted the measure of the Plant's reproduction cost value for the EPC 
contract costs, to reflect the estimated loss in value due to the Plant's age, condition, 
and remaining useful life after 20 years of operations. Bums & McDonnell 
developed the adjusted reproduction cost value estimates of the Plant EPC contract 
costs by applying generalized industrial property condition percent factors based on 
straight line depreciation to the January 1, 2006 reproduction cost values to reflect 
the loss in value resulting from 20 years of operations. The RCNLD value estimate 
of the Plant costs represents the fair market value of the Plant as of January 1, 2006 . 

Site Visit 
As noted, Bums & McDonnell representatives conducted an on-site review of the Plant 
on March 22, 2006. 
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Data Reviewed 
The following data was made available to Burns & McDonnell by the City to conduct the 
RCNLD estimate of the Plant. 

• Water Treatment Plant EPC Contract No. 1 Cost Summary dated November 1, 1985 
• Capital Expenditure summary for the period January 1, 1986 through January l, 2006 

No other information has been made available to Burns & McDonnell for review. As 
noted previously, Burns & McDonnell has relied on the information listed above as 
provided by the City. While we have no reason to believe the information provided by 
the City is inaccurate in any material respect, Burns & McDonnell has not conducted an 
independent verification of the information and cannot guarantee its accuracy or 
completeness. 

The report tables referenced below are included in Appendix A to this report. 

Reproduction Cost - EPC Contract Costs 
The Plant was originally constructed in 1985 with completion in early 1986. Table 1 
presents the Plant EPC Contract Costs, broken down by major plant component, as of 
November 1, 1985. The original EPC Contract Cost for the Plant was $1,656,500. 

In the analysis provided it is assumed that any retirements made at the Plant were 
replaced with equipment similar in cost and function. The adjusted EPC Contract Cost as 
of November 1, 1985 was trended to a January l, 2006 reproduction cost value of 
$3, 108,600. Table 1 lists the Handy-Whitman Indices and trend factors applicable to each 
major plant component that were used to escalate the EPC Contract Cost value from 
November l ,  1985 to January 1, 2006. 

The indices, which were taken from the Handy-Whitman Index of Public Utility 
Construction Costs, are published semi-annually by Whitman, Requardt and Associates 
of Baltimore, Maryland. The Handy-Whitman Index has been published since 1924 and 
is widely used in the utility industry for evaluating utility construction costs and trends. 
Separate indices are prepared for each type of utility plant construction, generally 
following the plant account classifications of the Federal Energy Regulatory Commission 
Uniform System of Accounts. 

The indices shown in Table 1 represent historical cost experience for the North Central 
Region in which the state of Kansas is included. The indices for 1986 and January 1, 
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2006 (preliminary) are shown and the annual cost escalation rates from 1986 to 2006 are 
calculated for each plant component. These escalation rates were used in trending the 
EPC contract costs from January 1, 1986 to January 1, 2006, as shown in Table 1. 

Reproduction Cost Adjusted for Loss in Value - EPC Contract Costs 
The last step in developing the estimated fair market value of the EPC Contract Costs 
portion of the Plant was to adjust the estimated reproduction cost value as of January 
1, 2006 to reflect the loss in value due to the Plant's age, condition, and remaining useful 
life. This adjustment, or estimated measure of depreciation, yielded a RCNLD measure, 
which reflects the fair market value of the EPC Contract Costs. 

To determine the adjusted reproduction cost of the EPC Contract Costs reflecting the age 
and condition of the Plant, the estimated reproduction cost of the EPC Contract Costs was 
factored by the estimated condition percent value remaining after 20 years of operations. 
The methodology developed for the estimate consists of using an industrial property 
condition percent value based on strait line depreciation. For this analysis it is assumed 
that the Plant has a total estimated useful life of 35 years and an estimated remaining 
useful life of 15 years. This results in a condition percent value remaining of 42.86 
percent. Applying this to the January 1, 2006 EPC Contract Costs results in an estimated 
fair market value of $1,332,300. These calculations are presented in Table 1. 

Reproduction Cost - Plant Capital Improvements Costs 
Table 2 presents the Plant capital improvements' original EPC Contract Cost and the 
reproduction cost value estimate of the plant capital improvements as of January 1, 2006. 
The original EPC Contract Cost for each capital improvement was escalated by a trend 
factor based on the Handy-Whitman Index of Public Utilities. The indices for each capital 
improvement were based on the year in which the improvement was made to the Plant. 

The total trended reproduction cost value estimate of the Capital Improvements Costs, as 
shown on Table 2, was $755,600 as of January 1, 2006. 

Reproduction Cost Adjusted for Loss in Value - Plant Capital Improvements Costs 
The last step in developing the estimated fair market value of the of the EPC Contract 
Costs of the plant capital improvements was to adjust the estimated reproduction cost 
value as of January 1, 2006 to reflect the loss in value due to each of the improvements' 
age, condition, and remaining useful life. For this analysis it is assumed that each capital 
improvement made to the Plant has a total estimated useful life of 35 years. Reducing the 
total estimated useful life by the age of each capital improvement gave a respective 
estimated remaining useful life. This was then used to determine the condition percent 
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value used in estimating the RCNLD estimate for each capital improvement. The total 
capital improvements RCNLD estimate as of January 1, 2006 is $549,600. These 
calculations are presented in Table 2. 

SUMMARY OF FAIR MARKET VALUE 
Table 3 summarizes Bums & McDonnell's estimate of the fair market value of the Plant 
as of January 1, 2006 based on a reproduction cost valuation. As presented in Table 3, 
Bums & McDonnell has estimated the fair market value of the Plant to be $1,881,900 as 
of January 1, 2006. This reflects a decrease of approximately 14.3 percent from the total 
original EPC costs. 

CERTIFICATION 
Bums & McDonnell certifies that, to the best of the undersigned appraiser's knowledge 
and belief: 

• The statements of fact contained in this report are true and correct. 

• The reported analyses, opinions, and conclusions are limited only by the reported 
assumptions and limiting conditions, and are unbiased, professional analyses, 
opinions, and conclusions. 

• Bums & McDonnell has no present or prospective interest in the Plant in this report 
and Bums & McDonnell has no bias with respect to the parties involved. 

• Bums & McDonnell's compensation is not contingent upon the reporting of a 
predetermined value or direction in value that favors the cause of the client, the 
amount of the value estimate, the attainment of a stipulated result, or the occurrence 
of a subsequent event. 

• The analyses, opinions and conclusions were developed, and this report has been 
prepared, in conformity with the Uniform Standards of Professional Appraisal 
Practice. 

• Bums & McDonnell representatives have made a personal inspection of the Plant. 

• The RCNLD estimate given in this report is not necessarily the amount that the City 
should use as a potential purchase price for acquiring the Plant. This estimate is the 
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current cost as of January 1, 2006 of producing a new Water Treatment Plant 
identical to the PRRWD Water Treatment Plant, comprised of the same or similar 
materials. 

Respectfully submitted, 

BURNS & MCDONNELL 

Ted J. Kelly 
Principal, Business & Technology Services 

TJK 
Attachments 
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City of Hays, Kansas 
Water Financial Analysis 

Post Rock Water Supply Alternative 
(Ellsworth County RWD No. 1) 

Executive Summary 

June 5, 2006 

Ranson Financial Consultants, LLC ("Ranson") has completed its contractual agreement 
to review the financial feasibility of the City Hays, Kansas ("Hays" or the "City") to 
acquire the physical assets of Ellsworth County RWD No. 1 (the "District", aka "Post 
Rock"). Our activities included but were not limited to the following analyses of the 
District: 

(1) the current and historic financial condition 
(2) the current plant physical condition and 
(3) requirements to correct both financial and physical deficiencies. Results of our 

analysis of the physical plant and actions required to bring it up to date are 
reflected in the report from Bums and McDonnell. 

Ranson participated in two (2) meetings in Topeka with representatives from the Kansas 
Water Office, the Kansas Rural Water Association and Burns and McDonnell. The team 
spent its time in Topeka reviewing the physical and financial capacity of the District. 
Separately, Ranson reviewed over ten years of financial history from records provided to 
us from the District. In summary, we cannot recommend that the City acquire the assets 
of the District as a future source of water for the following reasons: (1) financial 
instability of the District; (2) competition for water from Kanapolis Reservoir and (3) the 
price of water storage until the City begins pumping water from the Reservoir. 

Financial Condition 

In its opinion letter from the 2004 audit of the District, Vonfeldt, Bauer & Vonfeldt, 
CHTD, auditors for the District, state " . . .  the Company (District) is in default on certain 
covenants of its loan agreements at December 31, 2004. The lenders may demand 
repayment of the loans, although no such demand has been made. These conditions raise 
a substantial doubt about the Company's ability to continue as a going concern." 

From 1993 through 2004 the District has not reduced its total debt. In 1993 the District's 
long-term debt less current portion due was $5,835, 189. Interest payable was 
$1,138,103. The current portion of the long-term debt was $498,538 for total debt and 
interest outstanding equal to $7,471,830. In 2004 the District's long-term debt less 
current portion due was $4,045,680. Interest payable was $3,454,415. The current 
portion of the long-term debt was $1,668,500 for total debt and interest outstanding equal 
to $9,168,595. 
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Since 1993 the District has had a range of net earnings from a negative $600,000 in the 
year 1993 to a negative $415,000 in the year 2000. If depreciation and amortization of 
assets were added back into the net earnings equation, then the District still would have 
had negative cash flow for nine of the past twelve years. In addition, this does not 
include principal payments on long-term debt. If the payment of principal were included, 
the District would have had negative earnings in all ten of the last ten years. Retained 
earnings and total members' equity has gone from $4.7 million and $5.5 million in 1993 
to $0.2 million and $0.5 million in 2005, respectively. 

A water rate increase may not be the remedy, either. Currently, the District charges retail 
customers about $5.31 per 1,000 gallons up to 20,000 gallons. The rate is reduced to 
$3.44 per 1,000 gallons over 20,000 gallons. To have a net operating profit these rates 
would have to be increased to $9.26 and $6.00, respectively. While $45.00 a month for 
water is not unheard of for a retail water customer, the bulk contract for water would also 
have to increase from $3.44 to $6.00 per 1,000 gallons which is significant. Most 
wholesale customers would probably find an alternative source of water if rates were 
increased to this level. According to records of the KRWA most new wholesale water 
districts supply water at less than $3.50 per 1,000 gallons. Approximately one-third of 
the water sold by Post Rock goes to other public water suppliers. 

Competition 

After not being able to sell much water out of Kanapolis Reservoir for a number years the 
City of McPherson Board of Public of Utilities recently expressed interest in its 
remaining storage capacity. Given that the City of Salina has been taking excess water 
out of the lake this may create competition for all of its remaining capacity. With Wilson 
Reservoir closer to Hays than Kanapolis Reservoir the City may be rated lower than the 
other cities on a priority list. There would also probably be a number of political 
disadvantages. 

Storage Cost 

With the potential competition for water out of Kanapolis Reservoir, the City would 
likely be required to commit for water prior to actually needing it. The Kansas Water 
Office has a take or pay requirement for its water allocation. The City would be required 
to pay one-half of the marketing fees even if it did not take any water from the Reservoir. 

Starting in 2007 the water marketing rate will be $.18016 per 1,000 gallons. In 2008 it is 
predicted to go up to $.34032 per 1,000 gallons. The next increase is expected in 2012; 
$.60772. Following is an estimate of the marketing fee if the City required 5.0 million 
gallons of daily storage, but did not take any water out of the Reservoir: 

2007 $164,396 
2008 $310,542 
2012 $554,544 

This adds far too much cost to the City's water utility system prior to actually taking 
water. 
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City of Hays, Kansas 
Water Financial Analysis 

Post Rock Water Supply Alternative 
(Ellsworth County RWD No. 1) 

Executive Summary 

June 5, 2006 

Ranson Financial Consultants, LLC ("Ranson") has completed its contractual agreement 
to review the financial feasibility of the City Hays, Kansas ("Hays" or the "City") to 
acquire the physical assets of Ellsworth County RWD No. I (the "District", a/k/a "Post 
Rock"). Our activities included but were not limited to the following analyses of the 
District: 

(I) the current and historic financial condition 
(2) the current plant physical condition and 
(3) requirements to correct both financial and physical deficiencies. Results of our 

analysis of the physical plant and actions required to bring it up to date are 
reflected in the report from Bums and McDonnell. 

Ranson participated in two (2) meetings in Topeka with representatives from the Kansas 
Water Office, the Kansas Rural Water Association and Bums and McDonnell. The team 
spent its time in Topeka reviewing the physical and financial capacity of the District. 
Separately, Ranson reviewed over ten years of financial history from records provided to 
us from the District. In summary, we cannot recommend that the City acquire the assets 
of the District as a future source of water for the following reasons: ( l )  financial 
instability of the District; (2) competition for water from Kanapolis Reservoir and (3) the 
price of water storage until the City begins pumping water from the Reservoir. 

Financial Condition 

In its opinion letter from the 2004 audit of the District, Vonfeldt, Bauer & Vonfeldt, 
CHTD, auditors for the District, state " ... the Company (District) is in default on certain 
covenants of its loan agreements at December 31, 2004. The lenders may demand 
repayment of the loans, although no such demand has been made. These conditions raise 
a substantial doubt about the Company's ability to continue as a going concern." 

From 1993 through 2004 the District has not reduced its total debt. In 1993 the District's 
long-term debt less current portion due was $5,835,189. Interest payable was 
$1,138,103. The current portion of the long-term debt was $498,538 for total debt and 
interest outstanding equal to $7,471,830. In 2004 the District's long-term debt less 
current portion due was $4,045 ,680. Interest payable was $3 ,454,415. The current 
portion of the long-term debt was $1,668,500 for total debt and interest outstanding equal 
to $9,168,595. 
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Since 1993 the District has had a range of net earnings from a negative $600,000 in the 
year 1993 to a negative $415,000 in the year 2000. If depreciation and amortization of 
assets were added back into the net earnings equation, then the District still would have 
had negative cash flow for nine of the past twelve years. In addition, this does not 
include principal payments on long-term debt. If the payment of principal were included, 
the District would have had negative earnings in all ten of the last ten years. Retained 
earnings and total members' equity has gone from $4.7 million and $5.5 million in 1993 
to $0.2 million and $0.5 million in 2005, respectively. 

A water rate increase may not be the remedy, either. Currently, the District charges retail 
customers about $5 .31 per 1,000 gallons up to 20,000 gallons. The rate is reduced to 
$3.44 per 1,000 gallons over 20,000 gallons. To have a net operating profit these rates 
would have to be increased to $9.26 and $6.00, respectively. While $45.00 a month for 
water is not unheard of for a retail water customer, the bulk contract for water would also 
have to increase from $3.44 to $6.00 per 1,000 gallons which is significant. Most 
wholesale customers would probably find an alternative source of water if rates were 
increased to this level. According to records of the KR WA most new wholesale water 
districts supply water at less than $3 .50 per 1,000 gallons. Approximately one-third of 
the water sold by Post Rock goes to other public water suppliers. 

Competition 

After not being able to sell much water out of Kanapolis Reservoir for a number years the 
City of McPherson Board of Public of Utilities recently expressed interest in its 
remaining storage capacity. Given that the City of Salina has been taking excess water 
out of the lake this may create competition for all of its remaining capacity. With Wilson 
Reservoir closer to Hays than Kanapolis Reservoir the City may be rated lower than the 
other cities on a priority list. There would also probably be a number of political 
disadvantages. 

Storage Cost 

With the potential competition for water out of Kanapolis Reservoir, the City would 
likely be required to commit for water prior to actually needing it. The Kansas Water 
Office has a take or pay requirement for its water allocation. The City would be required 
to pay one-half of the marketing fees even if it did not take any water from the Reservoir. 

Starting in 2007 the water marketing rate will be $.18016 per 1,000 gallons. In 2008 it is 
predicted to go up to $.34032 per 1,000 gallons. The next increase is expected in 2012; 
$.60772. Following is an estimate of the marketing fee if the City required 5.0 million 
gallons of daily storage, but did not take any water out of the Reservoir: 

2007 $164,396 
2008 $310,542 
2012 $554,544 



This adds far too much cost to the City's water utility system prior to actually taking 
water. 



Table 1 

Post Rock 
Maximum Economic Value Analysis 

Including Amortization and Depreciation 

Operating Other Net 
Earnings Year Revenue Expenditures Income 

702,647.69 1,341,311.71 36,809.10 -601,854.92 1993 

1994 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

816,696.66 1,282,108.65 170,788.97 -294,623.02 

861,529.90 1,293,858.74 17' 102.46 -415,226.38 

882,468.13 1,349,532.99 27,389.11 -439,675.75 

907,840.33 1,380,761.38 55,663.90 -417,257.15 

886,617.18 1,327,386.16 4,752.94 -436,016.04 

965,908.08 1,379,968.56 16,498.35 -397 ,562.13 

944,906.55 1,516,170.15 20,706.08 -550,557.52 

1,014,308.48 1,535,838.45 74,462.04 -447,067.93 

1,041,810.69 1,546,124.67 41,897.82 -462,416.16 

1,068,784.75 1,771,412.55 118,897.27 -583,730.53 

1,259,084.55 2,000,564.42 0.00 -741,479.87 

Average Net Cash Flow 

Coverage Requirement 

Revenue Available for Debt Service 

Bond Issue Present Value @ 5.00% 

Free Cash Flow Present Value @ 20.00% 

Free Cash Flow Present Value @ 20.00% 

Gross Economic Value 

Present Value of Future Improvements 

Net Economic Value 

Interest Extraordinary Net 
Expenses Depreciation Amortization Expense Cash Flow 

448,784.40 280,765.97 

447,250.87 283,907.37 

440,982.72 291,365.15 

429,885.40 294,270.91 

430,868.66 298,466.70 

429,013.41 303,552.02 

389,875.73 302,304.30 

405,554.04 304,990.30 

403,106.35 307,296.60 

402,318.32 310,476.87 

402,318.30 310,604.49 

448,784.40 308,752.66 

20 Years 

20 Years 

20 Years 

44,449.97 

44,573.36 

45,805.61 

45,805.61 

45,805.61 

45,805.61 

45,805.61 

45,805.61 

45,805.61 

45,805.61 

45,805.61 

45,805.61 165,964.66 

1,461,309.19 

172,145.42 

481,108.58 

362,927.10 

330,286.17 

357,883.82 

342,355.00 

340,423.51 

205,792.43 

309, 140.63 

296,184.64 

174,997.87 

227,827.46 

300,089.39 

125.00% 

240,071.51 

2,991,821.64 

292,261.84 

38,116.87 

3,322,200.34 

1,000,000.00 

2,322,200.34 



Table 2 

Post Rock 
Maximum Economic Value Analysis 

Not Including Amortization and Depreciation 

Operating Other Interest Extraordinary Net 
Year Revenue Expenditures Income 

Net 
Earnings Expenses Depreciation Amortization Expense Cash Flow* 

1993 

1994 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

702,647.69 

816,696.66 

861,529.90 

882,468.13 

907,840.33 

886,617.18 

965,908.08 

944,906.55 

1,014,308.48 

1,041,810.69 

1, 068, 784. 75 

1,259,084.55 

Average Net Cash Flow 

1,341,311.71 

1,282, 108.65 

1,293,858. 7 4 

1,349,532.99 

1,380,761.38 

1,327,386.16 

1,379,968.56 

1,516,170.15 

1,535,838.45 

1,546, 124.67 

1,771,412.55 

2,000,564.42 

36,809.10 -601,854.92 

170, 788.97 -294,623.02 

17, 102.46 -415,226.38 

27,389.11 -439,675.75 

55,663.90 -417,257.15 

4,752.94 -436,016.04 

16,498.35 -397,562.13 

20,706.08 -550,557.52 

74,462.04 -447,067.93 

41,897.82 -462,416.16 

118,897.27 -583,730.53 

0.00 -741,479.87 

*Net Cash Flow prior to debt service expense 

448,784.40 

447,250.87 

440,982.72 

429,885.40 

430,868.66 

429,013.41 

389,875.73 

405,554.04 

403,106.35 

402,318.32 

402,318.30 

448,784.40 165,964.66 

-153,070.52 

152,627.85 

25,756.34 

-9,790.35 

13,611.51 

-7,002.63 

-7,686.40 

-145,003.48 

-43,961.58 

-60,097.84 

-181,412.23 

-126,730.81 

-45,230.01 



Table 3 

Post Rock 
Maximum Economic Value Analysis 

75% Rate I ncrease 

Operating Other Net I nterest Extraordinary Net 

Year Revenue Expenditures Income Earninos Expenses Depreciation Amortization Expense Cash Flow 

1 993 1 ,225,332.88 1 ,341 ,31 1 .71 36,809 . 1 0  -79,1 69.73 448,784.40 369,614.67 

1 994 1 ,424,220.54 1 ,282, 1 08.65 1 70,788.97 3 1 2,900.86 447,250.87 760,1 51 .73 

1 996 1 ,502,404.31 1 ,293,858. 74 1 7, 1 02.46 225,648.03 440,982.72 666,630.75 

1 997 1 ,538, 9 1 8.06 1 ,349,532.99 27,389. 1 1  21 6,774 . 1 8  429,885.40 646,659.58 

1 998 1 ,583, 1 64. 1 2  1 ,380,761 .38 55,663.90 258,066.64 430,868.66 688,935.30 
1 999 1 ,546, 1 53.50 1 ,327,386. 1 6  4,752.94 223,520.28 429,01 3.41 652,533.69 

2000 1 ,684,427.27 1 ,379,968.56 1 6,498.35 320,957.06 389,875.73 7 1 0,832.79 

2001 1 ,647,803. 1 4  1 ,5 1 6 , 1 70. 1 5  20,706.08 1 52,339.07 405,554.04 557,893. 1 1  

2002 1 ,768,831 .74 1 ,535,838.45 74,462.04 307,455.33 403 , 1 06.35 71 0,561 .68 

2003 1 ,81 6,792.28 1 ,546, 1 24.67 41 ,897.82 312,565.43 402,31 8.32 714,883.75 

2004 1 ,863,831 .79 1 ,771 ,41 2.55 1 1 8,897.27 21 1 ,316.51 402,31 8.30 6 1 3 ,634.81 

2005 2 , 1 95,691 .70 2,000,564.42 0.00 1 95 , 1 27.28 448,784.40 1 65,964.66 809,876.34 

Average Net Cash Flow 658,51 7.35 

Coverage Requirement 1 25.00% 

Revenue Available for Debt Service 526,81 3.88 

Bond Issue Present Value @ 5.00% 20 Years 6,565,265.37 

Free Cash Flow Present Value @ 20.00% 20 Years 641 ,340.55 

Free Cash Flow Present Value @ 20.00% 20 Years 3,206,702.74 83,643.81 

Gross Economic Value 7,290,249.72 

Present Value of Future Improvements 1 ,000,000.00 

Net Economic Value 6,290,249.72 
Per 1 ,000 Per 1 ,000 

Rate Structure Current Proposed 
Usage 1 ,000 to 20,000 5.31 9.26 Outstanding Principal 5, 714, 1 80.48 

over 20,000 3.44 6.00 Outstanding I nterest 3,454,4 1 5 .88 
Total Debt as of 1 2/31 /04 9, 1 68,596.36 



Table 4 

Post Rock 
Maximum Economic Value Analysis 

Storage Costs 

Without Taking With Taking 
Water Water 

Year Gallons per Day Rate per K Annual Cost Annual Cost 

2007 5,000,000 0. 1 8016  1 64,396.00 328,792.00 
2008 5,000,000 0.34032 31 0,542.00 621 ,084.00 
2009 5,000,000 0.34032 31 0,542.00 621 ,084.00 
201 0  5,000,000 0.34032 31 0,542.00 621 ,084.00 
201 1 5,000,000 0.34032 31 0,542.00 621 ,084.00 
201 2 5,000,000 0.60772 554,544.50 1 ,  1 09,089.00 
201 3 5,000,000 0.60772 554,544.50 1 , 1 09,089.00 
201 4 5,000,000 0.60772 554,544.50 1 , 1 09,089.00 
201 5  5,000,000 0.60772 554,544.50 1 ,  1 09,089.00 
201 6 5,000,000 0.85829 783, 1 89.63 1 ,566, 379.25 
201 7 5,000,000 0.85829 783 , 1 89.63 1 ,566,379.25 
201 8 5,000,000 0.85829 783, 1 89.63 1 ,566,379.25 
201 9 5,000,000 0.85829 783, 1 89.63 1 ,566,379.25 
2020 * 5,000,000 0.52689 480,787. 1 3  961 ,574.25 

*and thereafter 
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Precious Water: 
.,,.;;' 'lf;>: ,~··-.· ;:-! .; · • 

H ·w .HAYS PLANS To KEEP IT FLOWING . : ;_;~ ; ·- .. 

This is the story of one city's 
decade-long quest to solve its seri
ous water shortage problems and 
how a proposed multi-million dollar 
construction project will constitute 
the first step toward one possible so
lution. 

Successful implementation of a 
carefully engineered "water banking 
plan" could provide a long-term so
lution for the city while serving as 
an innovative model for other 
parched cities facing similar water 
woes. 

At the heart of the struggle to find 
more predictable and reliable 
sources of water for its 20,000 resi
dents is the central Kansas city of 
Hays. Engineers hired from Kansas 
City-based Black & Veatch are work
ing with Hays officials to finalize a 
plan that could funnel up to 380 mil
lion additional gallons of water into 
the city each year. State and federal 
regulators are eyeing the plan 
closely. 

Under the proposed Big Creek 
Water Banking Plan, which has been 
scrutinized and revised numerous 
times over the past three years, 
Hays will pipe highly-treated efflu
ent from its wastewater treatment 
plant through a chlorination facility 
to reuse storage ponds as part of a 
recharge and withdrawal program 
on the Big Creek alluvial aquifer. 

Les Lampe, director of water re
sources engineering for Black & 
Veatch, says a portion of the effluent 
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would be pumped to reuse irriga~ 
tion sites at the municipal and coun
try club golf courses, softball fields 
and a park. The remainder will be 
pumped to a discharge point on Big 
Creek and an adjacent recharge 
basin, two miles northwest of Hays. 

Several miles of 10-inch to 16-inch 
pipeline would be laid to handle 
recharge water, which would be 
dechlorinated before discharge into 
Big Creek. 

In response to proposed ammonia 
standards and concerns of nitrate in 
drinking water, a nitrification-deni
trification facility will be con
structed. 

New wells will be developed 
along Big Creek to withdraw addi
tional raw water because of newly
acquired water rights and to replace 
contaminated wells. Numerous 
monitoring wells will be constructed 
to monitor water quality and the 
recharge rate. 

Dark areas on this 
map represent 
underground water 
sources in the coun
ties surrounding 
Hays. A "wholesale ~--~,.__:-
water district" in 
and around Hays 
may be in the 
to help rural 
communities cope 
with costs. 

_ Rainfall in Hays was five 
inches below normal 

-·through Juf!f, leaving the 
ground parched. Buffaloes 
used the dusty terrain to 
rid themselves of pests at 
Frontier Park in Hays. 

"This projed has introduced all 
sorts of new ideas to the state," says 
Jeff Henson, a key Black & Veatch 
engineer on the project. 

Hays hopes to begin the construc
tion phase of this one-of-a-kind pro
ject early next year. Once completed, 
the facilities are estimated to in
crease the annual municipal water 
supply by as much as 33 percent. 

The complex plan calls for mil
lions of dollars in new construction 
and improvements, much of which 
is scheduled to be bid next spring. 

But before any construction be
gins, the Kansas Department of 
Health and Environment (KDHE) 
and the Kansas Division of Water 
Resources (DWR) must sign off on 
the plan. 

Permitting applications are being 
reviewed now. KDHE is charged 
with monitoring the reuse of 
wastewater for irrigation and 
aquifer recharge. DWR is assessing 
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the issue of water rights and the im
pact the plan could have on water 
quantities. 

ceed 3,500 acre feet . About two- Up until1978, water was regularly 
thirds of the city's water comes from released from the Cedar Bluff Reser-
the Smoky Hill alluvium. voir to an irrigation district, which 

Ironically, improved farming prac- then affected the alluvial aquifer. 
The Problem tices designed to save the land and That practice stopped when water 

Hays consumes about 1.1 billion water have had a devastating im- became too scarce. 
gallons of water a year, water drawn pact on the Cedar Bluff Reservoir, Another part of the problem is 
primarily from the Smoky Hill and located 25 miles upstream of the that the Cedar Bluff Reservoir's dam 
Big Creek river alluviums and ter- city's wells. foundation is sunk in the solid shale 
race deposits. But over the past few "They're (conservation practices) of the preglacial riverbed, allowing 
decades, water levels have been de- great for the farmer but disastrous for little seepage into the alluvium. 
creasing dramatically. for the reservoir," says Ken Carter, By the early 1980s, Hays began ex-

Wells along Smoky Hill and Big Hays city manager. periencing the serious effects of the 
Creek now produce a combined reli- No-till farming, terracing and farm depleted reservoir. Water levels in 
able water supply of about 2,500 ponds are a few of the conservation the Smoky Hill River alluvium wells 
acre feet per year, while the city's methods that have robbed much of dropped in excess of 20 feet. The 

~~~t~~~ruQdisiain~ii~~~~--~hi-j-ji~J~- ~~Iiiiliil ........ iW"~~~iiilillijMiliill 
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River went from producing 2,200 
acre feet of water annually to ap
proximately 1,500 acre feet. One acre 
foot of water equals about 326,000 
gallons of water. 

The city's five remaining wells on 
the Big Creek River alluvium pro
duce about 1,200 acre feet of water 
each year for the city, some 800 acre 
feet less than the vested water rights 
allow. 

Since 1964, four Big Creek wells 
have been shut down due to 
petroleum-related contamination. 
Leaking underground storage tanks 
have been cited as the probable con
tamination source. 

Strict state point-of-diversion 
statutes relating to alluvial depletion 
have prohibited Hays from replac
ing contaminated wells at some al
ternate locations along the aquifer. 
Because of extremely low water lev
els in both alluviums, no new wells 
are allowed. 

That has forced the city to look to 
potential new water sources in an 
area to include a 90-mile radius. 

Seeking Solutions 
Black & Veatch was hired by Hays 

in 1985 to search for temporary and 
long-term solutions to the city's 
water supply problems. Geophysi
cal and drilling exploration pro
grams have been performed in nu
merous aquifers. 

In 1986 the city proposed a 
groundwater demonstration project 
on the Smoky Hill River. The city's 
Smoky Hill River alluvium was to 
be recharged by water in the Smoky 
Hill River, under a proposed federal 
groundwater demonstration plan. 
Berms were to be constructed in the 
river channel to retain water re
leased from the Cedar Bluff Reser
voir. 

In 1989 the city looked into the 
possibility of obtaining an emer
gency release from the reservoir be
cause it could provide dependable 
yields of anywhere from 700 to 1,300 
acre feet per year. The request for an 
emergency release was made in re
sponse to drought years in 1988 and 
1989 in an attempt to recharge the 
aquifer. But the city backed off the 
plan after officials encountered 
strong opposition from nearby 
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"In tenns of ;,vater 
quality and water rights, 
this is treading a whole 
bunch of brand new 
ground for the state of 
Kansas ... So it's a pretty 
creative plan and state 
agendes have been very 
good in trying to make 
the plan work." 

Les Lampe. director of 
water resources engineer

'-----~"'-'--....J ing, Black & Veatch 

"Because of the dty's 
need for water- yester
day- a lot of testing has 
gone on parallel to 
design. So the plan is 
evolving even now. And 
it will continue to do so 
until it's all in the 
ground, I imagine." 

Jeff Henson, project engi
neer, Black & Veatch 

:"'""';':~~~ "We're buying time 
through conservation. 
We need more water." 

Ken Carter, Hays c1ty 
manager 

landowners, environmental groups 
and the city of Russell. 

The city was forced to look else
where. 

Hays considered purchasing 
water rights from the few farmers 
who irrigate in the area but the 
farmers weren't interested. Hays 
then began looking to different alter
nate conventional sources. 

What engineers discovered was 
that there were no simple answers. 
No aquifers, alluviums and reser
voirs in the immediate area can sup
ply adequate, quality water without 
going to extraordinary expense. 
Drawing water from other sources 
such as the Ogallala and Dakota 
aquifers, the Saline River Alluvium 
and several reservoirs outside the 
immediate area would require more 
than five years to implement and 
cost in excess of $20 million. 

Tapping into the Dakota Aquifer, 
for example, could require drilling 
depths of anywhere from 300 to 600 
feet. Even then, water quality is 
questionable. High salt content 
could require expensive desalinia
tion plants. 

One potential plan - the Big 

Creek Water Banking Plan - is less 
expensive and requires considerably 
less time to implement. 

The "Banking" Plan 
Hays City Commissioner Joe 

Glassman is credited with brain
storming the idea that eventually 
led to the Big Creek Water Banking 
Plan. He suggested a "swap" of the 
city's treated wastewater to gain 
potable water from existing water 
rights to be pumped from new wells 
along Big Creek. Under the initial 
plan, Fort Hays State University was 
one of several entities that would 
have transferred its surface water 
rights to groundwater rights and 
given them to the city. 

While the idea may have seemed 
feasible to city officials, DWR denied 
the request. But David Pope, chief 
engineer for DWR, offered an alter
native that would form the basis for 
what may now be the most unique 
water plan in state history. 

The plan allows Hays to release a 
sizeable portion of its effluent water 
into Big Creek to recharge the allu
vium while withdrawing fresh 
water in an amount approximately 
equal to that discharge. 

Carter explains the concept in this 
way: "If the city can show that efflu
ent taken to the northwest of town 
(to the Big Creek alluvium) could 
eventually be reused, the state 
would give us water rights for the 
amount being recharged." 

"This could allow the city another 
500 acre feet of potable water per 
year," Carter explains. That figure is 
based on a daily effluent discharge 
rate of about 1.8 million gallons, of
ficials say. Of that 1.8 million gal
lons, 1.2 million can be piped to the 
northwest for recharge. As much as 
50 percent of that could be used for 
recharge. 

Black & Veatch engineers went to 
work with computer models to 
show how the withdrawal/ recharge 
program would work. Because the 
concept has never been used in 
Kansas engineers are breaking new 
ground. And they must meet strin
gent effluent standards that have 
been set up by state regulators. 

Highly-treated effluent will be 
piped to municipal and private golf 
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courses, parks and softball fields, 
where it will be used for irrigation. 
The remainder will be piped to 
recharge the Big Creek alluvium. 

The city will provide the Smoky 
Hill Country Club with about 250 
acre feet of highly-treated effluent to 
water their golf course in return for 
195 acre feet of potable water rights. 
A possible lease agreement may 
allow the city to acquire another 173 
acre feet in water rights from Yuasa
Exide Battery Corp., a local battery 
manufacturer. 

Another key element in the plan 
sets in place a system that allows the 
city to replace existing wells that 
have fallen prey to contamination. 
The city stands to gain up to 314 
acre feet annually from replacement 
wells. 

Carter considers the replacement 
element of the plan as a key to its 
success. 

"In my opinion, that is the aspect 
that made the plan doable," Carter 
says. 

The state is allowing Hays to treat 
its Big Creek water resources as a 
"bank" whereby the city can with
draw a designated amount of water 
each year, regardless of the point of 
diversion. That's a new philosophy 
for the state. In effect, the state is al
lowing the city to locate its well di
version points in other areas of the 
water bank. Previously, replacement 
wells had to be drilled within a half 
mile of the original well and that 
was a problem for Hays because of 
contamination. 

If the alluvium shows a 50 percent 
recharge rate the city could stand to 
gain approximately 500 acre feet of 
water each year- about 163 mil
lion gallons. 

No one is exactly sure what the 
recharge level will be, a figure to be 
determined as the recharge-with
drawal system is tested over a pe
riod of years. 

"With water taken back up to the 
stream you have to prove over time 
what has actually gone into the 
aquifer and wells," Lampe explains. 

Withdrawal wells will be placed 
to achieve a one-year "travel time" 
through clay and sand to the aquifer 
as a kind of cleansing process for 
protection of public health. As much 
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as 1.2 million gallons of effluent 
water a day will be available for 
recharge into the Big Creek allu
vium. 

Assessing the Plan 
Water experts who have been 

studying Hays' predicament say the 
city is in a very unique situation. 
Adequate, quality water sources are 
simply too far away or too expen
sive to tap into. 

The Big Creek Water Banking plan 
will allow the city to use effluent 
from one nearby alluvial formation 
to recharge another. While that may 
sound simple enough, such a project 
requires close scrutiny by KDHE 
and DWR. 

DWR officials say the state must 
look at the overall water picture for 
an area and allow permits based on 
what will have an impact on water 
quantity for a region. 

"Our main concern is that the 
stream-aquifer system remains 
whole," says Jim Bagley, a 
spokesman for DWR's technical ser
vices section. 

'We are not anxious to sign off on 
anything without them showing us 
it will have a reasonable probability 
of working," Bagley says. "Ulti
mately, the proof will be in their 
doing it." 

Bagley notes that the state will 
seek public input before the plan is 
fully approved. 

Meanwhile, the KDHE is assess-

Serious 
About Conservation 

Joke about the water situation in 
Hays and you may not get a laugh. 

Just about everyone takes water 
conservation serious here. 

That includes city enforcers, who 
can level $250 fines against resi
dents who repeatedly ignore out
door watering regulations. 

Hays officials embarked on an 
"aggressive" conservation plan 
several years ago as water shortage 
problems became evident. 

There are incentives to use ultra
low volume flush toilets and low 
flow shower heads. There are in-

ing how the plan will affect health 
and water quality. 

Scott Ross, water commissioner at 
the Stockton field office, says the 
proposal definitely has "interesting 
potential." 

"It's a worthy idea to study," he 
says. 

Henson says Black & Veatch has 
worked with KDHE and DWR to 
address design limits and the plan is 
again being reviewed. 

"DWR has looked at our opera
tions plan and has seen how all 
these components will come to
gether to meet the city's demands," 
Henson says. DWR made comments 
on the plan and Black & Veatch re
sponded. 

"We're almost there," Henson 
says. 

Evaluation of the plan in mid-Au
gust showed the city would gain 195 
acre feet from a tradeoff agreement 
with Smoky Hill Country Club, 173 
acre feet from an agreement with 
Yuasa-Exide, up to 500 acre feet 
from the recharge-withdrawal sys
tem and 300 acre feet by replacing 
contaminated wells. That's about 
380 million gallons of water. 

But the water banking plan won't 
be the end of the water search for 
Hays. 

The plan will only bring Hays 
enough water to match levels the 
city was deriving 10 years ago. And 
as with any progressive city, Hays is 
looking to grow. MC 

centives to install landscaping that 
requires less water. 

"Our (water) rate structure is 
probably one of the most aggres
sive in the state," says Ken Carter, 
Hays city manager. "The more you 
use, the higher the cost." 

It's not unusual for some heavy 
lawn waterers to pay bills of $600. 

"Some people will pay, no mat
ter what the expense," Carter says. 

Outdoor watering is limited to 
two times a week for a total of 12 
hours. Fines are levied against law
breakers and water may be turned 
off until the city collects. 

"We take it very seriously," 
Carter says. 

September 9, 1991 Midwest Contractor 
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I. Introduction 

A. Purpose 
The purpose of this report is to summarize the operation of the Big Creek Water 

Banking Plan and to discuss the feasibility of implementing an artificial recharge 

project for the City of Hays. The Plan includes acquisition of existing water rights, 

changes in points of diversion, creation of "new" water rights through artificial 

recharge of the Big Creek alluvial aquifer and subsequent withdrawal of an equal 

volume of water from the aquifer. 

A portion of the acquired water rights will be obtained by trading reclaimed 

wastewater effluent for existing water rights. The reclaimed effluent will be used to 

irrigate two golf courses, parks, and softball fields (Irrigation Users). 

In 1983 the City's water use was just over 3500 acre-feet (ac-ft). Since that time 

progressively stricter conservation measures have been implemented that have 

reduced demands to about 2800 ac-ft. For planning purposes, a demand of 3500 ac-ft 

is used. This will allow for some growth and a slight reduction in the strict 

conservation measures. 

The City's reliable supply is about 2484 ac-ft. The wells can pump a greater 

volume during most years; however, during a severe drought the volume that can be 

pumped is reduced significantly. The volume available from the Smoky Hill aquifer 

has steadily declined due to upstream diversions. This trend indicates the reliable 

supply may drop to 1500 ac-ft in the future. 

The reliable supply from the City wells which tap the Big Creek alluvium has also 

declined. Several of the wells have been lost to contamination. Standby wells which 

discharge directly to the distribution system can provide some stlpply, but they are 

only used during emergencies. For planning purposes the standby wells can not be 

included in the reliable yield of the City wells. Therefore, the reliable supply from 

the City wells is 984 ac-ft. 

This report presents a monthly operation schedule for assumed conditions during 

dry years and wet years for the various components of the Plan to ensure that no 

water rights holders within the area affected by the Banking Plan are adversely 

affected. 

WP031193 
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B. Scope 
This report includes the following: 

• Delineation of the banking area. 
• An analysis of data gathered as part of the Plan as well as data gathered for 

past studies. 
• Estimates of aquifer characteristics within the banking area. 
• Preliminary locations of production wells, a recharge basin, and monitoring 

points. 
• Summary of existing water rights and how the Plan will affect them. 
• Operation plans for assumed conditions during wet years and dry years. 
• A detailed quality assurance/quality control plan is not included in Phase 1 

of the agreement between the City and the Bureau of Reclamation. It will 

be completed in Phase I I  of the agreement. 
• An evaluation of the feasibility of inclusion of wetlands as part of the 

treatment process. 

WP031193 
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I I. Analysis of the Data 

The data used to characterize the Big Creek alluvial aquifer includes data gained 

from past studies of the aquifer as well as the results from five rounds of testing 

completed for this project. 

A. Past Studies 

Data from the following studies were used in developing the estimates of aquifer 

characteristics. 

"Geohydrology of the Big Creek Alluvial Aquifer of Hays and Vicinity, Ellis 

County, Kansas," Master's Thesis for Fort Hays University by Vilma Isabel Perez 

Bermudez, December 18, 1986. 

"Geology and Groundwater Resources of Southern Ellis County and Parts of 

Trego and Rush Counties, Kansas," by Alvin R. Leonard and Delmar W. Burra, 

State Geologic Survey of Kansas, 1960. 

"Groundwater Hydrology Study Big Creek Area Vicinity of Hays, Kansas," by the 

Layne-Western Company, Inc., April 1974. 

"Groundwater Supplies at Hays, Victoria, Walker, Gorham, and Russell, Kansas", 

by Bruce F. Latta, December 15, 1948. 

The City's records were also reviewed, including pumping test data of City wells, 

logs of several test holes drilled in the alluvium, and pumping records from the wells. 

This data indicates that an average hydraulic conductivity of the sands and gravel 

is about 1,000 gpd/sq ft. The storage coefficient is in the range of 0.0001 to 0.01. 

Recharge from precipitation has been estimated at about 1 inch per year. 

No information is readily available on stream flow in Big Creek in the reach of 

concern. Since recharge through the creekbed will be a secondary recharge 

mechanism, no testing has been completed to accurately estimate stream flow or to 

complete a gain-loss survey. Access to sites along the creek is difficult to obtain and 

the project schedule could not be delayed by prolonged negotiations for access. 

WP033193 
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B. Testing and Modeling 

Creek Bed Testing 

Initial testing for the Plan consisted of drilling test holes at selected sites as 

shown on Figure 11-1. The test holes were drilled to determine the thickness of sands 

and gravel as well as the static water levels. Logs of the holes are included in 

Appendix A. Split spoon samples of creek bed material were collected to estimate 

permeabilities. 

Results of the initial testing showed static water levels at the same elevation as 

the water in Big Creek, which indicates communication between the creek and 

aquifer. Several of the logs indicated sand and gravel deposits from the creek bed 

down to bedrock. An example follows. 

Depth, ft 
0-3 
3-15 
15-29 
29 

TABLE 11-1 
Log Test Hole IT-1 

Formation 
Silt and Sand 
Sand/Gravel 
Sand/Gravel 
Shale 

Static water level at 3 feet (same as water level in Big Creek). 

Based on the results of the initial testing, two sites were identified for further 

testing to estimate the amount of flow that could be induced through the creek bed 

to the aquifer. The sites were designated BP-1 and BP-2, as shown on Figure 11-1 .  

A series of observation wells and a test production well were drilled at each site. 

Figure 11-2 shows the layout at site BP-2. The layout at BP-1 was similar to that of 

BP-2. The test wells at each location were pumped for 72 hours at a rate of about 

100 gpm. Water levels were measured in each observation well and in Big Creek. 

A weir was constructed to measure flows at BP-1. At BP-2 the creek was too wide 

and was not flowing, so a staff gage was used to monitor changes in water surface 

elevation. A semi-log plot of the data at a well at site BP-2, shown on Figure 11-3, 

indicates that some recharge to the well occurred after about 20 minutes of pumping. 

The plot also indicates that a no-flow boundary was intercepted after pumping for 

about a day. The plots of all the observation wells at both sites are similar to the 

WP033193 
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plot shown on Figure 11-3. No measurable reduction in Big Creek water level was 

observed at either site. Data collected for this test are included in Appendix B. 

Logs qf the holes drilled at both sites indicated the presence of clay layers that 

were not identified by the initial testing. At BP-2, a 4 feet thick clay layer occurred 

at the static water level. A lower clay layer separated the aquifer into an upper and 

. lower sand layer. In general, the upper sand layer was about 4 feet thick, and the 

lower layer was about 12 feet thick. The clay layer between the two sand layers was 

about 3 feet thick. Flow rate in the creek in this area was about 300 gpm. 

Although the testing indicated some recharge, the source of the recharge was not 

apparent, since the water level in Big Creek did not change and no change in flow 

was measured. A model of the aquifer at BP-2 was developed to simulate the 

pumping test conditions and to help identify the source of recharge. 

The model was developed using the USGS' MODFLOW program, a three

dimensional model that includes recharge mechanisms and multiple aquifer layers. 

The assumed conditions are listed below. 

• Four layers: top clay layer approximately 4 feet thick; upper sand layer 

approximately 4 feet thick; lower clay layer approximately 3 feet thick; and 

lower sand layer approximately 12 feet thick. 

• Conductivity of the sands: 1,000 gpd/sq ft. 
• Storage coefficient: 0.0005. 

The model was calibrated by comparing measured drawdown to modeled draw

down. Sensitivity analyses were completed on the conductivity of the creek bed and 

vertical conductivity of the clay layers. The analyses indicated the model was most 

sensitive to the vertical conductivity of the clay layers. The run that gave the best 

results had a clay layer vertical conductivity of about 0.000118 ft/hr 

( 1•10-6 cm/s). The runs showed a 10-25 percent recharge rate from the river. It is 

possible that the water came from the upper sands. 

It should be noted that all wells drilled for this test were screened only in the 

lower sand unit, so no drawdown data was available for the upper sand unit. This 

made estimating the recharge rate from Big Creek difficult because it was impossible 

to determine any effects in the upper sand layer. 

Since the recharge rate was still uncertain after testing at BP- 1 and BP-2, another 

pumping test was performed. This pumping test was designed to determine both the 

WP033193 
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rate of recharge from the river to the aquifer and the feasibility of using a recharge 

basin for recharging the aquifer. The locations of test holes for the third test are 

shown on Figures II-1, II-4, and II-5. The test holes near Big Creek for BP-3 were 

at the same site as for BP-1 and were drilled to further define the recharge rate. The 

remainder of the holes, RB-1 through RB-lOA, were drilled to determine the thick

ness of the sands and gravel for establishing the feasibility of a recharge basin. 

Two of the observation wells at BP-3 were drilled only into the upper sand layer; 

the others were drilled into the lower sands and were isolated from the upper sands. 

The test well was screened in both layers in an attempt to determine the maximum 

amount of recharge that could be drawn from Big Creek into the aquifer at a specific 

site. A weir was constructed in the creek to measure flow. Data collected from this 

test is included in Appendix C. 

The results of this test showed significant influence of Big Creek. The flow in the 

creek was about 560 gpm at the start of the test and dropped measurably within 15 

minutes from the start of  the test. After 8 hours of pumping at a rate of 106 gpm 

the flow in Big Creek stabilized at 68 gpm less than at the start of the test. 

The MODFLOW model was updated to reflect new data collected at BP-3. The 

model was calibrated with the pumping test data and sensitivity analyses were 

completed on the conductivity of the clay layer and of the creek bed. Two major 

changes were made in the model: the upper clay layer at this site was eliminated, 

and the upper screen layer was modeled as a drain. The following table lists the 

range of values tested and the model parameters that produced the best results. 

WP033193 
REP217sln 

Parameter 

Conductivity of Sand 

Conductivity of Clay 

Storage Coefficient 

River Bed Conductivity 

TABLE 11-2 
Model Parameters 

II-4 

Range of Values and 
Best Value 

1,000-2,500 gpd/sq ft, 
1,000 gpd/sq ft 

1•10"4 to 1•10"7 cm/s, 
1•10"4 cm/s 

0.0001-0.0005, 
0.0005 

0.1-10 gpd/sq ft, 
10 gpd/sq ft 
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The run that simulated measured drawdowns the best indicated that 61 percent 

of the flow pumped from the well came from the creek. This agrees well with the 

measured flow reduction in the creek of 68 gpm versus a pumping rate of 106 gpm 

(64 percent induced recharge). The flow was reduced an additional 51 gpm when the 

pumping rate was increased to 149 gpm. 

Recharge Basin Testing 

The logs of test holes drilled at site RB-1 indicated the site is not well suited for 

a recharge basin. The sands beneath the site are of variable thickness, ranging from 

none at hole RB-5 to 30 feet at hole RB-3. For the most part, the holes indicated 

about 10 feet of sands. 

Since this site was not favorable, another site was identified as shown on 

Figure 11-1.  Testing in this area consisted of drilling of several test holes, completing 

geophysical logs of the holes, pump testing, and modeling of the area. Figure 11-6 

shows the location of the test holes. Both sides of the stream were investigated to 

find the most favorable location. The area on the west side of the stream was the 

most consistent. At least seven feet of coarse sands and gravel were encountered in 

each hole. 

A pumping test was conducted on test hole 8A The plot of the adjusted draw

down for Test hole 8, which was 25 feet northeast of the test well is shown on 

Figure II-7. As can be seen, the plot shows a recharge boundary after a relatively 

short period. After about 500 minutes the effect of a negative boundary is apparent. 

To be conservative, the transmissivity and storage coefficient were calculated using 

the steeper portion of the graph. This yields values of transmissivity of 24,000 gpf/ft 

and storage coefficient of 0.012. 

A preliminary MOD FLOW model of the area was developed. Based on the well 

logs contained in Appendix D, a 3 layer model was developed. In the vicinity of the 

proposed recharge basin, only 2 layers were present: an upper clay layer and the 

productive sand layer. Near the stream and on the east bank, a deeper sand layer 

was also present. The deeper sand was separated from the upper sands by another 

clay layer. The clay layer was modeled by reducing the vertical conductivity of the 

upper sands. Following are the parameters used. in the model. 

WP050393 
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Vertical Hydraulic Conductivity 

of Clay 

Hydraulic Conductivity of the 

Riverbed 

Hydraulic Conductivity of the 

Recharge Basin 

9 x 104 emfs 

0. 13 ft/day 

4.6 to 46 ft/day 

The basin was modeled using the river package within MODFLOW. Since the 

creek was dry in the summer of 1991, the model was run both with the creek flowing 

and a dry creek. Wells were located approximately 1,000 feet from the basin. 

The model indicated that 450 acre-feet could be recharged through the basin with 

the creek dry or flowing, with a recharge basin area of about 4 acres. 

The recharge basin would be constructed by excavating all overburden above the 

productive sands and backfilling with coarse gravel. Effluent would then be dis

charged onto the gravel. About 5 feet of head above static water levels would be 

required in the basin. 

The travel time within the aquifer will be about one year. Since the sands and 

gravel is saturated, this project will not recharge a dewatered aquifer, but will be used 

to replace water as it is withdrawn. 

At this time the City has decided to postpone construction of the basin. 

Therefore, the model was run only to verify that a basin would be effective. 

Additional runs would be required to finalize the design of the basins. 

C. Analyses 
Drawdown data collected from pumping tests have been analyzed several ways. 

Initially the drawdown data were plotted on semi-log plots to estimate the aquifer 

transmissivity, storage coefficient, and recharge, if any. Figure 11-8 shows a plot of 

the data collected at recharge site BP-3 for Well BP-4. It shows a transmissivity of 

about 1 1,000 gpd/ft and a storage coefficient of about 0.0005. After about 10 

minutes, the slope of the graph decreases, indicating that recharge is occurring. 

The boundary conditions encountered in the testing for BP-1 and BP-2 probably 

occurred because the drawdown cones intercepted the edge of the aquifer. The holes 

for Site RB-1 indicated that the lower sands and gravel layer feathers out, away from 
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the creek. Therefore, once the cone spread to these areas, a no-flow boundary was 

encountered. 

The drawdown data were also analyzed using the Jacob-Hantush method for 

determining aquifer coefficients in a leaky confined aquifer. 

Estimated aquifer characteristics are listed below. 

• Transmissivity: 10,000-20,000 gpd/ft which corresponds to a hydraulic 

conductivity of 700-1,300 gpd/sq ft. 
• Storage coefficient: 0.0006-0.001. 
• Vertical conductivity of the lower clay layer: 2.7 x 10-5 - 2.5 x 10-4 

centimeters per second (emfs). 

D. Conclusions 

Based on the above analyses, the following parameters are assumed to represent 

the aquifer characteristics in the recharge area. 

Parameter 

Conductivity of Sands 

Vertical Conductivity of Clays 

Conductivity of River Bed 

Storage Coefficient 

Recharge Rate of Well 
Close to Big Creek 

Recharge from Precipitation 

TABLE 11-3 

Aquifer Characteristics 

Value 

1,000-2,500 gpd/sq ft 
1 x 10"4 - 9 x 104 cm/s 

10 gpd/sq ft 

0.0005 

60 percent 

1 in./yr 

The vertical conductivity of the clays is a representative value that is not the 

actual conductivity. The thickness of the clays varies, and no clay was present in 

some of the holes (BP-1 hole 2). Therefore, the value listed above represents an 

average value over the whole area. 

At BP-3, the aquifer feathers out relatively quickly away from the creek and does 

not appear to be connected to the terrace deposits in the lower sands and gravel. 
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Therefore, the only source of recharge to the aquifer in these ar�as is Big Creek. At 

this time the City has decided to postpone pursuit of any recharge aspects of this 

plan. 

E. Wetlands 

An evaluation of the effectiveness of using a wetlands for treatment of the 

effluent was completed. The strict limits on ammonia that were included in the City's 

new NPDES permit limited the viability of a wetlands treatment system. The new 

NPDES permit includes limits on ammonia in the winter months when the treatment 

capacity of a wetlands is significantly reduced. Therefore, the ammonia removal will 

be achieved by modification to the City's wastewater treatement plant and a wetlands 

system is not included in the plan. A wetlands may be considered if additional 

funding is available for construction of the plan. At this time the City has decided 

not to pursue the recharge component of this plan. 

F. Effluent Water Quality 

The NPDES permit sets limits on several water quality parameters. A copy of 

the permit is included in Appendix E. The following table indicates the quality of the 

current effluent. 
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TABLE 11-4 
Water Quality of Current Emuent 

Constituent Test of 9/1/89 

pH 7 

Hardness (ppm) 278.42 

Sodium Adsorption Ratio 6.7 

Calcium (ppm) 50.63 

Magnesium (ppm) 24.72 

Potassium (ppm) 19.93 

Sodium (ppm) 232.74 

Iron (ppm) 0.142 

Total Alkalinity (ppm) 130.00 

Carbonate (ppm) 0 

Bicarbonate (ppm) 158.63 

Hydroxide (ppm) 0 

Chloride (ppm) 336.87 

Sulfur as S04 (ppm) 302.84 

Baron (ppm) 0.385 
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I l l. Components of the Plan 

This section describes how each of the City's existing wells and proposed wells 

will be used within the Plan. · First, the existing Big Creek system is briefly 

summarized and then the use of the existing system, including Big Creek wells (City 

Wells), Smoky Wells, and the proposed wells, under this plan is presented. 

A. City Wells 

The water right associated with the City Wells is vested right EL002. This right 

allows the City to withdraw 2,025 acre-feet per year at a maximum rate of 1,250 gpm. 

Following is a listing of the City Wells with their locations and capacities. Figure III-1 

shows the locations of the wells. 

Well 

C-14 

C-16 

C-17 

C-19 

C-20 

C-21 

C-22 

C-23 

C-24 

C-27 

C-28 

C-29 

C-30 
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Location 
gpm 

SE1/4,SW1/4,Sec3,Tl 4S,R18W 

NE1/4,SW1/4,Sec3,T14S,R18W 

NW1/4,NE1/4,Sec33,T13S,R18W 

SW1/4,SW1/4,Sec3,T14S,Rl8W 

SE1/4,SE1/4,Sec33,Tl3S,Rl8W 

NE1/4,NE1/4,Sec32,T13S,R18W 

NW1/4,NW1/4,Sec3,Tl4S,R18W 

NW1/4,NW1/4,Sec3,T14S,Rl8W 

SW1/4,NW1/4,Sec4,Tl4S,R18W 

NE1/4,SE1/4,Sec4, T14S,R18W 

NW1/4,SW1/4,Sec3,T14S,R18W 

SW1/4,NE1/4,Sec33,Tl3S,R18W 

SW1/4,SW1/4,Sec28,Tl3S,R18W 

TABLE 111-1 
City Wells 

Capacity Comment 

150 In use 

50 Lost due to contamination 
July 1964 

150 Standby 

100 In use 

200 Lost due to contamination 

150 Standby 

117 Lost due to contamination 
July 1964 

127 Lost due to contamination 
July 1964 

150 Standby 

200 In use 

160 In use 

150 Standby 

150 Standby 
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The sum of the capacities of the wells, excluding standby wells and wells lost to 

contamination, is 610 gpm which is 984 acre-feet per year if the wells were pumped 

year-round. Including the wells lost to contamination, the capacity would be 1,104 

gpm which is 1,780 acre-feet, if the wells were operated year-round. Over the last 

five years the City has pumped an average of 1200 ac-ft per year from the City wells. 

The standby wells are operated only during emergencies such as periods of ex

treme drought. Chlorine is injected into the water pumped from these wells prior to 

discharge directly to the distribution system. For planning purposes, the emergency 

wells can not be included; therefore, the reliable supply from the existing City Wells 

is 984 acre-feet, while their rights are for 2,025 acre-feet. 

B. Proposed Plan 
The components of the plan are defined in the following paragraphs and then a 

summary of how each component is to be used is presented. 

City Well - These wells tap the Big Creek alluvium within the City Limits. The water 

right associated with these wells is EL002. 

Smoky Well - These wells tap the Smoky Hill alluvium and are located 12  miles south 

of the City. The water rights associated with these wells are 1248 and 5757. 

Irrigation Users - Locations where reclaimed wastewater will be used for irrigation. 

SHCC Well - Wells that will be acquired from the Smoky Hill Country Club in 

exchange for reclaimed wastewater. 

Yuasa Well - Wells that will be acquired from Yuasa-Exide. No reclaimed waste

water will be delivered to Yuasa-Exide at this time. 

New Water Rights Well - These wells will be used to withdraw water artificially 

recharged to the aquifer. The Division of Water Resources has tentatively agreed 

to create new water rights equal in volume to the amount of reclaimed wastewater 

recharged to the aquifer. 
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Following is a description of how each of these components will be used within the 

plan. 

• 

• 

• 

City wells will remain in operation. Their reliable yield is 984 acre-feet. 

Contaminated wells C-20 and C-23 will be replaced with wells C-32 and 

C-33, adding about 323 acre-feet to the reliable supply. 

Water rights owned by Yuasa-Exide (Yuasa) and the Smoky Hill Country 

Club (SHCC) will be acquired by the City. The Yuasa right is for 173 acre

feet. The SHCC rights are for 196 acre-feet; however, the City will acquire 

195 acre-feet and SHCC will retain the remaining 1 acre-foot. New wells will 

be constructed by the City to replace existing Yuasa and SHCC wells. Two 

of the Yuasa wells will also be used as New Water Rights wells. Due to the 

proximity of two of the Yuasa wells to the creek, they can induce recharge 

from the creek to the aquifer. Therefore, a portion of the water withdrawn 

by these wells will be attributed to the existing Yuasa-Exide water right and 

a portion will be attributed to New Water Rights. This will add a total of 

368 acre-feet excluding recharge. 
• A recharge basin will be constructed to replenish the aquifer at the proposed 

location in Section 30. New wells will be constructed nearby to remove the 

amount of water that is replenished by the recharge basin. The recharge 

basin wells will be constructed close enough to Big Creek and the basin to 

induce recharge from either source. Figure 111-1 shows the proposed 

location for wells associated with these rights. This will produce a total of 

450 acre-feet. 
• Emergency wells will continue to be used on a standby basis. The average 

amount withdrawn from these wells is 216 acre-feet per year. 
• Total water available from the Big Creek supply is 2341 acre-feet. 

A mass balance approved by KDHE for determining the water quality indicates 

that a maximum of 450 acre-feet of treated effluent should be recharged to the 

aquifer each year. 

This mass balance is included in Appendix F. A mass balance is a calculation of 

the total mass of the water quality constituents added to the aquifer minus the mass 

removed. This determines the overall quality of the water pumped from the aquifer 

and the quality of the water that remains in the aquifer. The Plan is formulated so 
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that this 450 acre-feet can be obtained by inducing flow from either Big Creek, or the 

recharge basin, or from both. The system will be adjusted during the first years of 

operation until the most efficient operating mode is identified. 

The maximum yearly volume that can be pumped under the Yuasa water right 

is 173 acre-feet. The capacity of the existing wells associated with this right is 375 

gpm and the maximum diversion rate is 315 gpm. Pumping these wells at 315 gpm 

year-round would produce 500 acre-feet per year. Since the wells have capacity for 

much more than 173 acre-feet, and two of them are close to the creek, they will be 

used for New Water Rights Wells also. The maximum volume pumped from these 

wells will be 432 acre-feet of which 173 acre-feet would be applied to the Yuasa right 

and 259 acre-feet (60 percent of 432 acre-feet) would be applied to the new water 

rights associated with withdrawal of recharge water. 

The New Water Rights wells associated with the recharge basin will be used 

either for inducing recharge from Big Creek or from the basin. The capacity of the 

wells is anticipated to be 100 gpm each, for a total of 300 gpm. The total volume 

pumped would be 484 acre-feet per year if the wells are pumped year-round, so some 

excess capacity is included. The wells will be used in conjunction with the Yuasa 

wells to withdraw water recharged through the creek bed to pump a total of 450 acre

feet per year. Since the creek recharges only 60 percent of the water pumped when 

the recharge basin wells are in operation, the wells will be taken out of operation 

periodically to allow them to fully recover and to ensure that Big Creek recharges the 

aquifer. Once the wells have recovered, the aquifer will have refilled with water from 

the creek and the wells will be put back on line. The recharge basin wells will also 

be used to induce flow into the aquifer from the recharge basin. In any case, the 

water pumped from these wells will be added to the volume pumped from the Yuasa 

wells associated with creek recharge and the maximum volume of water diverted from 

the two classifications of wells will be 450 acre-feet per year. At this time the City 

has decided not to pursue the recharge aspects of this plan. 

The following table lists all the water rights associated with the Plan and the 

changes that will be made under the Plan. Figure 111-1 shows the locations of all the 

wells. 

WP033193 
REP217sln 111-4 006535 



Maximum 
Permit Number Annual Diversion 

and Owner Quanti!l'. Rate 
ac-ft gpm 

EL002 2,025 1,250 
City of Hays 

26466 142 499 
SHCC 

34518 26.5 150 
SHCC 

34519 26.5 150 
SHCC 

33548 41 (Irr) 315 
Yuasa 132 (Ind) 

New Recharge 450 500 
Rights 

• 1 ac-ft will remain under SHCC control. 
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TABLEW-2 
Water Rights 

Points of 
Diversion 

Listed above. Wells to 
be moved include: 
C-20 SEl/4, SEl/4, 
Section 33, Tl3S, R18W. 

C-23 NWl/4, NWl/4, 
Section 3, T14S, R18W. 

0011-3430N, 1320W, 
Section 29, Tl3S, R18W. 

0012-2840N, 2046W, 
Section 12, T13S, Rl8W. 

0013-2900N, 1056W, 
Section 29, T13S, RlBW. 

0014-2440N, 1780W, 
Section 29, T13S, R18W. 

0015-2440N, 1580W, 
Section 29, T13S, R18W. 

0021-llOON, 1900W, 
Section 29, T13S, R18W. 

0031-750N, 1900W, 
Section 29, T13S, R18W. 

0461-230N, 5020W, 
Section 19, T13S, Rl8W. 

0462-600N, 2680W, 
Section 19, T13S, R18W. 

0463-0040N, 4060W, 
Section 19, T13S, R18W. 

NEl/4, NEl/4, SWl/4, 
Section 30, T13S, R18W. 

NWl/4, NEl/4, SWl/4, 
Section 30, T13S, RlBW. 

NEl/4, SWl/4, NWl/4, 
Section 30, T13S, Rl8W. 

0461-230N, 5020W, 
Section 19, T13S, R18W. 

0463-0040N, 4060W, 
Section 19, T13S, R18W. 

111-5 

� Comments 
gpm 

200 Contaminated location. 
To be moved to SEl/4, 
SEl/4, NWl/4, Section 29, 
Tl3S, R18W. 

127 Contaminated location. 
To be moved to SWl/4, 
SWt/4, NWl/4, Section 29, 
Tl3S, R18W. 

30 This point of diversion 
will be retired.• 

65 This point of diversion 
will be retired.• 

22 This point of diversion 
will be retired.• 

124 City will construct offset 
well to replace this well. 

127 City will construct offset 
well to replace this well. 

85 City will move point of 
diversion to 2440N, 
1780W, Section 29, Tl3S, 
RlBW. 

85 City will move point of 
diversion to 2440N, 
1580W, Section 29, T13S, 
R18W. 

75 City will offset well. Used 
both for Yuasa rights and 
Banking Plan Rights. 

122 City will offset. 

111 City will offset well. Used 
both for Yuasa rights and 
Banking Plan Rights. 

100 Used both for creek and 
basin recharge. 

100 Used both for creek and 
basin recharge. 

100 Used both for creek and 
basin recharge. 

75 Used both for acquired 
Yuasa-Exide right and 
creek recharge. 

111 Used both for acquired 
Yuasa-Exide right and 
creek recharge. 



IV. Operation 

Monthly operation of the water supply system will depend on several factors, the 

most significant of which is the amount of precipitation. During wet years, the system 

can supply the City's demands with almost no need for recharge to the Big Creek 

aquifer. However, in dry years a significant amount of recharge will be needed. This 

section summarizes how the amount of water available for reclamation was deter

mined, and then presents monthly operation plans for a dry year and a wet year. The 

Division of Water Resources has determined that the percentage of the effluent 

attributable to the water withdrawn from the Big Creek alluvium must be returned 

to Big Creek and can not be used for reclamation. Therefore, the water available for 

reclamation is that portion of the effluent that is derived from the Smoky Hill 

alluvium. A portion of the wastewater will be delivered to irrigation users that will 

use the reclaimed effluent for irrigation of golf courses, parks, and ballfields. The 

remaining reclaimed effluent can be used to recharge the Big Creek aquifer. At this 

time the City has decided not to pursue recharge aspects of this plan. This chapter 

discusses how the plant will work if the recharge aspects are implemented in the 

future. 

A. Reclaimed Water Available 

To determine the amount of water available for reclamation, City records were 

reviewed to determine the historic use of the water supply system and the fate of the 

water once it is pumped from the City's well fields. Water supply records from 1979 

to 1990 were reviewed to determine the monthly percentage of flow contributed by 

the City wells and from the Smoky wells. The records were also reviewed to deter

mine the average percentage of the yearly supply that was pumped each month. 

Averages are as shown in Table IV-1 .  
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TABLE IV-1 

Monthly Demand 

Percent Percent Percetn of 
Month Smoky City Yearly Demand 

January 65 35 7.0 

February 69 31 6.6 

March 62 38 6.8 

April 67 33 7.3 

May 74 26 8.9 

June 75 25 9.6 

July 73 27 11.2 

August 75 25 10.9 

September 70 30 9.4 

October 64 36 8.6 

November 53 47 6.9 

December 51 49 6.7 

Average 67 33 

Wastewater treatment plant (WWTP) effluent flow data were compared to water 

supply records to determine the percentage of the total water supply returned to Big 

Creek through the WWTP outfall and to calculate the average percent returned for 

each month. Table IV-2 lists the percent of total water supply returned to Big Creek 

each month. 
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Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Average 

TABLE IV-2 

Percent of Water Supply 
Returned to Big Creek 

Percent Returned 
to Big Creek 

75 

76 

78 

75 

56 

56 

56 

59 

62 

70 

78 

75 

68 

Based on historical records, the minimum volume of water available from the 

Smoky well field was assumed to be 1,500 acre-feet per year. The monthly distri

bution of flows listed in Table IV-1 was used to develop the monthly volume pumped 

from the Smoky wells and the monthly volume of reclaimed water available as shown 

in Table IV-3. The percentage of water pumped that is discharged from the WWTP 

as shown in Table IV-2 was multiplied by the amount of water pumped from the 

Smoky wells to determine the amount of water available for recharge as shown in 

Table IV-3. 
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TABLE IV-3 

Monthly Volume Available for Reclamation 

Pumped from Availble for 
Month Smoky Wells* Reclamation * * 

January % 72 

February 92 70 

March 94 73 

April 103 77 

May 126 71 

June 180 101 

July 188 105 

August 178 105 

September 135 84 

October 122 85 

November 95 74 

December ..2l � 
Total 1,500 985 

* An adjustment was made to ensure adequate water to meet irrigation user 
demands during summer. 

** First column multiplied by percentage listed in Table IV-2. 

To determine the amount of water available for recharge as discussed below, the 

amount of reclaimed wastewater used by Irrigation Users was subtracted from the 

total reclaimed wastewater available. The first column of Table IV-3 was derived by 

multiplying the assumed yearly volume of 1500 ac-ft from the Smoky Wells by the 

average percentage used in each month. Not enough reclaimed water was available 

in the summer months to meet the irrigation users' demands. Therefore, the monthly 

amounts were adjusted until the irrigation users demands could be met. 

B. Recharge Water Available 
Two scenarios were examined. The first assumed that the Irrigation Users would 

divert flow at the maximum rate over the summer months until the total volume 

allowed is reached. The second assumes that the irrigators will divert at the 

maximum rate for one month, at two-thirds of the maximum rate for the next two 

months, and at half the maximum rate for the next two, and so on, until the total 
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volume was diverted. The results did not differ significantly. The first scenario is 

summarized in Table IV-4. 

TABLE IV-4 
Irrigation Users 

User Diversion Rate 
gpm 

SHCC 468 
Public Golf Course 234 
Parks and Softball Fields 63 

TABLE IV-5 
Recharge Water to 

Big Creek or to Recharge Basin 

Reclaimed 
Month Water Available Irrigation Use 

ac-ft ac-ft 

January 72 0 

February 70 0 

March 73 0 

April 77 0 

May 71 63 

June 101 101 

July 105 105 

August 105 105 

September 84 68 
October 85 28 

November 74 0 

December Ji§ _Q 
Total 985 470 

"' Reclaimed water available equals irrigation demand. 
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Total Volume 
ac-ft/yr 

250 

186 

34 

Recharge 
Available 

ac-ft 

72 

70 

73 

77 

8 

0"' 

O"' 
O* 

16 

57 

74 

68 
515 
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C. Monthly Operation Plan 

This section discusses how the City's demand will be supplied. It shows how the 

Banking Plan will reduce the demands on the existing system. An example of the 

monthly operation of the system is shown in Table IV-6. In developing this table it 

was assumed that the demand was 3,500 ac-ft and that the Smoky wells would pro

duce 1,500 ac-ft. Since 1979 the City's demand has averaged about 3, 100 ac-ft. The 

peak was in 1983 when the demand was 3,529 acre-feet. In 1989 and 1990, when 

severe conservation practices were implemented, the demand was reduced signifi

cantly. The 3500 ac-ft demand will allow conservation measures to be eased some

what and will allow for future growth in the City. The recharge rate was assumed to 

be 55 percent of the recharge water discharged either to the creek or recharge basin. 

This is a conservative estimate since recharge in the basin will be nearly 100 percent 

and is intended only to show the plan can work by recharge with either method. 

Month 

Januaiy 

Februaiy 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

TOTAL 
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Smoky 
Demand � 

ac-ft ac-ft 

245 96 
231 92 
238 94 

256 103 

312 126 

336 180 

393 188 

382 178 

329 135 

301 122 

242 95 

235 91 

3,500 1,500 

TABLE IV-6 
Monthly Opcnttioa Plan 

1,SOO ac-ft from Smoky Wells 
Total Demand of 3,500 ac-ft 

Yuasa 
Wells SHCC 
ac-ft ac-ft 

145 16.3 

14.5 16.2 

14.4 16.3 

14.4 16.2 

14.4 16.3 

14.4 16.2 

14.4 16.3 

14.4 16.3 

14.4 16.2 

14.4 16.3 

14.4 16.2 

14.4 16.2 

173 195 

IV-6 

New Water 
C-32, City Rights 
C-33 Wells � 
ac-ft ac-ft 

26.9 51.7 39.6 

26.9 42.9 38.5 

26.9 46.2 40.2 

26.9 53.1 42.4 

26.9 124 4.4 

27 98.4 0 

27 147.3 0 

26.9 146.4 0 

26.9 127.7 8.8 

26.9 90.1 31.3 

26.9 48.8 40.7 

26.9 49.1 37.4 

323 1025.7 283.3 
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The volume supplied from each of the sources will vary. For instance, in the 

example above, 450 ac-ft of recharge water could be used and the volume pumped 

from any of the Big Creek aquifer wells (City, C-32 and C-33, Yuasa, and SHCC) 

could be reduced. The recharge basin will supply almost 100 percent recharge. 

Fifty - five percent was established to show that a portion of the recharge water will 

be discharged to the creek. The example shown above strives to balance the 

amounts from all sources. 

In wet years, the distribution of uses could be significantly different. Since the 

Smoky wells receive recharge from the Smoky Hill River and precipitation almost 

immediately, this source should be used as much as possible. During a wet year up 

to 2,000 ac-ft could be diverted from these wells. Therefore, only 1,500 ac-ft would 

be needed from the other sources. A sample of the monthly distribution is presented 

below. 

TABLE 'IV-7 
Monthly Opention Piao 

2,000 ac-ft from Smoky Wells 
Tota.I Demand oC 3,500 ac-ft 

Smoky Yuasa C-32, City New Water 
Month Demand Wells � fil:!££ � Wells Rights Wells 

ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft 

January 245 140 14.5 16.3 26.9 47.3 0 

February 231 132 14.5 16.2 26.9 41.4 0 

March 238 136 14.4 16.3 26.9 44.4 0 

April 256 146 14.4 16.2 26.9 52.5 0 

May 312 178 14.4 16.3 26.9 19.2 57.2 

June 336 192 14.4 16.2 27 62.8 23.6 

July 393 226 14.4 16.3 27 77.5 31.8 

August 382 218 14.4 16.3 26.9 73.4 33 

September 329 188 14.4 16.2 26.9 31.9 51.6 

October 301 172 14.4 16.3 26.9 71.4 0 

November 242 138 14.4 16.2 26.9 46.5 0 

December 134 134 14.4 16.2 26.9 43.5 0 

TOTAL 3,500 2,000 173 195 323 611.8 197.2 

Maximum use of the Smoky, City, SHCC, and Yuasa wells is proposed to maintain the highest water quality in the 

system. 
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The SHCC currently operates seven wells which can divert a maximum of 

196 acre-feet per year. The City will lease 195 acre-feet of the 196 acre-feet owned 

by the Country Club. The City will withdraw all of the water from two new wells 

which will replace the following two well locations. These locations are shown as 

darkened diamonds on Figure IIl-1 .  

2440N, 1780W, Section 29, T13S, R 18W 

2440N, 1580W, Section 29, T13S, R18W 

Two SHCC wells, shown as upside down triangles on Figure III-1, will be taken 

out of service. These wells will not be plugged since the City is leasing the rights. 

The two wells to be taken out of service are located as follows: 

HOON, 1990W, Section 29, T13S, R18W 

750N, 1900W, Section 29, T13S, R 18W 

The remaining three wells, outlined triangles as shown as Figure IIl-1,  will remain 

in operation by the SHCC. They are located as follows: 

343.0N, 1320W, Section 29, Tl3S, R18W 

2840N, 2046W, Section 29, Tl3S, R 18W 

2900N, 1056W, Section 29, Tl3S, R 18W 

The City will pump their two new wells at 195 acre-feet per year. Points of 

diversion under water rights 26466, 345 18, and 34519 will be transferred to the two 

new City wells. One acre-foot under 26466 will remain associated with the three 

wells that the SHCC will continue to operate. 

Replacement wells installed by the City at the SHCC will be located in close 

proximity to the existing wells. According to Bermudez and Latta, the replacement 

wells will be in the terrace deposits as are the existing wells. 

D. Alternate Plans 
The plan will include both a recharge basin and recharge through the bed of Big 

Creek. The plan has been designed to allow the City to discharge to the basin, to the 

creek, or a combination of the two. Modeling indicates that a recharge rate of about 
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55 percent can be obtained through the creek bed by placing wells close to the creek. 

A recharge basin can produce recharge rates that approach 100 percent. 

If actual recharge rates are less than 55 percent the City will be required to 

divert additional water from the Smoky wells to meet a demand of 3500 ac-ft per 

year. For instance, if the recharge rate is 25 percent the monthly operation may be 

as follows: 

TABLE IV-8 
Monthly Operation Plan 

25 Percent Recharge 
Total Demand of 3500 ac-rt 

Smoky Yuasa C·32, C-33 New Water 
Month Demand Wells Wells SHCC Wells City Wells Rights Wells 

ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft 

January 245 105 14.4 16.3 26.1 64 19.2 

February 231 92 14.4 16.2 26.1 64 18.3 

March 238 98 14.4 16.3 26.2 64 19.1 

April 256 113 14.4 16.2 26.2 65 21.2 

May 312 167 14.4 16.3 26.2 83.S 4.6 

June 336 189 14.4 16.2 26.2 83.S 6.7 

July 393 246 14.S 16.3 26.2 83.S 6.5 

August 382 235 14.S 16.3 26.2 83.S 6.5 

September 329 182 14.4 16.2 26.2 83.S 6.7 

October 301 144 14.4 16.3 26.2 83.S 16.6 

November 242 101 14.4 16.2 26.1 64 20.3 

December 235 ..2?. .!ii 16.2 26.1 ..!cl.. 19.3 

TOTAL 3500 1767 173 195 314 886 165 

Additional tables are included in Appendix F which show operation plans for a 

range of recharge rates. These tables indicate that the plan can supply 3500 ac-ft 

with very low recharge rates. 

At a recharge rate of 15 percent, about 1830 ac-ft is needed from the Smoky 

Wells to meet demands of 3500 ac-ft. In 1979 over 2400 ac-ft of water was pumped 

from the Smoky Wells. The table below indicates the yearly volume pumped from 

each of the City's sources at the given recharge rates to supply 3500 ac-ft. 

WP040193 
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TABLE IV-9 

Yearly Volume Pumped 

in Ac-Ft 

Smoky Wells I C-32, C-33 I City Wells I New Water 
Rechare:e Rate Yuasa Wells SHCC Wells Rights Wells 

15 1827 173 195 314 886 105 
25 1767 173 195 314 886 165 
35 1712 173 195 314 886 220 
45 1662 173 195 314 886 270 

55 1621 173 195 314 886 311 

If the yield of the Smoky Wells declines to 1500 ac-ft per year, a minimum 

recharge rate of 85% is required to supply a total of 3500 ac-ft to the City. The table 

below shows the total amount of water available at the given recharge rates assuming 

1500 ac-ft is diverted from the Smoky Wells. 

Recharge 
Rate 

15 

25 
35 

45 

55 

65 

75 

85 

WP033193 
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Smoky 
Wells 

1500 

1500 

1500 

1500 

1500 

1500 

1500 

1500 

TABLE IV-10 
Available Supply in Ac-Ft Assuming 

1500 ac-ft from Smoky Wells 

Yuasa SHCC C-32, 
Wells Wells C-33 

173 195 314 

173 195 314 

173 195 314 

173 195 314 

173 195 314 

173 195 314 

173 195 314 

173 195 314 

IV-10 

City New Water Total 
Wells Rights Wells 

886 77 3145 

886 129 3197 

886 180 3248 

886 232 3300 

886 284 3352 

886 335 3403 

886 387 3455 

886 438 3506 

0 0 65 4 6  



It must be stressed that the recharge basin will be designed to recharge almost 100 

percent of the water discharged to it. Therefore, recharge rates as high as 85 percent or 

more are reasonable. 

The recharge basins will be operated seven months 9 year on a continuous basis. 

During the summer months, effluent will not be available for recharge and therefore the 

basin will be allowed to dry and can be cleaned. The recharge rates are shown in the 

Table IV-11 .  

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

December 

TABLE IV-11  
Recharge Rates 

Recharge Rate 
ac-ft/day 

1.20 

1.38 

1.30 

1.41 

0.14 

0 

0 

0 

0.28 

1.01 

1.21 

Infiltration Rate 
ft/day 

0.32 

0.35 

0.33 

0.35 

0.04 

0 

0 

0 

0.07 

0.34 

0.30 

The water quality of the aquifer in the proposed recharge area is indicated by the 
following results of testing completed on a sample taken from test hole SA at the RB-2 site. 

Total Hard (CaC03) 

Calcium 

TABLE IV-12 
Water Quality Test Hole SA 

Results Expressed in Milligrams/Liter 

392 

132.150 

Arsenic 

Barium 

LT 0.021 

0.305 

Magnesium 15.193 Beryllium LT 0.001 

... §Q9!� ........................................................ �.�?.?.:§ ............................ ���� ........................................ �I .. 9:.QQ.f. ...................... . 
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Total Hard (CaC03) 

Potassium 

Total Alk. (CaC03) 

Chloride 

Sulfate 

Nitrate (N) 

Fluoride 

pH (Units) 

Total Phosphorus (P) 

Silica (Si02) 

Boron 

Ammonia (N) 

Aluminum 

Antimony 

Routine Pesticides 

Alachlor 

Aldrin 

Atrazine 

Blad ex 

Chloradane 

Dacthal 

Dieldrin 

Dual 

Heptachlor 

Heptachlor Epoxide 

PCB-1016 

PCB-1221 

PCB-1232 

PCB-1242 

PCB-1248 

TABLE IV-12 (Continued) 

Water Quality Test Hole BA 
Results Expressed in Milligrams/Liter 

392 Arsenic 

7.48 Chromium 

304 Cobalt 

64.9 Copper 

84 Iron 

1.12 Lead 

0.25 Manganese 

7.3 Mercury 

0.08 Molybdenum 

35.829 Nickel 

0.097 Selenium 

LT 0.05 Silver 

0.05 Thallium 

0.05 Vanadium 

Zinc 

TABLE IV-12 (Continued) 
Results of Analysts 

Concentration 
(ug/l) 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

LT 0.021 

0.0004 

LT 0.004 

0.013 

0.003 

LT 0.0009 

0.364 

LT 0.0005 

0.012 

LT 0.007 

0.003 

0.006 

0.026 

0.004 

0.010 

Reoorting Limit 
(ug/l) 

0.25 

0.025 

1.2 

0.50 

0.20 

0.050 

0.050 

0.25 

0.020 

0.020 

0.50 

2.5 

0.50 

0.50 

0.50 ............................................................................................................................. .................................................................................................. 
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Routine Pesticides 

PCB-1254 

PCB-1260 

Propazine 

Ramrod 

Sencor 

Endrin 

Lindane 

Methoxychlor 

Toxaphene 

2, 4-D as Acid 

Silvex as Acid 

2,4,5-T as Acid 

Tordon 

Purgable Organics 

Chloromethane 

Bromomethane 

Vinyl Chloride 

Chloroethane 

Dichloromethane 

1, 1-Dichloroethylene 

1, 1-Dichloroethane 

Trans &/or CIS 1,2-
Dichloroethylene 

Trichloromethante (THM) 

1,2-Dichloroethane 

1, 1, 1-Trichloroethane 

Tetrachloromethane 

Bromodichlororomethane (THM) 

1,2-Dichloropropane 

TABLE IV-12 (Continued) 

Results of Analysts 

Concentration 
(ug/l) 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

TABLE IV-12 (Continued) 
Results of Analysts 

Concentration 
(ug!l) 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Reporting Limit 
(ug/l) 

0.50 

1.2 

0.25 

0.25 

0.10 

0.10 

0.10 

0.20 

2.0 

0.80 

0.40 

0.40 

0.80 

Reporting Limit 
(ug'l) 

5.0 

1.2 

0.8 

3.7 

0.9 

0.6 

0.5 

0.5 

0.5 

0.6 

0.7 

0.7 

0.5 

0.5 

... I!.��.�--�.1�.:!?.!£h!!?.r.2.P.!2�.�!? ..................................................... N2.LP..!?!!?.���-�t ............. .......................... .... Q:.� ......................... . 
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Purgable Organics 

Trichloroethylene 
Benzene 
Dibromochloromethatne (THM) 
Cis 1.3-Dichloropropene 
1,1,2-Trichloroethane 
Bromoform (THM) 
1, 1,2, 2-Tetrachloroethane 
Tetrachloroethylene 
Toluene 
Chlorobenzene 
Ethylbenzene 
Meta-Xylene 
Ortho &/OR Para-Xylene 
1,3-Dichlorobenzene 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 

Gross Alpha 

Iodine-129 

OCodine-131 

Cesium-134 

Cesium-137 

Barium-140 

Ytterbium-169 

Carbon-14 

IPhosphorus-32 

Radium-226 

Radium-228 

Radon-222 

Gross Uranium 

Potassium 

NA - Not Analyzed 
ND - Not Detected 

WP033193 
REP217sln 

Parameter 

TABLE IV-12 (Continued) 

Results of Analysts 

Concentration 
(ugll) 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

TABLE IV-2 (Continued) 
Results of Analysts 

I 

IV-14 

Reporting Limit 
(ugtl) -

Concentration 

9 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

11 

0.6 
0.5 
0.7 
0.9 
0.6 
1.5 
0.6 
1.1 
0.5 
0.5 
0.7 
0.6 
0.6 
1.0 
1.0 
1.0 

00655 0 



V. Monitoring 

Monitoring of Big Creek, the aquifer, and effluent will be included in the plan. The 

creek will be monitored to determine the reduction in flow through the recharge area 

due to induced flow into the aquifer and to determine stream water quality. The 

aquifer will be monitored for water levels and water quality. The effluent will be 

monitored for flow and water quality. 

A. Stream 

The streamflow will be monitored at three locations as shown on Figure V-1 :  ( 1) 

just upstream from the effluent outfall to Big Creek; (2) in the northwest quarter of 

section 30, T13S, R18W, downstream from the Yausa/Banking Plan wells; (3) down

stream from the recharge basin in the northeast quarter of section 30, T13S, R18W. 

A concrete Parshall flume will be constructed in the channel to measure the flow. 

A water level recorder will also be installed to measure the water level and to 

estimate flows. The first flume will measure flows in the creek upstream from the 

discharge of effluent. The flow varies from 0 to over 10,000 cfs. However, the 

primary concern will be low flows in the creek. The maximum withdrawal from 

Banking Plan wells will be 450 ac-ft per year which equals about 0.62 cfs. The 

Parshall flumes will be designed to measure flows of 0.3 to 1 1.3 cfs which corresponds 

to a throat width of 12  inches. 

The amounts of effluent flow discharged to the creek at the upstream discharge 

will vary through the year from no flow during the summer months to 1 .8 cfs during 

the winter (see Table IV-5). A minimum discharge will be maintained at the existing 

outfall at all times. 

Water quality monitoring in the stream will be varied throughout the life of the 

project. To develop background characteristics, samples will be collected upstream 

from the proposed discharge and tested quarterly before the project is placed on line. 

The schedule for monitoring is shown in the attached letter from KDHE to 

Black & Veatch in the following section. 

Stream Gauges 

Three stream gauges will be constructed as shown on Figure V-1. One (up

stream) will be placed upstream of the point of effluent discharge to the creek at the 

WP033193 
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upstream boundary of the baking plan. A meter will also be placed on the effluent 

discharge. These two flows will be added to determine the total flow at the upstream 

end of the banking area. 

A stream gauge (middle) will also be placed upstream of the recharge basin area. 

This gauge will measure any change in flow upstream of the basin area. The third 

stream gauge (downstream) will be located downstream of the basin to measure the 

change in creek flow through the basin area. 

The upstream and middle gauges will show any recharge that occurs in the area 

upstream of the basin area. The difference in flows measured at the upstream and 

middle gauges will be the recharge that is occurring. The downstream gauge will 

measure additional reduction in flow past the New Water Rights Wells. It will also 

measure any effects the recharge basin is having on the creek flow. 

B. Groundwater 

Groundwater monitoring will consist of measuring water levels and sampling of 

water quality at several locations. Monitoring wells will be placed near the 

production wells and the recharge basin as shown on Figure V-1 .  The monitoring will 

be done to ensure that no other water rights holders will be adversely affected. 

Production wells to be used only for replacement of existing water rights will be 

monitored for water level only. The monitoring wells will be located between the 

production well and existing wells owned by others. Therefore, the drawdown cone 

from the production well can be estimated from the monitoring well data, and with

drawal can be adjusted if necessary to ensure no adverse effects will occur at the 

privately owned well. The following table lists the number of monitoring wells 

associated with production wells to be used only for replacement of existing rights. 

Production Well 

SHCC to be offset (0015) 
SHCC to be offset (0014) 

TABLE V-1 
Monitoring Wells 

Yuasa (0462) away from the creek 
C-32 
C-33 

WPOS0693 
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Number of 
Monitoring Wells 

1 
1 
1 
1 
1 
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Since no problems have been experienced with the locations for the SHCC offset 

wells and Yuasa well away from the creek (0462), one monitoring well will be 

installed near these wells. Two wells will be installed near the C-32 and C-33 

replacement wells. 

Two wells that will be monitored for both quality and water levels will be located 

near each of the Yuasa wells close to the creek ( 461 and 463). The production wells 

in these areas will be used for both the acquired Yuasa right and for New Water 

Rights wells that will induce flow from the creek to the aquifer. 

Several monitoring wells will be located near the recharge basin as shown on 

Figure V-1. These wells will be used to monitor both water levels and quality. Four 

monitoring wells will be located on the opposite side of the creek to determine 

whether the basin is influencing the aquifer in this area. One will be located directly 

east of the basin and one to the southwest to establish gradients and water quality 

away from the basin. Two monitoring wells will be located near each of the produc

tion wells located near the basin. These production wells can be used to induce flow 

both from the basin to the aquifer and from the creek to the aquifer. 

The monitoring wells will be constructed of 4 inch PVC pipe with threaded joints. 

A water level measurement device connected to a Supervisory Control and Data 

Acquisition (SCADA) system will be installed in a 2 inch PVC pipe inside the well 

casing. Water levels will be measured and recorded continuously. 

Water quality will be monitored by collecting samples with a submersible pump. 

The pump will withdraw at least three times the volume of water in the well before 

a sample is collected. The schedule for sampling will be as outlined in the attached 

Appendix G. The recharge basin will be on the opposite side of the creek from the 

location shown in Appendix G. Monitoring well locations will be as shown on 

Figure V-1. This will cause a slight modification to the monitoring plan as presented 

in the KDHE letter. 

C. Effluent 

Samples of the effluent will be collected at the discharge to the SHCC ponds and 

the discharge to Big Creek or the recharge basin according to the same schedule as 

the stream and groundwater. Samples will be tested for the constituents and 

according to the schedule in Appendix G. 

WP033193 
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D. Long-Term 

The data collected will be analyzed when received, and the monitoring plan will 

be adjusted according to the results. The intent is to identify the locations where the 

potential for interference with other water rights appears greatest, and to discontinue 

or greatly reduce the frequency of monitoring at locations where the potential for 

interference is minimal. Appendix G letter outlines the procedures for monitoring 

the system on a long-term basis. 

Recharge Basins 

An automated depth measurement gauge will be placed in the recharge basin to 

measure changes in water levels. A mass balance will be completed to calculate the 

amount of water that recharges the aquifer. A meter will be placed on the effluent 

discharged to the basin. The depth will then be measured and the volume of water 

in the basin will be calculated based on the depth and geometry of the basin. 

The evaporation rate and precipitation will also be factored into the mass 

balance. The NOAA gauge in Russell records evaporation rates. The evaporation 

rates at this location will be used for the recharge basin. Since the recharge basin 

will be fairly small, the pan coefficient is assumed to be 0.8. Precipitation data from 

the gauges at the Hays Water Softening Plant will be used. 

The recharge rate will then be estimated using the following equation: 

R = Q- •S - E+P 

Where: 

R = Recharge volume 

Q = Effluent discharge volume 

•S = Change in storage volume 

E = Evaporation 

p = Precipitation 

An example calculation is included in Appendix G. 

Modelling 

Two observation wells will be placed near each of the new water rights wells and 

several will be placed near the recharge basin. Groundwater elevations will be 

measured in these wells on a continuous basis. At the new water rights wells, one 
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well will be placed between the creek and the well and one will be placed on the 

opposite side of the well approximately at equal distances from the New Water 

Rights wells. The flow and water level will also be measured in the production wells. 

Observation wells will also be located on the banks on the opposite side of the 

creek from the production wells. · Water level data will be recorded in these wells on 

a continuous basis. 

Various analytical techniques will be used to evaluate the data. Distance 

drawdown graphs will be used to determine the radius of influence of the wells. This 

information will be used in the equilibrium equation, image well theory, and Jenkins 

method for computing the rate and volume of stream depletion by wells. 

However, the primary method that will be used to determine recharge rates from 

the creek to the aquifer will be computer modeling using the USGS MODFLOW 

model. The data gathered will be used to further calibrate the model. As the 

components are operated for several months, a significant amount of data will be 

gathered. This will allow sensitivity analysis on many of the model parameters to 

refine the model. 

Water quality monitoring will be completed primarily for the quality issues; 

however, this data will also provide information to track the water as it moves 

through the aquifer. The monitoring wells near the recharge basin and around the 

production wells, as well as the stream, will be sampled for water quality as indicated 

in the following section. 

Water levels and flow rates will be monitored continuously with a SCAD A system 

to be installed as part of this project. During the first months of operation the data 

will be analyzed monthly until the computer model is calibrated. Following the start 

p period, data will be analyzed quarterly and then yearly after several years of 

dperations. Examples of the calculations are included in Appendix G. 
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Executive Summary 

This update report provides background information for the City to compare with other 
options as the City seeks to provide sustainable, economical water supplies for both the 
near and long terms. The report provides additional information to assist in deciding the 
following questions: 

1. What type of capital investment might be necessary to facilitate a groundwater 
recharge project in the Big Creek basin? 

2. What is the relative cost ofthe recovered water? 
3. What regulatory requirements govern the choices? 
4. How do we proceed? 

Capital Investment. To deliver treated wastewater effluent to the westerly end of the 
areas considered for recharge in 1991, an investment of $1,400,000 may be necessary . 
See the map from the previous study in the envelope at the back of the report and refer to 
Section 4, Financial Considerations. 

Relative Cost of Recovered Water. The annual cost is expected to be at least $300 per 
ac-ft per year. See Section 4, Financial Considerations. 

Regulatory Requirements. See Section 2, Institutional Considerations, and Section 3, 
Water Quantity and Quality, for details. Because the public health considerations would 
be the primary emphasis, the Kansas Department of Health and Environment (KDHE) 
concerns would predominate. Once the KDHE requirements are satisfied, the Division of 
Water Resources (DWR) concerns for potential water rights impacts must be addressed. 

Proceeding. Request a meeting with KDHE's Bureau of Water personnel from the Public 
Water Supply, Municipal Programs and Technical Services Sections to discuss the 
program requirements from each group. Among specific issues to be tied down are 
permitting issues regarding maintaining two effluent discharge points, predicted permit 
effluent concentrations and a firmer direction on the potential need to make 
improvements at the wastewater treatment facility, disinfection considerations and 
limitations, the fate of sulfates in the treated effluent, and any other Agency concerns. If 
the City can accept all of the potential permit conditions, the City should then formally 
apply for a discharge permit at a selected point upstream in Big Creek. The permit would 
be placed on Public Notice and a public hearing likely held in Hays to receive local input. 

Unless the City proposes to try to divert more than the Smoky Hill proportion of the 
treated effluent, DWR may not need to be officially engaged. However, if the City 
proposes to make any changes to water rights or points of diversion (new wells), all of 
the DWR requirements will come into play. 

Upon approval and issuance of the second discharge permit from KDHE, the City could 
then proceed with design and construction of the agreed upon improvements. 
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Section 1 

Introduction 

Water conservation has been a high priority for the City of Hays. The City has been very 
proactive in setting its water rates to encourage conservation. Additionally, the City 
spent considerable time and resources in the early 1990's investigating the potential for 
recycling or reusing a portion of the City's treated wastewater effluent to either offset or 
to supplement potable water usage. 

To date, the efforts have provided a means for utilizing a portion of the treated effluent 
for irrigation of some public areas, including a golf course and some park facilities. 
Reusing the treated effluent has reduced the need to pump irrigation water from the 
limited shallow aquifers and has also reduced the demands on treated potable water. 

The City's initiatives in the early 1990's yielded the State's first formal consideration of 
the concept of Water Banking. Water Banking envisions storing water from sources 
other than natural recharge in the aquifers for later withdrawal under the provisions of the 
Water Appropriations Act. While aquifer storage and recovery has been practiced for 
years in other states, notably California and Florida, the concept had not been clearly 
institutionalized in Kansas. The City's efforts working with the Department of Health 
and Environment, the Division of Water Resources, and the Kansas Legislature yielded 
more formal program direction. 

The proposed Water Banking effort in the Big Creek Basin was put on hold while the 
City and surrounding area searched for other larger quantity, and hopefully more 
economical, sources of water. Now, ten to fifteen years later, it is prudent to revisit the 
potential for greater reuse as part ofthe region's overall greater awareness of the need to 
conserve and more efficiently manage the area's water resources. This letter report 
updates the regulatory changes and potential economics of greater reuse in the Big Creek 
Basin. 
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Section 2 

Institutional Considerations 

Introduction 

The two State Agencies that will be involved with permitting any proposed treated 
wastewater effluent reuse will be the Kansas Department of Health and Environment 
(KDHE) and the Kansas State Board of Agriculture, Division of Water Resources 
(DWR). Each Agency regulates specific parts of the various Statutes and Regulations 
governing water. Greatly simplifying the process, KDHE is most interested in the quality 
of the water and where it is discharged while DWR concentrates on the quantity of the 
water and its points of diversion. Sometimes, the respective zones of regulatory 
influence touch or overlap. Therefore, it will be important that both Agencies be 
involved in any planning regarding proposed effluent reuse. The institutional 
considerations for each Agency follow. 

Kansas Department of Health and Environment (KDHE) 

KDHE's Bureau of Water regulates potable drinking water supplies under the Federal 
Safe Drinking Water Act and the discharges of treated wastewaters under the Federal 
Clean Water Act. Both programs are intended to protect public health and safety. 
Wastewater discharges must also consider the potential impacts on aquatic life in the 
receiving waters. Both programs have established water quality criteria that must be met. 
The proposed location for a treated wastewater discharge is one item considered as the 
standards for wastewater discharges are set. 

The Public Water Supply Section ofthe Bureau of Water will be most interested in the 
chemical and bacteriological quality of the water proposed to be recharged. Their 
measuring stick will be how closely the treated effluent compares to the Maximum 
Contaminant Levels (MCLs) as regulated by the Safe Drinking Water Act. More 
extensive current chemical analyses will be required as part of any proposed recharge 
plan before they would approve the program. Additional monitoring wells and periodic 
chemical testing would also be required. 

The Municipal Programs Section and the Technical Services Sections of the Bureau of 
Water would be the primary decision makers regarding the performance of the 
wastewater treatment facility and the conditions of the discharge permit(s). It is 
uncommon for a facility to have more than one discharge point from a single facility. 
However, the Department in coordination with the Division of Water Resources recently 
worked together to permit a second or alternate discharge point for the City of Garden 
City allowing some of the treated effluent to be reused. The Garden City project was 
more for industrial reuse than for recharge for use more directly as a supplement to a 
public water supply. 
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To accomplish the alternate discharge upstream in Big Creek, the City would have to 
apply to KDHE for the proposed new outfall. KDHE would determine the applicable 
permit effluent limits and conditions and then would place the proposed discharge notice 
on Public Notice to receive input from any interested party. Depending upon the 
response, it could be expected that a Public Hearing would be held in Hays to discuss the 
proposed permit and to receive any additional stakeholder input. Based upon the review 
of the record, KDHE would decide whether or not to issue the permit. 

Division of Water Resources CDWR) 

A review of the City furnished file information concerning the Water Banking Plan 
revealed that DWR was concerned with the potential diversion of water and its potential 
impacts on other existing water rights, particularly those water right holders downstream 
from the City's wastewater discharge into Chetolah Creek and ultimately into Big Creek. 
Based upon recent discussions with DWR staffwho were involved in the early 1990's 
considerations, the same concerns remain. A copy of the e-mail correspondence with 
DWR is included in the Appendix to this report. 

The DWR position remains that the quantity of water that originates in the Big Creek 
Basin and is subsequently discharged to Chetolah Creek must continue to pass through to 
Big Creek to help satisfy existing downstream water rights. Citations to and discussions 
ofK.A.R 5-5-3 and K.A.R. 5-5-8 form the basis for the DWR position. The water from 
the Smoky Hill well field is most likely available for reuse because it has been transferred 
from the immediate Smoky Hill River Basin and is not part of the minimum base flow in 
Big Creek. Their first position would be that not all of the treated effluent could be 
pumped upstream into Big Creek but only the proportion that came from the Smoky Hill 
well field. 

The challenge to DWR from a water rights standpoint is how to monitor or measure the 
quantity of water diverted for reuse. The first concern is protecting downstream water 
rights. The second concern is how to account for the water if the City (or someone else) 
applied for a water right based upon the potential availability of "extra" water in the area 
controlled as an Intensive Groundwater Use Control Area (IGUCA). While it is 
relatively easy to meter the quantity of water being pumped from the wastewater 
treatment facility, confirming the amount of water recharged into an aquifer storage and 
recovery system is more challenging. 

The options considered in the early 1990's were either constructed recharge basins or 
inducing recharge from the Big Creek streambed as the water flowed past the recovery 
wells. DWR preferred the recharge basins because the relatively controlled volumes, 
minus evaporation, would provide a more calculable accounting. KDHE preferred the 
discharge to Big Creek because of water quality concerns. Monitoring flows upstream 
and downstream becomes significantly more complex and evapotranspiration is much 
more difficult to estimate compared to trying to account for evaporation only. This 
difference in institutional preferences was not resolved. 
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The February 25, 1991 Black & Veatch document entitled "Big Creek Water Banking 
Plan Operations Plan" reported that there was essentially no potential recovery difference 
between releases to Big Creek or for constructed recharge basins. The document reports 
that a 55 per cent recharge rate could be accomplished by either. The estimated recharge 
rate depended upon the construction of strategically located new wells to help induce the 
transfer of water from the surface into the ground ultimately to be extracted at the wells. 

Both Agencies related that, until they receive an updated proposal for consideration, any 
other guidance would be premature. One potential advantage to the City for asking for a 
review or reconsideration is that the Agency staff representatives in both Agencies are the 
same people that were involved in the earlier Water Banking proposal. 

Additionally, both Agencies have worked through a somewhat similar treated effluent 
diversion proposal at Garden City. The City of Wichita has an on-going project for 
aquifer recharge and storage utilizing wet weather flows from the Little Arkansas River. 
Everyone's learning curve should be much shorter to come to directions on how to 
proceed. It must be realized, however, that each City's project has unique local 
considerations and must be handled individually. 
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Section 3 

Water Quantity and Quality 

Introduction 

The feasibility for greater water reuse is dependent upon both the quantity and the quality 

of the water. First, the available quantity must be determined in order to consider 

potential project effectiveness and efficiency. Secondly, the quality of the available 

water might limit the potential uses. 

Water Quantity 

As discussed in Section 2, the available quantity of water will likely be limited by water 

rights considerations in the Big Creek Basin downstream from the City of Hays. 

Preliminarily, the Division of Water Resources (DWR) has indicated that the water 

extracted from the Big Creek Basin must remain within the Basin. That is, the quantity 

of treated wastewater currently discharged from the treatment facility that originates from 

the Big Creek Basin must continue to be discharged to Chetolah Creek. The water the 

City extracts from the Smoky Hill River Basin could be available for reuse. 

The City's annual water use reports to DWR are summarized in Table 3- 1. 

Table 3-1: Annual Production of Water (MG) and Percent of Total for Each Source. 

Total Big Creek 
Percent of 

Smoky Hill 
Percent of 

Total Total 

2005 712,045,440 363,434,640 51.0% 348,610,800 49.0% 

2004 683,739,980 351,777,480 51.4% 331,962,500 48.6% 

2003 706,925,750 421,864,550 59.7% 285,061,200 40.3% 

2002 704,327,510 418,842,810 59.5% 285,484,700 40.5% 

Average 701,759,670 388,979,870 55.4% 312,779,800 44.6% 

The City's total water volume diverted converts to an average daily volume to the City of 

about 1.9 million gallons per day (MGD). Based upon the preliminary review from 

DWR, the maximum volume of water that would have been available for reuse is that 

volume that came from the Smoky Hill system or about 0.86 MGD or about 960 acre-feet 

(ac-ft) on an annual average basis. 

Recognizing that a portion of the available water has been used for current irrigation 

purposes, the wastewater treatment facility operations records were reviewed to 

determine the discharge volumes as well as the volume of water transferred to the 

irrigation systems. Figure 3-1 is a graphical representation of the reported monthly 

wastewater flow, the monthly volume reused and the potentially additional water 

available for reuse based upon the four-year average of 44.6 percent of the water coming 

from the Smoky Hill system. 
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Figure 3-1: Monthly Wastewater Flow for Hays, KS, Volume Available 
for Reuse, and Volume Reused 
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A second concern about water quantity was expressed. This concern centered around the 

question of whether or not diversion of the treated wastewater treatment plant effluent 

upstream in Big Creek might have an adverse or flooding effect on the drainage 

structures along the route. The primary concern expressed was regarding the status of 

Gustad Bridge at FHSU. 

The total average daily discharge from the wastewater treatment facility is currently 

about 2 MGD or 3 cubic feet per second (cfs). If the entire discharge was diverted 

upstream another two miles from the FHSU vicinity, only a portion ofthe flow would 

reach the Gustad Bridge area. The Gustad Bridge is a substantial drainage structure. 

However, for a frame of reference, if the entire 3 cfs were to reach the bridge area with 

the antecedent stream conditions of August 2006, the flow would be confined to the 

notch area in the wall and the depth of flow through the notch in the upstream wall would 

be only about 3 inches. Reviewing a portion ofthe 1969 Corps of Engineers report on 

flood plain information for Big Creek, it is reported that about 3,000 cfs can be safely 

passed through the existing channel before damage would begin. Therefore, the addition 

of up to 3 cfs from the wastewater treatment plant discharge would have minimal to no 

measurable effect. If there were a high flow concern, the wastewater discharge to Big 

Creek could be interrupted and diverted back to the present location into Chetolah Creek. 

Water Quality 

Public health and safety protection are the greatest concerns for reusing treated 

wastewater treatment plant effluents for other beneficial uses. Discharging treated 

effluents to receiving waters also contains provisions for aquatic life protection. From a 

regulatory standpoint, potential reuse of the treated effluent as part of a public water 

supply system commands the greater attention from the Kansas Department of Health and 

Environment (KDHE). It is commonly accepted that indirect reuse of treated effluents 

occurs as water is discharged to streams, ultimately being picked up by downstream 

public water supply intakes, treated, and then released again for the next downstream 

user. Effluent concentrations are diluted and it is assumed that modem potable water 

treatment facilities can remove any contaminants of concern. Also, the moving nature of 

streams allows some assurance that contaminants can be "flushed" from the system 

allowing greater dilution downstream. However, the confined nature of underground 

aquifers typically requires that the effluent quality be more closely monitored before 

allowing greater than natural volumes of water to be recharged into the aquifer. 

Prior to the early 1990's when water banking was first considered at Hays, quality 

concerns typically centered around easily measured inorganic constituents like chlorides, 

sulfates, and nitrates and also bacteria. Disinfected wastewater effluents were generally 

considered to be safe for reuse either for irrigation or for groundwater recharge. In the 

interim, the Safe Drinking Water Act has been revised a number of times and the number 

of chemical constituents requiring monitoring has grown substantially with more being 

added. The increased monitoring deals primarily with trace amounts of organic 

chemicals. The most familiar chemicals monitored for are trihalomethanes and 

haloacetic acids formed by the reaction with chlorine and trace organics in the water. 
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The latest water quality concern is the emergence of a large group of chemicals lumped 

generically as "Emerging Pollutants of Concern" (EPOC). The EPOC include things like 

pharmaceuticals, personal care products, and endocrine disruptors. Partly because of 

greater monitoring equipment sophistication, these types of chemicals are being detected 

in low concentrations in many surface waters and treated wastewater effluents. The June 

2003 publication by the Florida Reuse Coordinating Committee and the Water 

Conservation Initiative Water Reuse Work Group reports that there may be as many as 

87,000 of these type chemicals and calls for greater research on their implications as 

Florida continues to develop its water reuse programs. 

Until recently, KDHE had not established quality criteria for effluent reuse. Many 

communities, including Hays, have used effluents for public facility irrigation with the 

primary regulatory concern being that the applied water be disinfected and closely 

monitored. Inorganic chemical concerns regarding the suitability of the water for 

irrigation have been left to local officials and agronomists. In the 2005 update of the 

Kansas Surface Water Quality Standards, KDHE included the following provision at 

K.A.R. 28-16-28e.(c)(5): 

Groundwater recharge use. In surface waters designated for groundwater 

recharge use, water quality shall be such that, at a minimum, degradation of 

groundwater quality does not occur. Degradation shall include any statistically 

significant increase in concentration of any chemical or radiological contaminant 

or infectious microorganism in groundwater resulting from surface water 

infiltration or injection. 

The Proceedings from the 1997 American Water Resources Association Symposium on 

"Conjunctive Use of Water Resources- Aquifer Storage and Recovery" reported 

increases in organics (total trihalomethanes) and nitrogen compounds in induced recharge 

areas receiving wastewater effluents, recommending more research on these compounds 

as well as for bacterial attenuation. 

A single grab sample was collected from the chlorinated effluent holding basin at the 

wastewater treatment facility. Recognizing that little effluent was being irrigated in 

February and that the water would have been held in the basin for an extended period of 

time, the grab sample results might represent an indication of "worst case". The samples 

were analyzed for total trihalomethanes and haloacetic acids. Those results were 10.8 

parts per billion (ppb) and 27.5 ppb respectively. Both results are well below the current 

MCLs for the respective parameters. Additionally, the grab samples were tested for 

bromide and bromate to preliminarily screen for potential byproducts of concern if the 

disinfectant was changed to ozone. The results were below the Method Reporting Limit. 

A copy of the laboratory test results are included at the end of the report. 

The February 25, 1991, "Big Creek Water Banking Plan Operations Plan" prepared for 

the City by Black & Veatch chose increasing sulfate concentrations as the limiting factor 

for inducing recharge into the Big Creek aquifer. The Plan recommended that the 
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recharge volume be limited to no more than 450 ac-ft per year in order to maintain the 
aquifer at lower than secondary drinking water standards for sulfates. According to the 

Black & Veatch Plan, the background sulfate concentration in the Big Creek aquifer is 

about 1 00 mg/1. Inducing a recharge volume that would increase the aquifer 
concentration in the area of the extraction wells to the sulfate secondary drinking water 

standard of 250 mg/1 would likely be considered to be "statistically significant" by 
KDHE. This is one of the items that must be addressed in early meetings with KDHE 

before the final decision is made to go forward with any infrastructure construction. 
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Section 4 

Financial Considerations 

Implementation of the concepts from the prior Water Banking effort stopped at the point 

where some ofthe treated wastewater effluent was used for irrigation of public areas, the 

largest being irrigation of nine holes of the golf course located at the southwest side of 

the City. A pumping station and a 1 0-inch transmission line were constructed 

terminating in the general area of the entrance to the City's golf course. Drawings were 

completed to extend the 10-inch transmission line to the west side of the City, crossing 

Big Creek generally at Highway 183 Alt., and terminating at the Country Club golf 

course. None of this additionally described project was constructed. 

The potential recharge basin and recovery well locations were from three-fourth mile to 

two miles west of the location where the reuse water line turned north along Highway 

183 Alt. A copy of one of the maps from the 1991 Black & Veatch work effort showing 

potential locations for the recharge basins is included in the envelope at the end of the 

report. 

Extending the reuse transmission line to the westerly extreme of the earlier proposed 

work would require installation of about 4 miles of 1 0-inch pipe based upon the prior 

work. The capacity and condition analysis of the existing pumps at the wastewater 

treatment facility was not completed. However, the increased pumping head conditions 

required to pump the water an additional 4 miles would likely require that the pumps be 

replaced with higher horsepower models. Pumps of this type and size could be expected 

to cost in the range of $40,000 to $50,000 per each including the necessary electrical 

upgrades and connections. Extension of the 10-inch line is estimated to cost about 

$200,000 per mile depending upon obstructions and final routing. 

Other cost considerations for reuse include the potential need to reconsider alternate 

disinfection methods. For irrigation purposes, KDHE typically requires a measurable 

chlorine residual at the sprinkler heads as a demonstration that sufficient contact time has 

been allowed to disinfect the effluent. However, for discharge to a receiving water, 

KDHE requires that the effluent be dechlorinated if chlorine is the disinfectant of choice. 

A remote dechlorination station installed generally to the west of the entrance to the golf 

course (to allow continued chlorination of the golf course irrigation water) is estimated to 

cost between $40,000 and $50,000 depending upon, among other things, the type of 

structure selected to house the equipment. 

Most communities are choosing ultraviolet irradiation (UV) as the means for disinfecting 

prior to discharge. However, the UV disinfection option does not provide for golf course 

irrigation without providing a measurable disinfectant residual at the sprinkler heads at 

the golf course. Also, if the water is proposed for recharge, the trihalomethane and 

haloacetic acid formation potential needs to be considered. Depending upon how the 
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City chooses to reuse additional treated effluent, a study should be completed on 

alternative disinfectants. 

The potential costs to extend the alternate discharge point to the westerly extreme of the 

previously studied area are summarized in Table 4- 1. 

Table 4-1: Effluent Reuse Capital Costs. 

Item 

1. 1 0-inch force main, 4 miles @ $200,000/mile 
2. Pumps and appurtenances, 2 @ $45,000 
3. Dechlorination station 
4. Contingencies @ 20% 
5. Legal, Engineering, Finance, Easements, etc @ 25% 

Total Probable Cost 

Probable Cost 

$ 800,000 
90,000 
45,000 

185,000 
280,000 

$ 1,400,000 

Retiring the debt on $1,400,000 over 20 years at 6% would require an annual payment of 

about $120,000. Running a 40 HP pump for a year at 8 cents per KwHr would yield an 

annual power cost of about $21,000. Chemical costs for chlorination and dechlorination 

should not be substantially different from the current plant operation because the same 

type of operation will be required with only the discharge point being changed. These 

estimated costs should represent the high end of the spectrum. If the City chooses to 

terminate the discharge closer to the City than the far reaches originally proposed, the 

construction cost would obviously be reduced. Until more decisions are made locally, 

more precise estimates are not realistic. 

It should be noted that the probable costs listed above do not include any costs for 
recharge basins or additional wells to induce greater recharge as described in the 
earlier water banking reports and proposals. The costs above are only for 
delivering treated wastewater from the treatment facility to the extremes of the 
study area described in the previous reports. Similarly, no additional costs for 
improvements at the treatment facility are included because they are unknown and 
are dependent upon the results of required meetings with KDHE to discuss the 
water quality implications of any proposed reuse/recharge project. 

Using the potential quantities of treated water available as developed in Section 3 and the 

costs for delivery upstream allows a preliminary investment cost calculation for reuse. 

The annual debt service and power costs developed above ($141,000) divided by various 

calculated available volumes in acre-feet (ac-ft) provides a minimum cost range for 

comparison with other water sources. If all of the available Smoky Hill water (960 ac-ft) 

were able to be captured and recharged, the annual cost per ac-ft would be about $150. If 

the amount recharged were to be limited to the 450 ac-ft suggested by Black & Veatch as 

the limiting factor due to sulfate accumulation, the annual cost per ac-ft would be closer 

to $300. In reality, it is doubtful the maximum recharge can be achieved without the 

construction of additional wells. Therefore, the capital costs would increase and/or the 

volume of water recharged would decrease. In either case, the annual cost per ac-ft is 

likely higher than the $300 current water quality limiting estimate. 

16 



~·· • 

SECTION 5 

17 



l 
I. 

L 

Section 5 

Conclusions and Recommendations 

The following conclusions and recommendations result from the preceding Sections: 

1. The City must decide if the value of water for recharge is worth the infrastructure 

investment to divert a portion of the treated wastewater effluent upstream in the 

Big Creek Basin. 
2. The quantity of water available for reuse is currently limited to that proportion of 

the wastewater effluent originating from the Smoky Hill well field diversion. 

3. Diversion of the effluent upstream in Big Creek would have no measurable effect 

on the Gustad Bridge drainage structure. 
4. The City should meet with KDHE's Bureau of Water staff to tie down potential 

permitting details. 
5. If the City elects to proceed, a more detailed reuse plan would need to be prepared 

and submitted to the Kansas Department of Health and Environment and to the 

Division of Water Resources if the reuse is intended as part of a ground water 

recharge project where water rights issues may be raised. 
6. Diverting any treated effluent to a discharge point other than the existing Chetolah 

Creek discharge would require submitting an application to KDHE for a second or 

alternate discharge point. The permit application would be subject to a Water 

Quality Standards review as well as Public Notice requirements. 
7. The City would maintain its existing discharge point into Chetolah Creek with its 

attendant permit requirements. 
8. Expansion of the irrigation system at the City's golf course would require only a 

minimal revision to the City's wastewater treatment facility permit. 
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Hays "Banking" Project Page 1 of3 

LaVene Brenden 

From: Bagley, Jim [JBAGLEY@KDA.STATE.KS.US] 

Sent: Monday, May 08, 2006 1:39PM 

To: LaVene Brenden 

Cc: Rolfs, Lee; Pope, David L.; Ross, Scott 

Subject: RE: Hays "Banking" Project 

LaVene, 

You asked in your April 3, 2006 email to me for an "official" citation for the requirement that Hays can only use 

water from the Smoky Hill well field as water available for banking within the Big Creek Basin. You also asked, 

"Alternatively, what is the basis for the requirement that they have to release the water extracted from the Big 

Creek Basin well fields and discharged from the wastewater treatment facility?" 

Some of the relevant regulations are as follows: 

K.A.R. 5-5-3. Change in consumptive use. The extent of consumptive use shall not be increased 

substantially after a vested right has been determined or the time allowed in which to perfect the water 

right has expired, including any authorized extension of time to perfect the water right. (Authorized by 

K.S.A. 82a-706a, 82a-708b; effective May 1, 1983.) 

The City of Hays' Smoky Hill water rights have always been 100 percent consumptive as far as the source of 

supply is concerned. The City of Hays' Big Creek water rights were not 100 percent consumptive from the source 

of water supply at the time they were determined or certified, therefore the extent of consumptive cannot be 

substantially increased. To approve an application for any change in those water rights to allow Hays to consume 

'I 00 percent of the Big Creek water rights, would be a violation of K.A.R. 5-5-3. 

K.A.R. 5-5-8. Standards for approval of an application for a change in the place of use and a 

c~hange in the use made of water. (a) Each application for a change in the place ofuse or the use made 

of water which will materially injure or adversely affect water rights or permits to appropriate water 

with priorities senior to the date the application for change is filed shall not be approved by the chief 

engmeer. 
(b) Each approval of a change application shall be conditioned by the chief engineer with the tenns, 

conditions and limitations the chief engineer deems necessary to protect the public interest and enforce 

the terms ofK.A.R. 5-5-3. 
(c) As used in K.A.R. 5-5-3, "consumptive use" means gross diversions minus: 

( 1) waste of water, as defined in K.A.R. 5-1-1 ... and 

{2) return flows to the source of water supply: 

(A) through surface water runoff which is not waste; and 

(B) by deep percolation. 
(d) The maximum annual quantity and maximum rate of diversion of water authorized by an approval of 

an application for a change in the use made of water shall not exceed the maximum annual quantity or 

maximum rate of diversion perfected at the time the application for change in the use made of water is 

filed with the chief engineer. (Authorized by K.S.A. 82a-706a; implementing K.S.A. 1993 Supp. 82a-

708b; effective Nov. 28, 1994.) (Emphasis supplied) · 

There are water rights along Big Creek downstream of the Hays Big Creek well field and below the confluence of 

Chetolah Creek and Big Creek which have relied on the return flows from the Big Creek water rights from the 

waste water treatment plant. Although the downstream rights may have benefited at times from the discharge of 

the return flows from the Smoky Hill water rights, the downstream rights generally would not be legally entitled to 

require the City of Hays to continue to release the Smoky Hill effluent water back to Big Creek. Those 
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downstream water rights could, however, be impaired by a substantial increase in consumptive use of water 

diverted from the Big Creek basin, which in turn could cause a reduction in the amount of those return flows. 

Some of those downstream rights are vested rights and appropriation rights with priority dates senior to some of 

the City of Hays' rights. If those rights were to become impaired because of the elimination or suostantial 

reduction in return flows, it could become necessary for the Chief Engineer to regulate junior upstream water 

rights to prevent impairment of the downstream water rights. 

At this time these are just guiding principles because there is no specific proposal (change application or new 

application) before the Chief Engineer relating to the project you characterized as a "banking" project. I must 

caution you that these are only general principles and I must emphasize that before any definite answers can be 

given to your questions, we must have a specific proposal or applications before us so that we can understand 

the exact nature of what you would like to do. We are more than willing to work with you to ensure that the City of 

Hays can exercise all of its water rights to the fullest extent authorized by law . 

James 0. Bagley, P.E. 

Section Head, Technical Services 

Operations and Technical Services 

Division of Water Resources 

Kansas Department of Agriculture 

e-mail: jbagley@kda.state.ks.us 

From: LaVene Brenden [mailto:lavene.brenden@bartwest.com] 

Sent: Tuesday, April 25, 2006 10:32 AM 

To: Bagley, Jim 
Subject: RE: Hays "Banking" Project 

The question is actually independent of what is intended in that until we know how much water we might have 

available for reuse (for any purpose), we can't develop any proposal. The basic question remains what I where is 

the regulatory reference that says the water extracted from the Big Creek basin has to be returned to Big Creek 

(Chetolah) via the wastewater treatment plant? Or, how is the City of Hays limited to only the equivalent quantity 

of water from the Smoky Hill Basin? 

Thanks for your continued efforts. 

From: Bagley, Jim [mailto:JBAGLEY@KDA.STATE.KS.US] 

Sent: Friday, April 21, 2006 9:19AM 

·ro: LaVene Brenden 
Cc: Rolfs, Lee; Pope, David L.; Ross, Scott 

Subject: Hays "Banking" Project 

Lavene, 

I apologize for the delay in responding, but part of the reason for the delay is that we are not entirely sure of the 

exact nature of the "banking" project you are referring to. For example, are you referring to a water bank that 

would be chartered under the provisions of the Kansas Water Banking Act (K.S.A. 82a-761-773), are you merely 

referring to some kind of effluent reuse project, or are you planning to do something else? In any case, we need a 

8/4/2006 



tl\ • 

l~ • 

j, .. • 

Hays "Banking" Project Page 3 of3 

more detailed description about what you are considering, as the answer to your question may depend upon 

what you are proposing to do. Once we understand the proposal better, we will provide as much information as 

possible, but may not be able to give a final answer until any application that is needed has been f.iled and 

considered. 

James 0. Bagley, P.E. 

Section Head, Technical Services 

Operations and Technical Services 

Division of Water Resources 

Kansas Department of Agriculture 

e-mail: jbagley@kda.state.ks.us 

This t?-moil ond unJ'fih:s 1runsmilled with it urt' confidential and intended solel.l·j(Jr the use ofrhe 

addressee. ffyoUI'I!CCil'C f!Jis II'U17S!I'Ii.I'Sion ill error. pft'USC nofih' the sender 011d defefe this e-!17{(i/. /v'o 

emJ>Ioyee or uge111 is 1..//lfhori:::ed to conclude WI)' hinding ug;reentenf on helw/(o(Burt/clt & ~fesr 

L'ny)neers, Inc. 11·irh cmorherporly hy t:'-IJl({i/. 
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March 07, 2006 

Cornelius Onyeador 
City of Hays 
1498 E. HWY 40 By Pass 
Hays, KS 67601 

RE: Project: Water Banking Program 

Pace Project No.: 605304 

Dear Cornelius Onyeador: 

Pace Analytical Services, Inc. 

9608 Loire! Blvd. 

Lenexa, KS 66219 

Phone: (913)599-5665 

Fax: (913)599-1759 

Enclosed are the analytical results for sample(s) received by the laboratory on February 22, 2006. 

Results reported herein conform to the most current NELAC standards, where applicable, unless 

otherwise narrated in the body of the report. 

If you have any questions concerning this report, please feel free to contact me. 

Sincerely, 

e-._:. . ..-x--~~-

Connie Gardner 

connie.gardner@pacelabs.com 

Project Manager 

Arkansas Certification Number: 05-008-0 

California Certification Number: 02109CA 

Illinois Certification Number: 001191 

Iowa Certification Number·. 118 

Kansas/NELAP Certification Number: E-1 0116 

Louisiana Certificatton Number: 03055 

Minnesota Certification Number: 020-999-394 

Oklahoma Certification Number: 9205/9935 

Utah Certification Number: 9135995665 

Enclosures 

REPORT OF LABORATORY ANALYSIS 

This report shall not be reproduced. except in full. 

without the written consent of Pace Analytical Services, Inc .. 

, .. ! .... ~· ; '·(-., I 

fnelaC\I 
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Project: Water Banking Program 

Pace Project No.: 605304 

LabiD Sample ID 

605304001 RECLAIMED EFFLUENT 

L 

SAMPLE SUMMARY 

Matrix Date Collected Date Received 

Water 02/20/06 0945 02/22/06 06 20 

REPORT OF LABORATORY ANALYSIS 

This report shall not be reproduced, except in full, 

Without the written consent of Pace Analytical Services, Inc .. 

ln·~·.,l 

Pace Analytical Services, Inc. 

9608 Loire! Blvd. 

Lenexa, KS 66219 

Phone: (913)599-5665 

Fax: (913)599-1759 

Page 2 of 4 
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ANALYTICAL RESULTS QUALIFIERS 

Project: Water Banking Program 

Pace Project No.: 605304 

PARAMETER QUALIFIERS 

Pace Analytical Services, Inc. 

9608 Loiret Blvd. 

Lenexa, KS 66219 

Phone: (913)599-5665 

Fax: (913)599-1759 

DF- Dilution Factor, if reported. represents the factor applied to the reported data due to changes in sample preparation, dilution of 
the sample aliquot, or motsture content. 
ND - Not Detected at or above adjusted reporting limit. 

J- Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit. 

MDL - Adjusted Method Detection Limit. 

S - Surrogate 

Date: 03/07/2006 10:30 AM REPORT OF LABORATORY ANALYSIS 

This report shall not be reproduced. except in full, 

without the written consent of Pace Analytical Services, Inc .. ...... I 
-<he~ac::·.:l 
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Pace Analytical Services, Inc. 

9608 Loire! Blvd. 

Lenexa, KS 66219 

, Phone: (913)599-5665 

Fax: (913)599-1759 

L QUALITY CONTROL DATA QUALIFIERS 

Project: Water Banking Program L Pace Project No.: 605304 

t • 

~· .. 

i;, 

' 

L 

QUALITY CONTROL PARAMETER QUALIFIERS 

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate% recovery and RPD values. 

LCS(D) - Laboratory Control Sample (Duplicate) 

MS(D) - Matrix Sptke (Duplicate) 

DUP -Sample Duplicate 

RPD - Relative Percent Difference 

ND - Not Detected at or above adjusted reporting limit. 

J - Esttmated concentration above the adjusted method detection limit and below the adjusted reporting limit. 

MDL- Adjusted Method Detection Limit. 

S - Surrogate 

Date: 03/07/2006 1 o· 30 AM REPORT OF LABORATORY ANALYSIS 

This report sl1all not be reproduced, except in full, 

without the written consent of Pace Analytical Services, Inc . . ,, .... , ...... I 
·:''helai·.j 
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February 28, 2006 

Crnnie Gardner 
Pace Analytical Kansas 
9608 Loiret Blvd 
Lenexa, KS 662i 9 

RE: A"oject: City of Hays 605304 
Pace A"oject No.: 1 7320 

D:lar Mary Walls: 

Pace Analytical Services, Inc 

1700 Elm Stree 

Mnreapolis, tvN 55414 

Phone: (612)607 -1 700 

Fax: (612)607-6444 

Enclosed are the analytical resu~s for sample(s) received by the laboratory on February 22, 2006. 
F€sutts reported herein conform to the most current NEL.AC standards, where applicable, unless 
otherwise narrated in the body of the report. 

ff you have any questions concerning this report, please feel free to contact me. 

Sincerely, 

(·. 
' '. 

\.' ·-~- ~ 

Glenn O; low sl~ 

RV1 and Lab Management 

Florida Certification#: E87ffl5 (8330) 
lllirois Certification#: 200011 (524.2) 
Iowa Certification#: 368(524.2) 
Minnesota Ce-tification #: 027-053-137 (524.2) 
V'vlsconsin Ce-tification #: 999407970 (524.2) 

Enclosures 

REPORT OF LABORATORY ANALYSIS 

This report shall not be rep10duced, e>eept in full, 

without the w>itten consent of P<JCe Analytical Se>vices, Inc .. 

Page 1 of8 
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Project: City of Hays 60~04 
Pace Project No.: 17320 

LabiD 

17320001 

Sample ID 

605304001 RECLAIMED 
EFFLUENT 

SAMPLE SUMMARY 

Matrix Date Collected Date Received 

Water 02/20/06 09:45 02/22/06 06:20 

REPORTOF LABORATORY ANALYSIS 
Tl1is report shall not be repmcluced, e:cept in lull, 

without the written consent of P ac G Analytical Seni.ces, Inc .. 

. ,.····.''Ia"':·.·.,. __ 
·.·ne C'.-

Pace Analytical ServIces, Inc 

1700 E lrn Stree 

Mnneapolis, rv'N 55414 

Phone: (612)607-1700 
Fax: (612)607-6444 

Page 2of 8 
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SAMPLE ANAL VTE COUNT 

Project: City of Hays 605304 
Pace Project No.: 17320 

Lab ID Sample ID Method 

17320001 6(15304001 RECLAIMED EFFLUENT EPA524.2 

REPORT OF LABORATORY ANALYSIS 
Thrs report sl1all not be reproduced, e>eept in lull, 

wrthout the written consent of P oc e Analytical Ser\ices, Inc .. 

Pace Analytical Services, Inc 

1700 Elm Stree 

Mnreapolis, M\J 55414 

Analytes 

Reported 

Phone: (612)607-1700 
Fax: (612)607-6444 

7 
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ANALYliCAL RESUL 1S 

Project: City of Hays 605304 

Pace Project No.: 17320 

Sample: 005304001 RECLAIMED Lab 10: 17320001 Collected: !Ei20/06 09:45 RecEived: 
EFFLUENT 

ParamEters 

!i24.2MSV 

13 ro nndic hlor 01m thane 

13ro!TlJfam 
Chloroform 

D ibromochlor om ethane 

Total Trihalomethanes (Calc.) 

4- Bromofl uorobenzene ( S) 
1,2-Dichlorobenzene-d4 (S) 

Date: 02/28/2006 06:17AM 

Results Units 

Analytical Method: EPA 524.2 

4A ugil 
NO ug/L 
4.4 UQ~-
2.1 ug iL 

10.8 ugil 
107% 

111% 

Report Linit OF Prepared 

tO 
tO 
tO 
to 
20 

70-130 

70-130 

REPORT OF LABORATORY ANALYSIS 
This report shall nol be 1ep1oduced, e>eepl in full, 

Wllhoullhe written consent of P oceAn a/ylical Sen-ices, Inc .. 

..nela··" _:-. .... _ 

.,.- C' 

02/22/06 06:20 

Analyzed 

02/23/06 14:54 

02/23106 14:54 
02/23/06 14:54 

02/23/06 14:54 

02/23/06 14:54 

02/23/06 14:54 

02/23/06 14:54 

Pace Analytical ServIces, Inc 

1700 Elm Slree 

Mnneapolis, tvN 55414 

Phone: (612)607·1700 
Fax: (612)607-6444 

Matrix: W<J.er 

CAS No. Qual 

75-27-4 

75-25-2 
67-66-3 

124-48-1 

460-00-4 

2199-69-1 

Page 4of 8 
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ANALYllCAL RESULTS QUALIFIERS 

Project: City of Hays 605304 
Pace Project No.: 17320 

PARAMETER QUALIFIERS 

Pace Analytical ServIces, Inc 

1700 Elm Stree 

Mnneapolis, M'J 55414 

Phone: (612)607-1700 
Fax: (612)607 -6444 

OF - Dilution Factor, if repcrted, rEpreserts the factor applied to the repcrted data due to changes in sample preparation, dilution of 
the safllJie aliquot, or rmisture cortent. 
NO - Not D elected at or abo~e adjusted rEpOrting I imit. 

J · Estimated concentration abQ/e the adjusted mathoddetection limitandbelowthe adjusted reporting limit 
MDL. Adjusted Method Detection Lirrit. 

S ·Surrogate 

Date: 02128/2006 06:17AM REPORT OF LABORATORY ANALYSIS 
This report shall not be reproduced, e>e ept in full, 

withoulthewrittenconsent of Pace Analytical Ser~ces, Inc. 
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Project: City of Hays 605304 

Pace Project No.: 17320 

QC Batch: MSV/1011 

QC Batch Method: EPA524.2 

Associated LabS a111JI es: 

METHOD BLANK: 2242 

Associated LabS a111JI es: 

Parameter 

Total Trihalonnethanes (Calc.) 
Br orrn d chlo r aneth ane 

Brorrnform 

Chloroform 

Dibrorrochloromethane 
4-Brorrofluorobenzene (S) 

1,2-Dichlorobenzene-d4 ( S) 

17320001 

17320001 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 
% 
% 

Units 

LABORATORYCONTROLSAMPLE & LCSD: 2243 

Parameter Units 

Total Trihalonnethanes (Calc.) 
Brorrndichl or aneth ane 

Brorrnform 

Chloroform 

Di brorrochl oromethane 

4- Brorrofluorobenzene ( S) 
1 ,2-D ichlorobenzene-d4 ( S) 

ug/L 
ug/L 

ug/L 

ug/L 

ug/L 

% 
% 

MATRIX SPIKE & MATRIX SPIKEDUPUCATE: 2245 

QUALITY CONlROL DATA 

Analysis Method: 

Analysis Description: 

Blar-K Reporting 

EPA 524.2 

524.2 MSV 

Result Umit Qualifiers 

ND 2.0 
ND 1.0 
ND 1.0 
ND 1.0 
ND 1.0 
108 70-130 
111 70-130 

2244 

Spit€ LCS LCSD LCS LCSD 
Cort;. Result Result %Rec %Rec ----

79.3 80.4 
20 19.6 19.7 98 98 
20 19.9 20.7 99 104 
20 20.4 20.4 102 102 
20 19.4 19.7 97 98 

110 110 

115 116 

2246 

MS MSD 

% Rec 
Urrits RPD 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

Pace Analyllcal ServIces, Inc 

1700 Elm Stree 

Mnreapolis, fv1\J 55414 

.2 

4 

.4 

Phone: (612)607-1700 

Fax: (612)607-6444 

Max 
RPD Qualifiers ---

20 

20 

20 
20 

17315001 Spike Spike MS MSD MS MSD %Rec Max 
Parameter 

Total Trihalornethanes (Calc.) 
Brorrndichl oranethane 
Brormform 

Chloroform 

Di brorrochl orornethane 
4- Brorrofluorobenzene ( S) 
1 ,2-Dichlorobenzene-d4 ( S) 

SAMPLE DUPLICATE. 2247 

Parameter 

Total Trihalonnethanes (Calc.) 

Brorrnd chloranethar"6 
Brorroforrn 

Ch lor of or rn 

Date: 0212 8/2006 06:17 AM 

Units 

ug!L 
ug!L 

ug!L 

ug!L 

ugil 

% 
% 

ug/L 

ug/L 
ug/L 

ug/L 

Result Cone. Cone. Result Result %Rec 

Units 

13.1 87.7 93.6 
2.3 20 20 20.8 22.7 

ND 20 20 18.5 18.9 

10.9 20 20 30.1 32.3 

NO 20 20 18.2 19.7 

17320001 Dup 
Result Result RPD 

10.8 10.8 .2 

4.4 4.3 2 
ND NO 0 
4.4 4.3 .05 

REPORT OF LABORATORY ANALYSIS 

Thrs report sl1~1\ nor bo rep!Oduced, e>eept in full, 
wi!l1out the written consent of P a:e Ana yfical Serl.ices, Inc .. 

93 

93 

96 

91 

111 

120 

% Rec Lirrits RPD RPD Qual -------
7 

102 70-130 9 20 

94 70-130 2 20 

107 70-130 7 20 

93 70-130 8 20 

110 70-130 

114 70-130 

Max 
RPD Qualifiers 

20 
20 

20 

Page 6of 8 
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Project: City of Hays 60 EB04 

Pace Project No.: 17320 

SAMPLE DUPLICATE: 2247 

Pararreter 

Di brorrochl oron'ethane 
4- Brorrofluorobenzene ( S) 

1 ,2 -D ichl oro benz ene-d 4 ( S) 

SAMPLE DUPLICATE 2248 

Pararreter 

Total Trihalorrethanes (Calc.) 
Brorrod chlorcrneth ane 
Br01mform 
Chloroform 
Di br orrochl or arret hane 

4- Brorrofluorobenzene ( S) 
1 ,2-0 ichl orobenzene-d4 ( S) 

SAMPLE 0 U PLICATE: 2249 

Pararreter 

Total Trihalorrethanes (Calc.) 
Brorrodchloranethane 

Brorroform 
Chloroform 
Oi brorrochl ororrethane 

4-Brorrofluorobenzene (S) 
1 ,2-Dichlorobenzene-d4 ( S) 

Date: 02/28/2006 06:17 AM 

Units 

ug/L 
% 

% 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
% 

% 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
% 

% 

QUALilY CONTROL DATA 

17320001 Dup 
Result Result RPD 

2.1 2.1 4 
107 107 .2 
113 113 2 

17318001 Dup 
Result Result RPD 

15.5 15.7 .1 
3.3 3.3 1 
ND ND 0 

12.2 12.4 2 
NO NO 0 
104 104 

108 108 3 

17311001 Oup 

Result Result RPO 

ND NO 0 
NO NO 0 
NO NO 0 
NO NO 0 
NO NO 0 

108 108 .5 
112 112 3 

REPORTOF LABORATORY ANALYSIS 

This report shall not be reproduced, mcept in full, 
without the written consent of Poce Analytical Ser\ices, Inc .. 

Pace Analytical ServIces, Inc 

1700 Elm Slree 
Mnneapolis, M\J 55414 

Phone: (612)607-1700 
Fax: (612)607-6444 

Max 
RPD Qualifiers 

20 

Max 
RPD Qualifiers 

20 
20 
20 
20 

Max 
RPO Qualifiers 

20 
20 
20 
20 
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QUALITY CON'TROL DATA QUALIFIERS 

Project: City of Hays 605304 

~. Pace Project No.: 17320 

• 

& • 

~~• 

QUALITY CONTROL PARAMETER QUALIFIERS 

Consistent with EPA guidelines, unromde:J data are displa,ed and ha;e been used to calculate% recovery and R PO values. 

LCS(D)- LabaatoryControl Sampe (Duplicate) 

MS(D)- Matrix Spike (Duplicate) 

DUP- Sample Duplicate 

RPD- Relative Pe-cent Difference 

NO- Not Detected at or abo\€ adjusted rEporting limit. 

J · Estimated concentration abOJe the adjusted 1rnthod detection limit and below the adjusted reporting limit. 

MDL- Adjusted Metl1od Detection Unit. 

S- Surrogate 

QUALITY CONTROL ANAL YTEQUALIFIERS 

[1) SarrplepH was foundtobegreaterthan 2after analysis. 

Date: 02128/2006 06:17 AM REPORTOF LABORATORY ANALYSIS 

Tbis report silall not be reproduced, e>eept in full, 

without I he written consent of Pace Analytical Serlices, Inc .. 

Pace Analytical Services, Inc 

1700 Elm Stree 

Mnneapolis, fv1\J 55414 

Phone: (612)607-1"100 

Fax: (612)607 -6444 
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BLACK & VEATCH 

8400 Ward Parkway, P.O. Box No. 8405, Kansas City, Missouri 64114, (913)339-2000 

Hays, Kansas 
Big Creek Water Banking Plan 
Operation Pl an 

Mr. James 0. Bagley 
Section Head 
Technical Services 
Kansas State Board of Agriculture 
Division of Water Resources 109 S.W. Ninth Street, Suite 202 
Topeka, Kansas 66612-1283 

Dear Mr. Bagley: 

B&V Project 17442.310 
B&V File A 

May 23, 1991 

We are pleased to submit the Operation Plan for the Big Creek Water 
Banking Plan for Hays, Kansas. The plan will require coordination of 
all aspects of the City's water supply and wastewater systems. It also 
involves many innovative applications for the State including irrigation 
with reclaimed effluent near residential areas, artificial recharge, and 
creation of a new category of water rights. We appreciate your 
continued interest and support for this important project for Hays and 
the State of Kansas. We will be happy to discuss the plan with you. 
Please contact me at (913) 339-3410 if you have any questions. 

sl 
Enclosure 

Very truly yours, 

BLACK & VEATCH 

{///11 {[}. !/AJ<°r/ 
Jeffrey W. Henson 
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I. Introduction 

A. Purpose 
The purpose of this report is to summarize the operation of the Big Creek Water 

Banking Plan. The Plan includes acquisition of existing water rights, changes in 

points of diversion, creation of "new" water rights through artificial recharge of the 

Big Creek alluvial aquifer and subsequent withdrawal of an equal volume of water 

from the aquifer. 

A portion of the acquired water rights will be obtained by trading reclaimed 

wastewater effluent for existing water rights. The reclaimed effluent will be used to 

irrigate two golf courses, parks, and softball fields (Irrigation Users). 

In 1983 the City's water use was just over 3500 acre-feet (ac-ft). Since that time 

progressively stricter conservation measures have been implemented that have 

reduced demands to about 2800 ac-ft. For planning purposes, a demand of 3500 ac-ft 

is used. This will allow for some growth and a slight reduction in the strict 

conservation measures. 

The City's reliable supply is about 2484 ac-ft. The wells can pump a greater 

volume during most years; however, during a severe drought the volume that can be 

pumped is reduced significantly. The volume available from the Smoky Hill aquifer 

has steadily declined due to upstream diversions. This trend indicates the reliable 

supply may drop to 1500 ac-ft in the future. 

The reliable supply from the City wells which tap the Big Creek alluvium has also 

declined. Several of the wells have been lost to contamination. Standby wells which 

discharge directly to the distribution system can provide some supply, but they are 

only used during emergencies. For planning purposes the standby wells can not be 

included in the reliable yield of the City wells. Therefore, the reliable supply from 

the City wells is 984 ac-ft. 

This report presents a monthly operation schedule for assumed conditions during 

dry years and wet years for the various components of the Plan to ensure that no 

water rights holders within the area affected by the Banking Plan are adversely 

affected. 

B. Scope 
This report includes the following: 

• Delineation of the banking area. 

052291 1 
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• Delineation of the banking area. 

• An analysis of data gathered as part of the Plan as well as data gathered for 

past studies. 
• Estimates of aquifer characteristics within the banking area. 
• Preliminary locations of production wells, a recharge basin, and monitoring 

points. 
• Summary of existing water rights and how the Plan will affect them. 

• Operation plans for assumed conditions during wet years and dry years. 

II. Analysis of the Data 

The data used to characterize the Big Creek alluvial aquifer includes data gained 

from past studies of the aquifer as well as the results from four rounds of testing 

completed for this project. 

A. Past Studies 

Data from the following studies were used in developing the estimates of aquifer 

characteristics. 

"Geohydrology of the Big Creek Alluvial Aquifer of Hays and Vicinity, Ellis 

County, Kansas," Master's Thesis for Fort Hays University by Vilma Isabel Perez 

Bermudez, December 18, 1986. 

"Geology and Groundwater Resources of Southern Ellis County and Parts of 

Trego and Rush Counties, Kansas," by Alvin R. Leonard and Delmar W. Burra, 

State Geologic Survey of Kansas, 1960. 

"Groundwater Hydrology Study Big Creek Area Vicinity of Hays, Kansas," by the 

Layne-Western Company, Inc., April 1974. 

"Groundwater Supplies at Hays, Victoria, Walker, Gorham, and Russell, Kansas", 

by Bruce F. Latta, December 15, 1948. 

The City's records were also reviewed, including pumping test data of City wells, 

logs of several test holes drilled in the alluvium, and pumping records from the wells. 

This data indicates that an average conductivity of the sands and gravel is about 

052291 2 
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1,000 gpd/sq ft. The storage coefficient is in the range of 0.0001 to 0.01. Recharge 

from precipitation has been estimated at about 1 inch per year. 

B. Testing and Modeling 

Initial testing for the Plan consisted of drilling test holes at selected sites as 

shown on Figure II-1. The test holes were drilled to determine the thickness of sands 

and gravel as well as the static water levels. Logs of the holes are included in 

Appendix A. Split spoon samples of creek bed material were collected to estimate 

permeabilities. 

Results of the initial testing showed static water levels at the same elevation as 

the water in Big Creek, which indicates communication between the creek and 

aquifer. Several of the logs indicated sand and gravel deposits from the creek bed 

down to bedrock. An example follows. 

Depth, ft 

0-3 

3-15 

15-29 

29 

Table II-1 

Log Test Hole IT-1 

Formation 

Silt and Sand 

Sand/Gravel 

Sand/Gravel 

Shale 

Static water level at 3 feet (same as water level in Big Creek). 

052291 3 
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Based on the results of the initial testing, two sites were identified for further 

testing to estimate the amount of flow that could be induced through the creek bed 

to the aquifer. The sites were designated BP-1 and BP-2, as shown on Figure II-1. 

A series of observation wells and a test production well were drilled at each site. 

Figure II-2 shows the layout at site BP-2. The layout at BP-1 was similar to that of 

BP-2. The test wells at each location were pumped for 72 hours at a rate of about 

100 gpm. Water levels were measured in each observation well and in Big Creek. 

A weir was constructed to measure flows at BP-1. At BP-2 the creek was too wide 

and was not flowing, so a staff gage was used to monitor changes in water surface 

elevation. A semi-log plot of the data, shown on Figure II-3, indicates that some 

recharge to the well occurred after about 20 minutes of pumping. The plot also 

indicates that a no-flow boundary was intercepted after pumping for about a day. 

The plots of all the observation wells at both sites are similar to the plot shown on 

Figure II-3. No measurable reduction in Big Creek water level was observed at 

either site. Data collected for this test are included in Appendix B. 

Logs of the holes drilled at both sites indicated the presence of clay layers that 

were not identified by the initial testing. At BP-2, a 4 feet thick clay layer occurred 

at the static water level. A lower clay layer separated the aquifer into an upper and 

lower sand layer. In general, the upper sand layer was about 4 feet thick, and the 

lower layer was about 12 feet thick. The clay layer between the two sand layers was 

about 3 feet thick. 

Although the testing indicated some recharge, the source of the recharge was not 

apparent, since the water level in Big Creek did not change and no change in flow 

was measured. A model of the aquifer at BP-2 was developed to simulate the 

pumping test conditions and to help identify the source of recharge. 

The model was developed using the USGS' MODFLOW program, a three

dimensional model that includes recharge mechanisms and multiple aquifer layers. 

The assumed conditions are listed below. 

• Four layers: top clay layer approximately 4 feet thick; upper sand layer 

approximately 4 feet thick; lower clay layer approximately 3 feet thick; and 

lower sand layer approximately 12 feet thick. 
• Conductivity of the sands: 1,000 gpd/sq ft. 

• Storage coefficient: 0.0005. 

052291 4 



I 
l 
I 
l 
l 
l 
l . 

. 

l 

® 
J-P 

® 2-P 
TBM-FCRM NAIL 

CAST Sil£ OF TREE. 
ASSUMED ELEV.: 102.63 

----... f:A 'z'TEST 7-L 

4� 

® 6-1' 

H I Seo 11 I: 20 

LOC 

1- P 

2-P 

J-P 

4 -P 

5-P 

6-P 

7-P 

SURFACE ELEV. I 

89. OJ ol /7:fXJ HRS 
J0/26/90 

� 

I ELEV. 
ELEV. SWL SWL 

IOI. II 12. 94' 88.11' 

101.21 12.95 88.26 

102 .21 13.98' 88.23' 

104. 2J 16.00' 88.23' 

102.9J 14.70 88.2 3' 

100.39 12.15' 88.24' 

IOI. '!B 13. 55' 
88.23' 

98.69 10. 6 0' 88.09' 

NOTE t Al£ASUR8£NT 
AJINT TOP CF CASM; AT 
EACHWEZL. 

® 
7-P 

CLA.RKE WELL a EQUIPMENT INC-. 
GREAT BENO, KANSAS 

PLAT SHOWING 
LOCATION a ELEVATION 

OF 
TEST a OBSERVATION WELLS 

SITE - 2 
BIG CREEK WATER BANKING PLAN 
OWNER - CITY OF HAYS, KANSAS 

ENGIN EER - BLACK 8 VEATCH 
FIGURE Il-2 



L 
L 
l 
L 
L 
l 
L 
l 
l 
L 
l 
l 
t 
l 
l 
L 
L 
L 
l 

Hays, Kansas 
Site BP-2, \Vell 1 

7.5 �---------------------------, I 
1 L 'f "6.5 f /� ! 6' � � r ·� I �·�·-··-·· 

� 5.5 � •" 
� I � 

� S I r-
� I �� I I 4 4 _ I i.. .:> I-f\ I I i..I i I I / 4 LI I I 

3.5 � 
3 L__ _____ _L_ _____ __.L_ _____ --1. _____ ___. 

1 10 100 1000 100()0 
Time, minutes 

FIGURE II-3 



L 
l 
,, � 
l 
l 
l 
l 
l 
l 
l 
l 
t 
l 
l 
l 
l 
L 
l 
l 

The model was calibrated by comparing measured drawdown to modeled 

drawdown. Sensitivity analyses were completed on the conductivity of the creek bed 

and vertical conductivity of the clay layers. The analyses indicated the model was 

most sensitive to the vertical conductivity of the clay layers. The run that gave the 

best results had a clay layer vertical conductivity of about 0.000118 ft/hr 

(1•10-6 cm/s). The runs showed a 10-25 percent recharge rate from the river. 

It should be noted that all wells drilled for this test were screened only in the 

lower sand unit, so no drawdown data was available for the upper sand unit. This 

made estimating the recharge rate from Big Creek difficult because it was impossible 

to determine any effects in the upper sand layer. 

Since the recharge rate was still uncertain after testing at BP-1 and BP-2, another 

pumping test was performed. This pumping test was designed to determine both the 

rate of recharge from the river to the aquifer and the feasibility of using a recharge 

basin for recharging the aquifer. The locations of test holes for the third test are 

shown on Figures 11-1, II-4, and II-5. The test holes near Big Creek for BP-3 were 

at the same site as for BP-1 and were drilled to further define the recharge rate. The 

remainder of the holes, RB-1 through RB-lOA, were drilled to determine the 

thickness of the sands and gravel for establishing the feasibility of a recharge basin. 

Two of the observation wells at BP-3 were drilled only into the upper sand layer; 

the others were drilled into the lower sands and were isolated from the upper sands. 

The test well was screened in both layers in an attempt to determine the maximum 

amount of recharge that could be drawn from Big Creek into the aquifer at a specific 

site. A weir was constructed in the creek to measure flow. Data collected from this 

test is included in Appendix C. 

The results of this test showed significant influence of Big Creek. The flow in the 

creek dropped measurably within 15 minutes from the start of the test. After 8 hours 

of pumping at a rate of 106 gpm the flow in Big Creek stabilized at 68 gpm less than 

at the start of the test. 

The MODFLOW model was updated to reflect new data collected at BP-3. The 

model was calibrated with the pumping test data and sensitivity analyses were 

completed on the conductivity of the clay layer and of the creek bed. Two major 

changes were made in the model: the upper clay layer at this site was eliminated, 

and the upper screen layer was modeled as a drain. The following table lists the 

range of values tested and the model parameters that produced the best results. 
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TABLE 11-2 
MODEL PARAMETERS 

Parameter 

Conductivity of Sand 

Conductivity of Clay 

Storage Coefficient 

River Bed Conductivity 

Range of Values and 
Best Value 

1,000-2,500 gpd/sq ft, 
1,000 gpd/sq ft 

1•10-4 to 1·10·7 cm/s, 
1•10·4 cm/s 

0.0001-0.0005, 
0.0005 

0.1-10 gpd/sq ft, 
10 gpd/sq ft 

The run that simulated measured drawdowns the best indicated that 61 percent 

of the flow pumped from the well came from the creek. This agrees well with the 

measured flow reduction in the creek of 68 gpm versus a pumping rate of 106 gpm 

( 64 percent induced recharge). 

The logs of test holes drilled at site RB-1 indicated the site is not well suited for 

a recharge basin. The sands beneath the site are of variable thickness, ranging from 

none at hole RB-5 to 30 feet at hole RB-3. For the most part, the holes indicated 

about 10 feet of sands. 

Since this site was not favorable, another site has been identified as shown on 

Figure II-1. Test holes near the alternative recharge basin site indicate a fairly 

uniform layer of sand about 20 feet thick. A preliminary MODFLOW model 

developed for a recharge basin at the alternate site indicates that a basin with 4 

surface acres can recharge 450 acre-feet per year. The model parameters used were 

in the range of the values tested above. The alternate site will be tested further to 

verify aquifer conditions, and the model will be updated with the appropriate values. 

C. Analyses 

Drawdown data collected from pumping tests have been analyzed several ways. 

Initially the drawdown data were plotted on semi-log plots to estimate the aquifer 

transmissivity, storage coefficient, and recharge, if any. Figure II-6 shows a 

representative plot of the data collected at BP-3. It shows a transmissivity of about 
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11,000 gpd/ft and a storage coefficient of about 0.0005. After about 10 minutes, the 

slope of the graph decreases, indicating that recharge is occurring. 

The boundary conditions encountered in the testing for BP-1 and BP-2 probably 

occurred because the drawdown cones intercepted the edge of the aquifer. The holes 

for Site RB-1 indicated that the lower sands and gravel layer feathers out, away from 

the creek. Therefore, once the cone spread to these areas, a no-flow boundary was 

encountered. 

The drawdown data were also analyzed using the Jacob-Hantush method for 

determining aquifer coefficients in a leaky confined aquifer. 

Estimated aquifer characteristics are listed below. 

• Transmissivity: 10,000-20,000 gpd/ft which corresponds to a hydraulic 

conductivity of 700-1,300 gpd/sq ft. 
• Storage coefficient: 0.0006-0.001. 
• Vertical conductivity of the lower clay layer: 2. 7 x 10-5 - 2.5 x 10-4 

centimeters per second (emfs). 

D. Conclusions 

Based on the above analyses, the following parameters are assumed to represent 

the aquifer characteristics in the recharge area. 

TABLE 11-3 
AQUIFER CHARACTERISTICS 

Parameter 

Conductivity of Sands 

Vertical Conductivity of Clays 

Conductivity of River Bed 

Storage Coefficient 

Recharge Rate of Well 
Close to Big Creek 

Recharge from Precipitation 

052291 7 

Value 

1,000 gpd/sq ft 

1 x 10-4 cm/s 

10 gpd/sq ft 

0.0005 

60 percent 
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The vertical conductivity of the clays is a representative value that is not the 

actual conductivity. The thickness of the clays varies, and no clay was present in 

some of the holes (BP-1 hole 2). Therefore, the value listed above represents an 

average value over the whole area. 

At BP-3, the aquifer feathers out relatively quickly away from the creek and does 

not appear to be connected to the terrace deposits in the lower sands and gravel. 

Therefore, the only source of recharge to the aquifer in these areas is Big Creek. 

I l l .  Components of the Plan 

This section describes how each of the City's existing wells and proposed wells 

will be used within the Plan. First, the existing Big Creek system is briefly 

summarized and then the use of the existing system, including Big Creek wells (City 

Wells), Smoky Wells, and the proposed wells, under this plan is presented. 

A. City Wells 

The water right associated with the City Wells is vested right EL002. This right 

allows the City to withdraw 2,025 acre-feet per year at a maximum rate of 1,250 gpm. 

Following is a listing of the City Wells with their locations and capacities. Figure III-1 

shows the locations of the wells. 
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TABLE III-1 
CITY WELLS 

Well Location Capacity Comment 
gpm 

C-14 SE1/4,SW1/4,Sec3,T14S,R18W 150 In use 

C-16 NE1/4,SW1/4,Sec3,T14S,R18W 50 Lost due to contamination 
July 1964 

C-17 NW1/4,NE1/4,Sec33,T13S,R18W 150 Standby 

C-19 SW1/4,SW1/4,Sec3,T14S,Rl8W 100 In use 

C-20 SE1/4,SE1/4,Sec33, T13S,R18W 200 Lost due to contamination 

C-21 NE1/4,NE1/4,Sec32,T13S,Rl8W 150 Standby 

C-22 NW1/4,NW1/4,Sec3,T14S,R18W 117 Lost due to contamination 
July 1964 

C-23 NW1/4,NW1/4,Sec3,T14S,R18W 127 Lost due to contamination 
July 1964 

C-24 SW1/4,NW1/4,Sec4,T14S,Rl8W 150 Standby 

C-27 NE1/4,SE1/4,Sec4,T14S,R18W 200 In use 

C-28 NW1/4,SW1/4,Sec3,T14S,Rl8W 160 In use 

C-29 SW1/4,NE1/4,Sec33,T13S,R18W 150 Standby 

C-30 SW1/4,SW1/4,Sec28,T13S,R18W 150 Standby 

The sum of the capacities of the wells, excluding standby wells and wells lost to 

contamination, is 610 gpm which is 984 acre-feet per year if the wells were pumped 

year-round. Including the wells lost to contamination, the capacity would be 1,104 

gpm which is 1,780 acre-feet if the wells were operated year-round. Over the last five 

years the City has pumped an average of 1200 ac-ft per year from the City wells. 

The standby wells are operated only during emergencies such as periods of 

extreme drought. Chlorine is injected into the water pumped from these wells prior 

to discharge directly to the distribution system. For planning purposes, the 

emergency wells can not be included; therefore, the reliable supply from the existing 

City Wells is 984 acre-feet while their rights are for 2,025 acre-feet. 
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B. Proposed Plan 

The components of the plan are defined in the following paragraphs and then a 

summary of how each component is to be used is presented. 

City Well - These wells tap the Big Creek alluvium within the City Limits. The water 

right associated with these wells is EL002. 

Smoky Well - These wells tap the Smoky Hill alluvium and are located 12 miles south 

of the City. The water rights associated with these wells are 1248 and 5757. 

Irrigation Users - Locations where reclaimed wastewater will be used for irrigation. 

SHCC Well - Wells that will be acquired from the Smoky Hill Country Club in 

exchange for reclaimed wastewater. 

Yuasa Well - Wells that will be acquired from Yuasa-Exide. No reclaimed 

wastewater will be delivered to Yuasa-Exide at this time. 

New Water Rights Well - These wells will be used to withdraw water artificially 

recharged to the aquifer. The Division of Water Resources has tentatively agreed 

to create new water rights equal in volume to the amount of reclaimed wastewater 

recharged to the aquifer. 

Following is a description of how each of these components will be used within the 

plan. 

• City wells will remain in operation. Their reliable yield is 984 acre-feet. 
• Contaminated wells C-20 and C-23 will be replaced with wells C-32 and 

C-33, adding about 323 acre-feet to the reliable supply. 
• Water rights owned by Yuasa-Exide (Yuasa) and the Smoky Hill Country 

Club (SHCC) will be acquired by the City. The Yuasa right is for 173 acre

feet. The SHCC rights are for 196 acre-feet; however, the City will acquire 

195 acre-feet and SHCC will retain the remaining 1 acre-foot. New wells will 

be constructed by the City to replace existing Yuasa and SHCC wells. Two 

of the Yuasa wells will also be used as New Water Rights wells. Due to the 
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proximity of two of the Yuasa wells to the creek, they can induce recharge 

from the creek to the aquifer. Therefore, a portion of the water withdrawn 

by these wells will be attributed to the existing Yuasa-Exide water right and 

a portion will be attributed to New Water Rights. This will add a total of 

368 acre-feet excluding recharge. 
• A recharge basin will be constructed to replenish the aquifer at the proposed 

location in Section 30. New wells will be constructed nearby to remove the 

amount of water that is replenished by the recharge basin. The recharge 

basin wells will be constructed close enough to Big Creek and the basin to 

induce recharge from either source. Figure III-1 shows the proposed 

location for wells associated with these rights. This will produce a total of 

450 acre-feet. 
• Emergency wells will continue to be used on a standby basis. The average 

amount withdrawn from these wells is 216 acre-feet per year. 
• Total water available from the Big Creek supply is 2341 acre-feet. 

A mass balance approved by KDHE for determining the water quality indicates 

that a maximum of 450 acre-feet of treated effluent should be recharged to the 

aquifer each year. A mass balance is a calculation of the total mass of the water 

quality constituents added to the aquifer minus the mass removed. This determines 

the overall quality of the water pumped from the aquifer and the quality of the water 

that remains in the aquifer. The Plan is formulated so that this 450 acre-feet can be 

obtained by inducing flow from either Big Creek, or the recharge basin, or from both. 

The system will be adjusted during the first years of operation until the most efficient 

operating mode is identified. 

The maximum yearly volume that can be pumped under the Yuasa water right 

is 173 acre-feet. The capacity of the existing wells associated with this right is 375 

gpm and the maximum diversion rate is 315 gpm. Pumping these wells at 3 15 gpm 

year-round would produce 500 acre-feet per year. Since the wells have capacity for 

much more than 173 acre-feet, and two of them are close to the creek, they will be 

used for New Water Rights Wells also. The maximum volume pumped from these 

wells will be 432 acre-feet of which 173 acre-feet would be applied to the Yuasa right 

and 259 acre-feet (60 percent of 432 acre-feet) would be applied to the new water 

rights associated with withdrawal of recharge water. 

052291 11 



l 
l 
l 
l 
l 
L 
l 
t 
l 
l 

l 
L 
l 
L 
L 
L 
l 
L 

The New Water Rights wells associated with the recharge basin will be used 

either for inducing recharge from Big Creek or from the basin. The capacity of the 

wells is anticipated to be 100 gpm each, for a total of 300 gpm. The total volume 

pumped would be 484 acre-feet per year if the wells are pumped year-round, so some 

excess capacity is included. The wells will be used in conjunction with the Yuasa 

wells to withdraw water recharged through the creek bed to pump a total of 450 acre

feet per year. Since the creek recharges only 60 percent of the water pumped when 

the recharge basin wells are in operation, the wells will be taken out of operation 

periodically to allow them to fully recover and to ensure that Big Creek recharges the 

aquifer. The recharge basin wells will also be used to induce flow into the aquifer 

from the recharge basin. In any case, the water pumped from these wells will be 

added to the volume pumped from the Yuasa wells associated with creek recharge 

and the maximum volume of water diverted from the two classifications of wells will 

be 450 acre-feet per year. 

The following table lists all the water rights associated with the Plan and the 

changes that will be made under the Plan. Figure III-1 shows the locations of all the 

wells. 

052291 12 



l TABLE III-2 
WATER RIGI-ITS 

l Maximum 
Pennit Number Annual Diversion Points of 

and Owner Quanti!Y _B!!L Diversion Capaci!Y Comments -

ac-ft gpm gpm 

l EL002 2,025 1,250 Listed above. Wells to 
City of Hays be moved include: 

C-20 SEl/4, SEl/4, 200 Contaminated location. 
Section 33, T13S, RlSW. To be moved to SEl/4, 

L SEl/4, NWl/4, Section 29, 
T13S, R18W. 

C-23 NW1/4, NWl/4, 127 Contaminated location. 

l 
Section 3, T14S, RlSW. To be moved to SWl/4, 

SWl/4, NWl/4, Section 29, 
T13S, RlSW. 

26466 142 499 0011-3430N, 1320W, 30 This point of diversion 

l SHCC Section 29, T13S, R18W. will be retired.• 

0012-2840N, 2046W, 65 This point of diversion 
Section 12, T13S, RlSW. will be retired.• 

l 0013-2900N, 1056W, 22 This point of diversion 
Section 29, T13S, RlSW. will be retired.• 

0014-2440N, 1780W, 124 City will construct offset 

l Section 29, T13S, RlSW. well to replace this well. 

0015-2440N, 1580W, 127 City will construct offset 
Section 29, T13S, RlSW. well to replace this well. 

l 34518 26.5 150 0021-llOON, 1900W, 85 City will move point of 
SHCC Section 29, T13S, RlSW. diversion to 2440N, 

1780W, Section 29, T13S, 
RlSW. 

� 34519 26.5 150 0031-750N, 1900W, 85 City will move point of 
SHCC Section 29, T13S, R18W. diversion to 2440N, 

1580W, Section 29, Tl3S, 
R18W. 

l 33548 41 (Irr) 315 0461-230N, 5020W, 75 City will offset well. Used 
Yuasa 132 (Ind) Section 19, T13S, R18W. both for Yuasa rights and 

Banking Plan Rights. 

t 0462-600N, 2680W, 122 City will offset. 
Section 19, T13S, RlSW. 

0463-0040N, 4060W, 111 City will offset well. Used 

L 
Section 19, T13S, RlSW. both for Yuasa rights and 

Banking Plan Rights. 

New Recharge 450 500 NEl/4, NEl/4, SWl/4, 100 Used both for creek and 
Rights Section 30, T13S, R18W. basin recharge. 

t NWl/4, NEl/4, SWl/4, 100 Used both for creek and 
Section 30, T13S, RlSW. basin recharge. 

NEl/4, SWl/4, NWl/4, 100 Used both for creek and 

L Section 30, T13S, R18W. basin recharge. 
; 

0461-230N, 5020W, 75 Used both for acquired 
Section 19, T13S, R18W. Yuasa-Exide right and 

L creek recharge. 

0463-0040N, 4060W, 111 Used both for acquired 
Section 19, T13S, R18W. Yuasa-Exide right and 

l 
creek recharge. 

•1 ac-ft will remain under SHCC control. 

L 
052291 13 
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IV. Operation 

Monthly operation of the water supply system will depend on several factors, the 

most significant of which is the amount of precipitation. During wet years, the system 

can supply the City's demands with almost no need for recharge to the Big Creek 

aquifer. However, in dry years a significant amount of recharge will be needed. This 

section summarizes how the amount of water available for reclamation was 

determined, and then presents monthly operation plans for a dry year and a wet year. 

The Division of Water Resources has determined that the water withdrawn from the 

Big Creek alluvium must be returned to Big Creek and can not be used for 

reclamation. Therefore, the water available for reclamation is that portion of the 

effluent that is derived from the Smoky Hill alluvium. A portion of the wastewater 

will be delivered to irrigation users that will use the reclaimed effluent for irrigation 

of golf courses, parks, and ballfields. The remaining reclaimed effluent can be used 

to recharge the Big Creek aquifer. 

A. Reclaimed Water Available 

To determine the amount of water available for reclamation, City records were 

reviewed to determine the historic use of the water supply system and the fate of the 

water once it is pumped from the City's well fields. Water supply records from 1979 

to 1990 were reviewed to determine the monthly percentage of flow contributed by 

the City wells and from the Smoky wells. The records were also reviewed to 

determine the average percentage of the yearly supply that was pumped each month. 

Averages are as shown in Table IV-1. 

052291 14 
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Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Average 

TABLE IV-1 
MONTHLY DEMAND 

Percent Percent 
Smoky City 

65 35 
69 31  
62 38 
67 33 
74 26 
75 25 
73 27 
75 25 
70 30 
64 36 
53 47 
51 49 

67 33 

Percent of 
Yearly Demand 

7.0 
6.6 
6.8 
7.3 
8.9 
9.6 
11.2 
10.9 
9.4 
8.6 
6.9 
6.7 

Wastewater treatment plant (WWTP) effluent flow data were compared to water 

supply records to determine the percentage of the total water supply returned to Big 

Creek through the WWTP outfall and to calculate the average percent returned for 

each month. Table IV-2 lists the percent of total water supply returned to Big Creek 

each month. 

052291 15 
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TABLE IV-2 
PERCENT OF WATER SUPPLY RETURNED 

TO BIG CREEK 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Average 

Percent Returned 
to Big Creek 

75 
76 
78 
75 
56 
56 
56 
59 
62 
70 
78 
75 

68 

Based on historical records, the minimum volume of water available from the 

Smoky well field was assumed to be 1,500 acre-feet per year. The monthly 

distribution of flows listed in Table IV-1 was used to develop the monthly volume 

pumped from the Smoky wells and the monthly volume of reclaimed water available 

as shown in Table IV-3. 

052291 16 
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TABLE IV-3 
MONTHLY VOLUME AVAILABLE FOR RECLAMATION 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

TOTAL 

Pumped from 
Smoky Wells* 

ac-ft 

96 
92 
94 

103 
126 
180 
188 
178 
135 
122 

95 

--21 
1,500 

Available for 
Rec lama ti on** 

ac-ft 

72 
70 
73 
77 
71 

101 
105 
105 

84 
85 
74 

_M 
985 

* An adjustment was made to ensure adequate water to meet irrigation user 
demands during summer. 

** First column multiplied by percentage listed in Table IV-2. 

To determine the amount of water available for recharge as discussed below, the 

amount of reclaimed wastewater used by Irrigation Users was subtracted from the 

total reclaimed wastewater available. 

B. Recharge Water Available 

Two scenarios were examined. The first assumed that the Irrigation Users would 

divert flow at the maximum rate over the summer months until the total volume 

allowed is reached. The second assumes that the irrigators will divert at the 

maximum rate for one month, at two-thirds of the maximum rate for the next two 

months, and at half the maximum rate for the next two, and so on, until the total 

volume was diverted. The results did not differ significantly. The first scenario is 

summarized in Table IV-4. 
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SHCC 

TABLE IV-4 

IRRIGATION USERS 

Diversion Rate 

gpm 

Public Golf Course 

Parks and Softball Fields 

468 

234 

63 

TABLE IV-5 
RECHARGE WATER TO 

Total Volume 

ac-ft/yr 

250 

186 

34 

BIG CREEK OR TO RECHARGE BASIN 

Reclaimed Recharge 
Month Water Available Irrigation Use Available 

ac-ft ac-ft ac-ft 

January 72 0 72 

February 70 0 70 

March 73 0 73 

April 77 0 77 

May 71 63 8 

June 101 101 0* 

July 105 105 0* 

August 105 105 0* 

September 84 68 16 

October 85 28 57 

November 74 0 74 

December _@ _i! _@ 
TOTAL 985 470 515 

*Reclaimed water available equals irrigation demand. 

18 
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C. Monthly Operation Plan 

This section discusses how the City's demand will be supplied. It shows how the 

Banking Plan will reduce the demands on the existing system. An example of the 

monthly operation of the system is shown in Table IV-6. In developing this table it 

was assumed that the demand was 3,500 ac-ft and that the Smoky wells would 

produce 1,500 ac-ft. Since 1979 the City's demand has averaged about 3,100 ac-ft. 

The peak was in 1983 when the demand was 3,529 acre-feet. In 1989 and 1990, when 

severe conservation practices were implemented, the demand was reduced 

significantly. The 3500 ac-ft demand will allow conservation measures to be eased 

somewhat and will allow for future growth in the City. The recharge rate was 

assumed to be 55 percent of the recharge water discharged either to the creek or 

recharge basin. 

Month Demand 

ac-ft 

January 245 

February 231 

March 238 

April 256 

May 312 

June 336 

July 393 

August 382 

September 329 

October 301 

November 242 

December 235 

TOTAL 3,500 

052291 

Smoky 

Wells 

ac-ft 

96 

92 

94 

103 

126 

180 

188 

178 

135 

122 

95 

91 

1,500 

TABLE IV-6 

MONTHLY OPERATION PLAN 

1,500 AC-FT FROM SMOKY WELLS 

TOTAL DEMAND OF 3,500 AC-FT 

Yuasa 

� SHCC 

ac-ft ac-ft 

14.5 16.3 

14.5 16.2 

14.4 16.3 

14.4 16.2 

14.4 16.3 

14.4 16.2 

14.4 16.3 

14.4 16.3 

14.4 16.2 

14.4 16.3 

14.4 16.2 

14.4 16.2 

173 195 

19 

C-32, 

C-33 

ac-ft 

26.9 

26.9 

26.9 

26.9 

26.9 

27 

27 

26.9 

26.9 

26.9 

26.9 

26.9 

323 

City 

Wells 

ac-ft 

51.7 

42.9 

46.2 

53.1 

124 

98.4 

147.3 

146.4 

127.7 

90.1 

48.8 

49.1 

1025.7 

New Water 

Rights 

� 

39.6 

38.5 

40.2 

42.4 

4.4 

0 

0 

0 

8.8 

31.3 

40.7 

37.4 

283.3 
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The volume supplied from each of the sources will vary. For instance, in the 

example above, 450 ac-ft of recharge water could be used and the volume pumped 

from any of the Big Creek aquifer wells (City, C-32 and C-33, Yuasa, and SHCC) 

could be reduced. The recharge basin will supply almost 100 percent recharge. 

Fifty - five percent was established to show that a portion of the recharge water will 

be discharged to the creek. The example shown above strives to balance the 

amounts from all sources. 

In wet years, the distribution of uses could be significantly different. Since the 

Smoky wells receive recharge from the Smoky Hill River and precipitation almost 

immediately, this source should be used as much as possible. During a wet year up 

to 2,000 ac-ft could be diverted from these wells. Therefore, only 1,500 ac-ft would 

be needed from the other sources. A sample of the monthly distribution is presented 

below. 

TABLE IV-7 

MON1HLY OPERATION PLAN 

2,000 AC-Fr FROM SMOKY WELLS 

TOTAL DEMAND OF 3,500 AC-Fr 

Smoky Yuasa C-32, City New Water 

Millllh Demand Wells Wells .fil:!f£ C-33 Wells Rights Wells 

ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft 

January 245 140 1 4.5 16.3 26.9 47.3 0 

February 231 132 14.5 16.2 26.9 41.4 0 

March 238 136 14.4 16.3 26.9 44.4 0 

April 256 146 14.4 16.2 26.9 52.5 0 

May 312 178 14.4 16.3 26.9 19.2 57.2 

June 336 192 14.4 16.2 27 62.8 23.6 

July 393 226 14.4 16.3 27 77.5 31.8 

August 382 218 14.4 16.3 26.9 73.4 33 

September 329 188 14.4 16.2 26.9 31.9 51.6 

October 301 172 14.4 16.3 26.9 71.4 0 

November 242 138 14.4 16.2 26.9 46.5 0 

December 134 134 14.4 16.2 26.9 43.5 0 

TOTAL 3,500 2,000 173 195 323 611.8 197.2 

Maximum use of the Smoky, City, SHCC, and Yuasa wells is proposed to maintain the highest water quality in the 
system. 
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V. Monitoring 

Monitoring of Big Creek, the aquifer, and effluent will be included in this plan. 

The creek will be monitored to determine the reduction in flow through the recharge 

area due to induced flow into the aquifer and to determine stream water quality. 

The aquifer will be monitored for water levels and water quality. The effluent will 

be monitored for flow and water quality. 

A. Stream 

The streamflow will be monitored at three locations as shown on Figure V-1: 

(1) just upstream from the effluent outfall to Big Creek; (2) in the northwest quarter 

of section 30, T13S, R18W, downstream from the Yuasa/Banking Plan wells; (3) 

downstream from the recharge basin in the northeast quarter of section 30, Tl3S, 

R18W. 

A concrete Parshall flume will be constructed in the channel to measure the flow. 

A water level recorder will also be installed to measure the water level and to 

estimate flows. The first flume will measure flows in the creek upstream from the 

discharge of effluent. The flow varies from 0 to over 10,000 cfs. However, the 

primary concern will be low flows in the creek. The maximum withdrawal from 

Banking Plan wells will be 450 ac-ft per year which equals about 0.62 cfs. The 

Parshall flumes will be designed to measure flows of 0.3 to 11.3 cfs which corresponds 

to a throat width of 12 inches. 

The amounts of effluent flow discharged to the creek will vary through the year, 

from no flow during the summer months to 1.8 cfs during the winter (see Table IV-

5). 

Water quality monitoring in the stream will be varied throughout the life of the 

project. To develop background characteristics, samples will be collected upstream 

from the proposed discharge and tested quarterly before the project is placed on line. 

Once the project is on line, the quarterly sampling will continue for two years. 

Following the first two years of operation, the sampling will be done annually. The 

samples will be tested for the constituents listed in Appendix D. 

Reclaimed effluent will be tested at the outfall in the manner described above. 

B. Groundwater 

Groundwater monitoring will consist of measuring water levels and sampling of 

water quality at several locations. Monitoring wells will be placed near the 

052291 21 
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production wells and the recharge basin as shown on Figure V-1. The monitoring will 

be done to ensure that no other water rights holders will be adversely affected. 

Production wells to be used only for replacement of existing water rights will be 

monitored for water level only. The monitoring wells will be located between the 

production well and existing wells owned by others. Therefore, the drawdown cone 

from the production well can be estimated from the monitoring well data, and 

withdrawal can be adjusted if necessary to ensure no adverse effects will occur at the 

privately owned well. The following table lists the number of monitoring wells 

associated with production wells to be used only for replacement of existing rights. 

Production Well 

TABLE V-1 

MONITORING WELLS 

SHCC to be offset (0015) 

SHCC to be offset (0014) 

Yuasa (0462) away from the creek 

C-32 

C-33 

Number of 

Monitoring Wells 

1 

1 

1 
1 

1 

Since no problems have been experienced with the locations for the SHCC offset 

wells and Yuasa well away from the creek (0462), one monitoring well will be 

installed near these wells. Two wells will be installed near the C-32 and C-33 

replacement wells. 

Two wells that will be monitored for both quality and water levels will be located 

near each of the Yuasa wells close to the creek ( 461 and 463). The production wells 

in these areas will be used for both the acquired Yuasa right and for New Water 

Rights wells that will induce flow from the creek to the aquifer. 

Several monitoring wells will be located near the recharge basin as shown on 

Figure V-1. These wells will be used to monitor both water levels and quality. Four 

monitoring wells will be located on the opposite side of the creek to determine 

whether the basin is influencing the aquifer in this area. One will be located directly 

east of the basin and one to the southwest to establish gradients and water quality 
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away from the basin. Two monitoring wells will be located near each of the 

production wells located near the basin. These production wells can be used to 

induce flow both from the basin to the aquifer and from the creek to the aquifer. 

The monitoring wells will be constructed of 4 inch PVC pipe with screwed joints. 

A water level measurement device connected to a SCADA system will be installed 

in a 2 inch PVC pipe inside the well casing. Water levels will be measured and 

recorded continuously. 

Water quality will be monitored by collecting samples with a submersible pump. 

The pump will withdraw at least three times the volume of water in the well before 

a sample is collected. The samples will be tested for the constituents listed in 

Appendix D. The schedule for testing will be similar to that for the stream: 

quarterly for one year before the project is placed on line, and annually thereafter. 

C. Effluent 

Samples of the effluent will be collected at the discharge to the SHCC ponds and 

the discharge to Big Creek or the recharge basin according to the same schedule as 

the stream and groundwater. Samples will be tested for the constituents listed in 

Appendix D. 

D. Long-Term 

The data collected will be analyzed when received, and the monitoring plan will 

be adjusted according to the results. The intent is to identify the locations where the 

potential for interference with other water rights appears greatest, and to discontinue 

or greatly reduce the frequency of monitoring at locations where the potential for 

interference is minimal. The constituents identified in the wastewater will be 

monitored in the groundwater. Testing for constituents that have not been detected 

in the wastewater after one year of monitoring will be discontinued. 
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Initial Testing 
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Appendix B 

Sites BP-1 and BP-2 
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Appendix D 

Water Quality Parameters 

Total Hardness (CaC03) 
Calcium 
Magnesium 
Sodium 
Potassium 
Total Alkalinity (CaC03) 
Chloride 
Sulfate 
Nitrate (N) 
Fluoride 
pH 
Silica (Si02) 
Boron 
Ammonia (N) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 

Chromium 
Cobalt 
Trichloromethane 
1,2-Dichloroethane 
1, 1, 1-Trichlorethane 
Tetrachloromethane 
Bromodichloromethane 
1,2-Dichloropropane 
Trans 1,3-Dichloropropene 
Trichloroethylene 
Benzene 
Dibromochloromethane 
Cis 1,3-Dichloropropene 
1, 1,2-Trichloroethane 
Bromoform 
Chlorobenzene 
Toluene 
Tetrachloroethylene 

D-1 

Copper 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Chloromethane 
Bromomethane 
Vinyl Chloride 
Chlorethane 
Dichloromethane 
1,1-Dichloroethylene 
1, 1-Dichloroethane 
Trans &/or CIS 

1,2-Dichloroethylene 
1,2 Dichlorobenzene 
1,4 Dichlorobenzene 
Dibromomethane 
2,2-Dichloropropane 
1, 1-Dichloropropene 
1,3-Dichloropropane 
1,1,1,2-Tetrachlorethane 
1,2,3-Trichloropropane 
Bromobenzene 
Sytrene 
Ortho-Chlorotoluene 
Para-Chlorotoluene 
Ethylbenzene 
Meta-xylene 
Ortho &/or Para-xylene 
1,3-Dichlorobenzene 
1, 1, 2, 2-Tetrachloroethane 
Gross Alpha 
Gross Uranium 



AGREEMENT 
FOR 

ENGINEERING SERVICES 

THIS AGREEMENT , between the City of Hays , Kansas ( hereinafter referred to 
as Owner ) and Black & Veatch ( hereinafter referred to as Engineer ) ; 

WITNESSETH : 

WHEREAS , Owner intends to impl ement the Big Creek Water Banking Plan and 
make additiona l improvements to its water and was tewater sys tem 
( hereinafter referred to a s  the Project ) ;  and , 

WHEREAS , Owner requires certain profe s s ional service s  in connec tion with 
the Pro j ec t  ( hereinafter referred to as the Service s ) ;  and , 

WHEREAS , Enginee r  i s  prepared to provide such Services ; 

NOW THEREFORE , in consideration of the promis e s  contained herein , the 
parties hereto agree a s  follows : 

ARTICLE 1 - EFFECTIVE DATE 

The effective date of thi s Agreement shall be 

ARTICLE 2 - SERVICES TO BE PERFORMED BY ENGINEER 

Engineer shall perform the Services  described in Attachment A ,  Scope of 
Services , which is attached hereto and inc orporated by reference a s  part of 
thi s Agreement . 

ARTICLE 3 - COMPENSATION 

Owner shall pay Engineer in accordanc e with Attachment B ,  Compensa tion , 
which is  attached hereto and incorporated by reference a s  part of thi s 
Agreement . 

ARTICLE 4 - STANDARD OF CARE 

Engineer shall exercise the same degree of care , skill , and dil igence in 
the performance of the Services as i s  ordinarily provided by a profe s s ional 
engineer under s imilar circumstances and Enginee r  shall , at no c o s t  to 
Owne r , re-perform s e rvice s  which fail to sati sfy the foregoing standard of 
care . 



Agreement for 
Engineering Servic e s  

ARTICLE 5 - LIMITATIONS O F  RESPONSIBILITY 

Page 2 

Engineer shall not be re s pons ible for construction means , methods , tech
nique s , sequences , procedures , or safety precautions and programs in con
nec tion with the Pro j ec t .  In addition , Enginee r  shall not be res pons ible 
for the failure of any contrac tor , subcontrac tor , vendor ,  or other pro j ect 
participant to fulfill contrac tual or other re spons ibil itie s to the Owner 
or to comply with federal , state , or local laws , ordinances , regulations , 
rule s , code s , orders , cri teria , or standards .  

ARTICLE 6 - OPINIONS OF COST AND SCHEDULE 

Since Enginee r  ha s no control over the cost  of labor , material s ,  equipment 
or services furni shed by others , or over contrac tors ' ,  subcontrac tors ' ,  or 
vendor s '  methods of determining price s ,  or over competitive bidding or 
market condi tions , Engineer ' s  cost e s timates shall be made on the ba s i s  of 
qualification and experience a s  a profe s s ional engineer . 

Since Engineer ha s no control over the re s ources provided by othe rs to meet 
contract schedul es and regulatory agency review time , Engine er ' s  forecast  
schedul e s  shall be  made on the ba s i s  of  qua l ification and experience a s  a 
profe s s ional engineer . The Engineer recognizes the importance of thi s 
pro ject and the t ime l ine s s  of i t s  s ta rtup . To that end , the Engineer will 
perform the work in an effort to be able to s tartup the Big Creek Water 
Banking Plan by June 15 , 1992 . 

Engineer cannot and doe s not guarantee that proposal s ,  bids or ac tual 
pro ject c o s t s  wil l  not vary from his cost e stimates or that actual 
schedule s  wil l  not vary f rom hi s forecast s chedules . 

ARTICLE 7 - LIABILITY AND INDEMNIFICATION 

7 . 1  General . Having cons idered the risks and potential liabilities that 
may exi s t  during the performanc e of the Services and in cons idera tion of 
the promi ses  included herein , Owner and Engineer agree to a l locate such 
liabilities in accordance with this Article 7 .  Words and phra s e s  used in 
thi s Article shall be interpreted in accordance with cus tomary insuranc e 
industry usage and practice .  

7 . 2  Indemnification . Engineer shall defend and indemnify Owner from and 
against l egal liabi l i ty for damages ari sing out of the performanc e of the 
service s  for Owner where such l iability is caused by the negl igent act , 
error , or omi s s ion of Engineer or any person or organization for whom 
Engineer is  legally liabl e . 
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7 . 3  Defense of Claims . In the event an action for damages is  filed in 
which negl igence is alleged on the pa rt of Owner and Engineer , Engineer 
agrees to defend Owner .  In the event Owner accepts Engineer ' s  defense , 
Owner agrees to indemnify and reimburse Engineer on a pro rata ba s i s  for 
all expens e s  of defense and any judgment or amount paid by Engineer in 
resolution of such claim .  Such pro rata share shall b e  ba sed upon a final 
judicial de terminat ion of negl igence or , in the absence of s uch determi 
nation , by mutual agreement . 

7 . 4  Empl oyee Claims . Engineer shall indemnify Owner against legal 
liability for damage s arising out of claims by Enginee r ' s  employee s . Owner 
shall indemnify Engineer agains t legal liability for damage s  aris ing out of 
claims by Owner ' s  employe e s . 

7 . 5  Limitations of Liability . To the fullest  extent permi tted by law ,  
Engineer shall not b e  liable t o  Owner for any special , indirect or 
consequential damage s ,  arising out of or re sulting in any way from the 
performance of Services  under this Agreement . 

To the fullest  extent permitted by law,  Engineer ' s  total liabil ity for any 
and all injurie s ,  claims , loss e s , expenses or damage s arising out of or 
re sul ting in any way from the performance of Services under thi s Agreement 
shall not exceed $ 1 , 000 , 00 0 . 

7 . 6  Other Pro ject Indemnitie s . Indemnity prov1 s 1ons shall be incorporated 
into all Pro j e c t  contrac tual arrangement s entered into by Owner and shall 
protect Owner and Enginee r  to the same extent . 

7 . 7  Survival . Upon completion of all services , obl igations and dutie s 
provided for in thi s Agreement , or in the event of termination of thi s 
Agreement for any reason ,  the terms and conditions of this Article shall 
survive . 

ARTICLE 8 - INDEPENDENT CONTRACTOR 

Engineer undertake s performance of the Service s  as an independent contrac
tor and shall be wholly respons ible for the methods of performanc e .  Owner 
shall have no right to supervi s e  the methods used but Owner shall have the 
right to obse rve such performance .  Engineer shal l  work clos ely with Owner 
in performing Services under this Agreement . 
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In performance of the Service s ,  Engineer will comply with applicable 
regulatory requirements inc luding federal , s tate , and local laws , rules , 
regulations , orders , code s , criteria and s tandards .  Engineer shall procure 
the permi t s , certificate s , and licenses  neces sary to allow Engineer to 
perform the Servic e s . Engineer shall not be respons ible for procuring 
permi t s , certificates , and licenses required for any cons truc tion unle s s  
such respons ibilitie s are speci fically a s s igned t o  Engineer in Attach-
ment A, Scope of Services . 

ART ICLE 1 0  - INSURANCE 

During the performance of the Service s  under thi s Agreement , Engineer shall 
maintain the following insurance : 

( 1 )  Gene ral Liability Insurance with bodily inj ury limit s  o f  not less  
than $500 , 000 for each occurrence and not l e s s  than $500 , 000 in 
the aggregate , and with property damage limi t s  of not l e s s  than 
$100 , 0 00 for each occurrence and not l e s s  than $100 , 00 0  in the 
aggregate . 

( 2 )  Automobile Liability Insurance with bodily injury limi t s  of not 
le s s  than $500 , 000 for each per s on and not l e s s  than $ 5 0 0 , 000 for 
each acc ident and with property damage limi t s  of not l e s s  than 
$100 , 000 for each acc ident . 

( 3 )  Worker ' s  Compens ation Insurance in accordance with s tatutory 
requirement s  and Employers ' Liability Insurance with limit s  of 
not l e s s  than $ 10 0 , 00 0  for each occurrence . 

( 4 )  Profe s s ional Liability Insurance with l imi t s  of not l e s s than 
$1 , 0 0 0 , 0 0 0  annual aggregate . 

Engineer shall , upon reque s t , furnish Owner certificates  of insurance which 
shall inc lude a provi s ion that such insurance shall not be canceled without 
at least thirty days written no tice to Owner .  All Pro ject c ontractors 
shall be required to include Owner and Engineer a s  additional insureds on 
their General Liabil ity insurance pol ic ie s .  

Engineer and Owner shall requi re their insurance carrie r s , with re spect to 
all insurance polic i e s , to waive all right s of subrogation again s t  Owne r 
and Engineer , and all their a s s ignee s ,  sub s idiarie s ,  director s ,  office r s , 
partner s ,  commi s s ioners , officia l s , agent s , and employee s . 
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Owner shall be responsible for all matters described in Attachment C ,  
Owner ' s  Re sponsibilitie s , which i s  attached hereto and incorporated by 
reference a s  part of  thi s Agreement . 

ART ICLE 12 - REUSE OF DOCUMENTS 

All document s ,  including drawings and specifications , prepared by Engineer 
pur suant to thi s Agreement are property of the Owner .  They are not 
intended or repres ented to be suitable for reuse by Owner or othe rs on 
extens ions of this Project  or on any other pro jec t . Any reuse without 
writ ten verification or adaptation by Engineer for the specific purpos e  
intended will b e  at Owner ' s  risk . 

ARTICLE 1 3  - TERMINATION OF CONTRACT 

The obligation to continue Service s  under this Agreement may be terminated 
by either party upon seven days ' written notice in the event of subs tant ial 
failure by the other party to perform in accordance with the terms he reof 
through no fault of the terminating party . 

Owner shall have the right to terminate thi s Agreement or sus pend perform
ance thereof for Owner ' s  convenience upon written notice to Engineer , and 
Engineer shall terminate or sus pend performanc e of Servic e s  on a schedul e 
acceptable to Owner . In the event of termination or suspens ion for Owner ' s  
convenience ,  Owner shall pay Engineer for all Servic e s  performed and termi 
nation or suspens ion expenses . Upon restart of a suspended pro ject 
equitable ad justment shall be made to Engineer ' s  compensation .  

ARTICLE 14 - DISCOVERY O F  FATAL FLAW I N  PROJECT 

The Engineer agree s to notify the Owner inmediately i f , in the performance 
of the Enginee r ' s  Servic e s , a flaw i s  discovered in the pro j ect , which in 
the Engineer ' s  opinion , could prevent the pro j ec t ' s  succe s s ful implementa
tion . 

ARTICLE 15 - NONDISCLOSURE OF PROPRIETARY INFORMATION 

Engineer shall consider all information provided by Owner to be proprietary 
unle s s  such information i s  available from public sourc e s . Engine er shall 
not publi sh or disclose proprie tary information for any purpo se other than 
the performanc e of the Service s  without the prior wri t ten authorization of 
Owner or in respons e  to legal proce s s . 
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Any not ice , demand , or reque s t  required by or made pursuant to thi s Agree 
ment shall be deemed properly made if per sonal ly delivered in writing or 
de pos ited in the Uni ted S tate mail , postage prepaid , to the addre s s  speci
fied below.  

To Engineer : 

To Owner : 

Black & Veatch 
1400 South Potomac Street 
Suite 200 
Aurora , Colorado 80012 

Attention : Mr .  Randal l  J .  Krueger 

City Manager 
City of Hays 
P .  O .  Box 4 9 0  
16th and Main Street 
Hays , Kansas 6 7 6 0 1  

Attention : Mr . Kenneth R .  Carter 

Nothing contained in thi s  Article shall be cons trued to res tric t the tran s 
mis s ion o f  routine conununications between representative s of Engineer and 
Owner . 

ARTICLE 1 7  - UNCONTROLLABLE FORCES 

Neither Owner nor Engineer shall be cons idered to be in defaul t of thi s 
Agreement if delays in or failure of performance shall be due to uncontrol 
lable forc e s  the effect of which , by the exerc i s e  of rea s onable diligence , 
the nonperforming party could not avoid . The term " uncontrollable force s "  
shall mean any event which resul t s  in the prevention or delay of perform
ance by a party of i t s  obl igations under thi s Agreement and which i s  beyond 
the control of the nonperforming party . I t  include s ,  but i s  not limited 
to , fire , flood , earthquake s ,  s torms , lightning , epidemic , war ,  riot , c ivil 
dis turbance , s abotage , inabil i ty to procure permi t s , licens e s , or authori
zations from any s tate , l ocal , or federal agency or per s on for any of the 
supplie s ,  material s , acce s s e s , or service s  required to be provided by 
either Owner or Engineer under thi s Agreement , s trike s , work slowdowns or 
other labor d i s turbances , and j udicial re s t raint . 

Neither party shall , however ,  be excused from performance if nonpe rformance 
i s  due to uncontrol lable forces which are removable or remediable and which 
the nonperforming party could have , with the exercise of reasonable dili
gence , removed or remedied with rea s onable di spa tch . The provi s ions of 
thi s Article shall not be inte rpreted or construed to require Eng ineer or 
Owner to prevent , s et tle , or otherwi s e  avoid a s trike , work s l owdown , or 
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other labor action . The nonperforming party shall , within a reas onable 
time of being prevented or delayed from performance by an uncontrollable 
force , g ive written notice to the other party de scribing the c ircums tances 
and uncontrollable forces  preventing continued performance of the 
obligations of thi s Agreement . 

ARTICLE 18 - GOVERNING LAW 

Thi s  Agreement shall be governed by the laws of the S tate of Kans a s . 

ARTICLE 19  - MISCELLANEOUS 

19 . 1  Nonwaive r . A waiver by either Owner or Engineer of any breach of 
thi s Agreement shall not be binding upon the waiving party unl e s s  such 
waiver is in writing . In the event of a written waiver ,  such a waiver 
shall not affect the waiving party ' s  rights with respect to any other or 
further breach . 

19 . 2  Severabil ity . The invalidity , illegality , or unenforceability of 
any provis ion of this Agreement , or the occurrence of any event rendering 
any portion or provis ion of thi s Agreement void , shall in no way affect the 
validity or enforceability of any other portion or provi s ion of the Agree
ment . Any void provi s ion shall be deemed s evered from the Agreement and 
the balanc e of the Agreement shall be construed and enforced a s  if the 
Agreement did not contain the particular portion or provi sion he ld to be 
void . The parties furthe r agree to reform the Agreement to replace any 
s t ricken provi s ion with a valid provi s ion that come s a s  close as  po s s ible 
to the intent of the stricken provi s ion .  

The provi s ions o f  this section shall not prevent the entire Agreement from 
being void should a provi s ion which i s  of the e s s ence of the Agreement be 
determined to be void . 

ARTICLE 2 0  - INTEGRATION AND MODIFICATION 

Thi s Agreement repr e s ent s the entire and integrated agreement between the 
Parties and supe r s edes  all prior negotiations , repre s entations , or agree
ment s ,  e i ther wri tten or oral . This Agreement may be amended only by a 
written instrument s igned by each of the Partie s . 

ARTICLE 21  - SUCCESSORS AND AS S IGNS 

Owner and Engineer each binds itself and i t s  director s ,  officers , partners , 
succe s sors , executors , admini s trator s , a s s igns and legal representative s to 
the other party to thi s Agreement and to the partners , succe s s or s , execu
tor s , admini s trator s , a s s igns , and legal repre sentative s of such other 
party , in respect to all c ovenant s ,  agreements ,  and obligations of thi s 
Agreement . 
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Neither Owner nor Engine er shall a s s ign , sublet , or trans fer any right s 
under or interest in ( including , but without limitation , monie s  tha t may 
become due or monie s that are due ) thi s  Agreement without the wr itten 
consent of the othe r , except to the extent that the e ffect of thi s  limita
tion may be r e stric ted by law. Unl e s s  specifically s tated to the contrary 
in any written consent to an a s s ignment , no a s s ignment wil l  relea se or 
discharge the a s s ignor f rom any duty or respons ibility under thi s Agree
ment . Nothing contained in thi s paragraph shall prevent Enginee r  from 
employing such independent consul tant s ,  a s s ociate s , and subcontractors as  
he may deem appropriate to a s s i s t  him in the performance of the Services 
hereunder .  

In thi s regard , the Engineer intend s to enter into a subcontract with 
Bucher , Wil l i s  & Ratliff , Consulting Engineers , Planner s  and Architec t s . 
In general , the subcontract service s  include s surveying , and des ign and 
cons truc tion pha se service s  regarding the various pipeline s inc luded in the 
pro j ect . 

ARTICLE 2 3  - THIRD PARTY RIGHTS 

Nothing herein shall be construed to give any right s or benefits to anyone 
other than Owner and Engineer . 

IN WITNESS WHEREOF , the partie s have executed thi s Agreement . 

::TYxr;;;11fdt� 
( Date ) 

Title /l/ � J tJ I-

BLACK & VEATCH 

B �j-/ 11 - � / ?/-10 Ye� 
Title ;J� � 

( 'l!!!o� --...... .._..�J 



Owner :  
Engineer : 
Pro j ect : 

ATTACHMENT A 
TO 

CONTRACT FOR ENGINEERING SERVICES 

City of Hays , Kansas 
Black & Veatch 
Big Creek Water Banking Plan 

DESCRIPTION OF SCOPE OF SERVICES 

PHASE I - INVES TIGATIONS , TESTING , AND COMMUNICATION SERVICES 

A. Review exis ting wa stewater treatment facility and gathe r data . 

B .  Provide guidance in obtaining sample s  and performing water quality 
t e s t ing of the Big Creek surface water ,  alluvial groundwater and 
wa stewater influent and effluent . The Engineer ' s  Service wi ll 
include a l i s t ing of tests required . Actual te s t s  wil l  be performed 
by either the Owner or an independent te s ting laboratory . The cost 
of  thi s t e s ting i s  the Owner ' s  respons ibili ty . 

C .  Consult periodically with the regulatory agencies  to keep them 
appri sed of the project  and receive their input . 

D .  Consult and provide information t o  the Bureau o f  Reclamation .  

The Bureau of Reclamation i s  involved because i t  appear s  likely that 
the federal government wil l  provide partial pro j ec t  funding and the 
Bureau wil l  be admini stering the federal program . The pro j ec t  would 
receive partial funding a s  a groundwater demonstration pro j ec t .  

Services  t o  be provided by the Enginee r  concerning the Bureau of 
Reclamation ' s involvement include : 

1 .  As s i s ting the Owner in preparing the nec e s s a ry applications and 
agreement s for reque s t ing and receiving the funding . 

2 .  Submitting informa tion and data to advi se the Bureau of the 
pro j ec t ' s  component s  and c o s t  e s t imate s .  

3 .  Preparation of quarterly progre s s  reports for submit tal to the 
Bureau . 

4 .  Attendance at three meetings with repre s enta t ive s of the Bureau 
of Reclama tion ( two meetings in Denver ,  Colorado , and one 
mee ting in Hays , Kans a s . )  
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It i s  unders tood that an environmental a s s e s sment will be required 
but that thi s work will be performed by the Bureau of Reclamation and 
not the Engineer . 

E .  Evaluate an artificial we tlands treatment sys tem versus conventional 
treatment at the exi s t ing wa s tewater treatment plant for nitrifica 
tion and denitrification of the was tewater s tream . Evaluation will 
be ba sed on meeting the proposed new ins tream ammonia standards as 
proposed by the Kansas Department of Health and Environment . The 
summary of the inve s t igations and findings will be pre s ented to the 
Owner in a letter report . 

F .  Provide guidance and a s s i s tance in performing Big Creek aquifer 
pumping t e s t s . It i s  anticipated that pumping te s t s  will be 
performed at two locations . Once the resul t s  of thi s t e s ting are 
obtained , refine the exi sting Big Creek computer model .  Guidance and 
a s s i stance in obtaining and performing the pumping te s t s  include s :  

1 .  Preparation of a work plan for the aquifer pump t e s t ing . 

2 .  Preparation of bid documents for the pump te s t s . 

3 .  As s i s t  the Owner in obtaining competitive bids from qualified 
t e s t ing firms and recommend award of contract . 

4 .  Inte rpret resul t s  of testing program and make recommendations . 

The c o s t  of the pumping te s t s  i s  the Owner ' s  respons ibility . 

G .  Ba sed on the work performed in I tem F ,  and discus s ions with Owner and 
property owne r s , make recommendations concerning locations for Big 
Creek produc tion wel l s  and monitoring well s .  

H .  Perform a pipel ine ( s )  route s tudy in order to re fine the alignment of 
the reuse and raw water transmi s s ion pipeline s including the reuse 
outlet pipeline s . The general alignment of the s e  pipe l ine s i s  
indicated on Figure 1 o f  the April 6 ,  1990 , Ba s i s  of De s ign 
Memorandum . 

I .  Perform a hydraulic analys i s  regarding the improvement s  required to 
incorporate the Yua s a - Exide Storage Tank into the Owner ' s  water 
distribution sys tem to take advantage of the additional s torage 
volume and potential increa se in system pre s sure . The summa ry of the 
inve s tigations and recommendations will be submi tted to the Owner in 
a letter repor t . 

J .  Perform a fac ilities  and cost e s timate s tudy for controlling and 
monitoring exi s t ing and new water and wa stewater fac ilities by use of 
a supervi s ory control and data acqui sition sys tem ( SCADA ) . Findings 
and recommendat ions to be pres ented to the Owner in a letter report . 
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K .  Participate in periodic , informa l meetings with the Owner t o  review 
work progre s s  and exchange ideas and information . 

L .  As s i s t  the Owner in negotiations with the Smoky Hill Country Club 
regarding delivery of reuse water to them for exchange of Big Creek 
water right s . 

M .  Provide a s s i s tance to the Owner in informing the general public of 
the project  and its component s . As s i s tance wil l  include preparation 
of informational articles for relea se to the news media and attend 
ance at a maximum of two publ ic meeting s in Hays , Kansa s . Purpose of 
the s e  meeting s would be to pre sent information to the general publ ic 
concerning the project  and respond to their que s t ions . Prepare 
exhibits ( 24 - inch by 3 6 - inch foam boards ) for use at the publ ic 
information meeting s . 

N .  Make one field trip with the Owner to an operating recharge / reuse 
fac ility for the purpose of obs erving the facility and asking 
que s tions of the facility ' s  s taff , The cost of the Owner ' s  travel 
and board i s  the respons ibility of the Owner .  

PHASE II - DES IGN SERVICES 

A .  Revi se Ba s i s  o f  De s ign Memorandum date April 6 ,  1990 , t o  reflect work 
performed in Phase I service s  and deci s ions made by Owne r . Updated 
Bas i s  of De sign Memorandum will form ba s i s  for the final des ign and 
the const ruc tion contract document s .  

B .  Continue to communicate and consult with regulatory agenc i e s  during 
thi s pha s e . Work include s submittal of qua rterly prog re s s  report s to 
the Bureau of Reclamation . 

c .  Perform a route and right - of-way survey of the pipelines inc luded in 
the pro j ec t . The number and general al ignment of the pipeline s i s  a s  
indicated on Figure 1 o f  the April 6 ,  1990 , Ba s i s  o f  De s ign 
Memorandum . 

D .  Perform a field survey o f  the wa stewater treatment plant and recharge 
s ite . Survey will determine s ite topography , contour s ,  and insofar 
as pos s ible , utility locat ions . Set horizontal and ve rtical control 
monument s  at  each s i te . 

E .  Contact utilities  and gather information on location o f  thei r  
facilitie s ,  availability of service for proposed pro j ec t ,  planned or 
proposed improvements and requirements for connec tions and 
interfacing . 

F .  Prepare l egal de s c riptions for easements and / or right s -of-way for 
pro j e c t  component s .  
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G .  If i t  i s  determined that geotechnical work i s  required along the 
pipel ine route or at the wa s tewater treatment plant or recharge s i te , 
a s s i s t  the Owner in engaging the service s of a qualified geotechni cal 
firm .  Engineer will provide locations of t e s t  ho les and te s t s  t o  be 
performed . 

H .  Continue t o  attend periodic meetings with the Owner t o  review work 
progre s s  and exchange idea s and dec i s ions . 

I .  Prepare c ons truction document s ( drawings ,  s pecifications , and bid 
document s )  for the following pro ject component s :  

1 .  Wa stewater treatment plant improvements .  

a .  New flow divers ion s tructure . 

b .  Low head pumping . 

c .  Automatic backwa sh filters . 

d .  Di s infection fac il itie s .  

e .  Equa l ization s torage ponds . 

f .  Reuse water transfer pumping . 

g .  Nitrification/ denitrification treatment system .  The 
Engineer ' s  work effort and corresponding compensation 
anticipat e s  that thi s sys tem would include a new activated 
s ludge ba s in ,  ba s in mixing facilitie s , new blower 
facil itie s ,  recirculation pumping , modifications to the 
exi s t ing final clarifiers , s ludge thickening and handling 
fac i l ities . 

( Note : Thi s facility will not be included i f  Item J 
(wetlands treatment sys tem]  i s  incorporated into the pro
j ec t . De s ign of the s e  facilities will not proceed until 
the Enginee r  i s  notified by the Owner . ) 

2 .  Reuse water transmi s s ion pipeline from wa stewater treatment 
plant to recharge s ite plus outlet pipeline s to reuse s ite s 
which include ball field s , municipal golf cour s e , Larks Park , 
and Smoky Hill Country Club s torage pond . 

3 .  Metering facilities a t  recharge and reuse s i te s . 

4 .  Dechlorina tion fac ility . 



5 .  Recharge facility . The Engineer ' s  work effort and corresponding 
compensation anticipate s that the recharge fac ility wil l  include 
a s truc ture for direct di scharge to Big Creek and doe s not 
include berming of the creek or recharge bas ins . If the se 
facilities are required , the Owner agre e s  that the Engineer ' s  
compensation limit may be ad jus ted . 

6 .  Big Creek produc tion wel l s  (nine wel l s  antic ipa ted . )  Thi s 
inc ludes wells  for recharge credit , Smoky Hill Country Club , 
Yua s a-Exide , and exi s ting contaminated wel l  replac ement . 

7 .  Aquifer monitoring we l l s  ( 15 wel l s  anticipated . )  

8 .  Raw water transmis s ion pipeline from all new Big Creek produc 
tion wel l s  to connect ion point with exi s ting 20-inch l ine from 
Smoky Hill well field . 

9 .  SCADA sys tem to monitor and control production wel l s  and othe r 
project  component s .  The new and exi s t ing facilities to be 
included will be determined from Item J in Pha se I work . Note , 
de s ign of the s e  facilities will not proceed until the Engineer 
i s  notified by the Owner . 

10 . Facilities to incorporate the Yua sa-Exide Storage Tank into the 
City ' s  di s t ribution system . The Engineer ' s  work e ffort and 
corre sponding compensation anticipates that the Yua sa-Exide 
S torage Tank wil l  be connec ted directly to the Owne r ' s  
distribution sys tem with only pre s sure regulating facilities  
provided to prevent the exi s ting one mill ion gallon tank , 
located in the public park near Canterbury and Metro , from 
overflowing . The Engineer ' s work effort doe s not anticipate 
additional pumping faciliti e s  or the c reation of a separate 
pre s sure zone in the Owner ' s  di s t ribution sys tem .  Note , de s ign 
of the s e  facilities will not proceed until the Engineer i s  
notified by the Owner . 

J .  I f  an artificial wetlands treatment sys tem i s  s el ec ted by the Owner 
ba sed on the findings from the Pha s e  I work , construc tion document s 
will be prepared for thi s sys tem in lieu of the nitrifica tion and 
deni trification fac il itie s which would be located at the exi s ting 
wa s tewater treatment plant . 

K .  The cons truction document s will b e  prepared t o  allow the following 
ma j or fac ilitie s to be awarded a s  separate construction contracts : 

1 .  Monitoring wel l s . 

2 .  Big C reek production well s .  

3 .  Pipe l ine s . 
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4 .  Was t ewater treatment plant improvement s plus all other improve 
ment s .  Note , if wetlands treatment is  selec ted , the se 
improvement s would be inc luded with was tewater plant 
improvements . 

L .  Provide a s sistance in water right s trans fers . Several water right s 
change s  will be made under the plan . The change s will require 
approval from the Divi sion of Water Re source s  ( DWR ) . 

Antic ipated water rights changes include : 

1 .  New points of diversion under pre sent ve s ted right s .  

2 .  New water right s for wa stewater recharged to Big Creek Alluvium. 

3 .  Lea s e , purchase , and pos s ible new point of divers ion of Smoky 
Hill Country Club right s and Yua sa-Exide right s .  

Specific work anticipated inc lude s :  

1 .  Completion of appropriate applications . 

2 .  Backup material to substantiate ba sis for change . 

3 .  Meetings with DWR , Smoky Hill Country Club , and Yua sa-Exide . 

4 .  Use of special water right s subconsultant to offer advice on 
alternative concepts or legal precedents i s  reco1IUJ1ended . The 
cost of thi s  subconsul tant is the respons ibility of the 
Engineer . 

M .  Deve lop a monitoring program t o  allow the City t o  gather approxi 
mately 12 months of background water quality and water leve l data 
from the monitoring we lls . Thi s program will include frequency of 
mea surement s ,  parameters to be tested and interpretation of data to 
refine the model of the aquifer . This 12 months of background data 
is required prior to starting the recharge to Big Creek . 

N .  Provide the Owner with drawing s and s pecifications for their review 
at 50 percent and 90 percent construction document completion . 

O .  Perform an in-house quality control check of the cons truction 
drawings and specifications . 

P .  Prepare an opinion of probable cons truc tion cost of the pro j ect 
component s .  

Q .  Submit construc tion documents and supporting data to regulatory 
agency for the i r  review .  This inc ludes the Bureau o f  Reclamation ,  
Kansas Division o f  Water Resource s ,  and the Kansa s  Department of 
Heal th and Environment . 
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R .  As s i s t  the Owner in obtaining new wel l  permi t s  and approval o f  the 
construct ion document s from the regulatory agenc ie s . 

PHASE III - B IDDING SERVICES 

A .  Reproduce construction document s and distribute to prospec tive 
bidder s . 

B .  Receive depo s i t s  for const ruc tion documents and proc e s s  refund s to 
unsucce s s ful bidders . 

C .  Answer bidders ' que s t ions and i s sue any nec e s sary addenda . 

D .  As s i s t  in opening bids , evaluating bids , recommending award of 
contrac t ,  and preparing and a s s embling conforming copie s of the 
s igned contrac t document s .  

PHASE IV - CONS TRUCTION PHASE SERVICES 

A .  Pro j ec t  adminis tration . 

Enginee r  wil l  perform proj ect adminis tration s ervice s  during the 
construction pha se of the pro j ec t . By performing the s e  s e rvice s ,  
Engineer shall not have authority or respons ibility to supervi se , 
direct , or control Contrac tor ' s  work or Contrac tor ' s  means , method s ,  
technique s ,  sequenc e s , or procedure s of construct ion . Engineer shall 
not have authority or re spons ibility for safety precautions and 
programs incident to Contractor ' s  work or for any failure of Con
trac tor to comply with laws , regulations , rule s , ordinanc e s , codes , 
or orde rs  applicable to Contractor furni shing and performing the 
work . Specific services to be performed by Engineer are a s  follows : 

1 .  Engineer shall attend and conduc t the preconstruc tion 
conference ( s )  and shall prepare an agenda for the conference , 
and prepare and distribute minute s . The prec onstruc tion 
conference shall include a discus s ion of Contractor ' s  tentative 
schedul e s , procedures for t ransmi ttal and review of Contractor ' s  
submittal s ,  proc e s s ing payment applications , c ritical 
work s equencing , change order s ,  record documents ,  and 
Contractor ' s  respons ibilitie s  for safety and f i r s t  aid . 

2 .  Review drawings and data submitted by the cons truc t ion con
trac tor ( s )  for general conformity to the contrac t document s .  

3 .  Make periodic vi s it s  to the sites  of the work during con
struction , consult with the Owne r  conce rning progre s s ,  and 
admini s ter the project  both in the office and in the field . 
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4 .  Inte rpret the meaning of the contract documents ,  a s  nec e s sary , 
and render dec i s ions required by the contract document s .  

5 .  Prepare change orders to the contract document s ,  a s  nece s sary . 

6 .  Observe initial field te s t s  of equipment . 

7 .  Make final j ob inspec tion .  

8 .  Revi se cons truc tion drawings to conform t o  the construc tion 
records . Furni sh the Owner with one complete set of 
reproducible mylar sepia drawings and two complete sets  of paper 
print s .  

B .  Re sident services  during construc tion . 

1 .  Furnish a full-time res ident pro j ect repre sentative and such 
a s s i s tant res ident pro ject representative s ,  a s  may be required 
by the work , who wil l  a s s i s t  and offer general guidance in 
e s tabli shing horizontal and vertical control point s ,  the 
interpretation of the contract document s ,  and the making of 
field checks of materials and equipment . 

2 .  During the cour s e  of the construction contrac tor ' s  performanc e 
of the job , the resident pro ject representative will conduc t 
ons ite obs ervations of the general prog re s s  of the work , will 
consult with the Owner and the cons truc tion contractor , giving 
opinions and sugge s tions ba sed on res ident pro j ec t  repre senta 
tive ' s  obs ervations regarding defects or defic ienc ies in the 
cons truction contrac tor ' s  work and rela ting to complianc e with 
drawing s ,  specifications , and de s ign concept s .  The res ident 
pro j ec t  representative shall not have the re s pons ibility for the 
super intendence of cons truc tion s ite conditions , s afety , safe 
prac tice s or unsafe prac tic e s  or conditions , operations , or 
equipment , or personnel other than employe e s  of the Engineer . 

Thi s service wil l  in no way relieve the const ruc tion contractor 
of complete supervi s ion of the cons truc tion contractor ' s  
obligation for complete compliance with the drawing s and 
specifications . The construction contractor shall have sole 
respons ibility for safety and for safe practices or unsafe 
prac tice s or conditions . 

3 .  The res ident project repres entative will attend regular progre s s  
meetings s cheduled and held by the con s truc tion contrac tor , 
review routine and final payment reque s t s , make recouunendation s , 
and will report regularly to the Owner and to the Engineer 
regarding the progre s s  of the work . 
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4 .  Coordinate the work of laboratories in the inspection and test  
of materia l s  used in the construction ; receive and evaluate all 
reports by such laboratori e s . 

PHASE V - OPERATION AND MANAGEMENT PLAN , S TARTUP , AND TRAINING SERVICES 

A. Ope ration and maintenance manual .  

1 .  Prepare an opera tion and maintenance manual for all improvement s 
covering : 

a .  Guideline s for efficient operation . 

b .  Regulatory agency permit requirements .  

c .  Guideline s for effective maintenance .  

d .  Treatment proce s s .  

e .  Catalog of manufacturer ' s  drawing s and data . 

f .  Staffing recommendations . 

2 .  Furnish ten copies  of the operation and maintenanc e manual plus 
three copies  of the catalog of manufac turer ' s  drawing s and data . 
The Engineer wil l  dis tribute copie s of this manual to the 
regulatory agencies  and the Bureau of Reclama tion . 

B .  Management and record keeping plan . 

1 .  Prepare a management and record keeping plan in a s sociation with 
the Ope ration and Maintenance manual to allow for management of 
the plan and data rec ord keeping to mee t  regulatory agency 
requirement s .  

2 .  A record keeping sys tem wil l  be developed to allow for main
taining the records on a computer . 

A compute r databa se and spreadsheets will be deve loped and 
configured for the Owner ' s  use . The following informa tion i s  a 
sampl e  of what will be recorded : 

a .  Effluent quality . 

b .  Pumpage from production wel l s . 

c .  Wat e r  quantity delivered to each reuse or recharge s ite . 
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d .  Water leve l s  in the monitoring wel l s . 

e .  Water quality in the monitoring well s .  

3 .  Criteria will be devel oped to provide the Owner with informat ion 
concerning when the production wel l s  can be used , whether the 
recharge sys tem should be bypa s s ed ,  and the amount of recharge 
entering the Big Creek aquifer . 

C .  Operation initiation and training . 

( SERVICES TO BE DEFINED AT LATER DATE) 

D .  Monitoring evaluation . 

( SER.VICES TO BE DEFINED AT LATER DATE) 
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Owner : 
Engineer : 
Project : 

ATTACHMENT B 
TO 

CONTRACT FOR ENGINEERING SERVICES 

City of Hays Kansas 
Black & Veatch 
Big Creek Water Banking Plan 

COMPENSATION 

For the s e rvic e s  covered by thi s Contract , the Owner agre e s  to pay the 
Engineer as follows : 

A .  For Pha se I ,  II , and I I I  s e rvic e s , the Engineer shall be paid a fixed 
fee . The fixed fee shall be $ 60 7 , 700 . Foll owing is the e s timated 
breakdown by pha s e s  of the fixed fee : 

Pha se I 

Pha se II 

Pha se III 

TOTAL 

$ 10 7 , 500 

$463 , 5 00 

$ 36 , 700 

$ 6 07 , 700 

If the Owner elects to have one or more of the following fac ilities 
inc luded in the pro j e c t , then the corresponding fixed fee i s  added to 
the Engine er ' s  fixed fee compensation amount . 

1 .  Des ign of artificial wetlands treatment sys tem .  See Attach
ment A, Item J ,  page A-4 . Fixed fee adder is $85 , 00 0 . 

Note , this adder is  not required if Item 2 ,  following , i s  cho s en .  

2 .  De s ign o f  nitrification and denit rification facilities and 
accompanying improvements at wa stewater treatment plant See 
Attachment A, Item I . 1 . g ,  page A-4 . Fixed fee adder i s  $246 , 0 00 . 
Note , thi s adder i s  not required if Item 1 ,  above , i s  cho s en . 

3 .  De sign of facilities  to incorporate Yua sa-Exide Storage Tank into 
the Owner ' s  water di s tribution system .  See Attachment A ,  
Item I . 10 , page A-4 . Fixed fee adder i s  $ 5 , 5 0 0 . 

4 .  Des ign of SCADA sys tem to monitor and control new and existing 
fac ilities . See Attachment A, Item I . 9 ,  page A-4 . Fixed fee 
adder is  $ 5 6 , 000 . 
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B .  A fee ba s i s  and amount will be developed at a later date for Pha s e  IV 
and Pha se V .  No work will be performed regarding the se two pha s e s  
until the f e e  i s  developed and approved by the Owner . 

C .  Payment s shall be made by the Owner ba sed on the Engine e r ' s statement . 
The Engineer ' s  f i scal year recognizes 1 3 - four week accounting periods . 
The s tatement shall indicate an amount due proport ionate to the work 
progre s s  for the prec eding four week accounting period , as reported by 
the Engineer . 

D .  The following expenses  are reimbursable and are inc luded in the fixed 
fee price s .  

1 .  Travel , subs istence , and incidental costs . 

2 .  Use of motor vehicles on a monthly rental ba s i s  for a s s igned 
vehicles  and on a mil eage ba s i s  or rental cost  ba s i s  for vehicles 
used for short periods . Mileage bas i s  shall be $ 0 . 26 cents per 
mile . 

3 .  Long dis tance telephone costs  and project " onsite " telephone 
costs . 

4 .  Reproduction of report s ,  drawing s ,  and specifications . 

5 .  Postage and shipping charges for project- related ma teria l s . 

6 .  Computer t ime cha rges including program use charge s .  

7 .  Renta l cha rges for use of equipment , including equipment owned by 
the Engineer . 

a .  Cost of acquiring any other materials or servic e s  s pecifically 
for an applicabl e to only this proj ect . 

9 .  Subcontract cost for Bucher , Willis  & Ratliff , Consulting 
Engineers , Planner s  and Architec t s  and water right s 
subconsul tant . 

E .  The Enginee r  agrees t o  use i t s  be st efforts t o  perform the s e rvic e s  
defined i n  Attachment A within the bil l ing l imi t s  stated above and in 
accordance with the agreed upon performance s chedule s . If , at  any 
time , the Engineer ha s rea s on to believe that the cost of the service s 
will be greater or l e s s  than the billing limi t s , ( this inc lude s a 
change in the number or size of the pro j ect components ) ,  the Engineer 
shall promptly notify the Owner to that effect , giving a revi s ed 
billing limit for performance of the service s .  
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The Owner will not be obligated to reimbur se the Engineer for cos t s  
incurred in exc e s s  of the billing limi t s  specified above , nor shall 
the Engineer be obligated to continue performance unde r  the Agreement 
or otherwi se incur costs  in exc e s s  of that amount , unl e s s  and until 
the Owner notifies the Engineer in writing that the bil l ing limi t s  
have been inc rea sed , and ha s specified in such notice revi sed bil ling 
limi t s  for the services  in que s tion . When and to the extent that the 
billing limits have been increas ed , any cos t s  incurred by the 
Engineer , in exce s s  of the billing limits prior to thei r  increase 
shall be allowable to the same extent a s  if such costs had been 
incurred after the increa se in the billing l imi t s  wa s approved . 

F .  The entire amount of each s tatement shall be due and payable upon 
receipt by the Owner . Carrying charges of 1- 1 / 2  percent per month 
from the billing date , exc ept a s  noted below,  shall be due for 
accounts which are not paid within 60  days after the billing date . 

The Engineer acknowledge s that a portion of the Enginee r ' s  compensa 
tion may be reimbursable from the federal government and that the 
Owner ha s little control over the timeline s s  of the federal 
government ' s  reimbur s ement . The Engineer agrees to waive carrying 
charge s for federal government reimbur sement delays . 
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Owner : 
Engineer : 
Pro j ec t : 

ATTACHMENT C 
TO 

CONTRACT FOR ENGINEERING SERVICES 

City of Hays Kansas 
Black & Veatch 
Big Creek Water Banking Plan 

OWNER ' S  RESPONSIBILITIES 

The Owne r wil l  furnish , as required by the work and not at the expense of 
the Engineer , the following items : 

1 .  All maps , drawings ,  report s ,  records , audits , annual report s , and 
other data that are available in the files  of the Owner and which may 
be useful in the work involved under thi s contract . Data and records 
required include but are not limited to : 

a .  Raw and treated wa stewater characteris ti c s  including flow and 
qua lity . 

b .  Raw water ( Big Creek alluvium and surface flow )  quality and 
characteristic s . 

c .  Utility s e rvice contracts and schedul e s . 

2 .  Acc e s s  to publ ic and private property when required in performanc e of 
the Engineer ' s  service s .  

3 .  Al l new water quality t e s t  resul t s  on Big Creek surface water , 
alluvial groundwater and wa stewater influent and e f fluent . Engineer 
sha ll provide s e rvic es  a s  outlined in Attachment A .  

4 .  Service s  of qualified contractor to perform Big Creek aquifer pumping 
tes t s . Enginee r  shall provide s e rvic e s  a s  outlined in Attachment A .  

5 .  If  required , all init ial geotechnical exploratory work , such a s  soil 
boring s , penetration t e s t s , soundings ,  subsurface expl orations , 
laboratory te s t s  of soil s , rock formation , and other geophy s ical 
phenomena which are required to provide information for des ign and all 
other field and laboratory t e s t s  and analys e s  which are required to 
provide design information . Engineer shall provide s e rvic e s  a s  
out lined in Attachment A .  

6 .  Royalties  and fee s f or patented proc e s s e s  used in the work , except 
tho se required to be paid by construc tion contractors as part of the 
cons truc tion contrac t .  

7 .  Shop , mil l , or laboratory inspec tion of material s ,  laboratory and 
field t e s t ing , field sampling s e rvice s .  
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I. Introduction 

A. Purpose 
The purpose of this report is to summarize the operation of the Big Creek Water 

Banking Plan and to discuss the feasibility of implementing an artificial recharge 

project for the City of Hays. The Plan includes acquisition of existing water rights, 

changes in points of diversion, creation of "new" water rights through artificial 

recharge of the Big Creek alluvial aquifer and subsequent withdrawal of an equal 

volume of water from the aquifer. 

A portion of the acquired water rights will be obtained by trading reclaimed 

wastewater effluent for existing water rights. The reclaimed effluent will be used to 

irrigate two golf courses, parks, and softball fields (Irrigation Users). 

In 1983 the City's water use was just over 3500 acre-feet (ac-ft). Since that time 

progressively stricter conservation measures have been implemented that have 

reduced demands to about 2800 ac-ft. For planning purposes, a demand of 3500 ac-ft 

is used. This will allow for some growth and a slight reduction in the strict 

conservation measures. 

The City's reliable supply is about 2484 ac-ft. The wells can pump a greater 

volume during most years; however, during a severe drought the volume that can be 

pumped is reduced significantly. The volume available from the Smoky Hill aquifer 

has steadily declined due to upstream diversions. This trend indicates the reliable 

supply may drop to 1500 ac-ft in the future. 

The reliable supply from the City wells which tap the Big Creek alluvium has also 

declined. Several of the wells have been lost to contamination. Standby wells which 

discharge directly to the distribution system can provide some stlpply, but they are 

only used during emergencies. For planning purposes the standby wells can not be 

included in the reliable yield of the City wells. Therefore, the reliable supply from 

the City wells is 984 ac-ft. 

This report presents a monthly operation schedule for assumed conditions during 

dry years and wet years for the various components of the Plan to ensure that no 

water rights holders within the area affected by the Banking Plan are adversely 

affected. 

WP031193 
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B. Scope 
This report includes the following: 

• Delineation of the banking area. 
• An analysis of data gathered as part of the Plan as well as data gathered for 

past studies. 
• Estimates of aquifer characteristics within the banking area. 
• Preliminary locations of production wells, a recharge basin, and monitoring 

points. 
• Summary of existing water rights and how the Plan will affect them. 
• Operation plans for assumed conditions during wet years and dry years. 
• A detailed quality assurance/quality control plan is not included in Phase 1 

of the agreement between the City and the Bureau of Reclamation. It will 

be completed in Phase I I  of the agreement. 
• An evaluation of the feasibility of inclusion of wetlands as part of the 

treatment process. 
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I I. Analysis of the Data 

The data used to characterize the Big Creek alluvial aquifer includes data gained 

from past studies of the aquifer as well as the results from five rounds of testing 

completed for this project. 

A. Past Studies 

Data from the following studies were used in developing the estimates of aquifer 

characteristics. 

"Geohydrology of the Big Creek Alluvial Aquifer of Hays and Vicinity, Ellis 

County, Kansas," Master's Thesis for Fort Hays University by Vilma Isabel Perez 

Bermudez, December 18, 1986. 

"Geology and Groundwater Resources of Southern Ellis County and Parts of 

Trego and Rush Counties, Kansas," by Alvin R. Leonard and Delmar W. Burra, 

State Geologic Survey of Kansas, 1960. 

"Groundwater Hydrology Study Big Creek Area Vicinity of Hays, Kansas," by the 

Layne-Western Company, Inc., April 1974. 

"Groundwater Supplies at Hays, Victoria, Walker, Gorham, and Russell, Kansas", 

by Bruce F. Latta, December 15, 1948. 

The City's records were also reviewed, including pumping test data of City wells, 

logs of several test holes drilled in the alluvium, and pumping records from the wells. 

This data indicates that an average hydraulic conductivity of the sands and gravel 

is about 1,000 gpd/sq ft. The storage coefficient is in the range of 0.0001 to 0.01. 

Recharge from precipitation has been estimated at about 1 inch per year. 

No information is readily available on stream flow in Big Creek in the reach of 

concern. Since recharge through the creekbed will be a secondary recharge 

mechanism, no testing has been completed to accurately estimate stream flow or to 

complete a gain-loss survey. Access to sites along the creek is difficult to obtain and 

the project schedule could not be delayed by prolonged negotiations for access. 
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B. Testing and Modeling 

Creek Bed Testing 

Initial testing for the Plan consisted of drilling test holes at selected sites as 

shown on Figure 11-1. The test holes were drilled to determine the thickness of sands 

and gravel as well as the static water levels. Logs of the holes are included in 

Appendix A. Split spoon samples of creek bed material were collected to estimate 

permeabilities. 

Results of the initial testing showed static water levels at the same elevation as 

the water in Big Creek, which indicates communication between the creek and 

aquifer. Several of the logs indicated sand and gravel deposits from the creek bed 

down to bedrock. An example follows. 

Depth, ft 
0-3 
3-15 
15-29 
29 

TABLE 11-1 
Log Test Hole IT-1 

Formation 
Silt and Sand 
Sand/Gravel 
Sand/Gravel 
Shale 

Static water level at 3 feet (same as water level in Big Creek). 

Based on the results of the initial testing, two sites were identified for further 

testing to estimate the amount of flow that could be induced through the creek bed 

to the aquifer. The sites were designated BP-1 and BP-2, as shown on Figure 11-1 .  

A series of observation wells and a test production well were drilled at each site. 

Figure 11-2 shows the layout at site BP-2. The layout at BP-1 was similar to that of 

BP-2. The test wells at each location were pumped for 72 hours at a rate of about 

100 gpm. Water levels were measured in each observation well and in Big Creek. 

A weir was constructed to measure flows at BP-1. At BP-2 the creek was too wide 

and was not flowing, so a staff gage was used to monitor changes in water surface 

elevation. A semi-log plot of the data at a well at site BP-2, shown on Figure 11-3, 

indicates that some recharge to the well occurred after about 20 minutes of pumping. 

The plot also indicates that a no-flow boundary was intercepted after pumping for 

about a day. The plots of all the observation wells at both sites are similar to the 
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plot shown on Figure 11-3. No measurable reduction in Big Creek water level was 

observed at either site. Data collected for this test are included in Appendix B. 

Logs qf the holes drilled at both sites indicated the presence of clay layers that 

were not identified by the initial testing. At BP-2, a 4 feet thick clay layer occurred 

at the static water level. A lower clay layer separated the aquifer into an upper and 

. lower sand layer. In general, the upper sand layer was about 4 feet thick, and the 

lower layer was about 12 feet thick. The clay layer between the two sand layers was 

about 3 feet thick. Flow rate in the creek in this area was about 300 gpm. 

Although the testing indicated some recharge, the source of the recharge was not 

apparent, since the water level in Big Creek did not change and no change in flow 

was measured. A model of the aquifer at BP-2 was developed to simulate the 

pumping test conditions and to help identify the source of recharge. 

The model was developed using the USGS' MODFLOW program, a three

dimensional model that includes recharge mechanisms and multiple aquifer layers. 

The assumed conditions are listed below. 

• Four layers: top clay layer approximately 4 feet thick; upper sand layer 

approximately 4 feet thick; lower clay layer approximately 3 feet thick; and 

lower sand layer approximately 12 feet thick. 

• Conductivity of the sands: 1,000 gpd/sq ft. 
• Storage coefficient: 0.0005. 

The model was calibrated by comparing measured drawdown to modeled draw

down. Sensitivity analyses were completed on the conductivity of the creek bed and 

vertical conductivity of the clay layers. The analyses indicated the model was most 

sensitive to the vertical conductivity of the clay layers. The run that gave the best 

results had a clay layer vertical conductivity of about 0.000118 ft/hr 

( 1•10-6 cm/s). The runs showed a 10-25 percent recharge rate from the river. It is 

possible that the water came from the upper sands. 

It should be noted that all wells drilled for this test were screened only in the 

lower sand unit, so no drawdown data was available for the upper sand unit. This 

made estimating the recharge rate from Big Creek difficult because it was impossible 

to determine any effects in the upper sand layer. 

Since the recharge rate was still uncertain after testing at BP- 1 and BP-2, another 

pumping test was performed. This pumping test was designed to determine both the 
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rate of recharge from the river to the aquifer and the feasibility of using a recharge 

basin for recharging the aquifer. The locations of test holes for the third test are 

shown on Figures II-1, II-4, and II-5. The test holes near Big Creek for BP-3 were 

at the same site as for BP-1 and were drilled to further define the recharge rate. The 

remainder of the holes, RB-1 through RB-lOA, were drilled to determine the thick

ness of the sands and gravel for establishing the feasibility of a recharge basin. 

Two of the observation wells at BP-3 were drilled only into the upper sand layer; 

the others were drilled into the lower sands and were isolated from the upper sands. 

The test well was screened in both layers in an attempt to determine the maximum 

amount of recharge that could be drawn from Big Creek into the aquifer at a specific 

site. A weir was constructed in the creek to measure flow. Data collected from this 

test is included in Appendix C. 

The results of this test showed significant influence of Big Creek. The flow in the 

creek was about 560 gpm at the start of the test and dropped measurably within 15 

minutes from the start of  the test. After 8 hours of pumping at a rate of 106 gpm 

the flow in Big Creek stabilized at 68 gpm less than at the start of the test. 

The MODFLOW model was updated to reflect new data collected at BP-3. The 

model was calibrated with the pumping test data and sensitivity analyses were 

completed on the conductivity of the clay layer and of the creek bed. Two major 

changes were made in the model: the upper clay layer at this site was eliminated, 

and the upper screen layer was modeled as a drain. The following table lists the 

range of values tested and the model parameters that produced the best results. 

WP033193 
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Parameter 

Conductivity of Sand 

Conductivity of Clay 

Storage Coefficient 

River Bed Conductivity 

TABLE 11-2 
Model Parameters 

II-4 

Range of Values and 
Best Value 

1,000-2,500 gpd/sq ft, 
1,000 gpd/sq ft 

1•10"4 to 1•10"7 cm/s, 
1•10"4 cm/s 

0.0001-0.0005, 
0.0005 

0.1-10 gpd/sq ft, 
10 gpd/sq ft 
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The run that simulated measured drawdowns the best indicated that 61 percent 

of the flow pumped from the well came from the creek. This agrees well with the 

measured flow reduction in the creek of 68 gpm versus a pumping rate of 106 gpm 

(64 percent induced recharge). The flow was reduced an additional 51 gpm when the 

pumping rate was increased to 149 gpm. 

Recharge Basin Testing 

The logs of test holes drilled at site RB-1 indicated the site is not well suited for 

a recharge basin. The sands beneath the site are of variable thickness, ranging from 

none at hole RB-5 to 30 feet at hole RB-3. For the most part, the holes indicated 

about 10 feet of sands. 

Since this site was not favorable, another site was identified as shown on 

Figure 11-1.  Testing in this area consisted of drilling of several test holes, completing 

geophysical logs of the holes, pump testing, and modeling of the area. Figure 11-6 

shows the location of the test holes. Both sides of the stream were investigated to 

find the most favorable location. The area on the west side of the stream was the 

most consistent. At least seven feet of coarse sands and gravel were encountered in 

each hole. 

A pumping test was conducted on test hole 8A The plot of the adjusted draw

down for Test hole 8, which was 25 feet northeast of the test well is shown on 

Figure II-7. As can be seen, the plot shows a recharge boundary after a relatively 

short period. After about 500 minutes the effect of a negative boundary is apparent. 

To be conservative, the transmissivity and storage coefficient were calculated using 

the steeper portion of the graph. This yields values of transmissivity of 24,000 gpf/ft 

and storage coefficient of 0.012. 

A preliminary MOD FLOW model of the area was developed. Based on the well 

logs contained in Appendix D, a 3 layer model was developed. In the vicinity of the 

proposed recharge basin, only 2 layers were present: an upper clay layer and the 

productive sand layer. Near the stream and on the east bank, a deeper sand layer 

was also present. The deeper sand was separated from the upper sands by another 

clay layer. The clay layer was modeled by reducing the vertical conductivity of the 

upper sands. Following are the parameters used. in the model. 
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Hydraulic Conductivity of Sands 

11-5 

· 455 ft/day 

006524 



. . . --

(\-= - -:;;;; .-., . . � . · .  . '  
. 
. . ''· . 

�: ··. :.:.�· 

? i 
\ 

0 100 1000 
ICALE IN FEET 

A TEST HOLE LOCATION 

Traile 
Park 

·. �-. . 
. 

�:: , .. _.: . .. ;.,,;. . � '!':·

.
.. 

. . • 

I( 
HAYS, KMSA� ·-

. il" . 

· . , . 

. . 

llG CREEK WATER IANKtflG .:PLAN 

SITE RB-2 
TEST HOLE LOCATION 

euc:c a va&TCll. 
'"' 

006525 FIGURE D-5 



• 

1.3 
1.2 
., ·j 
J. . .i 

1 

z 0.9 
�� I A \},� 
"' A 
.... 0.7 I ., 
1 G.6 
�;' � !}5 : ' 
... 

0.3 �- ··--······-� .. / 

1 

• 11'.lil! •• �-

10 

• 1i 
,,. .... .. -�· ..... 

,,....·· 

. ... --·---

1i)(l 
TIME, MINTJTES 

• 

-
• Ii 

1000 

006526 
FIGURE lI • 7 



Vertical Hydraulic Conductivity 

of Clay 

Hydraulic Conductivity of the 

Riverbed 

Hydraulic Conductivity of the 

Recharge Basin 

9 x 104 emfs 

0. 13 ft/day 

4.6 to 46 ft/day 

The basin was modeled using the river package within MODFLOW. Since the 

creek was dry in the summer of 1991, the model was run both with the creek flowing 

and a dry creek. Wells were located approximately 1,000 feet from the basin. 

The model indicated that 450 acre-feet could be recharged through the basin with 

the creek dry or flowing, with a recharge basin area of about 4 acres. 

The recharge basin would be constructed by excavating all overburden above the 

productive sands and backfilling with coarse gravel. Effluent would then be dis

charged onto the gravel. About 5 feet of head above static water levels would be 

required in the basin. 

The travel time within the aquifer will be about one year. Since the sands and 

gravel is saturated, this project will not recharge a dewatered aquifer, but will be used 

to replace water as it is withdrawn. 

At this time the City has decided to postpone construction of the basin. 

Therefore, the model was run only to verify that a basin would be effective. 

Additional runs would be required to finalize the design of the basins. 

C. Analyses 
Drawdown data collected from pumping tests have been analyzed several ways. 

Initially the drawdown data were plotted on semi-log plots to estimate the aquifer 

transmissivity, storage coefficient, and recharge, if any. Figure 11-8 shows a plot of 

the data collected at recharge site BP-3 for Well BP-4. It shows a transmissivity of 

about 1 1,000 gpd/ft and a storage coefficient of about 0.0005. After about 10 

minutes, the slope of the graph decreases, indicating that recharge is occurring. 

The boundary conditions encountered in the testing for BP-1 and BP-2 probably 

occurred because the drawdown cones intercepted the edge of the aquifer. The holes 

for Site RB-1 indicated that the lower sands and gravel layer feathers out, away from 
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the creek. Therefore, once the cone spread to these areas, a no-flow boundary was 

encountered. 

The drawdown data were also analyzed using the Jacob-Hantush method for 

determining aquifer coefficients in a leaky confined aquifer. 

Estimated aquifer characteristics are listed below. 

• Transmissivity: 10,000-20,000 gpd/ft which corresponds to a hydraulic 

conductivity of 700-1,300 gpd/sq ft. 
• Storage coefficient: 0.0006-0.001. 
• Vertical conductivity of the lower clay layer: 2.7 x 10-5 - 2.5 x 10-4 

centimeters per second (emfs). 

D. Conclusions 

Based on the above analyses, the following parameters are assumed to represent 

the aquifer characteristics in the recharge area. 

Parameter 

Conductivity of Sands 

Vertical Conductivity of Clays 

Conductivity of River Bed 

Storage Coefficient 

Recharge Rate of Well 
Close to Big Creek 

Recharge from Precipitation 

TABLE 11-3 

Aquifer Characteristics 

Value 

1,000-2,500 gpd/sq ft 
1 x 10"4 - 9 x 104 cm/s 

10 gpd/sq ft 

0.0005 

60 percent 

1 in./yr 

The vertical conductivity of the clays is a representative value that is not the 

actual conductivity. The thickness of the clays varies, and no clay was present in 

some of the holes (BP-1 hole 2). Therefore, the value listed above represents an 

average value over the whole area. 

At BP-3, the aquifer feathers out relatively quickly away from the creek and does 

not appear to be connected to the terrace deposits in the lower sands and gravel. 
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Therefore, the only source of recharge to the aquifer in these ar�as is Big Creek. At 

this time the City has decided to postpone pursuit of any recharge aspects of this 

plan. 

E. Wetlands 

An evaluation of the effectiveness of using a wetlands for treatment of the 

effluent was completed. The strict limits on ammonia that were included in the City's 

new NPDES permit limited the viability of a wetlands treatment system. The new 

NPDES permit includes limits on ammonia in the winter months when the treatment 

capacity of a wetlands is significantly reduced. Therefore, the ammonia removal will 

be achieved by modification to the City's wastewater treatement plant and a wetlands 

system is not included in the plan. A wetlands may be considered if additional 

funding is available for construction of the plan. At this time the City has decided 

not to pursue the recharge component of this plan. 

F. Effluent Water Quality 

The NPDES permit sets limits on several water quality parameters. A copy of 

the permit is included in Appendix E. The following table indicates the quality of the 

current effluent. 
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TABLE 11-4 
Water Quality of Current Emuent 

Constituent Test of 9/1/89 

pH 7 

Hardness (ppm) 278.42 

Sodium Adsorption Ratio 6.7 

Calcium (ppm) 50.63 

Magnesium (ppm) 24.72 

Potassium (ppm) 19.93 

Sodium (ppm) 232.74 

Iron (ppm) 0.142 

Total Alkalinity (ppm) 130.00 

Carbonate (ppm) 0 

Bicarbonate (ppm) 158.63 

Hydroxide (ppm) 0 

Chloride (ppm) 336.87 

Sulfur as S04 (ppm) 302.84 

Baron (ppm) 0.385 
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I l l. Components of the Plan 

This section describes how each of the City's existing wells and proposed wells 

will be used within the Plan. · First, the existing Big Creek system is briefly 

summarized and then the use of the existing system, including Big Creek wells (City 

Wells), Smoky Wells, and the proposed wells, under this plan is presented. 

A. City Wells 

The water right associated with the City Wells is vested right EL002. This right 

allows the City to withdraw 2,025 acre-feet per year at a maximum rate of 1,250 gpm. 

Following is a listing of the City Wells with their locations and capacities. Figure III-1 

shows the locations of the wells. 

Well 

C-14 

C-16 

C-17 

C-19 

C-20 

C-21 

C-22 

C-23 

C-24 

C-27 

C-28 

C-29 

C-30 

WP033193 
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Location 
gpm 

SE1/4,SW1/4,Sec3,Tl 4S,R18W 

NE1/4,SW1/4,Sec3,T14S,R18W 

NW1/4,NE1/4,Sec33,T13S,R18W 

SW1/4,SW1/4,Sec3,T14S,Rl8W 

SE1/4,SE1/4,Sec33,Tl3S,Rl8W 

NE1/4,NE1/4,Sec32,T13S,R18W 

NW1/4,NW1/4,Sec3,Tl4S,R18W 

NW1/4,NW1/4,Sec3,T14S,Rl8W 

SW1/4,NW1/4,Sec4,Tl4S,R18W 

NE1/4,SE1/4,Sec4, T14S,R18W 

NW1/4,SW1/4,Sec3,T14S,R18W 

SW1/4,NE1/4,Sec33,Tl3S,R18W 

SW1/4,SW1/4,Sec28,Tl3S,R18W 

TABLE 111-1 
City Wells 

Capacity Comment 

150 In use 

50 Lost due to contamination 
July 1964 

150 Standby 

100 In use 

200 Lost due to contamination 

150 Standby 

117 Lost due to contamination 
July 1964 

127 Lost due to contamination 
July 1964 

150 Standby 

200 In use 

160 In use 

150 Standby 

150 Standby 
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The sum of the capacities of the wells, excluding standby wells and wells lost to 

contamination, is 610 gpm which is 984 acre-feet per year if the wells were pumped 

year-round. Including the wells lost to contamination, the capacity would be 1,104 

gpm which is 1,780 acre-feet, if the wells were operated year-round. Over the last 

five years the City has pumped an average of 1200 ac-ft per year from the City wells. 

The standby wells are operated only during emergencies such as periods of ex

treme drought. Chlorine is injected into the water pumped from these wells prior to 

discharge directly to the distribution system. For planning purposes, the emergency 

wells can not be included; therefore, the reliable supply from the existing City Wells 

is 984 acre-feet, while their rights are for 2,025 acre-feet. 

B. Proposed Plan 
The components of the plan are defined in the following paragraphs and then a 

summary of how each component is to be used is presented. 

City Well - These wells tap the Big Creek alluvium within the City Limits. The water 

right associated with these wells is EL002. 

Smoky Well - These wells tap the Smoky Hill alluvium and are located 12  miles south 

of the City. The water rights associated with these wells are 1248 and 5757. 

Irrigation Users - Locations where reclaimed wastewater will be used for irrigation. 

SHCC Well - Wells that will be acquired from the Smoky Hill Country Club in 

exchange for reclaimed wastewater. 

Yuasa Well - Wells that will be acquired from Yuasa-Exide. No reclaimed waste

water will be delivered to Yuasa-Exide at this time. 

New Water Rights Well - These wells will be used to withdraw water artificially 

recharged to the aquifer. The Division of Water Resources has tentatively agreed 

to create new water rights equal in volume to the amount of reclaimed wastewater 

recharged to the aquifer. 
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Following is a description of how each of these components will be used within the 

plan. 

• 

• 

• 

City wells will remain in operation. Their reliable yield is 984 acre-feet. 

Contaminated wells C-20 and C-23 will be replaced with wells C-32 and 

C-33, adding about 323 acre-feet to the reliable supply. 

Water rights owned by Yuasa-Exide (Yuasa) and the Smoky Hill Country 

Club (SHCC) will be acquired by the City. The Yuasa right is for 173 acre

feet. The SHCC rights are for 196 acre-feet; however, the City will acquire 

195 acre-feet and SHCC will retain the remaining 1 acre-foot. New wells will 

be constructed by the City to replace existing Yuasa and SHCC wells. Two 

of the Yuasa wells will also be used as New Water Rights wells. Due to the 

proximity of two of the Yuasa wells to the creek, they can induce recharge 

from the creek to the aquifer. Therefore, a portion of the water withdrawn 

by these wells will be attributed to the existing Yuasa-Exide water right and 

a portion will be attributed to New Water Rights. This will add a total of 

368 acre-feet excluding recharge. 
• A recharge basin will be constructed to replenish the aquifer at the proposed 

location in Section 30. New wells will be constructed nearby to remove the 

amount of water that is replenished by the recharge basin. The recharge 

basin wells will be constructed close enough to Big Creek and the basin to 

induce recharge from either source. Figure 111-1 shows the proposed 

location for wells associated with these rights. This will produce a total of 

450 acre-feet. 
• Emergency wells will continue to be used on a standby basis. The average 

amount withdrawn from these wells is 216 acre-feet per year. 
• Total water available from the Big Creek supply is 2341 acre-feet. 

A mass balance approved by KDHE for determining the water quality indicates 

that a maximum of 450 acre-feet of treated effluent should be recharged to the 

aquifer each year. 

This mass balance is included in Appendix F. A mass balance is a calculation of 

the total mass of the water quality constituents added to the aquifer minus the mass 

removed. This determines the overall quality of the water pumped from the aquifer 

and the quality of the water that remains in the aquifer. The Plan is formulated so 
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that this 450 acre-feet can be obtained by inducing flow from either Big Creek, or the 

recharge basin, or from both. The system will be adjusted during the first years of 

operation until the most efficient operating mode is identified. 

The maximum yearly volume that can be pumped under the Yuasa water right 

is 173 acre-feet. The capacity of the existing wells associated with this right is 375 

gpm and the maximum diversion rate is 315 gpm. Pumping these wells at 315 gpm 

year-round would produce 500 acre-feet per year. Since the wells have capacity for 

much more than 173 acre-feet, and two of them are close to the creek, they will be 

used for New Water Rights Wells also. The maximum volume pumped from these 

wells will be 432 acre-feet of which 173 acre-feet would be applied to the Yuasa right 

and 259 acre-feet (60 percent of 432 acre-feet) would be applied to the new water 

rights associated with withdrawal of recharge water. 

The New Water Rights wells associated with the recharge basin will be used 

either for inducing recharge from Big Creek or from the basin. The capacity of the 

wells is anticipated to be 100 gpm each, for a total of 300 gpm. The total volume 

pumped would be 484 acre-feet per year if the wells are pumped year-round, so some 

excess capacity is included. The wells will be used in conjunction with the Yuasa 

wells to withdraw water recharged through the creek bed to pump a total of 450 acre

feet per year. Since the creek recharges only 60 percent of the water pumped when 

the recharge basin wells are in operation, the wells will be taken out of operation 

periodically to allow them to fully recover and to ensure that Big Creek recharges the 

aquifer. Once the wells have recovered, the aquifer will have refilled with water from 

the creek and the wells will be put back on line. The recharge basin wells will also 

be used to induce flow into the aquifer from the recharge basin. In any case, the 

water pumped from these wells will be added to the volume pumped from the Yuasa 

wells associated with creek recharge and the maximum volume of water diverted from 

the two classifications of wells will be 450 acre-feet per year. At this time the City 

has decided not to pursue the recharge aspects of this plan. 

The following table lists all the water rights associated with the Plan and the 

changes that will be made under the Plan. Figure 111-1 shows the locations of all the 

wells. 
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Maximum 
Permit Number Annual Diversion 

and Owner Quanti!l'. Rate 
ac-ft gpm 

EL002 2,025 1,250 
City of Hays 

26466 142 499 
SHCC 

34518 26.5 150 
SHCC 

34519 26.5 150 
SHCC 

33548 41 (Irr) 315 
Yuasa 132 (Ind) 

New Recharge 450 500 
Rights 

• 1 ac-ft will remain under SHCC control. 
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TABLEW-2 
Water Rights 

Points of 
Diversion 

Listed above. Wells to 
be moved include: 
C-20 SEl/4, SEl/4, 
Section 33, Tl3S, R18W. 

C-23 NWl/4, NWl/4, 
Section 3, T14S, R18W. 

0011-3430N, 1320W, 
Section 29, Tl3S, R18W. 

0012-2840N, 2046W, 
Section 12, T13S, Rl8W. 

0013-2900N, 1056W, 
Section 29, T13S, RlBW. 

0014-2440N, 1780W, 
Section 29, T13S, R18W. 

0015-2440N, 1580W, 
Section 29, T13S, R18W. 

0021-llOON, 1900W, 
Section 29, T13S, R18W. 

0031-750N, 1900W, 
Section 29, T13S, R18W. 

0461-230N, 5020W, 
Section 19, T13S, Rl8W. 

0462-600N, 2680W, 
Section 19, T13S, R18W. 

0463-0040N, 4060W, 
Section 19, T13S, R18W. 

NEl/4, NEl/4, SWl/4, 
Section 30, T13S, R18W. 

NWl/4, NEl/4, SWl/4, 
Section 30, T13S, RlBW. 

NEl/4, SWl/4, NWl/4, 
Section 30, T13S, Rl8W. 

0461-230N, 5020W, 
Section 19, T13S, R18W. 

0463-0040N, 4060W, 
Section 19, T13S, R18W. 

111-5 

� Comments 
gpm 

200 Contaminated location. 
To be moved to SEl/4, 
SEl/4, NWl/4, Section 29, 
Tl3S, R18W. 

127 Contaminated location. 
To be moved to SWl/4, 
SWt/4, NWl/4, Section 29, 
Tl3S, R18W. 

30 This point of diversion 
will be retired.• 

65 This point of diversion 
will be retired.• 

22 This point of diversion 
will be retired.• 

124 City will construct offset 
well to replace this well. 

127 City will construct offset 
well to replace this well. 

85 City will move point of 
diversion to 2440N, 
1780W, Section 29, Tl3S, 
RlBW. 

85 City will move point of 
diversion to 2440N, 
1580W, Section 29, T13S, 
R18W. 

75 City will offset well. Used 
both for Yuasa rights and 
Banking Plan Rights. 

122 City will offset. 

111 City will offset well. Used 
both for Yuasa rights and 
Banking Plan Rights. 

100 Used both for creek and 
basin recharge. 

100 Used both for creek and 
basin recharge. 

100 Used both for creek and 
basin recharge. 

75 Used both for acquired 
Yuasa-Exide right and 
creek recharge. 

111 Used both for acquired 
Yuasa-Exide right and 
creek recharge. 



IV. Operation 

Monthly operation of the water supply system will depend on several factors, the 

most significant of which is the amount of precipitation. During wet years, the system 

can supply the City's demands with almost no need for recharge to the Big Creek 

aquifer. However, in dry years a significant amount of recharge will be needed. This 

section summarizes how the amount of water available for reclamation was deter

mined, and then presents monthly operation plans for a dry year and a wet year. The 

Division of Water Resources has determined that the percentage of the effluent 

attributable to the water withdrawn from the Big Creek alluvium must be returned 

to Big Creek and can not be used for reclamation. Therefore, the water available for 

reclamation is that portion of the effluent that is derived from the Smoky Hill 

alluvium. A portion of the wastewater will be delivered to irrigation users that will 

use the reclaimed effluent for irrigation of golf courses, parks, and ballfields. The 

remaining reclaimed effluent can be used to recharge the Big Creek aquifer. At this 

time the City has decided not to pursue recharge aspects of this plan. This chapter 

discusses how the plant will work if the recharge aspects are implemented in the 

future. 

A. Reclaimed Water Available 

To determine the amount of water available for reclamation, City records were 

reviewed to determine the historic use of the water supply system and the fate of the 

water once it is pumped from the City's well fields. Water supply records from 1979 

to 1990 were reviewed to determine the monthly percentage of flow contributed by 

the City wells and from the Smoky wells. The records were also reviewed to deter

mine the average percentage of the yearly supply that was pumped each month. 

Averages are as shown in Table IV-1 .  

WP033193 
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TABLE IV-1 

Monthly Demand 

Percent Percent Percetn of 
Month Smoky City Yearly Demand 

January 65 35 7.0 

February 69 31 6.6 

March 62 38 6.8 

April 67 33 7.3 

May 74 26 8.9 

June 75 25 9.6 

July 73 27 11.2 

August 75 25 10.9 

September 70 30 9.4 

October 64 36 8.6 

November 53 47 6.9 

December 51 49 6.7 

Average 67 33 

Wastewater treatment plant (WWTP) effluent flow data were compared to water 

supply records to determine the percentage of the total water supply returned to Big 

Creek through the WWTP outfall and to calculate the average percent returned for 

each month. Table IV-2 lists the percent of total water supply returned to Big Creek 

each month. 
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Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Average 

TABLE IV-2 

Percent of Water Supply 
Returned to Big Creek 

Percent Returned 
to Big Creek 

75 

76 

78 

75 

56 

56 

56 

59 

62 

70 

78 

75 

68 

Based on historical records, the minimum volume of water available from the 

Smoky well field was assumed to be 1,500 acre-feet per year. The monthly distri

bution of flows listed in Table IV-1 was used to develop the monthly volume pumped 

from the Smoky wells and the monthly volume of reclaimed water available as shown 

in Table IV-3. The percentage of water pumped that is discharged from the WWTP 

as shown in Table IV-2 was multiplied by the amount of water pumped from the 

Smoky wells to determine the amount of water available for recharge as shown in 

Table IV-3. 
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TABLE IV-3 

Monthly Volume Available for Reclamation 

Pumped from Availble for 
Month Smoky Wells* Reclamation * * 

January % 72 

February 92 70 

March 94 73 

April 103 77 

May 126 71 

June 180 101 

July 188 105 

August 178 105 

September 135 84 

October 122 85 

November 95 74 

December ..2l � 
Total 1,500 985 

* An adjustment was made to ensure adequate water to meet irrigation user 
demands during summer. 

** First column multiplied by percentage listed in Table IV-2. 

To determine the amount of water available for recharge as discussed below, the 

amount of reclaimed wastewater used by Irrigation Users was subtracted from the 

total reclaimed wastewater available. The first column of Table IV-3 was derived by 

multiplying the assumed yearly volume of 1500 ac-ft from the Smoky Wells by the 

average percentage used in each month. Not enough reclaimed water was available 

in the summer months to meet the irrigation users' demands. Therefore, the monthly 

amounts were adjusted until the irrigation users demands could be met. 

B. Recharge Water Available 
Two scenarios were examined. The first assumed that the Irrigation Users would 

divert flow at the maximum rate over the summer months until the total volume 

allowed is reached. The second assumes that the irrigators will divert at the 

maximum rate for one month, at two-thirds of the maximum rate for the next two 

months, and at half the maximum rate for the next two, and so on, until the total 
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volume was diverted. The results did not differ significantly. The first scenario is 

summarized in Table IV-4. 

TABLE IV-4 
Irrigation Users 

User Diversion Rate 
gpm 

SHCC 468 
Public Golf Course 234 
Parks and Softball Fields 63 

TABLE IV-5 
Recharge Water to 

Big Creek or to Recharge Basin 

Reclaimed 
Month Water Available Irrigation Use 

ac-ft ac-ft 

January 72 0 

February 70 0 

March 73 0 

April 77 0 

May 71 63 

June 101 101 

July 105 105 

August 105 105 

September 84 68 
October 85 28 

November 74 0 

December Ji§ _Q 
Total 985 470 

"' Reclaimed water available equals irrigation demand. 

WP033193 
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Total Volume 
ac-ft/yr 

250 

186 

34 

Recharge 
Available 

ac-ft 

72 

70 

73 

77 

8 

0"' 

O"' 
O* 

16 

57 

74 

68 
515 
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C. Monthly Operation Plan 

This section discusses how the City's demand will be supplied. It shows how the 

Banking Plan will reduce the demands on the existing system. An example of the 

monthly operation of the system is shown in Table IV-6. In developing this table it 

was assumed that the demand was 3,500 ac-ft and that the Smoky wells would pro

duce 1,500 ac-ft. Since 1979 the City's demand has averaged about 3, 100 ac-ft. The 

peak was in 1983 when the demand was 3,529 acre-feet. In 1989 and 1990, when 

severe conservation practices were implemented, the demand was reduced signifi

cantly. The 3500 ac-ft demand will allow conservation measures to be eased some

what and will allow for future growth in the City. The recharge rate was assumed to 

be 55 percent of the recharge water discharged either to the creek or recharge basin. 

This is a conservative estimate since recharge in the basin will be nearly 100 percent 

and is intended only to show the plan can work by recharge with either method. 

Month 

Januaiy 

Februaiy 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

TOTAL 

WP033193 
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Smoky 
Demand � 

ac-ft ac-ft 

245 96 
231 92 
238 94 

256 103 

312 126 

336 180 

393 188 

382 178 

329 135 

301 122 

242 95 

235 91 

3,500 1,500 

TABLE IV-6 
Monthly Opcnttioa Plan 

1,SOO ac-ft from Smoky Wells 
Total Demand of 3,500 ac-ft 

Yuasa 
Wells SHCC 
ac-ft ac-ft 

145 16.3 

14.5 16.2 

14.4 16.3 

14.4 16.2 

14.4 16.3 

14.4 16.2 

14.4 16.3 

14.4 16.3 

14.4 16.2 

14.4 16.3 

14.4 16.2 

14.4 16.2 

173 195 

IV-6 

New Water 
C-32, City Rights 
C-33 Wells � 
ac-ft ac-ft 

26.9 51.7 39.6 

26.9 42.9 38.5 

26.9 46.2 40.2 

26.9 53.1 42.4 

26.9 124 4.4 

27 98.4 0 

27 147.3 0 

26.9 146.4 0 

26.9 127.7 8.8 

26.9 90.1 31.3 

26.9 48.8 40.7 

26.9 49.1 37.4 

323 1025.7 283.3 
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The volume supplied from each of the sources will vary. For instance, in the 

example above, 450 ac-ft of recharge water could be used and the volume pumped 

from any of the Big Creek aquifer wells (City, C-32 and C-33, Yuasa, and SHCC) 

could be reduced. The recharge basin will supply almost 100 percent recharge. 

Fifty - five percent was established to show that a portion of the recharge water will 

be discharged to the creek. The example shown above strives to balance the 

amounts from all sources. 

In wet years, the distribution of uses could be significantly different. Since the 

Smoky wells receive recharge from the Smoky Hill River and precipitation almost 

immediately, this source should be used as much as possible. During a wet year up 

to 2,000 ac-ft could be diverted from these wells. Therefore, only 1,500 ac-ft would 

be needed from the other sources. A sample of the monthly distribution is presented 

below. 

TABLE 'IV-7 
Monthly Opention Piao 

2,000 ac-ft from Smoky Wells 
Tota.I Demand oC 3,500 ac-ft 

Smoky Yuasa C-32, City New Water 
Month Demand Wells � fil:!££ � Wells Rights Wells 

ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft 

January 245 140 14.5 16.3 26.9 47.3 0 

February 231 132 14.5 16.2 26.9 41.4 0 

March 238 136 14.4 16.3 26.9 44.4 0 

April 256 146 14.4 16.2 26.9 52.5 0 

May 312 178 14.4 16.3 26.9 19.2 57.2 

June 336 192 14.4 16.2 27 62.8 23.6 

July 393 226 14.4 16.3 27 77.5 31.8 

August 382 218 14.4 16.3 26.9 73.4 33 

September 329 188 14.4 16.2 26.9 31.9 51.6 

October 301 172 14.4 16.3 26.9 71.4 0 

November 242 138 14.4 16.2 26.9 46.5 0 

December 134 134 14.4 16.2 26.9 43.5 0 

TOTAL 3,500 2,000 173 195 323 611.8 197.2 

Maximum use of the Smoky, City, SHCC, and Yuasa wells is proposed to maintain the highest water quality in the 

system. 
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The SHCC currently operates seven wells which can divert a maximum of 

196 acre-feet per year. The City will lease 195 acre-feet of the 196 acre-feet owned 

by the Country Club. The City will withdraw all of the water from two new wells 

which will replace the following two well locations. These locations are shown as 

darkened diamonds on Figure IIl-1 .  

2440N, 1780W, Section 29, T13S, R 18W 

2440N, 1580W, Section 29, T13S, R18W 

Two SHCC wells, shown as upside down triangles on Figure III-1, will be taken 

out of service. These wells will not be plugged since the City is leasing the rights. 

The two wells to be taken out of service are located as follows: 

HOON, 1990W, Section 29, T13S, R18W 

750N, 1900W, Section 29, T13S, R 18W 

The remaining three wells, outlined triangles as shown as Figure IIl-1,  will remain 

in operation by the SHCC. They are located as follows: 

343.0N, 1320W, Section 29, Tl3S, R18W 

2840N, 2046W, Section 29, Tl3S, R 18W 

2900N, 1056W, Section 29, Tl3S, R 18W 

The City will pump their two new wells at 195 acre-feet per year. Points of 

diversion under water rights 26466, 345 18, and 34519 will be transferred to the two 

new City wells. One acre-foot under 26466 will remain associated with the three 

wells that the SHCC will continue to operate. 

Replacement wells installed by the City at the SHCC will be located in close 

proximity to the existing wells. According to Bermudez and Latta, the replacement 

wells will be in the terrace deposits as are the existing wells. 

D. Alternate Plans 
The plan will include both a recharge basin and recharge through the bed of Big 

Creek. The plan has been designed to allow the City to discharge to the basin, to the 

creek, or a combination of the two. Modeling indicates that a recharge rate of about 
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55 percent can be obtained through the creek bed by placing wells close to the creek. 

A recharge basin can produce recharge rates that approach 100 percent. 

If actual recharge rates are less than 55 percent the City will be required to 

divert additional water from the Smoky wells to meet a demand of 3500 ac-ft per 

year. For instance, if the recharge rate is 25 percent the monthly operation may be 

as follows: 

TABLE IV-8 
Monthly Operation Plan 

25 Percent Recharge 
Total Demand of 3500 ac-rt 

Smoky Yuasa C·32, C-33 New Water 
Month Demand Wells Wells SHCC Wells City Wells Rights Wells 

ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft 

January 245 105 14.4 16.3 26.1 64 19.2 

February 231 92 14.4 16.2 26.1 64 18.3 

March 238 98 14.4 16.3 26.2 64 19.1 

April 256 113 14.4 16.2 26.2 65 21.2 

May 312 167 14.4 16.3 26.2 83.S 4.6 

June 336 189 14.4 16.2 26.2 83.S 6.7 

July 393 246 14.S 16.3 26.2 83.S 6.5 

August 382 235 14.S 16.3 26.2 83.S 6.5 

September 329 182 14.4 16.2 26.2 83.S 6.7 

October 301 144 14.4 16.3 26.2 83.S 16.6 

November 242 101 14.4 16.2 26.1 64 20.3 

December 235 ..2?. .!ii 16.2 26.1 ..!cl.. 19.3 

TOTAL 3500 1767 173 195 314 886 165 

Additional tables are included in Appendix F which show operation plans for a 

range of recharge rates. These tables indicate that the plan can supply 3500 ac-ft 

with very low recharge rates. 

At a recharge rate of 15 percent, about 1830 ac-ft is needed from the Smoky 

Wells to meet demands of 3500 ac-ft. In 1979 over 2400 ac-ft of water was pumped 

from the Smoky Wells. The table below indicates the yearly volume pumped from 

each of the City's sources at the given recharge rates to supply 3500 ac-ft. 
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TABLE IV-9 

Yearly Volume Pumped 

in Ac-Ft 

Smoky Wells I C-32, C-33 I City Wells I New Water 
Rechare:e Rate Yuasa Wells SHCC Wells Rights Wells 

15 1827 173 195 314 886 105 
25 1767 173 195 314 886 165 
35 1712 173 195 314 886 220 
45 1662 173 195 314 886 270 

55 1621 173 195 314 886 311 

If the yield of the Smoky Wells declines to 1500 ac-ft per year, a minimum 

recharge rate of 85% is required to supply a total of 3500 ac-ft to the City. The table 

below shows the total amount of water available at the given recharge rates assuming 

1500 ac-ft is diverted from the Smoky Wells. 

Recharge 
Rate 

15 

25 
35 

45 

55 

65 

75 

85 

WP033193 
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Smoky 
Wells 

1500 

1500 

1500 

1500 

1500 

1500 

1500 

1500 

TABLE IV-10 
Available Supply in Ac-Ft Assuming 

1500 ac-ft from Smoky Wells 

Yuasa SHCC C-32, 
Wells Wells C-33 

173 195 314 

173 195 314 

173 195 314 

173 195 314 

173 195 314 

173 195 314 

173 195 314 

173 195 314 

IV-10 

City New Water Total 
Wells Rights Wells 

886 77 3145 

886 129 3197 

886 180 3248 

886 232 3300 

886 284 3352 

886 335 3403 

886 387 3455 

886 438 3506 

0 0 65 4 6  



It must be stressed that the recharge basin will be designed to recharge almost 100 

percent of the water discharged to it. Therefore, recharge rates as high as 85 percent or 

more are reasonable. 

The recharge basins will be operated seven months 9 year on a continuous basis. 

During the summer months, effluent will not be available for recharge and therefore the 

basin will be allowed to dry and can be cleaned. The recharge rates are shown in the 

Table IV-11 .  

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

December 

TABLE IV-11  
Recharge Rates 

Recharge Rate 
ac-ft/day 

1.20 

1.38 

1.30 

1.41 

0.14 

0 

0 

0 

0.28 

1.01 

1.21 

Infiltration Rate 
ft/day 

0.32 

0.35 

0.33 

0.35 

0.04 

0 

0 

0 

0.07 

0.34 

0.30 

The water quality of the aquifer in the proposed recharge area is indicated by the 
following results of testing completed on a sample taken from test hole SA at the RB-2 site. 

Total Hard (CaC03) 

Calcium 

TABLE IV-12 
Water Quality Test Hole SA 

Results Expressed in Milligrams/Liter 

392 

132.150 

Arsenic 

Barium 

LT 0.021 

0.305 

Magnesium 15.193 Beryllium LT 0.001 

... §Q9!� ........................................................ �.�?.?.:§ ............................ ���� ........................................ �I .. 9:.QQ.f. ...................... . 
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Total Hard (CaC03) 

Potassium 

Total Alk. (CaC03) 

Chloride 

Sulfate 

Nitrate (N) 

Fluoride 

pH (Units) 

Total Phosphorus (P) 

Silica (Si02) 

Boron 

Ammonia (N) 

Aluminum 

Antimony 

Routine Pesticides 

Alachlor 

Aldrin 

Atrazine 

Blad ex 

Chloradane 

Dacthal 

Dieldrin 

Dual 

Heptachlor 

Heptachlor Epoxide 

PCB-1016 

PCB-1221 

PCB-1232 

PCB-1242 

PCB-1248 

TABLE IV-12 (Continued) 

Water Quality Test Hole BA 
Results Expressed in Milligrams/Liter 

392 Arsenic 

7.48 Chromium 

304 Cobalt 

64.9 Copper 

84 Iron 

1.12 Lead 

0.25 Manganese 

7.3 Mercury 

0.08 Molybdenum 

35.829 Nickel 

0.097 Selenium 

LT 0.05 Silver 

0.05 Thallium 

0.05 Vanadium 

Zinc 

TABLE IV-12 (Continued) 
Results of Analysts 

Concentration 
(ug/l) 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

LT 0.021 

0.0004 

LT 0.004 

0.013 

0.003 

LT 0.0009 

0.364 

LT 0.0005 

0.012 

LT 0.007 

0.003 

0.006 

0.026 

0.004 

0.010 

Reoorting Limit 
(ug/l) 

0.25 

0.025 

1.2 

0.50 

0.20 

0.050 

0.050 

0.25 

0.020 

0.020 

0.50 

2.5 

0.50 

0.50 

0.50 ............................................................................................................................. .................................................................................................. 
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Routine Pesticides 

PCB-1254 

PCB-1260 

Propazine 

Ramrod 

Sencor 

Endrin 

Lindane 

Methoxychlor 

Toxaphene 

2, 4-D as Acid 

Silvex as Acid 

2,4,5-T as Acid 

Tordon 

Purgable Organics 

Chloromethane 

Bromomethane 

Vinyl Chloride 

Chloroethane 

Dichloromethane 

1, 1-Dichloroethylene 

1, 1-Dichloroethane 

Trans &/or CIS 1,2-
Dichloroethylene 

Trichloromethante (THM) 

1,2-Dichloroethane 

1, 1, 1-Trichloroethane 

Tetrachloromethane 

Bromodichlororomethane (THM) 

1,2-Dichloropropane 

TABLE IV-12 (Continued) 

Results of Analysts 

Concentration 
(ug/l) 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

TABLE IV-12 (Continued) 
Results of Analysts 

Concentration 
(ug!l) 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Not Detected 

Reporting Limit 
(ug/l) 

0.50 

1.2 

0.25 

0.25 

0.10 

0.10 

0.10 

0.20 

2.0 

0.80 

0.40 

0.40 

0.80 

Reporting Limit 
(ug'l) 

5.0 

1.2 

0.8 

3.7 

0.9 

0.6 

0.5 

0.5 

0.5 

0.6 

0.7 

0.7 

0.5 

0.5 

... I!.��.�--�.1�.:!?.!£h!!?.r.2.P.!2�.�!? ..................................................... N2.LP..!?!!?.���-�t ............. .......................... .... Q:.� ......................... . 
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Purgable Organics 

Trichloroethylene 
Benzene 
Dibromochloromethatne (THM) 
Cis 1.3-Dichloropropene 
1,1,2-Trichloroethane 
Bromoform (THM) 
1, 1,2, 2-Tetrachloroethane 
Tetrachloroethylene 
Toluene 
Chlorobenzene 
Ethylbenzene 
Meta-Xylene 
Ortho &/OR Para-Xylene 
1,3-Dichlorobenzene 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 

Gross Alpha 

Iodine-129 

OCodine-131 

Cesium-134 

Cesium-137 

Barium-140 

Ytterbium-169 

Carbon-14 

IPhosphorus-32 

Radium-226 

Radium-228 

Radon-222 

Gross Uranium 

Potassium 

NA - Not Analyzed 
ND - Not Detected 

WP033193 
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Parameter 

TABLE IV-12 (Continued) 

Results of Analysts 

Concentration 
(ugll) 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

TABLE IV-2 (Continued) 
Results of Analysts 

I 

IV-14 

Reporting Limit 
(ugtl) -

Concentration 

9 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

11 

0.6 
0.5 
0.7 
0.9 
0.6 
1.5 
0.6 
1.1 
0.5 
0.5 
0.7 
0.6 
0.6 
1.0 
1.0 
1.0 

00655 0 



V. Monitoring 

Monitoring of Big Creek, the aquifer, and effluent will be included in the plan. The 

creek will be monitored to determine the reduction in flow through the recharge area 

due to induced flow into the aquifer and to determine stream water quality. The 

aquifer will be monitored for water levels and water quality. The effluent will be 

monitored for flow and water quality. 

A. Stream 

The streamflow will be monitored at three locations as shown on Figure V-1 :  ( 1) 

just upstream from the effluent outfall to Big Creek; (2) in the northwest quarter of 

section 30, T13S, R18W, downstream from the Yausa/Banking Plan wells; (3) down

stream from the recharge basin in the northeast quarter of section 30, T13S, R18W. 

A concrete Parshall flume will be constructed in the channel to measure the flow. 

A water level recorder will also be installed to measure the water level and to 

estimate flows. The first flume will measure flows in the creek upstream from the 

discharge of effluent. The flow varies from 0 to over 10,000 cfs. However, the 

primary concern will be low flows in the creek. The maximum withdrawal from 

Banking Plan wells will be 450 ac-ft per year which equals about 0.62 cfs. The 

Parshall flumes will be designed to measure flows of 0.3 to 1 1.3 cfs which corresponds 

to a throat width of 12  inches. 

The amounts of effluent flow discharged to the creek at the upstream discharge 

will vary through the year from no flow during the summer months to 1 .8 cfs during 

the winter (see Table IV-5). A minimum discharge will be maintained at the existing 

outfall at all times. 

Water quality monitoring in the stream will be varied throughout the life of the 

project. To develop background characteristics, samples will be collected upstream 

from the proposed discharge and tested quarterly before the project is placed on line. 

The schedule for monitoring is shown in the attached letter from KDHE to 

Black & Veatch in the following section. 

Stream Gauges 

Three stream gauges will be constructed as shown on Figure V-1. One (up

stream) will be placed upstream of the point of effluent discharge to the creek at the 
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upstream boundary of the baking plan. A meter will also be placed on the effluent 

discharge. These two flows will be added to determine the total flow at the upstream 

end of the banking area. 

A stream gauge (middle) will also be placed upstream of the recharge basin area. 

This gauge will measure any change in flow upstream of the basin area. The third 

stream gauge (downstream) will be located downstream of the basin to measure the 

change in creek flow through the basin area. 

The upstream and middle gauges will show any recharge that occurs in the area 

upstream of the basin area. The difference in flows measured at the upstream and 

middle gauges will be the recharge that is occurring. The downstream gauge will 

measure additional reduction in flow past the New Water Rights Wells. It will also 

measure any effects the recharge basin is having on the creek flow. 

B. Groundwater 

Groundwater monitoring will consist of measuring water levels and sampling of 

water quality at several locations. Monitoring wells will be placed near the 

production wells and the recharge basin as shown on Figure V-1 .  The monitoring will 

be done to ensure that no other water rights holders will be adversely affected. 

Production wells to be used only for replacement of existing water rights will be 

monitored for water level only. The monitoring wells will be located between the 

production well and existing wells owned by others. Therefore, the drawdown cone 

from the production well can be estimated from the monitoring well data, and with

drawal can be adjusted if necessary to ensure no adverse effects will occur at the 

privately owned well. The following table lists the number of monitoring wells 

associated with production wells to be used only for replacement of existing rights. 

Production Well 

SHCC to be offset (0015) 
SHCC to be offset (0014) 

TABLE V-1 
Monitoring Wells 

Yuasa (0462) away from the creek 
C-32 
C-33 

WPOS0693 
REP217sln V-2 

Number of 
Monitoring Wells 

1 
1 
1 
1 
1 

0 0 655 3 



Since no problems have been experienced with the locations for the SHCC offset 

wells and Yuasa well away from the creek (0462), one monitoring well will be 

installed near these wells. Two wells will be installed near the C-32 and C-33 

replacement wells. 

Two wells that will be monitored for both quality and water levels will be located 

near each of the Yuasa wells close to the creek ( 461 and 463). The production wells 

in these areas will be used for both the acquired Yuasa right and for New Water 

Rights wells that will induce flow from the creek to the aquifer. 

Several monitoring wells will be located near the recharge basin as shown on 

Figure V-1. These wells will be used to monitor both water levels and quality. Four 

monitoring wells will be located on the opposite side of the creek to determine 

whether the basin is influencing the aquifer in this area. One will be located directly 

east of the basin and one to the southwest to establish gradients and water quality 

away from the basin. Two monitoring wells will be located near each of the produc

tion wells located near the basin. These production wells can be used to induce flow 

both from the basin to the aquifer and from the creek to the aquifer. 

The monitoring wells will be constructed of 4 inch PVC pipe with threaded joints. 

A water level measurement device connected to a Supervisory Control and Data 

Acquisition (SCADA) system will be installed in a 2 inch PVC pipe inside the well 

casing. Water levels will be measured and recorded continuously. 

Water quality will be monitored by collecting samples with a submersible pump. 

The pump will withdraw at least three times the volume of water in the well before 

a sample is collected. The schedule for sampling will be as outlined in the attached 

Appendix G. The recharge basin will be on the opposite side of the creek from the 

location shown in Appendix G. Monitoring well locations will be as shown on 

Figure V-1. This will cause a slight modification to the monitoring plan as presented 

in the KDHE letter. 

C. Effluent 

Samples of the effluent will be collected at the discharge to the SHCC ponds and 

the discharge to Big Creek or the recharge basin according to the same schedule as 

the stream and groundwater. Samples will be tested for the constituents and 

according to the schedule in Appendix G. 

WP033193 
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D. Long-Term 

The data collected will be analyzed when received, and the monitoring plan will 

be adjusted according to the results. The intent is to identify the locations where the 

potential for interference with other water rights appears greatest, and to discontinue 

or greatly reduce the frequency of monitoring at locations where the potential for 

interference is minimal. Appendix G letter outlines the procedures for monitoring 

the system on a long-term basis. 

Recharge Basins 

An automated depth measurement gauge will be placed in the recharge basin to 

measure changes in water levels. A mass balance will be completed to calculate the 

amount of water that recharges the aquifer. A meter will be placed on the effluent 

discharged to the basin. The depth will then be measured and the volume of water 

in the basin will be calculated based on the depth and geometry of the basin. 

The evaporation rate and precipitation will also be factored into the mass 

balance. The NOAA gauge in Russell records evaporation rates. The evaporation 

rates at this location will be used for the recharge basin. Since the recharge basin 

will be fairly small, the pan coefficient is assumed to be 0.8. Precipitation data from 

the gauges at the Hays Water Softening Plant will be used. 

The recharge rate will then be estimated using the following equation: 

R = Q- •S - E+P 

Where: 

R = Recharge volume 

Q = Effluent discharge volume 

•S = Change in storage volume 

E = Evaporation 

p = Precipitation 

An example calculation is included in Appendix G. 

Modelling 

Two observation wells will be placed near each of the new water rights wells and 

several will be placed near the recharge basin. Groundwater elevations will be 

measured in these wells on a continuous basis. At the new water rights wells, one 

WP033193 
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well will be placed between the creek and the well and one will be placed on the 

opposite side of the well approximately at equal distances from the New Water 

Rights wells. The flow and water level will also be measured in the production wells. 

Observation wells will also be located on the banks on the opposite side of the 

creek from the production wells. · Water level data will be recorded in these wells on 

a continuous basis. 

Various analytical techniques will be used to evaluate the data. Distance 

drawdown graphs will be used to determine the radius of influence of the wells. This 

information will be used in the equilibrium equation, image well theory, and Jenkins 

method for computing the rate and volume of stream depletion by wells. 

However, the primary method that will be used to determine recharge rates from 

the creek to the aquifer will be computer modeling using the USGS MODFLOW 

model. The data gathered will be used to further calibrate the model. As the 

components are operated for several months, a significant amount of data will be 

gathered. This will allow sensitivity analysis on many of the model parameters to 

refine the model. 

Water quality monitoring will be completed primarily for the quality issues; 

however, this data will also provide information to track the water as it moves 

through the aquifer. The monitoring wells near the recharge basin and around the 

production wells, as well as the stream, will be sampled for water quality as indicated 

in the following section. 

Water levels and flow rates will be monitored continuously with a SCAD A system 

to be installed as part of this project. During the first months of operation the data 

will be analyzed monthly until the computer model is calibrated. Following the start 

p period, data will be analyzed quarterly and then yearly after several years of 

dperations. Examples of the calculations are included in Appendix G. 

WP033193 
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ROUTE 1 · A IRPORT · GREAT BEND, KANSAS 67530 

TELEPHON E  AC 3 1 6  • 793-8493 

CITY OF HAYS , KANSAS 

BIG CREEK RECHARGE (WATER BANKING ) PROJECT 

INTRODUCTION 

In accordance with a request from the C ity of Hays , C larke We ll 
and Equipment conducted field work to collect preliminary inform
ation from se lected site s  adj acent to Big Creek. 

The purpose o f  the work p erformed was to obtain basic ground water 
data that describes general characteristics of a localized segment 
of Big Creek. This data will be utilized by the City o f  Hays and 
se lected professional firms that are submitting proposals to further 
study the feasibility o f  "banking" or recharging the Big Creek 
aquifer with treated water from the c ity ' s  sewage treatment plant. 

The initial segment of Big Cre ek commenced at a location near 
the northwest corner of FHSU campus and extends upstream in a 
northwest direction approximately 3 . 5 mile s .  The channel length 
in the segment is e stimated to be approximately 5 . 2 miles . 

�lork performed included formation te st drilling by mud rotary 
method at six ( 6 )  locations designated by the city .  F ormativn 
samples were collected and bagged at each location . A 30 inch 
split spoon sample was obtained form the stream bed near each 
test hole . A cross section profile from the test hole location 
to oppos ite stream channel bank was prepare d .  All s o i l  and 
sand samples were dried and and are stored in CWE warehouse . 
Sand sieve analysis were perfomed from selected intervals cit 
four of the six locations . Laboratory permeability analysis 
of selected samples was considered and dismissed as not being 
economical until parameters of the proposed study are e stablished . 

The following submittals are enclosed : 
1 .  A map showing location o f  seven ( 7 )  proposed locations . 

Test Hole No . 3 was not drilled because o f  right o f  way 
problems . 

2 .  Drillers Log for each location drilled . 
3 .  Plan and profile drawing for each location drille d .  
4 .  Sand S iev�:s at TH l ,  TH S ,  TH 6 ,  and TH 7 .  

Submitted by � d/-4_ 
Darrell W .  Clarke 
June 1 ,  1 9 90 
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Corner 

· � .� . section 30 :� :. 15 ' . . .  -wes t  of er.eek bank � . ·· · · 
• � • • • :: •• ·'.,:.� i· . • . • , • .  , • • .;, '.• �.· · ·• .  • • • • .  . .  · .. 

· Ii�ptli . . - -.. Formation 
Thickness 

·-. .  . . · .. Formation " 

0 ..: 5 
5 - 1 1 

1 1  - 1 5  
1 5  - 29 
29 

WATER SAMPLES 
to --��--�- -��------
to ��----� -----------
to --����- -���----
to 

. -

r.l �v 'h.,-n:...., •· !': l'l.T'l�V 
Silt , s and , sandv 

Sand and Gravel 

Sand and Gravel 

Shale , black 

PPM-Chloric!e 

c lav 

" 

feet. of " pipe was left for supply
.
wel l . 

--������- --------
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SANO, SANDY CLAY 

SANO 8 GRAVEL 
CLEAN, L OOSE 

SANO a GRAVEL 15' - 29 I CLEAN • LOOSE 

f"CRQ�s � s,�ppoN I �z. � 1 '!::10 '  

89.0 
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. � It) (I) tl � .. (:> (,w 
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- I� � I.. .. fl) (:> �  

-- - ---- - --r - -
I 00 ' 

\ - � _, ·  
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TE.'ST Ha.£ • 5 TO BIG Cfi££K 

CHANNEL N'PROX!MA"TE llXA TOI/ 
400 ' llKRTH 8 200 ' WE.'ST OF 
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· · Ell is ' · . .  Co • , · Kansas 
.' Approximate�y 1 200 ' wes t and 2500 ' north of SE corner 
· sect ion �O - �O , s outh of low water brid�e - 2 0 '  SE 

· of creek bank · · · 
Formation Depth Thickne·ss 

Formation 

0 - 1 0 ICl ;:iv � i 1 f"v · h,.nun - VP'l"V .:::n fr 
10  - 1 3  Cl av brown so f t  

13  - 20 Sand fine 

. 1  �J p 
� 30 

. '• . r� . .  . · · i / 
SECTION 

Remarks 

20 - 2 5  Sand with thi ck c l ;:iv s trealt.::: . h l 1 1 0  

.' 

25 - 3 3  

33 - 35 

� 

WATER SAMPLES 
to 

----- -----

to ------- --------

to ---- -------

to 

��nd an..:! r.,.;:i.ve1 l"n;:i.r <:: P Vr>'l"V 1 n n c:: "' ,.. , .. ,,, ., 
1Sha 1 o .  h 1 � 1'.' k  

PPM-Chloride Other Tests 
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. .  :� :For-. Hays·, . City or· ·· . 

.· : ·  
· : No .  

.... ; · . ! . · . • . . .  

-· ,_.:'·. �e D�ill�d · · · '  .Ap-�fl 4 . .  lQ.90·. >:! · :· :· 
· �ocati.on ;· . .  Nlo.'i Sec • . · 24 T 1 3  . · S R 1 9  

Ellis C o •  � . · Kansas 
. Approximately 2500 ' south - 3 0 ' east of 

W/E 

. .; ' 
. . •, �"':------·- 2 4 

. . : · . .- · :! . :- .. ' 
- · ·:. · . · ' -{ 

NW corner Section 24 - 1 0 '  north of creek bank . SECTION 

Depth 

0 - : 3  

3 - 1 5 
1 5  - 2 9  

2 9  

WATER SAMPLES 
to 

Formation 
Thickness 

----- -----to ----- --------
to ----- -------
to ------- --------

Formation 

Sil� ,,. ., d  ��nd 
Sand/Gravel 

Sand /Gravel 

Shale . b lack. soft 

PPM-Chloride 

feet of " pipe w�s left for supply well . ----------- -----� . 
i ,. � • J' :_! � � DY : D .W .  Clarke 
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Remarks 

Cl@a.n . 1 no s @  
Clean . loo s e  
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I I ,.,.. Olrt /l 4 3 - 15 SAND a """' r"'.. 
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.. 
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1 i 85.0 
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N£ Q?RN£R SEC. 24, T 13 S 
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R 18 w j IN O!Tr:H ca R/W I 
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1 0 1--_.;_-+-��1--�-���f--�·'-=-i.-"'-�--;��-+-�--il��-t-�--;��_,.-�---i.��-+---

: .___ ___ . : --�-r---_ I -· --·- -0L-_;_��--IL-..,.;.���--''--�-'-�--J.����--'....;.._���--'��_._�--���--2 �) L� o s o  s o  1 o e 1 2 0 1 Lt 0  1 s 0 1 s 0 2 0 0  2 2 0  2 i.+ 0  2 s o  2 

S i eve 1 /Lt 
· S ame l e  I nc h e s  . 250 

# 7  1 9 - 2 3 ' 

. ' . . � ' 

C R A J N S l Z E < T H O U S A N D T H S  O F  A N  l N C H ) 

Cur..u l a t i ve 
Lt 6 

. 1 87 . 1 32 
1 . 5  4 . 6 

'I. Re t a i ned 
8 

. 09lt 
1 1 . 5  

1 6  30 50 
. 0'i 7 . 02 3  . 0 1 1 8  
40 . 5  85 . 1  95 4 

Sy : l\r� C\ .. ,.\J-

- - - - - - S i z e  
90 :'. 7 0 '/.  

01 q ,, , , 

-- -- - - I 
S O X  4 0t. I c 
l"\ 4 ,  l"\ t. "7 1 2 

I 
I 
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. AP A..I CATI ON t-0 . .  --------------

LO CAT I 0 N OF WB..L __ l.4 __ 114_g_ 1/41 SECTION --::3:..::o __ _ 

T_l_3 _ s I R 1 8 w tx _E_l_l_i_s __ _,COU NTY, __ ;;...KS�---
. I S t o t e  

---- FS L I ----- FEL 

SE C TION 

See attached pl at for locat ion 

x 

DEPTH OF Wat. ____ 3_4 _' _______ S TAT I C  WATE R  LEVEL ___ 1_2_·
1_5_

' ___ _ 
BLA N K  WE L L  C A S I N G  MATE R I A L  __ s;;;...t;;;..;;e;..;;e.-..1......;2;;..." ________________ _ 

CAS I N G  �E FT B E LOW UW D  S U R FACE __ No_n_e _______ FT. ---------

G ROUT MATER IALS : NEAT CEMENT D CEMENT GRCUT O BENTON ITE GJ Hole P l u g  OTH ER ___ _ 

GROUT I NTERVA L S  1 ' FR OM _.,,.,o __ F T. TO ___..3�4 __ F T. 3 Sack s Hole P lug 
CHLOR INAT E •  __ N_o _________ QUAN ITY USED_�------------

N EAR E S T  SOU RCE O F  C O N TA M I NATI O N  __ N_/A __ T_e_mp;;...o_r_a_r_y_w_e_1_1 _________ _ 
D I R ECTION FROM WELL __________ HOW MANY F E E T  ________ _ 

L O G  ( CESC R I BE MATERIAL US E D  TO PLUG HOL E ) 

FROM TO FROM TO 

0 3 4  Bentonite Hol e  P lug 

. . . -

WELL A..U GG I NG BY ___ M_a_rk_E_s_f_e_ld ________ DATE __ 1 0_1_2_9_19_0 _____ _ 

.' 0 0 6580 
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.
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· .. � .. :,:.:i: .. :�:.f.�f�;;,·; . ·:·:}·.··�: :
. 

· 

. .. . ' ...... . � ... �:· ::=/:< .. /> . .  ·· .·
. 

- ' '. ·- ::�,;.,;� ,/;· ;:·�� ::··

·

· :  :.;.: .. . ::� . �:. � ·.'·'.) .. : {''.°- ��· ... . '; . }T'.�J1 � }�o. , ·,� . ,. 
: 

9�;:-2 . . . . . . -.�\}{)�if ff f ;:�;.ff :tl-;�t;,�'\: .. <: · :> '·r-. -_-� ·._· -.---....---..----. - �  
. . . . · wATER WELL-OWN ER · city o f H�;�· . · , . . : �:"

:
> ·: s ite "# 2 · 6P 

. ADDR ESS  P . O .  Box 4 9 0  

Hays , KS 6 7 6 0 1  

APFUCATION t\O .  ------------
LOCATI O N OF WELL __ IA __ l/4_g_l/4, SEC110N -�30"---
T � S 1 R 1 8 W' SC _E_ll_i __ s __ _.COU NTY, __ _..;;.I<=S __ _ 

S ta te  

i + 

. 3 0  

... 

SECTION 

____ FS L ,  ____ FEL See attached P lat for Location 

DEPTH OF Wal __ ____;3:..;:3;_,' ________ STATIC WATER LEVEL __ 1_3 _. s_s_· ______ _ 
BLA N K  WELL CA S I N G  MATERIAL Stee l 2 "  --=-====�-=------------------
CAS I N G  LE FT 8 ELOW l..Af·.io SURFACE --=No=n=e,_ ______ FT. --------
GROUT MATERIALS : NEAT CEMENT D . CEMENT GROJTO BENTONITE 0 Hole Pl u g  

OTHER ___ _ 

GROUT I NTERVALS , 'FROM __ o __ FT. T0 __ 3_3 __ FT. 3 Sacks Hole P lug 

CHLOR INATE 1  No QUANITY USEO _____________ _ 
NEAREST  SOURCE OF CONTA M I NATION N/A Temporary We l l  

DI R ECTION FROM WELL HOW MANY FEET ______ __ 

FROM TO 
0 3 3 

LOG ( CESCRI BE MATERIAL USED TO PLUG HOLE ) 
FROM TO 

Bentonite Hole P lug 

WELL Fl.UGG ING BY _____ M_a_r_k_E_s f_e_l_d ______ OATE __ 1_0_;_2 9_/_9_0 ____ _ 

0 0 658 1 

I 

I 
I 
I 
I 



. ,1 �· . 

' . .. . :\ . APA...I CATION t-..0 . ------------

LOCATl ON  OF waL __ IA __ l/45-Ll/4, SECllON 3 0 

T ...1.1_ s I R 1 8  WI RX.__.E:;.:l::..::l:..::i:.:::S __ ......;COU NTY, ---,..:.;K;:S ___ _ 
Sta te  

SECTION 

---- FS L I ----- FEL 
See attached p l at for location 

x 

3 7 . 5 1 DEPTH OF WELL ___________ STATIC WATER LEVEL  __ 1_6_· 0_
0 ____ _ 

· S tee l . 2 "  BLANK  .WELL CA S I N G  MATERIAL _. --------------------
CAS I N G  LEFT B ELOW LPND SURFACE __________ Fr. ----------

OTHER GROUT MATERIALS : - NEAT CEMENT D CEMENT GFiCUTO BENTONITE � Hole P l ug  -----

GROUT I NTERVA LS ,'FROM __ o __ FT. T0 _3_7_. s  __ FT. 
/ . 3 Sac.ks o f Hole P lug 

CHLOR INATE I ___ _.,L;l.u.__ _____ QUANITY USED _____________ _ 

NEAREST  SOURCE OF CONT A M  I NATI ON ___ -.:..:N�/'A�---:.T..:.em�o:::.::o�r�a"'-r..L.y....:W::..se"-"'1..:1 _______ _ 
DIR ECTION FROM WELL __________ HOW MANY FEET...,..-______ _ 

FROM 
0 

·. 
. . . 

TO 
3 7 . S  

. . 

L O G  { CESCRI BE MATE RIAL US E D  TO PLUG HOL E ) 

FROM TO 
Bentonite Hole P lug 

' 

WE LL A..U GG ING BY __ M_a_r_k_E_s_f e_i_a _________ DA TE __ 1_0_;2_9_/_9_0 _____ _ 

" 4 • � 
. · . · " 

I ! ,; ' 

._ I  • • 
I' • • • • •  I 

. . . . � 

00.6582 

I 



. APPLICATION fl.O. ·
------------

�· . ..  . : ·  . , � . .. . .· . 

LOCATI ON  OF WELL __ IA __ ll4_g_l/4, SECTION _.3.w.0:.....-__ 

T ....u_ s ,  R i s  w g --"E_.1-1_i __ s ____ cou NTY, _......;..;K=s ____ _ 
S ta t e  

+ 

. f : . : : 

SECTION 

_____ FS L ,  ------ FEL S e e  attached P lat for location 

x 

DEPTH OF WaL ___ 
.
_3_6 _' _______ STAT IC WATER LEVEL __;;;1�4.;... 7;..;s�· -----

BLANK · wELL CA S I N G  MATER IAL · Steel 2 "  ____ ...;....;. _________________________ _ 
CAS I N G LEFT BELOW LAND SURFACE __..N..,.g_ne ________ FT. 

GROUT MATERIALS : NEAT CEMENT D CEMENT GRCUTO BENTONITE 0 
Hole P lug 

OTHER ___ _ 

GROVT INTERVALS ," FROM __ 0 __ FT. T0 _3 6 ___ FT. 3 Sacks Hole Plug 

CHLOR INATE •  . NO QUANITY USEO ____________ _ 
NEAREST SOURCE OF CONTA M I NATION N/A Temporary We l l 

DIR ECTION FROM WELL HOW MANY FEET _______ _ 

LOG ( CX::SCRI BE MATERIAL USED  TO PLUG HOLE ) 
FROM TO FROM TO 
o · 36 B e ntonite Hole Plug I I 

I I 
. 

. . . . 

. .  I 
: -

WELL FLU GG ING BY ___ .:..:M�ar::.:k�E:.:::s:..::.f.:::.e,:,;ld::._ ____ __::.:::__ __ ,OtrtE. --'l;:;..;0'"""/-2 ..... 9""'/9;;..;0'-------

. � . . - � . - · . 
. : 

. . ·.· • � ,_: -: .'. " I ;· 
, . · -

,• . . . . 00 658 3 



x 
APA..I CATI ON f'.K) ,  · --------------

LOCATI O N  OF W8-L __ IA __ ll4..§.Ll/4, SECTION __ 3_o __ SECTION 

T ...11.._ S , R 1 8  VV;E< __ E_l_l_i _s ___ C.OU NTY, __ K..,,a_n_s_a_s __ _ 
S t a  t o  

____ FS L ,  _____ FEL 
se e  attached plat for location 

DEPTH OF WELL ___ 3_2_' _______ S TAT IC WATE R  LEV E L  __ 1 2_._9_S_' ____ _ 

BLA N K  WE L L  C A S I N G  M ATE RIAL _s_t_ee_1_2._" -----------------

CAS I N G L E FT B E LOW LAN O  S U R FACE ___ N ... o_n_e _______ FT. 

G R OUT MATERIALS : NEAT CEMENT 0 CEMENT GROJTO 8ENTON ITE � Hole P l ug OTH ER 

GROUT I NTERVA L S  ,· FROM _ _.._ __ FT. TO _ _...32.___FT. 3 sacks o f Hole P lug 

----

CHLOR INAT E •  No QUANITY USEO _____________ _ 

N EAR E S T  SOURCE O F  CONTA M I NATION N/A Temporary We l l  

D IR ECTION FROM WELL HOW MANY FEET _______ _ 

FROM TO 
0 3 2 

L O G  { CESC R I BE MATE RIAL US E D  TO PLUG HOL E ) 

Bentonite Hole 

. .  

P l ug 

. . 

FROM TO 

WELL A..U GG I NG BY ___ ___.r-.... 1a=r--k;........;E=s.::...;f e=l:..;:a=--_______ DA TE __ 1"""0'-'12!1..o9'-'1-"9�0-----

. . � . . . 
.• '· •, I • ' 0 0 658 4  



APPLICATION f\O .  ------------
LOCATI ON  OF waL __ IA __ l/4..§Ll/4, SECTION ---""3�0 __ 

T__]2_S 1 R 1 8 W/ C.  __;E;..;l;...l.;;;.i;:;..s _· _ __:COUNTY, __ _.;.;,KS;:;__ __ _ 
S ta t e  

· . •  · . ·  
• · 1.---.... 3 0  

.. .  ' . ·· 

SECTION 

____ FS L ,  _____ FEL S e e  attached p lat for location 

+ 

x 

· . . . 

DEPTH OF WELL __ ___;:;;3.:..S ' ________ STAT IC WATER LEVEL __ l;...;.3_. 9_8_' ___ _ 
· BLANK WELL CA S I N G  MATER IAL _..;;.s..;...te.;;...e_l_2_" _________________ _ 

CAS I N G  LE FT B ELOW LAND SU Rf ACE ---N�o"""n=e _______ FT. --------

GROUT MATERIALS : NEAT CEMENT D . CEMENT Gfn.JT0 BENTONITE GJ 
Hole P l ug 

OTHER ___ _ 

GROUT I NTE RVA L S ,' FROM _ _...__FT. T0 _ __.3..,.s __ FT. 3 S acks hole Plug 

CHLOR INAT E I -----'JL.1.1------· QUANITY USED _____________ .,.... 
NEAREST SOURCE OF CONTA M I NAT I ON _ __..N .... t..,.A_T...,e....,m�p ... o ... r,,..,ar.._y�w"""e;..:l..:.l _________ _ 
DI R ECTION FROM Yte:Ll ___________ H.OW MANY FEET_,,_ ______ _ 

FROM 
o · 

. . 

I TO 
3 5  

L O G  ( CESC R I BE MATE RIAL US E D  TO PLUG HOL E ) 

B e ntonite Hole 

. . 

Plug 

. 

FROM TO 

. . 

. .  

WELL FLUGG I NG BY ___ .;...;M.;;;.ar:.;..k.;;....;;;E..;;.s..;;.fe:.;..l;...d ________ DATE __ 1_0_;_2_9;.../9_0 ____ _ 

lit . .. .- t ! � .... ' 

. . · . 
. � . •  . ;. ' .· . . . .  . . -· . . ' : · ·, _ · ·  . . 

· ' 

. . •' . 

.. . : , . .. · 006585 
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"'1_. 
·:-- , 

..... , 

-

- -

S I T E  No. ---�----
• DENOTES CCU.INS METER RATE 

DAT EJ Q 1271 90 
MILITARY TIME)  

Tl M E  OF I.Al IN wt:"I I 
DAY W•ITER DRAW 

I l "VFI MV."N 

12 : 50 0 . 93 

12 : 55 0 . 92 

13 : 00 0 . 89 

1 1 · 0') () 8Q 

-13.:-10 0.86 
1 1 · 1 ')  0 8')  

13: 30 a 83 
13 : 45 0 . 80 

1 li · OO 0 80 

1 !1 : 1 5  .lL..28 
.11�5___ 0 . 73 

1 1) · 1 1)  0 . 70 

<:-" �1 F. · 1  C\ 0 68 
C:> 
a Ll-1..:-15- _Q -6..L 
u 
Q( 18 · 1 5  z 0 . 61 

J!l :  1 5  0 . 60 
S\JL 
2Q; l5 1 3 . 54 

I 
PUMPING WATER 

RATE LEVE L 

' 

1 3 . 61 

(CLARKE WELL a EQUI PMENT, INC. I 
C I T Y  O F  H A Y S  

W A T E R  B A N K I N G P R O J E C T  
2 � 4 

DRAW WATER DRAW WATER D R AW WAT E R  DRAW WATE R  OOWN LEVEL DOWN LEVEL DOWN LE VEL DOWN L E VEL 

0 . 96 0 . 95 0 . 96 0 . 94 

0 . 93 0 .  93 . 0 . 93 0 . 92 

0 . 92 0 . 91 0 . 90 0 . 90 

0 . 91 0 . 90 0 . 90 0 . 90 

0 89 0 . 88 () P..7 0 . 85 

0 . 8L 0 . 87 0 . 87 0 . 85 

!L.86- () Q C\  0 8!1 .Jl..EL 
0 . 84 0 . 84 0 . 81 . 0 . 79 

0 . 79 0 . 80 0 . 79 0 ; 79 

.0.._8Q__ .Jl...BQ_ Q_J_B_ _ __QJ_]_ 
_Q_..lfi.._ 0 .  78 0 . 78 0 . 72 

0 . 76 _Q_,_76 0 . 74 0 . 71 

() i;q 0 72_ fl....6.8._ _Q_J27 

_Q. •. 6.L 0.69- _Q.fiJ_ 0 . • .  65._ 
Jl..65- o ._65_ _Q_, 63 _ .Q_,frL ---

0 . 63 0 . 62 0 . 61 0 . 60 
---- ----- ---- - - ·  ---

14 . 58 \ 16 . 65 1 5 . 35 1 2 . 81 

SttE£T _]__Of _L 
5 6 I 7 

DRAW WATER �� nJ�� DRAW 
DOWN 1 l'"Vn l)(IWN 

0 . 97 0 . 88 . 80+ 

0 . 96 0 . 86 . 80+ 
--- · --

0 . 94 0 . 82 . 80+ 
--

o .  9!1 0 . 82 . 80+ 

0 . 93 0 . 83 . 80+ 

0 . 91 0 . 83 . 82+ 

�s_ 0 . 76 . 82+ 
0 . 85 0 . 76 . 84+ 

0 . 85 0 .  76 . 83+ 

0 . 81. 0 .  7!1 . 88+ 

0 .  79 0 . 71 . 93+ 
---- - -

0 .  77  . 0 . 66 1 . 00 

0 .  7 1  0 . 64 1 . 09 

Q_. 68 0 . 54 1 . 1 2  

0 . 64 0 . 58 1 . 1 5 

0 . 62 0 . 55 1 . 1 8  
---- · - - -- --- ----·-

14 . 1 2  1 1 . 19 
----- -----



; -. .. . ;: APA..I CATI ON . 00 .  _· 
--------·-· __ 

· . :, 

LOCATI O N  OF WELL· __ IA __ . l/4 sE . 1/4, SECTION _. _.;...30;...__ 

T � s ,  R i s  wi _E_1�1�is ____ cou NTY, _ ___;K.;;.s ____ _ 
S ta t e  

____ FS L ,  _____ FEL 

+ 

"' ·· ·  . .  
; .... .... 

. . . 

x 

SECTION 

See attached plat for loca t ' - �  

DEPTH OF waL ____ 3:..;6:...' _______ S TAT I C  WATE R  LEV E L  ___ 1_2 ._9_4_
' 

_____ _ 
. ... .  

BLA N K  WE LL C A S I N G  MATE R I A L  _-:S::.:t:.::e'-=e.:..l -=1:..:2:..."-----------------

CAS I N G  L E FT B ELOW LN-1 0  S U R FACE __ N_o_n_e _______ 
FT. 

G R OUT MATERIALS : NEAT CEMENT 0 CEMENT Gfia.JTO BENTONITE � 
Hole P l ug 

GROUT I NTERVA L S ,. FROM _.....,o..___FT. T0 .....::..::36.___ FT. 

OTH ER ___ _ 

CHLOR ! NAT E 1 No QUANITY USED ____________ _ 

N E AR E S T SOURCE OF CONTA M I NATI ON ______ N_l_A 
__ Te_m_p_o_r_ar_y_

w
_
e_1_1 

____ _ 

DIR ECTION FROM WC:LL __________ HOW MANY FEET ________ _ 

L O G  { CE:SCRI BE MATE RIAL US E D  TO PLUG HOL E ) 

FRO M  TO FROM TO 
o · 36 B entonite Hole Plug 

: .. 
. .  ! . .  � 

WELL A..U GG ING BY __ M_
a
_

r
_
k
_E_s

_
f_

e
_
1
_
d _________ DATE __ 

1 0
_

1
_

2
_
9
_
;

_
90 

____ _ 

' . -;'; . . ' 

; . . , I ', .' . , 

. .. . . 

. , . .  

. . . . 
•.· 

·006587  
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J. 

... 

-
-

S ITE No. 2 
• DENOTES CQUNS METER RATE 
DATE 1012& 90 

MILITARY TIME ) 
._ U/ ltJ UICI I T I M E  OF 

DAY rn�� �� ���·�G WATER 
LEVE L  

• 

1 4: 1 5  pIL 
1 5 ·  1 5  

1 6 ·  1 5  

1 7 · 1 't  

1 8 : 1 5  

1 Q • 1 ')  

?fl · 1 c;. 
? 1 · 15 

? ?  · 1  r:; 
23 : 15 
10-27-90 
(\(\ • 1 C) nm 

01 : 1 5  

02 · 1 5  

� 03: 1 5  
) : 04 · 1 5  . 

_ QS · l 5 

llfu 15 
07 : 1 5 

--

1 0 .57 

-10....5-6-
.J.{LSL 

1 0 . 60 

10 . 73 
lQ.�Q 
1 (L22__ 

1,0...86.-

1 (\ Q 
10 . 9  

1 0  . m  
1 1.0 

1 1  (\ 

1 1.Q 
-1LD2-
_j_Q___g__ 

10 . 85 

1 0 . 87 

::100. 9 

�Q�-
� . 

.':1 00 .  5 

.':1 01 . 5  

.'•1Q9 . 2 
le.1 (\1 h 

k.103--4-

.':1 (l? r:;· 

.':103 . 0· 

:'.:l.Q.L__Qi 
tlQl.__Qi 
;'•103. 5 

•'•109. tl· 
t1-02.....S.6 

tl02-1 � 

;':1 00 . 7_ '---

:':102 . 3 

I 

[CLARKE WELL 8 EQUIPMENT, INC. I 

C I T Y  O F  H A Y S  

W A T E R  B A N K I N G P R O J E C T  
2 ., 4 

DRAW WATER DRAW WATER DRAW WATE R  DRAW WATER DOWN LEVEL DOWN LEVEL DOWN LEVEL DOWN L EVEL 

6 . 71 5 . 52 3 . 39 5 . 23 

_6._JQ_ _5___._5� 3 .J9 _5-_. _ _f? _ 

�LL 5 . 51 ) . l10 5 . 24 

h 71 5.53 -1 . 4-1 5 . 22 

6 . 79 5 . 59 3 . 44 5 . 31 

6 , 92 5 . _�L 3 . 119 5 . 37 

6-_8Q_ 5 55 1 .116_ _'i_.._JQ_ 
-6-..-8&- C\_£4-_ '.:I r:;o__ .. S.35-
h Q'.:I " t,q 3 52 5 .· 19 

6 . 95 5 . 71 3 . 54 5 . l1l  

6.�z 5 . 74 3 . 55 5 . l13 

6 . 99 5 . 75 3 . 55 5 . 46 

1 .0 _5_..]..5_ 3_._56_ Li.!i6-
z . 01 5 .  77 3 . 58 S . l1 7  ' 

J_.DJ_ 5_.}9_ J_,_58_ __ 5_. _t,9_ ---

_6__9_5 _ -5 .J.2- _J_.___53_ _ _  5_..113 __ 

_6 . 93 __j_J_L J.!.��-- S . l1 l  

6 . 92 5 . 73 3 . 58 5 . l18 

5 
DRAW 
DOWN 

6 . 59 

6 . 53 

6 . 51 

6 . 53 

6 . 68 
6 . 76 
fi..._68__ 

6 . 74 
6 . 78 

6 . 81 

6 .  81� 
6 . 86 
6 . 86 
6 . 87 

6_,]_2_ 
_6 ._8_1 -
6 . 79 ----

(i . 82 

SHEET -5.._� _J__ 

6 I 
�g�� �� r'tJ�? 

4 . 23 

J·-�£4_ 
4___.M_ 
4 . 25 

4 . 27 

'· · 32  

_!L._2L 
4.32 
4 . 36 

4 . 37 

4 . 38 

. 4 . 41 

11 . 41 

li . 42 

- _{!_! �!}_ 
--- ..i! � 3z_ 

li . 38 - ---- -----

,, . 39 

7 
DRAW r.t'\wtJ 

1 .  78 

1 .  79 - - --

1 . 80 - - - -

1 . 83 
l . 83 
1 . 88 - -

1 .  8(1 
1 .  <10 
1 . 93 

1 . 94 

1 . 95 - - -

1 . 97 

1 . 98 
1 .  99 - - -

l . 99 � ---- -
1 .  98 . ---- -- -

1 .  9G �----- " --
I . 'J8 



• . 
• 

::> 
::> 
:n 
Jl 
:IO 
0 

S ITE  No. ? I CLARKE WELL a EOUI PM ENT, INC. I 
• DENOTES CCU.INS METER RATE c I T y 0 F H A y s 

,, ,. 

DATE 1 Ot 21 90 
w A T E R 8 A N K I N G p R 0 J E c T 

SHEET Ji_(,f' __l_ 
MILITARY TIME ) 
T I  M E  OF u. ' IN Wl="I I I 2 " 4 5 6 j 7 

DA y W�TI� �W PUMPJ�G W i ATER DRAW WATE R  DRAW WATER DRAW WATE R  DRAW WATER DRAW WATER DRAW WATER DRAW I • V• •  WN RAT• EVEL OOWN LEVEL OOWN LEVEL OOWN l:i"VE:L OOWN L EVEL DOWN Lf'vi-i iVNii.i . , -J:v f" t  MwN 

()A · 1 E\ 1 1  ()C\-.11 ()1 ? _b� _5_._lfi_ 3 .  60 _5_._� 6 .  87 4 .  42  2 .  01_ 

09 : 15 10 . 92 *101 . 5  6 . 97 5 . 78 3 . 62 5 . 49 6 . 87 4 . 43 2 . 0 ---- --·---
10 : 15 10 . 87 -.':99 . 7  6 . 98 5 . 78 3 . 59 5 . 47 6 . 83 4 . L•2 1 . 99 

1 1 · 1 '1  1 () _ A C\ ;':1 M _ q 6 . Q"i 5 . 74 3 . 59 5 . 46 6 . 82 4 . 41 2 . 0  

1 ?  · 1 Onn 1 () - 70 ;':1 00 .  7 6 .  90 5 .  69 3. 54 5 .  40 6 .  77 4 .  37 2 .  0 
Recovery 598000 

---

1 ? � 1 h 2 .  1 1  0 2 .  35 2 .  43 2 .  36 2 .  36 1 .  97 2 . 19 . 84 

12 : 17 1 . 5  1 . 94 1 . 94 2 . 01 1 . 93 1 . 82 1 . 93 . 24 

12 : 18 1 . 26 1 . 68 1 . 76 1 . 82 1 . 60 1 . 50 1 . 65 . 00 

12 : 19 1 .06 1 . 40 1 . 45 1 . 5l• 1 . 42 1 . 38 1 . 44 . 20+ 

1 ? · ?() . a �  l .29 l . 32 1 . 40 1 . 29 1 . 23 1 . 31 . L10 
1 ? . ?? . 91 1 .17 1 . 18 1 .  24 1 . 16 1 . 11 1 .  23 . 7+ 

1 ? · ?L. . QO 1 .05 1 . 12 1 . 15 1 .06 1 . 07 . 1 . 75+ 

12 : 26 . 90 1 .05 1 .08 1 .09 1 . 04 l 1 .04 . 78+ 
--- ----

' 

-12.:28 . 97 l . 08 1 . 07 1 . 07 l. 011 l 1 .0l1 . 78+ 
" 

--· -- ------ --- ---- --- - - - --

12 : 30 . 95 __ _  L_Q_8 _1_.QL _ _1_.0_1_ _1_._Q_l, _____ _!_-_Q]-__ ___ -�� � �� 
12 : 35 1 .00 ___ _  :t_.05 _L_Q§___ 1 . 06 l . 02 __ _ ___ _J_.O� ___ _ __ _ :_?_O � _  
12 : 40 . 97 1 . 02 1 . 03 1 . 04 0 .  96 o .  93 . 80+ 

-- - - - --- -- · · - ·----- - - ---
1 '2 : 4c .  n 11 < n  07 , o o  f\ ocl n c q  Qn.1. 1 - � 

_
.____ l - 1.-.. - ..__ - - -- -1-- __ ..__ - --- - L........ - - - I- - .._ _ .___ - _ 1 -- -



.- ' 

-.. - '.Note :  

;.:s1TE No. 

( 1 ) Denotes increased flow back 

2 to 100 gpn . 
-. 0£NOTE S  CCU.IMS METER RAT( 

@-ARKE--WELL a EQUI PMENT, INC. I 
C I T Y  O F  H A Y S  

DATEJO 125190 
W A T E R  B A N K I N G P R O J E C T  MILITARY TIME ) 

T I M E  OF U J, I "'  Ull:"I I I 2 " 4 5 
;"g�� �� PUMPING 't'Nf� DRAW WATER DRAW WATER DRAW WAT E R  DRAW WATER DRAW DAY  RATE OOWN LEVEL DOWN LEVEL DOWN LEVEL DOWN L E VEL DOWN 

02 : 15 10 . 25 -;':100 . � � 6 . 44 5 . 22 3 . 04 5 . 0  6 . 36 

03 : 15 10 . 35 -;':100. 7 � 6 .46 5 . 26 3 . 09 5 . 0  6 . 36 

04 : 15 10 . 25 -;':101 . 2  6 . 45 5 . 26 3 . 08 5 . 02 6 . 35 

05 : 15 10.35. -;':1 ()1 - : f) • Li." " ?C\ 3 1 1  ----5..fil 6 . 35 
06 : 15 10 . 28 f:100. 7 l 6 . 46 5 ? 5  3 . 09 5 . 04 .Ji....35 

07 : 15 10. 28 -;':100 . r 6 . 46 5 . 73 _J_._1_{)_ _5 ,_02._ _6�2 

08 · 1 5  1 ()  1Q ";':<'IQ " 6 46 -5.....24- -3,..l.2._ 5 02 6 3? 
09 : 15 10 : 28 -;':100 . 2  6 . 45 5 . 25 3 . 11  5 . 03 6 . 33 

10 : 15 1 0 21 -;':9C) . _3 F. _ t..L.. 5 ? 3  3, 1 0  c; ()? _6_._32_ 

11 : 15 10 .09 -;':99 . 3  6 . 35 __2!_il_ 3 . 12 5 . 0l 6 , 28 
12 : 15fYll 10.05 ";'•97 .  2 Ji:._3J_ 5 _  1 7 c;  LJ� _L1_._9.5_ -6 . .26-
13 : 15 9 . 90 -;':Cl7 - ? 6 , 27 5 . 1 4  3.05 I.. Q? -1i.._1fi__ 
lL1 :  15 q AQ i£9fh.9_ 6 25 --5.....lQ_ __J__Q6._ ---4-119__ 6 -14-

c } 
r-.. 15 : 15 9 . 90 ";':26�.2- -- Ji.JJ -5. 11.. --- _J. 09-_ --- _!1 . 91. - ---- _6 . 2Q ___ 
0 ) ( 1 : ' ' 1 h ! 1 C\  1 0....30_ i1.0Q.5 6 .• £16_ _.5_.29_ ..J .1(L -5 . 08. _6 .JS_ --- ---� )  c: Lll.:.15__ _ill.Jil_ tl.OL2 --- _6 _56 -5 .Js_ - - _3_20_ --- _5 _12 -- . 6 . (l2. 

_18: 1 5  _lQ • .51. i1.0L1 . _fi .. .62_ 5 !!11_ - 3 . 2S_ --- -2 .  1 8_ __fi__. 50_ 

1 9 : 1 5  1 0 . 57 �·:1 00 .  ') 6 . hh ') .  1, 1 .1 . /.(1 ') .  2 1  6 .  )/1 

6 I 
��i�� �� 

3 . 9  

3 . 93 

3 . 95 

__1-96_ 
_Lgfi_ 

____l._9.tL_ 

1--95_ 
3 . 96 

-3.....95-

3 . 95 
L1.89__ 

• 3 87 

-3-85--. 
' 

_ __ J .  89_ 
_] _93_ 

------ __ ft . 02. 

. _!�_.QB__ 
11 . 1 0  

SHEET _J_CF _J_ 

r'tJ�� 

-----

- -

. .  _ _ _  

----

7 
��w 

WN 

1 ! .53 
_J__._SJ 
_L.SS 
LL56 
_L_S l  

1 ...59 
LL60 

l .  58 

1 52 

1 ._57_ 

___L._52 

Ll---52 
-1.. 69. 

_l . 5!1 
-1 . 60 
. 1 . 6 3  

l .  ()7 ---- - - --· 
1 • ()8 



Note : (2 )  Denotes decreased flow a t  
9 : 20 to 100 gpm . " ·  

(3)  Arii us ted flow.  
S I T E  No. ---�......_ __ _ rcLARKEWELL 6 EQUIPMENT, INC] 

C I T Y  O F  H A Y S  
- • DENOTES CCU.INS METER RATE 

DAT£10i25' 90 
MILITARY TIME I W A T E R  B A N K I N G P R O J E C T  

T l  M E  OF 
DAY 

20 : 15 

21 : 15 

22 � 1 'i 

23 · l  5 
10-26-90 
00 · 1  C\am__ 

01 • 1 ') 

02 : 15 

03 : 15 

04 : 15 

05 : 1 5 

rn; - 1  c; 

07 · 1 5  
08 ·�5 

. :•-09·15 -
� 1 0; ]5  , . . ... 11 : 15 

12 : 1 5pm 

U I  I N  WF I  I 
rn�� �w: 

10 . 68 

10 . 8  

1 0 .  78 

1 0  7R 

1 0.95 

1 0  Q? 

10. 93 

10 . 95 

10 . 98 

1 1 . 0  

1 1.0 

1 1  O? 
1 1  01 . 

-10....9.J. 
( 2 ) 10 .  3L1 

10-..-1& 
( 3 ) 10 . 61 ---

PUMPING 
RATE 

�:101 . 2  

;':1Q2 . 5: 

;':102 . 5 

;':1 01 hi 

•':1 04.4  

;':1 01.  Q1 

;':104 . 4  

;':104 . 4  � 

;':104 . 4  � 

;':103 . 9 I 

�·:1 04. 8 ' 

;':1 Ob 1 

;':1 Qt, , 3 

�'104-.3 
•':98 . 9 

��9U-
;':101 . 2 

1 (\ C:.7 �·:OO q 1,J : l c;  -- -- l -- --

I 
WATER DRAW 
LEVEL DOWN 

6 . 72 

6 . 81 

6 . 84 

h A1 

h . q  

f) _ C)  

6 . 91 

6 . 93 

6 . 94 

6 .  9l1 

r-. qs 

Ji....9B_ 
h QQ 

-6--95-
6 . 62 

6-.-51-
6 . 75 

(. 7 ?  -- . - -

2 
WATER DRAW WATER DRAW 
L EVEL DOWN LEVEL DOWN 

5 . 5  3 . 29 

5 . 35 · 3 . 35 

5 . 58 3 . 35 

<; l:lh 1 1 1:)  

') . h 1 i . 41 

5 . h C\ .1 . b1 
5 . 66 3 . 42 

5 . 68 3 . 42 

5 . 69 3 . 44 

5 . 7  3 . l15 

C\ 7 1  3.45 

') 7? 1 uh 

<; 7 1  1 tel_ 

5 . 12 1_(,2_ 

5 . 41 3 . 31 

_5-33_ 1 29_ 
5 . 55 3 . 39 

c:. '12 1 17 -� -- - �  - -

WAT E R  
LEVEL 

4 
DRAW 
DOWN 

5 . 26 

�]25 

5 . 33 

') 1? 

') . .  17 

5.�  
5 . 42 

5 . 43 

5 . 43 

5 . l!�L 

-5....!i.5_ 

_5_.Mi_ 
5.50 

..-5..1iL 
_2!.20 .. 

5..JJ,_ 
5 . 32 · -- -
<; ? 5 

WATER 
L EVEL 

---

-- -- -

S�tEET-4-rF _]_ 
5 6 I 7 

DRAW WATER DRAW' WATER DRAW DOWN I F'Vl'I 0'1NN· I F'VE L l'\OWt� 

6 . 6  4 . 14 1 .  72  

6 . 7  '• . 21  l . 78 

6 . 71 4 . 23 1 .  78 

h h8 4 . ? ? ..Ll.8 
6 . 77 4 . 27 1 . 82 

6 . 77 4 . 28 1 . 84 

6 . 78 4 . 3  1 .  8l1 

6 . 81 4 . 31 1 . 86 
6 . 81 4 . 32 1 . 9  

6 . 83 l1 . 3l1 1 .  C) 

..fi.JlL __{uJ6 1 �2-
�fi_ . 4 . 38 1 .  92 

6.90 Ll.Q__ ._L_9� 
_6-..B.5_ -1L..}2_ .l. 93 
6 · '· 7 f1 . l6 l . 76 ----

-6..ML --1J._ os_ _L.1 1 
6 . 65 '· · 2 1  l. 8 1 - --- ·-- --- - · · -

,, . ? 1 1 7 7 - -� :_ I  - -r 



I 
i _ _ 

.. .- .. .... 2 ·•- S I T E  No. =------
.'°'.:. • DENOTE S  CCU.INS METER RATE 

- DA.TE 10,24 ,90 
tA IUT!R'I' TIME I 
T l  M E  OF l U !N WFI I 

DAY 
To t.al . Rec 

1 2 : 15pn 

12 : 16 

12 : 1 7  

1 ?  • 1 R  
1 2 : 19 

1. 2 : 20 

1 2 : 22 
1 2 : 24 

1 2 : 26 

1 2 : 28 

-12:.JQ__ 
1 2 : 35 

1 2 : 40 

:�2 : l1_5_ 

I) 1 2 : 50 j�------
;) .1 2 : 55 ,�-------

1 3 : 00 

WATER 
l E'VE'L 

12 . 94 

---

---

- - - -

- - - - - ----

···- - · - - - -

. -----

1 3 : 05 

DRAW 
IYIY,'N 

7 . 25 

JL_Sl_ 
8 . 26 

8 . 55 
8 . 60 

la.BL 
9 . 30 

9 . 39 

9 . 50 

-9._a!j]_ 
9 . 65 

9 . 61 

9 . 62 - - - - - -

.9_! (12___ 
_C) . _58_ 
.9 . •  6L 
9 . () 2  

PUMPING 
RA T E  

48000 
0 

100 

1 ()() 
100 

JOO 
100 

_JJ)Q_ 
100 

100 

100 

.:!:5lc.L.2 

- ----

-
-- - - -

- - --

WATER 
LEVE L 

1 2 . 95 

-- - -- --

- - - - - -
- - - - - - - -

- - - - - - -

I 

�LARKE WELL 8 EOUI PMENT.Ji:!f] 

C I T Y  O F  H A Y S  

W A T E R  B A N K I N G  P R O J E C T  
2 

DRAW WATER DRAW 
DOWN L E V E L  DOWN 

13 . 98 

3 . 67 2 . 88 
4 . 58 3 . 48 

4 .  7 1  3 . 57 

� 3 . 79 

5 . 18 3 . 89 

5 . 27  4 .09 

S_._4L_ 4 . 2 7 

5 . 63 4 . 42 

5 . 75 _4_,_5Q_ 
hl5L _4_._58_ 
5 . 84 '• . 67 

5 . 84 4 . 6l1 ----

_s. ! �?- li . 67 --- --- -- - - - --

_5_�86_ --- - !_1_ .f] 7_ __ 

5 ! fJ(i __ - --- - - - - _11 , f.B .. 
.S� 88 _ _  -- -- - -� . 69 __ 

'i C)() /, 7?  

I 
WATER DRAW 
L E V E L  DOWN 

16 . 00 

- - -- _Q-!�2  ___ 

- .1_._d�_ 

---

-----

- -- - --

---- -- --

. -- - - - - -

--- - - -- - -

1 .  7 1  

_L_a9_ 
1 . 915  

_2_._Q9_ 
2 . 19 

2 . 29 

2 . 352_ 

.2.JB_ 
2 . 46 

2 . l16 -- - - -

2 . 50 -- - - - - ---

2_! 5-2 __ 

_2_ ,  5t, ---
2 .  5(1 __ 
I. . 'i8 

4 
WAT E R  LEVEL 

14 . 7  

-- - ----

- - -

- --

----

- --- - ---- -

- - - - - -

- - ---- --- - ---

- - - -- - - -

DRAW DOWN 

- - -- -------
_J, QJ_ 

- - -

- - -

3 . 60 

1 �.BL 
4 . 025 

4 . 235 

_!i . 3 1  

ft.315 
4 . L10 

4 . 110 - - -- ---

1, . 1, J  - - - . - -

l1 .  22  _ _  

_ti .  t,V>  
t i  . 113  . 
1, 1, 7 

5 
WAT E R  DRAW 
L E V E L  DOWN 

1 2  . 1 5 ---

--- _J,_z5_ 
- - ----- --- --

- - -- - ---

---

----' 

-
-

- - ---
-- -

- - - - - --- -

-· - . ·- -- -
. - ----

_4_..62_ 

- - -

__s� 
5 . 245 

5 . 54 

-2_,_ 6l15 

_5_L72_ 
5 .  77 

5 . 7 1 -- --

5 . 785 ------ - - - - -

- -� �JSS  
_ 5 ._78 _ _  

_ _  s . .79_ 

'"1 P,t, 

6 I 
WATE R 
I f" Vfl 

13 . 55 -- -

-----

- --

----

- - - -

-- -- - - - - - -

- - - - - --
-- - - --- -

�� 

- - -- - -- - -

_ 2_. 165_ 
- - ------

- - -

2 . 70 

2._8__9_ 
3 . 1 7 5  

3 . 1 7  

3 . 26 

_l..Jj_ 
. 3 . 35 

3 . 3 5 

3 . 11 3  - -- -
-- -

_J_, /1 2 ? . 

3 , 1, ;z_  _ __ 

J . M1 _ 

-{ I (, 

SHE E T  _l_Of ]_ 
-, 

Wf�fR 
I V L 

10 . 6 -- -

--- - - - --

----

--

----

--

- -

----

----
- -

- --- - - --

- - . - - - - -- -

- -- -- . . - -

- ORA'. how 

---- -

_Q _ _  -

_D -
{) __ 

_Q , Q1 
0 . 0t 

_Q .  !'! :  
_Q_!_f)'. 

_o .Jl� 
_Q , B� 
_D .  tJ..: 
1 . 0 - - - -
1 . oc 
1 • () 
1 . 01, 
1 , 0H 

I , ()11 
1 . rn; 



I t 
.. 

;;.. S ITE No. ___ 2:__ ___ _ 
• DENOTES CCU.INS METER RATE 
OATdQ 124190 

MILITARY TIME ) 
T l  M E  OF 

DAY 

1 1 · 1 0  -
� 

13 : 15 

13 : 30 

13:45 
14:00 

14 : 15 

14 : 45 

15 : 15 

16 : 15 

17 : 1 5 

1 R • 1 C\  

1 Q · 1 1:\ 

20 : 1 I) 
c: 
c: • 21 : 15 a• 
CJ • 22 : 1 5 �I 
� • 23; 1 5  

00 : 15am 

01 : • r - _._ 

lll,1111 u&I I 
r--n�� �..,: ���l�G 

q _ h? �·.qq _ R 

9 . 60 

9 . 62 

q _ h 1  �·.qq q 

9.63 

9 . 65 

9 . 65 -:';<)Q _ ?  

9 . 68 �·.qq 6 
9 . 65 �':99 . 4  

9 . hh �·.q7 .  I) 

Q 76. ;':Cl7 I) 

9 . 86 -HV'lf l ?. 

q Q6 •':1 ()() _ :  

L0 . 09_ �·:100 · '  

liL20_ .21.00 ... _ 

If \ ? 1  _Af{)(L 
l0 . 17 •':99 . 31 

1 (' "\ a f  ... I"\ -f • - I -� -!...: -

I CLARKE- WELLBEOOPMENi,-INC] 

C I T Y  O F  H A Y S  

W A T E R  B A N K I N G P R O J E C T  
I 

'f'Nt� DRAW 
DOWN 

I) - q() 

5 . 88 

5 . 90 

5.92 

5 94 

5 . 96 

5 .96 
6 ()? 

6 . 01 

6 .O? 
6 02 
6 0;1 

6 . 1 9  
. 

.6..!2L 

.6...18_ 

_fi._1,s_ 
_Q_. 325 

( '"'" _ i......;; .- -

WATER 
LEVEL 

' 

2 
DRAW WATER 
DOWN LEVEL 

9.....1L 

4 . 71 

Li . 75 

4 . 73 
6. 7 1)  

'• · 79 

4 . 81 
Li . RI) 
4 . 84 
l. Rt;C\ 

6. Q? 
-"--9&-

l) _ QL 

5 . 07 

_5_._lft_ 

��115 
5 . 1.5_ 

� • 'j) • 

; 
DRAW 
DOWN 

_2_� 

2 . 59 

2 . 61 

2 .6.1_ 
? ,;1  

2 . 65 

2 .67 
? 70 
2 .  7? 

2 . 78 
? R1  

? �6-
2.BZ 
2 . 93 

_2,_98_ 
-3..0 

_3�_ 
� � .  _ ._  F-- - - �  -� 

4 5 
rtJf,R DRAW WATER DRAW 

DOWN L EVEL DOWN 

6. M�. C\ R1 c 

4 . 465 5 . 82 

'• . 50 S . 8e 

6. - l)Q_ -5....84-

/, c;;c;; C\ QC\C 
li . 55 5 . 87� 

-1L.5fL 5 . 88 
!1 (;() I) _ Q? 

6. � 61 I) q3 

[1 h 1 C\. I) 0 1  

/, 65_ c:; 00 

/, ., 'l 6 03 
ll .16 6.12  

_4_JU_ _Q_J_L_ 

_!1 . 93_ _6.28_ 
4,.gJ- _fi..29_ 

�22- --- __6_.26_ 
-- . � 5- � 

_ . · i n � 

SHEET _2__c:F J_ 
6 I 7 ��i�� �Yi �#Jf� ORAi 

now1 

1 l.h _Li) 
3 . 48 __L_Q 
3 . 48 _l_. O  
3,47 __L.Q 

-3-49_ 1 -1 

3 . 52 l. 1  

3 . 515 -1.� 
1 C\1 _L.1 
3 . 57 1 ... � 
1 _  t;.() _L .. 2� 

----Lb8- 1 .21 
=-3....10- LJ: 
� _L_T 
-1.J]_ _1 ,j1( 
.-3. BS_ -1 . !1i  

-1�865 -1 . .4� 

_J ..fil_  ---- _l J1 f  
-� " " 9_ : - 6.!. 



Clarke Well and Equipment , Inc . 
W ATER RE.LATED P R OJ ECTS - F.1 1v :r . , 1 111JL• 1 1 1a l  · ! 111 ! 1 1 , 1 1· 1.d · M11n 1.: 1pul  • 1\i\rh.:11 l turJi  

ROUTE 1 · A I RPORT · G R EAT B E N D. KA N SAS 67530 

T E L E P H O N E  AC 3 1 6  · 793·8493 
S A l\1 0  A N A L  V S  I S  

S clmp l �  F r o m :  W e l l  U :  S i t e  2 -5P & 6P 

1 8 8 

8 8  

L e lJ c1  l :  
D e p t h s :  

R e m .:i r k s : 

l G  
r--·-. · 1 · I .l r-�i-±::�·-.,, H• ' < t ,  . . � 

. 
\ .

.. ,�', : . I . ,. . \ . : : ' ' , :  '· 

I 

D a t e : 

U . S .  S T A H O A R D S I E V E  �·I U 11 E E R S  
,-. 0 4 

I I I I : I I 
: 

l C t  T 't' l I l : : I ; I I - - -
: ; 

1 0 / 2 2 / 9 0 

O F  

1 I U I ' 
I : 

H A 't' 5 

I 

2 -5 p ( 2 :) - � '+ J 2 -t; F· <  25 - 3 3 ;, 
Ct 
LU 

8 0  
; I ' · \ 

'!-· \  I I I 
: . ' I ; \ : \ I I · 1 ' \ \ : 

I :  I \ \ : I I I I I ; I : : I\ \ : : ., I I ; I :  I \\ I : I I I I I I :  ; : 

I I :  I I \ ' I I I I I I I I I :  ' \ \ :  I : I ; : I : ' '; : : 

' \ .• , 

-
� 7 0 
I-

; 

: 

: 

: 

: 

: 

; 

: 

' I 
: I 

C1 1mu l c'\ t i ve '/. RP t .:1 i nP.d 
S i e ve l / 4 4 6 8 \ 6  30 �() ------ r.: · ,., \ z e  ------

S<1mn l e  I nches  . 251) . i 87 . 1 32 . (1.,, y • (111 · 1 . 0?3 . 0 1 1 8 90:� 7 0 '/.  50'/. 4 0 °1: 
2-SP ( 2 3 - 3 4 )  :l )  :rn ) )  tl b  � )  9 8  . 0 38  . 0 7 3  . 1 0 3  . 1 2 6  

2 - 6P ( 2 5- 3 3 )  1 0  2 2  39 7 8  9 3  9 6  . 0 3 0  . 0 5 6  . 0 7 8  . 09 2  

I 

I I 

c: ( lJ l 
3 . 3  
3 . 1  

Gy : D u t e : 
1 1 / 1 2 / 9 0 

O f1 fl!)�·4 

I 



Clarke Well and Eq11ipment , Inc . 

S amp l e  F r o m : 

Leg a l :  

Dep ths : 

Remar k s :  

- t I • \ 8 0 1 : : I :  I I � : ; : \ § 1 0 1 : : \� 

WATER RELATED PROJ ECTS - E11 v 1 1-.•11111l· 1 1 1 .1 I  · l 11<!11 , 1 r:al · M 1111": 1n11I • :\1\r11.:u l i 11 ra l  

I I I 

ROUTE 1 .  AI RPORT . G REAT B EN D .  KANSAS 67530 

TELEPH O N E  AC 316 · 793-8493 

S A N D  A N A L Y S I S  

W e l l II : S it e  2 - 7 P  

u .  s .  S T A l,I O R F: O  S I E V E  
8 8 

I I 

D a t e : 1 0/22/90  

�lU M B E R S  
4 I I 

i 

1 / 4  

I I 2 -7 P (  2 0 - :3 2 �  

I I I I I 

� I ; : . \ :  
� s 0 l_i_Li � � "i, II - . I II · u ; : : : \ -c:: 5 0 : : . : •.-_._,_ __________________________ __._-...; - -: : =  : I \ I I 
=-..... ..:: LT D !  : ; . : 

: : 
I \\\. &!: . .  

� � � 1--·-·___.!---�----+--....:..:-+---+---1��-1----;,.......--+----+---+---+--+---! § 
·-· - : : I � \[\ 

. . I -
1-..J 

I : I \. � i 2 G , .  I ':-... . '-

''··� ·"·· 1 0 1----1----r--+---+---t--..-...,..,-�t--�-+--�---t----+----l---r�----; 

·,< . . I I 0 '---� _ __. _______ _._ __ ..__ _ _._ _ __,.__ _ _._ _ __.. ___ .......__�--�""-:'.-��.,----2 0 Lj- 0 8 0 8 0 1 0 0 1 2 0 l L� 0 l 6 0 1 8 0 2 0 0 2 2 0 2 lf 0 2 f; 0 2 8 U 
G R A I N  S I Z E C T H O U S A N D T H S  O F  A N  I N C H ) 

Ci 1mu l "' t  i ve Y. R P t.: d  nP.d 

S i eve 1 / 4 4 6 8 \ 6  30 50 ------ S i z e  ------
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Clarke Well and Equipment , Inc . 
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Clarke Well and Equipment ,  Inc . 
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WELL RECORD 
DES I G N  8 CCT'JSTR UCT I ON  SHEET 

JOB NUMBER _ ___._9..._37....,2.__ __ _ 

WE LL OWNER Ci ty o f  i;,,ys 
WELL USE Obs e rvat ion 

LOCATION V4 _V4 __ V4 , 

WELL NO . S i t e  2 - 6P 
APPROPRIATION NO. ----

SECTION NJ .  
T __ S ,  R __ W/E ______ COUNTY _ _.E...,l..._l ..... i s.,,_,,,,.-......,----

Sfa te 
____ FS L, FEL 

S e e  a t tache d plc.t for  Locat ion 

S I Z E  HC\.. E 5 11 D I A. 

+ l + 

' T + 

s N 
S I Z E CASING 2 II DIA. WALLi WT. LBS/FT S t e e l  MA1ERlAL 

S I Z E SCREEN 

FORMATION LOG . 
f ro m  to 

() 1 3 9 

9 1 5  

1 5  2 3 
2 3 2 5  

2 5  3 3  
3 3  

2 I I  D IA. 

From test  no. 

1'1'i n <: l'i i  1 r 1 .:> v -
S i l t  c lav . b rown 

Clav , s andv , grav 

S and grave l 

Cl  av bl ack 

Sand gravel 

Dako ta shale 

WA LL SS �! JQL. �TE RIAL . o� n  SLOT��E._ 

l Famatioo \ 
Thickness From g round l eve l \ Fran I To \ Ft Q . 

? "  C: !- p <> l  · n i  n <>  I n ? 1  2 3  -
2 "  S S  S c r e !"n . ? 1 ':\ 1  i n  

I 
I 

I 
-

CAS I N G  LE FT ABOVE GRJUND I , 
TOTAL CAS I N G  8 SC R E E N  \ 3 4 

S TATIC WATE R LEVEL See P11mping �epart 
From groun leve l  

CHLOR I NATE No Q�NITY USED ----'�---

GRAVEL PACK 

__ ....;2;;..;;1"---_ TO 3 3 
_____ TO -----

AN N U LA R  SEA L 

1 0  TO 2 1  

_____ TO -----

Hol e 'J luo 

WHAT IS  THE N EAREST SOURCE OF FOSSIB...E COITTAM INATION N / A  Temoorarv We l l  

J I 

i 

DIR ECTION FROM WELL ___________ HOW MANY FEET ________ _ 
. · -DESIGNED BY ORI LL ED BY Maurice Schreck t . \ fr t ; . ' ( a ; DATE 10- 2 2- 9 0  

0 0 6 5 9 8  
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WELL RECORD 
DES IGN S CCNSTR UCT ICN SHEET 

JOB NUMBER__ _  9 3 7 2  ---�-=----

WE LL OWNER C i tv o f  Havs 

WELL USE Ob s e rvat ion 

LOCATION V4 __ V4 __ V4 , 

WELL NO . S i t e  2 - 4P 
APPROPRIATION NO. ----

SECTION NJ .  
T_s 1  R __ WJE ______ COUNTY El l i s 

slate 
____ FS L1 FEL 

S e e  a t t�ched plat for Loc a t ion 

S I Z E  HCL E  5 
1 1 D I A. --�-----

+ + 

+ + 

s N 

S 1 Z E CASING 2 
1 1  DIA. ___ WALL; WT. l..BS'FT __ ....,s ..... ce...,e .... 1 _____ MA1ER!AL 

S I Z E  SCREEN 2 
1 1  

D IA. ___ WA LL ss lf 3 Qt. MATERIA L oso SLOT/�\ 

R:lRMATION LOG . From test  no. I Fcrmation J From g round l evel \Fran \ To Ftc;i . f r o m  to Thickness 

0 3 Tooso il . c lav 2 1 1  S t e e l  n i n e  0 2 6  2 Ii 
3 1 2 Clav . s i l t- . c: ; m rl v  2 "  S t- ::i i n l  i:> c: c:  c:; ,. ,,, ,,, 1 . ? � 1 h  1 n 

1 2  1 8  Clay , s andy , t an I 
1 8  2 1 S and I 
2 1  2 5  Clav , black 

2 5  2 7  Sand �ravel  wi th b l ack mud 

2 7  3 6  Sand �ravel  I 
3 6  Dako t a  shale I 

. 

-

CAS IN G LE FT ABOVE GRJUND l 
TOTAL CAS ING  S SC R E E N  3 7  

S TATIC  WATE R LEVEL S e e  Pumo ing Repor t 
From ground level 

CHLOR I NATE _..;;..;.N.:;;....o ____ Q�NITY USED 

GRAVEL PACK 
2 4  TO 3 6  

_________ TO _____ _ 

AN N U LAR SEAL 
1 4  TO _____ 2_4 ____ _ 

_________ 10 -------

Holeplu� 

WHAT IS THE N EAREST SOURCE OF FCSSIB..E CONTAMINATION N/A Tempo rarv We l l 
DIR ECTION FROM WELL ________________ HOW f.MNY FEET ---------

-� � ·; p�Sl�fi�D BY ORI LLED BY Ma urice Schr e ck DA.TE 1 0- 2 2- 9 0  

O O � fi l1 0  
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WELL RECORD 
DESI G N  a CCNSTR UCTICN SHEET 

JOB NUMBER 9 3 7 2  �----.;.....;;... ___ _ 
WE LL OWNER C i tv o f Hays 

WELL USE Obs e rvation 

LOCATION V4 __ V4 __ V4, 

WELL NO . S i t e  2 - SP 
APPROPRIATION NO. ----

SECTION t-o .  
T __ s , R __ W/E ______ COU'JTY EJ li s 

state 
____ FSL,  FEL 

S e e  a t tac hed p l q t  for Loc a t ion 

S I Z E  HCLE " D I A. 
S I Z E CASING 2 11 DIA. ___ WALLj WT. LBS/FT S t e e l  

S I Z E  SCREEN 2 11 DIA. WALL SS # 3 0 4  f\AATE RIAL S S  . 080 

+ 

+ 

s 

+ 

+ 

N 

MATERIAL 
SLOT/ � 

I J I 

RJRMATION LOG . From test  no. I FO'l)'lotia\I From g round l evel Frcm I To \ Ftc;i .  I f ro m  to Th1Ckl'le$ 
I 

0 3 Toosoil . c lav 2" S t e e l  Cas in� 0 2 4  2 6. 
3 7 Cl av brown 2 "  S S  S r 'T"P P.., ? 4 1 L.  i n  I 
7 1 2  Clav , s il t , s andv 

1 2  1 4  C l  av tan 

1 4  1 9  Sand 12:rave l 

1 9  2 3  Rework black mud 

2 3  3 4  S and �rave l 

3 4  Dako ta shale 

CA S IN G  LE FT ABOVE GAJUND 3 
TOTAL CAS I N G  S SC R E E N  3 7  

S TATIC WATER LEVEL S e e  Pumping Report 
From Qround level 

CHLOR INATE No Q�NITY USED ----------

G RAVEL PACK 
2 2  TO 3 4  

_____ TQ ____ _ 

ANN U LAR SEA L 
--�12"--_TO __ __.2�2 __ _ Holeplug 

______ TO -----

WHAT IS THE N EAREST SOURCE OF FOSSlaE CONTAMINATION N/A Temnorarv We l l  

I 

I 
J 
I 

I I ' 

I 

DIR ECTION FROM WELL HOW WANY F EET --------

DESIGNED BY ORI LLED BY Maurice  Schreck DATE 1 0 - 2 2- 9 0  

. I 

-------------- 006601 



WELL RECORD 
DESI G N  a CCNSTR UCTICN SHE ET  

JOB NUMBER 9 3 7 2  
-------

WE LL OWNER Citv  o f  Havs WELL NO . Site 2 - ?p 

WELL USE Obs e rva t ion APPROPRIATION NO. ____ _ 
LOCATION V4 __ V4 __ V4 , SECTION t-D .  -------

T __ S ,  R __ W/E ______ COUNTY ---------State 
____ FSL,  FEL 

S e e  a t t ached p l o t  for l o c a tion 

S I ZE HCL E 5 1 1 D I A. -----------

+ 

+ 

s N 

+ J � 
+ I l 

S I Z E CASING _"""'"2 __ 1 1  DIA. ___ WALLi WT .. ___ LBSIFT _ ___,,S._.t .... e...._e.._l _____ MA1'ERlAL 
S I Z E  SCREEN ___.2...__11 

D IA. ___ WALL SS f!3Q4 �TE RIAL ...... s ..... s.__ows.u.o'-----SLOT/ � 

FORMATION LOG . From test  no. I Famatioo
, I From g round l_evel \Frcm I }o I Ft CJ .  

f r o m  to Thickness 
0 3 To nsoil  c lav 2 1 1  S t e e l  I 0 2 5  2 5  

3 1 6  C l::iv c; i 1 tv  e !'l n r'! v ? " c: � ,, ;  ... 1 ., c: c:  S t' P P 1  . ? 'i 1 c; i n  
1 6  2 3  C lav , with s and s treak 

2 1  1 'i  S ;inrl O"r ::nr P l a n n rl  r 1  p ;i n I 
3 5  Dakn t a  c;hal e 

CAS I N G LE FT ABOVE GRJUNO 2 
TOTAL CASI N G  a SC R E E N  3 7  

S TATIC  WATE R LEVEL S e e  Pumping Repo r t  
From ground level  

CHLOR I N AT E  __ �No�---Q�NITY USED 

GRAVEL PACK 
2 3  TO 3 5 

______ TO _____ _ 

AN N U LAR SEAL 
____ 1 3  __ TO 2 3 

______ TO ------

Ho le::i lug 

WHAT IS THE N EAREST SCURCE OF FOSSIS..E COITTAM INA110N N/A Terngorarv We l l  
DIR ECTION FROM WE LL.  ___________ HOW PMNY FEET ---------

DESIGNED BY ORI LLED BY Mnurice  Schr e c k  DATE 1 0- 2 3 - 9 0  0 0 6 6 0 2  



- -· ''  , .  "- ' '  � - - _ ,  - """' - · ·  · · · -· . .  , . . . ...... . 

WELL RECORD 
DES IGN a CCNSTR UCTION SHEET t 

JOB NUMBER 9 3 7 2  ,,..,....,...---. ............ ___ _ 

WE LL OWNER C i tv o f  Havs WELL NO . Site 2 - 3P 
+ + 1 

WELL USE Ob s e rvation APPROPRIATION NO. 
LOCATION V4 __ V4 __ V4 , SECTION N:> .  

-----

l -+- I  
+ + 

T ____ s ,  R __ W/E __________ COUNTf ----:"T�-----
stafe ____ FSL , FEL 

S e e  a t tached plQt for Lo c a t ion 

S I Z E  HCL E  5 
S I Z E CASING 2 

II DIA. 

" D IA. 
WALL; WT. 

S I Z E  SCREEN 2 
II DIA. WALL SS 

FORMATION LOG . From test  no. f ro m  to 
0 1 Tnn c; n i 1 r- 1 �v 3 8 Cl av s i l tv . s andv 

8 1 5  Clav , tan , s andv 

1 5  37 . 5  S and 2rave l .  coar s e . c le an 3 7 . 5  Dako t a  shale 

N 

LBSIFT S t e e l  --=-"-=-=------ MA1ER�L 
!lJQ!t MATE RIAL S S  . 080 _...... ................... ,_ ___ SLOT /:K.t:lX 

I Fai:natioo
,I From g round level Thickness IFrcm I To I FtQ

. I 
' 2 1 . 5 

I 
? 11 C: tr o o 1 r.:i c; i n o  0 2 7 .  -

2 11 S S  C:: r 'T" P P n 1 7  l:j 1 1 7  'i 1 0  I I 
I 

I I 
I 

I 
i 

I 

CAS IN G LEFT ABOVE GAJUND ? 
TOTAL CASI N G  a SC R E E N  M 

S TATIC  WATE R LEVEL S e e  Pumping Re12ort 
From ground level 

CHLOR INAT E _-=No,.__ ___ a�NITY USED 

G RAVEL PACK 
2 5  TO 37 . 5  

______ TO --------

AN N U L A R  SEAL 
1 5  TO __ _...2�5 ___ _ 

______ TO --------

WHAT IS THE N EAREST SOURCE OF FOSSIB..E CONTAM INATION 

- -

DIR ECTION FROM WC:U.. __________ HOW MANY F EET ----------

DESl.GNED BY ORI LLED BY Maur ice  S chreck 
. ' � ' . ' , ' ' 

DATE 1 0- 2 3- 9 0  

0 0 5 6 {} 3 

' 



WELL RECORD 
DES IGN  a Cef'.JSTR UCT I CN  SHEET 

JOB NUMBER___ 9 3 7 2 -........ ______ _ 
WE LL OWNER C i ty o f  Hays 

WELL USE Tes t  We ll  
LOCATION V4 __ V4_g_V4, 
T _!1_S , R _!.§_W/E Ellis  

____ FS L , FEL 
S e e  a t t ached p l a t  for Lo c a tion 

S I Z E  Ha. E ____ 1:..::8..._ _____ 
"D I A. 

S i t e  2 
WELL NO . 1 2 " T e s t We l l  

APPROPRIATION NO. -----

SECTION f\O .  30 --------

COUNTY Kan s a s  
State 

+ + 

3 0  

+ + 

s N 

S I Z E  CASING _l_2 __ 1 1  D IA. ___ WALL; WT. LBS/FT S t e e l  
1 1  DIA. W. L S ta in l e s s  . •  TE 1 

-
S I Z E  SCREEN _.1...,.2.___ 'A L S t e e l  l'fA R AL Cont im10t.:s , r 'lQ 

MA1ERLC\L 
SLOT/:�f:!( 

FORMATION LOG . From test  no. I Famotioo
,I From g round leve l IFrcm I To Fti;i . f r o m  to Thicl<nes.s 

0 1 4  To o s o i l  and c lav . brown . s o f t  Plain 0 2 5  2 ') 
1 4  1 1 . 2 � S and and Grave l .  me d i um t o  f i n e  1 _ 2 ') S r 'T" P P '1  if 1 ()4 SS  . ? "i 1 "i 1 n 
1 7 . 2 5 2 6 . S  Clav . black and b rown . s o f t  

2 6 . 5  3 5  S and and Gr�ve l .  mP � i 11� c:: nmP R "i 
c o a r s e  with coun l e  thin b lack 

c lav s treaks , 2 9 ' - 30 . 5 '  and s or.ie 

b o u l ders at b o t tom 

3 5  3 6  Shale  black 

I 

CAS I N G  LE FT ABOVE GFOUND . 5 
TOTAL CASI N G  a SC R EE N  3 5.  s 

S TATIC WATE R L EVEL S e e  Pumping RefEort 
From ground eve!  

CHLOR I N AT E  Q�NITY USED 

GRAVEL PACK 
20 TO 35 

________ TO _____ __ 

AN N U LAR SEAL 
1 7  TO 20 

-------

______ iO -------

WHAT IS THE N EAREST SOURCE OF FOSSIELE CONTAMINATlON N/A Temporar•r We1 , 

' 

DlR ECTION FROM WEU. HOW PMNY FEET ------------------ �---------
DES 1 G NED BY DRI LLED BY Mark Es f e l d  and 

- • i .. . 
i ' ' ' • . l l ( !  Rodney S c henke l 



• 

WELL RECORD 
DES IGN  8 CCNSTR UCTICN SHEET 

JOB NUM BER 9 3 7 2  -------
WE LL OWNER Ci ty o f  Havs 

WELL USE Ob s e rva t ion 

LOCATION V4 __ V4 __ V4, 

WELL NO . S i t e  2 - l P  

APPROPRIATION NO. ----
SECTION f'-0 .  

T __ S , R __ W/E _______ COUNTf ------=-,............,.--------
Sto t e 

____ FSL ,  FEL 
S e e  a t tached p la t for Loc a t ion 

SIZE HCt. E  5 1 1D I A. 

A N 
+ l + I 

-+--

+ + 

N 

S I ZE CASING 2 II DIA. WALL; WT. LBSIFT S t e e l  ----=-====---------- MA1ER�L 
S I Z E  SCREEN 2 

I I  D IA. WA LL S S  11 304 �TE RIA L  SS . 0 80 ----"'-""--&�"'--- SLOT!.-�'\ 

R:lRMATlON LOG . From test no. I Famatico j From g round level Frcm j To I FtQ . .  f r om to Thickness 
0 3 Too soil  c lav 21 1  S t' P P l  r.::i c:: i n a () ? ?  ? ?  
1 7 r.1 ::I \1 ri ;i r"k hrn'.m 2" S S  S c r e E> n  · 2 2  1 ?  1 0  

7 1 2  Clay , s i l tv ,  sandy 

1 2  2 0 . S  Sand sz:rave l 

2 0 . 5 2 3  Cloa v ,  b lack mud 

2 3  3 2  Sand 2rave l .  2oo d . c l ean 

3 2  Dako t a  s·,1a l e  I 
I 
I 

CA S I N G  LE FT ABOVE GFOUND 2 

TOTAL CASI N G  8 SC R E E N  3 4  
S TATIC  WATER L EVEL SP.e  Pumping Report 

From ground level  
CH LOR INATE _n�o�-----' QU\NITY USED 

G RAVEL PACK 
2 0  TO 32 

_____ TO ------

AN N U LA R  SEAL 
10  TO 2 0  

_____ 10 ------
WHAT IS THE N EAREST SOURCE OF F03SIELE CONTAM INATION ri/A Ter.moraq We l l  

DIR EC110N FROM WELL HOW f/ANY FEET ---------------- ---------
DES 1 G NED BY DRI LLED BY Maurice Schre ck DATE 1 0- 2 3- 9 0  , 

•. 0 0 6 605  

I 

I 
I 
I 
I 

-

I 

I 



W E LL PLU G G I N G  REPORT 

J O B NO. 9 3 7 2  ---------

S i t e  1 - ·6P WAT E R  WELL OW N ER City o f  Hays ---------'-------------

ADDR ES S P . O .  Box 490 
Hay s , KS 6 7 6 0 1  

APFU CATI ON f\O .  ------------
LOCAT I O N OF WELL __ 1"4 __ 114 NW 1/4, SECTION _ __._2 4.;,,,.__ 

T_JJ_S ,  R 1 9  W E Ellis 

_____ FS L ,  ____ FEL 

See a t t ached p l a t  for locatio n  

COU NTY, __ K...;;;a.:.;;.n s:;;..;a;;.;;;s __ _ 
S t a t e  

A '  . 

N . 
t 

2 4  

.. 

SE C T ION 

DEPTH OF WELL ____ .....,...__ ______ S TAT IC WATER LEVE L  _--'-'4 .;...;.7...;;,6 _____ _ 
BLA t;J K WE LL CA S I N G  MATER IAL _ _.2._"__...S t"'"e__,e.-1 _______________ _ 
CAS I N G L E FT B ELOW LAND SURFACE _---'N=o=n=e _______ 

FT. --------
G ROUT WATERIALS : NEAT CEMENT 0 CEMENT GROJT0 B ENTONITE � Hole P l u g  

GROUT I NTERVA L S , . F R OM _.....;.o __ F T. TO 3 0  FT. 

OTHER ----

CHLOR I NAT E •  __________ QUANITY USED _____________ _ 
NEARE ST  SOURCE O F  CONTA M ! NAT I O N  _ _._.N.._./Au......oT.,..e....,mp�o....,r..,..a .... ry;..........:..;W=e""'"'l l:::....-_________ _ 
D I R ECTION F RO M  'NELL __________ HOW MANY F EET _______ _ 

FRO M I TO 

0 30  

L O G  { CESCRI  B E  MAT E R I A L  US E D  TO PLUG HOL E ) 

FROM TO I 
B e n t on i t e  Ho leolug 

I 

WELL R..U G G I NG BY ___ Bo.;....;b_Ri_
·
c_h _________ OATE __ 1_1_-_6-_9_0 

_____ _ 

' '  0 0 6 6 0 6 



\..., L/4 11 1'\ C.  V V C.LL C\ C.\...,.I U I  r-I VI C. l \J 1 1 •  1 1 \J\..., , 

WE LL PLU G G I N G  REPORT 

S i t e  1 - 7P WAT E R  WELL OW N ER City o f  Hays __ ....;;..._ _______________ _ 

A D D R E S S P . O .  Box 4 9 0  

Hays , KS 6 7 6 0 1 

AP A...I CATl.ON NJ .------------

LOCATI O N  OF WELL __ L.14 __ 1/4 NW 1/4, SECTION __ 2,.....4 __ 
T....l.L S , R 1 9  W E _...;;E;;..;;l=l=is;;_____,COU NTY, __ Ka_n_s a_s __ _ 

S t a t e  
______ FS L ,  _______ FEL 

S e e  a t tached p l a t  f or l o c a t ion 

+ 

2 4  

... 

SECTION 

DEPTH O F  WaL _______ _..3..-.2 ________ S TAT I C  WATER LEV E L  ___ s_._..5_9 ____ _ 
BLA N K  WE LL C A S I  N G  MATE R I A L  2 " S t e e l  ___;;..._....;,,,..;.. ___________________ _ 
CAS I N G L E FT B ELOW LAN D  S U R FACE __ No_n_e _______ FT. --------

OTH ER G ROUT MATERIALS : NEAT CEMENT 0 CEMENT GRCUT 0 BENTON ITE � 
Hole P l u g  · -----

G R OUT I NTERVA L S ,' FR OM _ __;o;.___FT. TO 3 2 FT. 

CHLOR I NAT E 1  QUANITY USED ______________ _ 
N EAR E S T  SOURCE O F  C O N TA M I NATI O N  -"""'N"'"l .... A ...... T...,.e .... m�p"'"or�a�r_...y_W.:.:..;e::.::1:..:1:...-_________ _ 
D I R ECTION FROM WELL HOW MANY F E E T  _______ _ 

L O G  ( CESCRI BE MATERIAL US E D  TO PLUG HOL E ) 

FRO M  I TO FROM TO I I 

0 3 2  Bentonite Holeplug l 

I 

I -

I 
! 

-

WELL R..U GG ING BY __ B_o_b_R_i_c_h __________ OATE __ 1_1-_6_-_9_0 ______ _ 

. 00 66 � 7  



W E LL PLU G G I NG REPORT 

JO B NO. 9 3 7 2  

WAT ER WELL OW N ER
�_

C i
_
· t�Y--...o f  __ H_a�y_s ______ S_i_

t _e _l __ -__ 4P ______ _ 

ADDR E S S  P . O .  Box 4 9 0  

Hays . KS 6 7 6 0 1  

A P  Ft.I CATI ON f\O .  ----------------------

LOCA Tl  O N  O F  WELL ___ IA_ l/4 NW 1/4, SECTION ---=2_._4 __ _ 
T_ll_ S ,  R 1 9  W E ---=El;;.:l=i=s _ __,C OU NTY, Kan s a s  

S t a t e  
______ FS L ,  _______ FEL 

See a t t ached plat for lo c a t ion 

+ 

2 4  

.. 

S E C TION 

DEPTH OF WELL __ _..._..__ _______ S TAT I C  WATER LEV E L  --'4..:.... 4;:..:9::..._ ____ _ 
BLA N K  WE LL C A S I N G  M ATE R I A L  2 "  S t e e l  --=--=-====----------------------------------
CAS I N G L E F T  B E LOW LAN D  S U R FACE --"N ....... an .... e..__ _______ FT. ---------------

G R OUT �TER IALS :  NEAT CEMENT D CEMENT GRa.JTO BENTONITE 0 
Hole P l u g  

GROUT I NTERVA L S ,' F R OM _ __,o....__FT. TO 30 FT. 

OTH ER -----

CHLOR I NAT E 1 ________________ Q UA N IT Y  USE D  _____________________ _ 
N E AR E S T  SOU RC E  0 F C O  N TA M I N AT I  O N  _...;.N....:.../=A----'T;;..:e;,;;;m._po;:;..;r;;..:a;.;;r""-y-W_;e:;.;;;l;.;;;l _______________ _ 
D I R ECTION FROM WELL ________________ HOW MAN Y  F E E T  _______ _ 

L O G  ( CESCRI BE MAT E RI A L  US E D  TO PLUG HOL E ) 

FROM I TO I FROM I TO 

0 1 0  Bent onite Ho leplu� 

I 

WELL A..U GG I NG BY ___ ...::B:.:::o..:::.b....:R�i:.::c..:..:h ___________________ DATE __ 1_1_-�6-...;.9_0 ____ _ 

0 0 6608  



W E LL PLU G G I N G  REPORT 

J O B  NO. 9 3 7 2 -�-=-------

WATER WELL OW N ER Ci ty o f  Hays S i t e  1 - SP 

ADDR E S S  P . O .  Box 4 9 0  
Hays , KS 6 7 6 0 1  

APFU CATI ON MJ .  ------------

LOCATI 0 N OF VIELL __ IA __ 114 NW 1/4, SECTION _...:2:....:.4 __ 
T __!1_ S 1 R 1 9  WI E __ E_l_l_i_s ___ c ou NTY, __ K_a_n_sa_s __ _ 

S ta t e  
_____ FS L ,  _____ FEL 

See  a t tached p l a t  for l o c a t ion 

+ 

x 24 

SE CTION 

DEPTH OF waL ----!112..1-7.£..o. S'--'------- S TAT IC WATER LEVE L  _ _:..;3 .'-'4'-"-0 ____ _ 
BLA N K  WE LL C A S I N G  MATE R I A L  2 "  S t e e l  --=-..:..:..=.::___ ___________________ � 
CAS I N G  LE FT 8 ELOW LAN 0 S U R FACE _ __....No __ n"""e"-------- Ff. --------

OTH ER G ROUT MATERIALS : NEAT CEMENT 0 CEMENT GFOJT0 BENTONITE [] 
Hole P l u g  ----

GROUT I NTERVA L S  1 ' FROM O FT. TO 2 7 .  5 F T. 
CHLOR INAT E 1 QUANITY USE D  ____________ _ 

N EAR E S T  SOU RCE OF C O N TA M I NATI O N  ---=N�/A...._..T=emO!!.lp;:.:.o�r.:::..ar::..Jy�W.::..:el::.:1'-----------
Dl R ECTION FROM WELL HOW MANY FEET ________ _ 

L O G  ( CE:SC R I B E  MATE RIAL US E D  TO PLUG HOL E ) 

FROM I TO I FROM I TO I 
0 27 . S I Bentoni t e  Holeplug I 

I 

WELL FLU GG I NG BY Bob Rich DATE 1 1-6-90 
---------------

l • , � ' •• ': ' . 0 0 6 6 0 9  

: 

I 
I 

! 

I 



W E LL PLU G G I N G REPORT 

. . 
JO B NO. 9 3 7 2  

S i t e  1 - 2P WATER WELL OW N ER C ity o f  Hays -----=---------------------

AD D R E S S  P . O .  Box 490 
Hays , KS 6 7 6 0 1  

APFU CATI ON 1'.0. ------------
LOCATI O N  OF waL __ IA __ l/4 NW 1/4, SECTION _ _.2_4 __ 
T_ll_ S ,  R 1 9  W/ E __ El..;..;.l...;;;i""-s-�C OU NTY1 _K_a_n"'"""s_as __ _ 

S t a t e  
_____ FS L ,  ____ FEL 

See at tached plat for locat ion 

+ 

x 24  

SECTION 

DEPTH OF waL ___ __,2:..;::l,___ ______ S TAT I C  WATER LEV E L  _ ___,3 ........... 6_3 ____ _ 
BLA N K  WE LL C A S I N G  M ATE R I A L  2 " S t e e l  ----------"-=--------------------

CAS I N G L E FT B E LOW LAN D  S U R FACE __ ..... N ..... on�e-______
_ FT. --------

G ROUT MATERIALS : NEAT CEMENT 0 CEMENT GROO�O BENTONITE [) 
Hole P l u g  

GROUT I NTERVA LS , ·FROM O FT. T O  2 1  FT. 

OTH ER ----

CHLOR INAT E I QUANITY USED _____________ _ 

N EAR E S T  SOU RCE O F  C O N TA M I NATION _ _......N /._.A .......... T .... em ... p..,,.o.._r..._.ar..,.y_..:.:.;We .... l�l.._ _________ _ 
DI R ECTION FROM 'NELL ___________ HOW MANY F EE T  ________ _ 

L O G  { CESC R I B E  MATE RIAL US E D  TO PLUG HOL E ) 

FROM I TO FROM TO I 
0 I 2 1  Ben tonite Holeolu2 

WELL R..U GG ING BY ___..B....-o..-...b _.R ....... i'""'"ch....__ __________ OA TE _...;;;l..;;;.1--'6;._-...;..9..;;..0 _____ _ 

0 0 6 6 1 0  



WELL PLU G G I N G R EPORT · 

. .  
J O B NO. 9 3 7 2  -----"�;;;.._ ____ _ 

WATE R  WELL OW N ER City of Hays �-�---'------------------S i t e  1 - 3P . .  

ADDR ES S P . O . Box 490 

· Hays , KS  6 7 60 1 

APA...I CATI ON "1J .  -------------

LOCATI O N  OF W8-L __ IA __ l/4...filLl/4, SECTION --=2,;;:;.4 __ 
T_Jj_S ,  R 1 9  W E Ellis 

---- FS L I ---- FEL 

See a t t ached plat for location 

COU NTY, __ K_a'-'-'n=s=as"---
S t o t e  

+ 

2 4  

.. 

SE CTION 

DEPTH OF WELL ___ _;;2=l ______ S TAT I C  WATER LEVE L  __ 3;;...;'...;;;.8..;;..l ____ _ 
BLA N K  WE L L  C A S I N G  M ATE R I A L  2 " S t e e l  --------------------------------

CAS I N G L E FT B E LOW LAN D  S U R FACE __ N-'-on_e __________ FT. --------

G ROUT MATERIALS : NEAT CEMENT 0 CEMENT GRa.JT0 BENTONITE � 
Hole P l u g  

OTH ER ___ _ 

GROUT I NTE RVA L S ,. FROM __ �o __ ,FT. T0 _ _.2.._.1 __ F T. 

CHLOR INAT E •  . QUANITY USE D  _____________ _ 

N EAR E S T  SOURCE OF CONTA M I NATI ON --:N.:..<./=A-'-T::..::e:.:.:m=p..:..or::..::a::.::r'"'"y_W;,;..;e;;.;::1=1----------
D I R ECTION FROM WELL HOW MANY FEET _______ _ 

FROM I TO 

0 2 1  

L O G  ( CESC R I BE MATE RIAL US E D  TO PLUG HOL E ) 

FROM 

Bentoni te  Ho leolu2 

TO 

. -

WELL R...U GG ING BY --'B=o..;;.b_;;R.;.;;;i..;;.ch�---------DATE . 1 1 -6-90 

' . 0066 11 

' 

I I 

I 

I 
-



W E LL PLU G G I NG REPORT 

J O B  N0. __ �9 3""'7-=2 ____ _ 

WATER WELL OW N ER City o f  Hays - S it e  1 - 1 2 " Te s t  We l l  

ADDR E S S  P . O .  Box 490 

Hays , KS 6 7 6 0 1  

APFU CATI ON 1'1J .  ------------

LOCATI O N  OF waL __ IA __ l/4 NW  1/4, SECllON __ 2_4 __ 
T__!i_S ,  R 1 9  W E Ellis COU NTY, Kansas 

S ta t e  
____ FS L ,  ____ FEL 

See a t t ached p la t  for locat ion 

+ 

x 2 4  

SECT ION 

DEPTH OF WELL _ __._2 8.._' _________ S TAT IC WATER LEV E L  __ 5_. 4_7 _____ _ 
BLA N K  WE LL CA S I N G  M ATERIAL 1 2 " S t e e l  ---=-�;;;...;;..;;;.__ ________________ __ 
CAS I N G L E FT B ELOW LAN D  S U R FACE __ N_on_e __________ FT. ---------

G ROUT MATERIALS : NEAT CEMENT D CEMENT GRCUT O BENTON ITE � 
Hole P lug  

GROlJT I NTERVA L S , .FROM _O __ FT. TO 28 FT. 

OTH ER ___ _ 

CHLOR I NAT E 1 ___________ QUAN I TY USE D  _______________ _ 

N EAR E S T  SOU RCE OF CO NTA M I NATI  ON _ _..N...._/,....A_,T....,e......,m....,po .... r....,a ..... ry..........,W=e=l=-1 -------------

Dl R ECTION FROM WELL ___________ HOW MANY FEET _______ _ 

L O G  { CE:SCRI BE MATE R IAL US E D  TO PLUG HOL E ) 

FROM TO FROM TO 

0 2 8  Bentonite Holeplug 

WELL R.U GG I NG BY __ B_o_b_R_i_ch ___________ DATE __ 1_1_-_6-_9_0 ______ _ 

0 0 6 6 1 2  



'v L./-\ 1 \ 1 \ 1- H CLL Q C.1....' U l r ·I VI C. 1 \1 1 , ·  l l \lv .  
W E LL PLU G G I N G  REPORT 

WATE R  WELL OW N ER _C_i_t�y_o_f __ Ha�y;_s _____ S_i_t_e _l __ -
__ lP  _______ __ t + 

P . O .  Box 490  ADDR E S S  
x 2 4  

Hav s , KS 6 7 6 0 1  

APFU CATI ON f\O . --------------
LOCATI  0 N OF WB_L __ IA_ 1/4 NW 1/4, SECTION ----2 4..__ __ _ SE CTION 

T_!L S ,  R 19 W E Ellis C OU NTY, · Kansas 
S ta t e  

______ FS L 1  _____ FEL 

See  a t tached p l a t  for  loc a t ion 

DEPTH OF WELL ____ .::..:33�----- S TATI C  WATER LEV E L  --'6�·�9-..2 ____ _ 
BLA N K  WE LL C A S I N G  MATE R I A L  _ __.2;_"--St=e�e=l--------------------------
CAS I N G  LE FT B E LOW LAN D  S U  R f  ACE _...;;.;N=on=e;__ ________ FT. ---------

G ROUT MATERIALS : NEAT CEMENT D CEMENT GFOJT D BENTONITE [!) 
Hole P l u g  

OTHER ___ _ 

GROUT I NTERVA L S 1 'FROM __ o�_FT. TO 3 3  FT. 

CHLOR INAT E •-------------QUANITY USED _____________________ __ 
N EAR E S T  SOU RCE O F  CONT A M  I NATI  0 N __..N..._/=A_.T::..:::e=m..,,p..._or...,a::.::r .... y_W=e::.::1::.:1 _____________ _ 
D IR ECTION FROM WELL -----------HOW MANY FEET _______ _ 

FROM TO 

0 33 

L O G  ( CE:SCRI  B E  MAT E RI A L  US E D  TO PLUG HOL E ) 

FROM TO I 
Benton i t e  Hol e p lug 

. 

WELL Fl.UGG ING BY _ __:::.B;:,(..iob�R�i�ch�---------------DATE _....:;1;..;;;1_-.;;...6-....:;9...;;.0 _______ _ 

0 0 6 6 1 3  

I 

I 

I 

I 
J 



. .. -
= SI T E  No. _ _..,,1.__ ____ _ 

• DENOTES CCl.LIN:l M ETER RATE 
DATE J 11 4 190 
MILITARY TIME T I M E  OF UI . IPJ v.n:"I I DAY ���� �� 

River 
10 : 50 3 . 68 2 . 43 

10 : 55 3 . 68 2 . 33 

1 1 : 00 3 . 68 2 . 27 

1 1 : 05 3 . 68 2 . 27 

1 1 : 10 3 . 68 2 . 23 

11 : 1 5 3 . 68 2 . 23 

11 : 20 3 . 68 ? . ?() 

11 : 25 3 . 68 ? 1 Q  

1 1 : 30 3 . 68 2 . 18 

1 1 : 45 3 . 68 2 . 11 

1 ? .  ()()1"'111 1 F-.R ? ()7 . 
12 : 15 3 . 68 2 . 02 

' i-l2 :  30 3 . 68 2 . 00 
4 b  t h-i  3 : 00 3 . 68 1 .  C)7 c� ' 

;� 1 ·  ":I() _J_Jil_ 1 R'\ 
I .:a, 

1 4 : 30 1 _ r,7 1 R1 

1 5 : 30 3 . 67 1 . 72  

16 : 30 3 . 67 1 .  fi') 

I PUMP!�G 
RAT 'f'Nf� 

[CiARKf: WELL 6 EQUI PM ENT, INC. I 
C I T Y  O F  H A Y S  

W A T E R  B A N K I N G P R O J E C T  
2 � 4 

DRAW WATER DRAW WATfR DRAW 'f!.Nf1R DRAW WATER DOWN LEVEL DOWN I F'V L DOWN DOWN L EVEL 

2 . 28 1 . 81 1 . 16 1 . 96 

2 . 28 1 .  78 1 . 16 1 . 92 

2 . 23 1 .  78 1 . 16 1 . 89 

2 . 22 1 .  78 1 . 1 6  1 RR 

2 . 20 1 .  78 1 . 1 6  1 R 1  
2 . 20 l. 73 1 . 1 6  1 . 83 

? . 1 7 1 .  71 1 1 f.  1 7q 

? . 1 7  1 .  71 1 1 h 1 7Q 

? . 1 7 1 .  73 1 . 1 h 1 .  7 1  

? . 1 ?  1 .  73 1. 1 7  1 7() 

?' 1 ?  1 7 1  1 . 1 b  1 h ') 
2 . 12 1 .  73 1 . 12 l . 62 

2 . 12 1 .  73 1. . 1 0  1 ')Q 

2 . 1 2 1 .  73 1 . 07 l .t18 
? . 1 ? l.15 1 . 0? 1 .L18 

? - 1 ?  1 1 1  QQ 1 ':l2._ 
2 . 08 1 . 28 - Qt, 1 27 

2 . 1 0  1 .  ?9 . RR 1 1 ?  

SHEET_7_a'" jL_ 
5 6 7 

DRAW ��ir ... n �}1 ��J�� DRAW 
DOWN n<lWN 

1 . 67 1 . 31 1 . 08 

1. . 67 1 . 27 1 . 03 

l. . 60 1 . 27 1 . 03 
1 (..() 1 ? ')  qA 

1 (..() 1 ? 1  . 98 

1 .  fiO l . 21  . 98 

1 r:.t. 1 1 q qA 

1 r; 1 1 1 h  qg 
1 ') 1 1 1 6  . 98 

1 b7 1 1 ?  . 92 

1 t. 7 1 1 ') _ q/ 
1 . 35 1 . 09 . 92 

1 1c; 1 . OQ . 90 
J.35 1 ()(.. �L 
1. 35 _l___._QQ_ . 88 

L.2.L as_ 79 
1 1 /, . C)l . 79 
1 . 1 5  - 8() . 7.1 



S ITE  No. _ __.::l _____ _ 
• Cl(OOTES Ca.LINS METER RATE 

• "DATE 11 4, 9Q 
MILITARY TIME ) T I M E  OF Ul.IN un:"I I I DAY r:i�� �� "%':.�'PG r'Nf � 
17 : 30 1 hh 1 f..0 

SWL SWL 
1 R  ! 1() 7 (){) f L R'l 

' 

' • : 1  
,; '� 
� �  

-- '- - ( --- - -

[CLARKE WELL a Eatii PM ENT, 1NCJ 

C I T Y  O F  H A Y S  

W A T E R  B A N K I N G P R O J E C T 
2 ' 4 5 

DRAW WAT1� DRAW WATER DRAW 'f!tJ�R DRAW WATER OOWN L E V E  DOWN L E V E L DOWN DOWN L E VEL 

2 . 07 1 . 22 • 8 'l . q8 

SWL SWL SWL SWL 
4 . 85 4 . 69 5.�Q 4 _  1? 

-'-- - 1--- . --· · - - -'- _ .._  

SHEET_8__0F JL 

6 7 
DRAW '{"�V:nR �rt r'#J�� ��� DOWN 

l.QQ . R3 • 7C 
SWL SWL 

5. 51 h ?.7 

-

1 - - -- - - ·  - -



-· . SITE No. _L _____ _ 

-
:: 
!"j 

• DENOTES COLLI� S METER RATE 
DATE 1 lt 3190 
MILITARY TIME ) 
T I M E OF u llJ \A/l="I I 

DAY :"�!i�� 
CRAW 
IYlWN 

River 
1 1  : 30 1 . fi7 1 2 .  3? 

1 2 : 30 3 F.7 1 ?  1'1 
1 3 · 30 3.....61_ 1 ? .  1'1 
1 1  • •  1(\ 1 . 67 12 . 38 

1 '1 .  10 3 .fil_ 1 ? . 3R 
1 fi � 30 _1J ,R 1 ?  _ 1q 
1 7 .  1f\ 1 t:.O 1 ?  /,? 
1 R  • 30 3 . 70 1 2  . 6.b 

1 q · 10 3 70 1 ?  6. 7 

?O • 30 3 70 1 ?  c;1 
21 : 30 3 . 70 1 2 . 55 

22 : 30 3 .  70 12 . 58 

l 23 : 30 3 .  70 1 2 . 58 
) 11-4-90 ' 
'.) Q0 : 30 ,-1:. 70 1 2 . 50 

C l  
I- • 01 · 30 -3....lD_ 1 ?  L,C) C >  

02 · 30  3 70 1 ?  "" 
03 : 30 3 . 70 12 . 61 

04 : 30 3 .  70 1 2  

I 
����G 'tN�� 
1 00 ? 

C)C) Li 

1 00 ? 

99 . 8  

1 01 ? 

1 00 7 
1 (\(\ /, 

qq 7 

1 (\() ? 
1 00 (\ 

99 . 5  

99 . 6  

100 . 0  

92, 9  . 
99.9 
99 9 

100 . 2  

qq !, 

I CLARKE WELL 8 EQUIPMENT, INC.] 

C I T Y  O F  H A Y S  

W A T E R  B A N K I N G P R O J E C T - � - -
2 � 4 DRAW WATER DRAW WATER DRAW WATE R  DRAW WATER 

OOWN LEVEL DOWN LEVEL DOWN LEVEL DOWN L EVEL 

_1 . 86 2 . 41 1. . 67 L1 . <)1 
3 . fiq 2 . 44 1.. 69 :_it.._2Q_ 
3 QO 2 . 43 1 70 L1 . C) 1  
3 . 92 2 . 47 1 . 7 1. 4 . 91. 

3 q1 ? . LiR 1. 73 4 q3 

3 . 95 2 . 49 1 .  72 L1 q3 
3 C)7 2 .  '11 1 7'1  4 q3  

1 _ q7 2 . L19 1 .  72  4 QO 

!... 00 ? ')O 1 71.i !... q3 
Lt ()0 ? c;7 1 7F. t.. qc; 

LJ . 01 2 . 53 l .  77 4 . 98 

4 . 02 2 . 53 1 .  76 4 . 97 

4 . 02 2 . 53 1 .  76 4 . 98 

l1 . 0l1 2 . 55 1 .  77  5 . 00 

Lt.Q5 2 . 55 J . Z8 _s_._oo_ 
--4-fil ? i;7 1 P.Q_ " ()2_ 

4 . 05 2 . 57 1 . 82 _5_ .. 05-

Li . OB 2 . 58 1 . 83  ') .  ()() 

SHEET_5_� _§_ 
5 6 7 

DRAW WATER DRAW r'#J�� ORAi DOWN I FVn DONN DOW 

5 . 32 2 . 61 1 . 6 · 

') .  31 2 . 67 1 . G' 

5 . ?4 ') . 67 1 . 6 

5 . 2 1 2 . 60 1 .  () 
'1 ?1  ? _ f.. 1 l . 6 : 

5 . 25 2 . 61 l. () 
') .  21  2 . 60 1 . 6 :  

') .  2 1  2 . 59 l . 6: 

i:; oq ? J ,O l .  6( 
c; 1 0  ? . f;O 1 .  6: 
5 . 08 2 . 62 1 . 6� 

5 . 10 2 . 63 1 . 6� 

5 . 1 1 2 . 64 1 . 6L, 

5 . 1 1  2 . 66 1 • (1 ( 
5 . OCJ 2 . 6!1 1 . (1C 
<j 1 1  ? hh _LJil 

�1.5_ -2.__72_ -1...£5 ----
5 . 2 1 2 . 7 1 1 .  f18 --



SIT E  No. ---'-----

• DENOTES Ca.LINS METER RATE 
• DATE 11.t 4 190 

MILITARY TIME 
T I M E  OF Ul. IPJ un:"I I 

r'�M;� �..!! DAY 
River 

05 : 30 3 . 70 1 2 . 64 

06 : 30 3 . ?.O 1 2 . 66 

07 : 30 3 :.7-0 12 . 68 

08 : 10 3 ,_;!9 1 2 . 67 
09 : 30 3 . 1�9 1 2 . 68 

10 : 30 3 J)9 1 2 .  72 

R"'t".OV�rv -

10 : 31 3 . 68 ... 

10 : 32 3 J� 
-

10 : 33 3 J]_8 4-

1 fl ·  1Li 1 Ila_ �--

10 : 35 3 .  (�!3 � 

10 : 37 3 . (!J3 
..,-

. . � -
10 : 39 3 . {!8 -

� �-
-� 1 0 · Li 1  .... .L..fiL •' 
- .k-" 
- 1 0 · 4 1 -3...ftL 

<-10:45 3 . QL 

PUMP.l�G 
RAT 't'Nf� 

99 . 4  

99 . 4  

99 . 8  

qq _ R  
99 . 3  

100. 1 
To tali. er 
1043301 1 

0 
3 . 35 

I? . Qra 

2.z� 
I? (..7 

2 . 62 

2 . 56 

2....52_ 
I? LiR 
? /, (... 
J Li5 

- ._.._ I - - - -

I CLARKE WELL a EQUIPMENT, 1Nc] 
C I T Y  O F  H A Y S  

W A T E R B A N K I N G P R O J E C T 
I 2 

DRAW WAT�r OAAW DOWN LEVE OOWN 

4 . 10 2 . 56 

4 . 12 2 . 58 

4 . 15 2 . 61 
4 . 1. 7  2 . 6"i 

4 . 16 2 . 66 

4 . 21 2 . 67 

3 . 43 2 . 28 

3 . 19 2 . 16 

2 . 78 '} . O? 
? (...? 1 _ q7 
2 . 52 1 . 90 

2 . 45 1 . 86 

- 2 . J<) l .  8'· 
2 .31 l. 83 
2.  31 1 • Bl1 
2 . 31 1 . 8 1  

-- - �  � 

� 
WATER DRAW 
LEVEL OOWH 

1 . 84 

1 . 85 

1 . 85 

1 . 8') 
1 . 89 

1 . 86 

1 . 70 

l .  ')') 

1 1  . 47 

1 1  !.. ') 

1 . 33 

1 . 28 

LlL 
1. 23 

1 ?O 
1 . 19 

.- - --� - -

4 5 
WAT�R DRAW WATER DRAW 
LEVE DOWN LEVEL DOWN 

5 . 09 5 . 17 

5 . 10 5 . 20 

5 . 1 2  5 . 26 

') 1 (.. ') 11 
') 20 "i . 29 

5 .  21. 5 . 30 

2 . 67 2 . 50 

? - 1£\ ? 1 q  
? 1?  ? OQ 
? ? ?  l.95 
2 . 14 1 . 85 
2 .Q9 1 .  7 7  

_2._.._Ql_ I. 73 
-2�0.1_ _l_..1)9__ 

....1 99 1 (.<) 

__l__a.2L 1 . 6q 

-- · - - _._ l - -

Sl-IEET_O_a: jL_ 
6 7 ��it� �� }"�1�� MAW 

wi.. 

2 . 71 1 .  70 

2 . 72 l. 7 1  

2 . 77 l. . 73 

? 7? 1 . 7 1  
7 . 71 1 .  72 

2 . 76 l . 76 

2 . 23 1 . 69 
1 7 1  1 . 43 

1 F..? 1 . 35 

1 54 1 . 2 7  
l. 47 1 . 1 8  

1.�0 1 . 1 3  
.L.12_ 1 .  1 1  
1 . v. _L_lQ_ 

..L..3£i .... L.mL 
_L_Jl_ _L OR _ 

-- -- · - - -



,. 
-· 

:.s1TE No. _ __..__ ____ _ 
•. • DENOTES CCU.INS: METER RATE 

DATE ] J 12  I 90 

MILITARY TIME 
T l  M E  OF ... , It.I WJ='I I r:;;�� DRAW DAY llOWN 

River 
00 : 30am 3 . 65 1 1 . 30 

01 : 30 3 . 65 11 . 35 

02 : 30 3 . 65 11 . 41 

03 : 30 .1 . 65 1 1  4?. 

(\/, .  1f\ 3 f)Cj  1 1  Li 7 

05 : 30 3 . 65 11 . 55 

06 : 10 .1 . h'l 1 1 . h.? 

07 : 30 3 . 65 1 1 . 71 

08 : 30 3 . 65 11 . 76 

09 : 30 3 . 65 11 . 78 

10 : 30 3 . 65 1 1 . 79 

11 : 30 3 . 65 1 1 . 79 
:� 12 : 30 3 . 65 11 . 78 
· �  ' I)  -13 : 30 3 . 65 1 1 .zs 
. ... 
n1 L... · 30 -3_.Ji.5_ 1 1  . 7 7 

1 5 : 30 _l.Ji5_ 1 1  . 81 

16 : 30 3 . 65 11 . 92 

1 7 : 30 3 . nS 1 1  . C)? 

I 
����G WATER LEVE L 

99 . 1  

100 . 1  

99 . 9 

1 00 . 7  

qq 1 

100 . 2 

qq _4 

100 . 5  

1 00 . 5 
1 00 4 

99 . 8  

99 . 8  

98 . 9  

1 00,J 
qq 1 

1 00 2 

92....5_ 

C)C) ') 

(CLARKE WELL a EQUIPMENT, INC:) 
C I T Y  O F  H A Y S  

W A T E R B A N K I N G P R O J E C T  

2 ::' 4 
DRAW WATER DRAW WATER DRAW �tTER  DRAW WATER OOWN LEVEL DOWN LEVEL DOWN l VEL DOWN L E VEL 

3 . 01 1 .  71 1 . 14 4 . 06 

3 . 05 1 .  73 1 . 16 4 ..1.Q_ 

3 . 11 1 .  75 l . 18 4 . 1 6 
1 .  1 Cj 1 .  77 1 1 q 4 1 4  
1 1 R  1 A1 1 ?1 Li . ?? 

3 . 21 1 . 83 1 . 26 '• . 2 7  

. 1 ? 1  1 87  1 ?7 /,. 11  

3 . 39 1 . 91 1 . 30 4 .  38 

1 . 1') 1 . 92 1 .  32 Li 1Q 

1 1q 1 qi:;  1 1? /, /,() 
3 . 40 1 . 97 1 . 32 Li L...? 

3 . 42 2 . 01 1 . 31 4 . 47 

3 . 43 2 . 03 1 17 b M� 

__l._51 2 . 05 1. 3Z ..JL._S{i_ 
3 . SO 2.oz 1. 39 fL._56 __ 

3. Sl1 -2...mL _LliJ.._ '·....5.L 
J. 56 2 . 1 2  .LM1 -4...62-
3 . 5() 2 .  1 1. 1 . /1()  ,, ({) 

SHEET_l_Of' � 
5 6 7 

DRAW WATER �}:f r'tJ�� M,AW DOWN I FVf"I W"' 

4 . 34 2 . 0  1 . 1 1  

'• . 38 2 . 02 _L_l{, 
4 . t.7 _L_QJ . _Llf 
{, /, (.. 2 05 _LJ] 
,, Cj() 2 . on 1 . 1 9  
'· · 58 2 . 09 1 .  21  

,, r.1 ? 1 1  l. 20 

4 64 2 . 15 l . 25 

Li h.7 ? ff, 1 . /7  

,, 70 ? 1 7  1 ?F, 
,, 70 2 1 ()  1 .  29 

4 . 67 2 21 1 .  29  

/,. F.7 ? ?? 1 . 30 
Li .65 2 . 23 _l , 30 

-6......6� _2.25_ -1 .. JJ_ 
�- 2L2L __L_}5 

'• . 83 2 . 30 - _l . .1?_ 
'·· 82 2 . .1 1 1 • .19 



.. 
. S I T E  No. _ _..... _____ _ 

·• DENOTES C<l.LINS METER RATE 

DATE 1 1 12 I 9Q 
.:. MILITARY TIME) - · ·  .•. T I M E  OF DAY 

1 A !  '.lfl 

1 q . 1() 

?fl . '.lfl 
?1 • 1() 

?? '.lfl 

? '.l ! '.lfl 
1113190 

00 : 30 

01 : 30 

02 : 30 

() 1 .  1() 

04 : 30 

05 : 30 
. 

06 : 10 , )  
: > ()7 · 1fl l ;I  
l ) ()A · 1Q__ . .. 

' � 09 : 30 

U • !M �I I '1Vt"i�� DRAW M\\ff Ri�€r 
'.l (,. 1 1  q 
1 h C\ 1 1  Q? 
'.l 1;5_ 1 1  Q/, 
1 . (t,5 
1 i�t... 

1 . fl4-

3 . (.4 

1 .£,4 

�f.� 
Ltill 

3 . 64 

3 . 6(! 

.1 . 66 ' 
l.1...66 
..l.fifi_ 
3 . 66 

1 1 . QQ 

1 ? ()C\ 

1 1 ? 1 ()  

1 2 . 12 

! 12 . 1 ')  

1 ?  - 1 fi  

1 1 ? ? 1  

1 2 . 18 

1 2 . 12 

1 2 .  1 5 

12.1  a 
1 ?  ? 7 

1 2 . 35 

PU��ll'G 
RA 

. QQ -q 
1 (\(\ 1 

QQ Q 
1 01 . 1  

QR ') 

qq A 

100 . 1  

1 ()fl . 1  

1 M . 1 

1 (\() C\ 

100 . 5  

100 . 3  

1 01 - 1 
1 fl() _ R 

10LI-
1 01 . 6  

1 0 : 30 3 . hh 1 2 1r\ qo '· � I L-...:-- -

'f'tJ5� 

-

[(i.ARKE WELL a EOOIPMENT, 1f\JC] 
C I T Y  O F  H A Y S  

W A T E R  B A N K I N G P R O J E C T  

CRAW WATER OOWN LEVEL 

1 c;q 
1 . r.? 

':! .  h 1 
1 . fi') 

1 . t:.A 

1 (,.R 

3 . 68 

3 . 69 

1 .12... 
1 . 7Li  

3 . 78 

3 . 79 

3 . 81 

3.8Q 
3 19 
3 . 88 

1 o r.:  ..__... '"--

2 
UNAW WATER ORAW OOWN I �VEL 

? 1 2  

2 . 15 

2 . 17 

2 . 20 

? ?? 

2 . 23 

2 . 25 

2 . 22 

? �q 
? . 10 

2 . 33 

2 . 36 

2 . 311 

2 . 37 

--2...3<L 
2 . 39 

? I. A -- f-- . 

MWN 

l .47 

.1...!f L 

1 /J.R 

1 .  '11 

1 ')? 

1 .  ')') 

1 . 55 

1 . 56 

1 .  ')7 

1 ')C) 

1 . 57 

1 . 63 

l . 62 

1 . fi1 
1 65_ 
l . 65 

U... r n  - -

4 'f'#Jf-1R ORAW DOWN 

Li hh 

t, .6!1 

/,. r.1 

4 . 66 

Li 7() 
li .11 

4 . 73 

b 7(.. 

ll....18_ 
tl 77 
4 . 78 

4 . 80 

ll . 8Q 
..li. •. BL 
-4 • .BL 
.lL..BL 

_L.1.t ,... ' -

5 6 r'N�� DRAW 'f��� �� DOWN 

Li - RlL 

b .  R!L 

Li Q1 

b .  q1 
C\ ()1 

') 1 1  

5 . 13 

ti qq 

b _ Q') 

<\ ()1 
5 . 03 

5 . 05 

5 . 02 
5.06 
� ()9_ 
5 . 1 5  
r • . 

-L- J _i._ 

') 1 1  
? 1? 

? 1/J. 
? . 1h 

? 1R 

? L1 1 

2 . 38 

2 . 40 

? . b3 

? !1 1 
2 . 44 

2 . 47 

2 . 50 

.2..5_1 
2 52 

.LS..L 
'.2 r "  - . -

SHEET_4_a: __.§_ 

' 

r'#J�� 
7 MAW WN 

1 . 39 

1 .  39 
1. 41 

1 . 43 

1.4'> 
1 . 4 7  

1 . 39 

1 . L16 
1 . L16 

1 . 118 
1 . 49 

L il 
1 . 50 
l .  51, 

_L.._56_ 
L.5.6_ 
.. - '"' -- -



S amp l e  Fr o m :  

Leg a 1 :  

Dep t h s : 

Remar k s : 

Clarke Well and Equipment , Inc . 
WATER R E.LATED P R OJ ECTS - [11vir. , 1 1 11 1 1 · 1 1 1al  · l 1 1d11 ., 1 1· 1a l  · l-1 1 1 1 1 1,· 1 1"1 1 . Ai.,n,·u l tural 

ROUTE 1 · A I R PORT · G R EAT B E N D, K A N SAS 67530 
T E L E P H O N E  AC 3 1 6  · 793-8493 

S A l\J D  A N A L Y S I S  

City o f  Hay s  - Water Bankin g Proj ect We l l  tt :  
D a t e : 

U . S .  S T f't H O A � O  S i E l../ E  �l U f1 B E R S 

S i t e  1 - 7P 

1 0 / 3 1 / 9 0  

_ 5 0  8 0  l G  8 t: 4 1 1 � 
i \:} 8 �--.,_-:-:-r·-�--r\ -:--.-11 -:--.-----;--�1--.11 --:---i---:---r--:---..-1 ----,--____,II 

3 0  . . C I T "!° G f'  H:; ·,- .5 : : �,\ l � I I I ,. .l -7 p { 2 2 - :; 2 ·, : : I � I : I I i i I 

I 
I 

� � n t--::---t-:---�\:+----+-----t----l-----�----i-----+-----+_;_--+----+----..;,__;,__;...,.I __ ___: I- .... - \ ....... 
w ' . � • .  '-' : : \ ; � j 0,_, ;--,_--r.----+�----+----t-----�---+-----t-----+-----+-----+----+----..l.----l------l 
w " \ 
� : : � ' . : \ Lu ; \ � � G rj -:-: -r----+---'�,\+---·!----+----+-�+----+----+---�----+---_,_---1-�-l 
I- : : ' 
•I: . . \ � � � ,__----:�----+-----+-'''<---+----·l----+----�-----'---..-;----�-----+----..._---1------1 =· .,_, U •  • . I �  B I : 

\\'
..J. . 

. ' . 

. . i : ' 2 G r----�1 :----+-..,..---+-----+�,-.-.-+------+----+-----1----.....;-----+-----+----"------+----. 

! O i------+-----1----------'---,_��-:·

·

��l ·_·-_�------�-�- -=--1----�-----!-----+-----+-----'----1------< --�r- -....; 

0 .__ __ _.._ __ __.1 ____ _.._ __ -J.. ____ ..1.-__ � ____ .___ ___ ,L.--__ _._...;___..i; ____ _._ __ _... ____ � __ __. 2 0  Lt 0  6 0  8 0  l �l G  1 2 0 P t O 1 6 0 1 8 0 2 0 G  2 2 0  2 Lt 0  · 2 E 0  2 8 G  

S i  eve l /Lt 
S ilrna l e  I nches  . 25(1 

l - 7 P  ( 2 2- 3 2 )  

G R A l N S I Z E < T H O U S A N D T H S O F  A N  I N CH ) 

C1 1 m1 1 l  ,1 t i  ve 
4 - -

. I ti I 

6 

6 
. l .12 

1 0  

'/. RP l: .:i i nr?c:1 
8 

. l l'i4 

1 6  

1 6  30 :10 
. ry, ·; . n2::i . 0 1 1 8 

4 7  83 9 6  

Oy : (\ •• � C' \..,\L.._ 

------- S i  i e  ------
90'/. 70'!. 50'l. 4 (l'l. C < 1 i l 

. 0 1 9  . 03 0  . 04 4  . 0 54 2 . 8  

,Q � �: l l / 1 2 / 9 0 O O b o f;·o 



SITE No. __ _,.1�----
· • DENOTES CCU.INS t.IETER RATE 
-DATEl 1 tl I 9Q 

.MILITARY TIME 
T I M E  OF 

D A Y  

11 : 30 

11 : 45 

12 : 00mi 

1 ? · 1  r; 
1 ? .  1() 
13 :00 

1 .1 • 10 
14 : 34 
1 4 • 10 
1 5 :  10 

16 : 30 

1 7 : 30 

18 : 30 

19 : 30 

?0 : 30 
: > 
=� ?1 : 1() 
,i.1 
=� 2? · 10 

fJ 
. ... . 23 : 30 

U I  IN Wl='I I w:·tflt I f.' 
River 

3 . 64 

-
1 (-..L. 
1 61.i. 

3 . 64 

_'L6!i 
.1 �1'� 
1 . (.L.. 

3 . li{i_ 

3 . 64 

3 . 64 

3 . 1�4 

3 ()') 

3.65 
1 65_ 
3 .65 

�� 
10 . 75 

10 . 68 

10 . 72 

10 RC\ 

1 0  AA 

10 . 71 

1 () 71 

1 o .  hh 

1 0 . f\? 

1 0  8<) 

11 . 10 

1 1 . 19 

l 1 . 1.5 

11 .31 
1 1  bR 

l 1.18 
1 1 . 35 

PW���G 'f'��r 
97 . 3  

97 . 9  

QR r; 

99 . 2  

QR 7 
626800 

QR 1 
Q7 . ?  - ·  

gg _ a  
101 . 5  

103 . 2  

102 . 6  

1 0? . f\ 

103.8 

qq LL 
101. 8 

- - ..__ I -- - -

I 

-

I CLARKE WELL 8 EOUI PNENT, INC] 
C I T Y  O F  H A Y S  

W A T E R B A N K I N G P R O J E C T  
2 ., 4 

DRAW WATE
:
r DRAW WtTER DRAW WATER DRAW WATER 

OOWN L EVE OOWN L VEL IY'IWN LEVEL DOWN LEVEL 

2 . 20 1 .04 . 66 3 . 23 

2 . 22 1 .07 . 68 3 . 25 

2 . 27 1 .08 • 71 3 . 31 

? . 1L. 1 . 1 ') . Rf:. 1 1'i 

7 . 1C\ 1 . 1 7  71.i. 1 16_ 

2 . 39 1 . 20 . 79 3 . LiO 

? t..1 1 ?? . za 1 L. 1  

? Cj() 1 .  ?t=. R? 1 ')() 
? E\L. 1 . 11 87 1.  'ib 

? t-.R 1 . 39 Q? 1 t-.R 

2 . •  71 1 . 46 . 92 3 . 79 
2 . 83 1 . 52 1 .00 3 88 

2 . 86 1 . 56 l. 04 1 . cn 

2.90 1 . 59 1 . 07 3.92 
2 I q5 1 . f:.1 1. 1 0  Li 0 

2.99 1.65 1 1 1  1......98_ 

3.00 1 . 68 1 1 7  Li 01 

5 6 
DRAW ���� �� DOWN 

3 . 59 1 . 53 

3 . 52 1 . 56 

3 . 53 1 . 57 

1 R1 1 h1 

1 R1 1 ht.. 

3 .  81 1. . 65 
1 R 1  1 f:. 1  

1 R r;  1 h 1  

1 QO 1 . 6<) 

Li 00 1 .  7 1)  

4 . 1 1  1 . 80 
4 . 1 8  1 . 86 

4 .  ?') 1 89 . 
Li ? ')  1 Qt. 

....lL..JL _j_...95_ 

Ll . 1 6  1 QR 

�2.. .....L.9B.._ 

- -- -- � - . _.__ - -- --- -- , _ _  -- --

SHEET_2_a: jL_ 
7 

�N�� �AW 
WN 

. 74 

. 7 5  

. 76 

. 80 
8? 

. 8 1 

. 81 

. 8 3 
. 8 7 

.. 92 
. 9 1 

1 . 00 
1 . 01 

1 . Ot1 
l Of> 

_L 08 
1 . 0C) 

- .  -- --



Clarke Well and Eq11ipment , Inc . 

S amp l e  From : 
Leg a 1 :  

Dep t h s : 

R e ma r k s : 

\\'ATER R ELATED PROJ ECTS - En,·ir.1 1 1 11 1�11 1.d • l 11d1 1�1r 1 1 1 I  · �l 1 1 11 1� 1pal  · At\r: ..: 1 1 l 1 1 1r"!  
ROUTE 1 · A I R PORT · G R EAT B E N O, K A N SAS 67530 

TELEPHONE AC 3 1 6  • 793·8493 

S A N D  A N A L Y S I S  

C i ty o f  Ha;.ts - T.Ja tcr Ilon1c i - 3  P-cj cct We l l  tt : S i te  1 - J P  & 4P 

D cJ t e :  1 0 / 3 0 / 90 , 1 0 / 3 1 / 9 0  

U . S .  S T A l'I O A R O  S I E V E  M U M B E R S  
,-, r;. 

. .  

. 

I 
I 

lj. 1 / 4 ' h-, .· C. I T '1' I t -:3 P(  1 s - :� 1 ' 
I ·.·. - - - ·  -L - 4 t=·( 21J . 5 - .3 £1 :;  
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Clarke Well and Equipment ,  Inc . 
\\'ATER RELATED PROJ ECTS - Env1ri111 11H•11wl · l 1 1 1 l 1 1' 1 r"d · � f 11 11 i.:1pal • At,n, 1 1 l i 1 1 r  .. I 

ROUTE 1 · AI RPORT · G R EAT B E N D, KANSAS 67530 

TELEPHONE AC 3 1 6  • 793-8493 

S A N D  A N A L Y S I S  

S a mp 1 e F r  o m : --�Ci...,· i'..::.v....10...,,f_4MH i'l;i.,;:.v....,s....;-�W ...... ati...i.r;.;.r_B1.1.i;awa ... k ..... .; n.1..i;g,.... .... "Pr ..... a""',3 ....,,, c-....:
Lega l :  

We l l  tt :  S i t e  1 - S P  & 6 P  

D a t e : 1 0 / 3 1  / 9 0 , 1 0 / 3 0 / 9 0  

D e p t h s : 

R e ma r k s : 
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Glarke W ell and .tquipme nt ,  Inc . 

ROUTE 1 · A I R PO RT · G REAT B E N D, K A N S A S  67530 
T E L E P H O N E  A C  3 1 6  · 793-8493 

S A l\J D  A N A L Y S I S  

S amp l �  F r o m :  
City o f  Hays - Wat er !anking Proj e c t  W e  l l # : S i t e  1 - Tes t Wel l  

L e g a l :  D a t e : 1 0 /30 /90 

Dep t h s : 

R e m a r k s : 

LI • S • 5 T A t-1 0 R R Ct S I E IJ E l'I U II B E R S ,-. 
1 G 0 '·-.;. : 

I : I I I :>·-.1' : I I : : I ;  .. , 
9 0 1----�1-· -'·�·· -+1 -----!----+-----+----+-----!-----'----+-
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0 0 6 6 2 4  



Cl arke W ell  and �quipment , lnc . 

S amp l e  Fro m :  
Le g a l : 

Dep t r. s : 
Remar k s : 

S i eve 
s.1 ma 1 e I nches 

1 - l P  ( 2 1. - 33 )  
l-2P ( 1 5-2 1 )  

' 

. . 

� • • ... • ' . f 

WATER R EL :\  TE.D PROJ ECTS - F. 1 1,· 1 r  .. 11 1 11 l' 1 1 1 .d · l 1 1 1 l 11., 1 1· 1 1d . �' "'"'"'"" . .'\j·,r 1-:1 1 l 1 1 1r . i i  

ROUTE 1 · A I R PORT · G REAT B EN D ,  KA NSAS 67530 

TELEPHONE AC 3 1 6  · 793-8493 

S A N D  A N A L Y S I S  

C i ty o f  Hay s - Wa t e r  Banking Proj e c t  We l l  ti : S i te 1 - 1 P- 2 P  

O cl t e : 1 0 / 3 1 / 90 

1 / 4 
. 250 

U • S • S T  R !'I D R R  D S I E V E t-1 U 1·1 B E F: S 
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Da t e : 1 1 / 1 2 /90  _ 



WELL RECORD 
DES IGN  a CCNSTR UCTION SHEET 

JOB NUMBER 9 3 7 2  --------------

WE LL O'NNER _ ___,,C:..::i..::.tv..;.....:o .... f--.:.:H.:::.av.;...;s.:-____ WELL NO . Si t e  1 - 6 P  

+ 

WELL USE _ ..... o .... b ..... s e ..... r._v ..... a....,t=i=on:.:.-. _____ APPROPRIATION NO. ------ 1---+
LOCATION l/4 __ V4 __ V4, 
T __ s 1 R __ W/E E l l i s  

____ FS L,  FEL 
S e e  a t t ache d p l a t  for loc at ion 

S I Z E  HCL E  5 1 1 D I A. ------------

SECT!ON f'-0 .  -------

COUNTY Kan s a s  
state 

+ 

l I + J -+-I 
+ 

N 

5 I Z E CASING 2 1 1 DIA. ___ WALL; WT .. ___ l..BSIFT __ ;:;....S t,...e::..::e=l....._ ___ __,MATERlAL 
S I Z E  SCREEN 2 1 1 DIA. ___ WA LL S S  1! 3 0 4  r-MTE R IAL S S  . 08 0  cSLOr�� 
FORMATION LOG . From test  no. I Famatioo

;I 
From g round l eve l Fran I To Ft<J . f r om  to Thickness 

0 c; Tn n � n i l r 1 "' v ? 1 1  C: f- 0 0 1  f" � c: i n a  I n ? n  ? n  
c; 1 () C:: !l n r!  a..-!l .. � 1  "'" " rl  ,, ,., ,.i  4 , , ,., i,  .., ; .,. .,. ,.i  2" S S  S c ..-.. en 20 1() l() - -

i n  1 2  C:: !l n r!  """ "" " " 1 
1 ?  1 li C l  av b lack . s i l tv 

1 4  2 2  S a:ld S? rave l 

2 2  2 4  C lav , s o f t , s andv I 
2 4  3 0  S and , f ine t o  medium 

-

CAS I N G  LE FT ABOVE GRJUND 1 c; 
TOTAL CASI N G  a SC R EE N  

3 1  .5 
S TATIC WATER L EVEL See  Pumping Re oort CHLOR I N AT E  _ _._;;N.;.;;;o ____ QIJ\NITY USED 

From ground level  

GRAVEL PACK AN N U LAR SEAL 
---'1;;..;.7 __ TO ___ 3_0 __ ___ 7 __ TO ___ 

1_7 __ 
Holeolue  

_____ TO ----- _ ____ TO -----

WHAT IS THE N EAREST SOURCE OF FCSS!ELE CONTAMINATION N/A Temporary We l l 
DIR ECTION FROM WELL. ____________ HOW tMNY FEET' ---------

DESIGNED BY ORI LLED BY Maur i c e  S chreck DATE 1 0- 3 0- 9 0  

0 0 6 6 2 6  



WELL RECORD 
DES IGN  a CCNSTR UCTION SHEET 

JOB NUM BER 9 3 7 2  -------

WE LL OWNER C i tv o f  Hays 
+ 

WELL USE Ob s e rvat ion 

LOCATION V4 _V4_V4, 

Y/ELL NO . S i t e  l - 7P 

APPROPRIATION NO. ----

SECTION t-.o .  ------- -+- I  
T _s , R __ W/E E l l i s 

____ FSL, FEL 
See  a t tached plat  for locat ion 

S IZE  HCX.. E 5 1 1 D I A. ---------

COUNTY Kan sas 
state 

+ 

s 

+ 

N 

S I Z E  CASING 2 11 DIA. __ WALL; WT. LBSIFT __ S::..:t::.::e;.:::.e.:::..l ___ --: MA1ERIAL Con tj. '(l.U..Q.u� 
S I Z E  SCREEN 2 1 1  DIA. ___ WA LL SS !! 3 0 4  MATE RIAL SS . 080 SLOI� 

FORMATION LOG. From tes t no. I Fama tioo
,I 

From g round l evel I Frcm I To I FtQ . I f r om to Thickness 

0 4 . 5 Topsoil , s iltv c lav 2 If S t e e l  Cas ini? 0 2 2  2 2  I 
4 . 5  7 Sand tzravel 2 I I  S S  Scre�n 2 ?  1 ?  i n  • 
7 9 Clav , dark mud I 
9 1 3  Sand szrave l 

1 1  1 4 .  5 Cl :iv !":in � :indv I 
1 4 . 5  3 2  Sand P:rave l 

3 2  Dako ta shale I 
. .  

I I 
I 

I 
I 

I 
I 

CA S IN G  LE FT ABOVE GFOUND 1.5 
TOTAL CASI N G  a SC R_E E N  3 3  

STATIC  WATE R LEVEL S e e  Pump ing Repor t CHLORI NATE __ N_o ____ QIANITY USED 
From Qround level 

G RAVEL PACK 
____ 1_a __ TO 3 2  

______ TO ------

ANN U L AR SEAL 
___ a __ TO 1 8  

_____ TO ------

Hole plug 

WHAT IS THE N EAREST SOURCE OF FOSSIB..E CONTAMINATION N/A Temporarv We l l  

DIR ECTION FROM WE LL.  __________ HOW PMNY FEET --------

DESIGNED BY ORI LLED BY Maurice Schreck 

I \ ' • 
DATE 1 0- 3 1 -90 _...;...;.......;;...;:;......:...;;..___ 

O O R R ? '7  



WELL RECORD 

DES IGN S Cc.NSTRUCTIOO SHEET 

JOB NUMBER __ 9.._.3..._7.._2 __ _ 
WELL O'NNER Ci ty of Hays 
WELL USE Obs ervation 
LOCATION V4 __ V4 __ V4, 
T _s , R __ W/E Ellis 

______ FSL, FEL 
S e e  at tached p l a t  fo r  l o c a t ion 

S IZE HCLE "D IA. -----------------

WELL NO . s i t e 1 - 4 P 
APPROPRIATION NO. ----
SECTION N:J .  -------

COUNTY Kans as 
state 

+ + 

+ + 

s N 

S I ZE CASING 2 1 1 DIA. ___ WALL; WT. 1...BS'FT __ ...,S ... te .... e._.l.._ ____ MATERlAL 
S I Z E  SCREEN _...___11 DIA. ___ WALL ss 11304 �TER IAL s s  . oso �tbt..fi-J.� 
FORMATION LOG . From test no. \ Far:natia';\ From g round l eve l "  \Fran \ To I Ft<;l .  f r om  to Thickness 

0 1 Tnn � n i  l ? "  � r P P 1  r ., c: i Ti a  () ? () ? (')  -

3 1 2  C l  av s i l tv . sandv 2 "  S S  St"'i-een ·2 0 "Hi 1 0  

1 2  1 4  Sand 12:ravel 
-

1 4  1 s ..5 C lav . black mud 

1 5 . 5  2 6  S and grav e l  

2 6  2 6  .5 Cl av 

2 6 . 'i 30 Sand 12:ravel 

10 Dako t a  s hale 

CAS IN G  LEFT ABOVE GFOUND I l 'i 
TOTAL CASING a SC R EEN 3 1  .5 

STATIC WATER LEVEL S e e  Pumping Repor t  CHLOR INATE __ N....;;o ____ Q�NITY USED 
From ground leve l  

GRAVEL PACK 
1 7  TO 3 0  --------

_______ TO -----

ANN ULAR SEAL 
1 0  TO 1 7  

_______ 10 -----
Ho leolug 

WHAT IS THE N EAREST SOURCE OF R:SSIB..E CONTAMINATION N/A Temporarv We ll 

DIRECTION FROM WELL HOW �NY FEET ------------ -----------
0 ES I G NED BY ORI LLED BY M<1urice Schr e c k  DATE 1 0-3 1 - 9 0  

0 0 66 2 8  



WELL RECORD 
DES IGN a CCNSTRUCTICN SHEET 

JOB NUMBER 9 3 7 2  -------

WELL OWNER C i ty o f  Havs 

WELL USE Obs e rvation 

LOCATION V4 __ V4 __ V4, 

T __ s , R __ W/E Ellis 

____ FSL, FEL 
See  at tached plat  for  l oc a t ion 

S I ZE  HCLE 5 "D IA. 

WELLNO . S it e  l - SP 
APPROPRIATION NO. ----

SECTION NJ .  -------

COUNTY _ __...K_a n ... s""=a:'l":?,,...,...,,.---
Sta f e 

t 
+ l + 

I 

-f--

1 + 

s N 

S I ZE CASING 
S I ZE  SCREEN 

2 11 DIA. ___ WALL; WT. LBS'FT _ _.......S _,te..,.e.__l _____ MA1ERLO.L 
2 

I I  DIA. WALL S S  l,f 304 MATERIAL S S  . 080 �ofme< 

1 
I 

FORMATION LOG. From test no. I Fai:natia\I From g round level IFrcm I To I Fto . ' f r o m  to Thickness 

,, 

0 2 Top s o i l , s i l t v  mud 2" S t" i> i> 1  r.� s ind 0 1 7  c; 1 7 . I  
2 6 Sand (!rav e l  2 1 1  S S  c: ,. 'l" P PTi 1 7  .5 2 7  s 1 0  - . 

6 7 C lav , brown I 
7 1 6  Sand 2rave l , c lav mixed 

1 6  2 7 . 5  Sand grav e l  I 
2 7 . 5  Dako ta shale 

I __._ 

I I 
I 

I 

I 
CAS ING  LEFT ABOVE GFOUND 2 I 
TOTAL CASING a SC R EE N  

2 9 . 

STATIC WATER LEVEL S e e  Pumping Repo r t  
From ground level 

CHLOR INATE No Q�NITY USED --------

GRAVEL PACK 
__ _.1 ...... s __ TO ---:2:..:..7...:..... =-5 _ 
_____ TO ____ _ 

ANNU LAR SEAL 
--�s __ TO 1 5  
_ ____ TO -----

Hol epl11g 

WHAT IS THE NEAREST SOURCE OF FOSSlaE CONTAMINATION N/A Temporary We ll 
DIRECTION FROM WEU. __________ HOW "4ANY FEET _______ _ 
DESIGNED BY ORI LLED BY Maurice Schre ck 

( ' I f • • I � j J ' 

�TE 1 0 - 3 1 - 9 0  



WELL RECORD 
DESI G N  S COOSTR UCT I ON  SHEET 

JOB NUMBER 9 3 7 2  -------
WELL OWNER C i ty of Hays 

WELL USE Obs erva t ion 

LOCATION V4 __ V4 __ V4, 

T _s , R __ W/E Ellis 

____ FS L ,  FEL 

See a t : �c he d  p la t  for locat ion 

S IZE  HCX.. E 5 " D IA. ---------

WELL NO . S i t e  l - 2P  

APPROPRIATION NO. ----
SECTION f\.o .  -------

COUNTY Kansas 
State 

+ 

+ 

N 

+ 

I .,.. 

S 1 Z E CASING 2 11 D IA. ___ WALL; WT. l.BSIFT _.:::..S=te::..::e:..::1:....-_____ MATERlAL 
11 Col11�m'1.Q<"11,LS • _ 

S I Z E  SCREEN 2 D IA. WALL S S  /!304 Mc\TE RIAL -----'"""o�aal.1.--_ s U I �  

FORMATION LOG . From test  no. 
f r o m  

0 
2 

2 1  

to 

2 
2 1  

Tnnc:: n i  1 _ c:: i 1 t"v 
Sand and Grave l -

Shale 

f i n e . mP rl i 1 1m 

I Famaticn
1
1 Thickness From g round l evel Frccn I To Ft� . 

211 S t e e l  Ca s ini! 0 1 1  1 1 

? 11 C\ t- ,, -f T"l 1  ''"'"'' C\ t- o el 

Screen 1 1  2 1  1 0  . 

-

CAS I N G  LE FT ABOVE GRJUND l 
TOTAL CASI NG a SC R EE N  

2 2  

STATIC WATER LEVEL S e e  Pumping Report  
From Qround level 

CHLOR INATE __ ....;.N;..;:;.o ___ Ql>\NITY USED 

GRAVEL PACK 
8 TO 2 1  

______ TQ ______ _ 

ANN U LAR SEAL 

___ _.:::..s ___ TO 8 

______ 10 -----

Bentonite Holeplu� 

WHAT IS THE NEAREST SOURCE OF FCSSIB...E CONTAMINATION N/A Temporary We ll 
DIRECTION FROM WELL. ___________ HOW fMNY FEET --------
DESIGNED BY DRI LLED BY Mark E s f e l d  DA TE l 0- 3 1- 9 O 

0 0 6 6 3 0  



WELL RECORD 
-

DESIGN a CCNSTR UCTIOO SHEET 

JOB NUMBER __ 9,..3u..z .... z ___ _ + 
WE LL OWNER _......._C..._i c._yr-1.10 .... f .....1H.o.c;ai..,;1•;.w.s-----'NELL NO . s ite 1 - 3 P 
WELL USE Obs erva t ion APPROPRIATION NO. _____ --+-
LOCATION V4 __ V4_V4, 

T __ s , R __ W/E Ellis 

____ FSL, FEL 

S e e  a t tached p l a t  for loc a t ion 

S I Z E  HCt. E  5 1 1 D I A. ---�-----

SECTION flO .  -------

COUNTY Kansas 
sta te 

+ 

s 

+ 

-+--

+ 

N 

S I Z E CASING 2 11 DIA. __ WALL; WT. l.BSIFT _ ___:S;..:t:..;:;e..=.e :..l ____ MA1ERIAL 

S I Z E  SCREEN 2 
1 1 DIA. WALL s s  11 304 MATE RIAL S S  . 08 0  �E8f� 

FDRMATION LOG . From test no. 
I 
Famation

;I From g round l evel Fran To Ft CJ .  
f r o m  to Thickness 

n 1 Tonc:ni  1 2 " S l" e e l  Cas imi: 0 1 1  1 1  

1 ? " C::: ;i n rl  ? "  c; c;  c;: ,.. ,... ,. ,. n  1 1 2 1  1 0  

2 .  5 8 S and l!i-.:ive l wood - na oer . nlas t i r  

i unk 

R 1 1  S;ind l!rave l - some wood 

1 3  1 5  C lav . b lack 

1 5  2 1  Sand 2ravel 

I 

I 

I 
' 
I 

. '... 
2 1  Dako ta shale  

I 
I 

I 

l 

I 
CA S I N G  LE FT ABOVE GffiUND i " I 
TOTAL CASI N G  a SC R E E N  2 2 . 

S TATI C  WATE R LEVEL See P11mping sa?.ort 
From Qroun level 

CHLORINATE __ .:..N:.:...o ___ Q�NITY USED 

GRAVEL PACK 

-----'"--- TO 2 1  

______ TO -----

AN N U LAR SEAL 

---=3;.....__TO 8 

_____ ro -----

Holeolug 

WHAT IS THE N EAREST SOURCE OF R:5SIE1.E CONTAMINATION N /A Temporary We l l  

DIR ECTION FROM WC: LL,  ___________ HOW Mt\NY FEET --------
DESIGNED BY ORI LLED BY Maurice Sehr.eek �TE 1 0- 3 0- 90 

0 0 66 3 1  

' 



WELL RECORD 
DESIGN S COOSTRU CTICN SHEET 

JOB NUMBER 9 3 7 2  -------

WE LL OYINER C i ty of Hays WELL NO . 
S i t e  1 

1 2 11  Te s t  We l l  
WELL USE _________ _ APPROPRIATION NO. 
LOCATION V4 __ V4�V4, 

T _J.J_ S , R .1..L \lv.& E 11 is 

____ FSL,  FEL 

See a t tache d p la t  for locat ion 

S I ZE HCL E 1 8" 11D I A. 

SECTION NJ .  2 4  

COUNTY KaDs�s 
S ate 

+ + 

2 4  

+ + 

s N 

S I ZE CASING 1 2  " DIA. ___ WALLi WT. LB5"FT __ s_t....,e .... el _____ MA1ERIAL 
Con t inuou'  

S I Z E SCREEN 12  11 DtA. WALL S S  11304 MATE R IAL . 0 80 SLOT�,: 

FORMATION LOG . From test no. I Fcrmatioo J From g round l evel Fran I To Ftc;i . f ro m  to Thickness 

0 4 Toosoil  1 ? "  S tP P 1  r,,, c: i n e>  n 1 ,q 1 Q -

4 1 8  I S ;:inrl  � .,., r1  r,,.;:ivo 1  f .; .,., o  m o rl ; , ,.,., 1 2 " S S  S e T 1> 1> n  · 1 ,q ? ,q 1 n 
1 8  2 2  C lav . black 

2 2  2 8  Sand and Grave l .  f ine . m o d 'i 11m 

28  Shale 

CAS I N G  LE FT ABOVE GAJUND l 
TOTAL CAS I NG S SC R E E N  2 9  

STATI C  WATE R L EVEL S e e  Pumping Repor t 
From Qround level 

CHLORI NATE ___ N....;;o ___ QU:l.NITY USED 

GRAV EL PACK AN N U LAR SEAL 
1 3  TO 2 8  1 3  TO 1 5  -�H=o=le=·p�l=u=g ____ _ 

-----· TO 70 -----

WHAT IS THE N EAREST SOURCE OF FOOSIEl..E CONTAM INATION N / A Ter.toorary We ll 

DIRECTION FROM WELL HOW �NY FEET -·�----------- -----------

DES 1 G NED BY ORI LL ED BY Mark Esfeld �--------- DATE 1 0-30- 9 0  

0 0 6 6 3 2  



WELL RECORD 
DES I G N  a CCNSTR UCTION SHEET 

1 
JOB NUMBER 9372  + 

. - 1 
-��---- + -

WE LL OWNER C i tv o f  Havs 

WELL USE Observat ion 

WELL NO . Site 1 - IP 

LOCATION V4 __ V4_V4, 

APPROPRIATION NO. ----
SECTION NJ .  ------

T __ S , R __ W/E El Ji s 
____ FSL, FEL 

COUNTY Kansas 
state 

See a t tached plat  for locat ion 

S I ZE HCL E  

S I ZE CASING 2 

S I ZE  SCREEN 2 

5 
II  DIA. 

II 
DIA. 

11 D I A. 

WALLi WT. LBS/FT 

WALL SS 11304 MATER IA L  
Steel 

. 08Q 

fDRMATION LOG . From test no. I Famotioo
,
I From g round l evel  

f ro m  to Thickness 

0 8 Si 1 l'v 'l'nn�ni 1 2" � ... , "  � l' o o l  

8 1 9  Sand and Grave l ,  f ine , med ium f".., � i na  
1 9 2 1  C lay , b lack and s andy 2" S tainle s s  S te e l  

21  3 3  Sand a.nrl Grave l .  f ine � medium Sc Teen 

3 3  Shale 

-+---

+ 

N 

MA1ERIO.L Conf i� 
SLO t. · · 

!Fran I To 

. n 2 1  

2 1 3 1  

Ft<; 

2 · .. 

1 

. -

i I j I i .; i I 

I -

CAS IN G  LE FT ABOVE GR)UND 

TOTAL CAS I NG a SC R E E N  

S TATIC  WATE R LEVEL S e e  Pumping Repo r t  
From Qround level 

CHLOR I NAT E _...:.;N.:::..o ____ Q�NITY USED 

GRAVEL PACK 

1 5  TO 32  

_________ TQ ________ _ 

AN N U LA R  SEAL 

1 3  TO ----=1�5 ____ _ 
_____ TO ---------

Holeo lug 

WHAT IS THE N EAREST SOURCE OF R:SSIB...E COITTAMINATION NIA Temporarv We l l  

--
--

1 

. 

DIR ECTION FROM WELL. __________ HOW MANY FEET --------
DESIGNED BY DRI LLED BY Mark Es f e ld 

. � ' 
DATE 1 0- 3 1 -90  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. . 3 0 . LOCAT I O N  OF waL __ IA_· _·• 1/4�1/4, . SECTION ----

T�S ,  R 1 8 W! __ E_l_l_i_s __ �COU NTY, ___ K_s 
____ _ 

S t a t e  

S E C TION 

---- FS L, ----- FEL 
See attached p lat for loca t ion 

DEPTH OF WaL _____ 3_2
'_ .

. __ . ·_ . . . ___ S TAT I C  WATER LEVE L 1_o_._6 0_
' 
______ _ 

BLA N K  WE LL CA S I N
·
G . MATE R I A L  S tee l . 2 " - ·

. 
----------------------------

. . . . . ; 

CAS I N G L E FT B E LOW LAN D  S U R FACE __ No_n_e _______ FT. 

G R OUT �TERIALS : NEAT CEMENT D CEMENT GnoJT O BENTONITE � 
Hole P l u g  

OTH ER ___ _ 

GROUT I NTE RVA L S ,' FROM ___ o __ FT. T0 _3_2 ___ FT. 3 Sacks Hole P lug 

CHLOR INAT E •  QUANITY USE D  _____________ _ 

N EAR E S T  SOU RCE OF CONTA M I NAT ION N/A Temporary We l l  

D I R ECTION FRO M WELL HOW MANY FEET ...,._ ______ _ 

FROM I 
0 

. .. 

TO 

3 2 

. .. . . 

L O G  ( CESCRI BE MATERIAL US E D  TO PLUG HOL E ) 
FROM TO 

Bentonite Hole P lug 

, .  

WELL R..U GG ING BY ___ ....,M .... a ..... r._k.....__E.._s_f e_l_d __________ DA TE __ 1_0_/_2_9_/_9_0 ______ _ 

. ·· ·. 
•. . � . . . .  

. . 
, . 

. . . • · . , · -
. . . , ; . . . . : . 

. : .• . .  
. : .: . . . . 

. . · :, . 

. . · 
. . . .  

-: : 

. · •· :: . 

: -� 

.: . . . .. ... _ 0 0 6 6 3 4  . • : 
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Cl arke  Well and Equipment ,  Inc . 
WATER R ELATED PROJ ECTS - E.11 v o ro1111w 11ll l l  · l nd t 1> 1rn1I  · M u 1 1 1 c 1 p u l . :\ !'.r i.:ulrn r.il 

ROUTE 1 · A I R PORT · G R EAT B E N D, K A N SAS 67530 
T E L E P H O N E  AC 3 1 6  · 793-8493 

Index 
o f  

Reports 

B & V Pro j ect 17442 . 2 10 

C ity of Hays - Water Banking 

Introduction 
Quadrangle Hap - General Area 
Plat - Showing Location of Wells 
Tabulation - Location and Unit Items 
Measurements - Be fore Plugging 

1 

2 

3 

4 

5 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Site BP 
1 2 "  Test Wel l  

BP- 1  

BP-2 

BP-3 

BP-4 

Well Construction Record 
Ganuna Log 
Resistance Log 
Plugging Record 

Well Construction Record 
Ganuna Log 
Plugging Report 

Well Construction Record 
Gamma Log 
Plugging Report 

\·Tell Construction Record 
Gamma Log 
Resistance Log 
Plugg ing Report 

Well Construction Reco rd 
Ganuna Log 
Resistance Log 
Plugging Report 

Test Pumping Information ( 6  page s )  

RB-1 Well Construction Record 
Gamma Log 
Resistance Log 
Plugging Report 

( next page ) 

6 

7 

8 

9 

10 

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

17 

18 

19 

20 

2 1  

2 2  

23 

24-29 

30 

3 1  

3 2  

33 

00563'7 



RB-2 Well Construction Record 34 

Gamma Log 35 

Resistance Log 36 

Plugging Report 37 

RB-3 Well Construction Record 38 

Gamma Log 39 

P lugging Report 40 

RB-4 We ll Construction Record 4 1  

Gamma Log 4 2  

Resistance Log 43 

Plugging Report 44 

RB-5 We ll Construction Record 4 5  

Gamma Log 4 6  

Res istance Log 4 7  

Plugging Report 48 

RB-6 Well Construction Record 49 

Gamma Log 50 

Resistance Log 5 1  

S lug Test 52 

Plugging Report 53 

RB-7 Well Construction Record 54 

Gamma Log 5 5  

Res istance Log 5 6  

Slug Test 57 

P lugging Report 58 

RB-9 Well Construction Record 59 

Gamma Log 60 

Resistance Log 6 1  

Plugging Report 6 2  

RB-10 Wel l  Construction Record 6 3  

Gamma Log 6 4  

Resistance Log 6 5  

S lug Test 66 

P lugging Report 67 

RB- 10A Well Construction Record 68 

Gamma Log 6 9 

S lug Test 70 

Plugging Report 7 1  

0 0 6 6 3 8  



Clarke Well and Eql1ipment , Inc . 
WATER R E.L..l.TE.D P R OJ ECTS - F.n v i rl lnm�ncal  · l mlu., crml  · 1'lun 1c· 1 r1i l  · .-\!\111.: u l 1 11r.1I 

ROUTE 1 .  A I R PO R T · G R EAT B E N D, K A NSAS 67530 

T E L E P H O N E  AC 3 1 6  · 793·8493 

INTRODUCTION 
TO 

CITY OF HAYS , KANSAS 
BIG CREEK WATER BANKING PROGRAM 

BLACK & VEATCH PROJECT NO . 17442 . 2 10 

CLARKE WELL & EQPT - PP.ASE III 

Clarke We l l  and Equipment rece ived a transmittal from Black & Veatch on 
January 30 , 1991 . The transmittal outl ined the services required to 
collect additional data for the captioned pro j e ct . 

The City of Hays and Clarke We ll & Equipment executed a wri tten agreement 
oulining the services requested by Black & Veatch on February 7 ,  199 1 . 

Field work conunenced on February 7 ,  1 991 . F ield data collection was 
completed on February 1 5 ,  199 1 .  Removal of equipment, plugging of well s ,  
cleanup and re storation of the proj ect site was completed o n  February 20 , 
1991 . Approval of site restoration by the lando\-me r '  s tenant and the 
City o f  Hays has been expressed.  

CWE performed the f ield work under the supervision of Leo We llbrck, City 
of Hays and Jeff Henson , B lack & Veatch . To expedite data collection , the 
reports in rough draft were pre sented in the field or transmitted by facsimile 
to Black & Veatch office . 

Scope of 
1 .  
2 .  
3 .  

4 .  

5 .  

6 .  
7 .  
8 .  

9 .  

10 . 

1 1 .  

Work Performed : 
Hobil ize Equipment and Crews . 
S ite Preparation . 
Construct fourteen ( 14 )  observation we lls , inc luding 
collection and bagging of formation samples . 
Construct one 1 2  inch test wel l ,  inc luding collection 
and bagging of formation sample s . 
Obtain geophysical logs at the f i fteen ( 1 5 )  wells constructed , 
Collect 34 split spoon samples from seven ( 7 )  well locations . 
Perform Slug Te st at four ( 4 )  locations . 
Conduct 48 hour pumping test, observe leve ls in four ne arby 
observation wells . 
S ite Restoration and cleanup . Including plugging of all wells 
and boreholes drilled during the proj ect. 
Surveying - Plane table/ stadia to establish location of each we ll . 
Compile and submit data . 

Information reports of the work performed has been compiled by sequential 
wel l  numbers and ap_Eears on the fol lowing pages .  

/ I  

Submitted by u_.,,, Lt� 
Darre ll W .  Clarke <::::::::: 
Harch 4 ,  1991 

; '- ' ' -! • l ; • ! � 
- 1 - 00 6639 
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1 1.; YCHllCAL OATUH OF 1929 

H.&l lONAL HAI' ACCURACY STANOARDS 

I Mil[ 

•I HYER. COLORADO 80225. OR RESTON. VIRGINIA 22092 .IC.Ill SURVEY. LAWRENCE. KANSAS 66044 IAAl'S AND SYMIOLS IS AVAILABLE ON RCQUEST 

' .  

-2-

ROAD CLASSIFICATION 

Heavy-duty _ Li1hl·duly 

Medoum·duty . _ Unompra.ed dirt • • • •  , • , • , 
( ) lnlerslale Roule ij U. S. Roule 

00 6 6.1 1 
YOCEM ENTO, K A N S . H3852.5-W9?22.51 7 5 

1961 
PllOTORCVl�EO 1974 

.AMS 1 1 1 1  IV NW-SERIES Yl78 
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LOCATION DEF'TH GEOf'llYSICAL SF'LIT Sf·OON SLUG TEST 
· · - ---- --- ·==========:=====·

==·=====-============·======
-=====-====·====== ===·===================-================·====·==== =

·
=========·=·

= ===== ====== = ==== = ===
-
= == = =  

. 
- . 

ITEH 1 .  
12' TEST \.!Ell. 2560 ' N 4 20' E OF SM CORllER 21-13-19 .. ITEH 2 .  
TEST f'UHf'WG 
18 HOURS LUHP SUH - AODITIOHAL 12 HOURS <WEIR DID llOT HOLD> 

· - LS 1 
· - - - . . . - - - . - - - · · - . - - - - . 

. .. . .. . . . .. .  · · ·-- · ·  · - .  · - ·- · · - · ·· .. .... . - . - - - ·· · ·  . . - . .. - - - -- · - - - - . · - -- - .. · · - · - - -- - - - - - --· --- -- - - - - - -- . . ... . - · -- -- --

------------------------------------------------------------------------------------ ----------------- ----------- --- ----------- ----
Br-1 2510 ' H 4 10 '  H OF SE CORNER 25-1 3-19 
Bf'-2 2670 '  ti 4 10 ' E OF SH COF:llER 21-13-19 

- ·--- --- · · [:f•.:.3-- --- .. 2670 '" H &' 10 '  E OF I - I -

f:P-1 2560 ' II & 15' E OF 
l"\E:-1 2900 ' ti 4 70 ' E OF 

15 '  1 
1 1 '  1 -- - - .. 
30 I . . . . . . - - - ·  - - 1  -- - -- -

33 ' 1 
37 ' 1 

3 
0 . _  .. _ _  - · -

o 
.. . ·- ·· · - . . . . 

8 
0 

J,.- ·--Rr:::2---- - · n10 · ·N T 120 · · E -. .  oF · -- · • - I •- - · - -·- · · - · · - - -· . 

26 ' --- · - --- ··· 1 ·· •· · - - - ----·--·- - r - . - - ---· - ·- --- . . .  
1 l"\fi-3 2190' II & 320 ' E OF 

RB-1 1110 '  ti 4 1 250' E OF 
- -- - - Rr.:.5 ---- - · · 1110 • N 4 · 1 150 • E . .  OF -

- · · · 

Rt:-6 1260 ' H 4 550 ' E OF 
RB-7 710 ' N & 160' E OF -- ----Rr:-.:.a .__ ---1mr ORILLEO' - · -·- ·- . - · - - - · . - -
RB-9 210 ' ti 4 850 ' E OF 
REHO 55 ' N & 1 230 ' E OF --]B:lOI\-- -- --.. - 50 ' If & 1230 ' E OF 

18 '  1 1 
12 '  1 5 

I , ,_. . • ·- - . . - . . . .  
17 I 

- . . . . . - r -- - -- , .. . -- .. 
0. - - . 

32 ' 1 5 
30 ' 1 0 

31 ' 1 0 
39 I 1 ' u 

- 33 ' 1 
- . - - - -· -- . .  - - -

0 
. . · - -

159 ' TOTAL1 15 TOTAL 31 TOTAL 

Sf'LIT Sf·OON SAhf'LES E:OXEO E:Y CllE - STORED E:Y CITY OF HAYS 
Sri!IO SAHF'LES - BAGGED BY CllE - STORED AT CllE i!AREHOUSE - 1:0 SIEVE Mlt.L YSIS UllTIL ORDERED 

. - . 
1 - 1 
1 TOTt1L n 

.. - . .  - -

i
· · CHAF:GE ror( AHOUNl'OF CASIHG & SCREEll SET AT EACH OE:SERVATIOll llELL . THE EXTRA DEF'Tll DRILLEO ' TO COllFIR/1 SllALE '-- llOT CH(iRGEO.  

0 n SLUG TESTS - 110 EXTRA CHARGE 0 
. .  ·-- -m· · - - - --- · - - ·· 

en 
� 

. . . r-.;) 



Cl arke Well and Eqt1ipment , Inc . 
WATER REL:\ TED P ROJ ECTS - E11v 1r''"""'1 1 1Ji  · l 1 1 dus1r 1 1 1 l  · M11111� 1pul · r\1\n�ul 1 ur.il 

ROUTE 1 · A I RPORT · G R EAT B E N D, KANSAS 67530 

TELEPHONE A C  3 1 6  · 793-8493 

Observations & Measurements 
On 

February 20 , 199 1 

Be fore plugging wells and c leaning up the location , the fo llowing 
measurements were made : 

S tatic Total Depth He ight Casi�g 
Location Water Level F rom Top Casing Above G round 
1 2 "  Test Wel l  
BP- 1 
BP-2 
BP-3 
BP-4 
Weir 
RB- 1 
RB-2 
RB-3 
RB-4 
RB-5 
RB- 6  
RB-7 
RB-8 not drilled 
RB-9 
RB-10 
RB- 10A 

By - Elton Regier 

5 . 70 
5 . 78 
6 . 52 
5 . 67 
5 . 78 
2 . 96 

29 . 7 1  
1 5 . 9 1 
19 . 39 
29 . 40 
28 . 90 
2 5 . 85 
2 4 . 4 5 

2 4 . 99 
24 . 00 
23 . 79 

-5-

35 . 1 1 
1 1 . 8  
14 . 22 
29 . 72 
34 . 14 

36 . 79  
27 . 83 
43 . 9 1 
4 1 . 33 
4 5 . 20 
32 . 00 
31 . 6 1  

33 . 8 1 
40 . 7 5 
30 . 64 

1 .  80 
1 .  50 . 
1 .  90 
2 .  40 
1 .  70 
2 . 90 
1 .  50 
2 . 4 5 
2 . 50 
2 . 00 
2 . 00 
2 . 10 
2 . 00 
2 . 00 
1 .  7 5  

no664 1 



C LARKE WELL S EQU IPMENT, INC. 

WELL RECORD 
DESIGN a CCNSTRUCTION SHEET 

JOB NUMBER ·· 9 5 0 2  -------

WELL OWNER Hays , City o f  
S i t e  BP- 1 

WELLNO. 1 2" Te s t  We l l  

WELL USE Te s t  Well APPROPRIATION NO. none __.._.........., __ _ 
LOCATION NW V4 _fill_V4_Sl:l. • .V4 , SECTION f\O . --=24...__ __ _ 
T --11... S , R ...J.2.._ \lU£( Elli s COUNTY ____ __,_K=a�n�sa�s;.-------

stafe 
____ FSL, FEL 

2560 ' north & 2 0 '  eas t o f  SW corne r 

S IZE Ha... E __ _;;..2 0;;;__ ____ 11D IA • 

+ + 

x 24 

+ 

s N 

. S I ZE CASING 1 2  3 / 4 11 DIA. WALL; WT. . 375 LBSIFT __ s t-;e.-e.-l,.._.........,,....._-- MA1ERIAL 
w. LLs t ainle s s  Cook • 080 

S IZE  SCREEN 1 2  3 /4 11 DIA. ___ 'A s t eel MATERIAL Poerr . 1 2 s  SLOT/ ™ 

FORMATION LOG. From tes t no. I Fam�� From ground l evel \ Fran I To Fto·. f ro m  to Thick 
0 2 Too soil �::t S i T'I �  0 1 .  c; , .Ci 
2 c; S;:inrl ::inn or.'!vP 1 f ; ., ,.  c:,.T",. .. ..  . 3 .  5 1 2 . 5  9 

5 7 Sand and b lu e  c lay Cas in2 1 2 . 5  11 7 . 5 5 
7 . 9 S an d  and grav e l , whit e  rock Screen 1 7 . 5  3 3 . 5 1 6  
9 1 0  Clay , gray , s ilty 

10 1 5  S and , medium , grav e l  

1 5  1 6  Clay , gray , s i l ty . . 
1 6  2 6  Gr::ivel and sanil . whi t e  rnl"k . 

s ome �rav c lav I 
26 2 8  C l av . blue , whi t e  rock . 
28 34 S and and 2rav e l , fin e . med ium . 

wh i t e  rock . blue c l  ::iv 

34 Shale 
I 

! 
� 
I 

I 
CAS ING LEFT ABOVE GFOUND Li I 
TOTAL CASING a SC R EE N  35 

STATIC WATER LEVEL __ ____,3 ........... 9_.......---.-_CHLOR INATE ______ Q�NITY USED 
From Qround level 

GRAVEL PACK ANNULAR SEAL 
___ --:;;.3 __ TO ----'3=3::..:·..::.5_ ---�o ____ ! �  ___ _..3 __ 
______ ro ------- ________ TO --------

WHAT IS THE NEAREST SOORCE OF R:SSIB..E CONTAMINATION 
DIRECTION . FROM WEU. HOW �NY FEET 
DESIGNED BY ORI LLED BY M.'lrk Es feld & : ' . - ' ----------- Larry Fulton 

--------------

DATE 2 - 8- 9 1  006644 
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Hays , City of • ·• • • I I I 1 -1' -i · 1 I I i ... . . .  -1 BP - Test We l l  i i i I 1 f ! .r 

i 
't' -....;. -'"4· -:t. 

Re s i s t ivity 

Fu l l  Scale 100 OHMS 
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'v Ll-\ r\ K t.  W t.LL � t.U UI t-'·IYl t: N T, · I NC .  
WELL PLUG G I NG REPORT 

.· . _ · JO B NO. 95 0 2  -----':.-='"------

S i t e  BP- 1 
WATE R WELL OW N ER _�H=ay�s�·�Ci�t�v�o f""---�(�1=2-" �t�e�s�t �w�e=ll�):.__ __ 

A D D R E S S  P . O .  Box 49 0  --------....;;..;;.��-------------� x 
Hays , KS 6 7 6 0 1  

APA.I CATI ON � .  -----------
LOCATl O N  OF waL NW IA� l/4�1/4, SEC110N __ 

24 __ 
T_lL S ,  R 1 9 W E _E_l_l_is __ _.COU NTY, __ K_an_s_a_s __ _ 

S t a t o  
____ FS L ,  ---- FEL 

25 60 ' north & 20 ' e a s t  of SW c o rner 

+ 

24 

SECTION 

DEPTH OF WELL __ ..... 3-..3 ...... 3...-l _______ S TAT IC WATER LEV E L  --=-3 ..... 9'---------
BLA N K  WELL C A S I N G  MATE R I A L  _...n=o-=-n..._e _________________ 

_ 

CAS I N G .LE FT B ELOW UN O  S U R FACE -n ...... on ..... e.___ _______ 
FT. --------

G R OUT MATERIALS : NEAT CEMENT D CEMENT GOOJTO BENTONITE [!] 
Hole P l u g  

OTHER Drillers Cut t ings 

GROlIT INTE RVA L S ,' FROM 3 3 . 3 1  FT. TO 3 . 0 FT. 
CHLOR INAT E •  HTH QUANITY USE D _  ...... l_L4 ...... f/ __________ _ 
N EAR E S T  SOU RCE OF C O N TA M I N ATION -=no ..... n ..... e--=kn=o:...:.::wn..:.:.--------------
DIR ECTION FRO M W'ELL __________ HOW MANY FEET _______ _ . 

L O G  ( CESCRI BE MAT E RIAL US E D  TO PLUG HOL E ) 
FROM TO FROM TO 

3 3 � 3 1 1 0 . 0  Drillers Cu t tings 

1 0 . 0 3 . 0  Ho le plug 

3 . 0  0 Na tural Soil 

-

WELL R..UGG ING BY _G.-.e�o.-.r..._ge-...-E ....... s f'"""'e._l_d ________ DA TE __ 2_-_2 0_-_9_1 _____ _ 

-9- 00664 7 



C LARKE WELL B EQU I PME�J T,  INC. 
WELL REOORD 

DES IGN  8 CCf'.JSTR UCTICt.J SHEET 

JOB NUMBER - 9 5 0 2  
__,..,-------

WELL O'NNER 
Hays , City of 

WELL USE Ob s e rvation 

LOCATION NE V4 �V4�V4, 

WELL NO . BP- l -------
APPROPRIATION NO. -----
SECTION � .  _ _..2=5 ___ _ 

T_l_3_S , R-12... W/E _E�l=l=i=s ____ COUNlf __ _.;.;:K=S _____ _ 
slate 

____ FSL, FEL 
2 5 4 0 ' nor th & 1 0 '  wes t  o f  SE corner 

S I Z E  HCLE 5 5 / 8  " D IA. 

� 
+ i + 

2 5  

+ + 

s N 

S I ZE CASING _.-2 __ " DIA. . 09 1 WALL; WT. . 44 LBSIFT-.1P-.:V:..:=C:...-______ MA 1ERlAL 
S I Z E  SCREEN 2 

II DIA. WALL _ ..... r __ vc..___ MATE RIAL . 08 0  SLOT/� 

J 
I 

x j  

FORMATION LOG . From test no. \ FamaticoJ From o round l evel \Frcm I To \ Fto . , f ro m  to Thickness 
I 

0 4 Topsoil P lain 0 3 . 5  3 . 5  

4 7 . S and , caliche s t rips c lav I 
7 7 . 5 Clay , b lu e  & wi th s and s treaks Perf 3 . 5 1 3 . 5�0 

! 

7 . 5  1 3  Cl av b lu e . calich e  I - - I I wi th s t reaks o f  sand 

1 3  1 4  Sand med .  caliche , I 
with s t reaks o f  c lay I I 

I ... . 

I 
1 . 

. I I : 

CAS I N G  LE FT ABOVE GFOUND i .  s I 
TOTAL CASI N G  S SC R E E N  1 5  

STATIC  WATE R LEVEL. ___ 4 ..... .-.3 _____ CHLOR I NATE ______ QL'ANITY USED 
From Qround level 

G RAVEL PACK 
l TQ 1 3 . 5  ----- . -----

________ TO _____ _ 

AN N U LAR SEAL 
0 -;-;-, l _____ . ..  _ .. -----

______ TO -----
WHAT IS THE N EAREST SOURCE OF R::SSIB...E COITTAMINA110N 

Ho l e  plug 

DIR EC110N FROM 'M::LL. _____________ HOW PMNY FEET ---------
•: � .q19��tD BY ORI LLED BY Mark & Larry 

- 11'\-
DATE 2-8-91  
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CLAR KE WELL 8 EQUI PM ENT, ·  INC . 
. . · . . WELL PLUGG I NG REPORT 

. . .  · . ; 

. . . 
JOB N0._...;;.9.:::..;50::..:::2:.__. -----

BP-f 

. ·, · ' . . . 

WATER WELL OWN ER Hays , City of  ----':....-:.-�-----------

ADDR ESS  P . O .  Box 490 
Hays , KS · 67601  

APPLICATION NO. ------------

LOCATI O N  OF WB.L NE IAJ!Ll/4_.fil!..1/4, SECTION 25 
T__!l_S , R 1 9  WI E Ellis COU NTY, Kansas 

· • S to t o  ___ FS L , ____ FEL 
2540 ' north & 1 0 '  wes t  of SE corner 

DEPTH OF WaL _ _..;.l.;;..l .;..;. 8;,_ _______ S TATIC WATER LEVEL  

+ 

25 x 

... 

SECTION 

4 . 3  ------

BLA N K  WELL CA S I N G  MATER IAL _n_o_n_e _________________ 
_ 

CAS I N G .LEFT B ELOW � D  SURFACE _n_on_e ________ FT. --------

G ROUT MATERIALS : NEAT CEMENT D. CEMENT GROJTO BENTONITE [K] 
OTHER 

Hole Plu g  

GROUT INTERVA LS ,'FROM 1 1 . 8  FT. TO 2 . 0  . FT. 
CHLOR INAT E •  _ .... H�T....,H.._· ______ QUANITY USEO _ _..l..1,..;[8w.:.1�---------
NEAREST SOURCE OF CONTA M I NATION _ _.n .... o ..... n ....... e _.k....,n....,own......_ ___________ _ 

DIR ECTION FROM WELL ___________ H10W MANY FEET _________ _ 

L
.
OG ( CE:SCRI BE MATERIAL USED  TO PLUG HOLE ) 

FROM TO FROM TO 
1 1 .  8 2 . 0  Bentonite Holeplug 

2 . 0  0 Natural Soil : . . 

. 

WELL A..U GG ING BY _G_e_o-'-r.._ge;,_E_s f-'e�l_d ________ :DAif 2-20-91  

. 

0 0 6 6 5 0  
( ' .  t '  I ' , ' ._ - 1 2-

r 
I 

I I 

I 



C LARKE WELL t:< EQU I PMt:=NT, INC. 

WELL RECORD 
DES IGN  a CCNSTR UCTICN SHEET 

JOB NUMBER -- 9 502 -------

WE LL O'NNE R  Hays, City o f  WELL NO. BP- 2 

WELL USE Obseryation APPROPRIATION NO. 
LOCATION sw V4 _SJLY4...filL._V4, SECTION f\O .  

COUNTY T_1 3_S , R _J.2._WE _E_l_l_i s  ___ _ 
____ FSL, FEL 

2670 ' nor th & 40 ' eas t o f  SW c orner 

S I Z E  HCLE 5 5 /8 "D IA. --------

24  

Kansas 
State 

+ + 

x 24 

+ + 

s N 

S 1 Z E CAS!NG _2 __ 
11 D IA. . 09 1  WALL; WT . .  44' LBS'FT __ _.P,__V_...C _____ MA1ERlAL 

S I Z E  SCREEN 2 " DIA. ___ WA LL S t ainl e s s  MATE R IAL . 080 SLOT/ �b..S: 
S t eel 

FORMATION LOG . From test no. I Famatioo l From Q round level Fran I To Fto-. f ro m  to Thickness 

0 4 Top s o i l ,  s i l ty c l ay P lain 0 2 2 

S c re en ·2 1 2  1 0 
4 5 Sand , gravel 

5 5 . 5 Clay , s i l ty . 

5 . 5 9 Sand & gravel , very coars e 

9 1 2  Sand , Medium t o  c oars e 

I 
. .  I 

. 

CAS I N G  LE FT ABOVE GRJUND 2 

TOTAL CASI N G  8 SC R E E N  1 4  

S TATIC WATE R L EVEL 4 .  6 CHLOR I NAT E  Q�NITY USED ·----=----r-:--r-- -------
From ground level  

G RAVEL PACK 

__ 
2 
_______ T0 �_

1
_
2 __ �-

------TO -----

AN N U LAR SEAL 
0 ... ,.. 2 ______ , ._. -----

________ TO -----

WHAT IS THE N EAREST SCURCE OF FOSSR.E CONTAMINATION 

Bent o ni t e  Holeplug 

_ OIR l;CTION FROM 'NELL ____________ HOW Mei.NY FEET ___________ _ 

. '. - �  •oESlGNED BY ORI LL ED BY Maurice Schreck DATE z-3-9 t 
-=-.,,...----

0 0 66 5 1 
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..., .._, , ,  \ 1 \ 1... . r r  I-.'-'- I.A L-'-'l: V l  I H I L:. l 'I  1 1 • 1 1 '11.,., .  

Hays , C i tv o f  BP .:.2 ° · 

ADDR ES S · · ·  P . O .  Box 4 9 0  '" 

Havs KS · 6 7 6 0 1  

APFUCATI ON � .  ----------

-· 
. • .  

LOCA Tl 0 N OF WELL SW IA� 1/4 NW 1/4, SECTION 2 4 

T_!l.S 1 R 1 9 W E  Ellis COUNTY, ___ K_a_ns_a_s_ 
S t a t o  

_____ FS L ,  ______ FEL 
2 6 70 ' north & 4 0 ' e a s t  of SW c orner 

! 
.- N . .. 

.. 

t + 

x 24 

.. 

SECTION 

DEPTH OF WELL _ __.:;l:.:;2..::.;. 3;;.;;2;.__ _________ S TAT IC WATER LEV E L  __ 4_. _6 -----

BLA N K  WELL C A S I N G  MATERIAL__,�....__------------------

CAS I N G  .LEFT B ELOW LAND SURFACE _ ___.n ..... a"""n ..... e _______ FT. --------

G ROUT MATERIALS : NEAT CEMENT D CEMENT G�TD BENTON ITE � 
OTHER Hole P l u g 

G�OUT I NTERVA L S ,. FROM 1 2 . 32 FT. TO 2 . 0 FT. 

CHLOR INAT E •  ----"H=T=H ______ QUANITY USED _...;;l...:../�8 #.;.,_ _________ _ 

NEAREST  SOURCE OF CONTA M I NATION _=no=n=e�kn;,;,;o;,.;;wn�-------------
DIR ECTION FROM WELL __________ HOW MANY FEET -.--------

L
.
O G· ( CESCRI BE MATE RIAL US E D  TO PLUG HOL E ) 

FROM TO FROM TO 

1 , . 1 ?  2 . 0  Ben tonite Holenlu2 

2 . 0 0 Natural S o i l  

. 

WELL FLUGG ING BY __ Ge_o_r=ge_E_s_f e_l_d 
________ OATE _....;;2�-..;;.,2 0�-..;;.,9..;;.1 ____ _ 

6 
. • f .  I , t -, ' . " · j j i ' l 

- 1 5- 0 06653 



l, LAt"'ll\t. W t.LL t:< t.\..JU WMt.J\1 11 1 1\11.,;. 

WELL RECORD 
DES I G N  a CCNSTR UCT I ON  SH E ET  

J O B  NUM BER - 9502  
-------

WE LL OWNER Hays , City o f  WELL NO . __ B�P--�3 ____ __ 
+ + 

I 

W'ELL USE · · Ob s e rva t ion APPROPRIATION NO. ----
x 

2 4  � 
LOCATION SW V4 .2!L._V4...Jlli_V4, SECTION f-0 .  ___ 2 .... 4._ ____ _ 

T_l 3_S , R .J1._ VUE =-El....,l .... i.,..s ____ COUNTY _ _...K .... a ..... n._s a�sF-.-----Sta te 
____ FS L, FEL 

2 6 7 0 ' nor th & 1 0 '  eas t o f  SW c orner 

S I Z E  HCLE 5 5 / 8 " D I A. ---"------------

+ + 

N 

S 1 Z E CASING 2 " DIA. . 1 5 4  WALL; WT. 3 .  6 5  LBSIFT __ ..;;.S..:..t e;:;.;e;;.;:;1:...-___ MAIER�L 
S I Z E  SCREEN 2 " DIA. WAL L  s ����te s s �TE RIAL . . 080 SLOT/� 

FORMATION LOG . From test no. \ Famatioo
,
I From o round l evel !Fran I To I Fto-. f ro m to Thickness 

0 4 Topsoil , c l ay & wood 2 in . S te e l  0 1 8  1 8  
4 1 3  S and & �rave l .  med ium to coarse 2 in . S tainl ess  ·1 8 2 8  1 0  

S t eel 

1 3  2 0  Sand w i t h  clay mix 

2 0  2 8  Sand & gravel 

2 8  Dako ta Shale 

I 

I : : : : 

I 
CAS I N G  LE FT ABOV E  G FOUNO 2 

- TOTAL CASI N G  a SC R E E N  3 0  

S TATIC WATE R L EV EL _ ___,,,,.........3 ...... "'"'3 --.....-...---CHLOR I NATE ______ QU\NITY USED 
From Qround level 

G RAVEL . PACK AN N U LA R  SEA L 
_....:l_.6'--- TO 7 �  ---'�) - � 
_____ TO ----- _____ TO -----

WHAT IS THE N EAREST SOORCE OF FOSSIELE CONTA M INATION 
DIR ECTION FROM WELL HOW fMNY FEET 

I 

·1 

t � 
I 

I 
I 

I 

I 

------------

DESI GNED BY _________ DRI LL ED BY _Maurice Schreck,,,___ OATE 2-8-9 1  

0 0 fl65 4 . ' .  

, c. 



' , I �  1 . i ! 

% '2 c = 0 .. = 0 ... ... 
a 'i 0 ... 
':! 
c: 4 � 
!.:J 

0 0 6 65 5  
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· 
. . . :�·:< . - -· ._·· ::� :-: . .  /;::;- . .-.,� · .. ·-.' ·· .··�.;·, .", -- : _. , .. _7WELL PLUGG I NG REPORT · · 

·. · 

· .  - . WATER WELL OWN ER . Hays , City of  BP-3 -

' :, . .  

.. .  � . .  
·. AO OR ES S ·: ·-·-�p�·:..::::O..:.. • .....:B�o:.::.x....;4�9:..:::0 ____________ ___;,, 

Hays ; ·  Ks · 67 60 1  

APA...I CATION t-0 .  ----------
LOCATI O N. OF W8-L SW L..ttjL 1/4 NW 1/4, SECTION __ 

2_4 __ 

T _!_Ls , R 1 9 WI E __ E_l_l_is __ C. OU NTY, __ K_a_n_s a_s 
__ _ 

S t a t e  
____ FS L ,  FEL 

26 70 '  north & 1 0 '  eas t  of SW corner 

x 24 

.. 

SECTION 

DEPTH OF Wal __ .....;;;.2 7_..'""'3"""2 _______ S TAT IC  WATER LEVEL ____ 3_. _3 ----

BLA N K  WELL CA S I N G  MATERIAL _n_.o ..... n ..... e __________________ _ 

CAS I N G .LE FT BELOW LAND SURFACE _=no=n=e'--------- FT. --------

G R OUT MATERIALS : NEAT CEMENT 0 CEMENT GFOJT0 BENTONITE � 
OTHER 

Hole P l u g  

GROlJT' INTERVA LS ,'FROM 2 7 . 32 FT. TO 2 . 0 FT. 
CHLOR INAT E •  HTH QUANITY USED _ __.1..._/8=1/'-----------

N EAR E S T  SOURCE OF CONTA M I NATION _--'n=o;.;;;n=e_k=n�o;.,;.;wn=--------------

DI R ECTION FROM WELL __________ HOW MANY FEET _______ _ 

L O G  ( CE:SCRI BE MATERIAL US E D  TO PLUG HOL E ) 

FROM TO FROM TO 

27 3 2 2 . 0 Bentonite Holeplug 

2 � 0  0 Natural Soil 

. 

WELL FLUGG ING BY �G:.:e..:::.or:...g::...:e:.....:.E:.;sf::..;:e:;.:l:.::;d _________ D.ATE 2- 20-9 1 _ 

• ' . .• • ·� : l . .  I , I , , .  : ' • " . " - 1 9- · 0 0 6 6 5 7 

/ 
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C LAR KE WELL � �UU I PMEN l; INC. 

WELL RECORD 
DESIGN a CCtJSTRUCTION SHEET 

JOB NUMBER - 9502 
--------

WELL OWNER Hays , City o f  WELLNO . --�BP�--4 ______ _ 
WELL USE __ O_b_s_e_r_v_a ... t i ... · o ..... n ...... · _____ APPROPRIATION NO. -----
LOCATION NW V4 .... filLY4 _filL.Y4, SECTION flO .  ___ 2_4 -------

T _..!2._s 1 R _!1_ WE _E_l_l_i_s ___ COUNTf __ K_s _ __,,,,,.......,.-----sfo f e 
____ FSL, FEL 
2560 ' north & 45 ' eas t of SW corner 

S IZE Ha..E 6 "D IA. 

+ + 

x 24 

+ 

s N 

S I ZE  CASING 2 " DIA. . 1 54  · WALL; WT . .  3 .  65 l..BSIFT _ _.s ..... t .... e..-e l"'--____ MATER�L 
S I Z E  SCREEN 2 1 1  DIA. · . WALL s ����tess MATERIAL . 080 SLOT/I-OLE 

FORMATION LOG. From test no. 
I
Famotioo

l From ground l evel Fran I To 1 Ft�. f r om  ·to Thickness 
0 5 Tons oil P 1  ;:i"in !': r P P l  0 , ,  ? 1  
5 Ii r.1 ;:IV h 1 n o  Cook S c- r1>1>n . , '.!.  , ,  1 n  
6· 1 2 � ::inrl l" " "' T !': P  ,.. ,. l i l"h P  !': rrP::i" " 

n f  1" 1  ::IV h 1 1 1 p  
1 2 1 6  Sand & llt'avel & whi t e  rock 

1 6  20 Gravel .  white  rock. � s treak o f  

cl av blue 

20 28 Sand & llt'avel . white  rock 

28 30 Clav . blue 

30 33  Sand . fine . whi t e  rock . s treak 

blue clay 

33 Shale . b lue 

' 

CAS ING  LEFT ABOVE GFOUND 2 

TOTAL CASING 8 SCR E E N  33  

STATIC WATER LEVEL 4 . 1 CHLOR INATE f QU\NITY USED --F=r-o_m_
g
_r_o_un-d..-:-lev-e�l-- ---------

33 
GRAVEL PACK 

TO 2 1  ------
________ TO -----

ANNULAR SEAL 
2 1 "'l'"n Surfa ce _____ . ,,, 

______ 1'0 -----
WHAT IS THE NEAREST SOURCE OF FCSSIS..E COITTAM INATION 
DIRECTION FROM WELL HOW �ANY FEET 

I 
I 
' 

-------------- ----------

. ( 
D
.
�:1

.
��ED BY ------------ORI LLED BY___.,1..:ia""'r..1..ry�F..;.•u1l..i.t.i<.on.u....---�Tt6 61538 H 

- ? n-
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: : ::;.; ,-;:_ : -._ · · W�TER __ WE_L
�. 9�N ER . ' ..-: ·Hays ,  ' City' o f : - · -. .BP-4 . • . + 

. <· < · . ; ' ··:· . . . � -� ·: · . · <� · -.'� :.:=, ·_\:� -. . :_:':· :::>./:: · : -'.;:�?> " :: ' . _ 
. ' . . . . . . . . .. i:· . . . . 'ADDR ES S . P . o . · Box 490 ' '  - - . <  . . . 
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' ·\ ; ·:.:.,,·: . . ·, .. .  : ' · - · 

·- . .. · .  lt�vs�·· i<�i< 676o i . / . . ... . ·:: ·-:'. :· : · .. · · · .- · '.: · · 
24 . 

. •" "':· · . . . . . . · . . � ·. 1 : ·_ . 

APPLI CATION f\O. -----------
LOCATI 0 N OF 'HELL NW 
T_lLS ,  R 1 9 W E  

IAJIB_l/4SW V4, SECTION 24 
Ellis . COU NTY, Kansas 

S t a  t o  
____ FS L ,  _____ FEL 

2560'  north & 45 ' eas t of SW corner 

SECTION 

DEPTH OF Wat. ___ . ""'32=..i•i..;.:4�4 _______ S TATIC WATER LEVE L ____ 4 ...... ....,1 ___ _ 
BLA N K  WE LL . C A S I N G MATERIAL __....no=n=e'-------------------
CAS l N G  .LE FT B ELOW LAND SURFACE _n_on_e ________ FT. --------
G ROUT

. MATERIALS : NEAT CEMENT 0 CEMENT GRCUTO BENTONITE [] 
OTHER Hole P l u g  

GROUT I NTERVA L S ,'FROM 32 . 44 FT. TO 2 . O . FT. 
CHLOR INAT E •  _ ___.H __ TH __________ QUANITY USED _-1....,/8..._/I_· ________ _ 
N EAREST SOU RCE OF  CONTA M I NATION __ n..,.o....,n.,..e_k.,.,n"""o...,wn�-------------
DIR ECTION FROM Vt'ELL __________ HOW MANY FEET _______ _ 

L O G  ( CE:SCRI BE MATERIAL US E D  TO PLUG HOL E } 

FROM TO FROM TO 
32 � 44 2 . 0  Bentonite Holeplug 

2 . 0  0 Natural Soil 

. 

WELL A...U GGING BY __ G_e_o_r.;,.ge_E_s_f_e_ld _________ OATE __ 2_-_2_0_-_9_1 _____ _ 

. ·; d d t i •1 . .. . -23- 006661 . 
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C LAR KE W t.LL � t.UU l t-'Mt.1\J 11 1 1\J l. .  

WELL RECORD 
DESIG N  S CCNSTRUCTION SHEET 

JOB NUMBER 9502 
WELL NO . ___ . ..;;..RB�-_.l�----

+ + 

x WE LL OYINER City o f Hays 
WELL USE : · Obs e r� t ion APPROPRIATION NO. ----- 24 -+-
LOCATION SW V4 2LV4-1!E_V4, SECTION t-0 .  __ _.2=-4'-----
T __!l_S 1 R ....!2_ � Ellis COLNTY --�Kawn ... s�a,....s._ ___ _ 

sta te 

+ + 

____ FSL, FEL 
S EC T I N --

2900 ' nor th & 70 '  eas t o f  SW c orner 
S I Z E  HCt. E  5 5 / 8 11 D IA. __ ._-;.....;;..:�----

S I ZE CASING _"""'2..__11 DIA. . 1 5 4  WALLi WT. 3 .  65 LBSIFT _ _.S�t:.::e.::::..e l=------ MA1ERIA 
S I Z E SCREE N 2 11 DIA. WALLs t;f�iis s  MATE R IAL . oso cani- in11c" � SLOTh?ru 

RJRMATION LOG . From test no. I Famatioo;I -

f ro m  to Thickness From 9 round level Fran To r i c;  
- n A Tl'\n•"''of 1 ,. , ., ,, Cas in� 0 25 1 ' 

8 2 4  Clav . daTk h,.n..,,., ha,.� c: ,. ,.. ,. ,." . ? '\ 1 1'  1 
24 29 Sand and Grave l .  mix with c lav -

29 3 3  Sand and Grav e l  
3 3  3 7  Dakota shale -

I 

L -

{ � 
-

I 
-

I 
I . I 

-

I 

' CAS ING  LEFT ABOVE GR)UND I 
. 

TOTAL CASING S SC R EE N  

S TATIC WATE R LEVEL. ___ .. _.2_6_._s_,_,_ ___ CHLOR I N AT E _....;n.;.;;o..;.;;n..;;..e ___ Q�NITY USE 
From ground level 

G R AVEL PACK AN N U LAR SEAL 
__ ....;;.;2 3'--- T0 ___ ....;3_5 __ ___ ...;;.o __ T(' ___ z;,..;;:;..... __ 

_________ TO _____ _ _ _____ TO -----

WHAT lS TH E  N EAREST SOURCE OF R:SSaE CONTAMINATION none known 
DIRECTION FROM WC:LL. _____________ HOW I/ANY FEET -------

DESIGNED BY ORI LLED BY Maurice S chreck 
- i n-

DATE 2- 1 3-9 1  
0 0 6 6 6 8  
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Hole P lug  OTHER������---------� 

G�OIJT INTERVA LS ," FROM 33 .  89 FT. TO 2 .  O . FT. 
CHLOR INAT E •  HTH QUANITY USEO __ .;;.:l /:...;:8;..;;,.#_· _________ _ 
NEARE.ST  SOURCE OF CONTA M I NATION none known ������������������������-
DIR ECTION FROM WELL __________ HOW MANY FEET _______ _ 

L OG ( CE:SCRI BE MATERIAL US E D  TO PLUG HOL E } -
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33 . 89 

2 . 0  

TO 
2 . 0  
0 

. . " ; 
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. ' 
. . 
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.. 

WELL A..U GG ING BY _...;;;G..;.e.;;..or;;.Jg;;i.;;e;....;..E_s_f e_l_d _________ D.A TE 

. ·, {. - . :· . 
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WELL RECORD 
DES I G N  a C<l'JSTR UCT I CN  SHEET 

JOB NUM BER __ 9.._s ..... 0 .... 2 ___ _ 

WE LL OWNER City of  Havs 

WELL USE Observat ion 
LOCATION SW V4 .J!!!_V4__fil!_V4, 

T _!_LS 1 R ..i2.._VUE Ellis 
____ FS L, FEL 

WELL NO . RB- 2 -�-----
APPROPRIATION NO. ____ _ 

SECTION t..o . _ _.2 __ 4 ___ _ 
COll-JTY Kansas state 

1 4 1 0 '  north � 1 20 '  eas t of SW corner 

S I Z E  HCLE 5 5 / 8  " DI A. ------'-----

+ + 

24 
x + + 

N 

S 1 Z E CASING __ 2 __ " DIA. . 1 54 WALL; WT. 3 .  65  l.BSIFT_---:S�t=-=e�e.::.l _____ MA1ER�L 
S I Z E  SCREEN 2 " DIA. WA LLs t;��;l55 MATE R IAL • 080 Continuous SLOT/lB:E< 

FORMATION LOG . From test no. 
f ro m to I Famatioo

;I Thicl<ness From g round level Fran To Ftg·. 

0 8 Tonsoil . siltv c 1 �v (",. .,, ..; " �  0 1 4  1 4  

R 1 1 r. 1 "IV .:; ;  1 f'v "' ,. ., ,.i "  · Screen · 1 4  2 4  1 0  
1 1  1 3  Sand , fine to medium 

1 3 1 9  Sand and 2rave l ,  medium to coarse  

1 9  24 Clav . s iltv . sandv . finP .:: �nd 

24  2 9 Clav , black to blue . mud Yith 

some f ine sand . had some e>rave l 

1oebbles  in i t  

29 Dako ta shale 

. ' 

. I I 

i 

l 
I 

I I 
1 

CA S I N G  LE FT A BOVE GRJUNO 2 I 
TOTAL CASI NG a SC R E E N  2 6  

S TATI C  WATE R LEVEL. __ 1 4_._4 ______ CHLOR I NATE __ ..;.;;n.-on=e;._ __ Q�NITY USED 
From ground level 

G R AVEL PACK AN N U L A R  SEAL ___ 1_2 __ TO _____ 2'""'4 ___ .� __ o_. __ TO __ ....;...J =2 __ 
______ TQ _____ _ ______ TO -----

WHAT IS THE N EARES T  SOURCE OF FOSSIB-E CONTAM INATION none known 

DIR ECTION FROM 'M::U.. __________________ HOW PMNY FEET ----------------

DESI GNED BY ORI LLEO BY Maurice Schreck 

t .' ! i t : .. -34-
�TE 2- 1 3-9 1 

0 0667 2 
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.. . .  4 •.,.\ · . LOCATI O N  OF WELL SW 
T..,lLS ,  R 1 9  W E  

L4.filLl/4 SW 1/4, SEC110N __ 24_. __ SECTION 

·
·
: 

_ _.;.;.E_l_li�s--._�COU NTY, �  __ K_a_n_s_a_s ____ _ 
I .  

____ FS L ,  _____ FEL 
1 4 1 0 '  north & 1 2 0 '  east of SW corner 

... . .� 

S t a  to  

: ; �·:"/, . : . ·" ._ ·· :; . . . . . , . ;' �:·�� ' .. . .  
- · . .  · · · ,.· · · · . DEPTH OF WB..L _·_· ·-·.;....· ....;· 2=6:;..:.•=33;,_ ______ S TATIC  WATER LEVEL  __ l 4_._4 ___ "'----

·

·

:· - ·.>> .;
·
� ' :<���N� .: �ELL· '::cA S I N G _ MATE.RIAL '_: ·_n_o_n_e _________________ _ 

- . 
'. · 

t · . .  

CAS I N G .LEFT B ELOW ' LAN O  SURFACE __ n;.;..o_n...;..e _______ FT. 

GROUT_ MATERIALS : . NEAT CEMENT D CEMENT GliOJTD BENTON ITE � 
Holo P l u g  

OTHER Annular grave l pack and seal ; drill cut tings 
GROUT - I NTERVA LS , 'FROM 26 . 3 3  FT. TO 2 . 0  · FT. 
CHLOR INAT E •  _ _..:,:H�THu.-_______ ouANITY USED __ 1 ... 1_at_1 

----------
-

NEAREST SOURCE OF  CONTA M I NATION __ n_on_e_k_n_own ______________ _ 
DIR ECTION FROM YIELL __________ ,HOW MANY FEET_.__ _____ _ 

L O G  ( ll::SCRI BE MATERIAL US E D  TO PLUG HOL E ) 

FROM 
2 F.. , ,  

2 . 0  

� ·· . 

TO 
2 . 0  Bentonite Holeolu� 
0 Natural Soil 

- . �  ; 
.. � . . � . �. •. 

:": . '( . 

FROM TO 

:! � . . ... ---'-----'---------------""----i..--....l--------------� 

WELL A..U GG ING BY __ G_e_or __ g�e-Es_f_e_l_d ________ OA TE 2-20-9 1  



. ,, 

WELL RECORD 
DES I G N  a Cet-JSTR UCT I CN  SHEET 

JOB NUMBER _ _.2 .... s .... 02 ___ _ 

WELL NO . RB-3 WE LL OWNER City of  Hays 

WELL USE Observat ion APPROPRIATION NQ 
LOCATION NW V4 _fill....Y4--5JLV4, 

T _u_s ' R .J.LYV E  Ellis 

____ FSL, Fa 

SECTION N:> .  
COU'-JTY 

2 1 90 '  north & 3 2 0 '  east of SW corner 

S I Z E  HCt.E 5 5/8 " D I A. 

Kansas 
state 

+ + 

24 x 
.j. .j. 

s N 

S I Z E  CASING _-=2 __ 11 DIA. . 1 54  WALL; WT. 3 . 65 l..BSIFT 
L s tainless 

Stee1 MA1ER�L 
S I Z E  SCREE N  2 " DIA. WA L steel �TE R IA L  . 080 contj mm11s SLOT� 

FORMATION LOG . From t est no. lfam�� From g round level Frc:m \ To ftQ-. f rom to Thick 
0 1 1  Topsoil , silty sandy clay Casini;i: 0 36 36 

1 1  1 6 . 5 Sand , s ilty ,  fine t o  very fine Screen ' 36 46 1 0  

1 6 . 5 35 Sand and Gravel ,  coarse , mixed 

wi th medium 

35 35 . 5 Clay, strin2er 

35 . 5 37  Sand and Gravel ,  medium to .. . 1 . 5  

coarse to  verv coarse 
' 

37  37 . 5  Clay strin2er ,. 
: 

37 . 5  43 S and , medium to coarse to very 

coarse 

43 45 Dakota blue shale 

. . . . . . . 

i I I I 
CAS I N G  LEFT ABOVE GRJUNO 2 
TOTAL CASI N G  a S C R E E N  48 

S TATIC WATE R LEVEL _ ___,,,_1_6_. 9--,....,-..--CHLOR INAT E  __ no_n_e 
___ QU\NITY USED 

From Qrourld level 

GRAVEL PACK AN N U LAR SEAL 
_____ 34 __ � T0 ____ 46 ____ _ ---�-o��TO ��3_4��- holeplug 

--------TO ----- ------- TO ------------

-

WHAT IS THE N EAREST SOURCE OF R:SSIB..E CONTA M INATION _n_o_n_e ....;,k_n_o_wn ____________ _ 
DIR ECTION FROM WC:LL. __________________ HOW MANY FEET ---------

DESIGNED BY ORI LLEO BY Maurice Schreck 

-38-

DATE 2- 1 2-9 1  

0 0 6 6 7 6  
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APA..I CATION f'lJ .  -----------

LOCAT I O N  OF ¥/ELL NW 
T_!LS ,  R 1 9  W E  

FS L ,  
2 1 9 0 '  north & 320 '  

IA.filLl/4SW 1/4, SECTION 
Ellis COUNTY, Kansas 

S ta t e  
FEL 

eas t of SW corner 

24  

DEPTH OF WELL • 42 . 46 S TATIC WATER LEVEL · 

SECTION 

16 9 
BLAN� . ytELL C A S I N G  MATERIAL .... n=o=n-...e __________________ _ 
CAS I N G  .LEFT B ELOW LN-1 0  SURFACE ..-n-..o=n=e ________ 

FT. 
GROUT MATERIALS : NEAT CEMENT D . CEMENT GRCXJTO BENTONITE [] 

Hole P l u g  
OTHER An�ular gravel pack & seal , d'rill cuttings 
G�OUT INTERVA L S ,'FROM 42 . 46 FT. TO 2 . 0  · FT. 
CHLOR INAT E I HTH QUANITY USEO _ __,.l:.&/..:.:8""-11 _________ _ 
NEAR E S T  SOURCE OF CONTA M I NATION _ ..... n=o=n=-e .... k::.:.:n�o..::...wn�-------------
DIR ECTION FROM YIELL HOW MANY FEET _______ _ 

L O G  { CE:SCRI BE MATE RIAL US E D  TO PLUG HOL E ) 

. 

FROM 
42 . . 4 6  

.. 

1 8 .  0 
2 . 0 .  

. ' . . 
. . 

. . 

TO 
rs :o 

. z. o 

0 
. . .  -

... 

Annular 2ravel oack 
� - .1 1 ,  • U '---.1... .,L... -' c n t t ings 
Bentonite Hole'Plu� 
Natural 

. .  

: 

soil 

. ' 

. . . 

-

: 

FROM 
& seal , 

r 

: . .  

WELL �-U GG !NG eY� __ G .... e_c..;.."".wS-"'_E.,._s;....;f:;...;e:;..;�;..;:· �;...' ----

. . . . :� . ' 

.· .. • . 

. . ... . 
. . 1 : · . . . • 

. - . � .. . . ·. · . . . . : . "�- . . ..:. : 
. 

.. � � . . I 
.. - . 

. ' .. . .. .. . 
. : ... . -40-

TO 

: ! 

. · · . ·  . . ... 

I I 
I I 

I 
. 

\ -· . 



WELL RECORD 
DESIGN a CCNSTR UCT I ON  SHEET 

JOB NUMBER 9 5 0 2  -----------

WE LL OWNER City of Hays 

WELL USE Observation 

LOCATION SE V4 _fil!_V4..filt_V4, 

T_1_3 _S , R ..J.2._YVE Elli s 
____ FS L, FEL 

WELL NO . __].�B-_4 _____ __ 
APPROPRIATION NO. ____ _ 
SECTION f\O . ----2�4 ___ _ 

COUNTY Kansas slate 

1 440 ' north & · 1 250 ' eas t of SW corner 

S I Z E  Ha.. E 6 . "DIA. 

+ + 

2 4  

+ 

. s  N 

S I Z E  CASING 2 " DIA. . 1 54 WALL; WT • •  67'6 LBSIFT _ __.p_...y""'"c ______ MA1ERIAL 
S I Z E SCREEN 2 " DIA. . 091 WA LL PVC PMTER IA L  . 080 Mil l SLOT� 

FORMATION LOG . 
f r o m  to 

0 4 
4 ? 7  

2 7  2 9  
2 9  3 1  

3 1  33 

3 3  3 9  
3 9  4 0  

4 0  

' 

From test no. \Fam�� From g round level Frcm To Thick 
. . 

'T'nno:: ni l l'D1 .. -l .. 0 10 
-

r.1 "" l\..-nun · Screen ·1n 40 
Gravel ,  white rock , s trins clav 

Sandv clav ,  blue , white  rock . 
.

.
. . . 

s trip of sand 

Gravel ,  

clay 

Gravel ,  
- ·  . 

white rock , 

sand , white  

s trio o f  

rock·· 

Clav·. blue . s trin o f · ·sand and 
. . . 

white ··rock 

Shale blue 

.. .. 

-

.· . . .  

CAS I N G  LE FT ABOVE G FOUND 
TOTAL CASI NG a SC R EE N  

Ftg-. 

1 0  
1 0  

2 
4 2  

S TATIC WATE R LEVEL._�2�6 ."""'9--....,....,.-...---CHLOR I NATE ______ Q�NITY USED 
From ground level 

G RAVEL PACK AN N U LAR SEAL 
____ 2_s ____ T0 ____ 4_o __ _ ___ o ___ TO __ ...;..2.;;..8 __ __ H_o..;;;l'"""e.._pl'--u_..g.__ _____ _ 

----------TO �------ _ ______ TO ------

WHAT IS THE N EAREST SOORCE OF FCSSIB...E CONTAM INATION _....:n�o;,.;.;n�e....:k;.;.;.n;.;;.o�wn;.;._ _________ _ 
DIR ECTION FROM 'M::lL. __________ HOW PMNY FEET --------

, P��l�N ED BY DRI LLED BY Larry Ful ton 
' l ", . I � 

- 4 1-

Cll\TE 2- 1 1- 9 1  

006679  
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APA..ICATION 00. ·----------
LOCA Tl 0 N OF W8..L SE IA Jlli_ 1/4 SW 1/4, SECTION _ _.;2-..4.___ 

T _lLS , R 1 9  YV E __ E_l_l..,;i._s _ _..COU NTY, __ Ka_n_s_a_s __ _ 
S ta t e  

---- FS L ,  FEL 
1 440 '  north & 1250 1  eas t of SW corner · 

SECTION 

; OEPTH-· oi=' 'waL _· _._'·-=3=8.:..;. 8::.;:3'--_______ S TATIC WATER LEVEL _-::.:26::..::•..:.9.::.0 ____ _ . . . . - . BLA N K  WELL-. CA S I NG MATERIAL _...:.n=o�n:..e _________________ 
_ 

CAS I N G .LEFT B ELOW LAN D  SURFACE _ __,n=o=n=e _______ FT. --------

. GROUT. MATERIALS : NEAT CEMENT D CEMENT GRCUTO BE:NTONITE � 
Hole Plug 

OTHER Annul l" r  grA.VP. l  Mck & seal. dtill cyt t ings 
G�OUT INTERVA LS ,'FROM 38 . 83 FT. TO 2 . 0  F T. 

CHLOR INAT E •  HTH QUANITY USEO __ l.;..../ 8_11 _________ _ 
NEAREST  SOURCE OF CONTA M I NATION  --=no_n_e;.....,;.;;kn_o._wn _____________ _ 
DIR ECTION FROM WELL ___________ HOW MANY FEET --------� 

FROM 
38·. 83 

. 

2a : o 
2 . 0  

. 

L O G  ( CESCRI B E  MATERIAL US E D  TO PLUG HOL E ) 

TO FROM TO 
28 . 0 A.1nular gravel p�ck & seal , 

- -1 - J , ,  Ci.it t ings \,l �  ...... i 
"2 . 0 B!i'ti tonite Holepluli!: 

· O Natural soil ... 

- .. 
- : . · · . . .. 
' , •  . -

--��LL 'A..U GG ING �y�----.. -c_e_o.r_.e_...,P .... __ F._.s_f_e_l_d _..._ ________ DA TE ___ 2-_2_0-_9_.L-____ _ 

� . . .. · . . . . . ; � .. . � . : ; 
·
: .'."

. \' · , · 
·. · 

. . .. . ·: · . . . . :.
� ·� . · ' . 

: . · .: ! . • ' · . 
· . ·· ·  : . .  

· ·.'· · ' . . ·.� . . 
-44- · . 
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V "'-r"\ l \ t \.� 'f f .._ � - "-" �\.lif: V l t  1 • • -- • • • 1 u .. v .  

WELL RECORD 
DES I G N  S CCfllSTR UCT I ON  SHEET 

JOB NUM BER - 9502 + + 
WE LL O\l/NER Rais , Citv of WELL NO . B.B- 5  
WELL USE Observation APPROPRIATION NO. 24 
LOCATION Sf: V4 ... filL.Y4 ...fil:L_V4, SECTION NJ .  24  x +  
T_!2_S , 

+ 
R ..J1_W/E Ellis COUNTf Kansas  

FSL, FEL 
state 

N 
1 440 '  nor th  & 1 1 5 0 '  eas t o f  SW  corner 

S I Z E  HCl. E  5 5 / 8 "DIA. 
S I Z E CASING 2 II DIA. • 09 1 WALL; WT. . 44 LBS/FT f Y� MA1ER\l\L 
S I Z E  SCREEN 2 I I  D IA. . 09 1  WA L L  ��!:: �TE R IAL . 080  Mill S LOT/ �� 
FORMATION LOG . From test no. I Fcrmotioc\I From g round l evel Fran j To Ft CJ .  f ro m to Thickness 

0 6 Ton � n { l  �nf  t" t"�n t"n hrnt.m 2" 1 6011 PVC 0 35 1 'i 

s il tv c lav 2 11 � l"r P Pn 1 6011 '1 c; 4 'i  1 n  
6 1 6  Clay , brown , brit tle 

1 6  2 4  Clav . 2rav to  tan .  hard 

24 3 8  Clay . 2rav to dark brown 

38 4 1  Clay ,  b lack mud 

4 1  44  Clav . black to  2rav with some 
. . :' 

s and s treaks . co�T�e  nehh l i> �  
44 5 0  Dako ta  blue shale 

. . 

CAS ING  LE FT ABOVE GRJUNO 2 
TOTAL CAS ING  S SC R E E N  47 

S TATI C  WATE R LEVEL. __ ...._...;;2;..;;.6..._. 9.._· ......,....,-...--CHLOR I N AT E  __ no_n_e ___ QU\NITY USED 
From oround level 

G RAVEL PACK 
33  TO 45 

_____ TO -----

AN N U LA R  SEAL 
o TO 3 3  -----

_____ TO -----

Bentoni t e  Holeplug 

WHAT IS THE N EAREST SCXJRCE OF FOSSIELE CONTAMINATION __,,R=i..._ve=r=----------
DIR ECTic°N . FROM WELL�n;.;..,;o;..;;;r�th""--------- HOW �NY FEET ___ l;..::;5...:.0 ______ _ 

' �· ,· a ,_; ;j�IGNED BY ORI LLED BY Maurice  Schreck DATE 2-7-9 1 ----.;..........;;-=----

-45- 0 0 6 6 8 '3  
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LOCATI O N · OF WELL SE ·•· IAJ!H._1/4. SW 1/4; SECTION _....;2;;:..4:...--_ 
. T_lLS ,  R 1 9  VV E  _ __;;E�l�l�is�· --__,;JcouNTY, __ Ka�n�s�a�s-----

I S ta t o  
____ FS L,  -----

· FEL 

CAS I N G LEFT B ELOW l.ftN D  SURFACE ___ 4 _______ FT. "
GROUT �TERIALS :' N�T C�ENT 0 CEMENT GFOJTO BENTONITE (!] 

Hole P l ug  OTHER An.milar gravel pack & seal . drill cut tings 
GROUT I NTERVA L S ;FROM 43 . 20 FT. TO __..2�. o...___FT. 

SECTION 

CHLORINATE •  _ _..::.:.HT=H�---------QUANITY USEO _ _.l..:../..;.8.;.;...U _________ _ . . . . 
NEAREST  SOURCE . OF CONTA M I NATION __ .-n;.;.;o..;.n;.;;.e....;k;.;.;.n;;.;;.o..;;.wn�-----

-
---

-----
" D!R£CTION FROM WELL · ___________ HQW MANY FEET ________ _ 

L O G  ( tESC RI BE MATERIAL US E D  TO PLUG HOL E ) 

FROM TO FROM TO 
43 � 20 30 . 0 Annular eravel nack & seal , . J t'---t-�=--"��---------'-1--t---t-----� 

id'rl.1 1 cutt ings 
30 � 0  

2 . 0 0 :Naturai soil : 
. .  · •  

·. �l- ·. 
·:· .. ·:· 

WELL Fl.U GG!NG BY Ge cr;;:e Es f e l d  OA TE  2-20- 91.  ---o=..:::.;:::;.:..:_�-'=:.:..;;;..;=.-:::---------��---- _______ .;;;;... ____ ..;_;.._ _______ __ 

I 
. 

I 
' 
. 



WELL RECORD 
DES IGN a Ca-JSTR UCTION SHEET 

JOB NUMBER __ 2 ..... so ..... 2 ___ _ 

WE LL OWNER City o f  Havs 

WELL USE __ . 
·
obs e

·
r,:,ation 

LOCATION NW V4 _§.� _ _v4 _filLY4, 

T_l_3_S , R _li_W/E Ellis 
____ FSL, FEL 

WELL NO . R'R - 6" __ :.:.:..:..... ______ _ 
APPROPRIATION NO. -----

SECTION t-D .  _ ............ 2 __ 4 ___ _ 

COLNTY Kansas 
state 

1 2 6 0 '  north & 550 ' eas t o f  SW corner 

S IZE  l-0.. E 11D IA. __ ..,_...i..__ ___ 
__ 

+ + 

2 4  

x + + 

N 

S I Z E CASING 2 11 D IA • 1 5 4 WALL; WT . •  6 76  l.BS'FT PVC MATERIAL 

S I Z E  SCREEN 2 I I  DIA • . 09 1 WA LL _Pv_c __ MATE R IAL _._0_8_0 _M�il--l ___ SLOT� 

RJRMATlON LOG . From t est no. l�J� From ground level Fran I To Ft�. f r om  to 

0 4 Toosoil Plain I 0 22 22 

4 1 9  Cl av brown Screen · 2 2  32 1 0  

1 9  24 Sand and Gravel 

24 26 Sand , f ine t o  medium ,  whi t e  rock 

26 30 . 5  Sand and Gravel and white  rock 

30 . 5  Shale , blue  

· I 

. 

CAS I N G  LE FT ABOVE GRJUND 2 
TOTAL �SING  a SC R EE N  3 2  

S TATIC WATE R LEVEL 23 . 9 CHLORINATE QU\NITY USED 
--=Fr.-o

"""'m---
g r-o-urid.....,...,....lev-e"""I-- --··-·----

GRAVEL PACK 
1 8  TO 30 

ANN U LAR SEAL 
0 TO 1 8  Rcleplug 

_____ TO ----- _____ TO -----

WHAT IS THE N EAREST SOURCE OF FCSSB..E CONTAMINATION none known 

. DIR ECTION FROM \'£LL ___________ HOW PMNY FEET ---------
J ! ! • ' 
' D�IGNEO BY DRI LLED BY Larry Fulton 

-49-
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... j , .  I :  � Hays , C i ty of 
RB-6 

Gamma 

• . • • I ' I . t· t � i I· , t t�  r i.:u ..l{U:: ... � +.- ti::-R= :� -� :1�:-
Full S c a le SK ·"'"'"rr -,l . ± i::_.:'"llf.F� -f. . i--.... - ..... .. 1- 1 1 1 r 1 1 1 1 ' 1 , , , , , , , , • , , 1 , , • 1-. • ·�· f . ·· J lJ :� .JJ:lt J'j:� . JI-I :� J.1'.- J.�rl:l'��J : :��f- � :  . i:J t_l�fi-+f"N · l-: T r  �.r:t .. - 1-, !- · l-f.r.i t · •  1. · - . -1-�· .t. T · .- + t 1 1 �, -�--�lT!"" ··1 :r t rt "j1ti .11-1· �flf ·11 · j· i i · : l :\· l J l  l,_ ri It .JI J ! :- . i :I .1t+ • " 1 · 1 -; ·, - · - :  +1 '.j �'l I 11 • 1 · ! · •. ! � · I ! : · f-1" r I · · · • 1 · 1 1· ' ! 1 • 1 I. 1 · • • 1  ! , L I · 1 1 ·1 ' I '  · 1 • • · • • I· . , . . . . . ,. · ' l • o 1· I I I I I I i  • ' I 1 I • I 1 ' : ' , ' ·u·- - I -i· ! +· i . · 1-: ri- 1 l j fl 

I
� · i -i i : I i h r , .. ··r � ; I : t' I i : I ' . . , • I J I : I J I I I : ! ; I : I . ! • i : I ' I 1 : I I ! ! . ; . : · : f .  · I I , - ., t - . -r-:- : . .  , . , I • · 1 · : :  . . . . .. � ·1 · · 1 · 1 1·1 · 1 ·  1· : r· ·- · I  1 :-r-· " . • 1 - 1 • -1 1 r n 1 i I ! 1 "-!. ! I ! 1 · ! : ! 1 I : ; • , 1 ! : : " 'T 

... j· : · + �  H �·1 : . 1 . 1 . 1  1 .r.:i'f1 . . 1 ;  1 ' ·i , :  1 : l i i , . .  1 . . . , • ,  1 . . . , .. ; . . -1- � - ,· -l r · · ' -·r' · - ' · ·- -,-� l· i -• · " Tl- ' . !. t · · � .. - �  i r : - i : : . 1 • . i · ' . t . , . .  ,.. . :  .. 1 - - ·H- -r · - 1  i i ·1 1  : . .  1 . .. . 1· 1 1 r· .. 1 . . 1 1- ; -t . , 1 - �..I.. •· i n· · · I 1 · ·�· · - �+ · 1- r · 1· !· 1 :  .., . 1  r · · -T ,- i - · I· - .  · t· 1-1 , : · r r-!· = �:I- - :11·u.i: � 1 :1�1= : r� 1+1·1 ·-� .1:1n1: 1� :1,
· i ! , ,  1• '· l 1

· 1- _ lh� . . ,- 1 - · i�· 1· 1 : ittr. . .... . , - - I· ;-l-d - 1-r- · 1 I · · ·· · · · · ! L ·1 t · 1 · · · : - . . . . 
I 

· ·· � ·1 T "'"H -•-""t" f+i-rr ;--t--r S-; ·t+r. t+�- - -t- 1-r · · r: - r !+,-
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Clarke Well and Equipment ,  Inc . 
WATE.R RE.LATED PROJ ECTS - F.11vor1•11 111 .. 111ul • l 1 1du,,1r111l • M u 111..:iro1d • i\1',ricu l tur.al 

Location : 

Date : 

ROUTE 1 • AI RPORT · G REAT B E N D. l:<A N SAS 67530 

TELEPHONE AC 3 1 6  · 793-8493 

SLUG TEST 

B & V Pro j ect 17442 . 2 10 
City of Hays - Water Banking 

Well No . RB-6 

February 20 , 1991 
= = = = = • • ==••••a••c••••••••••=••••• ••••====•==•= = m = = == = =•== = = = = = = = = = = = = ======== = 

Procedure : 
1 1 : 35 AH 

1 1 : 5 1 AH 
1 1 : 52  
1 1 : 53  

Static Water level from top of casing 

Position Powers Water Level ( electric tape ) 
in casing . 

From a 250 gallon tank: start inj ecting 
water into the observation well at 
approximate rate 35-40 GPH. Approximately 
6 . 5  minutes to drain tank .  

Tank empty - Water Level from top of casing 
.. .. " 

" " " 

Test Conducted by - Elton Regier 
Clarke Well & Eqpt . 

- 5 2-

2 5 . 8 5 '  

2 5 . 6 5 '  
2 5 . 76 '  
2 5 . 85 '  

0 0 6 6 9 0  
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' "  . . A_PA..ICATI� ·1'0. _. _. _· · ---------, :  . -

LOCATI O N  OF WELL NW . IA SW 1/4 SW V4 SECTION 2 4 -- -- I 

T�S , R 1 9  YU E  __ E_l_l_is ___ ___,COUNTY, ___ Ka __ n_s_a_s ____ _ 
----- FS L ,  FEL 

1 260 ' north & 550 ' east of SW corner 

S t a  t o  

CAS I N G .LEFT B ELOW LAND SURFACE ___ 4 _______ FT. 
G ROUT MATERIA

.
LS : NEAT CEMENT D CEMENT GFOJTO BENTONITE � 

Hole Plug OTHER Annular grave l pack & seal , drill cuttings 
G�Ol!T INTERVA LS  , 'FROM ----'3"""'0..;... o ___ FT. T0 _2_._o __ FT • 

SECTION 

. CHLORINATE •  ___ _...H=T.-.H ______ QUANITY USED _l....;./_8_11 __________ _ 
N EAREST SOURCE O F  CONTA M I NATION __ n_on_e_k_no_wn _____________ 

_ 

DIR ECTION FROM WELL __________ HOW MANY FEET......--------

FROM 
30 . 0  

24 . 0  
2 . 0  

. . 

L O G  ( CE:SCRI BE MATERIAL US E D  TO PLUG HOL E ) 

TO 
24 . 0  

2 . 0 
0 

. .. 

Annul'lr gravel pack 
drill cuttings : . 

Bentonite Holeplug 
Natural soil 

. . 

& seal , 
FROM TO 

. . . 

, 

WELL FLUGG ING BY __ G_e...,o ..... r ..... ge_E_s_f_e_ld _________ DATE __ 2_-2_0_-_9_1 _____ _ 

. ·- : ' . 
. . 

: .. .  , 

. . • ' , 

': : : ... :: . � .. . . ... • ·' . ! ; . 

. . � . . . . . ..  . 
. > :: • . • - . .  

-,; :- . . . 

. .... 
-

. . . . 
'· 

.' ' 

�- . . 
. . - .. . . ... . . 

.· · . ' . 
· . · . .  

• "  I • 
. . '" .. �:· ' : ( ·  I t i � ' . • ,J r , • -53- . : : ... .. � . 

. 0 0 6 6 91 



L; LAt-< Kt:. W t:.LL tX t:QU ll-'Mt.l'J I, INC .  

WELL REOORD 
DESIGN 8 CetJSTRUCTlet.I SHEET 

JOB NUM BER 9502 ---------
WELL OWNER City of  Hays WELLNO. --�RB_-_7 __ _ 

WELL USE _O._.b __ s..-.e.::..rv.;..;:a.;..;:t�i�on�----APPRCPRIATION NO. -----
LCCATION NW V4�V4�V4, $ECTION f\O .  ___ 2_4 ____ _ 
T _ll_s 1 R_..!!_VVE Ellis 

____ FSL, FEL 

COLJJTY -�K�a=n=s=as:-.--�---
Sfa te 

740 '  north & 460 ' eas t  of SW corner 
5 5 / 8  "D IA. 

+ + 

24  

+ + 
x 

N 

SIZE HCl.E 
S IZE CASING 
S IZE  SCREEN 

2 II  DIA. . 1 54 WALL; WT. 3 . 6'5 LBS/FT Steel MAlERlAL 
2 " DIA. WALL S t�!��I55 tMTERIAL . 080 continuous SLOT� 

J 

FORMATION LOG. From test no. l�J� From g round level Fran To Ft�·· l f r o m  to 
r 

0 " Tnnc::ni  1 c:: i 1 t'v r- 1 :iv i.. ............. f" n  Cas ing 0 l R  1 8  -
da-rk brown � ,.. ,.. .. "'" ' l  A ? A 1 n I 

6 12 Hard brown clay 
1 2 1 9 . � Clay 
1 9 . 5  Clay , tan , mealy , silty 
1 9 . 5  2 5 Sand :inn izravel .  c n:i rc:: E! t o  'i 'i 

me d i 11m ,  1 nn s e . clean 
25 26 Rock 
26 28 Dakota shale 

' i 

I 
CAS ING  LE FT ABOVE GFOUND 2 
TOTAL CASING 8 SCREEN  30 

STATIC WATER LEVEL_--,22,,,,....._4 __ ---.-......--.--CHLORINATE __ n_on_e ____ Q�NITY USED 
From ground level 

GRAVEL PACK 
___ l_G __ TO 2 S  
_____ TO -----

ANNULAR SEAL 
___ o_· __ TO \ G  

_____ 10 -----

?.entoni te Ro l er.i l u-e--

WHAT IS THE .N EAREST SOURCE OF R:SSB..E CONTAMINATION none known 

I 

I I 
I 

I 
I · -

I 
• 

I I 

DIR ECTION FROM WELL __________ HOW fMNY FEET _______ _ 
• � - ,tD�7r9�.ED BY ORI LLED BY Maurice Schreck 

_ t:, f, _  

�TE 2- 1 2-9 1 00 6692 
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Clarke W ell ai1d Equipment , lnc . 

Location : 
Date : 

WATE.R RE.LATED PROJ ECTS - Envm•nml'111al • l 111lu�1riul • t-1111111.:irul • Af,ru.:nhurul 

ROUTE 1 · A I R PORT · GAEA T BEND. KANSAS 67530 
TELEPHONE AC 316  • 793-8493 

SLUG TEST 

B & V Pro j ect 17442 . 210 
City of Hays - Water Banking 

We ll No . RB-7 
February 20 , 1991 

• • =• • ===••• • • • • = = == • • = = = = • • • = = = m s = = = • = = = • • = = • • • = • = • • = • • •• = = = = == = = = •= = = • = = = = = = =  

Procedure : 
----- PH 

13 : 06 PH 

13 : 19 
13 : 20 
13 : 21 
13 : 22 

Static Water level from top of cas ing 

Position Powers Water Level ( electric tape ) 
in casing . 
From a 250 gallon tank : start inj ecting 
water into the observation well at 
approximate rate 35-40 GPM. Casing filled 
to top in approximately 1 . 5  minutes volume 
of water approximately 50 gallons . Well was 
tight, tapped casing, water dropped rapidly, 
repeat procedure : 

Static Water level from top of casing 

Position Powers Water Level ( electric tape ) 
in casing . 

From a 250 gallon tank : start inj ecting 
water into the observation well at 

24 . 4 5 '  

24 . 45 '  

approximate rate 35-40 GPH . ( 200 gallons inj ected ) 
5 minutes to drain tank . 

Tank empty - Water Level from top of casing 

" 
" " 
" " 
" 

19 . 10 '  
24 . 15 '  
24 . 45 '  

Test Conducted by - Elton Regier 
Clarke Well & Eqpt . 

t , 
I ' . . ' . ..  ' . . ' . . .  , I ! .' -57-
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APPLI CATI ON 1'0. ·-----------

LOCATI O N  OF WEl.L ..lrL_ IA.filL_ l/4 SW 114, SECllON 24 

T_!l_S ,  R 19  YV E Ellis COU NTY, Kansas 
Sta te  

---- FS L I FEL 
7 4 0 '  north & 460 ' eas t of SW corner 

SE CTION 

DEPTH OF WEl.L ___ 2_9 ..... 5_1 _______ S TATIC WATER LEVE L  __ 2 2_._4 ____ _ 
BLA N K  WELL CA S I N G  MATERIAL __ n_o_n_e_·

-----------------

CAS I N G .LE FT B ELOW LANO SURFACE _n_on_e ________ 
FT. 

GROUT MATER
_ .

IA
.
LS : NEAT CEMENT 0 CEMENT �FWTO BENTONITE {Kl 

Hole Plug 
OTH ER Ann�alr gravel pack & seal , drill cutt ings 

G�OUT I NTERVA LS ,'FROM 29 . 5 1  FT. TO 2 . 0 · FT. 
CHLORINAT E •  HTH QUANITY US EO ___ l /  __ S_#_· _________ _ 

· N EAR E S T  SOURCE OF CONTA M I NATION ---.n=on-.e.....__k;,;;,;.n.;;..own;.;..;.;;_ ____________ _ 
DIR ECTION FROM ' 'M:LL -----------' OW MANY FEET _______ _ 

LOG ( �SCRI BE MATE RIAL USE D  TO PLUG HOL E ) 

FROM TO FROM TO 
29 '. 5 1  24 . 0 Annular gravel pack & seal , 

drill cuttingi:; 
24 . C '-'-' 2..D Benton!� Holepl.ug 

- ... -��� .... 
2 . 0 0 Natural soil 

, •  . 

. � ... � -

WELL R.U � ING. _BY __ Ge_o_r..=.g_e _E_s_fe_l_d ________ OATE 2- 20- 9 1  

·. · . . -· . 

·• 

. 

' � ' . . 0 0 6 6 9 6 . 
-58-
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V l...M I  I I ''- f f  I.-'-'- V\ 1.-... \J l l  1 1 1 1...1 • IJ 11  • V • 

WELL REOORD 
DESIGN a CCNSTR UCT I OO  SHEET 

JOB NUM BER 9 5 0 2  -...;..;;.�-----

WE LL 0\1/NER Citv of Havs WELL NO . _ .... R=-B-..... 9.._ __ _ 
WELL USE Observation APPROPRIATION NO. �;;...;...;;..;..;;.-"-=�----- -------

L OCAT 10 N SE V4 2H..__V4.fill_V4, SECTION 1'0 .  __ 24...__ ___ _ 
T __lLS , R..li_ W/E Ellis 

____ FS L, FEL 
COLNTY Kansas 

-----....... �S�f�a�f e ____ _ 

240 ' north & 8 5 0 '  eas t of  SW corner 

S I Z E  HCL E  6 1 101A. --------------

+ + 

24 

+ + 

x 
N 

S 1 Z E CASING 2 " DIA • 1 5 4  WALL; WT. . 676 l.BS'FT _ _...py....,c...._ _____ MA1ERLl\L 
S I Z E  SCREEN 2 " DIA • .  091 WALL pvc MATE R IAL . 08 0  Mill SLOT� 

FORMATION LOG .  From test no. f r om to 
j FO'l]laticn;I From ground l evel Thickness Fran I To FtQ-. 

0 4 Tnncni 1 'Pl ::d n n I " ? ?  
/,. ' F.  Clav . brown Screen 2 2  3 2  1 0  

2 6 29 Sand and Gravel ,  s trips clav . 

brown 

29 30 . 5  Sand , fine to medium 

3 0 . 5  3 1  Black rock , hard 

. 3 1 3 2  Clav brown and b lue 

3 2  40 Shale . blue 

CAS I N G  LEFT ABOVE GRJUNO ' 
TOTAL CASI NG 8 SC R E E N  34 

S TATI C  WATE R LEVEL. _ __,,,,.;2.-..2 ·--=9"----.i-r--.--CHLOR I NATE ______ Q�NITY USED 
from Qround level 

GRAVEL PACK 
1 9  TO 3 2  

ANN U LA R  SEAL 
O TO 1 9  Bentonite Holeplu� 

__________ TO _____ �� _____ TO -�--- ----------
WHAT IS THE N EAREST SOURCE OF FCSSIB-E COITTAMINATION _.....n_0 .... n .... e_k..,.n...,p .... wn...._ ______ _ 
DIR ECTION FROM WELL. ____________ HOW MANY FEET -----------
DESI GNED BY ORI LLED BY Larry Fulton 

- 5 9-
DATE 2- 1 1-9 1 

006697  
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· .' ' . .  

. APA..I CATION N:>. ·-----------
LOCATI ON . OF WE1..L _g_ IA..filLl/4SW V4, SECTION _2_4 __ 
T--11..'S ,  R 19 W' E  __ E_l_li_s __ _,COU NTY, _Ka_n_s_a_s ___ _ 
---- FS L ,  FEL 

240 1  north & 850 ' eas t of SW corner 

S ta t e  

. ' 

t . 

x 

SECTION 

. .
"
oEPTI{ .OF WEl.L ' _ ·_---.3-..L ..... 8-.l _______ S TATIC �ATER LEVE L  __ 22_._9 ____ _ ... .... . . . • • • • •.• ti : . . ..... 

· . · . . · BLA N K  WELL CA S I N G  M ATERIAL . __ 2_"_PV_c ________________ _ .. 

. .  . · 

I •, 

. .  · . ' ... ., ,, . . ·.1. · , ·  . . , . 

. ·, 

,. 
: : ·· · ·-

: ·  . . 

- . � . . . ,. .. 

. . 
. ' . 

· ·• 

CAS I N G .LE FT B ELOW LAN O  SURFACE __ 4_' _______ FT. 
. GROUT MATERIALS : NEAT CEMENT 0 CEMENT GR:xJT O BENTONITE [!] 

OTHER Annular gra�el p�ck & seal , ·  'dr-111 cutt ings Hole Plug 

G�OUT INTERVALS ,'FROM ·· 3 1 . 8 1 FT. TO 2 . 0 . FT. 
CHLOR INAT E •  _ ___.H=TH=-______ QUANITY USEO __ l ;.../8;..;.# _________ _ 
N EAR E S T  SOURCE O F  CONTA M I NATION __ n_o_n_e_k_n_o_wn ___________ 

_ 

DIR ECTION FROM �LL-----------'HOW MANY FEET _______ _ 

FROM 

31 °. 9 1 

23 . 0  � -

2 . 0  
. . . 

.
. . 

. .  
: 

LOG ( tESCRI BE MATERIAL US ED TO PLUG HOL E ) 

TO 

23 . 0  

� o  
0 

. ,: 
� . . · .. 

. . 
. · .  

Annular gravel pack 
drill cut t ings 
Bentonit.£ Hole.plug 
Natural 

: 

.. . 

. . 
soil 

. . 
: 

& 

.. 

seal , 

. . 
. . 

. . . . . 

FROM 

. . 
- . .  

. . 

TO 

. . . 

-

. 

WELL FLUGG ING BY _...;G:;.;:e;.;:o.:.r1:1;ge::....;;E;.;::s�f.;:.el:.:d=---------OATE __ 2-_2;...;o;...-..;.9..;..1 _____ _ 

:· . · 

. �- : � .. . . . . : . . · . . . . 
. . .. . -. -.: .... · · . , , • ' 

·, ;  • r · · ·_,·. : • . , . .. --:-. -. .•. 
·, .. ;, ... �; ;: -��t� ·: ,_ . l;::; �.-.. ', . : ;� • • . •. 'i . · -·:·, . · · ·· · · · .

· · · 

·.'1. . 

·. · .. . 

0 0 67 0 0 



WELL RECORD 
DESI G N  a CCNSTR UCT I CN  SHEET 

JOB NUMBER 9502 _ _..;; ______ _ 
WE LL OWNER Hays , City of 

WE LL  USE Observation 

LOCATION SE V4 j!!___V4�V4, 
T _!l_s ' R ..11...YUE Ellis 

____ FSL, FEL 

WELL NO . RB-10 
APPROPR�TION NQ ____ _ 
SECTION t-0 .  _ __.;;;2;..,:.4 ___ _ 

COIJ'.JTY _ _.K_.a"""'n"""sa=s-____ _ sf ate 

5 5 '  north & 1 230 ' eas t of SW corner 

6 "DIA. 

+ + 

2 4  

+ + 

x 
N 

2 " DIA. • 1 54 WALL; WT . • 676 LBSIFT __ P_v_c _____ MA1ERIAL 
S I ZE HCt.. E 
S I ZE CASING 
S I Z E SCREEN 2 " DIA. . 09 1 WA LL PVC MATE R IAL . 080 SLOT/llll: 

FORMATION LOG . From test no. IFam�� From o round level Fran To \ Fto .. 
f ro m  to Thick 

0 fj Tnn!'ln i l  
6 1 7 Clav . dark 1'.-nt.m 

1 7 20 Sandy clay ,  brown , s treaks sand 

medium 

20 25 Gravel .  med; 11m . whi t�  l"'nt"lc 
25 28 Gravel .  fine to medi 11m . c::in.d 

white rock. streak l'lf  t"l;iv 27 ' 
28 34 Cl av blue . !'!; 1 "" 
34 36 Sand and Gravel .  whi.t-o rnl"k 

36 38 Sand fine to medi 11m . whi t 1>  l"'nt"lc 
38 3 8 . 5 Sand and Gr:iv .. 1 f .y  .. ..  
38 . 5 45 Shale . blue 

'i 
3 

4.� 

� 

Plain 0 
c: .- - - -- 18  

. -

2 R  
38 

CAS I N G  LE FT ABOVE GFOUND 

TOTAL CASI NG 8 SC R E E N  

? R  
1 0  

2 

38 
STATIC WATE R LEVEL. __ _..;;..22;;..; • ...;.o_-.-.--.---CHLOR INATE ______ Qu.\NITY USED 

From oround level 

GRAVEL PACK 
26 TO 38 

AN N U LAR SEAL 
surface TO ---=2.:::..6 __ _ 

_____ TO TO 
WHAT IS THE N EAREST SCURCE OF FOSSta.E CONTAMINATION 

Bentonite  Holeplu� 

-

DIR ECTION FROM �LL. __________ HOW PJANY FEET ---------

,A : • �, 1J>�pj G�ED BY ORI LLED BY Larrv Ful ton 

-63-
DATE 2-7- 9 1  
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Clarke Well and Equipment ,  Inc . 
WATER RELATED PROJ ECTS - Envm•nm1m111I · l n1hmri11I · Municipnl · A�.r i..:uhural 

Location : 
Date : 

Procedure : 
13 : 30 PM 

13 ; 39 AM 
13 : 40 
13 : 41 

ROUTE 1 · AIRPORT · GREAT BENO, KANSAS 67530 

TELEPHONE AC 3 1 6  · 793-8493 

SLUG TEST 

B & V Proj ect 17442 . 210 
City of Hays - Water Banking 

Well No . RB-10 
February 20 , 1991 

Static Water level from top of casing 

Position Powers Water Level ( electric tape ) 
in casing . 

From a 250 gallon tank : start inj ecting 
water into the observation well at 
approximate rate 35-40 GPM. Approximately 
6 . 5  minutes to drain tank. 

Tank empty - Water Level from top of casing 
" " .. 
" " " 

Test Conducted by - Elton Regier 
Clarke Well & Eqpt .  

- 6 6-
., 

24 . 00 '  

23 . 95 '  
24 . 00 '  

00 67 04 

= 



' - . 

.. , 
. . i" . .  

. ' . 

APPLICATION f\O. -----------
LOCATl ON OF W8..L 2.L_ IA..filL l/4�1/4, SEC110N __ 2_4 __ 
T...!.LS ,  R 1 9 YV E Ellis COU NTY, Kansas 

, S t a t e  
____ .FS L ,  FEL 

55 ' north & 1 230 '  east of SW corner 

SECTION 

DEPTH .OF WELL __ . _ 
. 

.;;..38;;..;•;,.;..7.;;..5 _______ s TATIC WATER LEVEL __ 2_2_. _o _____ _ 
BLANK WELL CA S ING MATERIAL ' __ n_o_n_e_· ----------------

-
CAS I NG .LEFT BELOW LAN D  SURFACE __ n_o_n_e _______ 

FT. --------
GROUT MATERIALS : NEAT CEMEN! D CEMENT GFOJTO BENTONITE � 

Hole P lug  
OTHER Annul�r gravel pack & s eal . orill cuttings 
GROUT INTERVAL S ; FROM 38 . 75  FT. TO 2 . 0  . FT. 
CHLORINATE •  HTH QUANITY USE0 __ 1 ..... /_8 f1;;..._ _________ _ 

t I 

NEAREST SOURCE OF CONTA M INATION __;.;n=on=e�k=n.;;..ovn;;..;.;_ _____________ _ 
DIR ECTION FROM WELL HOW MANY FEET _______ _ 

LOG ( CESCRI BE MATE RIAL US ED TO PLUG HOLE ) 

FROM 

38 . 7 5 

2 2 . 5 
2 . 0 

TO 
2 2 . 5  

. .  . 

2 . 0  
0 

Annular gravel pack & seal , 
drill cuttings 
Bentonite holeplug 
Natural soil 

WELL A..UGG ING BY George Esfeld 

: 

' . . .  ;. ' 

. - - . . 
-67-
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. 

DATE 2-20-9 1  

0·0 6 705  



JOB NUMBER 9502 

WELL RECORD 
DESIGN a Ca.JSTR UCTIOO SHEET 

-------

WE LL OWNER City o f  Hays WELL NO . _R�B�-�t-O�A ___ _ 
+ - -+ I 

WELL USE Observa tion APPROPR�TION NQ ___ �- 2 4 -+--
LOCATION s E V4 _§R .. Y4 ..fil:L_V4, SECTION N::> . _ _.2._.4 ____ _ 
T _Ll_S , R ....J.2.....YVE Ellis COL.t.1TY _ __.K..,,.a ..... n ... s�as.._.,...._ ___ _ 

State 
____ FS L, FEL 

5 0 '  north & 1 23 0 '  eas t of SW corner 

S I Z E  HCt. E __ ..._s _.s ... t .... 8 ____ 11 D I A. 

+ 

x 
s N 

S I Z E  CASING 2 11 DIA. • 1 54 WALL; WT. • 67 6  l...BS'FT _ _..P...;..VC...__ _____ MA1ERlAL 

S I Z E  SCREEN 2 11 D IA.  WALL PVC MATE R IAL . 080 Mill  SLOT/HU: 

FORMATION LOG . From test no. l�J=i From g round l evel jFrcm j To FtQ-. 
f r o m to 

0 5 Tol>soil , clav 

5 9 Clav . brown to tan 
9 1 2  Clav , soft , siltv . mealy 

1 2  1 7  Clav , soft , siltv.  sandv 
1 7  24 Sand , medium to fin!! , some coarse 

24  29  Sand and 2ravel coarse .  clean . 
llnnc:e 

2 9  C1 �v snft . siltv . b1 11e 

Cas in2 0 2 6  
Screen · 2 4 2 9  

n... 

CA S IN G  LE FT ABOVE GFOUNO 

TOTAL CASI NG a SC R E E N  

2 6 1 
5 

I 
I 
I 

- . 
I 
I 

I 
I t - -

: 
I I 

. l 
L 

3 3  I . .  

STATIC WATE R LEVEL. ___ 2_2_. _o _,....,_ ____ CHLORI NATE __.n.._o .... n.-..e ____ QU\NITY USED 
From grouild level 

GRAVEL PACK 
2 2  TO 29 

_____ TO -----

AN N U LAR SEAL 
o TO 22 

_____ ro -----

Holeplug 

WHAT IS!nC: N EAnc..:> I .::>wnU:.. ur- t:f6Slfi E CONTAMfNAIION ......... -non�e:s-a;kn._mm ........ ______ _ 
DIR ECTION FROM WC:U. HOW fv4ANY FEET 
DESIGNED BY _________ ORI LLEO BY Maurice Schreck 

. ' ·' ' \ ' -68-

---------

OATE 2 - 1 2-9 1 

0 0 6 7 0 6 
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viarKe w e11 a n u  .c4u1pmen1 ,  i n c . 

Location : 
Date : 

Procedure : 
14 : 20 PH 

14 : 29 PM 
14 : 30 
14 : 31 
14 : 32 
14 : 33 
14 : 34 
14 : 35 

WATER RELATED PROJECTS - E11v 1 r1•11111�11 1nl  • l111lus1r1ul • Munic1pnl • A1',r1cuhurnl 

ROUTE 1 · AIRPORT · GAEA T B E N D, KANSAS 67530 
TELEPHONE AC 3 1 6  • 793-8493 

SLUG TEST 

B & V Project 1 7 4 4 2 . 210 
City of Hays - Water Banking 

Well No . RB-10 A 
February 20 , 199 1 

Static Water level from top of casing 

Position Powers Water Level ( electric tape ) 
in casing . 

From a 2 50 gallon tank : start inj ecting 
water into the observation well at 
approximate rate 35-40 GPM. Approximately 
6 . 5 minutes to drain tank .  
Tank empty - Water Level from top of casing 

.. " 

.. .. .. 

.. " .. 

" " " 
" " " 
.. " " 

Test Conducted by - Elton Regier 
Clarke Well & Eqpt . 

- 70-
? 

2 3 . 79 ' 

--- ---
23 . 30 '  
23 . 57 '  
2 3 . 61 ' 
23 . 67 '  
23 . 70 '  
23 . 78 '  

0 0 6 70 8  
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APFU CATI ON f'.D. ·-· ----------
LOCATI O N  OF W8..L SE IA2JL 1/4 SW V4, SEC110N _...;;2...;.4 __ 
T .J.1_ S , R 1 9  W' E ---=E=l;;;li=..;s;._----:C OU N"fX, _ __;_Ka;;..;n;._s;._a_s __ _ 

S t a t e  
____ FS L ,  ----- FEL 

5 0 '  north & 1 23 0 '  east o f SW corner 

x 

SE CTION 

DEPTH OF W8..L _ __..:2::;.::B.:.;. B::..:9'---______ s TATIC WATER LEV EL _.;:.2;;;.;2 .;..;;o...;.4 _____ _ 

BLA N K  WELL CA S I N G  MATERIAL -n=o.._n=e-----------------
. CAS I N G .LE FT B ELOW LAND S U R FACE ......... n ..... on,__e"---------- FT. -------
G ROUT MATERIALS : NEAT CEMENT 0 CEMENT GFnJTQ BENTONITE (i] 

Hole Plu g OTHER:-..A.nJJ.ular ·gp1v e l  pack & s eal. drill c·ut t ings 
G!10UT INTERVALS ,"FROM 28 . 89 FT. TO 2 . 0  FT. 
CHLOR I NAT E ' HTH QUANITY USEO __ l..:,./.;;..;8 /1'-------------
NEARE ST SOURCE OF CONTA M I NATION _.:..:n..;;.;on;.;.;e;;.....:.;k.;,;;.no;;..;wn;..;,;_ ____________ _ 
DIR ECTION FROM WELL ----------HOW MANY FEET _______ _ 

L O G  { CE:SCRIBE MATE RIAL US ED TO PLUG HOL E ) 

FROM TO 

28._  89 2 2 . 5 
. 

22 . 5  2 . 0  
2 . 0  0 

. .  

. .  

• Ann,, .. lr gravel pack 

drill cut tings 
Bento:,:, itP. Hole olu2 

Natural 

·• 

soil 
. . 

. 

. .  

. . 

FROM TO 

& s eal , 

-

. 

WELL A..U GG ING BY __ G_e .... o.-.rg.._e--.E_s_fe_l_d ________ DATE __ 2_-_2_0_-_9_1 _____ _ 

· ' .  

1 , : • •  
• t . - • ... 

' • : .  

. ' . . . . 

: . ..  : - · -

. . . . : 
r:. · 1 • ... . 

.· 

0 0 6 7 0 9 
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Appendix D 

RB-2 

0 0 6 7 1 0  
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JOB NUMEER 

FO R Havs . C i t v  o f  

L 0 G 

NQ RB 2 TH 1 - 9 1 

CATE DR I LLE D 8 - 2 8 - 9 1 �-"-''"-"---"-"--------------------

LO CAT I O N  :;'.,· V4_fil:L V4�LY41 S ECTION NO. __ _..:::..3.:::..0 ___ _ 

T --1.J_ S 1  R _lj_W/E El l ::'.. s COUNTY Kan s c. s  

381)0 FSL ..,_ � _? Q  FEL A . . ,. '"' . Sto t e 

DEPT H 
0 - 5 

5 - 6 

6 - 1 0 

1 0 - 1 8  
1 8  - 2 5 

2 5  - 3 6  

3 6  - 46 

{; (;  - ') 1  

. 

1 - P?roxi=a t e  - � a t �eas ured  

j �rma t lon I n icknos� FO R MATI O N  

I I ToiJsoil , c lav , brown 
I Sand and grave l ,  f ine . lo o s e . 

c lean I C l  av brown . s o f t · I C i  ::. v )-, .- ,.., ,.,..,., h ,,  .. ,, I C lav . brown s o f t  

I j C lav , b l ack . s o f t  I Sand and gravel  f ine to med ii;::i 

loose  c lean 
I <:; j-, ,, , p h ,  ... ... 1< h " .,.  ri 

' 
-

I 

I 

+ 

I l I 

30 

t 
x 

S E C 11  O N  

RE M A R K S  

+ 

STATIC WATER LEVEL --�2.;;;_3.;...;. 5;_1 ..;;..F.;;;_GL;;;__ __________________ _ 
WAT E R  S A M PLES 

none TO ------

______ TO ------

______ TO -----

PP M CHLO RIC€ OTHER TESTS 

48  FEET OF 2 
1 1 

PI PE WAS LEFf FOR F UT U R E  TES T I NG / SA MFU N G. 
-----

P LUG/ SEAL __ 2_0_-_4_6�g�r�a�v�e�l�o_a_c_k�· -0�----'2�0---'B_e�n�to�n�i�· t�e;;;.....;H�.o�l�e-n�l�u�g----------
doscr i p t ion 

By Chip Flint 
d ri 1 1  o r  

0 0 6 7 1 1  I ... ' -. : j . ; I • 

I 

I I 
I 
i 
i 
I I 



WELL RECORD 
DES I G N  a CCNSTR UCT I CN SHEET 

JOB NUMBER o � r\ 13  -----''-'-"'-----
WE LL O'NNER :-'. �. ·.- - C '  � ., -.. :: WELL NO . R 3 2  • . . : - ?  l 
WELL USE __ o_�_s_e_:: ·_: a_t_i....;o_:: ______ APPROPRIAT!ON NO. ------

LOCAT ION · 

T _Jl__S 1 

:;:,· . 114 �1/4 '.\E V4 , 
R ____;j_ \AVE E::. l :. s 

SECTION t-.o .  3 0  
COUNTi Kan s a s  

_,;;_3 2;_;:::;,,.,:;.'.J_ FS L 1 2 S 2 G FEL sla t e  A2 ? :- o x i�a t e  - �o t �ea s u :: e d  

5 
" D I A. 

l 
N 

I I )- + + I 

� x 

3 :  
' .,. .,. .,. I 

s N 

S I Z E  HCX... E 
S I Z E  CASING 
S I Z E  SCREEN 

2 I I  D IA. . 1 5 4  WALL; WT. . 7 0 LBSIFT __ P_\'�C ______ MATt:R�L 
2 1 1  DIA. . 1 5 4  WALL PVC MATERIAL . 080 (;ill SLOT/ � :  

FORMATlON LOG . From t es t no. I Fcrmatioo I jFrcm I To I 

f r om to Thickness From g round l eve l ! F t� . j 
I I I 

0 5 T0 :J s o i l .  c la '.· h r  n �.'11 1=> 1 :l i n  G '  3 6  ! < ; 

'i A � c:: - rl  ::> - r1  o- r � , . .,  1 (: i ... ., 1 n n c: <>  S c :- e e n  I 3 ' I l f>  I 1 -'.) ' . 

I c lea:: 
- I i I I 

6 1 0  C l a v  b r o wn  s o f t  ! I 
1 0  1 8  I C lav . brown ,  hard i I 

I \ C lav I ' I l S  2 5 b r o "-"� ' s o f t  i 
') -_ )  I 3 6  / C lav b l a c k . s o f t  I j i 

i Sa:cc i I V i  4 6  a '"' d  t> r ave 1 .  f i n P  t n  m P r H 1 1 m  I 

loose , c le an I ! I 
4 6  4 8  Shale , b l a c k ,  hard I I I ! -I I I 

I i I 
I i I 

I I I I I 
CAS IN G  LEFT ABOVE GRJUND I 
TOTAL CAS I N G  a SC R EE N  I .. 

STATIC WATE R LEVEL 2 3 . 5 ' CHLOR INATE n o n e  Ql�JJ ITY USED 
---F-ro

_
m
_

g-ro
_

u
_

n_d�l-ev
_

e_I__ -------

GRAVEL PACK 
2 0  TO 4 8  

______ TO -----

ANN U LAR SEAL 
__ ......._ __ TO n 

_____ TO ------
WHAT IS THE NEAREST SOURCE OF FCSSB-E CONTAMINATION _N.._o ..... n ...... e"""--'-'k ..... no ...... wn......_ _____ _ 

DIR ECTlON FROM WELL HOW PMNY FEET 

I 

I l 
! 

-

. 

-
--

----------
,PE S IGNED BY DRI LLED BY C h i o  F l i r: t  DATE 

• 
8 - 2 8 - 9 1  

0 0 6 7 1 2  
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' ' ' ! ' �:>'' I ' . '. ' : ,  ! • I . ; -� 

' ! •• , . • :;:" , I , , , . . I ·· -- . .  11 
' - • · !  ' · ,,,.- · . I ' . ' .. I 

I . ' ' 
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I \ 

..:oa Nl.J.\1 :£:1 9 9 C S  
C F  Fo =� a c � c �  : e s t  
FO R .: a  v s . C i t 't o f  

8- 2 8- 9 �  

L 0 G 

NO. R B 2  TH 2- 9 1  

l..O CAT i O :\  :;:,· V4 � 1/4.2!..L_V4 , SECTION NO. ___ 3_0 ____ _ 
T __ll_ S 1 R __;_§___ W/E E 1 1  i s  COUNTY _ __:.K:.:::a.:.:.n.:::..s:::,a s;::..._ ____ _ 

3 8 )- o  2 o o o  A . . " v State  

I 

---'---- FSL , FEL p p r o :urna t e  - ., o t  ,-,e a s u r e a  

DEPT H I � rrno : io:i . .  1cknos:; I · FO R M ATI O N  

0 - 2 I l ro o s o i l  
2 - 1 0  I J r i  :o v  ,.., _ ..., ....... 

1 0  - 1 5  C l a v . t a n  

1 5  - 1 8  C l  av b r own hard · 
1 q  - l Fl :; I s n:-td f i ne 
1 8 . 5  - 3 4  J C l a 't ,  b rown . s o f t ,  s i l t v 

3 4  - 3 7  lc 1 av , g r ay ',  s o f t  

3 7  - 4 5 . 5  Sand and grave l ,  f in e  t o  m e d i um , 

I l o o s e , c l e an 

L. 5 . 5  - - .., ) _  I s·n .:i 1 e . b l ac k .  h a r d  
I 

' 

' I 
. 

STATIC  WATER LEVEL 2 2 . 5 1 FGL 

WATE R S A M PLES PP M CHLO R IDE 

n o n e  TO 

TO 

TO 

TO 

I I I 
I 

I I 

OTHER 

A N 
i 

... 1 
' .... 

1 .-• .J V  

+ I T I 
S E C li  O N  

RE M A R K S 

T E S TS 

48 FEET OF 2 I I  PIPE WAS L E FT  FOR F UT U R E TES T I N G / SA M �  N G. 

P LUG/ SEAL 2 0  - 4 6 �rave l  Ea ck , 0 - 2 0  B e n t on i t e  Ho l e o l ug 

. By 
doscr i p t  i on 

ChiE F l in t 
d ri l l o r  

0 0 67 1 6  
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' : 

\._, � M t\ r, .:.. 

J OB NUM B E R  � 9 0 3  

DES I G N  

IJ 'I c ;_ ,_  � ..__ ...._ '-" • l 

W£LL RECORD 
a CCNSTR U CT ! ON 

' t 1 C.. : '• 1 ,  i i  .... '-' '  

S H E ET  

-------� 
WE LL O'NNE R __ ::-_.,_, .,_. s_._c_:.-=-::-·:_o-.t..._- _____ WELL NO . --'-R""'"3 "'"'.'. _..;;,..;.• _""-_ --=�'--...::..9-=-1 __ 

'NELL USE ___ -�...;;. )_:;�e-=-::--'-·,-=��= =-:. .:::::..::-.:... _____ APPROPR IATI ON NO. ------

�C-:.ATION · ____ . .. . _ .. _ V4 ---2.LV4�V4 , SECTlON NJ . 

.... .... - ,.... 
_-:;.).:.:.."'-"-::; ..:..· I  - FS L ,  2 C ·J O  

S I Z E  HCt. E  

_ __.��----·.� ___ C O UNTT �--��·r�. r�. s�aµs,,__�-� sta t e 
A?p r o x i �a t e  - �O t Me a s u r e d  FEL 

5 11 D I A. 

; 
I-i 

A 
·N 

� i ! . r I l I 
S E C  T i  O N  

+ 

.,. 

S I Z E CASING 2 I I D IA. . L 5 4  WA L L ;  WT. . 7() LBS/FT P\"C  MATt:RiAL 
S I Z E S C REE N 2 I I  

D IA. . l 5 !+ WA L L  ? \" C  MA TE R IA L  . 0 8 0  ,, . ., ., . � l. l ..i... SLOT/ M::LE 

FORMATION LOG . From tes t  no. 
f r o m  to 

0 I 2 I 7o :J s o i l  

2 I 1 0  I C l a  v ,  b r o � .. -:--. I 

� o  1 5  i C l av , t a :-i  
' - I , " I C l a v , b c- o •  . .r.. , ha r d  . ) ... u 
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S E C  T l  O N  

.,.. 

S i Z E  CASING 2 I I  
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JOB NUMEER 9 9 08 _._;,,..;,..;_,;. ____ _ 
OF Forma t ion Te s t  

FO R Havs C i tv o f  

DATE DRILLE D  8- 30- 9 1  

L O G 

NO. RB 2 TH 8- 9 1  

LOCATION NW V42.L l/4�V4, SECTION NO. __ _;3;;...;0'----
-

T _J.J_ S ,  R-1.§_ W/E El l  is COUNTY _-:.:K�a:..:.n:.:.:s a::;s�-----

3 5 60 3 6 80 A . . N. M . · State 
---- FSL ,  FEL pproxima t e  - ot easured 

DEPTH �rrnot lon 
1cknes3 · FO R MATI ON 

0 - 2 Tons o i l 

2 - 1 0  Clav . b rown 

1 0  - 1 5  C lav . t an .  s o f t  

1 5  - 2 0  C l  ::i v t- ::in h::t'l"rl . 

20  - 2 6  C lav t an s o f t . s ome c al iche and 

b roken l imes tone 

26 - 3 3  S and and i:rravel verv f ine . f i ne 

to  medium .  b roken cobb l e . 1001=;e  

c l ean 

3 3  - 1 8  Sh::i l .,, . h l ,, ,. k 

-

, 
-

• 

l l 
. 

� + - -

x 
I 30 

. . 

._ -l- ,... + -

I I 
S ECTI ON 

RE MA RK S 

STATIC WATER LEVEL __ ;;:.;2 1:...:·..;:;2_' ..;;F..;:;G.;;;.L __________________ _ 

WATER SAM PLES 

none TO -----

_____ TO -----

_____ TO ------

_____ TO ____ __ 

PP M CHLO RIC€ OTHER TESTS 

3 6  FEET OF  2 
11 PI PE WAS LEFT FOR F UT U R E  TEST I NG / SA M AJ N G. __ .......__ 

P LUG/ SEAL 20  - 3 4  gravel pack , 0 - 20 Benton i t e  Holeolug 
descri pt ion . By Chip Fl int 

d ri 1 1  or  

·.·· • 0 0 6 7 4 9  
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WELL RECORD 
DES I G N  a CCNSTR UCT I ON  SHEET 

JOB NUM BER 9 908 --....-..;...;;...;;... ___ _ 
WE LL OWNER Havs . C i tv o f 

WELL USE Observat ion 

LOCATION .  �w . V4 _s.E .. Y4_fill._V4 , 
T _!l_S , R �VV E  El l i s  

35 6 0  FS L, 36 80 FEL 

S I Z E  HOL E  5 11 D I A. --------"---------

WELL NO . RB2 TH 8-91  
APPROPRIATION NO. ----

SECTION NJ .  
COUNTY Kansas 

state 

S 1 Z E CASING 2 
II DIA. • 1 5 4 WA LL ; WT . .  7 0• l.BSIFT PVC 

S I Z E  S CREEN 2 
II  DIA. . 1 5 4 WA L L  PVC MATE R IA L  . 0 8 0  Mi l l  

+ 
x 

+ 

+ 

3 0 

+ 

N 

MA1ER�L 
SLOT/mK.E 

FORMATION LOG . From test no. I Famation
;I From 9round level  From To FtQ. I f ro m  to Thickness 

I 
0 2 Too s o i l  Plain 0 

·
24  24  

2 1 0  C l.;iv . hrnwn Screen ·2 4 3 4 1 0  i 

1 0  1 5  Clav . tan , s o f t  

1 5  2 0  C lav . tan , hard 

20  2 6  Clav , tan , s o f t , s ome caliche 

and broken lime s t one 

2 6  3 3  Sand and 2rave l .  verv f ine , f ine 

t o  me dium broken cobble . loos e  

c lean 

3 3  3 6 Shale , b lack 

CAS I N G  LE FT ABOVE G FOUND 2 
TOTAL CAS I N G  a SC R E E N  

3 6  

S TATI C WATE R LEVEL. ___ .,.........2'""'1'""' • ...;;;2_' --.!'"'T'"'"-.,....-CHLOR INAT E  __ n_on_e ___ QU'.NITY USED 
From ground level 

G RAVE L  PACK 
__ ...... 2�0,___ __ TO _ __,.3 ..... 6 ___ _ 

_____ TO ------

AN N U L A R  SEA L 
---�o ____ TO 2 0  

_ ____ lO -----

Bentonite  Hol eplug 

WHAT I S  THE N EAR EST SOURCE OF R:SSIB...E COITTAM INA110N ___.N ..... on __ e�k--.no'"""wn.......;_ _____ _ 

I 

I 
. .  

. .. 

I 
I 

-

. 

DIR ECTION FROM �LL. __________ HOW PMNY FEET _______ _ 
DESI GNED 8Y ORI LLED BY Chip Flint DATE 8- 3 0-9 1 

0 0 6 7 5 0  
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HAYS , CITY OF 
RB 2-TH-8- 9 1  
Res i s t iv i ty 
Up Hole -
Down Hole -

- Full Scale 
1 0 0  ohms 

200 ohms 
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CLA RKE WELL S EQUIPM ENT, I NC. 

L O G 

JOB NUMEER 9 908 

OF Form� t ion Te s t  NO. RB2 TH BA-9 1 
FO R Havs . C i ty o f  

CATE DRILLED 9-4-9 1  _______ ........_ __________________ � 
LO CATION NW l/4_g_ l/4 NW 114, SECTION NO. ___ 3_0 __ _ 
T--1..l_ S ,  R_i.a_W/E · Ellis COUNTY. Kansas 

3560 FSL, 3 7 1 0  FEL Approximat - No
-
t
-

Me
_.

a 
.... 
s
--�--

rs�etp-..t.,...e 
___ 

_ 

DEPT H �trnatlon cknosa · FO R MATION 

0 - 3 Too soil 

3 - 25  Clav . brown , hard 

25 - 27 Sand and 2rave l .  fine to medium loose ,  
27  - 3 2  Sand and �ravel -, ·fine to medium 

wit h  thin c lav s t re aks 

3 2  - 4 1  Sh::tl� - black 

. 

, 
-

I ,  • 
. 

+ 
x 

30  

4- + 

S ECTl O N  

RE MA RKS 

clean 

l . 

I 
I 

I L 
l . I 
I 
I 

.I. � 

I 
I 
I 

- -

I 

STATIC WATER LEVEL __ 2_1_. 2_'_F_GL ____________________ _ 
WATE R  SAM PLF;:S PP M CHLO RIDE 

none TO -----

_____ TO -----

________ TO ____ _ 
______ TO ____ _ 

OTHER TESTS 

0 FEET OF 
11 PI FE WAS LEFT FOR F UTU R E  TES TI N G / SAMPLI N G. ----

P LUG/ SEAL ___ R_e_f_e_r_t_o __ W_e l_l __ R_e_co_r_d-:---:--:----------------------------
doscr ip t  Ion 

· sy __________ _;:;C�h�iPr;:,.-;F�l�i�nt.-_ ______________ __..· .  
d ri 1 1  o r  

006754 
·.··• 



C LA R KE WELL B EQU I PMEN 11 INC. 
WELL RECORD 

DES I G N  a CCNSTR UCT I ON  S H E ET 

JOB NUM BER 9 9 0 8 ---''"""-"......__ ___ _ 

WE LL OWNER Havs , C i ty of WELL NO . RB 2 TH 8A- 9 l 
+ 

x 
WELL USE __ O_b'"""s e_,r""'"v .... a_t..-.i_on _______ APPROPRIATION NO. ----- --.-
LOCATION · �w V4 _g_V4_ill:L_V4 , SECTION � .  30 + 

+ 

3 0  

+ 
COUNTY Kansas T __JJ_S ,  R J._Q_VVE Ellis 

Slate 3 7 1 0 FEL Approxiraa te - No t Measured 3 5 60 ____ FS L ,  

S I Z E  HOL E  1 0  " D I A. --------'-----
S I Z E CASING ____ s _" DIA. . 2 1 4  WALL; WT. 2 . 3fi LBS/FT PVC 
S I Z E  SCREE N 5 " D IA . .  2 1 4  WA LL PVC MATE R IAL . 08 0  Mi l l  

MATERl.O.L 
SLOT/ RJKli: 

FORMATION LOG . From test no. I Fcrmation,j From CJ round l evel From j To FtQ . 
f r o m  to Thickness 

0 1 Tnn � n i  1 P lain 0 2 3  2 3  

3 2 5  Clav brown . h ard S c re en · 2 3  3 3  1 0  

2 5  2 7  Sand and grave l ,  f ine to  med ium , P la in 3 3  4 1  8 

loo s e . c lean 

2 7  3 2  Sand and grave l ,  f ine to  medium , 

thin c lav s tr eaks 

3 2 4 1 Sha l e , b lack 

CA S I N G  LE FT ABOVE GFOUND 2 
TOTAL CAS I N G  8 SC R E E N  4 3 

S TATI C  WATE R LEVEL. __ _,2=-1 ..... ..... 2_1 _......,.._.., __ CHLOR I N AT E  1 gallon QU\NITY USED 
From ground level 10% s o d ium hypochlo r i t e  

G R AVEL PACK 

____ 2_o __ T0 ____ 4_1 ___ 

______ TO _____ _ 

AN N U LA R  SEAL 
0 TO ___ 2 0  __ _ 

__ ____ TO -----
WHAT IS THE N EAREST SOURCE OF RJSSIB...E CONTA M INATION 

Benton i t e  Ho leplug 

None known 

· DIR ECTION FROM WEU.. ___________ HOW �NY FEET _________ _ 
. 4 , ' . .  ' 1 

DESIGNED BY ORI LLED BY Chip Flint DATE 

0 0 6 755  
9-4- 9 1  

I 

I 
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CLA RKE WELL S EQUIPMENT, I NC. 

JOB NUMEER 9 908 _ __...;;...;.....;;...;;.._ ___ _ 
OF Solit Sooon Core Te s t  

FO R H a  v s  C i  tv o f  

L O G 

NO. RB 2 S S  8B- 9 1  

DATE DRI LLED 9-4- 9 1  ______ _;_;; _________________ _ 
LOCATION NW V4 _g_ V4_filLV4, SEC110N NO. ---=3::..:::0'-----
T --1.L S ,  R --1..§_W/E El l i s  COUNTY Kan s a s  

3 5 80 FS 36 80 A 
. . ·N---

M
=.=.=s;..t-at_o ___ _ 

-...;.....;....�- L,  FEL p p r ox ima t e  - o t  easurea 

DEPT H I �rmo t ton 
n1cknos!l · FOR MATI ON 

0 - 2 f, Ton s n i  1 "'Tid c l"'v 

26  - 2 7  Sand and "rave l .  thin s tr e ak o f  

c lav 

27 - 2 9  Sand and izrave l ·, ·f ine to med ium , 

loo s e . c lean 

2 9  - 3 3  Sand and Q'rave l .  f ine . med ium to  

coars e .  shale b lack 

SPLIT S POON AREAS 

2 5 ' -2
°7 ' 

2 7 ' - 2 9 ' 

3 1 ' - 3 3 '  

. 
-

. 

I I . 
'- + - -

x 
I 30 

-

'- + .... + -

I 1 
S ECTI ON 

RE MA RKS 

STATIC WATER LEVEL __ __;;.N;..:../...;;..c ___________________ _ 

• • • 

WAT E R  SAM PLES PP M CHLO RIDE 
none TO -----

_____ TO ____ _ 

_____ TO -----

_____ TO ____ _ 

OTHER TESTS 

FEET OF 11 PI PE WAS LEFT FOR F UTUR E TES T I N G / SA M PLI NG. __ .....___ 

PLUG/ SEAL __ o.:._-__;;;3�3_B�e�n�t�o�n�i�te;;;_;;H�o�l�e�pl�u�g;:_,_ _____________________ .:.._ 
dcscr ipt  i on 

· By ________ c_h_i�p_F_li_
· n_t ____________ __ d ri 1 1 e r  0 0 6 7 6 3  



-� 

JOB NUMEER 

CLA RK E  WELL S EQUIPM EN"T; INC. 

L O G 

9 9 08 

NO. RB 2 TH 9-9 1 x 

FO R Ha v s , C�ty o f  3 0  

CATE DRILLED 9- 3- 9 1 �----.....;.....;;_ ________________________________ _ 
LOCATION NE V4_g_ V4�V4, SECTION NO. 30 

+ + 

T .....LL S 1 R-1..a._ W/E Ei li � COUNTY. _. ___ K_an_s_a���--------- �---..:.I ___ ..___..__ 

3400 FSL -------- 1 

DEPTH 

n - 1 
3 - 1 8  

1 8  - 2 0  

. . · State S ECTION  3040 FEL Approximate - No t Measured 1 

�rmot lon 
1ckness I · FORMATION REMA RKS 

Ton s n i  1 
Clav . brown . s o f t  

Sand . 'f ine , verv f ine loose . 

I 
-

I -
c lean 

2 0  - 32 Sand and 2'.rave l f i ne medium t o  I I 
cn::i..-se . broken ·i:::h::ile ::ind lime 

c ohh le . thin c lav s t reak at 3 1 .  5 I I 

3 2 - 40 Sand . f ine to verv f ine to med ium I 
i::: tri>::tki::: n f  c lav loose . · hroken 
i:::h;o 1 i:> . h 1 ., ,.. k ::inn g:rav I 

40 - 46 . 5  Sand an d�rave l ,  f ine t o  medium , 

broken s hale  and lime cobble ,  I 
I 

loose , c le an 

46 . 5  - 5 1 . 5 Shale , b l ack , I - I 
-·� . 

I 

STATIC WATER LEVEL 2 1 . 2 5 ' FGL · --=.=..:=-=�.::..=.:....---------------------------------------------
WATE R SAM PLES 

none TO ------

______ TO ------
______ TO ------

_____ TO ____ _ 

PP M CHLO RIDE OTHER TESTS 

49  FEET OF 2 
11 PIPE WAS LEFT FOR FUTURE TESTING/SAMA.J NG. -----------

P LUG/ SEAL 2 0  - 4 7  grave l pac k ,  0 - 20  Bentonite Hole plug 
dcscr ipt  ion . By Chip Flint 

d r i  1 1  o r  
006764 



. C LARKE WELL 8 EQU IPMENT, INC. 
WELL RECORD 

DES I G N  a CCNSTR UCT I ON S H E ET 

JOB Nt.;M BER 9 9 n s  

WE LL OWNER Havs , Citv o f  
WELL USE O b s e rva t i on 
LOCATION · \"'!;" V4 _s.� _ _v4�V4 , 
T ___!l_S 1 R J_§_WIE E l l is 

WELL NO . _].Jl.2 TH 9-9 l 
APPROPRIATION N O. -----

SECTION f'n .  __ ;:..;3 0"------

COUN1Y Kans ns --�=.:..:s�ta�t�e----
-�3 4..;..;0.;..;::0'-- FS L, 3 0 u O  FEL Ap proxirna t e  - �o t Measured 

S I Z E  HCX.. E 5 11 D I A. -----";...._-----

+ + 

3 0  

+ + 

N 

s I Z E CASING _ __.2..___" DIA. . 1 5  4 WALL i WT .. _.._. 7,_.·o"-- LBSIFT ____ __,P'""'V""'C'------ MA 1ERIAL 
S I Z E  SCREEN 2 1 1  D IA. . J S t.  WA L L  PVC MATE RIAL . 0 8 0  Mi. 1 1  SLOT/ �b:.E 

FORMATION LOG . From test no. j Farnatioo; j From g round l eve l From To Ftg .  f ro m  to Thickness 

0 q Tnnso i l  P l a in 0 3 7  3 7  

3 1 8  C l  av b r own s o f t  S c reen · 3 7  4 7  1 0 

1 8  I 2 0  S and , f ine t o  verv f in e , loose , 
c le an 

20 32 I Sand ar:d Q'rave l f ine . medium t o  I co.:::.se . b roken s h a le nnd lime I 
,.. ...,;., r-, 1 "' t h i n  r 1 � v s t re ak at  3 1 . 5 ' 

3 2  40 S and . f ine t o  verv f ine to 

med ium . s tr eaks o f  c lav , broken 
s ha l e , b lack and grav , loo s e  

40 4 6 . 5  Sand and grave l ,  f ine to med ium , 
broken shale and l ime cobb le , 
loo s e , c l e an 

4 6 . 5  5 1 .  5 Sha l e , b lack I 

CAS I N G  LE F T  ABOVE GRJUNO 2 
TOTAL CAS I N G  a SC R E E N  4 9  

S TATIC WATE R LEVEL. ___ _.2"""'1"""'. __ 2 5-.'-.-.,...-.....--CHLOR I N AT E _n_o_n_e ____ QU:\NITY USED 
From ground level 

G R AVEL PACK 
--=2�o ___ TO 5 1 .  5 

______ TO -----

AN N U LA R  SEA L 
---�o __ TO 2 0  

_____ TO ------

Bentonite Ho leolug 

I 

WHAT IS THE N EAR EST SOURCE OF R:SSIEL E  CONTAMINATION __;;N....;;o;.....n..;...e_k_· n_o_wn_' _____ _ 
DIR ECTION FROM 'NELL. ___________ HOW MANY F EET ---------

-� ' · OESI G N E D  BY DR! LLED BY Chip Flint DATE 9 - 3- 9 1  

0 0 6 7 6 5  
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CLA RK E WELL 8< EQUIPM ENT, INC. 

JOB NUM E£R 9 9 0 8 __ ....;...:�;..__--------

OF Format io� Te s t  

FO R Havs C i t v  o f  

L O G 

NO. RB2  TH 9A- 9 1  

C'ATE DRI LLE D 9-4- 9 1  ______ ,;;_.;__,:;..:_ _____________________________ __ 
LO CAT I ON NE V4� 1/4�V4, SEC110N NO. __ 3_0 ___ _ 

T _1L S 1 R _JJLW/E Ellis COUNTY Kansas 

3 400 FSL 30 r 0 A 
. . N. -M-== . .;::;Sr-t-at_c ___ _ 

DEPT H 

0 - 3 

3 - 5 

5 - 1 0  

1 0  - 1 R 
1 8  - 2 4  

?/,. - ? Fi  

2 6  - 3 0 

1n - < li.  

. 

. .  

1 o FEL pp roximat e  - o t  easurea 

� rmo t lon 
n1cknes!l FO R MATI O N  

I Tops o i l  

C lav , brown . s o f t 

Clav . brown . hard 

C 1  � v . hrm .. m .  � .-. f t" .  !':�ndv 
S and and l!rave l .  ve rv· f ine f ine . 

meci i 111T1 r o  cn '1 r se loose  - c lean 

Sand �nci ar�ve l - f i ne t o  med ium 

b roken shale l o o s e  c lean 

Sand and gravel , f ine t o  med ium ,  

thin s t r e aks o f  c lav loo s e . c le an 

r. 1  � v  r<in 

I 

I j 
. 

:- ..;. - -
x 

I 30 
. 

. 

- + - + -

I I 
S E Cll O N  

RE M A R K S  

STATIC WATER LEVEL __ 2_1 __ • 2"""5'-'
-F_GL_· ___________________ _ 

WAT E R  S A M PLES PP M CHLO RIDE 

none TO ------

071-IER TESTS 

_____ TO -----

_____ TO -----

------ TO ______ _ 

3 2 FEE T  OF 2 
1 1  PI F£ WAS LE FT FOR F U T U R E  TES T I N G / SA M AJ N G. ---�:....--

P LUG / S EAL ___ l 8  __ -__ 3_0-=gr_a_v_e_l_....p_a_c_k_, _o __ -__ 1_8�
B-e

�
n-t_o_n_i_t_e_H_o_l_e�p-l_u�g------------------.:....-

doscr ipt ion 

. . . . ' 
. .. . , : . . .  

. By Chip Flint 
d ri 1 1  or  

00 6769 



C LARKE WELL a EQU I PMENT, INC. 
WELL RECORD 

DES I G N  a CetJSTR U CT i CN  S H E ET  

J O B  NUM9ER 9 9 0 8  --------
WE LL OWNE R  __ H_a_v_s .._, _C_i_.t_v_o.;;...f.;;..._ ____ WELL NO . RB 2 TH 9 A- 9  l 

WELL USE Obs erva tion APPROPRIATION NO. -----
LOCATION · �:E V4 _g_V4_�1LY4, SECTION f\.O .  
T_l_3_S 1 R _i§_  W/E Ellis COUNTY Kansas 

Sta te 
3!yOO FS L, 30 60 FEL Approxima t e  - No t :1easured 

S I Z E  HCL E  5 " D I A. ----------

+ J + 

3 0  

+ + 

N 

S 1 Z E CASING 2 
11 

DIA. . 1 5 4 WALL; WT. . 7 0  LBSIFT __ .._Pv .... c...._ _____ MA1ER�L 

S I Z E  SCREE N 2 
II D IA. . 1 5 4 WA L L  PVC rM.TE R IA L  . 080 Mj 1 1  S LOT/� 

FORMATION LOG . From test no. I Famation, I From ground level !From I To Ftg . , 
f r o m  to Thickness 

0 3 Ton soil  P l  ::i i  n 0 2 0  2 0 . 
3 5 Clav . b rown , s o f t  S r ,.-P.en 2 0  10 I n  I 

I 

5 1 0  C lav , brown . hard 

1 0 1 8  C lav , brown s o f t . s andv I i 
1 8  2 4 Sand and grave l ,  verv f ine f ine 

I . 
t o  c oars e , loose , c le an . 

2 4  2 6 S and and grave l ,  f in e  to  me d ium , I 
b roken sha l e ,  loo s e  clean I 

2 6 3 0  S and and grave l ,  f ine to  med ium , I 
thin c lav s treaks , l oo s e . clean 

30 3 4  C l av . tan I I 
·1  - I -

CA S I N G  LE FT ABOVE GRJUND 2 
TOTAL CAS I N G  a SC R E E N  3 2  

S TATI C  WATE R L EVEL ___ 2 1_._2 __ s_1 _.......,. ____ CHLOR I NATE _--""-no;;;;...;n.;;..;;;e'----Q�NITY USED 
From <Jround level 

GRAV EL PACK 
1 8  TO 3 4  

_____ TO -----
ANN U L A R  SEA L 

0 TO 1 8  -----
_____ TO -----

Bentoni te  H o l e o l u z  

WHAT IS THE N EAR EST SOURCE O F  FVSSIB..E CONTA M INA110N _N_o_..n_e_kn_o..._wn ______ _ 
DIR ECTION FROM WELL HOW f./AN Y  FEET 

I 
I ' -

------------ -------------
�: . ! � ·Q�St�t-JED BY ORI LLED BY Chip Flint DATE 9 - 4- 9 1  

nn �77 n  





CLA RK E WELL S EQUIPM ENT, INC. 

JOB NUMEER 9 90 8 ---------

L 0 G 

OF Solit Spoon Core Te s t  NQ __ 
R
_
B

_
2

_
S
_
S __ 9

_
B-

_
9
_

1 ____ _ 
FOR Ha vs , C i tv o f  

DA.TE DRI LLED 9-4-9 1 ____ .;.._.;........;...;;_ ___________________________ __ 
LO CATION NE V4 __§.§_ V4 NW V4, SECTION NO. ___ _..;;;..30.;.._ __ _ 
T _u_ S 1 R _iLW/E Eilis COUNTY. _...-K,..,an::.:.;s""'a:;.;s::--------

3 3 8 0  FSL , 3040 FEL Approxima te - No t Meas�r�tpt e 

DEPTH �rrna t lon I 1cknos9 · FO R MATION  

0 - 20 I Tou s o il . s andv c lav 

20 - 2 7  Sand and erave l ,  fine to med ium , 

loos e ,  c l e an ,  thin c lay s tr e aks 

27  - 2 9  Sand an d eravel'. ·f ine . med ium to 

coars e  broken shale loose . clean 

? Q - 1 4  !=:;inr! � ,., r!  �r<tve l .  fine . me dium . I r n :1 r � r-> . h rnkl'n � h'1. 1 e .  c lav . wh i t e  

34 - 3 5 Sand , f ine , medium , siltv 
3 5 - 4 1  Sand and grave l ,  s tr e aks o f  c lay 

4 1  - 45 . 5  Sand and eravel , f ine t o  medium ,  

loos e . b roken shale , i:zreen , br'own 

45 . 5 - 46 Shale . b lack 

SPLIT SPOON AREAS 

1 9 ' - 2 1 ' 3 3 ' -3 5 ' 

I . 
2 5 ' - 2 7 ' 3 9 ' -4 1 ' 

2 9 ' -3 1 ' -44 1 - 4 6  I 

3 1 ' - 3 3 ' 

RE MA RKS 
I 

! 

I 
. 

. i 
I 

I I 
I 

I 
I 

I I 
I 
I I 

STATIC WATER LEVEL __ ...;;N.;..:../�C--------------------
WATER SAM PL�S 

none TO ------

________ TO _____ __ 
_____ TO --------

__________ TO ______ _ 

PP M CHLO RIDE OTHER TESTS 

o FEET OF 11 PI F£ WAS LEFT FOR F UTUR E  TES T I N G / SA M AJ  N G. 

P LUG/ SEAL O - 4 6  Bentonite  Holeplug 

. 
By 

doscript ion 
Chip Fl int 

d ri 1 1  or 

006772 
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CLA RK E  WELL & EQUIPM ENT, I NC. 

JOB NUMEER 9 9 0 8  --------

0 F Fo�mat ion Te s t  

FOR Hays , City o f  

CATE DRI LLE D 9-3- 9 1  

L O G 

NO. RB 2 TH 1 0- 9 1  

------------------------------------� 
LOCATIO:-J NE V4_g_ l/4..E!_V4, SEC'TION NO. ---"-30._. __ 

_ 
T _Ll_ S ,  R__i.a_W/E Elli:; COUNTY. __ ,.;;K .... an�. s...,a;;>s�----

3 9 6 0  FS 3040 
. . " v . · Stot c 

DEPTH 

0 - 3 

3 - 5 

5 - 1 0 
1 0  - 20  

2 0  - 2 4  

2 4  - 3 1 

3 1  - 3 3  

· n  - 4 1  . 

4 1  - 4 3 

4 3
· 

- 4 8  

L 1 FEL App roximat e  - .. ,ot  .-.easured 

�rrna t lon 
n:cknosa FO R MATI ON 

I I Ton s o i l  

Clav , brown , s o f t  

Clav , brown , s o f t ,  s il tv 

Cla v ,  brown ,  hard· 

Sand and P-rave l .  f ine . med ium to  

c o.'lrse . broken sh:i l e  l ime cobble 

loose . clean 

Sand and (!'rave l .  f ine medium to  

.. cri;:irse  . broken shale and lime 

r nl-ii-, 1 ;,  r h i n  r lav s t re aks 

C1 <> v .  b la c k .  s o f t  

S :tnd and Q'!'ave l .  f ine . med ium t o  

c narse b roken shale and l i me 

,.. ,,,.,h l p l (')(') .c; E' ' c le an 

c1�v o ran l2' e  

Sha.le ,  b lack 

I I 
. 

._ + - -
x 

I 30 
. 

'- I .... + --r 

I I 
S ECTI ON 

RE MA RKS 

STATIC WATER LEVEL -�2.;;..1 :...;:· 3;...'_F;;...G-.L ___________________ _ 

WATER S A M PLES PP M CHLD RIC€ 
none TO -----

_____ TO ----

_____ TO -----

TO ------� --------

011-tER TESTS 

4 5 FEET OF 2 1 1  PI PE  WAS LE FT FOR F UTURE TES T I N G / SAMA.J NG. -----

P LUG/ SEAL __ 2_0 __ -__ 4_8--:::,g_ra_v_e_l..,.;.p_a_c_k_, _o
--:-

--2_0':""'-':'
B

�
en_t_o_n_i_t_e_

Ho_l_e�p-l_u�g------------------�
dcscript ion 

· By __________ �C�h�in�F�l�i�n�t _______________ __ 
d ri 1 1  o r  006773  



' C LARKE WELL B EQUI PMENT, INC. 
WELL RECORD 

DES IGN  a CCNSTR UCT!ON SHEET 

JOB NUMBER 9 9 0 8  

WE LL CVINER Ha vs , Citv  o : 

'HELL USE Ob s e rvr. t i o ::-, 
WELL NO . RB 2 TH 1 0- 9 1 

APPROFRIAT!ON NO. -----

LOCATION · XE . V4 S E  V4_liE..Y4, SECTION f'D .  30  
T_l_3_S ,  R _.llLVUE E l l is COUNTY Kansas ---'-=-'"'""=s�f a�f�e-��-

3960  FSL, 3 040 FEL App roximat e  - No t Xeasured 

SlZE i-;CL E 5 1 1 D ! A. ---------

S ! Z E CAS!NG _--=2.___11 DIA. . 1 54 WALL ; WT .. _..._. 7....,.0......._ LBSIFT PVC 

S I Z E  SCREEN 2 II 
D !A. . 1 SL WALL PVC l'IATE R IAL . 0 8 0  �!i l l  

FORMATION LOG . From test no. I Fomatioo J From g round l evel 
f r o m to Thicl<r.ess 

0 3 Too soil  P l a in 

".l 'i C 1 .::l V h.,.nw"' � n f  t S creen 

5 I i O  Cl av brot,-:i. s o f t . s i ltv 

l. O 2 0  C 1 av . bro\..'71. hard 

2 () 2 4  Sa7ld and c:rave l .  f ine . med ium 

to  coar s e  b roken shale and l ime 

r ri h �  1 P 1 n n c:: i:> C } P � n  
24  3 1  S a':1d end >:rave l .  f ine . med ium to  

c o ars e . broken shale and l ime 

cobble , t hin c lav s treaks 

3 1  3 3  Clav , b lack , s o f t  

3 3  4 1  S and and �rave l f in e . medium to  

c oarse , br oken shale and l ime 

c obble , l o o s e , c l e an 

4 1  4 3  C lav . oranc:e 

+ x 

3 0  

+ 

.;.. + 

S E C T! N 

MA1ER:AL 
SLOT/ID"-E.: 

From I To Ft<J .  I 
I 0 3 3  3 3  

· 3 3  4 3  1 0  i 
I 

I . 

I 

I I 

-
I 

I -' I I 
4 1  4 ')  Sh::1 l P h 1 .<> rk CAS IN G  LE FT ABOVE GFOUND ') ., -

TOTAL CASI NG a SC R E E N  
4 ·_. ! ..... 

STATIC  WATE R LEVEL. __ =-"'2 .... 1 ....... 3.._'---.-,.....-_,__-CHLOR INATE _ ____...n..._on __ . e.._ __ QU\NITY USED 
From ground level 

G RAVEL PACK 
___ ., __ , n...___ TO 4 5 
______ TO ------

AN N U L A R  SEAL 

o TO 2 0  

_____ TO ------
WHAT IS THE N EAREST SOURCE OF R:SSIB..E CONTAM INATION --=-N=on=e�k=n o=wn.:..:..:-_____ _ 

. ' 

DIR ECTION FROM VVELL ___________ HOW M\NY FEET ---------

,. ) .,, ;Q��·�NE:D BY ORI LLED BY Chin Flint DATE 9- 3- 9 1  

0 0 6 7 7 4 



- .-

·. 

Full Scale 
HAYS ,  CITY OF 
RB2-TR- 1 0-9 1 
Resis tivity 
Up Hole 100 ohms 

200 ohms Down Ho le 

� :; a: 0 .. c:: 0 u 
� a !: 7. 0 u 
� ::: .. .. c: CJ 
li<J 

006775 



z g .. a: 0 .. a: e 
.. .  0 .. z 0 u 
u :r .. .. .. l.l 
E.il 

GI 0 OI 
Ill 

. .  . 

006776 





.. 

·• � • i 
t ' <1 I I 

L 

C LA RKE WELL & EQUIPM ENT, I NC. 

JOB NUMEER 9 90 8  ---=�...:.------

OF Formation Tes t  
FOR Havs Citv o f  

L O G 

NO. RB2 TH 1 1- 9 1  

DATE DRI LLE D 9- 5-9 1  --���------------------
L 0CAT 10  N SE V4 _EL V4 NW V4, SEC110N NO. __ ....;3._.0 _____ _ 
T _u_ S 1  R_ll_W/E Ellis COUNTY. _ __..K�a::.:;n..,,s:..;:a:.:::::s ____ _ 

4 0 '" 0  3 1 00 A . . N M . State ....__..___..___........_ _ 
_ .-..;;.;o:..;;,__ FSL, FEL pproxima t e  - � o t  easurea 

DEPTH I �rma t lon 1cknosa · FO R MATION RE M A RKS I 
0 - 3 Top s o i l  

I 
3 - 1 0  Clav , brown , hard 

1 0  - 1 5  C lay , brown , soft I 
1 5  - 2 0  Clav . brown . hard· � 
20  - 2 c;  Cl  av . brown . s treaks o f  sand I 
2 :;  - 2 8  Sand and !!rave l f ine . me dium to 

coar s e . loose 1 c l ean 1 t hin c lav I 
I 

s treaks 

2 8  - 3 4  Sand and 2ravel ,  fine ,  r:ted ium to Tl c oars e ,  loose . c lean ,  no c lav - ·  
3 4  - 39  Shale , b lack 

I 
' I I . 

I I • 
·,_, I 

STATIC WATER LEVEL _ _;:.;2 2::..'_.;;..FG;;.;;L;__ __________________ _ 

WATER SAM PL�S 

none TO -----

_____ TO -----

_____ TO ____ _ 
_____ TO ____ _ 

PP M CHLO RIDE 011iER TESTS 

37 FEET OF 2 
11 PI PE WAS LEFT FOR F UTUR E TES T I N G / SAMPU N G. ------

P LUG/ SEAL 2 0  - 3 5  gravel pack, 0 - 20 Bentonite Holeplug 
doscript ion 

· By _______ �C�h�i�p�F�l�i�n�t----���------�i � 
d ri 1 1  o r  

008778 
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' C LARKE �/ELL a EQUI PMENT, INC. 
WELL RECORD 

DES I G N  El CCNSTR UCT I ON  SHEET 

JOB NUMBER 9 9 0 8  + x + --------

WELL OWNER Hav s , Ci tv o f  

1NELL USE O� s a t'vat ion 
LOCATION · S E  . V4 �E V4_ELV4, 
T __!l_s '  R_!l_ WE Ellis 

WELLNO . RB 2 TH 1 1 - 9 1  
APPROPRIATION NO. ____ _ 
SECTION t-.0 .  3 0  --------

COUNTY Kansas 

_;;;.;L.�"-";�=o_ FSL, 
----....S�ta�f-e ___ _ 

: i. ()() FEL Approxir:la t a  - Ko t �ieasure d  

Si ZE  r.cL E  
11 D IA. 

' T 

s 

30  

+ 

S I ZC:  CASiNG 2 I I DIA. • l 5L. WALLi WT. . ZQ LBS/FT __ __.i-,;...>.'------MA TERIAL PVC 
S I Z E  SCREEN 2 II  

D IA. . 1 5 4  WALL PVC 

FORMATION LOG . From test no. f r om to 
0 3 
3 1 0  

1 0  1 5  

1 5  2 0  
2G 2:; 

2 5  2 8  
I 

2 8  3 4  

I 
3..:. I _, . I 

"--· 

Top s o i l  

Clav . h .. m.m h :::1 i- n  

Clay , brown , s o f t  

Clay , b rown , hard 

C i "' V  � .. C"t.•:'TI . c:: t" i- � :::1 k c:: n l=  C:: "' '"' "  
Sand and �rave l ,  f ine , r.:eciur:i 

c o rs e ,  loos e ,  c le an , thin c lay 

s t r eaks 

Sand and grave l ,  f ine , medium 

coars e ,  loose , c lean , no c lay 

• Shale , . . , :; .:..ac ,z .. 

l 

�ATE R IAL . 080  N� l l  ---...;....;;;.----�-=----SLOT/mtE 

I Famatioo,! Thicl<ness From o round level 

Plain I 
� .... ...... ..  ,., 

to 

to 

p - .-· - -±-I 
I I 

From I To jFto . 
0 I 

2 ;  

I 
I 
I 
I 

! 
I 

2 5  
3 ; 

I 
- - ·  . 

2 5  
1 0  

--

--- -

- �·-�-

- - --

-- -- --· - · · - --· - ·  -

- ·  

WF 
DtR 

DE'. 

.. 

-- �o ___ -__ 
,. _ ... 

1 \\ 

? I 

c;:ro _ 

l) TO 

: : j� --· 
' � 

Su . 
z ,j 

' :ATION 
:-nw f.t'AN' 

�,... . w .. ..  :. ') Flir. 

.:: FT � :30VE Gree ' 
.. ., 

,, ·� SC R ! N G  E 

5ent-or: ; re E 

I k71 o�vn 

CATE 9 -
00 677 9 

-· 
E 

.. -... ------ ---

-

i I 
I 
I l 







.,,. _ • �: i n • '• · _;  

, ;  
: � . :, . ' .  '� ! •'· '- , ·, . .  , ,  ·, ' 

Appendix E 

NPDES Permit 

/ 

006782  
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' \ State of Kansas 
Joan Finney, Governor Department of Health and Environment 
Division of Environment 

CIJ I r"'J -J S': : ' ' ·. I I ' -' - • I ' 
"1 \ U-, - . · '-. \ ' .'  . · \  r...:...�---- · .  \ I  

. i 
JUL 2 2 1991 .J 

BLACK & VEATCH 
Acting 

Stanley C. Grant, Ph.D., Secretary Forbes Field, Bl1i9. 740, Topeka, KS 66620-0001 
. Respond to: 

FAX ( 9 1 3) 296-6247 

July 1 5 , 1 9 9 1  

C i ty o f  Hays 
P .  O .  Eox 4 9 0  
Hays , Kansas 6 7 6 0 1 

Re : Kansas Public No ti ce No . KS - 9 1 - 1 2 6 / 1 3 0 

Ge ntl emen : 

The enclosed public notice pertains to your pendi ng Kansas Water 
Pol lution Control Permi ts and Authorization to Di s charge under the 
Nationa l  Pol lutant Di scharge E l imi nation Sys tem ( NPDES ) .  Al so 
enc l o s ed is a copy of the propos ed permi t . 

Regulations require i s suance o f  a publ i c  noti c e  to inform 
intere s ted persons o f  the agency ' s  i ntent to i s sue a Kansas Wa ter 
Pol lution Control Rermi t and Authori zation to D i s c harge under the 
National Pol l u tant Dis charge El imi nation System . The notice allows 
a 3 0  day period for comment by the applicant or the public . I f  
re spon s e  to t h e  notice  indi cate s s igni f i cant intere s t ,  a public 
hearirrg may be  he ld . Please po s t  the public notice unti l the date 
identi f ied in the notice , in accordance with Kan s a s  Regulation 2 8 -
1 6 - 6 1 . 

Any comments you may have regardi ng the propo s ed permi t should be 
s ent to thi s o ff i c e . 

S i n�e i:e � be� _ /{_ I 
B e the  L .  Spotts 
Permi t Cl erk 
Techni cal S e rvic e s  Se ction 
Bu reau o f  Water 

E nclo sure 
cc : Northwe s t  District 

PRINTCO ON RECYCLED PAPER 
Lorne Phillips, Ph.D., '""! � - -- ... _ ,,  •--'----··--

t1 0 n7R 3  
Roger Carlson, Ph.D .. 
n; • ..,..,,. nt th• l(':on .. , .. 1-l•:olll'I 



f 

PUBLIC NOTICE OF PEND ING 
KANSAS WATER POLLUTION CONTROL PERMI T 

& 
AUTHORI ZATION TO DISCHARGE UNDER THE 

NATIONAL POLLUTANT D I S C HARGE ELIMI NATION SYSTEM 

KS Dept . o f  H e a l th & E nvrnt . 
Divi s i o n  o f  E nvi ronme n t  
Bureau o f  Wa t e r  

Publ i c  Noti c e  No . KS - 9 1 - 1 2 6 / 1 3 0 

Da te : July 1 7 ,  1 9 9 1 
Technical S e rvi c e s  S e c tion 
Topek a , Kan s a s  6 6 6 2 0 
T e l ephone : ( 9 1 3 ) 2 9 6 - 5 5 1 9  

I n  accordance wi th S ta te Regu l a tions 2 8 · 1 6 · 5 7 throug h  2 8 · 1 6 · 6 3  a nd 
the au thori ty v e s ted with the S tate by the admini s trator of the 
U . S .  Environmental Protection Ag ency , tentative permi ts have b e e n  
prepared for d i s charg e s  to t h e  waters o f  th e Uni ted S ta t e s  and t h e  
S tate o f  Kan s a s  f o r  t h e  appl i cants d e s cribed b e l ow .  

The t e ntative d e t e rmi nati o n s  for permi t content are ba s ed on 
prel imi nary s ta f f  review, applying the appropriate s tandard s , 
regulations and e f f lu e n t  l imi tations o f  the S ta t e  o f  Kan s a s  and the 
Environmental Prote ction Age ncy , and wi l l , whe n  i s sued , r e su l t  in 
a S ta t e  Wat e r  P o l luti on Control P e rmi t and Na tional Pol lutant 
Di s charge E l imi nation Sys tem Au thori z a t i o n  to di s charg e s ub j ect to 
c erta i n  e f f lu e n t  l imitations and s p e c i a l  condi ti o n s . 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

NAHE & ADPRES S  OF APPLICANT WATERWAY TXPE OF PISCHARGE 

CITY OP HAYS 
P �  O .  Box 4 9 0  
Hays , Kan s a s  6 7 6 0 1 

E l l i s  County , Kans a s  

Ou tfal l 0 0 1 - Bi g  S econdary Wa s tewater 
Cre ek via Che to l a h  Treatment Faci l i ty 
Creek , 6utfail 0 0 2 · 
B i g  Cre ek ,  Smoky H i l l  
River Ba s i n ,  Outfa l l  0 0 3  
d i s charg e s  t o  a rapid 
inf i 1 trat.i on_ ba s i n  l ocated 
over the B i g  Cre�k-a l luvium 

Kan s a s  P e rmi t No . M · S H 1 6 · 0 0 0 2  Fed . P e rmi t No . KS - 0 0 3 6 6 3 4  

D e s cription o f  Faci l i ty : Thi s fac i l i ty i s  de s igned for the 
trea tment of dome s t i c  s ewag e . Thi s i s  an e xi s ting faci l i ty . 
P ropo s ed e f fluent l imi tati o n s  are pursuant t o  Kan s a s  Surf ace Wa ter 

-Qual i ty S tandards , KAR 2 8 · 1 6 · 2 8 ( b · f ) , a nd are water qua l i ty 
l imi t e d . PROPOSEP : The propos ed acti o n  c o n s i s ts o f  revi s i on and 
re i s suanc e o f  the C tty ,.J f µ .., y �  ..,� � t -:ov� t-e!' ".'.'..!'�at!'.le!:.t f a c i l i ty 
d i s charge p e rmi t .  Thi s faci l i ty rec e i v e s  dome s t1 c  and i ndu s tri a l  
wa s te s . Mon i t o r i ng o f  the � f fl u e nt f rom thi s exi s ting faci l i ty a s  
w e l l  a s  i n s tream moni toring ha s indi cated upgrade o f  the pl ant wi l l  
b e  n e c e s s ary t o  achi eve comp l iance wi th current surf ace wa ter � ,-'�4li:tY s tandard s . The rei s sued pe rmi t wi l l  c ontai n  a c ompliance 



I 
I 

s c hedu l e  for upgrade o f  the wa s tewater trea tme n t  pl a n t  to achi e v e  
reduc ti o n  i n  e f f l u e n t  ammo n i a  l e v e l s  and provide d i s i n f e ction o f  I the e f f l u e n t . 

The C i ty o f  Hays i s  l o cated i n  a r e l a ti v e l y  arid port i o n  o f  the I State and exp e r i e n c e s  wa ter s h ortag e . The C i ty pre s e n tl y  irri g a te s 
a gol f cour s e and s o f tbal l di amonds wi th e f f l u e nt , a nd plans to 
a l s o  irr i g a t e  a s e cond pri vate l y  owne d  g o l f course a nd the Lark s I Park Bal l F i e l d  wi th e f f lu e n t . 

I n  conj uncti o n  wi th the wa s tewa t e r  treatme nt p l a n t  upgrade , 
addi tional f a c i l i ti e s  wi l l  b e  c o n s tru c ted to d i ve r t  a port i o n  o f  I the wa s tewa t e r  to an area ups tream o f  the C i ty o n  B i g  Creek where 
thi s e f f l u e n t  wi l l  be d i s charged to B i g  Creek to improve recharg e 
o f  the a l l u v i a l  aqu i f e r ,  a nd a l s o  d i s charged to a rap i d  I i nf i l tra ti on ba s i n wi th propo s ed pub l i c  wa ter supply we l l s  
downgrad i e n t  o f  the bas i n ,  thu s , fa c i l i ta ti ng i nd i r e c t  recyc l e  o f  
wa s tewater f o r  po tabl e wa ter supply . Du e to the wa t e r  reu s e  plan , I the C i ty p l a n s  a l s o to provi d e  a c t i vated s l udge treatme nt for 
n i tri f i cation a nd d e n i tri f i ca ti on of the wa s tewate r ,  and rapid 
mixed medi a  f i l tra tion o f  e f f lu e n t . In addi t i o n  to the e f f l u e n t  
l imi ta t i o n s  f o r  ammonia a n d  f e c a l  c o l i f orm , t h e  permi t wi l l  a l s o  - I include moni toring f o r  l e a d  a n d  copp e r  wi thi n the e f f luent . A 
battery r e cy cl e  f a ci l i ty i s  o n e  o f  the i ndu s tri e s  wi thi n Hays , 
thu s , e f f l u e n t  moni taring f or the s e  two heavy me ta l s i s  de emed I appropri ate . 

B e c au s e  the propo s ed pro j e c t  i nc lude s a new di s char g e  po int wh i c h  ' I wi l l  a l l ow i n c i d e n ta l  groundwa t e r  r e c harge a n d  a rap i d  i nf i l trati o n  
ba s i n  wh i ch wi l l  directly rec harge t h e  a l l u v i a l  aqu i f e r  wi th 
wa s tewa t e r  e f f l u e n t  by de s i g n , the potential e xi s t s  f o r  v i o l a ti o n  
o f  t h e  Kans a s  Sur f a c e  Water Qua l i ty S tandard s .  A variance requ e s t  I by the C i ty o f  Hays has b e e n  r e c e ived and the Kans a s  Departme nt o f  
He a l th a n d  E n v i ronmen t  ha s i n d i c ated a vari ance wi l l  b e  proc e s s ed .  
Thi s variance woul d  a l l ow t h e  nume r i c a l  criteria f o r  g roundwa ter ( recharge to b e  e x c e eded wi thin th e l ocal area o f  the re charge 
b a s i n ,  but g roundwa t e r  u s e  f o r  pub l i c  water supp l y  w i l l no t be .. 
reduced . Al though the numer i c  criteria may exc e ed the g roundwa ter 
qua l i ty s tandard s , no adv e r s e  publ i c  h� a l th impact i s  anticipated 
o r  wi l l  b e  a l l owed . G roundwa t e r  mo ni toring w i l l  b e  required and 
e f f lu e n t  l imi t a t i o n s  wi l l  be e s tabl i shed to minimi z e  impacts o n  
g roundwa t e r  qua l i ty and provide pub l i c  hea l th prote c ti o n . 

KDHE condu c t s  rou t i n e  e f f lu e n t  toxi c i ty t e s ting o f  the Hays p l a n t  
e f f l u e n t , and t o  date no te s ts have s hown acute toxi c i ty i n  the _ I e f f lu e n t . F o l l owing the upgrade o f  the wa s tewa t e r  treatme nt 
proce s s ,  KDHE wi l l  c o.n ti nu e  toxi c i ty te s ti ng . If a n  e f f luent 
toxi c i ty probl e m  deve l ops a t  tha t time , KDHE wi l l  c o n s ider adding 
toxi c i ty te s tiu� t.u U!.;.__ji� ..::ii'.i. t .  r..:.� :.�� pr�.s e n t , thi s is no t J 
requ i re d . 

pESCRIPTION : The p r e s e n t  p l a n t  c on s i s t s  o f  
s cre en , a n  a erated grit chamb e r  f o l l owed 
s ed ime n.tat i o n  tank s , f our tri ck l i ng f i l t e r  

. .. . ,-
i , �· t , � • I ' I 

a raw wa stewater 
by two primary 

uni t s , two f i nal 006785 
. I  
. ,  
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c l ar i f i ers , two anaerob i c  s ludge di g e s to r s , s ludg e dry i ng bed s a n d  
l iqu id s l udge l and appl i c ati on f a c i l i ti e s . Addi tiona l l y ,  s o m e  o f  
the e f f luent i s  c h l orinated and u ti l i z ed f o r  a g o l f  cour s e  and ba l l  
d i amond i rri ga t i o n . The p l ant d e s ign f l ow i s  2 . 8  MGD . 

The propo s ed wa s tewater treatme n t  faci l i ty wi l l  cons i s t  o f  a raw 
wa s tewater s c r e e n , an a erated gri t c hambe r ,  two primary 
s edime ntation b a s i n s , two tri ckl i ng f i l te r s , activa t ed s l ud g e  
ba s i n , two f i na l  clari f i e r s , c h l orine c o ntact c hambe r ,  two rap id 
mi xed media f i l trati o n  u ni t ,  e f f lu e n t  s to rag e ba s i n s , e f f l u e n t  
pump i ng stati o n  t o  i rri gation and e f f l u e n t  outfa l l s  located 
ups tream of the wa s tewa ter tre atmen t  p l an t , d e c h l orina t i o n  
f a c i l i ti e s , r e a e ration , anaerobi c s ludge d i g e s tors , s l udge dry i ng 
beds and l iqui d  s ludge land app l i cation f a c i l i ti e s . The revi s ed ,  
r e i s su ed permi t w i l l  mai ntain t h e  pre s en t  e f f lu e n t  l imi tations wi t!'l. 
the i n c l u s i o n  o f  l ead and coppe r  moni t o r i ng u n t i l  Ju l y  1 ,  1 9 9 3 . 
The f i nal e f f lu e nt l imi tations wi l l  be come e f f e c tive July 1 ,  1 9 9 3  
and s h a l l  include s e a s onal wa ter qua l i ty ba s ed l imi t s  f o r  BOD and 
ammoni a ,  as we l l  as total n i troge n ,  and f e c a l  c o l i form l imi tati on s .  
Mon i toring f o r  l ead and copp e r  wi l l  b e  r e tai ned i n  the f i nal 
p e rmi t .  The p l a n t  de s i gn f l ow rate wi l l  rema i n  2 . 8  MGD . 

RECEIYING STREAM : Hays Wa s t ewat e r  Tre a tme nt P l a n t  pre s e n t l y  
d i s charg e s  to B i g  Cree k  v i a  C h e t o l a h  C r e e k  wi thin t h e  Smoky H i l l  
River B a s i n . · B i g  Cre e k  i s  l i s te d  i n  t h e  Kan s a s  Sur f a c e  Qua l i ty 
S tandards wi thi n K . A . R .  2 8 - 1 6 - 2 8d . B i g  Creek i ncludes the 
f o l l owing de s i gna ted u s e s : noncontact recreation , consumptive 
r e crea tion , e xp e c ted aquatic l i f e , dome s ti c  wa te r supp l y , 
agricultural i r r igati o n ,  agricu l tural l iv e s tock , i ndu s trial wa ter 
supp l y , and g roundwa t e r  r e charg e . The r e i s sued permi t wi l l  a l l ow 
u p  to 2 .  8 MGD o f  e f f l u e nt di s charge t o  Chetolah Creek at the 
pre s en t  wa s tewa t e r  tre a tment s i te .(_O.Oj outf a l� ) . Add i t i onal l y , t h e  
p e rmi t wi l l  a l l ow t h e  d i s charg e o f  u p  t o  1 . 2 MGD o f  e f f luent a t  a 
p o i n t  u p s tream o f  Hay s o n  B i g  Creek ( 0 0 2  outfa l l , NW/ 4 ,  SW/ 4 , S e c . 
2 4 , T 1 3 S ,  R 1 9 W ,  El l i s  County ) . The 0 0 3  outfa l l  wi l l  b e  l ocated i n  
t h e  SW/ 4 , NE / 4 ,  S e c . 3 0 ,  T 1 3 S ,  R 1 8W , E l l i s  County , and wi l l  
d i s charg e  t o  a rapid i n f i l tration ba s i s . 

PROPOSEP LIMITATIONS : - The re i s su ed p e rmit- -wi l l  --=ma i n ta i n  the 
pre s en t  e f f l u e n t  l imi tations as i nterim l imi tations u n ti l Ju l y  1 ,  
1 9 9 3 . Addi ti o na l l y ,  moni toring requ i r eme n t s  f o r  l e ad and copper 
wi l l  b e  impo s ed . The pre s en t  e f f luent l imi tati o n s  i n c lude s e a s onal 
l imi t s  for B i oc h emic a l  Oxida tion Demand ( BOD ) cons i s ti ng o f  we e k l y  
average 4 5  mg / l ,  monthly average 3 0  mg / l  f o r  S eptemb e r  through May 
and we e k l y  average 3 0  mg/ l ,  monthly average 2 0  mg/ l  · for June 
through Augu s t . Tota l su spended s o l id s  l i mi ta t i o n s  are we e k l y  
a v e r a g e  4 5  mg/ l  and monthly ave rage 3 0  mg / l  t h e  y e a r  around . The 
pH l i mi tation i s  6 to 9 s tandard uni t s . 

T h e  f in a l  e f f l ue nt !iroitatior.s whi c� wi l l  =e ccme e t f e cti-ve--Ju.l.y 1 , 
1 9 9 3  i nc lude s e a s onal l imi tati o n s  f o r  BOD wh i ch range f rom a we e k l y  
average 3 0  mg / l , monthly average 2 0  mg / l  i n  Jul y and Augu s t ,  t o  a 
w e e k l y  avera g e  4 5  mg/ l , monthly avera g e  3 0  mg / l  i n  November thro u g h  
Apri l . S eptemb e r ,  Octob e r ,  May and June have l imitati o n s  of wee k l y  
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a v e rage 4 0  mg / l , monthly average 2 5  mg / l .  

The f i nal e f f l u e n t  l imi tati o n s  f o r  anuno n i a  are e s ta bl i s hed o n  a 
s e a s onal bas i s  a l s o . Ammonia l imi ts f o r  June , Ju l y ,  Au gu s t  and 
S e ptember wi l l  be weekly average 3 .  O mg / l ,  mo n t h l y  average 2 .  o 
mg / l .  May and October l imi ts wi l l  b e  we ek l y  average 4 .  s mg / l ,  
month l y  a v e ra g e  3 . 0  mg / l . March , Apri l and Nov embe r  l imi ts wi l l  
b e  we e k l y  average 7 . 5  mg / l , mon thl y  a v e rage 5 . 0  mg / l . L imi ts f o r  
D e c embe r ,  Janu a ry a nd F ebruary wi l l  b e  wee k l y  a v e r a g e  1 2 mg I l ,  
month l y  average 8 mg / l . 

F e cal c o l i f o rm l i mi ta tions for the 0 0 1 ou tf a l l are ba s ed o n  a 
n onco ntac t r e c r e a t i o n  s tanda rd and have b e e n  e s tabl i s hed a t  4 0 0 0  
c o l o n i e s  per 1 0 0 ml we e k l y  ave rag e and 2 0 0 0  c o l o ni e s  per 1 0 0 ml 
month l y  a v e rag e . The f e c a l  c o l i form l imi t a t i o n s  f o r  the 0 0 2  a nd 
0 0 3  outfal l s  have b e e n  e s tabl i s he d  a t  4 0  c o l o ni e s  per 1 0 0 ml we e k l y  
a v erage a nd 2 0  c o l oni e s  per 1 0 0 ml mo nth l y  average ba s ed o n  
propo s e d  i rri g a t i on reu s e  s i te u s e s  a nd d i s charge to th e rapid 
i n f i l tra t i o n  b a s i n s . A total n i trogen l imi tation h a s  been appl i ed 
a t  the 0 0 3  ou tf a l l , the total n i trog e n  l imi tati o n ,  i . e .  the sum o f  
total k j e l dahl n i trogen ( TKN ) pl u s  ni trate ( N03 ) p l u s  n i tr i t e  ( N02 ) ,  
ha s b e e n  e s tabl i s hed a t  1 0  mg / l  month l y  a v e rag e . 

Du e to · th e  c h l o ri na t i o n  dechlori nation proc e s s ,  a to tal r e s idu a l  
c h l orine mea s u r ement wi l l  be requ i r e d  w e e k l y  ba s e d  upon t h e  
ampe rome tri c t i tration me thod o r  DPD - FA S  me thod a nd the re s u l t s o f  
thi s anal y s e s  mu s t  be u nd e te c t a b l e  chl orine re s idual . 
Addi tiona l l y ,  a d i s s o lved oxy g e n  l im i tation wi l l  b e  impo s ed 
r e qu i ri ng a mi n i mum o f  5 mg / l  i n  the e f f lu e n t . 

PROPOSED INDIRECT REUSE OF EFFLUENT FOR POTABLE WATER SUPPLY : I n  
c o n j u n c t i o n  wi th the propo s ed upgrade- o f  the H a y s  Wa s tewa ter 
Tre atme n t  P l a n t , the C i ty of Hays plans to u ti l i z e  a portion o f  the 
wa s tewa t e r  f o r  g ro undwa ter re charg e . Thi s wi l l  i ncre a s e  the C i ty • s 
water r e s ourc e s  a s  the recl a i med wa s tewat e r  whi ch w i l l  r e charg e the 
aqu i f e r  wi l l  m i x  wi th e xi s ti ng g roundwa t e r . Th e C i ty p l a n s  to 
l o c a t e  pub l i c  w a t e r  supply we l �s in the r e charge area a nd u ti l i z e  
thi s groundwa t e r  f o r  a publ i c  wa ter s u pp l y . The C i ty pre s e ntly h a s  
a l ime s o f te n i ng wa ter supp l y  tre a tme n t  p l a n t . The Ka n s a s  
Departme n t  o f  H e a l  t h  a n d  Envi ronme nt wi l l  rev i ew t h e  p l a n s  f o r  
i n s ta l l a t i o n  o f  the s e  addi tional pub l i c  wa ter supply we l l s  and 
e s tabl i s h  r e qu i rements for the l o cati o n  o f  the we l l s ,  addi tional 
moni toring r e qu i rements for thi s re c l a imed wat e r ,  and addi ti o n a l  
treatment r equ i reme n t s  i f  de emed nec e s s ary . 

•.J ,. "'."' '. ··· ' "' 't 
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I 
' C I TY OF HOLTON 
C i ty H a l l  
4 3 0  P e n n s ylvan i a  Avenu e  
H o l ton , Kans a s  6 6 4 3 6  

Jack son County , Kan s a s  

E l k Creek S e co ndary Wa s tewa te r 
Treatment F ac i l i ty 

Kan s a s  P e rmi t No . M - KS 2 3 - 0 0 0 1 Fed . P e rmi t No . KS - 0 0 2 5 5 4 2  

D e s cription o f  Faci l i ty :  Thi s fac i l i ty i s  d e s iqned f o r  the 
treatment o f  dome s t i c  s ewag e . Thi s i s  a n  exi s ti nq f a c i l i ty . 
Propo s ed e f f lu e n t  l imi tati o n s  are pursuant to Kan s a s  Surf a c e  Wa ter 
Qu a l i ty S tandard s , KAR 2 8 - 1 6 - 2 8 ( b - f ) , and are te chno l oqy bas ed . 

CITY OP ROSE HILL 
P .  O .  Box 1 7 5 
3 0 6  No rth Ro s e  H i l l  Road 
Ro s e  H i l l , Kan s a s  6 7 1 3 3  

B u t l e r  County , Kan s a s  

Wa l nu t  Riv e r  
v i a  E i g h t  Mi l e  
C r e ek 

S e c ondary Wa s t ewa ter 
Treatme n t  Faci l i ty 

Ka n s a s  P e rmi t No . M - WA 1 3 - 0 0 0 1 Fed . P e rmi t  �o . KS - 0 1 1 7 0 4 8  

D e s cription o f  Faci l i ty :  Thi s faci l i ty i s  d e s i gned f o r  the 
tre atment of d ome s t i c  s ewag e . Thi s i s  an exi s ti nq f a c i l i ty . 
Propo s ed e f f l u e n t  l imi tations a r e  pursuant t o  Kan s a s  Sur f a c e  Wa ter 
Qual i ty S tandard s , KAR 2 8 - 1 6 - 2 8 ( b - f ) , and are t e chno l oqy ba s ed . 

CITY OP SILVER LAKE 
C i ty H a l l  
S i l v e r  Lak e , Kan s a s  6 6 5 3 9  

Shawne e  County , Kan s a s  

Kans a s  Rive r via 
E n s iqn Cre e k  

S e c o ndary Wa s tewa ter 
Treatment Faci l i ty 

Kan s a s  P e rmi t No . M - KS 6 9 - 0 0 0 1  F e d . P e rmi t No . KS - 0 0 7 9 2 6 0  

D e s cription o f  Fac i l i ty :  Thi s  f a c i l i ty i s  d e s igned f o r  the 
treatme n t  of d ome s ti c  s ewaq e . Thi s  i s  a n  e x i s tinq f aci l i ty . 
P ropo s ed e f f lu en t  l imi tati ons a r e  pur s u a n t  to Kan s a s  Surface Wa ter 
Qua l i ty S tanda rd s , KAR 2 8 - 1 6 - 2 8 ( b - f ) , and a r e  t e chno loqy b a s ed . 
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WINFIELD S TATE HOSPITAL 
AND TRAINING CENTER 
Rou t e  1 ,  P .  O .  Bo x 1 2 3 
Winf i e l d , Kan s a s  6 7 1 5 6  

Cowl e y  County , Kansas 

Wa l nu t  Ri v e r  
v i a  T i mb e r  C r e e k  

S e condary Wa s tewa ter 
Tre atm e n t  F ac i l i ty 

Kan s a s  P e rmi t No . M - WA 1 7 - 0 0 0 2  F e d . P e rmi t No . KS - 0 1 1 8 0 3 6  

D e s cr i p t i o n  o f  F a c i l i ty : Thi s f ac i l i ty i s  d e s i g n ed for the 
tre a tme n t  o f  dome s ti c  s ewa g e . Thi s is an e xi s ti ng faci l i ty . 
Prop o s e d  e f f lu e n t  l imi t ations a r e  pur s uant to Kan s a s  Surface Wa ter 
Qu a l i ty S tandards , KAP. 2 8 - 1 6 - 2 8 ( b - f ) , and are wa t e r  qu a l i ty 
l imi ted . 

P e r s o n s  wi s h i ng to comme n t  upon o r  o b j e c t  to the propo s ed 
d e t e rmi n a t i o n s  are i nv i ted to s ubmi t them i n  wri t i n g  to the 
a tt e n t i o n  o f  B e thel Spott s , P e rmi t C l e rk ,  at the l e tterhead 
addre s s . 

Al l c omme n t s  r e c e ived pri or to Augu s t  1 6 ,  1 9 9 1  wi l l  b e  cons idered 
in the f o rmu l a ti on of f i n a l  d e t e rmi n a t i o n s  r e g ard i n g  thi s pub l i c  
noti c e . P l e a s e  r e f e r  t o  t h e  appropriate . appl i ca t i o n  numbe r  and 
name o f  appl i ca n t  a s  l i s ted i n  prepa r i ng your comme nt s . 

I f  no o b j e c t i on s  are r e c e ived pri o r  to Aug u s t  1 6 ,  1 9 9 1 , the 
S e cre tary , S ta t e  of Kan s a s  Depar tme n t  of H e a l th a nd Environme nt 
wi l l  i s su e  t h e  f i nal determi n a t i o n .  If re sponse to thi s noti c e  
i ndi c a t e s s i g n i f i cant pub l i c  i n t e re s t ,  a pub l i c  hearing may be h e ld 
i n  conf o rmanc e wi th S ta t e  R e g u l a � i o n  2 8 - 1 6 - 6 1 � Medi a coordi nation 
( n ewspap e r s , radio ) for pub l i c a ti o n  and/or annou nc ement of the 

pub l i c  n o t i c e  o r  pub l i c  hearing i s  hand l ed by the Kan s a s  Department 
o f  H e a l th and E nv i ronme n t . 

The app l i c a t i on , prop o s ed p e rmi t ,  i n c l u di ng prop o s ed e f f luen t 
l i mi ta t i on s  and special c o ndi t i o n s :  f a c t  s h e e t s a s  appropr i a te , 
c omme n t s  r e c e i ved , and other i nf orma tion are on f i l e  and may b e  
i n s p e c t ed a t  t h e  l e tterhead addre s s .  Di v i s ion o f  Envi ronment 
o f f  i c e s  are o p e n  from 8 :  00 A .  M .  t o  4 :  3 0  P .  M . , Monday through 
F r i day . 

T h e s e  docum e n t s  are avai l a b l e  upon requ e s t  a t  the copy ing c o s t  
a s s e s s ed by t h i s ag ency . Add i t i onal cop i e s  o f  thi s pub l i c  no t i c e  
may a l s o  b e  obtained a t  t h e  l e t terhead addr e s s . 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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FACT SHEET 

FAC I L I TY : Hays Was tewater Tre atment Faci l i ty 

KANSAS PERM I T  NO . : M - SH 1 6 - 0002 

F EDERAL P E RM I T  NO . :  KS-0036634 

FAC I L I TY LOCAT I ON : SW/4 , Sec . 3 ,  T l 4S , R l SW ,  El l i s  County , Kan s a s  

P RO POS ED : The proposed act i on con s i s t s  of rev i s i on and re i s s u ance of the C i ty 
of Hays wastewater treatment fac i l i ty d i sch arg e perm i t .  Th i s  fac i l i ty rece i v es 
d omes t i c  and i ndustri al wastes . Mon i tori ng of the effl uent from th i s  ex i s t i ng 
faci l i ty as wel l as i n stream mon i tori ng h as i nd i cated upg rade of the pl ant wi l l  
be necess ary to ach i eve compl i ance wi th current surface water qual i ty s tandards . 
T h e  re i s s ued permi t wi l l  conta i n  a comp l i ance s chedul e  for upgrade of t h e  
wastewater tre atment p l ant to ach i eve reduct i on i n  effl uent ammo n i a l evel s and 
prov i de d i s i n fect i o n of the e ffl uent . 

The C i ty of Hays h l oc ated i n  a rel at i vel y ar i d  port i on o f  the State and 
experi ences water s hortage . The C i ty presentl y i rri gates a gol f course and 
s o ft bal l d i amonds wi th effl uent , and pl ans to al s o  i rr i gate a s econd pri vate l y  
own ed gol f cours e a n d  t h e  L arks Park Bal l F i el d  w i th effl uent . 

I n  conj unct i on wi th the wast ewater tre atment pl ant u pgrade , add i t i on a l  fac i l i t i e s 
w i l l  be constructed to d i vert a port i on of the wastewater to an area upstream 
o f  the C i ty on B i g  Creek where th i s  e ffl uent w i l l  be d i scharg ed to B i g  Creek to 
i mprove rech arge o f  the al l uvi al aqu i fer ,  and al so d i scharged to a rap i d  
i n f i l trat i on bas i n  w i th proposed publ i c  water s uppl y wel l s  downgrad i ent o f  the 
b a s i n ,  thu s , fac i l i tat i ng i nd i rect recycl e of wastewater f�l e  water 
s up p l y .  Due to the water reu s e  pl an ,  the C i ty p l ans al so  to  prov i de act i va ted 
s l udge treatment for n i tr i fi c at i on and den i tri fi c at i on of the  wastewate r ,  and 
rap i d  mi xed med i a f i l trat i on of e ffl uent . I n  add i t i on to the effl uent 
l i mi t a t i ons for ammon i a  and fecal col i form, the permi t wi l l  a l s o  i ncl ude 
mon i tori ng for l e ad and copper w i t h i n  the effl uent . A battery recycl e fac i l i ty 
i s  one of the i ndustr i e s  wi t h i n  Hays , thus , effl uent mon i tor i ng for these two 
h e avy met al s i s  deemed appro.pri ata,  

Because  the propos ed proj ect i ncl udes a new d i s charge po i nt wh i ch wi l l  al l ow 
i nc i dent al  groundwater rech arge and a rap i d  i n fi l trat i on bas i n  wh i ch wi l l  
d i rect l y  recharge the  al l uv i al aqu i fer w i t h  was tewater effl uent by des i gn , the 
potent i al exi sts  for v i ol at i on of the Kan s a s  S urface Water Qual i ty St and ards . 
A v ar i ance reque s t  by the C i ty of Hay s  has  been rece i ved and t he Kan sas 
Dep artment of Heal t h  and Envi ronment has i nd i cated a vari ance wi l l  be proces s ed . 
Th i s  vari ance wou l d al l ow the numeri cal cri ter i a for groundwater recharge to be 
exceeded w i t h i n  the l ocal area o f  the rech arge b as i n ,  but groundwater use for 
publ i c  water s upp l y  wi l l  not be reduced . Al though the numeri c cri teri a mD' exceed 

· t h e  groundwater qua H ty stan'd aro s , no �ID'� r � e  µ11lt1 ii.: (te<tHi\  � ff•!J <u� t  i �  a.11t.J� i p-atcd 
or w i l l  be al l owed . Groundwater mon i tori ng w i l l  be requ i red and effl uent 
l i m i tat i on s  w i l l  be establ i s hed to mi n i m i ze i mpacts on groundwater qual i ty and 
prov i de publ i c  he al th protect i on .  
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KDHE conducts rout i ne e ffl uent tox i c i ty tes t i ng of  the  Hays p l ant  e ffl uent , and 
to date no tests have shown acute tox i c i ty i n  the effl uent . Fol l ow i ng the  
upgrade o f  the wastewater treatment proce s s , KDHE wi l l  cont i nue toxi c i ty testi na . 
I f  an effl uent toxi c i ty probl em deve l ops at that t i me , KDHE wi l l  cons i der add i ng 
toxi c i ty tes t i ng to the permi t .  For the  present , th i s  i s  not requ i red . 

DES C R I PTION : The pre s ent pl ant con s i sts  of  a raw was tewater screen , an aerated 
g r i t chamber fol l owed by two pri mary s ed i ment at i on tanks , four tr i c kl i ng fi l t er 
un i ts , two f i nal c l ari fi ers , two anaerob i c  s l udge d i gestors , s l udge dryi ng beds 
and l i qu i d  s l udge l and appl i cat i on fac i l i t i e s . Add i t i onal l y ,  some of  the 
e ffl uent i s  chl or i n ated and ut i l i zed for a gol f course and bal l d i amond 
i rr i g at i on .  The p l ant des i gn fl ow i s  2 . 8 MGD . 

The proposed was t ewater treatment fac i l i ty wi l 1 con s i st o f  a raw wastewat er  
s creen , an  aerated gr i t chamber ,  two pri mary sed i mentat i on bas i n s , two tri ckl i ng 
fi l ters , act i vated s l udge bas i n ,  two fi nal  cl ari f i ers , chl or i ne contact ch amber ,  
two rap i d  mi xed med i a  fi l trat i on un i t ,  effl uent s torage bas i n s ,  e ffl uent pump i ng 
s t at i on to i rri gat i on and effl uent outfal l s  l oc ated upstre am o f  the wastewater 
t re atment p l ant , dech l or i nat i on fac i l i t i es ,  reaerat i on ,  anaerobi c  sl udae 
d i gestors , s l udge dryi ng beds and l i qu i d  s l udge l and appl i cat i on faci l i t i e s . 
The rev i sed , re i s s ued permi t w i l l  ma i nt a i n the present effl uent l i mi tat i ons wi th 
the i ncl u s i on of l ead and copper mon i tori ng unt i l  July 1 ,  1 993 . The fi nal 
e ffl uent l i m i tat i on s  w i l l  become effect i ve Ju l y 1 ,  1 993 and sha l l i ncl ude 
s easonal  water qu al i ty based l im i t s  for BOD and anvnon i a ,  as  wel l as total 
n i trogen , and fecal col i form l i mi tat i on s .  Mon i tori ng for l ead and copper w i l l  
be ret a i ned i n  the fi nal  permi t .  The p l ant des i gn fl ow rate w i l l  rema i n  2 . 8  MGD . 

RECEIV ING STREAM : H ays Wastewater Treatment Pl ant present l y  d i s charges  to B i g  
Creek v i a  Cheto l ah Creek wi th i n  the Smoky H i l l  R i ver Bas i n .  B i g  Creek i s  l i sted 
i n  the Kans a s  Sur face Qual i ty Stand ards wi th i n  K . A . R .  28- 1 6 - 28d . Big Creek 
i nc l udes  the fol l ow i ng des i gnated uses : noncontact recreat i on ,  consumpt i ve 
recreat i on ,  expected aquat i c  l i fe ,  domest i c water suppl y ,  agri cul tural 
i rri gat i on 1 . agr i cul tural  l i vestock , i ndustri al  water supp l y ,  and groundwater 
recharg e . The re i s s ued permi t wi l l  al l ow up t o  2 . 8 MGO o f  effl uent d i scharge 
to Chetol ah Creek at the present wastewater treatment s i te ( 0 0 1  outfal l ) .  
Add i t i on al l y ,  the  permi t wi l l  al l ow the d i scharge of up to  1 . 2 MGO of effl uent 
at a po i nt upstream o f  Hays on Big Creek. (002 outfal l ,  NW/4 , SW/4 , Sec . 24 , Tl 3 S ,  
R l 9W ,  El l i s County ) . The 003 outfal l w i l l  b e  l ocated i n  the SW/4 , NE/4 , Sec . 
3 0 ,  T l 3 S ,  R l 8W ,  El l i s County , and w i l l  d i scharg e to a rap i d  i nfi l trat i on basi s .  

P ROPOS ED LIMITATIONS : The rei s sued permi t wi l l  mai nta i n  the present effl uent  
l i m i tat i ons  a s  i nter i m l i mi t at i ons  u nt i l Ju ly  1 ,  1 993 . Add i t i ona l l y ,  mon i tori ng 
requ i rements  for l ead and copper w i l l  be i mposed . The present effl uent 
1 i m i tat i on s  i ncl ude se asonal l i mi t s  for B i ochemi cal  Ox i dati on  Demand ( BOO ) 
con s i s t i ng o f  wee kl y average 45  mg/ l , month l y  average 3 0  mg/ l  for September 
t hrough May and wee kl y  average 30 mg/l , monthl y  average 20 mg/l for J une  through 
Augus t . Total  s u spended sol i d s  l i mi tat i ons  are week ly  averag e 45 mg/l and 
monthl y average 30  mg/ l  the year around . The pH  l i m i tat i on i s  6 to  9 standard 
u n i t s . 

The fi nal  e ffl uent l i mi tat i ons  wh i ch w i l l  become effect i ve Jul y 1 ,  1 993 i ncl ude 
s ea sonal  l i m i t at i o n s  for BOO wh i ch range from a weekl y average 30 mg/l , monthl y 
average 20 mg/1 i n  Ju l y and August , to  a weekl y average 4 5  mg/l , monthl y average 
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3 0  mg/l i n  November through Apri l .  September ,  October ,  Hay and June have 
l i mi tat i ons of wee kl y  average 40 mg/l , month l y  average 25 mg/ l . 

The fi nal  effl uent l i mi tati on s  for ammo n i a  are establ i s hed on a s easonal ba s i s 
al s o .  Anvnon i a  l i mi ts for June , Jul y ,  August and September w i l l  be weekl y averag e 
3 . 0  mg/1 , monthl y  average 2 . 0  mg/ l . Hay and October l i m i t s  wi l l  be weekl y 
average 4 . 5  mg/l , monthl y average 3 . 0  mg/l . March , Apri l and November l i mi t s  
wi l l  b e  wee kly average 7 . 5  mg/l , month l y  average 5 . 0  mg/ l . L i mi ts for December ,  
January and February wi l l  b e  weekl y average 1 2 mg/ l , month l y  average 8 mg/l . 

Fecal col i form l i mi tat i ons for the 0 0 1  outfal l are bas ed on a noncon tact 
recreat i on s tandard and h ave been e s tabl i shed at 4000 col o n i es per 1 00 ml weekl y 
average and 2000 col on i es per 1 00 ml monthl y average . The fecal col i form 
l i mi tati ons for the 002 and 003 outfal l s  have been e s tabl i shed at 40  co l on i e s 
per 1 00 ml weekl y average and 20  col o n i e s  per 1 00 ·ml month l y  average based o n  
proposed i rrigati on reuse s i te u s e s  and d i s charge to the  rap i d  i nf i l trat i o n 
ba s i n s . A total n i trogen l i mi t at i on has  been appl i ed at the  003 outfal l ,  the 
total n i trogen l i mi t at i on ,  i . e .  the s um of total kj el dahl  n i trogen (TKN ) pl us  
n i trate ( N03 ) pl u s  n i tr; te ( N02) ,  has  been e stabl i s hed at 1 0  mg/l month l y  
average . 

Due to the chl ori n at i on dech l ori nati on process , a total res i dual chl ori ne  
meas urement wi l l  be requ i red week l y  based upon the amperometri c t i trat i on method 
or CPD- FAS method a nd the res u l ts  o f  t h i s anal yses mus t  be undetectabl e chl ori ne 
res i dual : Add i t i onal l y ,  a d i s sol ved oxygen l i mi tati on wi l l  be i mposed requi ri ng 
a mi n i mum of 5 mg/1 i n  the effl uent . 

PROPOS ED I NDI RECT REUSE OF EF FLUENT FOR POTABLE WATER SUPPLY : I n  conjunc t i o n  
w i th t h e  proposed upgrade o f  t h e  Hays Wastewater Treatment Pl ant , t h e  C i ty o f  
Hays p 1 ans  t o  u t  i 1 i z e  a port i on o f  t h e  wastewater for groundwater recharge . Th i s  
w i l l  i ncrease the C i ty ' s wate r  res ources as the recl a i med wastewater wh i ch wi l l  
recharge the aqu i fer wi l l  mi x wi th exi sti ng groundwate r .  The C i ty pl ans to 
l ocate publ i c  water s upply  wel l s  i n  the recharge are a and uti l i ze t h i s 
groundwater for a publ i c  water suppl y .  The C i ty present l y h a s  a l i me soften i ng 
water suppl y treatment p l ant . The Kansas Department o f  He al th and Envi ronment 
w i l l  rev i ew the pl a n s  for i nstal l at i on of these add i t i on a l  publ i c  water supp l y  
wel l s  and e s tabl i sh requ i rements for -the l oc at i on o f  the wel l s ,  add i t i onal 
moni tori ng requ i rements for thi s recl a i med wat er,  and add i t i onal  treatment 
requi rements  i f  deemed nece s s ary . 

RW/mc/ s/3 
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Kan sas  Permi t N o . : M - SH 1 6 - 0C0 2 
Federal  Permi t No . :  KS - 00366 3 4  

KANSAS WATER POLLUT ION CONTROL PERM I T  AND 
AUTHORIZATION TO D I SCHARGE UNDER 
THE  NATI ONAL POLLUTANT D I SCHARGE 

EL I M I NAT ION SYSTEM 

Pursuant to  t h e  Provi s i on s  of Kansas  Statutes Annotated 65 - 1 64  and 65 - 1 6 5 ,  the  
Federal Water Pol l ut i on Control Act  as amended , ( 33 U . S . C .  1 2 5 1  et  seq ; the 
"Act " ) ,  

Owne r :  C i ty o f  Hays 

Owner ' s Address : P . O .  Box 490 
Hays , Kans as 67601 

Fac i l i ty Name : Hays Was tewater Treatment  Fac i l i ty 

Fac i l i ty Locat i on :  SW/4 S ect i on 3 ,  Townsh i p  1 4S , Range 1 8W o f  
El l i s County , Kans as  

Rece i v i ng Stream & Bas i n :  Outfal l 0 0 1  - B i g  Creek v i a Chetol ah Creek 
Outfal l 002 - B i g  Creek 
Smoky H i l l  R i ver B as i n  
Outfal l 003 d i scharges  to a rap i d  i nfi l trat i on 
bas i n  l ocated over the  B i g  Creek al l uv i um 

i s  �uthori zed to d i scharge from the waste treatment faci l i ty descri bed here i n ,  
i n  accordance wi th  effl uent l imi tat i ons  and mon i tori ng requi rements a s  set  fo rth 
here i n . 

Th i s  permi t s hal l become effect i ve , wi l l  s upersede al l prev i ou s  
permi ts  and/or agreements  i n  effect between the Kansas  Department of Heal th and 
Envi ronment and the permi ttee , and wi l l  exp i re __ 

FAC I L ITY DESC R I PT I ON :  
Present Faci l i ty 

1 .  Raw Wastewater Screen i ng 
2 .  Aerated Gri t Chamber 
3 .  Pr i mary Sed i mentati on 
4 .  Tri ckl i ng F i l ters 
5 .  F i nal  Sed i mentat i on 
6 .  S l udge D i gest i on 
7 .  Land D i sposal of Sl udge 
8 .  D i s i nfec t i on o f  Effl uent Appl i ed 

t o  Gol f Course and/or Bal l D i amond 
9 .  Des i gn F l ow 2 . 8  MGD 

Propos ed Faci l i ty 

I .  Terti ary Wastewater Treatment 
Pl  ant 

2 .  Des i gn Fl ow 2 . 8  MGD 
Peak Permi tt ed Dai l y  Fl ows 
a .  Outfa l l 001 - 2 . 8 MGO 
b .  Outfa l l 002 - 1 . 2  MGD 
C ;  Out fa l l 003 - 1 . 2 MGD 

3 .  See  p age  2 for detai l ed 
fac i l i ty descr i pt i on 

Act i ng Secretary ,  Kansas  Department  of  Heal th and Env i ronment 

Date 

\' i. , ... . � , J· . I ¥ • • J 
006793 



Page 2 
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FAC I L I TY DESCR I PTION : (Conti nued } 

Proposed Was tewater Treatment Faci l i ty 

The f i g u re bel ow i l l u s t rates the present proposed des i gn ( June 1 99 1 )  o f  the  Hays  W a s t ew a t c .  
- I  

Treatment Pl ant upgrade . The effl uent l i ne  t o  Chetol ah  Cree k ( o ut fal l 00 1 }  shou l d  con t '. n u :  
t o  d i scharge at  i ts present l ocat i on . Two add i t i on a l  d i scharge poi nts ( outfal l s  0 0 2  a �  
003 } are p l anned Northwest  o f  the  wastewater treatmen t  p l ant . The 002  o u t fa i l w i i  
di scharge to B i g  Creek and the 003 outfa l l wi l l  d i scharge to a rap id  i nfi l trat i on b a s i n  
system . The 002 o u t fa l l i s  present l y p l anned to be l oc ated i n  the NW/4 , SW/4 o f  S e c t i c n 1 
24 , Town s h i p  1 3 S ,  Range 1 9W ,  S i xth Pri nc i p al Meri d i an .  The rap i d  i n f i l trat i on b a s i n  ·
present ly  pl anned to  be l ocated i n  the  SW/4 , NE/4 of  Sect i on 3 0 ,  Townsh i p  1 3 S ,  Range  1 6� .  
S i xt h  Pri nc i pa l  Mer i d i an .  A schemat i c  o f  the  proposed wastewater treatment p l a n t  i s  
i l l us t rated bel ow . 
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A .  EFFLUENT L IMITATI ONS AND MONITORING REQUI REMENTS 

Page 3 

Kansas  Perm i t  No . :  M - SH 1 6 - 000 2 

fFFLUENT LIMITATION� MON ITORING REOU I R EM � �T S  
I nteri m  

L i mi tat iQn�* 
Upon 

fffect i v� Date I s s u ance 
Outfal l Number and Measurement S amo l e  
Effl uent Parameter{ s )  Frequency r¥0e 
00 1 - D i scharge to Chet o l ah  Creek 

Bi ochemi cal  Oxygen Demand ( 5 -0ay) *** **Every Other Week 2 4 - Ho u r  
September through May C ompo s i t e 
Weekly Average-mg/1 4 5  
Month ly Average-mg/1 3 0  

June through August 
Weekly Average-mg/l 3 0 
Monthl y  Average-mg/1 2 0  

Tota l  Suspended Sol i d s  **Every Other Week 2 4 - Ho u r  
Weekl y Average -mg/l 4 5  Compo s i te 
Monthly Average-mg/1 30  

Alrmon i a  as N-mg/l Every Other Week G rab 

Lead -mg/l _ _  Every Other Week 24 - Ho u r ·  
Comp o s i te 

Copper-mg/l Every Other Week 24 - Hour  
C ompo s i t e  

p H  - Stand ard Un i ts 6 . 0 - 9 . 0  Every Other Week Grab  

Fl ow - MGD Dai l y  

*Mi n i mum removal of  8 5� requi red for B i ochemi cal Oxygen Demand ( 5 - Day) and Total  S u s p e nded 
Sol fds . 

**I nfl uent s ampl e requi red al so . 
*** I f  i nh i b i ted B i ochemi ca l  Oxygen Demand ( 5 -Day)  test  i s  used l i mi ts  are 5 -mg/1 l e s s  t h an 

shown . 
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A . EFFLUENT L IM ITATIONS ANO MON I TORING REQUI REMENTS ( cont . )  

EF FLUEHT LIMITATIONS MONITOR ING REQU I R EMENTS - . 
F i na l  

Li m i tati ons* 

E ffect i ve Qate  Effe�!i ve �u l � 1 1  ] 993 
Outfa l l Number and Measurement S amp l e 
Effl uent Parameter { s l  Freauency Type 

001  - Di scharge to Chetol ah Creek 
B i ochem i c a l  Oxygen Demand { 5 -Day ) *** **Every Other Week 2 4 - Ho u r  

Jul y and  August  C ompos i t e 
Weekl y Average-mg/l 30 
Mont h l y  Average-mg/l 20  

September ,  October,  May and June  
Wee k l y  Average-mg/l 40 I 
Mont h l y  Average -mg/l 2 5  

November through Apri l 
. ·1 

Weekl y Average-mg/l 45  
Monthly Average-mg/ l  3 0  

Total  Suspended Sol i d s  **Every Other Week 24 -Hour :) 
Week l y  Average-mg/l 45 Compos i te 
Monthly  Average-mg/l 3 0  

Ammon i a  ( as N )  Every Other Week G r a b  I 
June , J u l y ,  August  and Sept . 

Weekl y Average-mg/l 3 . 0  I Month l y  Average-mg/l 2 . 0 

May and October 
Weekl y Average - mg/l 4 . 5  I Mont h l y  Average-mg/1 3 . 0  

March , Apr i l and November --1 Weekl y Average-mg/l 7 . 5  
Monthl y  Average-mg/1 5 . 0 

December , January and February I Wee k l y  Average-mg/l 1 2 . 0  
Month l y  Average-mg/1 8 . 0  

lead -mg/l Every Other Week 2 4 - Ho u r  � Compo s i t e  

Copper-mg/l Every Other Week 24 -Ho u r  I Compo s i te 

pH - Standard Un i ts 6 . 0 - 9 . 0  Every Other Week Grab  I 
. ,  l' � ·. � · �  ! \ ("t l ' i •  006796 r 
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A.  EFFLUENT L IMITATIONS ANO MON I TORING REQUIREMENTS ( cont . )  

E ffec t i v e  Date 
Out fa l l Number and 
Effl uent Parameter( s )  

EFFLUENT L IM ITAT I ONS 
F i na 1 

Li mi t at i on s* 

E ffect i ve Jul y I .  1 993 

0 0 1  - O i s c h aroe to Chetol ah Creek (cont . )  

Feca l  Col i form 
Weekl y Average -Col oni es/ l OOml 
Mont h l y  Average -Col o n i es/lOOml 

Tota l  Res i dual  Chl ori ne 

D i s sol ved Oxygen-mg/l M i n i mum 

Fl ow - MGD 

002 - D i scharge to B i g  Creek 

B i ochem i cal Oxygen Demand ( 5 -0ay } *** 
J u l y and August 

Weekl y Average-mg/l 
Mon t h l y  Average-mg/ l 

Septembe r ,  October , May and June 
Wee k l y  Average-mg/l 
Month l y  Average-mg/l 

November through Apr i l  
Wee k l y  Average-mg/l 
Monthl y Average-mg/l 

Tot a l  Suspended Sol i ds 
Week l y  Average -mg/l 
Month l y  Average-1119/l  

Ammon i a  ( as N)  
June , J u l y ,  Augus t  and Sept . 

Wee k l y  Average-mg/l 
Mont h l y Average-mg/l 

M ay and October 
Wee k l y  Average-mg/1 
Month l y  Average-mg/l 

M arch , Apri l and November 
Weekl y Average - mg/1 
Month l y Average-mg/l 

4000 
2000 

Undetectabl e 

5 

30  
20  

40  
25  

45  
30 

45 
30 

3 . 0  
2 . 0  

4 . 5  
3 . 0  

7 . 5  
5 . 0  

MON I TOR ING REQU ! RE�E�TS  

Measurement 
F reguencv 

S amp 1 e 
T vpe 

Every Other Wee k Grab  

****Weekly  

Weekl y 

Da i l y  

Grab  

**Every Other Week 2 4 - Hour 
Cc:npo s i te 

**.Every Other Week 24 -Hour 
Compos i t e 

Wee kl y  Grab 

006797 
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A .  E FFLUENT L I M ITATIONS ANO MON ITORI NG REQUI REMENTS ( cont . )  

003 - D i sch arge to Rapi d Infi l tr1t i on Basins  
B i ochemi c al Oxygen Demand ( 5-0ay ) *** 

Weekl y Average-mg/l 
Monthly  Average-mg/1 

Total Suspended Sol i ds 
Weekl y Average-mg/1 
Month l y  Average-mg/1  

Total Kjel dahl  N i trogen 
Pl u s  N i trate Pl us  N i tri te  { as N) 

Monthl y Average -mg/1 

lead -mg/l 

• •  t .. ' ' ,.., ' q  • ) .. ' , l  ' · . 

4 5  
3 0  

4 5  
3 0  

1 0  

l -- 1  . 

**Every Other Wee k 2 4 - Ho u r  

**Every Other Week 2 4 - Ho u r  
Compo s i te ....., 

Weekl y 24 - Hour  
Compo s i t e  

Every Other Week 2 4 - Hour  
C ompo s i t e 

0£16798 
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A .  EFFLUENT L IM ITAT IONS AND MON ITOR I NG REQU I REMENTS { con t . ) 

E ffecti ve  Date 
Outfal l Number and 
Effl uent Parameter( s )  

EFFLUENT L I M ITAT I ONS 
F i nal 

L i m i tat i on s* 

Effect i ve Jul y } ,  1993 

003 - Di scharge to Rapid I n f i l trat i on B a s i ns ( cont . )  

Copper-mg/l 

pH - Standard Un i ts 

Fecal Col i form 
Weekl y Average-Co l on i es/ l OOml 
Monthl y  Average-Col oni e s/ lOOml 

Di s s o l ved Oxygen-mg/l Mi n i mum 

Fl ow MGD 

6 . 0 -9 . 0  

40 
20 

5 

MON I TOR ING R EOU I R EM�NTS  

Measurement  
Frequency 

S amp l e  
Tvoe 

Every Other Week 2 4 - Hour  

Every Other Week 

Weekl y 

Weekl y 

Dai l y  

Comp os i te 

Grab  

Grab  

Grab 

1 *Mi n i mum ·removal o f  85% requ i red for B i ochemi cal Oxygen Demand ( 5 - Day} and Total  Sus pend ed 

I 

I 

I 

Sol i d s . 
** Infl uent sampl e requ i red al so . 

*** I f  i nh i bi ted Bi ochemical  Oxygen Demand ( 5 -Day) test i s  u sed l imi t s  are 5 -mg/l l e s s  than 
shown . 

8 .  STANDARD CONDITIONS . . • � I ., • • I '" • ', I I • • 

I n  add i t i on to the  spec i f i ed cond i t i ons  stated here i n ,  the permi ttee sha l l comp l y  wi th t h e  
attached Standard Cond i t i on s  dated November 3 ,  1 986 . 

C .  SCHEDULE OF COMPLIANCE 

1 .  I n i t i ate construct i on of wastewater treatment pl ant i mprovements by May 1 ,  1 992 . 

2 .  · Submi t fi nal p l an of op-erat i·on· to the Kansas  Department of Heal th and Envi ronme n t  
(KDHE}  by July 1 ,  1992 . 

3 .  Submi t a fi nal  g roundwater mon i tori ng pl an by August l ,  1992 . 

4 .  Submi t Opera t i on and Mai ntenance Manual i ncl udi ng a s l udge Management Pl an  to KDHE by 
November 1 ,  1 992 . 

· 

5 .  I n i t i ate operat i on ,  i n  compl i ance wi th the fi nal pl an o f  opera t i on a s  approved by KDHE , 
of the  i mproved wastewater treatment pl ant by May 1 ,  1993 . 

6 .  Comp l y  w i th effl uent l i mi tat i ons for al l three outfal l s  by Jul y 1 ,  1 993 . 

. . r 1 , I ' '·• · ' ., I t . . • I  . 

nnR799 
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D .  S P EC IAL CONDITIONS --J 
1 .  

2 .  

3 .  

I n  the event d i scharge from the 002 or 003 outfal l s  occur pri or to the J u l y  1 ,  1 993  
i n i t i at i on of  fi nal effl uent l i mi t s ,  the perm i ttee shal l comp l y  w i th the mon i t o r i ng J requi rements and effl uent l i mi tati ons for these  two outfal l s .  

A grab sampl e shal l be obta i ned once per day from the e ffl uent from the c h l o r i n e  
contact chamber and a total res i dual chl ori ne analys i s  shal l b e  conducted o n  th i s  grab � sampl e .  The resul ts of these analyses  shal l be reported i n  conjunct i on wi th t h e  
monthly effl uent mon i tori ng report . 

I rr i gat i on wi th  d i s i nfected effl uent i s  permi t ted under the fol l owi ng cond i t i on s : 
a .  I rri gat i on of crops produced for d i rect human consumpt i on shal l be proh i b i ted . 
b .  I rr i g at i on shal l be l i mi ted i n  such a manner a s  to avo i d  runoff o f  effl uent to 

adj acent l andowners . 
c .  I rr i gat i on o f  effl uent i s  l i mi t ed to the four fol l ow i ng app l i cat i on s i tes : Smoky 

Hi l l  Country Cl ub ,  Hays Publ i c  Gol f Course , Larks Park Bal l F i eld  and the b a l l 
fi el d s  adj acent to the wastewater treatment pl ant . 

d .  A m i n i mum total chl o r i ne res i dual  o f  1 . 0 mg/1 shal l b e  ma i nta i ned wi th i n  effl uent 
wh i ch i s  i rri gated . Th i s  requ i rement sha l l apply at the  spri nkl er head at the 
end o f  the d i stri but i on system for each appl i cat i on s i te .  

e .  I f  e ffl uent i s  d i scharged t o  a hol d i ng pond pri or  t o  i rri gat i on ,  the effl uent 
shal l h ave a m i n i mum total chl or i ne res i dual of 1 . 0 mg/1 at the poi nt of  d i scharge 
to the hol d i ng pond . Rechl ori nat i on of  the e ffl uent drawn from the hol d i ng pond 
shal l be provi ded as necessary to ma i nt a i n a 1 . 0 mg/l total chl orine  res i dual at 
the spri n kl er heads . 

f .  Grab s ampl es shal l be obtai ned on a weekly bas i s  dur i ng i rr i g at i on from each of 
the appl i cat i on s i tes . I f  an e ffl uent hol d i ng pond i s  ut i l i zed , effl uent . 

J 

J 

d i scharged i nto the hol d i ng pond shal l be s ampl ed .  Effl uent from the spri nkl er · J 
head at the  end of  the d i stri but i on system shal l be s ampl ed . � =These samp l e s  shal l · 
be analyzed for total res i dual chl ori ne to eval uate compl i ance with the 1 . 0 mg/ l 
total c h l ori ne res i dual requ i rement . 

g .  The resul t s  of  the chl ori ne anal yses shal l be reported for each of the appl i cat i on J s i tes i.n conjunct i on w i t h  the  monthly d i s charge mon i tori ng reports . I n  the event 
d i scharge of effl uent to a hol d i ng pond does not occur at an appl i cat i on s i te 
dur i ng a cal endar week, no anal ys i s  of  effl uent at the hol d i ng pond i s  requ i red . J 

·J 
h . Total res i dual chl ori ne anal yses o f  effl uent s amp l es obt a i ned a t  the appl i cat i on 

s i tes  s h al l be conducted e i ther by the  amperometri c t i trat i on method or  the OPO
FAS method . 

i .  I rri gat i on of wastewater effl uent shoul d occur only a t  t i mes  when publ i c  and 
empl oyee acces s  to the i rr i gated area i s  proh i b i ted . 

j .  S i gns  mus t  be posted around any effl uent hol d i ng pond , beari ng the fo l l owi ng 
warn i ng ;  ATIENTION THI S  POND CONTAINS RECLA IMED WASTEWATER DO NOT DRINK OR SWIM 

k .  S i gn s  must  be posted a t  any hose b i bb wh i ch can· d i scharge effl uent , beari ng the 
fol l owi ng warn i ng ;  RECLA IMED WASTEWATER  DO  NOT DRINK 

J 
l .  I rri g at i on of e ffl uent shoul d be conducted i n  such a manner as to prevent pond i ng 

of wastewater on the ground surface . I 
m .  Spray i rr i gat i on shal l not be al l owed to  fal l o r  dri ft on , areas used for -.. 

p i cn i ck i ng ,  publ i c  dri nki ng fount a i n s , potabl e water hose b i bbs , p r i vate 
res i dences or any other areas where food o r  dri n k  i s  rout i nely prepared or served . �. n .  Cross - connecti ons  between effl uent water l i ne s  and potabl e water supp l y  l i nes  "' 
shal l b e  proh i bi ted . 

J 
. . . .. .... • • t '  i \ I � ! t 'i • J · ' 00 6 8 0 0  j 
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Kansas Permi t No . :  H·SH16·0002 o. SPECIAL CONDITIONS (conti nued ) 

4 .  Quarter ly  sU111111ri ts of the groundwater moni tori ng shal l be submi tted t o  the Kan s a s  
Department o f  Ht1l th and Env i ronment .  These s1.1111111ari 1s  shal l report the re s u l t s  c f  a 1 1 
ana l y s i s compl eted i n  COllQ)l 1 ance w1 th the fi nal �roundwater moni tori ng p l an a p p roved 
by the Kans u  Dep1rtunt of Ht1l th and Env i ronment requ 1 red under the Schedu l e  c f  
Coaiiil i ance w1 thi n  thi s  permi t .  Any reduct i on i n  the number o f  paraaeters mon i tored 
or the frequency of moni tori ng requi res  prior K1nsu Oepart1111nt of Hul th an: 
Envi ron .. nt  approval . 

S .  Effl uen t Hmi tati on s are subject to change 1 f  w1ter qual i ty cri teri a v i o l at i on s  are 
found i n  Big Creek or Chetol ah Creek and can be attri buted to the tre atment  p l ant  
eff1 uent . 

6 .  I f ,  at 1ny t h1e ,  di scn1rg1 moni tor i ng rev111 s di sch&rge from the 002 e r  the 003 ou t fal l 
does not c�ly wi th effl utnt l i mi tati ons ;  such di scharqe shal l  be termi nated unt \ l  
the effl uen t from the wastewater treatment pl ant meets the 002 or the 003 ou t fa l l 
effl uent l imi tat i ons , at wh i ch t i me  such di scharge may bt resumed . 

7 .  Sl udge Monitoring 

a. The fol l owi ng an1l1s1s of sl udge • shal l be 'onducted annually: 
Method of Analys i s  M Di rect.. AA*'* tCAP-P1ramet1r 

Total Res i due (119/1 ) ..,... 

Aspi ration Furnase 

Total Arsen ic (119/k;) 7060 7061 6010 
Total Cadai um (119/kg) 7130 7131 601 0  
Total Chraei• (1111/kg) 7190 7191 6010 
Total Copper (119/kg) 7210 721 1  6010 
Tatal Lead (119/kg ) 7420 7421 6010 

·Total Mercury img/kg) '  - · · Cold Vapor: Method ·· 747 1" .. .  
Tou l Molybdenum (119/kg) 7480 7481 601 0  
Total Potassi um (mg/kg) 7610 6010 
Total Ni ckel (DJ/kg) 7520 7521 6010  
Total S1l1niU11 (Ilg/kg) · 7740 7741 6010 
Totll S i l ver (mg/kg) 7760 7761 6010 
Total Zinc (119/kg ) 7950 _ 7951 6010 
Polychl orinatld 81phtnyl s (1119/kg ) £PA Method 8080 

Incl udes : PCB·1242 
PC8· 1254 
PCB· 1 221 
PCB- 1 232 PCB·1248 PCB-1260 PCB-1016 

Ni trogen (Total KJeldahl ) (1119/k;) Method 351 . 2  or 3 5 1 . 3  (Rtftrtnct 3 ) . 
Phosphorous (mg/kg) Method 365 . 3  (Reference 3 ) . 

• A s i ngl e grab saaq:il 1 of sl ud9e shal l be obta1 nld just pr;or to l and 
appl i cati on . Tht s  s i ngl t suicsle shal l be dividtd i nto the appropri ate 
containers for th• requirtd par ... ter analyses . 

** S11 Reference 2 .  
� £PA -uo .3 ( Refuar.�• : 1  yf m,y.gJ tt'Z'��1f1ttnce 4}  or  Method 1 · 3750·78 

(R1f1rtnc1 5) 

CJ. 

006801  
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Kansas  Perm i t  No . :  H - S H 1 6 -0002 
O. SPEC IAL CONDITIONS ( conti nued} 

b .  The fol l owi ng add i t i onal anal yses shal l be conducted once duri ng the l i fe o f  t h i s  __ 
permi t .  These add i t i on a l  ana l yses  are to be conducted at the same t i me as the f i r s t  J annual anal yses  l i sted above on the  sampl e of  s l udge obt a i ned for the fi rst annua l  
anal yses  of  s l udge . 

Acrol e i n  
Acryl on i tri l e  
Benzene 
Bromoform 
C arbon Tetrachl ori de 
Chl orobenzene 
Chl orodi bromomethane 
Chl oroethane 
2 -chl oroethyl v i nyl ether 
Chl oroform 
Di chl orobromomethane 
1 , 1 -d i ch l oroethane 

VOLATILES * 

1 , 2 -d i chl oroethane 
1 , 1 -d i chl oroethyl ene 
1 , 2 -d i chl oropropane 
1 , 2 -d i ch l oropropyl ene 
Ethyl benzene 
Methyl bromi de 
Methyl chloride  
Methyl ene chl oride 
1 , 1 , 2 , 2 - tetrachl oroethane 
Tetrachl oroethyl ene 
Tol uene 

1 , 1 , 1 - tr i chl oroethane 
1 , 1 , 2 - tri chl oroethane 
Tri chl oroethyl ene 
V i nyl chl oride 

1 , 2  trans -d i chl oroethyl ene 

* EPA Method 1 624C ( See  Reference l }  
EPA Method 624S ( See  Reference 2 }  

BAS E/NEUTRAL * 

Acenaphthene 
Acenaphtyl ene 
Anthracene 
Benz i d i ne 
Benzo ( a )  anthracen e  
Benzo ( a ) pyrene 
3 , 4 - benzofl uoranthene 
Benzo ( g h i ) peryl ene 
Benzo ( b )  fl uoranthene 
B i s ( 2 -chl oroethoxy ) methane 
Bi s ( 2 - ch l oroethyl ) e ther 
B i s ( 2 - ethyl hexyl ) phthal ate 
B i s ( 2 -chl oro i sopropyl ) ether 
1 , 2 - d i phenyl hydraz i ne 
Fl uoranthene 
Fl uorene 
N i trobenzene 
N - n i tro sodi methyl ami ne 
N - n i tro s od i - n - propyl ami ne 
N - n i trosod i phenyl ami ne 
Phenan t hren e  
Pyrene 
1 , 2 , 4 - tr i chl orobenzene 

* EPA Method 1 625C ( See Reference 1 )  
E PA Method 6255 (See Reference 2 )  · 

4 - bromophenyl phenyl ether 
Butyl benzyl phthal ate 
2 -chl oronaphthal ene 
4-chl orophenyl phenyl ether 
Chrysene 
Di benzo ( a , h )  anthracene 
1 , 2 - d i chl orobenzene 
1 , 3 -d i chl orobenzene 
1 , 4 - d i chl orobenzene 
3 , 3 - d i chl orobenzi d i ne 
Di ethyl phthal ate 
Di methyl phthal ate 
Di - n - butyl phthal ate 
2 , 4- d i n i trotol uene 
2 , 6 - d i n i trotol uene 
O i - n - octyl phthal ate 
Hexachl orobenzene 
Hexachl orobutad i ene 
Hexachl orocycl opentad i ene 
Hexachl oroethane 
I ndeno ( 1 , 2 , 3 - cd )  pyrene 
Naphthal ene 
I sophorone 

006802 
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Kansas Permi t No . :  M - SH 1 6 - 000 2 
D .  SPEC I A L  CONDIT IONS ( cont . )  

( 5 )  Methods for Anal y s i s of  I norga n i c Substances i n  Water and Fl uv i al Sed i ments  U . S .  
Department o f  Interi or,  U . S .  Geol og i c al  Survey , Open - F i l e  78 - 679 . 

c .  The mon i tori ng requ i rements for s l udge i n  th i s  permi t may b e  subj ect t o  chang e . 
L i m i t at i ons upon s l udge management and/or d i sposal  pract i ce s  may be i ncorporated at 
some future date . The method of fi na l  s l udge d i sposal  may i mpact the pol l utan t 
parameters t o  be mon i tored and the  mon i tor i ng frequency , and wi l l  impact the 
l i mi t a t i ons imposed on the concentrat i ons of certa i n compounds w i t h i n  the waste 
s l udge . Therefor e ,  the permi ttee sha l l g i ve KDHE not i ce of  rev i s i ons to s l udge 
management  and d i sposal pract i ce s  pri or to  actual l y  changi ng the method s of 
d i sposal . 

d .  Sl udge anal yses  reports shal l be submi tted to the Kan s a s  Dep artment of H e a l th and 
Envi ronment annual l y .  These reports mus t  be submi tted i n  conjunct i on wi th the  
monthl y effl uent mon i tori ng report wi th i n  60 days after comp l et i on of  the annua l  
s l udge anal yses . 
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D . S PEC IAL CONDITIONS ( cont . )  
Kan sas Permi t No . :  M - S H 1 6 -0002 

Al dri n 
Al pha - BHC 
Beta - BHC 
Ganuna- BHC 
Del t a - BHC 
Chl ordane 

PESTIC IDES • 

4 , 4 - DDT 
4 , 4 - DDE 
4 , 4 -000 
O i e l drf o 
Al pha- endosul fan 
Beta-endosul fan 

Endosul fan sul fate 
Endri n 
Endri n al dehyde 
Heptachl or 
Heptachl or epoxi de 
Toxaphene 

* EPA Method 8080 ( See Reference 2 )  

2 -chl orophenol 
2 , 4 - d i ch l orophenol  
2 , 4 - d i methyl phenol 
2 , 4 - d i n i t rophenol 
2 - n i trophenol 
4 - n i trophenol 

AC ID COMPOUNDS • 

Parachl orometa cresol 
Pentach l orophenol 
Phenol 
4 , 6 - d i n i tro -o -cresol 
2 , 4 , 6 - tri ch l orophenol 

* EPA Method 906 5 ,  9066 , 9067 (See Reference 2 }  
EPA Method 420 . l ( See Reference 3 )  
APHA Method 5 1 0A o r  C ( See Reference 4 )  

METALS 
Method 

AA D i rect * AA * 
P aramet er �sgi ratjon Furnace 

Ant i mony , Total 7040 7041 
Beryl l i um ,  Total 7090 7091 
Thal l i um ,  Total 7840 784 1 

* See Re ference 2 .  Mi scel1 aneous 

Method 

ICAP* 

60 1 0  
601 0  
60 1 0  

EPA 8280 ( See Reference 2 }  

Parameter 

2 , 3 , 7 , 8 - tetrachl o rod i benzo-p-d i ox i n 
Tota l  Cyan ide  Method EPA 9010  or 90 1 2  ( Reference 2 )  or 

EPA Method 335 . 2  ( Reference 3 )  

References 

( 1 )  Anal yt i cal Methods for the Nat i onal Sewage S l udge Survey , Off i ce of Water S amp l e 
Control Center (March 1988 ) . 

( 2 )  Tes t  Methods for Eval uat i ng Sol i d  Wastes ,  3rd Edi t i on ,  SW 846 , September 1 986 . 
( 3 )  Methods for Chemi cal Anal ys i s  of Water and Wastes , EPA - 600/4 - 7 9 - 020 , March 1 983 . 

( 4 )  Standard Methods for the Exami nat i on of  Water and Wastewater,  1 6th Ed i t i on ,  Mary Ann 
Fra n s on , Manag i ng Ed i tor,  Ameri can Publ i c  Heal th Assoc i at i on ,  Wash i ngton , O . C . ,  
1 985 . . · " . .  � • '! fl• ( \. I - ; � 11 • 1 • I • 006804 
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Acting 
Stanley C. Grant, Ph.D., Secretary 

July 2 6 , 1 9 9 1  

. Mr . J e f f rey Henson 

State of Kansas 
Joan Finney, Governor Department of Health and Environment 
Division of Environment 

Forbes Field, Bldg. 740, Topeka, KS 66620-0001 

B l a c k  & Veatch Eng ine e r s -Archi t e c t  
8400 Wa rd Parkway 
PO Box 8405 
Kans a s  C i t y , Mi s s ouri 6 4 1 1 4 
Re : Hays , Kan s a s  

Op e r a t ion F lan f o r  B i g  C re e k  Wat e r  Banking P lan 
G roundwa t e r  Mon i to ring P r o g ram 

Dea r Mr . Hens on : 

Respond to: 
FAX (91 3) 296-6247 

Thi s  o f f i c e  ha s revi ewed the ope r a t i on p lan f o r  the B i g  C reek Wa t e r  Banking P lan . 
We reque s t  revi s ion o f  the moni t o r ing p rog ram f o r  g roundwa t e r  a s  d e t a i l e d  wi thin 
this l e t t e r . P l ea s e  no t e  t he s e  r e commendat ions and requi remen t s  a r e  r e l a t ed to 
the p ropo s ed l o c a t i on o f  the recharge b a s in a s  p ro p o s e d  wi t h i n  S e c t ion 3 0 , and 
b a s e d  upon the appa rent l o c a t ion of the p ropo s ed p ub l i c  wa t e r  s upp ly we l l s  and 
moni to r ing we l l s  at t h i s  s i t e  and imme d i a t e l y  up s t ream .  

We p re f e r  t o  me e t  and d i s cus s f ina l d e t a i l s once de s ign o f  the recharge o r  rap id 
inf i l t ra t ion b a s i n  b e g ins . Gene r a l ly ,  the KDHE r ecommenda t io n s  f o r  moni t o r ing 
the r e c l a imed wa t e r  wi thin the r a p i d  i nf i l t r a t ion b a s in and the g roundwat e r  at 
the pub l i c  wat e r  s upply we l l s  and monito ring we l ls is intended t o  s e rve two 
purp o s e s . The f i rs t  r e l a t e s  t o  p ro t e c t ion o f  the p ub l i c  wat e r  s upp ly and 
o b t a ining s uf f i c i ent data to make app rop r i a t e  d e c i s ions on mod i f i ca t ions of the 
operat ion of the pub l i c  wa t e r  s upp ly t re a tment p l ant b a s e d  on a c tua l wa t e r  
qua l i ty da ta . The s e cond purp o s e  re lat e s  t o  eva luat ion o f  t h e  imp a c t  upon 
g roundwa t e r  by t h i s  p roj e c t  and quant i fying the qua l i t a t ive c hang e s  in va rious 
pa rame t e r s  within the wa t e r  conta ined in t h i s  a l l uvia l  aqui f e r .  

P l e a s e  f ind enc l o s e d  a xe rox copy o f  the p ropo s ed rap id i nf i l t ra t io n  b a s i n  and 
s ur rounding we l l s . We have lab e l e d  the va r ious we l l s f o r  r e f e r e n c e  to d i f f e rent 
leve l s  of ana ly s i s  contained w i t h i n  t h i s  do cument (At ta chment B and C ) . P l e a s e  
note w e  have a l s o  inc luded an add i t iona l mon i t o ring we l l  (MBG ) l o c a t e d  gene r a l ly 
no rth-no r t hea s t  o f  the rap id i nf i l t ra t ion b a s in app roxima t e l y  300 t o  500  f e et . 
We b e l i eve t h i s  s i t e  wi l l  p rovide d a t a  for g roundwat e r  q ua l ity upg ra d i ent of the 
rap id inf i l t ra t ion b a s i n .  

arles Konigsberg, Jr., M.O., M.P.H., 
Director of Health 
(913) 296-1 343 

grector of Environment 
(91 3) 296-1535 

Lorne Phillips, Ph.D., 
Director of Information 
Systems 
,,.. .. ... \ ,...,..#!> <t A 4 r  

0068 1 11  
Roger Carlson, Ph.D.,  
Director of the Kansas Health 
and Environmental Laboratory 
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We concur with the operat ion p l an r e c onunenda t ions f o r  eva lua t ion o f  wat e r  qua l i ty 
during a one y e a r  p e r iod p r i o r  to ini t i a t i o n  o f  o p e r a t i on o f  d i s charge o f  
r e c l a imed wa t e r . The p ropos ed pa rame t e rs f o r  ana lys i s  contained w i thin App endix 
D are mo s t  l ike ly approp r i a t e  f o r  t h i s  eva lua t ion and a d e c i s ion s hould be made 
within your o f f i c e s  as to whi ch we l l s  should be ana l y z e d  during that f i rs t  yea r .  
P l ea s e no te thi s o f f i c e  wi l l  requi r e  chem i c a l  analys i s  o f  the g roundwat e r  a t  each 
o f  the pub l i c  wat e r  s upply we l l s  whi ch a re cons t ruct ed und e r  this p roj e c t . Thi s  
analys i s  should b e  done a t  the t ime o f  d ri l l ing a t e s t  we l l  o r  imme d i a t e l y  a f t e r  
comp l e t ion o f  t h e  new pub l ic wat e r  s upply we l l . I n  e i ther s i tua t ion the we l l  
s hould b e  adequa t e ly pump e d  t o  ensure ana lys i s  o f  a s amp l e  i s  rep r e s entat ive o f  
the exi s t ing g ro undwa t e r , and not g roundwa t e r  contaminated with d r i l l ing f luid 
o r  a d i s inf e c t i o n  s o lut i on ut i l i z ed during or a f t e r  comp l e t i on o f  t h e  wel l .  We 
have i dent i f i ed s ix d i f f e rent l eve l s  o f  chem i c a l  ana lys i s  whi c h  should be 
inc luded wi thin the f i rs t  three yea rs a f t e r  i ni t i a t ion o f  the d i s cha rge of 
r e c l a imed wa s t ewat e r  within t h i s  p ro j e c t . The C i ty may reque s t  a revi s ion in 
the p a rame t e rs o r  f requency of ana lys i s  a f t e r  the f i rs t  t h r e e  yea rs . Any 
revi s i on to the moni t o r ing p l an mus t  b e  app roved by KDHE . A l i s t ing of the s ix 
l eve l s  and the i ndividua l p a rame t e rs and f requency o f  analys i s  a r e  inc luded in 
a t t achment A. A t t achment B s pe c i f i e s  the individua l we l l s  as i d en t i f i e d  on the 
enc l o s e d  map . 

The pub l i c  wat e r  s upp ly t re a tment p l ant mus t  b e  eva lua t e d  t o  d e t e rmine whe t h e r  
i t  c a n  m e e t  t h e  G i a rd i a  lamb l ia and vi rus remova l/inact iva t ion requi rements o f  
t h e  " Surface Wa t e r  Treatment "  rul e . D i s cus s ions wi t h  the C i ty ind i c a t e  tha t the 
exi s t ing we l l s  a re l i ke l y  " unde r  the d i r e c t  i n f luence of s u r f a c e  wat e r "  and a s  
such w i l l  b e  regul a t ed unde r  the " Su r f a c e  Wat e r  T r e a tment Rul e " . 

I f  Het e ro t rophi c  P l a t e  Coun t s  (HPC ) ra i s e  s igni f i c an t ly a bove ba ckg round l eve l s  
a t  the pub l i c  wa t e r  s upp l y  we l l s  a t  the rap i d  i nf i l t ra tion b a s i n , inc reas ed 
remova l / inac t iva t ion above the minimum requi re d  und e r  the " Surface Wa t e r  
Trea tment Rul e "  wi l l  b e  requi red b y  KDHE . A l t e rnat e ly , i f  t o t a l  co l i f o rm 
ba c t e ria count s r i s e , inc r e a s ed remova l/ina c t iva t i o n  wi l l  be requ i r e d  above the 
3 - log G i a rdia lamb l i a  and the 4 - lo g  vi rus remova l / i na c t iva t ion c r i t e ria . 

The pub l i c  wa t e r  s upply t re a tment p lant mus t  b e g i n  high pH s o f t ening wi th 
r e c a rbona t ion and wi l l  be requi red t o  p rovide coagula t ion . The pH i n  the p r imary 
bas in mus t be in the range of 1 0 . 6  to 1 1 . 3 .  The t re a tment f a c i l i ty mus t a l s o  
ins t a l l  a n  e f f l uent chl o rine r e s i dua l ana lyz e r  w i t h  a r e c o rd ing g raph and an 
e f f luent turb i d ime t e r .  The C i ty mus t rep o r t  the lowe s t  d a i l y  c h l o r ine res idua l 

, ' . .:.J . , r • 1 ) � n ' 1 ' '  
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l e aving the wa t e r  t reatment fa c i l i ty and the e f f l uent turb i d i ty in acco rdance 
wi th the " Surfac e  Wa t e r  Treatment Rul e " . Monthly THM moni t o r ing of the pub l i c  
wa t e r  supp ly wi l l  b e  r equi red during the f i rs t  y e a r  o f  wi thdrawa l we l l  op e ra t ion 
to d e t e rmine the maximum THM p roduc t ion . Me tho d s  o f  r e ducing THM ' s  should be 
cons idered in the event l eve l s  exc eed 1 00 ug/ l or as mod i f i ed i n  the up coming 
" d i s inf e c t ion b y - p roduc t " regu l a t ions . In add i t ion , the pub l i c  wa t e r  s upp ly 
sha l l  be moni t o r e d  qua r t e r l y  f o r  VOC and SOC unt i l  i t  can b e  d e t e rmined the 
r e c l a imed wat e r  is not cont ribut ing exc e s s ive amount s  of thes e regu l a t e d  
chemica l s . De t e c t ion l eve l s  sha i l  be G . 5  ug/ l o r  b e l ow .  

The data ga the r e d  wi thin t h i s  moni t o ring p ro g ram s ha l l  b e  s ubm i t t e d  to KDHE on 
a monthly b a s i s .  The s e  monthly repo r t s  shoul d  be s ubm i t t e d  to Mr . Dave Wa ldo , 
Pub l i c  Wa t e r  Sup p ly S e c t ion , KDHE Fo rb e s  F i e l d , Top eka , Kans a s  6 6 6 2 0 . Op e r a t ion 
o f  the rapid inf i l t ra t ion b a s i n  and the adj a c ent we l l s  sho u l d  be conduct e d  in 
s uch a mann e r  t o  ensure maximum p ro du c t ion of g roundwa t e r  for p ub l i c wat e r  s upply 
purpo s e s . S p e c i f i ca l ly , thi s rap i d  i nf i l t ra t ion b a s i n  shou l d  not be ut i l i z ed 
s o l e ly a s  an out f a l l  point to d i s charge wa s t ewa t e r .  I f , f o r  any r e a s on , the C i ty 
o f  Hays does no t o p e r a t e  the pub l i c  wat e r  s upply wi thdrawa l we l l s adj a c ent to 
the rap i d  inf i l t ra t ion bas i n  f o r  s ome p ro longe d  p e ri o d  o f  t ime , e . g .  three o r  
four months , a n d  during thi s t ime wou l d  cont inue t o  d i s cha rg e  e f f luent t o  the 
rapid inf i l t ra t i o n  bas in this o f f i c e  may move t o  furthe r l imi t o r  p rohi b i t  the 
d i s charge of e f f luent to the rap i d  inf i l t ra t ion b a s in . The intent he re is to 
ensure the rap i d  i nf i l t rat ion b a s in is ut i l iz e d  a s  a component of a re c l a imed 
was t ewa t e r  recyc l ing sys t em and no t s o l e ly as a m e t ho d  o f  d i s po s a l  of wa s t ewa t e r  
e f f l uent . 

We reque s t  your o f f i c e  coo rdina t e  the t e s t  we l l  d r i l l ing p rog ram f o r  the we l l s  
adj a c ent t o  the rap i d  inf i l t ra t i o n  b a s i n  a s  we l l  a s  the Yua s a - Exide rep l a c ement 
we l l s  and the adj a c ent monito ring we l l s  with the f o l lowing re commended s eparat ion 
d i s tances . At t h i s  t ime KDHE requi res the pub l i c  wa t e r  s upp ly wi thdrawa l we l l s 
b e  a minimum o f  1 0 0  f e et f rom the bank o f  B i g  C r e e k , and a 200 f o o t  s eparat ion 
d i s t ance wi l l  be t he f ina l KDHE r e c ommenda t ion/ requi rement . 

KDHE rema ins c o n c e rned THM conc entrat ions may s i gni f i cant l y  inc r e a s e  in the 
pub l i c wa t e r  s up p l y  due to us e of r e c l a imed wa t e r . KDHE wi l l  requ i re inc r e a s e d  
mon i t o r ing o f  THMs in the pub l i c  wa t e r  supp ly a s  we l l  a s  a ny VOC s , SOC s  o r  
p e s t i c i d e s  tha t a re d e t e c t ed in t h e  r e c l a imed wa t e r .  
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Af t e r  revi ewing the cont e n t s  o f  thi s  l e t t e r  KDHE i s  ava i l a b l e  to d i s cus s the 
det a i l s  o f  f i na l i z ing a mon i t o ring p l a n .  We a l so wou l d  be int e re s t e d  to l e a rn 
the e s t imat ed c o s t  a s s o c ia t ed with thi s mon i t o r ing p lan . I f  you have any 
que s t ions , you may cont a c t  this o f f i c e  at 9 1 3 - 2 9 6 - 5 5 3 7 . 

S i n c e r e ly yours , 

Ranc e Wa lke r ,  P . E .  
Muni cipa l P rog ram s  S e c t i on 
Bureau o f  Wa t e r  

Atta chments 

RW : eam 

p c : No rthwe s t  D i s t ri c t  
Ra lph G e lvin - PWS S e c t ion 
Ken C a rt e r  - C i t y  Mana g e r  Hays 
Wayne G r e s h  - B la c k  & Veatch Aurora , CO 
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Atta chment A 

Pa rame t e rs Leve l 

soc y 

voe y 

THM Q 

PESTI CIDES y 
HEAVY METALS Q 

RADIOLOGI CAL y 

S04 M 

C l  M 

Na M 

N03 M 

Ca M 

F M 

TOTAL HARDNESS Q 

CONDUCTANCE M 

pH M 

COLIFORM 

TDS 

HPC 

ALKALINITY 

MONITORING FREQUENCY 

M == MONTHLY 
Q = QUARTERLY 
Y = YEARLY 
D = DAILY 
W = WEEKLY 

. . 
• I • •  } . : I ' I . �· . . ' ' ' 

MONI TORING S CHEDULES 

1 Lev e l  2 Lev e l  3 Lev e l  4 Leve l 5 Leve l 6 

Q Q 

Q Q 

Q y M 

y 
y y 

Q Q y 

Q Q y 

Q Q y 

Q Q y M 

y 
y y D 

Q D 

Q D 

w 

w 

w 

D 

0 0 6 8 20 



soc 
Da l apon 
Di ( e thylhexyl ) adipa t e  
Di ( e thylhexyl ) phtha l a t e  
D i c h l o romethane 
Dino s eb 
Diqua t 
Endo tha l l  
End r i n  
G lypho s a t e  
Hexa c h l o robenzene 
Hexa chlo rocyc lopentadiene 
Oxamy l ( Vyda t e )  
PAHs [ Benzo ( a ) pyren e ]  
P i c l o ram 
S ima z ine 
1 , 2 , 4 - T richlo rob enzene 
1 , 1 , 2 - T r i chlo roethane 
2 , 3 , 7 . 8 -TCDD 

THM 

B romo d i chlo rome thane 
T r i c h l o romethane 
Dib romo chlo rome thane 
B romo f o rm 
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Exp l anation of Moni to ring Pa rame t e r s  

voe 
Chlo rome thane 
B romomethane 
Vinyl Chlo r i d e  
Chlo roe thane 
D i chlo romethane 
1 , 1 -Dichlo roe thy l ene 
D i chloroe thane 
Trans &/o r C i s  
1 , 2 -Dichlo ro e thy l ene 
T r i ch l o rome thane ( THM) 
1 , 2 - D i c h l o r o e thane 
1 , 1 , 1 - T i r c h l o r o e thane 
T e t ra chlo rome thane 
B romodichlo rome thane ( l'HN) 
1 , 2 -Dichlo r o p ropane 
Trans 1 , 3 - D i ch l o rop ropene 
T r i ch l o r o e t hy l ene 
Benzene 
D i b romochlo rome thane ( THM) 
C i s  1 , 3 - D i c h l o rop ropene 
1 , 1 , 2 -T r i c h l o r o e thane 
B romo f o rm (THM) 
1 , 1 , 2 , 2 - Te t ra ch l o ro e t hane 
T e t rachloroe t hy l ene 
To luene 
Chlorobenzene 
E thyl b enzene 
Meta -Xy l ene 
O r tho &/o r  P a ra - Xy l ene 
1 , 3 -Dichlo rob enz ene 
1 , 2 - &/o r  1 , 4 - D i chlo rob enz ene 
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Pe s t i c i d e s  

ALACHLOR 
ALDRI N  
ATRAZ INE 
BLAD EX 
CHLORDANE 
DACTHAL 
DIELDRIN 
DUAL 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
PC B - 1 0 1 6  
PCB- 1 2 2 1  
PCB - 1 23 2  
PC B - 1 24 2  
PCB - 1 24 8  
PC B - 1 2 5 4  
PCB- 1 2 60 
PROPAZINE 
RAMROD 
SENCOR 
ENDRIN 
LINDANE 
METHOXYCHLOR 
TOXAPHENE 
2 , 4 - D  AS ACID 
S I LVEX AS ACID 
2 , 4 , 5 - T  AS ACID 
TORDON 

Heavy Met a l s  

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
S e l enium 
Mercury 
S i lver 

Rad io log i c a l  
G ro s s  Alpha 

Sul f a t e  

C l  
Chloride 

Na 
S o d i um  

Ni t ra t e  ( repo r t  a s  N )  

C a  
C a l c ium 

F 
F luo ri d e  

Tot a l  Ha rdnes s  
(Rep o r t e d  a s  Ca C03 ) 

Conductance 
Spe c i f i c  Conduc tanc e 

pH 

Co l if o rm 

TDS 

HPC 

To t a l  C o l i f o rm 
F e c a l  C o l i f o rm 

To t a l  D i s s o lved S o l i d s  

He t e ro t rophi c  P l a t e  C ount 

Alka l in i ty 
( Repo r t e d  a s  C aC03 ) 
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Atta chment C 

Required Leve l s  of Ana lys i s  

Yea r Fi r s t  S e cond Thi rd 
We l l  

Ml A 4 4 4 
PWS l 5 5 5 
Ml B 
M2A 2 4 4 
PWS 2 5 5 5 
M2 B 
MBA 3 3 3 
PWS 3 6 5 5 
MBB 3 3 3 
PWS4 2 1 5 
MBC 3 2 4 
PWS S 6 5 5 
MBD 4 4 4 
MBE 3 4 4 
MBF 4 4 4 
RAPID INFI LTRATION BAS IN 2 

006824  



. ( 

Attachment A 

Groundwater Recharge Demonstration Program 

City of Hays, Kansas 

Big Creek Water Banking Plan 

Introduction 
In September 1986, the City of Hays proposed to conduct a groundwater demon

stration project on the Smoky Hill River to be included in the federal program 

P .L. 98-434. The City owns wells in the Smoky Hill River alluvium which would be 

recharged by water in the Smoky Hill River. Berms were to be constructed in the 

river channel near the City's wells to retain water released from the Cedar Bluff 

Reservoir which is about 25 miles upstream of the City's wells. This plan was ranked 

number one in the state for receiving federal funds under the groundwater 

demonstration program and was included in the 21 projects approved for the 

program. 

In the summer of 1989, the City further investigated the feasibility of obtaining 

releases from Cedar Bluff Reservoir. Estimates of dependable yield from the 

reservoir were between 700 and 1,300 acre-feet per year (ac-ft/yr). While yields in 

this range would make the Smoky Hill project physically feasible, the City 

encountered considerable opposition to the plan from landowners near the reservoir, 

environmental groups, and the City of Russell, Kansas. The City concluded that the 

opposition to the plan was too great to pursue this plan any further. Since the 

reliable supply from the Smoky Hill well field and wells located in the Big Creek 

alluvium is about 3,000 ac-ft/yr, while demands exceed 3,500 ac-ft/yr, the City began 

to consider other options. 

Several options were considered including: 

• Ogallala Aquifer 

• Dakota Aquifer 
• Saline River Alluvium 

• Several Reservoirs in the Area 

• Big Creek Water Banking Plan 

After months of study, the Big Creek Water Banking Plan appears to be the 

most feasible. The other options either will not supply an adequate high quality yield 

or will take over five years to implement and cost in excess of $20 million. The Big 
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Reclaimed water will be used to irrigate the City Golf Course, softball fields, 

Lark's Park, and possibly the Smoky Hill Country Club Golf Course as well as to 

recharge the Big Creek alluvial aquifer. An initial quantity of reclaimed water of 

1,344 ac-ft/yr will be available for irrigation and recharge. Of the 1,344 ac-ft/yr 

available, 430 ac-ft/yr will be used for irrigation and 914 ac-ft/yr will be used for 

recharge. 

The Big Creek Water Banking Plan will be operated year-round. On a daily 

basis, the amount of water available for recharge will vary. During the winter, little 

if any reclaimed water will be used for irrigation, and all reclaimed water will be used 

for recharge. In the summer, less water will be available for recharge due to 

irrigation demands. 

Reclaimed water is being used to recharge the aquifer in lieu of direct use as a 

raw water source for two primary reasons: (1) to stabilize and improve a depleting 

aquifer and (2) to assure public safety. The City has several wells in the Big Creek 

alluvial aquifer. These wells supply about one-third of the raw water available to the 

City at present. The Big Creek alluvial aquifer has been declared as an intensive 

groundwater use control area in the Hays, Kansas, area. This indicates the aquifer 

has been over-appropriated and that groundwater levels are declining. By using 

reclaimed water to recharge the aquifer, the City will not only gain new water rights 

but protect existing water rights from further withdrawal limitations. 

For public safety, reclaimed water cannot be used in Hays, Kansas, directly for 

raw water without costly water treatment facilities. In the Big Creek Water Banking 

Plan, raw water will be withdrawn from the Big Creek alluvial aquifer in an equal 

portion to that recharged. Withdrawal wells will be placed to achieve a one-year 

travel time in the aquifer. This travel time is generally accepted for protection of 

public health when reclaimed water is used. 

Only the portion of the Big Creek Water Banking Plan that includes recharge to 

the Big Creek aquifer will be included in the groundwater demonstration program. 

The portion included the program will be completed in two phases. Phase I includes 

further hydrogeologic testing, site investigations and surveys, and development of 

detailed plans and specifications for construction of the recharge facilities. Phase II 

will include construction of the facilities. The City is requesting federal funding for 

Phase I at this time. Requests for Phase II funding will be made following 

completion of detailed design. 
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Creek Water Banking Plan will supply in excess of 336 ac-ft/yr of water to the City 

at a cost of about $5.95 million (excluding costs for nitrification/denitrification which 

may be included in the project because the City's NPDES permit is under revision) 

and can be on line by summer 1992. 

The Big Creek Water Banking Plan incorporates both recharge of the Big Creek 

alluvial aquifer and irrigation with treated wastewater treatment plant (WWTP) 

effluent to maximize the water gained from the plan. The portion of the plan that 

includes recharge of the aquifer with treated WWTP effluent is consistent with the 

objectives P .L. 98-434. Therefore, the City is proposing to replace the Smoky Hill 

groundwater demonstration project with the portion of the Big Creek Water Banking 

Plan that includes recharge of the Big Creek alluvial aquifer. 

The project will be completed in two phases. Phase I began on August 27, 1990 

and includes hydrogeologic testing, study of the proposed treatment processes, and 

development of detailed plans and specifications for construction of the project. 

Phase II will include construction of the improvements and will begin in Spring 1991. 

At this time, the City is requesting federal funding for Phase I of the project. 

Funding for Phase II will be requested after detailed design is complete. The 

following pages summarize the plan in more detail. 

1 .  Site Name. City of Hays, Kansas, Big Creek Water Banking Plan 

2. Site Location Map Showing Facllltles. Figure 1 shows the project area and the 

components of the overall plan. The recharge demonstration project involves the use 

of effluent from the City's WWTP which is located in southeast Hays, Kansas. 

3. State Ranking. The Smoky Hill groundwater demonstration project was 

previously ranked number one in the state. The City proposes to replace this 

program with the Big Creek Water Banking Plan. 

4. Project Description. 

a. Statement of Purpose. The purpose of the Big Creek Water Banking Plan 

is to increase the amount of raw water available to the City of Hays, Kansas. The 

City will acquire Big Creek groundwater rights through groundwater recharge and 

withdrawal. Reclaimed water from the WWTP will be used to recharge the Big 

Creek alluvial aquifer. 
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Reclaimed water will be used to irrigate the City Golf Course, softball fields, 

Lark's Park, and possibly the Smoky Hill Country Club Golf Course as well as to 

recharge the Big Creek alluvial aquifer. An initial quantity of reclaimed water of 

1,344 ac-ft/yr will be available for irrigation and recharge. Of the 1,344 ac-ft/yr 

available, 430 ac-ft/yr will be used for irrigation and 914 ac-ft/yr will be used for 

recharge. 

The Big Creek Water Banking Plan will be operated year-round. On a daily 

basis, the amount of water available for recharge will vary. During the winter, little 

if any reclaimed water will be used for irrigation, and all reclaimed water will be used 

for recharge. In the summer, less water will be available for recharge due to 

irrigation demands. 

Reclaimed water is being used to recharge the aquifer in lieu of direct use as a 

raw water source for two primary reasons: (1) to stabilize and improve a depleting 

aquifer and (2) to assure public safety. The City has several wells in the Big Creek 

alluvial aquifer. These wells supply about one-third of the raw water available to the 

City at present. The Big Creek alluvial aquifer has been declared as an intensive 

groundwater use control area in the Hays, Kansas, area. This indicates the aquifer 

has been over-appropriated and that groundwater levels are declining. By using 

reclaimed water to recharge the aquifer, the City will not only gain new water rights 

but protect existing water rights from further withdrawal limitations. 

For public safety, reclaimed water cannot be used in Hays, Kansas, directly for 

raw water without costly water treatment facilities. In the Big Creek Water Banking 

Plan, raw water will be withdrawn from the Big Creek alluvial aquifer in an equal 

portion to that recharged. Withdrawal wells will be placed to achieve a one-year 

travel time in the aquifer. This travel time is generally accepted for protection of 

public health when reclaimed water is used . 

. Only the portion of the Big Creek Water Banking Plan that includes recharge to 

the Big Creek aquifer will be included in the groundwater demonstration program. 

The portion included the program will be completed in two phases. Phase I includes 

further hydrogeologic testing, site investigations and surveys, and development of 

detailed plans and specifications for construction of the recharge facilities. Phase II 

will include construction of the facilities. The City is requesting federal funding for 

Phase I at this time. Requests for Phase II funding will be made following 

completion of detailed design. 
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b. Previous Investigations. The Kansas Geological Survey and the Kansas 

State Board of Agriculture, Division of Water Resources have conducted studies of 

the hydrogeology of the Big Creek aquifer in connection with establishment of an 

intensive groundwater use control area. A computer model of the aquifer has been 

created by the City's consultant that indicates at least 300,000 gallons per day (gpd) 

can be recharged to the aquifer. 

Other studies include: 

"Geohydrology of the Big Creek Alluvial Aquifer of Hays and Vicinity, Ellis 

County, Kansas," Master's Thesis for Fort Hays University by Vilma Isabel 

Perez Bermudez, December 18, 1986. 

"Groundwater Hydrology Study Big Creek Area Vicinity of Hays, Kansas," 

by the Layne-Western Company, Inc., April 1974. 

"Groundwater Supplies at Hays, Victoria, Walker, Gorham, and Russell, 

Kansas," by Bruce F. Latta, December 15, 1948. 

c. Aquifer Use and Development In Vicinity of Project. Ten City-operated 

wells draw water from the Big Creek alluvium. Five of these wells pump water to the 

water treatment plant for softening, and the remaining five wells pump water directly 

into the distribution system in emergency situations. The City holds water rights for 

these sources that limit diversion to 2,027 ac-ft/yr at a maximum rate of 1,250 gallons 

per minute (gpm) from the Big Creek aquifer. Figure 1 shows the location of the 

City's wells. Currently, the City's Big Creek wells can withdraw about 1,400 ac-ft/yr. 

Many domestic wells also tap the aquifer within the City. 

d. Recharge Techniques. The City will acquire Big Creek groundwater rights 

through a groundwater recharge and withdrawal program. A portion of the WWTP 
effluent will be pumped upstream on Big Creek. Wells will be placed close to Big 

Creek. The drawdown cones from the wells will intersect the creek bed thereby 

drawing water in the creek through the creek bed into the aquifer. If enough 

recharge does not occur through discharge to the creek, berms may be constructed 

to retain the flow and increase the head available to drive water into the aquifer. If 
construction of berms is not adequate, recharge basins or recharge wells may be 

constructed. 

e. Operation Scheme. The operation of the aquifer recharge facilities will 

include establishing a monitoring network to analyze: 
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(1) Discharge at each irrigation system in the plan. 

(2) Discharge into Big Creek. 

(3) Water quality of Big Creek, groundwater, and the WWTP effluent. 

( 4) Groundwater levels. 

(5) Surface water flows. 

(6) Regular maintenance of system components such as transmission pipeline, 

dechlorination facility, monitoring and production wells, and effluent 

diversion structure. 

This system will be used to determine actual recharge rates and effects on the 

aquifer. System adjustments will be made, so that the wells maximize the rate of 

recharge and maintain water quality in the aquifer. The data will be analyzed and 

input into the existing Big Creek aquifer model to refine estimates of recharge. 

Updates of the estimates of recharge will be delivered to the U.S. Bureau of 

Reclamation (USBR). 

f. Potential Long-Term Use of Water. The surface water recharged to the 

Big Creek aquifer will be used to maintain a more predictable and reliable source for 

the municipal needs of the City of Hays and fulfill their water rights. 

g. Ability for Expansion. Additional wells can be added if the amount of 

available recharge water increases and the raw water transmission pipeline will be 

sized to handle the increased flows. 

h. Appllcablllty of Technique to Other Areas. Much of the High Plains, as 

well as semi-arid portions of the Western U.S., is characterized by conditions similar 

to the project area. These conditions are: (1) declining alluvial groundwater supplies 

due to depletion of available recharge flows, (2) dependence on these alluvial 

groundwater supplies by small-to-medium sized municipalities, (3) hydrogeologic 

conditions favorable for groundwater recharge and ( 4) availability of effluent from 

wastewater treatment facilities. The proposed technique is highly applicable to other 

areas. 

I. Integration With Existing Projects. The City of Hays has been actively 

pursuing additional water supplies for a number of years. Lately, the City has 

conducted geophysical and drilling exploration programs in the Ogallala aquifer, 

along the Saline River Valley in Ellis County, and in the Dakota aquifer and has 

estimated safe yields of several reservoirs in the area. A recharge program to the 

City of Hays would provide a more reliable means of predicting their current 

capabilities and presumably more accurate means by which to determine additional 
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needs. Also, the source of recharge water will be the WWfP effluent. This is an 

existing operation which requires minimal modifications for implementation of the 

groundwater recharge program. The major additional facilities and structures are 

necessary for water quality control for the irrigation aspects of this project. Use of 

this water for recharge of the Big Creek alluvium would serve a valuable purpose. 

5. Proposed By. 

a. Name of Agency. City of Hays, Kansas 

b. Legal Authority to Participate. The City of Hays is a City of the second 

class of the State of Kansas and is vested with all powers authorized by KSA 12-101, 

including the power to make all contracts and to do all other acts in relation to the 

property and concerns of the City necessary to the exercise of its corporate and 

administrative powers. 

c. Cost-Sharing Commitment. In accordance with Section 8 of P .L. 98-434, 

the City of Hays will provide at least 20 percent of the funding of the project. The 

value of in-kind services by City staff and other agents of the City or other 

contributions will be considered part of the 20 percent funding by the City. 

d. Cost-Sharing Proposal. Table 1 shows the cost estimate for the entire Big 

Creek Water Banking Plan. It is broken down into Phase I, federal funding 

requested under this proposal, and Phase II, which may receive funding under a 

separate request to be made following detailed design. Further separation is for 

components required for recharge (eligible for funding) and those for irrigation (not

eligible). 
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Big Creek Water Bank Plan 

Cost Estimate PHASE I 

PHASE I - Testing, Study, and Design Eligible Non-Eligible 

Testing and Study 

Hydrogeologic Testing 25,000 

Preliminary Study 

Pipeline Route Study 

Hydrogeologic Data Analysis 

Public Relations 

Consultation with DWR, KDHE, and USBR 

Total $72,997 

WWTP $34,489 

Design 

Wells 

Effluent Pipeline 

Raw Water Pipeline 

High-head Pumping 

Chlorination/Dechlorination 

SCAD A 

Discharge Structure 

Total $358,606 

wwrP Improvements $104,522 

TOTAL PHASE I $456,603 $139,011 
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Big Creek Water Bank Plan 

Cost Estimate PHASE II 
PHASE II - Construction Eligible Non-Eligible 

Bidding Services $ 15,593 $21,102 

Construction 

Wells 

Effluent Pipeline 

Raw Water Pipeline 

High Head Pumping 

Chlorination/Dechlorination 

Discharge Structure 

Land 

Resident Engineering 

Total $4,055,000 

Flow Diversion, Low-head Pumping, Filtration $865,000 

Storage and Flow Equalization $346,000 

Resident Engineering $53,000 

TOTAL PHASE II $4,070,593 $1,285,102 

Other components of this plan may include a wetlands or aeration basin for 

nitrification/denitrification and incorporation of an elevated storage tank into the 

distribution system. The costs of these items will not be eligible for federal funding. 

e. Contractual Arrangements. The City of Hays is a municipal corporation 

of the second class as authorized by Kansas law. The City can enter into such 

contractual arrangements as are necessary to complete this project. 

W3AS090490 8 



6. Contacts and Coordination. 
a. U.S. Bureau of Reclamation 

Mr. Bruce Glenn 

U.S. Bureau of Reclamation (D-5190) 

P.O. Box 25007 

Denver Federal Center Bldg. 67 

Denver, Colorado 80225-0007 

(303) 236-2867 

Mr. Kip Gjerde 

U.S. Department of the Interior 

Bureau of Reclamation 

Missouri Basin Region 

Post Office Box 36900 

Billings, Montana 59107-6900 

( 406) 657-6247 

b. U.S. Geological Sutvey 

Mr. John Helgeson 

U.S. Geological Survey 

4821 Quail Crest Place 

Lawrence, Kansas 66049 

c. U.S. Environmental Protection Agency 

Mr. Pat Costello 

Environmental Protection Agency 

726 Minnesota 

Kansas City, Kansas 66101 

(913) 236-2800 

d. U.S. Fish and Wlldllte Setv/ce 

Mr. Dewey R. Caster 

U.S. Fish and Wildlife Service 

215 Southwind Place 

Manhattan, Kansas 66502 

(913) 539-3474 
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e. State of Kansas 

Mr. Joseph F. Harkins 

Mr. Gerald D. Hargadine 

Kansas Water Office 

109 S.W. Ninth, Suite 200 

Topeka, Kansas 66612-1215 

(913) 296-3185 

Mr. David L. Pope 

Mr. James 0. Bagley 

Kansas State Board of Agriculture 

Division of Water Resources 

109 S.W. Ninth, Suite 202 

Topeka, Kansas 66612-1283 

(913) 296-3717 

Mr. Karl Mueldener 

Mr. Rod Geisler 

Mr. David Waldo 

Kansas Department of Health and Environment (KDHE) 

Forbes Field 

Topeka, Kansas 66620 

(913) 862-9360 

t. Local 

Mr. Kenneth R. Carter 

City of Hays 

Post Office Box 490 

Hays, Kansas 67601-0490 

(913) 625-2815 
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g. Other 

Mr. Paul D. Barber 

Mr. Philip L. Rotert 

Kansas City District 

U. S. Army Corps of Engineers 

601 East 12th Street 

Kansas City, Missouri 64106-2896 

(816) 374-5091 (Engineering) 

(816) 374-3671 (Planning) 

7. Facilities Proposed. 

a. Description of the Project Site. Figure 1 displays the project area. The 

WWTP is located in southeast Hays, Kansas. The proposed plan is for effluent to 

flow through a diversion structure. Two-thirds of the flow will travel to the automatic 

backwash (ABW) filters and a chlorination facility for further treatment, while the 

remaining one-third will be discharged into Chetolah Creek. The treated effluent will 

be stored in one of two reuse storage ponds. A portion will be pumped to four reuse 

irrigation sites, while the remainder will be used as recharge water and will be 

pumped upstream on Big Creek. This recharge water will be dechlorinated before 

discharge. Nitrification-denitrification facilities will be constructed as a result of the 

state's proposed changes to the ammonia standards. This plan may be modified 

somewhat to address these new proposed changes to discharge regulations at the 

WWTP issued by KDHE. 
Modeling indicates that wells placed close to the creek will draw the water table 

down beneath the creek and induce flow from the creek to the aquifer. Further 

testing will be conducted to verify that recharge will occur. If enough recharge does 

not occur through discharge to the creek, berms may be constructed to retain the 

flow and increase the head available to drive water into the aquifer. If construction 

of berms is not adequate, recharge basins or recharge wells may be constructed. 

b. Diversion Structures. Effluent from the WWTP is metered after the final 

basins using a Cipolleti weir. Figure 2 shows all the components of the WWTP. It 

is proposed that the existing effluent metering structure will be revised to divert 

two-thirds of the total WWTP effluent for reuse. No changes to the existing weir or 

flow-metering equipment will be made unless required to achieve a controlled flow 

diversion. 
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c. Conveyance Structures. The reuse water transmission pipeline will be 

sized for a flow of 1.2 million gallons per day (mgd) from the WWTP to the reuse 

and recharge sites and is preliminarily sized at 16 inches in diameter. The reuse 

water transmission pipeline will generally follow an alignment along U.S. Highways 

40 and Alternate 183 to the recharge location in Section 24 as shown on Figure 1. 

Various smaller lines will extend from the reuse water transmission line to provide 

supply to the various reuse sites. 

At the WWTP, a pipeline will be routed around the west and south sides of the 

WWTP to the existing small storage tanks that the City currently uses to water the 

ball fields. 

The pipeline to Larks Park will connect to the reuse water transmission pipeline 

just south of Frontier Park and be routed through Frontier Park. 

The pipeline to the City Golf Course will connect to the existing booster pumping 

station that the City currently uses to water the golf course. 

The pipeline to the Smoky Hill Country Club will be routed north along U.S. 

Highway Alternate 183 to 27th Street, east along 27th Street to a point just south of 

the lower pond, then north through an open field to the discharge point at the lower 

pond. 

Each withdrawal point along the reuse water transmission pipeline route will be 

provided with a flowmeter for determining the amount of water that is used at each 

withdrawal point. 

Air and vacuum relief valves will be placed on the pipeline at all high points and 

where required by design. Valved outlets will be placed at each low point in the 

pipeline to facilitate draining. Isolation valves will be provided at each connection. 

The pipeline will be protected by a concrete arch encasement at each stream 

crossing. 

Transfer pumps will be provided to pump water to the recharge and reuse sites. 

The pump station will be housed in the ABW Filter Building. The pumps will be 

sized for a pumping rate of 1.2 mgd. 

d. Storage Structures. Effluent from the ABW filters will flow by gravity into 

the reuse water storage ponds. The ponds will be constructed at the WWTP as 

shown on Figure 2. 

Two ponds will be constructed to provide operational flexibility. The ponds will 

be piped to operate in series or parallel. The ponds will be earthen with depth and 

dimensions determined during design for earth quantity balancing. The ponds will 
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have a side slope of 2: 1 or 3:1, depending on the stability of onsite soils. The storage 

ponds will be designed for a permeability of not more than 1/4 inch of reuse water 

loss per day. 

The ponds will be sized to store sufficient water for continuous pumping to the 

recharge site and nighttime/early morning use at the reuse sites, with WWfP effluent 

flow diversion only during high daytime flow periods. No additional storage will be 

required since the WWTP will provide a constant source of supply. 

e. Recharge Basins. Preliminary modeling indicates recharge basins will not 

be required. Recharge will occur by infiltration through the creek bed into the 

aquifer. If further investigation indicates that enough recharge will not be gained, 

recharge basins will be constructed by adding low-head dams in the stream channel. 

If dams in the channel are not adequate, recharge basins will be constructed off 

channel. These will be constructed by excavating material overlying the aquifer. 

f. Recharge Wells. Recharge wells will not be constructed unless all of the 

above methods are not adequate. 

g. Monitoring Wells. Approximately 15 wells will be installed to monitor 

groundwater quality and recharge rates. These wells will be placed near the new 

wells (which will be constructed under this plan), near existing irrigation/domestic 

wells, and in other areas that are identified based on aquifer modeling results. They 

will be constructed of 4-inch-diameter PVC casing with 10 feet of screen. The depth 

will be about 50 feet. A protective steel outer casing will be installed with a locking 

cap. A portable, submersible pump will be used to collect water samples. The 

monitoring system is intended both for gathering information to confirm recharge 

rates, and to provide an early-warning system. Data will be gathered periodically and 

stored in a database. 

h. Withdrawal Facilities. Raw water wells will be developed along Big Creek 

at sites to be determined in the future. It is anticipated that nine 100-gam wells may 

be needed to provide a "firm" withdrawal pumping capacity from the alluvial aquifer. 

The wells will be approximately 50 feet deep with a 36 inch bore hole diameter, a 

12-inch casing diameter, and an anticipated capacity of 100 gpm. The pump 

horsepower for each well will be about 15 hp. 

Raw water from each new well will be piped to a single raw water transmission 

pipeline as shown on Figure 1. The raw water transmission pipeline will be sized for 

a flow rate of approximately 700 gam. The preliminary size of the pipeline is 

16 inches in diameter. 
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The raw water transmission pipeline will follow an alignment along 

U.S. Highways 40 and Alternate 183 as shown on Figure 1. At the intersection of 

U.S. Highways 183 and Alternate 183, the raw water transmission pipeline will be 

connected to an existing 20-inch-diameter pipeline which conveys raw water from the 

Smoky Hill well fields to the water-softening plant. 

The existing 20-inch raw water transmission pipeline will be used to deliver raw 

water from the new Big Creek wells and the existing Smoky Hill wells to the existing 

water-softening plant for treatment and disinfection. 

Raw water transmission pipe construction will meet the requirements of the 

KDHE. In particular, the pipeline will be separated from sewer lines and the reuse 

water transmission pipeline by a minimum horizontal distance of 10 feet and will be 

protected by a concrete arch encasement at each stream crossing. 

Air and vacuum relief valves will be placed on the pipeline at all high points and 

where required. Valved outlets will be placed at each low point in the pipeline to 

facilitate draining. Isolation valves will be provided at each well connection and at 

the connection to the existing raw water transmission pipeline. 

I. Treatment Facilities. 

(1) Wastewater treatment plant improvements. Two-thirds of the effluent 

at the WWfP will be filtered and disinfected for reuse water. Nitrification

denitrification facilities will be added to meet KDHE proposed ammonia limits. This 

will produce a very high quality effluent from the WWfP. 
(2) ABW filters. ABW filters will be installed to reduce the total suspended 

solids (TSS) and biological oxygen demand (BOD) of the WWfP effluent diverted 

for reuse prior to disinfection. The ABW filters are proposed to be placed before 

the reuse water storage ponds to reduce odor and algae growth. The ABW filters 

will be designed for the following criteria: 

Maximum flow, mgd 

Average TSS loading, mg/I 

Average BOD loading, mg/I 

TSS in filter effluent, mg/I 

BOD in filter effluent, mg/I 
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25 

10 

10 



The ABW filters will be housed in a building, adjacent to the existing WWTP 
pumping station as shown on Figure 2. Wash water from the ABW filters will be 

pumped to the WWTP influent wetwell. This system is not essential for the recharge 

portion of the project, but will provide a high quality water for recharge. 

(3) Ch/or/nation facll/ty. Chlorine storage and feed equipment will be provided 

to disinfect filtered effluent. The chlorine storage and feed equipment will be housed 

in the ABW Filter Building. Provisions will be made to feed chlorine downstream of 

the ABW filters and as supplemental chlorination at the inlet end of the reuse water 

transmission pipeline. 

The reuse water storage ponds will be used to achieve the necessary chlorine 

contact time for disinfection, which is approximately 30 minutes. 

Supplemental chlorine will be fed to the reuse water transmission pipeline to 

achieve a chlorine residual of 1 milligram per liter (mg/I) at the sprinkler heads for 

the City softball fields. The present chlorine feed equipment will be relocated to the 

ABW Filter Building and reused if possible. This system is required for relocation 

of the point of discharge. 

(4) Dech/or/nation facl/lty. A dechlorination facility will be provided to 

dechlorinate the reuse water prior to discharge into Big Creek using sulfur dioxide. 

The dechlorination facility will be located just north of the intersection of 

U.S. Highways 40 and Alternate 183, upstream of the point where reuse water is 

supplied to the Smoky Hill Country Club Golf Course. This system is required for 

relocation of the point of discharge. 

(5) Nltrltlcatlon-denltrlf/cat/on faclllty. This facility will be provided to control 

the ammonia and nitrate levels in the wastewater effluent. Wastewater will flow 

through an aeration basin then through an anoxic zone. In the aeration basin, 

ammonia will be converted to nitrates. Once in the anoxic zone, the nitrates and 

nitrites will be reduced to nitrogen and removed as a gas from the basins. This 

system is not essential for the recharge portion of the project, but will help ensure 

a high quality water in the aquifer. 

(6) Wetlands. The City of Hays had a study performed to determine if 

a constructed wetland could be used to remove ammonia from the WWTP effluent. 

A copy of the study is included for reference as Appendix A. The KDHE proposed 

stringent ammonia limits for the reclaimed water discharged to Big Creek, as low as 

1.5 mg/I. 
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The study performed for the City found that a constructed wetland could not 

consistently remove ammonia from the reclaimed water to meet the limits proposed 

by the KDHE. The concept of applying for a variance to the proposed ammonia 

limit was reviewed with the KDHE. The KDHE has indicated that they would not 

support a variance. 

The City of Hays has decided to construct a conventional treatment process at 

the WWTP for removal of ammonia. The treatment process will remove nitrates 

from the reclaimed water as well as ammonia. 

j. Use of Existing Facilities. Existing facilities for this project include the 

WWTP, 20-inch raw water transmission pipeline, and water treatment plant. 

The WWTP contains a secondary treatment. The plant consists of a bar screen, 

aerated grit chamber, primary basins, trickling filters, and final basins. In addition, 

the plant has a chlorine feed system to disinfect the small portion of the plant's 

effluent currently used to irrigate the City Golf Course and ball fields. This irrigation 

system has been in place for a number of years. Plant effluent consistently meets all 

current discharge permit requirements. 

The existing 20-inch raw water transmission pipeline will be used to transport 

water to the water-softening plant. Figure 2 shows the location of the raw water 

pipeline. No new facilities are anticipated at the existing water-softening plant. . A 

conventional lime-soda ash softening process is utilized. 

k. Probability of Success. The hydrogeologic setting in the vicinity of the 

proposed well field indicates a high probability of success of enhancing recharge to 

the Big Creek aquifer. The creek bed in this area is mainly silty sand and is 

connected to the top of the aquifer. Surface waters that discharge to the creek 

should be readily transmitted to the aquifer. 

8. Water for Artlflclal Recharge. 

a. Bibliography of Data. 

(1) Laboratory reports for the City of Hays Wastewater Treatment Plant. 

(2) USGS Streamflow Records for Big Creek near Hays, Kansas. 

b. Data Abstract or Summary. The recharge water will be a combination of 

existing Big Creek streamflow and effluent from the WWTP. Effluent for reuse will 
be taken from the plant after the final basins and chlorinated before land application. 

Filters and disinfection equipment will be designed to obtain a monthly, geometric 
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mean, fecal coliform limit of 20/100 milliliters (ml) in the reuse water. The portion 

of the effluent used for recharge will be transported by pipeline upstream on Big 

Creek. This water will be dechlorinated before discharge into Big Creek. 

c. Source of Water. Big Creek and WWTP effluent. 

d. Quantity Aval/able� Historically, the average daily WWTP discharge is 

1.8 mgd. Two-thirds of this amount, or 1.2 mgd, will be used in the plan for reuse. 

e. Frequency of Aval/ability. Pumping into the reuse pipeline and recharge 

area will be designed for a continuous flow of 1.2 mgd from the storage ponds. The 

supply of water for recharge and reuse is sufficient. 

f. Quality. Laboratory reports on the WWTP effluent are summarized below. 

The average conditions are as follows: 

pH 

Sulfates, mg/I 

Sodium Adsorption Ratio 

Conductivity, mmhos/cm 

Average TSS, mg/I 

Average BOD, mg/I 

7 to 7.5 

440 

6.7 

1.4 

30 

25 

Proposed additional treatment facilities will significantly improve water quality. 

Continuous flow records indicate that effluent flows from the WWTP follow 

typical diurnal patterns but also have unusual peaks caused by the trickling filter 

pumps. The severe flow peaks must be dampened to obtain consistent flow 

diversion. Alternatives to dampen the flow peaks will be considered during the 

design phase of this project. 

g. Treatment Requirements. 

(1) Wastewater treatment plant Improvements. Several improvements to the 

WWfP were previously addressed in the Facilities Proposed - Treatment Facilities (7-i) 
section of this report. Treatment processes include conventional wastewater 

treatment, chlorination, dechlorination, nitrification/ denitrification, and ABW filters. 

(2) Dechlorination facility. A dechlorination facility will be provided to 

dechlorinate the recharge water prior to discharge into Big Creek. Sulfur dioxide will 
be used for dechlorination. The dechlorination facility will be located just north of 

the intersection of U.S. Highways 40 and Alternate 183, located upstream of the 
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point where reuse water is supplied to the Smoky Hill Country Club Golf Course. 

KDHE indicates this system will be required for the new point of diversion. 

h. Rights and Permits. The City of Hays has a vested right to withdraw up to 

2,027 ac-ft/yr on the Big Creek alluvium at a maximum rate of 1,250 gpm. 
• The City of Hays also has a conceptual agreement with the KDHE and the 

Department of Water Resources to implement the groundwater recharge 

demonstration program. 

9. Hydrogeologlc Conditions. 

a. Blbllography of Data. 

(1) "Geohydrology of the Big Creek Alluvial Aquifer of Hays and Vicinity, 

Ellis County, Kansas," Master's Thesis for Fort Hays University by Vilma Isabel Perez 

Bermudez, December 18, 1986. 

(2) "Groundwater Hydrology Study Big Creek Area Vicinity of Hays, 

Kansas," by the Layne-Western Company, Inc., April 1974. 

(3) "Groundwater Supplies at Hays, Victoria, Walker, Gorham, and Russell, 

Kansas," by Bruce F. Latta, December 15, 1948. 

b. Data Abstract Summaty. The wells in the Big Creek valley draw water from 

unconsolidated deposits. The deposits consist of Pleistocene and recent aeolian and 

fluvial deposits of clay, silt, sand, and gravel in various proportions. The deposits are 

highly variable both laterally and vertically. The bedrock formation that underlies the 

unconsolidated materials is primarily shale with chalky limestone and bentonite 

seams. 

Test holes show that static water levels of the aquifer are near the water level of 

the creek and that the aquifer configuration follows the stream bed. Saturated 

thickness ranges from 10 to 35 feet, and the aquifer is approximately 0.5 miles wide. 

The width of the creek is about 20 feet. The length of the creek through the project 

area is about 21,000 feet. The depth of the water in the creek is usually about 1 foot. 

c. Water Table Situation. The Chief Engineer for the Division of Water 

Resources has declared this stretch of the Big Creek alluvial aquifer an intensive 

groundwater use control area. This indicates the aquifer has been over appropriated 

and water levels are declining. 

d. Type of Receiving Aquifer. The principal aquifers in the vicinity of the 

Hays well field are contained in the Pleistocene and Recent sediments. For the most 

part, the aquifers are contained in the sands and gravels of these deposits and are 
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unconfined. Groundwater aquifers in the high terrace areas are connected to the 

groundwater aquifers of the inner valley for the most part. They may be separated 

in some areas laterally and vertically by bedrock benches or highs that protrude from 

beneath the unconsolidated sediments. 

The data collected from the above sources was used to model the Big Creek 

alluvial aquifer. The previous studies have indicated that the Big Creek alluvium is 

connected to the terrace deposits located to the north and sough of the alluvium. 

The bottom of the aquifer was defined as the top of the shale layer encountered in 

the test holes. The aquifer top was either the static water level in a saturated sand 

layer or a confining clay unit in areas where the static water level rose above the top 

of the productive material. 

In the area northwest of the City, clay layers were above the static water level 

encountered in the test holes, and the creek bed elevation corresponded to the top 

of the aquifer. This allows communication between the aquifer and the creek and 

controls the static water levels in the aquifer. Static water levels are lowest near the 

creek and are roughly the same elevation as the stream. Further from the creek, the 

static water levels rise indicating some flow towards the creek; however, the 

predominant flow direction is parallel to the creek. This indicates the stream and 

aquifer were in equilibrium when static water levels were measured. 

Beneath the City, in the central third of the project area, a confining clay layer 

was encountered in several test holes. The water level in the aquifer is up to 20 feet 

below the stream elevation, but within the clay layer. This indicates very little 

communication between the creek and aquifer. The aquifer is confined to semi

confined in this area. Southeast of the City, the static water levels are near the 

stream elevation again indicating some communication between the creek and aquifer 

and the clay layers are above the static water level. 

e. Depth to Aquifer. Generally, the static water level of the aquifer is near the 

water level in the creek. In the City of Hays, the aquifer depth is up to 20 feet below 

the stream elevation. 

f. Aquifer Characteristics/Materials. The Big Creek alluvial aquifer is a 

shallow aquifer that roughly follows the channel of Big Creek. Available well logs 

indicate the aquifer consists of saturated interbedded clays, silts, sands, and gravels 

up to 35 feet in thickness. The hydraulic conductivity of the sands and gravels is in 

the range of 500 to 1,000 gallons per day per square foot (gpd/sq ft). Based on the 
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i. Aquifer Storage Potential. Assuming that the aquifer width is 0.5 miles, the 

saturated thickness is 25 feet, and the storage coefficient is 0.15, the storage potential 

for the Big Creek aquifer is 75,000 gallons per foot length of valley. 

/. Rate of Drawdown. Water levels in wells in the alluvial aquifer have varied 

considerably. The overuse of water in the vicinity led to the formation of the 

Intensive Groundwater Use Control Area by the Division of Water Resources. The 

proposed recharge facilities will stabilize supplies for the City of Hays. 

1 O. Recharge Monitoring Program. 

a. What Wiii be Measured. 

( 1) Discharge from WWfP. 
(2) Water quality of WWfP effluent. 

(3) Discharge from transmission pipeline at each irrigation site. 

( 4) Discharge from transmission pipe on Big Creek. 

(5) Water quality of Big Creek. 

( 6) Groundwater levels. 

(7) Water quality of withdrawals from wells. 

(8) Withdrawals from wells in City's well field. 

(9) Chemical, biological, and sediment parameters, as appropriate. 

(10) Existing flow in Big Creek. 

( 1 1) Combined recharge flow and existing flow in Big Creek. 

(12) Flow in Big Creek downstream of the recharge area. 

b. How Measured. 

(1) Item 10.a(l) will be measured by the City using a flowmeter. 

(2) Item 10.a(2) will be measured by the City at the WWfP facility using 

standard methods and procedures. 

(3) Item 10.a(3) will be measured by the City using a flowmeter. 

(4) Item 10.a(4) will be measured by the City using a flowmeter. 

(5) Item 10.a(S) monthly water quality samples will be taken by the City. 

(6) Item 10.a(6) will be determined by measuring water levels in the City's 

wells, and supplemented by 15 new monitoring wells in the vicinity. 

(7) Item 10.a(7) will be measured by analyzing samples from the wells 

monthly. 
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(8) Item 10.a(8) will be measured by the City using flowmeters. 

(9) The quality of water derived from wells in the recharge area will be 

measured and reported by the City of Hays. Quarterly water quality 

samples will be taken from the fifteen new monitoring wells in the 

vicinity. The well water will be sampled and tested for coliform 

bacteria, major chemical constituents, and turbidity. 

( 10) Item 10.a( 10) will be measured by gauges located in the channel. 

( 1 1) Item 10.a(ll) will be measured by gauges located in the channel. 

( 12) Item 10.a(12) will be measured by gauges located in the channel. 

c. Quantity, Rate Movement Parameters. Items 10.a( 4), ( 10), and ( 1 1) 

indicate the flow of water available for recharge. Items 10.a(6) and (8) indicate the 

resultant quantity of recharge to the City's well field. 

d. Biological, Chem/ca/, Sediment Parameters. Major chemical constituents 

will be measured in samples taken from Big Creek and in samples taken from wells 

in or near the City's well field. Biological parameters will be measured in water from 

the City's wells and in Big Creek water, if appropriate. Sediment parameters are of 

little concern for this project since the recharge water will be filtered. 

e. How Reported. Data for Item 10.a(2) will be collected at the WWfP and 

reported in the typical format for K.DHE. The remaining 10 items will be monitored 

and reported by the City of Hays in a format deemed most appropriate. 

f. Influence/Conditions Impacting Monitoring. The condition of the Big 

Creek channel in the recharge area will be assessed to determine the need for 

sediment sampling and collection of soil samples or borings in the recharge zone. 

This could impact the scope and extent of the sampling program. Measurement of 

constituents or parameters outlined in Items 10.a(l) through (12) should be relatively 

straightforward. 

g. Responsibility for Funding. Normal data collection efforts of KDHE and 

the City of Hays will continue to be funded by these agencies. Extra data collection 

necessary to support this program will be funded under the provisions of P .L. 98-434; 

i.e., with four-to-one matching federal and non-federal funds. Normal data collection 

efforts that contribute to the data base necessary for the recharge demonstration 

project will be considered "in-kind services" under the provisions of P .L. 98-434. 

h. Responsibility for Accomplishment. See Item 10.e. 

I. Responsibility for Reporting. See Item 10.e. 
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j. Period of Measurement. Background data will be gathered monthly for 

12 months prior to project startup. Following startup, data will be gathered daily for 

a period of time. The period between measurements will be increased over time 

until measurements are taken once a month. 

1 1 .  Access to Site. 

a. Surface Owner. The City has access rights to the project area in the vicinity 

of their well field near Big Creek. The City will also have rights to the areas 

designated for pipelines and new treatment facilities. If necessary, landowners will 

be contacted to attain land access. 

b. Physical Accessibility. The proposed recharge area is characterized by 

gentle terrain and is traversed by numerous secondary roads along section lines. No 

physical accessibility problems are anticipated. 

c. Access Authority. See Item 11.a. Agreements must be signed with 

individual landowners where permission for access is necessary. The City recently 

obtained access agreements in other areas of the county for geophysical surveys 

(seismic and resistivity) and test hole drilling programs. The City's agent for 

obtaining such agreements, Mr. Scotty Legere, is experienced at these efforts and can 

usually obtain required agreements expeditiously. 

d. Construction Authority. This will be negotiated with individual landowners 

at such time as authority is necessary. 

e. Rehabilitation Responsiblllty. The proposed project will not only 

demonstrate the viability of groundwater recharge using treated wastewater effluent 

in the High Plains area, but also serve as a long-term source of supply for the City 

of Hays. Consequently, most facilities will remain in use indefinitely. Areas disturbed 

by construction activities will be revegetated or otherwise restored to approximately 

original conditions. Any monitoring, production, or recharge wells taken out of 

service will be plugged and capped in accordance with standards of the KDHE and 

the Kansas Corporation Commission. 

1 2. Other Potential Concerns and Issues. 

a. Phys/cal. No major physical limitations are anticipated. 

b. Environmental. The use of effluent on public areas is an important 

environmental issue. Monitoring the water quality of the effluent will help to ensure 

a safe environment at these sites. 
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Another environmental concern will be the discharge of wastewater effluent into 

the existing Big Creek. Again, monitoring the water quality in Big Creek will help 

to prevent adverse effects. 

c. Legal/Institutional. No problems are anticipated. 

d. Public Acceptability. No major concerns. A public information program 

will be conducted during the design phase of the project. 

e. Risks and Uncertainties. No major concerns. 

f. Other. None. 

1 3. Estimated Cost. 

a. Phase I Cost. Phase I costs include those costs for assessment of 

engineering and hydrogeologic feasibility and for preparation of detailed design and 

specifications. The hydrogeologic and engineering feasibility study will include field 

investigations and detailed analyses of data. The extent of this work will be 

dependent on the amount of information currently available in the literature. Costs 

for design and specifications will depend on the number, size, and type of structures. 

Estimated costs are provided in Section 5. 

b. Construction Cost. Costs for individual portions of this project are listed 

and totaled under Section 5. These costs include all structures and WWTP 
modifications. 

c. Operational Cost. Annual costs for electric power to pump recharge water 

to the discharge location on Big Creek are expected to be about $ 10,000. Annual 

maintenance costs for recharge facilities should be about one percent of capital costs, 

or $50,000. 

d. Monitoring Cost. It is anticipated that 15 monitoring wells will be placed 

along Big Creek. Assuming that the wells are approximately 50 feet deep, the cost 

for constructing the wells will be about $90,000. Operational cost, including field 

measurements and sampling of groundwater, would be for about a five-year period 

for all the wells. Water quality analyses will be performed on a quarterly basis. The 

total number of samples over a 60-month period (September 1990 - September 1995) 

will be 240. It is estimated that water quality testing will cost $100 per sample, for 

a total cost of $24,000. 

e. Rehabilitation Cost. The rehabilitation, as discussed under Item l le., is 

expected to be minimal. It is anticipated that all structures and monitoring wells will 

be left as permanent structures. The total cost for rehabilitation is estimated to be 
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$2,000. The cost of reseeding the pipeline areas is included in the costs of the 

pipeline. 

f. Total Federal and Non-Federal Cost. As shown' in Section 5, the costs for 

the project are as follows: 

Phase I 

Phase II 

$ 456,603 

$4,070,593 

$ 139,01 1  

$ 1,285,102 

Section N - Reimbursable Costs and Limitations, of the cooperative agreement, 

summarizes the division of costs. It should be noted that only Phase I costs are 

included in the agreement at this time. 

1 4. Activity Schedule. 

a. Plan of Study. The Plan of Study will be prepared following the general 

approach outlined in this proposal. The USBR will have primary responsibility and 

will be supported by the USGS, the EPA, the U.S. Fish and Wildlife Service and the 

City of Hays. The Plan of Study will start August 1, 1990 and will be completed 

August 1, 1993. 

b. Design and Specification Work. Detailed designs and specifications will 
be prepared by an agent of the City between September 1990 and March 1, 1991. 

c. Preconstructlon Activities and Obtaining Permits. Permit requirements 

must be defined early in the plan of study, and application for permits must be 

completed by the City during the plan of study. Permits may be required from the 

KDHE (approval of plans for water supply facilities and WWTP improvements), the 

Corps of Engineers (Section 404 permits), and the Kansas State Board of Agriculture, 

Division of Water Resources (Water Rights). It is anticipated that necessary permits 

will be applied for by December 1990. Concurrent with the development of detailed 

plans and specifications, access agreements must be obtained from affected 

landowners. The City will be responsible for this activity and will complete it prior 

to initiation of construction in March 1991. Within the period of January 1991 to 

April 1991, the project must be advertised, detailed plans and specifications furnished 

to bidders, bids received and opened, and a construction contract awarded. This 

work will be the responsibility of the City. 

d. Construction Period. The construction period is proposed to run from 

March 1991 to June 1992. This includes time for mobilization, construction of 
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effluent and raw water pipelines, WWTP improvements, installation of Big Creek 

wells, installation of monitoring wells, and site cleanup. Construction inspection 

would be the responsibility of the City. 

e. Monitoring Period. The monitoring period will run from September 1990 

to September 1995. Responsibilities for data collection are covered in Section 10, 

Recharge Monitoring Program. 

f. Status Reports. Status reports will be completed by the Bureau of 

Reclamation on the basis of data submitted to it. Status reports will be completed 

for annual periods ending on December 1 for the duration of the program. 

g. Final Report Due. December 1, 1993. 

1 5. USBR Regional Ranking. 

To be completed by USBR. 
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Project Schedule 

Task Description 

PHASE 100-FINALIZE DESIGN 

CRITERIA 

PHASE 200-FINAL DESIGN 

Big Creek Wells Exploration and Design 

Effluent and Raw Water Pipelines 

WWTP Improvements 

Submit Construction Documents to KDHE 
and DWR for Pennitting and Approval 

Big Creek Wells 

Effluent and Raw Water Pipelines 

WWTP Improvements 

PHASE 300-BIDDING SERVICES 

Big Creek Wells 

Effluent and Raw Water Pipelines 

WWTP Improvements 

PHASE 400-CONSTRUCTION SERVICES 

Well Monitoring 

Big Creek Wells 

Effluent and Raw Water Pipelines 

WWTP Improvements 
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A .  INTRODUCTION 

Un t i l  recen t ly ,  we t lands have been regarded as was t e lands tha t  had to 

be drai ned and pu t to  wha t  was considered a more produc t i ve us e .  It  has 

been es t ima t ed that  ou t o f  approx i ma t ely 215  m i l l i on original acres o f  

we t lands wi thin  t he con t iguous 4 8  s t a t es , only approx i ma t ely 9 9  mill ion 

acres rema i ned by the m i d - 1 9 70s .
( l ) 

Only recen t ly have we t lands been 

recogn i zed as valuable resources t ha t  mus t  no t be was t ed . We t lands play an 

impo r t an t  role in bi olog i cal produc t i v i t y ,  f i sh and w i ld l i fe habi t a t , flood 

protec t i on , recharge and d i s charge of groundwa ter , base f low s t ab i l i za t ion 

o f  r i vers , and wa ter  qual i ty improvemen t .  Huch rema ins to be learned abou t 

o t her func t i ons o f  we t lands and the long- range consequences o f  the i r  

des t ruc t i on . 

We t lands have been d e f i ned as areas t ha t  are f looded or satura t ed 

o f  t en enough and long enough t o  be able to  suppo r t  p lan t s  and aqua t i c  

organ i sms tha t are s pe c i ally sui ted for saturated s o i l  cond i t i ons . < 2 >  

Types o f  na t ural we t lands range f rom coas tal sal t marshes t o  freshwa ter 

swamps to  bogs . Along wi t h  t he recogn i t ion of we t lands as a valuab le 

resource , was t ewa ter  t rea t men t us i ng we t land sys t ems has recen t ly been 

receivi ng more a t t en t i on .  Was tewa ter t rea tmen t us i ng a we t land sys t em 

o f t en requi res less labor and equi pmen t than conven t i onal was tewa t er 

t rea tmen t and o f t en can prov ide  some o f  t he bene f i t s  o f  a na tural we t land . 

The was tewa t e r  t reatmen t faci l i t i es for the C i ty o f  Hays ( C i ty ) , 

Kansas , curren t ly d i s charge i n t o  Che t olah Creek , wh i ch flows i n t o  B i g  

Creek . The B i g  C reek Wa t e r  Banki ng Plan i s  des igned to  increase t he wa ter 

resources ava i lable t o  t he C i ty .  Cer t a i n  prov i s i ons o f  t he Big  Creek Wa ter 

Banki ng Plan include pumping a por t i on o f  the was t ewa ter curren t ly 

d i scharged i n to Che tolah Creek ups t ream f rom t he C i ty .  The was t ewa t e r 

pumped ups t ream from the Ci ty would be d i scharged i n to B i g  Creek and 

par t i ally recharge the groundwa ter . Rechargi ng t he groundwa t e r  would 

increase t he wa t e r  resources avai lable t o  the Ci ty . 

S t ream wa ter  qual i ty cons i de ra t i ons req u i re a reduc t i on i n  was t ewa ter 

e f f luen t ammon i a  concen t ra t i ons . The Kansas Depar t men t o f  Hea l t h  and 

Env i ronmen t ( KDHE ) recen t ly proposed mo re s t r i ngen t  e f fluen t l i m i t a t ions 
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for the Ci ty ' s  was t ewater  t rea tmen t plan t , whi ch migh t become e f fec t i ve 

in 199 1 .  Groundwa ter qual i ty cons idera t i ons i n  conj unc t i on wi th the Big  

Creek Wa ter  Banki ng Plan raise  concerns about  was tewa t er e f f luen t n i t rate 

concen t ra t i ons . Ni t r i f i ca t i on changes ammon i a  to  n i t ra t e , and 

den i t r i f i ca t i on changes n i t rate  to n i t rogen gas , whi ch t hen es capes i n t o 

the a t mosphere . Ni t r i f i ca t i on and d eni t r i f i c a t ion rid  was tewa ter o f  

s ign i f i can t amoun t s  o f  bo t h  ammon i a  and n i t ra t e .  A recogni zed and proven 

t rea tmen t scheme incorpora t ing ni t r i f i ca t i on and den i t r i f i ca t ion using a 

conven t i onal ac t i va t ed sludge process was proposed for the imp rovemen t s  

assoc i a ted wi th t h e  B i g  Creek Wa ter  Banking Plan . 

I t  was sugges ted by var i ous par t i es and agenc i es t ha t  we t land t rea t 

men t should be i nves t igated by the C i t y .  Because n i t r i f i ca t i on and 

deni t r i f i ca t i on can occur in we t land s and because of the supp lement ary 

bene f i t s  o f  a we t land , such as c rea t ing a w i ld l i fe hab i t a t , we t land t rea t 

men t m i gh t  be appropr i a t e .  Thi s  repo r t  w i l l  evalua t e  we t land t rea tmen t to 

de termine i f  i t  is an approp r i a t e  t rea tmen t me thod for Hays , Kansas . 

B .  WASTEWATER TREATMENT IN WETLANDS 

1 .  GENERAL . We t lands can serve as an a l t erna t i ve to conven t i onal 

was tewa ter t reat men t , especially for small commun i t ies . We t lands have also 

become popular for t rea t ing acid  m i ne drainage . Cons t ru c t ed we t l ands are 

de f i ned as : 

. . .  an engineered and cons t ruc t ed complex o f  sa tura t ed 
subs t ra t es , emergen t and submergen t vege t a t i on , an imal 
l i fe ,  and open wa ter  that s imulates na t ural we t lands 
for man ' s  des i red uses and benef i ts .  Phys i cal , 
chemi cal , and b i ologi cal p rocesses occur in  na t ural 
we t lands whi ch are s i mi lar to those occurr i ng and 
concen t rated in conven t i onal mechani cal t rea tmen t 
plan t s . A cons t ruc ted we t lands for was t ewa t er t rea t 
men t i s  des i gned to  o p t i m i ze these natural we t lands 
p rocesses . Organi sms and plan t s  in t he we t lands use 
organ i c s  and nu t r i en t s  in t he was t ewa ter for food . 
Pol lu tan t s  are t rans formed into  bas i c  elemen t s , compos t 

and plan t b i omas s . 
< 3 >  

Cons t ruc ted we t lands can be d i v i ded i n to two types : free wa ter  

sur face and subsurface flow sys tems . A f ree wa ter sur face sys tem is  

usual ly con f i ned in  a bas i n  or  channel ,  w i th  a subsur face bar r i e r  ( such as 
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clay or membrane ) to preven t seepage ( Fi gure 1 ) .  The eme rgen t plan t s  are 

roo ted in s o i l  or some o ther approp r i a t e  med i um ,  and wa t e r  f lows th rough 

t he uni t at a rela t i ve ly sha l low dep t h  ( less t han 2 fee t ) .  The inf luen t is 

of ten d i s t r i bu t ed by some type of s l o t ted p i pe and d i s persed t hrough grave l 

a t  the inle t end o f  t he cel l . The ef fluen t usually flows i n t o  a gravel bed 

and i s  collec t ed in a p i pe a t  t he e f fluen t end . The wa t e r  level in t he 

bas in i s  con t rolled by an adj us table e f f luen t we i r  or  e f f luen t s t and p i pe .  

The shallow was tewa ter dep th , s low was t ewa ter  veloc i ty ,  plan t  s t ems , and 

l i t ter  regu l a t e  t he flow and , espe c i a l ly in long , narrow channe ls , help t o  

minimize  s hor t - c i rcu i t i ng of f low . 

Subsur face f low sys t ems are also called vege t a t ed s ubmerged bed 

sys t ems or roo t zone sys t ems . Subsurface flow sys t ems are also usually 

confi ned i n  a bas i n  or channel ,  w i t h  a subsurface bar r i e r  ( such as clay or 

membrane ) to preven t seepage ( F igure 2 ) . The emergen t plan t  rhizomes are 

roo t ed in sand , gravel , or so i l ,  and the wa t e r  leve l is below t he med ia 

sur face , wi t h  the wa t e r  dep t h  a t  approx i ma t e ly 1 t o  2 . 5  fee t .  When a rock 

med ia is used , t hese sys t ems are essen t i a l ly hor i zon t al t r i ckl i ng f i l ters 

w i t h  t he added bene f i t of hav i ng the plant s  and t he i r  ex t ens ive  roo t 

sys t ems w i t h i n the  med i a .  I n fluen t d i s t r i bu t i on , e f f luen t collec t i on , and 

con t rol o f  wa t e r  dep t h  are accompl i shed i n  a s im i lar manner as in  f ree 

wa ter surface sys t ems . 

2 .  WASTEWATER TREATMENT . Generally , was t ewa t e r  t rea ted in  we t lands 

has rece i ved a t  leas t p r i mary t re a t men t . Trea t i ng p r i m�ry e f f luen t avo ids 

t he p roblem o f  s igni f i can t amoun t s  of b iodegradable ma t e r ial  se t t l i ng near 

the i n le t ,  resu l t i ng i n  anae rob i c  cond i t i ons and t he assoc i a t ed d i sagree

able odors . We t lands have also been used for add i t i onal t reatmen t beyond 

secondary t rea tmen t .  

The was t ewa t e r  t reatmen t processes t ha t  occur i n  a we t lands are essen

t i ally t he same as t hose that  occur in conven t i onal was t ewa t er t rea tmen t 

plan t s  ( VVTPs ) . The was tewa t e r  i s  d i s t r i bu t ed over a la rge area , and the 

veloc i ty o f  the  was t ewa ter  i s  s lowed grea t ly ,  allow i ng t he se t t l i ng o f  

almos t all  o f  the  rema i n i ng se t t leable sol ids . Equal d i s t r i bu t ion o f  the 

was t ewa ter  a t  t he inle t i s  i mpor t an t  t o  s low t he veloc i t y  o f  t he was tewa t e r 

and reduce sho r t -c i rcu i t i ng .  
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Ano t her t rea tmen t mechan ism i s  f i l t ra t i on tha t occurs as the was te

wa ter  flows t hrough the so i l ,  gravel , roo t s , and s t ems . Adsorp t i on on to 

the so i l ,  grave l , and plan t ma ter i a l , along w i th chemi cal prec i pi tat ion , 

also occurs . Some of  the nu t r i en t s  in the was tewa t er are used by plan t s . 

Mi croorgani sms a t t ached t o  the plan t s ,  vege ta t ive l i t t e r , and med i a  are a 

maj or fac tor in  the removal o f  organi cs and nu t r i en t s . Ai r con t a i n ing 

oxygen d i f fuses from t he roo t s  and s t ems o f  the plan t s  i n to t he was t ewa t e r ,  

crea t i ng small  aero b i c  zones where aerobi c t reatmen t can occur . Also 

presen t in  the vege t a t i ve l i t t er , on the plan t s ,  and on t he med i a  adj acen t 

to  the aerob i c  z ones are anaerob i c  zones wi t h  carbon sources and a t t achmen t 

s i tes . Th i s  o f fers the po ten t ial  for removal o f  ni t rogen by n i t r i f i ca t i on 

in  the aerob i c  z ones and deni t r i f i ca t i on i n  t he anaerob i c  zones . 

3 .  WASTEWATER TREATMENT IN WETLANDS . Was tewa t er t rea t men t in  

we t lands i s  not  documen ted extensi vely in  t he l i terat ure because was tewater 

t reatmen t us ing we t lands is  no t prac t i ced widely and has only recen t ly 

begun t o  rece i ve s ign i f i can t a t t en t i on .  Because o f  t h i s  lack o f  

exper i ence , e f f luen t qual i ty from we t lands i s  d i f f i cu l t t o  pred i c t  and 

model . 

Curren t experi ence w i t h  was t ewa ter  t rea t men t i n  na t ural we t lands i s  

general ly res t r i c t ed t o  add i t i onal t rea tmen t o f  was t ewa t ers that  have 

al ready rece i ved secondary t reatmen t . Ranges for t he removal of po llu t ants  

from t rea t ed was t ewa t er by na tural we t lands are presen t ed i n  Table 1 .  The 

summary in Table 1 i nd i ca t es t ha t  removals can vary w i dely . Generally , 

na t ural we t lands can provide a s ign i f i can t removal o f  f i ve-day bi o chemi cal 

oxygen demand (BOD5 ) and suspended s o l ids , but removal s  are not cons i s t 

en t ly h i gh .  Nu t ri en t  removals wi t h i n  na t ural we t lands shown in Table 2 

also vary cons i de rably .
< 6 >  

Examples o f  poll u t an t  removal by s i x  cons t ruc t ed we t l ands are l i s ted 

in  Table 3 .  Some ef f luen t concen t ra t i on values f rom some p i lo t-scale 

cons t ru c ted we t land sys t ems are repo r t ed i n  Table 4 .  Removal o f  b i ochem i 

cal oxygen demand (BOD) i n  t h e  cons t ruc t ed we t l ands ranged f rom 64 t o  

8 6  percen t , and removal o f  sus pend ed sol ids i n  the cons t ruc t ed we t lands 

ranged f rom 28 to 93 percen t .  E f f luen t concen t ra t i ons o f  ni t rogen at t he 

p i lo t-scale cons t ruc t ed we t lands were s i gn i f i can t . 
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TABLE 1 
REMOVAL OF SEVERAL POLLUTANTS FROM 

SECONDARY EFFLUENT IN NATURAL YETLANDS ( S )  

Parame ter  

BODS 
Sus pended So l i ds 

Ni t rogen 

Phosphorus 

5 

Removal 
( percen t )  

70-96 

60-90 

40-90 

Seasonal 



°' 

Location 

B r i l l ion Ka rsh , Wisconsin 

Houghton Lake , Michigan 

Wi ldwood , F l o r i da 

Conco r d ,  Massachu s e t t s  

Bel l a i re ,  Michigan 

Coots Pa radi se , Town o f  
Dundas , Ont a r i o , Canada 

Whi tney Mobi l e  Park , 
Ho•• P a r k , F l o rida 

*Ni t r i te and N it ra t e . 

* *Kay-November only . 

TABLE 2 
REMOVAL OF SEVERAL NUTRIENTS IN NATURAL WETLANDS ( 6 ) 

wet l and Type 

Ka rsh 

Peat l and 

swa•p/Ka rsh 

Ka rsh 

Peat l and 

Ka rsh 

Cypress Do•• 

F l ow 
( •gd ) 

0 . 20 

0 . 1 0  

0 . 2 5 

0 . 6 1 

0 . 30 * *  

:0 . 06 0  

Re•ova l  
Tot a l  

D i s s o l ved Alllllonia 
Pho s�horus Nit roqen 
( pe r cent ) ( pe rcent ) 

1 3  -

9 5  7 1  

9 8  -
4 7  5 8  

8 8  -

8 0  -

9 1  -

Nitrate Tot a l  
Nit rogen Nit ro�en 
( pe rcent ) ( pe rcent ) 

51 

9 9 *  

- 90 

20 

- 84 

- 6 0-70 

- 8 9  

• 



• 

TABLE 3 

REMOVAL OF SEVERAL POLLUTANTS IN CONSTRUCTED WETLANDS ( 6 1 

Hydraul i c  
Sur f ace Remova l 
Loading BOD5 Suspended Sol ids Suspended 

Location Wet l and T:i:l?• F l ow Rate Inf luent E f f luent Inf luent E f f luent �5 So l i ds 

( •<Jd ) ( ac/•qd l ( aq/1 1 ( •9/l I ( •9/l )  ( •9/l ) ( pe rcent ) ( pe r cent ) 

Lis towe l , Ont a r i o  F re e  Wa t e r  0 . 00 4 5  - 5 6 1 0 1 1 1  8 82 9 3  
Surface syst•• 

....... Santee , Ca l i f o rn i a  Subsurface P'low - - 1 1 8  3 0  5 7  s . s  7 5 90 
Syste• 

S idney , Aus t ra l i a  Subsu r face P' l ov 0 . 0 6 3  - 3 3  4 . 6 5 7  4 . 5 86 9 2 

Sy st•• 

Arcat a , Ca l i f ornia Free Wat e r  3 . 0  1 0  3 6  1 3  4 3 3 1  6 4  2 8  

S u r face Syst•• 

E .. i t sburq , Maryl and Subsu rface Flow 0 . 0 3 5  6 . 1  6 2  1 8  30 8 . 3  71 73 

Syste• 

Gus t ine , Ca l i f o rn i a  F ree Water 1 . 0  2 3 1 50 2 4  1 4 0  1 9  84 8 6  

Surface Syst•• 



TABLE 4 

PERFORMANCE OF PI LOT-SCALE CONSTRUCTED WETLAND SYSTEMS ( J ) 

E f f luent Concent ration 
Suspended 

Location We t l and Ty�e BOO Sol ids Aamonia Nit rates 
( •9/l ) ( •9/l ) ( •9/l ) ( •9/l ) 

Listowe l , Ont a r i o  Open Wa t e r ,  1 0  8 6 0 . 2  
Channel 

CX> Arca t a , Ca l i fo rni a Open Wa t e r , < 2 0  < 8  < 10 0 . 7  
Channel 

Santee , Ca l i f o r n i a  G ravel-f i l l ed < 3 0  < 8  < 5  < 0 . 2  

Channel s  

Ver•ont vi l l e , Michigan Seepage Bas in - - 2 1 . 2 

We t land 

*Alu• t reat•ent p rovided p r i o r  to the wet l and co•ponent . 

Total 
N i t r ogen 

( •9/l ) 

8 . 9  

1 1 . 6  

6 . 2  

Tota l 
Phosphorus 

( •9/l ) 

0 . 6 *  

6 . 1  

2 . 1  

• 

• 



• 

a .  BOD Removal . Soluble BOD in  we t lands i s  removed by mi c roo rga

ni sms a t t ached to plan t roo t s ,  plan t s t ems , l i t t er , and t he med i a .  Oxygen 

for t hese mi croo rgani sms is suppl ied by the plan t s . In free wa ter sur face 

sys tems , oxygen i s  also sup p l i ed by reaera t i on at the wa ter  sur face . 

Removal o f  BOD in  bo th f ree wa ter  sur face sys t ems and subsurface fl ow 

sys tems can be descri bed by f i rs t -order kine t i cs . Tempera ture and the 

hydrau l i c  res idence t i me ,  the per i od o f  t ime the was t ewa t e r  rema ins wi thin 

the we t land , are impor tan t  fac tors a f fec t i ng BOD removal . Tempera ture and 

the hyd raul i c  res idence t ime are bo t h  i ncorpora t ed i n t o  t he kine t i c  

equa t i ons used t o  des c r i be BOD removal . Tempera t u re a f f e c t s  t he ac t i vi ty 

o f  the m i c roorgan i sms respon s i ble for remov ing t he soluble BOD and also 

d e t ermi nes wha t m i c roorgan i sms are capable o f  surv i v ing . 

The vo lume i n  the we t land i s  occu p i ed by l i t t e r , roo t s , s t ems , med i a ,  

and t he was tewa t e r .  The hyd raul i c  res i dence t ime i s  de t e rmined by t he flow 

ra te o f  t he was t ewa ter and t he volume avai lable for t he was t ewa ter t ha t  i s  

no t occupied b y  t he l i t t er , roo t s , s t ems , and med i a .  F o r  a spec i f i c  

we t land wi t h  a f i xed s u r face area , inc reas i ng t he dep t h  increases the 

hydraul i c  res i dence t ime .  At  longer hydraul i c  res i dence t imes , t he 

microorgan i sms have more t i me to  remove t he pollu t an t s  and the was t ewa t e r  

t reatmen t i s  more comp l e t e . Wa t e r  dep t h s  i n  f ree wa ter  sur face sys tems are 

less t han 2 fee t and in subsurface flow sys t ems are de t e rmi ned by the dep t h  

o f  p l a n t  roo t pene t ra t i ons . Wa t e r  dep t hs i n  subsur face f low sys t ems se ldom 

exceed 2 . 5  fee t . 

I t  i s  i mpo r t an t  t o  d i s t � i bu t e  t he was t ewa ter over a wide area t o  avo i d  

anaerob i c  cond i t i ons , d i s t r i bu t e  t he oxygen demand , and more fully u s e  the 

en t i re we t l and cell . The i n f luen t should be d i s t r i bu ted as comple tely as 

pos s i ble  over t he en t i re wid t h  of t he w e t land t rea t men t cel l . Huch of the 

BOD , sus pended solids , and fecal c o l i forms i s  se t t led , removed , or s ign i f i 

can t ly reduced wi t h i n  t he f i rs t  SO fee t o f  t h e  we t land t rea tmen t cel l .  ( S ) 
Some we t land sys t ems have been des i gned so that  the  was t ewa t e r  can be added 

no t only a t  t he i n fluen t end , but  also a t  mul t i ple po i n t s  down s t ream in the 

we t land ce l l . Th i s  type o f  des ign a t t emp t s  to d i s t r� bu t e t he oxygen demand 

mo re evenly throughou t t he we t land cell and more fully use the en t i re 

we t land ce l l .  
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b .  Suspend ed Sol ids Removal . We t lands are e f f e c t ive in the remo val 

o f  sus pended sol ids . Mos t o f  this  removal i s  due to  the se t t l i ng o f  t he 

sol ids . Suspended solids removal . resu l t s  from the qui es cen t cond i t i ons , 

low flow veloc i t y ,  shallow was tewa ter  dep th , and f i l t e r i ng ef fec t of  the 

plan t s , roo ts , and med i a .  Insu f f i c i en t  p lan t cover can al low s u f f i c ient 

sunl igh t  to reach the wa t e r  sur face and cause algae t o  grow . The growth 

of  algae can resul t i n  inc reased e f f luent suspended solids and d i urnal 

vari at i ons in d i ssolved oxygen . 

c .  N i t rogen Removal .  N i t rogen is removed by the vola t i l i za t i on 

of ammoni a ,  plan t u p take o f  n i t rogen and harves t i ng o f  the plan t s , and 

ni tri f i ca t i on and deni t 

to  remove nu t r ien t s . The grea t es t p o t en t ial for  ni t rogen removal in 

we t land sys tems is  through n i t r i f i ca t ion and deni t r i f i ca t i on .  
< 9 , lO ) 

The 

aero b i c  zones near the roo t s  and s t ems of the p lan t s  prov ide a good 

env i ronmen t for the grow th of  n i t r i fying bac t e r i a . The vege t a t i ve l i t ter 

provi des a carbon source i n  t he anaero b i c  zones al lowing the grow t h  o f  the 

den i t r i fying bac t e r i a .  

Up t o  79  percen t removal o f  t o t a l  ni t rogen
< 9 >  

and 94 percen t removal 

of ammon i a ( l l )  
have been repo r t ed . Gearhear t ,  e t  al . ,  however ,  repor ted 

max imum ammon i a  removals of 30 to 35 percen t in a we t land sys t em and 

concluded that l i t t le n i t rogen removal could be a t t r i bu t ed to ni t r i f i ca t ion 

and deni t ri f i ca t i on .
< l Z ) Con f l i c t ing resul t s  such as these point  out  the 

impo r t ance of p i l o t -s cale s t ud i es p r i o r  to t he des ign of a full-s cale 

we t land t reatmen t sys t em .  

d .  Phospho rus Removal .  Phosphorus is removed by adso r p t ion in the 

so i l ,  complexi ng wi t h  compounds in the soi l ,  prec i p i t a t i on ,  and vege tat ive 

up take . Vege t a t i ve up t ake i n  we t land sys t ems i s  no t a s ign i f i can t 

phosphorus removal mechan i s m ,  even when harves t i ng o f  plan t s  i s  

prac t i ced .
( lO , 13 ) Because o f  l i mi t ed con tac t be t ween the was tewa ter and 

the s o i l ,  l i t t le phosphorus removal occurs in mos t we t land sys t ems . I f  

subs tan t ial amoun t s  o f  i ron , a lumi num , and clay are presen t i n  the soil  

and a s ubsur face f low sys t em i s  used , t he po t en t i al exi s.t s for grea ter 

phos phorus remova1 .
< 9 >  

The soil  hydraul i c  conduc t i v i ty i s  grea t ly 
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dec reased when t hese types o f  soils  are used , subs t an t ially increas ing 

the land area requi red for t reatmen t . 
< 4 >  

Also , because o f  t he sma l l  void 

spaces , i t  seems likely that t hese types o f  s o i l s  would even tually become 

clogged . U l t ima t ely , t he s o i l  wi l l  become sa t ura ted wi t h  phos phorus and 

phos phorus removal wi l l  cease , unless the s o i l  i s  removed and 

replaced . (
lO , 1 3 ) 

e .  Me tals Removal . Removal o f  me tals i n  we t lands i s  ve ry s i m i lar t o  

removal o f  phos phorus ; removal i s  by plan t u p t ake , chemical preci p i t a t i on , 

ion exchange , and adsorp t i on . 
( lO ) 

Mechan i sms for removal o f  me tals in 

free wa ter s u r face we t lands are s i m i lar t o  those for  phos phorus ; theref ore , 

me tals removal should be negl igible , s i m i lar t o  phos phorus . < 9 >  
P i lo t 

scale , subsur face flow we t lands i n  San t ee ,  Cal i forn i a ,  ach i eved removal 

ra tes of 99 percen t for copper , 97 percen t for z inc , and 99 percen t for 

cadm i um .  (
l4 )  S i m i lar to phos phoru s , i t  i s  expe c t ed t ha t  u l t i ma t ely t he 

s o i l  would become saturated , and for me t al removal t o  con t i nue , t he s o i l  

wou ld have t o  b e  removed and replaced . 

f .  Pa thogen Reduc t i on .  Redu c t i on in the number of pathogens in 

we t land sys t ems occurs as a resu l t  of ex t ended exposure to hos t i le 

phys i cal , chemi cal , and b i ologi cal fac t o rs . Because o f  t he qu i escen t 

cond i t i ons and cond i t i ons favorable for prec i p i t a t i on ,  many o f  t he 

organ i sms , eggs , and cys t s  s e t t le t o  the bo t t om . Generally , d i s infec t ion 

prior  t o  d i s charge i s  requ i red . 

4 .  WETLAND VEGETATION . The plan t s  are a c r i t i cal componen t o f  

we t l and sys t ems . Success f ul was t ewa t e r  t reatmen t depends on a fai rly dense 

s tand of heal thy plan t s . Open wa t e r  can lead to grow t h  of algae and pro

v i de a breed ing ground for mosqui t oes . The func t i ons of t he p lan t s  are to 

supply oxygen to t he wa t e r , provide a suppo r t  and a t t achmen t med i um for the 

m i c roo rgan i sms , and to  provide a f i l t ra t i on med i um .  The i mpor tant  c r i teria 

for plan t selec t i on are the quant i ty and qual i ty o f  suppo r t  and f i l t ra t ion 

med ium provi ded , e f fec t on the aqua t i c  envi ronmen t ,  and hard i ness o f  t he 

plan t .
( l O ) Also very impo r t an t  i n  f ree wat e r  sur face we t lands are the 

su bmerged par t s  o f  t he s t ems , leaves , and l i t t e r  used as subs t ra t e  and 

a t t achment  s i tes by m i c roorgani sms . 
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Included in the common emergen t plan t s  o f ten used i n  we t land t rea t men t 

sys tems are ca t t ails , reed s , rushes , bulrushes , and sedges (Table 5 ) . 

Ca t ta i ls are wi des pread , hardy , reproduce rapi d ly , and grow wel l  i n  sub

merged soils , maki ng them an ideal cand i date for we t land t reatmen t .  Rus hes 

grow in clus ters and are perennial , grassl ike herbs . Bulrushes are found 

in many places , are found a t  wa ter  dep ths up t o  10 i nches , and are capable 

of tolera t i ng long per iod s  of so i l  submergence . 

Reeds are t he mos t ubiqu i t ous o f  the emergen t aqua t i c  plan t s . Reeds 

are tall annual grasses wi th a far- reaching perennial rhi zome sys tem . The 

rhi zomes o f  reeds pene t ra t e  ver t i cally and mo re deeply t han ca t t a i ls . 

Reeds grow along the shorel ines where the groundwa ter  i s  below the sur face 

and also will  grow in wa t e r  deeper t han 5 fee t . Sedges usually grow along 

the shore and in shal lower wa ter  t han bulrushes . 
( lS ,  1 6 )  

Common local plan t s  are more l i kely t o  thr ive i n  new we t lands , because 

of  ten the type of vege t a t i on that  p redomina tes in t he local area even t ually 

domina t es the we t land area . Dep t h  o f  pene t ra t i on o f  the plan t roo t s  is  

impo r t an t . Shor t c i rcui t i ng through the suppor t  med i a  undernea th the roo ts 

can occur if the p lan t roo t s  have no t pene t ra t ed comple t ely through the 

suppor t med i a  t o  the impermeable layer below . I t  can t ake up to  t hree 

growing seasons for t he roo t sys t em to comple t ely pene t ra t e  t he bed or  for 

the vege t a t ion to comple t e ly cover t he wa t e r  sur face . 
( l 6 )  

Af t e r  t he plan t s  

have been es t a b l i shed , t h e  abundan t moi s t ure and nu t r i en t s  should allow the 

plan t s  to f lourish . Di seas e ,  toxi c ma terials , or  o ther problems can cause 

plan t loss and s i gn i f i can t ly a f fec t was t ewa t e r  t rea t men t . Per i od i c  removal 

of plan t l i t ter in free wa ter surface sys t ems t o  p reven t t he l i t t e r  f rom 

clogg i ng up t he sys t em may be necessary .
< 16 )  

S .  ADVANTAGES OF VETLAND TREATMENT . One o f  the maj o r  advan t ages of  

we t land t rea tmen t i s  the absence o f  bu i ld i ngs and compl i ca t ed equ i pmen t .  

The s impl i c i ty o f  t hese sys t ems o f t en resul t s  i n  lower opera t ing cos t s  and 

s i mpler opera t i on and mai n t enance because t here i s  less equi pmen t t o  

o pera t e  and mai n t ai n , compared t o  conven t i onal V\ITPs . The absence o f  

bui ld i ngs and compl i c a t ed equi pmen t also o f t en resul t s  i n  lowe r 

cons t ruc t i on and equi pment  cos t s .  
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w 

Co-on Naae 

Ca t t a i l  

Co-on Reed 

Rush 

Bul rush 

Sedge 

TABLE 5 

EMERGENT AQUATIC PLANTS FOR WASTEWATE R  TREATMENT ( l 5 l  

Scient i f i c  Naae 

� spp . 

Ph ragai t e s  co-uni s  

.Juncus spp . 

Sci rpus spp . 

Care& spp . 

Di s t r ibut i on 

Throughout the Wo r l d  

Throughout the Wo r l d  

Throughout t h e  Wo r l d  

Throughout t h e  Wo r l d  

Throughout the Wo r l d  

Tempe rature 

Des i rable 

( oC ) 

1 0 - 3 0  

1 2 - 2 3  

1 6- 2 6 

1 6- 2 7  

1 4- 3 2  

Seed 
Ge raination 

( OC ) 

1 2- 2 4  

1 0- 3 0  

Maxiaua 
S a l inity 
Tol e rance 

( pa r t s  per 
thousand ) 

3 0  

4 5 

2 0  

2 0  

E f fective 
pH 

Range 

4-10 

2-8 

5- 7 . 5 

4 - 9  

5- 7 . 5 
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The qual i ty of  ef fluen t produced by we t lands i s  o f t en in compl iance 

wi t h  secondary t rea tmen t s t andards , and e f fluen t data  f rom we t land s has 

been presen ted in an earl i er sec t i on . Because o f  t he large volume of  wa t e r  

re t ai ned and the long hyd rau l i c  res i dence t i me ,  a we t land t reatmen t sys t em 

can eas i ly t rea t vary ing hyd rau l i c  and organ i c  loads . Ye t lands can also 

provide  a s i gn i f i can t new hab i t a t  for b i rds , f i sh ,  and o ther wild l i f e .  

Because o f  t he organi c  ma ter ial t ha t  se t t les near the inlet  and the oxygen 

suppl i ed by t he plan t s , we t land sys t ems provi d e  a bui l t - i n  compos t i ng zone 

near t he inle t of t he cel l . Thus , s ludge is au t oma t i cally compos t ed i n  

we t lands . 

6 .  DI SADVANTAGES OF YETLAND TREATMENT . One o f  the maj or d i sadvan

tages o f  we t land t rea tmen t is t he amoun t of land requ i red . Land 

cons t ra i n t s  such as h igh purchase p r i ce ,  s t eep s lo pes , shallow bedrock , 

high wa ter  table , or  flood ing can qu i ckly make conven t i onal t reat men t 

advan tageous compared t o  we t land t rea tmen t . Poor e f f luen t qual i ty can 

resul t when we t land vege t a t i on is harmed by d i seases , c l i ma t e ,  compe t i t i on 

from o t her plan t s , or an i mals . Holes made by animals i n  d i kes or leaks in 

d i kes can cause d i f f i cul t ies . 

Vec tors , such as f l ies or mosqu i toes , can be a nu i s ance . Subsurface 

flow sys t ems , where t he wa t e r  is below t he sur face , are no t subj ec t t o  

mosqu i t o problems , bu t f ree wa t e r  sur face sys t ems occas i onally have 

mosqu i t o problems . Comple t e  coverage o f  open wa t e r  by plan t s , f i sh that 

feed on mosqu i t o larvae , and chem i cal con t rol can be used t o  comba t 

mosqu i t oes . 

The po t en t i al for odors ex i s t s  w i t h  we t land t reatmen t . Preven t i ve 

measures can include suf f i c i en t  p lan t coverage to prov i d e  oxygen to avo id 

anaerob i c  cond i t i ons o r  d i lu t i on o f  i n f luen t was t ewa t e r  by rec i rcul a t ing 

the e f f luen t flow . Add ing was t ewa t e r  a t  several po i n t s  downs t ream o f  t he 

inle t i n  t he cell can spread the oxygen demand over a wider area , avo id 

anaerob i c  cond i t i ons , and also reduce odors . 

Harves t ing plan t s  i s  d i f f i cul t because o f  t he satura t ed or  flooded 

cond i t i on of the ground . Nu t r i en t removal by p lan t harves t i ng has been 

usual ly found to be inef f i c i en t .
< 9 ,  l O ) 
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Because we t land t rea tmen t o f  was tewa ter has no t been wide ly prac t i ced 

for a long pe r i od o f  t i me , i t  is  no t covered ex tens ively in the l i terat ure . 

Few des ign gui de l i nes have been publi shed and conf i rmed ; therefore , i t  is 

d i f f i cu l t  to pred i c t  e f fluen t qual i ty and des ign a we t land sys tem .  Process 

o p t i m i za t i on is d i f fi cu l t  because l i t t le publi shed informa t i on ex is t s ,  

and few adj us tmen t s  can be made i n  a we t land sys tem once cons t ruc t i on and 

plan t i ng are comple ted . 

C .  EVALUATION OF A CONSTRUCTED VETLAND 

For the pas t several years , t he Ci ty o f  Hays , Kansas has been s t udying 

al terna t i ves i n  an a t t emp t to acq u i re add i t i onal raw wa t e r  to ease a 

sho r t age o f  po table wa t e r . The Ci ty has cons idered shor t - term proj ec t s  to 

reli eve exi s t i ng po table wa t e r  sho r t ages and l ong- t e rm p roj ec t s  to  provide 

for fut ure wa ter  demand s  and allow for popula t i on grow t h .  Based 

on prel iminary accep t ance by governi ng agenc ies , es t i ma t ed cos t s ,  and a 

preliminary i mp lemen t a t i on s chedule , the Ci ty i s  proceed i ng wi t h  a proj ect  

t o  acqu i re add i t i onal raw wa t e r  r i gh t s . The p roj ec t w i ll i nvolve the 

acqui s i t i on o f  add i t i onal raw wa ter  r i gh t s on t he Big  Creek al luvial 

aqu i fe r  and i s  called t he Big Creek Va t e r  Banki ng Plan . 

The add i t i onal raw wa t e r  supply w i l l  be gained by two me thods . The 

f i rs t  me t hod wi l l  be t o  use t rea ted was t ewa ter  e f f luen t for i r r iga t i on in 

exchange for exi s t ing raw wa t e r  righ t s  o r  t o  replace po table wa ter  

curren t ly used for i rr i ga t i on .  The Ci ty golf  cours e , Ci t y  s o f t ball f i elds , 

Larks Park , and pos s i bly Smoky H i l l  Coun t ry Club Gol f  Cou rse w i l l  be i r r i 

ga ted wi t h  t rea ted was t ewa t e r  e ff luen t . The s econd me thod w i l l  b e  t o  pump 

a frac t i on o f  the Ci ty ' s VVTP e f f luen t ups t ream and d i scharge i t  i n t o  Big  

Creek t o  recharge t he B i g  Creek aqu i fer . The Ci ty will  be al lowed to  

wi thdraw t he amoun t o f  wa ter f rom the aqui fer t ha t  i s  recharged . New we lls 

w i l l  be cons t ruc t ed t o  w i t hd r aw t h i s  wa ter . The t o tal amoun t o f  was t ewa ter 

e f f luen t used for i rr i ga t i on and recharge will  be 1 . 2  m i l l i on gallons per 

d ay ( mgd ) . The quan t i ty of 1 . 2  mgd is equal to the f rac t i on o f  the Ci ty ' s 

raw wa ter  ob tained f rom the Smoky H i ll well f i elds t i mes t he average flow 

o f  the VVTP . 
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The t r ea ted was tewa t e r  e f f l uen t to  be used for i r r i ga t ion and recharge 

will have to mee t cer tain  wa ter qual i ty s t andards es tabl i shed by t he KDHE . 

All o f  the t rea ted was t ewa ter ef f luen t mus t comply wi th the cur ren t Kansas 

Va ter Pollu t i on Con t rol Permi t and Au t hor i z a t ion to  Dis charge ( d i s charge 

permi t )  i ssued to the Ci ty .  The curren t d i s charge permi t for t he VWTP 

expi res in 1 99 1 , and t he Big  Creek Wa ter  Banki ng Plan i s  scheduled to  

commence in 1992 . KDHE was con tac t ed to determine wha t the was tewa ter 

e f f luen t limi t a t i ons migh t be when t he permi t is rei ssued i n  1 99 1 . The 

KDHE , in a le t t er da ted Augus t 7 ,  1 990 , proposed t he was t ewa ter e f f luen t 

l i mi t a t i ons shown i n  Table 6 .  The l i m i t a t i ons presen t ed i n  Table 6 are 

likely to  be in e f fec t when t he Big  Creek Wa t e r  Banking Plan becomes 

opera t i onal . 

In  add i t i on to  t he l i m i t a t i ons l i s t ed i n  Table 6 ,  fecal coli form 

li mi t a t i ons w i l l  requ i re d i s in fec t i on o f  t he e f f luen t .  KDHE also ind i cated 

tha t  dechlor i na t i on w i l l  be req u i red af ter  d i s i n fec t i on , i f  chlorine i s  

used t o  d i s i nfec t . The l i m i t a t i ons w i l l  also con tain m i n i mum d i s solved 

oxygen requi remen t s  of 5 . 0  m i l l i grams per l i t er ( mg/ l ) . KDHE does no t 

an t i c i pa t e  issuing any l i m i t a t i ons for me tals , unless an indus t ry d i s 

charg i ng me tals should connec t t o  t he sewer sys tem .  Was t ewa ter e f fl uen t 

used for i r r iga t i on mus t be f i l t ered and have a chlor i ne res i dual o f  

1 . 0 mg/ l a t  the s p r i nkler head . There w i l l  be n o  n i t r a t e  limi t a t i ons for 

t he wa ter d i s charged to Che t o lah Creek . The KDHE ind i ca t ed t ha t  deni t r i f i 

ca t ion to  reduce the concen t ra t i on o f  ni t ra tes en t e r i ng t he aqu i fe r  may be 

des i rable for t he was t ewa t er d i s charged to Big  Creek ups t ream from t he 

Ci ty . 

The ex i s t i ng \IVTP a t  t he C i ty o f  Hays prov ides secondary t reatmen t 

us ing t r i ckling f i l t ers . The exi s t i ng W�P i s  no t capable o f  complying 

wi th t he ammon i a  l im i t a t i ons presen t ed i n  Tabl e  6 o r  prov i d i ng f i l tered 

e f f luen t requi red by t he KDHE . To mee t the requi remen t s  and limi t a t i ons , 

proposed by t he KDHE , i mprovemen t s  includ i ng a ni t r i f i ca t i on and 

deni t r i f i ca t i on ac t i va ted sludge proces s , f i l t ra t i on ,  chlorina t i on ,  and 

dechlorina t i on were proposed for the WVTP . Var i ous par t i es and agenc i es 

sugges ted that a we tland t rea tmen t sys t em migh t be an approp r i a t e  and 

cos t -e f fec t i ve t rea tmen t me t hod t o  subs t i t u t e  for some o f  t he pro posed 
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Paraaeter 

2 . 8  Mi l l ion Gal l ons pe r Day 
Discha rged into Chetolah Creek 

Ca rbonaceous BOD 

Total Suspended So l i ds 

Alulon i a  as Nit rogen 

1 . 2 Mi l l ion Gal lons per Day 
Discha rged into Big Creek 
Ups t reaa f ro• Hays , Kansas 

Ca rbonaceous BOD 

To t a l  Suspended Sol ids 

Amlonia as Ni t rogen 

TABLE 6 

WASTEWATER EFFLUENT LIMITATIONS PROPOSED BY THE KDHE 

Ave raging 
Period 

Monthly 

Week ly 

Monthly 

Weekly 

Weekly 

Weekly 

Monthly 

Weekly 

Maxiaua 
Concent r a t i on 

( •g/l ) 

1 5  

2 0  

2 5 

4 5 

30 

1 .  2 

1 .  5 

1 5  

20 

2 5  

4 5  

30 

1 .  5 

2 . 0  

Ti•• o f  the Yea r 

July th rough August 

May th r ough June and 
Sept eabe r through October 

Noveabe r through Apr i l  

Su-e r 

Winter 

July through Augu s t  

June and Septeaber 

October through May 

Apr i l  th rough Noveab e r  

Oeceabe r through Ma rch 

• 



proces ses a t  the WWTP . Several of  these par t i es and agencies we re also 

en thused a bou t the we t lands prov i d i ng the added benef i t  of  serv i ng as a 

wildli fe hab i t a t . G i ven t he proposed was tewa ter  e f fluen t l i m i t a t i ons and 

the requi remen t s  of  the Big  Creek Wa ter Banki ng Plan , we t land t rea tmen t 

will  be examined t o  de t ermine i f  i t  i s  an approp r i a t e  t rea t men t process . 

1 .  APPROACH TO EVALUATION .  Us ing we t lands for was t ewa t er t reatmen t 

has no t been wi dely prac t i ced for an ex tended per i od o f  t ime . The resu l t  

of  t h i s  lack of  exper i ence i s  an absence o f  d a t a  f rom full -scale we t land 

t reatmen t sys t ems confi rm i ng des ign parame ters and des i gn equa t i ons . Th i s  

absence of  con f i rming da t a  makes accura t e  pred i c t ion o f  was t ewa t e r  e f f luen t 

qual i ty d i f f i cul t .  I t  i s  s t rongly recommended t ha t  des i gn o f  a full-scale 

we t land t reatmen t sys tem be preceded by a p i lo t  proj ec t . < 1 7 1 lS ) 
There i s  no t s u f f i c i e n t  t i me t o  de t ermine whe ther or  no t the e f f luen t 

limi ta t i ons proposed by the KDHE can be achi eved i n  Hays , Kansas us ing a 

we t land t rea t men t sys tem . Conduc t i ng a p i lo t -scale tes t to  d e t e rmine the 

e f f luen t qual i ty a we t land i s  capable o f  pr-0du c i ng could take t h ree to  f i ve 

years . The Big Creek Ya t e r  Banki ng Plan w i l l  have to  comply wi th the 

limi ta t i ons es tabl i shed by t he KDHE and i s  scheduled t o  begin opera t i ng i n  

approxi ma t ely two years . 

Because t here i s  no t su f f i c i en t  t i me for a p i lo t -s cale t es t ,  ano ther 

me thod o f  evalua t i on mus t be used . The approach that w i ll be taken to 

de termine i f  we t land t rea tmen t is a feas i ble t rea tment  p rocess for Hays , 

Kansas w i l l  be an evalua t i on o f  pub l i shed e f f luen t values f rom t he 

l i tera t ure . Publi shed e f f luen t values f rom ful l-scale we t land t reatmen t 

sys t ems s i m i lar t o  one t ha t  migh t  be used i n  Hays w i l l  b e  compared to  the 

e f f luen t l i m i t a t i ons p roposed by t he KDHE . I f  we t land t rea t men t sys t ems 

capable o f  ach i ev i ng the e f f luen t limi t a t i ons proposed by the KDHE canno t 

be found , t hen i t  w i l l  be concluded that  we t land t rea t men t i s  no t an 

acce p t able process . 

2 .  NITRIFICATION AND DENITRIF ICATION . Ni t rogen i s  removed by the 

vola t i l i za t i on o f  ammon i a ,  plan t  up t ake o f  n i t rogen and harves t i ng of  

we t land plan t s , and n i t r i f i ca t i on and den i t r i f i ca t i on .  In  general , 
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harves t ing o f  we t land plan t s  to remove nu t r i en t s  i s  ine f f i c i en t  and 

d i f f i cu l t  due to s t and i ng wa ter  or sa tura ted soi l .  The grea tes t po t en t i d l  

for ni t rogen removal i n  we t land sys tems i s  by ni t r i f i c a t i on and 

den i t r i f i ca t ion . < 9 , lO ) 
Ni t r i f i ca t ion takes place when mic roorgan i sms use ammon i a  and conve r t  

i t  t o  ni t ra t e . The convers i on o f  ammon i a  to  ni t ra t e  prov ides t he mi cro

o rgan i sms wi t h  energy . The mi croo rgan i sms tha t conver t ammon i a  to  ni t ra t e  

req u i re oxygen t o  surv i ve , wh i ch i s  sup p l i ed b y  t h e  oxygen that  d i f fuses 

f rom the roo t s  and s t ems of t he we t land plan t s . More oxygen is t rans ferred 

i n t o t he was t ewa t er in a free wa ter  surface sys tem than a subsur face fl ow 

sys tem , because oxygen can be t rans fer red across the ai r-wa ter in terface . 

Becaus e the microorgani sms that  conve r t  ammonia t o  n i t ra t e  req u i re oxygen , 

i t  fol lows tha t mo re ni t r i f i ca t ion would take place in a free wa ter sur face 

sys tem compared to a subsur face flow sys tem . To encour age n i t r i f i ca t ion ,  a 

free wa ter  surface type o f  we t l and would be recommended for Hays , Kansas . 

Ano ther env i ronmen tal cond i t i on tha t i s  c r i t i cal t o  t he organi s ms tha t 

conver t ammonia  t o  n i t ra t es , bes ides oxygen , i s  t empera t u re . N i t r i f i ca t ion 

decreases s ign i f i can t ly or  ceases a t  t empera tures be low 5 - 7  C .  Was t ewa ter 

t emper a t u res i n  a we t l and a t  Hays , Kansas could eas i ly fall below 10 C ;  
t herefore , c l ima t e  i s  an i mpor t an t  fac t o r  t o  cons i de r  when examining da ta 

from exi s t i ng we t lands . 

Deni t r i f i ca t i on t akes p lace when mi croo rgan isms conver t n i t ra t e  to  

n i t rogen gas , wh i ch then escapes into the a t mosphere . As  in  n i t r i f i ca t i on ,  

the convers i on o f  n i t ra t e  t o  n i t rogen gas prov i des t hes e m i c roo rgan i sms 

w i th energy . Unl i ke n i t r i f i ca t i on ,  the m i c roorgani sms that  conve r t  n i t ra t e  

t o  ni t rogen gas w i l l  only d o  so i f  oxygen i s  absen t ( anox i c  cond i t ions ) . 

These anoxic cond i t i ons are o f t en p resen t i n  we t lands i n  the wa ter  away 

from t he roo t s  and s tems o f  p lan t s . The organ isms respon s i ble for 

deni t r i f i ca t ion also req u i re a carbon source , and carbon is provided by the 

was t ewa ter  or the vege t a t ive l i t t e r  in the was tewa te r . Den i t r i f i ca t i on is 

s lowed s i gn i f i can t ly or  s t ops as the t empera t ure reaches 5- 7 c.  
< 1 9 >  

We t lands thu s  provide a n  env i ronme n t  conduc ive t o  n i t r i f i ca t i on and 

deni t r i f i ca t i on ,  aerobi c zones near the plan t s  for n i t r i f i ca t i on ,  and 

anaero b i c  zones w i t h  carbon sources for deni t r i f i ca t ion . 
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Presen ted in  Table 7 are some inf luen t and effluen t ammon ia concen

t ra t i ons from 10 cons t ruc ted we t lands . Free wa ter  sur face and muni c i pa l  

was tewater  t rea tmen t sys t ems wer� given preference when selec t ing we t lands 

for Table 7 to more closely represen t the we t land sys t em tha t  migh t be 

bu i l t  in Hays . In fluen t ammonia ni t rogen concen t ra t i ons to  t he we t lands 

range from 2 . 8  to 43 . 4  mg/ l .  Al t hough 4 3 . 4  mg/ l  in a t r i ckl ing f i l t er 

plan t effluen t is s l i gh t ly h igh , the i n fluen t ammon i a  n i t rogen ranges 

are typ i cal of t he inf luen t concen t ra t i ons that  a we t land in Hays migh t  

expe r i ence . The e f f luen t from a we t land t rea tment  sys t em would be 

d i s charged i n t o  Big Creek ups t ream from Hays , Kansas . Accord ing to the 

informa t i on in  Table 6 ,  e f fluen t ammon i a  concen t ra t i ons mus t mee t a weekly 

limi t a t ion of 1 . 5  mg/ l  from Apr i l  through November and 2 . 0 mg/ l  from 

December through March . 

Of the 10 we t land sys t ems shown in  Table 7 ,  only 4 produced e f fl uen t 

ammonia concen t ra t i ons a t  or  be low 1 . 5  mg/ l and ano ther was a t  2 mg/ l .  In 

order for a was t ewa t er t reatmen t sys t em to cons i s t en t ly comply wi th an 

ef fluen t l im i t a t i on o f  1 . 5  or 2 . 0  mg/ l ,  t he l ong- t erm average mus t be 

s i gn i f i can t ly below t hese levels . A long- term average of 1 . 5  mg/ l is 

calcula ted from values above and below 1 . 5 mg/ l , whi ch would resu l t  in 

several v i o la t i ons of a weekly l imi t a t ion of 1 . 5  mg/ l . 

E f fluen t ammon i a  concen t ra t i ons a t  Isel i n , Pennsylvan i a  averaged 

0 . 5  mg/ l  and at Lakeland , Flor i da averaged 0 . 3 mg/ l .  The was t ewa ter  

t emperat ure a t  Iselin  d i d  no t fall below 16 C dur i ng this  per i od . Yas t e

wa ter  tempera t u res for Lakeland are n o t  ava i lable , because o f  Flo rida ' s  

warm c l ima t e ;  however , i t  can be assumed that  t he was t ewa ter t empera tu res 

were rela t i vely warm . The wa t e r  surface of a we t land i n  Hays , Kansas will  

freeze dur i ng the w i n t e r , and was t ewa ter  t empera tures w i ll be below 10 C .  

N i t r i f i c a t i on would slow grea t ly o r  s t op a t  t empe r a tures well below 1 0  c .  
I t  i s  unl i kely that  n i t r i f i ca t i on would have been as comple t e  and e f fluen t 

ammon i a  concen t ra t ions as low as I s e l i n  or  Lakeland i f  was t ewa ter  

tempe ratures were colder . Average e f fluen t ammoni a concen t ra t i ons o f  

3 . 3  mg / l  a t  Isel in f o r  the per i od March 1983 t o  Sep t ember 1985 ( ZO )  
i nd i ca te that ni t r i f i c a t i on i s  no t a s  comple t e  a t  colder t empera t u res . 
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Locat ion 

Arcata , Ca l i f o rn i a
1 20 1  

Benton , Kentucky
1 20 1  

Brookhaven Nat ional 
1 20 1  

Laboratory , New Yock 

I s e l in , Pennsylvania
( 2 l l  

Lakeland , F l o c ida
1 2 2 1  

Listowe l ,  Canada
1 20 1 

Middleton , England
1 20 l  

Ring s t e d ,  Denaa rk
( 20 l  

Santee ,  Ca l i fo rni a
1 1 1 • 2 0 1  

Veraontvi l l e , Michigan
1 2 3 l  

TABLE 7 

NITRI FICATION DATA FROM CONSTRUCTED WETLANDS 

Period of Rec o r d  

Septeabe r 1 9 8 0  t o  
August 1 9 8 2  

March t o  
Noveaber 1 9 8 8  

August 1 9 7 5  to 
Augus t  1 9 76 

August 9-2 2 , 1 9 8 5  

Apc i l  1 9 8 7  t o  
March 1 9 8 8  

Septeaber 1 9 8 0  t o  
Augus t  1 9 8 4  

June 1 9 8 7  to 
January 1 9 8 8  
Septeabe r 1 9 8 4  to 
October 1984 

August 1983 t o  
Deceabe r 1 9 8 4  

Aallonia Nit rogen 
Concen t r a t i on 

Inf luent E f f l uent 

( •g/1 1 ( •g/l ) 
1 2 . 8  9 . 6  

6 . 2  5 . 8  

8 . 4  3 . 5  

4 3 . 4  0 . 5  

6 . 5  0 . 3  

7 . 2 3 . 8  

2 . 8  1 .  5 

34 1 5  

2 4 . 7  1 .  5 

2 

Co-en ts 

F ree water sur face syst em , 
p i l ot-scala 

F ree water s u rface systea, 
full-scale 

Free water s u r face systea , 
p i l o t-scale 

Ma rsh , pond, and aeado w ,  
full-scale ; lowe s t  
teape rature , 1 6  c 

F ree wat e r  s u r face and lake 
systea , ful l -scale 

F ree water s u r f  ace system , 
pi lot-sca l e  

Subsur face f low systea , 
ful l-scale 

Subsu r f ace flow systea 

Subsur face flow systea , 
pilot-sca l e ;  l owest 
teape rature , 1 2  C 

Free water surface sys tem , 
p i l ot - s c a l e  
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The l i s t  o f  we t land sys tems in Table 7 i s  by no means comp l e t e , bu t 

i t  i s  represen t a t i ve of we t lands t rea t i ng a typi cal mun i c i pal was tewa t er . 

Some o f  the we t lands are t rea t i ng secondary e f f luen t and some are no t .  

The 10  we tlands l i s ted are no t being opera ted solely to n i t r i fy ammon i a . 

Evalua t i on of t he data ind i ca t e  t ha t  i t  i s  unl i kely a we t land in  Hays , 

Kansas would be able t o  mee t an e f f luen t ammonia l im i t a t ion of 1 . 5 mg/ l in 

Novembe r .  Of the 10 we t land sys t ems examined , no t one was capable o f  

comply ing wi t h  t he limi t a t i on o n  a weekly , or  even mon t h ly , bas i s  under 

cold wa ter  cond i t i ons . We t l ands t ha t  were capable o f  comp l i ance were 

opera t i ng under warm wa ter  cond i t i ons . The conclus i on i s  that the effluen t 

ammon i a  l i m i t a t i ons presen ted in  Tab le 6 canno t cons i s t en t ly be me t using a 

we t land t rea tmen t sys t em i n  Hays . 

Ind i ca t i ons are tha t there w i l l  no t be any e f f luen t l i mi t a t i ons on 

ni t ra t e  concen t ra t i ons in t he nex t d i s charge permi t to be i s sued to the 

Ci ty o f  Hays . A process tha t reduces ni t r a t e  concen t rat i ons , however , is 

encouraged to  reduce ni t ra te concen t ra t i ons i n  t he groundwa ter . Deni t r i f i 

cat i on i n  a we t land would reduce ni t rogen concen t ra t i ons i n  the e f fluen t .  

When n i t r i f i ca t i on takes p lace , den i t r i f i ca t ion i n  a we t land o f ten occurs , 

reduc i ng t he t o t a l  ni t rogen concen t ra t i on o f  t he e f f luen t .  Reduc t i ons in 

t o tal n i t rogen i n  a was t ewa t e r  by ni t r i f i ca t i on and d eni t ri f i ca t i on can be 

as high as 86 percen t and produce e f f luen t t o t a l  Kj eldah l  n i t rogen concen

t ra t i ons below 10 mg/ l .  < 4 > 
3 .  REMOVAL OF BIOCHEMICAL OXYGEN DEMAND AND SUSPENDED SOLIDS . 

Se t t leable par t i c les t ha t  are measured as b i ochemi cal oxygen demand ( BOD) 

set tle in we t lands and even t ually are used by m i croorgan i sms for energy and 

to produce new cellular ma t e r i al . Soluble BOD i s  also removed and used by 

m i c roorganisms . Sus pended sol ids i n  the was t ewa t e r  are se t t led due to the 

qui escen t cond i t i ons or  f i l t ered ou t by t he plan t s , gravel ,  or  soi l .  

L i s ted i n  Table 8 are influen t and e f f luen t BOD and suspended solids  

concen t ra t i on from t he 1 0  cons t ru c t ed we t lands l i s ted in  Table 7 .  Inf luen t 

BOD concen t ra t i ons i n  Table 8 range f rom 9 . 7  t o  1 8 9  mg/ l . A b r i e f  rev i ew 

o f  the WWTP records for the C i ty o f  Hays i nd i ca t ed t ha t  t he range o f  recen t 

ef f l uen t BOD concen t rat i ons was approx i ma t ely 1 0  t o  45 mg/ l .  The proposed 

e f f l uen t l i mi t a t i ons in  Table 6 ind i ca t e  that  an e f f luen t from the we t land s 
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Loc a t i on 

Arca t a , Cal i fornia
< 2 4 >  

Benton , Kentucky
< 2 4 1  

Brookhaven Nat i onal 
( 2 4 1  

Labo r a t o ry , New York 

I s e l i n ,  Pennsylvan i a
< 2 4 1  

Lak e l an d ,  F l o r ida
1 2 2 1  

Listowe l , canada
1 2 4 1  

Middleton , England
1 2 4 1  

Ringsted , Denaa rk
1 2 4 1  

Santee , Ca l i fornia
1 2 4 1  

Veraontv i l l e ,  Michigan
1 2 3 1 

TABLE 8 

BOD AND SUSPENDED SOLIDS REMOVAL IN CONSTRUCTED WETLANDS 

BOD Concent r a t i on 
Influent E f fl uent 

( •9/ 1 ) ( •g/l ) 

2 6  1 2 . 8  

2 3  1 1  

1 70 1 9  

1 4 0  7 . 4  

9 . 7  2 . 1  

1 9 . 6  7 . 6  

1 1 . 0  3 . 0 

1 8 9  1 1  

1 1 8  . 3  5 . 3  

Suspended So l ids 
Concentrat ion 

Inf l uent 

( ag/l ) 

3 7  

60 

353 

3 8 0  

1 3 . 1  

2 2 . 8  

30 

2 4 3 

58 . 1  

NOTE : The period o f  record and coaaents are the saae as Table 7 for a l l  locat i ons except the pe riod of reco rd i s  
March 1 9 8 3  to Septeaber 1 9 8 5  f o r  Isel in , Penns y l van i a .  

E f f l uent 
( •9/l ) 

5 . 4  

2 0  

4 3 

1 9  

4 . 7  

9 . 2  

8 

6 

3 . 7  

• 
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d i s charged i n t o  Big Creek ups t ream from Hays would have a m i n i mum BOD 

limi t a t i on o f  15 mg/ l .  The proposed ef fluen t l i m i t a t ion in Table 6 r e f e rs 
t o  car bonaceous b i ochemi cal oxygen demand only , wh i le the values l i s ted in  

Table 8 are mos t l i kely f i ve-day BOD values . I f  the values l i s ted in 

Table 8 were expressed as carbonaceous BOD , t hey would mos t l i kely be 

lower . Because this  informa t i on i s  no t ava i lable , t he BOD values l i s t ed 

in  Table 8 wi l l  be used i n  t he evalua t i on . 

O f  t he n i ne ef fluen t BOD concen t ra t i ons from cons t ru c t ed we t lands 

presented in Table 8 ,  all  but  one are below 1 5  mg/ l .  The one value tha t i s  
above 15  mg/ l ,  B rookhaven Na t i onal Labo ra t ory a t  1 9  mg/ l ,  has an inf luen t 

concen t ra t i on o f  1 7 0  mg/ l .  A we t land t ha t  would be cons t ru c t ed i n  Hays 

would rarely , i f  ever , receive inf l uen t BOD load i ngs grea ter  t han 45 mg/ l .  

The we t lands i n  Table 8 that  had low influen t BOD concen t ra t i ons , and mos t  

o f  those wi t h  h i gher i n f luen t BOD concen t ra t i ons , produced e f f luen t BOD 

concen t ra t i ons less t han 15 mg/ l .  A cons t ruc t ed we t land in Hays w i l l  

rece i ve re la t i ve ly low i n f luen t BOD concen t ra t i ons ; therefore , i t  seems 

reasonable t o  conclude that  comp l i ance wi t h  t he proposed e f fluen t 

l i mi t a t i on can be achi eved . 

The i n f luen t suspended sol i ds concen t rat i ons l i s ted  in  Table 8 range 

from 13 to 380 mg/ l .  A b r i e f  revi ew o f  t he YVTP records for the Ci ty 

ind i ca t ed t ha t  t he range of recen t e f f luen t suspended s o l i d s  concen t ra

t i ons was approx ima t ely 1 t o  81 mg/ l .  Re fer r ing again  t o  Table 6 ,  the 

proposed e f fluen t l i m i t a t i on for suspended solids  for a new cons t ru c t ed 

we t land would be 30 mg/ l .  

O f  t he nine e f f luen t suspended sol ids concen t ra t i ons from cons t ruc ted 

we t lands presen ted in  Table 8 ,  all but one are subs tan t i a l ly below 30 mg/ l .  

The one value t ha t  i s  above 30 mg/ l ,  agai n  Brookhaven Na t i onal Labo ra tory 

a t  43 mg/ l ,  has an i n f luen t concen t ra t i on o f  353 mg/ l .  A we t land tha t  

would be cons t ruc t ed a t  Hays would rarely , i f  ever , rece ive i n fluent 

suspended solids load i ngs grea ter  t han 81 mg/ l .  Fol lowing reason ing 

s i mi lar to  that  presen ted for BOD , i t  seems reasonable t o  conclude tha t 

comp l i ance wi th the proposed e f f luen t suspended s o l i d s  l imi ta t i on can be 

ach i eved . 

24 



4 .  OTHER I SSUES . Several o ther i s sues concern ing we t land t reatmen t 

should be add ressed : 

• Loss o f  Wa t e r . The p r i mary purpose of the Big  Creek Wa t e r  
Banking Plan i s  to  i ncrease t he wa t e r  supply f o r  the Ci ty of 
Hays . In order to  increase t he wa ter  supply , i t  would be 
desi rable t o  d i s charge t he max i mum quan t i ty o f  e f f luen t possi ble 
in order t o  recharge the maxi mum quan t i ty o f  wa ter  poss ible . 
More wa t er would be los t i n  a we t land t han w i t h  conven t i onal 
was t ewa ter  t rea t men t because of t he evapo ra t ion from t he large 
was tewa ter sur face and t rans p i ra t ion by t he plan t s . One 
d i sadvan tage of we t land t rea t ment  would be a reduc t i on in the 
quan t i ty o f  water ava i lable for recharge . 

• Termina t i on o f  We t land Trea t men t .  I f  a we t land t rea t men t sys tem 
were used in-Conj unc t i on wi t h  t he B ig Creek Wa t e r  Banking Plan 
i t s mos t i mpor t an t  func t i on would be was t ewa t e r  t rea t men t . The 
we t land would be opera t ed and permi t t ed for was t ewa t er t rea tmen t . 
I f  we t land t rea t men t fai led , i f  t he Big  Creek Ya ter  Banki ng Plan 
was d i scon t i nued , or some o ther unf o reseen c i r cums t ance occurred , 
we t land t rea t ment  migh t have t o  be t ermina ted . 

The termina t ion o f  we t land t reatmen t rai ses several ques t i ons , 
because o f  t he supplemen t ary benef i t s ,  such as prov i d i ng a 
w i ld l i fe habi t a t , of a we t land . Termina t i on o f  we t l and t rea tmen t 
and des t ruc t i on o f  t he we t land could be harmful t o  any w i ld l i fe 
t ha t  migh t  have bene f i t ed from t he we t land . Des t ruc t i on o f  the 
we t land m igh t resu l t  i n  adverse pub l i c  reac t i on or  an adve rse 
reac t i on from a governmen tal agency . The C i ty of Hays could be 
faced w i t h  a cho i ce of t e rmina t i ng we t land t rea t men t and r i sking 
pos s i b le publ i c  and governmen tal d i sapproval o r  opera t i ng the 
we t land for no was t ewa t e r  t reatmen t bene f i t .  Nei ther of t hese 
t wo choi ces is des i rabl e  and could resul t  in  poor publ i c  
relat i ons or add i t i onal cos t wi th l i t t l e  or  n o  bene f i t f o r  t he 
C i ty o f  Hays . 

• F low i n  B ig Creek . The Kansas Divis i on o f  Ya t e r  Res ources i s  
requ i r i ng a t  leas t one- t h i rd o f  the  was t ewa t e r  e f fluen t t o  pass 
t he con fluence of Che t olah Creek and Big Creek . To comply wi t h  
t h i s  requi remen t ,  two d i scharge loca t i ons , one ups t ream a t  the 
recha rge poin t  and one a t  the 'JVTP ( F igur e  3 ) , are necessary . 
The mos t prac t i ca l  and cos t - e f fe c t i ve solu t i on i s  t o  t rea t the 
was t ewa t e r  a t  t he exi s t i ng IJVTP . There i s  no t suf f i c i ent  space 
a t  the exi s t ing IJVTP for we t land t reatmen t .  

• T i me Cons t ra i n t s . A we t land t rea t me n t  sys t em i s  no t recommended ; 
howeve r , i f  we t land t reatmen t i s  s elec ted , a p i l o t  s tudy would be 
necessary because o f  the absence o f  con f i rmed des ign gu idelines . 
A p i l o t  s tudy woul d  d e t e rm i ne i f  a we t land could comp ly w i th t he 
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ammon i a  l i mi tat i ons in the d i s charge permi t and also provide 
ev idence of compl i ance to the s t a t e  regula t ory agenc i es . I t  
would take one t o  th ree years to  es t ab l i sh a v i able we t land p i l o t  
t rea tmen t sys t em .  Da ta f rom t h i s  p i l o t  sys tem would have to  be 
collec ted for a t  leas t two years . A p i l o t  s t udy would thus 
requi re three to f i ve years . Af ter  the p i l o t  s t udy , i t  would 
take one to  three years be fore a ful l-scale we t land t rea tmen t 
sys tem was capable o f  prov i d i ng comple t e  t rea t men t . I t  would 
req u i re four to e i gh t  years to  es t ab l i sh a we t land t rea t men t 
sys tem , includ i ng a p i l o t  s t udy . 

The B ig Creek Wa ter Banki ng Plan was es tabli s hed t o  ob tain 
add i t i onal wa ter  for the C i ty o f  Hays i n  t he mos t cos t -e f fec t i ve , 
q u i ckes t  manner pos s i ble . Wai t i ng four t o  e i gh t  years t o  
es tablish a vi able we t land t rea t men t sys tem would cause an 
unnecessary delay in a t temp t s  t o  o b t ai n  addi t i onal wa t e r .  

5 .  NITRI FICATION AND DENITRIFICATION USING ACTIVATED SLUDGE . The 

process p roposed for the C i ty o f  Hays i s  an ac t i va t ed s l udge process us ing 

ni t r i f i ca t i on and deni t r i f i ca t i on . The ni t r i f i c a t i on and deni t r i f i ca t i on 

fac i l i t ies would be loca t ed a t  the ex i s t ing VVTP and would t reat t he en t i re 

flow . The po r t ion o f  the flow t o  be used for i rr i ga t i on or  recharge would 

be pumped to  the requi red loca t i ons , and t he rema i n i ng por t i on of the f low 

would be d i s charged i n to Che tolah Creek . 

The n i t r i f i ca t i on and deni t r i f i ca t i on process would resul t i n  nearly 

compl e t e  ni t r i f i ca t i on o f  the en t i re f low and also resul t in s i gni f i can t 

removal o f  ni t ra t es t h rough deni t r i f i ca t i on .  Conver s i on o f  ammon i a  to  

ni t ra t e  can be as h igh as 9 8  percen t .  I n  Jacks on , M i ch i gan , a combi ned 

carbon oxida t i on and ni t r i f i ca t i on ac t i va ted s l udge sys t em produced ave rage 

mon thly e f f luen t ammon i a  concen t ra t i ons o f  0 . 5 t o  1 . 2 mg/ l for t he mon t hs 

of Augus t through March . These resul t s  prove t ha t  when o perat ed properly , 

low e f f luen t ammonia concen t ra t i ons are poss i ble us i ng t he ac t i va t ed s ludge 

process for n i t r i f i ca t i on at t empera t ures down to 8 c .  < 25 > 
Because the act i va ted sludge t re a t men t sys t em i s  a b i o logi cal sys t em ,  

i t  i s  subj e c t  t o  process u pse t s . These process ups e t s  could las t a s  long 

as seve ral days and resul t in reduced t rea t men t . Because of process 

upse ts , i t  is l i ke ly t ha t  t h i s  b i olog i cal t rea t ment  process , may 
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occas i onally v i o l a t e  a weekly average . Because o f  poss i b le process upse ts , 

the KDHE w i l l  be reques ted t o  change t he weekly average e f fluen t ammonia 

limi t a t i on to a mon thly average . 

O .  RECOMMENDATION 

A we t land t rea tmen t sys t em is  no t recommended as t he me t hod of 

was t ewater  t rea tmen t for the Ci ty o f  Hays . Based on resu l t s  from several 

we t land t reatmen t sys t ems , comp l i ance wi t h  ammonia c oncen t ra t i ons in  the 

d i scharge permi t w i l l  no t be poss i ble at t he t emperatures expe c t ed in  Hays , 

Kansas . A we t land would resul t  in  a grea ter  loss o f  wa t e r  by evapora t i on 

and t rans p i ra t i on when compared to  ac t iva t ed s ludge , maki ng less wa ter  

avai lable for recharge . I t  could be d i f f i cul t t o  abandon a we t land , should 

t he t rea tmen t me t hod or  t he groundwa ter recharge plan fai l .  We t land t rea t 

men t could cause d i f f i cul t i es in  ensur ing t he requi red s t ream f lows pass 

t he con fluence of Che t o lah Creek and Big Creek . The poss i b i l i ty of harm ing 

t he we t land by d ry i ng d ue t o  i nsu f f i c i en t ava i lable wa ter i n  t he summer 

exis t s , and implemen t i ng we t land t rea t men t would t ake a comparat ively long 

t ime , caus i ng unaccep table delays . 

An ac t i va t ed sludge t rea t men t sys tem incorpora t i ng n i t r i f i ca t i on and 

den i t r i f i ca t ion i s  recommended . Thi s  sys t em i s  capable o f  producing an 

e f f luen t t ha t  would comp ly wi t h  the l i m i t a t ions i n  t he d i scharge perm i t and 

would be located a t  t he ex i s t ing TJYTP . The ac t iva t ed s ludge t rea tmen t 

sys t em should be capable o f  rel i ab ly mee t ing t he ammoni a  concen t ra t i on in 

the d i scharge permi t .  
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GROUNDWATER HYDROLOGY STUDY 

SALINE RIVER VALLEY AREA 
NORTH OF HAYS, KANSAS 

APRIL, 1974 

In accordance with our proposal of March 2, 1973, in 
regard to hydrology for additional water supply, this report 
addresses itself only to the Saline River Valley area north 
of Hays, Kansas that was studied. Additional report will be 
available for the Big Creek Valley area. 

In prior work, investigating all water supply alternatives 
the Saline River Valley was listed as one of the alternatives for 
additional supply of water by Black & Veatch. The purpose of this 
report is to make a preliminary evaluation of the groundwater con
ditions, potential well yield, and water quality that may be avail
able from this area. 

FIELD DATA 

An earlier report, entitled, "Report - Phase I, Hydrologic 
Survey for the City of Hays, Kansas", dated February, 1974, had 
been prepared giving results and temperature readings from thermonic 
and resistivity surveys conducted in the area. As a recommendation 
of that report, it was suggested that 37 test hole sites be drilled 
of which nine (9) were drilled in the Saline River Valley covered 
by this report. Attached to this report is a copy of all data 
collected in regard to the test drilling, water level information, 
and water quality data. 

In conducting thermonic data, it is most desirable to 
conduct this type of survey from the spring of the year, usually 
beginning in April or later, until November. .Sometime in the late 
winter months and in January, the temperature anomaly tends to re
verse in the shallow profile which was the depth being utilized by 
this study. The temperature measurements were made at the four (4) 
foot depth after band augering a small one (1) inch diameter hole 
down to approximately three (3) feet and inserting pressure on a 
stainless steel prove until a depth of approximately four (4) feet 
was obtained. On the "A" line in the Saline River Valley, the 
warm anomaly tended to be the dominant anomaly over the most pro
ductive aquifer section; however, in the lower portion of the 
valley a few days later, the "D" line had the anomaly reversed with 
the cold anomaly still being the predominant aquifer system. 
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Thus, because the readings were taken on the 30th and 31st of 
January, 1974, they do not reflect the strong consistant anomaly 
experienced elsewhere using this technique. However, some excellent 
test drilling results were obtained from a preliminary survey and 
from a few selected test holes as a result of this work. 

SUMMARY AND CONCLUSIONS 

It was found that Test Hole ASl-74 and FSl-14, drilled at 
the western extremity of the study area, along the centerline of 
Sections 14 and 23, showed the best potential yield reaching at 
depths from 76 feet to 83 feet from land surface with 37 to 53 feet 
of saturated thickness containing sand and gravel formation. The 
estimated transmissivity of this formation is 37,000 gpd per foot 
width of aquifer material with an estimated specific capacity 
approaching 20 gpm per foot of drawdown. Thus, the yield potential 
of these wells is in excess of 300 gpm each, and may approach 500 gpm. 
The north Test Hole AS2-74 was outside the formation area and showed 
no water potential. 

The Test Hole BSl-74 showed some thickness of material 
and may approach 150 gpm; however, transmissivity was greatly 
diminished at this point. This test hole had 31 feet of formation 
in three ( 3 ) horizons, and was constructed at a cold anomaly. Ex
cellent bedrock depth was obtained. The north location BS2�74 had 
little formation and had a yield potential less than 50 gpm. 

·'' 
\I. 

Surface geologic features indicate a break in the sub
surface proceeding eastward from the "B" test line. There was 
no access south of the "C" line indicated and there appeared little 
need to obtain access for drilling in that area. Due to the short
ness of the ( 'D" line survey, it is not known whether there is any 
continuation of the deep subsurface channel through this cross 
section. If it does exist it must either be south or north of the 
area surveyed. Attention again turned to a cross-section to the 
middle of Section 17, and Test Hole DSl-74 penetrated the full 
depth of 87 feet with approximately 20 feet of good formation in 
the bottom portion. The aquifer system does not appear as ex
tensively developed in this cross-section, although good channel 
depth was obtained. This site is expected to have a yield between 
100 and 300 gpm and Test Hole Site No. DS2-74 had little formation 
and a potential of less than 100 gpm. Between these two test holes, 
the better yielding formation had a better quality water, while 
the poorer yielding site had a poorer quality of water . 

- 2 -'------------------- LAYNE WESTERN COMPANY, INC. ---
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Water level data tends �o confirm the opinion expressed 
previously that there is a break and slope approximately through 
the "C" cross-section and therefore, there may not be a continuation 
of the channelization and aquifer through that section. Ground
water table slope in the upper or western portion of the area 
approached 20 feet per mile while the lower, middle and eastern 
portion of the study area had an average water table slope of eight 
(8) feet per mile. Utilizing an estimated transmissivity of 37, 000 
gallons per day, an estimated aquifer width of one-half mile and 
a slope of 20 feet per mile, the natural groundwater flow rate 
supported by natural recharge in the area, is approximately 370, 000 
gallons per day at the "A" line cross-section. To pump at con
tinuous rates in excess of this amount, must be supplemented by 
infiltration from the river itself. Thus, pumping at rates of 
one (1) million gallons per day, or more, over a considerable 
period of time, will result in a change in water quality from that 
sampled at the test site. 

. 
. · . t 

Ih7°veiw of the water quality data �J��� ��se that this 
water may be somewhat aggressive to a depositive type of water 
consisting principally of calcium bicarbonates and calcium sulfates 
with some local point pollution of sodium chloride. The local 
pollution is thfoughTto be from old oil well brine pits or other 
unsatisfactory disposal t salt brines in connection with oil develop
ment in the area. There is some natural calcium and magnesium 
sulfate rocks in the bedrock system contributing primarily to the· 
sulfate content. Previous water tests taken from the Saline River 
·is-across::±.he-road· in Section 16�indicates total dissolved 
solids in excess of 1,000 ppm wi�ulfate content of 334 ppm. It 
is entirely possible that even the best quality test location will 
deteriorate from the infiltration of water from the Saline River 
which will become part of the sources of recharge to this aquifer 
system. 

- 3 -
""------------------ LAYNE WESTERN COMPANY, INC. -___. 
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RECOMMENDATIONS 

. i' 
It is the opinion of this Hydrologist that good quality {fjJ water; using conventional water t:r:e�ment _IA�jhods, will Bot Pe-

.salt ia a fiRisa �reattet eapaelc of�meeting � criteria for a 
potable water supply as set forth by the U. S. Public Health Service, 
Due to the excessive distance to this valley area from the City of 
Hays, it does not appear to warrant additional groundwater investi
gation at this point in time. It would appea��he City would be 
best advised to investigate more fully the water resources potential 
of the Big Creek Valley area and other alternatives. 

- 4 -
----------------- LAYNE WESTERN COMPANY, INC. --
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CITY OF HAYS, KANSAS 

January 30, 1974 

Start Section 14; North end of E-W 1/2 Mi. Section line -
Start approx. 1/4 Mi. s. - See map (165' S. of N� Mi. line, at Approx. 
1st tree on N-S Hedge ro""5 and - '3c' E. o\. �--.. '\�-.t.. 

A-0+00 4. 79 degrees c 4. 60 
A-2+00 (!) 4. 08 II D scale 

4+00 4. 56 
6+00 4. 23 
8+00 4.49 

A-100+00 4. 64 
12+00 4. 67 
14+00 4. 61 
16+00 4.8 4 
18+00 5. 10 (Very soft-on side of terrace - sandy 

A20+00 4. 90 (Very soft 
22+00 @ 5. 57 (Very soft 
24+00 4. 83 II II 

26+00 4. 8 0  
A27+7 5 I 4.46 degrees C (Approx. 15 I N. of oil storage 

access road - very soft-dry-sandy 
30+00 7. 47 c Approx. 17 5 I s. of oil booster pump 
32+00 5.38 c 
34:+00 4. 7 5 c 

. A, 

January 30, 1974 

N. end of Sec. 13, at the 1/2 Mile line & heading S. to middle of 
Section 24 along the River Bank (3rd post W. of Tele Pole) 

BO+OO 
Bl2+00 

B24+00 
26+00 
28 +00 

5.95 Degrees c .  on top of flat - volt check very 

5.29 
5. 62 
5. 70 

Degrees C 

erratic - seems to be charging & then 
discharging - temp indicator seems to be 
steady 

B30+00 4. 73 
3 2+QO 4.51 
34+00 4. 44 

([) 4. 32 

Very soft 

--:.a-:.��---....;.i.....,�---�2 ·: N. �f fence 
36+00 
38 +00 4. 54 
40+00 4. 50 
42+00 4.68 
44+00 4. 96 
46+00 4.72 volt adj. very erratic 
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._ .. TEST HOLE REPORT 

lit!Jne-/Uestern Compang, Inc. 
----------- WATER SUPPLY SERVICES SINCE 1924----------

TEST DRILLING t WATER WELLS • PUMPS 

I I 
Contract Name City of Hays TEST HOLE 

No. ASl-74 
Job No. H341H Date March 7 I 1974 

City Hays State Kansas Driller J. Thieme 

Location of Test Hole Saline �alley Elevation of Test 

N. of Hays (See map) Hole 
. 

A 22+00 5. 57 degrees c I 
• Static Water Level 7.2' on 3/20/74 

SE 14 of T 11 s NW� � Sec. ' 
Measured Hours After Completion 

R_--=1'""" 9_W_ E 111 s Co., __ K_a_n_s _a_s_ 

From To Description of Strata Water Bearing 

0 9 Sandv clav 
' 

9 17 Fine sand & qravel with scattered med. gravel with scatter ed A 

white rock 

1 7 4f> Soft bllle clav - little sandv 
.. 46 54 Fine to med. sand - dirtv & loose �, 
54 75 Fine to med. qravel with white rock chips ,!} 1 ' 

•
7 5 83 Med. to coarse qravel wit h large rock chips - all sand ver 1v loc 

83 Shale 

-

--

I 
Remarks: Set 83 of 2 plastic 

• 

Water sample pumped from 75-83' 

LW-62 WICHITA • GARDEN CITY • LIBERAL • KANSAS CITY • DENVER • OMAHA • AMES • ST. LO UIS • AURORA 
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ELECTR I CAL 

COORDINATES : ------ -----------1 
N----------------� s -----------------� 

WELL _______ T __ e _s_t_H _o _l_e_ N_o _._ A_S_l_-_7 _4 _________ _ 

ELEVATION: ----------------1 
OF. ___ _ 

K.B·---------------------1 
COUNTY ____ �E-l_l�i�s�-- - STATE ___ Kansas G.L. ___ _ 

Run No. 1 Run No. 2 MUD Run No. 1 
..__._?�!._ --------4-_.M,,......,.r__c_h_L__l_2_7_A t-------- Nature __fi!ll _Readin9 ____ 8_3_' __ _ _  ____________ 

Den1iti ______ f-- ______ _ _ __ _ 

latl Readin9 
_ Q _ _  '____ _ __ _ ______ _ 

Visco11ty 
___ i__QJ_ _ _ __ °F 

__ F;;;;1..;9;t_�----- 8_1' Resi1tivity @ °F 
Botto�_priller) 

_____ 8�---- �---------���-------� R���@_�h!___ _______ __@__ __ 0f__ 
Ca1in9 (From l09) 

_ __ ___________ 

pH 
___ _ _____ _ 

Run No. 2 

(W Of --_@:_--o f 
- @ " --o-f  

Ca1i�9 (Driller) 
--------+---------+--Circ . Temp. 

----"--'----'--------I-------- - -

Casing Size ---------+----------+-B:H_
-
_._ T_e;,,_

-
.P_�---

---
-

_______ __ _________ ____________ __, 
Bit Size: 

�Bit Si -,e-- ,------___,1-----------___,1----------+---
Re1isti•ity Scale· 25 
Potential Scale: 5 logged by 
Lonool Scale: 1" = -:>n• Witneued by 

' ----- ---

J. T hieme 

REMARKS----�S�a �l�i� n�e�V�a�l:::..:. l�e�y_.N�o�r�t�h.....__�o� f..._.H�a �y_,___.,_s�,-�A�-�2....._2�+�0�0u, '-----=5�.�5�7__,d�e�g�r=-=e �e�s,___,C'-----------
NW� SE � , S e c .  1 4 , T llS ,  R l9W , Ell i s  Co u nty, K a ns a s  

SPONTANEOUS POTENTIAL 

CMILLIVOLTBI 

5 

------4----. · - - � --"'4--
-+��+--�-+-���----��t l--�-+-�--i��-+-�� 

- I 
-_ � 

- __::_--:-=:-== - --:--1:=- '� 
l 

-- 1· 
__ _ _ __ _  ., 

-t---t---t::_-_ _,_-_--_-_-"':I__,�--+-----+----+---� - -----
�-----_:-� ----�- ���=- _- �--� 

RESISTANCE 

COHMSI 

25 

r----,----. --

=----=-r�---=� I -- - --- --
-

-
-

-
-

� 

-
�

-
--

------1 ::::-.:-
____ _ 

- -
- --- -

----
----

--- -
�-

-
-

-
-

--
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Contra.ct Name City 

Job No. H341H 

City Hays 

TEST HOLE REPORT 

lit!Jne-lUestern Compang, Inc. 
----------- WATER SUPPLY SERVICES SINCE 1924----------

TEST DRILLING o WATER WELLS o PUMPS 

. 
of Hays TEST HOLE 

No. AS2-74 
Date March 8 I 1974 

State Kansas Driller J. Thieme 

Location of Test Hole Sg,line �alle� Elevation of Test 

N of Jlgys, Kansas (See map) •, 
Hole 

A 2+00 4. 08 degrees c , 
Static Water Level 14.0' on 3/20/74 

swu NE U Sec. 14 of T ll s ' 
Measured Hours After Completion 

R 19 W E 111 s Co., __ K_a_n_s_ a_s_ 

From To Description of Strata Water Bearing 

0 5 Soft clav 

5 7 .C::rinil - finn 
7 7k Hard streaks 

7� 28 Sandy clay ·-·---.. 
28 62 Soft bltlP cl ri.v - li tt 1 p �ri.ndv -
62 70 Shale .. 

-

' ·  

Remarks: Set 70' of 2" plastic 

·-

LW-62 WICHITA • GARDEN CITY • LIBERAL • KANSAS CITY • DENVER • OMAHA • AMES • ST. LOUIS o A URORA 

0 



t. -. 

.. 

' 

- - -·-

41iM·llluf"u lemptJH/ ./.<:p�b; 
CUSTOMER 

ADDRESS 

WELL 

COUNTY 

Dote 
Finl Reodina ----

-lost Reading 

�1o9;I.;gged 
lottom (D;iller) ,____ -
Cosing (From log) 

_(;�s�ng (Driller) 

_
C_o•�I!_ Size 
llit Sire· >--Bit Sire: 
Retitlivily Scale: 

Potential Scale: 

Lineal Scale: 

REMARKS 

c i t:t: of Ha.:t:s 

Ha ys, K a n s a s 

Test l:iQle NQ. 8S2-74 

E l l i s  STAT£ ___ Kan sa s __ -- ----- .. . 

Run No. 1 
Ma rch ---- -

l "  

8 I 1 9 7 4  
70' 

O' 
68-,-- -

7 0 ' 

25 
c; 

= 20' 

Run No. 2 ----· ·- --- - - ----
>---------�--

-----------

----------

E L E CT R I c A L 

COORDINATES: 
N 
s 

ELEV A TION: 
D.F. __ __, _ 

K.B. 
�---- G.l. 

MUD Run No. l Run No. 2 
Nature -· --- ----- ------ - ·----· Den•_it}' ____ �---- @---c;F-- ---'/�•<!>•ity 

__ @ .. -��si1tivity @ Df .@_ ---
Re•.@BH!

_ ____ 

@ 
__ � (@ 

.f'H _____ ---- --------- - -

Circ. Temp. 
r---------------- -a.H.f.;;;,p.--· �-------- �---

---------- .. 
----- --------

logged by J. Thieme 
Witnessed by 

S a l i n e  Va l l e y  North of Ha ys, K an sa s, A-2+00, 4.08 degree s  c sw'i, NE !i, S ec. 14 , T l lS ,  R l 9W, E l l i s  Co unt;[, K a n sa s 

Of Of Of 

SPONTANEOUS POTENTIAL RESISTANCE 

tMILLIVOLTSI 

5 

-- ----1 
- --

tOHMSI 

25 

-->-·--
vl- ·- �= 

i..---T 

- -- 1 
i -

--< --- -- -

r--+--+--t--t--h") _______ ___ 

) 
------ ---

t----!--+--+-t-�)--4-+--� 
-t---f- --------�--- �-- -_---4-� I l; � i 

I l 
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Contract Name 

Job No. 

City 

City 

H34lH .. 

Hays 

TEST HOLE REPORT 

/Jwne-/Uestern Compang, Inc. 
----------- WATER SUPPLY SERVICES SINCE 1924----------

TEST DRILLING 1 WATER WELLS 1 PUMPS 

of Hays TEST HOLE 

No. FSl-74 
DateMarch 8 i 1974 

State Kansas Driller J. Thieme 

Location of Test Hole Saline �a.ll�y " 
Elevation of Test 

N. of Hays (See map) Hole 
.... ,, 

F 0 00 4. 8 1  degrees c ,r\ ,.,, 
Static Water Level 7.0' 3/20/74 on 

NW� NE � Sec. 23 of T llS ' 
Measured Hours After Completion 

R_�l�9_W __ Ellis Co., Kansas 

From To Description of Strata Water Bearing 

0 4 Cl ;:iv -

4 16 Fine to coarse sand 

16 23 Loose rocks - flat & larqe with fine to med. qravel - loo� e 

23 25 Blue clav ... 
9' ? i; :n Fin<'> !';r:lnr'l N. aravel - loo!';e -

33 41 Fine to med. sand - loose 
13 I 

� 

41 56 Fine sand & gravel - clayey & loose is' 
56 76 Fine to med. gravel with numerous small white rock chips �� cJo I 

shale oarticles - loose 

76 ___ 80 Shale 

-

Remarks: Set 671 of 2" plastic 

·-
Water sample pumped from 52-67' 

. LW-62 WICHITA • GARDEN CITY • LIBERAL • KANSAS CITY • DENVER • OMAHA • AMES • ST. LOUIS 1 AURORA 
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COUNTY----�E�l_,l�i�s�-- STATE __ K_a,n_sa s_ ---

Run No. 1 
Date M"rch A 1 9 7 4  

�tt_Reodinv 
___ _B.Q '----

�st Readin�---· ___ ·--- . _ 0 ' ... 
�oota�!_!cv�_!!__ ______ _ _ _ 66 ' - .. 
�!_lO�!_[)ri�---- _80�----

Caiing (from Log) 
-c;;.i�11 (D�m;;)"--- ---·· -

Run No. 2 

-Ca�ing_ Si�e--- - -
-

----- ·-----
-

---
Bit Siu: 

49a.k; 
ELECTR I CAL 

COORDINATES: ---------------1 
N ----------------� s-----------------1 

ELEVATION: ---------------1 
D.f . ___ _ 

K.B·-----------------t 
G.l. -------------------1 

MUD Run No. 1 
Nature -- -- - -- ---- ----- - -----
D�nsity ·-- --·- ___________ _ Vi.coStty (W 0f 
Re1i1t_ivit�Re s. (al BHT 
pH 
Circ. Temp. 
8.H . Temp. ·  

(aJ Of 

@ - - _'_'_� 

Run No. 2 

cq> . ___ _"F_ C<;!J °F 
_ _  ...@___� 

-- ----� 

-� - - - - -- -- --- -- -
.____ __________ 1-----------t--------t·------ ·----------- ------- ----� 

Bit Siu: �....::..:.....:.:.::.c_ _______ +--------�--------ji-------i------- ------- ___________ __, 
Re1101vity Scale: 2 5 

1_�P�o�•·�"'�i o�l�x� a�l·�=------1-----�5,,__ ___ .-i----------+L-og��g e_d-by�--t- ---=J:...:...._T"-'-'h�i�e�m�e"----l----------t 
Lineal xalo: 1" = 2 0 ' Witnessed by 

REMARKS ____ �S� a;::;;:l�i� n�e�
V�a=-=l� l�e�y........:N�o�r�

t-"-'-'h='o� fc.,,..;H� a:..:..Ly=s�,�K�a�n� s�a� s�,-�
F
�-_c:..0_+�0�0�,'--:�

4.;:._._B _l_d_e_g"-'--r� e-e�s'--C'--------
NW� , NE� , S e c. 23, Tll S , Rl9W , E l l is Co unt y, Ka n s a s  

SPONTANEOUS POTENTIAL RESISTANCE 

IMILLIVOLTSt IOHMSl 

5 25 

·--- --- ·--· ---- t------- �--===:==-=�I 
� 

·-- -------
-F= - --'-:::: -- --

- - �- __ . ,/. __ 

·-·-- ---( -- -·--- - - ---- --- --- ---

---- --· ·'-...., 

-

-
- �· ----I-·�= _ ___,_ _ _ - �..:=--+----I·.-_--. 

.. -
-

-
---

-

< �-=--==- �= ··-- ==---<::r-> •... 
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Contra.ct Name 

Job No. H34 1H 

City Ha�s 

TEST HOLE REPORT 

/Jwne-/Uestern Compang, Inc. 
----------- WATER S UPPLY SERVICES SINCE 19241----------

TEST DRILLING o WATER WELLS o PUMPS 

Cit� Qf Ha�s 

Date March 

Stat�ansas 

8 I 1 9 7 4  

TEST HOLE 

No. BS 2-7 4 

Driller J. Thieme 

Location of Test Hole Sa line Y9.lle� Elevation of Test 

N. of Hays (See map) Hole 
J' 

B 36+00 4.32 degrees c 1..., Static Water Level 12 . 0 '  on 3/20/7 4 
NW U SE %' Sec. 1 3  of T l lS 3 4 .  8 I on 3/8/7 4 ' 

Measured Hours After Completion 
R 1 9  W Ellis Co., Kansas . 

From To Description of Strata Water Bearing 

0 5 

5 18 

l A ?1 
2 1  2 _4 . 
?4 53 

i:;1 5 t; . 
5 5  6 0  

Soft s iltv c1riv 

Fi ne 

r' 1 =>v 
� 

Fine 
Soft 

C lav 
Sha le 

to 
- -

coars e sand 

to med . s and 
b lue c lav with 

- ve l low 

with rock chins 

f i ne sandv streaks 

-

Remarks: Set 6 0 ' of  2"  p lastic  

·-

... 

Pumped for 3 0  min . - no water 

LW-62 WICHITA • GARDEN CITY • LIBERAL • KANSAS CITY • DENVER • OMAHA • AMES • ST. LOUIS o AURORA 
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--------- ---- -

ELECTR I C A L  

CUSTOMER ____ _..c"'i._,t..,yl--o ...... f�H ... a._.yf-'s.._ _____________ _ COORDINATES: ---------------1 
N ----------------� 

ADDRESS ____ �H�ayy�s......_. _..,K�a�n�sua�s ..._ _____________ _ s ________________ -t 

WEll _____ �T� e�s� t�l_! o� le __ N_o _._B _S_2 _-_7_4 
_ _ _ _ _ _ _ _ _  _ 

ELEVATION: ---------------t 
D.f. ___ _ 

COUNTY ____ _ �E _l_li_
' 
_s __ STATE __ K ci. n_s_as_ -- -

Run No. 1 
-�'� March 8 ,  1 9 7 4  

Run No. 2 

_!int Reading 
____ __fi_Q '-- -- _ _ ----------- - -

_ l11_11 Rea�in!!
____ _ 

__ _ 0 • ___ . . ___ _ __ ��11 .. _ �CI_!!�--- _____ 51_'._ ____ --· - --- -- -- -

�ttom (�ril!!!L_ _______ __ ()O_' ____ . .  ___ _______ - ---
Ca1ing (From l09) 

ICB. ________ ________ _. 
G.L -----------------t 

MUD Run No. 1 
Nature 
De"'ity: _ _ ___ 

_ ___ ____ _ 

Run No. 2 

Viscosity (jlJ_ _ __ �� «P __ -�� 
Re1i1tivity ____ _ji) - ---�F _ @ °F 
R.,,:_@-:-aHT 

_____ _@_ ___ � ____ ___@____ � 
pH - ------- -· --------

Cc11i�� <!>r_i!!_!!L_ _____ _ ------- Circ. Temp. 
B.H: Te�mp- - -

-
-�_".'•ing _Si_ze 

_ ____ _ 

Bit Sire: 

�....;R....;e_1i1_1i_vi_,ty_Sc_a_I•_: ___________ _ 2_5_--_�--- ---
Potential Scale: c; 
lineal Scale: 1 " = 2 0 ' 

-------- ---- ----- --�----- - - - ----
-----

REMARKS Sa l i ne Va l ley No rt h  o f Hays , Kansas, B-36+00, 4.32 degr ees C 
NW�, SE � , S ec .  13 , T l l S , R l 9W, E l l i s  Count y ,  Kansas 

SPONTANEOUS POTENTIAL 

IMILLIVOLTSI 

5 

------- -- - - �-�--

RESISTANCE 

IOHMSI 

25 

� 1,-----t;-�-
�--- I . 

__r 
---- I -·-

;:;.... �-��:== l----.,-i---�---1---�---,.....�-------�- f-----+---+---

_
_

_
_ .[ 

---

I I --�1\ 
�-=� �; ·==----- -==-___ - �-

-t--

--- --------
' 

-- '\ ---



.,,., . ;J, 

•' 
- . " 

. • . 

. .. 

.. 

January 3 0 ,  1 9 7 4  

B48+00 4 . 8 2  
50+00 4 . 8 8 
52+00 4 . 0 0 
54+ 0 0  4 . 2 3  
56+00 4 . 40 
58+00 4 . 2 9  
B6 0+00 4 . 49 
6 2+ 0 0  3 . 45 
64+00 3 . 44 
66+00 @ 3 . 3 7 
6 8+0 0 3 . 4 3 
7 0+00 3 . 8 2 
7 2+00 4 . 00 
7 4+00 3 . 38 
76+00 3 . 4 2 
7 8+00 5 . 00 
8 0+00 5 . 17 
8 1+55 I 5 .  8 1  

January 3 1 ,  1 9 7 4  

Middle of Se cti on 

c-o+oo 5 . ll 
2+00 5 . 42 
4+0 0  5 . 47 
6+00 4 .  36 
8+00 4 .  16 
1 0+00 5 . 2 9  
1 2+00 4 .  27  
14+00 4 . 47 
16+00 4 .  78 
18+00 4 . 8 2  
2 0+00 4 .  3 1  
2 2+00 � 3 . 8 1 
24+00 4 . 17 
26+00 2 . 96 

Degre e s  C 
II 

Very 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

wet 

in he avy sand & grav e l  
II II II 

approx. 188 ' N. of fence 

C volt che ck wa s off\On hi l l , very soft & �o\'\ c.\,u.\I. 
C volt che ck low �Q� 
C Volt check low 
c 

River bank - volt che ck low 

18 I N end & going s. approx. 1/2 mi. to river 

c 
c 
c 
c jus t  north o f  tree s  
c 
c fa irly hard 
c 
c 
c 
c 
c 
c 
c 
c at fence & river bank 
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Contract Name 

Job No. 

City 

H 3 4 1H 

Hays 

TEST HOLE REPORT 

!Jwne-/Uestern Compang, Inc. 
----------- WATER SUPPLY SERVICES SINCE 1924----------

TEST DRILLING o WATER WELLS o PUMPS 

C ity of Hays 

Date Feb . 26  I 

State Kansas 

1 9 7 4  

TEST HOLE 

No. BS l-7 4 

Driller J. Thieme 

Location of Test Hole S a l i ne Va l ley Elevation of Test 

N. of Hays 
B 6 6 +00 
SW 34 NE 

R_-=l=-=9:.__:.W.:.___ 
From To 

0 3 

3 6 

6 14 

- 14 ?l 

'?l 35 
35 44 
AA i;7 
57 6 5  
6 5  7 6  

76  87 

87'  

Remarks: 

34 

(See map) 
/ �J 

, , 

Hole 

3 . 3 7 degree s c Static Water Level 

Sec. 2 4  of T l lS ' 
Measured 

E l lis Co., _...::.K=a=n=s=a=s=-- P umped 2� hrs . 
Description of Strata 

C lav 

Fine sand - c lav 

Med .  to coarse sand with scattered med. orave l 

rnrk - some fl.at 
Fine to coarse sand with med .  orave l  & f lat 
rocks - s ome large 

BJ11<"' cl�v -

s�ndv clav - bJ Ill"> 

M<==>rl _ arrivP 1 wi r.h whit-"" roC'k - mn�t lv flrit 
C lay - b l ue & soft 

S andy c lay -

Fine s and & grave l - very 

Sha le 

Hard streaks at 8 2 ' 
Water samp le from 6 5-8 5 '  
Set 8 5 '  of 2" p la s t i c  

-

loose - di rty 

to 

1 3 . 9 ' on 3/2 0/7 4 

Hours After Completion 

Water Bearing 

chunks & wl ite 

ro und whitE '7 I 

/�I 

II 

LW-62 WICHITA • GARDEN CITY • LIBERAL • KANSAS CITY • DENVER • OMAHA • AMES • ST. LOUIS o AURORA 



• 

4;�4; 
ELECTR I CAL 

COORDINATES: ---------------f 
N-----------------i s--

---------------1 ELEVATION: ---------------i 
D.F. ____ _ WELL-----�T�e�s�t�H�o� le __ N_o_._B�S_l_-_ 7_4 _________ _ 

COUNTY ___ �E=""-l=l=i=s ___ STATE __ Ka_nsa_s __ _ 
Run No. I Run No. 2 

Dote Feb. 26, 1974_11---------
��nt Readin9 _______ .B7_ ' - - _ 

Last Readinv 0 • .. _ 

,.___!�toge l�v;r---=-=-- _____ B 4_' ____ __ �."� (Driller) 
__ 

�--_____8 7 __ ' ___ _ 

Casing (from log) 

K.B·---------------� 
Gl. _____ _ _ 

MUD Run No. I Run No. 2 
Nature ----.---Density 
Viscosity (iil 0f _ @ __ __'.'_F__ 
Resisf!"i!y ___ �-=�--@--- 0f_- -___ _@_ Of 
R_es. @_�!'!f__ _ ___ @ __ __"_� ___ _@__ __ ..':!_ 
pH - - ---- --- -·-------· --- ---------< 

Ca1inv (Driller) 
,_�_cuing Size 

llit Size: 

Circ. Temp. 
--------+ ---------+8.ti . .f!�i-=- ::::_�_:_-=- � ---�----_--___ -___________ _. 

�a;-, -s;-, -., -------+---------+--------+ ------·----------- ---------1 

Re•ill••i•v Scale: 
2 �5-------1--------+----- -------·------ ---·-------! 

1--P-o
-
l e
-
nl
-ia
�
l-Sc-a- l e-:

--·---+-----
5 loggedby 

Lineal Scale: l" = 20 I 
Witneued by 

J. Thieme�--+--------� 

REMARKS-----�s�a......,l�i�n�e.__,Yua....._l �l�e�y_..N�o�r�t .... h_,,,ouf__.H�a&y�s�,_..K�a�n�s ....... a�s�.-�B�--6"-"-6�+�0�0�,.___-=3�.�3�7__,d�e�q"-"-r�e�e�s'-'C"------SW�. NE�, Sec. 24, TllS. Rl9W, Ellis County. Kansas 

SPONTANEOUS POTENTIAL 

IMILLIVDLTSI 

5 

� -: � =-:� -·--- - ----· 

- -- � - -�=-1- _-_: 
-� 

RESISTANCE 

IDHMSI 

25 

---- -n�-=---_'·-���--_-:-+-_.. _j _- - 5��= 
---+--...,,,.-

-

---- - --- - ) -
----r----:-==- �:==:.:. ' �:- -

�· 

�_:_:\ - -- - ---- I 
- - i 

f <--·�---r---- �----, __ ! 
_.. _____ ,li""'"'--:::: __ � __ -_-+--+---r�--r-� 

F --== 

------
-

-

--�--
____ ,_ 

-�---- -- -- -
--

-

--



, . .  
.., ') J 

'· 
-. 

I 

L 
__ .. :: _ _ �e�.._ __ ___ --- - -- ·-------.. --·· - -·------� --··-·-....... . - ... .. 

\ -- - --- ---- --;.;;;---�--·-· -·�-}- . ·- - -. :·-. --- --··-··- -
�--·. ·---�---------·-·--·-' -· ------- ._,,. -·· ·� ......... _. __ _.. .. ... , .. .  _ff .. ··--·-.. "�·--,"- . 

........ . •'l rl . . 1· -.·, I I l , .. '. · r.(, -.... .. " � · _. 

'/'I . . 2 -

. . '\ :, ' 

•·,"',; 
I .' 

'. '. ''-:',,t\� 

" ' 

... 

. . 

". 

" 

i I 
·I 
I 

,,. •" ·',•/' 'I 

J·:: 'i' ... 

C�S!-/7/ 

·-· 

' ·" 

,_ 

.. 

L 
·:· 

I 

/ 
' 

--
I 
f 

1 'I, :.; 

'I 
.,!' :_t.' ' 

"� 

I I 

I •, .f .. � "· •,I tt. "' ,. 

....... �:., .. i-".* •·-"•1' .,��I: I"':·
· 

• � 

, . 

' : 
". i 

_I I . . \ . 
I 

_ ::: ____ ._ ------ ........ ----·---- \..------·-;·-·----· - -- ---- -·· 

� .... 
11� I .., 

, 
. 

/. 
, J"· ;1 r1 l'l r'J 

/ I /I I ·�. "· r.-of •) ( ... �-'_,_, 



TEST HOLE REPORT 

!Jwne-lUestern Compang, Inc. 
----------- WATER SUPPLY SERVICES SINCE 1924----------

TEST DRILLING o WATER WELLS o PUMPS 

. 

Contra.ct Name C it� of H9.:;l:S TEST HOLE 

No. C S - 1-7 4 
Job No. H3 4 1H Date Feb . 261 1 9 7 4  

City Ha:t:s State Kan sas Driller J .  Thieme 

Location of Test Hole Sa line V a l le y  Elevation of Test 

N. of Hay (See map) Hole 

c 2 2+00 3 . 8 1 degrees  c Static Water Level None 
NE 18 of T 1 1  s SW � �Sec. 

Measured Hours After Completion 
R 18W Ellis Co., Kans as.  

From To Description of Strata Water Bearing 

0 3 C lay 

3 13  Sandy c la y  

1 1 lA� FinP srind & arrive l with f lat rocks 

lB!s 2 0  Sha le 
-

. 

-

Remarks: 

·-

LW·62 WI CHITA • GARDEN C I TY • LIBERAL • KANSAS CITY • DENVER • OMAHA • AMES • ST. LOUIS o AURORA 
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Contract Name 

Job No. H 3 4 1H 

City Hays 

TEST HOLE REPORT 

fiwne-lUestern Compang, Inc. 
----------- WATER SUPPLY S ERVICES SINCE 1 924----------

TEST DRILLING • WATER WELLS • PUMPS 

C ity of Hays TEST HOLE 

No. C S 2 - 7 4  
Date Feb . 26 , 1 9 7 4  

State Kansas  Driller J. Thieme 

Location of Test Hole Sa line Valley Elevation of Test 

. N of Hays 
c 8+00 

(See map ) 
4 . 16 degree s  C 

Hole 

Static Water Level 

N'IJ4 SE � Sec. 18 of T llS ' i'1�� l� 
R_�l�B�W�_, 

From To 

0 l C  

1 () 14  
1 4 3 1  

3 1  3 3  

·1 � 1 c:: 

Remarks. 

E llis Co., Kansas  . 

Description of Strata 

C lav 

Fine r ()  med . sand 
C lav -soft & qooev - little sandv 

Fine sand with f lat rock 

Sh;:, 1 t=> 

-

Set 3 5 '  of 2 "  p ia st1c  
Water s amp le f rom 24-3 4 '  

4 . 5 ' on 3/20/7 4 

Hours After Completion 

Water Bearing 

.:; ' 

LW-62 WICHITA • GARDEN CITY • LIBERAL • KANSAS CITY • DENVER • OMAHA • AMES • ST. LOUIS • AU AOAA 



ELECTR I C A L  

COORDINATES: ----------------i 
N ------------------i s------------------1 

ELEVATION: ----------------t 
D.F. ---- -·-

COUNTY ____ __.E.._l......._l �i �s.__ __ ST A TE __Kan s a s  ___ . 
K.B· --------·---------1 
G.l · -------------------1 

Run No. 1 
Date F'Pb . 26 , 1974 

._lir•t _R __ e_a __ d_in�9 ____ _ _ ___3_ 5 '--- .. 

Run No. 2 MUD 
Nature 
Density 

Run No. 1 

�!!__lle_ad_i_nv�------- 0 '
___ __ ____ _ Visco11t:r______ @l 0f 

.__!oatage Logged �----3�<�'------tf-·-- - ____ _____ Resistiv•ty ��- -@-- -
0f_ �� ���--- ___ 3 5 _' ____ ·--------- R�;: @ BHT 

@ 
0f 

Ca1in9 (from Log) 
_ _ _ __ __ 1>H �-- -= --------

Run No. 2 

�1in9 (Dri ller) >----- - -----------1---------fCirc. Temp. 
�-a"ng S:ci.::.ze=------+-- _____ _, _____ ____ 1 ii . .[:fe�i:-=- -- ----- -----------t 

----- --- - -·- -- r-------- ___ _.. Bit Size: ----------1 1-------------------t------ -- ----+---------Bit Siie: ._-----------t------·-----+ --------·- -�----- ------------· - ---- -
Re1i1tiwity Scale: 

Potential Scale: 

Lineal Scale: 

REMARKS 

25 
5 

l "  = 2 0 ' 
-- 1.c,99;.n,y J . T h i e m e 

Witne111e-d�b·y---+--=--c'--��='-=----+----------t 

S a l i n e Va l l e y Nor t h  o f Hays , Ka ns a s . C -8+00 . 4 . 16 de gr e es C 
NW� . N�e c . 18 . TllS , Rl8W. Ellis County . Kan�M � 

._ ____________ _____ _ ---------- ----------------------------------

SPONTANEOUS POTENTI AL R ESISTANCE 

IMILLIVOLTSI I U t< M B I  

5 2 5  

---- --- ---
---·f---- ·---

---r- ---



. .  
, 1  

! 

January 3 1 , 1 9 7 4  

Start midd le 
Mi . 

't) .. O \OQ n.-oo 
6 + 0 0  
8 + 0 0  
1 0+ 0 0  
1 2+ 0 0  
14+ 0 0  
16+ 0 0  
18+ 0 0  
2 0+ 0 0  
2 2+ 0 0  
2 4+ 00 
26+00 @ 
28 + 0 0  
3 0+ 0 0  
3 2+ 0 0  

3 4+ 0 0  ® 
36+00 
38+00 

Sec . 17 , N .  e nd & go ing S .  t o  river at  approx . 3/4 

4 .  o sc  
3 . 8 1  
5 . 9 0 
5 . 59 C 3� Ft . �� 
Water sta nding 
4 . 4 5 C .  soft & wet 
Water standing - ground f rozen 
broke augerhand le 
muddy wate r  stand ing 
C - soft & wet ( 4 .  3 2 °� c-. \...=...,\\ .. �� , 'I),. � '""'� 
4 . 0 5 C sandy '1','lia. Wllf" "lll!F 
3 . 7 2  s t i cky 
4 .  2 0C 
4 . 44C 
4 . 8 1C 

5 . 50C 
4 .  7 5 
5 .  l OC o f f  m i lo f ie ld & edge of  t re e s' -

January 3 1 , 1 9 7 4  

Approx 1 00 ' We st of  N-S 1/2 Mi l line in Sec . 1 7 , Sta rt o n  N .  s ide 
of road we st of corrG.l & go north to the r iver -

E .... 0+ 00 4 .  7 9  Degrees c -; North edge of  road 
2+00 
3+00 
4+ 0 0  
4+7 0 

i' : Jan . 3 1 , 1 9 7 4  

4 . 2 0  
3 . 68  
4 . 6 0 
4 .  7 6  c 

II 

II 

II 

Fence l ine approx . 6 0 ' s. of River 

Sec . 2 3 , N-S 1/2 Mi . line , . start at the N.  end & go S .  to past an 
oi l we l l  acce s s  road on abo ut 1/4 Mi . line 

F O+OO 
F 2+00 

4+ 00 
6 + 0 0  
8 + 0 0  

F l O+ O O  
1 2+ 00 
14+ 0 0  

4 . 8 1 c 
5 . 3 1  c 
5 . 8 5  c 
6 . 1 2 c 
5 . 56 c 
5 .  5 5  c 
5 . 66 c 
6 .  7 5 c 

approx . 3 5 '  N .  of  Windmi l l  ( i s  p umpi ng ) 
in  rock 
in rock aprox . 8 0 ' S .  of oi l access  road 

3� Ft . d...,,� 
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Contra.ct Name C ity of 

Job No. H3 41H 

City Hays 

TEST HOLE REPORT 

/Jwne-/Uestern Compang, Inc. 
----------- WATER S U PPLY SERV ICES SINCE 1 924.----------

TEST DRILL ING 1 WATER WELLS • PUMPS 

Ha vs TEST HOLE 

No. DS- l-:Z 4 
DatcMarch 9 ,  1974 

State Kansas Driller J .  Th ieme 

Location of Test Hole S a line :'!lalley Elevation of Test 

N.  
D 

NE 

of Hays 
26+00 

74 SW 74 

(See 
3 . 7 2 

Sec. l:Z 

map) Hole 
--

degrees  c '• I 
Static Water Level 

of T ]] s • 
Measured 

R 18 W , E l li s Co., Kansas 

From To 

0 2 5  
25 40 

40  6 5  

6 5  7 3  
. 7 3 8 7  

87  90  
. 

Remarks: 

Description of Strata 

Soft brown c lav 
Blue c lay 

Sandv blue c lav 

Fine to med . 
Fine to med . 
Shale 

s and - lnnse 
a rave 1 with wh i t P  

-

Set 9 0 ' of 2 "  p lastic  
Water samp le f rom 7 5-87 ' 

rrv•k rh i n c 
� 

1 1 . 0 '  on 3/2 0/7 4 

Hours After Completion 

Water Bearing 

fa? I 
J4 I 

LW-62 W ICHITA • GARDEN C I T Y  • LIBERAL • KANSAS C ITY • DENVER • OMAHA • AMES • ST. LOUIS 1 AURORA 



• 

COUNTY _____ E�l_l_i�s ___ STATE ___ K a ni:;_a§ _ --· 

Run No. 1 Run No. 2 
��ot_�e----------+Ma.i.-�_]_4�1 _____ _ _ 

_!�nt_Readin9 ______ _ 9 0  1 __ 

�Sl __ �41adi�----- _ .  -- 0 I --

__!oota11_e_!<>_9Qed______ _ ___ ___ 88�- _ _ _ 

.__�tto� lEriller) _ _  _ 
_ 9 0  '. _ __ _ 

Cooing (from Log) 
.._ C�;;,;-g (Dr�!1.._- -==�-_Cosing 5_�'!. - --·- .  

llit Size: 

MUD 
Nature 
Density 
Viscosity 

�ff'!,-Ylj f,f'!'},� �JI/;;#)��)� 
ELECTR I CAL 

COORDINATES: ____ ----------f 
N ----------------� s -----------------f 

ELEVATION: --------------� 
D.f. ____ _ 

K.B· ----------------1 G.l. ------- ---------� 
Run No. 1 

·----- -----

(<il Of --- ---- -- - ---- -- --- -

Run No. 2 

Resi1tiv1ty (iil 0f 
Re;:-@jtiT 

=- - - - @ - -- ---;;f 
pH 
Circ. Temp. 
B.H . Temp. 

- - - -- --

.__Bit Si;.;,------- ------ ------ ·!---------- --- ---· - ---·- - ----25 Re1iui.it.,. Scale: 

Potential Scale: 
Log-9-e-�d�b-y---t--J-._T_h_i�-m-e

- -+----------1 
Lineal Scale, l "  = 2 0 ' Witnened by 

REMARKS _____ �S�a=,-:.l�i�n�e::.......;V�a�l�l�e�y-=N�o�r�t.::..:..:h:.....:;:o�f:_,,..:H�a�y;.:::.s�,--'°K�a�n�s:::.::::a�s�,-=--'D�--=2�6�+�0�0"-'-, -�3�.�7�2::_;d�e::::.::ig�r�e�e�s"--C=-------
NE\ , S W� , S e c .  17 , T l l S , Rl8 W ,  E l l i s County , K a ns a s  

SPONTANEOUS POTENT I AL 
IMtLLIVOL TSI  

5 

R ESISTANCE 
IOHMSI  

25 

--- I'\:_:-- ---
--=��-� � � - ---

�J 
I) ,> 

--

r
-- ---- P ------ - --------- ----- -- ------ --- - -

� 

-� - I 

t--t---i1---1--��--=_: _�:::=::- I 

-:_ _� - ===� �-- �-�� 



Contract Name 

Job No. H34 1H 

City lia¥S 

TEST HOLE REPORT 

!Jwne-/Uestern Compang, Inc. 
----------- WATER SUPPLY SERVICES SINCE 1924----------

TEST DRILLING o WATER WELLS • P U MPS 

C i ty of Hays TEST HOLE 

No. DS 2- 74  
Date March 9 I 1974  

State Kansas Driller J .  Th ieme 

Location of Test Hole Sa line V a l ley Elevation of Test 

North of 
D 34+00 

NE 34 SW 

R 18 W 

From To 

0 3 

3 7 

7 l h  

16 2 1  
- 2 1  3 1  

3 1  40 
. 

40 45 

Remarks: 

Hays (See map ) Hole 
IT 

5 . 5 0  degrees c I I 
Static Water Level • 

34 Sec. 17 of T l lS • 
Measured 

E 111 s Co., _ _,K"""a=n=s=a-=s-

Description of Strata 

Soft c lav 

Fine sand 

Fine sand & a rave l 

Fine to med . sand & qrave l with l arqe to sma l l  

Soft blue c la v  
C lay 

Sha le 

Set 4 5 '  of 2 "  p la s t i c  
Wate r s amp le 16 - 2 1 ' 

-

6 . 2 '  on 3/20/7 4 

Hours After Completion 

Water Bearing 

' r /  
rock chips (whi  ::e )$ 

LW-62 W I CHI TA • GARDEN C I T Y  • LIBERA L • KANSAS CITY • DENVER • OMAHA • AMES • ST. LOUIS • AU RORA 
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• 41111-l1Juf<U111 Cemp"cl 
CUSTOMER C i t� Qf Ha�;, 

ADDRESS I:la�s , Kaosas 

WELL T e s t  Hole No . DS 2 - 7 4 

COUNTY Elli s STATE ___Kansaa_ - --

-

--

-

· 

- --- -

4;:rt:<Si;; 'J/"'4'1' Is: " '' 

E L 

COORDINATES: 
N 
s 

ELEVATION: 
D F. 
K.B. 
G.L 

E C T  

---- -

R I  c A L 

Run No. I Run No. 2 MUD Run No. I Run No. 2 
Dote 

-----
__!_ir•t Rea��----

lo1t Reading -- --- - ---
-

- -- - - ---
Footage logged 

--
- -

- -
-

--
-

Bottom (Driller) 
--

- -- ----------
Cosing (From log) 
Cosing (Driller) 
Cosing Size - -

Bit Size: 
Bit Site: 

Resistivily Scale: 

Potonlial Scale: -
Lineal Scale: 

March 9 . 1 9 7 4  

-
_

_ _ __ 

_4 5 ' ·
-

-
- -

-

-O '  - -
AL'__ ____ 

_
_

_

_

_

_ 

4
5 _

• 
_

_

_ 

-- -

2 5  
c; 

l "  = 2 0 ' 

- - -
-
- -

-

- - -
-

--
- - - ·-

-
- - - - - - - --- -

-
-

--- ---

-

.. 
- - -

- -
- - ----------

Nature - --
-

-Density 
-

-

Viscosity 
-

-
Resi1tiv 1ty 
Re�:-@-titff--
pH 
Ci;��Te�P� 
8.H. Temj;:' 

logged by 
Witnes11ed by 

--- - ----
-- ---

-(a) Of - -

__ __ _ _§) Of - ----
_ @_ Of 

----

-

--------- -- ---

-
-

-
----

J .  Th i e me 

- --· -
- - · 

--

-- -
---

-- ---
(� 
�-
@ 

--

REMARKS S a l i ne Va l ley No r th of Hays , K a n sas , D- 3 4+ 0 0 , 5 . 5 0  deg ree s c 
NE� , S W� , Se c .  1 7 ' T l l S , R l 8 W ,  

SPONTANEOUS POTENTIAL 

C M I L LIVOLTBI  
5 

E l l i s  Co unty , K an s a s  

R E SISTANCE 

( l l l f M rlJ  " '  ,, J 

--- ---•----+-

Of - -��--Of 
Of 
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T H E  K A N S A S  S T A T E  D E P A R T M E N T  O F  H E A L T H  
DIVISION OF LABORATORIES 
Environmental Hea l th Labora tory 
8 0 1  Harrison S treet  66612  

T O P E K A  
K A N S A S  

!. D .  LYMAN, M .  0., M .  P. H. 
Director of Health Dec ember 1 0 ,  1973 

Layne -Wes tern Co . Inc . 
1010 Wes t  3 9 th Stre e t  
Kansas C i ty ,  Mis sour i 6 4 1 1 1  

At tention : Carl Nuzman 

Dear Mr . Nuzman : 

L is ted below in mil l igrams per l iter are the results  of chemical ana lys e s  
of  four samp l e s  of wa ter c ollec ted November 28 , 1973 , from sourc e s  nor th o f  
Hay s , Kansas . I t  is our unders tand ing the samples wer e col lec ted in connec tion 
with a search for an add i tional sourc e  of water for the pub l ic wa ter supply a t  
Hays .  The samples  may be identified a s  fol lows : 

No . 1 Priva te we ll  owned by Was inger , SW� SW� Se c 16 - l l - 18W , E l l i s  County . 
Col lec ted 1 1 - 28 -73 . 

No . 2 Priva te well  owned by Roy Wel l s , NW� N� Sec  2 1 - 1 1 -lSW, El lis  Coun ty .  
Col lec ted 1 1 - 28 -73 . 

No . 3 Pr iva te well  owne d by Augus t ine , Center SW� Sec 14- l l -19W, El l i s  County. 
Col lec te d  1 1 -28-73 . 

No . 4 Saline River as  i t  cros s e s  a county road on the nor th s e c t ion l ine of 
Sec 1 6 - l l - 18W , El l is Coun ty .  Col lec ted 1 1- 2 8 - 7 3 . 

pH 
To tal Dissolved Solids  
To tal Hardne s s  (as CaC03 ) 
Calc ium (as Ca) 
Magnes ium (as Mg) 
Al ka l in i ty (as CaC03 ) 
Chl or ide 
Sul fate 
Nitrate (as N03 ) 

= 

= 

= 

= 

= 

No . 1 

7 . 3 
526 . 
345 . 
107 . 

19 . 
3 28 .  

14 . 
1 1 2 . 

0 . 3 

No . 2 No . 3 No . 4 

7 . 2  7 . 3  7 . 9 
141 6 .  9 06 . 107 4 .  
1016 . 6 28 .  638 . 

300 . 217 . 195 . 
65 . 21 . 37 . 

202 . 28 2 .  2 24 . 
5 6 0 .  265 . 183 . 
259 . 66 . 334 . 

7 . 1  1 . 9  1 . 9  

S incerely , 

Nicholas D. Duf fett , Ph . D. 
Dir e c tor 

- J/t>-o-'"'>J,j /.._. 5:-c;,,_1� ';;J Howard A .  ��ol tenberg ,  M.A . 

Fn n ' I  \ l 

HAS : glb 
c c : Hays Area Office 

Leonard Imhof 

Ch ief , Water Chemis try Sec tion 

2 9 - H  
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41•·"!a�!�Rr-Jl"'f 
WICHITA 13 ,  KANSAS 

WAT E R  ANALYSIS 
( Results In PPM) 

Source C ity of Hays , Kansas , T . H .  No . FS l-7 4 ( 52 -6 7  ' ) 

Date Col l ected Date Completed------------
Color--------- Odor--------- Turb id i ty _________ _ 

Total So l i d s  ____ 5�6�0�- I ron --�1�·�1=8�---- Manganese ________ _ 

--------- N .  C. Hardness  _______ _ 

A s  CaC03 Tota l Alkal inity--------- Exce s s  Alk.  ---------

Total Hardnes s  (Verse.)  ---=-26=-=2 __ _ 

POSITIVE N EGATIVE 

Ion s Ions 

Ca (Calc i um) co3 (Carbonate) 

Mg (Magnes i um) HC03 ( Bi carbonate) 

Fe ( I ron) 1 . 18 S04 (Sul phate) 

Na (Sodium) Cl (Chloride)  40 

F ( F l uoride) N03 ( N i trate) 

Si02 (Si l i ca )  

Remarks ________ ________________________ _ 

Chemi st ___ G�a�r7y___,_W�i�l=s�o�n�----
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WICHITA 1 3 ,  KANSAS 

WAT E R  ANALYSIS 
( Re1ults In PPM) 

Source __ C.;;;;.,.=:i...;;;t....Ly----=o;...::f::.___:;H=a:..:..yL...s�, ---Ka�n-=s;...::a.::..:s=----T;;o_e.::....;::_s...;;;t--=H;...::o-"1-e_N_o=.....o.... -=B::..:S=-----=l_-....:...7-=4---_,__( 6=--5_-....:...8_5_'_,_) __ _ 

Date Col lected ___________ _ Date Completed------------

Color ________ _ Odor --------- Turbid i ty ------=l=-3=--------

Total So l  i d s  __ ____,5=6�6><---- I ron ___ ...,l� ....... 0....,1�--- Manganese---------

Ions 

Ca (Ca l c i um) 

P-T Alk .  _ __,,0,.__-_4'"-'6"--4"------ N. C. Hardne ss _______ _ 

Total Alka l i ni ty ________ _ Excess  Alk .  ________ _ 

Total Hardness (Verse.) _ _.,l=-=5"'-'0><---- Conduct ivity 540 

p H  7 .  7 3 

POSI T I V E  

50 

Ions 

co3 

N E GATI V E  

(Carbonate) 0 

Mg (Magnes i um) HC03 ( B i carbonate) 566  

F e  ( I ron) 1 .  01  S04 (Sul phate) 8 

Na (Sod ium) C l  (Chlor i de)  2 0  

F ( F l uoride) N03 ( N i trate) 

Si02 (Si l i ca)  1 3 . 9  

Remarks ________________________________ _ 

Chemi st ___ __,,G,,_,a,,__,r=--.y.i--_,_,_W_,,,,i_,,,l""'s,__,,o=n.___ __ _ 
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/,1•• 1 0 1 1 W�R�"' 
WICHITA 1 3 , KANSAS 

WAT E R  ANALYSIS 
( RH ults In PPM) 

Source C ity of Hays , Ka ns a s  - T e s t  Ho le No . CS-2-74 ( 24- 34 ' )  

Dote Col lected ___________ _ Dote Completed ------------
Color ________ _ Odor --------- Turbid i ty __ -=l�O=--------

Total So l i d s  

As CoC03 

Ions 

Ca (Ca l cium) 

1 002 I ron _________ Manganese ________ _ 

P -T Alk . ___ 0_-�2�3_6 ____ N . C.  Hardne ss _______ _ 

Tota l  A l ka l i ni ty --------- Exce s s  Alk .  ---------

Total Hardne s s  ( Verse.) ___ 5_9_8 ___ Conductiv i ty 7 9 0  

p H  7 .  3 9  

POSI T I V E  

232  

Ions 

co3 

N EGATI VE 

(Carbonate) 0 

Mg (Magnesi um) 4 . 4  HC03 ( B i carbonate) 288 

Fe ( I ron) 0 . 42 so4 (Sul phate) 1 50+ 

Na (Sodi um) Cl (Chlor i de) 18 5 

F ( F l uoride) N03 ( N i trate) 2 . 6  

Si02 (Si l i ca )  1 1 . 6  

Remark•---------------------------------

Chem i st_�G�a�r'"-='y�W�1�· l�s�o�n�-----
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41•·'!a��R�ll/ 
WICHITA 1 3 ,  KANSAS 

WAT E R  ANALYSIS 
(Results In PPM) 

Source C i ty of Hays , Kansas , T . H . No . DS- 1 - 7 4 , (7 5-8 5 ' )  

Date Col l ected Date Compl eted------------

Color --------- Odor ________ _ Turb id i ty _________ _ 

Total So l i d s  ___ 5_5_6 ___ hon ____ 4"'-.'-'2=-9;:___ ___ Manganese ---------

As CaC03 

--------- N .  C. Hardness  _______ _ 

Total A lka l in i ty ---------

Total Hardne s s  (Verse.)  2 96 

Exce s s  Alk .  ---------

p H  _________ _ 

POSI T I V E  N E GATI V E  

Ions Ions 

Ca (Ca l c i um) co3 (Carbonate) 

Mg (Magnes i um) HC03 (B i carbonate) 

Fe ( I ron) 4 . 2 9  so4 (Sul phate) 

Na (Sod ium) Cl (Chlori de) 2 0  

F ( F l uoride) N03 ( N i trate) 1 . 6  

Si02 (Si l i ca} 

Remarks ________ ________________________ _ 

Chem i st ___ :w.G.,..a"""r�y�W_....i ..... l...,s....,o""'n'1-___ _ 
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41•·11!a��R�J'"'/ 
WICHITA 1 3 ,  KANSAS 

WAT E R  ANALYSIS 
(Results In P PM) 

Source ____ C_i_t=y_o_f_H_a_.y,_s_, _K_a_n_s_a_s_, __ T_._H_._N_o_._D_S_2_-_7_4--'-, _...;.(_1_6_-_2_1_'_,)'-----

Date Col l ected ___________ _ Date Compl eted------------

Color ________ _ Odor ________ _ Turb id i ty _________ _ 

Tota l So l  i d s  ___ 1_5_3_8 __ _ I ron ____ O�. 6�8�--- Manganese ---------

As CaC03 Total A l ka l i ni ty ---------

Total Hardness  (Verse.} 8 28 

N. C .  Hardne ss _______ _ 

Exce ss  Alk .  ---------

p H  _________ � 

POSIT I V E  N EGATIV E  

Ions Ions 

Ca ( Cal cium) co3 (Carbonate) 

Mg (Magnes i um} HC03 ( B i carbonate) 

Fe ( I ron) 0 . 68 S04 (Sul phate) 

Na (Sodium) Cl  (Chlori de) 3 10 

F ( F l uoride} N03 ( N i trate) 2 . 0  

Si02 (Si l i ca)  

Remarks ________________________________ _ 

Chemi st ___ G�a_r_y�W�i�l�s�o�n�----



BLACK 8c VEATCH 
ENGINEERS-ARCHITECTS 

City of Hays, Kansas 
Pursuit of Additional Vater Supply 

Mr. Kenneth R. Carter 
City Manager 
City of Hays 
Post Office Box 490 
Hays, Kansas 67601 

Dear Mr. Carter: 

TEL. 19131 339-2000 

1500 MEADOW LAKE PARKWAY 

MAILING ADORESS P.O. BOX NO. 8405 

KANSAS CITY. MISSOURI 64114 

B&V Project 12736 
May 13, 1986 

As requested by the City, we are writing this letter to show the locations of 
the recommended water quality sampling points in the Saline River Valley and 
the test holes in the Saline River Valley and the "broad plains" area. 

Figure 1 illustrates the eight sampling locations recommended for determining 
the water quality in the Saline River Valley, western Ellis County. The 
following table lists the well locations recommended for sampling the ground 
water: 

Location 
File No. (See-T-R) Owner 

015971-00 6-115-20V Vhisman, George 5f,(Y1 I 

010971-00 9-115-20V Fischer, Dahna 
037126-00 14-115- 20V Star C, Inc. 
037088-00 24-115-20V Star C, Inc. 

The samples should be analyzed for specific conductance, hardness, chloride, 
total nitrogen, and iron. As discussed in the 5-8-86 meeting, the sample can 
probably be analyzed by the KDHE. If not, the analyses can be completed at 
Fort Hays State University or at Vilson Laboratories in Salina, whi~h ever is 
more convenient for the City. Sample bottles can be obtained through the 
agency performing the analyses. 

To complement the geophysical surveys performed in March 1986, five sites have 
been recommended for drilling test holes. Each test hole should be drilled at 
the approximate location of the vertical sounding made at that site. One test 
hole will be drilled along the Saline River, approximately at the location of 
HYVS 8 shown on Figure 2. Four test holes will be drilled in the "broad 
plains" area near HYVS 18, HYVS 22, HYVS 26, and HYVS 25, shown on Figure 3. 

mcampbell
Rectangular Exhibit Stamp
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Table of Water Rights Information along portion of Saline River Valley, 
ground-water only. 

File I 

025566-00 
015971-00 

'tl. 006413-00 
:lO • ~ 010971-00 

013169-00 
026242-00 
032292-00 
037126-00 
036768-00 
017283-00 
037088-00 
030540-00 

A3JS02176 . 
007 

Location 
(Sec-T-R) 

19 11 19 
6 11 20 
9 11 20 
9 11 20 

10 11 20 
10 11 20 
10 11 20 
14 11 20 
15 11 20 
24 11 20 
24 lldb 01 11 21 

Rate 
Owner (gal/min) 

Armbrist~ A~thur ~';z- 33J) 1400 
'lil.i..l '"c g ~ Whis , eor e &y!.. :Z·% :<~tCO 

Love J htL 1"$1- if 1'11 290 
~ ~~e~t Dahna 7.1 ' - f<ff'!r9 

o '"' h ttm 355 ove, o n __ 
Love , John 737 -5"02/ G 550 
love. John. ;?7.1 ltJXS• zuRtc+l. 550 
Star C1 Inc. 800 
Kom2us 1 DiCk S~o E 2c ~IA'f.S 600 
Star C1 Inc. ·~~ ').5~0 810 
Star £ 1 Inc. 800 
Brown, Marjorie 550 

Annual 
Quantity 
(Acft) 

399 
85 
44 
87 
88 

93 
~0 
50 
92 

2 
150 ~ 

--/If 
I o o7 . 



Saline River Water Rights 

Horth County Lin• Rd. � � f 
Met1dota Rd. 

" 
Sol!no River Rd. 

Rl"""'1o" Rd 
20 .. 22 2l 

WOlH Rd joo 20 :m 27 ,. 
51-y Hollo• Rd. I 131 3' 3.J ,. .. 

Horne•teod Rd. ¥· • • l > 
John - St.. Andt'ew Rd; 

.3 �' • !O ,, 12 7 • • It " 12 , • 5""""1 Rd. !u 111 ··� ts " 1l II " " " •• " 
" ID " ... Sueke>- Rd. .!! 6 s., "'f;I � .. .. .. .. "' ,, 22 ,, ... ,. .. "' c LocUllt Gro.e Rd. s s,. .. .. "' .. .. .. .. .. Z1 .. u '"' .. .. 

Hopow.il Rd. 
� .. » » :>4 "' ,. ... .. ... ,. "' ,. ... .. 

Emmenim Rd. 
. > . l • 1 • • 

F"Hdtol Rd. 7 • 
f= :=m .. I .. I .. I ,, I : I �- - - - - -

@ Sutface Wells 

• Groundwater Wells 

ROOKS COUNTY 

� 

• • • II ,. 7 • 
Iii .. .. ,. " " A 13 

21 u '" I tt I » 

.. ,. ::I ,. .. 

... ... .. ,. ,. "' 

. 3 ' I • s • ,. II • • � 7 • 

• 10 11 " 

" .. •• " 

:c 
10 11 ,. 

"' , . ... 

22 :z.s ,. 

�� ... ,. 

, > · �110 1 11 II 
•• t7 t• J l..S I ,,. " 

:i: 

it f J2 I » I l• I It I '° ., I 20 I » :u 

"' :n ,. "' .. .. '" ) ., "" .. 

» 
... .. ,.. ,. "& _J:Zl»1,. "' ,. 

< . ,_ 
... 

• 

• ,.., 1t I 12�1 7 I • I • I ,a I II I 1.2 I 
.. " .. , . ll 

,. "' 22 2l .. 
-- -- -- - - -

t: 
� 
a "' "' ;a 

If!#' 
00 
I"-
0> 
� 
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Saline River Water Rights 

Norlh County Line Rd. 

z 

�endoto Rd. 

11 

Saline River Rd. 1�18 17 
Riverview Rd. � 19 

('f 
20 21 .22 2.3 

Wiles Rd. §:30 N 2lil I 28 77 28 25 :30 29 28 
Sleepy Hollow Rd. �31 32 33 34 35 34 J1 32 33 

Homesteod Rd. 

§o 4 3 2 1 e 4 
C'f 

John - St. Andrew Rd. 1 0 

@ Surface \\'ells 

• Groundwater Wells 

I 
J 2 e 

10 11 12 7 ,. ,.soi['; 276� . .  
22 23 19 

· 104 G '2 

I1 25 � 30 

J4 J5 Je 31 

3 
I 
I I 2 � 1 e 



, 

Saline River Water Rights 
ROOKS COUNTY 

? ! � 
ti 4 2 ti s 4 J ti 2 

2 7 II t1 12 

14 tJ 

2.J 24 ,. 22 2J 24 

15 30 � 27 2S 27 2$ 2!I JO �� � 

. L I 

• J1 32 JJ 34 3J 34 J!5 lS JI l2 lJ 
� � 

2 ti 
8 !I 4 J 2 8 5 4 5 • l 2 

-, I 
• Surfoce Well' 

• Groundwater Wells 



os,22101 WED 09:56 FA1 ;����56842 S10CK!O� F 0 

SALINE RIVER FILES ELLIS COUNTY 
File No Location Basin County GP.M 
001048 11317W11$ALINE EL 400 
001048 11S17W12SALINE EL 450 
00·1&69 I IS 19W14SALINE EL 320 
009340 11S17W11SALINE EL 355 
011114 11$11$W1b$ALINE EL t>SO 
012064 11S17W17SAUNE EL 570 
013169 11S20W1CSAL.NE EL 326 

015971 11S20WOSSALINE EL 565 
017283 11S20W24SALINE EL 810 
022131 11S19W23SALINE EL 700 
023784 11 S19W14SALINE EL 900 
025566 11S19W19SALINE EL 651 
026242 11S20W1CSALINE EL 516 
0.�22!12 11 S201//1 CEALINE El 552 
034204 11S17W16SA1.INE EL GOO 
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043474 11S1TW16SALINE EL 550 

C.F.S. Quantity Source Use 
95 0 IRI""\ 

1 95 s IRR 
0.71 50 s IRR 
0 79 94 G IRR 
1.45 84 G IRR 
1.27 66 a IRR 
072 !IBG IKH 
1.26 85 G IRR 

1.8 92 G IRR 
1.56 104 G IRR 

2 275 s IRR 
1.45 155 G IRR 
1 15 93 G IRR 
1 23 93 G IRR 
1.22 30 G IRR 
1 03 27 G IRR 
1.23 100 G IRR 
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Kansas State Board of Agriculture 
·Division of Water Resources 

ADMINISTRATIVE PROCEDURE 
No. 93-1 

Subject: Availability of Groundwater in Alluvial Aquifers and Surface Water 

Reference: K.S.A. 82a-711; Administrative Policy No. 93-1 

History: 

Effective Date: 

~:;yv~ Approved by: 
David L. Pope, P .E:;Chief Engineer 

I. Back &round 

In order to implement Administrative Policy No. 93-1, which mandates the use 
of a safe yield concept to evaluate new applications to appropriate groundwater and 
surface water, the procedures set forth below are to be used primarily to determine the 
amount of recharge and streamflow which is available for appropriation. The analysis 
described below may not always address all the factors set forth in Administrative Policy 
No. 93-1, but in most cases, it will. When better hydrologic and geologic data and 
analyses are available to carry out Administrative Policy No. 93-1; they may be utilized, 
but the burden is on the applicant to demonstrate superiority of the data and analyses other 
than that used by the Division. In evaluati~g a new application to appropriate water, in 
addition to using the analysis sef-forth in this procedure, ·other relevant factors described 
in Administrative Policy No. 93-1 and K.S.A~ 82a-711, should be taken into account 
when appropriate in deciding whether to approve the. application. 

In making the technical and policy decisions in this procedure, the Chief Engineer 
recognizes that in many stream systems, alluvial groundwater discharge is a significant 
component of the flow in the stream all, or a portion of, the time. It is in the public 
interest to protect a certain portion of the recharge to the alluvium in those cases so that 
sufficient streamflow is available to satisfy senior domestic rights to water livestock from 
streams, prevent impairment of the quality of the flow· in the stream, to protect other 
interests set forth in Administrative Policy No. 93-1 and otherwise protect the public 
interests. These determinations have been based on the best data and analyses available 
to date. When better data and analyses become available, they should be utilized. 

mcampbell
Rectangular Exhibit Stamp
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The "percent of calculated recharge available" for appropriation is based on the 
hydrologic conditions of the basin, appropriations in the· area, streamflow and aquifer 
trends, interstate river considerations and other factors relevant to the availability of water. 

n. Availability of Alluvial Grounciwater 

A. Each application for a permit to appropriate groundwater from an alluvial aquifer 
filed prior to March 20, 1990, shall be processed in accordance with the standards 
and criteria in effect at the time the application was filed, which includes a case 
by case analysis based upon the provisions of K.S.A. 82a-711. 

B. Each application to appropriate groundwater from an alluvial aquifer filed on or 
after March 20, 1990 (except domestic, term and temporary applications), shall 
be processed in accordance with the guidelines set forth in Administrative Policy 
No. 93-1. 

"Safe yield", as defmed in Administrative Policy No. 93-1, shall primarily be 
determined by using the following procedures: 

1. Definitions . 

(a) "Circle" means a two-mile radius circle with the proposed point of 
diversion as the center. 
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{b) 

(;) 

Illustrations: 

"Area of consideration" means the portion of the two-mile circle 
which is !ocated within the limits of the alluvial aquifer expressed 
in acres. 

( i i ) 

. LEGEND "'"' ·. : 
10\ "~. • • 

\OIX • REQU ESTEO PT. OF 0 IV • "..-It . 
• SU~OUNDING WELLS 

• : • ALLUVIUM 
/// ·AREA· OF CONSIDERATION 

AREA OUT OF CONSIDERATION 

The illustrations above depict: (i) an alluvial valley lllQf.e than 4 miles wide and (ii) an 
alluvial valley ~ than 4 miles wide. 

(c) "Total quantity" is the total combined authorized annual quantities 
under all alluvial water rights and permits (except term· and 
temporary permits) with priority dates senior to the proposed 
application with points of diversion located within the "area of 
consideration." 

(d) (i) "Calculated recharge" is that portion of the average annual 
precipitation which becomes recharge to the alluvium calculated 
using the data shown on Water Resources Investigations Report 87-
4230, plate No.4 prepared by the United States Geological Survey 
in 1991 (Attachment 1), interpolated to the nearest tenth of an inch, 



Administrative Procedure No. 93-1 
Page4 

unless: (aa) a different value or procedure has been adopted in 
writing by the Chief Engineer for a specific basin, such as those set 
forth below, or (bb) better recharge data for the area of 
consideration or basin is supplied by the applicant or is already 
available to the Chief Engineer. 

(ii) Kansas River Alluvium - the calculated recharge in the 
Kansas River alluvium shall be determined by taking 25% 
of the average annual rainfall in the area of consideration as 
taken from Figure 2,. U.S. Geological Survey Water 
Resources Investigation Report 92-4137 (Attachment 2), 
interpolated to the nearest 0.1 of an inch. 

(iii) The calculated recharge value of the Bluff Creek alluvium 
(Cimarron River) has been determined by the Chief Engineer 
to be 1.2 inches per year. 

2. Percent of Calculated Recharge Available for Appropriation 

a. For all new applications to appropriate water filed on or after March 
20, 1990, and prior to February 15, 1993, 100% of the calculated 
recharge shall be considered to be available for appropriation. 

b. For all new applications to appropriate water filed on or after 
February 15, 1993, the following percentages of calculated recharge 
shall be considered to be available for appropriation. (See 
Attachment 3 for an illustration of percent of calculated recharge 
available for apprOpriation for new applications filed on and after 
February 15, 1993 by basin.) · 

Percent of Calculated Recharge 

{i) 

Available for Appropriation 

100% plus the recharge from the 
Missouri River available to the 
well as calculated by a Jenkins 
or similar analysis. 

River Basin 

Missouri 

-'·· 
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(ii) 15% 

(ill) 50% 

Arkansas River below Hutchinson* 
Big Blue River ** 
Black Vermillion River ** 
Delaware River ** 
Kansas River ** 
Little Blue River ** 
Little Osage River ** 
Marais des Cygnes River** 
Mill Creek ** 
Marmaton River ** 
Nemaha River ** 
Ninnescah River* 
North Fork Ninnescah River * 
Pottawatomie Creek ** 
Spring River * 
Stranger Creek ** 
Sugar Creek ** 
Vermillion Creek ** 
Wakarusa River** 
Walnut River * 

Arkansas River above Hutchinson* 
Bluff Creek-Chikaskia River * 
Bluff Creek-Cimarron River * 
Caney River *· 
Cimarron River * 
Cottonwood River * 
Elk River* 
Fall River* 
Little Arkansas River above 

GMD No.2* 
Neosho River* 
Saline River ** 
Salt Creek ** 
Salt Fork Arkansas River * 
Sandy Creek * 
Smoky Hill ** 
Solomon River ** 
Verdigris River * 
Any Other Basin in State 

Not Specifically 
Identified 
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• Located in Arkansas River Basin 
•• Located in Kansas River Basin 

3. Safe Yield Calculation 

a. If the Chief Engineer has determined a total amount of water that is 
available for appropriation in any basin, subbasin, stream reach or other 
hydrologic area, prior to the date the application was filed, first determine 
if the total amount of water authorized by vested rights, prior 
appropriations, requests by prior unapproved applications and the proposed 
appropriation in that area are less than, or equal to, the total limit set by 
the Chief Engineer for the basin, subbasin, stream reach or other hydrologic 
area. If it is, proceed to Step B. If the total amount authorized and 
requested exceeds the limit set by the Chief Engineer, the application shall 
be denied or considered only for the amount available. If no total amount 
was set by the Chief Engineer prior to the date the application was filed, 
proceed directly to Step B. 

b. Next, determine the "calculated recharge" within the "area of 
consideration." Multiply that amount by the "percent of calculated recharge 
available for appropriation." Then subtract the 11total quantity" of water 
rights authorized by all prior water rights in the same area of consideration. 
If a water right authorizes more than one point of diversion and not all of 
them are within the area of consideration, the authorized quantity shall be 
divided equally among all the points of diversion, unless better information 
is available. 

c. If the amount of water remaining is sufficient to satisfy the proposed 
application, then the safe yield criteria has been met unless there are other 
relevant factors, including those set forth in Administrative Policy No. 93-
1, which need to be taken into account. The application may then be 
processed according to other criteria in effect in that area, such as well 
spacing. If there is sufficient water available to reasonably satisfy part of 
the request, then the application may be approved for up to the amount 
available. If no water is available to satisfy the proposed application, then 
the applicant shall be given a reasonable time to submit additional 
information as to why the application should be approved. If the applicant 
fails to provide satisfactory information within the time limit, then the 
application shall be denied. 

. ' 
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III. Sudace Water Available for Appro_priation 

A. On and after the effective date of this policy, any application filed to directly divert 
the natural flow of sudace water from any stream or river and their tributaries in 
the state of Kansas [EXCEPT: (i) the Kansas River, the Missouri River, the Big 
Blue River, the Spring River, (ii) any stream basin subject to a more specific 
written policy or regulation of the Chief Engineer, or (iii) a case where the 
applicant is a member of an operational assurance district for the source of supply] 
may be approved subject to the following conditions: 

1. Direct diversion of sudace water shall be permitted only when Minimum 
Desirable Streamflows (MDS) or Assurance District Target Flows (Target 
Flows) are being met at the gage or gages immediately below the proposed 
point of diversion (if such MDS or Target Flows have been set .for that 
stream); 

2. 

3. 

4. 

Water is available to satisfy all senior water rights and permits; 

The stream shall not be dried up at the first riffle below the point 
of diversion when the applicant is diverting; 

The applicant has been informed that flow is generally not available July 
1 through September 30 and the applicant may be required to provide off
stream storage facilities unless the applicant can demonstrate that the water 
can be reasonably used during the period October 1 through June 30 
without utilization of an off-stream storage facility; ANJl. 

5. The verbal or written permission of an authorized representative of the 
Chief Engineer usually the appropriate Water Commissioner, must be 
obtained in order to divert water each time the applicant desires to divert 
water. 

B. If the applicant can demonstrate to the satisfaction of the Chief Engineer ·that 
direct diversion may occur at other times without prejudicially and unreasonably 
affecting the public interest, the Chief Engineer may authorize additional 
diversions. 

C. In all other respects, new applications to appropriate sudace water shall be 
processed in accordance with all other applicable criteria relating to impairment, 
safe yield, public interest, etc. 
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When processing applications to appropriate surface water sources of supply 
excepted in Paragraph III. A. of this policy, MDS and Target Flows shall be 
taken into account where applicable. 

.J, 
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Attachment 3 -- Procedure 93-1 (2/15/93, for illustrative purposes only} 

Dark Blue area • 100% of recharge; Green area • 7S% of recharge; 

Brown • Groundwater Management Districts; Violet • Moratorium areas; 

Yellow area-= SO% of recharge; Red area -IGUCA 

Gray • Specific policy applies to area. 

• 
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ATTACHMENT 3- Procedure 93-1 (2/15/93, for Illustrative purposes only) 

Dark-gray area = 100% of recharge; Medium-gray area= 75% of recharge; Light-gray area= 50% of recharge 

White represents area where other policies apply. 
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Stateof Kansas . I ,"'., ' ,.

Board of Agriculture

Pennanent Administrative
Regulationq 

,

Article 3.-APPROPRIATION RIGHTS
5-3-9. Public interest. (a) hr accordance with K.gA-

82a-711(b)(5), as amended, in ascertainiirg'whelher a
proposed use will prejudicially and urueasonably affect
the public interest the drief engineer shall also take into
consideration the quantity, rate and availability of water
necessary to:

(1) satisfy senior domestic water rights from the
stream;

(2) protect senior water rights frorh bing impaire{ !y
the unreasgnable concentration of natqally ocguning
contaminants; and , , '. ' ,, .

(3) over the long term reasonably recharge the allu-
vium or other aquifers hydraulically connected to the
stream.

(b) Unless otherwise provided by regulatiog it shall
be considered to be in ihe public interest that only th+
safe yield of. any source of water supply, includin! hy-
draulically connected sources of water supply, shall be
appropriated. (Authorized by K.S.A. 82a-706a; imple-
menting K.S.A. 1993 Supp. 8?-a-7,1\; effec{.ve Nov. 28;
1ee4.)

5-8-IO. Availability of water for appropriation
- safe yiel4 (a) Except as set for,th in subsection (b) ard
KA.R. 5-3-16 and K.A.R, 5'3-12 the approval of a4y ne. w
application to appropriate groundwater or surface water
for beneficial use, except for domestic use, temporary
use and term permits for five years or. less, shall not
cause the safe yield of the sourse of water supply to be
exceede4 neitlier shall it otherwise preiudidalii aha un-
reasonably affect the public interest. The approval of
term permits shall not allow nor prejudi-
cially and unreasonably affect the prrblic interest.

.Q), thi regulation shall not upfty to an application
wrucn ProPoses:

(t) to divert water from a source.of water $upply subi
ject to a different sde yield allowable appropriafioo de-
pletion or other similar type of criteria adopted by role
and regulation of the drief engineer or intensive ground-
water use control area order of the,drief engineer iszued
pwsuant to KS.A 82a-L035 et seq., or ' :
' (2) to use water in a manner sd that there is'no sig-
nificant net consumptive use of the local source of sup.
ply either in qgantity or availability of water for use 6y
other appropriators.

. : (mtiwd)
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Article 23.-VOTER REGISTRATION
7-PS-18. Central voter registration fonnat (a) The

count5r election officer in eacli county shall transmit
voter registratien information through the use of a com-
puter media compatible with the hardware and software
of the secretary of state. The secretarv of state shall de-
termine whetlier the media hardwari: and software are
compatible.

O) The data shall be transmitted four times per year
andlshall reflect the voter iegistration data Uasia of the
county as of January L, April 1., July L, and October L.
When that date falls on d weekend or holiday the data
shall reflect the voter registration data bese as 6f the next
busihess dav.

(c) The dlata shall be transmitted to the secretary of
state's officg 1ot l-ater than the 14th day following the
dates specified in' su-bsection (b),.

(d) The data shall be transmitted to the secretarv of
statei's office in fields, except that the subdirection" s6cial
sec-urity number or phone number fields shall not be re-
quired to be transmitted if the county election officer
does not mter these fields into the officey's computer.
The data shall be in the following format

Field Narre
First Name
Middle Name
Last Name
Sutrix

'House 
Number

Di€ction '

Street Name
Subdirection
Street type
Apartment/ Suite Nurnber

" 
City- 
State
County,
Zp code
Zp + Four

Mailing Address L ,

Mailing Address 2
Mailing qty
Mailing State
Mailing Zip eode
Mailing Zp + Four
Soci€l Security nuinber
Date of Birth
Sex
Party Affiliation .

Dale of Registration
Phone number
Voter History

-last two general

-last two primary
CitylTownship
Ward
Precinctl
Senate District
Repres.e.ntative District .

US. Represertative Dshict
Unified School District

No. 41, October 13,1994

t

State Bqard of Education 2
Dstrict : '.

liraiAdDistlictnq4h 3 :v, :.'
(Authorized by and implanenting K.S.A. E:2fi4; ef-

fectire April 18, 1994; amended Nov, 28,1994^l' , ,.

Vol.
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(c) If a total quandty oJ water that'ts available for ap-

propriation rn any basr; subbasiru stieam reach or other
hydrologic unit has bem determined by the .chief en-
gineer prior to the date that application is,filed, the total

'quantity of water authorized by vested rightr, prior ap-
propriatiory requests by prior unapproved'applidations

e$ Fu proposed appropriation glratl be determined by
the chief engineer.
. (1) If the total quantity of water authqrized and re-
qirested'brr applications with earlier filing dates is less
than or equal to the toJal annual quantity of water de-
'termined,to be available Ior appiopriatior; or if no total
quantity of water available was aetermined by the chief
engineer prior to the date the application was file4 the
following procedures shall be used by the chief engineer
to further evaluate the applications:

(A) KA.R. 5:3-11 shall be used to evaluate an appli:
cation to apprgpriale groundwater ftqm an unconifurgd
aqui{-eu .

(B) K.A.R. 5-3-L4 shall be used to evaluate an appli-
cSfon to appropriate groundwater from a confined aq-
uifer; or

(C) K.A.R. 5-3-15 shall be usqdrto evaluate an appli-
cation to appropriate surface water.

(2) If the total quantity of water authorized and re-
guested exqeeds the limit determined by the chief en.
Sineer pursuant to this subsection, the applicatio4 shall
be'denied or considered only for ihe quentity available.
(Authorized by K.S.A.. gZ.a-7A6a; implemeniing K.S,A.
L93 Supp.:82a-7ll; effuctive Nov. 28, 7994.)

5-3-Il. Availability of water for appropriation -
safe yield unconfined groundwatet aquifers. (a) Each
application to appropriate groundwater from an uncon-
fined aquifer shall be processed in accordanee withithe
guidelines set forth in this rggulatioh;,. .:

(b) To determine the saferyield,available for appro-
priation from:an unconfined'aquifer at a.specifie loca:
tion the following procedure shall be used by the chief
engineer.

(t) ffe amount of calculated reoharge qc€urring
withll thg area of consideration shall,be d.etermined by
the chief engineer.

(2) That amount shall be multiplied by the percent of
calculated redrarge determined by the chief engineer to
be available for appropriation. , ,: '

(3) The total quantity of wdter authorized and re-
quested'in the salne area of cons.ideration shall be sub.
tracted from the ntrmber derived from piragaph (b[2)
above. If a water right or permit authorizeJmbre'thin
one point of divergion and not all of them iare widrin
the area.of considerationT the authorized quantify shall
be divided equally a{nong atl the points of diversiorl
unless informati0n is available to rnore accurately dis.
tribute the authorized quantity between,the mdltiple
points of diversiqn. ' , .

(c) (1) If the quantity of water remaining is suffieient
to satisfy the proposed application" then the safe yield
criteria shall be deemed to have been met unless there

13, No,,41, ,Octobfi L3, L994
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are other relevant factors which nedd to be iaken into
account in order to protect the pullic interest. The ap.
plication shall then be processed according to other cri-
teria in effect in that area..

(2) If there is sufficient water available to reasonably
satisfy part of the request, then'the application shall be
,approved for the quantity available if the remaining
quarrtity is reasonable for rtlre proposed.use and the ap:
plication meets the other,applicable criteria in that area.

(3) If no water is available to satisfy the proposed ap-
plicatioo then the application shall'be denied by th"
c.hief engineer, '

(d) In making a safe yield calculatioo rinless tlrc con-
text dearly requiies btherwise, the fOllowing words and
phrases shall have ,the meanings'ascr.ibed .to them.

(1) "Circlelf mealrs a two-mile radius circle with the
proposed point of diversion as the center.- 

121 "Aqea of considerationl' means the portion of the
two-mile circle which is located wi{rin the'limits of the
uirconfined aquifer expressed in acres.

(3) "Total .iuantitv of watey'' means the total com-
bined authorized annud quantities trnder all ground.
water rights and permits and reques@d by pend'ing ap-
plications with a senior priority in that unconfined
aquifer except for domestic ude, temporary permitsland
term permits for five years oT less with priority dates
senior to the proposed application with points'of di-
.version located within the area of consideration.

(4) "Calculated recharge" means that portion of the
average arurual precipitation whidr becomes redrarge to
the uneonfined aquifer, calculated using the data shown
on water resources investigations report 874230)plate
no. 4 prepared by the United States geological survey in
1991, hereby adopled by reference. interpolated to the
nearest tenth of an incl'r, unless:

(A) a different value'has been adopted in writing by
the chief engineer for a specific basin; s'r

(B) better or more specific redrarge data for the area
of consideratio& basinor aquifer is Supplied by the ap-
plicant or is already available to the chief englneer, '

, (5) The.foltowing specific calculated recharge values
have been adopted by the chief engineer for the listed
basins:

(A) The calculated recharge in the Kansas river al-
luvirm slrall be determined by taking 257" of the average
rirurual rainfall in the area of consideiation as taken frobo
figure 2, United States geological survey water resources
investigation report 924137, hereby adopted by refer-

, ence, interpolated'to the nearest 0.1 of an indr. . ., (B) The calculated redrarge value for the alluvium of
Bluff Creek - Gmarron shall be 1.2 inches per year.,

(5) Percent of calculated redrarge available for appro-
priation. For each applisatiot to apprcrpriate ground'
water from:an unconfined aquifer filed on or after the
effective date of this regulatiorg the percentageq of cal-
culated recharge which-shall be considgred d be ravail-
able for appropriation shall be detennined using the fol-
lowing table.
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Regulations Kansas Register
Percent of- Calculated Recharge
Available for Appropriation

(A) 100% plus the rec.harge
from the Missouri
River available to the
well as calculated bv a

Jenkins or similar 
-

stream depletion
technique.

(B) 1000/.

1545

O .(c),,z5oh

@) 50olo

'* Located in Arkansas River'Basins Located in Kansas River Basiri

(7) Divisioa of Water Resources Hydrologic Atlas 9rt-
1, ]uly L2, 1994, is hereby adopted by reference as
showing the total qqantity of water and the perceht of
calculated recharge availab-le in all or part of the
following basins,isubrbasins, stream reaches and,other
hydrologic units:

(A) Chikaskia River Basiru

@) Medi'cine Lodge River Basin;
(C) Rattlesnake'Creek Basin outside GMDs; :

(D) South F'ork Ninnescah River Basin outside GMD
No.5;

(E) Reno_.County between GMD,No. 2 and GMD No.
Ji

(F) Bluff Creek (Cimarron) Alluvium;
(G) Salt Fork Arkansas River Alluvium;
(H) Sandy Creek Basin; and
(I) Bluff Creek (Chikaskia) Basin.
(8) The following hydrologic units which have been

determined by the chief engineer. to be fully
appropriated based on the safe yield criteria, shall be
closed to further new $urface water and grotrndwater
appropriations except for dornestic use, temporary
permits, and term permits for five years or less: 'l

(A) Big Creek, its tributaries and their valley
irlluviums;

(B) Beaver Crge-k and Little Beaver Creek, their
tributaries and their alluviums;

(C) North Fork Solomon River, its tributaries and
their alluviums;
.. (D) Prairie Dog Creek, 'its tributaries and their
alluviums;. : :

(E) Sappa C+eek, its tributaries and their alluviu-ms;
(F) South Fork of the Solomon River, its tributaries

and their alluviums above Glen Elder Dam; and
(G) Walnut Creek, its tributaries and theii alluviums

and oiher hydraulically connected aquifers orrtside the
intensive groundwater use control area cteated by order
of the chief engineer, dated ]anuary 29, L992. T}rre
boundaries of the control area as set forth in this order
are hereby adopted by reference.

(9) Adminisfrative policy and procedure, mrmber 90-
4 as amended by thi chief engineer on |uire L5,'L993,
is hereby adopted by reference as determining the
availability of groundwater for'appropriation in the
lower Republican River basin and Belleville forgration
and the availability of surface water for appropriation
in therlower Republican River basin :.

(!0) Eaeh aBplication to appropriate water for
beneficial use wi.thin the,Mitchell County court decree
area shall be processed in accorda:irce lwith the
provisions of the chief engineels adrninistrative policy
nrimber 89-3, as amended by the chief engineer, effecti-ve
March g, 1999,, which is hereby adopted by reference.
(Authorized by K,S.A. 82a-705a; implementing,K.S.A.
1993 Supp. 82a-7lT; effective Nov. 2& 1994.)

5-8-14. Availability of water for appropriation -
safe yield; confined groundwatet aquifers. (a) Each
application to appropriate water from a confined aquifer
shall be processed'on a'case by.tase basis so that:the
safe yield of the source of water supBly is not ei:ff;|:*;

$iver Basin

Missouri

Arkansas River below
Hutchinson *

Big Blue River *f
Black Vermillion River *
Delaware River **

Little Arkansas River below
GMD #2 *

Little Blue River +*

Little Osage River **

Marais des Cygrres River **

Mill Creek **

Marmaton River *t
Nemaha River *
Nirurescah River *

North Fork Ninnescah River t
Pottawatomie Creek **

Smoky HilI River belorq its
confluence with the Saline :

River ** ,

Spring River *

Stranger Creek ++

Sugar Creek *
Vermillion Creek'i+
Wakarusa River *r
Walnut River *

Any hydrologic unit that does
not contribrrte sigpifica4t
.baseflow to,a streanl" :

Any hydrologic units in &e
following river basins
which contribute sign:ifi cant
baseflow to a stream:

Arkansas River above
Hutdrinson r'

Caney River I
Cirnarron River +

Cottonwood River *
Elk River +

Fall River *

Kansas River #
Little Arkansas River above

GMD No.2 *
.Neoslro River +

Saline River *+

Salt Creek +*

$moky llill above ifs confluence
with the Saline River sr.

Solomon River +*

South Fork Nirurescah Rirrer t
Verdigris River *
Any other basin in state not

specifi cally identified
Any hydrologic units in the

following river basins
whidr contribute significant
baseflow to a stream:

Bluff Creek-Chickaskia River '
Bluff Creek-Cimarron River *

Chikaskia River *

Medicine Lodge River *

Rattlesnake Creek *

Salt.Fork Arkansas River *
Sandv Creek
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General Description 
 
The Smoky Hill-Saline basin lies within the Great Plains 
and Central Lowland physiographic provinces. The 
Smoky Hill-Saline basin in Kansas is an elongated drain-
age area, which extends eastward from the Colorado 
border approximately 250 miles to the vicinity of Junction 
City, Kansas.  The Smoky Hill-Saline Basin covers all or 
parts of Sherman, Thomas, Sheridan, Graham, Wallace, 
Logan, Gove, Trego, Greeley, Wichita, Scott, Lane, 
Ness, Rooks, Osborne, Mitchell, Cloud, Ellis, Russell, 
Lincoln, Ellsworth, Dickinson, Geary, Morris, Saline, 
Rush, Barton, Rice, McPherson and Marion counties 
(Figure 1). The basin includes subbasins with hydrologic 
unit codes (HUCs) 10260001 thru 10260010.   
 
The Smoky Hill River headwaters are located in eastern 
Colorado where the North and South Forks rise.  These 
forks join in Logan County, Kansas.  The Smoky Hill 
River has a drainage area of about 8,810 square miles.  
The Smoky Hill River flows eastward to Junction City to 
the confluence with the Republican River.  Below this 
point the river is known as the Kansas River.   
 

The drainage area of the Saline River is about 3,419 
square miles. The Saline River, a tributary of the Smoky 
Hill, rises near the Sherman-Thomas County line in ex-
treme western Kansas.  The Saline River flows eastward 
to its confluence with the Smoky Hill River several miles 
east of Salina, Kansas.  
 
The entire Smoky Hill-Saline basin in Kansas has a 
drainage area of about 12,229 square miles.  
 
Topography within the basin is flat to gently rolling, with 
narrow, shallow valleys and low relief.   
 
The highest point in Kansas, Mount Sunflower at 4,039 
feet above mean sea level (MSL), is located in north-
western Wallace County.  From this point, elevations in 
the basin decrease to approximately 1,087 feet above 
MSL  at the confluence of the Smoky Hill and Republi-
can rivers. 
 
 

Smoky Hill-Saline River Basin January 2009 

Figure 1. 
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Page 2 Smoky Hill-Saline River Basin 

Population and Economy(1) 

 
The basin had a population of 156,161 in 2000.  The 
population of the 32 counties that are entirely or partially 
in the Smoky Hill-Saline basin was 330,631 in the year 
2000 and is projected to be 288,939 in the year 2040. 
Rural counties have lost population, sometimes more 
than 10% in the last decade.   
 
The economy of the basin is based primarily on agricul-
ture and manufacturing. The major crops are wheat, 
grain sorghum, corn and alfalfa with a sizable portion of 
this acreage being irrigated.(2)   
 
In 2006 there were an estimated 17,060 farms with 
15,966,000 acres in the 32 counties with all or parts in 
the basin. The average farm is about 936 acres.(2)  

 
Recreation is an increasing part of the economics of the 
basin.  The federal reservoirs and associated recreation 
and wildlife areas draw hunters, fishermen and boaters 
to the area. In addition, the state supports fishing at: Ka-
nopolis State Park Pond (2 acres, 33 miles SW of Salina 
on Hwy K-149 & K-141); and Saline State Fishing Lake 
(Periodically Dry) (38 acres, 2-1/2 N 2 W of Salina).  
Logan State Fishing Lake (60 acres, 2 N 2 W of Russell 
Springs) is still listed by Kansas Department of Wildlife 
and Parks as a fishing opportunity, however it has been 
dry for many years. 
 
The growing industrial contribution to the basin economy 
is primarily related to energy production, including etha-
nol. As of December 2007, two ethanol plants were in 
operation in the basin. 

Higher education opportunities in the basin include; Fort 
Hays State University; Kansas Wesleyan University, 
KSU College of Technology and Aviation,  Brown Mackie 
College, North Central Kansas Technical College and 
Salina Area Technical School. 
 
Physical Characteristics 
 
 Geology and Soils 
 
Cretaceous bedrock underlying the basin consists of 
shale, limestone, and chalk. The most notable being the 
Niobrara Chalk and the Dakota Sandstone.  The river 
and tributary valleys are comprised of unconsolidated 
deposits of gravel, sand, silt and clay. The bedrock has 
an east-to-southeast drainage trend.  In the west, the 
rocks that outcrop are sedimentary in origin and range in 
age from Cretaceous to Recent.  
 
The Ogallala Formation of Late Tertiary (Pliocene) age 
uncomfortably overlies these older formations.  

Thin, dissected and isolated deposits of sand and gravel 
of Pleistocene age occur along the larger streams, 
chiefly the South Smoky Hill and North Smoky Hill Riv-
ers. These deposits have been derived from the Ogallala 
Formation and lithologically are very similar to the Ogal-
lala.  The Smoky Hill River is completely incised into the 
Cretaceous Niobrara Formation throughout most of Kan-
sas, so has little contact with the Ogallala-High Plains 
aquifer.  However, two major tributaries, the Saline River 
and Ladder Creek, do have substantial connection. 
 
The terrace deposits and valley fill of the Smoky Hill val-
ley become thicker and of greater areal extent to the 
east.(2)  

Highest point in Kansas, Mt. Sunflower in Wallace County 
Photo Courtesy of Kansas Geological Survey 

Niobrara Chalk Trego County.   
Photo Courtesy of Kansas Geological Survey 

January 2009 
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The Smoky Hill-Saline basin soils vary widely in charac-
ter. The soils are poor shallow soils in the west along 
streams with fertile loess soil in the uplands. Shallow, 
acidic and infertile soils occur through Trego, Ellis and 
Russell counties. Bottom land soils ranging from sand to 
clays and from permeable, friable soils to tight soils.(2,3) 

 

Land Use/Land Cover 
 
The basin covers approximately 7,726,235 acres. Over 
48% is crop land, and more than 44% in grass.  Crop 
land dominates in the west with grassland dominating 
through the central section of the basin. The major crops 
are wheat, sorghum, and corn. Approximately 249,596 
acres were reported as irrigated in 2006. A major prod-
uct is beef cattle. 
 
The Kansas Geological Survey (KGS) categorized ripar-
ian land use in 2003. Statewide pasture/grass land is the 
dominant riparian land use type in Kansas, accounting 
for over 142,000 bank miles or roughly 38% of all land 
use types.(7) In this basin, the total of 56,730 bank miles 
vary in the riparian land use type, with 53% of the ripar-
ian cover being pasture/grass land. Table 1 provides 
more detail of riparian land within one mile of streams 
and water bodies.  
 
Climate  
 
The basin’s climate is characterized by the extremes and 
highly variable precipitation and temperature common to 
mid-continent locations.  
 
Average annual temperatures range from 52 degrees (o) 
in the west to 56o in the east, with wide day to day varia-
tions and yearly extremes. Evapotranspiration consumes 
the major portion of the moisture in the basin. 
 
Average annual precipitation increases from approxi-
mately 16 inches in the extreme west to 30 inches in the 
east. These annual quantities are subject to wide fluc-
tuation, with thunderstorms accounting for most of the 
annual rainfall. Most of the precipitation occurs between 
April and September. Annual snowfall averages from 24 

inches in the west to 18 inches in the east. 

Flooding, when it occurs, is generally the result of in-
tense storms of short duration on tributaries.  The main 
stem of the Smoky Hill River experiences flooding due to 
storms covering a wide area of longer duration.(3) 

Drought is a naturally recurring feature of this climate as 
exemplified by the Dust Bowl of the 1930s and the se-
vere drought of 1952-1957. Kansas has been impacted 
by severe drought periodically. The western part of the 
basin is greatly affected by reductions in precipitation. 
The deficit is offset by ground water pumping to irrigate 
crop land that has not received sufficient rainfall.  
Drought increases the demand on the available water 
supply.   
 

January 2009 

Table 2.  Climate Summary   Smoky Hill-Saline Basin 

  Average Annual1 Freeze Dates (32 F.)2 

Location Precipitation    
(inches) 

Temperature     
(deg. F.) 

Last in 
Spring 

First in 
Fall 

Frost Free 
Days 

Sharon 
Springs 20.11 51.6 Apr. 30 Oct. 9 160 

Russell 26.25 54.1 Apr. 24 Oct. 17 176 

Abilene 32.74 56.5 Apr. 19 Oct. 11 177 
1 Source: National Climatic Data Center (1971-2000 data) 
2 Source: KSU Weather Data Library (1961-1990 data) 

Table 1.   Total Riparian Land Use Bank Miles for Smoky Hill-Saline Basin 

Hydrologic 
Type 

Animal  
Production 

Barren 
Land 

Crop 
Land 

Crop/ Tree 
Mix 

Forest 
Land 

Pasture/Grass 
Land 

Pasture/ 
Tree Mix 

Shrub 
Land 

Urban 
Land 

Urban/ 
Tree Mix 

Total 

Intermittent 12 27 13,448 1,782 2,894 28,056 4,389 14 235 95 50,951 

Perennial 2 8 89 575 1,711 599 803 15 13 18 3,832 

Shoreline 2 48 131 23 94 1401 202.2 13 12.1 21 1,947 

Total 16 83 13,668 2,380 4,699 30,056 5,394 42 260 134 56,730 

Dust Cloud at Ransom, Kansas  May 2004 
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Wildlife and Habitat 
 
The Smoky Hill and Saline rivers landscape is comprised 
of rolling to nearly level tallgrass and mixed grass prairie 
vegetation.  These contain some large tracts of high 
quality tallgrass and mixed grass prairie that are cur-
rently used primarily for grazing. These native prairie 
pastures provide important seasonal habitat for migrat-
ing birds as well as crucial nesting and brood rearing 
habitat for grassland nesting birds such as the greater 
prairie chicken.(5) 

 

The Smoky Hill–Saline basin includes the range for nu-
merous endangered or threatened species including the 
bald eagle, whooping crane, snowy plover, piping plover, 
peregrine falcon, black footed ferret, eastern spotted 
skunk, green toad and hornyhead chub. Eastern parts of 
the basin are also designated as critical habitat for the 
bald eagle. Wallace and Logan counties are designated 
critical habitat for the green toad.(12) 

 
Cedar Bluff Wildlife Area varies in size with the fluctuat-
ing reservoir. At full pool the Reservoir is 6,800 surface 
acres and the surrounding Wildlife Area lands encom-
passing approximately 7,000 acres.  

The area lies in the mixed grass prairie and chalk bluff 
region. Cedar Bluff derives it's name from a 1/2 mile of 
100 foot chalk bluffs located on the southwest portion of 
the property. 
 
Wilson Wildlife Area is located on the upper end of 9,000 
acre Wilson Reservoir. The 8,069 acre public hunting 
area is made up of 5,000 acres of rugged rolling hills of 
native prairie, approximately 2,000 acres of cropland, 

and 1,000 acres of riparian timber along the Saline 
River, Cedar Creek, Turkey Creek, and Elm Creek. 
 
Smoky Hill Wildlife Area at Kanopolis Lake offers 4,180 
acres of land and 885 acres of water. The reservoir cov-
ers approximately 3,000 acres of water and the entire 
U.S. Army Corps of Engineers (Corps) property extends 
along the Smoky Hill River for over 15,000 acres.(6) 

 

Water Resources 
 
The Smoky Hill River headwaters are located in eastern 
Colorado where the north and south forks rise.  These 
forks join in Logan County, Kansas.  The Smoky Hill 
flows eastward to Junction City to confluence with the 
Republican River.  Below this point the river is known as 
the Kansas River.  The Saline River, a tributary of the 
Smoky Hill, rises near the Sherman-Thomas County line 
in extreme western Kansas.  The Saline River flows 
eastward to its confluence with the Smoky Hill River sev-
eral miles east of Salina, Kansas.   
 
The streams include 50,951 intermittent stream miles 
and 3,832 perennial stream miles.(7)  Drainage density is 
0.31 mile per square mile in the basin (perennial streams 
only). 
 

Minimum Desirable Streamflow (MDS), an amount of 
flow for instream uses and downstream water rights, has 
been set for three U.S. Geological Survey (USGS) 
gages in the basin.  These are on the Smoky Hill River 
near Ellsworth, the Saline River near Russell and Chap-
man Creek near Chapman.  MDS sets monthly flow tar-
gets at each gage.  Flows have recently been below 
MDS for significant periods of time.  
 
Three large federal irrigation and/or flood control projects 
are located in the Smoky Hill-Saline basin.  Cedar Bluff 
Reservoir, a Bureau of Reclamation (Bureau) project, is 
located on the Smoky Hill River in Trego County.  Wilson 
Lake on the Saline River and Kanopolis Lake on the 
Smoky Hill River are operated and maintained by the 
Corps.   
 

Much of the western half of this basin is underlain by the 
Ogallala-High Plains aquifer, deposits of saturated 
sands, gravels and silts of Tertiary and Quaternary age.  
The High Plains aquifer underlies most of western and 
south central Kansas.  The High Plains aquifer consists 
of several hydraulically connected aquifers, the largest of 
which is the Ogallala.  The Ogallala-High Plains aquifer 
is distinctive from other aquifers in Kansas because it 
has low annual recharge.  

Outcrop north of Smoky Hill River near Schoenchen 
Photo by Kansas Water Office 

January 2009 
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The Ogallala-High Plains aquifer is found only in small 
parts of the western half of the Smoky Hill-Saline basin.   
It occurs in the southern portions of Sherman, Thomas, 
Sheridan, and Wallace counties and the northern parts 
of Logan, Gove, Trego, Ellis, Greeley, Wichita, Scott and 
Lane counties. Within the Smoky Hill-Saline basin the 
Ogallala-High Plains aquifer saturated thickness is gen-
erally less that 100 feet.  In a few locations the saturated 
sediments are 150 or 200 feet thick when combined with 
the overlying alluvial sediments. Ground water resources 
also include the alluvial deposits along the rivers and 
tributaries and the Flint Hills aquifer in the eastern end of 
the basin. 

The USGS estimated drainable water in storage in the 
High Plains aquifer in 1992 to be about 3.25 billion acre 
feet; 10% of that in Kansas.(8) 

 
There were 3,593 water rights reporting use in the basin 
in 2006. These rights reported a total of  282,453 acre 
feet used from surface and ground water sources. 
Ground water sources accounted for 268,145 acre feet 
with the remaining from surface water.(9) 

 
The primary reported water use in the basin was irriga-
tion, at 246,134 acre feet followed by municipal use at 
23,820 acre feet. Municipal water use (public water sup-
ply) includes communities and rural water districts as 
well as those industries that obtain water through a pub-
lic water supply (Figure 2). 
 
There were 99 public water suppliers in the basin in 
2006.  In 2006, 721 acre feet of water was marketed 
from Kanopolis Lake to one public water supplier who in 
turn supplied 11 other suppliers and rural customers.   
 

Water Management 
 
Western Kansas Groundwater Management District No.  
1 (GMD1) and Northwest Kansas Groundwater Manage-
ment District No. 4 (GMD4) each include portions of 
three (3) counties in the western end of the basin (Figure 
3). The groundwater management districts are pro active 
in developing local water policy compatible with state 
Laws. 
 
Water appropriations and use are overseen by the Kan-
sas Department of Agriculture-Division of Water Re-
sources. Most of the streams and alluvial corridors in the 
basin are closed or restricted for new water appropria-
tions.  This has eliminated the possibility of additional 
appropriations being approved in many areas of the ba-
sin.  The exception is Ladder Creek and the Saline River 
which have not been closed to new appropriations.(11) 

 
The Chief Engineer ordered Intensive Groundwater Use 
Control Areas (IGUCA) for two sections of the Smoky 
Hill River and for an area within the City of Hays. This 
closed the Smoky Hill River corridor in to further ground 
or surface water appropriations.  An IGUCA can provide 
more comprehensive water management tools than pro-
vided under strict water right administration based on 
priority.  
 
States generally have the responsibility to determine the 
management of the water resources in that state.  The 
exception to this is the management of federal reservoirs 
by a federal agency. In the Smoky Hill-Saline basin, Ce-
dar Bluff is managed by the Bureau, Wilson and Ka-
nopolis are managed and operated by the Corps. The 
State of Kansas has purchased  water supply storage in 
the Kanopolis Lake that provides water to a significant 
area of the basin.  

Smoky Hill River .  Photo by Kansas Water Office 

January 2009 

Figure 2. 
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Numerous other entities related to water resources may 
exist in the basin to address one or more water related 
issues. Watershed districts may be formed to develop 
and implement a comprehensive plan for a watershed 
that will provide flood protection for the residents and 
landowners.  Parts of four watershed districts are in-
cluded in the basin.  These cover the watersheds for 
Spillman Creek Watershed Joint District No. 43 and, Ly-
ons Creek Watershed Joint District No. 41 in Lincoln 
County,  and Turkey Creek Watershed Joint District No. 
32 and Lost Creek Watershed District No. 44 in Dickin-
son County.(10)    
 
Each county has a county conservation district responsi-
ble for the conservation of soil, water, and related natural 
resources within that county. Multiple county groups may 
form Resource Conservation and Development areas 
(RC&Ds) to also address conservation of natural re-
sources.  Parts of five RC&Ds cover the Smoky Hill-
Saline basin.(13)   

 

Addressing water quality are four Watershed Restoration 
and Protection Strategy (WRAPS) programs that each 
cover a part of the basin. As of December 2007, all por-
tions of the Smoky Hill River and parts of Big Creek were 
in some stage of the WRAPS process.  In addition, 
drainage districts may also be formed in order to reclaim 
and protect land from the effects of water.  

January 2009 

Figure 3. 

Russell County 
Photo courtesy of Kansas Geological Survey 



Page 7 Smoky Hill-Saline River Basin 
 Resources 
 
1. U.S. Census Data, 2000. 
 
2. U.S. Department of Agriculture. 2006. http://

www.nass.usda.gov/Statistics_by_State/Kansas/
Publications/Annual_Statistical_Bulletin/
County_Farm_Facts/2006/book06.pdf  

 
3. Kansas Water Resources Board. June 1962. Water 

Plan Studies Part A Section 12 Smoky Hill Unit  
 
4. Kansas Water Resources Board. June 1961. Water 

Plan Studies Part A  Section 8 Solomon-Saline Unit  
 
5. U.S. Fish and Wildlife Service. December 2007. 

http://www.fws.gov/mountain-prairie/pfw/kansas/
ks3b.htm   

 
6. Kansas Department of Wildlife land Parks. 2008. 

http://www.kdwp.state.ks.us/news/kdwp_info/
locations/wildlife_areas/region_1/ 

 
7. Kansas Geological Survey. 2007. http://

hercules.kgs.ku.edu/geohydro/ofr/2003_55/riparian/
ofr_2003_55e.htm 

 
8. Miller, James A.. 1997. Groundwater Atlas of the 

United States Kansas, Missouri and Nebraska, HA-
730-D, USGS      

 
9. Kansas Department of Agriculture-Division of Water 

Resources. December 13, 2007. WIMAS,database. 
 
10. State Conservation Commission. 2007.  http://

scc.ks.gov/images/stories/pdf/
watershed_scc_Fed_lake_122106_tr.pdf 

 
11. Kansas Department of Agriculture-Division of Water 

Resources, personal communication, Paul Graves, 
July 3, 2008. 

 
12. Kansas Department of Wildlife and Parks. 2008. 

http://www.kdwp.state.ks.us/news/other_services/
threatened_and_endangered_species/
threatened_and_endangered_species/range_maps 

 
13. U.S. Department of Agriculture. 2000. http://

www.nrcs.usda.gov/programs/rcd/photos/
RCDmap08.pdf 

January 2009 



Page 8 Smoky Hill-Saline River Basin 
Reservoir Storage in the Smoky Hill-Saline Basin 
 
Cedar Bluff Dam and Reservoir 
 
Cedar Bluff Reservoir was completed in 1951 by the Bureau of Reclamation for flood control, water supply, irrigation, 
and other purposes.  The main use of the lake was to support the operations of the Cedar Bluff Irrigation District.  In 
1963, the City of Russell entered into a contract with the Bureau of Reclamation for release of up to 2,000 acre-feet 
per year to recharge the city’s well field.     
 
When inflow into Cedar Bluff Reservoir was severely depleted in the 1960’s and 1970’s, the irrigation district ceased 
to be viable with the last delivery of water in 1978.  The State of Kansas entered into an agreement with the Bureau 
of Reclamation and the Cedar Bluff Irrigation District in 1989 closing the irrigation district and giving control of all but 
2,700 acre-feet of storage in the conservation pool to the State of Kansas.  The main uses for the state storage are 
fish, wildlife and recreation as well as artificial recharge of the stream and alluvium downstream.   
 
On January 9, 2006, the control of the majority of the stored water owned by the State in Cedar Bluff Reservoir was 
transferred to Kansas Department of Wildlife and Parks to better identify with the allowed uses of water and historic 
operations of the Reservoir. The Kansas Water Office retained control of the artificial recharge portion. The City of 
Russell continues to maintain their contract with the Bureau. 
 
Kanopolis Dam and Lake 
 
Kanopolis Lake storage of water in the lake began in February 1948. 
Kanopolis Lake was constructed and is operated by the U.S. Army 
Corps of Engineers. The lake was constructed to provide flood pro-
tection, recreation opportunities, fish and wildlife benefits, and main-
tain minimum stream flow on the Smoky Hill River.  
 
In 2002, the State of Kansas acquired storage in Kanopolis Lake to 
be used for municipal and industrial water supply purposes through 
the State of Kansas Water Marketing Program.  As of November 
2007, Post Rock Rural Water District has a contract for a maximum 
quantity of 400 million gallons per year (mgy) or 1,227.555 acre feet 
(af) from Kanopolis Lake.  
 
There are also irrigation and domestic use demands in the alluvial system downstream from the lake. 

 
Wilson Dam and Lake 
 
Wilson Dam and Lake, was completed by the U.S. Army Corps of Engineers in 
1964. The project was authorized for flood control, irrigation, navigation, rec-
reation, fish and wildlife and water quality purposes. Storage space was con-
structed for flood control storage, conservation storage and sediment storage. 
It was later determined that irrigation was not practical due to the concentration 
of dissolved minerals, primarily chlorides, that accumulate in the reservoir. The 
lake’s maximum capacity is 736,000 acre feet (908 million m³). 
 
Presently there is no storage allocated for water supply, but investigation of the 
use of Wilson to meet increasing needs in the region is underway. Technologi-
cal advances in water quality treatment have reduced costs to remove the dissolved minerals.  

Kanopolis Reservoir.  Photo by KWO 

Wilson Lake. Photo courtesy of U.S.  
Army Corps of Engineers 

The Post Rock RWD currently serves retail customers and the cities of Brookville, Ellsworth, Dorrance, Gorham, Luray, 
Waldo, Paradise; the Wilson Lake Estates of Lincoln County Development; and the rural water districts #5 of Ellis County, #7 
of Saline County and #2 of Osborne County. Requests for the remaining water in the Kansas Water Marketing Plan Storage 
are under consideration at the present time. 
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WATER MANAGEMENT CATEGORIES 
 
The following categories include issues identified in the 
Smoky Hill-Saline basin plan as items that require atten-
tion in addition to the basin priority issues. These issues 
are addressed within the following management catego-
ries: 
 
• Water Management 
• Water Conservation 
• Public Water Supply 
• Water Quality 
• Wetland & Riparian Management 
• Flood Management 
• Water-Based Recreation 
 
These categories also correspond to the statewide man-
agement categories and policies of the Kansas Water 
Plan found in Volume II. These documents contain new 
policy issues and the existing policy and statutory frame-
work that relate to the management categories. 
 
ISSUE: WATER MANAGEMENT 
 
Management of Kansas’ ground and surface water fits 
into six statewide categories, with five of these applica-
ble in the Smoky Hill-Saline basin. These are: 

 
1) River-Reservoir management 
2) Stream reaches with established Minimum Desir-

able Streamflow; 
3) Streams outside of Minimum Desirable Stream-

flow protected areas; 
4) The Ogallala-High Plains aquifer  
5) Ground water outside of the Ogallala-High Plains 

aquifer 
 
Ground water is the primary water supply in the basin. 
The Ogallala-High Plains aquifer is a major source in the 
extreme western portion of the basin. Alluvial ground wa-
ter is utilized where available throughout the basin. 
Ground water recharge rates are generally low through-
out the basin except in the extreme eastern portion of 
the basin. A majority of the basin is restricted or closed 
for new water appropriations. The Ogallala-High Plains 
aquifer is managed with the local leadership of the West-
ern Kansas Groundwater Management District No. 1 
(GMD1) and Northwest Kansas Groundwater Manage-
ment District No. 4 (GMD4). GMD1 has identified the 
entire district as high priority. GMD4 has identified six 
high priority subunits.   Goals and management for each 

high priority subunit are under development.  In 2008, a 
computer model developed for the six priority subunits in 
GMD4 was completed through cooperation of the Kan-
sas Water Office (KWO), GMD4 and the U.S. Bureau of 
Reclamation.  The model will aid in development and 
analysis of management scenarios. 
 
In 2006, the KWO calculated the median annual water 
level changes in Ogallala–High Plains aquifer wells from 
1981 to 2005.  In the northwest Ogallala aquifer area, as 
of 2005, there has been no statistically significant 
change in the rate of decline.  There was also no signifi-
cant change in the water level decline rate for the west 
central Ogallala aquifer area.(6)  Additional information on 
this issue may be found in the Smoky Hill-Saline basin 
priority issue section. 

Reduced streamflow and runoff into streams has been 
reflected in lower reservoir water levels in the three fed-
eral reservoirs in the basin: Cedar Bluff, Kanopolis Lake 
and Wilson Lake. Yield analyses that have revised the 
estimated yield availability, along with known loss of 
storage due to sedimentation, have driven the need to 
revisit reservoir management. This is discussed in the 
basin priority issue Lower Smoky Hill River Water Man-
agement.  
 
Requests for additional water from Kanopolis Lake ex-
ceed water available through the State Water Marketing 
Program. While mostly a public water supply issue, there 
is also a component of management of water in Kanopo-
lis and the lower Smoky Hill River system to address be-
fore the public water supply issue can be resolved. Addi-
tional information on the public water supply issue may 
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be found in the Smoky Hill-Saline basin priority issue 
section. 
 
There are three minimum desirable streamflow (MDS) 
locations in the basin that are part of the Smoky Hill 
River system: 1) on the Smoky Hill River near Ellsworth; 
2) on the Saline River near Russell;  and 3) Chapman 
Creek near Chapman.  There was statistically no change 
in the frequency MDS was meet 1984 to 2004 when 
compared to historical frequency (1960 – 1983).  
 
Applicable Kansas Water Plan Objectives 
 
•     Reduce water level decline rates within the 

Ogallala-High Plain aquifer and implement en-
hanced water management in targeted areas. 

•    Achieve sustainable yield management of 
Kansas surface and ground water sources outside 
of the Ogallala Aquifer and areas specifically ex-
empt by regulation. Sustainable yield management 
would be a goal that sets water management criteria 
to ensure long term trends in water use will move as 
close as possible to stable ground water levels and 
maintenance of sufficient streamflows. 

•    Meet minimum desirable streamflow at a 
frequency no less than the historical achievement 
for the individual sites at time of enactment. 

 
Applicable Programs 
 
The following programs help to meet the objectives in 
the water management category. For more information 
on the programs and associated policies, see the Pro-
grams Manual. 
 
• Kansas Department of Agriculture-Division of Water 

Resources: Water Appropriation Program 
• Kansas Geological Survey, Kansas Department of 

Agriculture, Division of Water Resources: Water Well 
Measurement  

• State Conservation Commission: Water Right Transi-
tion Assistance Program 

• USDA-Natural Resources Conservation Service: En-
vironmental Quality Incentive Program (EQIP) 

• Kansas Geological Survey: Stream Aquifer Interac-
tions 

• Kansas Geological Survey: High Plains Aquifer 
Technical Assistance Program 

• Kansas Water Office: Water Marketing Program 
• Kansas Water Office: Water Assurance Program 
• Kansas Water Office: State Water Planning Program 
 

ISSUE: WATER CONSERVATION 
 
Water conservation is essential for the effective manage-
ment of water resources in the basin to assure that a 
sufficient, long-term, supply of water is available for the 
beneficial uses of the people of the state.  Conservation 
is defined as a careful preservation and protection of 
something, especially the planned management of a 
natural resource to prevent exploitation or destruction. 
Water conservation is a part of maintaining a long-term 
water supply for Kansas.  
 
Water conservation activities apply to all uses, irrigation, 
municipal, industrial, and others, and from all sources. In 
2006, irrigation accounted for 87% of all reported water 
pumped or diverted in the basin.  Municipal use ac-
counted for nine percent of water used in the basin, live-
stock water for one percent, and industry, recreation, 
and domestic uses for less than one percent each while 
other uses totaled two percent. 
 
Of the 616 public water suppliers that have an approved 
conservation plan in place as of December 31, 2008, 65 
plans have been approved in the Smoky Hill-Saline ba-
sin. As of August 2006, 139 conservation plans had 
been approved for irrigation water rights in the basin.  
The number of 
wells in Kansas 
that were re-
ported to have 
irrigation appli-
cation rates 
over the re-
gional average 
fluctuated from 
about 3,700 to 
less than 500 
from 1991 to 
2005. Of the 
total number of 
wells that were 
reported to have 
diverted water 
in 2006, more 
than 59% in the 
Smoky Hill-Saline basin had a metered quantity, accord-
ing to the Water Right Information System (WRIS) data-
base. 
 
Water conservation in the basin is exemplified by the 
efforts of the City of Hays. City policy has successfully 
kept consumption low while maintaining a viable and 
growing economy. Additional needs in the basin in the 
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future for growth and economic expansion indicate using 
water efficiently will be more important than ever. 
 
GMD1 operates the Western Kansas Weather Modifica-
tion Program for 10 counties in western Kansas.  The 
Program goals include hail suppression and precipitation 
enhancement.  Protection of crops from hail reduces wa-
ter waste if irrigated crops should be lost. 
 
Applicable Kansas Water Plan Objectives 
 
•    Reduce the number of public water suppli-

ers with excessive unaccounted for water by first tar-
geting those with 30 percent or more unaccounted 
for water. 

•   Reduce the number of irrigation points of 
diversion for which the amount of water applied in 
acre-feet per acre (AF/A) exceeds an amount consid-
ered reasonable for the area. 

•     All non-domestic points of diversion meet-
ing predetermined criteria will be metered, gaged, or 
otherwise measured. 

•    Conservation plans will be required for wa-
ter rights meeting priority criteria under K.S.A. 82a-
733 if it is determined that such a plan would result in 
significant water management improvement. 

 
Applicable Programs 
 
The following programs help to meet the objectives in 
the Water Conservation management category. For 
more information on the programs and associated poli-
cies, see the Programs Manual. 
 
• Kansas Department of Agriculture-Division of Water 

Resources: Water Appropriation Program 
• Kansas State University Research and Extension: 

Water Conservation and Management Program/MIL 
• State Conservation Commission: Water Resources 

Cost-Share Program 
• State Conservation Commission: Water Right Transi-

tion Assistance Program 
• Kansas Water Office: Water Conservation Program 
• Kansas Water Office: Weather Modification Program 
• USDA-Natural Resources Conservation Service: En-

vironmental Quality Incentive Program (EQIP) 
• USDA-Farm Service Agency: Conservation Reserve 

Program 
 
ISSUE: PUBLIC WATER SUPPLY 
 
The primary approach to addressing public water supply 
issues in the basin focuses on ensuring that there are 

adequate supplies of surface and ground water within 
the basin to meet future water demands, reducing the 
number of public water supply systems that are vulner-
able to drought, and ensuring that systems have the 
technical, financial and managerial capacity to meet fu-
ture needs for water quality and quantity. 
 
In 2006 there were 79 public water supplies in the 
Smoky Hill-Saline basin.  Ground water is the primary 
source for most public water supplies, accounting for 
nearly 73% of the total supply, principally from the Ogal-
lala-High Plains, the Dakota and the alluvial aquifers 
along major streams.  In addition, the City of Russell ob-
tains a portion of their water from surface flow in the 
Smoky Hill River, below Cedar Bluff Reservoir. Kanopo-
lis Lake supplies a large geographic area through rural 
water district connections.  

Among the state’s major river basins, the percentage of 
drought vulnerable public water suppliers in 2006 ranged 
from three percent (Neosho Basin) to 42% (Solomon Ba-
sin). Comparison of the KWO 2000 and 2006 lists  
shows a significant increase in the number of drought 
vulnerable public water suppliers in most western river 
basins including the Smoky Hill-Saline. There were 30 
public suppliers considered drought vulnerable in the 
Smoky Hill-Saline basin in 2006.  
 
Public water supply needs in the basin have increased in 
recent years and are expected to continue due to popu-
lation and industrial growth in the central and eastern 
parts of the basin. Kanopolis and Wilson Lakes and their 
operation plans are under review as components to 
meeting future demands. Meeting public water supply 
needs is a basin priority issue.  Additional information on 

 Smoky Hill-Saline River Basin  
Management Categories 

Smoky Hill River Dam at Pfeiffer. Photo by Kansas Water Office 

January 2009 

http://www.kwo.org/Reports%20%26%20Publications/Reports%20and%20Publications.htm


Page 4 

this issue may be found in the Smoky Hill-Saline Basin 
priority issue section. 
 
Applicable Kansas Water Plan Objectives 
 
•    Ensure that sufficient surface water storage 

is available to meet projected year 2040 public water 
supply needs for areas of Kansas with current or po-
tential access to surface water storage. 

•     Less than five percent of public water sup-
pliers will be drought vulnerable. 

•    Ensure that all public water suppliers have 
the technical, financial and managerial capability to 
meet their needs and to meet Safe Drinking Water 
Act requirements. 

 
Applicable Programs 
 
The following programs help to meet the objectives in 
the Public Water Supply management category. For 
more information on the programs and associated poli-
cies, see the Programs Manual. 
 
• Kansas Department of Agriculture-Division of Water 

Resources: Water Appropriation Program 
• Kansas Department of Health and Environment: 

Public Water Supply Program 
• Kansas Department of Health and Environment: 

Kansas Public Water Supply Loan Fund 
• Kansas Water Office: State Water Planning Program 
• Kansas Water Office: Water Conservation Program 
 
ISSUE: WATER QUALITY 
 
Water quality and related water resource is-
sues are addressed through a combination of 
watershed restoration and protection efforts 
utilizing voluntary, incentive-based ap-
proaches, as well as regulatory. 
 
All the counties within the basin have a sani-
tarian funded by the Local Environmental 
Protection Program (LEPP).(2) All conserva-
tion districts in the basin have adopted non-
point source pollution management plans.  
Buffer coordinators have also been employed 
in four counties in the basin to facilitate en-
rollment of stream buffers in the continuous 
Conservation Reserve Program (CRP) and 
State Water Quality Buffer Initiative.(4)  
 
The Clean Water Act requires states to con-
duct Total Maximum Daily Load (TMDL) stud-

ies and develop TMDLs for water bodies identified on 
the state’s List of Impaired Waters (Section 303(d) List). 
TMDLs are quantitative objectives and strategies 
needed to achieve the state’s surface water quality stan-
dards. There are 33 approved TMDLs within the Smoky 
Hill-Saline basin. Five are high priority for implementa-
tion. There are 2 lakes, Lake Scott and Herrington Res-
ervoir listed as water quality impaired by eutrophic condi-
tions, pH, dissolved oxygen, and/or aquatic plants. 
Streams are sampled at 26 locations with dissolved oxy-
gen depletion, total dissolved solids, selenium and total 
phosphorus identified as the cause of the greatest num-
ber of impairments. Other pollutants limiting use of 
Smoky Hill-Saline basin streams include arsenic, cad-
mium, lead, nitrates, dissolved oxygen, E. Coli bacteria,  
and  biological stressors. Additional TMDL development 
is anticipated in 2009. 
 
Kansas Watershed Restoration and Protection Strategy 
(WRAPS) is a planning and management framework that 
engages stakeholders within a watershed in a process 
to:  
 
• Identify watershed restoration and protection needs. 
• Establish watershed management goals. 
• Create a cost-effective action plan to achieve goals. 
• Implement the action plan. 
 
As of March 2008, there were 44 active WRAPS projects 
located throughout Kansas(3). Four are in the Smoky Hill-
Saline basin, including all the watersheds for the Smoky 
Hill River.  
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Major point sources in the basin include waste water 
treatment plants.  The City of Hays is included in Phase 
II National Pollutant Discharge Elimination System 
(NPDES) Stormwater Program as having municipal 
separate storm sewers (MS4s). 
 
Applicable Kansas Water Plan Objectives 
 
•    Reduce the average concentration of bacte-

ria, biochemical oxygen demand, solids, metals, nu-
trients, pesticides and sediment that adversely affect 
the water quality of Kansas lakes and streams. 

•     Ensure that water quality conditions are 
maintained at a level equal to or better than year 
2000 conditions. 

•     Reduce the average concentration of dis-
solved solids, metals, nitrates, pesticides and volatile 
organic chemicals that adversely affect the water 
quality of Kansas ground water. 

•     Maintain, enhance, or restore priority wet-
lands and riparian areas. 

•     Nutrient reduction goals will be included in 
all WRAPS projects within the basin. 

•     All public water suppliers will complete and 
implement a source water protection plan. 

 
Applicable Programs 
 
The following programs help to meet the objectives in 
the Water Quality management category. For more infor-
mation on the programs and associated policies, see the 
Programs Manual. 
 
• Kansas Department of Health and Environment: 

State Water Plan Program (Contamination Remedia-
tion) 

• Kansas Department of Health and Environment: Lo-
cal Environmental Protection Program 

• Kansas Department of Health and Environment: Wa-
tershed Management Section/WRAPS 

• State Conservation Commission: Nonpoint Source 
Pollution Control Program  

• State Conservation Commission: Water Resources 
Cost-Share Program 

• Kansas Corporation Commission: Conservation Divi-
sion Programs 

• Kansas Department of Health and Environment: Wa-
tershed Management Section/TMDL 

 
ISSUE: WETLAND & RIPARIAN MANAGEMENT 
 
The primary approach to wetland and riparian manage-
ment in the basin focuses on providing technical and fi-

nancial assistance to landowners to protect and restore 
these resources in priority watersheds through the imple-
mentation of best management practices.  
 

Riparian lands in the Smoky Hill-Saline basin have been 
impacted by the infestation of non-native phreatophytes, 
although not to the degree as in other western basins.  
Of greatest concern are the effects tamarisk (salt cedar) 
and Russian olive have on native riparian ecosystems.   
 
Applicable Kansas Water Plan Objectives 
 
•     Maintain, enhance or restore priority wet-

lands and riparian areas. 
 
Applicable Programs 
 
The following programs help to meet the objectives in 
the Wetland and Riparian management category. For 
more information on the programs and associated poli-
cies, see the Programs Manual. 
 
• Kansas Forest Service: Forest Stewardship Program 

and Conservation Tree Planting Program 
• State Conservation Commission: Riparian and Wet-

land Protection Program 
• Kansas Water Office: State Water Planning Program 
• Kansas Department of Wildlife and Parks: State 

Parks and Wildlife Areas Planning and Development 
• Kansas Department of Wildlife and Parks: Wildlife 

Habitat Improvement Program 
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ISSUE: FLOOD MANAGEMENT 
 
Flooding is a natural, recurring event associated with 
streams and rivers that has resulted in the formation of 
natural floodplains over time. While this inundation pro-
vided benefits under natural conditions, encroachment of 
urban and agricultural development onto floodplains has 
resulted in the potential for flood damage. In addition, 
the Smoky Hill-Saline basin is prone to flash flooding 
which is characterized by a rapid rise in water level, fast-
moving water and much flood debris.  
 
Kansas Water Plan flood management guidance has 
targeted watershed dam construction assistance to prior-
ity watersheds, encouraged National Flood insurance 
participation and updating of floodplain maps for priority 
communities. 
 
Significant flooding was experienced during 1903, 1938 
and 1941 on the Smoky Hill River.  Three federal dam 
projects: Cedar Bluff, Kanopolis and Wilson, contribute 
to flood control in the basin.  Local watershed districts 
construct, operate and maintain works of improvement 
needed to provide for water management within desig-
nated boundaries.  Their primary function is to develop a 
comprehensive general plan for a watershed that will 
provide flood protection for the residents and landown-
ers. Three watershed projects are located in the basin, 
two of which are now completed.   

 

Financial assistance from the State Water Plan Fund 
has been provided for flood mapping as part of the 1993 
Kansas Department of Agriculture-Division of Water Re-
sources Kansas Flood Mapping Initiative in Ellis and Sa-
line counties in the basin. Ellsworth and McPherson 
counties are included in this initiative to have maps mod-
ernized by 2110. 
 
Applicable Kansas Water Plan Objectives 
 
•      Reduce the vulnerability to damage from 

floods within identified priority communities or areas. 
 
Applicable Programs 
 
The following programs help to meet the objectives in 
the Flood Management category. For more information 
on the programs and associated policies, see the Pro-
grams Manual. 
 
• Kansas Department of Agriculture-Division of Water 

Resources: Water Structures Program/Floodplain 

Management  
• Kansas Department of Agriculture-Division of Water 

Resources: Water Structures Program/Dam Safety  
• Kansas Division of Emergency Management: Hazard 

Mitigation Grants Program 
• State Conservation Commission: Watershed Dam 

Construction Program 
• State Conservation Commission: Watershed Plan-

ning Assistance Program 
• FEMA: National Flood Insurance Program 
 
ISSUE: WATER-BASED RECREATION 
 
The Smoky Hill-Saline basin has a wide variety of public 
water recreation sites on state and federal land. There is 
a demand for more consistent water levels, and access 
to water based recreation facilities for area residents. 
Recreation contributes income to the economy by at-
tracting sportsmen and women to the area for hunting at 
wildlife areas, camping and picnicking at recreation ar-
eas, and fishing and boating on reservoirs and lakes.  
 
Cedar Bluff Reservoir and Kanopolis and Wilson lakes 
provide recreational opportunities including fishing, boat-
ing, and camping.  Wildlife areas include Cedar Bluff 
Wildlife Area, Wilson Wildlife Area and the Smoky Hill 
Wildlife Area at Kanopolis Reservoir.   In addition, the 
state supports fishing at Kanopolis State Park Pond, 
Logan State Fishing Lake and Saline State Fishing Lake 
(Periodically Dry). 
 
Applicable Kansas Water Plan Objectives 
 
•     Increase public recreational opportunities at 

Kansas lakes and streams. 
 
Applicable Programs 
 
The following programs help to meet the objectives in 
the water-based recreation management category. For 
more information on the programs and associated poli-
cies, see the Programs Manual. 
 
• Kansas Department of Wildlife and Parks: Rivers and 

Stream Access 
• Kansas Department of Wildlife and Parks: State 

Parks 
 
ISSUES FOR FUTURE ACTION 
 
None identified at this time. 
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Issue 
 
Management of the Ogallala-High Plains aquifer ground 
water declines in the Smoky Hill River basin. 
 
Vision 
 
Sufficient water resources in western Kansas to support 
healthy, economically strong communities and rural life-
styles, today and for future generations. 
 
Goal 
 
Extend and conserve the life of the Ogallala–High Plains 
aquifer 
 
Description 
 
The Ogallala Formation of the High Plains aquifer 
(Ogallala-High Plains aquifer) underlies western portions 
of Smoky Hill River basin (Figure 1). The Equus Beds 
aquifer, a shallower and geologically more recent portion 
of High Plains aquifer, underlies a small area in McPher-
son County.  South of the Smoky Hill River, the Ogallala 
is found in southern Wallace and northern Greeley, 
Wichita and Scott counties. Most of these areas are in 
Western Kansas Groundwater Management District 
No.1 (GMD1), with fringe areas of the aquifer outside of 
GMD1 managed by the Kansas Department of Agricul-
ture-Division of Water Resources (DWR). North of the 
Smoky Hill River, the 
Ogallala underlies 
Sherman, Thomas, 
Sheridan counties, 
parts of Graham, 
Rooks, Logan, Gove, 
Trego and Ellis coun-
ties.  Sherman, Tho-
mas and Sheridan 
counties and north-
ern Logan and Gove 
counties are in the 
Northwest Kansas 
Groundwater Man-
agement District No. 
4 (GMD4), with the 
aquifer fringe man-
aged by DWR.  
 
In the western half of 
the Smoky Hill basin, 
the Ogallala-High 
Plains aquifer has 

been developed so extensively that the amount of water 
withdrawn annually is significantly more than the re-
charge, resulting in ground water declines. As ground 
water levels decline, the aquifer loses hydraulic connec-
tion with the overlying alluvial aquifers and rivers, and no 
longer contributes much, if any, base stream flow.  Since 
the 1950s (predevelopment), aquifer water levels in the 
basin have generally declined from 15% to over 50% in 
Wallace, Greeley, Wichita, Scott and Lane counties. 
However, water levels have declined 75 to 100 feet in 
parts of Wallace and Sherman counties, with the major 
portion of Wallace County declining 50 to 75 feet, from 
predevelopment through 1999.(1) 

 
Aquifer water levels in the basin have declined up to 30 
feet over the ten-year period from 1996-2006 with the 
greatest declines centered in the western townships of  
Wallace and Sherman counties.  The overall decline has 
contributed to a progressive reduction in surface water 
flow during the past several decades. Note that the Sa-
line River is not considered hydrologically connected to 
the Ogallala-High Plains at the headwaters in Thomas 
County. 
 
Water users in parts of Wallace, Sherman, Thomas and 
Sheridan counties are experiencing shortages in meet-
ing demand.  To extend and conserve the life of the 
Ogallala–High Plains aquifer, GMD1, GMD4 and the 
DWR are defining priority areas to reduce aquifer de-
clines.  Federal and state voluntary incentive programs 
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to reduce water use have been developed and target 
priority areas.  
 
A 2006 the Kansas Water Office (KWO) analysis of wa-
ter level data from 1981-2005 indicated that the aquifer 
decline rate had not been reduced by a statistically sig-
nificant amount between two time periods: 1981-1993, 
and 1993-2005.(2) 
 
 Water Appropriations  
 
Approximately 608,381 acre feet of the ground water ap-
propriations in the Smoky Hill-Saline basin are from the 
High Plains aquifer. Total appropriations in the basin 
from the Ogallala-High Plains aquifer are approximately 
605,769 acre feet for all beneficial uses. There are about 
2,265 active Ogallala-High Plains water rights from 
2,625 wells.(5) 

 
 Water Use 
 
The 2006 reported water use from the Ogallala-High 
Plains aquifer in the basin was 220,183 acre feet. Re-
ported use in the basin within GMD1 and GMD4 was 
146,839 acre feet and 64,746 acre feet respectively.(5) 
 
There are 2,805 permitted ground water wells in the 
GMD1 pumping water from the Ogallala-High Plains aq-
uifer. The average annual usage has been approxi-
mately 300,000 acre-feet per year. According to GMD1, 
the ground water decline in that district averaged ap-
proximately one foot for the year 2007.(3) Based on the 
amount of water in aquifer storage and the annual re-
charge rate, there is approximately 20 years of pumping 
left without any intervention.  
 
Annual water use reported and quantified by township 
for 2002-2006 is provided in Table 1, based on data 
analysis by DWR.(4) Some townships have water use in 
more than one area, such as a GMD and the fringe, 
therefore the sum of the number of townships analyzed 
for each area is not the same as those included in “All” in 

Table 1.  The majority of a township may be in another 
basin or have no access to the Ogallala aquifer. 
 
There has been widespread adoption of more efficient 
irrigation systems in the Kansas high plains, shifting from 
flood and center pivot irrigation to center pivot with drop 
nozzles.(11)  A study by Kansas State University in 2006 
found that the number of acres irrigated is a more impor-
tant determinant of changes in water use than the adop-
tion of more efficient irrigation systems.  The authors 
concluded that if the irrigated acres are held steady after 
conversion to a more efficient irrigation system, net wa-
ter use would, on average, change little; it is with a de-
crease in irrigated acres that a reduction in water use is 
assured.(10) 

 Aquifer Declines 
 
Average water levels in the aquifer within the ground wa-
ter management districts have continued to decline over 
the past ten years (Figure 2). 
 
The overall average ground water level decline in the 
Ogallala-High Plains region over the 2005 calendar year 
was 0.57 feet. This was more than the average decline 

over 2004 (0.15 feet), but 
less than the average an-
nual decline rate over the 
five years since 2001 wa-
ter measurements 
(approximately 0.98 feet/
year).(7) 
 
Figure 3 is an estimated 
projection of the years 
until the Ogallala-High 

Irrigated Water Use for Ogallala  Area  in Smoky Hill-Saline Basin 

Area 

Number 
Town-
ships 

Number 
Points of 
Diversion 

2006 Water 
Use (AF) 

Acre-
feet/
acre 
2002 

Acre-
feet/
acre 
2003 

Acre-
feet/
acre 
2004 

Acre-
feet/
acre 
2005 

Acre-
feet/
acre 
2006 

GMD1 29 1,523 140,870 1.14 0.99 0.96 0.85 0.94 
GMD4 27 601 51,692 1.10 1.04 1.06 0.89 0.93 
Fringe 10 190 12,202 1.01 1.04 0.97 0.81 0.87 
All   2,217 197,391 1.14 0.99 0.96 0.85 0.94 

Table 1. 
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Plains aquifer reaches a point where wells will only be 
able to produce 400 gallons per minute (gpm) if ground 
water level trends from 1996 to 2006 repeat continuously 
and unchanged into the future. This methodology is best 
suited to the Ogallala portion of the Ogallala-High Plains 
aquifer because of the relatively extensive data sets for 
the Ogallala. The variability of the system is the biggest 
drawback.(6)  

Activities and Progress  
 
Various programs and activities have been initiated to 
reduce the decline rate of the Ogallala-High Plains aqui-
fer and to extend and conserve the aquifer.  Tools such 
as ground water and surface water models and more 
detailed aquifer characterization have been developed. 
In the Smoky Hill-Saline basin, the determination of 
Ogallala subunit priority areas, setting subunit goals and 
developing management plans to reach these goals, has 
been the responsibility of GMD1, GMD4 and DWR. 
 
Good data is essential to determine the decline rate. 
Data development includes calibration of ground water 
models to better understand the aquifer and subunits. 
Water meters, now required on almost all wells provide 
improved information on withdrawals. All wells in GMD4 
should be metered by December 31, 2009. Wells in 
GMD1 are already metered. Annual water level meas-

urements, three “index” wells, and weather station data 
provide information contributing to more accurate mod-
els.  
 
GMD1 has identified the entire district as high priority. 
GMD4 has identified six high priority subunits.  Portions 
of two are in the Smoky Hill-Saline basin (Figure 4). The 
GMD4 board is in the process of establishing water use 

goals and enhanced management 
actions for the high priority aquifer 
subunits. 
 
The State and GMD4 have modeled 
management scenarios for the six 
high priority subunits in GMD4. Cor-
responding economic impact esti-
mates were made for the modeled 
ground water levels.(13) The eco-
nomic impact was based on likely 
farm decisions such as changing irri-
gated crops or going to dryland farm-
ing in response to specific water con-
ditions as determined by Kansas 
State University with input from the 
GMD4 board.   The different types of 
programs to reduce irrigation water 
use, such as limited irrigation or dry-
land with farming, dryland without 
farming, all make significant differ-
ences in the potential economic im-
pact to various sectors (state, re-
gional economy, or producer). 
 

Voluntary programs have been targeted to areas deter-
mined by GMD1, GMD4 and DWR. Federal ground and 
surface water programs of the Environmental Quality 
Incentive Program (EQIP) have focused on areas se-
lected annually. GMD1 and GMD4 areas utilized all 
available resources allocated for incentive payments of 
$100 per acre annually for three years on eligible acres 
to convert irrigated land to non-irrigated land. 
 
State programs have offered incentives to retire water 
rights in some areas, however that opportunity has not 
been provided to the Smoky Hill-Saline basin. Regula-
tory programs have included special assistance by DWR 
to irrigators that have pumped in excess of their water 
rights or the area average.  
 
Progress toward reducing the aquifer decline rate was 
evaluated by the KWO in 2006.  The median annual wa-
ter level changes were calculated for each region and 
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standardized or indexed to antecedent moisture condi-
tions using the Palmer Drought Severity Index (PDSI) for 
the appropriate region. The comparison of 1981-1993 
and 1993-2005 periods concluded that there was no dis-
cernable change in the rate of water level declines in the 
Ogallala–High Plains region. It also concluded that in the 
northwest Ogallala aquifer area (GMD4 and DWR in the 
fringe areas), that as of 2005, there has been no statisti-
cally significant change in the rate of decline. There was 
also no significant change in the water level decline rate 
for the west central Ogallala aquifer area (GMD1 and 
DWR fringe).(2)  
 

It should be noted that the percentage of total water use 
that has been reduced through voluntary and regulatory 
programs is small. A reduction of decline rates will likely 
take many years or decades to be recognizable unless 
participation and reductions are greater.  
 
 

Priority Aquifer Subunits:  Priority aquifer subunit maps are used to guide state and federal efforts on water 
conservation.  GMD1 has selected the entire district as priority subunit (hatched).  GMD4 has identified 6 high 
priority subunits, parts of two in the basin.  The DWR for areas of the Ogallala-High Plains aquifer outside of the 
districts, with input from the public.  Specific target areas are defined for areas eligible for enrollment in the 
EQIP quick response areas and Water Right Transition Assistance Program (WTAP).  
 
The priority rank shown on Figure 4 outside GMD4 is based on an area’s total score from two databases: 1) 
estimated usable lifetime; and 2) density of ground water use. Useable lifetime is defined as the ability to sup-
port a 400 gpm well yield, on every quarter section, pumping for 90 days.  Rank 1 indicates areas with a short 
estimated usable lifetime and a history of higher ground water usage.  Rank 4, the lowest concern areas, have 
a relatively long useable lifetime and low total water use. 
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Recommended Actions 
 
1. GMD1, and DWR where outside the district, identify priority aquifer subunits or areas, and GMD4, GMD1, and 

DWR develop specific goals and management strategies to extend and conserve the life of the aquifer. 
 
2. GMD1, GMD4 and DWR manage aquifer subunits to maintain economic health while ensuring sufficient water 

resources for future generations of western Kansas communities and rural populations and chosen lifestyles. 
 
3. Support research for high value, low water use crops. 
 
4. Provide opportunities to permanently or temporarily reduce water use through voluntary programs (state, fed-

eral, and local). 
 
5. Educate water users, decision makers and the general public on the condition of the aquifer and methods and 

opportunities to reduce water use. 
 
6. Seek crop insurance option for limited irrigation crops from USDA Risk Management Agency. 
 
In order to implement the main actions stated above the following specific activities are recommended: 
 
• Provide technical support, including hydrologic modeling, if appropriate, to project aquifer current and future 

conditions.  Identify and implement activities to promote local conservation to extend the life of the aquifer that 
accrue to the aquifer subunit or region where water savings has occurred. 

• Recognize the benefit of aquifer subunit planning.   Management of the aquifer by subunit can benefit the lo-
cal community economic wellbeing and social connectedness; reduce over pumping, and widespread well 
shut offs from impairments. 

• Encourage ownership in one’s aquifer subunit; promote local leadership. 
• Form subunit teams to provide local leadership on management of aquifer subunits or other local ar-

eas/subunits for reduced consumptive water use. 
• Target incentive-based programs to aquifer subunits that have a long term vision and plan. 
• Implement aquifer subunit plans that assure water into the future to help attract industry, thus contrib-

uting to the economic health of the subunit and area. 
• Consider the long term impact of climatic change on the water demands for the region. 
• Consider interstate discussions on water conservation and planning where aquifer subunits cross state 

boundaries, and are not directly impacting an existing surface water compact. 
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Issue 
 
Meeting central Kansas Smoky Hill-Saline regional pub-
lic water supply (municipal and industrial) needs. 
 
Providing for the changing uses, demands and distribu-
tion of water use in the central part of the Smoky Hill-
Saline basin to meet public water supply is a recognized 
need in the basin.  Resource management to maintain 
economic stability and provide for economic growth is 
part of any considerations in management decisions. 
 
Description 
 
The provision of adequate quantities of good quality wa-
ter for municipal and industrial purposes is of major con-
cern. Increasing industrial, agribusiness and municipal 
needs for water supply all exist in various portions of this 
diverse basin. Communities in the relatively dry western 
part of the basin seek to expand and diversify their eco-
nomic base. The Smoky-Hill-Saline basin relies on water 
from surface storage in the eastern portion and/or 
ground water available from local aquifers. Much of the 
central portion of the basin receives water from Kanopo-
lis Lake through rural water district distribution to supple-
ment any ground water appropriation held by the public 
water supplier or individual.  Many communities seek to 
provide for industry as well as meet needs for population 
growth.  The eastern portion of the basin receives 
greater precipitation, however demand in this area is 
also increasing with economic and population growth.  
 
Recent climatic conditions, the decline of ground water 
levels and reduced reservoir yields contribute to water 
supply concerns. This issue is directly related to the  
Lower Smoky Hill River Management issue also found in 
this basin section.      
 
 Water Resources 
 
Water sources in basin include: Cedar Bluff, Kanopolis, 
and Wilson Dams and associated reservoirs; the Smoky 
Hill and Saline rivers and tributaries and associated allu-
vium; as well as the Ogallala-High Plains aquifer in west-
ern portions of the basin. 
 
Cedar Bluff Reservoir provides flood protection and stor-
age of water for fish and wildlife, along with municipal 
use by the City of Russell and recharge of the Smoky 
Hill River alluvium. Cedar Bluff Reservoir was originally 
authorized for irrigation, flood control, and water supply, 
with incidental benefits for recreation, fish and wildlife, 
and water quality. In 1992, Congress reformulated the 

project to create an operating pool for fish, wildlife, and 
recreation. Irrigation was abandoned as a project pur-
pose and the irrigation district was dissolved. Results of 
an analysis by Kansas Water Office (KWO) to determine 
the water supply yield that can be expected during a 2 
percent chance drought (required for the state Water 
Marketing Program) indicated Cedar Bluff is not suitable 
for storage of water under the Marketing Program.  
Therefore, Cedar Bluff Reservoir is not a potential 
source of additional municipal and industrial water sup-
ply. 
 
Kanopolis dam and lake provides flood protection and 
storage of water for municipal and industrial use, along 
with fish, wildlife and recreation. The state Water Market-
ing Program purchase of storage of 12,500 acre feet in 

the multipur-
pose pool for 
municipal and 
industrial use 
was 46% of 
the pool 
based adjust-
ments for 40 
years of sedi-
mentation.  
Storage ca-
pacity is pres-
ently esti-
mated at 
22,607 acre 
feet..   Ka-
nopolis Lake  
was also ana-
lyzed by the 
KWO to deter-
mine water 
supply yield 
expected dur-
ing a two per-
cent chance 
drought. The 
available yield 
was revised in 

2008 to an estimated 6.5 million gallons per day (MGD), 
reduced from earlier estimates.(5)  The yield was origi-
nally estimated as 15.4 MGD, with 12.9 MGD yield esti-
mated after 40 years due to sedimentation. The reduced 
2008 yield is related to loss of inflow into the lake. Since 
1950 there has been a significant reduction to the flow 
volume gain between the Bunker Hill and Ellsworth 
gages. This loss has reduced the volume of inflow to Ka-
nopolis Lake. 

Wilson Reservoir Dam on Saline River.  
Photo courtesy Kansas Geological Survey. 
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Wilson dam and lake was originally authorized for con-
struction by the U.S. Department of Interior, Bureau of 
Reclamation (Bureau) for the purposes of irrigation, navi-
gation enhancement, flood control, recreation, fish and 
wildlife habitat, and water quality assurance. The multi-
purpose (conservation) pool has an estimated current 
capacity of 227,701 acre feet. Due to the high salinity of 
waters in Wilson Lake; irrigation, municipal and industrial 
water use from the lake were determined impracticable 
and the construction and operation of the lake were 
transferred to the U.S. Army Corps of Engineers (Corps). 
While an authorized purpose of the project, navigation is 
no longer a specific consideration for the daily opera-
tions due to Wilson Lake’s distance from the Missouri 
River.  
 
Wilson Lake lies in the vicinity of the cities of Russell, 
Hays and others with anticipated water needs in the fu-
ture.  The possibility exists for reallocation of storage at 
Wilson Lake to supply water for municipal and industrial 
needs. Treatment techniques to address the salinity are 
available now at more reasonable costs, making water 
supply potentially practical. This water could prove cru-
cial to assuring the long-term economic viability of the 
area. 
 
Streams in the basin include approximately 3,832 peren-
nial stream miles.(4) Di-
versions totaling 
241,950 acre feet are 
authorized from all sur-
face water sources in 
the basin. Approxi-
mately 9,531 acre feet 
are authorized for pub-
lic water supply from 
surface supplies.(3)  

Minimum Desirable 
Streamflow (MDS), an 
amount of flow for in-
stream uses and down-
stream water rights, 
has been set for one 
U.S. Geological Survey 
(USGS) gage on the 
Smoky Hill River near 
Ellsworth.  MDS sets 
monthly flow targets at 
a gage that may vary 
by month.  On average, 
streamflow has been 
insufficient to meet the 
MDS.   

Ground water is found in alluvial aquifers along the ma-
jor rivers and tributaries, supplying some water for bene-
ficial uses in the basin.  Ground water appropriations to-
tal 78,828 acre-feet in the basin.(3) The High Plains aqui-
fer provides water where the Ogallala Formation is pre-
sent in the western part of the basin and from the Equus 
Beds aquifer in McPherson County. The USGS esti-
mated water in storage in the High Plains aquifer to be 
about 3.25 billion acre-feet of drainable water in 1992, 
with ten percent of that in Kansas.(9) The Dakota aquifer 
underlies most of the basin, with outcrops in Russell, 
Lincoln, Ellsworth and eastern Saline counties. There is 
great variability in aquifer yield and quality from the Da-
kota. The salinity of Dakota aquifer waters is one of the 
most important factors limiting current exploration in the 
confined aquifer. Water availability and economics have 
caused the City of Hays to develop and utilize slightly 
saline waters in the Dakota in west central Ellis County. 
The Dakota-Cedar Hills aquifer underlies portions of 
Ellis, Russell, Rooks, Osborne, Rush and Barton coun-
ties in the basin.(8) The Flint Hills aquifer is found in the 
eastern end of the basin. 
 
Availability of additional water appropriations is limited 
as all of the streams and alluvial corridors in the basin 
are either closed or restricted for new appropriations. 
The Ogallala-High Plains aquifer, in the western part of 
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the basin, is closed in Western Kansas Groundwater 
Management District No. 1 (GMD1), but small ground 
water appropriations may be obtained in some locations 
in Northwest Kansas Groundwater Management District 
No. 4 (GMD4). 
 
 Public Water Supply 
 
Appropriations for municipal use water rights from all 
sources in the Smoky Hill-Saline basin totaled 35,247 
acre feet per year. Industrial water rights, not included as 
part of municipal water rights, totaled an additional 7,319 
acre feet per year.  Corresponding water use reported 
for 2006 was 18,901 and 1,687 acre feet per year for 
municipal and industrial uses respectively.(3) 
 
Delivery of water supply in the central portion of the ba-
sin is interrelated and interconnected among suppliers. 
In 2006, there were 99 public water suppliers in the ba-
sin.  In 2006, 721 acre-feet of water was marketed from 
Kanopolis Lake to Post Rock Rural Water District who in 
turn supplied 11 other suppliers as well as rural custom-
ers.  Eleven other public water suppliers in the basin 
also sell water to 13 other public water suppliers.  
 
Post Rock Rural Water District currently has a contract 
for a maximum quantity of 400 million gallons per year 
(MGY) or 1,227.555 acre feet from Kanopolis Lake. Post 
Rock currently serves retail customers and the cities of 
Brookville, Ellsworth, Dorrance, Gorham, Luray, Waldo, 
Paradise; the Wilson Lake Estates of Lincoln County De-
velopment; and the rural water districts #5 of Ellis 
County, #7 of Saline County and #2 of Osborne County. 
In 2006, the City of Russell was added as a place of use 
in order to meet a shortage at that time.  Post Rock is 
currently providing water to an ethanol plant in Russell.  
 
 Future Needs 
 
The basin had an estimated population of 156,161 in 
2000.  The population of the 32 counties that are entirely 
or partially in the Smoky Hill-Saline basin was 330,631 in 
the year 2000 and is projected to be 288,939 in the year 
2040. There are no population projections for the basin 
itself for 2040. Rural counties have lost population, 
sometimes more than 10 percent every decade.  How-
ever the populations are expected to increase from 
19,726 in 2006 to 35,455 in 2050 for Hays and 4,280 in 
2006 to 6,631 for Russell in 2050, respectively.(2) Addi-
tional water demands are occurring presently as energy 
and other industrial users are requesting water through 
public water suppliers or directly.(10) 

Water supply demand projections for the central area of 
the basin have been estimated numerous times over the 
past decades. The most recent study completed in 2005, 
estimated a need for 7.0 million gallons maximum day 
net water need for the regional area including the cities 
of Hays and Russell and other public water suppliers. 
The average day net water need was estimated at 3.0 
million gallons per day (MGD) for the year 2050.(1)  This 
estimated need did not include McPherson, located out-
side the basin, and the additional water to meet energy 
industry demands that increased in 2006.   
 
More recent estimates indicate total maximum demand 
of 18.4 MGD will be needed to provide Post Rock Rural 
Water District, Wilson, and the cities of Hays, Russell, 
Victoria, Sylvan Grove and Bunker Hill in the north cen-
tral part of the basin by 2050.(2) This is 7.5 MGD of maxi-
mum daily water demands above estimated available 
supplies in the central portion of the basin. This does not 
include the City of McPherson’s request for 3.65 million 
gallons per year (MGY) (11,201 acre feet) from Kanopo-
lis, or the needs of the cities of Salina and Lindsborg in 
the future. The City of Lindsborg filed an application in 
1997 for 606.735 MGY (1,862 acre feet) from Kanopolis 
but has not pursued negotiations. The City of Salina’s 
population in 2008 was 45,956, according to the Cham-
ber of Commerce.  KWO has projected Salina’s popula-
tion to be 58,790 by 2040, a 28% increase.  Salina has 
not submitted an application for water from Kanopolis 
but is investigating options to meet future needs..  

 
In 2006, KWO projected demand from 2010 to 2040 for 
potential additional customers of Post Rock Rural Water 
District as shown in Table 1.(7) 
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Although the estimated future water 
needs for public water supply (municipal 
and industrial uses) vary, all indicate a 
need for water in addition to that presently 
available through appropriation or water 
marketing. Not only does the quantity of 
water need to be addressed, but the dis-
tribution/transportation must be consid-
ered. Many public water suppliers in the 
basin are interconnected, either as a sup-
plier or purchaser. These cooperative re-
lationships are needed to provide water 
through out the basin.   Planning to most 
effectively meet projected needs through-
out the basin is the present challenge.  
 
 

 Table 1 
Potential Customers for Post Rock Rural Water District 
KWO Projected Water Demands in Millions of Gallons 

2000 – 2040  

Potential Customers 
Year 

2000* 2010 2020 2030 2040 
Bunker Hill 4.401 5.095 4.735 4.323 3.911 
Kanopolis 20.700 29.635 29.337 29.039 28.692 
Lincoln 75.148 53.505 48.150 43.320 38.969 
Lorraine 6.643 7.190 7.190 7.190 7.190 
Natoma 12.372 12.187 10.961 9.850 8.853 
Russell 373.757 218.224 215.852 213.434 211.061 
Russell Co. RWD #1 1.576 2.626 2.626 2.626 2.626 
Russell Co. RWD #2 1.199 1.737 1.737 1.737 1.737 
Russell Co. RWD #3** 59.691 58.192 60.999 63.806 66.669 
Russell Co. RWD #4** 6.124 3.830 3.785 3.785 3.741 
Saline Co. RWD #2 20.449 20.860 20.028 19.252 18.475 
Saline Co. RWD #3** 28.229 31.787 36.835 41.884 46.933 
Saline Co. RWD #4 34.205 28.732 31.934 35.218 38.421 
Saline Co. RWD #8 9.388 13.389 16.831 20.327 23.768 
Saline Co. RWD #6 4.233 6.833 8.655 10.477 12.261 
TOTAL 658.115 493.822 499.655 506.268 513.307 
* Actual water use.  ** Purchases from another source.  
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Recommended Actions 
 
1. Evaluate (quantity) water resources in the basin and compare with appropriations (supply and demand analy-

sis). 
 
2. Evaluate management of various hydrologic systems and resources in the basin that may provide opportuni-

ties for additional water uses. 
 
3. Develop strategy for additional supplies.  Options include: 
 a. Request federal reallocation of storage in Wilson Lake. 
 b. Purchase Wilson Lake storage for Water Marketing Program, if determined feasible. 
 c. Consider additional storage in Kanopolis Lake. 
 d. Explore opportunities for long-term reconfiguring of connections if storage in Wilson Lake is purchased. 
 
4. Negotiate water marketing contracts based on available water. 
 
5. Explore methods to reduce need for additional water supplies such as: 
 a. Evaluate opportunities to improve efficiency  and conservation of existing municipal supplies to provide 

additional users with the savings. 
 b. Explore options for reuse/recycling of water to allow for additional water users without increasing con-

sumptive use. 
 
6. Continue to support local conservation efforts and programs such as in the City of Hays and WaterOne district 

in Johnson County. 
 

7. Continue to promote water quality measures to protect sources of public water supply. 
 
 



Page 5 

Resources 
 

1. Burns & McDonnell. 2005. Wilson Lake Water 
Treatment Facilities Concept Design Report. 

 
2. Burns & McDonnell. 2007.  Preliminary data for 

Wilson Lake Public Assistance to States evaluation 
report. 

 
3. Kansas Department of Agriculture-Division of Wa-

ter Resources. 2008. Water Right Data. 
 
4. Kansas Geological Survey. 2007. KGS OFR 2003-

55E: Assessment of Riparian Areas Inventory, 
State of Kansas. http://hercules.kgs.ku.edu/
geohydro/ofr/2003_55/riparian/ofr_2003_55e.htm. 

 
5. Kansas Water Office.  April 2008. DRAFT Kanopo-

lis Water Supply Yield Analyses and Review of 
Reservoir Inflow Depletions. 

 
6. Kansas Water Office. 2008. Surplus Water Avail-

able in Water Marketing Program Lakes Calendar 
Year 2008. 

 
7. Kansas Water Office. 2006. Preliminary Findings 

Request by Rural Water District No. 1, Ellsworth 
County dba Post Rock Rural Water District to Pur-
chase Water from Kanopolis Lake for Water Supply 
Purposes. November 16, 2006. 

 
8. McFarlane, Alan. 1998. Dakota Aquifer Program. 

Kansas Geological Survey. HTTP://
www.kgs.ku.edu/Dakota/vol1/hydro/hydro1.htm. 

 
9. Miller, James A. 1997. Groundwater Atlas of the 

United States Kansas, Missouri and Nebraska, HA-
730-D.  United States Geological Survey.      

10. United States Census Data. 2000. 

Smoky Hill-Saline Basin High Priority Issue 
Water Supply 
January 2009 



Page 1 

Issue 
 
Efficient management of the Smoky Hill River System, 
Kanopolis Lake and downstream reservoirs for beneficial 
water uses is needed.  
  
Efficient management of the resources related to Ka-
nopolis Lake and the Smoky Hill River below the dam is 
needed to meet the water needs under varying climatic 
conditions. Review of the available supply, expected de-
mands and potential management scenarios to meet wa-
ter appropriations and water marketing goals has been 
initiated.  
 
Comprehensive understanding and management of the 
system and water use are needed to balance the water 
releases from Kanopolis Lake and the additional de-
mands for water in the basin.  An approach is needed 
that will allow the use of storage to meet contemporary 
needs, yet respect the current commitments under con-
tract, and appropriated rights.   
 
Description 
 
The Smoky Hill River runs the west-east extent of the 
basin. Two federal reservoirs are located on the Smoky 
Hill River in the state, Cedar Bluff Reservoir in Trego 
County, operated by the U.S. Bureau of Reclamation 
(Bureau) and Kanopolis Lake, 100 miles downstream of 
Cedar Bluff, in Ellsworth County.  Kanopolis Lake is op-
erated by the U.S. Army Corps of Engineers (Corps).  
 
Kanopolis Lake was initially authorized for flood control, 
irrigation and recreation purposes.  Kanopolis Dam was 
completed in 1946 and the lake filled in 1948. The irriga-
tion purpose of Kanopolis Lake was never developed 
due to the lack of an irrigation district downstream of the 
lake. Kanopolis Lake provides flood protection and stor-
age of water for municipal and industrial use, along with 
fish, wildlife and recreation benefits. Storage capacity in 
the multipurpose pool (for municipal and industrial use) 
in the State Water Marketing Program is presently esti-
mated at 22,607 acre feet.  Kanopolis Lake was ana-
lyzed by the Kansas Water Office (KWO) to determine 
what water supply yield can be expected during a two 
percent chance drought. The yield was revised by KWO 
in 2008 to an estimated availability of 6.5 million gallons 
per day (MGD) in 2048, reduced from earlier estimates.
(3)  The yield was originally estimated as 15.4 MGD, re-
duced to 12.9 MGD yield after 40 years due to storage 
loss from sedimentation. The most recently reduced 
yield is related to loss of inflow into the lake. Since 1950, 
there has been a significant reduction to the flow volume 

gain between the Bunker Hill and Ellsworth gages up-
stream of the lake. This loss has reduced the volume of 
inflow to Kanopolis Lake. 
 
In June 2002, the Kansas Water Office (KWO) and the 
Corps finalized a contract for the purchase of 46.6% of 
the multipurpose pool.  This is an estimated 12,500 acre-
feet of public water supply storage in Kanopolis Lake 
after adjusting for sedimentation of 40 years.   
 
Kanopolis is the major source of municipal and industrial 
water to over 12,000 customers in parts of eight counties 
in north central Kansas through Post Rock Rural Water 
District (Post Rock). Post Rock has a contract for 400 
million gallons per year (MGY) to meet this demand. 
Post Rock is the only current public water supply using 
water from Kanopolis Lake, leaving 7.5 MGD yield based 
on present yield estimates.   
 
Like all Corps lakes, Kanopolis has a lake regulation 
manual that contains operating guidance.  Releases 
from storage are made according to set schedules, most 
of which were established decades ago.  The conserva-
tion storage pool typically contains a percentage identi-
fied as the water quality pool.  Releases from this pool 
are generally intended to meet instream needs such as 
water quality and fish and wildlife support. 
 
Recent drought years have brought attention to the op-
eration of Kanopolis Lake.  Specifically of concern are 
the water releases and lake levels during times of little or 
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no inflow, such as in 2006, and the needs of down-
stream water users.  In the 101 miles of river below 
Kanopolis Dam to the New Cambria gage, which is 
located east of the confluence of the Smoky Hill and 
Saline rivers, there are nearly 300 water rights for an 
authorized quantity totaling 43,123 acre feet per year 
from surface and alluvial ground water sources.(1) The 
larger portions of this quantity are appropriations for 
irrigation, and municipal and industrial use, including 
the City of Salina. 
 
Table 1 and Figure 1 provide basic water appropriation 
and use information for the stream and ground water 
system below Kanopolis to the New Cambria gage. 
 
Six active applications totaling 23.4 MGD are on file 
with the KWO, including one from Post Rock Rural 
Water District for water stored (26,259.656 acre feet) 
in Kanopolis.  This amount exceeds Kanopolis Lake’s 
2009 uncommitted yield of 7.5 MDG (8,401 acre feet per 
year).(5)  
 
In November 2006, the Kansas Water Authority (KWA) 
identified specific information needed before negotiating 

any additional water marketing contracts from storage in 
Kanopolis Lake. Work began in 2007 and is ongoing to 
meet the informational needs. These include:  

 
• Stream/aquifer and reservoir models of the Smoky 

Hill River and Kanopolis Lake. 

Table 1 
2008 Appropriations Below Kanopolis to New Cambria Gage 

 298 Authorized Water Appropriations 
Use Made of Water (Acre-Feet) 

Source Domestic Industrial Irrigation Municipal Recreation Stock Other Total 
Surface 1 0 7,403 5,028 246 0 6,958 19,636 
Ground 20 1,368 11,544 8,188 207 102 2,058 23,487 

Total 21 1,368 18,947 13,216 453 102 9,016 43,123 
                  

      
Irrigated Acres  

Authorized by Source       
      Surface Ground Total       
      8,047 10,239 18,286       
         
  

2006 Reported Water Use Below Kanopolis to Mentor Gage 
276 Water Rights Reporting 

Use Made of Water  (Acre-Feet) 
Source Domestic Industrial Irrigation Municipal Recreation Stock Other Total 
Surface 0 0 1,968 4,206 196 0 0 6,370 
Ground 0 370 5,349 3,287 129 63 904 10,102 

Total 0 370 7,317 7,493 325 63 904 16,472 
                  

      
2006 Reported Irrigated  

Acres by Source       
      Surface Ground Total       
      2,155 6,456 8,611       
                  
Source: WIMAS Summary Results as of April 17, 2008  
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• Assessment of the impact of minimum releases, both 
in-lake and downstream. 

• An updated yield of water marketing storage using 
data from1948 through present. 

• Determination of interest  and needs of communities 
and rural water districts in the area. 

• Determination of impact on the lake level with full 
water marketing use. 

 
 
 
 

Resources 
 
1. Kansas Department of Agriculture-Division of Water 

Resources.  2008.  Water Right Database-Water Re-
source Information System (WRIS). 

 
2. Kansas Geological Survey.  2008.  Smoky Hill River 

model – under development. 
 
3. Kansas Water Office. May 2008. Kanopolis Water 

Supply Yield Analyses and Review of Reservoir In-
flow Depletions.  

 
4. Kansas Water Office. 2006, November 16.  Prelimi-

nary Findings Request by Rural Water District No. 
1, Ellsworth County, DBA Post Rock Rural Water 
Supply District to Purchase Water From Kanopolis 
Lake for Water Supply Purposes.  

 
5. Kansas Water Office. 2008. Surplus Water Available 

in Water Marketing Program Lakes Calendar Year 
2009. p 21-22. 

Recommended Actions 
 
The compilation and evaluation of data related to the 
hydrologic system along with a comparison of the sys-
tem water budget to supply needs are essential in de-
termining actions.  All of the recommended actions will 
be completed with input and awareness of stake-
holders in the area. 
 
1. Complete and maintain the hydrologic model of the 

Smoky Hill River valley.  Use the model to under-
stand the relationship between the alluvial aquifer, 
streamflow and reservoir releases.  

 
2. Incorporate the updated Kanopolis Lake yield infor-

mation in the aquifer model to better understand 
impacts on the reservoir and hydrologic system.  

 
3. Determine the impact of full utilization of the Water 

Marketing Program supply on lake level and corre-
sponding recreation and downstream uses. 

 
4. Develop a basic supply and demand analysis using 

population and demand trends and reported water 
use. Compare to information developed in above 
models. 

 
5. Identify options to meet water use needs in the 

area based on results of models and other pertinent 
data. This may include review of the Kanopolis 
Lake Regulation Manual as part of the river system 
operation. 

 
6. Develop an action plan to address preferred op-

tions for management needs based on hydrologic 
analysis/water budget and considering economic 
impacts. 
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Cedar Bluff Lake
Reservoir Information Sheet

Location On the Smoky Hill River at river mile 333.7, in Trego County, 18 miles southwest of Ellis.  Watershed 
includes portions of Trego, Gove, Logan, Wallace, Greeley, Scott, Lane, Sherman, Thomas and Wichita 
counties.

River Basin Smoky Hill-Saline

Current 
Federally 

Authorized 
Purposes**

Originally authorized for irrigation, flood control, and water supply, with incidental benefits for 
recreation, fish and wildlife, and water quality.  In 1992 Congress reformulated the project to create 
an operating pool for fish, wildlife, and recreation.  Irrigation was abandoned and the irrigation 
district was dissolved.

State 
Designated 

Uses***

General purposes, expected aquatic life use, primary contact recreation, food procurement, 
industrial water supply

Top of Dam Elevation** 2198 ft.Construction Began April, 1949

Gates Closed November 13, 1950Multipurpose Pool Filled June 21, 1951

Construction History**

Watershed Drainage Area** 5530 mi²

Percent of Watershed in Organized Watershed District* 0% Elevation of Top of Watershed** 4650 ft.

Original Survey Year* 1951 Most Recent Survey Year* 2000

Top of Flood Pool 2166 ft.

Original Storage Capacity* 376,950 acre-ft. Design Sedimentation Rate** 260 acre-ft./yr

Design Life for Sediment Storage** 100 Years

Multipurpose Pool - Top Elev. 

Flood Pool (includes Multipurpose Pool)

Lake Level Management Plan Recent Bathymetric Surveys

Watershed
Hydrologic Unit Code 10260001, 02, 03, 04, 05

2144 ft.

Original Storage Capacity* 185,090 acre-ft.

Estimated Current Capacity* 169,632 acre-ft

Calculated Sedimentation Rate* 256 acre-ft./yr

Capacity at Most Recent Survey* 172,452 acre-ft

Design Sedimentation Rate** 260 acre-ft./yr

Information presented in this document is provided for general information, education or illustration only. Some of the documents may contain live references (or pointers) to
information created, maintained and/or provided by other organizations, agencies or individuals. The Kansas Water Office does not exercise any editorial control over such
information and cannot insure the accuracy, veracity or completeness of data so provided. While the information is deemed reliable for general information, the State of KS, the
Kansas Water Office, the Kansas Water Authority and any other State of KS agencies or employees do not warrant the information or assume any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, detail or measurement provided.  Use of any and all information provided herein is at the risk of the user.

* Source KWO - ** Source COE - *** Source KDHE Kansas Water Office -June 2012

Surface Area at Most Recent Survey* 6,869 acresOriginal Surface Area** 6,869 acres

Multipurpose Pool Breakout

Original Surface Area**  acres

Quality Storage 0.00%

Water Supply Storage Assurance District0.00% Water Marketing Reserve0.00%= + +

Other 0.00%

Loss of Capacity to Date* 8.35%

Watershed Sediment Yield* 0.05 Acre-ft/mi²/yr

http://www.kwo.org/reservoirs/Reservoirs.htm#Lake Level Managment
http://www.kwo.org/reservoirs/Reservoirs.htm#Reservoir Bathymetry
mcampbell
Rectangular Exhibit Stamp
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CEDAR BLUFF RESERVOIR 

WATER SUPPLY AND OPERATION STUDIES 

I. INTRODUCTION 

The water supplies from Cedar Bluff Reservoir have diminished con-

siderably since 1974. The water delivered for irrigation the last 4 

years has been zero. In the interest of the Cedar Bluff Irrigation 

District, the Bureau of Reclamation, and the State of Kansas, an 

assessment of the present and future inflow condition is necessary to 

determine what water is available in the future for irrigation and 

other uses. 

II. WATER SUPPLY 

A. HISTORICAL 

A water supply study was performed for the Definite Plan Report on 

the Cedar Bluff Unit (1958). The water supply was developed for 

the period 1919 through 1956. This water supply record was used 

as the historic inflow to Cedar Bluff Reservoir for this study and 

was extended to 1980 by using the inflows recorded by th~ Bureau's 

Water Control Branch, McCook, Nebraska. The record was developed~ 

for the DPR by correlating several stations and making adjustments 

for dra1nage basin size. (See Figure 1 for gage locations.) The 

closest river gage to the damsite prior to dam closure was Ellis, 

Kansas, with a period record of December 1941 to February 1952. 

The Ellis record for period 1941 through 1952 was correlated with 

the gage at Ellsworth, Kansas, using a log-log analysis which 

determined that Ellis flow is 31.2 percent of Ellsworth flow. 

The missing record at Ellis was estimated for the period of 

025688 
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1919-1941 using the 31.2 percent relationship. Based on relative 

size of drainage areas, the flows at Ellis were adjusted by 98 

percent to reflect the inflow of the dam. 

Inflows have been computed several ways after the dam was closed. 

For the years 1950 through 1956 and 1961 to the present, inflow is 

based on the Smoky Hill River gage near Cedar Bluff Dam, change in 

content, and evaporation. For the years 1957 through 1960, the 

Smoky Hill River at Arnold was used as the inflow. The various 

changes in estimating flow and correlations used leads one to 

question just how valid the historical inflow computations were. 

The following work was done to check the historical record: 

1. The estimated record for the period 1919 through 1941 was 

checked by correlating the Ellis versus Ellsworth data for 

1942 through 1950. The correlation of all months resulted in 

the following equation: logy= .612488 + 1.04656 log x. The 

flows computed with the equation were on the average within 

6 percent of the original estimates for the 1919 through 1941 

period, so the original estimates were considered acceptable. 

It should be noted, however, that the variance was high with 

one month indicating the Ellis flow was 75 percent of the 

Ellsworth flow. 

2. For the time period after dam closure, an operation study was 

put together to calculate the inflow based on Smoky Hill River 

gage at Cedar Bluff Dam, the end-of-month contents, and evap

oration for the period 1952 to present. By comparing the 

inflow computed with the operation study to historical fl~2SGSS 
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computed by the Water Control Branch, there are some major 

differences. Also, when comparing the operation study com

puted inflow to the Arnold gage, there is a significant gain 

from the Arnold gage to the reservoir which is hard to explain 

by contributing drainage area. (See Figure 1.) The findings 

or differences discovered in the record were discussed with 

the Water Control personnel to determine what was happening. 

However, the Water Control Branch historical inflows were used 

and are shown in Table 1. 

B. DEPLETED INFLOW ANALYSIS 

To date, there have been three estimates of the depleted inflow.to 

Cedar Bluff Reservoir: (1) the Definite Plan Report (March 1958); 

(2) the Double Mass Analysis (October 1982); and (3) an assessment 

of the effects of Conservation Practices and Well Development 

(July 1983). 

1. The Definite Plan Report made three depletion estimates for three 

areas: irrigation well depletion on Ladder Creek, irrigation 

well depletion on other areas, and stock pond development. 

The total depletions average 9,700 acre-feet annually for the 

1919 ~o 1956 period. 

2. An estimate of present level depletion was developed based on 

a double mass analysis. The analysis indicated the relation

ship between runoff and precipitation is not truly proportional. 

The double mass for historical inflow and precipitation is 

shown in Figure 2. The Figure indicates a gradual decline in 

the relationship from 1965 to 1981. The marked jump in runoff 

025600 
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in 1950 and 1951 is the reason an adequate depletion estimate 

could not be made from the double mass analysis. During these 

2 years of above-average runoff, other factors in the basin 

influence the relationship of runoff or historic inflow versus 

precipitation. 

After observing the double mass curve, a second approach to 

estimating present inflows was considered. The basic assump

tion was that 1975-1981 flows represent present inflows, and 

the flows prior to 1975 can be corrected to represent present 

inflows. The 1919 through 1974 period of flows was corrected 

to present inflows by developing correlation for different 

time periods and equating the correlations. 

Monthly linear regression correlations for historic inflows 

and precipitation were made for the three time periods 

1919-1960, 1961-1974, and 1975-1981. The periods were chosen 

to represent time changes in streamflow depletions. The 

1975-1981 period represents the present level depletion rate. 

The historic flows for the 1975-1981 period were then not 

changed for the depleted inflow condition but assumed to be 

the P\esent level of depleted flow. This assumption is con

servative in that changes from 1975 through 1981 still look 

as if they are continuing to decrease. 

The monthly correlations, constants, and multipliers were then 

developed and used in the equations to adjust the 1919-1960 

and 1961-1974 historic inflows to a present level depleted 

inflow (Table 2). 
025691 
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. 
' 3. The most recent present level inflow study to Cedar Bluff was 

made in July 1983 using upstream area development for esti

mating the decrease in runoff. 

a. Net Depletion Determination 

The basic approach is to determine the depletion adjust

ments for each year from 1930 through 1980 and apply the 

adjustments to the historical reservoir inflow record. 

The adjustments, depending on how they are applied, can be 

used to derive a 1930-1980 virgin inflow record or 1930-

1980 present level inflow record. The present level in-

flow record will be used in the reservoir operation studies 

to determine present reservoir yield. 

The depletion adjustments were computed on a per area 

basis using the "BASIN" water use model. In the users• 

manual for "BASIN" under general information, there is an 

explanation of what BASIN computes. Also discussed are 

the general components computed by BASIN, evapotranspira- · 

tion, groundwater discharge, and monthly moistur~ 

budget.ll 

For the Cedar Bluff Reservoir inflow study we used "BASIN" 

(mode 4) to compute streamflow depletions. Stream deple-

tions were estimated for well development and conservation 

practices development using four runs of "BASIN". One run 

ll User Manual - Basin - program by Fred J. Otradovsky, USBR, Nebraska
Kansas Projects Office - 5/21/81. 

025692 
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. . was to estimate the depletio~ due to well development in 

the alluvium from the reservoir upstream'to the Ladder 

Creek confluence. A second run was to estimate well devel

opment depletions in the Ladder Creek basin as defined in 

a meeting with the State Kansas Water Office and Water 

Resources Department (see area outlined .on map Figure 1). 

The third run estimated the depletion due to conservation 

practices from the reservoir upstream to the Ladder Creek 

confluence, and the fourth run estimated the conservation 

depletions in the Smoky Hill drainage basin area above 

Ladder Creek. 

The four runs as outlined take care of what is perceived 

to be the major sources of streamflow depletion from the 

drainage area above Cedar Bluff Reservoir. The drainage 

area, because of its size, was subdivided into five areas 

to represent the soils and precipitation stations in the 

basin (see Figure 1). 

The estimates of depletion due to well development used 

area 1 data for the alluvium wells from the reservoir 

upstream to the confluence of Ladder Creek and area 2 

data for the Ladder Creek wells pumping from the Ogallala 

formation. There are no irrigation wells registered in 

the alluvium on Ladder Creek. The estimates of depletion 

due.to conservation practices used area 1 data from the 

reservoir upstream to Ladder Creek confluence and areas 2, 

3, 4, & 5 data above Ladder Creek confluence. 

025693 
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The BASIN program is a monthly water accounting program 

which uses precipitation as inflow over the basin and 

makes an accounting of parts of the hydrologic cycle to 

determine basin outflow. The basin as used in our four 

depletion analysis runs is one or more of the five sub

basin areas shown in Figure 1. Three of the five basin 

areas were further broken down to distinguish the upland 

and lowland areas or the river valley alluvium. The basic 

computations for deriving net well and conservation prac

tice depletions by BASIN are as follows: 

1. Compute the portion of precipitation that is infiltrates 

into the soil using the infiltration curve developed' 

from ARS-USDA data at Hastings, NE (Figure 3). 

2. Compute monthly runoff by subtracting infiltration 

from precipitation. 

3. Make a soil moisture budget for dryland area and irri

gated area. The budget for dryland area is the infil

tration plus previous month storage minus evapotrans

piration minus the water above field capacity or ground

water recharge. This equals the new end-of-month soil 

moisture content. The budget for irrigated area is 

the infiltration plus previous month storage plus crop 

irrigation delivery minus evapotranspiration'minus the 

water above field capacity or groundwater recharge. 

This equals the new end-of-month soil moisture content. 

02569~ 
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The crop irrigation delivery is the quantity of water 

which enters the soil profile to meet crop irrigation 

requirements. The crop requirements are computed by 

running the soil budget for a desired end-of-month 

content. The crop irrigation deliveries plus farm 

losses and system losses determine the groundwater 

pumpage or project diversion for irrigated lands. 

4. Estimate the amount of monthly runoff that leaves thJ 

basin as outflow and that which is temporarily stored 

and evaporated or recharged into the groundwater. 

5. Make a groundwater storage budget of the active 

groundwater basin area. The budget accounts for a 

change in groundwater storage using basin recharge, 

initial groundwater inflow, groundwater pumping, and 

groundwater outflow. The groundwater recharge is com

puted from the soil moisture budget analysis and the 

portion of runoff which seeps into groundwater storage. 

The groundwater pumping is also determined by the soil 

moisture budget analysis. The aquifer properties and 

Glover•s method are used in determining the outflow 

movement from the aquifer. See Figure 4 for schematic 

of BASIN computations. 

The net irrigation depletion is computed by BASIN as the 

difference in basin outflow for the dryland farming condi

tion and irrigated farming condition. The basin outflow 

is computed as previously discussed and shown in Figure 4. 

025C9~ 
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The net monthly irrigation d~pletion for 12,000 irrigated 

acres in the Smoky Hill (Alluvium) and 162,000 irrigated 

acres in the Ladder Creek (Ogallala) are shown in Table 3 

and 4, respectively, for the period 1930-1981. The 

average annual net irrigation depletions were 12,600 acre

feet for the Smoky Hill and 225,400 acre-feet for Ladder 

Creek. The per acre depletion would be 1.05 acre-feet per 

acre and 1.39 acre-feet per acre, respectively, for the 

two areas. The respective crop irrigation requirements for 

the two areas were 1.05 acre-feet per acre and 1.26 acre-

feet per acre. 

The net conservation practice depletion is computed by 

BASIN as the difference in basin outflow for the non con-

servation practice condition and the conservation prac-

tices in place condition. The basin outflow was computed 

as previously discussed and shown in Figure 4. The net 

monthly conservation practice depletions are shown in 

Table 5 and 6 for basin area above Cedar Bluff Reservoir 

to Ladder Creek confluence and the basin area above the 

Ladder Creek confluence, respectively. The average annual 

net depletion for 100,000 acres above Cedar Bluff Reservoir 

was 6,100 acre-feet and for the 100,000 acres above the 

Ladder Creek confluence was 5,400 acre-feet. The conser

vation practice depletions as estimated by a BASIN analy

sis was done by increasing the percent of infiltration 

over the basin from 90 percent to 95 percent, and 

increasing the runoff seepage and evaporation. The 

9 
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increased percentage of infiltration covers the effect of 

stubble mulching and the increase in runoff seepage and 

evaporation covers the effects of terracing and stock pond 

development. 

These net depletions were then utilized in the opeation 

study to adjust the historical inflow to Cedar Bluff 

Reservoir to present level inflow. 

The basin program water accounting of precipitation 

falling on the basin area and computation of basin outflow 

requires many hydrologic input parameters. The basin 

input parameters are as follows: 

1. Average Monthly precipitation - basin inflow -

National Weather Service data weighted for each area 

using several weather station records. 

2. Infiltration - percent by crop - defines infiltration 

curve. (The curves were developed from monthly rainfall 

-runoff data collected by the ARS-USDA at Hastings, NE.) 

3. Percent distribution of overland flow - defines 

runoff destination. Selection of the percent is based 

on ponding or water surface area in the basin and soil 

infiltration rates in waterways. 

025G97 
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4. Snow melt temperature - used in winter precipitation 

carry over function. This is the mean monthly tem

perature, which produces runoff from snow cover, nor

mally use 25°F. 

5. Available soil moisture by crop - soil water holding 

capacity for crop root zone. SCS Kansas Irrigation Guide. 

6. Jensen-Haise Consumptive Use Input 

a. Average monthly temperature - National Weather 

Service data at Scott City, Kansas. 

b. Average monthly solar radiation (percent possible 

sunshine) - National Weather Service data - Dodge 

City, Kansas. 

c. Maximum and minimum temperature for hottest month 

(July) - National Weather Service data at Scott 

City, Kansas. 

d. Elevation - Mean basin elevation taken from USGS 

7! minute quads. 

e. Crop distribution for dryland, well irrigated, 

and gravity irrigated area. Taken from county 

statics by USDA- Kansas Crop and Livestock 

Reporting Service. 

f. Monthly crop coefficients -These were computed 

using the standard method, the crop planting, 

cover, and harvest dates were received from. the 

SCS county district conservationist. 
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7. Basin area breakdown dryland acres, well irrigated 

acres, and gravity irrigated acres. The total acres 

by subarea were planimetered from USGS 1/250,000 maps. 

The well irrigated acres were taken from the Division 

of Water Resources data received on 5/17/83. The sur

face irrigated acres were only 200 acres so we assumed 

it was zero. The dryland acres is the difference in 

total and well irrigation. 

B. Irrigation system and use information 

a. Farm efficiency - assumed 70 percent. 

b. Percent farm waste, seepage and evaporation -

assumed 15, 15 and 0 percent. 

c. Canal and lateral waste and losses - No surface 

delivery so used 0 for both. 

d. Allowable soil moisture depletion (percent by 

crop by month) These values are set based on 

water scheduling information. Normally it is 100% 

October through April and is allowed to drop to 

50 percent during peak use times. 

e. Maximum number of irrigation applications by crop 

by month. These are set to not allow irrigation 

in some months and allow a maximum number of irri

gations during peak use period. 

9. Active groundwater area data 

a. Transmissivity, storage coefficient - Ogallala 

Aquifer Study in Kansas by Kansas Water Office. 

025698 
12 



b. Recharge area, channel length and channel width. 

Laddle Creek area Division of Water Resources map. 

For alluvium area, soil survey maps were used. 

c. Net area recharge and base ground water inflow. 

Based inflow was set to zero, and net area 

recharge was established after initial run deter

mined it. 

The actual input data used for each basin run is appended 

to the report along with the annual hydrologic water 

budget output. 

b. Present Inflow 

The present level inflow for the monthly runoff analysis is 

the historical inflow minus the four depletion quantities. 

The historical inflow record was discussed earlier and was 

used as shown in Table 1. Each depletion quantity is esti

mated by taking a percentage of the net depletion (acre 

feet). The percentage is the acreage difference between 

present condition acreage (1980) and that year•s acreage 

divided by the unit acres used to estimate the net depletion. 

The net depletion (acre-feet) for each depletion type, 

alluvium well irrigation, Ladder Creek well irrigation, 

area 1 conservation practices and area 2, 3, 4, and 5 con

servation practices were discussed earlier and are shown 

in Tables 3, 4, 5, and 6. The development acreage for 

each depletion type was estimated using the Kansas Water 

Resources Division well registration data and Kansas Water 
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Office data tabulation from questionnaires sent to county 

SCS offices. (See Appendix B). The well registration 

data acreage for the alluvium above Cedar Bluff Reservoir 

and the area of groundwater influence in the Ladder Creek 

area was tabulated by application numbers which represents 

time periods as shown in Tables 7 and 8. The five-year 

accumulative sums were used to determine the yearly 

acreage development by linear interpolation between the 

five year intervals. The 1980 acreages were used as the 

present level of development. The difference between the 

yearly acreages and the 1980 acreage give the increased 

development acreage. The development acreage divided by 

the unit acreage is the percentage used to compute the 

depletion applied to the historic flow. 

The development of conservation practice acreages was esti

mated for each of the subbasin areas 1 through 5. The 

conservation practice areas included parts of several 

counties so the county conservation practices were split 

according to the portion of the county in each subbasin. 

The county conservation practices acres used for the 

study were terraced acres and stubble mulched acres. The 

total acres for each area by five-year intervals are sum

marized in Table 9. 

The present level inflow developed from the irrigation and 

conservation practice depletions is shown in Table 10 for 

the period 1930 through 1980. These present level inflows 
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were used as the water supply for the present level opera

tion studies to be discussed later in the report. The 

historic and present level annual inflows to Cedar Bluff 

Reservoir are shown in Figure 5. The difference in his

torical inflow and present level inflow is distinguished 

by the two depletion types irrigation and conservation 

practices. The average annual irrigation streamflow 

depletion represents 51 percent of difference and the 

average annual conservation practice streamflow depletion 

represents 49 percent. 

c. Verification Discussion 

Two BASIN program runs for the Smoky Hill River Basin 

above Cedar Bluff Reservoir were made to determine total 

basin outflow for predevelopment conditions and present 

development conditions. These runs were compared to the 

historical reservoir inflows to determine whether the 

BASIN input parameters were set correctly. The average 

annual BASIN outflows for 1930-1980 compares as follows to 

the historical reservoir inflow. 

1930 Condition BASIN Outflow 

Historical Reservoir Inflow 

1980 Condition Basin Outflow 

Acre-feet 

136,000 

60,400 

28,900 

These values seem reasonable in magnitude; however, when 

comparisons of the annual or monthly outflows and reser

voir inflows are made, there are extreme variations. For 

example, the 1930 condition outflow computed by BASIN in 
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1936 was 79,200 acre-feet and· the historical flow was only 

21,900 acre-feet. Another example was the 1980 condition 

outflow for 1979 was 52,900 acre-feet versus actual inflow 

of 8,900 acre-feet. Even with the extreme variations in 

annual and monthly flows, the average annual flow seemed 

reasonable so the input parameters established for these 

runs were used in the BASIN runs that estimate net deple-

tion for irrigated lands and conservation practices. 

A single mass plot of the 1930 condition outflow, 

1980 condition outflow and historic inflow to Cedar 

Bluff are shown in Figure 6. It is interesting to 

note that BASIN outflow increased in slope during the 

1970•s. This, however, is not reflected in the his-

torical inflow. The outflow analysis indicates the 

streamflow in the 1970•s should have been above nor-

mal base on the precipitation received. A single mass 

plot of present level inflows and historical inflows 

are shown in Figure 7. The single mass of the pre-
I 

sent level inflow does not show the increase in 

streamflow during the 1970•s that was shown by the 

1980 condition BASIN outflow. The present level 

inflow single mass curve runs a fairly straight line 

showing the correction made to historical inflow. 
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:II I. WATER REQUIREMEMTS 

The water requirements on Cedar B 1 uff Reservoir in the pas't have 

included irrigation releases, fish hatchery releases, and municipal 

releases for Russell, Kansas. The past and future water require

ments on Cedar Bluff Reservoir are as follows: 

A. IRRIGATION 

The existing irrigation district has a total irrigable acreage of 

6,800 acres. During the past period 1963 to 1980, the average 

yearly irrigated acreage ranges from 0 in 1980 and 1979 to 6,755 

acres in 1974 and 1975. The diversion requirements during 

divertable years ranged from 1.92 acre-feet/acre in 1969 to 3.21 

acre-feet/acre in 1963. To extend the diversion requirements of 

the irrigation project to that of the operation study period, the 

Jensen-Haise method of computing crop consumptive use was utilized 

through the BASIN program, which uses a soil moisture budget to 

account for effective precipitation. This method of computation 

basically requires monthly temperature, solar radiation, rainfall, 

farm cropping patterns, soil moisture holding capacity, allowable 

soil moisture depletion and farm effic1ency (see Table 11, 12, 13, 

14.) The crop consumptive use for 1919 through 1980 averaged 

31.56 inches (see Table 15 for monthly data). The farm delivery 

requirement for the same period was computed assuming a 70 percent 

farm efficiency. This resulted in an average farm delivery effi

cienty of 1.47 acre-feet/acre. To determine the acceptability of 
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the farm delivery requirements, a comparison was made with the 

actual farm delivery requirements from 1963 thru 1978. The 

actual data was taken from irrigation district records. (See 

Table 16.) 

Farm Delivery (/acre) 

Year USBR Basin Difference 

1963 1.11 1.97 -0.86 
1964 1.53 1.46 .07 
1965 1.42 0.89 .53 
1966 1.49 1.97 -0.48 
1967 1.21 0.89 .32 
1968 2.01 1.97 .04 
1969 1.14 0.88 .26 
1970 1.99 1.44 .55 
1971 1.52 1.43 .09 
1972 1.14 1.15 - .01 
1973 1.36 1.39 - .03 
1974 1.51 1.71 - .20 
1975 1.44 1.43 + .01 
1976 1.87 1.68 + .19 
1977 1.44 1.44 .00 
1978 1.98 1.71 .27 

Average 1.51 1.46 .05 

The computed'farm delivery requirements for the Cedar Bluff area· 

are represented by the figures in Table 17. 

To determine the diversion requirement into the canal system for 

a given.acreage of land to be irrigated, the delivery system 

efficiency was computed from historical data so the system waste 

and losses could be computed and added to the farm delivery 

requirements. The historical canal and lateral wastes and losses 

were summed and divided by the net supply to obtain the percent 

of waste and losses for the period 1963-1978. 
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1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

Average 

Canal/lateral 
waste 

8.8 
7.5 
9.4 

12.6 
5.0 
3.5 
4.8 
4.7 
3.7 
4.6 
4.5 
3.2 
3.4 
3.3 
2.5 
2.4 

5.24% 

Canal/lateral 
loss 

56.6 
44.6 
35.8 
32.0 
58.4 
30.6 
36.0 
27.1 
31.0 
37.6 
32.4 
31.1 
31.7 
25.5 
32.7 
27.4 

34.41% 

OV = (CW+CL) OV + FOR 

OV = FOR 
1=- (CW + CL) 

= FOR 
r: (.3965) 

OV = FOR 
.60 

Where OV is diversion 
and FO is farm delivery 

Based on the relationship of diversion requirement to farm delivery 

requirement, a system efficiency of 60 percent was estimated and 

used for the Cedar Bluff irrigation system. 

The farm delivery requirements (Table 17) and system efficiency (60 

percent) were used in the operation study to compute the reservoir 

irrigation demand. 

B. FISH HATCHERY REQUIREMENTS 

In the past the fish hatchery requirements varied little from year 

to yea.r. For the period 1963 to 1983 there has been a year-round 

requirement of 2,350 acre-feet. The past average monthly 

requirement was used in some of the early studies and were: 

(Acre-feet) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

110 110 120 190 270 330 290 310 220 160 110 130 2,350 
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At present the fish hatchery is closed and being utilized by the 

State of Kansas Fish and Game Department. Their estimated require

ment of water was 200 acre-feet/year. The new requirement has not 
at this time been utilized in the studies. 

C. MUNICIPAL REQUIREMENT (CITY OF RUSSELL, KANSAS) 

The past and present municipal requirement for the City of 

Russell, Kansas is 2,000 acre-feet a year. In the past, the use 

of this water has been on an occasional basis and because of 

this, it was not added into the present operation study run. 
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IV. OPERATION STUDY 

A. EXPLANATION OF STUDIES 

Using the present level inflows discussed earlier, several water 

budgets were made on the Smoky Hill River Cedar Bluff Reservoir. 

The operation studies included the following conditions: (1) no 

reservoir outflow, (2) irrigation releases for various size irri-

gation projects and (3) constant monthly reservoir releases to 

represent municipal or fish hatchery releases. 

The water supply based on the no release Operation Study No. 4 can 

all be evaporated from the reservoir with a spill in only one year 

of fifty-one. The reservoir evaporation was computed from pan 

evaporation. The winter evaporation rates November through March 

are average rates obtained from a Minnesota Resource Commission 

Report, dated June 1942. The pan evaporation rates for the 

remainder of the season were either Hays, Kansas, records or Cedar 

Bluff Dam records. The pan evaporation was adjusted to lake eva-

poration by a factor of .70. 

A series of runs were made for Operation Studies No. 2 with releases 

for irrigation only. The run series was made to represent various 

amounts of irrigated lands in the project and started with the 

present project size of 6,800 acres then decreased to 5,000 acres, 

3,000 acres, 2,000 acres, 1,500 acres, 13,000 acres and 1,000 

acres. The purpose of the runs was to determine the project size 

that would have a full water supply with the previously estimated 

present level inflow. The diversion requirements as previously 

discussed were computed based on Jensen-Haise consumptive use, 
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past project cropping patterns, 70 percent farm efficiency, and 

past project losses and wastes of 40 percent. The monthly farm 

delivery requirements are shown in Table 17. 

The third type of Operation Studies No. 3 runs were made using a 

constant monthly reservoir release which would represent a poten

tial municipal use, fish hatchery use or flow maintenance release. 

Monthly flow releases of 400 acre-feet/month and 300 acre-feet/month 

were made so a firm yield of the reservoir could be determined. 

B. OPERATING CRITERIA 

The elevation area capacity curve used in the study was the origi-

nal one developed for the project (Map No. 372-701-42) dated 1949. 

This is still in use according to operation personnel in McCook. 

The operating criteria were as follows: 

1. Reservoir inflow used was the depleted inflow. 

2. The reservoir starting content for the study was assumed to be 

13,300 acre-feet which is near a present level content. 

3. The reservoir end-of-month content was computed for each month 

based on the equation: 

EOMC = PEOMC + Inflow - Evaporation - Outflow - Seepage 
EOMC.= New end-of-month content 
PEOMC = Previous end-of-month content 
Inflow = Depleted inflow to reservoir 
Evaporation = Computed reservoir evaporation 
Seepage = Seepage was set to zero for these runs 
Outflow = This is the total of all demands for that particular 

study 
a. Run No. 1 - No demands 
b. Run No. 2 - Irrigation demands 
c. Run No. 3 - Constant monthly demand 

4. If the new end-of-month content drops to less than active con

tent, the outflow is limited to that volume of water available 
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after bringing the reservoir level to the top. of inactive 

storage. The difference in the outflow and the total demand 

is then the shortage. 

5. The reservoir content maximum was limited to 176,800 acre-feet 

active content. 

C. WATER UTILIZATION RESULTS, 

The no-release Operation Study No. 4 shows the reservoir would 

fill only once under the 1980 present level depleted inflow 

operation study. The reservoir content in the no-release case 

flucuated in accordance with evaporation. Table 18 shows the sum

mary of the operation study results. 

The irrigation release operation studies indicated that irrigation 

of the present size irrigation district (6,800 acres) would be 

feasible only 20 years out of 51. Many of the years in which 

irrigating is possible are back to back after the reservoir fills 

from a precipitation runoff event like occurred in 1951. Table 19· 

summarizes the results of the Operation Study for the irrigation 

release to 6,800 acres. 

The present level irrigation potential from Cedar Bluff Reservoir 

based on the present level water supply was estimated to be 1300 

acres. This estimate was based on a cropping pattern of 4% small 

grains, 90% corn, 3% alfalfa, and 3% pasture. The weighted average 

crop consumptive use for these lands is 31.6 inches per year. The 

1930-1980 average diversion requirement and diversion for 1300 acres 

would be as follows: 
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Consumptive use 
Effective precipitation 
Crop Irrigation Requirement 
Efficiency 70%-Farm 

Losses 
Farm Delivery Requirement 
Conveyance loss 
Delivery Requirement 

Rate 
AF/A 

2.63 
1.60 
1.03 

.44 
1.47 

.98 
2.45 

Volume 
Acre Feet 

3,419 
2,080 
1,339 

572 
1,911 
1,274 
3,185 

Actual 

3,200 AF 

In 1941 the irrigation shortage was 1,800 acre-feet,·the diversion 

of water was 600 acre-feet and the estimated requirement was 2,400 

acre-feet. Using the Bureau shortage criteria, the 1,800 acre-

feet of shortage represents 53% of average consumptive use need of 

2.63 acre-feet/acre. 

For 1941, the crop needs and water available are as shown. 

Required Actual 
Rate Volume Volume Rate 
AF/A Reguired Actual AF/A 

Consumptive use 2.62 3,406 2,612 2.0 
Effective Precipitation 2,360 2,360 
Crop Irrigation Requirement .805 1,046 252 0. 2" 
Farm Loss 449 108 
Farm Delivery Requirements 1.15 1,495 360 0.3 
Conveyance Loss 1,001 240 
Diversion 1.92 2,496 600 0.5 

This one.year of shortage in the 1930-1980 period is acceptable 

according to Bureau shortage criteria. Table 20 summarizes the 

results of the Operation Study for the irrigation of 1,300 acres. 

The constant monthly release operation studies that were run showed 

that no shortage occurs at an annual diversion rate of approximately 

3600 acre-feet/year from Cedar Bluff Reservoir. This then would be 
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the firm yield of the reservoir for the present l~vel water supply 

Table 21 summarizes the results of the Operation Study No. 3 for 

the constant monthly release of 300 AF/month or 3,600 AF/year. 

V, CONCLUSION 

The upstream development of irrigation wells on 171,800 acres by 1980 

and conservation practices on 1,180,100 acres by 1980 has depleted the 

inflow to Cedar Bluff Reservoir by 61 percent. The average annual 

reservoir inflow for the years 1930 to 1980 was 56,500 acre-feet. The 

depleted inflow for the present level of development was estimated at 

21,800 acre-feet annually for the 51-year period. There are 3,539,200 

acres in the Smoky Hill River drainage above Cedar Bluff Reservoir. 

One-third of these lands have conservation practices in place and the 

remaining two-thirds have the potential for future development in 

conservation measures and possibly well irrigation. 

The present water supply to Cedar Bluff Reservoir places the reservoir 

in a water shortage situation. Reservoir operation studies using the 

present level water supply, present project irrigated acreage, and past 

fish hatchery demands showed the water supply was fully adequate only 

20 years of 51. This operation study did not include the diversion of a 

water supply for the city of Russell, Kansas, which presently has a 

water supply contract. 

Looking at irrigation only, it was estimated approximately 1,300 acres 

of land could receive a full water supply with the present level inflow. 

The operation of the reservoir for the irrigation of 1,300 acres may 

not be the most efficient use of the water stored in Cedar Bluff 
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Reservoir because evaporation loss and delivery system losses are high. 
The firm yield of the present level water supply from Cedar Bluff 

Reservoir was estimated to be 3,600 acre-feet/year or a constant 

.~ monthly release of 300 acre-feet. 
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KANSAS WATER OFFICE 

Clark Duffy 
Director 

January 30, 2003 

Gomer Stukesbary 
723 Crescent 
Ness City, KS 67560 

Dear Mr. Stukesbary: 

GOMER STUKESBARY 

STATE OF KANSAS 

Kathleen Sebelius, Governor 

PAGE 02 

901 S. Kansas Avenue 
Topeka, Kansas 666i 2-1249 

785-296-3185 
FAX 785-296-0878 

Thank you for your letter concerning utilization of Cedar Bluff Lake for public water supply to 

Russell and Hays. 

The Kansas Water Office has completed an analysis that indicates that Cedar Bluff Lake is not a 
viable option for a sustainable, significant, long-term public water supply. This analysis and public 
discussion in 1999 led the Kansas legislature to pass a proviso that prohibi1s the use of Cadar Bluff 
Lake for public water supply. The Kansas Water Office has no intention of violating this legislative 
direction by se!1111g public water supply from Cedar Bluff Lake. 

The City of Russell does have an existing right for storage and release of water from Cedar Bluff 
Lake. Russell's water right allows the storage of up to 2,700 acre-feet of water and the release of 
up to 2,000 acre-feet in any one year. These quantities are contingent upon the water being 
available in the City's portion of Cedar Bluff lake storage. 

The Kansas Water Office is the State's water planning agency. As such, we have a responsibility. 
to assist local communities with planning and identification of source water for public water supply. 

The Kansas Water Office has worked with the citles of Hays and Russell for 2o·years to find an 
acceptable long tenn supply of water. Currently, the Kansas Water Office is working with the 
Corps of Engineers on a study to identify the feasibility and most cost effective solution of providing 
water to the area from Kanopolis Lake. We believe that this is the best long term solution for all 
involved. 

� In 1996 and 1997, the Kansas Water Office held meetings with public water suppliers in the Smoky 
Hill-Saline Basin. Severa! of the public water suppliers, including Hays and Russell, expressed 
interest in using Kanopolis Lake as a water source. As a result of these discussions, the Kansas 
Water Office asked the Corps of Engineers to study reallocation of storage to water supply 
purposes. In 2002, the Kansas Water Office and the Corps of Engineers finalized a $4.2 million 
contract for the purchase of water storage in Kanopolis Lake in order to have water available for 
public water supply in the region. 

r EXHIBIT 
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Gomer Stukesbary 
January 30, 2003 
Page2 

7857982580 GOMER STUKESBARY PAGE 01 

As a result of the KanopoHs Lake storage purchase, public water supply is available from this 
source. Post Rock Rural Water District is currently using Kanopolis Lake as its sole source. Public 
Wholesale Water Supply District No. 15 reaffirmed their interest in Kanopolis Lake by application 
for a water marketing contract on June 17, 2002. The Kansas Water· Office completed preliminary 
findings authorizing negotiations wtth Public Wholesale Water Supply District No. 15 in July of last 
year. My staff stands ready to begin negotiations for a contract from Kanopolis Lake. 

Thank you again for your interest in and comments concerning Cedar Bluff Lake. 

Sincerely, 

024/f 
Clark Duffy 
Director 

CD:cb 

CC: President Public Wholesale Water Supply District No.15 
Ctty Manager · 

City of Hays 
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"+ ,.-> STATE OF KANSAS 
* 2 L*-.,,.-- D I V I S I O N  OF WATER RESOURCES . . .  

TATE OF KANSAS KANSAS STATE BOARD OF AGRICULTURE STATE OF # A N A S ,  COUNTY OF 
LLlS COUNTY TOPEKA, KANSAS TREGO. THIS IHSTRUMEIT WAS 

chis  instrument was filed for -mrd rlLED FOR RECORD June 2 
BEFORE 

RECORDED IN BOOK &,PAGE 
DAVID L.  POPE, CHIEF ENGINEER-DIRECTOR 397 FEE:$ 26.00 

DIVISION OF WATER RESOURCES 
KANSAS STATE BOARD OF AGRICULTURE 

NTERIM ORDER I N  THE MATTER OF DESIGNATION OF 
AN INTENSIVE GROUNDWATER USE CONTROL AREA I N  TREGO, 

ELLIS, RUSH AND RUSSELL COUNTIES, KANSAS 

The C h i e f  E n g i n e e r - D i r e c t o r ,  D i v i s i o n  o f  Water Resources, Kansas S t a t e  

Board o f  A g r i c u l t u r e ,  a f t e r  h a v i n g  g i v e n  due c o n s i d e r a t i o n  t o  ev idence,  

t e s t i m o n y  and o t h e r  i n f o r m a t i o n  p resen ted  t o  h im a t ,  o r  as a  r e s u l t  o f ,  t h e  

h e a r i n g  h e l d  i n  Hays, Kansas, on February  23 and 24, 1984, r e g a r d i n g  t h e  proposed 

d e s i g n a t i o n  o f  an a r e a  a l o n g  t h e  Smoky H i l l  R i v e r  i n  Trego, E l l i s ,  Rush and 

Russel 1  Count ies ,  Kansas, as an i n t e n s i v e  groundwater use c o n t r o l  area,  makes t h e  

f o l l o w i n g  f i n d i n g s ,  c o n c l u s i o n s  and o r d e r :  

FINDINGS 

1. That based upon i n f o r m a t i o n  c o n t a i n e d  i n  t h e  f i l e s  o f  t h e  o f f i c e  o f  t h e  

C h i e f  E n g i n e e r - D i r e c t o r  c o n d i t i o n s  e x i s t  w i t h i n  t h e  a1 l u v i  a1 groundwater  of 

t h e  Smoky H i  11 R i v e r  Val  l e y  between Cedar B l u f f  R e s e r v o i r  and t h e  c o n f l u e n c e  

o f  t h e  Smoky H i l l  R i v e r  w i t h  B i g  Creek which r e q u i r e  r e g u l a t i o n  i n  t h e  

p u b l i c  i n t e r e s t .  

2. That  i n  accordance w i t h  t h e  p r o v i s i o n s  o f  K.S.A. 1982 Supp. 82a-1036 t h r o u g h  

K.S.A. 1982 Supp. 82a-1040, t h e  C h i e f  E n g i n e e r - D i r e c t o r  of  t h e  D i v i s i o n  of  

Water Resources may, upon h i s  own i n i t i a t i v e ,  i n i t i a t e  p roceed ings  f o r  

d e s i g n a t i o n  o f  an i n t e n s i v e  groundwater use c o n t r o l  a rea  whenever he o r  she 

has reason  t o  be1 i e v e  t h a t  c o n d i t i o n s  e x i s t  w i t h i n  an area i n  q u e s t i o n  which 

r e q u i r e  r e g u l a t i o n  i n  t h e  p u b l i c  i n t e r e s t .  

3. That  on November 30, 1983, t h e  C h i e f  E n g i n e e r - D i r e c t o r  i s s u e d  a  f i n d i n g s  and 

!' 
o r d e r  i n i t i a t i n g  t h e  p roceed ings  f o r  d e s i g n a t i o n  o f  an i n t e n s i v e  ground- 

to - 
rct- wate r  use c o n t r o l  a rea  w i t h i n  t h e  a l l u v i u m  o f  t h e  Smoky H i l l  R i v e r  i n  t h e  
1rect- 

/ 
meiical- r e a c h  between Cedar B l u f f  Dam i n  Trego County, Kansas, and t h e  c o n f l u e n c e  of 

tf 
c .-I -e -- 

t h e  Smoky H i l l  R i v e r  w i t h  B i g  Creek i n  R u s s e l l  County, Kansas, i n  an area 

d e s c r i b e d  as f 01 1  ows : 
state ol'kanm ~usssll County, 6s - 

6 8 3  
$ 2 '7 ?/18inspp 'yr,m 

M. Recorded in 

F 
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A t r a c t  o f  l a n d  t o t a l l y  w i t h i n  t h e  d r a i n a g e  b a s i n  o f  t h e  Smoky H i l l  

R i v e r ,  i n c l u d i n g  a1 1  o f  t h e  v a l l e y  a1 l u v i u m  between Cedar B l u f f  Dam and 

t h e  mouth of B i g  Creek, and l y i n g  p a r t i a l l y  i n  Trego, E l l i s ,  Rush and 

R u s s e l l  Coun t ies  i n  Kansas, and b e i n g  more p a r t i c u l a r l y  d e s c r i b e d  as a  

t r a c t  o f  l a n d  bounded by a  1  i n e  b e g i n n i n g  a t  t h e  west q u a r t e r  c o r n e r  o f  

S e c t i o n  25, Township 14  South, Range 22 West, i n  Trego County, thence  

e a s t e r l y  a  d i s t a n c e  o f  f i v e  ( 5 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  o f  

S e c t i o n  26, Township 14 South, Range 21  West; thence s o u t h e r l y  a  

d i s t a n c e  o f  o n e - h a l f  ( 1 / 2 )  m i l e  t o  t h e  southwest  c o r n e r  o f  t h e  same 

s a i d  S e c t i o n  26; thence  e a s t e r l y  a  d i s t a n c e  o f  f o u r  ( 4 )  m i l e s  t o  t h e  
&' 

n o r t h w e s t  c o r n e r  o f  S e c t i o n  33, Township 14  South, Range 20 West; 

thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  -o f  

same s a i d  S e c t i o n  33; thence  e a s t e r l y .  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  
& 

t h e  n o r t h w e s t  c o r n e r  of S e c t i o n  1, Township 15 South, Range 20 West; @ 
thence  s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  

same s a i d  S e c t i o n  1; thence  e a s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  
iw 

t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  9, Township 15 South, Range 19 v e s t ;  Jk 
t hence  s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  of 

same s a i d  S e c t i o n  9; thence  e a s t e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  

4f n o r t h w e s t  c o r n e r  o f  S e c t i o n  15, Township 15 South, Range 19 West; JI( 
thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  

same s a i d  S e c t i o n  15; thence  e a s t e r l y  a  d i s t a n c e  o f  s i x  ( 6 )  m i l e s  t o -  
% 

t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  22, Township 15 South, Range 18  ~ e s t ; g  

thence  s o u t h e r l y  a d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  of  . 
w d' S e c t i o n  27, Township 15 South, Range 18  West; t hence  e a s t e r l y  a  

d i s t a n c e  o f  n i n e  ( 9 )  m i l e s  t o  t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  3 0 , k  * 
Township 15 South, Range 16 West; thence n o r t h e r l y  a  d i s t a n c e  o f  one- 

% h a l f  ( 1 / 2 )  m i l e  t o  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  19, ownship 15 

South, Range 16 West; thence e a s t e r l y  a  d i s t a n c e  o f  f i v e  ( 5 )  m i l e s  t o  

4f 
t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  24, Township 15 South, Range 16  k 
West; thence n o r t h e r l y  a  d i s t a n c e  o f  one and o n e - h a l f  ( 1  1 / 2 )  m i l e s  t o  , 

w 
t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  13, Township 15 South, Range 16 West; # 
thence e a s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  n o r t h w e s t  c o r n e r  

o f  S e c t i o n  16, Township 15 South, Range 15 West; thence n o r t h e r l y  a  
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d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  9, Township 

15 South, Range 15 West; thence e a s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  

t h e  no r thwes t  c o r n e r  o f  S e c t i o n  11, Township 15 South, Range 15 West; 

thence n o r t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  of  

S e c t i o n  2, Township 15 South, Range 15 West; thence e a s t e r l y  a  d i s t a n c e  

o f  two ( 2 )  m i l e s  t o  t h e  southwest  c o r n e r  o f  S e c t i o n  31, Township 1 5 .  

South, Range 14  West; thence n o r t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  

t h e  n o r t h w e s t  c o r n e r  o f  same s a i d  S e c t i o n  31; thence  e a s t e r l y  a  

d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h e a s t  c o r n e r  o f  same s a i d  S e c t i o n  

31; thence s o u t h e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  sou theas t  

c o r n e r  o f  S e c t i o n  6, Township 15 South, Range 14 West; thence w e s t e r l y  

a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest c o r n e r  o f  same s a i d  S e c t i o n  

6; thence s o u t h e r l y  a  d i s t a n c e  o f  one and o n e - h a l f  ( 1  112) m i l e s  t o  t h e  

e a s t  q u a r t e r  c o r n e r  o f  S e c t i o n  13, Township 15 South, Range 15 West; 

thence w e s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  e a s t  q u a r t e r  c o r n e r  

o f  S e c t i o n  15, Township 15 South, Range 15 West; t hence  s o u t h e r l y  a  

d i s t a n c e  o f  one and o n e - h a l f  ( 1  112)  m i l e s  t o  t h e  sou theas t  c o r n e r  o f  

S e c t i o n  22, Township 15 South, Range 15 West; thence w e s t e r l y  a  

d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  n o r t h e a s t  c o r n e r  o f  S e c t i o n  30, 

Township 15 South, Range 15 West; thence s o u t h e r l y  a  d i s t a n c e  of one 

( 1 )  m i l e  t o  t h e  sou theas t  c o r n e r  o f  same s a i d  S e c t i o n  30; thence  

w e s t e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  same 

s a i d  S e c t i o n  30; thence s o u t h e r 1  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  

ik 
sou theas t  c o r n e r  o f  S e c t i o n  36, Township 15 South, Range 16 West; Y 
thence w e s t e r l y  a  d i s t a n c e  o f  a p p r o x i m a t e l y  e i g h t  and o n e - h a l f  ( 8  112)  

m i l e s  t o  t h e  n o r t h e a s t  c o r n e r  o f  S e c t i o n  4, Township 16 South, Range 17 

west; thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  s o u t h e a s t  

c o r n e r  o f  same s a i d  S e c t i o n  4; thence w e s t e r l y  a  d i s t a n c e  o f  f o u r  ( 4 )  

m i l e s  t o  t h e  southwest  c o r n e r  o f  S e c t i o n  1, Township 16 South, Range 18  

West; t hence  n o r t h e r l y  a  d i s t a n c e  o f  o n e - h a l f  ( 1 / 2 )  m i l e  t o - t h e  west  

q u a r t e r  c o r n e r  o f  same s a i d  S e c t i o n  1; thence  w e s t e r l y  a  d i s t a n c e  o f  

f i v e  ( 5 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  6, Township 16 

South, Range 1 8  West; thence n o r t h e r l y  a  d i s t a n c e  o f  o n e - h a l f  (112)  

m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  same s a i d  S e c t i o n  6; thence w e s t e r l y  a  
- 



d i s t a n c e  o f  a p p r o x i m a t e l y  one and s i x  t e n t h s  (1.6)  m i l e s  t o  t h e  
w 

sou theas t  c o r n e r  o f  S e c t i o n  36; Township 15 South, Range 19 West; & 
thence n o r t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  

same s a i d  S e c t i o n  36; thence  w e s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  

V t h e  southwest c o r n e r  o f  S e c t i o n  28, Township 15 South, Range 19  West; rg( 
thence n o r t h e r l y  a  d i s t a n c e  o f  one and o n e - h a l f  ( 1  1 / 2 )  m i l e s  t o  t h e  

bk e a s t  q u a r t e r  c o r n e r  o f  S e c t i o n  20, Township 15 South, Range 19  West; if 
thence w e s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  west  q u a r t e r  

'k 
c o r n e r  o f  S e c t i o n  24, Township 15 South, Range 20 West; $hence 

n o r t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  e a s t  q u a r t e r  c o r n e r  o f  

4% 
S e c t i o n  14, Township 15 South, Range 20 West;<hence w e s t e r l y  a  

d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  a s t  q u a r t e r  c o r n e r  o f  S e c t i o n  17, & d 
Township 15 South, Range 20 West; thence n o r t h e r l y  a  d i s t a n c e  o f  one- 

h a l f  (1 /2 )  m i l e  t o  t h e  n o r t h e a s t  c o r n e r  o f  t h e  same s a i d  S e c t i o n  17; 

thence  w e s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  southwest  c o r n e r  o f  
4k dc 

S e c t i o n  7, Township 15 South, Range 20 West; t hence  n o r t h e r l y  a  

d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  same s a i d  S e c t i o n  

7; thence w e s t e r l y  a  d i s t a n c e  o f  two ( 2 )  mi l e s  t o  t h e  southwest  c o r n e r  

o f  S e c t i o n  2, Township 15 South, Range 21 West; t hence  n o r t h e r l y  a  

d i s t a n c e  o f  o n e - h a l f  ( 1 / 2 )  m i l e  t o  t h e  west  q u a r t e r  c o r n e r  o f  same s a i d  

S e c t i o n  2; thence  w e s t e r l y  a  d i s t a n c e  o f  f i v e  ( 5 )  m i l e s  t o  t h e  west  

q u a r t e r  c o r n e r  o f  S e c t i o n  1, Township 15 South, Range 22 West; t hence  

n o r t h e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  of 

S e c t i o n  25, Township 14 South, Range 22 West, wh ich i s  t h e  p o i n t  of  

beg inn ing .  

Sa id  t r a c t  c o n t a i n s  113 square m i l e s ,  more o r  l e s s .  

4. That  t h e  C h i e f  E n g i n e e r - D i r e c t o r  f u r t h e r  o rde red  t h a t  a l l  a p p l i c a t i o n s  t o  

a p p r o p r i a t e  wa te r  f o r  b e n e f i c i a l  use ( o t h e r  t h a n  f o r  domes t i c  use, 

temporary  p e r m i t s  and s h o r t  t e r m  p e r m i t s )  r e c e i v e d  on o r  a f t e r  November 30, 

1983, wh ich propose t h e  a p p r o p r i a t i o n  o f  groundwater f r o m  t h e  a l l u v i u m  o f  

t h e  Smoky H i l l  R i v e r  i n  t h e  r e a c h  between Cedar B l u f f  Dam i n  Trego County, 

Kansas, and t h e  c o n f l u e n c e  o f  t h e  Smoky H i l l  R i v e r  w i t h  B i g  Creek i n  R u s s e l l  

County, Kansas, w i t h i n  t h e  a rea  d e s c r i b e d  above, w i l l  be r e c e i v e d  and 

ass igned a  p r i o r i t y  and a  f i l e  number, i f  accep tab le  f o r  f i l i n g ,  b u t  w i l l  
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no t  be f u r t h e r  processed u n t i l  a  d e c i s i o n  i s  made as t o  whether an i n t e n s i v e  

groundwater use c o n t r o l  area w i  11 be e s t a b l i s h e d  i n  t h e  above desc r i bed  

area. A t  t h e  conc lus i on  of t h e  proceedings, a l l  a p p l i c a t i o n s  f i l e d  on o r  

a f t e r  November 30, 1983, w i l l  be processed i n  accordance w i t h  t h e  p r o v i s i o n s  

of t h e  Kansas Water A p p r o p r i a t i o n  Act,  t h e  r u l e s  and r e g u l a t i o n s ,  t h e  

a d m i n i s t r a t i v e  p o l i c i e s  and procedures i n  e f f e c t  i n  t h a t  area, and i n  

accordance w i t h  t h e  c o r r e c t i v e  c o n t r o l  p r o v i s i o n s  o f  t h e  i n t e n s i v e  ground- 

water use c o n t r o l  area, i f  any. Other a c t i o n s  o f  t h e  Ch ie f  Engineer-  

D i r e c t o r  w i t h i n  t h e  above descr ibed  area w i l l  n o t  be a f f e c t e d .  

5. That on January 12, 1984, n o t i c e  o f  hea r i ng  was sent  t o  eve ry  water  r i g h t  

ho lde r  o f  r eco rd  and a l l  known landowners w i t h i n  t h e  boundar ies o f  t h e  

proposed i n t e n s i v e  groundwater use c o n t r o l  area. No t i ces  were a l s o  sent  t o  

t h e  Kansas Reg i s te r ,  The Hays D a i l y  News, Rush County News, Russe l l  D a i l y  

News, and Western World, Inc . ,  and va r i ous  governmental o f f  i c i  a1 s, s t a t e  

agencies, and members o f  t h e  Kansas Water A u t h o r i t y .  The n o t i c e  s t a t e d  t h a t  

a  p u b l i c  hea r i ng  would be h e l d  a t  9:00 a.m. on Thursday, February  23, 1984, 

a t  t h e  Aud i t o r i um  o f  t h e  F o r t  Hays S t a t e  U n i v e r s i t y  Exper iment S t a t i o n ,  

Hays, Kansas, a t  which t ime  a l l  i n t e r e s t e d  p a r t i e s  w i l l  have an o p p o r t u n i t y  

t o  be heard r ega rd i ng  t h e  proposed des igna t i on  o f  an i n t e n s i v e  groundwater 

use c o n t r o l  area. 

6. That on February  23 and 24, 1984, a  p u b l i c  hea r i ng  was h e l d  a t  t h e  t ime  and 

p l a c e  s e t  f o r t h  i n  t h e  n o t i c e  o f  hear ing .  

7 .  That E v e r e t t  Watson, C i v i l  Engineer on t h e  s t a f f  o f  t h e  D i v i s i o n  o f  Water 

Resources, t e s t i f i e d  concern ing a  " P r e l i m i n a r y  Eng ineer ing  Report  - Pro-  

possd Smoky H i l l  R i v e r  I n t e n s i v e  Groundwater Use Cont ro l  Area" which was 

prepared under h i s  supe rv i s i on .  The e n t i r e  r e p o r t  was en te red  i n t o  evidence 

a t  t h e  hear ing .  

8. That t h e  r e p o r t  i n d i c a t e s  t h e  water  l e v e l s  i n  Cedar B l u f f  Reservo i r  have 

r e c e n t l y  reached an a l l  t ime  low. The l a k e  l e v e l  as o f  February  14, 1984, 

was 2101 f e e t  above mean sea l e v e l ;  t h e  t o p  o f  t h e  conse rva t i on  poo l  i s  2144 

f ee t ,  and t h e  t o p  o f  t h e  i n a c t i v e  pool  i s  2107.8 f e e t .  The mass curve  f o r  

t h e  Arno ld  gage on t h e  Smoky H i l l  R i ve r  above Cedar B l u f f  Reservo i r  

i n d i c a t e s  an average annual f l o w  o f  13,000 ac re - f ee t  pe r  year  f o r  t h e  p e r i o d  

1960 th rough  1980. However, t h e  s lope  of t h e  cu rve  f o r  t h e  p e r i o d  1972 



th rough  1982 i n d i c a t e s  an average runo f f  of 8,800 a c r e - f e e t  pe r  year .  The 

p r o j e c t e d  f u t u r e  r u n o f f  a t  t h e  Arno ld  gage i s  es t imated  t o  be 9,000 acre-  

f e e t  pe r  year .  The dra inage area between t h e  Arno ld  gage and Cedar B l u f f  

Reservo i r  i s  es t imated  t o  c o n t r i b u t e  approx imate ly  530 a c r e - f e e t  annua l l y ,  

w h i l e  t h e  p r o j e c t e d  average annual consumptive use f o r  t h e  same area i s  

1,530 ac re - f ee t  per  year .  Thus t h e  p r o j e c t e d  average annual f u t u r e  i n f l o w  

t o  Cedar B l u f f  Reservo i r  i s  es t imated  t o  be approx imate ly  8,000 a c r e - f e e t  

pe r  year ,  s u b s t a n t i a l l y  l e s s  than  t h e  13,000 a c r e - f e e t  per  yea r  average f o r  

t h e  p e r i o d  1960 th rough  1980. 

9. That t h e  r e p o r t  i n d i c a t e s  r e l eases  f r om Cedar B l u f f  Reservo i r  have been made 

i n  t h e  pas t  f o r  t h r e e  e n t i t i e s :  U.S. F i s h  and W i l d l i f e  Se rv i ce  ( t o  opera te  

a  f i s h  ha t che ry ) ,  Cedar B l u f f  I r r i g a t i o n  D i s t r i c t  No. 6, and t h e  C i t y  o f  

Russe l l ,  Kansas, each under t h e  a u t h o r i t y  o f  approved a p p l i c a t i o n s  f o r  

p e r m i t  t o  app rop r i a t e  water .  The re l eases  f o r  t h e  i r r i g a t i o n  d i s t r i c t  were 

begun i n  1963 a t  wh ich  t ime  an' i n c rease  i n f l o w  o f  f o u r  t o  s i x  c . f  .s. was 

measured i n  t h e  f i r s t  t h r e e  ( 3 )  m i l e s  i n  t h e  r i v e r  channel below t h e  dam. By 

1966 groundwater l e v e l s  i n  t h e  t e r r a c e  d e p o s i t s  which u n d e r l i e  t h e  

i r r i g a t i o n  d i s t r i c t  were b u i l d i n g  up and su r f ace  water  f l o w s  i n  t h e  Smoky 

Hi11 R i ve r  between t h e  dam and t h e  Schoenchen gage had inc reased  by 

approx imate ly  10 c . f . s .  The re l eases  f o r  t h e  f i s h  ha t che ry  were begun i n  

1959 and t h e  re l eases  f o r  t h e  City o f  Russel 1, which were r e l e a s e d  d i r e c t l y  

i n t o  t h e  channel of t h e  Smoky H i1  1  R i v e r  were a l s o  begun i n  1959. Releases 

f o r  t h e  i r r i g a t i o n  d i s t r i c t  were d i scon t i nued  subsequent t o  1978 and t h e  

f i s h  ha tchery  was c l osed  on March 31, 1983. Subsequent t o  1978, groundwater 

l e v e l s  i n  t h e  t e r r a c e  depos i t s  ment ioned above began t o  d e c l i n e  and were 

s t i l l  d e c l i n i n g  i n  1983. Ana l ys i s  o f  s t reamf low reco rds  a t  t h e  Schoenchen 

gage f o r  water yea rs  1979 th rough  1982 show a  d e c l i n i n g  t r e n d  when t h e  

e f f e c t s  o f  d i r e c t  s to rm r u n o f f  were es t imated  f r om t h e  d a i l y  f l o w  reco rds .  

The Smoky H i l l  R i v e r  f r om  Cedar B l u f f  Dam t o  below t h e  Hays w e l l  f i e l d  i n  t h e  

a1 l uv i um o f  t h e  Smoky Hi  11 R i ve r  Val l e y  near Schoenchen was r e p o r t e d  t o  have 

ceased f l o w i n g  d u r i n g  t h e  summer and f a l l  o f  1983. The r e p o r t  concludes 

t h a t  when t h e r e  was adequate water  supply  i n  Cedar B l u f f  Reservo i r  t o  f u l l y  

i r r i g a t e  t h e  Cedar B l u f f  I r r i g a t i o n  D i s t r i c t ,  t h e r e  was adequate recharge 

t o  t h e  Smoky H i1  1  R i ve r  and v a l l e y  a l l u v i u m  t o  meet au tho r i zed  uses i n  t h e  

proposed c o n t r o l  area. 



10. That t h e  r e p o r t  i n d i c a t e s  groundwater l e v e l s  have begun t o  d e c l i n e  s i n c e  

1980 i n  t h e  Hays w e l l  f i e l d  and s i n c e  1982 i n  t h e  R u s s e l l  w e l l  f i e l d  i n  t h e  

Smoky H i l l  R i v e r  V a l l e y  a l l u v i u m  near  P f e i f e r .  The r e p o r t  conc ludes t h a t  

p r e s e n t  water  supp l  i e s  i n  t h e  proposed c o n t r o l  a rea a r e  n o t  adequate t o  meet 

p r e s e n t  needs, t h a t  t h e  supp ly  i s  n o t  adequate f o r  any a d d i t i o n a l  

a p p r o p r i a t i o n s  o f  water ,  and t h a t  c o n s t r a i n t s  on wa te r  use may become 

necessary  i n  t h e  proposed c o n t r o l  area.  

11. That  Danny Rogers, Area E x t e n s i o n  I r r i g a t i o n  Engineer  f o r  Kansas S t a t e  

U n i v e r s i t y  s t a t i o n e d  a t  Colby, Kansas, t e s t i f i e d  concern ing  c r o p  wa te r  use. 

M r .  Rogers t e s t i f i e d  t h a t  f o r  Rush, E l  1  i s ,  and Trego Count ies ,  Kansas, based 

on 80% chance o f  r a i n f a l l ,  t h e  n e t  i r r i g a t i o n  r e q u i r e m e n t s  f o r  f u l l  

i r r i g a t i o n  o f  corn ,  soybeans, g r a i n  sorghum and wheat a r e  14.8 inches ,  11.9 

inches ,  12.4 i n c h e s  and 10.6 inches ,  r e s p e c t i v e l y .  The n e t  i r r i g a t i o n  

requ i rements  under a  l i m i t e d  i r r i g a t i o n  program f o r  t h e  same area,  based on 

80% chance o f  r a i n f a l l ,  i s  f r o m  s i x  t o  e i g h t  i n c h e s  f o r  g r a i n  sorghum. M r .  

Rogers a l s o  t e s t i f i e d  t h a t  i t  would be p o s s i b l e  w i t h i n  t h e  proposed c o n t r o l  

a rea t o  e s t a b l i s h  l e v e l s  which would reduce wa te r  usage b u t  s t i l l  a l l o w  t h e  

economic use o f  e x i s t i n g  i r r i g a t i o n  systems. 

12. That  Laren D i n k e l ,  Water and Sewage P l a n t  Super in tenden t  f o r  t h e  C i t y  o f  

Hays, t e s t i f i e d  concern ing  t h e  amount o f  wa te r  d i v e r t e d  by t h e  C i t y  o f  Hays 

f r o m  i t s  w e l l  f i e l d s  a l o n g  B i g  Creek and t h e  Smoky H i l l  R i v e r ,  t h e  amount o f  

water  t r e a t e d  a t  i t s  t r e a t m e n t  p l a n t  and t h e  v a r i o u s  uses,  metered and 

unrnetered, t o  wh ich such water  i s  p u t  w i t h i n  t h e  area served by  t h e  C i t y  o f  

Hays. That Leo Wel lbrock,  P u b l i c  Works D i r e c t o r  f o r  t h e  C i t y  o f  Hays, 

t e s t i f i e d  concern ing  t h e  e f f o r t s  made by t h e  c i t y  t o  l o c a t e  a l t e r n a t e  

sources o f  wa te r  supp ly .  That  Ken C a r t e r ,  C i t y  Manager f o r  t h e  C i t y  o f  Hays, 

t e s t i f i e d  concern ing  wa te r  usage and proposed c o n s e r v a t i o n  measures by t h e  

c i t y .  M r .  C a r t e r  a l s o  t e s t i f i e d  t h a t  i t  was t h e  i n t e n t  o f  t h e  Hays C i t y  

Commissioners t o  e n a c t  some ve ry  s t renuous  wa te r  c o n s e r v a t i o n  measures. 

13. That L a r r y  F. Werth, a  r e s i d e n t  about a  q u a r t e r  o f  a  mi l e  west o f  Schoenchen, 

Kansas, t e s t i f i e d  t h a t  he has a  w e l l  i n  t h e  basement o f  h i s  house which he 

has deepened t w i c e  between 1971 and 1982. That  s a i d  w e l l  began suck ing  a i r  

i n  J u l y  o f  1982 and t h a t  t h e  w e l l  was n o t  f u r t h e r  deepened because o f  i r o n  

i n  t h e  water  a t  t h e  deeper l e v e l s  o f  t h e  a l l u v i u m .  
. . 



14. That Eddie Roth, a  r e s i d e n t  about a  q u a r t e r  o f  a  m i l e  west o f  P f e i f e r ,  

Kansas, on t h e  Smoky H i l l  R ive r ,  t e s t i f i e d  t h a t  he has a  domest ic w e l l  near  

h i s  house t h a t  went d r y  i n  June of 1983. That he r e d r i l l e d  s a i d  w e l l  c l o s e r  

t o  t h e  Smoky H i l l  R i v e r  and t h a t  s a i d  r e d r i l l e d  w e l l  went d r y  i n  October o f  

1983. 

15. That Loran Zimmerman, Chairman o f  Rura l  Water D i s t r i c t  No. 1, E l l i s  County, 

which i s  l o c a t e d  near Schoenchen, t e s t i f i e d  t h a t  t h e  r u r a l  water  d i s t r i c t ' s  

we1 1  s  began t o  suck a i r  i n  t h e  m idd le  o f  t h e  summer. That i n  1982 a  deeper 

w e l l  was d r i l l e d  f o r  t h e  r u r a l  water  d i s t r i c t .  That  t h e  water  i n  t h e  deeper 

w e l l  had t o  be t r e a t e d  f o r  i r o n .  

16. That George N. Crawford, Jr . ,  a  r e s i d e n t  i n  Sec t i on  3, Township 15 South, 

Range 2 1  West, i n  Trego County, about f o u r  and one-ha l f  ( 4  1 /2 )  m i l e s  below 

Cedar B l u f f  Dam on t h e  South s i d e  o f  t h e  Smoky H i l l  R ive r ,  t e s t i f i e d  t h a t  he 

was i n  f a v o r  o f  ex tend ing  t h e  boundar ies o f  t h e  proposed i n t e n s i v e  

groundwater use c o n t r o l  area t o  i n c l u d e  t h e  Smoky H i l l  R i v e r  V a l l e y  above 

Cedar B l u f f  Dam t o  t h e  Colorado 1  i n e .  That he was o f  t h e  o p i n i o n  t h a t  people  

i n  t h e  area would suppor t  mandatory me te r i ng  o f  a1 1  su r f ace  and groundwater 

d i v e r s i o n s  w i t h i n  t h e  proposed c o n t r o l  area. That he was a l s o  i n  f a v o r  of 

see ing an a d d i t i o n a l  gag ing s t a t i o n  i n s t a l l e d  on t h e  Smoky H i l l  R i v e r  about 

two and one-ha l f  ( 2  1 /2)  m i l e s  eas t  o f  Cedar B l u f f  Dam. 

17. That Glen H i l l ,  C i t y  Manager o f  Russe l l ,  Kansas, t e s t i f i e d  on b e h a l f  o f  t h e  

C i t y  o f  Russe l l  concern ing  t h e  c o n s t r u c t i o n  o f  a  p i p e l i n e  i n  1981 f r om i t s  

we1 1  f i e l d  i n  t h e  a1 l uv i um o f  t h e  Smoky Hi  11 R i v e r  Val l e y  near  P f e i f e r  t o  t h e  

C i t y  o f  Russe l l .  That s a i d  p i p e l i n e  has r e s u l t e d  i n  a  r e d u c t i o n  i n  t h e  

amount o f  water d i v e r t e d  f r om e i t h e r  t h e  r i v e r  o r  t h e  w e l l s  f o r  mun i c i pa l  

use by  t h e  C i t y  o f  Russe l l .  That he a l s o  t e s t i f i e d  concern ing  water  usage 

by t h e  C i t y  o f  Russe l l .  That he t e s t i f i e d  t h a t  t h e  C i t y  o f  Russe l l  opposes 

t h e  f o rma t i on  o r  ex tens ion  o f  t h e  proposed c o n t r o l  area i n t o  t h e  P f e i f e r  

area i f  i t  would adverse ly  impact upon t h e  water  r i g h t s  h e l d  by t h e  C i t y  o f  

Russel 1. 

18. That Kenneth L.  Brunson, Stream I n v e s t i g a t i o n  and Development B i o l o g i s t  f o r  

t h e  Kansas F i s h  and Game Commission, t e s t i f i e d  t h a t  t h e  Kansas F i s h  and Game 

Commission suppor ts  t h e  d e s i g n a t i o n  of t h e  proposed c o n t r o l  area. 
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19. That  G i l b e r t  Dinges, a  r e s i d e n t  j u s t  n o r t h  o f  Schoenchen, t e s t i f i e d  t h a t  

t r e e s  and marsh grasses on h i s  p r o p e r t y  have been d y i n g  o u t  f o r  t h e  l a s t  

t h r e e  years .  That  t h i s  phenomenon i s  n o t  observed everywhere a l o n g  t h e  

r i v e r ,  b u t  occu rs  m a i n l y  i n  t h e  v i c i n i t y  o f  t h e  Hays w e l l  f i e l d .  That  t h r e e  

( 3 )  domest ic  w e l l s  on h i s  p r o p e r t y  have gone d r y .  

20. That  E a r l  J. Munsch, Mayor o f  Schoenchen, and a l s o  a  member o f  t h e  board  o f  

d i r e c t o r s  o f  Rura l  Water D i s t r i c t  No. 1, E l l i s  County, t e s t i f i e d  t h a t  when 

t h e  r u r a l  wa te r  d i s t r i c t  was formed i n  1964 i t  was d i f f i c u l t  t o  g e t  peop le  

t o  s i g n  on and i n i t i a l l y  o n l y  about 30 d i d  so. The y e a r  t h a t  t h e  C j t y  o f  Hays, 

i n s t a l  l e d  we1 1s No. 9 and No. 10 some o f  t h e  r e s i d e n t s  o f  Schoenchen had 

t h e i r  w e l l s  go d r y  and subsequent ly  ano the r  15 o r  20 more hook-ups were 

added t o  t h e  r u r a l  w a t e r  d i s t r i c t .  That  c u r r e n t l y  t h e r e  a r e  around 80  t o  85 

hook-ups . 
That  H a r o l d  G. Kraus, a  fa rmer  and i r r i g a t o r  and a  r e s i d e n t  i n  S e c t i o n  16, w 
Township 15 South, Range 19 West, E l l  i s  County, t e s t i f i e d  c o n c e r n i n g  h i s  ,#( 
c r o p p i n g  p r a c t i c e s  and i r r i g a t i o n  wa te r  use. Mr. Kraus s t a t e d  t h a t  he has 

f l o w  meters  i n s t a l l e d  on h i s  i r r i g a t i o n  system and p r o v i d e d  i n f o r m a t i o n  on 

a c t u a l  wa te r  use f o r  c r o p s  grown i n  t h e  l a s t  s e v e r a l  y e a r s .  M r .  Kraus s t a t e d  

t h a t  he c o u l d  grow a  mi l o  c r o p  under a  c e n t e r  p i v o t  system w i t h  o n l y  14 

inches  o f  water .  

22. That  P.  A l l e n  Mac fa r lane ,  a  h y d r o l o g i s t  employed by  t h e  Kansas G e o l o g i c a l  

Survey, has been c o n d u c t i n g  a  s t u d y  o f  t h e  groundwater r e s o u r c e s  of  t h e  

Smoky H i l l  R i v e r  V a l l e y  between Cedar B l u f f  Dam and K a n o p o l i s  Dam. That  a  

comple te  and f i n a l  r e p o r t  o f  t h e  s t u d y  i s  expected t o  be r e a d y  by January, 

1985. The p r e l i m i n a r y  f i n d i n g s  o f  t h e  s t u d y  show t h a t  t h e  s u r f a c e  and 

groundwater i n  t h e  a l l u v i a l  system a r e  v e r y  i n t i m a t e l y  connected.  
- .  

23. That  F l o y d  C l i n e ,  a  r e s i d e n t  i n  t h e  Eas t  H a l f  o f  t h e  Southeast  Q u a r t e r  (E1/2 

SE1/4) o f  S e c t i o n  35, Township 15 South, Range 17 West, wh ich i s  j u s t  west  4f' 

o f  P f e i f e r ,  Kansas, t e s t i f i e d  t h a t  some cot tonwood t r e e s  a l o n g  t h e  Smoky 

H i l l  R i v e r  near  t h e  R u s s e l l  we1 1  f i e l d  have d i e d .  M r .  C l i n e  a l s o  expressed 

h i s  d e s i r e  t o  see P f e i f e r  i n c l u d e d  i n  t h e  proposed c o n t r o l  area.  M r .  C l i n e  

a l s o  t e s t i f i e d  t h a t  t h e r e  had been a  l o s s  o f  y i e l d  i n  some o f  t h e  domest ic  

w e l l s  i n  h i s  area.  
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24. That  A l v i n  Werth, a  r e s i d e n t  one ( 1 )  m i l e  n o r t h  o f  Schoenchen, t e s t i f i e d  

t h a t  t h e r e  was a  p r o d u c i n g  o i  1  and gas f i e l d  about  t h r e e  ( 3 )  m i l e s  n o r t h  o f  

Schoenchen and t h a t  t e s t  h o l e s  d r i l l e d  i n  t h e  summer o f  1983 on t h e  

& 
N o r t h e a s t  Q u a r t e r  (NE114) o f  S e c t i o n  29, Township 15 South, Range 1 8  West, k' 
have wa te r  i n  them which i s  t o o  s a l t y  even f o r  l i v e s t o c k .  

25. That  Ron Parks t e s t i f i e d  c o n c e r n i n g  dead t r e e s  and o t h e r  env i ronmenta l  

concerns i n  t h e  v i c i n i t y  o f  t h e  Hays we1 1  f i e l d  as a  r e s u l t  o f  no f l o w  i n  t h e  

Smoky H i l l  R i v e r .  M r .  Parks  a l s o  i n d i c a t e d  h i s  suppor t  f o r  t h e  e s t a b -  

l i s h m e n t  o f  t h e  proposed c o n t r o l  area.  

26. That  Ann M i l l h o l l a n d ,  a  r e s i d e n t  o f  Hays and V i c e  P r e s i d e n t  o f  t h e  Hays 

League o f  Women Vo te rs ,  t e s t i f i e d  t h a t  t h e  League o f  Women Vo te rs  s u p p o r t s  

a l l  measures t h a t  would i n c r e a s e  t h e  c o n s e r v a t i o n  o f  wa te r .  

27. That  Howard Reynolds, a  r e s i d e n t  o f  Hays and P r o f e s s o r  Emer i tus  a t  F o r t  Hays 

S t a t e  U n i v e r s i t y ,  t e s t i f i e d  t h a t  he suppor ts  t h e  e s t a b l i s h m e n t  o f  t h e  

proposed c o n t r o l  area.  

28. That  t h e  h e a r i n g  was c o n t i n u e d  f o r  a  p e r i o d  o f  45 days o r  any such o t h e r  t i m e  

as may be deemed necessary  f o r  i n t e r v e n i n g  p a r t i e s  t o  f u r n i s h  i n f o r m a t i o n  

reques ted  a t  t h e  h e a r i n g .  

29. That  a  l e t t e r  d a t e d  March 12, 1984, f r o m  t h e  E l l i s  County Conserva t ion  

D i s t r i c t  s igned  by  Rober t  J. B inder ,  Chairman, was r e c e i v e d  i n  t h e  o f f i c e  of 

t h e  C h i e f  E n g i n e e r - D i r e c t o r  on March 14, 1984. The l e t t e r  i n d i c a t e s  t h e  

d i s t r i c t ' s  suppor t  f o r  t h e  proposed c o n t r o l  a rea  and f u r t h e r  recommends 

t h a t  t h e  Chief  E n g i n e e r - D i r e c t o r  c o n s i d e r  a  s t u d y  and c o n t r o l  a rea  o f  t h e  

Smoky H i l l  R i v e r  and i t s  watershed above Cedar B l u f f  R e s e r v o i r .  

30. That a  l e t t e r  da ted  March 19, 1984, f r o m  L a r r y  J. R e i c h e r t  was r e c e i v e d  i n  

t h e  o f f i c e  o f  t h e  C h i e f  E n g i n e e r - D i r e c t o r  on March 22, 1984. The l e t t e r  

s t a t e s  t h a t  h e a r i n g s  shou ld  be h e l d  t o  c o n s i d e r  e x t e n d i n g  t h e  c o n t r o l  a rea  

west o f  Cedar B l u f f  Dam t o  t h e  r i v e r ' s  source.  

31. That  a  l e t t e r  da ted  March 23, 1984, f r o m  t h e  Bureau o f  Rec lamat ion s igned  by  

Rober t  D. Kutz ,  P r o j e c t  Manager f o r  t h e  Nebraska-Kansas P r o j e c t s  O f f i c e ,  

was r e c e i v e d  on March 26, 1984. The l e t t e r  i n d i c a t e d  t h a t  a  s i g n i f i c a n t  

amount o f  t h e  problems downstream o f  Cedar B l u f f  R e s e r v o i r  a r e  caused and/or 

c r e a t e d  by c o n d i t i o n s  above t h e  dam and t h e r e f o r e  t h i s  shou ld  j u s t i f y  t h e  

e x t e n s i o n  o f  t h e  c o n t r o l  a rea t o  t h e  r i v e r  a l l u v i u m  a d j a c e n t  t o  t h e  r i v e r  

upstream o f  t h e  r e s e r v o i r .  
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32. That based upon tes t imony  presented a t  t h e  hear ing ,  and on a f f i d a v i t s  

p rov i ded  by  c l i e n t s  o f  M r .  Ed Larson as requested a t  t h e  hear ing ,  ves ted  and 

sen io r  a p p r o p r i a t i o n  r i g h t s  t o  t h e  use o f  water  f o r  domest ic purposes e x i s t  

w i t h i n  t h e  proposed c o n t r o l  area. 

33. That K.S.A. 1981 Supp. 82a-1038 p rov i des :  

" ( a )  I n  any case where t h e  c h i e f  eng ineer  f i n d s  t h a t  any one 
o r  more o f  t h e  c i rcumstances s e t  f o r t h  i n  K.S.A. 1978 Supp. 
82a-1036 e x i s t  and t h a t  t h e  p u b l i c  i n t e r e s t  r e q u i r e s  t h a t  
any one o r  more c o r r e c t i v e  c o n t r o l s  be adopted, s a i d  c h i e f  
eng ineer  s h a l l  des ignate,  by o rde r ,  t h e  area i n  quest ion,  o r  
any p a r t  t h e r e o f ,  as an i n t e n s i v e  groundwater use c o n t r o l  
area. 
( b )  The o rde r  o f  t h e  c h i e f  eng ineer  s h a l l  d e f i n e  spec i -  
f i c a l l y  t h e  boundar ies o f  t h e  i n t e n s i v e  groundwater use 
c o n t r o l  area and s h a l l  i n d i c a t e  t h e  c i rcumstances upon which 
h i s  o r  her  f i n d i n g s  a re  made. The o rde r  o f  t h e  c h i e f  
eng ineer  may i n c l u d e  any one o r  more o f  t h e  f o l l o w i n g  
c o r r e c t i v e  c o n t r o l  p r o v i s i o n s  : ( 1 )  A p r o v i s i o n  c l o s i n g  t h e  
i n t e n s i v e  groundwater use c o n t r o l  area t o  any f u r t h e r  
a p p r o p r i a t i o n  o f  groundwater i n  which even t  t h e  c h i e f  
eng ineer  s h a l l  t h e r e a f t e r  r e f u s e  t o  accept any a p p l i c a t i o n  
f o r  a  p e r m i t  t o  app rop r i a t e  groundwater l o c a t e d  w i t h i n  such 
area; ( 2 )  a  p r o v i s i o n  de te rm in i ng  t h e  p e r m i s s i b l e  t o t a l  
w i thd rawa l  o f  groundwater i n  t h e  i n t e n s i v e  groundwater use 
c o n t r o l  area each day, month o r  year ,  and, i n s o f a r  as may be 
reasonably  done, t h e  c h i e f  eng ineer  s h a l l  appo r t i on  such 
p e r m i s s i b l e  t o t a l  w i thd rawa l  among t h e  v a l i d  groundwater 
r i g h t  ho lde rs  i n  such area i n  accordance w i t h  t h e  r e l a t i v e  
dates o f  p r i o r i t y  o f  such r i g h t s ;  ( 3 )  a  p r o v i s i o n  r educ ing  
t h e  p e r m i s s i b l e  w i thd rawa l  o f  groundwater by  any one o r  more 
a p p r o p r i a t o r s  t h e r e o f ,  o r  by w e l l s  i n  t h e  i n t e n s i v e  ground- 
water  use c o n t r o l  area; ( 4 )  a  p r o v i s i o n  r e q u i r i n g  and 
s p e c i f y i n g  a  system o f  r o t a t i o n  o f  groundwater use i n  t h e  
i n t e n s i v e  groundwater use c o n t r o l  area; ( 5 )  any one o r  more 
o t h e r  p r o v i s i o n s  making such a d d i t i o n a l  requ i rements  as a re  
necessary t o  p r o t e c t  t h e  p u b l i c  i n t e r e s t .  
( c )  The o rde r  o f  d e s i g n a t i o n  o f  an i n t e n s i v e  groundwater 
use c o n t r o l  area s h a l l  be i n  f u l l  f o r c e  and e f f e c t  f r om  t h e  
da te  o f  i t s  e n t r y  i n  t h e  r eco rds  o f  t h e  c h i e f  e n g i n e e r ' s  
o f f i c e  un less  and u n t i l  i t s  o p e r a t i o n  s h a l l  be s tayed by an 
appeal t he re f r om i n  accordance w i t h  t h e  p r o v i s i o n s  o f  
subsec t ion  ( d )  o f  K.S.A. 1978 Supp. 60-2101. The c h i e f  
eng ineer  upon reques t  s h a l l  d e l i v e r  a  copy o f  such o rde r  t o  
any i n t e r e s t e d  person who i s  a f f e c t e d  by such o rder ,  and 
s h a l l  f i l e  a  copy o f  t h e  same w i t h  t h e  r e g i s t e r  o f  deeds o f  
any coun ty  w i t h i n  which such des ignated c o n t r o l  area l i e s . "  

CONCLUSIONS 

1. That groundwater l e v e l s  i n  t h e  area i n  ques t i on  have dec l i ned .  

2. ' That t h e  p resen t  r a t e  o f  w i thd rawa l  o f  water f r om  t h e  area i n  ques t i on  

exceeds t h e  r a t e  o f  i n f l o w  o r  recharge t o  t h e  area. 

3. That o t h e r  c o n d i t i o n s  e x i s t  i n  t h e  area i n  ques t i on  which r e q u i r e  r e g u l a t i o n  

i n  t h e  p u b l i c  i n t e r e s t ,  s p e c i f i c a l l y  t h e  i n t e r r e l a t i o n s h i p  o f  su r f ace  water  

and groundwater i n  t h e  area i n  ques t ion .  



4. That an i n t e n s i v e  groundwater use c o n t r o l  area should  be e s t a b l i s h e d  w i t h i n  

t h e  boundar ies as s e t  f o r t h  i n  F i n d i n g  No. 3. 

5. That t h e  area i n  ques t i on  should  be c l osed  t o  any f u r t h e r  a p p r o p r i a t i o n  o f  

groundwater and su r f ace  water  except  f o r  domest ic uses, temporary p e r m i t s  

and s h o r t  term p e r m i t s  and c o r r e c t i v e  c o n t r o l  p r o v i s i o n s  a re  necessary t o  

p r o t e c t  t h e  p u b l i c  i n t e r e s t .  

6. That c o n d i t i o n s  e x i s t  w i t h i n  t h e  a1 l uv i um o f  t h e  Smoky H i l l  R i v e r  V a l l e y  and 

i t s  major  t r i b u t a r i e s  between Cedar B l u f f  Dam and a  p o i n t  about f o u r  m i l e s  

n o r t h  and west o f  Sharon Spr ings, Kansas, which r e q u i r e  r e g u l a t i o n  i n  t h e  

p u b l i c  i n t e r e s t .  



ORDER 

NOW, THEREFORE, I t  i s  t h e  d e c i s i o n  and o r d e r  o f  t h e  C h i e f  E n g i n e e r - D i r e c t o r ,  

D i v i s i o n  o f  Water Resources, Kansas S t a t e  Board o f  A g r i c u l t u r e ,  t h a t  an i n t e n s i v e  

groundwater use c o n t r o l  a rea  shou ld  be and i s  hereby e s t a b l i s h e d  i n  Rush, Trego, 

E l l i s  and R u s s e l l  Count ies ,  Kansas, w i t h i n  t h e  boundar ies  s e t  f o r t h  below, and 

t h e  f o l l o w i n g  c o r r e c t i v e  c o n t r o l  p r o v i s i o n s  s h a l l  be i n  f u l l  f o r c e  and e f f e c t  

w i t h i n  t h e  a rea  d e s c r i b e d  f r o m  and a f t e r  t h e  d a t e  o f  t h i s  Order:  

1. That  t h e  boundar ies  o f  t h e  D i s t r i c t  s h a l l  be as f o l l o w s :  

A  t r a c t  of  l a n d  t o t a l l y  w i t h i n  t h e  d r a i n a g e  b a s i n  o f  t h e  Smoky 

H i l l  R i v e r ,  i n c l u d i n g  a l l  o f  t h e  v a l l e y  a l l u v i u m  between Cedar 

B l u f f  Dam and t h e  mouth o f  B i g  Creek, and l y i n g  p a r t i a l l y  i n  

Trego, E l l i s ,  Rush and R u s s e l l  Coun t ies  i n  Kansas, and b e i n g  more 

p a r t i c u l a r l y  d e s c r i b e d  as a  t r a c t  o f  l a n d  bounded by  a  l i n e  

b e g i n n i n g  a t  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  25, Township 14 

South, Range 22 West, i n  Trego County, thence  e a s t e r l y  a  d i s t a n c e  

o f  f i v e  ( 5 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  26, 

Township 14  South, Range 21  West; t hence  s o u t h e r l y  a  d i s t a n c e  o f  

o n e - h a l f  (112)  m i l e  t o  t h e  southwest c o r n e r  o f  t h e  same s a i d  

S e c t i o n  26; thence e a s t e r l y  a  d i s t a n c e  o f  f o u r  ( 4 )  m i l e s  t o  t h e  
AY 

n o r t h w e s t  c o r n e r  o f  S e c t i o n  33, Township 14  South, Range 20 West; J); 

thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  

c o r n e r  o f  same s a i d  S e c t i o n  33; thence  e a s t e r l y  a  d i s t a n c e  o f  
k 

t h r e e  ( 3 )  m i l e s  t o  t h e  n o r t h w e s t  c o r n e r  o f  S e c t i o n  1, Township 15 JZ( 
South, Range 20 West; t hence  s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  

t o  t h e  southwest c o r n e r  o f  same s a i d  S e c t i o n  1; thence  e a s t e r l y  a  

d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  n  r t h w e s t  c o r n e r  o f  S e c t i o n  9, JK" 
& 

Township 15 South, Range 19 West; t hence  s o u t h e r l y  a  d i s t a n c e  o f  

one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  same s a i d  S e c t i o n  9; 

thence e a s t e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  

Y w o f  S e c t i o n  15, ownship 15 South, Range 19 West; t hence  s o u t h e r l y  

a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  same s a i d  

S e c t i o n  15; thence  e a s t e r l y  a  d i s t a n c e  o f  s i x  ( 6 )  m i l e s  t o  t h e  * .  
n o r t h w e s t  c o r n e r  of S e c t i o n  22, Township 15 South, Range 18 West; 

IGsc 



thence s o u t h e r l y  a  d i  tance  o f  one (1 )  m i l e  t o  t h e  nor thwes t  4 6 corner  o f  Sec t i on  27, ownship 15 South, Range 18 West; thence 

e a s t e r l y  a  i s t a n c e  o f  n i n e  (9 )  m i l e s  t o  t h e  nor thwes t  co rne r  o f  4 & Sect ion  30, ownship 15 South, Range 16 West; thence n o r t h e r l y  a  

d i s t ance  o f  one-ha l f  ( 1 / 2 )  m i l e  t o  t h e  west q u a r t e r  co rne r  o f  

d(( w Sect ion  19, Township 15 South, Range 16 West; thence e a s t e r l y  a  

o f  f i v e  ( 5 )  m i l e s  t o  t h e  west q u a r t e r  co rne r  o f  Sec t i on  
3$(' 

15 South, Range 16 West; thence n o r t h e r l y  a  d i s t a n c e  

o f  one and one-ha l f  ( 1  1 /2 )  m i l e s  t o  t h e  nor thwes t  co rne r  o f  

Jk iw 
Sect ion  13, Township 15 South, Range 16 West; thence e a s t e r l y  a  

d i s t ance  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  nor thwes t  co rner  o f  Sec t i on  16, 

Township 15 South, Range 15 West; thence n o r t h e r l y  a  d i s t a n c e  of 

one ( 1 )  m i l e  t o  t h e  nor thwes t  co rne r  o f  Sec t i on  9, Township 15 

South, Range 15 West; thence e a s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  

t o  t h e  nor thwes t  co rne r  o f  Sec t i on  11, Township 15 South, Range 15 

West; thence n c r t h e r l y  a  d i s t ance  o f  one ( 1 )  m i l e  t o  t h e  nor thwes t  

co rner  o f  Sec t i on  2, Township 15 South, Range 15 West; thence 

e a s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  southwest co rne r  o f  

Sec t ion  31, Township 15 South, Range 14 West; thence n o r t h e r l y  a  

d i s t ance  o f  one ( 1 )  m i l e  t o  t h e  nor thwes t  co rne r  o f  same s a i d  

Sec t i on  31; thence e a s t e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  

no r t heas t  co rner  o f  same s a i d  Sec t i on  31; thence s o u t h e r l y  a  

d i s t ance  o f  two ( 2 )  m i l e s  t o  t h e  southeast  co rne r  o f  Sec t i on  6, 

Township 15 South, Range 14 West; thence w e s t e r l y  a  d i s t a n c e  o f  

one ( 1 )  m i l e  t o  t h e  southwest co rner  o f  same s a i d  Sec t i on  6; 

thence s o u t h e r l y  a  d i s t ance  o f  one and one-ha l f  ( 1  1 /2 )  m i l e s  t o  

t h e  eas t  q u a r t e r  co rner  o f  Sec t i on  13, Township 15 South, Range 15 

West; thence w e s t e r l y  a  d i s t ance  o f  two ( 2 )  m i l e s  t o  t h e  e a s t  

q u a r t e r  co rne r  o f  Sec t i on  15, Township 15 South, Range 15 West; 

thence s o u t h e r l y  a  d i s t a n c e  o f  one and one -ha l f  ( 1  1 /2 )  m i l e s  t o  

t h e  southeast  co rner  o f  Sec t i on  22, Township 15 South, Range 15 

West; thence w e s t e r l y  a  d i s t ance  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  

no r t heas t  co rne r  o f  Sec t i on  30, Township 15 South, Range 15 West; 

thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  southeast  
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c o r n e r  o f  same s a i d  S e c t i o n  30; thence w e s t e r l y  a  d i s t a n c e  o f  one 

( 1 )  m i l e  t o  t h e  southwest  c o r n e r  o f  same s a i d  S e c t i o n  30; thence  

s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  sou theas t  c o r n e r  o f  

% Jv S e c t i o n  36, ownship 15 South, Range 16 West; t hence  w e s t e r l y  a  

d i s t a n c e  o f  a p p r o x i m a t e l y  e i g h t  and o n e - h a l f  ( 8  112) m i l e s  t o  t h e  

n o r t h e a s t  c o r n e r  o f  S e c t i o n  4, Township 16 South, Range 17 West; 

thence s o u t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  sou theas t  

c o r n e r  o f  same s a i d  S e c t i o n  4; thence w e s t e r l y  a  d i s t a n c e  of  f o u r  

( 4 )  m i l e s  t o  t h e  southwest  c o r n e r  o f  S e c t i o n  1, Township 16 South, 

Range 18 West; t hence  n o r t h e r l y  a  d i s t a n c e  o f  o n e - h a l f  (112)  m i l e  

t o  t h e  west  q u a r t e r  c o r n e r  o f  same s a i d  S e c t i o n  1; thence  w e s t e r l y  

a  d i s t a n c e  o f  f i v e  ( 5 )  m i l e s  t o  t h e  west  q u a r t e r  c o r n e r  o f  S e c t i o n  

6, Township 16 South, Range 18  West; t hence  n o r t h e r l y  a  d i s t a n c e  

o f  o n e - h a l f  ( 1 / 2 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  same s a i d  

S e c t i o n  6; thence w e s t e r l y  a  d i s t a n c e  o f  a p p r o x i m a t e l y  one and 

s i x  t e n t h s  (1 .6 )  m i l e s  t o  t h e  sou theas t  c o r n e r  o f  S e c t i o n  36; JC 
Township 15 South, Range 19 West; thence n o r t h e r l y  a  d i s t a n c e  o f  

one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  c o r n e r  o f  same s a i d  S e c t i o n  36; 

thence w e s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  southwest  

4k bK 
c o r n e r  o f  S e c t i o n  28, Township 15 South, Range 19 West; t hence  

n o r t h e r l y  a  d i s t a n c e  o f  one and o n e - h a l f  ( 1  112) m i l e s  t o  t h e  e a s t  

L q u a r t e r  c o r n e r  o f  S e c t i o n  20, Township 15 South, Range 19 West; & 
thence w e s t e r l y  a  d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  west  q u a r t e r  

4' J)c c o r n e r  o f  S e c t i o n  24, Township 15 South, Range 20 West; thence 

a$ 
i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  e a s t  q u a r t e r  c o r n e r  o f  

AY 
S e c t i o n  14, Township 15 South, Range 20 West; t hence  w e s t e r l y  a  

d i s t a n c e  o f  t h r e e  ( 3 )  m i l e s  t o  t h e  e a s t  u a r t e r  c o r n e r  o f  S e c t i o n  
&? 

17, Township 15 South, Range 20 West; t hknce  n o r t h e r l y  a  d i s t a n c e  

o f  o n e - h a l f  (112)  m i l e  t o  t h e  n o r t h e a s t  c o r n e r  o f  t h e  same s a i d  

S e c t i o n  17; thence  w e s t e r l y  a  d i s t a n c e  o f  two ( 2 )  m i l e s  t o  t h e  
t Jk 

southwest c o r n e r  o f  S e c t i o n  7, Township 15 South, Range 20 West; 

thence n o r t h e r l y  a  d i s t a n c e  o f  one ( 1 )  m i l e  t o  t h e  n o r t h w e s t  

c o r n e r  of  same s a i d  S e c t i o n  7; thence w e s t e r l y  a  d i s t a n c e  o f  two 

( 2 )  m i l e s  t o  t h e  southwest  c o r n e r  o f  S e c t i o n  2, Township 15 South, 



Range 21  West; thence n o r t h e r l y  a  d i s t a n c e  o f  o n e - h a l f  (1 /2 )  m i l e  

t o  t h e  west q u a r t e r  c o r n e r  o f  same s a i d  S e c t i o n  2; thence  w e s t e r l y  

a  d i s t a n c e  o f  f i v e  ( 5 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  

1, Township 15 South, Range 22 West; t hence  n o r t h e r l y  a  d i s t a n c e  

o f  two ( 2 )  m i l e s  t o  t h e  west q u a r t e r  c o r n e r  o f  S e c t i o n  25, 

Township 14 South, Range 22 West, wh ich i s  t h e  p o i n t  o f  beg inn ing .  

Sa id  t r a c t  c o n t a i n s  113 square m i l e s ,  more o r  l e s s .  

2. That  t h i s  i n t e n s i v e  groundwater use c o n t r o l  a rea  s h a l l  be c l o s e d  t o  

f u r t h e r  groundwater and s u r f a c e  wa te r  a p p r o p r i a t i o n ,  excep t  f o r  domes- 

t i c  use o r  any use a u t h o r i z e d  by  temporary  p e r m i t  g r a n t e d  under t h e  

a u t h o r i t y  o f  K.S.A. 82a-727; t h a t  t h e  C h i e f  Eng ineer -Di  r e c t o r  s h a l l  

r e f u s e  t o  accep t  any o t h e r  a p p l i c a t i o n  f o r  a  p e r m i t  t o  a p p r o p r i a t e  

groundwater o r  s u r f a c e  wa te r  w i t h i n  t h e  i n t e n s i v e  groundwater use 

c o n t r o l  area, excep t  t h a t  t h e  C h i e f  E n g i n e e r - D i r e c t o r  f u r t h e r  r e s e r v e s  

t h e  r i g h t  t o  accept ,  cons ide r ,  approve, r e j e c t  o r  m o d i f y  any a p p l i -  

c a t i o n  t o  a p p r o p r i a t e  groundwater o r  s u r f  ace wa te r  r e q u e s t i n g  approva l  

f o r  t h e  use o f  wa te r  f o r  a  p e r i o d  n o t  t o  exceed one c a l e n d a r  y e a r  w i t h i n  

t h e  i n t e n s i v e  groundwater use c o n t r o l  area; t h a t  any such a p p l i c a t i o n  

approved by  t h e  C h i e f  E n g i n e e r - D i r e c t o r  s h a l l  be s u b j e c t  t o  such 

terms,  c o n d i t i o n s  and l i m i t a t i o n s  as t h e  C h i e f  E n g i n e e r - D i r e c t o r  s h a l l  

deem necessary  i n  t h e  p u b l i c  i n t e r e s t .  

3. Tha t  a l l  a p p l i c a t i o n s  t o  a p p r o p r i a t e  wa te r  f i l e d  on o r  a f t e r  November 

30, 1983, and p r i o r  t o  t h e  d a t e  o f  t h i s  Order d e c l a r i n g  an i n t e n s i v e  

groundwater use c o n t r o l  area,  s h a l l  be d i sm issed .  

4. That  by J u l y  1, 1984, o r  w i t h i n  any a u t h o r i z e d  e x t e n s i o n  o f  t i m e  

t h e r e o f  f o r  good cause shown b y  t h e  wa te r  use r ,  f l o w  mete rs  s h a l l  be 

i n s t a l l e d  on a1 1  wa te r  we1 1s and s u r f a c e  wa te r  d i v e r s i o n  f a c i l i t i e s -  

now e x i s t i n g  i n  t h e  i n t e n s i v e  groundwater use c o n t r o l  a rea  excep t  on 

those  w e l l s  and s u r f a c e  w a t e r  d i v e r s i o n  f a c i l i t i e s  used s o l e l y  f o r  

domest ic  purposes and those  w e l l s  a u t h o r i z e d  by  temporary  p e r m i t s ;  

t h a t  these  mete rs  s h a l l  meet o r  exceed t h e  s p e c i f i c a t i o n s  f o r  f l o w  

mete rs  adopted by  t h e  C h i e f  E n g i n e e r - D i r e c t o r  on March 27, 1980, and 

amended on March 16, 1981, u n l e s s  a  w r i t t e n  wa ive r  i s  o b t a i n e d  f r o m  t h e  

Chief  E n g i n e e r - D i r e c t o r  p r i o r  t o  t h e  use o f  t h e  w e l l  o r  s u r f a c e  w a t e r  



d i v e r s i o n  f a c i l i t y ;  t h a t  f l o w  meters  s h a l l  be i n s t a l l e d  on a l l  water 

w e l l s  and su r f ace  water  d i v e r s i o n  f a c i l i t i e s ,  except  those  t o  be used 

s o l e l y  f o r  domest ic purposes and those au tho r i zed  by temporary 

permi ts ,  cons t ruc ted  a f t e r  t h e  da te  o f  t h i s  Order; and those f l o w  

meters  s h a l l  meet o r  exceed t h e  s p e c i f i c a t i o n s  r e q u i r e d  by  t h e  Ch ie f  

Eng ineer -D i rec to r  a t  t h e  t i m e  t h e  w e l l  o r  su r f ace  wate r  d i v e r s i o n  

f a c i l i t y  i s  cons t ruc ted  un less  a  w r i t t e n  wa ive r  i s  ob ta i ned  f r om t h e  

Ch ie f  Eng inee r -D i r ec to r  p r i o r  t o  use o f  t h e  w e l l  o r  su r f ace  water  

d i v e r s i o n  f a c i l i t y ;  t h a t  each water  r i g h t  ho lde r  i n  t h e  i n t e n s i v e  

groundwater use c o n t r o l  area s h a l l  f i l e  water  use r e p o r t s  no 1  a t e r  t h a n  

March 1 o f  t h e  yea r  f o l l o w i n g  t h e  usage o r  such o t h e r  t ime  as may be 

i n d i c a t e d  by  t h e  Ch ie f  Eng ineer -D i rec to r ;  t h a t  i n  a d d i t i o n  t o  r e -  

p o r t i n g  t h e  i n f o r m a t i o n  no rma l l y  r e q u i r e d  i n  t h e  water  use r e p o r t s ,  

each water  r i g h t  ho lde r  s h a l l  a l s o  r e p o r t :  ( a )  t h e  depth t o  s t a t i c  

water  l e v e l  i n  each w e l l  i n  t h e  i n t e n s i v e  groundwater use c o n t r o l  a rea  

determined and i n  a  manner accep tab le  t o  t h e  Ch ie f  Eng ineer -D i rec to r ,  

( b )  t h e  s e r i a l  number o f  t h e  water  meter, and ( c )  t h e  meter  r ead ing  a t  

t h e  beg inn ing  and end o f  t h e  ca lendar  year .  

5. That t h e  meters  i n s t a l l e d  i n  accordance w i t h  paragraph number 4 s h a l l  

be ma in ta ined  i n  a  c o n d i t i o n  s a t i s f a c t o r y  t o  t h e  Ch ie f  Engineer-  

D i r e c t o r ;  

6. That paragraph numbers 4 and 5 o f  t h i s  Order a re  hereby i nco rpo ra ted  as 

terms, c o n d i t i o n s  and l i m i t a t i o n s  o f  each approved a p p l i c a t i o n  f o r  a  

p e r m i t  t o  a p p r o p r i a t e  water  f o r  b e n e f i c i a l  use, c e r t i f i c a t e  o f  

a p p r o p r i a t i o n  o r  vested r i g h t  f o r  a l l  w e l l s  and su r f ace  water  

d i v e r s i o n  f a c i l i t i e s  l o c a t e d  w i t h i n  t h e  i n t e n s i v e  groundwater use 

c o n t r o l  area as descr ibed  i n  paragraph number 1. 

7. That i n  a l l  o t h e r  r espec t s  n o t  i n c o n s i s t e n t  w i t h  t h i s  Order, t h e  Ch ie f  

Eng inee r -D i r ec to r  s h a l l  con t i nue  t o  adm in i s t e r  water r i g h t s  and 

process a p p l i c a t i o n s  f i l e d  pursuant  t o  t h e  Kansas Water A p p r o p r i a t i o n  

Ac t  i n  accordance w i t h  t h e  Kansas Water A p p r o p r i a t i o n  Ac t  and r u l e s  and 

r e g u l a t i o n s  and p o l i c i e s  o f  t h e  D i v i s i o n  o f  Water Resources, Kansas 

S t a t e  Board o f  A g r i c u l t u r e .  



8. That  usage under a l l  a p p r o p r i a t i o n  r i g h t s  and approved a p p l i c a t i o n s  

f o r  pe rm i t  t o  a p p r o p r i a t e  water f o r  i r r i g a t i o n  use w i t h i n  t h e  

boundar ies o f  t h e  c o n t r o l  area s h a l l  be r e s t r i c t e d  u n t i l  such t ime  as 

may be m o d i f i e d  by any subsequent o rde r  o f  t h e  Ch ie f  Engineer-  

D i r e c t o r ,  t o :  1 )  an amount n o t  t o  exceed an average o f  15 acre- inches 

p e r  acre on t h e  maximum number o f  au tho r i zed  acres i r r i g a t e d  under 

those  r i g h t s  and approved a p p l i c a t i o n s  d u r i n g  any one o f  t h e  ca lendar  

yea rs  1977 th rough  1982 as determined by t h e  Ch ie f  Eng ineer -D i rec to r ,  

o r  2 )  t h e  amount au tho r i zed  under s a i d  r i g h t s  o r  approved a p p l i -  

c a t i o n s ,  whichever i s  l e s s .  

9. That usage under a l l  a p p r o p r i a t i o n  r i g h t s  and approved a p p l i c a t i o n s  

f o r  pe rm i t  t o  app rop r i a t e  water  f o r  any uses o t h e r  than  i r r i g a t i o n  o r  

domest ic w i t h i n  t h e  boundar ies o f  t h e  c o n t r o l  area s h a l l  be r e s t r i c t e d  

f o r  ca lendar  yea r  1984 t o  an amount n o t  t o  exceed 95 percen t  o f  t h e  

maximum usage f o r  any one o f  t h e  ca lendar  years  1981, 1982 and 1983. 

That usage under s a i d  r i g h t s  and approved a p p l i c a t i o n s  s h a l l  be 

r e s t r i c t e d  f o r  ca lendar  year  1985 and any subsequent ca lendar  year ,  

u n t i l  such t i m e  as may be m o d i f i e d  by  any subsequent o r d e r  o f  t h e  Ch ie f  

Eng ineer -D i rec to r ,  t o  an amount n o t  t o  exceed 90 percen t  o f  t h e  maximum 

usage f o r  any one o f  t h e  ca lendar  yea rs  1981, 1982 and 1983. That i n  

no case s h a l l  t h e  usage p rov i ded  f o r  above be a l lowed t o  exceed t h e  

amount au tho r i zed  under s a i d  r i g h t s  and approved a p p l i c a t i o n s .  

10. That a  t ask  f o r c e  i s  hereby appo in ted  t o  f u r t h e r  s tudy  t h e  water  supp ly  

and demand s i t u a t i o n  w i t h i n  t h e  c o n t r o l  area and t o  make recom- 

mendations t o  t h e  Ch ie f  Eng ineer -D i rec to r  as t o  what f u r t h e r  c o n t r o l  

p r o v i s i o n s ,  i f  any, should be implemented w i t h i n  t h e  c o n t r o l  area. 

Such t a s k  f o r c e  s h a l l  make r e p o r t s  as requested by t h e  Ch ie f  Engineer-  

D i r e c t o r .  The t a s k  f o r c e  s h a l l  be c o n s t i t u t e d  as f o l l o w s :  

a. One ( 1 )  r e p r e s e n t a t i v e  chosen f rom t h e  membership o f  any o f  t h e  

boards o f  d i r e c t o r s  o f  t h e  Conservat ion D i s t r i c t s  o f  E l l i s ,  

Trego, Rush and Russe l l  Count ies.  

b. One ( 1 )  r e p r e s e n t a t i v e  f r om  t h e  membership o f  any o f  t h e  boards o f  

d i r e c t o r s  o f  t h e  r u r a l  water  d i s t r i c t s  w i t h i n  t h e  c o n t r o l  area. 



c.  One (1) r e p r e s e n t a t i v e  f r om  t h e  C i t y  o f  Hays. 

d. One (1 )  r e p r e s e n t a t i v e  f r om  t h e  C i t y  o f  Russel 1. 

e. One (1) r e p r e s e n t a t i v e  who i s  t h e  h o l d e r  o f  a  water  r i g h t  o r  

approved a p p l i c a t i o n  f o r  p e r m i t  t o  app rop r i a t e  groundwater f o r  

i r r i g a t i o n  use w i t h i n  t h e  c o n t r o l  area. 

f .  One (1 )  r e p r e s e n t a t i v e  f r om  the  Cedar B l u f f  I r r i g a t i o n  D i s t r i c t .  

g. One ( 1 )  r e p r e s e n t a t i v e  who i s  a  domest ic user  w i t h i n  t h e  c o n t r o l  

area. 

h. One ( 1 )  r e p r e s e n t a t i v e  f r om  t h e  Kansas Water O f f i c e .  

i. One (1 )  r e p r e s e n t a t i v e  f r om  t h e  Kansas Geo log ica l  Survey. 

j. One ( 1 )  r e p r e s e n t a t i v e  f r om  t h e  U.S. Bureau o f  Reclamat ion. 

k. One (1) r e p r e s e n t a t i v e  o f  t h e  Kansas Water A u t h o r i t y .  

That t h e  t ask  f o r c e  members r e p r e s e n t i n g  e n t i t i e s  descr ibed  i n  

subparagraphs a, b y  c, d, f, h, i, j and k  s h a l l  be appo in ted  by t h e  

e n t i t i e s  represen ted .  That t h e  task  f o r c e  members desc r i bed  i n  

subparagraphs e  and g  s h a l l  be se l ec ted  by t h e  Ch ie f  Eng inee r -D i r ec to r  

a f t e r  c o n s i d e r a t i o n  o f  nominat ions by t h e  water  users  i n  t h e  ca tego ry  

represented.  That t h e  Ch ie f  Eng ineer -D i rec to r  s h a l l  des igna te  t h e  

cha i r pe rson  o f  s a i d  t ask  f o r c e  a f t e r  t h e  r e p r e s e n t a t i v e s  have been 

se lec ted .  That t h e  t a s k  f o r c e  s h a l l  be s p e c i f i c a l l y  charged w i t h  

p r o v i d i n g  adv ice  and recommendations t o  t h e  Ch ie f  Eng inee r -D i r ec to r  on 

p l ans  and a l t e r n a t i v e s  f o r  b r i n g i n g  t h e  s t ream-aqu i fe r  system i n  t o  

b a l  ance between water  supp ly  and demand w i t h i n  t h e  c o n t r o l  area, i n  so 

f a r  as may be poss ib l e ,  i n c l u d i n g  b u t  n o t  1  i m i  t e d  t o  recommendations as 

t o :  

a. Poss ib l e  changes t o  t h e  o p e r a t i o n  and/or use o f  wa te r  s t o r e d  i n  

Cedar B l u f f  Reservo i r .  

b. L i m i t a t i o n s  on t h e  w i thdrawa l  o f  water  f r om  t h e  area. 

c .  A l t e r n a t i v e  sources o f  water  f o r  use by e x i s t i n g  water users  i n  

t h e  area. 

d. Conservat ion p l ans  f o r  water  use i n  t h e  area. 

e.  Such o t h e r  i tems as may be deewed necessary t o  e f f e c t u a t e  a  l o n g  

te rm s o l u t i o n  t o  t h e  wate r  supp ly  problem i n  t h e  area. 



That  Dav id  L. Pope, C h i e f  E n g i n e e r - D i r e c t o r ,  D i v i s i o n  o f  Water 

Resources, Kansas S t a t e  Board o f  A g r i c u l t u r e ,  hereby, on h i s  own 

i n i t i a t i v e ,  i n i t i a t e s  p roceed ings  f o r  t h e  e x t e n s i o n  o f  t h e  i n t e n s i v e  

groundwater use c o n t r o l  a rea t o  i n c l u d e  t h e  a1 l u v i u m  o f  t h e  Smoky H i  11 

R i v e r  V a l l e y  and i t s  ma jo r  t r i b u t a r i e s  i n  t h e  r e a c h  between Cedar B l u f f  

Dam i n  Trego County, Kansas, and a p o i n t  about  f o u r  m i l e s  n o r t h  and 

west  o f  Sharon Spr ings,  Kansas, i n  an a rea  d e s c r i b e d  as f o l l o w s :  

Hackberry  Creek and A1 l u v i u m  

Sect  i o n s  

Township 13 South, Range 25 West, 30-33 

Township 14  South, Range 25 West, 4-6, 9-16, 24 

Township 13 South, Range 26 West, 17-20, 25-30, 32-36 

Township 13 South, Range 27 West, 6-10, 13-26 

Township 12 South, Range 28 West, 31, 32 

Township 13 South, Range 28 West, 1-6, 8-16, 23, 24 

Township 12 South, Range 29 West, 31-36 , 

Township 13 South, Range 29 West, 1-9, 17, 18  

Sa id  t r a c t  c o n t a i n i n g  86 square m i l e s ,  more o r  l e s s ;  and 

Smoky H i l l  R i v e r  and A l l u v i u m  

Township 14  South, Range 22 West, 

Township 15 South, Range 22 West, 

Township 14 South, Range 23 West, 

Township 15 South, Range 23 West, 

Township 14 South, Range 24 West, 

Township 15 South, Range 24 West, 

Township 14 South, Range 25 West, 

Township 15 South, Range 25 West, 

Township 14 South, Range 26 West, 

Township 15 South, Range 26 West, 

S e c t i o n s  

26-35 

2-6 

31-36 

1-6 

27-36 

1, 2 

25, 26, 31-36 

6, 7 

33-36 

1-12, 18, 19 

Township 15 South, Range 27 West, 1, 2, 11-24 

Township 15 South, Range 28 West, 13-24 



Township 15 South, Range 29 West, 13-24 

Township 15 South, Range 30 West, 7-10, 13-18, 22-24 

Township 14 South, Range 3 1  West, 31-33 

Township 15 South, Range 31 West, 2-6, 10-15 

Township 14 South, Range 32 West, 19, 20, 26-30, 32-36 

Township 15 South, Range 32 West, 1-5, 8-10 

Township 13 South, Range 33 West, 31-33 

Township 14 South, Range 33 West, 4-6, 8-10, 14-16, 21-26 

Township 13 South, Range 34 West, 25-36 

Township 14 South, Range 34 West, 1, 2 

Township 13 South, Range 35 West, 19-30, 35, 36 

Township 13 South, Range 36 West, 13-30 

Township 13 South, Range 37 West, 9, 10, 13-16, 19-30 

Township 13 South, Range 38 West, 21-32 

Township 13 South, Range 39 West, 18-21, 25-36 

Township 13 South, Range 40 West, 2-18, 24, 25, 36 

Sa id  t r a c t  c o n t a i n i n g  284 square m i l e s ,  more o r  l e s s ;  

a t o t a l  o f  370 square m i l e s ,  more o r  l e s s .  

12. That  t h e  C h i e f  E n g i n e e r - D i r e c t o r  o r d e r s  t h a t  a l l  a p p l i c a t i o n s  t o  

a p p r o p r i a t e  wa te r  f o r  b e n e f i c i a l  use ( o t h e r  t h a n  f o r  domest ic  use, 

temporary  p e r m i t s  and s h o r t  t e r m  p e r m i t s )  r e c e i v e d  on o r  a f t e r  t h e  

d a t e  o f  t h i s  Order,  wh ich propose t h e  a p p r o p r i  a t  i o n  o f  groundwater 

f r o m  t h e  a l l u v i u m  o f  t h e  Smoky H i l l  R i v e r  V a l l e y  and i t s  ma jo r  

t r i b u t a r i e s  i n  t h e  reach  between Cedar B l u f f  Dam i n  Trego County, 

Kansas, and a p o i n t  about f o u r  mi  l e s  n o r t h  and west o f  Sharon Spr ings ,  

Kansas, w i t h i n  t h e  area d e s c r i b e d  i n  C o n d i t i o n  No. 11 above, w i l l  be 

r e c e i v e d  and ass igned a p r i o r i t y  and a f i l e  number, i f  a c c e p t a b l e  f o r  

f i l i n g ,  b u t  w i l l  n o t  be f u r t h e r  processed u n t i l  a d e c i s i o n  i s  made as 

t o  whether t h e  i n t e n s i v e  groundwater use c o n t r o l  a r e a  w i l l  be ex tended 

t o  i n c l u d e  t h e  above d e s c r i b e d  area.  A t  t h e  c o n c l u s i o n  o f  t h e  

proceedings,  a1 1 a p p l i c a t i o n s  f i l e d  on o r  a f t e r  t h e  d a t e  o f  t h i s  Order,  

w i l l  be processed i n  accordance w i t h  t h e  p r o v i s i o n s  o f  t h e  Kansas Water 

A p p r o p r i a t i o n  Act ,  t h e  r u l e s  and r e g u l a t i o n s ,  t h e  a d m i n i s t r a t i v e  

p o l i c i e s  and p rocedures  i n  e f f e c t  i n  t h a t  area,  and i n  accordance w i t h  



t h e  c o n t r o l  p r o v i s i o n s  o f  t h e  i n t e n s i v e  groundwater use c o n t r o l  area, 

i f  any. Other a c t i o n s  o f  t h e  Ch ie f  Eng ineer -D i rec to r  w i t h i n  t h e  above 

desc r i bed  area w i l l  n o t  be a f f e c t e d .  

13. That t h e  Chief Eng ineer -D i rec to r  s p e c i f i c a l l y  r e t a i n s  j u r i s d i c t i o n  i n  

t h i s  ma t t e r  w i t h  a u t h o r i t y  t o  make such changes i n  t h e  boundar ies o f  

t h e  i n t e n s i v e  groundwater use c o n t r o l  area o r  t h e  c o r r e c t i v e  c o n t r o l  

p r o v i s i o n s  which have been i n s t i t u t e d  o r  any o t h e r  p r o v i s i o n s  o f  t h i s  

Order, and t o  h o l d  any subsequent hear ings  i n  t h e  m a t t e r  o f  t h e  c o n t r o l  

area o r  t h e  c o r r e c t i v e  c o n t r o l  p r o v i s i o n s ,  which he o r  she may deem t o  

be i n  t h e  p u b l i c  i n t e r e s t .  

Dated a t  Topeka, Kansas, t h i s  31s t  day o f  May, 1984. 

s i o n  o f  Water Resources 
S t a t e  Board o f  A g r i c u l t u r e  

S ta te  o f  Kansas ) 
ss 

County o f  Shawnee) 

The fo rego ing  ins t rument  was acknowledged be fo re  me t h i s  31s t  day o f  May, 
1984, by David L. Pope, P.E., Ch ie f  Eng ineer -D i rec to r ,  D i v i s i o n  o f  Water 
Resources, Kansas S t a t e  Board o f  A g r i c u l t u r e .  
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I N  THE MATTER OF DESIGNATION OF AN 
I V E  GROUNDWATER USE CONTROL AREA I N  TREGO, P 

ELLIS, RUSH AND RUSSELL COUNTIES, KANSAS 

i e ' f  E n g i n e e r - D i r e c t o r ,  D i v i s i o n  o f  Water Resources, ~ a n s a s  S 

;. ( h e r e i n a f t e r  r e f e r r e d  t o  as t h e  " C h i e f  E n g i n e e r " )  a f t e r  

f o l l o w i n g  F i n d i n g s  and Order.  

1 .#. ' ,. 

. . FINDINGS 

+ -1. That  on May 31, 1984, t h e  C h i e f  Eng ineer  i s s u e d  an i n t e r i m  o r d e r  d e s i g n a t i n g  

an I n t e n s i v e  Groundwater Use C o n t r o l  Area i n  Trego, E l l i s ,  Rush and R u s s e l l  

Count ies ,  Kansas. 

2. That  an e r r o r  was made i n  F i n d i n g s  No. 3 o f  s a i d  i n t e r i m  o r d e r ,  s p e c i f  i c a l  l y  

i n  l i n e  6 o f  page 3. Tha t  t h e  e r r o r  was made i n  t h e  townsh ip  number wh ich  

reads  : 

". . . t h e  southwest c o r n e r  o f  S e c t i o n  31, 
Township 15 South ..." 

That  a s i m i l a r  e r r o r  was a l s o  made i n  C o n d i t i o n  No. 1 of  t h e  o r d e r ,  

s p e c i f i c a l l y  i n  l i n e  19 of page 14. That  t h e  e r r o r  was made i n  t h e  townsh ip  
' 

number which reads  t h e  same as t h e  above. 

3. That  i n  b o t h  cases t h e  c o r r e c t  townsh ip  number shou ld  be Township 14 South. 

STATE OF KANSAS, COUNTY OF 
TREGO. THIS INSTRUMEHT WAS 
FILED FOR RECORD Feb 1 4  
I ~ % ~ T ~ D U & U '  

STATE OF KANSAS, RUSH COUNTY, S.S. 

~~=T-O'CLOC&M., AND . 
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ORDER 

1. NOW, THEREFORE, It i s  t h e  d e c i s i o n  and o rde r  o f  t h e  Ch ie f  Engineer  t h a t  such 

a re  e r r o r s  i n  t h i s  Order o f  May 31, 1984, and t h a t  such e r r o r s  should  be and 

a re  hereby c o r r e c t e d  i n  1 i ne 6 o f  page 3 and 1 i ne 19 o f  page 14 o f  s a i d  o rde r  

t o  read:  

" . . .Sect ion 31, Toynship 14 South ..." 
-b\ 

Dated a t  Topeka, Kansas, t h i s  aq -day o f  Ju ly ,  1984. 

S t a t e  o f  Kansas 

neer-Di  r e c t o r  
Water Resources 

ansas S t a t e  Board of A g r i c u l t u r e  

) s3 
c;unty o f  Shawnee ) 

4 
The fo rego ing  ins t rument  was acknowledged b e f o r e  me t h i s  a? day o f  Ju l y ,  

1984, by David L. Pope, P.E., Ch ie f  Eng ineer -D i rec to r ,  D i v i s i o n  o f  Water Resources, 
Kansas S t a t e  Board o f  A g r i c u l t u r e .  

, , ,Sl~~""~##,,. 

"k J. w4p,, 
.f,5 *,ome**m** *+ ** $'?.# 

$ k r , + ~ T A Q ~  *lo fl: 
='Q! 4 - L a a ,  \ \a .. : :  
I - . STATEWIDE -v, : .Notary  Pub1 i c \ 
= cnt :-T : *-.: 
M$ @ % ; P ~ F ~ ~ F  e w e s  : m d  \ ,\%Q b 

*, ,pa? **- s t. ,,' "*# '4,) 4 COUNT,,,,. 
1 ~ ~ ~ ~ , 1 1 ~ ~ ~  
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THE STATE OF KANSAS 

S T A T E  BOARD O F  A G R I C U L T U R E  
Sam Brownback, Secretary 

D I V I S I O N  O F  W A T E R  R E S O U R C E S  
David L. Pope, Chief Engineer 

BEFORE 

DAVID L. POPE, CHIEF ENGINEER 
DIVISION OF WATER RESOURCES 

KANSAS STATE BOARD OF AGRICULTURE 

I N  THE MATTER OF THE DESIGNATION OF AN 
INTENSIVE GROUNDWATER USE CONTROL AREA 

I N  WALLACE, LOGAN, GOVE AND TREGO COUNTIES, KANSAS 

The C h i e f  Engineer, D i v i s i o n  o f  Water Resources, Kansas S t a t e  Board o f  

A g r i c u l t u r e ,  ( h e r e i n a f t e r  r e f e r r e d  t o  as "Ch ie f  Engineer")  , a f t e r  hav ing  g i v e n  

due c o n s i d e r a t i o n  t o  a1 1  evidence, tes t imony  and othe'r i n f o r m a t i o n  presented t o  

him a t ,  o r  as a  r e s u l t  o f ,  t h e  hea r i ng  h e l d  i n  Q u i n t e r ,  Kansas, on February 26, 

1987, r ega rd ing  t h e  proposed des igna t i on  o f  an i n t e n s i v e  groundwater use c o n t r o l  

a r e a  ( h e r e i n a f t e r  r e f e r r e d  t o  as t h e  "IGUCA") i n  t h e  Smoky H i l l  R i v e r  and 

Hackberry Creek Va l l eys  i n  t h e  reach above Cedar B l u f f  Dam t o  t h e  western edge 

o f  Range 40 West on t h e  Smoky H i l l  R i v e r  and t o  t h e  midd le  o f  Range 30 West on 

Hackberry Creek, hereby makes t h e  f o l l o w i n g  F ind ings,  Conclusions and Order: 

FINDINGS 

1. That i n  accordance w i t h  t h e  p r o v i s i o n s  o f  K.S.A. 82a-1036 th rough K.S.A. 

82a-1040,  t h e  C h i e f  E n g i n e e r  may, upon h i s  own i n i t i a t i v e ,  i n i t i a t e  

p r o c e e d i n g s  f o r  d e s i g n a t i o n  o f  an IGUCA o u t s i d e  t h e  boundar ies o f  an 

e x i s t i n g  groundwater management d i s t r i c t  whenever he o r  she has reason t o  

b e l i e v e  t h a t  groundwater l e v e l s  i n  t h e  area a r e  d e c l i n i n g  o r  have d e c l i n e d  

excess ive ly ,  t h e  r a t e  o f  wi thdrawal  o f  groundwater i n  t h e  area i n  ques t i on  

equals  o r  exceeds t h e  r a t e  o f  recharge i n  such area, o r  c o n d i t i o n s  e x i s t  

w i t h i n  an area which r e q u i r e  r e g u l a t i o n  i n  t h e  p u b l i c  i n t e r e s t .  

2. That on May 31, 1984, t h e  Ch ie f  Engineer e s t a b l i s h e d  by i n t e r i m  o r d e r  an 

i n t e n s i v e  groundwater use c o n t r o l  area i n  Rush, E l l  i s ,  Trego and Russe l l  

Count ies g e n e r a l l y  i n c l u d i n g  a  t r a c t  of l a n d  t o t a l l y  w i t h i n  t h e  d ra inage  

bas in  o f  t h e  Smoky H i l l  R i v e r  between Cedar B l u f f  Dam and i t s  conf luence 

w i t h  B i g  Creek f u r t h e r  downstream. 

mcampbell
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3. That i n  t h e  i n t e r i m  order ,  t h e  Ch ie f  Engineer i n i t i a t e d  proceedings f o r  t h e  

ex tens ion  o f  t h e  IGUCA i n  Trego, E l l i s ,  Rush and Russe l l  Count ies,  Kansas, 

t o  i n c l u d e  t h e  a l l u v i u m  o f  t h e  Smoky H i l l  R i v e r  V a l l e y  and i t s  ma jo r  

t r i b u t a r i e s  i n  t h e  reach between Cedar B l u f f  Dam i n  Trego County, Kansas, 

and a p o i n t  about f o u r  m i l e s  n o r t h  and west o f  Sharon Spr ings,  Kansas, i n  

an area descr ibed  as f o l l o w s :  

Hackberry Creek and A1 1 u v i  um 

Sec t ions  

Township 13 South, Range* 25 West, 30-33 

Township 14 South, Range 25 West, 4-6, 9-16, 24 

Township 13 South, Range 26 West, 17-20, 25-30, 32-36 

Township 13 South, Range 27 West, 6-10, 13-26 

Township 12 South, Range 28 West, 31, 32 

Township 13 South, Range 28 West, 1-6, 8-16, 23, 24 

Township 12 South, Range 29 West, 31-36 

Township 13 South, Range 29 West, 1-9, 17, 18 

Sa id  t r a c t  c o n t a i n i n g  86 square m i l es ,  more o r  l e s s ;  and 

Smoky H i1  1 R i v e r  and A l l uv i um 

Sec t ions  

Township 14 South, Range 22 West, 26-35 

Township 15 South, Range 22 West, 2-6 

Township 14 South, Range 23 West, 31-36 

Township 15 South, Range 23 West, 1 -6  

Township 14 South, Range 24 West, 27-36 

Township 15 South, Range 24 West, 1, 2 

Township 14 South, Range 25 West, 25, 26, 31-36 

Townsh ip15Sou th ,  Range25West ,  6, 7 

Township 14 South, Range 26 West, 33-36 

Township 15 South, Range 26 West, 1-12, 18, 19 

Township 15 South, Range 27 West, 1, 2, 11-24 

Township 15 South, Range 28 West, 13-24 

Townsh ip15Sou th ,  Range29West ,  13-24 

Township 15 South, Range 30 West, 7-10, 13-18, 22-24 

Township 14 South, Range 31 West, 31-33 
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Township 15 South, Range 31 West, 2-6, 10-15 

Township 14 South, Range 32 West, 19, 20, 26-30, 32-36 

Township 15 South, Range 32 West, 1-5, 8-10 

Township 13 South, Range 33 West, 31-33 

Township 14 South, Range 33 West, 4-6, 8-10, 14-16, 21-26 

Township 13 South, Range 34 West, 25-36 

Township 14 South, Range 34 West, 1, 2 

Township 13 South, Range 35 West, 19-30, 35, 36 

Township 13 South, Range 36 West, 13-30 

Township 13 South, Range 37 West, 9, 10, 13-16, 19-30 

Township 13 South, Range 38 West, 21-32 

Township 13 South, Range 39 West, 18-21, 25-36 

Township 13 South, Range 40 West, 2-18, 24, 25, 36 

Said t r a c t  con ta in ing  284 square mi les ,  more o r  l ess .  

( *A l l  ranges i n  t h i s  F ind ing  & Order are West o f  t he  6 t h  P.M.) 

4. That t h i s  a c t i o n  was taken based upon test imony and evidence rece ived a t  

t he  hear ing he ld  on February 23 and 24, 1984, which suggested t h a t  t he  

d e c l i n i n g  i n f l o w  o f  water i n t o  the  Cedar B l u f f  Reservoi r  was a f a c t o r  

c o n t r i b u t i n g  t o  t h e  d e c l i n i n g  w a t e r  l e v e l s  and water f l o w  below t h e  

Reservoir ,  as we l l  as in fo rmat ion  contained i n  t he  f i l e s  o f  t h e  D i v i s i o n  o f  

Water Resources t h a t  i nd i ca ted  t h a t  streamflows i n  the  Smoky H i l l  R i ve r  and 

Hackberry Creek above Cedar B l u f f  Reservoir  were d e c l i n i n g  o r  had dec l ined 

excessively ,  and t h a t  cond i t i ons  ex i s ted  w i t h i n  the  area i n  quest ion which 

might  r e q u i r e  r e g u l a t i o n  i n  t he  p u b l i c  i n t e r e s t .  

5. That i n  t he  i n t e r i m  order,  t he  Ch ie f  Engineer f u r t h e r  ordered t h a t  a l l  

a p p l i c a t i o n s  t o  a p p r o p r i a t e  water f o r  b e n e f i c i a l  use (o the r  than f o r  

domestic use, temporary permi ts  and sho r t  term permi ts )  rece ived on o r  

a f t e r  May 31, 1984, which propose the  appropr ia t ion  o f  groundwater from the  

a l l uv ium o f  t he  Smoky H i l l  River  Va l ley  and i t s  major t r i b u t a r i e s  i n  t he  

reach between Cedar Bluf f  Dam and Trego County, Kansas w i t h i n  the  area 

described i n  F ind ing  No. 3 above, w i l l  be rece ived and assigned a p r i o r i t y  

and a f i l e  number, i f  acceptable f o r  f i l i n g ,  bu t  w i l l  n o t  be f u r t h e r  

processed u n t i l  a dec i s ion  i s  made as t o  whether t he  i n t e n s i v e  groundwater 

use c o n t r o l  area w i l l  be extended t o  inc lude t h e  above descr ibed area; t h a t  

a t  t h e  conclus ion o f  t he  proceedings, a1 1 appl i c a t i o n s  f i l e d  on o r  a f t e r  

3 



BOOK o /  PAGE ~ ~ 3 9 5  086 ~ ~ ~ 4 6 2  
LJY 

t h e  date o f  t h e  i n t e r i m  order  w i l l  be processed i n  accordance w i t h  t h e  

p r o v i s i o n s  o f  t h e  Kansas Water A p p r o p r i a t i o n  A c t ,  t h e  r u l e s  and 

regu la t i ons ,  t h e  a d m i n i s t r a t i v e  po l  i c i e s  and procedures i n  e f f e c t  i n  t h a t  

a rea ,  and i n  accordance w i t h  t h e  c o r r e c t i v e  c o n t r o l  p r o v i s i o n s  o f  t h e  

IGUCA, i f  any; and t h a t  o the r  ac t i ons  o f  t h e  Ch ie f  Engineer w i t h i n  t h e  

above descr ibed area w i l l  n o t  be a f fec ted .  

6. That on January 23, 1987, t h e  Ch ie f  Engineer issued a Supplemental I n t e r i m  

Order expanding t h e  proposed boundaries f o r  t h e  extension o f  t h e  IGUCA 

descr ibed i n  F ind ing  No. 3 above t o  i nc lude  an area descr ibed as fo l l ows :  

Gove County 

Sect ions 

Township 12 South, Range 29 West, 19 and 30 

Township 12 South, Range 30 West, 13, 14, 23-27, 34-36 

Tha t  t h e  proposed boundaries f o r  t h e  extension o f  t h e  IGUCA a f t e r  t h e  

January 23, 1987 Order descr ibed i n  F ind ing  No. 6 above i n c l u d e  an area 

descr ibed as fo l l ows :  

Hackberry Creek and A1 1 u v i  urn 

Sect ions 

Township 13 South, Range* 25 West, 30-33 

Township 14 South, Range 25 West, 4-6, 9-16, 24 

Township 13 South, Range 26 West, 17-20, 25-30, 32-36 

Township 13 South, Range 27 West, 6-10, 13-26 

Townsh ip12South ,  Range28West ,  31, 32 

Township 13 South, Range 28 West, 1-6, 8-16, 23, 24 

Township 12 South, Range 29 West, 19, 30-36 

Township 13 South, Range 29 West, 1-9, 17, 18 

Township' 12 South, Range 30 West 13, 14, 23-27, 34-36 

Said t r a c t  con ta in ing  98 square mi les,  more o r  l ess ;  and 

Smokv H i l l  R i ve r  and A1 1 uvium 

Sect ions 

Township 14 South, Range 22 West, 26-35 

Township 15 South, Range 22 West, 2-6 

Township 14 South, Range 23 West, 31-36 
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Township 15 South, Range 23 West, 

Township 14 South, Range 24 West, 

Township 15 South, Range 24 West, 

Township 14 South, Range 25 West, 

Township 15 South, Range 25 West, 

Township 14 South, Range 26 West, 

Township 15 South, Range 26 West, 

Township 15 South, Range 27 West, 

Township 15 South, Range 28 West, 

Township 15 South, Range 29 West, 

Township 15 South, Range 30 West, 

Township 14 South, Range 31 West, 31-33 

Township 15 South, Range 31 West, 2-6, 10-15 

Township 14 South, Range 32 West, 19, 20, 26-30, 32-36 

Township 15 South, Range 32 West, 1-5, 8-10 

Township 13 South, Range 33 West, 31-33 

Township 14 South, Range 33 West, 4-6, 8-10, 14-16, 21-26 

Township 13 South, Range 34 West, 25-36 

Township 14 South, Range 34 West, 1, 2 

Township 13 South, Range 35 West, 19-30, 35, 36 

Township 13 South, Range 36 West, 13-30 

Township 13 South, Range 37 West, 9, 10, 13-16, 19-30 

Township 13 South, Range 38 West, 21-32 

Township 13 South, Range 39 West, 18-21, 25-36 

Township 13 South, Range 40 West, 2-18, 24, 25, 36 

Said t r a c t  con ta in ing  284 square mi les ,  more o r  l e s s .  

( * A l l  ranges i n  t h i s  F ind ing  & Order are West o f  t h e  6 t h  P.M.) 

8. That on January 22, 1987, t h e  Ch ie f  Engineer issued No t i ce  o f  a Pub l i c  

Hearing t o  be h e l d  a t  9:30 a.m. on Thursday, February 26, 1987 a t  t h e  

Q u i n t e r  High School, 6 t h  and Long St ree ts ,  Q u i n t e r ,  Kansas, a t  which t ime 

a l l  i n t e r e s t e d  p a r t i e s  would have an oppo r tun i t y  t o  be heard regard ing  t h e  

proposed des ignat ion  o f  an IGUCA i n  t he  area descr ibed i n  F ind ing  No. 7 

above; t h a t  t h e  purpose o f  t h e  hear ing was t o  determine i f  an IGUCA should 

be es tab l i shed  and, i f  so, what t h e  boundaries should be and what types o f  
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r e s t r i c t i o n s ,  i f  any, should be placed on t h e  app rop r ia t i on  o f  water i n  

t h a t  area. 

9. That n o t i c e  o f  t h e  hear ing was sent t o  every water r i g h t  ho lder  o f  record  

i n  t h e  O f f i c e  o f  t h e  Ch ie f  Engineer and a l l  known landowners w i t h i n  t h e  

boundar ies o f  t he  proposed IGUCA; t h a t  n o t i c e  o f  t he  hear ing  was a l so  

pub1 ished i n  The Western Times, Western Kansas World, The Hays D a i l y  News 

and The Oakley Graphic; t h a t  a f f i d a v i t s  o f  p u b l i c a t i o n  show t h a t  t h e  Not ice  

o f  Hearing was publ ished more than 30 days p r i o r  t o  t he  Hearing; t h a t  

n o t i c e  o f  the  hear ing was a l so  sent t o  var ious  governmental o f f i c i a l s ,  

S ta te  agencies and members o f  t he  Kansas Water Au tho r i t y .  

10. That on February 26, 1987, a  p u b l i c  hear ing was h e l d  a t  t h e  t ime  and p lace 

se t  f o r t h  i n  t h e  Not ice  o f  Hearing. 

11. That David B a r f i e l d ,  C i v i l  Engineer on the  s t a f f  o f  t he  D i v i s i o n  o f  Water 

Resources, t e s t i f i e d  concerning a  r e p o r t  he prepared e n t i t l e d  "The Proposed 

Smoky H i l l  R iver  and Hackberry Creek In tens i ve  Groundwater Use Contro l  Area 

above Cedar B l u f f  Reservoir" ;  t h a t  t he  e n t i r e  r e p o r t  was entered i n t o  

evidence a t  t he  hearing. 

That t h e  r e p o r t  i nd i ca tes  t h a t  a l l u v i a l  depos i ts  u n d e r l i e  t he  Smoky H i l l  

R iver  and Hackberry Creek; t h a t  t e r r a c e  deposi ts  genera l l y  l i e  above and on 

both s ides o f  t h e  Smoky H i l l  a l luv ium and t h a t  i n  Trego County the  t e r r a c e  

depos i ts  tend t o  be saturated and h y d r a u l i c a l l y  connected t o  the  a l luv ium.  

That t he  r e p o r t  i nd i ca tes  t h a t ,  based upon exceedance va l  ue ca l  c u l  a t  ions  

us ing  records taken a t  two gaging s t a t i o n s  i n  t he  proposed c o n t r o l  area, 

one a t  E l  kader, Kansas on t h e  Smoky H i l l  R iver  and one near Arnold, Kansas, 

downstream o f  t h e  conf luence o f  Hackberry Creek and t h e  Smoky H i l l  R i ve r  

and j u s t  upstream from Cedar B l u f f  Reservoir ,  t he  q u a n t i t y  o f  base f l o w  i n  

the  Smoky H i l l  R iver  has dec l ined w i t h  t ime; t h a t  f o r  t he  p e r i o d  o f  1968 t o  

1976 the  80% exceedance value a t  t he  gaging s t a t i o n  near Arno ld  was 0.46 

c f s  and t h a t  t h i s  exceedance value had dec l ined t o  0.08 c f s  f o r  t h e  p e r i o d  

o f  1977 t o  1982; t h a t  t he  records i n d i c a t e  a  s i m i l a r  p a t t e r n  f o r  t he  80% 

exceedance value a t  t he  E l  kader gage and f o r  t h e  50% exceedance values a t  

both gaging s ta t i ons ;  t h a t  t he  slope o f  t he  graph o f  a  p l o t  o f  accumulated 

s t r e a m f l  ow versus accumulated p r e c i p i t a t i o n  shows a  d e f i n i t e  f l a t t e n i n g  

w i t h  t ime, p a r t i c u l a r l y  i n  recent  years, i n d i c a t i n g  t h a t  t he re  i s  c u r r e n t l y  

l e s s  r u n o f f  per  g iven u n i t  o f  p r e c i p i t a t i o n .  

6  
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14. That the  report  indicates declining groundwater l eve l s  in the  Smoky Hill 

River alluvium in Gove County, f a i r l y  steady groundwater l eve l s  in the  

Smoky Hill River alluvium in Logan and Wallace Counties, and inconclusive 

r e su l t s  in the  Hackberry Creek alluvium. 

15. That Mr. Barfield t e s t i f i e d  regarding r e su l t s  from a 1984 report  by the  

Bureau of Reclamation en t i t l ed  "Cedar Bluff Reservoir Water Supply and 

Operation Study"; t ha t  t h i s  report  concluded t ha t  roughly half  of the  

streamflow depletions are  due t o  the  e f f ec t s  of conservation pract ices  and 

half of the  streamflow depletions are  due t o  the  e f f ec t  of ground and 

surface water pumping out of the  a l luvia l  valley.  

16. That Augustine M .  Zerr, an i r r i g a t o r  from wells located within the  proposed 

IGUCA boundaries, t e s t i f i e d  t ha t  water levels  in wells measured in the  f a l l  

of each year since 1966 indicate a dependence upon r a i n f a l l s  in the  area;  

t ha t  conservation pract ices  in the  area have reduced runoff t o  streams; 

t ha t  he favors control on the issuance of water r i gh t s  but thinks t ha t  

fu r ther  study needs t o  be done t o  determine i f  cut t ing back on current  

water r igh t s  i s  necessary. 

17. That Robert D.  Kutz, Project Manager, Kansas-Nebraska Projects,  U.S. Bureau 

of Reclamation, (herein a f t e r  referred t o  as the  "Bureau"), t e s t i f i e d  t ha t  

extensive conservation practices and groundwater devel opment above Cedar 

Bluff  Reservoir  dur ing  t h e  l a t e  1960's  and e a r l y  1970's  began t o  

s ign i f ican t ly  reduce inflows t o  Cedar Bluff Reservoir; t ha t  the  "Bureau's 

Definite Plan Report," March 1958, indicated t ha t  average inflows t o  Cedar 

Bluff Reservoir from 1919 through 1956 were 62,800 acre f e e t  per year; t h a t  

the  Bureau's Report a lso  predicted depleted inflows of 53,100 acre f ee t  per 

year;  t ha t  the actual inflows from 1952 through 1974 averaged 52,660 acre 

f e e t  per year;  t ha t  the  inflow t o  Cedar Bluff Reservoir exceeded 50,000 

acre f e e t  in only one year since 1965; t ha t  the  average inflow from 1975 

through 1985 was 11,920 acre f ee t  per year; t ha t  the  average inflow t o  

Cedar Bluff Reservoir from 1981 t o  1985 was 7,200 acre f e e t  per year; t ha t  

evaporation from Cedar Bluff Reservoir has exceeded inflow f o r  e ight  of the  

l a s t  ten years;  t ha t  the  current  level of Cedar Bluff Reservoir i s  11.7 

f e e t  below the  elevation a t  which re leases  can be made t o  the  Cedar Bluff 

Canal; t ha t  under current  inflow conditions, the  Reservoir wil l  require 
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opera t ion  a t  a  rev i sed  opera t ing  l e v e l ;  t h a t  t he  Bureau recommends the  

establ ishment o f  an IGUCA above Cedar B l u f f  Dam. 

18. That  Raymond Roemer, farmer, rancher and i r r i g a t o r  w i t h i n  t h e  proposed 

IGUCA, t e s t i f i e d  t h a t  water l e v e l s  i n  w e l l s  l oca ted  i n  Sect ion 4, Township 

13 South, Range 29 West, Gove County, were t h e  same as when t h e  w e l l s  were 

d r i l l e d ;  t h a t  t h e  number o f  t r ees  along Hackberry Creek has d r a m a t i c a l l y  

increased s ince the  l a t e  1940's; t h a t  t he  number o f  farm ponds, m i l e s  o f  

t e r races  and acres under reduced til l age has increased i n  Gove County s ince  

1948; t h a t  he i s  n o t  i n  f avo r  o f  c o n t r o l s  i n  t he  proposed IGUCA but  f e e l s  

t h a t  new developments w i l l  be l i m i t e d  by economics. 

19. That Benedict C. Dickman, member o f  t he  Smoky H i l l - S a l i n e  Basin Advisory 

Committee, t e s t i f i e d  t h a t  streamflow gaging s t a t i o n  records and i n f l o w  

records i n t o  Cedar B l u f f  show t h a t  a  subs tan t i a l  p o r t i o n  o f  t he  h i s t o r i c a l  

f lows i n t o  the  l a k e  have occurred i n  t he  drainage area below t h e  Arnold 

gaging s ta t i on ,  and t h a t  t h i s  area i s  respons ib le  f o r  about o n e - t h i r d  o f  

t he  i n f l o w  dep le t i on  which has occurred i n  t h e  past  t e n  years; t h a t  M r .  

Dickman a l so  t e s t i f i e d  t h a t  conservat ion measures and dams are two major 

sources o f  streamflow dep le t i on  i n  t he  Smoky H i l l  Basin; t h a t  M r .  Dickman 

f u r t h e r  t e s t i f i e d  t h a t  he does no t  be l i eve  t h a t  any c o r r e c t i v e  c o n t r o l  

p r o v i s i o n s  imposed on t h e  c o n t r o l  a rea  would s i g n i f i c a n t l y  he lp  t h e  

streamflow problems o f  those downstream. 

20. Tha t  R o b e r t  J. A b e l l ,  a  r e s i d e n t  about  10 m i l e s  west  o f  Gove and 

approximately 4  m i l es  ou ts ide  o f  t he  proposed c o n t r o l  area, t e s t i f i e d  t h a t  

i n  h i s  op in ion  the re  needs t o  be some c o n t r o l  over t he  w e l l s  bu t  t h a t  t he  

c o n t r o l  area should be extended i n t o  the  Oga l la la .  

21. That Duane Stutz,  water user f o r  i r r i g a t i o n  and s tock  water ing  i n  Sect ion 

1, Township 15 South, Range 26 West, Gove County, t e s t i f i e d  i n  oppos i t i on  

t o  t h e  c o n t r o l  area; t h a t  M r .  S tu t z  t e s t i f i e d  t h a t  streambeds have been 

r a i s e d  about 6  t o  8  f e e t  which causes changes i n  water l e v e l s ;  t h a t  s ince  

the  l a n d  had been developed f o r  i r r i g a t i o n ,  t r e e s  have grown back and t h a t  

Hackberry Creek f lows i n  sec t ions  where the re  are no t rees ,  bu t  i s  d r y  i n  

sec t ions  where the re  are t rees .  

22. That Steven L loyd Phelps, representa t ive  o f  Cedar B l u f f  Advisory Board f o r  

Recreation, t e s t i f i e d  t h a t  t he  Board i s  i n  f avo r  o f  t he  proposed c o n t r o l  

area. 
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23. That Glen Riggs, President o f  Cedar Beluff Lake Associat ion,  t e s t i f i e d  t h a t  

the  Assoc ia t ion  i s  i n  f avo r  o f  t h e  proposed con t ro l  area. 

24. Tha t  W i l l i a m  S.  Benkelman, R e p r e s e n t a t i v e  o f  North Shore Cabin Area 

Associat ion Board a t  Cedar B l u f f ,  t e s t i f i e d  t h a t  t he  Assoc ia t ion  i s  i n  

f avo r  o f  t h e  c o n t r o l  area. 

25. That Bob Hooper, member o f  t h e  Soloman River  Basin Advisory Committee, 

t e s t i f i e d  i n  f avo r  o f  t he  proposed con t ro l  area bu t  s ta ted  t h a t  t h e  c o n t r o l  

area should inc lude no t  on l y  t h e  a l luv ium bu t  t he  general area o f  t he  

Ogal l  a1 a  a q u i f e r  so t h a t  t he re  i s  essent i  a1 l y  zero dep le t ion .  

26. That Howard C. Reynolds, Professor Emeritus a t  Fo r t  Hays S ta te  Un ive rs i t y ,  

t e s t i f i e d  i n  f a v o r  o f  t h e  proposed c o n t r o l  a rea ;  t h a t  M r .  Reynolds 

t e s t i f i e d  t h a t  t h e  number o f  S a l t  Cedars, a  l a r g e  phreatophyte, has 

increased tremendously around Cedar B l u f f  Reservoir .  

27. That J. M. T u t t l e ,  res iden t  i n  t he  c o r r i d o r  o f  t he  proposed c o n t r o l  area on 

Hackberry Creek, member o f  t he  Smoky Hi 11 -Sal i n e  Basin Advisory Committee 

and co -cha i r  o f  t he  Gove County Groundwater Task Force, t e s t i f i e d  t h a t  he 

was opposed t o  t h e  proposed c o n t r o l  area f o r  t he  f o l l o w i n g  reasons: t he  

proposed c o n t r o l  area would no t  remedy the  problem o f  f i l l  i n g  Cedar B l u f f  

Reservoi r  t o  a  l e v e l  t h a t  would b e n e f i t  t he  users downstream; t h e  c o n t r o l  

area would c rea te  an add i t i ona l  economic burden on: people i nvo l ved  i n  

a g r i c u l t u r e ,  t a x  u n i t s  o f  government, a l l  agr i -business i n  t he  area, feed 

l o t  operat ions i n  t he  area and o i l  f i e l d  development; t h e  c o n t r o l  area 

would be d i s c r i m i n a t o r y  because i t  would n o t  t r e a t  an i n d i v i d u a l  w i t h i n  the  

c o r r i d o r  t he  same as one immediately ou ts ide  the  c o r r i d o r ;  t he  c o n t r o l  area 

would be c o s t l y  t o  t h e  D i v i s i o n  o f  Water Resources i n  terms o f  manpower 

s tud ies  and would spread the  budget t h inne r ;  t he  c o n t r o l  area would be 

c o s t l y  t o  i r r i g a t o r s  i n  terms o f  t h e  cos t  o f  meters and the  p o s s i b i l i t y  of 

t h e i r  water use being c u t  back; and, t he  c o n t r o l  area would be c o s t l y  t o  

the  o i l  i n d u s t r y  i n  terms o f  water cos ts  and s c a r c i t y ;  t h a t  M r .  T u t t l e  

f u r t h e r  t e s t i f i e d  t h a t  t he  water l e v e l  i n  a  domestic we l l  on h i s  p rope r t y  

i s  t he  same now as i t  was when i t  was d r i l l e d  i n  1955; t h a t  M r .  T u t t l e  

f u r t h e r  t e s t i f i e d  t h a t  Hackberry Creek d r i e d  up i n  1909 and d i d  n o t  f u r n i s h  

any water f o r  c a t t l e  u n t i l  1918; there fore ,  now i s  n o t  t he  f i r s t  t ime 

Hackberry Creek has been dry .  
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28. That  Rex D. A lb in ,  landowner, i r r i g a t o r  and feed l o t  owner w i t h i n  the  

proposed c o n t r o l  area, t e s t i f i e d  i n  oppos i t i on  t o  t h e  proposed c o n t r o l  

area; t h a t  M r .  A l b i n  t e s t i f i e d  t h a t  t h e  groundwater l e v e l  on Hackberry 

Creek was 14 feet  t o  water 30 years ago and i s  c u r r e n t l y  around 16 f e e t  t o  

water, and t h a t  groundwater l e v e l s  on the  Smoky H i l l  R iver  have n o t  va r i ed  

more than a  f o o t  i n  t he  l a s t  16 years; t h a t  M r .  A l b i n  f u r t h e r  t e s t i f i e d  

t h a t  he i s  o f  t he  op in ion  t h a t  streambed e leva t i ons  have r i s e n .  

29. That Reece Roemer, landowner i n  t h e  proposed c o n t r o l  area, t e s t i f i e d  t h a t  

du r ing  t h e  40's, 50's and 601s, even before conservat ion prac t ices ,  t he re  

were several years when the  Smoky H i l l  R iver  d r i e d  up du r ing  t h e  summer; 

t h a t  r i v e r f l o w  has always been completely dependent on l a r g e  amounts o f  

r a i n f a l l  i n  a  sho r t  pe r iod  o f  t ime and t h a t  f o r  t he  l a s t  20 years the re  has 

n o t  been enough r a i n f a l l  o r  snow t o  b u i l d  any excess groundwater supply; 

t h a t  M r .  Roemer f u r t h e r  t e s t i f i e d  t h a t  he i s  opposed t o  t h e  proposed 

c o n t r o l  area and f e e l s  t h a t  c o n t r o l  could be exerc ised b e t t e r  by a  l o c a l  

management u n i t .  

30. That Troy Schroeder, Regional F ishery Supervisor f o r  t h e  Kansas F i sh  and 

Game Commission, t e s t i f i e d  t h a t  t h e  Kans,as F i sh  and Game Commission 

supports t he  des ignat ion  o f  t he  proposed IGUCA; t h a t  M r .  Schroeder f u r t h e r  

t e s t i f i e d  t h a t  most s t u d i e s  i n d i c a t e  t h a t  up t o  60% o f  t h e  reduced 

streamflow i n  the  Smoky H i l l  R iver  i s  due t o  conservat ion measures and 

f a r m i n g  t e c h n i q u e s  and t h a t  t h e  remain ing 40% i s  due t o  groundwater 

pumping; t h a t  M r .  Schroeder f u r t h e r  t e s t i f i e d  t h a t  patches o f  dead t rees  

near w e l l  l o c a t i o n s  show we l l  pumping has caused d e c l i n e  i n  t h e  groundwater 

l eve l s ,  reduc t i on  o f  base f l o w  and subsequent l o s s  o f  va luable w i l d 1  i f e  

h a b i t a t ;  t h a t  M r .  Schroeder f u r t h e r  t e s t i f i e d  t h a t  even re1  a t i v e l y  small 

increases i n  i n f l o w  t o  Cedar B l u f f  Reservoir ,  brought about as a  r e s u l t  o f  

r e s t r i c t i o n s  upstream, could have l a r g e  b e n e f i t s  t o  t he  f i s h e r y  a t  Cedar 

B l u f f ;  t h a t  he be l ieves  t h a t  t he  c o n t r o l  area should be expanded t o  i nc lude  

the  c o n t r i b u t i n g  stream and t e r r a c e  deposi ts  and a l l  areas o f  t he  Oga l l a la  

a q u i f e r  and the  Smoky H i l l  Basin t h a t  are no t  p resen t l y  inc luded i n  the  

Groundwater Management D i s t r i c t .  

31. That Mahlon T u t t l e ,  landowner w i t h i n  the  proposed c o n t r o l  area south o f  

Qu in te r ,  t e s t i f i e d  t h a t  he i s  opposed t o  the  proposed c o n t r o l  area and t h a t  

he be l ieves  t h a t  management should come from a  l o c a l  management u n i t .  
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32. Tha t  Rober t  L.  T u t t l e ,  landowner  w i t h i n  t h e  proposed c o n t r o l  area, 

t e s t i f i e d  t h a t  he i s  opposed t o  the  proposed c o n t r o l  area and t h a t  he 

be1 i e v e s  c o n t r o l  s h o u l d  be l e f t  up t o  a l o c a l  groundwater management 

d i s t r i c t ;  t h a t  M r .  T u t t l e  f u r t h e r  t e s t i f i e d  t h a t  water l e v e l s  i n  h i s  w e l l s  

have no t  changed i n  the  past  19 years. 

33. That Don Harvey, landowner w i t h i n  the  proposed c o n t r o l  area, t e s t i f i e d  t h a t  

i t  i s  h i s  op in ion  t h a t  t he  c o n t r o l  area would no t  so lve the  problem; t h a t  

M r .  Harvey fu r the r  t e s t i f i e d  t h a t  t he  water l e v e l s  i n  h i s  t h ree  i r r i g a t i o n  

w e l l s  near Hackberry Creek were the  same on January 1, 1987 as they were 23 

years ago when they were d r i l l e d ;  t h a t  M r .  Harvey f u r t h e r  t e s t i f i e d  t h a t  he 

has an o f f i c i a l  government weather s t a t i o n  a t  h i s  farm and t h a t  t he  l a r g e s t  

r a i n  i n  h i s  r a i n  gauge i n  the  l a s t  5 years was 1.48 inches i n  a 24 hour 

per iod.  

34. That M r .  Donald C. Zerr,  i r r i g a t o r  w i t h i n  the  proposed c o n t r o l  area on 

Hackberry Creek, t e s t i f i e d  i n  oppos i t ion  t o  the  proposed c o n t r o l  area; t h a t  

M r .  Ze r r  t e s t i f i e d  t h a t  t he re  have been no l a r g e  r a i n  f a l l s  i n  t h e  l a s t  20 

years t o  cause f loodwaters. 

35. That Har ley Beaver, res iden t  on Hackberry Creek i n  Sect ion 26, Township 13 

South, Range 26 West, Gove County, t e s t i f i e d  i n  oppos i t i on  t o  t h e  proposed 

c o n t r o l  area; t h a t  M r .  Beaver t e s t i f i e d  t h a t  i n  t he  1930's t he re  were very 

few t r e e s  along Hackberry Creek bu t  now the re  are many t rees .  

36. That Leonard Maxwell, Gove County Extension Agent, t e s t i f i e d  t h a t  he cou ld  

n o t  express an op in ion  on the  proposed con t ro l  area bu t  t h a t  he be l ieved 

t h a t  a water management d i s t r i c t  would be a b e t t e r  means o f  c o n t r o l l i n g  the  

p rob l  em. 

37. That Paul ine Parke, res iden t  on Hackberry Creek about 2 m i l e s  n o r t h  o f  t he  

p o i n t  where i t  enters  the  Smoky H i l l  River,  t e s t i f i e d  i n  oppos i t i on  t o  the  

proposed c o n t r o l  area; t h a t  Ms. Parke t e s t i f i e d  t h a t  when her  i r r i g a t i o n  

we l l  was d r i l l e d  i n  1963 the  depth t o  water l e v e l  was 18 f e e t  and t h a t  each 

year  s ince 1964 the  depth t o  water has been measured and has always been 

between 18 and 19 f e e t ;  t h a t  Ms. Parke f u r t h e r  t e s t i f i e d  t h a t  her  mother- 

i n - 1  aw had t o l d  her  t h a t  when she moved t o  the  1 and on Hackberry Creek i n  

1919 i t  was completely barren o f  t rees ;  t h a t  Ms. Parke s ta ted  t h a t  now they 

have thousands and thousands o f  t rees  along Hackberry Creek. 
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38. That  a  l e t t e r  f rom C u r t i s  Parke, feed  l o t  owner w i t h i n  t h e  proposed IGUCA, 

t o  t h e  Ch ie f  Engineer s t a t e d  t h a t  M r .  Parke had l i v e d  i n  Trego County on 

Hackberry Creek f o r  58 years  and t h a t  s t ock -we l l  s  were d r i l l e d  as e a r l y  as 

1915 because t h e  c reek  was d r y  many years ;  t h a t  t h e  l e t t e r  s t a t e d  t h a t  

t h e r e  have been no heavy r a i n s  i n  t h e  p a s t  f i v e  years ,  t h a t  many dams and 

m i l e s  o f  t e r r a c e s  have been b u i l t  s i n c e  1960 and t h a t  farmers and ranchers  

have done a  good j o b  sav ing  s o i l  and wate r  i n  t h e  l a s t  30 years ;  t h a t  t h e  

l e t t e r  a l s o  s t a t e d  t h a t  t h e  depth t o  M r .  Parke's w e l l  was 18 f e e t  when i t  

was d r i l l e d  i n  1964 and on February 1, 1987, i t  was 19 f e e t .  

39. That  a  l e t t e r  f rom V i c t o r  Schoenberger, Jr., farmer  i n  Trego County, s t a t e d  

h i s  o p i n i o n  t h a t  l i m i t i n g  t h e  amount o f  wa te r  use w i t h i n  t h e  proposed IGUCA 

w i l l  n o t  b e n e f i t  downstream wate r  users ;  t h a t  t h e  l e t t e r  i n d i c a t e s  t h a t  i n  

1985 t h e  wate r  l e v e l  i n  M r .  Schoenberger's o l d e s t  w e l l  was ve ry  near  t h e  

l e v e l  measured i n  1962; t h a t  t h e  l e t t e r  a l s o  expresses M r .  Schoenberger's 

b e l i e f  t h a t  t h e  wa te r  t a b l e  i n  t h e  Hackberry Creek a l l u v i u m  v a r i e s  w i t h  t h e  

amount o f  r a i n f a l l  rece ived ,  n o t  w i t h  t h e  amount pumped. 

40. That  a  l e t t e r  f rom Thomas H. O'Toole s t a t e d  h i s  o p i n i o n  t h a t  an IGUCA 

should  be es tab l i shed ,  t h a t  o n l y  s tockwater  and mun i c i pa l  w e l l s  shou ld  be 

a l lowed and t h a t  no new water  p e r m i t s  f o r  i r r i g a t i o n  shou ld  be approved. 

41. T h a t  a  l e t t e r  f rom C e c i l  H. and Fay Walker, landowners about 7  m i l e s  

nor thwes t  o f  Sharon Spr ings,  s t a t e d  t h e i r  o p i n i o n  t h a t  an IGUCA shou ld  be 

es tab l i shed ;  t h a t  t h e  l e t t e r  s t a t e d  t h a t  t h e  wa te r  t a b l e  a l ong  t h e  Smoky 

H i l l  R i v e r  has been d e c l i n i n g  every  year ,  t h a t  s tockwate r  w e l l s  have been 

d r i l l e d  because t h e  r i v e r  does n o t  f l o w  except a f t e r  a  b i g  r a i n  and t h a t  

t r e e s  a long t h e  r i v e r  a re  dy ing ;  t h a t  t h e  l e t t e r  expressed t h e  Walker 's 

o p i n i o n  t h a t  i r r i g a t i o n  w e l l s  a re  a  major  cause o f  t h e  d e c l i n i n g  wate r  

tab1  e. 

42. That  K.S.A. 82a-1038' p rov ides :  

(a)  I n  any case where t h e  c h i e f  eng ineer  f i n d s  t h a t  any one 
o r  more o f  t h e  c i rcumstances s e t  f o r t h  i n  K.S.A. 82a-1036 
and amendments t h e r e t o  e x i s t  and t h a t  t h e  p u b l i c  i n t e r e s t  
r e q u i r e s  t h a t  any one o r  more c o r r e c t i v e  c o n t r o l s  be 
adopted, t h e  c h i e f  eng ineer  s h a l l  des igna te ,  by o rder ,  t h e  
a r e a  i n  q u e s t i o n ,  o r  any p a r t  t he reo f ,  as an i n t e n s i v e  
groundwater use c o n t r o l  area. 

( b )  The  o r d e r  o f  t h e  c h i e f  e n g i n e e r  s h a l l  d e f i n e  
s p e c i f i c a l l y  t h e  boundar ies o f  t h e  i n t e n s i v e  groundwater use 
c o n t r o l  area and s h a l l  i n d i c a t e  t h e  c i rcumstances upon which 
t h e  f i n d i n g s  o f  t h e  c h i e f  eng ineer  a re  made. The o r d e r  o f  
t h e  c h i e f  e n g i n e e r  may i n c l u d e  any one o r  more o f  t h e  
f o l l o w i n g  c o r r e c t i v e  c o n t r o l  p r o v i s i o n s :  (1) A  p r o v i s i o n  
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closing the  intensive groundwater use control area t o  any 
f u r t h e r  appropr i  at ion of groundwater in which event the  
c h i e f  eng ineer  s h a l l  t h e r e a f t e r  r e f u s e  t o  accep t  any 
application fo r  a permit t o  appropriate groundwater located 
w i t h i n  such  a r e a ;  ( 2 )  a p r o v i s i o n  de te rmin ing  t h e  
permissible t o t a l  withdrawal of groundwater in the  intensive 
groundwater use control area each day, month or  year,  and, 
insofar as may be reasonably done, the  chief engineer shall  
apportion such permissible t o t a l  withdrawal among the  val id  
groundwater r i gh t  holders in such area in accordance with 
t h e  r e l a t i v e  d a t e s  of p r i o r i t y  of such r i g h t s ;  (3) a 
provision reducing the  permissible withdrawal of groundwater 
by any one or  more appropriators thereof,  or  by wells in the  
i n t e n s i v e  groundwater use control area;  (4) a provision 
requiring and specifying a system of rota t ion of groundwater 
use in the  intensive groundwater use control area;  (5)  any 
one  o r  more o t h e r  p rov i s ions  making such a d d i t i o n a l  
r equ i r emen t s  a s  a r e  necessa ry  t o  p r o t e c t  t h e  p u b l i c  
i n t e r e s t  . 
(c)  the  order of designation of an intensive groundwater use 
control area shall  be in f u l l  force and e f f ec t  from the  date 
of i t s  entry in the  records of the chief  engineer's o f f i c e  
unless and unt i l  i t s  operation shall  be stayed by an appeal 
therefrom in accordance with the  provisions of the  ac t  f o r  
j ud i c i a l  review and c iv i l  enforcement of agency actions.  
The chief engineer upon request shall  de l iver  a copy of such 
o rde r  t o  any i n t e r e s t e d  person who i s  affected by such 
order, and shall  f i l e  a copy of the  same with the  r e g i s t e r  
of deeds of any county within which such designated control 
area 1 i e s .  

CONCLUSIONS 

1. That t h e  Smoky Hi l l  and Hackberry alluviums and te r race  deposits  in 

port ions of the  proposed IGUCA are hydraulically connected t o  the  Smoky 

Hi1 1 River and Hackberry Creek. 

2 .  That groundwater l eve l s  in portions of the Smoky Hill River alluvium are  

decl ining. 

3. That streamflows in the  Smoky Hill River and Hackberry Creek above Cedar 

Bluff Reservoir are  declining and have reduced inflow in to  Cedar Bluff 

Reservoir . 
4. That the  declining streamflows in the  area in question a re  primarily due t o  

t h e  e f , f ec t s  of increased conservation pract ices  and t o  the  e f f ec t s  of 

ground and surface water pumping out of the  a l luv ia l  valley.  

5. That o t h e r  c o n d i t i o n s  e x i s t  in  t h e  a r e a  in  ques t i on  which requ i re  

regulation in the pub1 i c  i n t e r e s t ,  spec i f i ca l ly  t ha t  the  declining inflow 

of water in to  the Cedar Bluff Reservoir i s  a fac to r  contributing t o  the  

declining water l eve l s  and streamflow below the  reservoir .  



6. That an i n t e n s i v e  groundwater use c o n t r o l  area should be e s t a b l i s h e d  w i t h i n  

t h e  boundar ies 'as  s e t  f o r t h  i n  F i n d i n g  No. 7. 

7. That t h e  area i n  ques t i on  should be c losed  t o  any f u r t h e r  a p p r o p r i a t i o n  o f  

groundwater and su r f ace  water  except  f o r  (a) domest ic uses, (b) temporary 

permi ts ,  (c )  s h o r t  term pe rm i t s  o r  (d) any use o f  a q u a n t i t y  n o t  t o  exceed 

25 acre f e e t  p e r  ca lendar  year  a t  a r a t e  n o t  i n  excess o f  50 g a l l o n s  p e r  

m i n u t e ,  o r  such  g r e a t e r  r a t e  as t h e  C h i e f  E n g i n e e r  d e t e r m i n e s  i s  

reasonable.  

ORDER 

NOW, THEREFORE, i t  i s  t h e  D e c i s i o n  and Order o f  t h e  C h i e f  Engineer, 

D i v i s i o n  o f  Water  Resources,  Kansas S t a t e  Board  o f  A g r i c u l t u r e ,  t h a t  an 

I n t e n s i v e  Groundwater Use Cont ro l  Area should be, and hereby i s  es tab l i shed ,  i n  

t h e  Smoky H i l l  R i v e r  and Hackberry Creek Va l l eys  i n  t h e  reach above Cedar B l u f f  

Dam t o  t h e  western edge o f  Range 40 West on t h e  Smoky H i l l  R i v e r  and t o  t h e  

midd le  of Range 30 West on Hackberry Creek, w i t h i n  t h e  area s e t  f o r t h  below, and 

t h e  f o l l o w i n g  c o r r e c t i v e  c o n t r o l  p r o v i s i o n s  s h a l l  be i n  f u l l  f o r c e  and e f f e c t  

w i t h i n  t h e  area descr ibed  f rom and a.Fter t h e  da te  o f  t h i s  Order:  

1. That t h e  area i nc l uded  i n  t h e  IGUCA s h a l l  be as f o l l o w s :  

Hackberrv Creek and A l l uv i um 

Sec t ions  

Township 13 South, Range* 25 West, 30-33 

Township 14 South, Range 25 West, 4-6, 9-16, 24 

Township 13 South, Range 26 West, 17-20, 25-30, 32-36 

Township 13 South, Range 27 West, 6-10, 13-26 

Township 12 South, Range 28 West, 31, 32 

Township 13 South, Range 28 West, 1-6, 8-16, 23, 24 

Township 12 South, Range 29 West, 19, 30-36 

Township 13 South, Range 29 West, 1-9, 17, 18 

Township 12 South, Range 30 West 13, 14, 23-27, 34-36 

Sa id  t r a c t  c o n t a i n i n g  98 square m i l es ,  more o r  l e s s ;  and 

Smokv Hi1 1 R i v e r  and A1 1 uvium 

Sec t ions  

Township 14 South, Range* 22 West, 26-35 
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Township15South,  Range22West,  2-6 

Township 14 South,.Range 23 West, 31-36 

Township 15 South, Range 23 West, 1-6 

Township 14 South, Range 24 West, 

Township 15 South, Range 24 West, 

Township 14 South, Range 25 West, 

Township 15 South, Range 25 West, 

Township 14 South, Range 26 West, 

Township 15 South, Range 26 West, 

Township 15 South, Range 27 West, 

Township 15 South, Range 28 West, 

Township 15 South, Range 29 West, 

Township 15 South, Range 30 West, 

Township 14 South, Range 31 West, 

Township 15 South, Range 31 West, 

Township 14 South, Range 32 West, 

Township 15 South, Range 32 West, 

Township 13 South, Range 33 West, 

Township 14 South, Range 33 West, 

Township 13 South, Range 34 West, 

Township 14 South, Range 34 West, 

Township 13 South, Range 35 West, 

Township 13 South, Range 36 West, 

Township 13 South, Range 37 West, 

Township 13 South, Range 38 West, 

Township 13 South, Range 39 West, 

Township 13 South, Range 40 West, 

Said t r a c t  con ta in ing  284 square mi les,  more o r  l ess .  
' 

( * A l l  Ranges r e f e r r e d  t o  i n  t h i s  F inding & Order a re  West o f  t h e  6 t h  

P.M.) 

2. That t h i s  IGUCA s h a l l  be closed t o  f u r t h e r  sur face water and a l l u v i a l  and 

o ther  h y d r a u l i c a l l y  connected groundwater appropr ia t ion ,  except f o r :  

a. domestic use; 

b. sho r t  term appl i c a t i  ons; 
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c. any use authorized by temporary permit granted under the 

authority of K.S.A. 82a-727; 

d. any proposed appropriation from a new or existing well 

at a rate not in excess of 50 gallons per minute, or 

such greater rate as the Chief Engineer determines is 

reasonable, and a quantity not to exceed 25 acre feet 

per calendar year, if in the judgment of the Chief 

Engineer approval is in the public interest, good cause 

is shown by the applicant and the applicant can show 

that there is no impairment to an existing right; that 

this exception does not apply to a proposed 

appropriation for an existing well that creates a 

diversion with a total quantity over 25 acre feet per 

calendar year for that well. 

3. That any application filed pursuant to the provisions of Paragraph No. 2, 

subparagraphs a through d of this Order, may be approved, modified, or 

rejected by the Chief Engineer and shall be subject to such terms, 

conditions and limitations as the Chief Engineer shall deem necessary in 

the public interest. 

4. That except as provided for in Paragraphs No. 2 and No. 3 of this Order, 

the Chief Engineer shall refuse after the effective date of this Order, to 

accept any application for the appropriation of water with a proposed point 

of diversion within the IGUCA. 

5. That all applications to appropriate water which do not meet any of the 

exceptions set forth in Paragraph No. 2 of this Order, filed on or after 

May 31, 1984, and prior to the date of this Order declaring an IGUCA, shall 

be dismissed. 

6. That in all other respects not inconsistent with this Order, the Chief 

Engineer shall continue to administer water rights and process applications 

filed pursuant to the Kansas Water Appropriation Act in accordance with the 

Kansas Water Appropriation Act and rules and regulations, and policies of 

the Division of Water Resources, Kansas State Board of Agriculture. 

That the Chief Engineer specifically retains jurisdiction in this matter 

with authority to make such changes in the boundaries of the IGUCA or the 

corrective control provisions which have been instituted or any other 
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p rov i s ions  o f  t h i s  Order, and t o  h o l d  any subsequent hear ings i n  t h e  mat te r  

o f  t he  con t ro l  area o r  t he  c o r r e c t i v e  c o i t r o l  p rov is ions ,  which he o r  she 

may deem t o  be i n  t he  p u b l i c  i n t e r e s t .  

Dated a t  Topeka, Kansas t h i s  20th day o f  Ju ly ,  1988. 
! 

S ta te  o f  Kansas 

County o f  Shawnee) 

The fo rego ing  inst rument  was acknowledged before  me t h i s  day o f  Ju l y ,  
1988, by David L. Pope, P.E., Ch ie f  Engineer, D i v i s i o n  o f  Water Resources, 
Kansas Sta te  Board o f  Ag r i cu l t u re .  

My appointment expi res:  0 

<; J> '* 

' - ,  I- -* 2 

, > ' <  3~ -- ; '>'=A - 
- 8 -  

" STATE OF KANSAS, COUNTY O F  
;< . =. :' _ JREGO. THIS INSTRUMENT WAS 
\. .. 

. .. 
... " , ' .'FILED FOR RECORD sept 

, . . . .  ... -<,. . jg 88 AT 1 0 : O O o t L ~ '  
5 

!,NO RECORDED IN BOOK A97 
PAGF 621 FEE:$ 21.00 - STATE OF KANSAS ,, 

GOVE CO'NTY 

Register of Deeds 



• 
GLASSMAN, BIRD & BRAUN, L.L.P. 

April 28, 2003 

GOV. KATHLEEN SEBELTIJS 
212-S State Capitol 
300 S.W. lOth Ave. 
Topeka, Kansas 66612-1590 

Dear Governor Sebelius: 

I represent the City of Hays, Kansas. 

• 
Robert F. Glassman • John T. Bird 

Glenn R. Braun • Gregory A. Schwartz 

As I am sure you know, scarcity of water has been an albatross around the neck of the City of Hays 
for many years. The problem has been compounded by unreasonable administrative roadblocks we 
have faced in our dealings with Kansas water agencies. This letter describes the specific problems 
we face in this regard. I am asking for your direct intervention in the situation before we are forced 
to tum to the courts for a solution. 

Kansas VficLter Lcnv 

Please forgive me if what follows is perceived as elementary, but one of the things I have discovered 
in attempting. to deal with these problems over the last two decades is that water law is so arcane that 
few people know the jargon or the rules that have been laminated onto the hydrological facts. 

Kansas law provides that all water within the State is dedicated to the use of the State and subjecr 
to its control and regulation. K.S.A. 82a-702. The Division of Water Resources ("DWR"), under 
the Department of Agriculture, which is ultimately subject to your direction and control, administers 
the system of water appropriation rights. K.S.A. 82a-706. One of the most important principles of 
Kansas water law is "first in time is first in right." K.S.A. 82a-706, 82a-707( c), 82a-711(b )(3 ), and 
82a-716. The date of priority of a water appropriation right, and not its purpose of use, determines 
the right to divert and use water when the supplyis not sufficient to satisfY all water rights that draw 
from the same source of supply. !d. When uses of water for different purposes conflict, and the 
priority in time is equal, the order of preference is: 1. domestic; 2. municipal; 3. irrigation; 4. 
industrial; 5. recreational; and 6. water power. K.S.A. 82a-707(b). 

Law Offices: PO Box 727 • 113 West 13th Street • Hays, Kansas 67601-0727 • TEL (785) 625-6919 • FAX (785) 625-2473 
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The Physical Setting 

• 

The Smoky Hill River originates in eastern Colorado and flows through southern portions ofTrego, 
Ellis and Russell Counties. It joins the Saline and Solomon Rivers east of Salina and then flows on 
to Junction City where it joins with the Republican River to form the Kansas River. In Trego, Ellis 
and Russell Counties, the river alluvium is fairly narrow, but water can be pumped from the sands 
adjacent to and under the River. The River replenishes these sands as water is withdrawn. 

Cedar Bluff Reservoir is a Bureau of Reclamation project sitting astride the Smoky Hill River in 
Trego County. It is approximately 30 miles west (upstream) of the Hays well field which is near 
Schoenchen. The Kanopolis Reservoir is also on the Smoky Hill River east of Hays in Ellsworth 
County. 

The Competing Water Appropriation Rights 

The City of Hays, Kansas, owns three groundwater appropriation rights in the Smoky Hill River 
alluvium near Schoenchen, approximately eleven miles south of the City of Hays. Those water 
rights have priority dates ofMarch 4, 1953, July 3, 1956, and July 19, 1979. Theytotal2,832 acre 
feet, 1 2,500 acre feet ofwhich are the first two very senior water rights numbered 1248 and 5757 2• 

The third water right is numbered 33,296. All three are "municipal water rights". 

The City of Russell, Kansas, owns a 2,000 acre foot water right in Cedar Bluff Reservoir, number 
7628, with a priority date of October 18, 1957. This is also a "municipal"water right As you read 
this letter you will see why that is especially significant. 

The Kansas Department ofWildlife and Parks ("KWP") and the Kansas Water Office("KWO") own 
water appropiiation rights in the Cedar B IuffReservoir which total more than 186,000 acre feet. The 
pertinent DWR water appropriation right file numbers are 7627 and 7684. The dates of priority are 
October 18, 1957 and January 3, 1958. The stated purposes are "recreation", "artificial recharge", 
and ''municipal". The water right belonging to the City of Russell is equal in time and priority to the 
State's more senior water right, No. 7627, both having a priority date of October 18, 1957. The 
beneficial use for the State's 4,000 acre foot water right is "recreation". The relative priority of each 
of these rights is as follows: 

1 An acre foot is the amount of water needed to cover one acre of land to a depth of one foot. Each acre foot 
equals 325,851 gallons of water. 

2 As a general proposition, the lower the DWR file number, the more senior the water right. 
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Owner: Priority Date: 

Hays March 4, 1953 

Hays July 3, 1956 

Russell October 18, 1956 

KWO October 18, 1956 

KWP/KWO January 3, 1958 

The Intensive Groundwater Use Control Area 

• 
DWR File No.: Authorized Use: 

1248 Municipal 

5757 Municipal 

7628 Municipal 

7627 Recreation 

7684 Recreation, Artificial 
Recharge, Municipal. 

In 1978, the State of Kansas enacted legislation providing that the Division of Water Resources 
could initiate proceedings, under certain conditions, to designate Intensive Groundwater Use Control 
Areas (IGUCAs). DWR could implement various remedies, such as closing an area to new 
appropriations, apportioning pennissible total withdrawal among right holders, (subject however to 
the provision that it had to be done "in accordance with dates of priority"), and others not relevant 
to this dispute. 

In 1984, the Division ofWater Resources, acting through David Pope, ChiefEngineer, implemented 
an IGUCA along the Smoky Hill River, purporting to reduce the City of Hays water rights by 10%. 
Thus began a period of steady decline in Hays' ability to take water from its primary well field at 
Schoenchen .• 

The Hays Water Problem 

In 1992, the City of Hays reached a low point in its ability to extract water from the Schoenchen 
well field. Because of the administrative restrictions that had been placed on the well field by the 
Division ofWater Resources and a shortage ofwater in the river and its associated aquifer, the City 
was unable to produce more than about 700-800 acre feet armually from its Schoenchen well field. 

To say that this has been a learning experience for the residents and representatives of the City of 
Hays would be the understatement of the century. We have attempted to deal with the situation in 
as responsible a manner, both socially and hydrologically, as possible. We have met with less than 
full and complete cooperation and assistance from the various State agencies which have involved 
themselves in the situation. In some instances we have been the victim of active and hostile 
opposition by State agencies and employees. 
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• 
The City of Hays and the City ofRussell formed a Public Wholesale Water Supply District Number 
15 ("PWWSD #15" or the "District") for the purpose of cooperating to locate additional water for 
the member cities. Public Wholesale Water Supply Districts are creatures of statute, and constitute 
separate municipal entities. 

The City of Hays purchased a ranch in Edwards County, Kansas, located along the Arkansas River. 
The Ranch has in excess of 5,000 acre feet of water rights perfected for irrigation use. Later, artd 
in association with the formation of the PWWSD #15, the City of Hays sold the City of Russell an 
interest in the land and water rights as part of the joint effort to find additional water. PWWSD #15 
has been providing management of the Ranch on behalf of the cities with the primary goals of 
preserving and maximizing the water rights in anticipation of the use of water for municipal 
purposes. Several years ago the District recommended that the cities place the Ranch on the back 
burner and search for other options to meet short and medium term water needs. While cost and 
timing were issues, the major factor driving this recommendation was stiff but sometimes subtle 
opposition to the use of the Ranch from DWR and KWO. 

The cities of Hays and Russell and the Public Wholesale Water Supply District have spent at least 
8 million dollars, over the past eleven years, in an effort to correct the water situation for this region. 
Because there has been not only an actual shortage of water, but, just as importantly, a widespread 
perception of a shortage of water, the City of Hays has been bypassed by numerous prospects for 
what is generally referred to as economic development. Cessna and Russell Stover are two that come 
immediately to mind. Both were heavily influenced not to locate in Hays by its inability to promise 
water availability. Neither of these proposed plants was particularly water intensive in use. Rather, 
the reluctance arose from the City's inability to promise to be able to accommodate the attendant 
growth in population that would result from the relocation of a major employer to this area. 

We have good evidence that the Kansas Department of Commerce and Housing, knowing ofHays' 
reputed and actual water shortages, has been screening inquiries from in-state and out-of-state firms 
interested in locating or relocating manufacturing and other facilities. They have diverted many 
prospects from the Hays area. 

Years before we experienced the rather sudden effects of the drought of the early 90's, the City of 
Hays instituted water use restrictions taken directly from communities located in the most arid 
sections of this collntry. As a result, the average citizen in Hays uses less water per day than any 
other municipal citizen in the State of Kansas. That, of course, has been a two-edged sword. It has 
stretched our water supply, allowing us, along with other stopgap measures, to avoid the worst 
effects of the water shortage. But it has also emphasized the public perception locally and across the 
State that there is something very wrong with the water situation in Hays. 
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D WR Roadblocks 

• 

DvVR has been actively, albeit slowly and steadily, throttling back Hays' ability to exercise its rights, 
knowing that the. real problem was that water rights granted to junior holders (in this case, the 
Department of Wildlife and Parks and the Kansas Water Office) were preventing the City from 
obtaining the water to which it had an absolute right. While there has been the facial appearance 
of cooperation in our dealings with D WR, it has now become apparent that the Division was never 
dealing in complete good faith with Hays. We recently unearthed an internal memorandum, dated 
April 4, 1984, from a DWR employee to David L. Pope, Chief Engineer, Division of Water 
Resources, which states, 

"After observing the situation around Norton, Webster, Kirwin, and Cedar Bluff 
reservoirs, I have come to the conclusion that these dams are impairing senior 
downstream domestic, municipal, irrigation and other rights. In the past few years 
below each of these reservoirs a "dead zone" has developed where there is no base 
flow for several miles downstream from the dam, probably due to the effectiveness 
of the darn construction. At the same time inflow above the dam is stopped and 
stored. No natural flows are released downstream, thus depriving stream flow and 
groundwater recharge in the valley. 

If upstream junior rights are regulated, as per Bureau of Reclamation demand, then 
downstream senior rights to storage should be entitled to streamflow and recharge 
because any additional flows would come downstream, if the dam were not present. 
At the present time senior domestic rights have not been taken into account. There 
is no doubt in my mind if these people understood the law, banded together, and 
demanded their share of the inflow, all ofthe above reservoirs would be bypassing 
all but extreme flood flows. 

I listened to numerous comments in 1983 below Cedar Bluff Dam concerning its 
operation. The most frequent comment was: Why waste all the inflows since 1978 
(last year of district) for evaporation? Why not release these flows downstream? We 
(mostly domestic rights) were here before the dam. 

After watching the severe decline in summer-fall of 1983, I believe the downstream 
rights have a valid point. You may wish to point this out to the Bureau of 
Reclamation.'' 

This memorandum and its message were never revealed during the IGUCA process or at any time 
after that. The Division ofWater Resources, acting by and through its ChiefEngineer, imposed the 
IGUCA, purporting to reduce the City's water rights in violation of the language of the statute 
which makes. it clear that it can only reduce the water rights in accordance with dates of priority. 
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• 
A second example occurred during the severe drought in 1991. The City had to beg DWR, KWO 
and the Bureau of Reclamation to release water from Cedar Bluff to replenish the Hays well field. 
The agencies made a big show of it, holding a hearing which was supposed to be needed in order to 
allow the release of water from Cedar Bluffbecause Hays does not have a contract with the Bureau 
of Reclamation. The Chief Engineer could have and should have simply ordered the release of 
water. 3 

The Division of Water Resources has not only failed to perform its lawful duties, but it has arrogated 
to itself duties not given to it, and, it has knowingly concealed the fact that the chief engineer was 
advised ofthe exact nature ofthe problem, and then, knowing that, he concealed that knowledge and 
has used his broad powers to attempt to manipulate the situation and divert the City from its lawful 
rights. And, faced with a water crisis in the early 1990s, he failed to exercise his authority to order 
the release of water. Most recently, the Stockton DWR office has responded to contacts by the 
agents and employees of the City and the PWWSD #15 by refusing to communicate, other than 
referring all contacts to the Topeka office. 

KWO Roadblocks 

The Kansas Water Office is a parvenu to the water game in Kansas. While it has evidenced a desire 
to be a major player, the Kansas Legislature has not seen fit to imbue it with significant powers, 
probably because to do so would involve a complete revision ofthe Kansas water law. In any event, 
the KWO acquired water rights in Kanopolis Reservoir, about 80 miles downstream from the City 
of Hays' Schoenchen well field, and has been attempting to justify that purchase (and its own 
existence) by marketing the water from that reservoir to the City of Hays, the City of Russell, and 
PWWSD #15. 

While the District was pursuing its efforts to secure other water sources for Hays and Russell, it was 
carefully herded away from its development of water rights in Edwards County, Kansas, and 
eventually it began centering in on water rights along the Smoky Hill River south of Russell, 
downstream from the Schoenchen well field. When the Kansas Water Office realized that the 
District was nearing a possible solution to the water situation that did not involve its water marketing 
program, it internally decided to influence the situation and require the City of Hays, the City of 
Russell and the Public Wholesale Water Supply District, to come to Kanopolis Reservoir for water. 

3 The agencies may argue that because Hays has no contract with the Bureau of Reclamation, their hands were 
tied. The nut of this argument is that contractual arrangements among state agencies and federal government regarding 
the use and storage of water override Kansas statutory law. DWR may or may not have had the power to order the 
Bureau of Reclamation to release water, but it certainly had and has the power and obligation to order KWO and KWP 
to do so. KWO and KWP cannot hide behind their contracts with the Bureau of Reclamation which in effect violated 
the preexisting Kansas statutory priority system. 
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• 
The cities spent significant amounts of money on the Ranch and preparing to acquire new water 
rights along the Smoky Hill River. DWR and KWO began chipping away at the potential water 
rights, imposing stricter and stricter requirements, making the options less and less attractive to the 
cities and the water district. 

The City ofHays and the City ofRussell, because of disparities in short-term need for water because 
of potential industrial prospects, began looking at the possibility of constructing a relatively short 
pipeline to Cedar Bluff Reservoir for the purpose of transferring Russell's 2,000 acre feet of water 
in a non-evaporative method and allocating the water between the two cities according to contractual 
principles that were being negotiated. 

The KWO, knowing of existing contracts between and among Hays, Russell and PWWSD #15, 
acting through Mr. Clark Duffy, and, we believe, in concert with the Economic Development 
Director of Trego County, Kansas, began manipulating the situation in an attempt to separate Hays 
and Russell from each other and to create a situation where the only alternative was to construct a 
pipeline to Kanopolis Reservoir, at a cost of as much as 80 million dollars. Mr. Duffy told Russell 
representatives that unless it ceased cooperating with Hays, its water rights in Cedar Bluff would be 
administratively and politically reduced to the point of elimination. Hays has been given the 
message that Kanopolis is the only solution palatable to the State. 

We believe that the actions ofthe Director ofthe Kansas Water Office went far beyond his statutory 
powers, and constitute a tortuous interference with contractual rights and business relationships. 

Wildlife and Parks Roadblocks 

The Department of Wildlife and Parks acquired water rights in Cedar Bluff Reservoir and other 
reservoirs, and is involved in other projects involving impoundment of water in Kansas for purposes 
related to its legislative charge. It evinced an interest in acquiring the Edwards County ranch in 
return for water rights in Cedar Bluff, but when recent events resulted in some opposition to Hays 
and Russell accessing water from Cedar Bluff, that interest waned. 

Legal issues and Remedies 

The Fifth Amendment to the Constitution of the United States, applicable to states by way of the 
Fourteenth Amendment, prohibits government from taking property for public use without 
compensation. As you know, normally, when the State decides to take someone else's property, it 
exercises that power through the use of eminent domain. When it fails to use formal condemnation 
proceedings and there is no intention or willingness on the part of the State to bring an action to 
acquire the property, Kansas courts have recognized the principle of inverse condemnation, which 
is what the situation is here. Where there has been inverse condemnation, the condemnee (City of 
Hays) is required to file suit to force payment. 
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We believe that there have been compensable and significant takings by the State, from the City of 
Hays, Kansas. The maintenance by the State of an impoundment facility upstream of our well field, 
coupled with the actions ofthe Division of Water Resources, the Department of Wildlife and Parks, 
and actions by the Kansas Water Office, have deprived the City of an average of 2,100 acre feet of 
water per year, for more than twenty years. 

In addition, the IGUCA imposed by the Division ofWater Resources, which far exceeds its statutory 
powers, compounded the problem by purporting to take from the City I 0% of its water rights. 
The doctrine of exhaustion of administrative remedies plays into the issue of condemnation and 
inverse condemnation. We know that a simplistic reading of this situation would dictate that we 
should start by asking the State to administer the water rights on the Smoky Hill River. The result, 
instead oftaking only the relatively small amount ofwater that would have been involved in the 
proposed pipeline which was spiked by the wrongful activities of the Kansas Water Office, would 
be to require the release of enough water to refill the aquifer at the Schoenchen well field, and thus 
allow the City to pump its entire water right of 2,832 acre feet. I will leave it to the engineers to 
inform you as to how much water it would take under current climatological conditions to 
accomplish that. It will certainly be many multiples of 2,000 acre feet. In addition, I would 
anticipate that the City of Russell has the like right to have its well field at Pfeifer, Kansas 
replenished, but the practical effect of the water rights being administered for Hays will be that much 
of the water will make its way downstream to Russell's well field, anyway. That is what the law 
provides for, and that is where this matter is headed if another solution is not implemented. 

We believe that Hays is entitled to be made whole for the water taken for at least the last fifteen 
years, and for all the money spent, and apparently wasted, in its efforts to satisfy the State's 
requirement that we look elsewhere for our water than where we already owned water. 

Conclusion 

The City Commission of the City ofHays has given me and the City Manager, Randy Gustafson, 
authorization to resolve this matter by negotiation, administrative action or litigation. To be very 
specific, we are asking that you exercise your authority to insure that David Pope orders the release 
of sufficient water from the Cedar Bluff Reservoir, on an ongoing basis, to replenish the Hays well 
field near Schoenchen, and that he set aside or reopen the IGUCA order, restoring Hays to its full 
original water rights, and that Wildlife and Parks, the Kansas Water Office, and Division of Water 
Resources begin to cooperate with Hays to solve water supply problems in a manner that meets the 
City's needs in an affordable way rather than constantly focusing on the agencies' own political 
agendas. If in fact the State wishes to take our water rights on the Smoky, it should pay for the cost 
of replacing them. Hays should be reimbursed for its past losses and expenses. 

I know that your duty is to look out for the welfare of all the citizens of the State of Kansas, and that 
is exactly what I think I am asking you to do when I suggest that we join efforts to resolve this issue, 
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• 
once and for all. If we proceed along the path towards litigation, the cost to the State will be far 
greater than many of the potential solutions. In addition, this situation may afford you with a unique 
opportunity to break a long standing deadlock in this state regarding water policy. We propose to 
meet with you and.the appropriate staffto further inform you ofthe situation and to begin the process 
of resolution. We are sensitive to the nuances of the situation and can assure you that our sole goal 
is to secure a long-term resolution to the water problem in Hays, Kansas, and we will conduct 
ourselves accordingly. 

Thank you for your consideration of this request. 

JTB/elk 
c: Randy Gustafson 

C:\City (Active)\Water lssuesi0J-04-28.Scb<lius, Gov. Kmhken.wpd 



CEDAR BLUFF RESERVOIR 

AR\IFICIAL RECHARGE POOL 
OPERATIONS AGREEMENT 

September 22, 2004 

This Operation Agreement constitutes the policies and responsibilities of operating the 
~rtificial recharge storage identified in Section 1 for the Cedar Bluff Reservoir. Since the 
tesponsibility of water management along the Smoky Hill River is shared between the 
Kansas Water Office and the Division of Water Resources, Kansas Department of 
Agriculture (hereinafter referred to as •the Division of Water Resources") those 
l"esponsibi!ities are ouUined and acknowledged in Section 2 of this Operations 
Agreement. 

This agreement recognizes the hydraulic connection betvveen streamflow in the Smok;. 
Hill River and the adjoining alluvium. The purpose of this Operation Agreement is to 
effectively manage the water stored in Cedar Bluff Reservoir for artificial recharge under 
Rile No. 7,684 for the benefit of ail water users in the valley It is believed that 
111taintaining the hydrologic system as a source of supply within the parameters allowed 
by the above noted file number is in the best interest of lhe Slate and the reg1on It is 
recognized that at the time of !his agreement File No. 7 ,684 includes 5,110 acre-feet of 
storage space for artificial recharge and thai this space will be reduced over time as 
sedimentation replaces some storage space. 

Sect ion 1. Reservoir Allocat ions 

The Kansas Water Office, Division ot Water Resources, and the Cities of Hays and 
Russell agree that as of April 20, 2004, the storage allocation for Cedar Bluff Reser.Joir 
are as presented in Table 1. 

Tab! 1 St e oraae s oace AI! ,. oca 1on-
Pool Owner 

C1ty of Russell 
Kansas Water Office 

1994 A t 0. 1qreemen. ng1na IP 10 00 . Purpose 
Municipal Water Supply 
Artificial Recharae 

h wners. 1p 

' PC:ol Size ( 
! 2,100 ____ 
I 5 110 

---, 
! 

Kansas Oeparlment of Wildlife and Parks Fish, Wildlife and Recreat;on ' 21,061 ___ 
1 KWC & KQY.VP Joint Use 139." ?a -

Section 2. Operat ional Policies and Resp onsibilities 

The Kar.sas Water Office, the Division of Water Resources and the Cities of Hays and 
Russell agree to the following terms and responsibilitJes regarding the operation or 
Cedar Bluff Reservoir to maintain the water supplies of the Smoky Hill VaHey as well as 
flows of the Smoky Hill River 

l. Release Triggers 

A. Table 2 shows the .primary trigger values associated with the releases used in 
this Operations Agreement. Trends in measured values and the season of the 
year are also important factors to consider in rate of releases 

mcampbell
Rectangular Exhibit Stamp



Table 2. Primary Indicator Variable and Values for Releases. 
D V . bl T V I R I ate I ana e arget a ue or e ease 

I 

.'1 i Streamflow at upper Schoe:1chen gage I 2 cfs i i ~ I 
I ' Stream"""" at Pfeifer gage I " cfs' 
> 
0 

Ground Water Levels 1.5' below baseline z 
cO Stream!fow at upper SchoencMen gage 2.5 cfs >. 
a; 

::!E Streamflow at Pfeifer gage 1 crs· 
c. Ground Water Le11els 1,5' below baseline ~ 

~- Streamflow at upper Schoenchen gage 2cfs 
(/)-~ Streamflow at Pfeifer gage 1 cfs' 

~o6 Ground Water Levels 1.5' oelow baseline 

£'· Streamflow at uppsr Schoenchen gage I 3 cfs 
<1 
coo Streamflow at Pfeifer gage 1 cfs• 
>- --s 

1 Ground Water Levels 1.5' below baseline___] .., 
---··--

B Demand witflin the cities, pumping between the reser,;oir and the well fields and 
long term forecast of weather conditions should all be taken into consideration 
when determining the duration and quantity to be released. 

C. ·rhe intent of the trigger at the Pfiefer stream gage is to determine a Jive stream 
condition. Accurate measurement is expected above one (1) cubic foot per 
second Initial live stream conditions for .the purpose of this agreement are 
defined as one ( 1) cubic foot per second. 

D. The water table elevation in the Smoky Hill River alluvium within the Hays and 
Russell well fields shall be the average water table in representative monitoring 
wells over a one week period within the Hays and Russell well fields. When thi::;. 
average water table elevation has dropped 1.5 feet below baseline elevation. it 
will provide adequate storage space in the alluv1um to store a release or recharge 
water. The baseline elevation will be agreed upon by all parties once operational 
data has been obtained and shall be adjusted. if necessar;, when actual system 
response has been determined based on actual experience. 

E. The rate of release from reservoir storage wit! depend upon whether releases are 
being made through the out!et gate"(mrnimum release rate of 11 - 13 cCs} or the 
pipeline connecting the goose rearing facilities to the reservoir (maximum release 
rate approximately 3 -4 cfs). The rate and duration or releases will be based on 
rates that consider the physical limitations of the outlets of Cedar Bluff Dam, 
basin conditions. and availability of storage space in the well field and 'NiiJ be .;; 
cooperative operational decision of all parties. 

F. The rate Md duration of releases will be adjusted as system response is 
evaluated. 

II Release Procedures 

A Each pa'rtY will designate one individual to ser.,.e as the point of contact 
8 . The Kansas Water Office and the Cities will routinely monitor streamflow at the 

active USGS gages. 
C . • The Cities will monitor ground water levels w1thin their respective well fields. 

Measurements will be at a minimum of three times within one week to determine 
that a ground water trigger has been met. Less frequent monitoring is 
acceptable when water levels are not approaching the ground water trigger. 

2 
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D If there is water in the Artificial Recharge pool and if any one of the release 
triggers are mel, the Kansas Water Office will contact the other parties tc 
determine if a release from Artificial Recharge storage is needed. If a release is 
needed the Kansas Water Office will contact the Bureau of Reclamation to 
request a release from the ,Artificial Recharge pool and notify all parties. 

E. The Kansas Water Office will coordinate with the U S Bureau of Reclamation fer 
the release of water from storage from the .A.rtificiaf Recharge pool. 

F. If no water is available in the Artificial Recharge pool and any one of the release 
triggers are met, the Kansas Water Office will notify both the City of Russell and 
the City of Hays. 

G. The Cities of Russell and Hays will monitor the progress of any release from 
Cedar Bluff Reservoir made pursuant to the agreement 

H. The Division of Water Resources will protect releases from the Municipal Water 
Supply storage from diversion by users not covered as an authorized place d 
use under Water Right No. 7.628. 

Ill. Release Accounting 

A. Accounting of releases will follow all provisions of the Contract Administration 
Memorandum (Memo) between the United States represented by the 
Oep<:utmenl of Interior Bureau of Reclamation and the City of Russell, Kansas , 
and the State of Kansas regarding Reservoir Accounting Procedures for Cedar 
Bluff Reservoir, Trego County, Kansas· dated November 2003. 

8. All water released from Cedar Bluff Reservoir in response to release triggers 
identified in this agreement will be charged to the Artificial Recharge pool as long 
as water is available in such pool. 

Stction 3 Binding Nature of Agreement 

The provisions of this agreement shall be binding en the parties insofar as the 
operations of Cedar Bluff Reservoir and associated river reaches are concerned. 
H~wever. any party may call for temporary changes to meet unforeseen circumstances 
and upon agreement by all parties such changes will be implemented 

It is recognized that this agreement ~an not address the regulation of water appropriated 
to those not party to this agreement. The State of Kansas is required by law to regulate 
all water users wtthdrawing water from the same source o supply tn accordance wlth the 
provisions of the Kansas Water Appropriation Act. 

Section 4. Data Exchanges 

Up(ln reasonable notice, each party to th is agreement s~1ali timely furnish any 
hy~rologic, operational. and other data necessary to administer and evaluate thts 
agreement to any ether party requesti.ng data 

Section 5. Agreement Renewal 

A. This Operations Agreement shall remain in effect for the effective life of Cedar 
Bluff Reservoir. 

.... 

.) 



8 After sufficient experience has been gained by rel as ng water for ths- benefit of 
the Cities, the terms of this Operation Agreement may be reviewed upon reques• 
by any party. 

C. Five years after the approval of this Operations AgreeMent, and every five years 
thereafler. the Operations Agreement will be reviewed and updated to 
encompass changes in operations, policies, and procedures; and tc reflect 
aitered conditions in the basin.· 

0 . This agreement may be amended at any time by the unanimous writte 
agreement of the parties 

Section 6. Dispute Resolution 

In the event that agreement cannot be reached by all parties for interpretation. 
application or changes to th1s agreement, the Kansas Supreme Court alternative d~spute 
resolution process shall be utilized. 

Date 

Kansas Department of Agriculture 
Division of Water Resources 

o~<-8?1--( 
David L. Pope 
Chief Engineer and Director 

'9- 3~ '-"U[)L( 
I ) 

Oale 

C~fHays 

aW ILR .. ) . ..-( ckfcv-· ~ '-.. 
SUNELL KOE~NER 

Date 

4 
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ATTEST.: 

MARK LOUGHRY 
Cfty Clerk 

(SEAL) 

City of Russell 

~~lv Av.\uJ1 
HENRIEITA WENTHE 
Mayor of Russell 

~~~.Q-Y\, 
Date 

ATTEST: 

~\}~~~ 
V.A~EN GATES 
City Clerk 

(SEAL) 

5 
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Memorandum 

Date: June 30, 2008 

To: Brenda Herrman 
John Braun 

From: Brian Meier 
Dave Stous 

Confidential- Client work product 

Re: Cedar Bluff Cattle Feeders Water Right Evaluation 

Introduction 
The Cedar Bluff Cattle Feeders (CBCF) has expressed an interest in selling its water rights. In 
2005 the Kansas Department of Agriculture, Division of Water Resources (DWR), the Kansas 
Water Office (KWO), and the City of Hays jointly agreed in a memorandum of understanding to 
evaluate potential purchase of water rights for the goal of reducing water use impacts in the 
Smoky Hill Intensive Groundwater Use Control Area (IGUCA). The City of Hays requested 
Bums & McDonnell to assist the City with the evaluation of the Cedar Bluff Feeders water rights 
and potential impacts of retiring these water rights. 

Background 
The CBCF water rights are located in the Smoky Hill River valley down stream of the Cedar 
Bluff Dam and Reservoir. Water is used for both irrigation and stock watering. According to 
the DWR its original authorization was 904 acre-feet (AF) per year. In 1984 an IGUCA was 
established because of over-allocations in the Smoky Hill River system in the Cedar Bluff area. 
Implementation of the IGUCA resulted in reduced water rights. CBCF IGUCA water right is 
781.2 AF per year, derived from both surface and groundwater, and covered by six file numbers. 
The oldest file number is 1706 and has a priority date of August 10, 1953 and is for surface water 
diversion. The youngest is 36,071 and has a priority date of May 4, 1982. 

A summary memorandum prepared by DWR is attached and a summary of the water rights are 
presented in the following table. 

1,706 1,706-B 9,019 12,896 
Auth. Qnty 70AF 280AF 108 AF* 205 AF 

IGUCA 
(IRR) 221 AF 300.7 AF 114 AF 221 AF 

IGUCA 
(STK) 13.8 AF 131.7 AF 131.7 AF 13.8 AF 

Perfected 
Acres 30 80 89 92 

*These files combined are limited to a total of 182 AF. 
Total combined IGUCA allocation is 781.2 AF. 
IRR- Irrigation; STK- Stock water 

15,847 36,071 TOTAL 
167 AF 117 AF* 904AF 

300.7 AF 114 AF 635.7 AF 

131.7 AF 131.7 AF 145.5AF 

79 135 -

mcampbell
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Water Use 
Water use for each of the water rights from 1989 through 2006 is shown in the following table. 

Also shown in the table is a summary of surface and groundwater diversions. The average use in 

this time period is 491.2 AF per year; however, diversions for the last several years have been 

over 550 AF. 

Total 
Groundwater Surface Water Surface Total Total 

Water Groundwater Water 
Used Used Used 

File 12896 15847 36071 1706 1706 8 9019 

Year 

1989 0 0 74.24 0 0 0 0.0 74.2 74.2 

1990 0 0 50.05 0 0 0 0.0 50.1 50.1 

1991 0 0 115.34 0 0 0 0.0 115.3 115.3 

1992 0 0 57.01 0 0 0 0.0 57.0 57.0 

1993 0 0 76.67 0 0 0 0.0 76.7 76.7 

1994 13.26 0 113.57 0 0 0 0.0 126.8 126.8 

1995 0 0 114.02 0 0 0 0.0 114.0 114.0 

1996 27 135.8 111.7 0 0 0 0.0 274.5 274.5 

1997 72.87 152.3 109.48 52.45 94.5 64.77 211.7 334.7 546.4 

1998 0 83 112.92 56.43 87.1 83.18 226.7 195.9 422.6 

1999 0 80.4 175.61 58.17 87.7 85.81 231.7 256.0 487.7 

2000 0 52.9 110.39 61.65 96 81.39 239.0 163.3 402.3 

2001 0 122 114.24 57.67 104.3 83.96 245.9 236.2 482.2 

2002 0 102.9 113.32 59 118.3 88.43 265.7 216.2 482.0 

2003 0 88 114.54 58.33 119.8 86.77 264.9 202.5 467.4 

2004 0 123.5 116.67 66.45 121.8 86.08 274.3 240.2 514.5 

2005 0 151.2 123.55 71.26 125.2 83.32 279.8 274.8 554.5 

2006 0 112.12 107.35 119.72 129.8 83.14 332.7 219.5 552.1 

Average 257.2 233.9 491.2 

Potential Impacts of Retirement 
A. Transmission losses 
In the Smoky Hill River between Cedar Bluff dam and the Hays well field, there are periods of 

no river flow as measured at the upper Schoenchen USGS gage. Natural river base flow below 

the dam is believed to be consumed by water use (both surface and groundwater) and through 

evapotranspiraton (ET) by vegetation along the stream that reduces the alluvial aquifer storage 

causing stream losses. After the river flow is consumed, water use and ET will continue further 

reducing water from aquifer storage. The amount ofET is difficult to determine; however, there 

were two water releases from Cedar Bluff for the City of Russell that were well documented and 

can give an indication of potential transmission losses from the reservoir to the Hays well field. 
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The releases were in December 2005 and July- August 2006. A summary of the release losses 

are presented in the following table. 

Amount released (AF) 
Water passing upper gage (AF) 
Loss between CB & upper gage (AF) 
Water loss per mile 

December 2005 
1405 
823 
582 
22 AF/mile 

July- August 20062 

2952 
574 

2378 
89 AF/mile 

Notes: 1. The distance between Cedar Bluff and the upper Schoenchen USGS gage is 26.7 

miles. 
2. There was significant rainfall near the end of the 2006 release that will make 

accurate analysis of water loss difficult. 

It appears that if the water rights were not used in 2005 (554 AF), the volume not used would 

have almost entirely replaced the aquifer storage deficit between Cedar Bluff and the Hays well 

field. This would indicate that there would have been river flow in this period of time. In 2006, 

the water used (552 AF) would have replaced slightly less than V4 of the storage deficit. 

Impacts to River Flow 

Historical flow conditions are shown by the black line in the following flow duration graph. It is 

based on flow data at the upper Schoenchen gage from 1964 through April 21, 2008. The black 

line shows that historically there is 10 cfs flow approximately 50 percent of the time and there is 

less than 1 cfs about 20 percent of the time. 
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A comprehensive analysis of impacts to river flow due to retiring the CBCF's water right would 

require additional data collection and modeling analysis to quantify system contributions and 

losses due to aquifer seepage from precipitation recharge and evapotranspiration (ET). 

An approximation of the expected flow impacts is made with several simplifying assumptions. 

These include: 
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That the entire CBCF water right is pumped over a four-month period for irrigation and 
stock watering 
The flow rate to pump the entire right in this period is about 3.5 cfs 

In other river system studies in Kansas, modeling showed that with any anticipated increases to 
river flow, approximately 20 to 25 percent of the increase may be lost to ET (verbal 
communication with Scott Ross). For this analysis adjustments were made to the flow duration 
data by adding 2.63 cfs (25 percent reduction of the 3.5 cfs increase) to the recorded USGS flow 
data for the months June through September. The flow analysis was rerun to produce the red line 
in the graph. 

The analysis shows that at the 60- to 70-percent return periods, an additional 1 to 2 cfs may be 
expected. The analysis was terminated at the 70-percent level because ofuncertainty of transit 
losses at the very low flows. A projection extending the anticipated duration curve above the 70-
percent level is made by assuming the additional2.63 cfs will increase the amount of time there 
is flow in the river. This assumption indicates that the time with flow in the river at the upper 
Schoenchen may be extended by about 3 to 5 percent. 

Hydrology Summary 
Detailed estimates of how retiring the CBCF water rights would improve the flow occurrence in 
the Hays well field is not feasible without additional studies and modeling to determine 
baseflow/ET relationships along the Smoky Hill River. However, the water balance determined 
from two Russell releases showed that if there was a 500 AF reduction in water diversion, there 
would be significant reductions in the alluvial aquifer storage deficit which would lead to more 
flow for a greater percentage of time. Additionally, if a release were called from Cedar Bluff 
Reservoir, it is assumed that the transportation losses would be reduced because of lower storage 
deficits. 

An approximation of flow impacts indicate that 1 to 2 cfs increases may be evident at the 60- to 
70-percent time intervals and extends the time that flow reaches the well field 3 to 5 percent of 
the time. 

Valuation 
The potential economic value of the CBCF water rights can be evaluated and estimated using a 
variety of approaches. The appraisal of the Cedar Bluff Cattle Feeders property completed by 
the state of Kansas acknowledges that the water rights add to the value of the property but does 
not attempt to separate the value of the land and buildings from the water rights. The entire 
property including water rights was valued at $1,025,000 with structural improvements being 
valued at $13 8,000. This leaves a net land and water right value of $887,000 for the 960 acres. 
This equates to an overall price (excluding the structural improvements) of$924 per acre. 
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A 2007 publication by Kansas State University (attached) lists the average price of non-irrigated 
ground in northwest Kansas at $757 per acre and the price of irrigated ground at $1400 per acre. 
This represents an approximate increase in value of 85 percent for irrigated vs. non-irrigated land 
in northwest Kansas. This percentage applied to the appraised value of the Cedar Bluff Cattle 
Feeders property results in a land only value of $499 per acre and a water right value of $425 per 
acre or total water right value of $408,000. 

The Water Transition Assistance Program (WTAP) is a water rights retirement program 
currently offered by the state of Kansas in certain areas to reduce over appropriation. The 
current price offered within the boundaries of Groundwater Management District 5 is $600 per 
AF. Application of this purchase price to the entire IGUCA allocation of780 AF results in a 
total value of$468,000. 

Each ofthese methods likely results in a somewhat inflated value of the water right considering 
that a portion of the water right is for stock watering and because a high percentage of the 
property is uncultivated and thus not irrigated. The stock watering appropriations may not be 
easily converted to irrigation due to place of use limitations thus reducing their value. A 
purchase price in the range of $400,000 for 780 AF of water that could be converted to and used 
for municipal use would seem to be within reason. However participation in the funding of the 
purchase of these water rights for retirement requires additional consideration. These 
considerations are discussed below. 

Conclusions 
Review of the historic flow river flow data and analysis of the Cedar Bluff Cattle Feeders water 
rights indicated that retirement of these water rights would have some positive impacts to the 
river valley including: 

• Extending time that flow would enter the well field by 3 to 5 percent of time (there would 
still be 15 to 18 percent of the time that there would be no flow in the well field) 

• Retirement of the water right will increase the transportation efficiency of water released 
from Cedar Bluff and thus could be valued in a similar manner to water held in storage 
within the reservoir. 

• Published sources and state programs would value the water rights from $425 per acre to 
$600 per AF for a total value of the Cedar Bluff Cattle Feeders water rights ranging from 
$408,000 to $468,000 

Recommendations 
As indicated above, the retirement of these water rights will provide positive yet limited benefit 
to the City of Hays. It would seem reasonable to estimate the value ofthe water right retirement 
to the City of Hays somewhere between 5 and 25 percent of the water right value of 
approximately $400,000. This range of participation in the water right purchase and retirement 
is bounded on the low end of 5% by the estimated actual potential for flow improvement or 
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benefit to the City of Hays, and on the high end of 25% by the required level of sponsor 
participation under the Custodial Care of the State Program. The high end range justification 
would require consideration of other indirect factors such as public relations. This results in a 
potential investment of $20,000 to $100,000. However, there are many factors that may impact 
this evaluation including the willingness of the owner to accept the appraisal price and the 
willingness of several state agencies to participate in the purchase. 

Prior to City commitment or rejection of participation in purchase of the rights, there are several 
preliminary negotiations that should be conducted and evaluated including: 

• Confirm selling price with owners 
• Determine level of participation by Kansas Department ofWildlife and Parks (KDWP). 

The level ofKDWP participation in the purchase ofthe property and potential retention 
of a portion of the water rights, will determine the required level of financial participation 
by other entities. 

• Determine level of participation by Kansas Water Office 
• Determine if custodial care by DWR is feasible 
• Consider outright purchase of the water rights and subsequent enrollment in the Water 

Rights Conservation Program to preserve them for future use. See the attached program 
information. 

These estimates should be carefully considered and could be significantly affected by other 
issues such as potential environmental remediation requirements for the CBCF property that 
were not considered as part of this evaluation. 
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CEDAR BLUFF FEEDERS 
TOTAL IGUCA ALLOCATIONS 
TOTAL AUTHORIZED QUANTITIES 
WR File #1,706 
- This file is authorized to divert surface water from a tributary to the Smoky Hill River at 
a rate of 450gpm for a quantity of70AF. This file has a total IGUCA allocation of 
221AF for irrigation and 13.8AF for stockwater when combined with WR file #12,896. 
This file has perfected 30 acres. 
WR File #1,706-B 
- This file is authorized to divert surface water from the Smoky Hill River at a rate of 
2.76cfs for a quantity of280AF. This file has a total IGUCA allocation of300.7AF for 
irrigation and 131.7AF for stockwater when combined with WR file #15,847. This file 
has perfected 80 acres. 
WR File #12,896 
-This file is authorized to divert groundwater from the Smoky Hill River alluvium by 
means of two (2) wells. It is authorized to divert 205AF at a rate of 1,380gpm. It has a 
total IGUCA allocation of221AF for irrigation and 13.8AF for stockwater (limited 
w/1,706.) This file has 92 perfected acres. 
WR File #9,019 
- This file is authorized to divert surface water from the Smoky Hill River at a rate of 
l,OOOgpm for a quantity of 108AF, but limited to 182AF when combined with WR file 
#36,071. This file has a total IGUCA allocation of 114AF for irrigation. This file has 
perfected 89 acres. 
WR File #15,847 
-This file is authorized to divert groundwater from the Smoky Hill River alluvium at a 
rate of705gpm for a quantity of 167AF for stockwater. It has a total IGUCA allocation 
of 300.7 AF for irrigation and 131.7 AF for stockwater when combined with WR File 
#1,706-B. This file has perfected 79 acres. 
WR File #36,071 
- This file is authorized to divert groundwater from the Smoky Hill River alluvium at a 
rate of 1 ,OOOgpm for a quantity of 117 AF for irrigation, but limited to 182AF when 
combined with WR file #9,019. This file also is authorized as a standby stockwater well. 
It has a total IGUCA allocation of 114AF for irrigation with no limitations and 131.7AF 
for stockwater when combined with WR files #1,706-B, #9,019, and #15,847. This file 
has perfected 135 acres. 

SUMMARY 

1,706 1,706-B 9,019 12,896 15,847 36,071 TOTAL 
Auth. Qnty ?OAF 280AF 108 AF* 205AF 167 AF 117 AF* 904AF 

IGUCA (IRR) 221 AF 300.7 AF 114 AF 221 AF 300.7 AF 114 AF 635.7 AF 
IGUCA (STK) 13.8 AF 131.7 AF 131.7 AF 13.8 AF 131.7 AF 131.7 AF 145.5AF 

Perfected 
Acres 30 80 89 92 79 135 -

*These files combined are limited to a total of 182 AF. 
Total combined IGUCA allocation is 781.2 AF. 

Report compiled by David Means, Stockton Field Office 



 

 

Memo 
To: City Commission 

From: Toby Dougherty, City Manager 

Date: 7-15-11 

Re: July 21, 2011 Work Session 

Please find the attached agenda and supporting documentation for the July 21, 2011 Work 
Session.    
 
Item 2 – Update on Performance of Smoky Wellfield 
 
In conjunction with the discussion on water, Brian Meier of Burns and McDonnell will be here to 
update the Commission on the performance of the Smoky Wellfield during the current drought 
conditions.  As you know, the Wellfield was redesigned in a comprehensive project recently with 
the goal of making the Wellfield more efficient and drought tolerant.  This has been a successful 
endeavor, and Brian will fill you in on Thursday.   
 
Item 3 – Water Discussion 
 
City staff, as well as a couple of volunteers from the Public Wholesale Water Supply District 
#15 Board, went through many years of water studies, memos and letter reports to try to get 
a sense of what avenues the City has pursued with regard to long-term water sources.  Once 
those reports were compiled, they were cataloged, and an abstract was created that provides 
a brief summary of each study and/or report.  That information is included in your packet, and 
I will update you on what City staff found as a result of this process as well as a few other 
water issues on Thursday. 
 
Item 4 – Collection of Refuse Fees 
 
Please refer to the attached memorandum from City Attorney John Bird.  Currently, our 
ordinances allow City staff to disconnect a person’s water for nonpayment of solid waste 
fees. This has been prohibited by federal court ruling, and the City Attorney is suggesting the 
Commission modify the Code of Ordinances to prevent this from happening. 
 

City of Hays 
Office of the City Manager 

mcampbell
Rectangular Exhibit Stamp



Item 5 – Water and Sewer Rates Resolutions 
 
Each year, the water and sewer rates are scheduled to increase by three percent (3%) 
unless the Commission passes resolutions modifying or halting those increases.  Last year 
City staff recommended that there be no water or sewer rate increases for 2011.  In 
preparing the 2012 Budget, we are making the recommendation again that there be no rate 
increases for 2012.  The attached resolutions accomplish that.   
 
Item 6 – 2011 City Commission Financial Policy Projects 
 
The Commission has chosen the path going forward by which most large projects will be 
funded on a pay as you go basis utilizing cash.  The ability to do this is a result of sound 
fiscal planning practices implemented by the City Commission and staff over the last nine 
years.  The first step in this would be paying for the improvements to 41st Street as well as 
the improvements to the Airport runway utilizing cash reserves rather than General 
Obligation Bonds.  City staff is recommending a transfer of $1,792,994 from the City 
Commission’s Financial Policy Projects line to the Capital Projects Fund which would allow 
City staff to pay for those projects utilizing cash when the time comes.   
 
Item 7 – 2012 Budget Review 
 
I would like to hear any thoughts, concerns, additions or subtractions that the Commission 
may have to the 2012 Budget since you have had two weeks to review it.  I also hope to 
discuss the outside agency funding and determine the 2012 levels to be included in the 
budget when it is presented for action.   
 
aw 



CITY OF HAYS 
CITY COMMISSION WORK SESSION 

THURSDAY, JULY 21, 2011 – 6:30 P.M.  

AGENDA 
 
 
1. ITEM FOR REVIEW: July 7, 2011 Work Session Notes (PAGE 1) 

DEPARTMENT HEAD RESPONSIBLE: Kim Rupp, Director of Finance 
 
2. ITEM FOR REVIEW: Update on Performance of Smoky Wellfield  

PERSON RESPONSIBLE: Brian Meier, Burns & McDonnell 
 
3. ITEM FOR REVIEW: Water Discussion (PAGE 5) 

PERSON RESPONSIBLE: Toby Dougherty, City Manager  
 

4. ITEM FOR REVIEW: Collection of Refuse Fees (PAGE 27) 
PERSON RESPONSIBLE: John Bird, City Attorney 
 

5. ITEM FOR REVIEW: Water and Sewer Rates Resolutions (PAGE 33) 
DEPARTMENT HEAD RESPONSIBLE: Kim Rupp, Director of Finance 

 
6. ITEM FOR REVIEW: 2011 City Commission Financial Policy Projects (PAGE 39) 

PERSON RESPONSIBLE: Toby Dougherty, City Manager  
 

7. ITEM FOR REVIEW: 2012 Budget Review 
PERSON RESPONSIBLE: Toby Dougherty, City Manager  
 

8. OTHER ITEMS FOR DISCUSSION 
 
9. EXECUTIVE SESSION (IF REQUIRED)   

 
10. ADJOURNMENT 

 
 

ANY PERSON WITH A DISABILITY NEEDING SPECIAL ACCOMMODATIONS TO ATTEND THIS MEETING 
SHOULD CONTACT THE CITY MANAGER'S OFFICE 48 HOURS PRIOR TO THE SCHEDULED MEETING 
TIME.  EVERY ATTEMPT WILL BE MADE TO ACCOMMODATE ANY REQUESTS FOR ASSISTANCE. 



 



City of Hays 

City Commission 

Work Session Notes 

July 7, 2011 

 

Present: Troy Hickman, Kent Steward, Henry Schwaller IV, Ron Mellick, Carol 

Park, Toby Dougherty 

 

Absent:  Barbara Wasinger 

 

Discussion on Buffalo Park 

 At the request of Commissioner Steward, the possibility of adding buffalo 

to the greenspace behind Home Depot was placed on the agenda.  

He discussed his vision for “Buffalo Park” with the Commission.  

Commissioner Steward estimated start up costs at $89,550, with an average 

yearly expense of $6,250 for feed, vaccinations, maintenance and staff time.  

The present herd of buffaloes, located on Highway 40 Bypass near Frontier Park, 

could be moved to the new location, or a new herd could be started. 

Commissioner Schwaller stated he liked the idea; however, he is hesitant 

about moving the bison because efforts are being made to bring people to 

downtown Hays and the old, historic Fort Hays.  The bison are an integral part of 

the Fort; he feels any money spent should be spent on upgrading the present 

location.  He understands the allure of having the buffalo right off I-70, but he 

does not think that would be a big enough draw to bring people into the city.   

Commissioner Hickman stated he feels the buffalo should not be put near 

I-70 due to the liability if something should happen.   

Commissioner Mellick stated he would rather see money spent on a hike 

and bike trail rather than spending $90,000 on relocating the herd or starting a 

new herd near I-70. 
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Bike Lane Striping Test Areas 

 Commissioner Steward discussed with the Commission the possibility of 

painting bike lanes on a few select routes throughout Hays that could be added 

without making any infrastructure changes.  He suggested bike lanes be placed 

on Ash and Fort Streets between 27th and 8th Streets.  He feels these two streets 

would be a good place to consider as the first phase of a developing plan to 

install other lanes throughout the city.  

 City Manager Toby Dougherty suggested that, with the Commission’s 

approval and under the existing contract with RDG, ask them for 

recommendations to implement some bike lanes.  

 The Commissioners were in agreement with the City Manager’s 

suggestion. 

 

Taxi License 

 At the July 14, 2011 Commission meeting, the Commissioners will be 

requested to approve a taxi license for Bernard Boos.  A taxi license was issued 

in March 2011 for ABC Transportation; however, ABC desires to pull out of the 

operation.  Mr. Boos is the primary driver and would like to continue the taxi 

service under his name. 

 

Resolution Authorizing Sale of General Obligation Bonds, Series 2011-A 

 At the July 14, 2011 Commission meeting, the Commissioners will be 

requested to approve a resolution authorizing the offering for sale of General 

Obligation Bonds.  The total of this 15 year issue will be $2,220,000 reimbursing 

the City for expenditures for improvements to Vine Street, the Tallgrass Addition 

– Phase IV, Golden Belt Estates 3rd Addition, Heart of America 1st Addition, and 

King’s Gate 1st Addition. 
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2012 Budget Presentation 

The City Manager presented and discussed the 2012 Budget with the 

Commissioners. Discussion of the 2012 Budget will continue at the July 21, 2011 

work session after the Commissioners have had time to review it. 

 

Other Items for Discussion 

 Discussion was held about fireworks being allowed for five days this year.  

The City Manager said he and County Administrator Greg Sund will coordinate 

the days fireworks are allowed to be shot off next year in both the city and 

county.  At this time, it is the consensus of the Commission that only two or three 

days be allowed next year.  

 

 The work session adjourned at 8:04 p.m. 

 

 

 

 Submitted by:________________________________________ 

     City Clerk 
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Category Title of Study or Document Date By

1 Big Bend Development of Big Bend Supply 1990 Black & Veatch

2 Big Bend Arkansas River Sub Basin Study 1998 KS. Dept. of Agriculture

3 Big Bend Big Bend Management District #5 1993 Central Kansas Utility Company, Inc.

1 Big Creek Alluvial

Static Water Level Fluctuations of 
the Big Creek Alluvial Aquifer in the 
Vine St. Area Thesis Apr. 4, 1997 Karen Schmidt

2 Big Creek Alluvial
Geohydrology of the Big Creek 
Aluvial Aquifer Thesis Dec. 18, 1986 Vilma Isabel Perez Bermudez

3 Big Creek Alluvial
Environmental Assessment, Project 
#12736.130 Oct. 18, 1989 Black & Veatch

4 Big Creek Alluvial
Eastern Smoky Hill Saline Basin 
Wholesale Water Supply Study Apr. 3, 2003 KS Water Office

1
Big Creek Water 
Banking

Groundwater Hydrology Study Big 
Creek Area 1974 Layne-Western

2
Big Creek Water 
Banking

Water Banking Plan, Black & 
Veatch Project #17442.310 1991 Black & Veatch

3
Big Creek Water 
Banking Water Banking Plan 1993 Black & Veatch

4
Big Creek Water 
Banking Wastewater Reuse Update 2006 Bartlett & West

1 Cedar Bluff Water Supply & Operations Study 1984 US Dept. of Interior

2 Cedar Bluff

Memorandum of Understanding 
Concerning Reformulation & 
Operation of the Cedar Bluff Unit 1987 KS Water Office

3 Cedar Bluff

Proposal for Assessment of Cedar 
Bluff Water Supply for PWWSD 
#15 2002 McLaughlin Water

4 Cedar Bluff
Artificial Recharge Pool Operations 
Agreement 2004

KS Water Office, KS Dept. of 
Agriculture, City of Hays, City of 
Russell

5 Cedar Bluff
Cattle Feeders Water Right 
Evaluation 2008 Burns & McDonnell

6 Cedar Bluff
Cedar Bluff Proviso Letter & 
Support Documentation 2003 PWWSD #15

1 Circle K Ranch Circle K Ranch Water Supply Study Jul. 2010 Burns & McDonnell

2 Circle K Ranch
Circle K Ranch Water Supply Study 
Executive Summary Jun. 2010 Burns & McDonnell

3 Circle K Ranch

An Evaluation of Potential 
Hydrologic & Economic 3rd Party 
Effects in Edwards Co. Resulting 
from Hays-Russell Water Transfer 
Proposal June 5, 1995 Eric D. Madden

4 Circle K Ranch
Observation Wells, City of Hays, 
Circle K Ranch

March 1995 to 
October 1996 Ground Water Associates

5 Circle K Ranch
City of Hays Groundwater 
Investigation, Circle K Ranch

August-November 
1994 Ground Water Associates

6 Circle K Ranch
Summary Report Black & Veatch 
Project #23489.300 Dec. 21, 1994 Black & Veatch

7 Circle K Ranch
Agreement between City of Hays & 
R-9 Ranch for Purchase 1994

WATER STUDIES
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Category Title of Study or Document Date By

1 Dakota
Test Hole Drilling Report for 7, 8, 9 
& 10 Mar. 1988 Groundwater Management, Inc.

2 Dakota Test Hole Drilling Report Sept. 1987 Groundwater Management, Inc.

3 Dakota

An Evaluation of the Long-Term 
Effect of Water Resources 
Development on the Dakota Aquifer 
in the Vicinity of the Hays Wellfield 1997

City of Hays Submitted through KS 
Geological Survey

4 Dakota
Volume 1: Hydrogeologic Setting 
Draft Final Report 1998 KS Geological Survey

5 Dakota
Volume 2: Numberical Modeling 
Final Draft Report Received 2001 1998 KS Geological Survey

6 Dakota
Dakota Study/Safe Yield Executive 
Summary 1996 Paul Montoia & Black & Veatch

7 Dakota
Dakota Wellfield Operation 6-year 
plan Dec. 2001 Paul Montoia

1 1974 Layne-Western

1 Kanopolis
Reallocation Report for Kanopolis 
Lake Apr. 1995 Corps of Engineers

2 Kanopolis

Summary report developing water 
supply from Kanopolis for Hays & 
Russell, Black & Veatch, Project 
#36417.0110 May 13, 1997 Black & Veatch

1 Misc.

Ellis Unit Smoky Hill Division Pick-
Sloan Missouri Basin Program 
Kansas Feasibility Report Oct. 1971 Dept. of Interior

2 Misc.
Adjusting to Water Scarcity Case 
Study 1991 Christine Quader

3 Misc.

Public Water Supply Study Eastern 
Smoky Hill-Saline Basin Draft Final 
Report Sept. 2003 URS

1 MNI Wiconi

Final Engineering Report Mni 
Wiconi Rural Water Supply Project, 
May 1993

May 21, 1993

Oglala Sioux Rural Water Supply 
System, West River Rural Water 
Supply System, Lyman-Jones Rural 
Water Supply System, Rosebud Rural 
Water Supply System, Lower Brule 
Rural Water Supply System

1 Ogallala
Report of the KS Agriculture 
Ogallala Task Force Sept. 1993 Ogallala Task Force

2 Ogallala

The Ogallala Aquifer: The 
Challenge to Sustainability in 
Western KS Oct. 1993 Mary Fund

3 Ogallala
Water Resources Evaluation, Black 
& Veatch Project #36417.110 March 27, 1997 Black & Veatch

1
Post Rock-
Kanopolis

Post Rock Water Supply Alternative 
Executive Summary 2006 Burns & McDonnell

2
Post Rock-
Kanopolis

Post Rock Financial Feasibility 
Analysis 2007 Ransion Financial Consultants

3
Post Rock-
Kanopolis

Memo on cost for Post Rock to 
Paul Montoia, Black & Veatch, 
Project #58322.100 1998 Black & Veatch

Groundwater Hydrology Study Saline River North of 
Hays
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Category Title of Study or Document Date By

1 PWWSD #15

Potential reservoirs near 
Hays/Russell Black & Veatch 
Project #58322.110 1999 Black & Veatch

2 PWWSD #15 Pikitanoi Water Project Brochure

3 PWWSD #15 Pikitanoi Water Report (draft) Feb. 25, 1999  Kansas Water Office

4 PWWSD #15
PWWSD #15 Partnership with the 
Pikitanoi Water Project Mar. 1999 PWWSD #15

5 PWWSD #15 Pikitanoi Water Report Feb. 25, 1999  Kansas Water Office

6 PWWSD #15

Alternative Drafts of Proposed 
Pikitaoi Bill for meeting with State 
Water Office Dec. 1998 Mario Gonzalez

7 PWWSD #15 Pikitanoi Rural Water Project Jan. 1999 John Thomas

1 Smoky Expansion
Sustainable Yield from the Smoky 
Hill River Wellfield Sept. 30, 2002 Tom Brikowski-University of Texas

2 Smoky Expansion Permit Application
May 22, 1990 & 
June 27, 1990 Dept. of the Army

3 Smoky Expansion
Draft Amendment  to add Smoky 
Hill and Wood River Projects

Sept.18, 1989 & 
Sept.19, 1989

U.S. Dept. of Interior Bureau of 
Reclamation

4 Smoky Expansion
Summary Report Smoky Hill River 
Wellfield Study June 3, 2003 Burns & McDonnell

5 Smoky Expansion
Phase II Report, Smoky Hill River 
Wellfield Study June 15, 2004 Burns & McDonnell

6 Smoky Expansion

Report to Smoky Hill River Task 
Force on Water Conditions in the 
Smoky Hill River Valley IGUCA ? ?

7 Smoky Expansion
Pursuit of Additional Supply, Black 
& Veatch Project #12736 July 18, 1989 Black & Veatch

1 Solomon River Water right applications

2 Solomon River
Waconda Lake requested 
information August 9, 1989 US Dept. of Interior

1
South Russell 
Project

Water Supply Alternative Review 
for Hays & Russell 2003 Bartlett & West

2
South Russell 
Project

Groundwater Investigation of South 
Russell Area 2000-2003 Ground Water Associates

3
South Russell 
Project

Pipeline Route Study-B & V Project 
58322.110 2000 Black & Veatch

4
South Russell 
Project South Russell Water Project 2001 Ground Water Associates

5
South Russell 
Project

Black & Veatch South Russell 
Revolving Loan Fund (3-ring 
binder) 2000

         South Russell Wellfield/Pipeline

Cedar Bluff

Schoenchen Wellfield
Package Proposal to 
PWWSD #15
Package Proposal to Hays 
City Commission

7
South Russell 
Project South Russell (3-ring binder) 2002

8
South Russell 
Project

Smoky Hill-South Russell Project (3-
ring binder) 2000 City of Hays Wellfield Planning Office
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Category Title of Study or Document Date By

1 Trego County
Pursuit of Additional Supply, Black 
& Veatch Project #12736 July 13, 1987 Black & Veatch

2 Trego County
Pursuit of Additional Water Supply 
Eastern Trego Co. Jan. 1987 Clarke Well & Equipment

1
Trego Rural Water 
District

Trego Water District #2 
Correspondence 1992, 1993, 1994

2
Trego Rural Water 
District

Trego Water District #2 Pipeline 
Proposal Black & Veatch Project 
#23489.300 1993 Black & Veatch

1 Wilson 

Wilson Water Supply Storage 
Reallocation Report (file folder & 
black binder) Sept.1997 Corps of Engineers

2 Wilson 
Wilson Lake Water Treatment 
Facilities Concept Design Report 2005 Burns & McDonnell

3 Wilson 

Memo to Hannes Z. on water 
resource evaluations, Black & 
Veatch Project #23489.300 Aug. 1993 Black & Veatch

1 Wilson & Kanopolis

Evaluation of Lake Wilson & 
Kanopolis Reservoir Final Report 
for Water Supply to PWWSD #15 Feb. 2003 Burns & McDonnell
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Big Bend 
 

Big Bend 1990 (Black & Veatch) 
 

Black and Veatch studied the Big Bend area of the Arkansas River for 
potential wellfield sites.  A plan was presented to develop wellfields at 
three locations with the recommendation for a wellfield in the vicinity of the 
Pawnee River’s confluence with the Arkansas.  Project was slated to cost 
$27 million.  All options met with significant political resistance.   
 
Black and Veatch also ranked the City of Hays’ long term supply options 
they were: 1, 2, and 3 - Big Bend locations, 4 - Waconda Lake, 5 - 
Ogallala Graham County,   6 - Ogallala Trego and Gove Counties,  7 - 
Wilson lake.   

 
Big Bend Management District #5 (1993 by Central Kansas Utility Company, 
Inc.) 
 
 Discussed various hydraulic units within Big Bend GMD #5 
 
 Gathered water quality information in Big Bend GMD #5 
 
Arkansas River Sub Basin (1998 by KS Dept. of Agriculture) 
 

Memo February 5, 1998: Early stages of study Rattlesnake Sub-basin 
Management Plan.  Plan proposed the creation of an IGUCA in the area 
where Black and Veatch proposed the above-mentioned wellfield.   
 

South Ditch Association (1997) 
 

Group of property owners offered to sell the City of Hays 20,000 acre-feet 
of water rights for $2,000 an acre-foot.  The water rights were 10 miles 
west of Lakin, KS, or 35 miles west of Garden City.   
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2 

Big Creek Alluvial 
 

Groundwater Hydrology Study (1974 by Layne Western) 
 
Studied possible expansion of wellfield.  Of the 30 sites drilled, eight were 
considered completely unsatisfactory.  Nine wells could produce over100 
gpm and may produce more if moved closer to the stream.  Most wells 
drilled and tested upstream of Hays 

 
Static Water Level Fluctuations of the Big Creek Alluvial Aquifer in the Vine 
St. Area (  Master’s Degree Thesis, April 4, 1997 by Karen Schmidt 
 

Studied the Big Creek Alluvial aquifer to compare the recharge and 
discharge of the aquifer as it relates to precipitation and fluctuations in the 
water table over time. 

 
Determined groundwater flow and aquifer recharge. Studied 17 wells over 
14-month time period.  Calculated the hydraulic gradients for selected 
areas of the aquifer to determine bedrock influence.  Determined that 
Municipal pumping had an impact on hydrological flows. 

 
Geohydrology of the Big Creek Alluvial Aquifer of Hays & Vicinity, Ellis 
County (Master’s Degree Thesis, December 18, 1986 by Vilma Isabel Perez 
Bermudez) 
 

Study to describe the Big Creek aquifer beneath the City of Hays & vicinity 
in terms of its areal extent and variability in lithology and hydrology and 
the configuration of the sub-alluvial consolidated surface. These 
characteristics include depth, width & length as well as groundwater 
movement and recharge. 
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Big Creek Water Banking 
 

Water Banking Plan (May 1991 by Black & Veatch-Project #17442.310) 
 

 Plan was to purchase wells from Smoky Hill Country Club and Enersys, 
and in exchange provide them with effluent water. 

 City would also relocate and drill new wells in the area.   
 The above-mentioned exchange, along with the water banking strategy, 

would net the City 500 acre-ft of water a year. 
 

Water Banking Plan (1993 by Black & Veatch) 
 

 Recharge rate assumed to be 55% of the recharge water discharged. 
 Recharge in basin will be 100%. 
 Smoky Hill River wells used as much as possible. 
 City will lease 195 of 196 acre-ft. from Smoky Hill Country Club. 
 Plan designed to recharge into the Big Creek or basin. 
 Volume pumped from the Smoky Hill River will depend on recharge rates 

of Big Creek-basin. 
 Maximum withdrawal of 450 acre-ft. or 0.62 cfs from Banking Plan wells. 
 Lots of water quality monitoring from wastewater plant and Banking Plan 

wells. 
 Includes upgrades to wastewater treatment plant. 
 Project cost $5.95 million excluding denitrification (1990 dollars). 
 Withdrawal wells placed to achieve 1 year travel time in aquifer. 
 Maintenance and monitoring approx. $75,000 per year (1990 dollars). 

 
Water Reuse Update (2006 by Bartlett & West) 

 
 Updated previous water banking plans and investigated regulatory issues.   
 DWR interested in water rights/impacts downstream of Hays. 
 Concern of putting “Emerging Pollutants of Concern” (EPOC) aka 

pharmaceuticals in the groundwater. Do not know effects. 
 Will need updated and way more detailed plans to KDHE-DWR. 
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Circle K Ranch 
 
Groundwater Investigation (August-November 1994 by Groundwater 
Associates) 
 

Investigation to determine water supply potential of various areas within 
the ranch.  Looked at quantity and quality.  Water quality issues identified 
were high nitrates.  It was thought that these issues could be addressed 
within five to ten years with proper management. 

 
15 test wells were drilled at various locations.  Storage of aquifer is 
estimated at 37,000 to 42,000 acre-ft.  If the property was not farmed and 
given average recharge, 3,745 acre-ft. would be available each year for 
use.  (Approx. the combined use of Hays and Russell in 2011). 

 
Summary Report-Black & Veatch (December 21, 1994 by Black & Veatch) 
 

City asked Black & Veatch to conduct a groundwater investigation at the 
ranch.  Study concluded that 3,500 acre-ft. of water could be blended with 
Hays and Russell’s existing sources.  Anything more than that would 
require desalination.  This is the 1st and only reference to desalination at 
the ranch.  All other models discuss R.O.  Most likely due to age of report. 

 
Study looked at probable costs for obtaining 5,500 acre-ft. of water from 
various sources.  Waconda Reservoir was estimated at $24 million.  
Wilson Reservoir was estimated at $36 million.  Ranch was estimated at 
$40 million with desalination.  Waconda was the most cost effective option 
because of high water quality.  Very little treatment would be required.   

 
An Evaluation of Potential Hydrologic & Economic 3rd Party Effect in 
Edwards Co. resulting from Hays-Russell Water Transfer Proposal-Honors 
Degree paper by KU Student (June 5, 1995 by Eric D. Madden) 
 

Studies 3rd party impact of Hays and Russell transferring water from Circle 
K to Smoky Basin.  Looked at hydrologic and economic impacts to the 
area.  Study found the impacts to be minimal.  Estimated impact to 
groundwater storage would be a loss of 147.4 acre-ft. annually.  This 
represents 0.00001% of the 14,000,000 of groundwater in the county. 

 
The paper has a nice history of the Water Transfer Act & its procedure. 
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Circle K Water Supply Study 2010 (July 2010 by Burns & McDonnell) 
 

Comprehensive study that re-evaluated City of Hays future water 
demands, updated cost estimates for the Wilson Lake option and 
developed cost estimates for the development of the Circle K for water 
supply. 

 
Study showed that the conservation culture developed in Hays as well as 
the improvements to our existing water sources were showing tremendous 
benefits.  Coupled with more accurate population growth measures, our 
existing water supply is projected to last until 2030 even through drought 
conditions. 

 
Study determined costs to develop ranch in phases and with options for 
Hays only and a Hays/Russell joint effort.  Wilson is initially the cheaper 
option at $55.6 million compared to $62 million for the ranch but due to 
much higher operating costs for reverse osmosis, brine disposal and a 
substantial loss due to waste brine, the ranch is the most viable long-term 
option. 

 
The study also demonstrated that both options were very costly when 
compared to current sources.  It currently costs $1.60 per 1,000 gallons to 
produce from existing sources.  The cheapest option studied in this report 
was one of the ranch options with a cost of $4.55 per 1,000 gallons. 
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Cedar Bluff 
 
Water Supply & Operations Study (1984 by US Dept. of Interior) 
 

An assessment of present and future inflow to determine what water is 
available in the future for irrigation and other uses.  This study was done in 
the interest of the Cedar Bluff Irrigation District, Bureau of Reclamation 
and the State of Kansas. 

 
The study further documents groundwater and surface water conditions in 
the Smoky Hill River Valley IGUCA to compare the present conditions with 
historical data. Study found that inflow was significantly less than when 
reservoir was initially  constructed and determined water should not be 
used for irrigation.  

 
Proposal for Assessment of Cedar Bluff Reservoir as Water Supply for 
PWWSD #15 (2002 by McLaughlin Water) 
 

Report contains a summary of Phase I tasks to evaluate Cedar Bluff 
Reservoir and determine if there are any “critical flaws” that may affect the 
reservoir as a potential source of supply for PWWSD #15 in meeting its 
members’ current and future water demands.  Concluded that Cedar Bluff 
was a viable source of water.  Pushed for second phase of engineering 
study. 

 
Artificial Recharge Pool Operations Agreement (2004 by KS Water Office, 
KS Dept. of Agriculture, City of Hays, City of Russell) 
 

This is the actual agreement that recognizes the hydraulic connection 
between stream flow in the Smoky Hill River and the adjoining alluvium.  
The purpose of the agreement is to efficiently manage the water stored in 
Cedar Bluff Reservoir for artificial recharge under File 7,684 for benefit of 
all water users in the valley. 

 
Cedar Bluff Cattle Feeders Water Right Evaluation (2008 by Burns & 
McDonnell) 
 

Cedar Bluff Cattle Feeders (CBCF) expressed an interest in selling land 
and facilities including 904 acre-ft.of water rights.  In 2005, the Kansas 
Dept. of Agriculture, DWR, KWO and the City of Hays jointly agreed, in a 
memorandum of understanding, to evaluate potential purchase and 
retirement of water rights with the goal of reducing water use impacts in 
the Smoky Hill IGUCA.  The property was valued at $1,000,000 by a State 
Appraisal.  Owners were asking $6,000,000. 
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Dakota Aquifer 
 
(March 1988 & Sept. 1987 by Groundwater Management, Inc., 1997 by City 
of Hays submitted through KS Geological Survey, 1998 by KS Geological 
Survey, 1996 by Paul Montoia & Black & Veatch & December 2001 by Paul 
Montoia) 
 

In 1987 the need for additional water supply led the City of Hays (COH) to 
begin drilling test-wells in the Dakota Aquifer of southwestern Ellis County.  
As a result of initial testing, the COH applied for 860 acre-ft of water rights 
from the Dakota.  The COH developed six wells in the area. 
 
During the perfection process of the water rights, a safe yield study was 
required.  The City commissioned the Kansas Geological Society to 
perform the study.  The study found that the City’s wells were located in 
confined system with little freshwater recharge.  The study suggested that 
excessive pumping would deplete the aquifer and/or degrade the water 
quality.  Ultimately the study did not determine a safe yield, but indicated it 
would be significantly less than original projections. 
 
As a result of the study and the need to blend the mineralized Dakota 
water with existing water sources, the COH embarked on a pumping 
program to perfect their Dakota Aquifer water right.  In 2010, 550 acre-ft of 
Dakota water right was perfected and certified by the COH.  The wellfield 
is in use today. 
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Kanopolis 
 
Reallocation Report for Kanopolis Lake, KS (USCOE-April 1995) 
 
 Report for reallocation of 12,500 acre-ft. under the water-marketing program. 
 Primary interests from Post Rock RWD, Salina, Lindsborg, & McPherson. 
 Water from Kanopolis is the cheapest route to meet Salina’s needs. 
 Kanopolis has no current allocation for low flow release. 
 Reallocation would not allow for agricultural use. 
 20,000 acre-ft. not likely, too many negative wildlife impacts. 
 15,000 acre-ft. not likely, same negative impacts as 20,000 acre-ft. but not as 

severe. 
 12,500 acre-ft. still many negative impacts to wildlife and recreation. 
 10.000 acre-ft. still with wildlife and recreational impacts. 
 Overall cost of $506 per acre-ft. of storage. 
 Recommend 12,500 acre-ft. reallocation. 
 
Summary Report Developing Water Supply from Kanopolis for Hays, 
Russell (Black & Veatch, May 13, 1997) 
 

 20-inch pipe from Russell to Hays cost $21 million (8 mile pipeline 
between Hays-Russell well fields) 

 12” pipeline from Hays to Russell cost $1.4 million (same as above) 
 Kinsley Ranch-produce 3,500 acre-ft. to Hays & Russell without 

desalinization.  (best option) 
o If go to 5,500 acre-ft. need desalinization 
o High nitrate levels can be reduced with proper farm management 
o Probable construction cost is $6.9 million for desalinization and 

$1.0 million for brine disposal 
 Wilson Reservoir-very salty, require desalinization 

o Assumed brine could go in oil field disposal wells 
o Cost to purchase required storage is approx. $2.81 million 

 Kanopolis Reservoir 
o KWO indicates cost of storage to be at $538 per acre-ft. 
o Cost to purchase needed storage of 10,000 acre-ft. is approx. 

$2.73 million 
o To purchase Post Rock would cost $7.5 million 
o 12” diameter waterline from Post Rock is limiting 
o Hays will need a presedimentation basin 

 Graham County 
o Does not appear to be cost effective 
o Cost to purchase would be $20.2 million assuming 1 acre-ft is 

yielded from 1.05 acres 
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Misc. 
 
Ellis Unit, Smoky Hill Division Pick Sloan (October 1971 by US Dept. of 
Interior) 
 

Plan was to construct “Round Mound” dam and reservoir in Eastern Trego 
County near Riga Road on Big Creek.  Dam would be utilized for flood 
control and water supply for Ellis & Hays.  Hays would build a smaller dam 
on Big Creek to build intake facilities.  Study determined Hays’ population 
to be 41,000 in 2011 consuming 7,000 acre-ft. of water.  In 2011, the 
population is 20,500 and we consume 2,100 acre-ft. of water. 

 
Master’s Thesis “Adjusting to Water Scarcity” (1991 by Christine Quader) 
 

Studied the method in which Hays has adjusted to an uncertain water 
supply.  An in-depth study of the effect of various practices and resistance 
or acceptance by the residents. 

 
Planning Assistance to States-Eastern Smoky Saline Basin (September 
2003 by URS) 
 

Focused study by the Corps of Engineers that developed solutions for 
water supply needs in the Eastern Smoky Hill River Basin.  Plan was to 
meet demand projections to year 2040.  Focused on Kanopolis with three 
alternatives. 

o Alternative #1-Expand Post Rock RWD facilities and treatment 
capacity to facilitate its customer growth. 

o Alternative #2-Provide raw water to a treatment plant that would 
serve Hays and Russell. 

o Alternative #3-Provide raw water for treatment by Salina. 
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Pikitanoi Water Option 
 
(February 25, 1999 by KS Water Office, March 1999 by PWWSD #15, 
December 1998 by Mario Gonzale & January 1999 by John Thomas) 

 
This file contains materials from 1999 that contemplates a relationship 
between the Kickapoo Indian Reservation in northeast Kansas and the 
Public Wholesale Water supply District #15 (PWWSD #15).  The Kickapoo 
tribe was embarking on an ambitious water supply plan by the name of the 
Pikitanoi Water Project, and was seeking other entities to participate.  It 
was anticipated that a majority of the project would be financed by federal 
sources.  The plan called for water to be diverted from the Missouri River 
under Tribal reserved water rights to serve the reservation and other 
interested parties. 
 
Discussions were held between PWWSD # 15 and the Kickapoo to 
explore a possible working relationship to supply Ellis and Russell 
Counties with water.  At this time numerous studies were proposed, but 
the file contains no completed reports.  A Google search uncovers a 2002 
article reporting feasibility studies were continuing. It appears this project 
never proceeded beyond the exploratory phase before it became mired in 
governmental bureaucracy. 
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Solomon River 
 

A file search of this option revealed no formal studies.  However, the file 
does include the following: 

 A 1991 application to The Division of Water Resources from the 
City of Hays to appropriate 15,000 ac/ft from the Solomon River in 
Mitchell Co. Kansas.  There is no response to the application in the 
file. 

 A letter from the Solomon Basin Advisory Committee 
recommending against appropriating water outside of the basin 
and/or to a distance in excess of 10 miles.  This letter appears to be 
a negative response to the application noted above. 

 A study of chloride concentrations from the Solomon River was 
included in the file.  The study reveals chloride concentration well 
below the 250-ppm drinking water threshold. 
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Post Rock-Kanopolis 
 
Wilson Lake Project Feasibility Analysis 7-20-2007 (July 20, 2007 by 
Ranson Financial Consultants) 
 

City of Hays contracted with Ranson Financial and Burns & MacDonnell to 
evaluate the possibility of Hays acquiring Post Rock Rural Water District.  
Post Rock was experiencing financial difficulties and had not been making 
payments on USDA loans.  Post Rock has easements and infrastructure 
in Ellis County, and surrounding Wilson Lake.  However its treatment 
facility was under an abatement order from KDHE and they were 
experiencing 35% water loss in the system.  Conclusion was that it would 
not be in Hays’ best interest to acquire Post Rock, even if the USDA loans 
were forgiven.   

 
Post Rock Water Supply Alternative Executive Summary 6-14-2006 (June 
14, 2006 by Burns & McDonnell) 
 

Studied issues regarding the logistics of the City of Hays acquiring Post 
Rock Rural water district and developing Kanopolis as a long-term source.  
Determined that Post Rock/Kanopolis  is not in the best interest of the City 
of Hays as there are several downstream entities vying for a limited supply 
in Kanopolis (Lindsborg, Salina, McPherson, irrigators).  Additionally, 
KWO submitted application to buy water from Kanopolis.  Focus should be 
given to Wilson Lake as a long-term water supply. 

 
Black & Veatch Costs for Post Rock 4-6-1998 
 

Cost analysis on Kanopolis storage
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Saline River 

Groundwater Hydrology Study-Saline River Valley Area North of Hays, KS 
April 1974-Layne Western Company Inc. (April 1974 by Layne Western 
Company Inc.) 
 

 Studied possible development of wellfield in Saline river valley.  Depositive 
type of water, not alluvial.  The water was not good quality. 
 

 Local point pollution of sodium chloride from oil field activity 
 

 Even the best quality test location will deteriorate with Saline River water 
infiltration. 
 

 Some test wells yield over 300 gpm 
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Smoky Hill River 
 
Pursuit of Additional Supply (July 18, 1989 by Black & Veatch) 
 

The title does not match what was in the letter report.  Report focuses on 
the City’s ability to determine and define “emergency conditions” in the 
well field and to prepare to deal with those conditions. 

 
Environmental Assessment, Black & Veatch Project #12736.130 (October 
18, 1989 by Black & Veatch) 
 

Came up with plan to build three small dams/retention structures in the 
Smoky Wellfield that would retain water long enough to recharge the 
aquifer.  This would provide an emergency supply of potable water for the 
City of Hays.  The emergency supply allows up to 2,400-acre feet with a 
cost of $100,000. 
 
Other investigation include further development of the Big Creek Alluvium, 
development of the Saline River Alluvium, Ogallala formation, Dakota 
formation, wastewater reuse and development of a supply from the Walnut 
River. 
 
This study looks further at the environmental impacts of the various 
studies; however, it was geared more toward the detention structures. 

 
Dept. of Army & Bureau of Reclamation Reports Reports (May 22 & June 
27, 1990 by Dept. of the Army, Sept. 18 & 19, 1989 by US Dept. of Interior 
Bureau of Reclamation) 
 

Hays applied for permits to build three small earthen dams, each approx. 
100 ft. long on the Smoky and help recharge the aquifer.  The permit was 
granted.  It is not known if the dams were built, but they were only going to 
be allowed temporarily. 

 
Sustainable Yield from the Smoky  (September 30, 2002 by Tom Brikowski 
University of Texas) 
 

Studied aquifer layout, effects of drawdown and historical stream flows.  
The report looks at historical lows for stream flow and determines a “worst 
hypothetical case” scenario that assumes no inflow.  Recommends 
developing an aquifer storage policy, expanding well field to increase 
storage and using Dakota to store excess flow. 
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Evaluation of Lake Wilson & Kanopolis Reservoir Final Report (Burns & 
McDonnell 2-20-2003) 
 

Detailed findings and recommendations to PWWSD #15 of Lake Wilson, 
Kanopolis Reservoir, Cedar Bluff and South Russell. 
 
Studied possibility of developing a new wellfield beginning South of 
Russell and running East to South of Dorrance.  Study concluded that this 
wellfield was not a viable option due to regulatory and political issues.  
Developed cost options for development of Wilson Lake ($84 million) and 
Kanopolis ($75 million).   

 
Summary Report (June 3, 2003 Burns & McDonnell) 
 

Purpose was to evaluate yield of well field and determine measures 
needed to enable Hays’ full water rights to be pumped.  Study found 
potential in redesigning and expanding well field and recommend moving 
forward with Phase II, which was investigating and testing. 

 
Phase II Report (June 15, 2004 by Burns & McDonnell) 
 

A follow-up to the summary report where well field was tested in order to 
determine the impacts of expanding and redesigning the well field.  Final 
recommendation was to relocate 6 wells and increase size of well field 
from 12,000 acre-ft. to 20,000 acre-ft.  Project was completed in 2009. 

 
 

 
 

 

23



16 

Trego County 
 
(July 13, 1987 by Black & Veatch & January 1987 by Clarke Well & Equip.) 
 

Included in this file was a 1987 report from Clarke Well & Equipment 
describing the results of six test wells drilled in the northern portion of 
Township 12S Range 21W.  Two of the wells justified further testing and 
were each found to have a saturated thickness of 34’ and an estimated 
potential yield of 250 gpm.  The report concluded a dependable source of 
water may be defined and developed in this area. 
 
Also included in the file were negotiations between the City of Hays and 
Rural Water District #2.  It was contemplated that Hays and RWD #2 
would jointly develop pipelines from Trego into Ellis Co. to transport their 
respective water supplies. Hays would potentially transport the water 
mentioned in the above paragraph. RWD #2 eventually built the pipelines 
independent of Hays, as protests from the citizens of Trego Co. eventually 
doomed the collaboration. 
Also found in this file was a 1987 recommendation from Black & Veatch 
for Hays to purchase an available 5,400 ac/ft in Cedar Bluff Reservoir from 
the Kansas Water Office. An IGUCA was eventually formed in Cedar Bluff 
precluding any possibility of acquiring water rights. 

 
 

Ogallala 
 

Report of the KS Agricultural Ogallala Task Force (September 1993 by the 
Ogallala Task Force) 

 
Report found that the Ogallala is a finite resource and is being depleted.  
Recommended that it not be pursued as an option.   
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Waconda 
 
(August 9, 1989 by US Dept. of Interior) 

 
No formal studies were found in this file.  However, the following items 
were encountered: 

 A 1991 press release from Hays and Russell stating application 
had been made to KDWR for allocation of 15,000 ac/ft. 

 A Black & Veatch estimate indicating the cost of the Waconda 
option at $32 million in 1993 dollars.  The estimate also reported 
there were no water quality issues.  

 Black and Veatch consistently rank the Waconda option as the 
second best long-term source, behind Big Bend, due to good water 
quality. 
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Wilson 
 
Reconnaissance Study for Reallocation (September 1997 by Corps of 
Engineers) 
 

Corps of Engineers studied possible reallocation of water in Wilson.  
Included a needs analysis, a yield study and supply alternatives study.  
Study focused on 30,000 acre-ft. of storage with a yield of 8,000 acre-ft. 
annually.  Corps recommends that the storage be reallocated. 

 
Memo from Black & Veatch (February 2003 by Black & Veatch) 
 

Studied feasibility of developing intake at Wilson for either 4,000 acre-ft. or 
8,000 acre-ft.  Raw water would be pumped to a new treatment plant in 
Russell.  After treatment, water would be pumped to Pfeifer well field and 
a new transmission line would be installed to take the water to the Smoky 
Well field.  Total cost $40 million. 

 
Wilson Water Treatment Facilities Design (2005 by Burns & McDonnell) 
 

Designed intake, treatment facilities and transmission line concept to 
supply water to Russell and Hays.  Onsite reverse osmosis treatment 
facility with on-site disposal wells.  Four (4) phases with a total build out to 
8 MGD.  Phase One-$60.3 million.  Total build out of all four phases $72 
million. 
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BLACK a VEATCH 

MEMORANDUM 

Development of Big Bend Supply 

To: Ken Carter 
Bill Keefer 

From: Jeff Henson 
Les Lampe 

B&V Project 12736.150 
January 3, 1990 

Outlined below are the steps required to develop a dependable supply from 
the Big Bend area of the Arkansas River. The Big Bend area includes all of 
Kingman, Kiowa, Pratt, Stafford and parts of Barber, Barton, Edwards, 
Pawnee, Reno, and Rice Counties. It also includes the alluvium of the 
Walnut and Pawnee Rivers. This area is highly productive with over 1200 
wells able to supply up to 1000 gpm of water each. 

The closest highly productive area is the alluvium of the Walnut River. 
However, this area is closed to further development. The Walnut River also 
discharges some of its water to the Cheyenne Bottom Wildlife Refuge. This 
refuge has a delicate ecosystem that has been of concern in recent years. 
The drought and upstream pumpage has caused some of the marshland to dry 
up. Any pumpage from the aquifer will be closely monitored by conserva
tionists and any purchase of water rights in this area will meet with 
significant political opposition. Therefore, this area should not be 
considered for water supply development. 

Another refuge of concern within the Big Bend area is the Quivira Marsh. 
Any water rights that will affect flows to this marsh should also be 
avoided as it has a delicate ecosystem and could meet political opposition 
as well. 

The next closest area is the Pawnee River alluvium. This area has been 
closed to new appropriation. Information provided by the Big Bend Ground
water Management District indicated that it may be difficult to obtain 
water rights in this area. Further investigation of water rights in this 
area will be conducted. If adequate water rights are not available in the 
Pawnee River alluvium, the next closest areas are southwest of Great Bend 
and South of the Pawnee River alluvium. Water Rights purchased in this 
area should not affect either the Cheyenne Bottoms or the Quivira Marsh. 

Most of the wells in the Big Bend Area top the undifferentiated Pleistocene 
deposits. The Ogallala formation may also be a consideration. It is 
relatively thin in the Big Bend area, but is not highly developed. 

The plan is similar to the one developed for Water Banking on Big Creek in 
that it consists of a Permitting Phase, Design Phase, Bidding Phase, and 
Construction Phase. Following the description of each of these phases, a 
schedule and cost summary have been attached. 

mcampbell
Rectangular Exhibit Stamp
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PHASE 100 - PERMITS 

2 B&V Project 12736.150 
January 3, 1990 

The first phase of the project will be to identify potential water rights 
to be purchased and gain approval from the governing agencies for all of 
the components of the project. 

Task 101 - Identify Potential Water Rights to be Purchased 

This task will be the most critical in the project. 

We have contacted the Big Bend Groundwater Management District and the 
Division of Water Resources to determine the potential for purchase of 
water rights in the Big Bend area. This has not occurred often in the 
past, but they mentioned the Barton County Community College (BCCC) has 
recently completed the process. BCCC was able to acquire 320 acre-feet of 
water. They identified potential sources by word of mouth and 
advertisement in local newspapers. They also mentioned that they have the 
power of eminent domain and could acquire additional water rights through 
condemnation. However, the President of BCCC indicated that the 
condemnation process was felt to be very harmful to public relations and 
the community image of the college. BCCC chose to pursue water rights 
openly offered for sale by area farmers and received favorable press 
coverage for this. 

The President of the BCCC said that it is very difficult to obtain water 
rights without also purchasing the land. They recently paid $1500/acre for 
253 acres and the associated 200 acre-feet of water rights. They 
considered this to be a reasonable price. They also noted that they have 
been looking for water for about 10 years and it takes at least a year to 
obtain approval from the Division of Water Resources for changing the use 
from irrigation to municipal. 

Several factors should be noted at this point: 

1. It may be difficult to obtain an appreciable amount of water 
within the same vicinity or may take a considerable negotiation 
period to do so. 

2. At $1500/acre for land and water rights of about 1 acre-foot per 
acre of land, the 3000 acre-feet of water rights would cost 
$4.5 million to purchase. 

3. It may take a year or more to identify 3000 acre-feet of 
available water rights in a reasonable location. Negotiations 
will then probably take at least another year. 

4. Once firm negotiations are taking place, permit applications 
can be submitted. The permit process could also take at least a 
year considering that changes in points of diversion, the Water 
Transfer Act, and changes in use permits will be required. 
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At any rate, the first step in the process for Hays will be to 
identify potential water rights for purchase. The Division of 
Water Resources will be contacted to obtain listings of water 
rights owners in target areas. These lists will then be reviewed 
to identify senior rights and priority lists of owners to 
contact. Coverage in local newspapers may also help identify 
potential sources. This task will take about 3 months to 
complete and engineering fees will be about $10,000. 

Task 102 - Negotiations 

After the priority lists have been generated, contact should be made by 
phone or letters. The first question that water rights holders will ask is 
the price being offered by the City. Therefore, study should be made of 
fair prices and a definite strategy should be developed for talking with 
potential sellers. 

Before application for change of water rights and the variety of permits 
required, at least a verbal agreement should be reached with potential 
sellers, including definition of prices of land or water rights. This 
process could take between one and two years to complete. The City will 
probably complete most of this task by retaining a special real-estate 
negotiator with engineering support as needed. 

Task 103 - Obtain Water Rights Permits 

After preliminary agreements have been reached for the water rights pur
chases, for changes in point of diversion, place of use, and type of use 
application must be made to the Division of Water Resources. Approval of 
the changes in point of diversion will cover the exchange of the ownership 
of the water right. Approval usually requires about two months. 

Approval of the change in use (from irrigation to municipal) will take a 
significant amount of time. Division of Water Resources personnel indicate 
that at least 90 days is usually required. However, Barton County 
Community College representatives indicate a year or more was necessary 
when they completed the process. 

Probably the most difficult approval will be that required by the Water 
Transfer Act. The Water Transfer Act permit is fairly detailed. It must 
be completed if more than 1000 acre-feet are to be transferred greater than 
10 miles from the point of diversion. 

The items that must be answered include: 

1. Quantity of water to be transferred and maximum diversion rate. 

2. Points of diversion. 
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3. Location of usage. 

4. Use of water. 

5. Alternate sources of water for the user. 

B&V Project 12736.150 
January 3, 1990 

6. Plan of design, construction, and operation of the facilities 
used in conjunction with carrying the water from the point of 
diversion. 

7. Estimated completion date. 

8. Benefits to the state if the transfer is approved. 

9. Benefits to the state if the transfer is not approved. 

10. Current beneficial uses of the water. 

11. Reasonably foreseeable future use of the water and the economic, 
environmental, public health, and welfare and other impacts of 
approving or denying the transfer. 

12. Current conservation practice implementation plans of the 
applicant. 

13. Any additional factors required by the Chief Engineer. 

It will take significant effort to gather this information and will take a 
significant amount of time to review. Depending on the detail required, 
about six months will be needed to complete this task. Engineering costs 
will be about $27,000 as most of the items needed will be addressed in 
other tasks. Many of the requirements noted in the above listing are 
relatively open-ended, which means that State regulatory agencies can 
require substantial effort to address concerns that cannot be presently 
foreseen. 

Task 104 - Regulatory Approval of Wells 

New wells will be required to meet KDHE requirements for public water 
supply facilities, so plans and specifications for the wells must be 
submitted to the DWR and KDHE for approval. This can be completed within 
four weeks of completion of design. Costs for this task will be included 
in design. 

Task 105 - Easements 

The preliminary alignment follows major highways to the Big Bend area. 
If this alignment proves to be cost-effective after specific well locations 
have been identified agreements with the Kansas Department of Transporta
tion and possibly county highway departments will have to be negotiated. 
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Relatively few agreements with private landowners will be required. This 
alignment offers the advantage of needing just a few agreements, but 
requirements of the State and county highway departments will be fairly 
stringent. 

If the alignment along the highways is not cost-effective, the pipeline 
will probably cross many private landowners' properties. Agreements must 
be reached with each landowner. 

About one to two weeks per mile of pipe is required to research land 
ownership, survey the route, and determine the legal description for the 
proposed easement. If the highway alignment is chosen, significant time 
can be saved in researching property ownership and legal description. 
Once the land has been surveyed and the legal description completed, 
negotiations can begin for acquisition of the easements. This process 
can be completed relatively quickly for most of the pipeline if meetings 
are set up to explain exactly what is going on to the affected landowners. 
However, a few owners will not agree to the arrangements and further 
negotiations must be completed or an alternate alignment chosen. The time 
required for this task could range as high as 1.5 to 2 years and the cost 
will be about $1.2 million including the surveys, legal descriptions, and 
land acquisition costs for over 50 miles of pipeline. If many private 
property owners are affected, condemnation proceedings will almost 
certainly be needed on some properties. 

Task 106 - Pipeline Approval 

KDHE must approve the plans for the pipelines. The review time will 
probably take longer than the standard four to six weeks considering the 
length of pipeline that will be required. The costs are incorporated into 
design phase costs. 

PHASE 200 - DESIGN 

Once specific water rights have been identified for purchase and permits 
have been acquired, facility design can begin. 

The first step of the design phase should be a master plan study to 
determine the most cost-effective method of developing the Big Bend Water 
Supply. The first step in developing the master plan will be to determine 
exact locations for wells. New wells will probably be required as 
irrigation wells probably cannot be upgraded to municipal well standards. 
Since the area is very productive, wells will be located in the most 
accessible locations with respect to the pipeline and maintenance needs. 
It is expected that only one test hole will be needed at each potential 
well location to verify the thickness of the formation and collect samples 
for sieve analyses. Up to 15 wells may be required assuming purchase of 
properties similar in size to those BCCC has purchased. 
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A pipeline study should also be conducted. This pipeline will be the 
most important component of the plan and the most cost-effective align
ment should be determined. After well locations have been determined, 
alternative pipeline alignments will be evaluated. Also, all available 
pipe materials will be considered and evaluated in terms of cost, 
reliability, and maintenance requirements. 

Finally, the water treatment plant should be evaluated. The hydraulics of 
the plant will be analyzed to see if the plant has adequate capacity. It 
is currently rated at 6 mgd. Also, the water quality of the new wells will 
be analyzed with respect to the current treatment processes. Safe Drinking 
Water Act impacts will be considered as well to ensure the plant will meet 
government standards well into the future. 

This study can be completed for about $135,000 including test hole 
drilling. The study report will include recommendations for the most 
cost-effective plan to develop a water supply source from the Big Bend 
area. The study could also include an investigation of the potential for 
formation of a rural water district so costs can be shared. When distances 
of this magnitude are covered, incremental cost increases for greater 
capacities are relatively minor. The cost increases could easily be 
outweighed by shared costs with other municipalities. Also, federal and 
state money might be more accessible with the formation of a rural water 
supply district. 

Task 202 - Design Wells 

After a specific plan has been developed, design and testing can begin on 
the wells. Design of the wells should cost about $100,000 to $150,000 
depending on the number of wells required and phasing of the improvements. 
Design can be completed in about six months again depending on the number 
of wells required and phasing. 

Task 203 - Design Pipeline and Pumping Station 

The pipeline will require about 1.5 years to design. The final size and 
alignment will depend on the number, size, and location of the wells, and 
if a rural water district is formed. The design of the pipeline will 
include valves, fittings, and manholes as well as final route selection. 

The length of pipe will probably require at least two pumping stations. 
The cost of design of the pumping stations and pipeline will be about 
$1,000,000. 

Task 204 - Design Water Treatment Plant 

If improvements at the treatment plant are required, these can be designed 
as the pipeline and wells are being constructed. At this point, it is 
assumed that no improvements will be required. 
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This phase will consist of advertising each major component of the project, 
reviewing bids, and awarding contracts. Each portion of the project is 
large enough to bid separately. Each phase can also be constructed 
independently. A different contractor can work on each one and continuity 
should not be lost. It is doubtful whether one contractor will be able to 
perform all the work. The major tasks for this portion are similar to the 
phase for design. They are as follows: 

Task 301 - Wells 
Task 302 - Pipeline and Pumping Stations 
Task 303 - Water Treatment Plant 

Each task should take about seven weeks, which includes four weeks for 
advertisement to bid and three weeks for review and contract award. 

These tasks will be completed as shown on the attached schedule. Costs for 
this phase will be about $80,000. 

PHASE 400 - CONSTRUCTION 

This phase of the project will include construction of all major components 
of the plan. 

Task 401 - Wells 

Construction costs of the wells will depend on the number required. 
Assuming 15 are required construction costs will be about $825,000. 
Construction should take about 18 months assuming one drilling in 
operation. 

Task 402 - Pipeline and Pumping Station 

The pipeline and pumping station will require about 2.5 years to complete. 
Costs of the pipeline will be about $17,500,000. The pumping stations will 
cost about $200,000 each. 

Task 403 - Water Treatment Plant 

It is assumed that no improvements will be required. 

Resident and construction phase services will cost about $1,100,000 
assuming two full time residents for a five year construction period and 
one full time design engineer. 
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Preliminary cost estimates for the project are outlined below. 

Water Rights 
Permits,Surveying, and Legal 
Master Plan 
Wells 
Pipeline & Pumping Station 
Bidding Phase 
Construction Phase Services 

Total 

Permits and 
Acquisition 

$ 

4,500,000 
1. 237.000 

5,737,000 

Design 
$ 

135,000 
150,000 

1,100,000 
80,000 

1,465,000 

Construction 
$ 

825,000 
17,900,000 

1,100,000 

19,825,000 

$27,027,000 

A schedule and layout of the proposed plan are provided on the following 

figures. Many of these tasks can occur at the same time. The time 

estimates were determined assuming a "normal" sized design crew and 

construction crew. The time frame for these phases can be significantly 

reduced if a "fast track" approach is taken. This "fast track" approach 

will escalate costs by about 15 percent. 

as 
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TASK DESCRIPTION 

PHASE 100- PERMITS 

101 -Identify Potential Water 
Rights to be Purchased 

102- Negotiations 

103- Obtain Water Rights Permits 

104- Regulatory Approval of Wells 

I 05- Easements 

106- Pipeline Approvo I 

PHASE 200- DESIGN 

201- Moster Plan Study 

202- Wells 

203- Pipeline and Pumping Stations 

204- Water Treatment Plant 

PHASE 300- BIDDING 

301- Wells 

302- Pipeline and Pumping Stations 

303- Water Treatment Plant 

PHASE 400-CONSTRUCTION 

401- Wells 

402-Pipeline and Pumping Stations 

403 -_water Treatment Plant 
~ 

PROJECT SCHEDULE 

MONTHS TO COMPLETION 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 62 84 66 86 90 
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WATER GROUP SUBCOMMITTEE MEETING 

November 1, 1993 

Attendees: Hannes Zacharias, Lavern Squier, Harvey Ruder, Leo 
Wellbrock, Elden Hammerschmidt, Linton Bartlett, and Curt_Long
pine. 

The group met to devise more precise strategies for local, 
intermediate, and long term enhancements to the City's water 
supply. The following is an outline of the activities that 
occurred during the meeting. 

I. LOCAL WATER OPTIONS (Options immediately adjacent to exist
ing infrastructure) . 

A. Binder Wells 

A collection of three wells owned by the Binder 
family are located just south of the city limits on the 
east side of the existing Schoenchen water transmission 
pipelines. Total of 250 acre feet is being used pres
ently by the Binder family. An immediate strategy 
would be to acquire the water rights needed through a 
negotiated sell or condemnation and connect the wells 
to the existing infrastructure. This would be done 
following a complete review of the wellfield. 

B. Enhance the Schoenchen Wellfield 

Current recommended production levels for the 
Schoenchen wellfield is 1,000 acre feet per year 
(1993). Total of approximately 2,500 acre feet plus 
pumping the wellfield in 1983 (highest level to date) . 
It was indicated that the production for the existing 
wells could be enhanced by reducing the number of wells 
from 12 to 6 or 8 and redrilling wells. The strategy 
would be to maximize the existing water rights in this 
area through mechanical means as well as constant water 
supply during periods of drought. Activities include: 

1) Research with Bob Vincent and Black & Veatch the 
redrilling and offsetting of our existing wells; 

2) Engage consultants to investigate the effective up
stream users (both groundwater and surface water) on 
the ability for the Schoenchen wellfield to yield water 
during periods of drought. Such research may include 
the effects of groundwater stream flow as a result of 
Cedar Bluff Reservoir. 
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3) Investigate using State Water Rights Purchasing 
Program to acquire water rights upstream from the 
Schoenchen wellfield to be retired. This program is a 
80% State/20% Local matching program. 

Note: Leo will contact consulting groups on potential costs 
involved in reducing and offsetting wells in the 
Schoenchen wellfield area. 

C. Acquire Midwest Energy Water Rights 

Midwest Energy currently has water rights on a well 
located in the southeast portion of this City totaling 
52 acre feet. Acquire these water rights through pur
chase or condemnation and add to our existing system. 

D. Stormwater Retention 

Efforts should be made to study the possibility of 
establishing stormwater retention ponds/lakes which 
could be used to supplement water supply. 

E. Smoky Hill Country Club Wells 

Smoky Hill Country Club currently has water rights 
to 195 acre feet to be used for the golf course. Ef
forts should be continued to pursue securing these 
water rights in exchange for water sewer effluent. 
Current effluent limitations make this option unrealis
tic at present. 

F. Big Creek Water Banking 

This program currently is placed on hold due to the 
elimination of the program for the Bureau of Reclama
tions 1994 and futures activities list. Efforts should 
be made to convince the Bureau to include this project 
in their long range planning. Additionally, state 
regulators should be encouraged to work with the commu
nity on making this a feasible water use alternative. 

II. INTERMEDIATE OPTIONS {options within 10 miles of existing 
infrastructure) . 
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A. Bemis Wells 

The Bemis family currently has water rights of 250 
acre feet of water through four different wells located 
six miles west of the City along Big Creek. The possi
bility of extending a water line along Highway 40 to 
this location and acquiring the water rights should be 
explored. 

+Total water right 258 acre feet 
+Assumed water use for Hays - 206 acre feet 
+Capital costs per acre foot - $4,416 

Note: These wells are reported to be close to cattle pens 
thus, nitrate problems should be investigated. 

B. Ellis County Feeder Wells 

Ellis County Feeders have groundwater rights to 
Dakota wells located north of the community. Since 
these wells are in the Dakota aquifer this option is 
not viewed as being suitable unless, desalination is 
put in place. 

c. Schoenchen to Pfeifer Wells 

Should the City of Hays and Russell join together 
in a public water supply district, the most immediate 
connection would be between the existing Pfeifer well
fields of Russell and the Schoenchen wellfields of 
Hays. This seven mile stretch of country contains a 
total of 559 acre feet in water rights among various 
users. Should this pipeline be constructed is should 
be sized large enough to accommodate large flows of 
water. Additionally, a standing offer should be made 
to all adjoining well owners to acquire their water 
rights. Such standing offers could be a varying de
grees depending on location from existing infrastruc
ture, total amount of water, and quality of water. 
After attempts are made to secure such water through 
reasonable means, condemnation may be pursued. 

+Total acre footage - 559 acre feet 
+Water available to the City of Hays - 447 acre feet 
+Capital cost per acre foot per City of Hays - $5,780 



Page 4 

D. Dakota Extension f~om Existing Dakota Well--West Ten 
Miles of Kraus Site 

The veins for the Dakota Aquifer extend further to 
the west and southwest of our existing wellfields. 
Water is reported to increase in quality going in this 
direction. Volumes for better water could be blended 
with the existing water Dakota water to reduce the need 
for desalination. Due to present DWR regulations an 
estimated 660 acre feet could be accomplished or ac
quired over a ten mile strip. 

+Total water available - 660 acre feet 
+Capital cost per acre foot - $6,583 

Note: These figures do not include any additional capital 
costs required for desalination. 

E. Dakota Wellfield West of Schoenchen 

The concept of extending pipe from the existing 
wellfield directly west to hit known pockets of Dakota 
water should be explored. Competition in the known 
areas of Dakota water is extremely high both in terms 
of stock wells, domestic wells, and irrigation wells. 
Additional infrastructure could be laid, however, to 
pick up additional fresh water supplies which are 
currently appropriated. 

+Total amount of existing water rights in the vicinity 
-- 911 acre feet 

+Total water available (existing water rights} - 911 
acre feet 

+Water available to the City of Hays - 728 acre feet 
+Additional water through exploration - 660 acre feet 
+Capital costs per acre foot for City of Hays water -

$4,554 

Note: These costs do not include capital or equipment costs 
for desalination. 

III. LARGE SOURCE OPTIONS (in excess of ten miles from City of 
Hays infrastructure) . 

Basic Assumptions: 

1) .. - Due to current DWR regulations limiting the amount of 
water rights that can be obtained to just that amount that 



Page 5 

can be classified as 11 safe yield 11
, sources should be sought 

that have large amounts of existing water right. These 
water rights then must be purchased either through negoti
ated sale or condemnation. This is done so that the number 
of miles of pipeline can be reduced to a minimum within the 
maximum amount of water. 

2} The near term goal would be to acquire 4,000 acre feet 
of water at or near the year 2,000. This amount of water 
would be shared with the City of Russell perhaps on a 60 
(Hays)/40 (Russell) split. 

3) Due to the existing infrastructure within and around 
the City of Hays and Russell the maximum size pipeline that 
can be used to bring in water would be 18 inches. This 
would allow the flow of approximately 4,000 acre feet per 
year. This can be mitigated, however, by developing large 
transmission lines between the City of Hays and Russell or 
other engineering designs. 

4) Due to financial limitations at the City of Hays, any 
large water option would need the support and assistance of 
the City of Russell. 

5) A public water supply district between Hays and Russell 
should be pursued. This option would present a unified 
voice in pursuing any large water supply option and make it 
more likely for federal or state grant assistance. 

6) All large options should evaluate the prospects obtain
ing an additional 4,000 acre feet beyond the immediate 
4,000 acre feet desired. If one single option cannot 
supply this amount of desired acre footage, a second source 
of water supply should be pursued. 

A. Northwest of Hays (Ogallala) Option. 

This option contemplates the use of existing power 
line right-of-ways/easements with Midwest Energy. The 
total estimated cost is $23,200,000 and involves some 
65 miles of pipeline. The total cost per acre foot 
would be $5,804. 

An alternate approach to this direct line to the 
Ogallala Aquifer would be to go in stages. 

1) Hays to Wakeeney 

This phase would require the purchase of ap
proximately 1,100 acre feet with an additional 300 
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acre feet being obtained through exploration. Well 
owners that would be purchased in this phase would 
be Molsom, Babb, and Riedel wells. 

+Total estimated cost - $13,200,000 
+Per acre foot cost estimated -$9,442 

2) Wakeeney to Hill City 

This phase would involve the exploration of 
1,000 acre feet of water. 

+Tqtal estimated cost - $7,093,000 
+Per acre foot cost - $7,093 

As an alternative to this particular phase 
pipeline could be laid between Wakeeney west to 
Quinter and additional pipeline going from Wakeeney 
north to the Saline River. This will involve the 
acquisition through exploration or purchase of 
2,600 acre feet of water. 

+Total estimated cost - $9,500,000 
+Total cost per acre foot - $3,648 

3) Hill City to Lacerne 

This option would be to continue the pipeline 
from Hill City north and west to Lacerne. An addi
tional 1,600 acre feet would have to be purchased 
or explored for a period. 

+Total estimated cost - $7,700,000 
+Total per acre foot cost - $4,808 

Note: Lavern will research the existing water right holders 
in this area to understand where competition from 
existing water rights exist. 

B. Rush Center/Pawnee Option 

This option would involve extending existing infra
structure from the Schoenchen wellfields south to Rush 
Center in the first phase. The second phase would 
include going from Rush Center to the Pawnee River 
directly south or continue further east along the Wet 
Walnut toward Great Bend, perhaps tying into the Little 

··Arkansas River Basin south of Great Bend. Further 
options may include continuing the pipeline further 
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south of the Pawnee to the Arkansas River Basin near 
Kinsley. 

The first phase would involve taking advantage of 
an offer from the Collins family to purchase 1,100 acre 
feet of water right along an eight mile stretch west of 
Rush Center along the Wet Walnut. An additional 1,000 
acre feet could probably be obtained from other sources 
to the east of Rush Center. It should be noted that 
the entire IGUCA, which extends from Ness City to Great 
Bend along the Wet Walnut, allows only approximately 
22,000 acre feet of withdrawal. Should the City desire 
to obtain all 4,000 acre feet in this option approxi
mately 20% of all the IGUCA water would have to be 
transported to Hays. This may be politically difficult 
to obtain. 

The second phase would involve getting the infra
structure down to the Pawnee River and obtaining 2,000 
acre feet of water along this route. 

c. Purchase Water from Great Bend 

This option would be to take advantage of the offer 
from Central Kansas Utility Company to purchase water. 
The price was set at $2.65 per 1,000 gallons. This 
amount equates to approximately $864 per acre foot per 
year. This would divorce the City of the need to build 
infrastructure for this option, but, would tie the 
City's future to whatever pricing Kansas Utility Compa
ny would require. Control of a vital resource for the 
City's growth, would then be in the hands of an outside 
entity. It is difficult to compare this cost with 
other options due to the fact that after a 20 year 
period, infrastructure for all the other options would 
be paid for, whereas purchasing water from Great Bend 
would never be eliminated. 

As an alternative to this method, the City may want 
to pursue building its own water line and acquiring 
water rights in the area. In the long term, this would 
provide greater flexibility and lower cost water to the 
citizens of Hays. 

D. Wilson Reservoir 

This option would involve accessing the 8,000 acre 
feet currently on joint file in Wilson Reservoir. 
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Lines would be extended from the reservoir to the City 
of Russell where water would then go through treatment 
in the Russell water plant. Following this initial 
treatment, it would be processed through an EDR or like 
unit for desalination. Compared to other options this 
may be the most expensive due to its requirement for 
desalination units and disposal wells. 

E. Waconda Reservoir 

This option would take advantage of the 15,000 acre 
feet currently on joint file in this reservoir. Unfor
tunately, this is a very high cost option due to the 
fact that no intermediate options are available. Thus, 
to access any of this water the entire pipeline must be 
laid with very little opportunity to add to the City's 
water supplies in the interim. Phasing of this option 
would be rather difficult. 

F. Post Rock 

This option would include laying new infrastructure 
between the City of Russell and the Ellsworth tower to 
accommodate large amounts of water from Kanopolis 
Reservoir. This option, however, may subject the 
entities to outside control and lash the future destiny 
of the communities to a third outside group. If water 
rights could be obtained in Kanopolis reservoir for the 
cities themselves and then use existing infrastructure, 
this option may be prove to be feasible. 



Subject: 

Reference: 

History: 

Date: 

Approved by: 

Kansas State Board of Agriculture 
Division of Water Resources 

ADMINISTRATIVE POLICY 
No. 89-10 

Availability of surface water and groundwater from Walnut Creek, 
its tributaries and their valley alluviums and other 
hydraulically connected aquifers 

K.S.A. 82a-706, K.S.A. 82a-706a, K.S.A. 82a-711, as amended, 
K.S.A. 82a-711a, K.S.A. 82a-712 

Effective September 15, 1989 

September 15, 1989 (;1. ~ n . ~ 
David L. Pope, P. E. ~-'-~-'---~"-7t-..:;....;;;;;;;.....--
Chief Engineer 

I. Surface Water .. 
All applications received on or after September 15, 1989, for a permit to 

appropriate surface water from Walnut Creek and its tributaries for beneficial 
use, except for domestic use, temporary permits and short term permits, shall be 
accepted for filing and given a file number, if acceptable for filing, but shall 
not be further processed and shall be denied on the basis that the approval of 
such application would prejudicially and unreasonably affect the public interest 
or would impair use under existing water rights. 

II. Groundwater 

All applications received on or after September 15, 1989, for a permit to 
appropriate groundwater from the valley alluviums and other aquifers that are 
hydraulically connected to Walnut Creek and its tributaries outside the boundary 
of Western Kansas Groundwater Management Di stri ct No.1, except for domestic 
use, temporary permits and short term permits, shall be accepted for filing and 
giVen a file number, if acceptable for filing, but shall be denied on the basis 
that approval of such application prejudicially and unreasonably affect the 
public interest or would impair use under existing wat~r rights. 
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STATE BOARD O F  AGRICULTURE 
Sam Brownback, Secretary 

DIVISION O F  WATER R E S O U R C E S  
David L. Pope, Chief Engineer 

BEFORE 

DAVID L. POPE, CHIEF ENGINEER 
DIVISION OF WATER RESOURCES 

KANSAS STATE BOARD OF AGRICULTURE 

I N  THE MAllER OF THE DESIGNATION OF AN 
INTENSIVE GROUNDWATER USE CONTROL AREA 

I N  BARTON, RUSH AND NESS COUNTIES, KANSAS 

The Ch ie f  Engineer, D i v i s i o n  o f  Water Resources, Kansas S ta te  Board o f  

Ag r i cu l t u re ,  ( h e r e i n a f t e r  r e f e r r e d  t o  as "Ch ie f  Engineer") , a f t e r  having g iven m 
F 

due cons idera t ion  t o  a l l  evidence, test imony and o ther  i n fo rma t ion  presented t o  tr 
a 
PI 

4 him a t ,  o r  as a r e s u l t  of, t h e  hear ing h e l d  i n  Great Bend, Kansas, on December 
m 
C'J 

3 
4-7, 1990, January 3-4, February 5-8, March 19-22 and 26-28, 1991 and i n  Topeka, 

0 
0 

Kansas on A p r i l  18, 1991, regard ing  the  proposed des ignat ion  o f  an i n t e n s i v e  

groundwater use c o n t r o l  area ( h e r e i n a f t e r  r e f e r r e d  t o  as t h e  "IGUCA") i n  t h e  

Walnut Creek Va l l ey  i n  Barton, Rush and Ness Counties, Kansas, hereby makes t h e  

f o l l o w i n g  Findings, Concl'usions and Order: 

FINDINGS 

1. That i n  September 1989, the  D i v i s i o n  of Water Resources Report No. 89-1 

t i t l e d  A v a i l a b i l i t y  o f  Water i n  Walnut Creek, i t s  T r i b u t a r i e s ,  t h e i r  Va l l ey  

A1 1 u v i  ums, and Hydraul i c a l l  Y Connected Aaui f e r s ,  was completed by James 

0. Bag1 ey, P. E., Technical Services Sect ion, D i v i s i o n  o f  Water ~*esources. 
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2. That based upon Report No. 89-1, the Chief Engineer on September 15, 1989, 

adopted Administrative Pol icy No. 89-10 which provides that appl ications 

received on or after September 15, 1989, for a permit to appropriate 

surface water from Walnut Creek and its tributaries or groundwater from 

the vall ey a1 1 uvi ums and other aquifers that are hydraul i cal ly connected 

to Walnut Creek and its tributaries outside the boundary of Western Kansas 

Groundwater Management District No. 1, except for domestic use, temporary 

permits and short term permits, would be accepted for filing and given a 

file number, if acceptable for filing, but will be denied on the basis that 

approval of such application would prejudicially and unreasonably affect 

the public interest or would impair use under existing water rights. 

a7 
m 

3. That by letter dated October 10, 1989, Robert Meinen, Secretary, Department 
aJ 
tn 
a of Wildlife and Parks, requested that the Chief Engineer initiate 
4 

proceedings for designation of an IGUCA in all areas that affect the 
Y 
0 Department's Cheyenne Bottoms water right in the Walnut Creek drainage 
m 

basin. 

4. That in accordance with the provisions of K.S.A. 82a-1036 through K.S.A. 

82a-1040, the Chief Engineer may, upon his own initiative, initiate 

proceedings for designation of an IGUCA outside the boundaries of an 

existing groundwater management district whenever he or she has reason to 

believe that one of the following conditions exists: 



a. Groundwater 1 eve1 s i n  t he  area i n  quest ion a r e  dec l  i n i n g  o r  have 

dec l i ne  excessively ;  

b. t he  r a t e  o f  withdrawal o f  groundwater w i t h i n  t h e  area i n  quest ion  

equals o r  exceeds the  r a t e  of recharge i n  such area; 

c. preventable waste o f  water i s  occur r ing  o r  may occur w i t h i n  t h e  area 

i n  quest ion; 

d. unreasonable d e t e r i o r a t i o n  o f  t h e  qua1 i t y  o f  water i s  occu r r i ng  o r  

may occur w i t h i n  t h e  area i n  quest ion; o r  

e. o ther  cond i t i ons  e x i s t  w i t h i n  the  area i n  quest ion  which r e q u i r e  

r e g u l a t i o n  i n  t h e  p u b l i c  i n t e r e s t .  

m 
5. That i n  accordance w i t h  t h e  p rov i s ions  o f  K.S.A. 82a-1036 through K.S.A. 

a, 
b 

82a-1040, t h e  Ch ie f  Engineer may i n i t i a t e  proceedings f o r  des igna t i on  o f  2 
rl 

an IGUCA w i t h i n  a groundwater management d i s t r i c t  whenever a groundwater 
z 

management d i s t r i c t  recommends t h e  same. o o 
m 

6. That by l e t t e r  dated January 15, 1990, Ms. Sharon Falk,  Manager, B ig  Bend 

Groundwater Management D i s t r i c t  No. 5, requested, i n  accordance w i t h  t h e  

a c t i o n  o f  t he  ~ o a r d '  o f  D i r e c t o r s  on January 11, 1990, t h a t  t h e  Ch ie f  

Engineer o f  t h e  D i v i s i o n  o f  Water Resources i n i t i a t e  proceedings f o r  

des ignat ion  o f  an IGUCA i n  t h e  Walnut Creek Basin i n  Barton County. 



. . 5. hW 
That by l e t t e r  rece ived February 1, 1990, Ms. Sharon Fa1 k, Manager, B i g  

Bend Groundwater Management D i s t r i c t  No. 5, t r a n s m i t t e d  t o  M r .  David L. 

Pope, Ch ie f  Engineer, D i v i s i o n  o f  Water Resources, a l i s t  o f  t h e  l a n d  t o  

be inc luded w i t h i n  t h e  boundary o f  t h e  proposed i n t e n s i v e  groundwater use 

c o n t r o l  area i n  Barton County; t h a t  t h e  i n t e n s i v e  groundwater use c o n t r o l  

area proposed by t h e  D i s t r i c t  was g e n e r a l l y  t h a t  p a r t  o f  t h e  Walnut Creek 

Basin t h a t  1 i e s  i n  Barton County exc lud ing  some p a r t s  o f  t h e  Dry Walnut 

Creek drainage area; t h a t  by l e t t e r  dated February 27, 1990, Ms. F a l k  

informed t h e  D i v i s i o n  t h a t ,  through mutual agreement, 12 sec t i ons  i n  Barton 

County o r i g i n a l l y  recommended by t h e  D i s t r i c t  t o  be i nc luded  w i t h i n  t h e  

proposed boundaries which l i e  ou ts ide  the  boundaries o f  t he  D i s t r i c t  can 

be de le ted  from t h e  proposed area based on the  de terminat ion  t h a t  those 

sec t ions  would n o t  have an e f f e c t  on the  issue. 

That based upon i n fo rma t ion  conta ined i n  t h e  f i l e s  o f  t h e  o f f i c e  o f  t h e  

Ch ie f  Engineer, i t  appeared t h a t  groundwater 1 eve1 s i n  t h e  area i n  quest ion  

were d e c l i n i n g  o r  had dec l i ned  excessively ,  t h a t  t he  r a t e  o f  wi thdrawals 

o f  groundwater w i t h i n  t h e  area i n  quest ion equaled o r  exceeded t h e  r a t e  

o f  recharge i n  such area, and t h a t  cond i t i ons  ex i s ted  w i t h i n  t h e  area i n  

quest ion  which requ i red  r e g u l a t i o n  i n  t he  p u b l i c  i n t e r e s t .  

9. That on March 13, 1990, David L. Pope, Ch ie f  Engineer i ssued an Order 

i n i t i a t i n g  proceedings f o r  des igna t i on  of an IGUCAwith proposed boundaries 

as fo l l ows :  
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Barton County: 

Township 18 South, Range 13 West, Sect ions 28 through 33 

Township 18 South, Range 14 West, Sect ions 4 through 10 and 14 through 36 

Township 18 South, Range 15 West, Sect ions 1 through 36 

Township 19 South, Range 12 West, Sect ions 19, 30 and 31 

Township 19 South, Range 13 West, Sect ions 3 through 11 and 14 through 36 

Township 19 South, Range 14 West, Sect ions 1 through 36 

Township 19 South, Range 15 West, Sect ion 1 

Township 20 South, Range 14 West, Sect ions 5 and 6 

Rush Countv: 

Township 17 South, Range 16 West, Sect ions 31 through 35 

Township 17 South, Range 17 West, Sect ions 19 through 36 

Township 17 South, Range 18 West, Sect ions 19 through 36 

Township 17 South, Range 19 West, Sect ions 23 through 26 & 31 through 36 

Township 17 South, Range 20 West, Sect ions 35 and 36 

Township 18 South, Range 16 West, Sect ions 1 through 36 

Township 18 South, Range 17 West, Sect ions 1 through 36 

Township 18 South, Range 18 West, Sect ions 1 through 36 

Township 18 South, Range 19 West, Sect ions 1 through 36 

Township 18 South, Range 20 West, Sect ions 1 through 36 

Township 19 South, Range 16 West, Sect ions 3 through 6 

Township 19 South, Range 17 West, Sect ions 1 through 6 

Township 19 South, Range 18 West, Sect ions 1 through 6 



Township 19 South, Range 19 West, Sections 1 through 7 -. 4, qic) 
Township 19 South, Range 20 West, Sections 1, 2, 11 and 12 

Ness Countv: 

Township 17 South, Range 25 West, Sections 32 through 34 

Township 18 South, Range 21 West, Sections 1 through 36 

Township 18 South, Range 22 West, Sections 1 through 4 and 7 through 36 

Township 18 South, Range 23 West, Sections 19, 25 and 36 

Township 18 South, Range 24 West, Sections 13 through 27, 35 and 36 

Township 18 South, Range 25 West, Sections 1 through 5, 10 through 13, 24, 

33 and 34 
rl 
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Township 19 South, Range 21 West, Sections 4 through 9 al 
tn 

Township 19 South, Range 22 West, Sections 1 through 12, 17 and 18 
a 
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Township 19 South, Range 23 West, Sections 1 through 23 
m 
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Township 19 South, Range 24 West, Sections 1, 2 and 7 through 29 

Township 19 South, Range 25 West, Sections 1 through 3 and 11 through 13 

10. That i n  the  March 13, 1990, Order, the  Chief Engineer a l so  ordered t h a t  

a l l  app l i ca t ions  t o  appropr iate water f o r  bene f i c i a l  use (o ther  than f o r  

domestic use, temporary permits and shor t  term permits)  received on o r  

a f t e r  March 13, 1990, which proposed the appropr iat ion o f  groundwater from 

por t ions  o f  the Walnut Creek Basin i n  Barton, Rush o r  Ness Counties, w i t h i n  

the  proposed boundaries , would continue t o  be processed i n  accordance w i t h  

Admin is t ra t ive  Po l i cy  No. 89-10 described i n  Finding No. 2. 



11. That on March 22, 1990, t he  Ch ie f  Engineer issued a Cor rec t i ona l  Order 

c o r r e c t i n g  an e r r o r  i n  the  March 13, 1990, Order i n  t h e  d e s c r i p t i o n  o f  

lands i n  Ness County found a t  page 3, l i n e  40 o f  t h e  Order t o  read: ' 

"Township 18 South, Range 23 West, Sect ions 19 and 25 through 36." 

12. That on A p r i l  10, 1990, a prehear ing conference was held; t h a t  on June 29, 

1990, the  Ch ie f  Engineer issued a Prehearing Order which, among o ther  

th ings ,  d i v i d e d  the  hear ing i n t o  a formal and an in fo rmal  phase. 

13. That t he  Prehearing Order es tab l ished t h a t  t he  purpose and scope o f  t he  

formal phase was t o  gather  evidence on t h e  f o l l o w i n g  f a c t u a l  issues: (1) 

whether t h e  area i n  quest ion should be designated as an IGUCA; (2)  i f  the  

area i n  quest ion  i s  designated as an IGUCA, what c o r r e c t i v e  c o n t r o l  

p rov is ions ,  as enumerated i n  K.S.A. 82a-1038, should be adopted; and (3) 

i f  t h e  area i n  quest ion i s  designated as an IGUCA, what boundaries f o r  t h e  

area should be establ ished;  t h a t  t he  f o l l o w i n g  organ iza t ions  prov ided 

n o t i c e  o f  t h e i r  d e s i r e  t o  p a r t i c i p a t e  i n  the  formal phase o f  t h e  hear ing 

and were a1 1 owed t o  do so: t h e  Kansas Department o f  W i  1 d l  i f e  and Parks 

through i t s  a t to rney  DeAnn E. Hupe; t h e  B ig  Bend Groundwater Management 

D i s t r i c t  No. 5 through i t s  a t to rney  H. P h i l 1  i p  Mar t in ;  t h e  Walnut Creeks 

Basin Assoc ia t ion  through i t s  a t to rney  Richard Boeckman; t h e  C i t y  o f  Great 

Bend through i t s  a t to rney  Robert Sue l te r ;  the  Kansas W i l d l i f e  Federat ion 

through i t s  a t to rney  Frank L. Austenfeld; t he  Mid-Kansas Qua1 i ty  Water 

Assoc ia t ion  through i t s  a t to rney  Mark Cal cara; t h e  Kansas Natura l  Resources 

Council and t h e  Kansas Audubon Council through t h e i r  a t t o rney  John M. 

Simpson; t h e  Centra l  Kansas U t i l i t y  Co., Inc .  through i t s  a t to rney  Donald 



P i t t s ;  t h e  Kansas Farm Bureau through i t s  a t to rney  Charles A r thu r ;  t h e  C i t y  

o f  Ho is ing ton  through i t s  a t to rney  Donald Re i f ;  and the  Wet Walnut Creek 

Watershed, J o i n t  D i s t r i c t  No. 58 through i t s  a t t o r n e y  Thomas Toepfer.  

14. That t he  Prehearing Order es tab l ished t h a t  t h e  purpose and scope o f  t h e  

in fo rmal  phase o f  t h e  hear ing was t o  p rov ide  a  f r e e  and i n fo rma l  forum f o r  

p a r t i c i p a t i o n  i n  t h e  proceedings. 

15. That n o t i c e  o f  t h e  hear ing was publ ished i n  t he  f o l l o w i n g  papers: The Ness 

County News, November, 1, 1990; and a  co r rec ted  n o t i c e  was pub l ished 

November 8, 1990; The Rush County News, November 1, 1990; and a  co r rec ted  

n o t i c e  was publ i shed November 8, 1990; The Hoi s ing ton  Dispatch,  November 

1, 1990; and a  cor rec ted  n o t i c e  was publ ished November 8, 1990; The Great 

Bend Tribune, October 31, 1990; and a  co r rec ted  n o t i c e  was pub l i shed  on 

November 1, 1990; t h a t  n o t i c e  was a lso  pub l ished i n  the  Kansas Reg is te r  

on November 15, 1990; n o t i c e  was a1 so g iven t o  every person h o l d i n g  a  water 

r i g h t  o f  reco rd  i n  t h e  o f f i c e  o f  the  Ch ie f  Engineer w i t h i n  t h e  proposed 

IGUCA and t o  se lec ted  persons represent ing  organ iza t ions  o r  agencies w i t h  

an i n t e r e s t  i n  t he  mat te r .  

INFORMAL PHASE 

That t he  In fo rmal  Phase o f  t he  hear ing was he ld  i n  t h e  evening on December 

5, 1990 a t  Great Bend, Kansas, and test imony was g iven as f o l l o w s :  



1. That Eugene Shore, farmer and irrigator from Stanton County and 

Representative in the Kansas House of Representatives for the 124th 

District, testified that he serves on the reapportionment committee of the 

legislature and that the only areas in Kansas that maintained or grew in 

population were those areas that depended on irrigated agriculture; that 

he felt there were some steps that could be taken to conserve water used 

in Cheyenne Bottoms such as making the pools deeper and lining the ditches 

and that a conservation plan for Cheyenne Bottoms should be required. 

(V 

2. That Doyle Rahjes, President of the Kansas Farm Bureau and farmer from 
a, 
0' 
a Agra, testified that Farm Bureau has historically supported soil and water 
PI 
rl 
crl conservation activities, the construction of watershed structures and 
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X o funding for the State water plan; that the availabil ity of water has been 
0 
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a major factor in bringing economic development and determining the 

standard of living in much of the western two-thirds of the State; that 

irrigation has been largely responsible for the development of the 

livestock industry; that the development of the livestock industry has 

resulted in an increased number of jobs and has expanded the tax base; that 

if the irrigation water rights in Rush County were eliminated, the tax 

base would be cut by over 2.3 bill ion dollars based on the value of 

irrigated land versus dry land; that the establishment of an IGUCA is 

desirable because it gives all water users the opportunity to receive some 

water rather than cutting off junior water right holders entirely under 

the authority of the Kansas Water Appropriation Act; that it is unreal istic 

to use 1960 as a benchmark for determining water levels because the aquifer 
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was full at that time due to the 1959 flood; that Farm Bureau recommends 

that an advisory committee be formed consisting of all parties. 

3 .  That Dale E. Schartz testified that he has a well in which the water level 

raised five to six feet from 1989 to 1990; that he suggests that the 

management at Cheyenne Bottoms be worked on before getting into other areas 

of restriction. 

4.  That Jacob Roenbaugh entered the written testimony of Darrell Mi 11 er, grain 

producer from Edwards County, into the record; that Mr. Miller stated in 

the written testimony that he is a dry land farmer and he is a strong 

advocate of minimum ti 1 1  age farming , soil conservation and water 

management; that in his opinion, reduction of irrigated farm land could m 
u' 
I- 

lead to: devaluation of cultivated farm land; realignment of the tax a, 
tn 
m 
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structure for residential, farmland and business property; increased -I 
m 
(U 

unemployment in a1 1 sectors ; reduction of income for a1 1 i ed businesses; .Y 
0 
0 

reduction of state and federal income taxes; realignment of ASCS bases and m 

yields; increased transportation costs for farm products; reduction of 

grain storage income; reduction of Commodity Credit Corporation payments; 

reduction of livestock, both stocker and feeders; increased CRP acres; 

reduced farm equipment values; increased school consolidation; and 

accel erated farm forecl osures. 

5. That Me1 vin D. Pinkston, farmer, testified generally regarding hi s concern 

with how a wetland is defined. 



6. That Joel  Daubert, member o f  t h e  Board o f  D i r e c t o r s  f o r  Rural Water 

D i s t r i c t  No. 3 and farmer from near Ot is ,  t e s t i f i e d  t h a t  Rural Water 

D i s t r i c t  No. 3 was organized i n  1973 by farmers i n  Rush, Bar ton and Russel l  

Counties because o f  a problem w i t h  d r i n k i n g  water; t h a t  t h e  water  i s  

purchased f rom t h e  C i t y  o f  O t i s ;  t h a t  t h e  Water D i s t r i c t  has 481 users, 

w i t h  85-90 percent o f  t h e  water used f o r  domestic use i n  smal l  communities 

and f o r  farmers i n  t h e  area; t h a t  t h e  Water D i s t r i c t  has p laced a 

moratorium on hooking up pas ture  u n i t s  because i t  i s  t r y i n g  t o  save as much 

water as poss ib le  f o r  domestic uses; t h a t  t h e  Water D i s t r i c t  f e e l s  t h a t  

i f  water use was c u r t a i l e d ,  i t  would c rea te  a hardship on many o f  t h e  users 

w i t h i n  t h e  D i s t r i c t .  

7 .  That Glen Schniepp, farmer from Bazine, t e s t i f i e d  t h a t  i n  1936 h i s  f a m i l y  

b u i l t  a small dam across Wal nu t  Creek t h a t  would h o l d  around 15 ac re - fee t  

o f  water; t h a t  they cou ld  pump the  creek d r y  i n  f i v e  o r  s i x  days pumping 

o n l y  i n  d a y l i g h t  hours w i t h  a pump capable o f  pumping over  a thousand 

ga l l ons  per  minute; t h a t  i n  t he  1 9 3 0 ~ ~  a th ree  t o  f i v e  i nch  r a i n  a t  

Dighton, which i s  60 t o  65 r i v e r  m i l es  from Bazine, would reach Bazine i n  

about a week; t h a t  because o f  conservat ion p rac t i ces ,  p r e s e n t l y  a t h r e e  

t o  f i v e  i nch  r a i n  a t  Dighton would no t  reach Bazine; t h a t  t h e  o n l y  t ime 

i n  60 years t h a t  t he  creek went d r y  was i n  1956 which was one o f  t h e  d r i e s t  

years; t h a t  t h e  normal f l o w  down Walnut Creek would h a r d l y  ever  reach 

Cheyenne Bottoms and i f  t h e  creek d i d  run  very  much, several  w e l l s  w i t h  

vested r i g h t s  c lose  t o  t h e  creek would d r y  i t  up; t h a t  t h e  water t a b l e  a t  

Bazine i s  normal and t h e  spr ings  are running; t h a t  t h e r e  has been a problem 

w i t h  s i l t  i n  t h e  creek causing a l o t  o f  s torage l o s s  i n  h i s  pond. 



8. That Kevin E. Mauler, farmer, i r r i g a t o r  along Dry and Wet Walnut Creeks, 

rancher and sportsman, t e s t i f i e d  t h a t  because o f  t h e  t h r e a t  o f  water 

cu r ta i lmen t ,  he has appl i ed several  d i f f e r e n t  conserva t ion  measures 

i n c l  uding s h o r t  season corn  and surge valves; t h a t  water  conserva t ion  

devices such as surge valves and LEPA systems are  expensive and farmers 

a re  r e l u c t a n t  t o  spend money on them i f  they are n o t  go ing  t o  be ab le  t o  

i r r i g a t e  f o r  more than another year  o r  two o r  w i l l  o n l y  be a b l e  t o  i r r i g a t e  

every o the r  year ;  t h a t  farmers may a l so  be r e l u c t a n t  t o  purchase 

conservat ion devices because under an IGUCA reduct ions  might  be made from 

ac tua l  use r a t h e r  than pe rm i t t ed  q u a n t i t i e s  and t h i s  would penal i z e  people 

who are  us ing  water  conserv ing devices; t h a t  t a k i n g  reduc t i ons  f rom ac tua l  

use would a l so  promote waste o f  water; t h a t  a f i v e  year  s tudy  should be 

conducted t o  mon i to r  and meter a l l  w e l l s  t o  study wi thdrawal  and recharge 

and more t e s t  w e l l s  should be d r i l l e d  and monitored. 

9. That Bob Wendelburg, opera tor  o f  Sunr ise W Farms i n  S t a f f o r d  County, 

t e s t i f i e d  on b e h a l f  o f  t h e  Water P r o t e c t i o n  Assoc ia t ion  o f  Cent ra l  Kansas; 

t h a t  i r r i g a t i o n  has g r e a t l y  increased both the  species and t h e  numbers o f  

w i l d l i f e  i n  h i s  area. 

.4 
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10. That Maurice L. Huenergardt, farmer and rancher f rom Ot i s ,  t e s t i f i e d  t h a t  

0 
0 
m he has l i v e d  by Walnut Creek s ince  he was born i n  1920; t h a t  he r e c a l l s  

h i s  f a t h e r  t e l l i n g  him t h a t  when he was young the  creek would be s l i g h t l y  

r i l e d  a f t e r  a b i g  r a i n  b u t  would never be muddy; t h a t  i n  t h e  1920s, a l o t  

o f  grass l a n d  was being broken o u t  and a f t e r  a r a i n ,  t h e  stream would 



become more muddy; t h a t  d u r i n g  t h e  drought years o f  t h e  1930s, Walnut Creek 

was d r y  d u r i n g  t h e  summer and i n  t h e  w in ter ,  water would be p u t  i n t o  t h e  

creek by m e l t i n g  snow; t h a t  i n  t h e  1930s, t h e  creek a t  Timken d i d  n o t  f low;  

t h a t  f l o o d i n g  became more and more f requent  and t h a t  he r e c a l l s  i n  1951 

t h a t  they  had s i x  f loods,  one each weekend f o r  s i x  weeks; t h a t ,  a t  t h e  

present t ime, t he  creek i s  so s i l t e d  up and the re  i s  so much d e b r i s  t h a t  

water f l o w  a f t e r  a r a i n  i s  g r e a t l y  r e s t r i c t e d ;  t h a t  t h e  Walnut Creek 

c a r r i e s  water  when i t  r a i n s  and i t  i s  d ry  when the re  i s  no r a i n .  

11. That Richard Spare, farmer i n  S t a f f o r d  County and a S t a f f o r d  County 

Commissioner, t e s t i f i e d  general 1 y regarding the  economic impact a reduc t i on  

i n  water use would have on S t a f f o r d  County. 

That Kent Lamb, President  o f  t h e  Water P ro tec t i on  Assoc ia t i on  o f  Centra l  

Kansas, t e s t i f i e d  t h a t  t h e  Assoc ia t ion  supports t he  p o s i t i o n  o f  t h e  Walnut 

Creek Basin Associat ion;  t h a t  a committee should be formed t o  develop 

research data  regarding t h e  cu r ren t  s i t u a t i o n  i n  t h e  Walnut Creek area. 

That E.F. Mohr, farmer f rom Ot i s ,  t e s t i f i e d  t h a t  p r i o r  t o  a f l o o d  i n  1935, 

a f t e r  a l l  o f  t h e  dus t  storms, t h e r e  was always sand i n  t h e  bot tom o f  t he  

Walnut and s ince t h e  f l o o d  the re  i s  no longer  any sand; t h a t  he was a 

member o f  t h e  S o i l  Conservation Serv ice (SCS) i n  Rush County f o r  14 years 

and t h a t  t h e  SCS encouraged t e r r a c i n g .  

14. That Loyal Otte, farmer from Heizer,  t e s t i f i e d  t h a t  i n  t h e  1930's h i s  

f a m i l y  i r r i g a t e d  10 acres w i t h  water  from a pool i n  Walnut Creek t h a t  was 
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approximate ly  50 yards up and down t h e  creek; t h a t  i t  would take  about f o u r  

o r  f i v e  hours t o  pump t h e  water f rom t h e  pool and then t h e  pool would fill 

up again i n  f o u r  o r  f i v e  days; t h a t  when i t  ra ined,  t hey  i r r i g a t e d  24 

hours; t h a t  h i s  f a t h e r  and he d r i l l e d  an i r r i g a t i o n  w e l l  i n  1948 t o  p rov ide  

a r e l i a b l e  source o f  water; t h a t  i n  t h e  f a l l  o f  1954 o r  1955, a hun te r  p a i d  

him and t h r e e  o t h e r  farmers t o  pump water f rom t h e i r  i r r i g a t i o n  w e l l s  f o r  

30 days i n t o  Wet Walnut Creek so t h a t  i t would run  i n t o  Cheyenne Bottoms; 

t h a t  t he  f o u r  w e l l s  each pumped about a thousand ga l l ons  per  minute; t h a t  

today the  creek i s  d r y  from Heizer  t o  Bazine o r  Alexander and t h e  o n l y  t ime 

t h e  creek runs i s  when i t  r a i n s .  

m 
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15. That A l v i n  Ot te,  farmer from Barton County, t e s t i f i e d  t h a t  h i s  f a m i l y  moved a, 
m 
a 
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t o  a farmstead by t h e  Wet Walnut Creek i n  1917 and t h a t  he remembers t h a t  7l 
m . . 
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t h e r e  was sand i n  t h e  bed o f  t h e  creek; t h a t  t h e  creek a t  bes t  r a n  about Y s u 
20 inches deep a t  i t s  normal depth; t h a t  he remembers t imes when he was m 

young t h a t  t h e  creek q u i t  running; t h a t  t h e  bed o f  t he  creek has s i l  t ea  

up a t  l e a s t  30 inches; t h a t  t h e r e  are no longer  any spr ings  on t h e  creek; 

t h a t  he d r i l l e d  a we1 1 i n  1947 t o  ge t  a r e 1  i a b l e  source o f  water;  t h a t  he 

r e c a l l s  C h a r l i e  Hume asking him t o  pump water i n t o  t h e  Wet Walnut f rom h i s  

i r r i g a t i o n  w e l l  b u t  t h a t  h e ' d i d  n o t  do it. 

16. That Elmer Mausolf, A lbe r t ,  t e s t i f i e d  t h a t  he t r i e d  t o  i r r i g a t e  l a n d  t h a t  

he purchased i n  1939 b u t  he cou ld  no t  g e t  enough water; t h a t  t h e r e  were 

some pools o f  water and sometimes he cou ld  g e t  enough t o  i r r i g a t e  f o r  f i v e  

o r  s i x  hours; t h a t  i n  1955 he d r i l l e d  a w e l l  and t h e  depth t o  water was 

about 28 f e e t ;  t h a t  t h e  water l e v e l  i n  t h e  w e l l  has been down t o  35 fee t ;  



t h a t  i n  1990 he d r i l l e d  a replacement w e l l  12 t o  15 f e e t  away and t h a t  t he  

depth t o  water  i n  t h a t  we l l  was 27 f e e t ;  t h a t  t h e  creek used t o  have a sand 

bottom and now i t  i s  f i l l e d  w i t h  two t o  t h i r t y  inches o f  s i l t .  

17. That John K r a f t ,  member o f  t he  Board o f  D i r e c t o r s  f o r  t h e  Kansas Natura l  

Resource Counci l  and operat ions manager a t  t he  Land I n s t i t u t e  i n  Sal ina, 

t e s t i f i e d  t h a t  i f  cu r ren t  i r r i g a t i o n  technologies were u t i l  ized, around 

20 t o  50 percent  o f  t h e  water t h a t  i s  c u r r e n t l y  being pumped would n o t  be 

needed; t h a t  i f  cu r ta i lmen ts  i n  water use are necessary, he would l i k e  t o  

see assis tance from t h e  State, such as no i n t e r e s t  shor t - te rm loans  f o r  

farmers t o  purchase equipment; t h a t  s i m i l a r  water  savings can be had i n  

m u n i c i p a l i t i e s  by adapt ing water conservat ion measures such as l ow  f l u s h  

t o i l e t s ;  t h a t  KNRC be l ieves  t h a t  i t  i s  o f  v i t a l  importance t h a t  Cheyenne 

Bottoms be preserved; t h a t  M r .  K r a f t  submitted a r e p o r t  regard ing  

p o t e n t i a l  i r r i g a t i o n  e f f i c i e n c y  improvements. 

18. That Char1 i e  Meyer, Great Bend, t e s t i f i e d  t h a t  he i s  91 years o l d  and t h a t  
In 

when he was a boy the re  were t imes when the  creek h a r d l y  had any water i n  d' 
b 

a, 

i t  and i t  was t o t a l l y  d r y  i n  places. P 
rd 
a 

19. That Franc is  Vondracek, farmer from Timken, t e s t i f i e d  t h a t  i n  t h e  1940s, Y 
0 
0 rn 

t h e  sides o f  t h ree  channels t h a t  had been constructed t o  r e - r o u t e  t h e  f l o w  

o f  Walnut Creek washed down causing t h e  spr ings t o  s i l t  shut; t h a t  a t  a 

condemnation hear ing i n  1939 Gene Oborny t e s t i f i e d  t h a t  f o u r  years  e a r l  i e r  

he had seen t h e  water i n  Walnut Creek ge t  so low t h a t  i t  stopped f l o w i n g  

and there  was no water t h a t  cou ld  be pumped out  o f  t h e  creek. 



20. That Steven Oborny, farmer i n  Rush County, t e s t i f i e d  t h a t  h i s  g randfa ther  

s t a r t e d  i r r i g a t i n g  i n  1939 and t h a t  i f  t h e i r  water i s  c u t  o f f  o r  

d r a s t i c a l l y  reduced, they  would be fo rced  t o  leave the  farm. 

21. That Marvin Schw i l l i ng ,  c e r t i f i e d  w i l d l i f e  b i o l o g i s t ,  t e s t i f i e d  t h a t  he 

had worked a t  Cheyenne Bottoms f o r  14 years as re fuge manager; t h a t  

Cheyenne Bottoms i s  recognized as the  most impor tan t  wet land f o r  m ig ra to ry  

w i l d l  i f e  i n  t h e  western hemisphere; t h a t  Cheyenne Bottoms i s  t h e  l a r g e s t ,  

most extensive marsh i n  t h e  i n t e r i o r  o f  t h e  Un i ted  States; t h a t  Cheyenne 

Bottoms i s  hos t  t o  more than 90 percent o f  t h e  c o n t i n e n t a l  popu la t i on  o f  

f i v e  species o f  shorebi rds;  t h a t  Cheyenne Bottoms i s  t h e  most important  

n e s t i n g  area f o r  ducks i n  Kansas and a l so  f o r  several  species o f  

shorebi rds;  t h a t  Cheyenne Bottoms i s  f e d e r a l l y  designated as c r i t i c a l  

h a b i t a t  f o r  n a t i o n a l l y  endangered w i l d l  i f e  species, i n c l u d i n g  t h e  Whooping 

Crane, Peregrine Falcon, Bald Eagle and t h e  Least Tern and t o  t h e  f e d e r a l l y  

threatened P ip ing  Plover;  t h a t  Cheyenne Bottoms i s  used by s t a t e  endangered 

o r  threatened species i n c l u d i n g  the  Snowy P lover  and t h e  Whi te- face I b i s ;  

t h a t  marshes such as Cheyenne Bottoms cannot be dup l ica ted .  

22. That  D. Jean Avey, A lbe r t ,  Kansas, t e s t i f i e d  genera l l y  concerning t h e  

s u r v i v a b i l i t y  o f  w i l d l i f e  species i n  s p i t e  o f  t h e  a c t i v i t i e s  o f  humans; 

t h a t  i n  1948 the  Ch ie f  Engineer was cons ider ing  t h e  reduc t i on  o f  i r r i g a t i o n  

because o f  decl  i n i n g  groundwater l e v e l  s, b u t  f l oods  o f  t h e  1950's sa tura ted  

t h e  a q u i f e r  t o  i t s  maximum; t h a t  t h i s  a l s o  happened w i t h  f l o o d s  i n  1903, 

1905, 1913 and 1927. 



23. That Mike Walts, Pres ident  o f  F i r s t  Nat iona l  Bank o f  Great Bend and 

El  1 inwood, t e s t i f i e d  genera l l y  regard ing  the  economic s i g n i f i c a n c e  o f  t h e  

i ssue. 

24. That Carol Bales, i r r i g a t o r  from Bison, Kansas, t e s t i f i e d  t h a t  from 1947 

t o  1958, o the r  than when there  were f l oods  i n  t he  e a r l y  1950s, she cou ld  

walk across Walnut Creek a l o t  o f  t h e  t ime; t h a t  t h e  1959 f l o o d  complete ly  

changed the  t e r r a i n  o f  t he  creek . because o f  t h e  s i l t .  

25. That Steve Hetzke, farmer s i x  m i l e s  west o f  Great Bend, t e s t i f i e d  t h a t  he 

achieved a 19 percent  reduc t ion  i n  water use by i n s t a l l i n g  an underground 

d r i p  i r r i g a t i o n  system, surge valves and p l a n t i n g  one hundred day corn; 

t h a t  because o f  t he  cos t  involved, i r r i g a t o r s  would need t ime  t o  make such 

systems pay and work. 

That Nathan Ochs, farmer, t e s t i f i e d  genera l l y  regard ing  h i s  observat ions 

o f  Cheyenne Bottoms. 

That Gene Kn ie l i ng ,  counci l  member f o r  t h e  C i t y  o f  Rush Center and 

munic ipal  rep resen ta t i ve  f o r  t h e  Walnut Creek Basin Associat ion,  t e s t i f i e d  

t h a t  c i t y  water systems i n  t h e  basin area are  c u r r e n t l y  pumping a t  

approximate ly  80 t o  85 percent o f  t h e i r  pe rm i t t ed  amount; t h a t  M r .  K n i e l  i n g  

t e s t i f i e d  genera l l y  regarding t h e  economic impact o f  reduc t ions  i n  water 

usage i n c l u d i n g  h inde r ing  the  growth o f  the  communities i n  t he  area and 



lower c rop  product ion  r e s u l t i n g  i n  l e s s  revenue coming t o  town f o r  t h e  

purchase o f  necessary products. 

28. That Daylon Wissman, farmer from t h e  A1 b e r t  area, t e s t i f i e d  t h a t  i n  t h e  

1930s t h e r e  were many t imes t h a t  Walnut Creek d i d  n o t  have water  runn ing  

i n  it; t h a t  i n  1990, he went down by t h e  creek and dug a  h o l e  about t h r e e  

f e e t  deep and go t  on l y  s i  1  t; t h a t  he measures h i s  we1 1  s  be fo re  he s t a r t s  

pumping every season and t h e  water  t a b l e  has v a r i e d  f rom 18 f e e t  t o  

approximate ly  26 feet;  t h a t  b u i l d i n g  terraces,  ponds and o t h e r  conserva t ion  

p r a c t i c e s  have had a  major e f f e c t  on t h e  streamflow i n  Walnut Creek. 

29. That I r w i n  A l e f s  t e s t i f i e d  t h a t  he grew up along Walnut Creek and t h a t  they  

d r i l l e d  an i r r i g a t i o n  w e l l  because t h e  Walnut Creek was u n r e l i a b l e ;  t h a t  

h i s  g randfa ther  had a dam i n  t h e  creek and t h a t  i t  was about f o u r  f e e t  

above t h e  normal f l o w  o f  t h e  creek and now i t  i s  covered w i t h  s i l t ;  t h a t  

i n  1954 o r  1955, t h a t  they  pumped water i n t o  t h e  c reek  f rom t h e i r  

i r r i g a t i o n  w e l l  so t h a t  i t  cou ld  be d i v e r t e d  by Cheyenne Bottoms. 

30. That Margaret Oborny, B i  son-Timken area, t e s t i f i e d  general l y  about t h e i r  

f a m i l y  farm and t h a t  w i thou t  i r r i g a t i o n  o r  w i t h  d r a s t i c  c u t s  i n  i r r i g a t i o n ,  

t h e r e  i s  a  very  l i m i t e d  f u t u r e  f o r  t h e  f a m i l y  farm. 

31. Bernard Juno, farmer i n  Rush County, t e s t i f i e d  t h a t  a  March 30, 1933 

a r t i c l e  i n  t h e  Rush County newspaper shows t h a t  be fore  a c t i v e  i r r i g a t i o n  

was developed, t h e  Val n u t  Creek was an unre l  i a b l e  stream as f a r  as t h e  base 

f l o w  f o r  i r r i g a t i o n  o r  any o the r  use; t h a t  t h e r e  are  17 su r face  water 

18 



r i g h t s  i n  Rush County alone t h a t  secure any base f l o w  t h a t  was ever i n  

Walnut Creek; t h a t  t he  1933 a r t i c l e  a l s o  shows t h a t  any water t h e  Cheyenne 

Bottoms would rece i ve  would have t o  be i n  excess r u n o f f  due t o  a heavy 

r a i n f a l l .  

32. Roger Mohr, farmer southwest o f  O t i s  i n  t he  Walnut Val ley,  t e s t i f i e d  t h a t  

t h e  water l e v e l  i n  h i s  w e l l  d r i l l e d  i n  1977 was 27 fee t ;  t h a t  t h e  lowest  

t h e  water l e v e l  has been was 36 f e e t  i n  1984 and t h a t  t h e  water l e v e l  has 

cont inued t o  r i s e  s ince a watershed dam b u i l t  on h i s  p rope r t y  was f i l l e d  

f o r  t h e  f i r s t  t ime i n  1987; t h a t  they  have used surge valves f o r  f i v e  o r  

s i x  years and have seen subs tan t i a l  savings i n  water. 

FORMAL PHASE 

al 
0' 
a That t h e  Formal Phase o f  t he  hear ing was he ld  i n  Great Bend, Kansas 

beginning on December 4, 1990. 

m * 
1. That James 0. Bagley, Sect ion Head, Technical Serv ices Sect ion, D i v i s i o n  

o f  Water Resources, Kansas S ta te  Board o f  Ag r i cu l t u re ,  t e s t i f i e d  t o  a . 

r e p o r t  t h a t  he had authored e n t i t l e d  " A v a i l a b i l i t y  o f  Water i n  Walnut 

Creek, i t s  T r i bu ta r i es ,  t h e i r  Val l e y  A1 luviums, and Hydraul i c a l  l y  Connected 

Aqu i fe rs" ;  t h a t  t h i s  r e p o r t  i s  D i v i s i o n  o f  Water Resources Report No. 89- 

1, dated September 1989; t h a t  t h e  purpose f o r  p repar ing  t h e  r e p o r t  was t o  

determine i f  any add i t i ona l  water was a v a i l  ab le  f o r  app rop r ia t i on  i n  Walnut 

Creek, i t s  t r i b u t a r i e s  and t h e i r  v a l l e y  a l luv iums i n  Barton, Rush, Ness, 

Lane, Sco t t  and Pawnee Counties. 



That the  repor t  concludes streamflow in Walnut Creek has decreased 

subs tan t ia l ly  over the  l a s t  30 years;  t ha t  t h i s  decrease in  streamflow 

does not appear t o  be a d i r e c t  r e s u l t  of c l imat ic  changes s ince  t h e  average 

annual p rec ip i ta t ion  has not changed s ign i f ican t ly ;  t h a t  base flow in the  

lower par t  of t h e  basin i s  v i r t ua l l y  non-existent. (Exhibit 1, Page 6) 

That t he  report  a1 so concludes groundwater l eve l s  have decl ined i n  the  

a l luv ia l  val ley of Walnut Creek s ince  1960 in Barton and eas te rn  Rush 

Counties by as  much as  18 f e e t .  (Exhibit 1 ,  Page 6;  Exhibit 1, Figures 

9,  10 and 11) 

That t he  repor t  concl udes the  combination of decl i ni ng streamfl ows and 

declining groundwater l eve l s  over a t  l e a s t  t he  1 a s t  20 years  seems t o  

indicate  t h a t  t he  hydrologic system i s  out of balance; t h a t  i t  appears t h a t  

pumpage of groundwater and surface water has exceeded t he  a b i l i t y  of the  

surface water/groundwater system t o  be recharged on a cons i s ten t  basis;  

t h a t  Walnut Creek, i t s  t r i b u t a r i e s ,  t h e i r  val ley a1 1 uvi urns and aquifers 

i n  s trong hydraul i c  connection with the  vall  ey a1 1 uvi urns a r e  a t  1 ea s t  f u l l y  

appropriated based on conditions now exis t ing.  (Transcr ipt ,  Pages 171 

through 172; Exhibit 1 ,  Page 7) 

5. That Mr. Bagley t e s t i f i e d  t h a t  he had a ro l e  i n  drawing t h e  proposed 

boundaries f o r  t he  proposed intensive groundwater use control  area;  t ha t  

Big Bend Groundwater Management D i s t r i c t  No. 5 was a1 so involved i n  drawing 

the  proposed boundaries f o r  t h a t  pa r t  of t he  area  ly ing within the  



groundwater management d i s t r i c t ;  t h a t  t h e  boundaries were drawn t o  inc lude 

a l l  o f  t h e  a l l u v i a l  v a l l e y  i n  Barton, Rush and t h e  eas tern  h a l f  o f  Ness 

County; t h a t  t h e  western boundary was drawn so t h a t  t he  western-most we1 1  

f o r  which the re  was a  water r i g h t  o f  record  t h a t  was i n  t h e  v a l l e y  a l l uv ium 

o r  t e r r a c e  deposi ts  i n  Ness County was included; t h a t  t h e  n o r t h  and south 

boundaries i n  Rush and Ness count ies  were drawn t o  i nc lude  t h e  e x i s t i n g  

and proposed watershed s t r u c t u r e s  on t r i b u t a r i e s  t o  Wal n u t  Creek w i t h i n  

an area thought t o  have t h e  g rea tes t  i n f l uence  on Walnut Creek; t h a t  t h e  

eas tern  boundary and the  n o r t h  and south boundaries i n  Barton County were 

drawn by the  B ig  Bend Groundwater Management D i s t r i c t  No. 5. ( P r e - f i l e d  

Testimony o f  James 0. Bagley, Page 19; T ransc r ip t ,  Pages 138 through 140) 

6. That Guy E. El  1  i s ,  Sect ion Head, Compl iance, Enforcement, Water Use and 

C e r t i f i c a t e  Section, D i v i s i o n  o f  Water Resources, Kansas S ta te  Board o f  

Ag r i cu l t u re ,  i n  p r e - f i l e d  test imony t e s t i f i e d  t h a t  he prepared D i v i s i o n ' s  

e x h i b i t s  4 and 5  which summarized t h e  requested and author ized q u a n t i t i e s  

o f  water appropr iated w i t h i n  t h e  boundaries o f  t he  proposed Walnut Creek 

IGUCA; t h a t  these e x h i b i t s ,  mod i f ied  and updated as o f  May 6, 1991 t o  

r e f l e c t  t h e  rev i sed  boundaries, show 71,724.64 ac re - fee t  o f  water were 

au thor ized t o  be d i v e r t e d  under t h e  a u t h o r i t y  o f  504 vested r i g h t s ,  water 

r i g h t s  and approved a p p l i c a t i o n s  f o r  both sur face and groundwater uses 

w i t h i n  t h e  proposed IGUCA; and t h a t  7,899.21 ac re - fee t  were au thor ized 

under t h e  a u t h o r i t y  o f  82 vested r i g h t s .  ( P r e - f i l e d  Testimony, Pages 2  

through 6; E x h i b i t s  4  and 5, Revised) 



7 .  That M r .  E l l i s  t e s t i f i e d  t h a t  w i t h i n  the  proposed Walnut Creek IGUCA 

boundaries the re  a re  40,028.8 acres o f  l a n d  author ized t o  be i r r i g a t e d  as 

o f  October 23, 1990. (Transcr ip t ,  Page 229) 

8. , That Dr. Gonzalo Castro, Program Manager, Western Hemisphere Shorebi rd 

Reserve Network i n  Manomet, Massachusetts, t e s t i  f i ed regard ing  a research 

program t h a t  he conducted a t  Cheyenne Bottoms from September 1988 through 

October 1990; t h a t  Cheyenne Bottoms i s  one o f  t h e  most impor tan t  wet lands 

i n  t h e  world, and i s  one o f  t h e  l a r g e s t  i n  t h e  Un i ted  Sta tes  (T ransc r ip t ,  

Page 298); t h a t  Cheyenne Bottoms has been recognized i n t e r n a t i o n a l l y  by 

i n c l  us ion  i n  t h e  Western Hemisphere Shorebi rd Serv ice Network and w i t h i n  

t h e  Ramsar Convention. (Transcr ip t ,  Pages 323 through 324) 

9.  That t h e  major importance o f  Cheyenne Bottoms i s  i t s  unique geographic 

p o s i t i o n  as a r e s t i n g  and r e f u e l i n g  s i t e  f o r  m ig ra to ry  b i r d s  (T ransc r ip t ,  

Page 299); t h a t  t h e  b i r d s  s top  a t  Cheyenne Bottoms t o  b u i l d  up f a t  f o r  

f u e l  t o  cont inue t h e i r  m i g r a t i o n  (Transcr ip t ,  Pages 316 through 317); t h a t  

i f  t h e  b i r d s  cannot b u i l d  up enough f a t ,  they  w i l l  be unable t o  complete 

t h e i r  m i g r a t i o n  or ,  i f  they  can complete t h e i r  m ig ra t i on ,  t hey  w i l l  be , 

unable t o  breed. 

10. That o f  a l l  t h e  shorebi rds counted a t  210 stopover s i t e s  throughout  t he  

Western Hemisphere, 76 percent  o f  them were a t  e i t h e r  Cheyenne Bottoms o r  

Cape May i n  New Jersey (Transcr ip t ,  Page 306); t h a t  t h e  number o f  

shoreb i rds  counted a t  Cheyenne Bottoms represents 43 percent  o f  a l l  t h e  

shoreb i rds  i n  t h e  Western Hemi sphere. (T ransc r ip t  , Page 306) 



11. That Cheyenne Bottoms i s  much more important  t o  m ig ra to ry  shoreb i rds  du r ing  

t h e  sp r ing  than du r ing  t h e  f a l l .  (T ranscr ip t ,  Page 314) 

12. That d u r i n g  a  d r y  year, any water would be extremely important  t o  Cheyenne 

Bottoms because i t  would g i v e  some feeding cond i t i ons  t o  t h e  b i r d s  and they 

would be ab le  t o  surv ive;  t h a t  even 3,000 ac re - fee t  o f  water  would be 

p l e n t y  t o  a l l ow  t h e  b i r d s  t o  surv ive.  (Transcr ip t ,  Page 326) 

13. That Mat t  Scherer, 111, Water Conservation Engineer, D i v i s i o n  o f  Water 

Resources, Kansas Sta te  Board o f  Ag r i cu l t u re ,  t e s t i f i e d  t h a t  he prepared 

E x h i b i t  9  summarizing t h e  n e t  and gross i r r i g a t i o n  water requirements f o r  

common crops i n  t he  proposed IGUCA; t h a t  t h e  ne t  i r r i g a t i o n  water 

requirement i n  inches per  year  f o r  t he  area o f  t he  IGUCA g i ven  t h e  50% 

chance r a i n f a l l  ( t h a t  amount o f  p r e c i p i t a t i o n  t h a t  i s  equa l led  o r  exceeded 

on average every o the r  year) i s  as fo l lows:  

County Wheat - Corn Sors hum Soybeans A1 fa1  f a  

Ness 9.3 13.3 11.3 10.4 20.5 

Rush 8.5 12.6 10.4 9.6 20.3 

Barton 7.8 12.0 9.7 8.9 ' 19.3 

(T ransc r ip t ,  Pages 419 through 423; E x h i b i t  9 ;  Table 9B) 

14. That M r .  Scherer t e s t i f i e d  t h a t  he prepared two graphs ( E x h i b i t s  10 and 

11) showing t h e  repor ted  depth o f  a p p l i c a t i o n  (ac re - fee t  per  acre)  f o r  1989 

w i t h i n  t h e  proposed boundaries o f  t h e  IGUCA f o r  p o i n t s  o f  d i v e r s i o n  t h a t  



are not metered and points of diversion which are metered; that comparing 

the two graphs indicates that the amount of water estimated by those 

irrigators who do not have meters is probably higher than the amount of 

water actual ly pumped. (Transcript, Pages 423 through 426; Exhibits 10 

and 11) 

15. That Mr. Scherer testified that he prepared graphs and tables summarizing 

the results of a paper titled "Crop Responses Under Various Irrigation 

Schedul ing Cri teri a" (Exhibit 18) by Freddie Lamm, Kansas State University, 

Northwest Research-Extension Center, Colby, regarding crop responses under 
0 
L n  
F various irrigation scheduling criteria (Exhibits 12 and 13) ; that the study 
a, 
0' 
a 
PI indicated that intense management practices can reduce the amount of water 
d 
m .  
(U used to irrigate corn, grain sorghum and soybeans without adversely 
x 
0 
o affecting the yields in most years. (Transcript, Pages 426 through 435; 
m * 

Exhibits 12, 13 and 18) 

16. That he also testified that he prepared Division Exhibit 15 summarizing 

the water use reported by cities withdrawing water from the proposed IGUCA 

for the years 1986 through 1989; that in most cases cities drawing water 

from within the boundaries of the IGUCA used less water on a gallons per 

capita basis than did their peers in similar climatological conditions. 

(Transcript, Pages 435 through 440; Exhibits 14 and 15) 

17. That Thomas McClain, associate section chief of Geohydrology Section of 

the Kansas Geological Survey, testified to portions of a report entitled 

"Cheyenne Bottoms An Environmental Assessment" which he co-authored; that 



4. 29 

chapters 4 and 10 o f  t h i s  r e p o r t  con ta in  the  r e s u l t s  o f  two s tud ies  M r .  

McCl a i n  had done f o r  t he  assessment. 

18. That M r .  McClain t e s t i f i e d  t h a t  Walnut Creek Basin i s  a l ong  narrow v a l l e y  

extending from approximately Sco t t  County t o  Barton County. (Transcr ip t ,  

Page 643) 

19. That he f u r t h e r  t e s t i f i e d  t h a t  t h e  Walnut Va l l ey  Aqu i fe r  i s  composed o f  

g rave l ,  sand, s i l t  and c l a y  deposi ted by Walnut Creek; t h a t  t e r r a c e  

depos i ts  on t h e  sides o f  t h e  v a l l e y  a re  composed o f  s i m i l a r  m a t e r i a l  ; t h a t  

both depos i ts  y i e l d  water t o  we l ls ,  al though the  v a l l e y  f i l l  i s  t h e  

predominate aqu i fe r ;  t h a t  t h e  a l l u v i a l  ma te r i a l  r e s t s  on bedrock o f  

Cretaceous age; t h a t  t h e  bedrock cons i s t s  o f  t h e  Greenhorn Limestone, 

Graneros Shale, and Dakota Formation; t h a t  n e i t h e r  t h e  Greenhorn o r  t h e  

Graneros i s  an a q u i f e r  i n  t he  Walnut Va l l ey  area; t h a t  t h e  O g a l l a l a  

Formation i s  i n  t h e  western p a r t  o f  t he  basin. (Cheyenne Bottoms An 

Environmental Assessment, Page 171 ; Transcr ip t ,  Page 643) 

20. That he a l s o  t e s t i f i e d  t h a t  t he  Oga l l a la  Formation i s  separate 

h y d r o l o g i c a l l y  from the  o ther  a q u i f e r s  t o  the  east,  being separated by 

eros iona l  fea tures  from the  a l l u v i a l  aqu i fe r .  (Transcr ip t ,  Page 644) 

21. That M r .  McClain t e s t i f i e d  t h a t  no long- term change i n  average annual 

p r e c i p i t a t i o n  f o r  t he  p e r i o d  1946 through 1985 was observed f o r  t h e  bas in  

as represented by the  p r e c i p i t a t i o n  s t a t i o n s  a t  Ness City, Bison, and Great 



Bend; that Mr. McClain did not study the duration and intensity of 

precipitation. (Transcript, Page 646 and 647) 

22. That Mr. McCl ain testified that groundwater decl ines from 5 to 18 feet have 

been observed in Rush County from 1960 through 1982; that groundwater 

declines for Barton County have averaged from 5 to 15 feet in the study 

area from the early 1940's to 1982; that groundwater fluctuations have been 

observed in Ness County but no trends are evident; that groundwater 

declines from 1960 to 1982 in Rush County have resulted in a loss of 

approximately 69,000 acre-feet of water in storage; that there was an 

estimated 241,000 acre-feet of water in storage in 1960 and 172,000 acre- 

feet,in 1982. (Transcript, Pages 653 through 658, 764) 

23. That he testified that the causes of groundwater declines that have Q) tn 
a 
PI 

occurred in the Walnut Creek alluvial aquifer are lateral outflow, 4 
m 
hl 

evapotranspiration, downward 1 eakage, discharge by pumping we1 1 s, and x 
0 
0 

groundwater seepage to streamflow; that lateral outflow, a 

evapotranspiration, and basefl ow would be re1 atively small port ions of the 

total discharge so that the major discharge would be groundwater pumping 

by wells. (Transcript, Pages 659 through 661) 

24. That he testified that streamflow in Walnut Creek has declined from 1959 

through 1985 based on the gaged flow at the Albert gaging station; that 

in the 1960's and 70's there was a significant component of base flow, that 

is, contribution of water from the aquifer to the stream; that after the 

mid 1970's the base flow in large part disappeared and flow in the creek 



was on l y  present  when the re  was heavy p r e c i p i t a t i o n  and r u n o f f .  

(T ransc r ip t ,  Pages 663 through 667) 

25. That he t e s t i f i e d  t h a t  t h e  d e c l i n e  i n  streamflow i s  due t o  a  d e c l i n e  i n  

both base f l o w  and r u n o f f ;  t h a t  t h e  f a c t o r s  t h a t  a f f e c t  r u n o f f  a re  the  

d u r a t i o n  and i n t e n s i t y  o f  p r e c i p i t a t i o n  and changes i n  l a n d  use; t h a t  t h e  

f a c t o r s  e f f e c t i n g  basef low are evapot ransp i ra t ion  by p l a n t s  and t r e e s  and 

the  change o f  t h e  water l e v e l  i n  t h e  aqu i fe r ;  t h a t  t h e  d e c l i n e  i n  baseflow 

i s  due t o  a  dec l  i n e  i n  groundwater l e v e l  s; t h a t  i f  t h e  water 1  eve1 i n  the  

a q u i f e r  does n o t  come i n t o  contact ,  o r  i s  n o t  above t h e  base o f  t h e  

channel, t he re  i s  no baseflow. (Transcr ip t ,  Pages 669 through 671) 

26. That M r .  McClain t e s t i f i e d  t h a t  he would recommend f u r t h e r  s tudy  o f  t he  
ri 
Ln 

Walnut Creek Aqu i fe r ;  t h a t  e s s e n t i a l l y  a  water budget study t h a t  would take I. 

a, 
tn 

i n t o  account stream a q u i f e r  i n t e r a c t i o n  and t i e  i n  t h e  r a i n f a l l  and r u n o f f  EL a 
4 

f a c t o r s  would be usefu l ;  t h a t  he d i d n ' t  have t h e  t ime  t o  do t h i s  type o f  m N 

X 
study f o r t h e  Cheyenne Bottoms Environmental Assessment. (T ransc r ip t ,  Page o o 

m * 
699) 

27. That M r .  McClain . t e s t i f i e d  t h a t  there  was no l ong  term d e c l i n e  i n  

groundwater l e v e l s  i n  Ness County. (Transcr ip t ,  Page 752) 

28. That M r .  McClain t e s t i f i e d  t h a t  even w i t h  a  f u l l y  recharged a q u i f e r  t he re  

would n o t  necessa r i l y  be baseflow; t h a t  under n a t u r a l  cond i t i ons  t h e  water 

l e v e l  i n  t h e  a q u i f e r  cou ld  be lowered below streambed e l e v a t i o n  i n  a  d r y  

year, which would r e s u l t  i n  no baseflow; t h a t  i f  you then had above average 



r a i n f a l l  f o r  a year  o r  two, t h e  water t a b l e  cou ld  then r i s e ;  t h a t  

f l u c t u a t i o n s  i n  t he  water t a b l e  cou ld  occur even i n  a f u l l y  recharged 

a q u i f e r .  (Transcr ip t ,  Pages 819 and 820) 

29. That M r .  McClain t e s t i f i e d  t h a t  more study would be needed t o  q u a n t i f y  t h e  

e f f e c t s  o f  watershed s t r u c t u r e s  and o ther  sur face p rac t i ces .  (T ransc r ip t ,  

Page 827) 

30. That M r .  McCl a i  n t e s t i f i e d ,  when cross examined about i n fo rma t ion  conta ined 

i n  Kansas Water Resources Board B u l l e t i n  No. 17, "Natura l  and A r t i f i c i a l  

Groundwater Recharge, Wet Walnut Creek", ( h e r e i n a f t e r  r e f e r r e d  t o  as t h e  

G i l l e s p i e  Report), t h a t  t h e r e  were water l e v e l  r i s e s  o f  6 t o  14 f e e t  i n  

t h e  eastern p a r t  o f  Rush County as a r e s u l t  o f  the 1959 f l o o d  (T ransc r ip t ,  

Pages 882 and 883); t h a t  he a l so  t e s t i f i e d  concerning t h e  same r e p o r t  t h a t  

water l e v e l  r i s e s  from .42 t o  4.09 f e e t  occurred i n  w e l l s  i n  t h e  Wet Walnut 

Va l l ey  i n  response t o  h igh  f lows t h a t  occurred i n  mid-June o f  1970; t h a t  

M r .  McClain t e s t i f i e d  t h a t  h igh  f lows i n  t he  stream cou ld  have an e f f e c t  

on recharge b u t  t h a t  i t  would depend on how h igh  t h e  f lows are  and where 

they go and what t he  l a t e r a l  spread i s .  (T ransc r ip t ,  Pages 884 through 

886) 

31. That M r .  McClain t e s t i f i e d  under cross examination t h a t  whether a w e l l  

would have a d i r e c t  impact on streamflow would depend on a number o f  

f a c t o r s ,  such as t h e  d is tance o f  t he  w e l l  from t h e  stream, whether t h e  

a q u i f e r  was i n  d i r e c t  connect ion t o  the  stream, o r  whether t h e  a q u i f e r  had 



dec l ined enough so t h a t  i t  was n o t  i n  d i r e c t  connect ion w i t h  t h e  streambed. 

(T ransc r ip t  , Page 888) 

32. That M r .  McCl a i n  t e s t i f i e d  under cross examination, when he was quest ioned 

about some low f l o w  discharge measurements made on Walnut Creek i n  t h e  

19501s, t h a t  those measurements show per iods o f  t ime when t h e r e  was 1 i t t l e  

o r  no f l o w  a t  s p e c i f i c  l o c a t i o n s  on Walnut Creek. (T ransc r ip t ,  Pages 894 

through 899) 

33. That M r .  McClain under cross examination was quest ioned about t h e  

hydrograph f o r  a we l l  i d e n t i f i e d  as 18-15W-28CCB shown i n  t h e  G i l l e s p i e  

Report; t h a t  he t e s t i f i e d  t h a t  t h i s  hydrograph i nd i ca tes  t h a t  from 1954 

cV through 1957 t h e  water t a b l e  was genera l l y  below the  bottom o f  t h e  creek. 
L n  
h 

a, (Transcr ip t ,  Page 903) 
tr 
a 
P1 

4 
m 
N 34. That M r .  McClain under cross examination, when quest ioned about t h e  
.Y 
0 
0 
m G i l l e s p i e  Report, t e s t i f i e d  t h a t  he agreed t h a t  s i g n i f i c a n t  recharge can 

occur i n  t he  Walnut Creek g iven the  c o r r e c t  type o f  r a i n  event. 

(Transcr ip t ,  Page 906) 

35. That M r .  McClain t e s t i f i e d  t h a t  w i t h  a s i l t  l a y e r  present  i n  t h e  creek 

channel t h a t  t h e r e  would be l e s s  downward p e r c o l a t i o n  than i f  t h e  s i l t  

l a y e r  was no t  there.  (Transcr ip t ,  Page 919) 

36. That M r .  McClain t e s t i f i e d  t h a t  f o r  t he  w e l l s  mentioned i n  t h e  Un i ted  

States Department o f  Ag r i cu l t u re ,  S o i l  Conservation Service, B i o l o g i c a l  
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Assessment: Wet Walnut Creek Watershed, Sub-watershed Nos. 1, 2, 3 and 5  

(June 1989) the re  have been f l u c t u a t i o n s  i n  t h e  water t a b l e  f o r  t h e  pe r iod  

1982 t o  1988; t h a t  t he  average depth o f  t he  water t a b l e  appears t o  be 

g r e a t e r  i n  1982 than i n  1988 which would mean t h a t  t h e  water t a b l e  came 

up du r ing  t h a t  p e r i o d  o f  t ime. (Transcr ip t ,  Pages 920 and 921) 

37. That M r .  McCl a i n  t e s t i f i e d  t h a t  t h e  source o f  water t h a t  under1 i e s  t h e  c i t y  

o f  Great Bend would be f rom t h e  south and west o f  Great Bend i n  general,  

and most ly  from t h e  west by t h e  shape o f  t h e  water  l e v e l  contours 

(Transcr ip t ,  Pages 960 and 961) ; t h a t  he a1 so t e s t i f i e d  t h a t  i f  a  w e l l  i n  

t h e  C i t y  o f  Great Bend was pumping water and formed a  cone o f  depression 

t h a t  t h e  water would be rep len ished by water from t h e  Arkansas R ive r  m 
In 
h 

Al luv ium (Transcr ip t ,  Page 962); t h a t  M r .  McClain t e s t i f i e d  t h a t  a  w e l l  Q) 

m 
rd 

l oca ted  from 3 t o  4  m i l e s  from Walnut Creek would l i k e l y  n o t  have a  PI 
4 
m 

s i g n i f i c a n t  e f f e c t  on streamflow i n  Walnut Creek (T ransc r ip t ,  Page 965); cv 

x 
0 

t h a t  M r .  McCl a i n  t e s t i f i e d  t h a t  t h e  source o f  water f o r  a w e l l  a t  t h e  Great a o 

Bend munic ipal  a i r p o r t  would be t h e  Arkansas R i v e r  V a l l e y  system. 

(Transcr ip t ,  Page 984) 

38. That Sharon Fa1 k, . Manager, B ig  Bend Groundwater Management D i s t r i c t  No. 

5, t e s t i f i e d  regard ing  t h e  programs and ob jec t i ves  o f  t h e  D i s t r i c t ;  Ms. 

Fa lk  t e s t i f i e d  t h a t  t h e  major  goal o f  t he  D i s t r i c t  i s  t o  manage and p r o t e c t  

t h e  groundwater t o  conserve i t  f o r  present  and f u t u r e  generat ions. 

(T ransc r ip t  pages 1058 through 1059) 
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39. That Ms. Fa1 k  t e s t i f i e d  t h a t  i n  her  op in ion  unpermit ted uses o f  water such 

as domestic, sand p i t s ,  1  akes, evaporation, windmil  1 s, s tock  water ing  and 

evapot ransp i ra t ion  need t o  be q u a n t i f i e d .  (Transcr ip t ,  Pages 1051 through 

1052) 

40. That Ms. Fa l k  t e s t i f i e d  t h a t  more accurate water use records  f o r  t h e  

D i s t r i c t ' s  da ta  base need t o  be obta ined i n  o rder  t o  make recommendations 

i n  regard t o  t h e  proposed IGUCA (Transcr ip t ,  Page 1053) ; t h a t  a t  l e a s t  two 

t o  th ree  years o f  water use r e p o r t i n g  are needed; (Transcr ip t ,  Page 1055); 

t h a t  water use r e p o r t i n g  has increased 20 percent  from 1980 t o  t h e  present  

and t h a t  t h e r e  has been improvement i n  water use r e p o r t i n g  i n  t h e  1  a s t  two 
m 
In 

years. (Transcr ip t ,  Pages 1053 through 1054) P 

4 

41. That Ms. Fa l k  t e s t i f i e d  t h a t  t h e  D i s t r i c t  s t a r t e d  s tud ies  o f  recharge i n  m ~ 
3 

var ious  areas i n  1984 (Transcr ip t ,  Page 1061); t h a t  t h e r e  i s  p r e s e n t l y  no o o 
m 

recharge study s i t e  i n  t h e  Walnut Creek Basin. (Transcr ip t ,  Page 1083) 

42. That Ms. Fa1 k t e s t i f i e d  t h a t  meter ing would be a  usefu l  t o o l  t o  g i v e  a  more 

accurate p i c t u r e  regard ing  the  actual  use o f  water i n  t h e  area (Transcr ip t ,  

Page 1063) ; t h a t  t he  D i s t r i c t  has requ i red  permanent f l o w  meters on a l l  

new a p p l i c a t i o n s  and change app l i ca t i ons  beginning i n  1984 (Transcr ip t ,  

Page 1099); t h a t  water users i n  t he  D i s t r i c t  were requ i red  t o  i n s t a l l  

e i t h e r  a  main l i n e  f l o w  meter o r  a  p o r t  and va l ve  system i n  con junc t ion  

w i t h  an hour meter by 1989. (Transcr ip t ,  Pages 1062 and 1099 through 

1100) 



43. That Ms. Fa1 k t e s t i f i e d  t h a t  i n  order  t o  prov ide  assistance w i t h i n  t h e  

proposed IGUCA, t h e  D i s t r i c t  would need a d d i t i o n a l  human resources and 

equipment. (Transcr ip t ,  Page 1065) 

44. That Ms. Fa lk  t e s t i f i e d  t h a t  t h e  D i s t r i c t  recommended t h a t  t h e  I.GUCA 

proceedings be i n i t i a t e d  based upon d e c l i n i n g  groundwater l e v e l s  i n  the  

Barton County p o r t i o n  o f  t h e  proposed IGUCA; t h a t  t h e  determinat ion  t h a t  

t h e r e  were d e c l i n i n g  groundwater l e v e l s  was based on past  annual water 

l e v e l  measurements taken by t h e  Uni ted States Geological Survey, t h e  Kansas 

Geological Survey and t h e  D i v i s i o n  o f  Water Resources. (Transcr ip t ,  Page 

P 

a 
45. That La r ry  Panning, member o f  t h e  Board of D i rec to rs ,  B i g  Bend Groundwater 

rn 
a 
a Management D i s t r i c t  No. 5 and member o f  t h e  Kansas Water Au tho r i t y ,  
d 
m 
cv t e s t i f i e d  regard ing t h e  programs i n i t i a t e d  i n  t h e  Groundwater Management 
X 
0 
0 
m 

D i s t r i c t  and i n  general regard ing expenditures on conservat ion p rac t i ces  
* '  

i n  t h e  S ta te  o f  Kansas. (Transcr ip t ,  Pages 1152 through 1188) 

46. That Danny D. Zehr, Ass i s tan t  Manager and D i s t r i c t  Geologist  f o r  B i g  Bend 

Groundwater Management D i s t r i c t  No. 5, t e s t i f i e d  t o  a r e p o r t  which he 

authored e n t i t l e d  "Prel  i rninary Assessment o f  Walnut Creek, I t s  T r i b u t a r i e s ,  

T h e i r  Va l l ey  Alluviums, and Aqu i fe rs  I n  Strong Hydrau l i c  Connection w i t h  

The Va l l ey  Al luviums"; t h a t  t h i s  r e p o r t  was prepared i n  accordance w i t h  

t h e  d i r e c t i o n s  o f  t h e  board o f  d i r e c t o r s  o f  B ig  Bend Groundwater Management 

D i s t r i c t  No. 5; t h a t  t h e  purpose o f  t h e  r e p o r t  was t o  s p e c i f i c a l l y  i d e n t i f y  

t h e  groundwater a q u i f e r  t h a t  encompassed Walnut Creek and i t s  t r i b u t a r i e s ,  



. . .  
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t h e i r  v a l l e y  a1 1 uviums and any o the r  a q u i f e r  t h a t  was a f f e c t e d  by o r  cou ld  

d i r e c t l y  a f f e c t  t h e  Walnut Creek Va l l ey  (Exhi b i t  29, Pages 2  and 3) ; t h a t  

i t .  was p r i m a r i l y  an assessment o f  known pub1 i ca t i ons .  (T ransc r ip t ,  Pages 

1189 through 1194) 

That M r .  Zehr t e s t i f i e d  t h a t  t h e  a q u i f e r  w i t h i n  t h e  proposed boundaries 

o f  t h e  IGUCA w i t h i n  Barton County .conta ins  hydraul i c a l  l y  in terconnected 

sands and gravel  s; t h a t  these sands and grave ls  which e x i s t  i n  t h e  a1 1  u v i a l  

v a l l e y  o f  Walnut Creek, Dry Wal nu t  Creek and i n  t h e  area a long t h e  Arkansas 

R ive r  Va l ley  are genera l l y  o f  Kansan stage; t h a t  t h e  basal sands and 

grave ls  are h y d r a u l i c a l l y  in terconnected and are o f  Kansan stage, 

s p e c i f i c a l l y  the  Meade Formation. ( E x h i b i t  29, Pages 12 through 15) 

That M r .  Zehr t e s t i f i e d  t h a t  t h e  Barton County p o r t i o n  o f  t he  Walnut Creek 

v a l l e y  aqu i fe r  conta ins  depos i ts  which vary i n  th ickness  from a  few f e e t  

t o  over 120 f e e t  i n  deeper p o r t i o n s  o f  t he  bedrock paleochannel; t h a t  

these depos i ts  a re  genera l l y  unconfined, bu t  due t o  t h e  presence o f  t h i c k  

c lays,  i n  places are  semi-conf ined w i t h  a  perched water t a b l e  above t h e  

c l a y s  (Exhi b i t  29, Pages 14 and 18); t h a t  t h e  presence o f  bedrock channels 

cou ld  have an i n f l uence  on movement o f  water i n  t he  aqu i fe r ;  t h a t  water 

would tend t o  move down g rad ien t  from west t o  east  throughout  most o f  t h i s  

area (Transcr ip t ,  Page 1220); t h a t  a f t e r  having looked a t  t h e  k i n d  o f  

depos i t ion ,  most ly  sands and g rave l s  and some s i l t s  and c lays,  t h e r e  d i d  

n o t  seem t o  be anyth ing p h y s i c a l l y  present  i n  any o f  t h e  bedrock channels 

t h a t  would impede in te rconnect ion  of t h e  f l ow  once t h e  a q u i f e r  was f u l l  

o f  water (Transcr ip t ,  Page 1232); t h a t  water i n  t h e  a q u i f e r  near  t h e  



4 28 
elevation of the water table  could move in a direction tha t  would cross 

the axis of a bedrock valley as opposed t o  following the direction of the 

bedrock valley i t s e l f .  (Transcript, Pages 1242, 1243 and 1439) 

49. That Mr. Zehr t e s t i f i e d  tha t  recharge t o  the Walnut Creek valley alluvium 

and i t s  t r ibutary channels i s  predominately from percolation of streamflow 

through the channel; tha t  t h i s  i s  especially t rue during high flows; tha t  

very l i t t l e  recharge t o  the aquifer occurs from in f i l t r a t ion  of 

precipitation on the land surface (Exhibit 29, Page 20 and 21); tha t  be t te r  

quantitative information on recharge i s  needed (Transcript, Page 1253); 

tha t  most of the recharge occurs from streamflow and tha t  streamflow i s  

a function of runoff which in turn i s  a function of the intensi ty and 

duration of storms (Transcript, Pages 1370 and 1371); tha t  there i s  some 

evidence tha t  some recharge i s  occurring downstream from several of the 

watershed structures.  (Transcript, Page 1342) 

50. That Mr. Zehr t e s t i f i ed  tha t  water level declines i n  Barton County within 6 
(0 
PI 

the proposed boundaries for the proposed IGUCA in four representative wells d 
m 
CV 

from 1944 to  September 1990 ranged from 5.58 t o  15.71 fee t  (Exhibit 29, * o 
0 
m 

Page 28 and Table 4 ) ;  tha t  a water level decline of 15 fee t  where 80 fee t  

of saturated thickness remains may not have the same impact as a decline 

of 15 fee t  over the same period of time in an area where only 40 fee t  of 

saturated thickness would remain. (Transcript, Pages 1277 and 1278) 

51. That Mr. Zehr t e s t i f i ed  that  groundwater usage exceeds current recharge 

as evidenced by water level declines (Exhibit 29, Page 29; Transcript, 

34 



Pages 1316 and 1364); t h a t  both recharge and withdrawal may vary  f rom year 

t o  year  and p lace t o  p lace  w i t h i n  the  aqu i fe r .  (Transcr ip t ,  Pages 1360 

and 1361) 

52. That M r .  Zehr t e s t i f i e d  t h a t  r u n o f f  has been reduced by changing farm 

p rac t i ces ,  conservat ion o f  s o i  1 moisture, t e r rac ing ,  and smal l  ho ld ing  

ponds r e s u l t i n g  i n  l e s s  recharge; t h a t  l a r g e  f l oods  i n  t h e  p a s t  produced 

dramat ic  recharge b u t  now w i t h  watershed s t ruc tu res  i n  p lace  t h e r e  w i l l  

no 1  onger be 1  arge f l oods  and no longer  any dramatic recharge (Exhi  b i t  29, 

Page 29) ; t h a t  du r ing  cross examination M r .  Zehr t e s t i f i e d  t h a t  he d i d  n o t  

have any f i g u r e s  t o  d isagree w i t h  a  study t h a t  shows t h a t  i n  a  one percent  
m 

storm frequency chance t h e r e  would be a  reduc t i on  o f  t he  i n n e r  bench water m 
fi 

0 

depth from 12.8 t o  11.7 f e e t  as a  r e s u l t  o f  t h e  watershed s t ruc tu res .  b 
(d 
PI 

(T ransc r ip t  , Pages 1339 through 1341) 
4 
m 
C\1 

X 
0 
0 
a 

53. That M r .  Zehr t e s t i f i e d  t h a t  t h e  accumulation o f  s i l t s  i n  t h e  Walnut Creek * 

channel i n h i b i t s  low f lows from producing recharge ( E x h i b i t  29, Page 30; 

T ransc r ip t ,  Pages 1293 and 1294) ; t h a t  h igh  f l o w  events might  n o t  e n t i r e l y  

remove s i l t s  bu t  r a t h e r  might  remove s i  1 t s  from one area and redepos i t  them 

somewhere e l  se. (Transcr ip t ,  Page 1294) 

54. That M r .  Zehr t e s t i f i e d  t h a t  t h e  q u a n t i f i c a t i o n  o f  water use by n a t i v e  

grasses and t r e e s  has no t  been done f o r  t h e  Walnut Creek area; t h a t  

est imates o f  water use by t r e e s  may be s i g n i f i c a n t  (Transcr ip t ,  Pages 1259 

through 1263; 1302 through 1303); t h a t  t he re  has been an increase s ince 

t h e  1930's i n  t h e  number o f  t r ees  i n  t h i s  p a r t i c u l a r  area (Transcr ip t ,  



Pages 1324 through 1326); t h a t  t h e  a c t u a l  amount o f  groundwater being 

pumped i n  t h e  a r e a  needs t o  be q u a n t i f i e d  and t h a t  t h e  meter ing plan 

desc r ibed  i n  tes t imony of  Sharon Fa1 k would be o f  b e n e f i t  ( T r a n s c r i p t ,  

Pages 1268 and 1269); t h a t  t h e  amount o f  water  used f o r  domest ic  purposes  

from w e l l s  has  n o t  been quan t i f i ed  ( T r a n s c r i p t ,  Pages 1269 and 1270) ; t h a t  

f u r t h e r  s tudy  i s  needed t o  develop a wa te r  budget model f o r  t h e  Walnut 

Val ley  t h a t  would t a k e  i n t o  account t h e s e  va r ious  f a c t o r s  a s  'well a s  s o i l  

t y p e s ,  l and  uses, and cropping p a t t e r n s .  ( T r a n s c r i p t ,  Pages 1308 and 

1309) 
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r- 55. That  Mr. Zehr t e s t i f i e d  t h a t  t h e  o r i g i n a l  proposed boundaries  f o r  the 
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Walnut Creek IGUCA wi th in  Barton County were determined by s t a f f  o f  

Groundwater Management D i s t r i c t  No. 5;  t h a t  t h e  r a t i o n a l e  f o r  t h o s e  

boundaries  was t h e  dra inage  bas in  d i v i d e  between t h e  Walnut Creek d ra inage  

bas in  and the Arkansas River dra inage  bas in  using s e c t i o n  l i n e s  n e a r e s t  

the d i v i d e  ( T r a n s c r i p t ,  Pages 1423 through 1424) ; t h a t  t h e  a r e a  w i t h i n  t h e  

proposed boundaries  appears  t o  be a cont inuous combination o f  sand,  g r ave l  , 

c l a y ,  and s i l t  t h a t  i s  a l l  in te rconnec ted  ( T r a n s c r i p t ,  Page 1248); t h a t  

t h e r e  seems t o  be nothing t o  s e p a r a t e  one a r e a  from t h e  o t h e r ,  a s  f a r  a s  

t h e  a q u i f e r  i s  concerned; t h a t  t h e  amount of water  app rop r i a t ed  w i th in  t h e  

boundaries  o f  t h e  proposed IGUCA wi th in  Barton County south o f  Walnut Creek 

i s  approximately 22,000 a c r e - f e e t  (Exh ib i t  30;  T r a n s c r i p t ,  Pages 1346 

through 1348);  t h a t  t h e r e  i s  no na tu ra l  d i v i d e  i n  t h i s  area on which t o  

base a boundary (T ransc r ip t ,  Page 1440) ; t h a t  a d d i t i o n a l  s t udy  i s  needed 

t o  de te rmine  an app rop r i a t e  southern boundary f o r  t h e  IGUCA i n  Barton 



County and t h a t  t he re  i s  i n s u f f i c i e n t  da ta  on which t o  base t h e  southern 

boundary o f  a  con t ro l  area. (Transcr ip t ,  Pages 1359, and 1439) 

56. That M r .  Zehr t e s t i f i e d  t h a t  t he  o n l y  way base f l o w  cou ld  be res to red  t o  

Walnut Creek i s  t o  b r i n g ' t h e  water t a b l e  above the  e l e v a t i o n  o f  t h e  bottom 

o f  t h e  stream (Transcr ipt ,  Page 1315); t h a t  r e f e r r i n g  t o  F igure  8  i n  

E x h i b i t  29 which i s  a  hydrograph o f  a  w e l l  i d e n t i f i e d  as 18-15-28CCC i n  

Barton County, M r .  Zehr t e s t i f i e d  t h a t  t h i s  shows per iods o f  t ime when t h e  

water l e v e l  i n  t h i s  we l l  was both above and below streambed e l e v a t i o n  

(Transcr ip t ,  Pages 1320 through 1322); t h a t  s ince 1974 t h e  water l e v e l  has 

cont inuous ly  been below t h e  streambed e levat ion ;  t h a t  Walnut Creek has 

undergone several changing per iods as being e i t h e r  a  ga in ing  o r  l o s i n g  

stream ( E x h i b i t  29, Page 25; Transcr ip t ,  Page 1350); t h a t  base f l o w  can 

e x i s t  whenever the  water l e v e l  i n  t h e  a q u i f e r  i s  a t  o r  above t h e  e l e v a t i o n  

o f  t h e  bottom o f  the  stream channel and t h a t  when t h e  water l e v e l  i n  t he  

a q u i f e r  f a l l s  below the  bottom o f  t h e  stream channel base f l o w  w i l l  cease 

(Exhi b i t  29, Pages 24 and 25) ; t h a t  i f  Walnut Creek has been s i l t e d  i n  such 

t h a t  t h e  bottom o f  t he  stream channel i s  h igher  now than i t  used t o  be, 

i n  order  t o  r e s t o r e  base f low,  t he  water l e v e l  i n  t h e  a q u i f e r  would have 

t o  be brought h igher  now than i t  would have been p r i o r  t o  t h e  depos i t i on  

o f  t h e  s i l t .  (T ranscr ip t ,  Pages 1355 and 1356) 

57. That ~ l ' a r k  Ruscoe, City Engineer f o r  t h e  C i t y  o f  Great Bend, t e s t i f i e d  

concerning E x h i b i t  No. 32; t h a t  E x h i b i t  No. 32 cons i s t s  o f  twenty 

i n d i v i d u a l  s l i des ;  t h a t  these s l i d e s  conta in  i n fo rma t ion  i n  r e p o r t s  

presented by o ther  witnesses; t h a t  t he  maps shown on the  s l  ides  were main ly  



traced electronical ly  from the various reports;  t ha t  Mr. Ruscoe was in no 

way tes t i fy ing  as t o  the substance or the val idi ty  of the information 

contained in those reports or how i t  might re la te  t o  the decisions that  

would be made in the intensive groundwater use control area proceedings 

(Transcript pages 1525 and 1526); tha t  the purpose f o r  these s l ides ,  which 

are colorized versions of information contained in reports presented by 

other witnesses, i s  t o  get the informati on on a common scale so the various 

information could be overlaid on top of a base map (Transcript 1483). 

58. That Terry Lee Dale, Dis t r ic t  Manager fo r  Central Kansas Ut i l i t y  which i s  

owned by Mid-Mi ssouri Engineers, t e s t i f i ed  concerning s t a t i c  water 1 eve1 

measurements made fo r  the City of Great Bend's eleven water supply wells, 

which are  operated by Central Kansas Ut i l i ty ,  fo r  May 1990 through December 
P 
In 

1990 (Exhibit No. 33; Transcript pages 1530, 1534 and 1535); t ha t  the r- 

a, 
m 

s t a t i c  water level measurements were made from the vent pipe t o  the water a 
PI 
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level in each well except for  Well No. 12; tha t  the vent pipes are m 
CU 

r 
typical ly  three t o  f ive  feet  above the surface of the ground (Transcript o o 

m 

page 1538 through 1540); that  the elevation difference between the 

measuring point and the ground level fo r  the wells was not specif ical ly  

measured (Transcript page 1543); tha t  Mr. Dale t e s t i f i e d  tha t  i t  was his 

observation tha t  water levels in the c i ty ' s  wells respond very, very 

quickly t o  flow i n  the r iver  (Transcript page 1549); tha t  Mr. Dale also 

indicated tha t  during an extended dry period of about nine months, the 

water in the levels  in the wells f e l l  around s ix f e e t  (Transcript pages 

1583 and 1584); that  Mr. Dale was not tes t i fying as to  the sc i en t i f i c  

evidence or hydrologic analysis of the cause for  the rapid response of 
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water l e v e l s  i n  t h e  w e l l s  t o  f l o w  i n  t h e  Arkansas R i v e r  s ince  he i s  n o t  

a h y d r o l o g i s t  (T ransc r ip t  pages 1579 and 1580); t h a t  M r .  Dale t e s t i f i e d  

t h a t  t h e r e  was a change i n  t h e  water l e v e l s  i n  t h e  Great Bend area between 

t h e  1950's and 1960's t o  t h e  present;  t h a t  he charac ter ized t h e  change as 

a downward t rend,  i n d i c a t i n g  t h a t  t h e  change may have been somewhere on 

t h e  order  o f  perhaps f i v e  f e e t  (T ransc r ip t  page 1602). 

59. That Robert Lee Vincent , consu l t i ng  groundwater g e o l o g i s t  and founder o f  

Groundwater Associates, Incorporated, t e s t i f i e d  t o  a r e p o r t  which he 

authored e n t i t l e d  "Analys is  o f  t h e  Geology and Hydrology o f  t h e  Walnut 

Va l ley  Area and t h e  Arkansas Va l l ey  Area"; t h a t  t h e  purpose o f  t h e  r e p o r t  

i s  t o  d iscuss t h e  proposed Walnut Creek IGUCA, and i n  p a r t i c u l a r  t h e  

proposed boundaries; t h a t  t h i s  r e p o r t  was prepared f o r  Cent ra l  Kansas 

U t i l i t y  Company. ( E x h i b i t  34, Page 1) 

60. That M r .  Vincent t e s t i f i e d  t h a t  t h e  Arkansas V a l l e y  area i s  a separate 

groundwater u n i t  from t h e  Walnut Creek area, and when t h e  two areas merge, 

t h e  Walnut Creek enters  as a t r i b u t a r y  t o  t h e  Arkansas River .  (Exhi b i t  

34, Page 8 and F igure  1; Transcr ip t ,  Page 1615) 

61. That M r .  Vincent t e s t i f i e d  t h a t  t h e  s t a t i c  water l e v e l s  (past  and present)  

i n  the  Great Bend area show t h a t  t h e  water comes f rom the  Arkansas R ive r  

drainage moving from southwest t o  nor theas t  through t h e  Great Bend area 

(Exhi b i t  34, Pages 1 and 8, and Figures 2, 3, and 4; Transcr ip t ,  Pages 

1616, 1622 through 25, 1661 through 62, and 1711 through 1712). 



62. That M r .  Vincent t e s t i f i e d  t h a t  t h e  geo log ic  format ions under Great Bend 

a re  t h e  Arkansas R iver  a l l uv ium and t h e  Meade Formation, and t h e  vast  

m a j o r i t y  o f  these depos i ts  were placed the re  by t h e  Arkansas R ive r  o r  i t s  

ancestors ( E x h i b i t  34, Page 8; T ransc r ip t ,  Pages 1638 through 1643). 

63. That M r .  Vincent t e s t i f i e d  t h a t  t h e  upper 2  t o  20 f e e t  o f  a l l u v i u m  i n  the  

Arkansas Va l l ey  cons is t s  o f  s i l t  and f i n e  t o  coarse sand; t h a t  beneath 

these f i n e r  s u r f i c i a l  depos i ts  are t h i c k  beds o f  coarse g r a n i t i c  sand and 

grave l  t h a t  are 1  i t h o l o g i c a l l y  s i m i l a r  t o  the  sands and g rave ls  o f  t he  

Meade Formation; t h a t  because o f  t h i s  s i m i l a r i t y ,  i t  i s  n o t  poss ib le  t o  

d i f f e r e n t i a t e  t h e  a l l uv ium o f  t h e  Arkansas Val l e y  from t h e  under l y ing  Meade 

m 
Ln 

Formation ( E x h i b i t  34, Page 4; Transcr ip t ,  Pages 1638 through 1643 and 
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64. That M r .  Vincent t e s t i f i e d  t h a t  t he  v a l l e y - f i l l  depos i ts  i n  t h e  Walnut 
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Va l l ey  area are composed o f  f l u v i a l  c lay ,  s i l t ,  sand and grave l ;  t h a t  t he  

upper 20 t o  40 f e e t  o f  t h e  f i l l  i s  predominately s i l t  w i t h  c l a y  t h a t  

over1 i e s  a  t h i c k  depos i t  o f  sand and grave l  i n  Walnut Creek Val1 ey (Exhi b i t  

34, Page 4; Transcr ip t ,  Pages 1638 through 1643). 

65. That M r .  Vincent t e s t i f i e d  t h a t  he examined 552 l o g s  f o r  water w e l l s  

l oca ted  i n  Township 19S, Range 13W and Township 19S, Range 14W (Transcr ip t ,  

Pages 1613, 1675 and 1771); t h a t  t h e  d i f f e r e n c e  i n  depos i ts  de r i ved  from 

t h e  Walnut Creek area and t h e  Arkansas R iver  area can be seen g r a p h i c a l l y  

i n  work completed by t h e  U.S. Army Corps o f  Engineers i n  i t s  i n v e s t i g a t i o n  

f o r  t h e  Great Bend Local Flood Pro tec t i on  Pro jec t ;  t h a t  t h e  change i n  

4  0 
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l i t h o l o g y  occurs i n  t h e  area between cross sec t ions  F-F and G-G as shown 

on F igure  6  o f  E x h i b i t  34; t h a t  Dry Walnut Creek crosses t h e  area between 

cross sec t ions  F-F and G - G  ( E x h i b i t  34, Page 5 and Figures 6  through 10; 

T ransc r ip t ,  Pages 1664 through 1680). 

66. That M r .  Vincent t e s t i f i e d  t h a t  t h e  qua1 i t y  o f  t h e  water found under Great 

Bend and t h e  surrounding area shows i t  comes from underf low associated w i t h  

t h e  Arkansas R iver  r a t h e r  than Walnut Creek ( E x h i b i t  34, Page 8);  t h a t  

very 1  i t t l e  water from t h e  Walnut Creek a l l uv ium i s  g e t t i n g  down t o  Great 
00 
m 
I-- Bend (Transcr ip t ,  Pages 1707 through 1710). 
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Cr) 67. That M r .  Vincent t e s t i f i e d  t h a t  t h e r e  i s  no phys ica l  b a r r i e r  separat ing 
N 
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o t h e  a q u i f e r  i n  t he  sands and grave ls  under t h e  Wet Walnut Creek n o r t h  o f  
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Great Bend from t h e  sands and grave ls  under t h e  City o f  Great Bend 

(Transcr ip t ,  Page 1775) ; t h a t  a1 though there  i s  a  s i g n i f i c a n t  hydraul i c  

connect ion between t h e  a l l uv ium and the  Meade Formation which under l ies  

the  c i t y  o f  Great Bend and the  a l l uv ium o f  Walnut Creek, pumping t h a t  

occurs i n  t h e  Arkansas R iver  a l l uv ium and t h e  Meade Formation would no t  

have a s i g n i f i c a n t  e f f e c t  upon the  a l luv ium o f  Walnut Creek because i t  i s  

t oo  f a r  away (Transcr ip t ,  Pages 1713, 1714 and 1718). 

68. That M r .  Vincent t e s t i f i e d  t h a t  i n  comparing water l e v e l s  between 1942 and 

1982 i n  t h e  Arkansas R ive r  Va l l ey  w i t h  those i n  t he  Walnut Creek Va l l ey  

t h a t  t h e r e  was l e s s  change i n  t h e  water l e v e l  i n  t h e  Arkansas R i v e r  Va l l ey  

than i n  t h e  Walnut Creek Val ley;  t h a t  t h i s  i s  t h e  case i n  s p i t e  o f  the  f a c t  

t h a t  t h e r e  i s  much more development i n  t he  Arkansas R ive r  Val 1  ey; t h a t  p a r t  



o f  t h e  reason f o r  t h i s  i s  t h a t  t h e  a q u i f e r  i n  t h e  Arkansas R i v e r  Va l l ey  

area i s  l a r g e r  than t h a t  i n  t h e  Walnut Creek Va l ley ;  t h a t  t h e  d e p l e t i o n  

i n  t h e  Arkansas R iver  Va l l ey  i n d i c a t e d  by t h e  water l e v e l  dec l i nes  i s  n o t  

a  s i g n i f i c a n t  d e p l e t i o n  o f  t h a t  aqu i fe r ;  t h a t  i n  t h e  Walnut Creek Va l l ey  

t h e r e  has been as much as a  15 f o o t  drop i n  t he  water  l e v e l  d u r i n g  the  

p e r i o d  o f  1942 through 1982 (Transcr ip t ,  Pages 1629 and 1630); t h a t  a  

comparison o f  water l e v e l s  beneath t h e  C i t y  o f  Great Bend between 1982 and 

1990 i n d i c a t e s  t h a t  t he re  has v i r t u a l l y  no change i n  t h e  water  l e v e l  

(T ransc r ip t ,  Pages 1633 and 1644); t h a t  t h e  reason t h e r e  has been l i t t l e  

change i n  the  water 1 evel i n  t he  area i s  because t h e  Arkansas R ive r  Val l e y  

and t h e  Great Bend P r a i r i e  are very suscept ib le  t o  recharge and t h e  a q u i f e r  

responds q u i t e  q u i c k l y  t o  a  heavy r a i n ;  t h a t  the  reason i t  does i s  because 

t h e  water  1  evel i s  c lose  t o  t h e  sur face and the re  i s  sand ve ry  c l o s e  t o  

t h e  sur face which makes i t  easy f o r  t h e  water l e v e l  t o  change (T ransc r ip t ,  

Pages 1636). 

69. That M r .  Vincent t e s t i f i e d  t h a t  t he  value f o r  t r a n s m i s s i v i t y  determined 

f rom a  Kansas Geological Survey pump t e s t  i s  145,000 per  day per  f o o t  

(T ransc r ip t ,  Pages 1684 and 1685); t h a t  t h e  value o f  t r a n s m i s s i v i t y  

determined from t h i s  pump t e s t  can be considered i n  t h e  b a l l  pa rk  f o r  we1 1  s  

i n  t h e  v i c i n i t y  o f  Great Bend s ince both the  pump t e s t  w e l l  and w e l l s  i n  

t h e  v i c i n i t y  o f  Great Bend take water from both t h e  Meade Formation and 

t h e  a l luv ium,  and t h e  depths o f  t he  w e l l s  and t h e  sa tura ted  th i ckness  are 

ve ry  s i m i l a r  (Transcr ip t ,  Page 1687). 



70. That M r .  Vincent t e s t i f i e d  t h a t  t he  amount of water f l o w i n g  through t h e  

a q u i f e r  under a  f o u r - m i l e  wide s t r i p  i n  t h e  v i c i n i t y  o f  Great Bend can be 

ca lcu la ted ,  us ing  Darcy's Law w i t h  a  t r a n s m i s s i v i t y  o f  145,000 g a l l o n s  pe r  

day per  f oo t ,  a  water l e v e l  g rad ien t  of 7.5 f e e t  per  m i l e ,  and a  

c h a r a c t e r i s t i c  w id th  o f  f o u r  mi les,  t o  be 4,873 ac re - fee t  per  year  ( E x h i b i t  

38; Transcr ip t ,  Pages 1688 through 1701); t h a t  t he  amount o f  water used 

du r ing  1988 by the  C i t y  o f  Great Bend was about 2,700 ac re - fee t  per  year  

( E x h i b i t  39) ; t h a t  1988 was chosen s ince t h a t  was t h e  year  o f  h ighes t  use 

(Transcr ip t ,  Page 1849); t h a t  the  amount o f  water en te r i ng  Barton County 

i n  t h e  Walnut Creek A l luv ium has been est imated t o  be 970 ac re - fee t  per  

year  (T ransc r ip t ,  Pages 1685 and 1686); t h a t  t h e  2700 ac re - fee t  pumped i n  

1988 represents approximately 55 percent o f  t h e  amount o f  water  t h a t  i s  

moving i n  the  Arkansas R ive r  Va l ley  area t o  t h e  nor theas t  through Great 0 
L n  
t. 

Bend (Transcr ip t ,  Page 1839); t h a t  i n  h i s  op in ion  Centra l  Kansas U t i l i t y  Q) 
br 
a 

Company i s  n o t  pumping water  from the  Walnut Creek V a l l e y  System ~ 
rl 
m 

(Transcr ip t ,  Page 1839). 

71. That M r .  Vincent t e s t i f i e d  t h a t  t he  pumping o f  t h e  w e l l s  operated by 

Centra l  Kansas U t i l i t y  does no t  have a  s i g n i f i c a n t  e f f e c t  upon t h e  

streamflow o f  Walnut Creek o r  upon the  water t a b l e  h e l d  i n  t h e  Walnut 

Creek a1 1  u v i  um (Transcr ip t ,  Page 1703). 

72. That M r .  Vincent t e s t i f i e d  t h a t  a  boundary l i n e  f o r  t h e  southeast p a r t  o f  

t h e  i n t e n s i v e  groundwater use con t ro l  area can be drawn based on geology 

and water q u a l i t y  ( E x h i b i t  34, F igure 11; Transcr ip t ,  Pages 1738 through 



40) ;  t h a t  t h e  Great  Bend A i r p o r t  w e l l s  l i e  o u t s i d e  o f  t h i s  proposed 

boundary ( T r a n s c r i p t ,  Pages 1746 and 1747). 

73. That Mr. Vincent t e s t i f i e d  t h a t  t h e  bed of  Dry Walnut Creek r e p r e s e n t s  a 

n a t u r a l  d i v i d e  between t h e  Arkansas River  Val ley and t h e  Wet Walnut Creek 

Val ley ( T r a n s c r i p t ,  Pages 1824 and 1836); t h a t  du r ing  c r o s s  examination 

Mr. Vincent t e s t i f i e d  t h a t  an a l t e r n a t e  s e t  o f  boundary l i n e s  f o r  t h e  

southern  p o r t i o n  o f  t h e  proposed IGUCA could be drawn based on using Dry 

Walnut Creek a s  a na tu ra l  d i v i d e  (T ransc r ip t ,  Pages 1824 through 1840); 

t h a t  t h i s  boundary l i n e  i s  shown on correspondence from DeAnn Hupe, 

a t t o r n e y  f o r  t h e  Kansas Department o f  Wi ld l i f e  and Parks,  da t ed  Februqry 

26, 1991; t h a t  t h i s  l e t t e r  was s e n t  t o  a l l  p a r t i e s  t o  t h e  IGUCA proceedings 

and 'was intended t o  c l a r i f y  t h e  tes t imony i n  t h i s  m a t t e r ;  t h a t  i t  would 

0 
be reasonable  t o  exclude Great  Bend from t h e  proposed IGUCA and use t h e  

w 
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a, 
Dry Walnut Creek a s  a na tu ra l  d i v i d e  (T ransc r ip t ,  Page 1840).  
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N " 74. That Mr. Vincent t e s t i f i e d  t h a t  the w e l l s  shown on Exhi b i t  31 i n  t h e  a r e a  
% 
0 
m t h a t  he has proposed t o  remove from t h e  proposed IGUCA would no t  have an 
-M 

impact on the Walnut Creek a q u i f e r ;  t h a t  those  w e l l s  t h a t  would be i n  t h e  

a r e a  t h a t  i s  s t i l l  proposed t o  be w i th in  the IGUCA would have an impact 

on t h e  Walnut Creek Aquifer  ( T r a n s c r i p t ,  Pages 1847 and 1848).  

75. That James K. Koe l l i ke r ,  Ph.D, P ro fe s so r  of Water Resources i n  C iv i l  

Engineering a t  Kansas S t a t e  Un ive r s i t y ,  t e s t i f i e d  t o  a r e p o r t  he authored 

a s  an independent c o n s u l t a n t  f o r  Howard, Need1 es, Tammen and Bergendoff 

t i t l e d  "Summary Report Est imat ing t h e  Future Water Supply f o r  Cheyenne 



Bottoms Wild1 i f e  Area i n  Kansas", ( E x h i b i t  43, Appendix A; T ransc r ip t ,  Page 

1880) ; t h a t  t he  r e p o r t  i s  Appendix A t o  t h e  "Engineering/Hydrological 

Study, Cheyenne Bottoms W i l d l i f e  Area, Barton County, Kansas" prepared by 

Howard, Needles, Tammen and Bergendoff  ( E x h i b i t  43); t h a t  t h e  r e p o r t  was 

completed i n  March, 1990; t h a t  t h e  purpose o f  t h e  r e p o r t  was t o  est imate 

the  water supply t h a t  would be a v a i l a b l e  t o  the  managers o f  Cheyenne 

Bottoms f o r  watershed cond i t i ons  t h a t  might  e x i s t  i n  approximately t h e  year  

2000; t h a t  t he  est imated watershed y i e l d  f o r  yea r  2000 cond i t i ons  and t h e  

temperature and p r e c i p i t a t i o n  records f o r  1948 through 1988 were prov ided 

t o  o the r  engineers who analyzed design and management a l t e r n a t i v e s .  

(Transcr ip t ,  Page 1880) 
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P4 76. That Professor  K o e l l i k e r  t e s t i f i e d  t h a t  the  geographical area covered by 
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m t h e  study inc ludes a l l  areas c o n t r i b u t i n g  water t o  Cheyenne Bottoms - t h e  

n a t u r a l  drainage area, t he  Arkansas R ive r  and Walnut Creek; t h a t  t h e  l ong  

term water supply t o  t h e  Bottoms by  source i s :  

25,000 ac re - fee t  from d i r e c t  p r e c i p i t a t i o n  on t h e  Bottoms 

17,000 ac re - fee t  from the  n a t u r a l  drainage bas in  

37,000 ac re - fee t  from t h e  Arkansas R ive r  and Wet Walnut Creek 

79,000 ac re - fee t  t o t a l  

(T ransc r ip t ,  Pages 1879 and 2045 and E x h i b i t  43, Appendix A, Page 2) 

77. That t h e  r e p o r t  concludes t h a t  average p r e c i p i t a t i o n  a t  Cheyenne Bottoms 

i s  approximately 25 inches per  year  o r  about 25,000 acre- fee t .  ( E x h i b i t  

43, Appendix A, Page 2) 



78. That t h e  r e p o r t  concludes t h a t  t he  Blood Creek dra inage has an average 

r u n o f f  o f  1.5 inches p e r  year  from i t s  61 square m i l e  dra inage area; t h a t  

i f  t h i s  i s  i n d i c a t i v e  o f  t h e  r e s t  o f  t h e  watershed t h e  n a t u r a l  watershed 

fo r  Cheyenne Bottoms should y i e l d  an average o f  17,000 a c r e - f e e t  p e r  year.  

(Exhi b i t  43, Appendix A, Pages 1 and 2) 

79. That Professor  K o e l l i k e r  t e s t i f i e d  t h a t  t h e  amount o f  water  c o n t r i b u t e d  

t o  the  Bottoms by t h e  na tu ra l  drainage area i s  reduced because o f  marshes 

i n t e r c e p t i n g  Blood and Deception Creeks, t he  two major  t r i b u t a r i e s  t o  

Cheyenne Bottoms; t h a t  t he  marshes i n t e r c e p t i n g  Blood Creek reduce t h e  

i n f l o w  t o  Cheyenne Bottoms from t h e  Blood Creek dra inage bas in  by 

approximately 29% over  t he  l ong  term w h i l e  t h e  marshes i n t e r c e p t i n g  

Deception Creek reduce t h e  i n f l  ows by approximately 60%. (T ransc r ip t ,  Page 

1890) 

(U 

80. That t he  r e p o r t  concludes t h a t  t h e  marshes which i n t e r c e p t  Blood Creek and m a 
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Deception Creek above Cheyenne Bottoms have a sur face area o f  approximate ly  
?l m 
(U 

1,000 acres. ( E x h i b i t  43, Appendix A, Page 3) Y o 
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81. That Professor  K o e l l  i ker  t e s t i f i e d  t h a t  t he  consu l tan ts  f o r  Howard, 

Needles, Tammen and Bergendoff ,  as a group, est imated t h e  canal e f f i c i e n c y  

f o r  t h e  Arkansas R i v e r  canal i s  approximately 70% and t h e  canal e f f i c i e n c y  

f o r  t h e  Walnut d i v e r s i o n  canal i s  approximately 90%. (T ransc r ip t ,  Page 

1886) 



82. That t h e  r e p o r t  concludes t h a t  t he  amount o f  water  a v a i l a b l e  from t h e  

Arkansas R iver  and t h e  Walnut Creek, as r e s t r i c t e d  by t h e  water  r i g h t s  f o r  

t h e  d i ve rs ions  and a canal e f f i c i e n c y  o f  70% f o r  t h e  Arkansas R iver  canal 

and 90% f o r  t h e  Walnut Creek canal,  i s  37,000 ac re - fee t  per  year;  t h a t  the  
w 

c o n t r i b u t i o n  from the  Arkansas R iver  was developed from gaging data  f o r  

t h e  Arkansas R ive r  a t  K ins ley  and the  Pawnee River  near Larned; t h a t  these 

f lows were reduced f o r  each decade t o  est imate reduct ions  i n  streamflow 

caused by changes i n  l a n d  use p rac t i ces  based upon model r e s u l t s  f o r  Walnut 

Creek Basin; t h a t  t he  r e s u l t i n g  f lows were a1 so reduced f o r  t h e  1 i m i t a t i o n s  

on t h e  water r i g h t s  and losses  due t o  canal e f f i c i e n c i e s .  ( E x h i b i t  43, 

Appendix A, Pages 2 and 9) 
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83. That t h e  r e p o r t  s ta tes  t h a t  t h e  Wet Walnut Basin was d i v i d e d  i n t o  s i x  sub- F+ 
m 
CV 

basins, each o f  which was modelled separately;  t h a t  t h e  l and  use p rac t i ces  2 
0 
0 

and crops were model 1 ed as: cont inuous wheat, wheat fa1  1 ow, row crops, row m * 

crops w i t h  good conservat ion t i 11 age, pasture/range and pasture/range on 

crop land; and t h a t  these l and  uses represent  t he  predominant a g r i c u l t u r a l  

p r a c t i c e s  i n  t h e  basin. (Exhi b i t  43, Appendix A, Pages 10 and 12) 

84. That t h e  r e p o r t  concludes t h e  1 osses o f  water from Cheyenne Bottoms inc lude 

evaporat ion, which averages over  60 inches per  year,  and seepage, which 

was est imated a t  approximately one f o o t  per  year; t h a t  some water i s  a lso  

discharged through the  dra inage canal dur ing  h igh  f l o w  events; t h a t  t h e  

average losses a t  the  Bottoms would t o t a l  74,000 ac re - fee t  per  year  i f  a l l  

t he  pools are wet, which i s  n o t  t he  normal opera t ing  cond i t i on .  ( E x h i b i t  

43, Appendix A, Page 2) 



85. That Professor Koelliker t e s t i f i ed  that  small changes in so i l  surface 

conditions which af fec t  the flow of water on the soil  surface or which 

Oinduce the soil  t o  s tore more water can have substantial e f fec t s  on the 

amount of surface water available for  use downstream; tha t  the mechanisms 

which induce t h i s  reduction in surface water runoff i ncl ude increasing the 

opportunity time for  in f i l t r a t ion ,  maintaining the soi l  in a condition tha t  

promotes in f i l t r a t ion ,  trapping water in terraces or reservoirs and 

conversion of land from crop land t o  grassland which yields l e s s  runoff 

than crop land. (Transcript, Page 1891) 

86. That he further t e s t i f i ed  that  the ef fec ts  of land use changes - 

conservation practices,  reservoir and pond development - are having a 

substantial impact on the ab i l i ty  of the Walnut Creek watershed t o  yield 

water t o  the stream system; that  more water i s  being held on the land and 

then used for dry land crop production, and held in reservoirs than has 

been in the past; tha t  the effect  of these practices i s  to: make dry years 

d r i e r  by reducing surface runoff, increase transmission losses and t rap  

runoff tha t  does occur in ponds or reservoirs. (Transcript, Pages 1950 

and 1988) 

87. That Professor Koel 1 i ker's report concludes tha t  the average annual yield 

of the Wet Walnut system i s  41,100 acre-feet per year before accounting 

for  groundwater pumpage. (Exhibit 43, Appendix A, Page 16) 



88. That Professor Koe l l  i ker  t e s t i f i e d  t h a t  t he  responsi b i l  i t y  f o r  reduced 

sur face water cou ld  be a l l o c a t e d  as: 

Conservation p r a c t i c e s  40% 

Watershed s t r u c t u r e s  25% ( 4  l o s t  t o  evaporation, 4 t o  seepage) 

Groundwater pumping 35% 

(Transcr ip t ,  Pages 2024 and 2031) 

That Professor K o e l l  i ker  t e s t i f i e d  t h a t  he model 1  ed t h e  Walnut watershed 

t o  account f o r  conservat ion p r a c t i c e s  and f u r t h e r  reduced t h e  amount o f  

sur face water a v a i l a b l e  by sub t rac t i ng  water l o s t  from t h e  stream t o  

groundwater pumping us ing a  long term average o f  16,000 ac re - fee t  per  year  

o f  groundwater dep le t ion ;  t h a t  a  long- te rm average o f  16,000 ac re - fee t  per  

year  was used because the  a q u i f e r  would no t  able t o  s u s t a i n  t h e  groundwater 

dep le t i on  f i g u r e s  t h a t  o the r  s c i e n t i s t s  had repor ted.  (T ransc r ip t ,  Page 

1953; E x h i b i t  43, Appendix A, Pages 9  and 16) 

That Professor Koel 1  i ker  t e s t i f i e d  t h a t  t h e  " r u n o f f  p o t e n t i  a1 " o f  t h e  

western p o r t i o n  o f  t h e  bas in  has been reduced somewhat more than t h a t  o f  

t h e  eastern p o r t i o n  o f  t h e  basin; t h a t  y i e l d s  from t h e  p o r t i o n  o f  t h e  

watershed l oca ted  i n  Lane County are  very small because a  re1  a t i v e l y  1 arge 

r a i n f a l l  event i s  necessary t o  overcome t h e  dep le t i ng  e f f e c t s  o f  t h e  l a n d  

use p rac t i ces  b u t  t h a t  i n  Ness County smal le r  r a i n s  cause r u n o f f  events 

and the re fo re  r u n o f f  events are  more frequent;  t h a t  t h e  p o r t i o n  o f  t h e  

watershed i n  Ness County produces s l  i g h t l y  more r u n o f f  than i n  Lane County. 

(Transcr ip t ,  Pages 2015 and 1991) 



91. That the  r e p o r t  concl udes t h a t  conservat ion p rac t i ces ,  i n  p a r t  i c u l  ar, tend 

t o  make d r y  years even d r i e r  as conservat ion p r a c t i c e s  capture most o f  t h e  

r a i n f a l l  which occurs i n  the  basin; t h a t  before accounting f o r  groundwater 

dep le t ions  t h e  average annual y i e l d  o f  t h e  Wet Walnut bas in  i s  41,100 acre- 

fee t ;  t h a t  t h e  c o n t r i b u t i o n  o f  t h e  sub-basins ranged from 0.22 inches i n  

Lane County t o  1.58 inches below Heizer, t he  lowest  sub-basin; t h a t  based 

on t h e  work of o ther  researchers, Professor K o e l l i k e r  reduced t h i s  y i e l d  

o f  41,100 acre- feet  pe r  y e a r  by an average o f  16,000 acre- fee t  pe r  year  

t o  account f o r  groundwater dep le t ions  caused by pumping. ( E x h i b i t  43, 

Appendix A, Pages 9, 15, and 16) 

92. That Professor Koe l l  i k e r  t e s t i f i e d  t h a t  a d e f i n i t e  t r e n d  i s  i n d i c a t e d  

towards 1 ower y i e l d s  being avai 1 ab le  t o  Cheyenne Bottoms a1 though t h e r e  

a re  s t i l l  wide v a r i a t i o n s  i n  t h e  annual supply. (Transcr ip t ,  Page 2013) 

93. That Professor Koe l l  i ker  t e s t i f i e d  t h a t  he and o the r  researchers found no 

impor tant  changes i n  the  p r e c i p i t a t i o n  amounts over t h e  watershed. 

(Transcr ip t ,  Page 2021) 

94. That Professor Koe l l  i ker  t e s t i f i e d  t h a t  h i s  da ta  i n d i c a t e  a s l i g h t  increase 

i n  temperatures which would t r a n s l a t e  i n t o  a s l i g h t  increase i n  t h e  amount 

o f  water 1 o s t  t o  evapotranspirat ion.  (Transcr ip t ,  Page 2023) 

95. That t h e  r e p o r t  concludes t h a t  al though t h e  study was unable t o  p r e d i c t  

t h e  e f f e c t s  o f  groundwater withdrawal s, o the r  researchers r e p o r t  such 

losses i n  t h e  range o f  15,000 t o  20,000 ac re - fee t  pe r  year; t h a t  s topping 

5 0 



j u n i o r  groundwater pumping might  make much o f  t h i s  water a v a i l a b l e  w i t h i n  

10 t o  20 years a f t e r  pumping i s  stopped; t h a t  t h e  d i s t r i b u t i o n  o f  f l o w  i n  

t h e  Walnut t h a t  would r e s u l t  i f  j u n i o r  groundwater r i g h t s  were shut  down 

i s  unclear ;  t h a t  t he re  would n o t  be a  one-to-one c o r r e l a t i o n  between the  

amount o f  water no longer  withdrawn from t h e  a l l uv ium and the  amount o f  

water avai 1  able t o  t h e  Bottoms; t h a t  permanent reduc t ions  i n  use by j u n i o r  

groundwater water r i g h t  holders should be requ i red .  (Exhi b i t  43, Appendix 

A, Pages 39 and 40) 

96. That Professor Koe l l  i ker  t e s t i f i e d  t h a t  watershed s t r u c t u r e s  a re  va luab le  

because they  meter water downstream making more water a v a i l  ab le  f o r  use. 

(T ransc r ip t  , Page 2031) 
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97. That Professor Koel 1  i ker  t e s t i f i e d  t h a t  conservat ion p r a c t i c e s  are PI 
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d i  f f  i cul  t t o  undo, whi 1  e  groundwater dep le t ions  and watershed s t r u c t u r e s  cv 
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are  more r e a d i l y  managed o r  regu la ted  t o  improve the  water supply t o  m o 

Cheyenne Bottoms. (Transcr ip t ,  Pages 2030 through 2032) 

98. That Professor Koel 1  i k e r  t e s t i f i e d  t h a t  reduc t  ions  o f  groundwater use w i  11 

n o t  produce a  one t o  one ga in  i n  water a v a i l a b l e  a t  t h e  Bottoms. (Exhi b i t  

43, Appendix A, Page 39) 

99. That Professor K o e l l i k e r  recommended t h a t  the  Bottoms be pe rm i t t ed  t o  

d i v e r t  a t  a  h igher  r a t e  than c u r r e n t l y  permi t ted  under Water R igh t ,  F i l e  

No. 439 t o  capture f l o o d  f lows.  (Transcr ipt ,  Page 2034) 



100. That Professor K o e l l i k e r  recommended t h a t  f u r t h e r  s tud ies  o f  t h e  impact 

o f  watershed s t ruc tu res  on sur face water f lows should be conducted. 

(Transcr ip t ,  Pages 2080 and 2222) 

101. That t h e  r e p o r t  concludes t h a t  Deception Creek could be channel ized through 

t h e  marshes t o  reduce losses. ( E x h i b i t  43, Appendix A, Page 38) 

102. That t h e  r e p o r t  concludes t h a t  d e l i v e r y  e f f i c i e n c i e s  o f  t h e  d i v e r s i o n  

canal s  should be improved i f  poss ib le .  (Exhi b i t  43, Appendix A, Page 39) 

103. That the  r e p o r t  concludes t h a t  any a p p l i c a t i o n  f o r  a  water r i g h t  t o  Blood 

Creek Marsh should be denied t o  avoid f u r t h e r  reduct ions i n  n a t u r a l  i n f l o w s  

a, 
tn t o  Cheyenne Bottoms. ( E x h i b i t  43, Appendix A, Pages 38 and 39) 
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Y 104. That t h e  r e p o r t  concludes t h a t  cons idera t ion  be g iven t o  r e q u i r i n g  bypasses 
0 
0 
m through e x i s t i n g  watershed s t ruc tu res .  ( E x h i b i t  43, Appendix A, Page 39) 

105. That the  r e p o r t  concludes t h a t  cons idera t ion  be g iven t o  r e q u i r i n g  new 

watershed s t ruc tu res  t o  be b u i l t  as d r y  dams. ( E x h i b i t  43, Appendix A, 

Page 39) 

106. That Professor K o e l l i k e r  recommended t h a t  f u r t h e r  study o f  t h e  sur face 

water/groundwater i n t e r a c t i o n  be conducted. (Transcr ip t ,  Page 2222) 

107. That Edward D. Jenkins, consu l t i ng  hyd ro log is t ,  t e s t i f i e d  t o  a  r e p o r t  he 

authored e n t i t l e d  "Hydrology o f  Wet Walnut Creek Basin as i t  Relates t o  
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Water Suppl ies f o r  Appropr ia t ion  No. 439" dated November 1990; t h a t  t h i s  

r e p o r t  was prepared f o r  t he  Walnut Creeks Basin Assoc ia t ion  ( E x h i b i t  46, 

Page 1) ;  t h a t  t h e  purposes f o r  t h e  r e p o r t  were t o  study t h e  hydro log ic  

h i s t o r y  o f  t he  area, t o  study the  sur face and groundwater r e l a t i o n s h i p ,  

and t o  determine where the  water  came from t h a t  was d i v e r t e d  i n  t h e  years 

1954 and 1955 under Appropr ia t ion  o f  Water No. 439. (T ransc r ip t ,  Page 

3,234) 
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P 108. That M r .  Jenkins t e s t i f i e d  t h a t  he supports t he  boundaries as o r i g i n a l l y  
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proposed f o r  t h e  IGUCA f o r  t h e  f o l l o w i n g  reasons: 

a. That t h e  Arkansas R iver  a l l uv ium and Meade Formation are  

u n d i f f e r e n t i a b l e ;  t h a t  they blend together  i n  t h e  a q u i f e r  system 

t h a t  comprises the  Arkansas R iver  a1 1  uvium and Meade Formation and 

the  Dry and Wet Walnut Creeks al luviums; t h a t  t he  a q u i f e r  ma te r i a l  

i s  t r a n s m i t t i n g  water i n  these format ions and i s  cont inuous i n  t h e  

area where t h e  th ree  a1 luviums coalesce and together  have a  w id th  

o f  approximately 6 m i l e s  (Transcr ip t ,  Pages 2270 through 2272); 

b. That bedrock forms a  geologic  boundary n o r t h  o f  t h e '  Cheyenne 

Bottoms d i v e r s i o n  dam and a l so  i n  western Barton County between 

the  Wet Walnut Creek and the  combined a q u i f e r  area composed o f  the  

Arkansas R iver  and Dry Walnut Creek a1 1  u v i  ums (Transcr ip t ,  Pages 

2277 through 2279, 2305 through 2308, and 2314 through 2317); 
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c. That the re  i s  no groundwater d i v i d e  i n  the  area where t h e  Arkansas 

River ,  Dry Walnut Creek, and Wet Walnut Creek a l luv iums coalesce 

(Transcr ip t ,  Pages 2305 through 2308); 

d. That a1 though he agrees w i t h  Robert Vincent 's test imony concerning 

a d i s t i n c t i o n  i n  the  1 i t h o l o g y  o f  upper p a r t s  o f  t h e  Walnut Creek 

a l l uv ium and t h e  Arkansas R iver  a l luv ium, he does n o t  consider  

t h i s  a good r a t i o n a l e  f o r  es tab l  i s h i n g  a boundary (Transcr ip t ,  

Pages 2311 through 2313); 

e. That t h e  Arkansas R ive r  represents a hyd ro log ic  boundary 

(Transcr ip t ,  Pages 2277 through 2279, 2305 through 2308, and 2314 

through 2317) ; 

f. That t h e  1982 water l e v e l  contours do n o t  show water  from n o r t h  

o f  Dry Walnut Creek moving underneath Great Bend. (Transcr ip t ,  

Page 2282) 

That M r .  Jenkins t e s t i f i e d  t h a t  w e l l s  i n  t h e  area between where t h e  

o r i g i n a l  proposed boundaries were drawn and the  boundaries proposed by 

Robert Vincent may have a cumulat ive ef fect  through coa lesc ing cones o f  

depression by: 

a. I n t e r c e p t i n g  o r  removing groundwater moving from t h e  southwest t o  

t h e  nor theast  from t h e  Arkansas R iver  a l l uv ium toward t h e  Walnut 
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Creek a1 1  u v i  urn (Transcr ip t ,  Pages 2282 through 2287, 2303, and 

2329 through 2333); 

b. Drawing water away from the  Walnut Creek area (Exhi b i t  46, Page 

17; Transcr ip t ,  Pages 2282 through 2287, and 2329 through 2333); 

c. Under c e r t a i n  circumstances, reducing s t reamf l  ow i n  Walnut Creek 

a t  t he  d i v e r s i o n  dam f o r  Cheyenne Bottoms. ( E x h i b i t  46, Page 17; 

Transcr ip t ,  Pages 2346 through 2355) 

110. That M r .  Jenkins t e s t i f i e d  t h a t  the  Centra l  Kansas U t i l i t i e s  w e l l s  a re  

l oca ted  i n  an area o f  Great Bend where t h e  a1 1  u v i a l  a q u i f e r  i s  i n  t h e  

deepest p a r t  o f  a  b i g  channel; t h a t  the  p o s i t i o n  o f  w e l l s  i n  t h e  deeper 

p a r t  have the  capac i ty  over l ong  per iods t ime t o  pump more water and cause 

a  cone o f  depression i n  t h e  who1 e  water t a b l e  (Transcr ip t ,  Page 2273) ; t h a t  

w e l l s  pumping i n  t h e  deeper p a r t  o f  an a q u i f e r  a re  analogous t o  t h e  

d r a i n i n g  o f  a  swimming pool i n  t h a t  t he  water i n  the  deeper end i s  going 

t o  be t h e  l a s t  t o  be depleted. (Transcr ip t ,  Page 2287) 

111. That M r .  Jenkins t e s t i f i e d  t h a t  s t a t i c  water l e v e l  contours do n o t  

necessa r i l y  g i v e  an i n d i c a t i o n  o f  t h e  source o f  recharge water t o  a  w e l l ;  

t h a t  when a  we l l  pumps water out  o f  storage i t  creates a  cone o f  depression 

and t h a t  water comes i n t o  the  cone o f  depression t o  rep lace t h e  water t h a t  

i s  pumped out;  t h a t  the  water t h a t  comes i n  t o  rep lace t h e  water  i n  t h e  

cone o f  depression comes from a l l  d i r e c t i o n s ;  t h a t  i n  t h e  case o f  a  w e l l  

l oca ted  south o f  Dry Walnut Creek, t h e  source o f  recharge water f o r  t h e  



w e l l  would n o t  necessa r i l y  be f rom the  Arkansas R iver  a l l u v i u m  o n l y  s ince  

i t  would come i n  from a l l  d i r e c t i o n s .  (Transcr ip t ,  Pages 2285 through 2287 

and 2292) 

112. That M r .  Jenkins t e s t i f i e d  t h a t  i n  1982, Walnut Creek was l o s i n g  a  

cons iderab le  amount o f  water t o  t h e  a q u i f e r  as i n d i c a t e d  by a  groundwater 

mound i n  t h e  v i c i n i t y  o f  t h e  Cheyenne Bottoms d i v e r s i o n  dam on Walnut 

Creek. (Transcr ip t ,  Page 2345) 

113. That M r .  Jenkins t e s t i f i e d  t h a t  s h u t t i n g  o f f  j u n i o r  groundwater users 

downstream o f  a  sur face water d i v e r s i o n  would have l i t t l e  o r  no a f f e c t  on 

t h e  upstream sur face water user  unless t h e  w e l l s  were c l o s e  t o  t h e  sur face 

water  p o i n t  o f  d i ve rs ion .  ( E x h i b i t  46, Page 23; T ransc r ip t ,  Pages 2299 

a and 2300) 

0) 
0' 
rn 
PI 114. That M r .  Jenkins t e s t i f i e d  t h a t  i f  upstream j u n i o r .  groundwater users were 

shut  o f f ,  i t  may takes weeks, months, o r  maybe never f o r  a  downstream 

sur face water user t o  rece i ve  any b e n e f i t  ; t h a t  t he  re1  i e f  w i  11 depend upon 

t h e  d i s tance  o f  a  w e l l  f rom t h e  stream, r a t e  o f  pumping, q u a n t i t y  pumped, 

permeabi 1  i t y  o f  the  mater i  a1 under ly ing  the  streambed, i n te rconnec t i on  

between t h e  streambed and t h e  under l y ing  a l l u v i a l  aqu i fe r ,  and zone o f  

p e r f o r a t i o n  o f  t h e  w e l l .  (Exhi b i t  46, Page 23; T ransc r ip t ,  Pages 2299 and 

2300) 

115. That M r .  Jenkins t e s t i f i e d  t h a t  t he  Walnut Creek a q u i f e r  has n o t  ,always 

been i n  d i r e c t  h y d r a u l i c  connect ion w i t h  Walnut Creek; t h a t  when water  
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l e v e l s  i n  t h e  a q u i f e r  are below streambed e levat ion ,  as they  have been 

p e r i o d i c a l l y  s ince 1944, t he  hyd rau l i c  connect ion i s  l o s t  and t h e r e  i s  no 

base f low; t h a t  t he  hydrograph shown i n  F igure  17 o f  E x h i b i t  46 shows water 

l e v e l s  below t h e  stream channel f o r  t he  pe r iod  1955 through 1957 and t h a t  

t h i s  corresponds t o  a  pe r iod  i n  which the re  was l i t t l e  o r  no base f low; 

t h a t  i n  1959 and 1960 f o l l o w i n g  the  f l o o d  o f  1959 the  water l e v e l  i n  t h e  

a q u i f e r  was above the  stream channel ; t h a t  from 1967 through 1969 t h e  water 

l e v e l  f l u c t u a t e d  back and f o r t h  above and below t h e  stream channel; t h a t  

i n  1973, a  year  i n  which there  was 45 inches o f  p r e c i p i t a t i o n ,  t h e  water 

l e v e l  i n  t he  a q u i f e r  rose above streambed e l e v a t i o n  (Exhi b i t  46, Pages 18, 

33 & 34; Transcr ip t ,  Pages 3235, 3236; and 3272 through 3278); t h a t  water 

1  eve1 s  have been be1 ow streambed s ince 1976 i n  an observat ion we1 1  about 

one m i l e  eas t  o f  A1 b e r t ;  t h a t  t h e  reason the water l e v e l s  have been below 

streambed s ince 1976 i s  t h a t  pumpage i s  coming from storage and t h e r e  has 

n o t  been a  huge p r e c i p i t a t i o n  event t o  recharge t h e  a q u i f e r .  ( E x h i b i t  46, 

Pages 33 and 34; Transcr ip t ,  Pages 3306 through 3311) 

116. That M r .  Jenkins t e s t i f i e d  t h a t  when a q u i f e r  p r o p e r t i e s  a r e  such t h a t  t h e  

volume f o r  storage i s  l a r g e  and t r a n s m i s s i v i t i e s  o f  t he  m a t e r i a l s  , 

s u f f i c i e n t ,  a l l  water can be t ransmi t ted  down g rad ien t  through t h e  a q u i f e r  

as groundwater; t h a t  when the  volume o f  t he  a q u i f e r  i s  n o t  s u f f i c i e n t  and 

t h e  t r a n s m i s s i v i t y  i s  no t  g rea t  enough t o  t ransmi t  t h e  underf low, then a  

p o r t i o n  o f  t he  groundwater w i l l  be discharged i n t o  stream as base f low;  

t h a t  seeps and spr ings occur along p a r t s  o f  Wet Walnut Creek downstream 

as f a r  as Alexander and from the re  eastward t h e  stream i s  d r y  much o f  

t ime;  t h a t  t he  a l luv ium i s  shal lower and narrower i n  t h e  western p o r t i o n  



o f  t h e  Walnut Creek Val ley;  t h a t  seeps are found where t h e  c ross  sec t ion  

and volume o f  t he  a l l uv ium i s  smal ler ;  t h a t  where t h e  volume o f  t he  

a l l uv ium i s  g rea te r  because o f  a  g rea te r  thickness and width,  water  w i l l  

be t ransmi t ted  main ly  as underflow through the  aqui fer ;  t h a t  when t h i s  

occurs, streamflow i s  dependent on overland r u n o f f ,  and i n  t h i s  area the  

lower  p o r t i o n  o f  Wet Walnut Creek w i l l  be an i n t e r m i t t e n t  stream. ( E x h i b i t  

46, Page 22; T ransc r ip t ,  Pages 3237, 3238 and 3242 through 3243) 

117. That M r .  Jenkins t e s t i f i e d  t h a t  Walnut Creek has seldom had a  steady 

re1 i a b l e  f l o w  from t h e  1930's on (Transcr ip t ,  Page 3298) ; t h a t  low f l o w  

measurements made i n  t h e  1950's p r i o r  t o  the  establ ishment o f  t h e  A l b e r t  

gage i n  1958 show per iods  o f  l i t t l e  o r  no f l ow  ( E x h i b i t  46, Page 29; 

E x h i b i t s  70 and 71; T ransc r ip t ,  Pages 3245 through 3249, 3263 and 3264); 

t h a t  v a r i a b i l i t y  o f  f lows on both an annual and a  monthly bas i s  show t h a t  r. 
U) 
I. 

streamflow i s  dependent on r u n o f f ;  t h a t  t h e  annual s t reamf low volume Q) 

rn 
fa 

passing t h e  A l b e r t  gage i n  1983 was 62 acre- fee t  and i n  1973 was 126,700 ~ 
d 
m 

acre- fee t ;  t h a t  t he re  would n o t  be such a  wide range i f  t h e r e  was rn 
A 
0 

s i g n i f i c a n t  base f low.  ( E x h i b i t  46, Pages 22 and 48A; T ransc r ip t ,  Pages m o 

3278 through 3281) 

118. That M r .  Jenkins t e s t i f i e d  t h a t  s i l t  has accumulated i n  t h e  bed o f  Walnut 

Creek; t h a t  t h i s  i s  n o t  on l y  a  recent  problem s ince i t  has been happening 

s ince t h e  1930's (Transcr ip t ,  Pages 3335 through 3337); t h a t  r u n o f f  

c a r r i e s  s i l t  which i s  deposited when flows are moderate ( E x h i b i t  46, Pages 

11 and 55; Transcr ip t ,  Pages 3335 through 3337) ; t h a t  f l oods  h e l p  keep s i l t  

depos i ts  t o  a  minimum because they  scour out  t he  channel (T ransc r ip t ,  Page 



3336); t h a t  two f e e t  of cohesive s i l t  w i t h  moist ,  b u t  unsaturated, sand 

beneath was found i n  the  streambed near A l b e r t  i n  October 1990; t h a t  t h i s  

i s  considered representa t ive  of what would be found on Walnut Creek 

( E x h i b i t  46, Pages 11 and 16; Transcr ip t ,  Pages 3283 and 3284) ; t h a t  s i l t  

impedes perco l  a t i  on o f  water, thereby redbc i  ng po tent  i a1 f o r  recharge 

( E x h i b i t  46, Pages 11, 16 and 55; Transcr ip t ,  Pages 3283, 3284, 3295, 3296, 

3322 through 3324); t h a t  when the  s i l t  i s  d r y  i t  conta ins  cracks; t h a t  when 

i t  i s  wetted, i t  expands and becomes more impermeable (T ransc r ip t ,  Pages 

3295 and 3296) ; t h a t  i f  there  i s  base f low,  more water from a r u n o f f  event . 

w i l l  g e t  downstream than i f  the  channel i s  d r y  (Transcr ip t ,  Page 3312); 

t h a t  t he  s i l t  1 ayer ac ts  as a 1 i n e r  and should r e s u l t  i n  more streamflow 

g e t t i n g  t o  the  d i v e r s i o n  dam f o r  Cheyenne Bottoms than i f  t h e r e  was j u s t  
b 

sand and grave l  . (Transcr ip t  , Page 3323) 

m 
119. That M r .  Jenkins t e s t i f i e d  t h a t  recharge does n o t  occur s o l e l y  i n  t he  i n n e r  (U 

X 

bench; i t  a l so  occurs on t h e  f l o o d  p l a i n  (Transcr ip t ,  Pages 3303, 3304, 
0 
0 
m 

3338, 3339, and 3380 through 3383); t h a t  l a r g e  i n f requen t  f l o o d  events, 

such as t h e  1959 f lood,  produce recharge over  t he  whole v a l l e y  no t  j u s t  

from t h e  stream channel i t s e l f .  (Transcr ip t ,  Page 3382) 

120. That M r .  Jenkins t e s t i f i e d  t h a t  meter ing o f  a l l  t he  w e l l s  would be very 

usefu l  i n  determin ing the  amount o f  water pumped. (T ransc r ip t ,  Pages 3340 

through 3342) 

121. That M r .  Jenkins t e s t i f i e d  what t he  impact o f  reduced base f l o w  might  be 

on streamflow; t h a t  f i r s t ,  t he re  would be a reduc t i on  i n  streamflow by 



t h e  amount the  base f l o w  was reduced; t h a t  second, base f l o w  would tend 

t o  keep the  channel somewhat moist,  and i f  t h e  channel was mo is t  and the re  

was over land r u n o f f ,  more o f  i t  would ge t  down towards Cheyenne Bottoms 

than i f  t h e  channel was dry.  (Transcr ip t ,  Page 3312) 

122. That M r .  Jenkins t e s t i f i e d  t h a t  based on two base f l o w  measurements taken 

on A p r i l  8, 1955, and November 17, 1955, t h e  est imated t o t a l  base f l o w  f o r  

1955 would be 525 acre- fee t ;  t h a t  when 525 ac re - fee t  i s  subt rac ted from 

19,400 ac re - fee t  ( t he  q u a n t i t y  o f  water repor ted  by Wilson and Company t o  

have been d i v e r t e d  i n  1955 from Wet Walnut Creek t o  Cheyenne Bottoms) t h e  

t o t a l  q u a n t i t y  d i v e r t e d  from over1 and r u n o f f  would be 18,875 ac re - fee t  . 
( E x h i b i t  46, Page 28; T ransc r ip t ,  Page 3259) 

123. That John Charles Tracy, Ph. 0, Professor o f  Water Resources i n  C i v i l  

Engineering a t  Kansas S ta te  Un ive rs i t y ,  t e s t i f i e d  t o  a  r e p o r t  he authored 

as an independent consu l tan t  f o r  Howard, Needles, Tammen and Bergendoff 

e n t i t l e d  "Summary Report f o r  Analyzing t h e  Re1 i a b i l  i t y  o f  t h e  Current  Water 

Supply t o  t h e  Cheyenne Bottoms W i l d l i f e  Refuge, Kansas" dated May 1990 

( E x h i b i t  43, Appendix B; Transcr ip t ,  Pages 2388 through 2390); t h a t  t h e  

r e p o r t  i s  Appendix B t o  t h e  "Engi nee r i  ng/Hydrol og i  c a l  Study, Cheyenne 

Bottoms W i  l d l  i f e  Area, Barton County, Kansas" prepared by Howard, Need1 es, 

Tammen and Bergendoff ( E x h i b i t  43); t h a t  t h e  purpose o f  t h e  r e p o r t  was t o  

determine t h e  e f fec t i veness  o f  t h e  cu r ren t  operat ions and s t r u c t u r e . o f  t h e  

Cheyenne Bottoms, and t o  1  ook a t  poss ib le  s t r u c t u r a l  o r  non -s t ruc tu ra l  

a l t e r n a t i v e s  t h a t  would improve and b e t t e r  meet t h e  Cheyenne Bottoms 

ob jec t i ves  as a  w i l d l i f e  refuge. (Transcr ip t ,  Page 2390) 
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124. That Professor  Tracy t e s t i f i e d  t h a t  t he  opera t iona l  o b j e c t i v e  was t o  

p rov ide  a t  l e a s t  some wetlands area f o r  m ig ra t i ng  b i r d s  throughout  t he  year  

and t o  produce some b i r d  feed o r  crops so t h a t  t he  b i r d s  would have some 

feed when they  a re  m ig ra t i ng  through; t h a t  t he  o b j e c t i v e  cou ld  be met by 

main ta in ing  c e r t a i n  pool 1  eve1 s. (Transcr ip t ,  Pages 2391 through 2394) 

125. That Professor  Tracy t e s t i f i e d  t h a t  he developed a  water  balance and 

opera t iona l  model f o r  use i n  determin ing the  r e l i a b i l i t y  o f  t h e  e x i s t i n g  

cond i t i ons  and opera t iona l  po l  i c y  o f  t he  Bottoms as we1 1  as determin ing 

a1 t e r n a t e  wetland designs and opera t iona l  po l  i c i e s  f o r  meeting t h e  c u r r e n t  

and f u t u r e  ob jec t i ves  o f  t he  Cheyenne Bottoms as a  w i l d l i f e  re fuge and 

wetlands ( E x h i b i t  43, Appendix B  Page 1; Transcr ip t ,  Pages 2396 and 2397) ; 

t h a t  t h r e e  opera t iona l  op t ions  were simulated f o r  t he  movement o f  water 

a t  Cheyenne Bottoms: 

a. E x i s t i n g  s t r u c t u r a l  cond i t i ons  a t  Cheyenne Bottoms w i t h  no a b i l i t y  t o  

move water from one pool t o  t h e  next  o the r  than moving i t  from t h e  

center  pool (Pool 1) t o  t h e  ou te r  pools; 

b. E x i s t i n g  s t r u c t u r a l  cond i t i ons  w i t h  the  c a p a b i l i t y  t o  move water from 

any o f  the ou te r  pools t o  Pool 1 and v i c e  versa w i t h i n  a  one month 

t ime frame; 



c .  Subd iv id ing  and deepening Pool 1 along w i t h  t h e  capab i l  i . t y  t o  move 

water from any o f  t he  ou te r  pools t o  Pool 1 and v i c e  versa w i t h i n  a 

one month t ime  frame; 

t h a t  these opt ions  were based on t h e  year  2000 water a v a i l a b i l i t y  

cond i t i ons  t h a t  Dr. James K o e l l  i ker  t e s t i f i e d  t o .  (T ransc r ip t ,  Pages 2398 

through 2399) 

126. That Professor  Tracy t e s t i f i e d  t h a t  t h e  r e s u l t s  o f  t h e  s imu la t i ons  showed 

t h a t  t h e  e x i s t i n g  s t r u c t u r e  a t  Cheyenne Bottoms w i t h  o r  w i t h o u t  pumping 

c a p a b i l i t i e s  t o  move water between poo ls  i s  n o t  adequate t o  p rov ide  100% 

r e 1  i a b i l  i t y  f o r  meeting minimum opera t ing  ob jec t i ves  o f  t h e  Bottoms; t h a t  

a wider  s e t  o f  opera t ing  ob jec t i ves  can be met w i t h  100% r e l i a b i l i t y  by 

subd iv id ing  and deepening Pool 1; t h a t  t h i s  would ge t  t h e  Bottoms through 

a drought s i m i l a r  t o  t h e  worst  drought t h a t  has occurred i n  t h e  l a s t  40 

years i n  Kansas w h i l e  ma in ta in ing  around 3500 t o  4000 acres o f  water 

sur face area i n  Pools 1 and 2. (Transcr ip t ,  Pages 2441 and 2442) 

127. That Helen M. Hands, W i l d l i f e  B i o l o g i s t  a t  Cheyenne Bottoms, Kansas 

Department o f  Wild1 i f e  and Parks, t e s t i f i e d  regard ing  t h e  w i l d l i f e  a t  and 

management o f  Cheyenne Bottoms; t h a t  Ms. Hands t e s t i f i e d  t h a t  Cheyenne 

Bottoms i s  an extremely important  h a b i t a t  f o r  a wide v a r i e t y  o f  w i l d l i f e  

species and t h a t  i t  i s  an important  educat ional  and s c i e n t i f i c  resource 

f o r  t h e  community (Transcr ip t ,  Page 2499) ; t h a t  t h e  p r i o r i t y  o f  management 

a t  Cheyenne Bottoms i s  t h e  shorebirds, t he  water fowl  and then  the  

threatened and endangered species. (Transcr ip t ,  Page 2509) 
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128. Ben Rogers, Contracting Officer and General Manager, Wet Walnut Watershed 

D i s t r i c t ,  t e s t i f i e d  t h a t  the  D i s t r i c t ' s  General Plan c a l l s  f o r  the  

construction of 47 floodwater retarding dams, 1 mu1 t i  pl e purpose reservoir  

and 51 smaller detention dams and a t  t he  time of the  hearing 30 of the  

floodwater retarding dams, the  multiple purpose s t ruc ture  and 10 of the  

detention dams were complete. (Transcript ,  Page 2558) 

129. That Mr. Rogers t e s t i f i e d  t ha t  the  D i s t r i c t  hopes t o  complete t he  remaining 

17 planned floodwater retarding dams and 7 t o  10 of the  remaining planned 

detention dams. (Transcript ,  Page 2558) 

4 
m 

130. That he fu r ther  t e s t i f i e d  t ha t  construction of the  floodwater retarding cv 

Y 
0 dams began in 1983 and most of the s t ruc tures  a re  in Ness and Rush $ 

i c  

counties,  one having been completed in Lane County. (Transcr ipt ,  Page 

131. That Mr. Rogers t e s t i f i e d  t ha t  with the  anticipated construction,  about 

34 percent of the  drainage area will be controlled;  t h a t  exis t ing 

s t ruc tures  control about 18 percent of the  Wet Walnut watershed. 

(Transcript ,  Page 2561) 

132. That he t e s t i f i e d  t ha t  average annual benefi ts  a t t r ibu ted  t o  t he  watershed 

project  as planned are  $2,219,300 and t he  project  should reduce average 

flood damages by 58 percent. (Transcript ,  Pages 2562 through 2563) 



133. That M r .  Rogers t e s t i f i e d  t h a t  a l l  o f  t h e  e x i s t i n g  s t r u c t u r e s  i n  t h e  

watershed, except  s i t e s  3  and 7, have va lved  drawdown p ipes .  ( T r a n s c r i p t ,  

Page 2595) 

134. That  he f u r t h e r  t e s t i f i e d  t h a t  wa te r  sto'red below t h e  drawdown p i p e s '  i n l e t  

e l e v a t i o n s  cannot be re l eased  f r om t h e  s t r u c t u r e s  and t h e  t o t a l  s t o rage  

volume below drawdown p i p e s  i s  518 ac re - f ee t ,  w h i l e  t h e  t o t a l  d e t e n t i o n  

s to rage  c a p a c i t y  between t h e  drawdown p ipes  and t h e  p r i n c i p a l  s p i l l w a y  i s  
1 

4,162 a c r e - f e e t  i n  t h e  e x i s t i n g  s t r u c t u r e s .  ( T r a n s c r i p t ,  Pages 2565 

th rough 2566) 

0 
yz 135. That  M r .  Rogers t e s t i f i e d  t h a t  a  D i s t r i c t  survey i n  October,  1989, found 
yz 

Q, 
01 a  t o t a l  o f  399 a c r e - f e e t  o f  wa te r  s t o r e d  between t h e  drawdown p i p e s  and 
a 
PI 

~ p r i n c i p a l  sp i l lways ;  t h a t  100 a c r e - f e e t  o f  t h e  t o t a l  was s t o r e d  i n  t h e  
m 

mu1 t i p l e  purpose r e s e r v o i r ;  t h a t  a  s i m i l a r  survey i n  August, 1990, found 

850 a c r e - f e e t  s t o red  between drawdown p ipes  and p r i n c i p a l  s p i  11 ways. 

( T r a n s c r i p t ,  Page 2567) 

136. That  M r .  Rogers t e s t i f i e d  t h a t  t h e  D i s t r i c t ' s  survey o f  impacts  o f  t h e  ' 

f l oodwa te r  r e t a r d i n g  s t r u c t u r e s  i n d i c a t e s  a  r i s e  i n  t h e  groundwater 1  eve1 

immediate ly  below s i t e  40 and t h e  development o f  wet ted areas below severa l  

s t r u c t u r e s  caused by seepage from t h e  r e s e r v o i r s .  ( T r a n s c r i p t ,  Pages 2582 

and 2552) 

137. That Ca r l  Nuzman, V ice-Pres iden t  o f  Layne GeoSci ences and C h i e f  Hydro1 o g i  s t  

f o r  Layne-Western Company, t e s t i f i e d  t o  a  r e p o r t  he au thored  e n t i t l e d  
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"Hydrologic  Impact Study f o r  Walnut Creek Al luv ium" dated September 27, 

1990; t h a t  t he  r e p o r t  i s  Appendix E t o  "Engineering/Hydrological Study,, 
I 

Cheyenne Bottoms Wild1 i f e  Area, Barton County, Kansas" prepared by Howard, 

Need1 es, Tammen and Bergendoff ( E x h i b i t  56; T ransc r ip t  , Page 2599) ; t h a t  

t he  r e p o r t  was prepared under a subcontract  o f  Howard, Needles, Tammen and 

Bergendoff f o r  t h e  Kansas Department o f  W i l d l i f e  and Parks (T ransc r ip t ,  

Pages 2605 through 2606); t h a t  t h e  purpose o f  t he  study i s  t o  rev iew t h e  

impact o f  t he  watershed s t ruc tu res  on groundwater recharge and i t s  i m p l i e d  

impact on streamflow i n  the  Walnut Creek basin and t o  assess t h e  impact 

o f  w e l l  and pump i r r i g a t i o n  development on the  water supply a v a i l a b i l i t y  

t o  Cheyenne Bottoms W i l d l i f e  Area ( E x h i b i t  56, Pages 2 and 4 ;  Transc r ip t ,  

Pages 2607 and 2608); t h a t  one o f  t h e  cond i t i ons  o f  h i s  employment was t h a t  

he would n o t  be al lowed t o  do any ac tua l  f i e l d  work o r  go i n t o  t h e  f i e l d  

and measure water l e v e l s  o r  d r i l l  observat ion w e l l s  o r  run  any t e s t s .  

(T ransc r ip t ,  Page 2608) 

24 
0 
0 
a - 138. That M r .  Nuzman t e s t i f i e d  t h a t  Walnut Creek and i t s  a l l u v i u m  a re  i n  d i r e c t  

hydraul i c  connect ion w i t h  each o the r  (Exhi b i t  56, Page 62; T ransc r ip t ,  

Pages 2653 and 2654) ; t h a t  t h e  a q u i f e r  responds q u i c k l y  t o  f l o w  i n  Walnut 

Creek. (Exhi b i t  56, Page 62) 

139. That M r .  Nuzman t e s t i f i e d  t h a t  t h e  1959 f l o o d  r e s u l t e d  i n  approximate ly  

50,000 ac re - fee t  i n  groundwater recharge t o  the  a q u i f e r  i n  Rush County; 

t h a t  h i s t o r i c a l l y  when f l oods  have occurred, e s p e c i a l l y  i n  t h e  lower 

p o r t i o n  o f  t he  Walnut Creek, they rep lace the  water t h a t  has been pumped 

o r  d i v e r t e d  from storage f rom the  a q u i f e r  system (Transcr ip t ,  Pages 2610 



and 2618); t ha t  flooding helps the aquifer t o  recover some of i t s  losses  

much fas te r  than i t  would have with flow only in the inner channel; t ha t  

aquifer recharge from Walnut Creek to  the alluvium becomes very small when 

the flow velocity i s  greater  than the seepage lag time; tha t  regulation 

of flow by the watershed structures,  l imiting flow only to  the inner 

channel, causes high velocity of flow in the channel with a small wetted 

perimeter; t ha t  lower water velocity in the channel produces increased 

recharge compared t o  a higher velocity; tha t  over bank flows or flooding 

greatly increase the wetted area, decrease water velocity and produce 

groundwater recharge ref i 11 i ng the aqui f e r  storage d e f i c i t  (Exhi b i t  56, 

Pages 30 and 62) ; t ha t  in the past, recharge in the Walnut Valley Basin 

occurred when water was in the creek and from floods, b u t  now the major 

source of recharge i s  from precipitation tha t  f a l l s  on the land area of 

the basin. (Transcript, Page 2744) 

140. That Mr. Nuzman t e s t i f i e d  that  base flow in Walnut Creek will not be 

reestablished until  the aquifer storage d e f i c i t  i s  replenished, t ha t  i s ,  

the groundwater levels  are returned t o  the level of the creek or s l igh t ly  

above (Transcript, Page 2656); tha t  the aquifer i s  fu l l  when the storage 

capacity of the aquifer i s  a t  or above the bottom of the streambed. 

(Transcript, Page 2745) 

141. That Mr. Nuzman t e s t i f i e d  that  he modeled the alluvial  aquifer using the 

USGS 3D Flow Model MODFLOW; that  the domain f o r  the model extends between 

jus t  west of Great Bend to  just  west of Ness City encompassing Townships 

17, 18, and 19 South, and Ranges 14 through 23 West; tha t  the model domain 



area was d i v ided  i n t o  60 columns and 11 rows and each row and column 

combinat ion represents a  b lock  centered c e l l  ; t h a t  w i t h i n  t h e  model domain 

c e l l s ,  which are squares one m i l e  by one mi le ,  those c o n t a i n i n g  the  

a l l uv ium were i d e n t i f i e d  as a c t i v e  c e l l s ;  t h a t  i n  t he  absence o f  a l luv ium, 

a  c e l l  was i d e n t i f i e d  as an i n a c t i v e  c e l l  ; t h a t  a l l  phys i ca l  processes 

w i t h i n  the  a l l uv ium were assumed t o  take p lace i n  t he  a c t i v e  c e l l s ;  t h a t  

i n a c t i v e  c e l l  s  were used t o  represent  no- f low boundaries. ( E x h i b i t  56, 

Page 33; Transcr ip t ,  Pages 2621 and 2622) 

That M r .  Nuzman t e s t i f i e d  concerning t h e  assumptions used and i n p u t s  t o  

t h e  model ; t h a t  t he  model assumed unconf ined a q u i f e r  f l o w  (Exhi b i t  56, Page 

33; T ransc r ip t ,  Pages 2622 and 2623); t h a t  seepage from Walnut Creek was 

modeled; t h a t  t he  streambed hyd rau l i c  c o n d u c t i v i t y  was assumed t o  be 5  f e e t  d 
F 
t- 

per  day, t he  average stream wid th  was assumed t o  be 200 fee t ,  and a  30 f o o t  a, 
b 
rd 

bank th ickness was used ( E x h i b i t  56, Page 39; Transcr ip t ,  Pages 2623 and PI 

d 
m 

2634 through 2637); t h a t  t h e  seepage f a c t o r s  vary over  t h e  model domain CV 

X 
0 

and are  a  func t i on  o f  t he  water l e v e l  i n  t he  a q u i f e r  (Transcr ip t ,  Page m o 

2732); t h a t  t h e  streambed h y d r a u l i c  c o n d u c t i v i t y  value o f  5  f e e t  per  day 

i s  considered somewhat conservat ive and i t  f it f a i r l y  we l l  w i t h  t h e  model 

r e s u l t s  (Transcr ip t ,  Pages 2765); t h a t  t h e  l eng th  o f  t he  stream reach i n  

each c e l l  was measured from topographic maps. ( E x h i b i t  56, Page 41; 

T ransc r ip t ,  Pages 2636 and 2637) 

143. That M r .  Nuzman t e s t i f i e d  t h a t  evaporat ion and t r a n s p i r a t i o n  were lumped 

together  as evapot ransp i ra t ion  (ET); t h a t  a  value o f  40 inches per  year  

was used, bu t  t he  value decreases l i n e a r l y  w i t h  depth o f  water  t o  8 f e e t  



below t h e  ground sur face;  t h a t  a t  a  depth o f  wa te r  below ground s u r f a c e  

o f  more t han  8  f e e t  ET was assumed t o  be zero  ( E x h i b i t  56, Pages 36 and 

37; T r a n s c r i p t ,  Pages 2623 th rough 2625 and 2628) ; t h a t  d i r e c t  i n f i l t r a t i o n  

t o  t h e  a q u i f e r  f r om p r e c i p i t a t i o n  was based on 10% o f  an average of  22 

inches o f  annual p r e c i p i t a t i o n ;  t h a t  i t  was assumed t h a t  65% o f  t h e  

p r e c i p i t a t i o n  occur red  f rom May th rough September w i t h  t h e  b a l  ance o f  35% 

o c c u r r i n g  f r om October th rough  A p r i l  ; t h a t  t h e  10% o f  annual p r e c i p i t a t i o n  

t h a t  was used f o r  recharge was a  r e s u l t  o f  c a l i b r a t i o n  t o  f i t  t h e  wa te r  

t a b l e  c o n d i t i o n s  t h a t  were def ined f o r  1982 by Tom McClain ( E x h i b i t  56, 

Page 36 and Appendix B; T r a n s c r i p t ,  Pages 2626 and 2627); t h a t  t h e  10% 

f i g u r e  i s  cons idered  on t h e  l ow  s i d e  f rom average; t h a t  t h e  pe rcen t  o f  

d i r e c t  i n f i l t r a t i o n  can v a r y  a  l i t t l e  b i t  f rom one end o f  t h e  b a s i n  t o  t h e  

o t h e r  and t h a t  i t  i s  based on an average o r  normal r a i n f a l l  p a t t e r n  

(T ransc r i p t ,  Pages 2698, 2699 and 2732); t h a t  month ly  p r e c i p i t a t i o n  amounts 

f o r  t h e  t y p i c a l  average yea r  were assigned based on a  d i s t r i b u t i o n  o f  

p r e c i p i t a t i o n  by months. (T ransc r i p t ,  Pages 2639 and 2640) 

144. That  M r .  Nuzman t e s t i f i e d  t h a t  pumpage es t imates  were determined by use 

o f  an amount s t a t i s t i c s  r e p o r t  f u r n i s h e d  by t h e  D i v i s i o n  o f  Water 

Resources; t h a t  pumpage amounts were ad jus ted  f o r  a  f i v e  month pumping 

season w i t h  pumpage o c c u r r i n g  s i x  hours each day; t h a t  a  maximum o f  25,000 

a c r e - f e e t  p e r  yea r  was assumed t o  be pumped ( E x h i b i t  56, Pages 41 and 42; 

T r a n s c r i p t ,  Pages 2637 th rough 2639) ; t h a t  t h e  hydrau l  i c  c o n d u c t i v i t y  o f  

t h e  a q u i f e r  was assigned i n  t h e  range of 225 f e e t  p e r  day t o  275 f e e t  p e r  

day and was d i s t r i b u t e d  across t h e  model domain w i t h  t h e  l owe r  v a l u e  i n  

t h e  western r e g i o n  and t h e  h i g h e r  va lue  i n  t h e  eas te rn  reg ion ;  t h a t  t h e  



s p e c i f i c  y i e l d  o f  the  aqu i fe r  was assigned i n  the  range o f  0.1 t o  0.2 and 

i t  was d i s t r i b u t e d  across the  model domain w i t h  t h e  lower va lue  i n  t h e  

western reg ion  and the  h igher  va lue i n  t he  eastern reg ion  ( E x h i b i t  56, Page 

37; Transcr ip t ,  Pages 2628 through 2632); t h a t  a  c a l i b r a t e d  value o f  0.8 

was obta ined f o r  t he  a q u i f e r  anisotropy;  t h a t  t h i s  va lue represents t h a t  

a t  each l o c a t i o n  the  model assumes 80% o f  h y d r a u l i c  c o n d u c t i v i t y  i n  a  

nor th -south  d i r e c t i o n  from the  east-west d i r e c t i o n  values (Exhi b i t  56, Page 

37; Transcr ip t ,  Pages 2630 and 2631) ; t h a t  M r .  Nuzman f e e l s  very  con f i den t  

i n  t h e  values used f o r  hyd rau l i c  c o n d u c t i v i t y  and an iso t ropy  based on the  

ca l  i bra ted model c l o s e l y  matching the  1982 water 1 eve1 s  determined by Tom 

McClain throughout t he  l eng th  o f  t he  model domain. (Transcr ip t ,  Pages 

2761 through 2763) 

145. That M r .  Nuzman t e s t i f i e d  t h a t  t h e  1982 water sur face e l e v a t i o n  determined 

by Tom McClain was used as t h e  i n i t i a l  water sur face (Exhi b i t  56, Page 39 

and F igure  5-6 i n  Appendix A; Transcr ip t ,  Pages 2626 and 2633 and 2634); 

t h a t  t h e  model was c a l i b r a t e d  t o  f it these 1982 water t a b l e  cond i t ions .  

(Transcr ip t ,  Page 2626) 

146. That M r .  Nuzman t e s t i f i e d  t h a t  t h e  model was used t o  produce s imu la t ions  

o f  t h e  aqu i fe r ;  t h a t  t h e  modeling approach i s  l i m i t e d  i n  t h a t  i t  can n o t  

s imu la te  t h e  dynamic r i v e r - a q u i f e r  re1  a t ionsh ip ;  t h a t  i n  o rder  t o  model 

t he  aqu i fe r ,  r a i n f a l l  had t o  be a  f i x e d  amount and f l o w  a v a i l a b l e  t o  the  

stream had t o  be assumed t o  be u n l i m i t e d  ( E x h i b i t  56, Page 44; T ransc r ip t ,  

Pages 2724 and 2725) ; t h a t  t he  model produced th ree  s imulat ions:  t h e  f i r s t  

f rom January 1 through A p r i l  15, t he  second A p r i l  16 through September 15, 



and the  l a s t  f rom September 16 through December 31. ( E x h i b i t  56, Pages 

47 through 60; T ransc r ip t ,  Page 2639, 2641 and 2651) 

147. That M r .  Nuzman t e s t i f i e d  t h a t  t h e  r e s u l t s  o f  t he  f i r s t  s i m u l a t i o n  were 

based on no f l o w  i n  t h e  creek, no seepage and no w e l l  wi thdrawals;  r a i n f a l l  

and ET were based on monthly pa t te rns  and were occurr ing;  t h a t  t h e  s t a r t i n g  

water l e v e l  was chosen f rom t h e  1982 Kansas Geological Survey database 

i n fo rma t ion  ( E x h i b i t  56, Page 47; T ransc r ip t ,  Page 2640) ; t h a t  t h e  r e s u l t s  

o f  t h i s  s imu la t i on  i n d i c a t e  a  ga in  i n  a q u i f e r  storage o f  3,803 ac re - fee t  

f o r  t h e  s imu la t i on  per iod .  ( E x h i b i t  56, Page 47; T ransc r ip t ,  Pages 2640 

and 2641) 

148. That M r .  Nuzman t e s t i f i e d  t h a t  t he  second s imu la t ion ,  which runs  f rom A p r i l  

15 through September 15, was conducted w i t h  f i v e  separate o p t i o n s  ( E x h i b i t  

56, Page 47; T ransc r ip t ,  Page 2641); 

a. That o p t i o n  1 under t h i s  s imu la t i on  assumes t h e  r i v e r  f l o w i n g  

cont inuous ly  b u t  t he re  i s  no r a i n f a l l  i n f i l t r a t i o n ,  we1 1  wi thdrawals 

o r  ET t a k i n g  place; t h a t  t h e  r e s u l t s  o f  t h i s  s imu la t i on  i n d i c a t e d  f o r  

t h e  s imu la t i on  p e r i o d  a  ga in  i n  a q u i f e r  storage o f  92,134 ac re - fee t  

and t h a t  93,340 acre- fee t  o f  streamflow would be needed i n  o rder  t o  

achieve t h a t  amount o f  ga in  i n  storage; t h a t  t h e  s i g n i f i c a n c e  o f  

o p t i o n  1 i s  t h a t  t h e  a q u i f e r  s torage d e f i c i t  i s  determined; t h a t  

comparing the  a q u i f e r  storage d e f i c i t  determined by o p t i o n  1 w i t h  t h e  

o t h e r  op t ions  i n d i c a t e s  t h a t  t h e  a q u i f e r  storage d e f i c i t  i s  i n  t h e  



range o f  92,000 t o  95,000 ac re - fee t  ( E x h i b i t  56, Page 49; Transcr ip t ,  

Pages 2641 through 2644); 

b. That op t i on  2  under t h i s  s imu la t i on  assumed cont inuous st reamf low w i t h  

r a i n f a l l  and ET t a k i n g  p lace bu t  n o t  w e l l  withdrawals; t h a t  t he  

r e s u l t s  o f  t h i s  o p t i o n  i n d i c a t e  a  ga in  i n  a q u i f e r  s torage o f  about 

100,000 acre- fee t  a f t e r  120 days; t h a t  t h e  amount o f  g a i n  from 

r a i n f a l l  i n f i l t r a t i o n  a t  t h i s  same t ime i s  11,770 ac re - fee t ;  t h a t  t he  

a q u i f e r  tends t o  f i l l  a  1  i t t l e  h igher  when you have recharge from 

p r e c i p i t a t i o n ,  which i s  i n d i c a t e d  by t h e  a q u i f e r  s torage g a i n  o f  

100,000 acre- fee t  i ns tead  o f  t h e  92,000 ac re - fee t  from o p t i o n  1; t h a t  

t h i s  i s  because when you have recharge from r a i n f a l l  t h e  water  t a b l e  m 
P 
I- 

a c t u a l l y  r a i s e s  t o  a  h igher  l e v e l  i n  t h e  a q u i f e r  than t h e  r i v e r  % 
rd 

( E x h i b i t  56, Pages 52 and 53; Transcr ip t ,  Pages 2644 through 2647); PI 

4 
m 

t h a t  t h i s  op t i on  i n d i c a t e s  t h a t  recharge from t h e  r i v e r  i s  extremely N 

5 - 
important  t o  recharge t h e  a q u i f e r  storage d e f i c i t  i n  t h e  l o n g  term; 0 

m 

c. That op t i on  3  was t h e  same as op t i on  2  except t h a t  w e l l  wi thdrawal  was 

added; t h a t  t h e  we l l  withdrawal was constra ined n o t  t o  exceed 25,000 

ac re - fee t  o f  pumpage i n  150 days o f  s imu la t ion ;  t h a t  t h e  r e s u l t s  o f  

t h i s  op t i on  i n d i c a t e d  a  ga in  i n  aqui fer  s torage o f  95,772 acre- fee t ;  

t h a t  t h e  ga in  from p r e c i p i t a t i o n  recharge was 14,713 a c r e - f e e t  and the  

ga in  from r i v e r  leakage was 108,989 acre- fee t ;  t h a t  t h e  superimposed 

s t ress  on t h e  a q u i f e r  by pumping we1 1s o n l y  increases t h e  dep le t i on  

. o f  Walnut Creek i f  f l o w  i s  a v a i l a b l e  ( E x h i b i t  56, Pages 53 and 56; 

T ransc r ip t ,  Pages 2647 and 2648); 



d. That option 4 under this simulation was the same as option 3 except 

that now the river was completely dry; that the results of this 

simulation indicated a loss in aquifer storage of 9,992 acre-feet and 

a gain from rainfall infiltration of ,14,713 acre-feet; that the 

significance of this option is that if river flow is completely cut 

off, with average recharge from precipitation occurring and roughly 

24,800 acre-feet of we1 1 withdrawal s occurring, the aqui fer would 

essentially be mined at the rate of about 10,000 acre-feet per year 

(Exhibit 56, Pages 56 and 58; Transcript, Page 2648); 

e. That option 5 under this simulation was the same as option 4 except 

that no rainfall infiltration was assumed; that the results of this 

option indicate a loss in aquifer storage of 24,438 acre-feet which 

is approximately the same as the we1 1 withdrawal ; that this option was 

essentially a check on the model's accounting system. (Exhibit 56, 

Page 58; Transcript, Page 2649) 

149. That Mr. Nuzman testified concerning the third simulation; that this 

simulation was designed to start with the 150-day water level from the 

second simulation and continue for 105 days; that for this sirnul ation, we1 1 

withdrawal and river flow were considered absent; rai nfall inf i 1 tration 

and ET were allowed to continue to take place; that starting water levels 

for only options three and five from the second simulation were used for 

the third simulation; that in both cases the gain from rainfall 

infiltration for the third simulation was 3,976 acre-feet; that the 



s i g n i f i c a n c e  o f  t h i s  s imu la t ion  i s  t h a t  t h e  w i n t e r  recovery pe r iod  i s  n o t  

s u f f i c i e n t  t o  rep len i sh  the  a q u i f e r  a f t e r  a  summer o f  i r r i g a t i o n  pumpage 

w i thou t  streamflow i n  Walnut Creek; t h a t  t h e  combined r a i n f a l l  i n f i l t r a t i o n  

f o r  t he  f i r s t  and t h i r d  s imu la t ions  ( t h e  w in te r  recovery pe r iod )  i s  rough ly  

7,000 t o  8,000 ac re - fee t  o f  recharge t o  the  aquifer.; t h a t  i f  i r r i g a t i o n  

pumpage i s  going t o  cont inue i n  t h e  25,000 acre- foo t  per  yea r  range the re  

must be some re-establ ishment  o f  streamflow o r  some capture o f  f l o o d  f lows 

t o  augment t he  recharge t o  t h e  lower  p o r t i o n  o f  t he  basin. ' ( E x h i b i t  56, 

Page 60; Transcr ip t ,  Pages 2650 through 2652) 

150. That M r .  Nuzman t e s t i f i e d  t h a t  based on the  model r e s u l t s  t he  l a r g e s t  

percentage o f  t he  90,000 t o  lOO,OOO acre- fee t  o f  a q u i f e r  s torage d e f i c i t  

i s  occu r r i ng  between Great Bend and Rush Center; t h a t  w i t h  i r r i g a t i o n  

pumpage a t  t he  cu r ren t  l e v e l ,  t h e  a q u i f e r  w i l l  cont inue t o  be de-watered 

w i thou t  some type o f  r e g u l a t i o n  o r  r e s t r i c t i o n  o r  recharge enhancement; 

t h a t  t h e  a q u i f e r  can no t  cont inue t o  sus ta in  t h i s  r a t e  o f  borrowing from 

storage i n  the  fu tu re .  (Transcr ip t ,  Pages 2652 and 2653) 

151. That M r .  Nuzman t e s t i f i e d  concerning Table 7-1 o f  E x h i b i t  56, which i s  a  

comparison o f  t he  t ime t o  recharge the  aqu i fe r  under a  v a r i e t y  o f  pumpage 

and seepage amounts; t h a t  the  comparison i s  based on an average r a i n f a l l  

i n f i l t r a t i o n  o f  22,700 ac re - fee t  pe r  year  and an a q u i f e r  s torage d e f i c i t  

o f  95,000 ac re - fee t  ( E x h i b i t  56, Table 7-1; Transcr ip t ,  Pages 2656 through 

2658); t h a t  as an example, i f  we1 1  withdrawals o f  25,934 ac re - fee t  were 

a1 lowed, i t  would take  a  minimum o f  7 and a  maximum o f  14 years, depending 

on v a r i a b i l i t i e s  i n  t he  d e f i c i t  and seepage t h a t  occurs f rom t h e  r i v e r  



system, t o  recharge t he  aquifer  system (Transcript ,  Page 2658) ; t h a t  Table 

7-1 covers a range in average seepage from the  r i v e r  of from 12,000 acre-  

f e e t  per year  t o  20,000 acre-feet  per year and withdrawals, given a s  a 

percentage of the  documented r i gh t s  within the  model domain, up t o  a 

maximum of 43,223 ac re - fee t  per year.  

152. That Mr. Nuzman t e s t i f i e d  t h a t  from Rush Center t o  roughly Ness City we 

don't  see an aqu i fe r  storage d e f i c i t ;  t h a t  the  primary aqu i fe r  s torage 

d e f i c i t  i s  from e a s t  of Rush Center t o  the  Great Bend area;  t h a t  i f  

reductions in appropri a t  i  ons were needed, most of t he  curtai lment would 

need t o  occur in the  area between Rush Center and Great Bend. (Transcr ip t ,  

Page 2659) 

d 
153. That Mr. Nuzman t e s t i f i e d  t h a t  seepage from streamflow t o  the  aqu i fe r  , 

m 
CV 

system may have been l e s s  than 12,000 acre-feet  per year in t he  l a s t  few 
0 
0 

years ;  t h a t  in a dry year ,  i f  streamflow a t  A1 ber t  was 7,000 ac r e - f ee t  f o r  

the  year,  only 5,000 or  6,000 acre-feet  i s  a1 1 of the  streamfl ow t h a t  would 

go i n to  aquifer  storage;  t h a t  in a normal year of r a i n f a l l ,  recharge from 

the  r i v e r  would be on the  order of 10,000 ac re - fee t  per year.  (Transcr ip t ,  

Pages 2683 through'2689) 

That Mr. Nuzman t e s t i f i e d  t ha t  from a hydrologic s tandpoint ,  no 

d i f f e r en t i a t i on  could be made between wells  located near t he  r i v e r  and 

wells  located f a r t h e r  away from the  r i v e r  s ince  t he  aquifer  permeability 

i s  such t h a t  t he  wells  a l l  i n t e r ac t  with each o ther  (Transcr ip t ,  Page 

2691) ; t h a t  from a regulatory posit ion a1 1 wells  could be t r e a t ed  somewhat 



equa l ly  except ,  depending upon t h e  groundwater cond i t i ons  i n  a p a r t i c u l a r  

reach of t h e  bas in ,  a percentage reduct ion  could be appl ied  t o  t h e  

app ropr i a t ion  amount; t h a t  t h e  percentage could vary depending on t h e  

l o c a t i o n  i n  t h e  basin and would be a func t ion  of t h e  groundwater s to rage  

d e f i c i t  i n  t h a t  p a r t i c u l a r  p a r t  of t h e  basin (T ransc r ip t ,  Page 2692); t h a t  

t o t a l  pumpage should be regula ted  t o  t h e  na tura l  recharge  of t h e  bas in ;  

t h a t  r i g h t  now t h a t  f i g u r e  should be probably no higher  than  22,700 acre-  

f e e t  per  y e a r ;  t h a t  f u r t h e r  reduct ions  would be needed t o  r e s t o r e  t h e  

a q u i f e r  s to rage  d e f i c i t ;  t h a t  a f t e r  t h e  a q u i f e r  s t o r a g e  d e f i c i t  has been 

r e s t o r e d ,  i t  may be poss ib l e  t o  then inc rease  t h e  app ropr i a t ion  up t o  about 

22,000 o r  23,000 a c r e - f e e t  per  yea r ;  t h a t  t h e  22,000 o r  23,000 a c r e - f e e t  

pe r  yea r  should never be exceeded f o r  t h i s  p a r t i c u l a r  basin (T ransc r ip t ,  

Pages 2695 through 2700); t h a t  t o  r e s t o r e  t h e  a q u i f e r  d e f i c i t  wi th in  a 2 
b 

seven y e a r  per iod,  a s  previously t e s t i f i e d ,  i t  must be assumed t h a t  t h e r e  g, 
m 
PI is  a normal r a i n f a l l  p a t t e r n  and not  a r e a l  drought ( T r a n s c r i p t ,  Pages 2698 
C\i 

and 2699); t h a t  Mr. Nuzman t e s t i f i e d  t h a t  he sees  no reason t o  inc lude  
A 
0 
0 with in  an e s t a b l i s h e d  in t ens ive  groundwater use cont ro l  a r ea  w e l l s  which 

a r e  p re sen t ly  inc l  uded wi th in  t h e  proposed boundaries o f  t h e  i n t e n s i v e  

groundwater use cont ro l  a rea  t o  t h e  south of Dry Walnut Creek; t h a t  t h e r e  . 

would be no reason t o  impose c o n t r o l s  on those we1 1 s. ( T r a n s c r i p t ,  Pages 

2756 and 2757) 

155. That Mr. Nuzman t e s t i f i e d  t h a t  t h e  b e n e f i t s  of t h e  watershed s t r u c t u r e s  

could be subs t an t i  a1 l y  enhanced by cons ider ing  suppl emental groundwater 

recharge  below t h e  s t r u c t u r e s ;  t h a t  watershed dams wi th in  t h e  alluvium 

provide some form of  recharge enhancement; t h a t  watershed dams and 



s t r u c t u r e s  on t r i b u t a r y  streams shoul d  have s p i  11 ed and re1  eased water  

rou ted  t o  groundwater recharge d i t ches  and basins i n  t h e  v a l l e y  and along 

t h e  f l a n k s  t o  supplement n a t u r a l  basin recharge; t h a t  some o f  t h e  watershed 

s t r u c t u r e s  should be operated as d ry  s t r u c t u r e s  and f l o o d  f l ows  should be 

rou ted  down t h e  t r i b u t a r y  v a l l e y  t o  t h e  f l o o d  p l a i n  o f  Walnut Creek and 

then spread by means o f  small check dams i n t o  broad l e v e l  t e r races ,  road 

borrow d i tches ,  o r  CRP 1  and i n  a  somewhat c o n t r o l  l e d  manner t o  enhance t h e  

recharge t o  s o i l  p r o f i l e  d i r e c t l y  o v e r l y i n g  t h e  a l l uv ium ( E x h i b i t  56, Page 

67; T ransc r ip t ,  Pages 2660 through 2665 and 2673 through 2676); t h a t  t h e  

watershed s t r u c t u r e s  f o r  which opera t ing  c r i t e r i a  should be changed would 

be s i t e s  1, 2, 3, 10, 11, and 13 (Transcr ip t ,  Pages 2703 and 2704); t h a t  

M r .  Nuzman would have no h e s i t a t i o n  o r  r e s e r v a t i o n  concerning recommending 

t h a t  t h e  a d d i t i o n a l  watershed s t ruc tu res  be b u i  1  t prov ided t h e  ope ra t i ng  

c r i t e r i a  were changed as he t e s t i f i e d  (Transcr ip t ,  Pages 2738); t h a t  M r .  

Nuzman t e s t i f i e d  t h a t  he has made no attempt t o  c a l c u l a t e  t h e  a d d i t i o n a l  

ac re - fee t  o f  recharge t o  t h e  groundwater system t h a t  would be r e a l i z e d  by 

these mod i f i ca t i ons ;  t h a t  such c a l c u l a t i o n s  were beyond t h e  scope o f  h i s  

work (T ransc r ip t ,  Pages 2707); t h a t  when cross examined about t h i s  mat ter ,  

M r .  Nuzman admit ted t h a t  o f  t h e  dams p r e s e n t l y  i n  ex is tence f o r  which he 

would recommend modi fy ing  t h e  opera t ing  c r i t e r i a  t h e r e  was n o t  a  g r e a t  deal 

o f  ac tua l  s torage behind .those dams as of August 1990 o r  October 1989. 

( E x h i b i t  53; T ransc r ip t ,  Pages 2707 and 2708) 

156. That M r .  Nuzman t e s t i f i e d  t h a t  t he re  i s  adequate da ta  t o  show t h e  need t o  

es tab l  i sh an i n t e n s i v e  groundwater use c o n t r o l  area b u t  t h a t  a d d i t i o n a l  

da ta  would be needed t o  be ab le  t o  r e f i n e  t h e  management o f  such a  c o n t r o l  

76 



area (Transcr ip t ,  Pages 2731 and 2732); t h a t  M r .  Nuzman t e s t i f i e d  as t o  

suggested c o n t r o l  p rov i s ions  f o r  a c o n t r o l  area; t h a t  i nc luded  w i t h i n  

these c o n t r o l  p rov i s ions  would be a d d i t i o n a l  observa t ion  we1 1 s, the  

meter ing o f  a l l  d i ve rs ions  w i t h i n  t h e  area, both sur face water o r  

groundwater, an annual inventory  of water l e v e l s  throughout  t h e  area, and 

some type o f  d e t a i l e d  modeling s i m i l a r  t o  t h a t  descr ibed i n  h i s  r e p o r t  t o  

evaluate cond i t i ons  on an annual bas is  t o  determine t h e  amount o f  water 

going i n t o  storage and t o  see i f  goals which might  be s e t  f o r  t h e  con t ro l  

area were being met (Transcr ip t ,  Pages 2667 and 2668) ; t h a t  i n  order  t o  

imp1 ement t h i s  s t ra tegy ,  reasonable reduct ions  would be made i n  pumpage 

beginning i n  1992; t h a t  a t  t h a t  t ime an i nven to ry  and mon i to r i ng  system 

would be es tab l ished t o  c o l l e c t  data, such as pumpage amounts and water 

l e v e l s ,  t o  determine w i t h  the  a i d  o f  t h e  model t h e  amount o f  recharge t h a t  

i s  go ing  i n t o  a q u i f e r  storage t o  make up t h e  groundwater s to rage d e f i c i t ;  

t h a t  i n  1993 and f o l l  owing years adjustments would be made as needed based 

on t h e  c a l c u l a t e d  changes i n  a q u i f e r  storage. (Transcr ip t ,  Pages 2697 and 

2698) 

That Peter  Gordon Jarchow, an engineer employed by Howard, Needles, 

Tammen, and Bergendoff, t e s t i f i e d  t o  a r e p o r t  prepared by Howard, Needles, 

Tammen, and Bergendoff e n t i t l e d  "Engineering/Hydrological Study, Cheyenne 

Bottoms Wild1 i f e  Area, Barton County, Kansas" dated October 1990; t h a t  M r .  

Jarchow t e s t i f i e d  t h a t  he was t h e  p r o j e c t  engineer f o r  t h i s  study; t h a t  

he d i d  a subs tan t i a l  p o r t i o n  o f  t he  work summarized i n  t h e  r e p o r t  and 

wrote 75% o f  t h e  r e p o r t  (Exhi b i t  57; Transcr ip t ,  Pages 2790 through 2793) ; 

t h a t  t h e  goals o f  t h e  r e p o r t  are t o  d iscuss da ta  c o l l e c t e d  and reviewed 



f o r  t he  study, present  t h e  r e s u l t s  o f  an ana lys i s  o f  t h e  e x i s t i n g  

h y d r a u l i c  system, determine t h e  magnitude, c h a r a c t e r i s t i c s  and impact o f  

f l o o d s  w i t h i n  t h e  Cheyenne Bottoms W i l d l i f e  Area, summarize an ana lys i s  

o f  water  suppl ies,  present  a computerized opera t iona l  model o f  t h e  

Cheyenne Bottoms Wild1 i f e  Area, 1 i s t  and d iscuss a1 t e r n a t i v e  s tud ies  f o r  

a developmental master p lan,  and present  t h e  recommended master p lan  

con f i gu ra t i on .  ( E x h i b i t  57, Page 1-1; T ransc r ip t ,  Pages 2793 through 

2794) 

158. That M r .  Jarchow t e s t i f i e d  t h a t  Wet Walnut Creek i s  n o t  adequate as a s o l e  

source o f  water  supply f o r  Cheyenne Bottoms (Transcr ip t ,  Page 2853); t h a t  

t h e  h i s t o r i c a l  base f l o w  f o r  Walnut Creek probably was n o t  1 arge enough 

t o  achieve a s i g n i f i c a n t  percentage of t h e  Kansas Department o f  W i l d l i f e  

and Parks Wet Walnut Creek water  app rop r ia t i on  r i g h t ;  t h a t  t h e  500 c f s  

maximum d i v e r s i o n  r a t e  was probably was chosen i n  o rde r  t o  capture  f l o w  

f o r  t h e  twenty t o  f o r t y  days a year  t h a t  s i g n i f i c a n t  creek f l o w  might  

occur  as t h e  r e s u l t  o f  r a i n f a l l  over  t h e  dra inage area. ( E x h i b i t  No. 57, 

Pages 2-10 and 2-11; T ransc r ip t ,  Pages 2854 through 2856) 

159. That M r .  Jarchow t e s t i f i e d  t h a t  an examinat ion o f  p o t e n t i a l  a1 t e r n a t e  

.wa te r  supply sources done by a screening process i n d i c a t e s  no r e a d i l y  

a v a i l a b l e  new sources o f  water supply f o r  Cheyenne Bottoms. (Exhi b i t  57, 

Pages 5-7 through 5-11; T ransc r ip t ,  Pages 2813 through 2820 and 2938 and 

2939) 



160. That M r .  Jarchow t e s t i f i e d  t h a t  r e c o n f i g u r a t i o n  o f  t h e  Cheyenne Bottoms 

f a c i l i t y  by sub -d i v i s ion  o f  poo ls  1, 3, and 4, l e v e l  d i t c h i n g  i n  ou te r  

pool s, i s l  ands i n  i nne r  pool s  and deeper p o r t i o n s  o f  ou te r  pools, and gate  

and pump systems t o  move water between pools can be accomplished so t h a t  

a  minimum pool sur face area o f  approximately 3,000 acres can be mainta ined 

through t h e  most severe observed th ree  year  weather p a t t e r n  o u t  o f  a  40 

year  p e r i o d  (1948-87) p ro jec ted  onto a  p r e d i c t i o n  o f  year  2000 cond i t ions ;  

t h a t  t h i s  assumes a  very  r i g i d  p a t t e r n  o f  opera t ion  f o r  t h e  Bottoms and 

t h a t  a  worse drought does no t  occurs; t h a t  i t  i s  s t i l l  d e s i r a b l e  t o  g e t  

more water from o ther  sources; t h a t  Cheyenne Bottoms can use a l l  t h e  water 

i t  can g e t  from both t h e  ~ r k a n s a s  R ive r  and Wet Walnut Creek. (Exhi b i t  

57, Pages 5-11, 5-12 and 6-1; T ransc r ip t ,  Pages 2822 through 2838 and 2841 

through 2843) 

I- 
I- 

161. That M r .  Jarchow t e s t i f i e d  t h a t  Walnut Creek was considered t o  be an I- 

Q) 
P 

i n t e r m i t t e n t  stream a t  t he  t ime t h e  1949 Wilson and Company Report nl rd 

rf 

e n t i t l e d  "Cheyenne Bottoms, Walnut Creek D ivers ion  Dam" was w r i t t e n  rn cJ 

2 
(T ransc r ip t ,  Page 2854) ; t h a t  a  base f l o w  c o n d i t i o n  (s t reamf low suppl i e d  o o 

m * 
by t h e  a q u i f e r )  ex i s ted  a t  t he  beginning o f  t h e  pe r iod  o f  r e c o r d  f o r  t h e  

A1 b e r t  gage, where measurable f l o w  was recorded every day f o r  t h e  f i r s t  

f i v e  years  of gage opera t ion  ( E x h i b i t  57, Page 5-4);  t h a t  t h e  Wet Walnut 

Creek a q u i f e r  i s  depleted, and the  number o f  days and t o t a l  volume o f  

streamflow i n  Wet Walnut Creek have been considerably d imin ished s ince  the  

e a r l y  1960's ( E x h i b i t  57, Page 5-4);  t h a t  t h e  e f f e c t s  o f  t h e  e l i m i n a t i o n  

o f  base f l o w  are: 1) t h e  l o s s  o f  hundreds t o  thousands o f  a c r e - f e e t  o f  

water a v a i l a b l e  f o r  d i ve rs ion ,  much o f  which would be a v a i l a b l e  d u r i n g  



d r y e r  periods, 2) a  d r y  channel bed r e s u l t i n g  i n  evaporat ion, 

t r a n s p i r a t i o n  and i n f i  l t r a t i o n  l osses i n  r u n o f f  as t h e  streamflow wets t h e  

channel perimeter,  3) t h e  l o s s  o f  s i g n i f i c a n t  volumes o f  streamflow t o  

rep len ish  a  depleted aqu i fe r .  ( E x h i b i t  57, Pages 5-4 and 5-5) 

162. That M r .  Jarchow t e s t i f i e d  t h a t  t h e  b e n e f i t s  o f  t h e  y e t - t o - b e - b u i l t  

Watershed Dam No. 1 would be t h a t  i f  water would be re leased i n t o  t h e  

channel probably most o r  a l l  o f  i t  would i n f i l t r a t e  i n t o  t h e  channel and 

he lp  recharge t h e  aqu i fe r ,  and the re  i s  a  chance t h a t  some o f  t h e  water 

would make i t s  way f a r  enough downstream t o  be a c t u a l l y  d i ve r ted ,  and t h a t  

i t  would he lp  improve t h e  e f f i c i e n c y  o f  t he  i n l e t  canal system f o r  

de l  i v e r y  o f  water from t h e  Arkansas River .  (Transcr ip t ,  Pages 2821 and 

CO 
163. That M r .  Jarchow t e s t i f i e d  t h a t  he determined t h e  e f f i c i e n c y  f o r  de l  i v e r y  

PI 

r- 

a, 
o f  water from t h e  Arkansas R iver  t o  t h e  Wet Walnut d i v e r s i o n  dam t o  be 

0 
rb 
PI 70%, and t h a t  t h e  e f f i c i e n c y  f o r  d e l i v e r y  o f  water from t h e  Wet Walnut 
4 
m 
N d i v e r s i o n  dam t o  Cheyenne Bottoms was determined t o  be 90%. (Transcr ip t ,  
9 
0 
0 
m 

Pages 2803 through 2810) 

164. That John Reh, Ass i s tan t  S ta te  Conservat ionist  f o r  Water Resources, S o i l  

Conservation Service, USDA, Sal ina, Kansas, t e s t i f i e d  t h a t  he had been 

invo lved  w i t h  t h e  Wet Walnut Watershed s ince working on a  f l o o d  study 

a f t e r  t h e  1959 Wet Walnut f l o o d  and t h a t  t h e  f lood o f  1959 was "more water 

than I had ever seen any p lace before." (Transcr ip t ,  Page 3026) 



165. That  M r .  Reh t e s t i f i e d  t h a t  he was respons ib l e  f o r  a  s t u d y  t i t l e d  

" B i o l o g i c a l  Assessment f o r  Wet Walnut Creek Sub-watershed Numbers 1, 2, 

3, and 5" (Exhi b i t  58), done by t h e  S o i l  Conservat ion Se rv i ce  t o  comply 

w i t h  f e d e r a l  th rea tened and endangered species r e g u l a t i o n s ,  and t h a t  one 

purpose of t h e  s tudy  was t o  determine what impact, i f  any, t h e  dams 

remain ing  t o  be b u i l t  i n  t h e  Wet Walnut Watershed would have on th rea tened 

and endangered spec ies.  ( T r a n s c r i p t ,  Page 2963) 

166. That  M r .  Reh t e s t i f i e d  t h a t  t h e  r e p o r t  concludes t h a t  t h e  ". . . p r o j e c t  w i l l  

n o t  reduce d i v e r s i o n  volumes t o  Cheyenne Bottoms.. ." and t h a t  t h e r e  w i l l  
al 
I- - be no impact on h a b i t a t  and t h e r e f o r e  no adverse impact on t h rea tened  and 
Q) 
&. 
cC 
PI 

endangered species.  (T ransc r i p t ,  Page 2970) 

A 
0 
0 

167. That  M r .  Reh t e s t i f i e d  t h a t  s i nce  h i s  a n a l y s i s  shows no adverse impact 
m 

t h e r e  i s  no cause t o  r e q u i r e  t h e  dams t o  be operated d r y .  (T ransc r i p t ,  

Page 2982) 

168. That  he f u r t h e r  t e s t i f i e d  t h a t  he d isagrees w i t h  P ro fesso r  K o e l l  i k e r ' s  

t r ea tmen t  o f  PL-566 s t r u c t u r e s  as farm ponds, especi  a1 l y  the  assumption 

t h a t  seepage from t h e  s t r u c t u r e s  i s  l o s t  f rom t h e  system r a t h e r  t h a n  be ing  

t r e a t e d  as p o t e n t i  a1 recharge. (T ransc r i p t ,  Page 2984) 

169. That  M r .  Reh t e s t i f i e d  t h a t  21 f l oodwa te r  r e t a r d i n g  dams remain t o  be 

b u i l t  i n  t h e  Wet Walnut watershed. (T ransc r i p t ,  Page 2971) 



170. That M r .  Reh t e s t i f i e d  t h a t  s t r u c t u r e s  1, 2  and 3 are o r  w i l l  be l o c a t e d  

on v a l l e y  f i l l  which i s  i n  connect ion w i t h  the  main aqu i fe r .  (T ransc r ip t ,  

Page 2984) 

That M r .  Reh t e s t i f i e d  t h a t  PL-566 funds cou ld  n o t  be used t o  fund t h e  

added expense o f  r a i s i n g  t h e  p r i n c i p a l  sp i  11 way and emergency s p i  11 way 

e leva t i ons  t o  b u i l d  a  f loodwater  r e t e n t i o n  s t r u c t u r e  i ns tead  o f  a  

f loodwater  r e t a r d i n g  s t r u c t u r e  a t  s i t e  #1  as M r .  Nuzman suggested; t h a t  

t h e  emergency s p i l l w a y  e l e v a t i o n  would have t o  be r a i s e d  because S o i l  

Conservat ion Serv ice s p e c i f i c a t i o n s  r e q u i r e  t h a t  t he  s t r u c t u r e  pass the  

design f l o o d  assuming t h a t  r e t e n t i o n  storage i s  f u l l ;  t h a t  he est imated 

t h a t  b u i l d i n g  s t r u c t u r e  #1  as a  r e t e n t i o n  s t r u c t u r e  would more than double 

t h e  cos t  o f  cons t ruc t i on  and t h a t  t h e r e  would be increased c o s t  t o  t he  

watershed d i s t r i c t  t o  ob ta in  l a n d  f o r  t h e  l a r g e r  s t r u c t u r e .  (T ransc r ip t ,  

Pages 2987, 2989 and 2990) 

172. That M r .  Reh t e s t i f i e d  regard ing  concerns expressed i n  t h e  Howard, 

Need1 es, Tammen and Bergendoff  r e p o r t  t h a t  f loodwater r e t a r d i n g  dams would 

reduce f l o o d i n g  so t h a t  f l o o d  events would be conta ined w i t h i n  t h e  i nne r  

channel t hus  reducing recharge; t h a t  a t  t h e  1% chance event, t h e  

f loodwater  r e t a r d i n g  dams i n  p lace  would reduce i nunda t ion  depth 

approximate ly  1.1 f e e t  ( t o  11.7 f e e t  from 12.8 f e e t ) ;  t h a t  t h i s  does n o t  

reduce t h e  a b i l i t y  o f  t h e  a l l u v i a l  a q u i f e r  t o  be recharged by s i g n i f i c a n t  

f l o o d i n g  events and t h a t  t he  increase i n  t he  t ime  o f  inundat ion  increases 

t h e  volume a v a i l a b l e  f o r  recharge; t h a t  t h e  1.1 f o o t  r e d u c t i o n  i n  

inundat ion  depth has no s i g n i f i c a n t  impact on recharge because t h e  e n t i r e  



i nne r  bench i s  inundated f o r  t h e  1% and 4% chance events; t h a t  f o r  t h e  50% 

chance event t he re  i s  some reduc t i on  i n  t h e  areal  ex ten t  o f  inundat ion;  

t h a t  t o t a l  recharge should n o t  be reduced i n  t h i s  case because t h e  t ime 

o f  inundat ion  i s  increased by t h e  s t ruc tu res '  opera t ion  and t h a t  t h e  e x t r a  

t ime of f low provided by t h e  de ten t i on  e f f e c t  o f  t h e  dams o f f s e t s  the  

evaporat ive losses caused by s t o r i n g  water i n  t h e  s t ruc tu res .  

(Transcr ip t ,  Pages 3100 and 2994) 

173. That M r .  Reh t e s t i f i e d  t h a t  a  S o i l  Conservation Serv ice g e o l o g i s t  ass i s ted  

G i l l e s p i e  and S l  agle i n  working on the  study and d i d  a  number o f  bor ings 

i n  t he  f l o o d p l a i n  which i n d i c a t e d  t h a t  even a f t e r  f l o o d i n g  events t h e  

s o i l s  i n  t he  f l o o d p l a i n  were d r y  a t  depths o f  two o r  t h ree  f e e t  suggest ing 

t h a t  t h e  b u l k  o f  recharge occurs on the  i nne r  bench so check dams on 

t r i b u t a r y  streams would j u s t  spread water out  t o  be l o s t  t o  evaporat ion. a 
h 

P 
(Transcr ip t ,  Page 2996) a, 
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174. That M r .  Reh f u r t h e r  t e s t i f i e d  t h a t  there  i s  no a u t h o r i t y  under PL-566 t o  ~ * l  

Y 
0 

b u i l d  check dams and Soi 1  Conservation Serv ice would n o t  p rov ide  techn ica l  P 
assis tance t o  t h e  watershed d i s t r i c t  i f  i t  chose t o  use i t s  own t a x i n g  

a u t h o r i t y  t o  r a i s e  money t o  b u i l d  check dams and t h a t  fund ing  o f  l a r g e r  

s t r u c t u r e s  under PL-566, as M r .  Nuzman suggested, would r e q u i r e  economic 

j u s t  i f i c a t i o n  and would have t o  be approved by Congress. (T ransc r ip t  , 

Page 2997) 

175. That M r .  Reh t e s t i f i e d  t h a t  s i t e s  # 1  and #10 are t h e  o n l y  ones l e f t  t o  be 

b u i l t  eas t  o f  Rush Center; t h a t  opera t ing  e x i s t i n g  and t o  be b u i l t  dams 



as dry dams increases the  water avai lable  a t  the  Bottoms diversion by 100 

acre-feet  i n  t he  20% chance drought according t o  h i s  ca lcu la t ions ;  t ha t  

t h i s  was not a s ign i f ican t  amount of water and did not j u s t i f y  requiring 

the  dams t o  be b u i l t  and operated as  dry .dams. (Transcript ,  Pages 2999 

and 3000) 

176. That Mr. Reh t e s t i f i e d  t ha t  t h e  bu i l t  and planned s t ruc tu r e s  wi l l  reduce 

the  sediment load on the  Walnut Creek channel and will  lengthen t h e  time 

t h a t  water i s  passing over t he  inner bench, po ten t ia l ly  increasing t he  

amount of recharge t o  the  aquifer .  (Transcript ,  Pages 3008 and 3007) 

177. That Mr. Reh t e s t i f i e d  about fu r ther  model runs t h a t  were done assuming 

no i r r i g a t i o n  i n  t he  valley (noted as " fu l l  aquifer" i n  Exhibit 58); t ha t  

t h i s  condition i s  ac tual ly  a fu.11 aquifer  condition in t he  sense t h a t  t he  

aquifer  i s  assumed t o  be f u l l  throughout the  model period; t h a t  he would 

not expect t he  aquifer  t o  be f u l l  a l l  of the  time even i f  the re  was no 

i r r i ga t i on  pumping in the val ley;  t ha t  a 15 year  record f o r  1973-1987, 

ra ther  than t he  f u l l  stream gauge record a t  A1 ber t  of 1959-1987, was used; 

t h a t  the  i r r i ga t ed  acreage used in both scenarios considered, 1974 and 

1988, r e s u l t s  in maintaining aquifer  l eve l s  generally below streambed, so 

t he  r e s u l t s  shown in  the  t ab l e  apply t o  e i t he r  level  of i r r i g a t i o n ;  t ha t  

under t he  i r r i ga t ed  scenarios t he  computed recharge was considered t o  go 

in to  aquifer  storage and none of i t  was returned because t he  aquifer  level 

was assumed t o  remain below streambed a t  a l l  times and t h a t  t h i s  i s  the  

reason t h a t  t he  1974 and 1988 l eve l s  of i r r i ga t i on  produce t he  same model 

r e s u l t s .  (Transcript ,  Pages 3011, 3084, 3013, 3016, and 3017) 



178. That Mr. Reh t e s t i f i e d  t ha t  given a f u l l  aquifer  with t he  watershed 

project  in place, an average of 13,400 acre-feet  per year  could have been 

diverted t o  the  Bottoms f o r  1973-1987. (Transcript ,  Page 3019) 

179. That Mr. Reh t e s t i f i e d  t h a t  with i r r i ga t i on  a t  current  l eve l s ,  groundwater 

l eve l s  would be below streambed a t  most times and t ha t  an average of 2,800 

acre-feet  per year could have been diverted t o  the  Bottoms f o r  the  same 

period. (Transcript ,  Page 3019) 

180. That Mr. Reh t e s t i f i e d  t ha t  with no i r r i ga t i on  and a 20% drought condition 

0 
co 2,500 acre-feet  per year could be diverted a t  the  Cheyenne Bottoms 
I. 

Q, 
D diversion versus 500 acre-feet  per year with f u l l  i r r i ga t i on .  
a 
P1 

rl 
m 

(Transcript ,  Page 3020) 

.Y 
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m 181. That Mr. Reh t e s t i f i e d  t h a t  recharge from low flow events i s  reduced by 

f i n e  grain sediments in the  channel bottom but a substant ia l  amount of 

recharge occurs a t  low flow r a t e s  even though the  r a t e  of recharge i s  low 

because 1 ow flow events occur frequently. (Transcript  , Pages 3053 and 

3169) 

182. That Mr. Reh t e s t i f i e d  t ha t  the  aquifer  appears t o  be f i l l i n g  between 

Bazine and Rush Center. (Transcript ,  Page 3056) 

183. That Mr. Reh t e s t i f i e d  t ha t  on page 20 of the  1989 Environmental Impact 

Statement, the  350,000 acre-feet  estimated t o  be in storage i s  a more 



c u r r e n t  est imate than t h e  469,000 ac re - fee t  repo r ted  on page 23 o f  an 

e a r l i e r  Environmental Impact Statement. (Transcr ip t ,  Page 3079) 

184. That M r .  Reh t e s t i f i e d  t h a t  mon i to r i ng  o f  w e l l s  a t  Lacrosse and Rush 

Center has shown some r i s e  i n  water l e v e l s  which t h e  watershed d i s t r i c t  

be1 ieves i s  due t o  t h e  impact o f  t h e  f loodwater  r e t a r d i n g  s t ruc tu res .  

(Transcr ip t ,  Page 3082) 

185. That M r .  Reh t e s t i f i e d  t h a t  t h e  foundat ion d r a i n s  t h a t  e x i s t  i n  most o f  

t h e  s t r u c t u r e s  r u n  very  i n f r e q u e n t l y  i n  t he  Wet Walnut watershed because 

t h e  s t r u c t u r e s  s t o r e  very  1 i t t l e  water. (Transcr ip t ,  Page 3099) 

186. That M r .  Reh t e s t i f i e d  t h a t  h i s  computations i n d i c a t e  an a q u i f e r  

o v e r d r a f t  o f  approximately 3,300 acre- fee t  pe r  year,  however i t  i s  

poss ib le  t h a t  t h e  a q u i f e r  cou ld  be considered t o  be i n  e q u i l i b r i u m  because 

he i s  unable t o  q u a n t i f y  t h e  e r r o r  i n  h i s  model; t h a t  accord ing t o  h i s  

ca l cu la t i ons ,  withdrawal exceeded recharge by a  t o t a l  o f  10,200 a c r e - f e e t  

f o r  t h e  15 year  per iod ,  1973 through 1987. (Transcr ip t ,  Pages 3095, 3096 

and 3156) 

187. That M r .  Reh t e s t i f i e d  t h a t  f loodwater  r e t a r d i n g  dams have reduced r u n o f f  

and have increased recharge w h i l e  conservat ion measures have reduced both  

r u n o f f  and recharge and t h a t  t he  number of days o f  zero streamflow i s  

increased by t h e  opera t ion  o f  t he  f loodwater  r e t a r d i n g  dams. (Transcr ip t ,  

Pages 3104, 3051, 3105 and 3103) 



188. That Mr. Reh testified that it was his opinion that Mr. Nuzman's 

assumption that 10% of precipitation goes to the aquifer as recharge was 

too high. (Transcript, Page 3109) 

189. That Mr. Reh recommended the following actions: 

a. Monitor alluvial wells below the dam sites both before and after 

construction of the remaining structures 

b. Establ ish base year groundwater contours and monitor changes in those 

contours , 

c. Establish stream gaging stations and monitor streamflow including the 

amounts diverted to and arriving at the Bottoms 

CL 
d. Establish a rain gauge network and collect storm rainfall reports to 

m 

supplement the official stations 

a 
C 

e. Install staff gauges in the watershed reservoirs and monitor water . 

levels in storage monthly and after storm events 

f. Establish base reservoir habitat conditions for key species and 

monitor changes over the study period including reservoir production 

of supplemental food sources for threatened and endangered shore birds 
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g. Establ ish base land use treatment conditions in the drainage areas of 

selected dams and monitor changes 

h. Develop topographic maps and stage-storage curves for the same dams 

monitored for habitat conditions 

i. Compute expected runoff events for storms and compare to recorded 

vol umes 

j. Monitor irrigation water use in the proposed IGUCA 

k.  Monitor municipal and industrial water use in the proposed IGUCA 

1. Develop and calibrate a water budget model in the proposed IGUCA using 

data coll ected 

(Transcript, Page 3001 through 3003) 

190. That Mr. Brian Lang, Project Engineer, Soil Conservation Service, USDA, 

Ness City, testified about the construction techniques for watershed dams 

built in the Walnut Creek Basin and the permits required to build those 

structures; that the cutoff trench constructed to provide a foundation for 

each structure did not cut off the flow of underground water under the dam 

as the structures were not built to impound water for beneficial use. 

(Transcript, Pages 3175 through 3176) 



191. That Mr. Lang testified that in. most cases valved drawdown pipes were 

installed in the watershed structures to allow for bypass of water during 

drought periods. (Transcript, Page 3178) 

192. That Mr. Lang testified we1 1 observation data had been collected for wells 

in the vicinity of Sites 33 and 44; that these data indicate that when the 

structures are storing water 1 ocal groundwater 1 eve1 s are rai sed. 

(Transcript , Pages 3180 through 3182) 

CV 
03 
t- 193. That John Hecht, Servi-Tech, Inc., testified regarding a report titled 
a, 
0 
RI "The Economic Impact of Irrigation Water for Crop Production in Rush and 
I24 

Barton Counties, Kansas. Effective Water Loss in Rush and Barton 

Counties." completed October 1990 (Exhibit 73); that he prepared two sets 

of crop budgets, one set using long-term crop prices and one set using 

current (1989) crop prices, for the five major irrigated crops grown in 

the locale (Pre-filed Testimony, Pages 15 through 16); that for each crop, 

a crop budget was developed for full irrigation, 85 percent irrigation, 

70 percent irrigation, 55 percent irrigation and dry land (Pre-filed 

Testimony, Page 17); that the crop budgets include the following inputs: 

,labor, insecticides, herbicides, fertilizer, machinery repairs, pumping 

costs, irrigation equipment repair, harvesting costs, Servi-Tech bill, 

miscellaneous inputs (Pre-filed Testimony, Pages 20 through 22); that no 

fixed costs such as taxes and equipment depreciation were computed into 

the crop budgets. (Pre-filed Testimony, Page 23) 



194. That M r .  Hecht t e s t i f i e d  t h a t  he d i d  n o t  i nc lude  government payments i n  

t h e  crop budgets because o f  t h e  changes r e s u l t i n g  from t h e  1990 Farm B i l l  

being adopted. (Transcr ip t ,  Pages 3465 through 3466) 

195. That M r .  Hecht t e s t i f i e d  t h a t  t h e  c rop  budgets were t h e  foundat ion  f o r  

every th ing  e l  se t h a t  was developed i n  t h e  r e p o r t .  ( P r e - f i l  ed Testimony, 

Page 34) 

196. That M r .  Hecht t e s t i f i e d  t h a t  i f  a producer has l e s s  water  t hen  he w i l l  

be producing l e s s  c rop  and, t he re fo re ,  he w i l l  have l e s s  income; t h a t  when 

a producer has l e s s  water, h i s  i n p u t  cos ts  w i l l  drop b u t  t hey  do n o t  drop 

as d r a m a t i c a l l y  as income. ( P r e - f i l e d  Testimony, Pages 35 through 39) 

197. That M r .  Hecht t e s t i f i e d  t h a t  he has observed a r a p i d  increase i n  t h e  
m 
al 

number o f  acres t h a t  sho r t  season corn  i s  grown on which lowers  t h e  water 
aJ 
tn 

requirements and some o f  t h e  i n p u t  cos ts  ( P r e - f i l e d  Testimony, Pages 42 
.-I 

through 44); t h a t  producers are  a l s o  s t a r t i n g  t o  use surge valves.  (Pre- m 
N 

f i l e d  Testimony, Page 46) 

198. That Car l  Myers, C i t y  Manager, C i t y  of Hois ington,  t e s t i f i e d  regard ing  t h e  

l o c a t i o n  o f  w e l l s  and t h e  q u a n t i t i e s  o f  water au thor ized under t h e  water 

r i g h t s  h e l d  by t h e  C i t y  o f  Ho is ing ton .  (Transcr ip t ,  Pages 3794 through 

3796; E x h i b i t  77) 

199. That M r .  Myers t e s t i f i e d  t h a t  t h e  water  use o f  t he  C i t y  o f  Ho is ing ton  over  

t h e  l a s t  31 years has remained r e l a t i v e l y  s tab le ,  showing steady b u t  no t  
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extreme growth (Transcr ip t ,  Pages 3798 through 3800; E x h i b i t s  78 & 79); 

t h a t  t he  C i t y  o f  Hois ington 's  ga l l ons  per  c a p i t a  per  day water usage i s  

r e l a t i v e l y  low compared t o  o the r  c i t i e s  i n  t h e  reg ion  (T ransc r ip t ,  Pages 

3800 through 3801, E x h i b i t  80; t h a t  t h e  City o f  Hois ington 's  water use i s  

w e l l  below the  q u a n t i t i e s  author ized under t h e  C i t y ' s  water r i g h t s .  

(T ransc r ip t  , Page 3802) 

200. That M r .  Myers t e s t i f i e d  t h a t  i f  t h e  C i t y ' s  water app rop r ia t i ons  are 

decreased, i t  cou ld  i n t e r f e r e  w i t h  t h e  C i t y ' s  a b i l  i t y  t o  grow economical ly 

and e x i s t i n g  businesses and i n d u s t r i e s  cou ld  leave t h e  City. (Transcr ip t ,  

Pages 3803 through 3804) 

201. That M r .  Myers t e s t i f i e d  t h a t  t he  C i t y  o f  Ho is ing ton  has undertaken the  

f o l l o w i n g  water conservat ion measures: (1) water pumped f rom t h e  C i t y ' s  

we1 1s and water used by the  water u t i l i t y  customers i s  metered; (2) the  

r a t e  s t r u c t u r e  f o r  water; (3) monthly customer usage i s  moni tored t o  watch 

f o r  household o r  se rv i ce  1 i n e  water leaks;  (4) t he  City purchased l eak  

l o c a t i o n  equipment; (4) t h e  C i t y  adopted an ordinance which requ i res  

customers t o  r e p a i r  s i g n i f i c a n t  leaks  w i t h i n  24 hours and t h e  C i t y  

attempts t o  r e p a i r  water main leaks  w i t h i n  t h e  same per iod ;  (5)  t he  C i t y  

inc ludes water conservat ion t i p s  f o r  i t s  customers on t h e i r  u t i l i t y  b i l l s .  

(T ransc r ip t  , Page 3808) 

202. That M r .  Myers t e s t i f i e d  t h a t  i t  i s  a h igh  p r i o r i t y  o f  t h e  City t o  adopt 

a water conservat ion p lan.  (Transcr ip t ,  Page 3814) 
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203. That Roll an W. Stukenhol tz, General Manager, Servi -Tech, Inc., Dodge City, 

Kansas, testified regarding a report titled "The Economic Impact of 

Irrigation Water for Crop Production in Rush and Barton Counties, Kansas. 

Effective Water Loss in Rush and Barton Counties." (Exhibit 73) that he 

prepared in conjunction with Mr. John Hecht. (Pre-filed Testimony, Page 

4 

204. That the report estimates that the potential loss in commodity sales under 

the assumption that no irrigation is permitted in that portion of the 

IGUCA in Rush and Barton Counties is $6.32 million; that the estimate 

ignores the likelihood of land once irrigated being fallowed every other 

Q' year. (Exhibit 73, Page 5; Pre-filed Testimony, Pages 22 through 23) 
'XI 
P 

al 
tr 
a 
PI 205. That the report summarizes the potential impact of reductions in farmer 

input costs assuming that no irrigation is permitted in the portion of the 

IGUCA in Rush and Barton Counties; that that estimate is a loss of input 

costs of $3.59 million; that that loss of input costs is an estimate of 

the economic impact on suppliers of agricultural products. (Exhibit 73, 

Page 6; Pre-filed Testimony, Page 25) 

206. That Mr. Stukenhol tz testified based upon conversations with three or four 

farmers in the IGUCA area that most of those farmers buy fertilizer, 

chemicals and seed locally; that it is rare for a producer to go outside 

of the area to make an agricultural purchase. (Transcript, Pages 3904 

through 3905) 



207. That M r .  Stukenhol tz  t e s t i f i e d  t h a t  y i e l d  o f  i r r i g a t e d  crops are  n e a r l y  

always h igher  than t h e  y i e l d  o f  d r y  l a n d  crops. ' ( T r a n s c r i p t ,  Page 3906) 

208. That he t e s t i f i e d  t h a t  farmers must exceed a  c e r t a i n  break-even y i e l d  i n  

o rder  t o  sus ta in  themselves on the  land; t h a t  t h i s  break-even y i e l d  i s  

necessary i n  o rder  t o  cover expenses; and t h a t  i r r i g a t i o n  i s  impor tan t  t o  

t h e  n e t  income o f  farmers i n  t h e  area. (Transcr ip t ,  Pages 3907 through 

3908) 

u' 
a, 
P 209. That M r .  Stukenhol t z  t e s t i f i e d  t h a t  t he  bas is  o f  federa l  farm d e f i c i e n c y  
a 
tP 
a 
PI 

payments i s  proven farm y i e l d s  which are  lower on d r y  l and  f i e l d s  than on 
?-i 
m 
rn i r r i g a t e d  1  and and t h e r e f o r e  payments f o r  i r r i g a t e d  crops are  h igher .  
2 
0 
o (Transcr ip t ,  Page 391 1) 
m 

210. That he f u r t h e r  t e s t i f i e d  t h a t  i t  i s  v i r t u a l l y  impossib le t o  s u r v i v e  i n  

a g r i c u l t u r e  w i thou t  federa l  de f i c i ency  payments. (Transcr ip t ,  Page 3913) 

211. That M r .  Stukenhol tz  t e s t i f i e d  t h a t  i n  general h igher  y i e l d s  produce more 

p r o f  i tab1 e  farming operat ions.  (Transcr ip t ,  Page 3974) 

212. That he t e s t i f i e d  t h a t  p roper ty  t a x  r a t e s  on i r r i g a t e d  1  and are  most o f t e n  

two t o  th ree  t imes h igher  than the  proper ty  taxes on d r y  l and  farms. 

(Transcr ip t ,  Pages 3914 through 3915) 

213. That M r .  Stukenhol tz  t e s t i f i e d  t h a t  i f  water use reduct ions  are  ordered 

i n  t h e  IGUCA area, producers w i l l  have t o  i n v e s t  i n  more e f f i c i e n t  



irrigation techno1 ogy; that to make such investments irrigators need to 

know how much water they will have available over a long period of time; 

that Mr. Stukenhol tz recommended 1 ong term a1 1 ocations to encourage more 

efficient use of water, that he recommended allocations be based on a five 

year period. (Transcript, Pages 3916 through 3917) 

214. That he further testified that yields comparable with those achieved with 

inefficient irrigation methods can be achieved with less water using more 

efficient. irrigation technology. (Transcript, Page 3976) 

215. That Mr. Stukenholtz testified that flood irrigation efficiencies using ~n 
a3 
P 

water saving technologies might be as good as 80% or 85%. (Transcript, 
0 t~ 

Page 4065) 

A 
0 
0 216. That Mr. Stukenholtz recommended metering to better measure water use m 

followed by the implementation of water saving technologies and, some time 

in the future, a determination of how much water use can be reduced 

without causing severe economic hardship. (Transcript, Page 3988) 

217. That he further testified that under certain circumstances reduced water 

use may have only a small impact on yields although the economic impact 

may not be small., (Transcript, Page 4066) 

218. That the hearing concluded on April 18, 1991, after 18 days of hearing; 

that the Chief Engineer ordered that all written statements and 

evidentiary materials requested by the Chief Engineer be submitted by May 



1, 1991; that the participants were given until July 1, 1991, to submit 

Proposed Findings of Fact and Conclusions of Law and Briefs on various 

issues of Law; that the Chief Engineer set the deadline for responses to 

the Proposed Findings of Fact and Conclusions of Law and .to Briefs on 

Legal Issues as August 1, 1991; that on June 18, 1991, the Chief Engineer 

extended the deadline for participants to submit Proposed Findings of Fact 

and Conclusions of Law and Briefs on Legal Issues until July 10, 1991 and 

extended the dead1 ine for Reply Briefs until August 10, 1991; that on July 

3, 1991, the time for filing materials was extended until July 19, 1991, 

and the deadline for filing Reply Briefs was extended until August 19, 

1991; that on August 19, 1991, the Record in this matter was closed. 
m 
CO 

CONCLUSIONS 

2 
1. That overall groundwater levels in the area have declined on a long-term 0 

0 
m * 

basis and, in certain parts of the area, have declined excessively. 

2.  That withdrawals of groundwater in the area exceed recharge i n  the area 

as evidenced by the decl ining groundwater 1 eve1 s. 

3. That Walnut Creek and its valley alluvium are hydraulically connected; 

that declining groundwater water levels are at least in part responsible 

for declines in baseflow in Walnut Creek; that streamflow in Walnut Creek, 

depending on the amount and timing of streamflow and groundwater levels 

in the aquifer, provides some recharge to the aquifer. 



4 .  That conservat ion prac t ices ,  te r races,  t i l l a g e  p rac t i ces ,  farm ponds, and 

watershed s t r u c t u r e s  are a t  l e a s t  i n  p a r t  respons ib le  f o r  dec l i nes  i n  

over1 and r u n o f f  and consequently decl  i nes i n  s t reamf l  ow i n  Walnut Creek. 

5. That Walnut Creek h i s t o r i c a l l y  has been an i n t e r m i t t e n t  stream tha t ,  

depending upon c l  imato log ica l  cycles, had per iods  o f  1  i t t l e  o r  no 

basef l  ow. 

6. That t h e  long- term susta inable y i e l d  of t he  a q u i f e r  w i t h i n  t h e  boundaries 
a 
CD 
v of the  proposed c o n t r o l  area as s e t  f o r t h  i n  Conclusion No. 8 i s  no more 

than approximately 22,700 ac re - fee t  pe r  year. 

A 
o 7. That an i n t e n s i v e  groundwater use con t ro l  area (IGUCA) should be 
0 
m 

es tab l  ished. 

8. That t h e  area t o  be inc luded w i t h i n  the  IGUCA should be reduced by 

exc lud ing t h a t  area w i t h i n  the  proposed boundaries g e n e r a l l y  south o f  Dry 

Walnut Creek; t h a t  a l l  o ther  l a n d  o r i g i n a l l y  proposed t o  be inc luded i n  

t h e  IGUCA should remain i n  t h e  IGUCA s ince the  sur face water drainage and 

t h e  v a l l e y  a q u i f e r  are h y d r o l o g i c a l l y  p a r t  o f  t h e  st ream-aqui fer  system 

i n  Walnut Creek va l l ey ;  t h a t  t h e  land t o  be inc luded w i t h i n  t h e  IGUCA 

should be as fo l lows:  



Barton Countv 

T18S, R13W, Sec t ions  28 th rough 33 

T18S, R14W, Sec t ions  4 th rough 10 and 14 th rough 36 

T18S, R15W, Sec t ions  1 th rough 36 

T19S, R13W, Sec t ions  3 th rough 11 and 14 through 23 

T19S, R14W, Sec t ions  1 th rough 6, 9 through 15, and 22 th rough 24 

T19S, R15W, Sec t ion  1 

Rush Countv 

T17S, R16W, Sec t ions  31  th rough 35 
u3 
m 
r- T17S, R17W, Sec t ions  19 th rough 36 
a, 
o;, 
a 
a T17S, R18W, Sec t ions  19 th rough 36 
rl 
m 
CV T17S, R19W, Sec t ions  23 th rough 26 and 31 th rough 36 
X 
0 
o T17S, RZOW, Sec t ions  35 and 36 
m 

T18S, R16W, Sec t ions  1 through 36 

T18S, R17W, Sec t ions  1 th rough 36 

T18S, R18W, Sec t ions  1 th rough 36 

T18S, R19W, Sect ions 1 th rough 36 

T18S, R20W, Sec t ions  1 th rough 36 

T19S, R16W, Sec t ions  3 th rough 6 

T19S, R17W, Sec t ions  1 th rough 6 

T19S, R20W, Sec t ions  1, 2, 11 and 12 



Ness County 

T17S, R25W, Sect ions 32 through 34 

T18S, R21W, Sect ions 1 through 36 

T18S, R22W, Sect ions 1 through 4 and 7 through 36 

T18S, R23W, Sect ions 19, 25 through 36 

T18S, R24W, Sect ions 13 through 27, 35 and 36 

T18S, R25W, Sect ions 1 through 5, 10 through 13, 24, 33, and 34 

T19S, R21W, Sect ions 4 through 9 

T19S, R22W, Sect ions 1 through 12, 17 and 18 

T19S, R23W, Sect ions 1 through 23 

T19S, R24W, Sect ions 1, 2 and 7 through 29 

T19S, R25W, Sect ions 1 through 3 and 11 through 13 

x 
9. That t h e  IGUCA should be c losed t o  f u r t h e r  appropr ia t ions  o f  groundwater o o 

rn 
and sur face water except f o r  domestic use, any sur face water  use t h a t  w i l l  

d i v e r t  f l o o d  f lows t h a t  would n o t  otherwise be usable, any use authori .zed 

by temporary permi t  granted under t h e  a u t h o r i t y  o f  K.S.A. 82a-727, any 

a p p r o p r i a t i o n  o f  groundwater o r  sur face water t h a t  may be author ized on 

a non-renewabl e term bas is  no t  t o  exceed one year  when deemed by t h e  Ch ie f  

Engineer t o  be necessary f o r  emergencies o r  t o  p r o t e c t  t h e  p u b l i c  hea l th ,  

s a f e t y  o r  we1 fa re .  

10. That under t h e  Kansas Water Approp r ia t i on  Act, K.S.A. 82a-701 e t  sea., a1 1 

water  r i g h t s  i n  t h e  s t a t e  o f  Kansas, bo th  groundwater and sur face water, 

a re  adminis tered i n  accordance w i t h  a s i n g l e  p r i o r i t y  system; t h a t  t h e  

Kansas Water Appropr ia t ion  Ac t  a l s o  g i ves  t h e  Ch ie f  Engineer t h e  a u t h o r i t y  



to conjunctively administer groundwater and surface water that are in 

hydraulic connection when necessary to prevent impairment and protect the 

public interest. 

11. That in addition to authority within the Kansas Water Appropriation Act 

to conjunctively regulate surface water and groundwater, K.S.A. 82a- 

1038(b)(5) specifically provides that as one of the corrective control 

provisions, the Chief Engineer may adopt "any one or more other provisions 

making such additional requirements as are necessary to protect the public 

interest"; that K.S.A. 82a-1039 provides, 

Nothing in this [IGUCA] act shall be construed as limiting or 
affecting any duty or power of the Chief Engineer granted b 

pursuant to the Kansas Water Appropriation Act; to 
P 

al 
that in imposing controls 'in an IGUCA, the Chief Engineer may utilize P 

rd 
PC 

powers granted to the Chief Engineer by both the K.S.A. 82a-701 et sea. 

and K.S.A. 82a-1036 et sea. 

12. That it is in the public interest to conjunctively regulate groundwater 

and surface water in a hydrologic system where groundwater and surface 

water are in hydraulic connection and use of groundwater affects surface 

water and vice versa; that such a resource cannot be effectively regulated 

without regul ating both groundwater and surface water. 

13. That the nature of surface water may, however, require different controls 

in order to allow surface water to be captured during periods when 

adequate flow is available while still providing for efficient use and 

regulation when necessary to prevent impairment. 



14. That in a water-short hydrologic system, such as  the  proposed IGUCA, use 

of water by any water user from e i t h e r  groundwater o r  surface  water, may 

a f fec t  t h e  amount of water avai lable  t o  some o r  a l l  o ther  users in  the  

water-short system. 

That i t  i s  in  t he  public i n t e r e s t  t o  allow the  aquifer  t o  recharge t o  a 

level t h a t ,  other than due t o  f luc tua t ions  in  water l eve l s  caused by 

c l imat ic  var ia t ions ,  would e s sen t i a l l y  be f u l l  (water l eve l s  in  the  

aquifer  a t  o r  above streambed e levat ion) ;  t ha t  baseflow would be present 

more of ten in  an e s sen t i a l l y  f u l l  aquifer  than in an aquifer  t h a t  i s  

depleted because water l eve l s  in t he  aquifer  would be a t  o r  above 

streambed elevation more often desp i te  cl imatic f luc tua t ions ;  t h a t  when 

baseflow i s  present, any runoff t h a t  would make i t s  way i n to  Walnut Creek 

would be more l i ke ly  t o  t ravel  f a r t h e r  downstream than i f  baseflow was not 

present;  t h a t  t o  allow the  aquifer  t o  recharge and t o  be maintained in an 

e s sen t i a l l y  f u l l  s t a t e  requires t h a t  the  t o t a l  average annual groundwater 

withdrawals be l imited t o  no more than the  long-term susta inable  y ie ld .  

16. That t he  time i t  w i l l  take t o  recharge the  aquifer  so t h a t  groundwater 

l eve l s  a r e  a t  o r  above streambed elevation i s  dependent not only on 

groundwater withdrawal s ,  but a1 so avai 1 able recharge which i s  dependent, 

in par t ,  on both precipi ta t ion and runoff which makes i t s  way i n to  the  

rnainstem of Walnut Creek. 



17. That K.S.A.  82a-707(e) prov ides t h a t  " [ a l p p r o p r i a t i o n  r i g h t s  i n  excess o f  

t h e  reasonable needs o f  t h e  appropr ia to rs  s h a l l  no t  be al lowed." 

18. That K.A.R.  5-5-7 prov ides t h a t :  

Each person s h a l l  no t  commit a  waste o f  water as de f i ned  i n  
these regu la t i ons .  Upon a  f i n d i n g  by t h e  c h i e f  engineer t h a t  
waste o f  water has occurred, t h e  c h i e f  engineer may suspend 
use o f  t h a t  water r i g h t  u n t i l  t he  owner shows t o  t h e  
s a t i s f a c t i o n  o f  t h e  c h i e f  engineer t h a t  t h e  waste o f  water w i l l  
no longer  occur. 

19. That K.A.R.  5-1 - l ( z )  prov ides t h a t :  

'Waste o f  water '  means any a c t  o r  omission which causes: 

(1) Water t o  be d i v e r t e d  o r  withdrawn f rom a  source o f  
supply and n o t  used o r  reapp l i ed  t o  a  b e n e f i c i a l  use on 
o r  i n  connection w i t h  l a n d  author ized as t h e  p lace o f  use 
by a  vested r i g h t ,  an app rop r ia t i on  r i g h t  o r  an approved 
appl i c a t i o n  f o r  permi t  t o  appropr ia te  water f o r  b e n e f i c i a l  
use ; 

(2) The unreasonable d e t e r i o r a t i o n  o f  t he  qua1 i ty  o f  water 
i n  any source o f  supply thereby causing impairment o f  a  
person's r i g h t  t o  t he  use o f  water; 

(3) Water intended f o r  i r r i g a t i o n  use t o  escape and d r a i n  
from the  author ized p lace o f  use; o r  

(4 )  Water t o  be appl i e d  t o  an au thor ized b e n e f i c i a l  use i n  
excess o f  t he  needs f o r  such use. 

20. That water use requirements f o r  var ious  types o f  b e n e f i c i a l  use can vary  

from year- to-year  based on f a c t o r s  such as: c l i m a t i c  v a r i a b i l i t y ,  

l o c a t i o n ,  types of crops grown and water use e f f i c i e n c y ;  t h a t  what i s  

c u r r e n t l y  a  reasonable amount o f  water f o r  b e n e f i c i a l  use i n  t h e  IGUCA i s  

l e s s  than what may have been author ized and pe r fec ted  h i s t o r i c a l l y .  



That a reasonable average annual amount o f  water needed t o  be d i v e r t e d  f o r  

i r r i g a t i o n  w i t h i n  t h e  IGUCA i s  approximately 12 inches f o r  Barton County, 

13 inches f o r  Rush County and 14 inches f o r  Ness County; t h a t  i t  i s  i n  t h e  

p u b l i c  i n t e r e s t  t o  a l l ow  f l e x i b i l i t y  t o  meet va ry ing  water  demands; t h a t  

t h i s  f l e x i b i l i t y  can be accomplished by s e t t i n g  a l l o c a t i o n s  on a f i v e -  

year  bas i s  which are f i v e  t imes t h e  reasonable average annual amount and 

a l l o w i n g  use i n  any g iven year t o  exceed the  reasonable average annual 

amount t o  the  degree necessary t o  meet water demands w i thou t  waste o r  

excess use, as 1 ong as the  t o t a l  amount a1 1 ocated- f o r  t h e  f i v e  year pe r iod  

i s  n o t  exceeded w i t h i n  the  f i v e  year per iod;  t h a t  t h e  amount a v a i l a b l e  f o r  

use i n  any one year cannot l e g a l l y  exceed t h e  maximum annual q u a n t i t y  

au thor ized by t h e  water r i g h t  o r  permi t  t o  appropr ia te  water. 

Ln 
a, 
b 

That water users should be e f f i c i e n t  i n  t h e  use o f  water f o r  a l l  a, 

a 
benef i c i  a1 purposes. 

2 
0 
0 23. That t h e  vested r i g h t s  and approp r ia t i on  r i g h t s  a u t h o r i z i n g  t h e  use o f  rn 

groundwater-, i n  order  o f  p r i o r i t y  date, w i t h  a t o t a l  accumulated 

author ized q u a n t i t y  o f  approximately 22,700 ac re - fee t  p e r  yea r  should be 

considered sen ior ,  r i g h t s  f o r  purposes o f  determining t h e  a1 l o c a t i o n s  o f  

water  t o  be al lowed i n  the  IGUCA; t h a t  a t  l e a s t  f o r  t h e  i n i t i a l  f i v e  year 

p e r i o d  such sen ior  r i g h t s  should inc lude p r i o r i t y  dates on o r  before 

October 1, 1965; t h a t  j u n i o r  appropr ia t ion  r i g h t s  should be def ined as 

those approp r ia t i on  r i g h t s  o r  permi ts  t o  appropr ia te  water  w i t h  p r i o r i t y  

da tes  subsequent t o  October 1, 1965. 



24.  That vested r i g h t s  au tho r i z i ng  the  use o f  groundwater should be a l l o c a t e d  

t h e i r  f u l l  au thor ized q u a n t i t i e s ;  t h a t  sen io r  app rop r ia t i on  r i g h t s  

au tho r i z i ng  t h e  use o f  groundwater should be a l l o c a t e d  an amount o f  water 

deemed reasonable f o r  t h e  circumstances t h a t  e x i s t  i n  t he  IGUCA; t h a t  

j u n i o r  app rop r ia t i on  r i g h t s  au tho r i z i ng  the  use o f  groundwater should be 

a l l oca ted  t h e  remaining p o r t i o n  o f  t he  long- te rm sus ta inab le  y i e l d  o f  t he  

aqui f e r .  

25. That Cheyenne Bottoms i s  an extremely impor tan t  wetland; t h a t  water  i s  

essent ia l  t o  i t s  successful  maintenance. 

26. That i t  i s  i n  t h e  p u b l i c  i n t e r e s t  t o  r e g u l a t e  and manage water i n  the  

IGUCA t o  a l l o w  maximum b e n e f i t s  from the  use o f  water i n  t h e  area 

cons is ten t  w i t h  the  long- term sus ta inab i l  i t y  o f  the  area's water 

resources. 

27. That i n fo rma t ion  i n  t h e  record  i s  inadequate t o  determine what a d d i t i o n a l  

management c r i t e r i a ,  i f  any, should be implemented f o r  t he  sur face water 

impoundments i n  t h e  basin; t h a t  t h e  na tu ra l  i n f l o w  t o  these s t r u c t u r e s  may 

be requ i red  t o  be bypassed i n  accordance w i t h  t h e  p rov i s ions  o f  t h e  Water 

Appropr ia t ion  Act, i f  necessary t o  prevent d i r e c t  impairment o f  sen io r  

downstream water r i g h t s .  

28. That w h i l e  t h e r e  i s  adequate in fo rmat ion  t o  e s t a b l i s h  an IGUCA, more and 

b e t t e r  data i s  needed t o  r e f i n e  t h e  management o f  t h e  IGUCA i n  o rde r  t o  

achieve a q u i f e r  recovery and maximize 1  ong-term b e n e f i t s  f o r  a1 1  water 



users in the area; that flow meters on a1 1 diversions authorized under 

vested rights, appropriation rights and approved appl ications for permit 

to appropriate water within the IGUCA are necessary to determine 

groundwater and surface water withdrawals. 

29. That an advisory committee should be appointed to make recommendations to 

the Chief Engineer concerning the types, locations, and frequency of data 

to be coll ected to monitor groundwater levels, streamfl ow, aquifer 

recharge, groundwater withdrawals, surface water diversions, and any other 

data it might deem necessary to refine and evaluate the management of the 

IGUCA and to provide recommendations on potential changes to the 

corrective control provisions after the coll ection and review of such 

data. 

ORDER 

ri 
m 
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.Y 
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NOW, THEREFORE, it is the decision and order of the Chief Engineer, 
m Division of Water Resources, Kansas State Board of Agriculture, that an 

Intensive Groundwater Use Control Area (hereinafter referred to as the "IGUCA") 

should be and is hereby.established in Barton, Rush and Ness Counties, Kansas, 

within the boundaries set forth below, and the following corrective control 

provisions shall be in full force and effect within the area described from and 

after the date of this Order: 

1. That the boundaries of the IGUCA shall be as follows: 



Barton County 

T18S, R13W, Sect ions 28 through 33 

JT18S, R14W, Sect ions 4 through 10 and 14 through 36 

dT18S, R15W, Sect ions 1 through 36 

dT19S, R13W, Sect ions 3 through 11 and 14 through 23 

dT19S, R14W, Sect ions 1 through 6, 9 through 15, and 22 through 24 

YT19S, R15W, Sect ion 1 

Rush County 

T17S, R16W, Sect ions 31 through 35 

T17S, R17W, Sect ions 19 through 36 

T17S, R18W, Sect ions 19 through 36 

T17S, R19W, Sect ions 23 through 26 and 31 through 36 

T17S, RZOW, Sect ions 35 and 36 

T18S, R16W, Sect ions 1 through 36 

T18S, R17W, Sect ions 1 through 36 

T18S, R18W, Sect ions 1 through 36 

T18S, R19W, Sect ions 1 through 36 

T18S, RZOW, Sect ions 1 through 36 

T19S, R16W, Sect ions 3 through 6 

T19S, R17W, Sect ions 1 through 6 

T19S, R20W; Sect ions 1, 2, 11 and 12 



Ness County 

T17S, R Z ~ W ,  Sect ions 32 through 34 

T18S, RZlW, Sect ions 1 through 36 

T18S, R22W, Sect ions 1 through 4 and 7 through 36 

T18S, R23W, Sect ions 19, 25 through 36 

T18S, R24W, Sect ions 13 through 27, 35 and 36 

T18S, R25W, Sect ions 1 through 5, 10 through 13, 24, 33, and 34 

T19S, R21W, Sect ions 4 through 9 

T19S, R22W, Sect ions 1 through 12, 17 and 18 

T19S, R23W, Sect ions 1 through 23 

T19S, R24W, Sect ions 1, 2 and 7 through 29 

T19S, R25W, Sect ions 1 through 3 and 11 through 13 

* 
0 

2. That t h i s  IGUCA s h a l l  be c losed t o  f u r t h e r  groundwater a p p r o p r i a t i o n  m o 

except f o r  domestic use, any use author ized by temporary p e r m i t  g ran ted 

under t h e  a u t h o r i t y  o f  K.S.A. 82a-727, and any a p p r o p r i a t i o n  o f  

groundwater t h a t  may be author ized on a non-renewable term b a s i s  n o t  t o  

exceed one year  when deemed by the  Ch ie f  Engineer t o  be necessary f o r  

emergencies o r  t o  p r o t e c t  t h e  pub1 i c  hea l th ,  s a f e t y  o r  wel fare;  t h a t  t h e  

Ch ie f  Engineer s h a l l  re fuse t o  accept any o the r  a p p l i c a t i o n  f o r  a pe rm i t  

t o  appropr ia te  groundwater w i t h i n  t h e  IGUCA; t h a t  t h i s  IGUCA s h a l l  be 

c losed t o  f u r t h e r  sur face water app rop r ia t i on  except f o r  domestic use, any 

d i v e r s i o n  of f lows t h a t  would n o t  otherwise be usable, any use author ized 

by temporary permi t  granted under t h e  a u t h o r i t y  o f  K.S.A. 82a-727, and any 

a p p r o p r i a t i o n  o f  sur face water t h a t  may be author ized on a non-renewable 

te rm bas i s  n o t  t o  exceed one year  when deemed by t h e  Ch ie f  Engineer t o  be 



necessary for emergencies or to protect the public health, safety or 

we1 fare. 

3. That all appl ications to appropriate water filed on or after March 13, 

1990, and prior to the date of this Order declaring an IGUCA that do not 

fall within the exceptions listed in paragraph 2 shall be dismissed. 

4. That by June 1, 1992, or within any authorized extension of time thereof 

for good cause shown by the water user, flow meters shall be installed on 

a1 1 water wells and surface water diversion facil i ties authorized in the 

IGUCA except on those wells and surface water diversion facilities used 

solely for domestic purposes and those uses authorized by temporary 

permits; that these meters shall meet or exceed the specifications for 

flow meters adopted by the Chief Engineer on March 27, 1980, and amended 

on February 27, 1985, unless a written waiver is obtaified from the Chief 

Engineer prior to the use of the well or surface water diversion 

facilities. 

5. That the meters required to be installed in accordance with paragraph 

number 4 shall be maintained in a condition satisfactory to the Chief 

Eng i neer . 

6. That in accordance with K.S.A. 82a-732, each water right holder in the 

IGUCA shall file water use reports no later than March 1 of the year 

following the usage or at such other times as may be required by the Chief 

Engineer; that in addition to reporting the information normally required 
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i n  t h e  water use repor ts ,  each water r i g h t  ho lder  s h a l l  a l s o  repor t :  (a) 

t h e  depth t o  s t a t i c  water l e v e l  i n  each o f  h i s  o r  her  w e l l s  i n  t h e  IGUCA 

t o  be measured a t  a  t ime  and i n  a  manner acceptable t o  t h e  Ch ie f  Engineer, 

(b) t h e  s e r i a l  number o f  t h e  water meter, (c) t h e  meter read ing a t  t h e  

beginning and end o f  t h e  calendar year, and (d) .any a d d i t i o n a l  i n fo rma t ion  

necessary t o  administer  t h e  p rov i s ions  o f  t h i s  Order; 

n: 7. That water s h a l l  be a l l o c a t e d  t o  a l l  e x i s t i n g  water r i g h t s  and permi ts  t o  
0 
b 

Q, appropr ia te  water au tho r i z ing  t h e  use o f  groundwater w i t h i n  t h e  IGUCA 
F 
a 
nl based on a  f i v e  year a l l o c a t i o n ;  t h a t  t h e  f i v e  year a l l o c a t i o n  w i l l  be 
d 
m 
N determined based on an average year amount f o r  each water  user as se t  
x 
0 
0 
m f o r t h  i n  more d e t a i l  below; t h a t  t h e  f i v e  year a l l o c a t i o n  w i l l  be t h e  

average year amount mu1 t i  p l  i ed by f i v e .  

8. That t h e  amount a l l o c a t e d  t o  a  water user f o r  a  f i v e  year p e r i o d  may be 

used a t  t h e  water user 's  d i s c r e t i o n  w i t h i n  t h e  f i v e  year  per iod,  provided 

t h a t  t h e  water user s h a l l  no t  exceed t h e  c e r t i f i e d  o r  pe rm i t ted  amount i n  

any one year under t h e  water r i g h t  under which t h e  water i s  d i v e r t e d  and 

a l l  o the r  terms, l i m i t a t i o n s ,  and cond i t i ons  o f  t h e  water  r i g h t s  o r  ' 

permi ts  t o  appropr ia te  water s h a l l  be adhered to .  

9. That t h e  f i v e  year a1 l o c a t i o n s  a re  se t  up w i t h  t h e  f i r s t  f i v e  years being 

calendar years 1992 through 1996, t h e  second being 1997 through 2001, and 

SO on. 



10. That an average annual volume of approximately 22,700 acre-feet of 

groundwater shall be allocated to the groundwater rights as follows: 

a. That all vested rights shall be allocated their current authorized 

quantities; 

b. That senior appropriation rights shall be defined as those 

appropriation rights with priority dates on or before October 1, 

1965; that junior appropriation rights shall be defined as those 

appropriation rights or permits to appropriate water with priority 

dates subsequent to October 1, 1965; 

c. That senior appropriation rights for irrigation shall be allocated 12 

inches in Barton County, 13 inches in Rush County and 14 inches in 

Ness County on either the maximum number of acres actually irrigated 

in any one year from 1985 through 1990 or the maximum acres 

authorized, whichever is less; 

d. That junior appropriation rights for irrigation shall be allocated 

approximately 44% of the allocations for senior appropriation rights 

for irrigation: 5 1/4 inches in Barton County, 5 3/4 inches in Rush 

County and 6 1/4 inches in Ness County on either the maximum number 

of acres actually irrigated between 1985 and 1990 or the maximum 

acres authorized, whichever is less; 



e. That water  use r e p o r t s  f i l e d  with t h e  Chief Engineer f o r  t h e  y e a r s  

1985 through 1990 w i l l  be t h e  primary source  o f  information t o  

determine i r r i g a t e d  acreage ,  but  o t h e r  r eco rds  may be u t i l i z e d  i f  

needed ; 

f .  That non-vested r i g h t s  f o r  municipal use s h a l l  be a l l o c a t e d  water  

based upon each e n t i t y ' s  1989 popula t ion  and a r ea sonab le  p e r  c a p i t a  

use o r  t h e  q u a n t i t y  au tho r i zed  under t h e  e n t i t y ' s  r i g h t s ,  whichever 

i s  less; t h a t  t h e  pe r  c a p i t a  use considered t o  be r ea sonab le  i s  90% 

of  t h e  average per  c a p i t a  pe r  day use f o r  t h e  pe r iod  1986 through 

1989 f o r  m u n i c i p a l i t i e s  o f  s i m i l a r  s i z e  wi th in  t h e  r eg ion  an e n t i t y  
m . . 
0 

i s  l o c a t e d  a s  shown i n  t h e  s e r i e s  o f  p u b l i c a t i o n s  t i t l e d  "Kansas 
a, 
tn 

Munic ipa l i t i e s  Water Use" pub1 i shed  by t h e  Kansas Water O f f i c e  and 2 
the Divis ion of  Water Resources f o r  1986 through 1989; 

g.  That ho-lders o f  municipal r i g h t s  who have r e p o r t e d  t o  t h e  Chief 

Engineer who1 e s a l e  del  i v e r i e s  o f  water  t o  o t h e r  e n t i  t i e s  o r  s a l e s  t o  

i n d u s t r i e s  of  1,000,000 g a l l o n s  per  y e a r  o r  more n o t  inc luded  i n  t h e  

per  c a p i t a  pe r  day f i g u r e s  r e f e r r e d  t o  i n  t h e  p rev ious  paragraph 

s h a l l  be provided an a d d i t i o n a l  a l l o c a t i o n  s o  t h a t  t h e  reasonable  

c u r r e n t  needs o f  t hose  customers  can be met; 

h. That non-vested water  r i g h t s  f o r  a l l  o t h e r  t ypes  o f  b e n e f i c i a l  uses 

s h a l l  be a l l o c a t e d  the l e s s o r  o f  t h e  fol lowing:  



( 1 )  90% o f  t h e i r  maximum use repor ted  t o  t h e  Ch ie f  Engineer f o r  t h e  

pe r iod  1985 through 1990, o r  

(2) t h e  sum o f  t h e  annual q u a n t i t y  o f  vested and sen ior  app rop r ia t i on  

r i g h t s  and 44% o f  t h e  j u n i o r  app rop r ia t i on  r i g h t s  au thor ized f o r  t h e  

e n t i t y .  

11. That a  groundwater user  may d i v e r t  h i s  o r  her  a l l o c a t i o n  f o r  any s p e c i f i c  

au thor ized p lace o f  use from a  combination o f  any o f  t h e  w e l l s  au thor ized 

t o  d i v e r t  water on t h a t  p lace  o f  use as l ong  as: (1) t h e  t o t a l  a l l o c a t i o n  
m 
bi 

f o r  the  f i v e  year  p e r i o d  f o r  t he  author ized p lace  o f  use i s  n o t  exceeded, r- 

a - 
0' 

and (2) t h e  cond i t i ons  and l i m i t a t i o n s  on t h e  water r i g h t  o r  permi t  2 - 
4 

au tho r i z i ng  t h e  w e l l  o r  w e l l s  being used are n o t  exceeded; t h a t  t h e  Ch ie f  
A 

Engineer may r e q u i r e  any specia l  r e p o r t s  o r  management p lans t o  be g 
m 

submitted as deemed necessary t o  e f f i c i e n t l y  mon i to r  and enforce t h i s  

p rov i s ion .  

12. That approximately each f i v e  years the  Ch ie f  Engineer may evaluate t h e  

i n fo rma t ion  c o l l e c t e d  from add i t i ona l  s tud ies  conducted i n  t h e  IGUCA and 

t h e  s ta tus  o f  t he  water r i g h t s  and permi ts  t o  appropr ia te  water  i n  t he  

IGUCA and make adjustments i n  the  c o r r e c t i v e  c o n t r o l  p rov i s ions  as 

necessary t o  a l l o c a t e  water so t h a t  the  use o f  groundwater does n o t  exceed 

t h e  1  ong-term sus ta inab le  y i e l d  o f  the  aqu i fe r .  

That i f  a  water user uses i n  excess o f  t h e  amount o f  groundwater a1 l oca ted  

d u r i n g  any f i v e  year  per iod,  t h e  amount a l l o c a t e d  f o r  t h e  nex t  f i v e  year  



period shall be reduced by twice the amount by which the water user 

exceeded the amount allocated for the five period in which the excess use 

occurred. 

14. That approval of applications for changes to existing water rights shall 

not result in increases in allocations otherwise provided for in this 

Order. 

15. That the Division of Water Resources will, as soon as practical, transmit 

a statement to each non-domestic groundwater user within the IGUCA setting 

forth the user's first five year allocation of water. 

16. That all holders of: (1) vested rights for groundwater use, (2) municipal 

and industrial appropriation r.ights for groundwater use and (3) vested or 

appropriation rights for surface water use, except for domestic use, 

within the IGUCA shall be required to adopt and implement a conservation 

plan in accordance with the guidelines adopted by the Kansas Water Office 

pursuant to K.S.A. 74-2608(c), and amendments thereto, except that the 

additional provisions included in paragraph 17 of this Order shall apply 

to recreation use where no guidelines currently exist; that such plans 

shall be submitted to the Chief Engineer by October 1, 1992, or any 

extension of time allowed for good cause, for approval by the Chief 

Eng i neer . 

17. That the conservation plans to be developed by the holders of recreation 

rights for surface water use shall set forth plans and practices that will 



avoid waste, minimize losses and opt imize  the  e f f i c i e n t  use o f  water f o r  

t he  au thor ized purpose; t h a t  i n  t he  case o f  Water Right ,  F i l e  No. 439, 

he ld  by t h e  Kansas Department o f  W i l d l i f e  and Parks, such p l a n  s h a l l  a l so  

inc lude t h e  development o f  an operat ional  p lan  f o r  t h e  improved 

conservat ion and management o f  water f o r  t he  Cheyenne Bottoms W i l d l i f e  

Refuge, along w i t h  a  schedule f o r  t h e  implementation o f  t h e  p lan.  

18. That t he  Ch ie f  Engineer may adopt any specia l  p o l i c i e s  and procedures, as 

deemed i n  t h e  pub1 i c  i n t e r e s t  and cons is ten t  w i t h  t h e  p rov i s ions  o f  t h i s  

Order, necessary t o  a l l ow  t h e  market ing o r  t r a n s f e r  o f  water r i g h t s  o r  

t h e i r  associated a l l o c a t i o n s  between users i n  t he  IGUCA t o  minimize 

shortages o f  water t o  i n d i v i d u a l  users; t h a t  any such r i g h t s  o r  

a l l o c a t i o n s  acqui red may be used i n  add i t i on  t o  t h e  a l l o c a t i o n s  prov ided 

f o r  here in  so l ong  as such water i s  n o t  wasted and i s  used w i t h  reasonable 

conservat ion p rac t i ces .  

19. That t h e  c o r r e c t i v e  c o n t r o l  p rov is ions  inc luded he re in  are  hereby 

incorporated as cond i t i ons  o f  each water r i g h t  au thor ized i n  t h e  IGUCA. 

20. That t he  v i o l a t i o n  o f  any o f  t h e  IGUCA's o the r  c o r r e c t i v e  c o n t r o l  

p rov i s ions  by a  water user may r e s u l t  i n  t h e  suspension o f  t he  use o f  

water a l l o c a t e d  he re in  f o r  such per iods o f  t ime and on such cond i t i ons  as 

deemed necessary by t h e  Ch ie f  Engineer t o  enforce t h i s  Order. 

21. That an adv isory  commi t t e e  i s  hereby establ  i shed t o  make recommendations 

t o  the  Ch ie f  Engineer concerning: 



a. The types, l o c a t i o n s  and frequency o f  da ta  t o  be c o l l e c t e d  t o  

mon i to r  groundwater 1  eve1 s, s t reamf l  ow, a q u i f e r  recharge, 

groundwater withdrawal s, sur face water d i v e r s i o n s  and any o t h e r  da ta  

i t  might  deem necessary t o  evaluate and r e f i n e  t h e  management o f  t h e  

I GUCA . 

b. Mod i f i ca t i ons  t o  t h e  c o r r e c t i v e  c o n t r o l  p r o v i s i o n s  as deemed 

appropr ia te  t o  op t im ize  t h e  e f f i c i e n t  use o f  water  and b e n e f i t s  from 

t h e  use o f  water i n  t h e  area cons i s ten t  w i t h  t h e  p r o t e c t i o n  o f  

e x i s t i n g  water r i g h t s  and t h e  p u b l i c  i n t e r e s t .  

22. That  t h e  advisory committee s h a l l  be c o n s t i t u t e d  as fo l l ows :  Each o f  t h e  

formal  p a r t i c i p a n t s  a t  t h e  conclus ion o f  t h e  hear ing  conducted i n  t h i s  
V) 

mat te r  s h a l l  be i n v i t e d  t o  designate a  representa t ive ;  t h a t  t h e  Ch ie f  0 
I. 

a 
Engineer s h a l l  s e l e c t  t h e  Chairperson and such a d d i t i o n a l  members as 6 a 

PI 

deemed necessary. 

Y 
0 
0 
m 

23. That pursuant t o  t h e  p rov i s ions  o f  K.S .A .  2-1915 and K.S.A.  2-1919, t h e  

C h i e f  Engineer hereby designates t h e  Walnut Creek IGUCA as being an area 

i n  need o f  aqu i fe r  r e s t o r a t i o n  and the  Walnut Creek and i t s  t r i b u t a r i e s  

l o c a t e d  w i t h i n  t h e  boundaries o f  t he  Walnut Creek IGUCA are  hereby 

designated as streams being i n  need o f  stream recovery. 

24. That  i n  a l l  o the r  respects n o t  i ncons i s ten t  w i t h  t h i s  Order, t h e  Ch ie f  

Engineer s h a l l  cont inue t o  admin is te r  water r i g h t s  and process 



app l i ca t i ons  f i l e d  pursuant t o  t he  Kansas Water Approp r ia t i on  Act  i n  

accordance w i t h  the  Kansas Water Appropr ia t ion  Act, Groundwater Management 

D i s t r i c t  Act and r u l e s  and regu la t i ons  and p o l i c i e s  o f  t h e  D i v i s i o n  o f  

Water Resources, Kansas S ta te  Board o f  A g r i c u l t u r e  and B ig  Bend 

Groundwater Management D i s t r i c t  No. 5, where app l icab le .  

25. That t h e  Chief  Engineer s p e c i f i c a l l y  r e t a i n s  j u r i s d i c t i o n  i n  t h i s  mat te r  

w i t h  a u t h o r i t y  t o  make such changes i n  t he  boundaries o f  t h e  IGUCA o r  t he  

c o r r e c t i v e  con t ro l  p rov i  s ions which have been i n s t i t u t e d  o r  any o ther  

p rov i s ions  o f  t h i s  Order, and t o  ho ld  any subsequent hear ings i n  t he  

mat te r  o f  t he  IGUCA o r  t h e  c o r r e c t i v e  c o n t r o l  p rov i s ions  which he o r  she 

may deem t o  be i n  t he  p u b l i c  i n t e r e s t .  

Dated a t  Topeka, Kansas t h i s  29th day o f  January, 1992. 

S ta te  o f  Kansas 

County o f  Shawnee j 
Lch 

The foregoing inst rument  was acknowledged before  me t h i s  &!q - day 
o f  January, 1992, by David L. Pope, P.E., Ch ie f  Engineer, D i v i s i o n  o f  Water 
Resources, Kansas State Board o f  Ag r i cu l t u re .  

lit (Denise J. Rolfs )  



CERTIFICATE OF MAILING 

I, Leland E. Rol fs ,  hereby c e r t i f y  t h a t  I caused a  copy o f  t h e  Findings,  
Conclusions and Order t o  be p laced i n  t h e  Un i ted  Sta tes  ma i l ,  postage prepa id  
on January 30, 1992, t o  t h e  f o l l o w i n g :  

DeAnn E. Hupe-Seib 
502N Landon S ta te  O f f i c e  B u i l d i n g  
900 SW Jackson 
Topeka, KS 66612 
A t to rney  f o r  t h e  Kansas Department o f  W i l d l i f e  and Parks 

H. P h i l i p  M a r t i n  
M a r t i n  and Gat terman 
P. 0. Box D 
Larned, KS 67550 
A t to rney  f o r  t h e  B i g  Bend Groundwater Management D i s t r i c t  No. 5  

R i  chard Boeckman 
Keenan and Boeckman, P.A. 
P. 0. Drawer 459 
Great Bend, KS 67530 
A t to rney  f o r  t h e  Wal'nut Creeks Basin Assoc ia t ion  

Robert G. S u e l t e r  

a 
P. 0. Box 2026 

Cn 
I- 

Great Bend, KS 67530 

0 ,  
At to rney  f o r  t h e  City o f  Great Bend 

6 
a 
a Frank Austenfe l  d  
4 
m 

The Miss ion  Bank B u i l d i n g  
fl 5201 Johnson Dr ive ,  Su i te  400 
2 
0 

Mission,  KS 66205 
0 
m 

A t to rney  f o r  t h e  Kansas W i l d l i f e  Federat ion 
+: 

Mark Calcara 
P. 0. Drawer 1110 
Great Bend, KS 67530 
A t to rney  f o r  t h e  Mid-Kansas Q u a l i t y  Water Assoc ia t ion  

John Simpson 
4330 Shawnee Miss ion Parkway 
S u i t e  131 
Fairway, KS 66205 
A t to rney  f o r  t h e  Kansas Natura l  Resource Counci l  and 

t h e  Kansas Audubon Council 

Donald L. P i t t s  
P. 0: Box 3472 
Lawrence, KS 66046 
A t to rney  f o r  t h e  Centra l  Kansas U t i l i t y  Co., Inc .  



Donald E. Re i f ,  J r .  
P. 0. Box 28 
114 N. Green 
Hoisington, KS 67544 
At torney f o r  t h e  City o f  Hois ington 

Charles S. A r thu r  
2627 KFB Plaza 
Manhattan, KS 66502 
At torney f o r  the  Kansas Farm Bureau 

Thomas L. Toepfer 
114 West 11th S t r e e t  
P.O. Box 417 
Hays, KS 67601 
At torney f o r  t he  Wet Walnut Creek Watershed 

J o i n t  D i s t r i c t  No. 58 

I 

Senior Legal Counsel 
D i v i s i o n  o f  Water Resources 
Kansas S ta te  Board o f  A g r i c u l t u r e  
901 S. Kansas Avenue, Second F loo r  
Topeka, KS 66612-1283 
(913) 296-4623 



THE STATE 

KANSAS DEPARTMENT OF AGRICULTURE 
Alice A. Devine, Secretary of Agriculture 

DIVISION OF WATER RESOURCES 
David I,. Pope, Chief Engineer 

SUPPLEMENTAL ORDER 
IN THE MATTER OF THE DESIGNATION OF AN 

INTENSIVE GROUNDWATER USE CONTROL AREA IN 
BARTON, RUSH AND NESS COUNTIES, KANSAS 

The Chief Engineer, Division of Water Resources, Kansas Department of Agriculture, 

(hereinafter referred to as "Chief Engineer"), after giving due consideration to the 

reconmendations of the Walnut Creek IGUCA Advisory Committee made on April 9, 1996, 

hereby makes the following Findings, Conclusions and Order: 

FINDINGS 

1. That by Order dated January 29, 1992, the Chief Engineer established an Intensive 

Groundwater Use Control Area (hereinafter "IGUCA") in Barton, Rush and Ness Counties, 

Kansas. 

2. That paragraph 12 of that Order provides, "That approximately each five years the 

Chief Engineer may evaluate the inforn~ation collected from additional studies conducted in the 

IGUCA and the status of the water rights and permits to appropriate water in the IGUCA and 

make adjustments ii: the corrective control provisions as necessary to allocate water so that the 

use of groundwater does not exceed the long-term sustainable yield of the aquifer. " 

3. 

established 

That paragraph 21 of thqt Order provides, -- 2p $ 7  7 ,  
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a. The types, locations and frequency of data to be collected to monitor groundwater 

levels, streamflow, aquifer recharge, groundwater withdrawals, surface water 

diversions and any other data it might deem necessary to evaluate and refine the 

management of the IGUCA. 

b. Modifications to the corrective control provisions as deemed appropriate to 

optimize the efficient use of water and benefits from the use of water in the area 

consistent with the protection of existing water rights and the public interest. 

4. That paragraph 25 of that Order provides, "That the Chief Engineer specifically 

retains jurisdiction in this matter with authority to make such changes in the boundaries of the 

IGUCA or the corrective control provisions which have been instituted or any other provisions 

of this Order, and to hold any subsequent hearings in the matter of the IGUCA or the corrective 

control provisions which he or she may deem to be in the public interest." 

5. That the Walnut Creek IGUCA Advisory Committee was established by the Chief 

Engineer and has met periodically since June 2, 1992. 

6. That on April 9, 1996, the Walnut Creek IGUCA Advisory Committee met at 

Barton County Community College and recommended to the Chief Engineer that: 
I * 

a. The allocations for the City of Otis for the helium plant should be increased based 

on the actual usage for 1991 through 1995 by applying the same standards as 

otherwise set forth in the Order for industrial use. 

b. Water right owners be allowed to carry over any allocations unused in the five-year 

period from 1992 through 1996 to their five-year allocation for the period 1997 

through 2001 in an amount not to exceed the maximum annual quantity authorized 

by the water right. 



c. The Chief Engineer compute allocations for water rights within the IGUCA which 

had been in the federal government's Conservation Reserve Program during the 

period 1985 through 1990 in a fair and equitable manner and the total IGUCA 

allocation should not exceed 22,700 acre-feet per year. 

CONCLUSION 

The Chief Engineer has considered the above listed recommendations of the Advisory 

Committee and determined that implementing them would be in the public interest and would 

not injure any existing water rights. 

SUPPLEMENTAL ORDER 

NOW THEREFORE, it is the decision and Order of the Chief Engineer, Division of 

Water Resources, Kansas Department of Agriculture, that the following recommendations of the 

Walnut Creek IGUCA Advisory Committee are hereby adopted as follows: 

1. That the five-year allocation for the City of Otis, based on actual usage for the 

helium plant for 1991 through 1995, is hereby increased to 1374.75 acre-feet. 

2 .  That each water right owner shall be allowed to carry over unused allocations for 

the period 1992 through 1996 to the five-year allocation for the period 1997 through 2001 in an 

amount not to exceed the maximum annual quantity authorized by each water right, taking into 

account any applicable conditions and limitations. 

3. That allocations for any water right or permit to appropriate water within the 

IGUCA which was enrolled in the federal government's Conservation Reserve Program for any 

of the period 1985 through 1990 shall have an allocation computed for the period 1997 through 

2001 based upon the maximum number of acres irrigated in the six years prior to enrollment in 
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the Conservation Reserve Program multiplied by the depth of water provided for in Paragraph 

10 of the Order of the Chief Engineer signed January 29, 1992, multiplied by five. 

4. That based on information collected in the IGUCA during the past five years, the 

Chief Engineer determines that the annual average allocation for the basin for the period 1997 

through 2001 shall continue to be approximately 22,700 acre-feet per year; that a preliminary 

statement setting forth the five-year allocation for each individual water right shall be transmitted 

to each non-domestic water right holder before January 1, 1997; and that a final statement 

including any adjustments to the preliminary statement which may be necessary due to either the 

application of a penalty due to exceeding the first five-year allocation or a carry-over based on 

unused allocation from the first five-year allocation shall be transmitted to each water right 

holder as soon as practical in 1997. 

IT IS SO ORDERED. 

Dated at Topeka, Kansas, this 

Chief Engineer 
Division of Water Resources 
Kansas Department of Agriculture 

State of Kansas 1 
> ss 

County of Shawnee ) 

The foregoing instrument was acknowledged before me this day of 
December, 1996, by David L. Pope, P.E., Chief Engineer, Division of Water Resources, 
Kansas Department of Agriculture. 

-1-L Nutcry ma= - $tat0 ot Kansas j 
' -  - - -  sf My A,. ~ ~ i r e s / ~ . ~ ~  - fp -- - Notary public ' 

My appointment expires: 



KANSAS DEPARTMENT OF AGRICULTURE 
Alice A. Devine, Secretary of Agriculture 

DMSION OF WATER RESOURCES 
David L. Pope, Chief Engineer 

AMENDED ORDER 
/' Drr- 

IN THE MATTER OF THE DESIGNATION OF AN Inve'crt ,  
INTENSIVE GROUNDWATER USE CONTROL AREA IN lndewd 

BARTON, RUSH AND NESS COUNTIES, KANSAS 
cross- 

FINDINGS 

1. That by, Order dated January 29, 1992, the Chief Engineer established an Intensive Groundwater Use 
Control Area (hereinafter "IGUCA") in Barton, Rush and Ness Counties, Kansas. 

2. The boundaries of the Walnut Creek Intensive Groundwater Use Control Area are described in the original 
order "In the Matter of the Designation of an Intensive Groundwater Use Control Area in Barton, Rush and 
Ness Counties, Kansas" as follows: 

State of Kansas 
Barton County Barton Co. l a  

/ w  I/I/JJ ,, r/v dJJ 
T18S,R13W,Sections28through33 w , , , / v ~ , d ~ , d J A  

//c,JJ1// /&* /,J//W 

T18S, R14W, Sections 4 through 10 and 14 through 36 
Y ~ ~ . / ~  J J/L/J/ /./;//J/JJ,,,, /, /J JJ  /J /  

TlSS, R15W, Sectioils 1 through 36 4 //dl 

T19S, R13W, Sections 3 through 1 1 and 14 through 23 
JY, Jv 4 /AX. r/Jf J // 

T19S, R14W, Sections 1 through 6, 9 through 15, and 22 through 24 STA 

T19S, R15W, Section 1 J 

Rush Cou~ltv 

FEF SlO&-lD" T17S, R16W, Sections 3 1 through 35 ... L m  

F r  9 DEPUTY 
T17S, R17W, Sections 19 through 36 2 : , , #,,. 

'd1 , 
.3"> a 

T17S, R18W, Sections 19 through 36 9 I ., -i 

T17S, R19W, Sectioils 23 through 26 and 31 through 36 

T17S, WOW, Sections 35 and 36 
-\ 

T18S, R16W, Sections 1 through 36 tq !. . : p@&i *--," % ,  ", , . 
T18S, R17W, Sections 1 through 36 4. .@* 

a: & ' 9 .  r!> 
P 1 

T18S, R18W, Sections 1 througl~ 36 ; A, \ ,;:r 
w ,  '8 I $ a 
6 '* 

T18S, R19W, Sections 1 througl~ 36 . 
a .  
d -." 7 - 6  ** 
# * 

s 

d ~ 8 e : r c '  
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T18S, WOW, Sections 1 through 36 

T19S, R16W, Sections 3 through 6 

T19S, R17W, Sections 1 through 6 

T19S, WOW, Sections 1,2, 11 and 12 

Ness County 

J T17S, R25W, Sections 32 through 34 

T18S, R21W, Sections 1 through 36 

T 18S, W2W, Sections 1 tl~rough 4 and 7 through 3 6 

T18S, W3W, Sections 19, 25 through 36 

T1 SS, W4W, Sections 13 through 27,35 and 36 

JT18S, R25W, Sections 1 through 5, 10 tluough 13,24,33, and 34 

T19S, R21 W, Sections 4 through 9 

T19S, R22W, Sections 1 through 12, 17 and 18 

T19S, W3W, Sectioils 1 tl~rougl~ 23 

T19S, W4W, Sections 1, 2 and 7 through 29 

' / ~ 1 9 ~ ,  R25W, Sections 1 tluough 3 and 1 1 through 13 

3. That by Supplemental Order dated December 6, 1996, the Chief Engineer implemented several 
recommendations of the Advisory Conunittee appointed under .the provisions of the Order dated January 29, 
1992. 

4. That one of the recommendations of the Advisory Conlmittee described in Finding No. 6(c) of the 
Supplemental Order dated December 6, 1996 is: 

The Chief Engineer compute allocations for water rights within the IGUCA which had been in the 
federal govemn~ent's Conservation Reserve Program during the period 1985 through 1990 in a fair 
and equitable manner and the total IGUCA allocation should not exceed 22,700 acre-feet per year. 

5. That the Supplemental Order dated December 6, 1996 attempted to implement this recommendation with 
the following provision: 

3. That allocations for any water right or permit to appropriate water within the IGUCA which was 
enrolled in the federal government's Conservation Reserve Program for any of the period 1985 through 
1990 shall have an allocation computed for the period 1997 through 200 1 based upon the maximum 
number of acres irrigated in the six years prior to enrollment in the Conservation Reserve Program 
multiplied by the depth of water provided for in Paragraph 10 of the Order of the Chief Engineer 
signed January 29, 1992, multiplied by five. 

6. Tint the above quoted provision does not take into account those cases where a water right has been found 
to be in good standing and no acres were reported as irrigated under the authority of that water right during 
tlle six years prior to enrollment in the Conservation Reserve Progranl. 



ORDER 

NOW, THEREFORE, It is the decision and order of the Chief Engineer that the Supplemental Order of the 
Chief Engineer dated December 6, 1996, shall be and is hereby appended as follows: 

3. That allocations for any water right or pennit to appropriate water w i t h  the IGUCA which was 
enrolled in the federal government's Conservation Reserve Program for any of the period 1985 through 1990 
shall have an allocation computed for the period 1997 through 2001, or any succeeding allocation period during 
wlich enrollment in the Conservation Reserve Program terminates, based upon the maximum number of acres 
irrigated in the six years prior to enrollment in the Conservation Reserve Program multiplied by the depth of 
water provided for in Paragraph 10 of the Order of the Chief Engineer signed January 29, 1992, multiplied by 
five. If the water right has been determined to be in good standing, but there was no water use in any of the 
six years prior to enrollment in the Conservation Reserve Program, then the allocation conlputed for any five- 
year allocation period begumkg during or after 1997 shall be based on the maximum number of acres irrigated 
in the last year of reported water use prior to enrollment in the Conservation'Reserve Program multiplied by 
the depth of water provided for in Paragraph 10 of the Order of the Chief Engineer signed January 29, 1992, 
multiplied by five. Any allocations computed in this manner shall be reduced for the allocation period during 
wlich the enrollment in the Conservation Reserve Program tenninates such that the remaining allocation will 
be proportional to the number of years reniaining in tlie allocation period after termination of enrollment. 

In all other respects the Supplemental Order of the Chief Engineer dated December 6, 1996, remains 
unchanged. 

IT IS SO ORDERED. 

Dated at Topeka, Kansas 

State of Kansas ) 
) 

Couilty of Shawnee ) 

"I ''I D,j%.v! D L Op ~ ~ m ~ n g i n e e r  
n~ . 
z-j@i 
u. ': -0- 

D i p  of Water Resources 
em 0 
UP -, :5$ a cnlai EHGiiJEER K fi.@ ,s -~e~art.rnent of Agriculture 

8- ,,:33 

-v 
The foregoing instrument was acknowledged before me this 24 >aY of June, 1998, by David L. 

Pope, P.E., Chief Engineer, Division of Water Resources, Kansas Department of Agriculture. 

DENISE J. ROLFS /A Notaw - StatE bnslJ - - 

My Appt. Expires March 1,2002 J Notary Public U 
My appointment expires: 
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THE STATE OF KANSAS 

KANSAS DEPARTMENT OF AGRICULTURE DIVISION OF WATER RESOURCES 
Jamie Clover Adams, Secretary of Agriculture David L. Pope, Chief Engineer 

IN THE MATTER OF THE DESIGNATION OF AN 
INTENSIVE GROUNDWATER USE CONTROL AREA IN 

BARTON, RUSH AND NESS COUNTIES, KANSAS 

SUMMARY SUPPLEMENTAL AMENDED ORDER(II1) 

NOW ON this 29th day of June, 2001, the Chief Engineer of the Division 
of Water Resources, Kansas Department of Agriculture, does hereby make the following findings 
and orders pursuant to K.S.A. 82a-1038. 

FINDINGS 

1. That on January 29, 1992, the Chief Engineer established by Order, an Intensive 
Groundwater Use Control Area (IGUCA) in Barton, Rush and Ness Counties, Kansas, 
pursuant to K.S.A. 82a-1038. The original IGUCA Order was modified by a Supplemental 
Order issued by the Chief Engineer on December 6,  1996, and also by an Amended Order 
issued by the Chief Engineer on June 24, 1998. 

2. The boundaries of the Walnut Creek IGUCA are described in the original IGUCA order 
"In the Matter of the Designation of an Intensive Groundwater Use Control Area in 
Barton, Rush and Ness Counties, Kansas", dated January 29, 1992 as follows: 

Barton County 

T18S, R13W, Sections 28 through 33 
T18S, R14W, Sections 4 through 10 and 14 through 36 
T18S, R15 W, Sections 1 through 36 
T19S, R13 W, Sections 3 through 1 1 and 14 through 23 
T19S, R14W, Sections 1 through 6 ,9  through 15, and 22 through 24 
T19S, R15W, Section 1 
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T17S, R16W, Sections 3 1 through 35 
T17S, R17W, Sections 19 through 36 
T17S, R18W, Sections 19 through 36 
T17S, R19W, Sections 23 through 26 and 3 1 through 36 
T17S, R20W, Sections 35 and 36 
T18S, R16W, Sections 1 through 36 
T18S, R17W, Sections 1 through 36 
T18S, R18W, Sections 1 through 36 
T18S, R19W, Sections 1 through 36 
T18S, WOW, Sections 1 through 36 
T19S, R16W, Sections 3 through 6 
T19S, R17W, Sections 1 through 6 
T19S, =OW, Sections 1,2,  11 and 12 

Ness County 

T17S, R25W, Sections 32 through 34 
T18S, R21 W, Sections 1 through 36 
T18S, R22W, Sections 1 through 4 and 7 through 36 
T18S, R23W, Sections 19 and 25 through 36 
TI 8S, R24W, Sections 13 through 27,35 and 36 
T18S, R25W, Sections 1 through 5, 10 through 13,24,33 and 34 
T19S, R2 1 W, Sections 4 through 9 
T19S, R22W, Sections 1 through 12,17 and 18 
T19S, R23 W, Sections 1 through 23 
T19S, R24W, Sections 1 , 2  and 7 through 29 
TI 9S, R25W, Sections 1 through 3 and 1 1 through 13 

3. That paragraph 12 of the IGUCA Order provides, "That approximately each five years the 
Chief Engineer may evaluate the information collected from additional studies conducted 
in the IGUCA and the status of the water rights and permits to appropriate water in the 
IGUCA and make adjustments in the corrective control provisions as necessary to allocate 
water so that the use of groundwater does not exceed the long-term sustainable yield of 
the aquifer." 

4. That paragraph 21 of the IGUCA Order provides, "That an advisory committee is hereby 
established to make recommendations to the Chief Engineer concerning: 

a. The types, locations and frequency of data to be collected to monitor groundwater 
levels, streamflow, aquifer recharge, groundwater withdrawals, surface water 
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diversions and any other data it might deem necessary to evaluate and refine the 
management of the IGUCA. 

b. Modifications to the corrective control provisions as deemed appropriate to 
optimize the efficient use of water and benefits fiom the use of water in the area 
consistent with the protection of existing water rights and the public interest. 

5. That paragraph 25 of the IGUCA Order provides, "That the Chief Engineer specifically 
retains jurisdiction in this matter with authority to make such changes in the boundaries of 
the IGUCA or the corrective control provisions which have been instituted or any other 
provisions of this Order, and to hold any subsequent hearings in the matter of the IGUCA 
or the corrective control provisions which he or she may deem to be in the public 
interest." 

6. That paragraph 2 of the IGUCA Order provides, "That this IGUCA shall be closed to 
fixther appropriation except for domestic use, any use authorized by temporary permit 
granted under the authority of K.S.A. 82a-727, and any appropriation of groundwater that 
may be authorized on a non-renewable term basis not to exceed one year when deemed by 
the Chief Engineer to be necessary for emergencies or to protect the public health, safety 
or welfare; that the Chief Engineer shall refuse to accept any other application for a permit 
to appropriate groundwater within the IGUCA; that this IGUCA shall be closed to fixther 
surface water appropriation except for domestic use, any diversion of flows that would not 
otherwise be usable, any use authorized by temporary permit granted under the authority 
of K.S.A. 82a-727, and any appropriation of surface water that may be authorized on a 
non-renewable term basis not to exceed one year when deemed by the Chief Engineer to 
be necessary for emergencies or to protect the public health, safety or welfare." 

That effective September 22,2000, the Chief Engineer adopted K.A.R. 5-4-5, which 
allows for the filing and approval under certain conditions of applications for permit to 
appropriate water for additional rate only f+om a point of diversion already authorized by 
another water right or approval of application. Specifically, K.A.R. 5-4-5 (c) provides, "If 
the chief engineer adopts a regulation pertaining to applications for additional rate only for 
a specific groundwater management district, or issues an order concerning that type of 
application pursuant to an intensive groundwater use control area (IGUCA) proceeding 
authorized by K.S.A. 82a-1036 et seq. and amendments thereto, the application for 
additional rate shall be processed by the chief engineer pursuant to the provisions of that 
regulation or IGUCA order." 

8. That the IGUCA Order dated January 29, 1992, did not contemplate the promulgation of 
K.A.R. 5-4-5 which establishes the process by which applications for additional rate of 
diversion are submitted. 

9. That the Walnut Creek IGUCA Advisory Committee was established by the Chief 
Engineer and has met periodically since June 2, 1992. The Committee met at Barton 
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County Community College on February 7,2001, and recommended the following to the 
Chief Engineer pursuant to paragraph 2 1 of the original IGUCA order : 

a. Each water right owner shall be allowed to carry over unused allocations fiom any 
one five-year allocation period to the next five-year allocation period in an amount 
not to exceed the maximum annual quantity authorized by each water right, taking 
into account any applicable conditions and limitations. The Chief Engineer may 
suspend this provision for the next five-year allocation period upon 
recommendation of the Advisory Committee after the Advisory Committee 
reviews the current five-year allocation period water use and hydrological 
conditions within the control area during the fourth year of the current allocation 
period. 

b. The Chief Engineer amend the Walnut Creek IGUCA Order to allow the Chief 
Engineer to accept new applications which request only an increase in the rate of 
diversion authorized for points of diversion which are currently authorized by 
existing water rights within the IGUCA boundaries. These new applications will 
be subject to K.A.R. 5-4-5, but the Chief Engineer will also consider the proximity 
to and any possible effects to Wet Walnut Creek. These applications are 
anticipated to be filed for the purpose of facilitating more efficient use of water. 

WHEREFORE, it is hereby ordered: 

1. Each water right owner shall be allowed to carry over unused allocations fiom any one 
five-year allocation period to the next five-year allocation period in an amount not to 
exceed the maximum annual quantity authorized by each water right, subject to applicable 
conditions and limitations. This provision will be subject to Advisory Committee review 
in 4 years, as established in the original IGUCA Order paragraph 12. 

2. The Chief Engineer, (in addition to the applications listed in paragraph 2 of the original 
IGUCA Order dated January 29, 1992), will accept for filing new applications for permit 
to appropriate water for additional rate only as provided for in K.A.R. 5-4-5. 
Applications pursuant to K.A.R. 5-4-5 will be accepted only ih situations in which the 
point of diversion is currently authorized under a water right or approval of application for 
permit to appropriate water within the IGUCA. Approval of such applications filed 
pursuant to the provisions of K.A.R. 5-4-5 will be subject to the conditions for approval 
as set forth in K.A.R. 5-4-5 and any other applicable conditions. 

3. Except as expressly modified by this order and the orders issued in this matter on 
December 6, 1996, and June 24, 1998, respectively, the original Walnut Creek IGUCA 
Order issued by the Chief engineer on January 29, 1992 remains hlly in force. 
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You may seek review of this order by requesting a hearing within 1 5 days of the issuance 
of this order, at which time the order becomes a final order. Your hearing request must be in 
writing, must state the specific challenge or objection you seek to raise and your standing for 
requesting a hearing. The request should be sent to: 

Kansas Department of Agriculture 
Legal Section, c/o Dan Riley 
109 SW 9' Street 
Mills Bldg. 4' Floor 
Topeka, Kansas 66612-1280 

Dated at Topeka, Kansas, this 29' day of June, 2001. 

. ,3: 
:,-a:. DAVID L. POPE- 

State of Kansas ) 
ss 

County of Shawnee ) 

:ski - - .  * , .  ~ d ~ ~ n ~ i n e e r  
.. , : CHIEF ENGINEE 'QJ - .- f , ,  _ bi@n of Water Resources 

- 2  < 
..-d$&@w Department of Agriculture 
-r-% -4~ 

The foregoing instrument was acknowledged before me this 29th day of June, 200 1, by 
David L. Pope, P.E., Chief Engineer, Division of Water Resources, Kansas Department of 
Agriculture. 

DENISE J. ROLFS 
Notary Public - Sbte of Kansas 

My Appt Exp~res March 1, 2002 

My appointment expires: 
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STATE OF KANSAS 
DIVISION OF WATER RESOURCES 

KANSAS STATE BOARD OF AGRICULTURE 
TOPEKA, KANSAS 

BEFORE GUY E. GIBSON, CHIEF ENGINEER-DIRECTOR 
DIVISION OF WATER RESOURCES 

KANSAS STATE BOARD OF AGRICULTURE 

IN THE MATTER OF THE PROPOSED DESIGNATION 
OF AN INTENSIVE GROUNDWATER USE CONTROL AREA 

IN THE PAWNEE RIVER VALLEY 

The Chief Engineer-Director, Division of Water Resources, Kansas State 

Board of Agriculture, (hereinafter referred to as the "Chief Engineer") 

after having given due consideration to all evidence, testimony and other 

information presented to him at the hearing on November 25, 1980, and the 

information submitted to him as a result of orders issued at that hearing, 

re?arding the proposed designation of approximately 140 square miles of the 

Pawnee River Valley generally located in Pawnee County, Kansas, as an 

intensive groundwater use control area makes the following findings, 

conclusions and order: 

1. That on May 11, 1978, the Board of Directors of the Big Bend 

Groundwater Management District No. 5 (hereinafter referred 

to as the "District"), voted to request that the Chief Engineer 

declare a moratorium on approving new applications in the area 

drained by the Pawnee River within the boundaries of the District; 

that the Board requested the Chief Engineer to impose a moratorium 

in the following area: Section 31 of Township 21 South, Range 16 

West; Sections 26 through 36 of Township 21 South, Range 17 West; 

Sections 25 through 36 of Township 21 South, Range 18 West; 

Sections 7 through 36 of Township 21 South, Range 19 West; Sections 

7 through 36 of Township 21 South, Range 20 West; Section 6 of 

Township 22 South, Range 16 West; Sections 1 through 10 and 16 

through 18 of Township 22 South, Range 17 West; Sections 1 through 

18 of Township 22 South, Range 18 West; Sections 1 through 12 of 

Township 22 South, Range 19 West; Sections 1 through 12 of Township 

22 South, Range 20 West, all in Pawnee County, Kansas. 

mcampbell
Rectangular Exhibit Stamp



2. That on May 22, 1978, the Chief Eng·ineer received a letter from 

Mr. Larry Panning, President, and Jerry E. Mott, Secretary, of the 

District, attesting to the fact that on Thursday, May 11, 1978, 

tht! llounl of Di rt!cl 111·H of llig llend G1«mnclwutcr Management District 

No. 5 voted HeVt!n lo zero to recommend to the Chief Engineer that 

u morutorium un!u be et1t11blished in that portion of the Pawnee River 

Vullcy lyinK within the Di.strict. 

]. Tlwt by letter dated May 24, 1978, Hichard F. Sloan, District 

M111111gcr, indicutt!cl the Board's reque1:1ted action was based upon the 

H low dee I inc or water 1.cvelH mcu1rnrccl in the Pawnee Valley since 

llJ/t'l 1111d th11t lht• uclion wus rcquestt!cl pending the completion of a 

re-chuq~c withdrnwal modeling study which would be undertaken by 

the KanHas Geological Survey; that Mr. Sloan further indicated 

that based upon the results of the study by the Kansas Geological 

Survey, a further recommendation would be made to the Chief 

Engineer from the lloard of Directors of the District. 

4. That by letter dated June 9, 1978, Mr. Sloan advised the Chief 

l~ngineer that the groundwater modeling study of the area would be 

undertaken to determine the maximum permissible annual withdrawal 

of groundwater without resulting in permanent groundwater depletion 

in the area and that following the effective date of House Bill 

2702, that the Board would petition the Chief Engineer to initiate 

proceedings to designate the area as an intensive groundwater use 

control area. 

5. That on June 19, 1978, the Chief Engineer designated the area 

within the District boundaries lying west of the east line of 

Townships 21 and 22 South, Range 18 West; Sections 26 through 36, 

Township 21 South, Range 17 West; Sections 1 through 10 and 

Sections 16 through 18, Township 22 South, Range 17 West; Section 

31, Township 21 South, Range 16 West; and Section 6, Township 22 

South, Range 16 West, all in Pawnee County, Kansas, an area of 

approximately 140 square miles, as an area where applications to 

appropriate water for beneficial use, other than for domestic use, 

received after June 19, 1978, would be assigned priority dates but 

would not be acted upon until sufficient information was available 
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to determirw the amount of groundwater, if any, which might be 

uvu i lab le for future uppropriat ion; that those applications 

presently on file in the office of the Chief Engineer as of June 19, 

1978, would be processed in the usual manner. 

6. That by letter dated April 11, 1980, Dr. Manoutch Heidari of the 

Kansas Geological Survey transmitte<l to the Chief Engineer the 

final report on "Hydro-Geologic Investigations in the Pawnee 

Valley," dated April, 1980, prepared by Dr. Marios Sophocleous. 

7. That by letter dated June 20, 1980, and received in the office of 

the Chief Engineer on June 23, 1980, Mr. Sloan advised the Chief 

Engineer that at the June 12, 1980, Board meeting in St. John, 

Kansas, after considerable discussion, the Directors of the 

District had voted 8 to 0 in favor of requesting the Chief Engineer 

to initiate proceedings for the establishment of an intensive 

groundwater use control area in accordance with the provisions of 

K.S.A. 1979 Supp. 82a-1036. 

8. That by letter dated June 30, 1980, received on July 1, 1980 by 

the Chief Engineer, Mr. Sloan forwarded copies of reconnnendations 

which he had made to the Board of Directors of the District 

regarding options for formulating a groundwater policy in the 

Pawnee River Valley; that Mr. Sloan advised that the Board of 

Directors had not taken any action on any of his recommendations. 

9. That K.S.A. 1979 Supp. 82a-1036, 82a-1037 and 82a-1038 provide 

that upon recommendation of the groundwater management district, 

the Chief Engineer shall initiate, as soon as practicable, proceed

ings for the designation of a specifically defined area within 

such groundwater management district as a control area; that these 

statutes further provide the Chief Engineer has the authority and 

duty to hold a public hearing on the question of designating such 

area as a control area; that the Chief Engineer shall make written 

notice of the hearing to every person holding a water right in 

the area in question and publish notice of the hearing by one 

publication in a newspaper or newspapers of general circulation 

within the area at least thirty days prior to the date for such 

hearing; that at the hearing documentary and oral evidence shall 

be taken and a full and complete record of the same shall be 

kept. 
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10. That on October 17, 1980, a notice 'was published in the Larned 

Tiller and Toiler, a daily newspaper of general circulation in 

Pawnee County, Kansas, regarding the public hearing that would be 

held at 10:00 a.m. on Tuesday, November 25, 1980, at the Larned 

Courthouse, Broadway and 7th, Third Floor, Larned, Kansas 67550, 

at which time all interested parties would have an opportunity to 

be heard regarding the proposed designation of an intensive 

groundwater use control area (hereinafter referred to as "control 

area") in Pawnee County, Kansas; that such notice complied with 

the statutory requirements of K.S.A. 1979 Supp. 82a-1037; that 

Jack Zygmond, publisher of the Larned Tiller and Toiler, provided 

an affidavit of publication which was received by the Chief 

Engineer on October 22, 1980; that also as required by K.S.A. 1979 

Supp. 82a-1037 a copy of the notice was mailed to each water right 

holder in the proposed control area as shown in the records of the 

office of the Chief Engineer including all persons known to the 

Chief Engineer to have a domestic right in the area; that notice 

was also mailed to Dr. Bill Hambleton, Director, Kansas Geological 

Survey, Mr. Charles F. Bredahl, Executive Secretary, State Conser

vation Commission, Mr. Jerry Conley, Kansas Fish and Game Commission, 

Mrs. Francine Neubauer, Kansas Water Resources Board, Mr. Gerald 

Stoltenberg, Director of Environment, Kansas Department of Health 

and Environment, and Mr. Lynn Burris, Director of Park and Resources 

Authority. 

11. That no written statements or letters were received prior to the 

hearing relative to the above described notice. 

12. That on November 25, 1980, the Chief Engineer held a hearing 

beginning at approximately 10:10 a.m. in the District Court Room, 

Third Floor, Courthouse, Larned, Kansas, to consider the possible 

designation of a control area in Pawnee County, Kansas; that 

Leland E. Rolfs, Legal Counsel for the Division of Water Resources, 

and David L. Pope, Assistant Chief Engineer, Division of Water 

Resources, were also present and assisting the Chief Engineer at 

the hearing. 

13. That Mr. Douglas McClure, Attorney at Law, appeared on behalf of 

the District. 
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14. That Mr. Glee S. Smith, Attorney at Law, Smith, Burnett and Larson, 

111 E. 8th Street, P.O. Box 360, Larned, Kansas 67550, appeared on 

behalf of approximately 50 landowners and operators of land in the 

area affected by the proposed control area. 

15. That Mr. Richard F. Sloan, Manager of the District, testified on 

behalf of the District, as follows: that a portion of the Pawnee 

River Valley is within the District; that the District adopted its 

first management program on June 18, 1976, and that the District 

has in its revised management program adopted a "safe yield 

concept" which essentially means that withdrawals of water cannot 

exceed re-charge; that the main source of aquifer re-charge to the 

Pawnee Valley is from the Pawnee River; that Mr. Sloan summarized 

the history of well development in the Pawnee Valley within the 

District; that there were approximately 37 wells that have vested 

rights in the Pawnee Valley within the District; that development 

was static until the drought of 1952 through 1956 and that there 

was another boom of well drilling in the mid-60's through the 

mid-70's; that there are now approximately 300 wells in the Pawnee 

River Valley within the District; that approximately 33% of the 

Pawnee River Valley lies within the district and present moratorium 

area and 67% lies without; that the Division of Water Resources 

has authorized the withdrawal of approximately 50,000 acre-feet of 

groundwater per calendar year in the Pawnee Valley moratorium 

area; that such water is primarily used for irrigation purposes; 

that four applications to appropriate water have been filed since 

the moratorium went into effect; Application No. 32,482, Application 

No. 32,055, Application No. 33,708 and Application No. 33,097; 

that he stated the District had not had any serious complaints of 

waste in that area; that there has not been any known degradation 

of water quality in the moratorium area at the present time; that 

the alluvial aquifer in the Pawnee River Valley overlays the 

Dakota aquifer; that the District had done no study to determine 

what actual annual water usage has been in the Pawnee River 

Valley; that approximately 10% of the 300 wells in the Pawnee 

Valley are Dakota wells. 
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16. 'J'l111t Dr. MnrioH Sophocleous, Aasi1:1tant Scientist in the Geo-Hydrology 

Section of the Kan1:1a1:1 Geological Survey, Lawrence, Kansas, testified 

he had worked with the Geological Survey since June, 1978; that he 

had received his Master's Degree in Water Resources from the 

University of Kansas and his Doctorate Degree in Hydro-Geology 

from the University of Alberta, Canada; that he had been requested 

by the District and the Chief Engineer to study the Pawnee River 

Valley; that he had made his study from approximately November, 

1978, until March, 1980; that the purpose of the study was to 

determine the amounts of groundwater re-charge to the alluvial 

aquifer of the Pawnee River Valley and the possible effects from 

the present rates of pumping and increased rates of pumping; that 

Dr. Sophocleous testified his study was based in part on a study 

of the literature published on the Pawnee Valley including the 

Fishel Report completed in 1952. 

17. That Dr. Sophocleous further testified that, in general, the 

alluvial aquifer and the Dakota sandstone aquifer are separated by 

relatively thick amounts of shale but that it is possible in some 

areas there is a hydraulic connection; that the Pawnee River 

Valley alluvium is re-charged primarily by the Pawnee River itself 

and its tributaries; that Dr. Sophocleous also testified that 

irrigated acreage in the Pawnee Valley has increased approximately 

10 times since the 1940 and now approximates 60,000 acres; that 

generally the contribution from groundwater to the Pawnee River 

base flow has decreased since 1945; that a comparison of the 

groundwater levels now with the water level shown in the Fishel 

Report for the mid-40's shows an areal shrinkage of the aquifer of 

approximately 15%; that the depletion of groundwater in storage of 

over 35% has occurred from the mid-40's to the present; that he 

has estimated re-charge in the Pawnee River Valley by using two 

methods: (1) he studied the streamflow records during the early 

stages of irrigation and assumed there was an equilibrium between 

the amount of water pumped from wells during the 30's and 40's and 

the amount of water that was replenishing the groundwater aquifer; 

that by making an analysis of streamflow records of the Pawnee 

River from 1925 to 1945, he estimated the re-charge into the 

aquifer was about six tenths of one inch per year; that the 

average annual precipitation in the region is about 21 to 22 

inches per year; (2) that the second method of calculating ground-
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watt~r ni-chuq~e ia called the soil~moisture budget which involves 

an nnnlyeie bnee<l on soil types and plant types as to how much 

water the soil1:1 of that area can absorb under a given rainfall; 

that the amount of natural groundwater re-charge that has been 

taking place, as derived by this technique, ia four tenths of one 

inch; that the aquifer area is approximately 300 square miles for 

the entire Pawnee Valley and that to approximately 4,000 acre-feet 

per calendar year in estimated natural groundwater re-charge 

occurs in the Valley. 

18. That Dr. Sophocleous further testified that the groundwater rights 

authorized in the entire Pawnee Valley are approximately 84,000 

acre-feet per calendar year, about 11 times more than the average 

annual re-charge; that the study considered six options to see 

what effect each of these options would have on future water 

levels and the Pawnee Valley aquifer; that the study concluded 

that if pumping rates continue as they are today, by the year 

2,000, the central area of the Pawnee Valley will experience 

more than 30 feet of decline in saturated thickness, especially 

those areas around Sanford, Rozel and Burdett. 

19. That Dr. Sophocleous also testified that he concluded the study 

shows that withdrawals from the Pawnee Valley are of such magnitude 

that even without any additional development that the water level 

declines will continue indefinitely, and according to the projec

tions would exceed 30 and 40 feet or more by the year 2,000 and 

therefore, unless the groundwater management district and the 

people in the area make a consistent effort to remedy the situation, 

the future looks rather bleak; that the water surface profile is 

based on a 170 data points measured during calendar years 1979 and 

1980 and that the study was based on a long history of 18 wells in 

the area; that the study was based on an assumption that 

irrigators were pumping the approved amounts; that based on the 

water use reports, that it appeared that in the Pawnee Valley most 

users appeared to be using 90 to 100% of the authorized quantities; 

that no study had been done to determine what quantity pumping in 

the area would have to be cut back in order to maintain a safe yield. 
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20. Th11t Mr. Sloun further testified on behalf of the District that he 

hud computed an 11 year running average of streamflow in the 

l'aw11ee River just west of Larned, Kansas, which showed that 

atreamflow peaked in 1953 and had fallen off or held steady since 

that time and that the streamflow has never recovered to the level 

of the late 40's or early so's; that he also computed some 11 year 

running averages of static water levels in wells; that using an 

analysis involving a one mile radius circle to evaluate potential 

applications would be hydrologically sound for the Pawnee River 

Valley; that in his opinion there is not a reasonable possibility 

in most of the valley for allowing significant additional wells to 

go in without causing further significant declines in the water 

table; that the only way an accurate record could be made of 

water usage in the area is if meters were required; that the Board 

has discussed the option of curtailing all future development in 

the Pawnee River Valley except for domestic and temporary wells; 

that spacing the wells one quarter mile would result in no direct 

well interference; that to allow appropriations in the Pawnee 

River Valley proportionate to those allowed in the remainder of 

the District would allow 1,500 acre-feet to be appropriated 1n a 

one mile circle. 

21. That Larry Panning, farmer, Director and Chairman of the District, 

testified on behalf of the District that the Board had initially 

requested a moratorium to give time for a study and then the Board 

asked the Chief Engineer for a control area which required notifi

cation of all water right holders in the area and a hearing; that 

the Board had not decided on any option but had discussed several 

options for controls in the Pawnee River Valley such as: (a) 

lifting the moratorium and using the same formula in effect 1n the 

remainder of the District, or (b) asking the Chief Engineer to 

declare an intensive groundwater use control area, and (1) utilizing 

the same concept as the rest of the District except using the one 

mile radius circle, or (2) requiring metering, or (3) allowing the 

development of certain areas and eliminating others; that to date 

the Board has not made any specific reconnnendations; that the 

Board had considered requesting a moratorium for one to two years 
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before it did so; that a moratorium was requested in July so that 

it would not affect development for approximately one year and it 

was anticipated the study would be complete within that year, 

which unfortunately, it was not. 

22. That Mr. Larry Skelton, farmer in the proposed intensive control 

area, testified that he had been instrumental as a member of the 

Pawnee County Irrigators Association to instigate the Pawnee 

Valley's joining of the District and that the moratorium was 

imposed without his knowledge; that in his opinion a safe yield 

formula would be more suitable for the Pawnee Valley; that 

he felt most of the people in the area felt some controls were 

necessary on the amount of water that could be allowed for appropri

ation but that some additional wells could be allowed in certain 

areas; that the Chief Engineer directed him to furnish a map 

showing the area that he and others in his area felt should be 

allowed to have more wells; that he was in favor of a safe yield 

policy, minimizing water table decline. 

23. That Mr. Howard Zook, irrigator in the Pawnee Valley, testified he 

is a present member of the Board of Directors of District; that 

possibilities of placing re-charge structures in Pawnee Valley 

River had been discussed; that he would recommend using a one 

mile radius circle with 1,600 acre-feet per circle as the amount 

available for appropriation; that he was opposed to metering 

because of the cost. 

24. That Mr. Allen Klein, an irrigator in the Pawnee River Valley, 

testified that he is a Director at large in the District; that 

he felt if the moratorium was continued it should be a larger 

area; that he would be interested in having research done on a 

re-charge project that would transfer water from the Pawnee River 

over into Saw Mill Creek; that he would like to see the groundwater 

static water level stabilized; that the water table in the Pawnee 

River Valley is generally declining and that he would like to see 

a safe yield concept put into effect in the valley based on a one 

mile radius; that irrigation is vitally important to not only the 

farmers but the supporting businesses in the District; that he 

assured the Chief Engineer that as a board member he would make 

certain that the people at the Pawnee River Valley were aware of 
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11ny proposed recommendntiona made by the Board to the Chief 

Engineer in the next several months concerning the proposed 

control area; that to his knowledge no one had ever notified the 

Chief f<~ngineer that the people in the moratorium area were unhappy 

with the moratori111n and had not reqw~ated that it be lifted; that 

he recommended the moratorium be lifted and that some controls be 

put into place at the same time; that he felt there was no local 

support among the irrigators for installation of water meters. 

25. That Mr. Arden Schartz, an irrigator in the Pawnee Valley, and a 

resident there since 1953, testified that the creek had silted in 

at least four feet since he had been there; that four wells in the 

area, the Musil, the Powers, the Sanford and the Luther wells, 

over an 11 year period, averaged approximately a four-foot decline; 

that the detention dams and terraces in the area have also decreased 

the streamflow and the re-charge in the Pawnee River Valley; that 

the people from the Pawnee Valley had passed a resolution and 

given it to the District Board to lift the moratorium but that the 

District Board had not made such a request to the Chief Engineer; 

that he favored lifting the moratorium and imposing the control of 

allowing 1,600 acre-feet of water per one mile radius circle; that 

in his opinion the water table in the valley was declining and he 

would like to preserve it as long as possible; that he felt like 

the moratorium should be continued until controls could be imposed. 

26. That Mr. Marvin Finger, irrigator and farmer in the Pawnee Valley 

since 1948, testified that in his opinion he did not agree 

with Dr. Sophocleous' estimates that there had been a 35% decline 

in the water; that he was opposed to requiring meters because 

of the economic hardship to the irrigators and the lack of accuracy 

of current meters; that he felt the Board should adopt a 40% 

depletion policy on future applications. 

27. That Mr. Raymond Scott, an irrigator in the Pawnee Valley since 

1933 or 1934 testified that he favored lifting the moratorium area 

and instituting the safe yield policy of allowing 1,600 acre-feet 

in a one-mile radius. 

28. That Mr. Leonard Finger, irrigator and farmer in the Pawnee River 

Valley since 1950, testified that he recommended adopting 

a policy of allowing 1,600 acre-feet in a one-mile radius circle; 

that the water table in the Pawnee Valley has not dropped in his 

area in the last 12 years. 
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29. That Mr. Dale N. Olsen, an irrigator in the moratorium area for 

approximately 25 years, testified that he recommended the moratorium 

be lifted and that he felt the regulations that the groundwater 

management district has in effect right now will take care of 

any new well drilling; that he was in favor of regulating new 

wells in the Pawnee Valley and that every landowner should be 

allowed to develop his land for irrigation; that he felt meters 

were a good idea because they helped the irrigator to better 

regulate the amount of water applied to the crops. 

30. That Mr. Earl Meckfessel, irrigator in the Pawnee Valley since 

1962, testified that he was generally in favor of lifting the 

moratorium and that he did not feel that much other development 

would occur in the area even without controls. 

31. That Mr. Elmer Musil, irrigator in Pawnee County for 23 years, 

testified that records show his wells have dropped 20.7 feet in the 

period between 1944 through 1979; that his wells are in Section 

29, Township 21 South, Range 20 West; that he favored a five year 

extension of the moratorium area because (1) the groundwater 

levels could be closely monitored and feasibility studies for 

re-charge could be continued by the District in cooperation with 

Kansas Division of Water Resources until more conclusive data is 

obta1ned, (2) within a five year period, there could be a return 

to seasons of excessive rainfall or even average rainfall which 

would raise the water table due to reduced need for irrigation, 

(3) an intensive educational program could be developed by the 

District in conjunction with other agencies such as the Soil 

Conservation Service, Cooperative Extension Service, and Agricul

tural Stabilization and Conservation Service, (4) with predictions 

that energy costs may double by the mid-1980's, the expense of 

pumping water may be a deterrent to using water and (5) budget 

increases and increased property tax levies for the groundwater 

management districts would be minimal; that he further testified 

he was opposed to the establishment of an intensive groundwater 

control area because (1) it would be expensive because of added 

personnel and operational costs and metering costs, (2) that the 
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farmers in the area were opposed to increased taxes to finance 

operational costs of the District to enforce the control area and 

(3) farmers were not ready to accept such drastic controls in 

irrigation operations. 

32. That Mr. Sloan was recalled to the stand and further testified it 

would probably take approximately four months for the Board to 

consider the various options for different types of management 

strategy in the Pawnee Valley area and to formulate a recommendation 

to furnish the Chief Engineer. 

33. That the hearing was continued by the Chief Engineer until February 15, 

1981, at which time the Board of the District was to make recommen

dations to the Chief Engineer and the hearing was continued for 15 

additional days after the recommendation was furnished to Mr. Smith 

to allow Mr. Smith and his clients to comment on the recommendation. 

34. That by letter dated February 9, 1981, and received in the office 

of the Chief Engineer on February 10, 1981, Mr. Larry Stelton, as 

directed by the Chief Engineer at the hearing, furnished through his 

attorney, Mr. Glee Smith, a map showing areas of the present 

moratorium district in which wells could be drilled in his area 

under the one mile/1500 acre-feet safe-yield principle; that the 

map indicated four wells could be drilled in the South Halves of 

Sections 8 and 9, both in Township 22 South, Range 17 West, Pawnee 

County, Kansas. 

35. That on March 16, 1981, the Chief Engineer received from Mr. Sloan 

a resolution of the Board of Directors of the District, dated March 

13, 1981, concerning recommendations regarding the establishment of 

an intensive groundwater use control area in the Pawnee River 

Valley west of Larned, Kansas, in which the District Board of 

Directors recommended as follows: 

"l. An Intensive Groundwater Use Control Area be established in an 

area West of Larned, Kansas, the boundaries of which shall be 

identical to the present Moratorium Area in effect. The 

Moratorium Area presently in effect shall be dissolved at the 

same time the Intensive Groundwater Use Control Area is created; 
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2. That /1 Hnfe-yi.cld like approach to proposed appropriations of 

groundwater identical to that program presently in effect in our 

district be implemented, with the exception that a 1 mile/1500 

acre-feet criterion be utilized for future applications to 

appropriate water for beneficial use, instead of the 2 mile/6000 

acre-feet criterion presently utilized in the remainder of the 

District; 

3. That a 1 mile/1500 acre-feet limitation be applicable only to 

those proposed uses of groundwater in which a permanent water 

right accrues. Exceptions to the 1 mile/1500 acre-feet 

limitation include the following: uses of water for domestic 

purposes, and those uses of groundwater granted under the 

temporary permit system; 

4. In all other respects, those provisions contained in the 

Revised Management Program of the Big Bend Groundwater Management 

District No. 5, effective February 21, 1979, shall apply to the 

Intensive Groundwater Use Control Area; 

5. That all applications for permit to appropriate water for 

beneficial use filed in the office of the Chief Engineer, 

Division of Water Resources, after the Pawnee Valley Moratorium 

became effective on June 19, 1978, shall be processed in the 

manner herein set forth." 

36. That by letter dated April 17, 1981, in accordance with a prior 

request, the Chief Engineer furnished Mr. Walter F. Stuckemann, 

Attorney at Law, P.O. Box 307, Jetmore, Kansas 67854, with a copy 

of the recommendations of the District regarding the proposed 

intensive control area. 

37. That by letter dated April 17, 1981, the Chief Engineer extended 

the time in which the District was allowed to submit recommendations 

until March 16, 1981. 

38. That by letter dated April 17, 1981, the Chief Engineer provided a 

copy of the District's recommendations to Mr. Glee Smith and allowed 

15 days for Mr. Smith and his clients to review the recommendations 

of the District and submit comments to the Chief Engineer. 
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39. By letter dated May 5, 1981, and received in the office of the 

Chief Engineer May 13, 1981, Mr. Walter F. Stuckemann submitted 

his conunents regarding the proposed intensive control area and Mr. 

Stuckemann indicated he did "not necessarily agree with" the 

recommendations submitted by the District but felt that water use 

should be regulated but that those persons "who have land suitable 

for irrigation should not be denied the right to irrigate just 

because others have already obtained water rights 1n the area,. 

40. That K.S.A. 1979 Supp. 82a-1038 provides: 

"(a) In any case where the chief engineer finds that any 
one or more of the circumstances set forth in K.S.A 1978 
Supp. 82a-1036 exist and that the public interest requires 
that any one or more corrective controls be adopted, said 
chief engineer shall designate, by order, the area in 
question, or any part thereof, as an intensive groundwater 
use control area. 
(b) The order of the chief engineer shall define specifically 
the boundaries of the intensive groundwater use control area 
and shall indicate the circumstances upon which his or her 
findings are made. The order of the chief engineer may 
include any one or more of the following corrective control 
provisions: (1) A provision closing the intensive groundwater 
use control area to any further appropriation of groundwater 
in which event the chief engineer shall thereafter refuse to 
accept any application for a permit to appropriate groundwater 
located within such area; (2) a provision determining the 
permissible total withdrawal of groundwater in the intensive 
groundwater use control area each day, month or year, and, 
insofar as may be reasonably done, the chief engineer shall 
apportion such permissible total withdrawal among the valid 
groundwater right holders in such area in accordance with 
the relative dates of priority of such rights; (3) a 
provision reducing the permissible withdrawal of groundwater 
by any one or more appropriators thereof, or by wells in 
the intensive groundwater use control area; (4) a provision 
requiring and specifying a system of rotation of groundwater 
use in the intensive groundwater use control area; (5) any 
one or more other provisions making such additional require
ments as are necessary to protect the public interest. 
(c) The order of designation of an intensive groundwater 
use control area shall be in full force and effect from the 
date of its entry in the records of the chief engineer's 
office unless and until its operation shall be stayed by an 
appeal therefrom in accordance with the provisions of 
subsection (d) of K.S.A. 1978 Supp. 60-2101. The chief 
engineer upon request shall deliver a copy of such order to 
any interested person who is affected by such order, and 
shall file a copy of the same with the register of deeds of 
any county within which such designated control area lies." 

CONCLUSIONS 

1. That the groundwater levels in the area in question have declined; 

2. That the rate of withdrawal of groundwater within the area in 

question exceeds the rate of recharge in that area; 

3. That the public interest requires that further non-domestic, 

non-temporary, and non-short-term appropriation should be limited 

by restricting new applications to allow no more than 1,500 

acre-feet of water to be appropriated per calendar year in a one 

mile radius circle surrounding a prop·osed well; 
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11. Thul llw houndurieH of llw Control An!u Hhould be an area of 

approximately 140 square miles of the Pawnee River Valley 

generally located between Larned, Kansas, on the East and the 

Pawnee-llodgeman County line on the West which includes the 

following described tracts of land: Section 31 of Township 21 

South, Range 16 West; Sections 26 through 36 of Township 21 

South, Range 17 We1:1t; Sections 25 through 36 of Township 21 

South, Range 18 West; Sectiona 7 through 36 of Township 21 

South, I<ange 19 West; Sections 7 through 36 of Township 21 

Sou th, Range 20 West; Section 6 of Township 22 South, Range 16 

West; Sections 1 through 10 and 16 through 18 of Township 22 

South, Range 17 West; Sections 1 through 18 of Township 

22 South, Range 18 West; Sections 1 through 12 of Township 22 

South, Range 19 West; Sections 1 through 12 of Township 22 

South, Range 20 West; all in Pawnee County, Kansas. 

ORDER 

NOW, THEREFORE, It is the decision and order of the Chief Engineer, 

Division of Water Resources, Kansas State Board of Agriculture, that an 

intensive groundwater use control area should be and is hereby established 

in Pawnee County, Kansas, within the boundaries set forth below, and the 

following corrective control provisions shall be in full force and effect 

within the area described from and after the date of this Order: 

1. That the boundaries of the District shall be an area of approximately 

140 square miles of the Pawnee River Valley generally located 

between Larned, Kansas, on the East and the Pawnee-Hodgeman 

County line on the West which includes the following described 

tracts of land: Section 31 of Township 21 South, Range 16 West; 

Sections 26 through 36 of Township 21 South, Range 17 West; 

Sections 25 through 36 of Township 21 South, Range 18 West; 

Sections 7 through 36 of Township 21 South, Range 19 West; Sections 

7 through 36 of Township 21 South, Range 20 West; Section 6 of 

Township 22 South, Range 16 West; Sections 1 through 10 and 16 

through 18 of Township 22 South, Range 17 West; Sections 1 through 

18 of Township 22 South, Range 18 West; Sections 1 through 12 

of Township 22 South, Range 19 West; Sections 1 through 12 of 

Township 22 South, Range 20 West; all in Pawnee County, Kansas. 
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2. That thiB intenHive groundwater use control area shall be subject 

to the following corrective control prov1s1ons: 

(u) That within the intensive control area, the approval of all 

applications for permit to appropriate water for beneficial 

use, (except those for domestic use, temporary permits, 

applications for permit to appropriate water for which no 

permanent water right accrues, and those applications for 

permit to appropriate water from the Dakota aquifer) and the 

approval of all applications for change in the point of 

diversion if the diversion works have not been completed 

under the original approved application (except where the 

source of supply is the Dakota aquifer), shall be subject 

to the following criteria: the proposed appropriation, when 

added to the vested rights, prior appropriation rights, and 

earlier priority applications shall not exceed 1,500 acre-feet 

within a one mile radius circle whose center is the location 

of the proposed well; that all applications to appropriate 

water for beneficial use filed after June 19, 1978, shall be 

processed according to the procedures and controls set forth 

in this Order; 

(b) That the Board of Directors of the Big Bend Groundwater 

Management District No. 5 shall annually review all the water 

use and static water level and information and other water 

related information in the intensive groundwater use control 

area; that annually the District may, no later than April 1, 

request a re-hearing before the Chief Engineer on the matter 

of the boundaries of the intensive control area, the reconsid

eration of the corrective control provisions or any other 

matters relative to the establishment of this intensive 

groundwater use control area; 

(c) That in all other respects, not inconsistent with this Order, 

the Chief Engineer shall continue to administer water rights 

and process applications filed pursuant to the Kansas Water 

Appropriation Act in accordance with the Kansas Water Appropr

iation Act and rules and regulations and policies in effect 

in Big Bend Groundwater Management District No. 5; 
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(d) Th11t the order of the Chief ~:ngirn!er relative to the Pawnee 

Hiver Valley in Pawnee County, Kansas, dated June 19, 1978, 

is hereby declared to be null and void and of no force and 

effect simultaneous with the creation of this intensive 

control urea; 

(e) That th<· Chief Engineer specifically retains jurisdiction in 

this matter with authority to make such changes 1n the 

boundaries of the intensive groundwater use control area or 

the corrective control provisions which have been instituted 

within the area or any other provisions of this Order which 

he may deem to be in the public interest. 

Dated ut Topeka, K1.111sas, 

f/if~I ... ~. t.. rce•~",w 
~nrnce County j ' 

Thi1 Inetruu~~re pt 61ed for recrU .., 
,.. :l 7 day of • _ _, 19~ at 

~y ;~;_.~It~· 
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KANSAS DEPARTMENT OF AGRICULTURE 

DIVISION OF WATER RESOURCES 

In the Matter of the Order Initiating ) 
Proceedings to Amend the Designation ) Case No. 06 WATER 4000 
of the Intensive Groundwater Use Control ) 
Area in the Pawnee Valley 1 

ORDER FOLLOWING PHASE I OF THE HEARING 

Phase I of the hearing in the above captioned matter was held from 1 :20 p.m. on March 

12,2007 through 2:36 p.m. on March 16,2007, and from 1 :00 p.m. through 6:31 p.m. and 8 5 2  

p.m. through 9:47 p.m. on March 27,2007, at the Larned City Hall, 417 Broadway, Larned, 

Kansas by David L. Pope, P.E., Chief Engineer, Division of Water Resources, Kansas 

Department of Agriculture (Chief Engineer). Assisting the Chief Engineer were Paul Graves, 

Assistant Chief Engineer; Jim Bagley, manager of the technical services section; and Leland E. 

Rolfs, legal counsel. The following parties were represented by legal counsel: Subbasin Water 

Resources Management Program (SWRMP) by Barbara Hodgson; Big Bend Groundwater 

Management District No. 5 (GMD No. 5) by Lynn Preheim and Parthenia Evans; Kansas 

Wildlife Federation (KWF) by Frank Austenfeld; Richard Homing Trust (Homing) by Brock 

McPherson; Kansas Livestock Association, et a1 (KLA) by David Traster; and Nuss Farms et a1 

by Michael Ramsey. Water right owners Larry Salmans and Darin Cure were present in person. 

At the hearing the Chief Engineer took administrative notice of the following records: 

DIVISION OF WATER RESOURCES 
David L. Pope, Chief Engineer 

109 SW 9'h St., 2nd Floor; Topeka, KS 66612-1283 (785) 296-3717 O Fax: (785) 296-1 176 
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(a) The U.S. Geological Survey's (USGS) complete records for each of the 

applicable stream gages that are under consideration related to this matter; 

(b) The records of the Water Information Management and Analysis System 

(WIMAS) related to this proceeding and maintained by the Division of 

Water Resources; 

(c) The Water Rights Information System (WRIS) maintained by the Division 

of Water Resources; 

(d) The precipitation data base related to this proceeding; 

(e) The Kansas Geological Survey (KGS) WWC5 well log data base related 

to this proceeding; 

(9 The KGS WIZARD water level database related to this proceeding; and 

(g) All Rules and regulations of the Chief Engineer, including those 

recommended by a groundwater management district and adopted by the 

chief engineer for that district. TR. at 948-49, 1197 

A public comment session was also held at the same location from 7: 10 p.m. to 8:41 p.m. 

on March 27, 2007. 

On April 5, 2007, the Chief Engineer issued an order setting the following deadlines: 

"Each party shall be allowed until April 13,2007, to file with the Chief 
Engineer and each of the parties, a proposed list of general orders, regulations, 
or similar types of documents that they would like the Chief Engineer to take 
administrative notice of. Each party shall be allowed until April 20,2007, to: 
(1) provide a written response to the written comments received by the 

Chief Engineer on or before March 30,2007, and to oral statements 
received at the public comment portion of the hearing; 

(2) comment on the proposed lists of general orders, regulations, or 
similar types of documents that the other parties would like the Chief 
Engineer to take administrative notice of; and 

(3) file any written closing the parties would find appropriate." 

On April 16,2007, the Chief Engineer extended the deadlines in his order of 



April 5,2007, as follows: 

"(1) Each party shall submit by May 3 1,2007, a proposed list of general 
orders, regulations, or similar types of documents that they would like 
the Chief Engineer to take administrative notice of. 

(2) Each party shall also submit the following by June 8,2007: 
(a) a written response to the written comments received by the Chief 

Engineer on or before March 30,2007, and furnished to the 
Parties by Order of April 5,2007; and to oral statements received 
at the public comment portion of the hearing. 

(b) comment on the proposed lists of general orders, regulations, or 
similar types of documents that the other parties would like the 
Chief Engineer to take administrative notice of; and 

(c) any written closing the parties would find appropriate." 

No requests to take administrative notice of any additional documents were filed by May 

3 1,2007. 

On June 7,2007, upon request of the parties, the Chief Engineer extended the briefing 

deadline until 9:00 a.m. on June 11, 2007. 

NOW THEREFORE, the Chief Engineer, after having given due consideration to the 

testimony, public comments, other evidence presented at the hearing in Phase I of this matter, 

and the closing written comments of the parties made on or before June 1 1,2007, makes the 

following findings, conclusions and order. 

FINDINGS 

(1) Phase I of the hearing in the above captioned matter was held from March 12, 

2007 through March 16, 2007, and on March 27, 2007, in Lamed, Kansas to 

determine if the statutory circumstances for designating an Intensive Groundwater 

Use Control Area (IGUCA) in the proposed area exist, and if so, what the 

boundaries should be. The witnesses testified under oath and a record was made 

of the proceedings. The transcript of the hearing, including the public comment 

session, was 1278 pages and 52 exhibits were admitted. Eleven persons 



commented at the public comment session. 

SWRMP called Tina Alder, supervisor of the program, and Bruce ~ a l k j  

Water Commissioner, Division of Water Resources, Kansas Department of 

Agriculture, Stafford, Kansas, as its witnesses and entered 32 exhibits on its 

behalf. GMD No. 5 called W. Peter Balleau, hydrogeologist from Albuquerque, 

New Mexico, and Sharon Falk, Manager, GMD No. 5, as its witnesses and 

entered eight exhibits. KWF called Terry E. Denker, Chief of Planning and 

Federal Aid for the Kansas Department of Wildlife and Parks, to testify on its 

behalf and entered two exhibits. Homing, KLA and Nuss Farms called no 

witnesses, but Homing entered four exhibits, KLA one exhibit and Nuss Farms 

three exhibits. Water right owners Larry Salmans and Darin Cure did not testify 

and offered no exhibits. 

(2) During the course of these proceedings, questions were raised concerning the role 

of SWRMP. Prior to the initiation of these proceedings SWRMP's mission was 

to take a proactive approach to seek resolution of water resource issues in a 

cooperative effort with federal, state and local agencies, as well as private interest 

groups, the rebwlated community and the general public. It was to develop water 

inanageinent strategies that address the long-term needs of the subbasill. These 

strategies were to be practical and realistic, developed within the context of the 

current water rights administrative system, and take into account the economic 

and social viability of the subbasin. DWR exhibit V. 

The Subbasin Program is a voluntary process that is entirely separate and 

connected to these IGUCA proceedings only in that the reports and 

recommendations generated by this voluntary local process that attempted to 



identify and recommend solutions to water problems in the basin. Those 

recommendations were part of the information considered by the Chief Engineer 

in deciding whether the statutory criteria for initiating an IGUCA were met. Once 

these proceedings began, the Chief Engineer exercised no supervisory control 

over the SWRMP's decisions and recommendations in this matter. TR at 276- 

307,381-382. 

(3) While this proceeding is being conducted under the provisions of K.S.A. 82a- 

1036 through 1039, as amended, it is recognized that the Kansas Water 

Appropriation Act (KWAA) K.S.A. 82a-701 et seq. provides the basic framework 

of Kansas water law. So while this proceeding is not for the purpose of making 

decisions pursuant to the KWAA, some references to the KWAA are appropriate 

in this proceeding, and have been made herein. For example, K.S.A. 82a-706 

provides that the Chief Engineer: 

"shall enforce and administer the laws of this state pertaining to the 
beneficial use of water and shall control, conserve, regulate, allot 
and aid in the distribution of the water resources of the state for 
the benefits and beneficial uses of all of its inhabitants in 
accordance with the rights of priority of appropriation." 

(4) On the other hand, K.S.A. 82a-1039 makes it clear that the powers granted to the 

Chief Engineer under the IGUCA statutes are in addition to, and not a restriction 

of, his powers under the KWAA. In order to take action to declare an IGUCA, it 

necessary to consider water rights created in accordance with the provisions of the 

KWAA. 

( 5 )  It is not the purpose of this proceeding to administer water rights for impairment, 

which is generally done on a complaint basis. The general purpose of an IGUCA 

proceeding is to provide additional regulation of a groundwater system to the 



extent necessary to protect the public interest. If necessary to properly determine 

the impacts of that regulation, the entire source of water supply must be 

considered in order to provide a stable and reliable water supply for all beneficial 

uses in accordance with the procedures and authorities set forth in K.S.A. 82a- 

1036 through 1039, as amended. In this case the source of water supply consists 

of the aquifer and the hydraulically connected stream system. While the IGUCA 

process is primarily concerned with the regulation of groundwater, the impact of 

groundwater pumping affects both the use of water from the aquifer and the 

stream. Mr. Balleau provided an extensive analysis based on the aquifer as the 

source of supply and considered hydraulically connected surface water, but only 

to the extent it provided a source of induced recharge for use by pumping water 

from the aquifer without consideration of the impacts to surface water rights. 

Under the KWAA, all water rights in the state of Kansas, both 

groundwater and surface water, are administered in accordance with a single 

priority system. The KWAA also gives the Chief Engineer the authority to 

conjunctively administer groundwater and surface water that are in hydraulic 

connection when necessary to prevent impairment and protect the public interest. 

The source of supply in the area in question cannot be regulated properly 

without considering both the groundwater and surface water components. 

(6) K.S.A. 2006 Supp. 82a-1038 provides "In any case where the chief engineer finds 

that any one or more of the circumstances set forth in K.S.A. 82a-1036 exist and 

that the public interest requires that any one or more corrective controls be 

adopted, the chief engineer shall designate, by order, the area in question, or any 

part thereof, as an intensive groundwater use control area." 



K.S.A. 82a-1036 sets forth the following list of circumstances that the Chief Engineer 

may consider to determine whether designation of an IGUCA is necessary: 

(a) groundwater levels in the area in question are declining or 
have declined excessively; or 

(b) the rate of withdrawal of groundwater within the area in 
question equals or exceeds the rate of recharge in such area; 
or 

(c) preventable waste of water is occurring or may occur 
within the area in question; or 

(d) unreasonable deterioration of the quality of water is 
occurring or may occur within the area in question; or 

(e) other conditions exist within the area in question which 
require regulation in the public interest. 

(7) The Chief Engineer had directed the parties to brief the definition of the phrase 

"declined excessively," as found in K.S.A. 82a-1036. 

(8) SWRMP maintains that "declined excessively" means that "Groundwater declines 

have become unreasonable, unfair or intolerable to current users of water within 

the area of consideration or are reasonably likely to become unreasonable, unfair 

or intolerable to future users of water within the area of consideration." SWRMP 

brief at 1. This could occur when water users are not able to divert water at rates 

sufficient to satisfy their authorized uses after having made all economically 

practical adjustments to their infrastructure and application techniques. SWRMP 

brief at 2. 

(9) The Horning Trust indicates that groundwater levels have "declined excessively" 

when they "have declined at a rate which . . . [is] unreasonable, unfair, or 

intolerable to the area appropriators." Homing brief at 2. 

(10) KLA contends that "declined excessively" must be read in conjunction with the 

KWAA requirement that the Chief Engineer must administer water rights in 



accordance with the prior appropriation doctrine, even if water levels have 

declined excessively. KLA brief at 4. 

(1 1) GMD No. 5 contends that the law requires conservation, not preservation, and 

that the purpose of the requirement is to protect the local economy. It also avers 

that decline is acceptable as long as it is within the "range of the normal raising 

and lowering of groundwater levels.. ." over a reasonably long term period, and 

that period should be the last 25 years. It maintains that water use has been 

"relatively stable" since 198 1, when controls on new appropriations began to be 

placed on that area. It cited as support Oregon cases that found that 15 years was 

an acceptable length of time to determine whether there were excessive long-term 

declines. GMD No. 5 contends this is consistent with the provision of the K.S.A. 

2006 Supp. 82a-711 (c) which says that there is no impairment unless there is an 

"unreasonable raising or lowering of the static water level . . .beyond a reasonable 

economic limit." GMD No. 5 concludes that "excessive decline" refers to a long- 

term decline outside the range of normal, cyclical raising and lowering of the 

water table and in this instance should be the 25 years since new appropriations in 

this area were limited. GMD No. 5 brief at 8. 

KWF supports SWRMP's definition and adds that an excessive decline can be, 

but is not necessarily, evidenced by any of the following: 

(a) wellsdryingup, 

(b) water in lakes and streams being reduced, 

(c) water quality deteriorating, 

(d) pumping costs increasing, or 

(e) land subsidence occurring. 

8 



(1 3) Nuss indicates in its closing brief that water levels are not declining in Ness 

County where they own water rights, and therefore that area should not be 

included within the IGUCA. Nuss brief at 1. Well NS08 does generally indicate 

a rising trend from January 1977 through January 2006. However, well HG44, 

which is also cited by Nuss, generally indicates a rising trend for the same period, 

but also shows significant declines in January 1992 and August 2005. This well 

is only 54 feet deep and in January 1992 the water level was at about 41 feet 

below land surface (down fiom about 32 in January 1977) and in August 2005 the 

water level was at about 46 feet. In addition, wells in the Pawnee River alluvial 

valley to the east of the Nuss water rights show significant declines. Well NS05, 

which is located in Section 35, Township 20 South, Range 22 West, shows a 

decline fiom about 35 feet in October 1974 to about 48 feet in January 1992; this 

well is 68 feet deep. Well NS07, which is located in Section 20, Township 20 

South, Range 22 West, shows a decline from about 23 feet in January 1963 to 

about 54 feet in December 1991 ; the depth of this well is unknown. KGS 

WIZARD web site. Nuss further contends that the record is not sufficient to 

determine what the IGUCA boundaries should be. Nuss Brief at 6. Because it 

will be considered in Phase I1 of these proceedings whether the boundaries should 

be expanded beyond the proposed boundaries, it is premature to exclude this area 

where the Nuss wells are located at this time. Even if water levels do not exhibit 

long term declines, the diversion of water in these areas can affect the hydrologic 

system farther downstream and down gradient. It should also be noted that just 

because an area is included within the boundaries of an IGUCA does not 

determine what corrective control provisions, if any, should be adopted for any 



particular area or water rights. That is a matter that is left to Phase I1 of these 

proceedings. 

(14) A decline in the water table is primarily caused by pumping in excess of recharge 

over a given period of time. In other words, normal precipitation and recharge is 

insufficient to prevent a decline. A decline can be either long-term, when ,the 

water levels drop in spite of normal cyclical variations; or short term, when the 

water level drops are so severe that the water levels will not recover without the 

benefit of a relatively rare large precipitation and recharge event. 

The period of time to be used to determine declines, or excessive declines, in the 

water table is not set by statute. The time period that may be used could vary in 

this case from the entire period of record (1 924 through January 2006) to 198 1 

through 2004, and any period in between. The record has been examined for the 

following time periods: 

(a) the period of record (1 924 through January 2006); 

(b) 1963 (the year baseflow dramatically declined) though January 2006; 

(c) 1981 through 2004 (the period suggested by GMD No. 5 as a 

representative climatic cycle); and 

(d) individual hydrologic cycles within the basin. 

If over any of these time periods, the amount of recharge available is 

insufficient to prevent an excessive decline, the requirement of K.S.A. 82a-1036 

has been met. 

(1 5) Within the proposed IGUCA boundary, the Chief Engineer finds that "declined 

excessively" means that the level of the water table has at times fallen below the 

normal cyclical variations in the water table due to variations in climate, 



precipitation, and groundwater pumping to a point where the lowering of the 

water table is unreasonable, unfair, or intolerable to a significant number of 

appropriators in the area in question. 

Relative to groundwater declines in the area in question, two primary questions 

remain: 

(a) in the PawneeIBuckner basin, has there been a decline in the 

groundwater table, and if so, 

(b) has it been excessive? 

Wells with long-term records of measurement (beginning no later than the early 

1960's to present) show long-term declines. Water levels in six monitoring wells 

with measurements dating from the mid-1 940's through 2006 all show a declining 

trend from the early 1960's until they reach their lowest levels in 1992 or 1993. . 

The water levels then rise through the mid to late 1990's and then decline again. 

DWR Exhibit F, p.2, Chart 1. GMD5's expert, Mr. W. Peter Balleau, writes, 

"Alluvial aquifer drawdown has been amplified as a result of converting the 

Pawnee River to interrupted (in space) and intermittent (in time) flow in the 

IGUCA reaches." GMD No. 5 Exhibit 2, p. 78. 

(17) The average water declines prior to 1980 were 11.98, 12.18 and 11.10 feet for 

alluvial wells in the Lower Pawnee River, Upper Pawnee River and Buckner 

Creek valleys, respectively. DWR Exhibit F, p. 8, Table 3. The average water 

level decline for these three areas from 1980 through January 2006 were 5.93, 

1.52 and 3.07 feet, respectively, and the average water level decline for alluvial 

wells in Sawlog Creek was 3.87 feet for this same period. DWR Exhibit F, p. 8, 

Table 3. 



(1 8) Some wells had their lowest water levels in 1992 or 1993, followed by a rise in 

the mid to late 1 990's, and then a decline to levels similar to 1992-1993 by 2006. 

For example, HG24 in the Upper Pawnee alluvium had a depth to water of about 

35.4 feet in March 1965 and 63 feet in January 1993. DWR Exhibit F, p. 11, 

Chart 9. This well (which is also identified as 2 1 S22W12BCB01 on the Kansas 

Geological Survey WIZARD web site) is only 75.6 feet deep. In this example, 

the decline is considered excessive because of the loss of saturated thickness (40.2 

feet down to 12.3 feet between 1965 and 1993, which is a loss of about 69 

percent. Well HG03 (22S22W 13CCC01), which is 49.4 feet deep, had a depth to 

water of about 25 feet in April 1965 and dropped to about 40 feet in 1991, rose to 

about 25 feet in January 1997, and then dropped to about 43 feet in January 2006. 

DWR Exhibit F, p. 15, Chart 15; and KGS WIZARD web site. In this last 

example, the latter decline is considered excessive because of the loss of saturated 

thickness (24.4 feet down to 6.4 feet between 1997 and 2006, about a 74percent 

loss). Other long term monitoring wells in the area also exhibit similar trends. 

See DWR Exhibit F, pp.10-15, Charts 8,9, 11, 12, 14 and 15. Such a loss has a 

significant effect on well capacity, especially for those wells located on the 

fringes of the aquifer, and it means that the total recharge to the basin, including 

recharge from precipitation, recharge from the stream, and induced recharge from 

the stream caused by well pumping, is insufficient to support use by all surface 

and ground water rights. 

(1 9) Pumping from wells withdrawing water from the alluvium of a stream, and any 

hydraulically connected aquifers, depletes surface flow in the stream by either 

intercepting water moving toward the stream or inducing groundwater recharge 



from the stream. The Sophocleous report referred to in DWR Exhibit F, p. 2, 

indicates that "1 963 is a key year, in which baseflow declined drastically which 

coincides with groundwater development." WRIS data indicates there are 693 

water rightslpermits to appropriate water for groundwater in the proposed IGUCA 

area. 64 percent of the 693 water right/permits (449, have priority dates on or 

after January 1, 1 963. 

(20) The following surface water rights are located in the Basin as follows: 

Stream reach # of water rivhts Acre-feet authorized 

Buckner Creek 13 (7 Vested rights) 895 (503 Vested rights) 

Pawnee River 29 (1 5 Vested rights) 3737 (2241 Vested rights) 

Sawlog Creek 3 (1 Vested rights) 524 (62 Vested rights) 

Vested water rights are water rights that were determined in accordance with the 

provisions of the KWAA and are a right to "continue the use of water having 

actually been applied to any beneficial use.. .on or before June 28, 1945.. . ." 

K.S.A. 82a-701 (d). Vested rights are senior in priority to all appropriation rights. 

Eight of the 13 surface water rights on Buckner Creek have priority dates prior to 

1963; those rights are authorized to divert 5 10 acre-feet per calendar year. 

Similarly for the Pawnee River, 22 of the 29 surface water rights have priority 

dates prior to 1963 and their authorized quantities sum to 3,199 acre-feet per year. 

Also for Sawlog Creek, two of the three surface water rights have priorities dates 

prior to 1963 and their authorized quantities sum to 86 acre-feet per year. All of 

the Sawlog Creek rights have priorities of 1968 and before. Data from WRIS. 

(21) From a comparison of the number of groundwater and surface water rights with 

priorities before or after 1963, it is evident that the majority of the surface water 



rights have priorities prior to 1963 and the majority of the groundwater rights 

have priorities after 1963. 

Loss of streamflow over time is evident. GMD No. 5's expert, Mr. W. Peter 

Balleau, discussed his analysis of streamflow duration by decade as presented in 

Figure 11 of GMD5 Exhibit 2. This figure shows that, with the exception of the 

decade of the 1 9907s, both baseflow and peak streamflows in the Pawnee River at 

Rozel have progressively decreased by decade from the 1920's to the 2000's. Mr. 

Balleau explains this figure as follows: 

"If the question is what are the two explanations of why the curve 
shifts to the left, the low flows are supported by groundwater seepage 
to the stream, so wells affect the low flows. The high flows are 
affected by other things: The land use, the terracing, dams, land use 
changes, vegetation changes. The land surface itself in the watershed 
has been developed during these years. It was altered during these 
years, and the direct flow of water falling on the land surface running 
across the ground, across the field, down the drainage to the stream 
without interacting with the groundwater is the reason that things have 
declined on the high side." TR at 677-678. 

Mr. Balleau also observes that, "by the year 2000, we're back down to the least 

baseflow we've ever seen." TR at 676. 

An analysis of water use report data for the Pawnee-Buckner Basin for the period 

1970-2004 indicates that only about 50 percent of the points of diversion 

authorized to divert surface water reported any use during that period. About 26 

percent reported a dry river and another 15 percent gave no reason for non use. 

DWR Exhibit F, p. 25, Chart 46. This analysis also indicates that the reports 

show an increasing number of points of diversion from 1982 through 1992 

indicating a dry river as the reason for non use; this number fell during 1993, rose 



again in 1994 and 1995, fell from 1996 through 1997, and then increased again 

from 1998 through 2001. DWR Exhibit F, p. 25, Chart 47. 

(24) An examination of WRIS records of water use reporting data for 1980-2006 

shows that for between 3 1 and 34 points of diversion authorized to divert surface 

water from the Pawnee River anywhere from 14 to 30 did not report use during 

this period with as many as 18 in 1990 indicating by various means (e.g., "dry 

river", "insufficient water", "creek not reliable") that water was not available. 

Similarly for Buckner Creek there are 20 points of diversion authorized and 

between seven and 20 reported no water use for 1980-2006 with as many as 12 in 

1998 reporting that no water was available. A similar examination for Sawlog 

Creek shows there are 4 points of diversion authorized and between two and four 

of these indicated no water used during 1980-2006 with as many as all four in 

2001 indicating no water was available. In addition, the trends for all three 

streams generally show an increasing amount of nonuse through time and an 

increasing amount of reports that no water was available through time. 

(25) The Chief Engineer finds that groundwater has declined over significant long 

periods of time and has declined excessively at various times in the proposed 

IGUCA area. 

(26) K.S.A. 82a-1036 and K.S.A. 2006 Supp. 82a-1038 require designation of an 

IGUCA if the "rate of withdrawal of groundwater within the area in question 

equals of exceeds the rate of recharge in such area." 

(27) Recharge in this basin is composed of recharge from precipitation and recharge 

from streamflow composed primarily of runoff from precipitation events. 

Streamflow is a source of recharge to the aquifer physically, but not all of the 



streamflow is legally available for recharge. Only water not needed to satisfy 

senior surface water rights is considered to be legally available for recharge to the 

aquifer and pumping by wells. 

(28) If only precipitation recharge is considered, the authorized annual groundwater 

quantities exceed recharge in each of the four alluvial valley areas considered by 

SWRMP. Charts comparing net precipitation recharge, reported water use and 

authorized quantities for 1990 through 2004 show that the net recharge is 

significantly less than the authorized quantities and, with the exception of 1993 

for the Upper Pawnee, Lower Pawnee and Buckner Creek, reported water use is 

greater than net recharge. DWR Exhibit F, pp. 5-7, Charts 3,4, 5 and 6. The 

average net recharge for 1990-2005 for the Upper Pawnee, Lower Pawnee, 

Buckner Creek and Sawlog Creek valleys, respectively, is: 4,569; 7,232; 4,358 . 

and 91 5 acre-feet per year. The average uses for these same areas for 1990-2005 

are, respectively: 13,06 1 ; 19,17 1 ; 10,7 18 and 3,172 acre-feet per year. DWR 

Exhibit F, p. 4, Table 2. The average net recharge for the Ogallala subunit for 

1990-2005 was estimated to be 3,765 acre-feet per year (AFIyr); this compares to 

an authorized quantity of 9,829 AFIyr and an average water use of 5,797 AFIyr 

for the Ogallala subunit. DWR Exhibit F, p. 29, Table 4. If only precipitation 

recharge is considered, withdrawals are exceeding recharge in the proposed area. 

(29) GMD5 asserts that induced recharge from streamflow should be cohsidered to be 

a source of water for the aquifer. GMD No. 5 brief at 5. That is correct. But 

because the induced recharge is being considered, likewise the impacts of such 

induced recharge on streamflow should also be considered. GMD No. 5's expert, 

Mr. W. Peter Balleau, prepared a water balance for the alluvium of the existing 



and proposed IGUCA areas. This water balance indicates that recharge from 

stream depletion, riparian evapotranspiration and bedrock drainage provides an 

average of 42,826 AF/yr of recharge to the alluvium in this area for the period 

1981-2004. GMD No. 5 Exhibit 2, Bates 00065, Table 3. Mr. Balleau testified 

that streamflow is being depleted from the alluvial valley. TR at 758. Mr. 

Balleau also testified that he did not consider surface water outflows in his water 

balance; that his accounting only dealt with the "water table on down". TR at 

761. Mr. Balleau testified that of the average 52,800 acre-feet of withdrawals for 

this period, the river replaced 42,000 acre-feet. TR at 922. He also stated, "the 

majority of this system has to have been replenished and it has to be replenished 

by the stream." TR at 922. Mr. Balleau also testified that, "the gauge flow out the 

mouth over history, and back before the '70s, my model here would have to say 

there is 242,000 that would have been gauged before the '70s and is absent from 

the gauge today because I'm routing it back to the aquifer." TR at 923. 

(30) Mr. Balleau indicates in his report that, "Net withdrawal has not exceeded net 

recharge over time." GMD No. 5 Exhibit 2, p. 85, numbered paragraph 9. This 

conclusion is based on the period 1981 -2004 which he examined for the proposed 

area. It is apparent from his analysis that much of the recharge to the alluvium 

and resultant water level rises occurred following the high flow event of 1993 and 

the sustained flows during 1996 through 1998. GMD No. 5 Exhibit 2, Figure 27. 

Mr. Balleau testified that he had not computed a return period for the high flow 

event of 1993. TR at 912. 

(3 1) In examining streamflow records for the Pawnee River at Rozel available from 

the USGS streamflow records , including those from the NWIS web site, it 



appears that the mean annual flow for this location for 1993 is the highest since 

1958. The mean monthly flow for July 1993 is also the second highest amount 

since 1958, behind only July 1979. The July 1993 mean monthly flow is also 

more than twice as much as any other month subsequent to July 1979. It appears 

from this that the flows of 1993 represent a relatively rare event, having occurred 

only once on a mean annual basis or twice on a mean monthly basis during the 47 

years from 1959, the year after the last large streamflow event which predated 

1963 when baseflow began a significant decline, through 2006. Such flows may 

not occur frequently enough to avoid excessive declines in the alluvial aquifer. 

This is further evidenced by the rapid decline in water levels in the aquifer to near 

the 1992 lows after 1998. GMD5 Exhibit 2, Figure 27. 

(32) Based on the above findings, the Chief Engineer finds that the rate of withdrawal 

of groundwater within the area in question exceeds the rate of recharge. 

(33) Another set of circumstances that requires the Chief Engineer to declare an 

IGUCA is that "preventable waste of water is occurring or may occur within the 

area in question." K.S.A. 82a-1036 and K.S.A. 2006 Supp. 82a-1038. The Chief 

Engineer had directed the parties to brief the definition of the phrase "preventable 

waste." 

(34) "Waste of water" means any act or omission that causes any of the following: 

1. The diversion or withdrawal of water from a source of supply 
that is not used or reapplied to a beneficial use on or in 
connection with the place of use authorized by a vested right, 
or an approval of application for a permit to appropriate 
water for beneficial use; . . 

11. The unreasonable deterioration of the quality of water in any 
source of supply, thereby causing impairment of a person's 
right to the use of water; 



. . . 
111. The escaping and draining of water intended for irrigation 

use from the authorized place of use; or 
iv. The application of water to an authorized beneficial use in 

excess or the needs for this use. K.A.R. 5-1 -1 (gggg). 

(35) Any "waste of water" is prohibited by K.A.R. 5-5-7 which provides in part, "Each 

person shall not commit a waste of water as defined in these regulations.. . ." 

(36) As SWRMP points out, these regulations are promulgated under the KWAA, not 

the IGUCA statutes, and do "not incorporate the idea of preventability." All waste 

is prohibited. 

(37) SWRMP contends that "preventable waste" is waste that is the result of one or 

both of the following: 

(a) Employing diversion, transportation or use practices that are unreasonably 

inefficient as compared to the practices of efficient water users in the area. 

(b) There exist more efficient water diversion, transportation or use practices 

that would not place extraordinary financial burdens on water users, but 

such practices are not being used within the area. SWRMP brief at 4. 

(38) The Horning Trust advocates that "preventable waste" is "any unnecessary or 

negligent consumption or other use of water which prevention thereof would 

place [an] extraordinary financial burden on the appropriator." Homing Brief at 

(39) KLA argues that "preventable waste" is water that is used "extravagantly, 

improvidently or lavishly." KLA brief at 7. 

(40) GMD No. 5 contends that "preventable waste" should be deemed to have 

occurred only if non-beneficial use of water has occurred which is reasonably 

preventable by economically viable means. GMD No. 5 brief at 10. 



(41) KWF supports the SWRMP definition of "preventable waste." KWF brief at 8. 

(42) Within thls proposed IGUCA boundary, the Chief Engineer finds that 

"preventable waste" means waste which can be prevented by economically and 

technologically feasible means in the area in question. 

(43) Based on the period reviewed, it appears that water use for irrigation may have 

been higher than necessary by some irrigators pumping water from the alluvium 

(See GMD No. 5 Exhibit No. 2, Figure 15), but the evidence presented is 

insufficient to determine if preventable waste has been occurring. 

(44) No evidence has been presented concerning the "unreasonable deterioration of the 

quality of water" therefore it can not be concluded that unreasonable deterioration 

of water has occurred. 

(45) Another circumstance that requires the Chief Engineer to designate an IGUCA is 

that "other conditions that exist within the area in question which require 

regulation in the public interest." K.S.A. 82a-1036 and K.S.A. 2006 Supp. 82a- 

1038. 

(46) K.S.A. 2006 Supp. 82a-71 l(b) regulates the approval of new applications to 

appropriate water and provides, "In ascertaining whether a proposed use will 

prejudicially and unreasonably affect the public interest, the chief engineer shall 

take into consideration: 

(a) Established minimum desirable streamflow requirements; 

(b) The area, safe yield and recharge rate of the appropriate water supply; 

(c) The priority of existing claims of all persons to use the water of the 

appropriate water supply; and 

(d) All other matters pertaining to such question." 



(47) In determining whether to approve a new application, the public interest also 
includes 
"(a) . . .considering the quantity, rate and availability of water 
necessary to: 
(1) Satisfy senior domestic water rights from the stream; 
(2) protect senior water rights from being impaired by the 
unreasonable concentration of naturally occurring contaminants; and 
(3) over the long term reasonably recharge the alluvium or other 
aquifers hydraulically connected to a stream. 
(b) Unless otherwise provided by regulation, it shall be considered to 
be in the public interest that only the safe yield of any source of water 
supply, including any hydraulically connected sources of water supply, 
shall be appropriated." K.A.R. 5-3-9. 

(48) As SWRMP points out, the IGUCA statutes are part of the 

Groundwater Management District Act (GMDA), K.S.A. 1020 et seq. 

SWRMP brief at 22. In K.S.A. 82a-1020 the Legislature declared the 

purpose of the GMDA to include: (a) the conservation of groundwater 

resources, (b) prevention of economic deterioration, (c) stabilization of 

agriculture, and (d) to secure Kansas' position in national and world 

markets. This is one declaration of the public interest. 

(49) Ms. Alder testified that the state water plan goal is to achieve sustainable yield 

statewide, except for the Ogallala aquifer, by 2015. TR at 256-59, 324-325. Mr. 

Falk also testified that the state water plan goal is to achieve sustainable yield 

statewide, except for the Ogallala aquifer, by 201 5, and that the State Water Plan 

establishes this as public policy. TR at 1054-1 055, 1104. 

(50) KLA argues that "any attempt to curtail water rights with a priority date before 

April 12, 1984 for any reason other than direct impairment would be an attempt to 

circumvent the legislative policy that only post April 12, 1984 water rights are 

subject to [minimum desirable] streamflow restrictions." KLA brief at 10. 

Although no Minimum Desirable Streamflow (MDS) has been established on the 



Pawnee River or any of its tributaries, MDS was established for the gage at Great 

Bend on the Arkansas River. K.S.A. 82a-703c. The Pawnee River and its 

tributaries are tributary to the Arkansas River above this gage. Although the 

purpose of this proceeding is not to regulate minimum desirable streamflow 

(MDS), it should be noted that there are six surface water rights and 58 

groundwater rights with a priority junior to the minimum streamflow priority of 

April 12, 1984 WRIS date base. These water rights could legally be regulated to 

provide MDS at the Arkansas River gage at Great Bend. While it is not necessary 

to use an IGUCA to administer water rights to protect MDS, neither is there a 

prohibition from doing so. Likewise, according to WRIS there are water rights to 

divert surface water and groundwater from the Arkansas River hydrological 

system downstream from the confluence of the Pawnee River and the Arkansas 

River that are both junior and senior to MDS. As a result, it is not appropriate to 

consider water use in the Pawnee River and its tributaries without potential 

consideration of the impacts to downstream water rights as may be appropriate. 

(5 1) As KLA argues, it is correct that at the time any application for a permit to 

appropriate water is being considered, the Chief Engineer must find that the 

"proposed use neither impairs a use under an existing water right nor prejudicially 

and unreasonably affect the public interest" before the permit can be approved. 

K.S.A. 2006 Supp. 82a-7 1 1 (a). KLA brief at 7. 

(52) But then KLA argues that because the Chief Engineer found at the time the 

application was approved that the use would not impair an existing water right, 

that if priorities were observed, the Chief Engineer can never attack this finding in 

an ancillary IGUCA proceeding. KLA brief at 8. As conceded by KLA, even 



though the Chief Engineer makes a finding at the time the application is approved 

that the proposed use will not impair a use under an existing water right, the Chief 

Engineer may regulate that right any time in the future if it is causing impairment. 

This is inconsistent with KLA's argument that once the Chief Engineer 

determines at the time the application is approved that it does not prejudicially 

and unreasonably affect the public interest, the Chief Engineer can never take 

action to protect any future public interest. 

It is also clear that that is not the same public interest question that is 

raised by K.S.A. 2006 Supp. 82a-711 and K.S.A. 82a-1036. The IGUCA statutes 

clearly contemplate the Chief Engineer may consider whatever public interest 

issues are being raised at the time of the IGUCA proceedings, and that he is not 

bound to a determination of the public interest at the time the application was 

approved. If either of these were true, the IGUCA statutes could never be used 

because the Chief Engineer would be forever bound to his determination 

concerning the public interest at the time the permit was issued. It is clear that the 

IGUCA statutes were intended to deal with water shortages and current threats or 

injuries to the public interest. In administering the law an agency is required to 

attempt to administer its laws to give meaning to all provisions of the law. To 

adopt KLA's argument would do the opposite. 

Based on an examination of the priorities of water rights in the area in question, a 

majority of the surface water rights have a priority before 1963 and a majority of 

the groundwater rights have a priority after 1963. In general, junior groundwater 

rights in the area in question are adversely affecting senior surface water rights. 

The authorized quantities of senior surface water rights have generally been 



unable to be satisfied at times when water is needed for beneficial use due to 

excessive declines in the groundwater table caused by well pumping. 

(54) In this proceeding, the factors requiring regulation in the public interest are: 

(a) Groundwater pumping under junior groundwater rights has adversely 

affected senior surface water rights, because those senior surface water 

rights, are no longer able to be satisfied when water is needed for 

beneficial use. 

(b) Having a stable water supply to meet the long term needs of all beneficial . 

uses is in the public interest. 

(c) Having a reasonable balance between the renewable water supply and the 

beneficial use of water is in the public interest because it generally enables 

water rights to be satisfied, avoids long-term declines, reduces the 

magnitude of cyclical fluxuations, and benefits the public as a whole. A 

balanced stream-aquifer system also provides secondary benefits, such as 

fishing, recreation, and wildlife and aquatic habitat. A system that is in 

reasonable balance will have streamflow more often. 

(d) Management of the water supply to achieve sustainable yield 

management. 

(55) The Chief Engineer finds that the conditions listed above in finding (54) require 

regulation in the public interest. 

(56) Because the Chief Engineer has found that three of the circumstances set forth in 

K.S.A. 82a-1036 exist, the statute requires the Chief Engineer to specify the area 

to be designated as an IGUCA. 



(57) Tina Alder testified on behalf of SWRMP that the proposed boundaries for the 

alluvial aquifer system were consistent with the State Water Plan and 

recommendations by the stakeholder committees with regard to areas 

experiencing groundwater declines and streamflow depletion.The boundaries are 

also correlated to the areas of the alluvial aquifer and the Ogallala subunit where 

the majority of wells are located. TR. at 309-314. DWR exhibit B, page 16, map 

4; DWR exhibit D, Appendix A. 

(58) Bruce Falk testified on behalf of SWRMP as follows: "If the IGUCA 

proceedings ends up in a drought contingency plan, then I would consider the 

boundaries as drawn to be sufficient. If it's a long-term restrictive in nature, then 

potentially, the whole basin should be studied." TR. at 1062. 

(59) GMD No. 5's expert, Mr. W. Peter Balleau, speaking of the proposed expanded 

boundary, testified that, "I don't believe we know enough to delineate the 

expanded boundary, because we don't yet know enough about cause and effect of 

the upstream water operations." TR at 728. He further testified, that the inquiry 

in this proceeding should be to the entire Pawnee-Buckner Basin. TR at 729. Mr. 

Balleau supports this testimony with Figure 34, GMD No. 5 Exhibit 2, which 

shows areas of influence of wells in aquifers and connected streams. Concerning 

this figure, Mr. Balleau testified, "[Ilt shows that there are Ogallala areas that 

shouldn't be affecting our streams, but the land use throughout the basin should be 

affecting our streams, so I suggested that the whole thing should be looked at." 

TR at 925 - 926. 

(60) The Ogallala aquifer within the proposed boundaries (with the exception of the 

very southwestern corner of Hodgeman County) has little or no saturated 



thickness. DWR Exhibit By p. 37, Map 10 and TR at 200. The area described as 

the Ogallala subunit is shown in DWR Exhibit F, p. 3 1, Map 9. There are 45 

water rights for groundwater use in the Ogallala subunit. Those rights are 

authorized to divert a total of 9,995 acre-feet per calendar year (AFIyr). DWR 

Exhibit F, p. 36, Table 6. Net recharge to this area (average 3,765 AFIyr) has 

been less than reported water use (average 5,797 AFIyr) each year from 1990 

through 2004, with the exception of 1993. DWR Exhibit F, p. 30, Chart 52. 

Although all monitoring wells in this are not showing declines in water levels, 

two wells in particular (OG39 and OG40), which are in the northeastern part of 

the area, have shown significant declines from 1977 through January 2006. DWR 

Exhibit F, p. 33, Chart 55. These two wells have also experienced a 

corresponding loss in saturated thickness of 68% and 24%, respectively. TR. at 

209. "The area where the declines are occurring is near the discharge points fiom 

the Ogallala to the Sawlog Creek. As the water levels decline, less water is 

available to discharge to the Sawlog Creek." "In the Sawlog Creek,. . .the 

frequency at which surface water users were able to divert has decreased over 

time. This may be attributed to the declines in water levels in the Ogallala 

subunit." DWR Exhibit F, p. 37. The area within the Ogallala subunit where the 

largest declines are occumng are near the discharge points of Buckner and 

Sawlog Creeks. DWR Exhibit B, p. 44, Map 15 and TR at 212 - 213. 

(61) The Chief Engineer finds that the boundaries proposed in the Order Initiating 

Proceedings to Amend the Designation of the Intensive Groundwater Use Control 

Area in the Pawnee Valley, dated June 19,2006, are appropriate based on the 

above findings because the boundaries will encompass the majority of 



groundwater points of diversion in the basin. Credible evidence has been 

received indicating consideration should be given to the expansion of the IGUCA 

beyond the boundaries proposed to the entire Pawnee/Buckner/Sawlog drainage 

basin, but because notice has not been given to water right owners and other 

persons and entities who would have an interest in this matter in the area beyond 

the boundaries of the proposed IGUCA, it is not appropriate to consider 

expanding the boundaries beyond those of the proposed IGUCA at this stage of 

these proceedings. 

CONCLUSIONS 

(1) Within the boundaries of the proposed IGUCA, groundwater levels have declined 

over significant long periods of time and have declined excessively at various 

times in the proposed IGUCA area. 

(2) Within the boundaries of the proposed IGUCA, the rate of groundwater 

withdrawals has at times exceeded the rate of recharge physically and legally 

available to the area in question. 

(3) Other conditions exist within the area in question which require regulation in the 

public interest. 

(4) Because three of the criteria in K.S.A. 82a-1036, as set forth in conclusions 

numbers one through three have been met, the Pawnee IGUCA boundaries should 

be expanded to the boundaries proposed in the Order Initiating Proceedings to 

Amend the Designation of the Intensive Groundwater Use Control Area (IGUCA) 

in the Pawnee Valley, dated June 19,2006. 

( 5 )  A Phase I1 of these proceedings should be held to determine: 

(a) The goals that are to be accomplished by the IGUCA; 



(b) The corrective control provisions necessary to achieve those goals. 

(6)  A prehearing conference should be held to: 

(a) establish a process to determine whether the IGUCA boundaries should be 

expanded to include the remainder of the Pawnee/Buckner/Sawlog 

drainage basin, or any other areas deemed appropriate, and whether the 

Chief Engineer should initiate proceedings to include additional areas into 

this IGUCA. To the extent appropriate, this process should include 

consultation between the Division of Water Resources and the Southwest 

Kansas Groundwater Management District No. 3. 

(b) set procedures for identifying the IGUCA goals, 

(c) ascertain which corrective control provisions will be adopted to reach 

those goals, including any necessary testimony or evidence on the nature 

of corrective controls to be adopted, 

(d) set a briefing schedule, as needed, 

(e) set other deadlines, 

(9 take up any other relevant procedural matters, and 

(g) set the hearing dates for the hearing in Phase I1 of these proceedings. 

ORDER 

After due consideration, the Chief Engineer hereby orders as follows: 

(1) The boundaries of the original Pawnee IGUCA are hereby expanded to include 

the following area: 

The hydrologic subbasin within the drainage basin of the Pawnee River, Buckner 

Creek and Sawlog Creek, located in Hodgeman, Ness and Pawnee Counties, 

Kansas, known as and referred to as the Pawnee-Buckner-Sawlog Subbasin, and 



being more particularly described as: 

Township 20 South 

Range 26 West through Range 19 West 

Range 18 West, Sections 5,6,7,8,  14 through 36 

Range 17 West, Sections 30,3 1,32 

Township 2 1 South 

Range 26 West through Range 18 West 

Range 17 West, Sections 5 through 9, 15 through 22, and 26 through 36 

Range 16 West, Sections 3 1 

Township 22 South 

Range 26 west through Range 18 West 

Range 17 West, Sections 1 through 10, 16 through 20,29, 30, and 3 1 

Range 16 West, Section 6 

Township 23 South 

Range 26 West through Range 22 West 

Township 24 South 

Range 26 West through 22 West 

(2) A Phase I1 hearing in these proceeding shall be held to determine: 

(a) the goals that are to be accomplished by the IGUCA; and 

(b) the corrective control provisions necessary to achieve those goals. 



(3) A prehearing conference shall be held to: 

(a) establish a process to determine whether the IGUCA boundaries should be 

expanded to include the remainder of the Pawnee/Buckner/Sawlog 

drainage basin, or any other areas deemed appropriate, beyond the 

boundaries specified in paragraph (1) of this order; and whether the Chief 

Engineer should initiate proceedings to include additional areas into this 

IGUCA. To the extent appropriate, this process shall include consultation 

between the Division of Water Resources and the Southwest Kansas 

Groundwater Management District No. 3. 

(b) set the procedures for identifying the IGUCA goals, 

(c) ascertain which corrective control provisions will be adopted to reach 

those goals, including any necessary testimony or evidence on the nature 

of corrective controls to be adopted, 

(d) set a briefing schedule, as needed, 

(e) set any other deadlines needed, 

. (f) take up any relevant procedural matters, and 

(g) set the hearing dates for Phase I1 of these proceedings. 

IT IS SO ORDERED at Topeka, Kansas this 18th day of June, 2007. 

Chief Engineer 
Division of Water Resources 
Kansas Department of Agriculture 
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Water Right Information represents conditions as of 12/12/2015. 

----------- 
Water Right 
----------- 
Water Right: 
40406 - 00 

Use: 
MUN 

Pd: 
27-6S-9W  3 

------------------- 
Water Right Details 
------------------- 
Source: 
S 

Right Type: 
Appropriation 

Total Acres Authorized: 

Net Acres Authorized: 
0 

Water Right Active: 
N 

Water Right Status: 
DISMISSED PRIOR TO APPROVAL 

Place(s) of Use: 
27-6S-9W  7  (active)   
27-6S-9W  6  (active)   

Priority Date: 
08/22/1991 

-------------------------- 
Point of Diversion Details 
-------------------------- 
Action Trail: 
08/22/1991-  PENDING INITIAL REVIEW 
03/04/1994-  NEW APP SUSPENDED FOR COMMENTS FROM OTHER AGENCY 
10/16/1997-  NEW APPLICATION RETURNED FOR ADDITIONAL DATA 
08/09/2004-  PENDING FINAL ACTION (NON CHIEF ENGINEER) 
08/12/2004-  DISMISSED PRIOR TO APPROVAL 

Pd Active: 
Y 

Feet North: 
465 

Feet West: 

Page 1 of 2
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3995 

Qualifiers: 
SW SE SW 

County: 
MITCHELL 

GMD Num: 

Number of Wells: 
1 

Subbasin: 
SOLOMON RIVER 

Stream: 
SOLOMON RIVER 

Special Use Area(s): 

Comment: 
SW SE SW 

---------------------------- 
Authorized Quantity and Rate 
---------------------------- 
Quantity Stored By: 

Authorized Quantity (AF): 

Net Quantity (AF): 

Rate Stored By: 

Authorized Rate (GPM): 

Net Rate (GPM): 

Page 2 of 2
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Gi~~ Elder is focus of water meeting 
State wildlife, parks agency (\ water ~trtct also has a stake in the 

· 0\ rJ\ \ resenron: 

wants to stake claim on ~,\ ~ers, incl~ding Hays, which at 
. \\. one time explored and then abandoned 

Water for recreational USe plans for a pipeline to Waconda, also 

· · have expressed interest in storage, 
·.: BELoiT CHNS) -Officials with the which is controlled by the federal 

Kansas Department of Wlldl:ife and Bureau of Reclamation. 

Parb want to be at the front of the State water officials say it's unlike

line if water storage becomes avail- ly. the Department of Wildlife and 

able at Waconda Lake. Parks could tie up all the potential 

.... · _ . ·. . . ,. ~.Their purpose: to protect recreation storage in Waconda. Such a purchase 
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lowering of water levels. tain its system of 24 parks. 

\~!The issue will be one of many· to be Gov. Bill Graves has promised to 

discussed today when the commission earmark $10 million for park restora

iiiat. offers advice and approves regu- tion. .but the money must be approved 

lations. for the department meets at by the Kansas Legislature. In some 

Beloit's Municipal Building. cases, Waconda in particular, there is 

:.~.:.The meeting was to start at 1:30 still damage from the 1993 floods that 

P:i:D.. Commissioners will recess at 5 ravaged the region. ' 

pin:' and reconvene at 7 p.m. On the Williams said the agency has spent 

schedule for the night session is public $600,000 at Glen Elder State Park at 

eoinment on nonagenda items~ Waconda in the past two years and the 

~:-:-Department Secretary Steve Williams funds from the Graves' proposal would 

h offer· remarks on the. water rights contribute a like amount . 

. hale· during the day. He said depart- Also to be discussed· at today's 

: 'nJeot. · officials are seeking direction meeting is the fee the department 

:ftolil.the commission and the public. charges owners of cabins built on fed

"*The department has submitted an eral Bureau of Reclamation land 

. ~~pPncation to the state Department leased to the state. 

·•ot;,Agriculture's Division of· Water Williams said his agency wants to 

·~ReSources for water· rights in the increase the annual lease rate from 

'~reservoir. Williams said 224,000 $100 a year- or $18.50 in the case of 

· ~~Cre-feet of storage is expected to cabin owners who signed 3o- and 40-

:become available within the next year leases that continue until after 

· 'iWo years. 2000 - to $200 a year. 
1¥ii:I--An acre-foot is enough water to Current contracts would be hon-

icUver- one acre with. one foot of water. ored, with the new fee going into 

· 3~1\cCOrding to information from the affect with lease expiration. Williams 

. · 'i&nsas-Water Office,. the oldest appli- said about 150 cabin owners, most of 

i cation on file !:>elongs to a local irriga- them at Cedar Bluff Reservoir and 
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·<uoder the so-called federal Warren The commission, which must 

,,Act_. Beloit takes water from the approve the fee increase, will take up 

. Solomon River through releases from the issue during a daytime work ses

. Waconda. And a Mitchell County rural sion . 
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STATE OF KANSAS 

DIVISlON OF WATER RESOURCES 
D-o~vid L. Pope, ChicfEnginccr·Dircc:tor 

901 South K~msa5 Avenue, 2nJ Flt.~or 
Topcb, Kiin~;lll66612·1283 

{91.3) 296·3717 FAX (913} 296·1176 

KANSAS DEPARTMENT OF AGRICULTURE 
October 17, 1997 

LAVERN SQUIER 
ELLIS COUNTY COALITION 
POBOX220 
HAYS KS 67601 . 

Dear Mr. Squier: 

RE: Application 
File Nos. 40,406 and 40,407 

The referenced applications propose the appropriation of surface water from Waconda 
Reservoir, in Mitchell County, and from Wilson Reservoir, In Saline County, respectively. 

This agency requires a contract with the federal government before acting on any 
application proposing storage or use of water from a federal reservoir. Our files reveal no record 
that any action has been taken on these applications with the federal government. 

We are returning the applications to you, In order that you may enter negotiations, with the 
U.S. Bureau of Reclamation or U.S. Army Corps_of Engineers, to purchase storage space in these 
reservoirs. In order for the applications to retain their priorities of filing, the original applications and 
attachments must be returned to this office on or before December 17, 1997, or wtthin any 
authorized extension of time thereof. The applications should include some verification, by the 
federal agency involved; Indicating a willingness to negotiate for storage in a specific reservoir and 
the relative time frame to complete that activity. According to the law, default in the refiling otthe 
completed applications and attachments as outlined above, within the time allowed, shall constitute 
forfeiture of priority dates and dismissal of the applications. 

If you plan to go to the Division of Water Resources Stockton Field Office for assistance, 
please take this letter, your applications and attachments with you. 

If you have any questions, please contact our office. If you wish to discuss a specific file, 
please have the file number ready so that we may help you more efficiently. 

Enclosure(s) . 
pc: Stockton Field Office 

City of Russell 
City of Hays 

Water,Approprlatlons 296-3495 

Sincerely, 

~.!!/~ 
Kenneth A. Kopp 
Environmental Scientist 
Water Rights Section 

WJter Structure& 2.96-2933 Water Manag~m~nt Support 296-3705 
"" '""" ........ 
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FEB-13-2002 WED 01:54PM ~LIS CO. COAL~TIONb 785 6~471 

PWWSD#lS 
Public Wholesale Water Supply District #15 
P.O. Box220 
Hays, KS 67601 

f!o~S) ~Jy-lJo~iiet Russell City Manager 
Dorothy Stites, Hays Interim City Manager 

From: Lavern Squier 

Date: January 31, 2002 

Re: Water Right Applications 

Lavern D. Squier, President 
Cecil Witt, Vice-President 
Larry Daugherty, Secretary 
Jayne Clarke. Interim Treas. 

In other correspondence sent previously, we have referenced standing water right 
applicatiotts being in place for Lake Waconda/15,000 acre-feet and Lake Wilson/8,000 
acreMfeet. 

In order to process our South Russell County water right applications, Division of Water 
Resources i.s required to process our applications :in the order they were received. They 
have asked us on numerous occasions to cousider releasing the Waconda water right 
application. There are other \lSers in the Lal\:e and out reservation o:f acre footage is a 
hindrance in dealing with other existing and potential water users. 

As you will note this application was dated August 26, 1991 referenced as file number 
40,406. Tlus application was made in the name of the City Of Hays and the City of 
Russell care ofLavem Squier- agent. 

To release this file DWR needs the concurrence of all three parties. The sequence should 
be that the two cities consider this issue on a mutual agreement basis. Once both cities' 
thoughts are known, then I can notify DWR of the collective intent. Jobn Bird, City 
Attomey for. !lays, and Scott Ross, DWR, concur regarding this sequence. 

We have discussed the issue at the District meeting(s) and recommend that Waconda 
water right application be released and the Lake Wilson water right application be 
retained. 

Please see attached copy of referenced water right application on fi~e .. 

If you have any additional questions or concems please contact me. 

c.c.: PWWSD #1.5 Board 
PWWSD #IS Staff 

P. 02 
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TO Penny Po>lo:ik 
\-ia fox 7l.!5-628· ;:;:::J 

FROY1: 

DAll:. January 2�. :999 

RE P1kit;moi Rural Water Project 

All:ich.,J :irt: tlm:t: JrJfls of the proposed Pikita.no1 Rural Walt:r hill. Please note r:iat Jrafl 
� J proposes to cx�cnd lhc P1ki1ano1 .:ore p1peime from the western boundary of the Kkkapoo 
Rcscrva11on lo weste:TI K;insas. The proicct 1s a eooperJl1ve effort between tht: Kicbpoo Tnbc and 
�eve�a1 county :u:d municipal :urnl walt:T sy�tem, and the Kansas Walc:r Association. 

7:"l Please m:i.kc copies for the appropriate officials of Russell anJ H;iy� If they ace inh:rested l2l1 eamtng mon: ,1boul lhc project, I '�i II be g:ad to bring dclq;.1t10n to Russell :ind, or H;iy<: �o e'l:plain 
the project and answer questions .. 

I look forward to your prompt response. You c:in reach me O?t: 785-486-2!J1. 

P.01 
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TO: 

FROM: 

DATE: 

RE: 

KICKAPOO ATTORNEY GENERAL'S OFFICE 
MARIO GONZALEZ 

ATTORNEY GENERAL 
P 0 BOX 191 

HORTON. KS 66439 
(913) 4R6-2i2l FAX· (9!J) •R6·2JH 

Steve Cadue. Co-Chairman 

Jim Cobler, Co-Chairman 
P.i.kitano::. Execuc::.ve Committee members 

Mar.l.o Gonzalez 

December 4, 1998 

Alternativ� drafts of proposed P.l.kl.tanoi Bill for 
meet:n9 with State Water Cf fi ce 

---------------------- - - - - - -------- ------------------------------

Attached are three alternative drafts of the ?ikitanoi bill 
that we can present to Al LeDoux and his staff at the State Water 
Office. 

Draft No. l designates Perry Reservo.l.r (or such alterta1ve 
water source as provided in t�e Fi�al Engineering Repor:> as the 
location for the intake and treatme�t plant as suggested by the 
Kansas Water Office. The draft also contains other changes 
suggested by the Kansas Water Office. 

Dra:t No. 2 designates the Missouri River as the location !or 
the intake and treatment plant (our preferred alternative), bu: 
includes the other changes suggested by the Kansas Water Office. 

Draft No. 3 des�gna:es the Missou=i R1ver as tte :ccat1on :or =�e .l.�:ake and treat�ent p�ant, and exter.ds the CORE p!pel::.ne :ram 
the western boundary of the K1ckapoo �eservation to western Kansas. 

cc: Xil<e Watson 

P-02 
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AN ACT 
To authorize construction of Kickapoo Rural Water Supply System 
and the Nor theast Kansas Rural Water S ystem, and for other 
pu:-poses. 

Be ic enacted by the Senate and House of Representatives of the 
United Scates of Ame:ica in Congress assembled, 

SECTION l. SHORT TITLE. 

This Act may be cited as th'!! "P1k;.canoi Rural Water P:-oj ect 
Ac': cf 1999." 

SECTION 2. FINDINGS A.ND PU'RPOSES. 

<al FIND:zNGS. -- THE CONGRESS F:��::>S THAT --

(1) there are insuffic:ent water supplies available to 
res idem::; of the Kickapoo !ndian Reservacion ir. Kansas, and the 
water supplies that are availabl e do not meet minimum health ar:d 
safety standards, thereby i�posing a threat to pub�ic health and 
safety; 

(2) lack of adequate water s�pplies en the Kickapoo 
Indian Reservation restricts efforts to pror..ote economic 
development on the reservation; 

(3) serious problems in water quantity and water 
quality exist in the niral counties of Atchison, Brown, Doniphan , 
Jackson, Jef!erson, Nemaha, Pottawatomie and Shawnee, Kansas; 

(4) the United Stat�s has a tr-jst responsibi:ity to 
ensu=e that adequate a�d safe water supplies are available to 
meet the econom!c, envl=o�mental, water supply, and public health 
needs of the Kickapoo :ndian Reservatio�; a�d 

(5) the best available, reliable, and safe ru:-al and 
municipal water supply to serve the needs of the Kickap oo Indian 
Reservation and the residents of Atchison, Brown, Doniphan , 
Jackson, Jefferson, Nemaha, Pottawatomie and Shawnee Counties, 
Kansas lS Perry Reservoir or such alternati ve scurce as �ay be 
determined by the Final E�sineering Repo�. 

(b) PURPOSE. 
this Act are to --

T�e Congress declares that the purposes of 

(l) ensure a safe und adequate municipal, rural, and 
industrial water supply :o:- the resider.to of the Kickapoo Indian 
Reservation, Kansas; 

(2) aaa�st the cit:zens of Atchison, Brown, Doniphan , 
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Jackson, Jefferson, Nemaha. Pottawatomie and Shawnee Counties, 
Kansas to develop safe and adequate municipal, rural ar.d 
industrial water supplies; 

(3) stabilize ar.d rep lenish existing ground water 
sources and promote th� imp:e�ent�t:on of water conoervat:on 
programs on the Kickapoo Ind13n Reservation and in Atchison , 
Brown, Doniphan, Jackson, Jcffcroon, Nem aha, Pottawatomie and 
Shawnee Counties, Kansas. 

SECTION 3. KICKAPOO RURAL W�TER SUPPLY SYSTEM. 

(a) Atr.'HORIZATION. -- The Secret ary of the Department o: 
Defense (hereinafter referred tc as t�e �secretary• ) is 
authorized and directed to plan, des:gn, constrJct, operate, 
ruintain, a�d �e�la�e a municipal, !"\J�al, and induct�ial watc� 
system, to be known as the �ickapoo R�ral Water Supply System , as 
generally described 1n the report ent:tled "Needs Assessment 
Kickapoo Rural Wat:er Supply System , " and dated March 31, 1998. 
The Kickapoo Rural Water Supply System shall consist of - -

(l) necessary pumping and t=eatment facilities located 
at Perry Reservoir or such alternative source of water as may be 
determined by the F1na! Engineering Report; 

(2) pipelines extending from the Perry Reservo1r or 
such alternative source of water as may be deternuned by t�e 
Fina: Eng1neering Report, co the Kickapoo Indian Reservatior.; 

131 pipelines and facilities to allow for 
interconr.ec::ons with the �ort�east Kansas Rura: Wate r system; 

C�J distribution and treatment facilities to serve the 
needs of the Kickapoo :ndian Reservation, includi ng but nae 
l imited to the purchase. improvement and repair cf existing water 
systems, includ:ng systems owned by individual tribal members and 

ot her reoidents of :he Ki ckapoo Indian Reservat:on; 

(S) a �aster control c�nter ar.c other appurtenant 
buildings and access roads; 

(6) necessa ry property, property rights, water rights, 
and rights-of-way; 

(7) electrical power transmission and distr1bution 
facilities necessary for services to water systems fac:lities; 

(8) Multi-purpose Reservoir No 21-14, a s  generally 
described in the report e�t itl ed "Waterohed Plan and 
Environmental Impact Statement:: Upper Jelaware and Tri�utaries 
Watershed: Atchinson, Brown. Jackso�. and Nemaha Councies , 
Kansas," and dated Januar_{, !994; a::d 

(9) such ocher pipelines. pumping planes, and 
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facilities as the Secretary deems necessary and appropriate to 
meet the water supply, economic, public heal th , and er.v1rcnmer.ta� 
needs of the rese�at1on. including (b�: not � 1 m!ted tel w at er 
storage tanks, water : ines, '"'aste water dis;:osal systems, and 
other facilities :'or the Kickapoo 7:-1l:e ;i.nC. re se:-vat:.on v:llages, 
towns, municipalities and cor.munit-�=. 

(b) :NTERAGENCY ACREEM��T 3ETWEEN OVERS:GHT AGENCIES. 

(1) !n carry1�c out subsect :.on (al, t�e Secretary 
(through c�e Army Cor;>s of Engineers) sha:l enter inco an 
ir.ter�gency agreement w::h t�e SecrPt�ry of t�e �nter:.or 1through 
the Bureau c: Reclamation), the secretary o: �ealth ar.d Human 
Service s (through the Indian Health Service), the Secretary of 
Agriculture (through the Nat�cr.al Forrest Service), the Secretary 
of Energy, the secretary o: Housins and Urban Developme�t, and 
the Adm1n!strator of :he Env�ronmer.:a: ?rotec:ior. Agency. The 
�epar:�ent o: Defense (t�ro�gh :he Ar�: =crps er EngLneers) sna:: 
be the lead age�cy ur.der the i�:eragency agree�er.t. 

(2) The Secr�cary of Interio r , the Secretary of 
Heal th ar.d H�man Servic�s, the Secretary of Agriculture, the 
Secretary of Energy, the Secretary of Hous:ng and urban 
Develop�ent, and the Administratcr of the Environmenta: 
Protect:or. Agency shal: provice the Secretary w�th all ass1stance 
necessary to fully irr.p: e�e'-t t�e provisions of �his Act. 

� ) AGREEMENT WITH NON-FEDERAL ENTITY TO PLAN, DESIGN, 
CONSTRUCT, OPERATE AND MAINTAIN THE KICKAPOO RURAL WATER SUPPLY 
SYSTEM. 

(l) In carrying out subsection (al, the Secretary, 
with the concurren ce o: the K�ckapoo 7r:ba: Council, sha:l enter 
i!".tO ag:-eeoents w"l.th the ai;:prcpr1ate non-Federal ent:.ty or 
ent1t�es for planning, designing, constructing, operating, 
maintaining, and rep:.aci::.g the Kickapoo R·..:ra: Water Supp:y 
System. 

(2) Suen cooperate agreeGer.:s sha:l se: fo=t::, i:: a 
ma nner acceptable to the Sec:-e::ary 

(A) the respcns1b1l1t.:.es of the parties for needs 
�ssessment, feasibility, and e!'lvironmental s::ud1es; engineering 
and des ig n : construccior:; water cor.ser·rat:ion medsu res ; and 
adm1nist:rat1on of ar:y contracts with respec:: to this subsect .:.or.; 

(B) the proc0cures �nd req�.:.rements :or aoproval 
and accept:ance of such des1g:'1. a:'lc Cvnstr1c::1on; a:id 

-

fl l the rignts, respons:bi�it.:.es, and lia!:nlit1es 
of eacr. par�y to the agreement:. 

purc::ase, 
:JJ Sue'.-: cooperat:·re agt-:�rr.encs ":'.ay l:-.cluce t!lt! 
improvement, .:i.::d repa1r ot eY.:s::ing wa::c:: ar.d •Jaste 
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water systems , inc:uding systems owned by lnd1v1dual tribal 
members anct other residents located on the Kickapoo !nd.i.ar. 
Reservcition. 

(4) The Sec ret ar[ may un ilateral!y terminate any 
cooperat1ve agreewen: entered lnto p1.:rsudr.t to this 9ect1or. lf 
the secret�ry determines that the quality of const:-uct:on does 
not weet standards estaclished for s:m1�ar fac1lit:es constructed 
bv the Federal Govern�ent er that :�e ooeration and �a:n:er.ance 
cf the svstem does not meet standards �cceotable to the Secretary 
for fu lf �ll1ng the obligations of the United States to the 
Kickapoo Tribe. 

(5) Coon exec�t1or. of anv coocerative agreement 
auchori=ed un der

·
t� is section, t �e Secret�ry is at:thorized to 

transfer to the approprlate non-Fed�ra:.. entity. on a 
nonre.1.r:ioursable basis. th.e !"un:!s at:thor1zed to ce ap!)ropr:ated cy 
Section 10 c: ::his Act. 

(d) SERVICE AREA. ·· The serv:ce area of the Kicka!)OO Rural 
Water Supply System shall be the boundaries of the Kickapoo 
Indian Reservation as def ined in Article I of the 7ri�al 
Constitution approved by the Secretary of :he Interior on 
February 26, :936 pu rsuant to the I�dian Reorganizat:on Act of 
June 18. 1934 (48 Stat . 984). 

(e} CCNS7RUC::ON REQU:REMENTS. - - Tr.e pump1r.g plant s , 
p1pel1:1es, treatment fac:l1t1es, and other app urtenant facilities 
for the Kickapoo Rural Water Supply System shall be planned and 
constructed to a size suffic:er.c to meet the municipal. rural, 
and industrial water supply req�iremen:s of the Kickapoo Indian 
Reservation and the areas comprising Atchison Cot:nty, Brown 
County, Doniphan County, �ackson County, Je!ferson County, Nemaha 
County , Pottawatomie County a nd Shawnee County, Kansas, taking 
:nto account the ef :ects of the co�secvat1on pla�s descr:bed in 
Sect:..or. 6. :'he s·1sterr.s acthor :zed u:1der :his Ac:: ma·; be 
:ntercon::ected and !)rOVlded Wlth water Ser'/.!.Ce from COmmOn 
fac1l1ties. A.�y :o1nt costs assoc:ated �1th common fac::it:es 
sha:l be allocatec to the Kicka�oo Rural Water s�pp:y System. 

(f) TITLE TO SYS7EM. · ·  Tit le to the Kickapoo Rural Water 
Supply System shall be held in trust for the Kickapoo Tribe by 
the Un:ted States and shall not be transferred or encur.hered in 
any man�er without a subsequent Act of Congress_ 

(g) �:Ml':'ATIO� O� AVAILABI�I�Y OF CONSTRUC7:0N ru'N'CS. 
The Secretary shall not obligate funds for t he construct:on of 
the Kickapoo Rural Water Sup�ly System �n:1: · -

(l) the requiremen:s o� the Nat:onal Environmental 
Pclicy Act of :969 have been m�t; and 

(2) a :�na: eng1necr1ng report nas been prepared and 
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submitted to Congress for a period of not :ess than nir.ety days . 

(h) TECl"DllCAL ASSISTANCE. - ·  The Secretary is authorized 

and directed to provide such technical assistance as may be 

necessary to the Kickapoo �r1be to 9lan, design, cons:ruct, 

operate, �ainta�n. and rep!dc� the K:ckapoo Rural W�ter S�pply 

System, including ( b ut r.ot 11�ited to) opera::or. ana management 

training. 

ti) APPLICATIO� OF TnE INDIAN SE�F-DETE��:N��ION ACT 

Pla�ing, deslgn, construction, ope�a:�or., �ain:enance and 
rep:acement of the Kickapoo Rural W�ter Supply System shall be 
subject to the provisior.s of the Ind:an Selt-de:erm1na:1on Act 
(Public �aw 93-639, 25 U. S. C . 450). Section 7 � ) of Publ ic Law 

!03-q13 (25 u.s.c. 450e re)) shall be co�st:ued to benefit only 
the Kickapoo 7ribe for the purpose of a9ply1r.9 :he tri�e·s 
emp:o�e�t ar.d contract �reterence �awa to the cc:r:::1Cn fac1:it1es. 

SEC. 4. NORTHEAST IQNSAS RURAL WATER SUPPLY SYST�. 

(a) PLANNI�G AND CONS7RUCTION. --

(lJ The Secretary ls authorized and directed to enter 
into cooperative agreements w:th appropriate non-federal entit :es 
to provide Federal funds :or the pla.:1n�ng and construction o: the 
Northeast Kansas Rural Wdter Syaterr.. For the Pl!...'"POse of this 
Act, the Northeast Kansas Rural �ater System shall consist o! 
water districts and systems in Atchison Coun ty , Brown County, 
Donipha� County, Jackson County, Jefferson County, Nemaha County, 
Pottawatomie County and Shawnee Ccunty, Kansas, as generally 
described in the report entitled "Needs Assessment Kickapoo Rural 
Water Supply System," and dated Mar:h 31, 1998. 

(2J 7he Secretary may not provide more than 90 per 
cencum o: the total cost oE the Nort�eas: Kansas Rural Water 
Syster. Such Federal f�nds �y be obl �gated and expended only 
througn cooperative agre ements descr1b2d in subsection (b). 

l3) The non-?ederal share of the costs al:oc�ted to 
the Northeast �ansas Rural Water Sys�em shall be 10 per centum. 

(b) COOPERATIVE AGREE�ENTS. --

(l) The Secretary, w:th the concurrence of the 
respec tive rural wa ter systems, sha:l exec�te cooperat ive 
agreements w1-h the appropr:�te non-Feceral e�tit1es co orov :de 
Federal assistance for the plann!�g. design, and cons�r�ct 1on oi 
the Northeast Kansas Rural water System . Such cocperat:ve 
agreements shall set for:�, in a �anner acccpt�ble tc the 
Secreta ry 

(A) the rcupon�1b1l�t:es of the oart les Eor need� 
assess�er.t, feas1b1::ty and env1ro�men:al studies; eng1�eor1ng 

P.07 

011962 



and design; construction; water conservation measure s; and 
administration of any contracts with respect to this 
subparagraph; 

(B) the procedures a�d requireme�ts for approval 
and acceptance of s�ch des:gn and construction; and 

(C) the n.ghts, responsibilities, and l:.abilit:.es 
of each party to the agreement. 

(c) WA�ER SERVICE AGRZE�ENTS. -- The Secretary shall 
execute water service agreements with the Northeast Kansas Rural 
water System to define the terms and condi tions :.n which water 
w:.11 be delivered to the �yst em thrcugh the Kickapoo Rural Water 
Supply System. 

(d) FAC:LIT:ES ON flI!IC:i :"3DERA: Ft.JN:JS :.-.A'i BE EX?EN�ED. 
T�e :aci::cies on wh:.c� Federal funds �ay �e ob::.gated ar.d 
expended �nder th:.s sect:.cn sha:l :.r.clude --

(ll water :ntake , pumping, treatment, storage , 
interconnection, and pipeline facil:ties; 

(2) appurtenanc b�ild!ngs and access roads; 

(J) necessary property , property rights , wa:er rights , 
and rights-of way; 

(4) el ectr:cal power tra::sm:ssion and c!stribution 
facilities necessary for serv ice to water system facilities; 

(5) upgrading and improvement of exist:ng facilities ; 

(6) planning and design services for all facilities; 

(7) the twenty floodwater retarding dams, necessary 
lands and property rights. and 16 l:.vescock waste management 
systems, c1.s describecl :.n the re;>ort e:1t:.t.led "Watershed P:an a.."lC. 
Enviror.!T'.ental Impact Statement.: �ppe r :Jelaware and "ributar!es 
Wat.2r5hed: Atchiso::, 3rown, �ackaon. and �emaha Co�nties, 
Kar:sas," and dated Ja::uary, :994; a:-.d 

(8) other facilities and services customary to the 
development of rural water distribution systems in Kansas. 
including waste water dispos�l systems. 

(e) SERVICE AREA. -- T�e service area of the Northeast 
Kansas Rural Water System shall be the area compr!sing Atchison 
County, Srown County, Doniphan County, Jackson County, Jefferson 
County, Nemaha County, ?octawatomie County and Shawnee County, 
Kansas, but shall not include the se.rv�ce ar�a cf the Kickapoo 
Rural Water Supply System as det�ned i� Section 3 (d) of th1� 
Act. 

(f) LI�:TAT!ON ON AVA:LABr�I7Y OF CO�STRUC�:ON FL"NDS. --
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��e secretary shdll r.ot obligate funds :or the construction of 
Northeast Kansas Rural Water System, ur.t1: --

(1) the requirements of the Mat�onal Er.v1ronme�tal 
Policy �ct of 1969 have been met; ar.d 

(2) fina: e�g1neerir.3 reports have been prepared and 
subrn�tced to the Congress for a p er: oc of not less than n1r.ety 
days. 

(gl WAIVER OF WATER CXAR.GES. - The Secreta::.-y lS authori:ed 
to interconnect the Nort�easc Ka nsac �ural Wa ter Svscem with the 
Kickapoo Ru::-al I-later Supply Syste'll, and to provice

· for the 
de livery of wat er co eac� systern, w::houc c ha rge or cos t, through 
the common fac1lit1es. 

(hi PROHIBITIONS ON US=: OF FEDERAL FUNDS. -- Tht:! Secretary 
may not ob:igace or expend ar.y Federal h: ... -: ds !or the: ope::-at.1or., 
ma�r.ter.ance, or replacemer.: of t�e �crt�eas: Kansas Rural Wat�r 
System. 

SECTION 6. WATER CONSERVATION. 

(al PLANS REQUIRED. -- Ir. order to reduce the costs to 
consumers and to reduce water consumpt1on, the Sec=etary, prior 
to obligating any cor.struction funds, shall issue a public notice 
findir.g that plans for the r ural waters systems include prudent 
and responsible water conservation measures for the operation of 
such systems where such measures are shown to be economically and 
f1nancia::y feasible. Eac h of the non-Federal entit:es 
pa=tic1pa:in9 in the rural water syster:IS author:zed under th:s 
Act shall develop a wa ter conservat:on plan containir.g definite 
goal s , appropriate water conservation measures, and a time 
schedule fer �eeti�g the wate r ccr.serva:io� ob�ec:ives. 7he 
provisions c: sec t:on 210 (cl of Public Law 97-293 (96 Stat. 
:268) $ha:� Qpply with r espe�t to t�e sys tems. 

SECTION 7. MITIGATION OF FISH, WILDLIFE AND TERRESTRIAL LOSES 

� ESTABLISHMENT OF �ICJCAPOO BIO-DIVERSITY TROST. 

(a) AQUA7IC AND TERRES7RIAL MIT:GAT:ON REC0:?...ED 
�1::;aticn fer fish, wild::!e and terres:r:al :csses i�curred as 
a resu�t of the con struc ti on ar.d operation of the ��=a- Nat er 
systems authorized by this Act shall be on an acre - for acre 
basis, based on ecological equivalency. concu rrent with proJect 
cons::.�ucti::>n. 

bl Atr:'HOR!ZA7!0� FOR ES7ABL:SHME�7 OF KICKAPOO 8!0-
DIVERSI7Y TRUST . ...... 7he Secretary shall make fede:::a: grants t::i 
the Kickapoo Bio-divers:cy 7rus:. The :unds authorized under 
:his subsect�on sh3l! be expenced as provided in the Fi�al 
�ngi�ee���g �epor: a�d Envircnrnental A3sessment Eor :he Pik::anoi 
Rural Wa:er PrOJCCt, required �Y SectLon 3 <gl of chis Act. 

P.09 
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(l) The K ickapoo Bio-diversity Trust shall be eligible 
to receive federal grants under subsection (b) if it --

(A) is establ1shed and operated as a nonprofit 
corporation �nder the Laws of the Kickapoo 7ribe in Kansas; 

(2) is incorporated to select and prov:.ce f:.:nd!ng 
to pro)ects that restore , protect and enhance w:ldl1:e and 
wi:dlife habitat; 

(Cl is cperated und�r a Board of Trustees that - -

(i) has the power to manage all the af fair s 
of the corporat!on, including administration, data collection, 
and 1mplement.at1on o: the purposes of the T:!:ust; and 

(ii) 19 co�oo�ed cf members that do not 
serve o:-: any Federal. :r1!:::dl, er· st: 3.te l<;:g:.sla::! ve !Jody. co:.:=:, 
agency, co:nm1ss:.on o::: boa=c; and 

(iii) is comprised of not less that three 
persons or more than f ive persons who are over the age of twenty 

one years and elected to three-year, staggered terms by the 
eligible voters of the Kickapoo Tribe in Ka nsas . 

(2) 7he Kickapoo Bio-diversity Trust shall be dee�ed to 
be operating in acco=dance with this s ec�ion if --

(A) the Trust is operated to select and provide 
funding to proj ects that protect, restore and maintain plane and 
animal communities and l�rge·sc�le natural ecosystems in 
accordance with its corporate purposes. Proj ects eligible for 
funding include those that --

(i) reconstitute natural biologica: diversity 
that has been ciminished; 

(:i) assist the recovery of species 
popula:ions, communit:.es and ecosystems that are unable to 
survive on-site without interventiO�; 

(iii) allow reintroduction and reoccupation 
by native flo ra and fauna; 

(iv) control or e:im.inate exotic Elora and 
fauna which are dar:iag:�g r.at�ra: ecosyste�s; 

(v) restore natural habitat for :he 
recruit:me'1t and surv:.val oE fish, wac: erfcwl and otl":er wildlife; 

(vi) provlde additional conversation values 
to tribally owned and indiv:du�:ly owned trust lands; 

add :o structural and compositional 
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values o: exlsting prese=-ves or enhance che viability, 
defens1b1l1ty and manageme�t of preserves; and 

(v::il res to re natural �ydrological effects 
:ncluding sed1men: and erosion con:rol drainage, percolat1on and 
oo::her wa: er c:;ual1:y 1mprcvemen: cap<J.::1ty. 

(3) the Trust is managed in a �iscally 
responsible fashion by inv esting in priv at e and public financial 
vehi cles approved by the Secreta=Y with the goal

.
of producing 

income and preser-•ing princ :ple ; 
(C) the Fr1nc1ple of t�e "rust shal: be 

:nv1olate, b�: 1nteres: earned on the principal eha:l be used to 
accomplish the goa:J.s cf the T::-..:st, and ex;end!.tures o! all ft:nds 
from the Trust shall be based or. an annua: budget approved by t�e 
Secretary; and 

(J) not less than ten percent of the interes: 
earned each year from the principa l of the Trust shall be added 
to the principle. 

(3) Pro]ects eligible for fund1ng under this Section 
must be �ocated within the service area of the Kickapoo Rural 
Water Supply System. 

(4) The secretary shall annually report on the 
ope=ation and management of the Kic�apoo 3io-dive=sity Trust to 
the Committee on Natura: Reso urce s and the Committee on 
A?propriations of the House c: Representatives, and the Comm1ttee 
on App=opriatlons and the Ccmm:ttee on Ind1an Affairs of the 
Senat.e . 

SECTION 8. PROHIBITION OF USE OF FUNDS FOR IRRIGATION PURPOSES. 

(a) EXPENDITURES FOR IP.R:GAT:ON ?ROP.:BITED. - · None of the 
funds made available to the Secretary for planning or 
construc�io n of t�e rural water systems authorized by t�lS Act 
may oe used to plan or ::cnstruc: facilities �sec to s�pp:y water 
for the purpose of irrigar.ion. 

SECTION 9. OSE OF PICX-SLOAN POWRR. 

la) I� GENERAL. -- The System3 aut�orized by Sect :ons 3 and 4 of this Act shall utilize power from Pick-Sloan for their 
operations. This power shall be deemed to be a proj ect use 
pumping requirement of Pick-Sloan and utilized by the systems on 
a.n annual bas.i.s. 

(bl RATE. -- �he rate �o� pro;ect use power made available 
pursuant to subsect�on :al shall be the wholesa�e f�rm power ra�c 
for the Weste�� Area Power Ad�inist�ation i� ef fect at the c ime 
power l.S sold. 
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(c) ADDITIC�A� PO�ER . - - Five megawatts of fede ra� 
preference power reserved for I ndiar. tribes and small users after 
the Year 2000 by the Western Arc� Power Administration sha l l be 
made available and allocated as fol :ows - -

( A )  Two megawat t �  t o  t�e Kickapoo Tribe to meet its 
res1de�t1a:.  municipal. com:nerc1al a�d :ncustr:al needs ; ar.d 

:BJ Three �egawa tts to the towns, munic1pa:1t1es and 
communities locatec w1:h1n the service areas of the Northeast 
Ka:isas Rural �acer System, to �ee: their resident i a l ,  municipal. 
commercial and ind�str�al needs . 

(c) JEFINITIONS. - - For the purposes of this section 
( : )  the tern " P : ck- Sloa:i• mea::s the Pick- Sl oan 

Missouri Bas!n Progra� aut�orized bv secti�r. 9 of the Act of 
�ecember 22, lS�� <SB Stat. 851) ; co:'Xlon:y referred to as the 
Flood �ontrol Ac: of :944 . 

( 2 )  the term "Systems" means the Kickapoo Rural Water 
Supply System ar:d Northeast Kansas R�ral Water System; and 

( 3 \  :he term "Common Facilities" means the intake ar:d 
treat�ent plant a t  ?erry Reser�oir or such alternative source as 
dete=ir:ed by the Final Er.sineerir:g Report, and al! CORE p1pel i.ne 
and related =acili ties located outside of the boundaries o f  the 
Kickapoo Service Area de:ir.ed by Section J (d) of t�is Act, that 
are held in t�Jst for the Kickapoo 7ribe . 

SECTION 1 0 .  AUTllORIZATION O F  APPROPRIATIONS. 

(a) PLANNING, DESIGN AND CONSTRUCTION. - - There is 
authorized to be appropria ted $127, 5 5 1 , 000 for the plar..ning , 
design, and construction ot the rural water systems authorized by 
Sec: ior:s 3 and � of this Act Such :unds are aut�ori zed to be 
appropriated on:y through :he end o :  the fifth year a::er 
const�Jction funds are made available . 7he funds authorized to 
be apprcpr:ated by :he �irst scnten�e o: th:s subsection shall be 
increased or decreased by such amcunts a s  may be J ustified by 
reason or ordinary fluc:uatio�s in development costs incurred 
after January 1 ,  1 9 9 9 ,  as indicated by engineering costs :ndices 

applicable :or the type of construc� �on involved. 

(bl O?ERATI0!-1 A.\ffi .'1AINTENA...'11CE 02 KICKA?OO RJRAL WATER 
SUPPLY SYSTEM. - - The�e are aut�or!zed to be appropriatec sue� 
sums as may be nccessar1 for �he op�ration, maintenance and 
re?lacement o! the Kickapoo R�ral water Supply system. 

(c) KICKAPOO BIO-DIVERSITY TR�ST. There is authorized 
to be appropridted $3 , 75 0 , 00C :or t�e establishme:it, oper�ti�n 
and maintenance of the Kick�poo 810-diveraity Trust es�ab:ished 
by Section 7 'bl of t�is Act Such :unas shJll be paid i� ::ve 
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annual installments begi�ning :n the fiscal year that fur.ds for 
construct ion are author:zed for the Kickapoo Rural Water Supply 
System. 

(d) WATER �IGrtTS . All outstanding obligations of the 
State of Kansas to the Ur.itec States for federal water r_ghts 
purchased in Perry Reservoir are canceled and forgiver., sub)ect 
to t he transfer o! O\or.'lership of al: necessary water rig�ts fro� 
Perrv Reservo : r  to t�e K:ckapco Rural water Supply System anc 
Northeas t Kansas Rural Water System, �:thout costs to the 
svstems as orov:ced 1n the �inal Engi�eer Reoort . A:.y water9 
r�ghts tran9ferred to the K4 ckapco 7ri�e under t h i s  subsection 
shall be held in the name c: :he Unitec States in trust fer the 

Kickapoo ':'ribe . 
SECTION 11.  ROLE OP CONSTRUCTION; FEDERAL FUNDING, FEDE'R.>.L 

PREFERENCE POWER AND WATER R:GH':'S. 

(a) RULE OF CONSTRUCTION. · - Not�ing in th:s Act is 
intencied , nor shall be cor.strued, to preclude the Kickapoo Tribe 
in Kansas from seeking congreasiondl authorization to �lan, 
desigr., construc t ,  operate, maintain and repl�ce addit ional 
federally assi sted water resource development proj ects. 

(b) PREFER�CE POWER. -- �othing i n  this Act is intended, 
nor shall be construed, to preclude the Kickapoo 7r1� :rom seeki�g and obtaining add1t1onal federal preference ?ower :ro� 
the Western Area Power Administration or any other federal 
agency . 

(c) WATER RIGHTS. - - Nothing in this Act is intended, nor 
shall be construed to 

( l )  impair the va:1d1:y of or preempt any prov:sion of 
State water law. or of any 1r.:ersta:e compact govern:ng water; 

(2) a: :er ::he r 19�ts of any State to any a?prop r1ated 
share of the waters of any body or su:-Eace o::- around water, 
whether determined by past or fu::ure in::erstace cot:\cact s ,  or bv 
past or future legislative or fir.al Judicial alterations; • 

( 3 )  preempt or modi fy any State or Federal law or 
interstate compact dealing with water t<Ual :ty or dis9osa: ; 

( 4 )  confer upon ar.y non-?edera: ent ity che ability to 
exercise any ?ederal r19r.:: to the waters of any st ream or to any 
ground water reso�rces ; or 

(5) affec: any water r19�ts or claims thereto o :  the 
Kickapoo Tribe. whether located within or without the ex:ernal 
boundaries o f  ltS reservat ion, based on treaty, Exi:cu::.ive order , 
agreement , Act of Cor.grc s o ,  abor19:�a� t i t l e ,  the w1�ter ' s  �octrine (Winte r ' s  v .  Unit�c Staces . 207 u . s  564 ( 1 9 0 8 ) ) ,  or 
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otherwis e .  Nothing contained in this Act, however, is intended 
to validate or invalidate any assertion of the existence, 
nonexistence or extinguishrnent of any water rights ,  or claims 
t�e=eco, held by the Kickapoo Tribe or any ot�er Indian tribe or 
i�divicual !nd!an under Federal or State law. 

(�ecemoer 3, 1 9 9 8 i  
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AN ACT 

To authorize construction of K�ckapco Rural Water Supply System a!'ld 
the �ortheast Kansas Rural Wat.er System, and for other purposes. 

Be i t enacted by ��e Sena te dl'ld Hcuse o! Represencat� ves of the 
Un; ted States of Americ� in Congress assembled, 

S�CTION 1 .  SHORT TITLE . 

::his Act may ;;,e c:.:ed as t:he "Pilutanoi Ru:::a:. Water: P:::oJe�t 
Ac: of 1 9 9 9 . "  

SECTION 2 .  FINDINGS AND PURPOSES. 

(a)  FINDINGS . -- TEE CONGRESS FI�DS 7HA7 - -

( l l  ther:e are insuf:icient water supplies available to 
residents of the Kickapoo Indian Reservation in Kansas, and the 
water supplies that are available do not meet minimum health and 
safety standards, thereby :.mposing a threat to public health and 
safety ; 

( 2 )  lack of adequate water supplies on the Kickapoo 
I!'ldian Reservation restricts efforts to promote economic 
development on the reservation; 

( 3 )  serious problems in water quantity and water quality 
exist in the rural count ies of Atchison, Brown, Doniohan, Jackson , 
Jefferson, Nemaha , Pottawatomie and Shawnee. Kansas! 

(4 J t:he un�::ed Stat:es has a trust. :responsib:.lit:v to 
er.sure er.at adeq1.:ate and sa�e wa::e:r supplies are available to

.
meet: 

the econcmi c .  en·;:.:ronrnenta:, water supp:y, ar.d public heal ::h needs 
of the K!ckapco :ndian Reservat:on; and 

( S J  ::�e best ava!:al::le, rel :..a:o_e, a:"lc safe n.::ra.: and 
m1.::uc1pa:. wat.er st:pp:y to serve the r.eeds of the K1clcapoc !ndian 
Reservat:.on ar.d the res!dent:s of Atchison, Brown, :Joniphan, 
Jackson, Jef ferson, Nemaha ,  Potta..,atomie and Shawnee Counties, 
Kansas i s  the Missouri River. 

(b) PURPOSE. 
this Act are t:o - -

The Congress declares that t:he pur�oses of 

( l l  ensure a safe and acequate municipal,  rural, and 
industrial water supply for t�e :::es1dents o f  the Kickapoo Indian 
Reservation, Kansas; 

( 2 )  assist the c : � 1zens of At:chioon , Brown , �on1phan. Jackson, Jefferson, Nemaha. Pottawatomie and Shawne• Counties 
Kansas to develop safe and adequate mun1c1pal, rural and ir.dustriai 
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water supp:!.1es; 

(3) stabi::.ze anc rep �en1 sh existing ground water 
sou:-ces and promoce the l:t'ple'Tlentat:1on of wate:: conse::vatio::. 

programs on the K1ckapoc Indiar. Reservation and in Atchison, Brown, 
Joniphan, Jac�son, Je::ersor., Nemaha, Po::tawatomie and Sh.:iwn°"e 
Counties, Kdnsas . 

SECTION 3 .  KICKAPOO RURAL W�TER SUPPLY SYSTEM. 

(a) At;THORIZATION. - - The Secretary of t:he oepart:ment o! 
;Je:er.se (here1:1aft:er referred ::c ae c:!-.e "Secretary • )  lS authorized 
and d1rec::ed to pla�. design, const::�ct, ope::a::e, r.1A 1r.::a1n, and 
rep: ace a mun1c1;:ial, rc:ral, anc indust:.::1al wai::.er sys a::. em, co be 
irno·..in as ::he Ki ck.apoc :l.ural Wat.er Supply System, as generally 
described in ::he re�or:: entitled "Needs Assessme�t Kickapoo Rur�l 
Water Supply Sys::em : ' and da::ed �a::ch 31,  :99B . The Kic�apoo Rural 
Wat.er Sup�ly Sys::em 3h2:1 consist: c: - -

( l )  necessary pumping and treatment facil it ies located 
along the Missouri River near At:chinson, Kansas; 

( 2 )  pipelines extending from t�e Missouri River to the 
Kickapoo Indi an Reservation; 

( 3 )  01oelines and faci l it ies to a::ow for 
1ntercor.nections wit� che Northeast Kansas Rural Wat.er system; 

( 4 )  distribution and treatment facil:t:.ies to serve t�e 
needs of the Kickapoo !ncian Reservat:on, includ:ng but noc limited 
to the purchase, improve�ent a�d repa:.r of exist:.ng water systems, 
including systems owned by individual tribal members and other 
resident� of the Kicka?OO Indian Reservation; 

( 5 )  a master ccr.t.rol cent:er and other appurtenant 
buildings and access roads ; 

(6) �ecessar1 �=cpe��y, ?rcperty rig�:s ,  wate= =is�:s, 
anc righc:s-of-way; 

( 7 )  electrical oower transmission and d1atr1but:.on 
fac1lit:.1es necessa:y for se�1:.ces ::o water sysce�s facilities; 

(8) Mul t i - purpose R�se:vc1r No 2 1 - ! -t ,  as ger.er-ally 
described in the report ent1tled · �atershed Plan and Environment.al 
I mpact Stai::.emenc : Upper Delaware an� Tr1butar:.es Watershed: 
Atchinson, Brown, Jcickson, and Nemaha Count:.ies . Ka�sas , "  and dat:ed 
Ja.�uary, : � 9 4 ;  and 

( 9 )  such oc:�er pipelines, pumping plant s ,  �nd facilities 
as the Secret:.ar

.
y deems :iecess3r·1 and appropriat:.e co meet the w;:ic:�r 

supply, econom ic, public health, ar.d e�v:ronmental needs of the 
reservac:.:on, including <but: not l in1tcd to) water storage tanks. 
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water l ines , waste water disposal systems, and et her facil1ties for 

the K1ckapoo Tribe and reservat:..on v:.llages, towns, municipalities 

and cor.vnunlt�es. 

1 : )  I :-:.  ca=ryi::g cu:: subsec::.1on (al . ::he Sec=etary 
(through ::he Army Corps o: Eng�neecsl snall enter i:::to an 
interagency agreemer.t w:th the Secretary of the Interior (through 
the Bureau of Reclarnat:.cnl . the Secretary of Health and Human 
Serv1ces (chrough the I:::d1a:-:. i-!ealt!': Serv:ce l ,  :he Secre:ary of 
Agr�culture ( througn the Na: io:-:.al Fcrres:: Service) , the Secretary 
c: Energy, t�e S@cretary of Ho�s1ng and Urban Development, and t�e 
Admi:-:.1strator of the Env1ron�enta! Protect 10::: Agency. The 
Department o f  Defense ( through the Army Corps of Engineers! shall 
be the lead agency under the interager.cy agreement .  

( 2 )  The Secre:ary o f  Interior, :he Secretary o f  �ealt� 
and Human Services, the Sec::::ecary of Agr:..cu! ture 1 t:he Secrecary of 
Energy, the Secretary of Hous:ng and Urban Devel opmen t ,  and the 
Administrator of the Environmental Protection Agency shall provide 
the Secretary with all assistance ne=essary to fully implement the 
provisions of this Act:. 

c AGREEMENT WITH NON-FEDERAL ENTITY TO ?LA.'1, DESIGN, 
CONS7RUC7, OPERA7E A..'ID MAINTAIN THE KICKAPOO RURAL WATER SU??LY 
SYSTEM. 

( l )  ;:n carryi:-:g out subsection (a) , che Secret:ary, with 
the concurrence of t:�e Kicka�oo :r1bal council . shall enter int:o 
agreements with the appropr:ate non-Federal entity or ent:1t1es for 
planning , desig!!ing, constructing, operating, �a1nta1ning, and 
replacing che Kickapoo Rural Water Supp:y Syste�. 

12) Such coooe ::::ate aqreemencs :;ha!l set forth , _ .. a 
��nner accepcabl e :c t�e

-
Secretary - -

(Al the responsibil:::ies of the parties for needs 
�33e93�e�c� feas:.b:: .:.. : y #  anC e:-�·/!!"'On=-nenta_ stl!d!es ; e::.g1nce!'"::-�g a:::d 
design; construc�:..o�; *a:er conservat:on measures; and 
adm1n:scra:1on of any cont::::ac:a with respect to this subsection; 

(B) the procedures and requirements for approval 
and acceptance c!: such design and construction; and 

Q l the r19hts, res?ons1b1l1t1es, and 11ab1l.1.ties 
of each party t o  the agreement . 

(J) Such cooperative agreements may i�clude the 
purcha3e , lmprovement , and repair of ex1s� ing water and waote water 
systems, includi�g systems owned by :nd1vidual tribal membe rs dOd 
othe:::: re31dent� of the Kickapoo Indian Reservat1cn. 

(4) 7he S�cretary may unilaterally terminate any 

...... . J. / 
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coope=a:ive agreeme�: er.tered :nto pursuan� to th:s subsec:1on i f  

the Secretary deter�ines t�at t�e quality o: ccns:ruction does net 

meet standards estao:1shed :or sim::ar fa=:l1t:es constructed by 

-r� ::�r�:·i:i'" Gov� :::"lm'!�� c':' t!-:at ::he o��=-at 1on a::C m.J..:.:1tan�ncc c: t!":.e 

system does not r..ee': �ta::;J.�.:.��s �...:=2�:.J.!:;.:.� �.:: :::� s��=c:l :':( !0-

fu:f 1 ! 1  i�g t�e ob!1sat10�� o: the Ur.it�d States to the X1cKapoo 

Tribe . 

( 5 )  �pon execu::o� o! ar.y cocperative �g�eement 

au::horized under this sect:on, the Secret ary is authorized ta 

t rans fer to t�e appro�r:ate no�- Federal ent:ty, on a 

nor.reimbursable basis, the = ��ds au:horized to ce approprlat�d by 
Sect :cn 10 c! this Ac:: . 

<C.l SERV:C:S AREA. - - ':"he serv :ce area o: the :<1c.-:apoo R·.;ra: 
Water Supply system shall be t�e boundaries a: :he K:ckapoo Indian 
l{ese=vat:..o� as de!ined in A:-t1cle I of �he Tr:bal t:onst1 :u:ion 
approved by :he Secretary ot the :::ter:c::- an F�brua ry 2 5 .  1936 
pursuan: to the :r:dian Rec::-ga:--.izat:on Ac:: o :  J:..:...""le _ a ,  1934 '48 
Sta:. 9 9 .; )  

( e }  CONSTRUCTION REQUIREMEKTS . The pumping plants , 
pipelines, treatment facil1:i.es, and other appur::.enanc facilities 
for the Kickapoo Rural water Supply System shall be planned and 
constructed to a size suff1c1�nt to nee: the munici pal , rural , and 
ind�str:al water supp:y requirements of the Kickapoo Indian 
Reservation and :he areas com�r1sin9 Atch:son Co��ty, Brown County. 
�on1phan CoLnty, Jackson County, Je!:erson Coun:y, �e:na.ha County, 
Pot:awatomie Cou.""!ty and Shawr.ee County, Kansas, ::aking in:o acco�.t 
the effects of the ccnservation plans described in Sect ion 6. 7he 
systems authori zed under :his Act r.ay be :n:erconnected and 
provided with war.er service from common £acili::.ies . Any J 01::t 
costs associated with common facil1tlos shal l be allocated to the 
Kickapoo Rural Wa::.er Supply Sys:em. 

\ f )  T!TLE TO SYSTEM. T:tle r.o ::he Kickapoo Rural Wat er 
Supply System shall be held · - t rus:: for the Kickapoo Tribe by the 
United States and sha:l net be transferred or encumbered in any 
nann�r w.i.chout a subsequent Act of Congreas.  

(g) LIMITA7!C� ON AVA ::.AB:LI7Y O f  co�s:-��C7 ION FUN:>S . The 
Secretary shal: not ob:i.:gace fu:ids for the ccnstruc::ion o: the 
K1ckapco Rural Water supply System until - -

(l.} the requirer.ien:s of ::.:�_e Na::ional E::ivironmenta: 
Pol icy Ace of 1969 have been met; and 

(2) a .:i::al e:'\gineering re?ort has been prepared and 
subm1::ed to Congress :or a �er:od o: not less than ninety days . 

: h )  7ECHNICA� ASS: STA.�CS . 7he Secretary :s auchor: zed ar.d 
d1rected to prov1de sue" :ec!:n:ca.l .1sslstance as may be necessary 
to the Kickapoo Tribe :a plan, design, construct , opera t e ,  
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maintain. and replace the Kici<apoo Ru:al Water Supply System, 

includ�ng (but not limited to) operation and management t rai n ing . 

( 1 )  APPLIO.TICN OF TH;:: IN:):i:A.'< SELF DETERMINATION ;..c;: . - 

Pla:::-:ing, des:.gn, co:1stn:ct1on, opera t ion ,  malntenance 
. 

and 

replacement o !:  the Kickapoo Rura!. Water Supply Sys::em s�al- be 
subJeC:: to ::he provisions o� the rndia:i. Sel f - deter:n1nat:.on Ac:: 

(?�lie Law 9 3 - 6 3 6 ,  25 � . s . c .  450 ) . Sect ion 7 � ) of ?ublic Law 
'.03-4:3 (25 � . s . c .  450e ; c \ )  sha:l be cons ::rued to bene!:.t only the 
K:.cka�oo 7ribe for the p�rpose of applying the tr:be ' s  em�:oyment 
and contract pre�erence :aws tc the corrvnon :ac1lit1es. 

SEC. 4. NORTHEAST KA.�SAS RURAL WATER SUPPLY SYSTEM. 

(a) ?!..ANNING A..'ID CONSTRUC7ION. - -

( 1 )  Tr.e Secretary is aut�or1zed and d:rected to enter 
i:l.to cooperat ive agreements wi:h appropriate ::on-Federal entities 
to provide Federai funds for the pl ann�ng and construc:ion oE the 
Northeast Kansas Rural Wate r System. For the purpose o! this Act, 
the Northeast Kansas R1.:ral Wacer System shall cons i s t  of wa::er 
dlstricts and systems in Atchison County, cirown County, Dcniphan 
Count.y, Jackson Co:.inty, Jef ferson County, Nemaha Coun::y ,  
Pottawacomie County and Shawnee County, Kansas, a s  genera:ly 
described in the report entitled "Needs Assessment Kickapoo Rural 
Water Supply System, " and dated March 3 ! ,  1998. 

( 2 )  The Secretary may not provide more than 90 per 
centum of tl:e total cost of the Northeast Kansas Rural Water 
System. Such Federal funds may be obl igated and expended on:y 
through cooperative agreemen:s described in subsection <bl . 

(3) 7he non-Federal share o� the costs allocated to the 
Northeast Kansas �ural Wate r Syste� shall be �O per centurn. 

(b) CCOPEP..AT!VE AG�E:'-1£N:'S . 

< : >  The Secretary, with :he concurrence of :he 
res;:ec::1ve rural water sys::e:ns, sha:l exec1.:t:e cccperat::.ve 
agree:r.e:l.ts with :he ap!)ropriate non-Federal ent1::1es ::::> ;:>rcv:C.e 
Federal assistance for t�e pla::ning , design, anc construcc1on cf 
the �ortheast Kansas Rural Water System. such cooperative 
agreements shall set forth, in a manner acceptable to the Secretary 

(A) the respcns1bilit1es o! the parties for needs 
assessment, ::ea.sibility and environmental studies; engineering and 
des19n; construction; wat�r conserva:ion measures ; and 
administration o f  any contracts with re spect to thio oubparagraph; 

(8) the proc�dur�s 6nd reau�remencs for approval 
and acceptance o: such design and conutruct ion; ar.d 
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(C) the right s , respor.s1b1l1:1es, and l:.abilities 
o f  each party to the agreement . 

(C) WATER SERVICE AGREEXENTS. -- �he Secretary shall execute 
water serv:.ce agree:::e:'lts \.llth the �ortheast Kansas !lu:-al Wat:e::: 
system t:.o de!i:le the teIT.15 a:i.d cond 1tl.O:'\s in •..ihich wate:- w1l: be 
del ivered to the systems ::�rough t�e Kickapoo Rural Water Supply 
Sys terr . . 

(d) F>.CIL:TIES ON WHICH FEDER.A:. F\..'NDS MAY BE EX?EN'CED. -- ':'!-:e 
fac1 l1t1es on wn1ch Feceral funds -:iay be ob: 19ated and expended 
under this sectior. shal: i�clude 

( l )  water i�take, pu:np:.ng, treatment. , st:orage , 
:.ntercon:'lect:.on, and pipeline fac:.lit:.es; 

( � )  appurtenant buildings a:'ld access reads; 

( 3 )  necessary prcper:y, property r19�:s ,  water rights, 
and rights-of -way ; 

(4) e:ectrical power transmi ssion and distr:.but:ion 
fac1l1t:.es necessary for serv:ce to water system fac il it ies ; 

( 5 )  upg:-ading and improvement of existing facili t ies ; 

( 6 )  plann:.ng and design services for a l l  fac:.lities; 

(7) t!te ::.wer:ty floodwater retarding dams, necessary 
lands and propert:y rights, and l� l:.vest:ock waste management: 
systems, as described in the repor: ent.itled "Watershed Plan and 
Environmental :mpact Statetr.er:t:: Ut:per Delaware a.."ld Tributaries 
Watershed :  Atchison, Brown, Jac�son, and Nemaha Count ies, Kar.sas , •  
and dated January, :994; a�d 

( a )  other facil:.t:.es ar.d se :::-v:ces customary to the 
development: of ru:-al wat:er distr:but:cn systems in Kansas, 
:.r.c:ud:r.g �aste water disposa: syste::is. 

' � )  SE!lV:CE AREA. - - 1r.e serJi=e a:-ea cf the Northeast Kansas 
Rural Water Syste� shall be the arEa compr1s1r.9 Atchison County , 
B:-own Cou.,ty, uoniphan Count y ,  Jackson COU:'lty, vef!erson County, 
Nemaha County, Pottawatom:.e County and Shawnee County, Kansas, but 
shall not: include the service area of the Kickapoo Ru:-al Wate::
Supply System as defined in Sect::.on 3 (d) of th:.s Act . 

( f )  LIMITATION ON AVAI:..ABILI7Y OF CONSTRUCTION FUNDS . - - The 
Secretary shall not ooligate funds for the construction cf 
Northeast Kansas Rural Water System, unt!l 

( l) t!':e requirements of the N"'t:ional Environmental 
Policy Act of 1969 have been met; a�d 

nubm1 t ::ed 
( 2 )  !inal eng1neer1ng report s have been prepa:i:-ed and 
to c.he Cor.gre:::::: for a pc=iod of not less t han ni:'lety 
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days . 

(g) WAIVE� OF WATER CHARGES . - - The Secretary lS authorized 
c.o .:. �:ercc�nec: the Ncr:heast Kansas Rural Water Syete� with the 
Kickapoo P.�ra: �a:er S�pply Syste�. a�d to ? rovide :or the delive:-y 
of water to each syst:.e:r .. w:. ::"iot.:: charge or cost, t!':rough the cc:r.mcn 
fac::. l::.t ::.es . 

(h) PROH:BIT:ONS ON USE OF FEOERA� F"JNDS .  - - The Secretary 
may not obl::.gate or expend a:'ly Federa: funds for the operation, 
rr.a.:.r.tenance, or rep:acerr.en:. of t�e �Jo:::-t!'\east Kansas Rt.::::-al Wate:
Syso::.em. 

SECTION 6 .  WATER CONSERVATION. 

(a) PLANS R:::QUIRE:::l . In order to reduce c.he costs :o 
consumers and to reduce water consumption, the Secretary, prior to 
obl.:.gat ing any construction :unds, sha:l issue a pu�lic nct:.c:e 
finding that plans for the ru:::-al wat.ers systems ::.nclude prudent a..�d 
responsible water conserva�ion measures for the operation of such 
syst:.Pms where such measures are shown to be economically ar.d 
f inanci ally feas ible. Each of the non-Federal entities 
participating 1n t:.he ru=al water systems authorized under this Ac: 
shall develop a water conservation plan containing definite goals, 
appropriate war.er conservation measures ,  and a time schedule :or 
meeti ng the water conservatior: ob�ec::: ives. T!':e prov.:.sions of 
section 210 ( c )  of Public Law 97-293 ( 9 6  Stat. 1268) shal l acc:v 
with respect to the systems. 

· •  -

SECTION 7 .  MITIGATION OP F:ISH, WILDLIFE AND TERRESTRIAL LOSES AND 
BSTABLISHMl:N'l' OF KICKAPOO BIO-DIVBRSITY TRUST. 

(a) AQUA':'IC AND 'CSRRESTR:AL :-!I�IGAT:ON REQt.;:RED. 
Mitiaat1on Eor E1sh, wi:dl�fe and terreatria� losoes inc�rred as a 
result of ::he construct:on and oceration of :he :rural wate:::- svste�s 
authcr:.�ed by :!':�s Act s�all be en a� acre-:or-acre !:>asi s ,  ba�ed en 
ecolcg::.cal equivalency, co�current with proJect construc::: 1on. 

(bl AL'THORIZA':'I0!-1 FOR ES':'A3LISHMEN':' OF KICKAPOO BIO-D IVERSI':"':! 
T�UST '. - - �he :ecreta=Y shall �ake Eederal grants to the Kickapoc 
Bio-diversity .rus::: . The funos author1zed under this subsection 
sha:l be expended as provided in the Final E�gineer1ng �eport a�d 
Envi ronment al Assessment for the P1k:1tano1 Rural Water ProJec::: , 
requi red by Section 3 <gl of this Act. 

(1) ':'he Kickapoo 810- d1vero lty Trust shall be eligible 
to receive federal grancs under subsecc lon (b) i f  : t  

(A) is est.:il:li shed and operated as d nonprof :.. t 
corpcraticn under t�e Laws of ::he Kick.:ipoo Tribe in Kanoao ;  

( B )  is incorporated to select and provide funding 
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to projects that restore, protect and enhance w:ldl1:e and w1ldl�fe 

habi tat; 

(C) is operated under a Soard o f  T:;"1;stees that 

(i; has the �ewer to manage a:l the a:fa1rs of 
the ccrporat1on, includir.g adrnin:stration, data collection, and 
implementation of the p�rposes c f  the :rust; and 

( i i )  i s  composed of members that do not serve 
o� any Feceral, tribal . or state leg1s:at1ve body, court, agency, 
convnissior. or board; and 

persons or more 
one years and 
eligible voters 

! : i i )  !.S compr :sed of not less t:hat th::-ee 
than five persons w�o are over the age of twer.ty
elected to t:iree-year. staggered ter"Tls by the 
of the K!.ckapco 7ribe :n K.in1:1d1:1 . 

(2) The Kickapoo Bio -d:versity Trust shall be deemed to 
be operat ing in accordance with this section i f  - -

(A) the Trust i s  ooer:ited t o  select and provide 
funding to proJ ects that protect, restore and maintain plant and 
animal communi:ies and large-scale natural ecosystems in accordance 
with its corporate purposes .  Projects el igible for funding include 
those that - -

(i) reconstitute natural biological diversi:y 
that has been d:minished; 

(ii) assist the recoverv of species 
populations, communities a�d ecosystems :hat are un°able to surv1ve 
on-site wit�out intervention; 

( 1:..i )  allow re::.ntrod:iction and :-eoc::upat 1or. by 
�at::.ve flora and fauna; 

(iv) control or elJ.m:nac.e exotic flora a�d 
:au�a �n1c� a:e Oamagi�� natural �c�syste�s; 

(v) rest ore natural habitat !or the 
recruitment and survival of :ish, wat er:owl 4nd ocher wildl i f e ;  

(v::.) provide ad11t:ior.al conve:-sat1on values :c 
tribally owned and :nd.i.vidual:y owned trust lands; 

(vi:) add to structural and compos i t ional 
values of existing preserves or enhc1.nce the v::.ability, 
defensibility and management of preserves; and 

( v i i i )  restore natural hydrological effects 
incl�d::.�g sediment and eros::.on control drainag�. pPrco lation ar.d 
other wate r q1.1al.i.ty lm?rovemen: capac:ty.  
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(S) the 7rust is managea 1n a fiscally respons 1ble 
fashion by investing in private and publ .ic f:na..."lc.ial vehl.cles 
approved by the secretary with the goal of prod�cing income and 
prese:-v:r.g principle; 

(C) the p :: nc:?le of :he Trust uhd-1 �n �::v:olate, 
but lnterest earned on the p:: ::c:pal shall be used to accomplish 
the goals ot the 7r�st. and ex?endit�res o! all funds from the 
�rust snal: �e based on an anr.ua: budget approved by th� Secr�tary; 
a:::i 

(D) ::ot ::ess than ten ocrcc"lt o!: the ::.nterest 
earned eac� year �=om the pr1nc:pal of th� Tr�st sha:l be added to 
t:he prl.nciple .  

( 3 )  Proj ecc s e:igible for funding under this Section 
must be located witnin t�e se:!'.'V1ce a�ea or the Kickapoo Rural Water 
Supply Syscern. 

( 4 )  The Secreta�y shall annually report on the operation 
and management: of the Kic�apoo 3io-d:vers:ty Trust co the Corrrnitt:ee 
on Natural Re sources and the Commi ttee on Appropriations of the 
House of Representatives, and the Committee on Appropriations and 
the Committee on Indian Affairs of the Senate . 

SECTION 8 .  PROHIBITION OP USE OF FONDS FOR IRRIGAT:ON PURPOSES. 

(a) EXPENDITURES FOR IRiUGA?lON PROHIBITED. - - None of t!-.e 
funds made available t:o the Secretary for planning or construction 
of the rural water systems authorized by this Act may be used co 
plan or ccnsc�uct faci :�cies used to s·Jp?lY water for the purpose 
of irrigation. 

SECTION 9 .  USE OF PICK-SLOAN POWER . 

(a) :N GE.�ERA:. . - - T�e Syste�s auc�cr::ed by Sect:.�cns } and 
4 of this Ace shal l �til:.:e i)Ower frcm ?:.ck-Sloan for their 
operat�ons. 7his power sha:l be dee�ec to �e a pro:ec: use ?Umping 
�equiremenc of P1ck-s:oar. a::d ut1l1�ed by t�e systems or. an ann�a: 
basis. 

Cb) RATE . 7he race for pro)ect: use power made available 
pursuant to subsection (a) shall be the wholesale !::.rm pow�r rate 
tor the Western Ar�a Power Acmin1strat1on 1n effect at the t:�e 
power is sold. 

(c) ADDITIONAL ?OWER. • • Five neg;;waccs of federal prefei:-ence 
power reserved for :nd:an tribes and small users af�er the Year 
2000 by t.he Western Area Power Admir.�stratton shall be made 
available and al located as : o l l ows - -

(A) T1o10 megawat: t. s  :o c:he K1ckapoo Tr:..be t:o meet its 
resl.denc: i a l .  municipa l .  comme rcial �r.d lndustrial needs ;  and 
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(B) Th::ee megawatts :o ::he :cw:-.s, r.iunicipali: iee and 
commun1:1es located w::.th.:.n the servi::e areas of the Northeast 
Ka�sas Rural Water System, t� meet the1 r  ::es1der.t1al, mU'-lCi?al , 

commerc16l and ind�s::r:.al needs . 

(d) DEFINIT:ONS . - - Fo:: the ?urposes o: :h1s seCtlC'- - -

( 1 )  c.he term ''P:.ck-Sloan" :neans the Pi.ck-Sloan M:.ssou::1 
Basin Program au::hor:.zec bv sect ior. 9 of the Act of Decer.her 2 2 ,  
1944 ( 5 8  Stat . 8 9 1 ) ; ccm�oniy re:erred to a 3  the F:ood Cont::ol Act 
c: :944 

( <: I  the :er.:1 "Svs::.gms Teans the Kickapoo Ri.:::al Wa::e:: 
Su?ply System and Nor:heas= Kansas R�ral wa:er sys:em; ar.c 

(3)  the ::e:::::i "Corm:ion Fac:.l: . .ties" means the ir.:ake and 
c.::-eatmer.:: p:ant en :he M.:.ssoi.::-:. �:.·:er, a::d all c::::RE p!.pel::.ne ar::i 
re: atec :3c:.l:.::1es :oca:ed ::�ts :.ce of ::�e �oi.:nca:-:.es of ::he 
Kl::katoo Se::v1ce Area de:i�ed by Sec t 1or. 3 (d) of thi s Ac:, t�a: 
are held in t::�sc :o:: the �1ck�poo Tribe. 

SECTION 1 0 .  AUTHORIZATION OF APPROPRIATIONS . 

( a )  PL.ANNDI G , DESIGN AND CONSTR:JCTION. ':here l.S 
authcr:.zed to be appropr iat.ec 512 7 , 55 1 , 000 for the plann::.r.g, 
design, and construct :..on of t.:ie n.:r:i: wace:: syste:ns auchor.:.zed by 
Sect. ions 3 and 4 of :his Ac:. Such funds are authorized :o be 
appropr:..Yted only through :he enc of the fifth year after 
constr�ct1on funds are mace ava::.lab:e . The :�nds authorized to be 
appropriated by tl":e f::.::-st sentence of t:h1s subsect.::.on shal::. be 
increased or decreased by sue!-. arr.ounts as may be Jusc::.=::.ed by 
reason or ordinary fluc:ua:ions in development costs inc�rred after 
Januarf 1 ,  1999, as indicated by engineer:..ng costs :nd:.ces 
ap?l::.cablg for the ty;ie of construct:cn involved . 

(bl OPE:RATICN AND MAINTENANCE OF :<IC:<APCO RURAL WATER SUPP:.Y 
SYSTE�. - - There are auchor:zed to be a�propr1ated sue'- sums as 
may be necessary for the ooe:-ation, m�intenance and reo l ace men c o: 
the Ki ckapoo Rural Water Supp:y System . 

• 

( C )  KICKAPOO a:c-o:VERS!TY TR�ST. �here !9 authorlzed to 
be approp::.:.ated $3,750,000 �or the escab�ishment, ope ::at 1on and 
rr.a:.r:te'-ance of ::he K:.ckapoo a10-:i:.versicy Trust establ lshed by 
Sec::ion 7 (bl c: this Ac: . Such fu:ids sha : l  !::e pa:.d in !!.VP. ar.:iual 

ins:a::ments begin..�i:ig :.n the fiscal year that funds fer 
cor.str· .. ct1or. are au::hori::ed for the Kickapoo Rura: 'Hater Supply 
System. 

(d) il�'!'ER R1GHTS . i\ll outst ;;i.r.ding obl1ga:1or.s of :he 
State of Kansas to the Uni ted Stat.es for fede ral water r1qhts 
purchased in Perry Reservoir are ca�ce:ed and Eorgiver.. subJ ec� :o 
the t ranster oi ownershl? ot a l l  necessary �acer r i gh:s from Perry 
R<:s�rvoi::- c:o the Kickapoo Rura! "1ater S•.ipp:y System and Ncrtheast 
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Kansas Rural Water Sysi:em, wichour. coses co the systems, as 
prov:ded in the Final Engineer Re�ort . A.�y waters rights 
trans�erred co t�e Kickapoo !r:be under this subsect ion shall be 
held in the �ame of the United States in trust for ch� K:ckapoo 
Tribe. 

SECTION 1 1 .  ROLE OP CONSTRUCT!ON'; FEDERAL FUNDING, FEDERAL 

PREFERENCE POWER AND WATER RIGHTS. 

(a) Rtr....iE OF CO!"STRUCT!ON . Nothing ... n th:s Act lS 
int:ended. nor sha:l be ccnscrued, co pr�clude the K:cka�oo Tr1be :n 
Kansas from seek:ng co�gress:cnal authorization to p:an, desig�. 
ccnstruc : ,  o�era t e ,  maincai� and replace addit ional federal:y 
assisted water resource development proj ects. 

(bl PR�PF.q�Nr� �nwF R .  -- �orhi�g in rhi� A�r i �  i n��nd�d, nor 
shall be conscrued , to preclude :he i\..:..ckapoo 7r:be :re� segk:�g a�d 
obtaining addicior.a:. federal preference powe!:" f:-om the Weste!:"� Area 
Power Administration o r  any other federal agency. 

( c )  WATER RIGHTS . 

shal l be construed co 
Noching in this Act is intended, nor 

( 1 )  impair i::he validity of or preempt any p:::-ovision o f  
S i::ate wai::er law, or o: any intersi::ate compact governing water; 

( 2 )  alter i::he rights of any S;ai::e co any appropriated 
share of the wacers of any body or surface or ground water, whecher 
determined by past or future lnterstate compacts, or by past or 
fucure legislative or fina: : ucicial alterations; 

( 3 l preempt or moC.i!y any State or Federal :a:.; er 
interstate corr.pact dea:ing with water quality or disposal ; 

( 4 )  confer uoon any non-:edera: eni:ity the ab:l :ty to 
exer::::.se ar.y !'":!C.eral r:ght to i::he "aters of any stream or to "-"":Y 
ground water resources; or 

( ':: ) a!!ect a::.y wacer r�3hts er cl .!! irrs ch..::::eto of t::e 
l<ick.!lpoo Tribe, whether located within or wic!"lout the external 
boundaries of i t s  reservacion, based on treaty, Executive order, 

;-��-��:� Ac� =e c���=��3 a�o�:;:�a: : : : ! e ,  :�a W1nt e r • 3  Ooc�rine 
(winter ' s  v. United States, 2 0 7  U . S .  564 (1�08 ) ) ,  or otherwise. 
Nothing conta1ned in i::his Act. however, :s incended to val1dace or 
invalidate any assertion o f  the existence, nonexist ence er 
excinguishment o :  any water rights ,  or claims thereto , held by the 
Kickapoo Tribe or any ocher Indian tribe or individual I�dian under 
Federal or State law. 

(December 3 ,  1998) 
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AN ACT 

To authorize construct.:.on of Kickapoo Rural Water Supply sys::em, 
the :-iorthea :? ':  :<a:-.�:ig :<ura: ih::�r s..-�:::�. -=�e �"··-=-"'- . :�.:.::.:; :'.-ral 
Water Sys::em, the Smokey H.:.lls Rural Water System, and the 
Southwest Kansas Rural Water System, and !or other purposes . 

Be i t  enacted by the Senate and House of Representa tives of the 
Uni ted Scates of America in Congress asse.'11.bled, 

SECTION 1 .  SHORT TITLE. 

This Act may be c1ted as the "Pikitanoi Rural Water ProJ e ct 
Act of 1999 . "  

SECTION 2 .  FINDINGS AND PURPOSES. 

(a)  FINDI�GS . -- :HE CONGRESS F:NDS THAT - -

( 1 )  there are insufficient water supplies avai lable to 
residents of the Kickapoo I:-.dian Reeervat.:.on in Kansas, and t�e 
water succl i e s  that are ava.:.lable do not meet minimum health and 
safety scandards, thereby .:.�poe.:.ns a threat to pub:ic health and 
safety; 

(2 l lack of adequate water sucolies on the Kickapoo 
Indian Reservation restricts effort s · i:o promote economic 
development on the reservation; 

( 3 )  serious proble�s in water quantity and water (iUality 
exi st in the rural count ies of �t=�1sor.. Brown, Ooni�han, Jackson, 
Jef!erson, �arshall .  Nemaha, Riley, Ri il ey, and ShaWnee. Kansas ; 

( 4 )  serious proble�s in water quant i ty and water qua l i t y  
exist in the rural counties o f  Barton, Clav, Cloud, D1ck1nson, 
Ellsworth, Geary , Jewe l l ,  Lincoln, Marion ,  McPherson, Mitchel l ,  
Morr:s , Ct:awa, Repu�lic, Rice, Sa:ir.e. �abaunsee a:1d Wash:ng::on, 
KC>r.sas; 

(5) s erious problems in water quant ity and water qual ity 
�xis: 1:-i the r..iral count:: 1es of Cheyc:ne, :eca:t:r, :::: 1 ::. s ,  Graham, 
Grove , Norton, Osborne, Phillips, Rawl�ns, Rooks , Russe l : .  
Sheridan, Sherman, Smith, Themas , 7rego, and Wal:ace, Kansas; 

(6) se rious problems �n water qua:1t:.ty and water cr..:al1::y 
exist in the rural counties of Bar�er .  c:ark, Comanche, Edwarcs , 
Finney, Ford, Grant, Gr�y. Greeley, Hamilton ,  Haakell, Hodgeman, 
Kearney. Lane , Meade, Mor::on, Ness, Pawnee, Pra t t ,  Rush, Scot t ,  
Seward, Stafford. Stanton, St; .. ;ens. and Wichita, Kansas; 

(7; t�e Ur.1ted S c:ates !:ac 1 c: ::-..:sc responsibility t.o 
ensure that adequate and safe wacer supp 1 .:. e s  are avai:able to meet 
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the economic, er.vi ror:mental . water st:t:P-Y, anc put_ :c heal t!l r.eeds 
o f  the Kickapoo Ind::.an Rese:·vac1or.; and 

( 8 l  t: he best available, reli able , ar.c! sa !:e :ura! ar.d 
mun:cipal wat:er supply co scc1e the:: needs of the Kickapoo I nc: an 
Reservation and :he res1de�ts o� Al�nison, 3arber .  Barton, Brown. 
Cheyenne, Clark, Clay, Cloud, Comanche , Decat:ur, Dickinson, 
Doniphan, Edwards, El l :s . Ellsworth, Finney, Ford, Geary, Graham, 
Grant. Gray, Greeley, Grove , Ha�ilton, Haske:l. Hodgeman, Jackson , 
Jefferson, Jewe : l ,  �earr:ey, Lan�. L1r.co: n . �ar�on, �arsha l l ,  Meade, 
t\e11aha . McPhersor., x:cc�e:.. : .  xorris , �t.orcon, !-less, Norco:'\ , Osborr.e . 
Ot tawa , 1?3·,,r.ee. ?!1i::.ips, �.:.!.ey, Pratt, Rowlins. Re?ubl .:. c .  R:ce, 
Ri:ey, Roo�s ,  Rus�. Russe : : ,  Sa: : ne Scott, Se�ard, Shawnee, 
Sheridar., Sher.:ian, Sm1:h, Sc��forc, Star.ten, Stevens ,  7ho�as, 
':'reco, wabau::see, ;.ia::.l;ice-. •,;as�:r:s::::::, anc:. w:chita Counc ;..::s ,  
Kan;as, i s  che �issour: Rive�. 

bl ?URPOSE. - - The Ccnqress decl a re s tna: t:�e purpcses c! 
chis Act are to - -

( l }  ensure a safe and adec:;uai::e municipal, rural . and 
industr:.al water supply for :he residents cf the Ki ckapoo Indian 
Reservati::n, Kansas; 

(2) assist. ::he c:t ize::s o f  At.::h:son, 3arber, Barton . 
Srown , Cheyenr:.e , c:ark, Clay , Cloud, Coma::che, Decatur, C::.ckinso::, 
Don1pha::. Ecwarcs. �ll:s,  Ellsworth, Fin�ey , ?ord, Geary, Graham. 
Grar:t, Gray, Greeley, Grove , ��T-:lcon, Haske : ::. ,  Hocge::ian, �ackson, 
Jef!erson, Jewe l l ,  Kear.:ey , Lane , L:::co:n. �aricn, Xarshall, Meade , 
Ne�aha, McPherson. Mitche : : .  �orris , �orcon, !-less, Norton, Osbo�e . 
Ottawa, Pawnee, Phi llips , P.:ley, Pra t:: . Rawl ins, Repub:ic, Rice, 
Riley, RookG, Rush, Russe:l ,  Sal:ne, Scott ,  Seward, Shawne e , 
Sheridan, She:nna n ,  Smith, Sc a!ford, Stanton, Stevens, 7homas, 
Trego , Wabaunsee, Wal lace , Washington, and Wi chita Counties, 
Kansas ,  to develop safe and adequat:e municipal .  rural and 
industrial water suppl:es; 

( 3 l  scab:li=e and rep l er.:s h ex�scing ground water 
sources a::d pro'.llo:e th� _mp:�menc a::�n c f  wa::: er conser�at:cn 
progra'.lls en c::e Kickapoo InC..ian 'l.es�rva::: ;.on and in A::: chi son , 
Barber, Barton, Brow:-., Cheyenne, c:ark, Clay, c:::n.:d , Ccmanc::e , 

r:�r-3�"- Dickinson , :)cn:pha :: ,  Edwar�o; ;;: i_ � � c; .  E:.��·...rt:'!"',.7' �" �!'lPY 
?o=�. .:iea:::y ,  Graham, Grar.t, Gray ,  Gree:ey . Gr::-.;e, Har.11lcon, 
P-as�e l l ,  Hodge�an , Jacksor. . Jef!erson, J�we:l, Kearney. Lane . 
�incoln, Marion, Marshall , Meade , �emaha, McPherson, Mi :::che!l, 
M?rr1s, Morter.. Ness , Norton. Oabotne, Otta�a. ?awnee . Phillips, 
Riley. ?rat:: , Rawlins, Repub l i c ,  R1ce, P.iley, Rook� . Rush, R�sse: ! ,  
Sal :ne ,  Scott . Seward, Shawne�. Sheridan. Sher�an ,  Smich, Scaf!ord, 
Stant on, Steven�. Tnomas, Tr�go. Wabaun s e e ,  wa::ace . wash!ngton, 
and Wichita Count ies ,  Kdnsas. 
S�CTION 3 .  KICKAPOO RURAL WATER SU?PL� SYSTEM. 
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(a) AUTHORIZAT :ON. - - The Secretary of the Department of'. 
Defense (hereinafter referred to as the •secretary") is authorized 
and directed to plan, des1gn, construct, operate ,  ma1�ta1n, a�d 

rep l ace a municipal. ruraL, and industrial water system, to be 
known as ::he Kicl<a?OO Rural Water Su;>ply System, as genera!ly 
described !n the report entitled "Needs Assessment Kickapoo Rural 
Water Supply System , •  and datec March 3 1 ,  1998. The Kickapoo Rura: 
Water Supply System sr.a:l consi s t  of - -

( l )  necessary purnpi�g and treatment facil�::ies located 
a:cng the Missouri River r:ear Atchinson, Kansas; 

( 2 )  pipel:nes extending :ron the �issouri River to the 
Kickapoo :nd1an Reservat:on; 

(3) pipelines and facilities to allow �or 
interconnections with t:he Northeast Kansas Rural Wat-e:::- Sys::em, 
Central Plains Rural wa::e:::- System, Smokey Hills Ru:::-al Water System, 
and Southwest Kansas Ru=a: Water System; 

( 4 )  dist:::-ibution and treatment facilities to serve the 
needs of the Kickapoo Indian Reservation, including but not limited 
to the purchase, improvement and repair of existing water systems, 
including systems owr.ed by individual tribal members and other 
residents oE the Kickapoo Ind�an Reservat ion; 

( 5 )  a master control center and other appur::enant 
buildings and access roads; 

( 6 )  necessary property, property rights ,  water right:s ,  
and right s-of-way; 

(7) elect:::-lcal power t:::-ansmission and distribut:cn 
fac:lities necessary for serv:ces to wate:::- systems facilities; 

(8l Mul t i - purpose Rese:::voi:: No 2 1 - 1 4 ,  as ge:i.e::a:ly 
described :n the report ent ;.tleci ·•wa::ershed P:an a�c Environmen::.al 
!�pact Stateme n t :  Uppe:::- oe:aware and Tributaries Watershed: 
Atcr.inson. Brown, �ackson, a�d Ne�aha Count :es, Kansas , "  and dated 
January , 1994; and 

( 9 )  such other oice:ines. ou�oino olants, and fac::it:es 
a.i t .. e Scc:,.:a:y aee:.:.= r:ecassa.=-.t a;.d-apprc;; .�.:�1a c .. co meet c.:e wa:e:.
supply, economic. puolic �eal:h. and envi :::-onmental needs of t�e 
reservation, :ncluding (but �ot limited to) water storage tanks. 
water lines, waste water disposal systems, and other fac:lities for 
t.he Kickapoo Tribe a�d reservation villages, towns, municipalities 
and commun1::1es. 

lb) FEDERAL EXTENS:ON O F  KICKAPOO RURAL WATER SUPPLY SYSTEM. 
7he Secrecary is authcr:::ed and directed to plan, design. 

con�tru c t ,  operate, mai�c ai�. �nd replace that portion of the core 
pipeline and re:ated fa c:l i t ies that w1:: extend wes::ward from che 
western bou�dary of the Kickapoo Reservation to the rural water 
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systecr.s au:ho:-::. zed by Sect.:..or.s 4, 5, 6 and 7 o: t h.:..s Ac: , as 

genera l ly described in the report e:-.t ic:ed _,..-....,...--=-....,....---- ' a:"ld 

dateC. , :999. 7his por: :.cn c: t he ?::..1<1t a.r.01 Rural 

water P:-o: '"C::. sr.11 :1.  be knc·,;r: as t!1� · !"eC.e:al. extens::.on " dnd .... :..1 1  
CO:"lSlSt O f  

( l )  pipel:'..nes and Eac::.l::.ties extending from the wester:"l 
bounda ry of the Ki ckapoo Indiar: Reservat ion to the Northeast Kansas 
Ru=al Wate= System, Cent=al Plains Rur�l Water System, Smokey H::.lls 
"'°"ra: Wac.er System, and Souc:-:.west Kansas Ru:::-a:i. Wa:;er System ; 

( 2 )  necessary prope::y, pro9er�y r.:.ght3 , water r ighc.s , 
a:"ld r::.�hts-c:-�ay; 

()) elect ::::.ca.: pcwer :ra:'!sm.:.ssion and di.str1�u:;ion 
:acil1:ies necessary fer services to water sys:e�s faci.l i ties ; 

(4)  such othe-::- pipe l ines , pumping pla:-.: s ,  and :ac :. l :. : :.es 
as the Secretary deems necessary and appropria:;e :o �eet :he wa:e:: 
supply, economic , public healtn , and environmental needs of :he 
Northeast Kansas Rural Wat.er System , Central Plains Ru:::-al Water 
System , Smokey H i l l s  Rural Water System, and Southeast Kansas Rural 
Wate:- System, i'-cluding (but �ot. limit:ed t:o) water storage c.anks, 
wat:er :.i.nes, and waste wa t er C.isposal S/Stens. 

Cc) :!on"ER.AGE?-ICY AGREEME�T 3ET�EEN OVERSIGHT AGENCIES . 

( l > In carrying out subs�ct ion (a) , tr.e Secretary 
( through :he Army Co::ps o: Engineers ) shal: ent er into an 
interagency agree�ent wit:: the Secrec.a::y of :he :nterior (through 
the Bureau of Reclamat ion) ; ::-.e S cretary of Health and Hurr:an 
Services 1 thrcl!gh i:he :::ndian Heal::.:: Se::v::.ce) , :he Se,crec.ary of 
�gr�cu::u::e (tr.::oush the �a:!onal Forrest Service ) , the Secretary 
of Energy, the Secretary o: Housing and Urban Deve :opment . and the 
Administrator of t:he Environmental Protection Agency. �he 
Depar:mer.t of Defense { t hrough the .�rmy Co:-ps of Enginee:-s) shall 
be the lead oversight agency under c.he l�teragency agreement . 

(2) �r.e Secretary of rnter1cr , tte Secreca::y o: H�a::h 
and Human Services , the Secretary of Agr::.cultl!::e, che Secretary a: 
Energy, the Secretary of Housir:g and Urban Development, and c.r.e 
AdT· -::.-,�rator o f  the Env::.ronr:iental Protection Agency shall prov ide 
:.:.: .;;cCr4-:ary with a l.: assl. stance necessary to fully ::.mplement c�e 
p=ovlslor.s of :t::.s Act .  

d) AGREEMEN':" WITH NON-FEDERAL EN:'I:'Y TO PLAN, ::>ESIGN, 
CONSTRUCT , OPERATE AND MAlNTA:N THE KIC!<APOC RURAL WATER SUPPLY 
SYSTE:1 . 

(l) In carrying out subaec:1on (a) , the Secretary, wi:h 
the concurrence o.: the Kickapoo Triba: ccunc i l ,  shall �nter into 
agreements wl.th the approprldt� non- Feceral en:it:v or ent�::.1es for 
planning, de:ngnlng, con3t r;.1ct. 1 r:g, operat ing , iiaintalnl.ng, and 
replac:r.9 the Kickapoo Rurjl Wac.er Supply system. 
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(2)  St:ch cooperate agreements shall sec focth, :.n a 
manner acceptable to tr.e Sec=e:ary - -

<Al the responsib1l1t1es o :  the part ies �or needs 
��eess�er.c, feasibi l1cy. and envi=onmental s :ud:.es ;  enginee=lng and 
aes.i.gn ; consc=ucc10:1.; wate= conservat.ion meast:7es; . a:"!d 
admi�i st rat ior. of ar.y con: =acts with respect co this sunsect:on; 

(3) ::he procedures and ::-equ:.rementa fo:r approva: 
ar.d acceptance of such des i3n ar.d ccnstruction; and 

o f  each pa:::-ty 
c!:e righ:s, 

c:�e ag:::-eemer.t . 
(3) St:ch cooperative agreements may :.nclude the 

purchase . 1mp�ovemenc, and repair of exist ing water and waste water 
systems, :.ncl uding systems owne� by individual t ::- :.bal ne�ers ar.d 
other res:.dents of the Kickapoo :nd:.an Reservat ion. 

(4) The Secretary may un:.laterally ter�inate any 
cooperative agreement entered into pu:::-suant to this subsec:ion i� 
the Secretary determines t h a t  the quality o f  construct :.on does not 
meet standards established for similar fac:l i ties constructed by 
the federal Government or that the o�eration and ma intenance of the 
system does no: meet standards acceptable to the Secretary fo::
fulfilling the obligations of the Uni:ed States to the Kickapoo 
Tribe. 

( 5 )  Uoon execution o: any cooperative agreement 
authorized under t!:is section. the Secreta:::-y i s  authorized co 
transfer to the appropriate non-Federal ent ity, on a 
nonreimbursable bas:.s, :he funcs at:thor.:.zed to be appropr1a:ed by 
Sect .ion 11 of this Act .  

(d) SE�V!CE A..'i.E:A . - - The service area of the Kickapoo Rural 
Water Supp:y System sha:: be the boundaries of t::e Kickapoo :ndian 
Reservac:.c:'l as de!:.nec in Art:.cle : o: the Tribal Const:.t-..it.io::: 
approved by the Secre<:ar;; cf :he :ntenor on Fe:::iruary 2 6 .  1936 
purs-..iar.t :o t.ne :nc.:.ar. �eo::-9a:iizat:i.on Act of June :a, 1934 da 
Stat. 984) . 

( e) CONS:'RUC':'ION REQUIREMENT S .  ':'he pumpl.ng plants, 
pipel ines , treatment fac:.l:.tles, and other appurtenant facilities 
for the Kickapoo Rural Water Supply System shall be planned and 
const ructed c o  a size su�ficient to meet ehe municipal, rural , and 
industrial water supply :::-equirements o f  the Kickapoo Indiar. 
Reservation and the service areas of Northeast Kansas Rural Water 
Systtm, Central Plains Ru:::-aJ. iia;:er Svst�m. Smokev H i l l s  Ru-al Water 
System and the Southwest Kansas Ru=al Water System, taking into 
account the e ffects of the conaervac1on plans described in Sect ion 
8 .  The sy3tems authorized by thi s Act may b� ir.terccnn�cted and 
prov:.ded with wate r servi=e from common fac: l i t: i e s .  Any J O  in:: 
cos ts associated '"'1th comrno!". f a c 1 l l c : e s  held in trust :or the 
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K1clcaooo T:::ibe shall be al located co che Kickapoo Rural Water 
Suppl y System. 

( f )  T:TLE TO SYS�E�. - 7it:e co the Kickaooo R�ral Wa�er 
s�pp:y Sys:em sr.�11 te �elc in c:::ust :er :�a Kickapoo Trite �Y ::he 
un�c�c Scate s and shal: no: te t:::ans:�r:::ed or encumbered :n any 
manne::: w:..::hou:: a s�bsequent Ac:: of Congress . Title to the federal 
extension o: the Kickapoo Rural Wat�r S�pply System shall be held 
in the name of the United States and sha : l not be transferred to 
any non-ferie:::al en:ity w::ho�: a su�se��ent Ac: of congres s .  

(gl �I�!7A7:0� ON AVA! ::..AB�L:7Y CF C�NS7RUC7 ION r��n::s .  - - 7he 
Secretary shdll not obl:..gdt� funds for c�e consc :::uccion of ::he 
Kickapoo �ural Water Supp:y System �r:t:: 

( l )  the requi rements oE :he Nacional E:wiro::mer::al 
Policy Act c: :�69 have �een ffie:; ar:ci 

( 2 )  a final eng:..neering rei::ort !'las beer. prepared and 
s�bmit:ed :o Congress =or a per:od of r.ot :ess than n:..r.ety days. 

(h) TECP�ICAL ASSISTANCE. - - The Secret ary i s  authorized and 
d i rected :o provide such tec�nical assistance as may be necessary 
to the Kickapoo Tribe to plan , design, construct, operate, 
rr..aintain, and replace c!':e !<.:.c.<>J.poo Ru:-a:. Wa.:er Supply syste!"I', 
including (but not linited to) ope:-ation and managemen� t=a.:.n.:.ng. 

( .:. )  APPLICATION O F  THE INDIAN SELF-DETERMINA'!'ION ACT. 
Plann:..ng, design ,  construction, ope:::ation, maintenance and 
replacement o E  che K.i.ckapoo Rural Water Supply System and the 
federal ex::ension authc:-:zed by subsect ion 3 (bl shall be su�JeCt 
to the prov1s1or.s o: the Incian 3el: -determination Act (?ubl1c �aw 
S3-638. 2 5  ;J . S . C .  450) . T!-.e Kic:.Capoo Tribe shall be the only 
Eederally recognized tribe authorized co contract for the planning, 
des1gr., cons:ruction, operatior., mai ntena�ce and :-eolacement of t�e 
federal excens:on unde= ?ub!1c Law 9 3 - 6 3 8 .  sect:c; 7 � J cf Public 
Law l C J - 4 � 3  ( 2 5  U . S . C .  4SOe (c: l shall b� construed to benef i t  only 
the Kickapoo Tribe for the purpose o f  applyins the t r1be ' s 
e::-.p:oy:ne:::: and contrac:: p:-e te::-e::ce :aws ::o cr.e comrr.o:-: :a:::.:: · :.es . 

SEC. 4 .  NORTHEAST KANSAS RURAL WAT5R SUPPLY SYSTEM. 

(a) ?LANNING AND CONSTRUC�ION. - -

( 1 )  The Secre:ary i s  au::horized and directed t o  enter 
into cooperative agree�ents Hl::h appropriate non-Fede:-a: ent :. t 1es 
co provide Federal funds :or the planning anc construcc:.cn of ::�e 
Northeast Kansas Rural Water Sys::e�. For tr.e purpose of t�is Act, 
the Nort'.:-.east Kansas Ru:::a: Water System shall cons:.st of water 
disc: ri.c:: s or sy3tem3 in Atchison County, Brown County,  Do::1pha:1 
County, Jackson c

.
ounty, J"=fter9on County, Ma::-shal l ,  Nemah3 County, 

R.i.ley 
.
county, �ilt>y and Shd"•mee Cou::ty, Ka:'lsas ,  as ge�era�ly 

descr:..::>ed .:.n the r�<'cr:: en:: it _ed "�:eed:J A:Jsessment K.:. ckapoo Rur.:il 
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Water Supply System, • and daced March 3 1 ,  1998 .  
(2)  The Secret ar-1 may not provide more than 90 per 

centur- o E  the cotal cost: o!: the Nor:heast Kar.sas Rural Wat.er 
Sy�-��. s�c� �e.:ieral :;.;:;.Cs �a.:r ::,e co: ig{,,t.:.ed and ex;;e:-:deC on!. y 
tr.rough cooperac :ve agreemer.ts descrioed :� s�sec::or. (bl . 

J) �he non-Feciera! shar� o: t�c coQtQ �l:oc ated to the 
Northeast Kansas Rural Water System shall be 10 per ce�tum. 

( l > 7!ie Sec::-etary. with the ccncurrer.ce o: the Norcheasc 
Kar.sas Ru::-al wa:er System, shall execuce coopera:ive agreements 
wi ch the app::-opriace r.on-Fede::-al entities to provide Federal 
assis tance for the pla;.nir.q, des1cn, and construct.ion of :he 
Northeast. Kansas Rura: Water System . Such ccoperac1ve agreemer.c s 
shall set forth. ir. a manner acceptab:e to the Secretary - -

(A) the respo�sibilities of the part ies :or needs 
assessment, feasibi::ty and er.vi ronmental studies; enginee?:ing a�d 
deei9r:; construc: ion; water conservation meas�res; and 
administration of ar.y ccntracc:s with respec� to this subsection; 

(Bl the procedures and requirements for approval 
and acceptance o: such desigr: and construction; and 

{Cl the rights, respons1b1l1ties, and :iab1lit:es 
of each party to t�e agreemer:� . 

(c) WATER SERV:CE AG�EEMEN7S. - - The Secretary shall execute 
wac:er service ag::-eeme:1ts with the :<ortheast Kansas Rural Wa:er 
System to define t�e terms anc cond�t1or.s ir: which water will be 
del ivered to the system thrcug� the Kickapoo Rural Water Su?pl y 
Syst:em. 

(d) FAC:�:7:ES ex �H:C� FS:IERA� F:.J:'J�S XAY BE EX?E!lr.)E� . - - 7he 
:acil:ties on which Federa: =�:1ds �ay �e obligated and expe:1ded 
unC.er chis scc� .:..cn sha:� ::ic.:.t..:de - -

(1) 
interconnection, 

water inta�e, pumping, 
and ?lpeline facilities; 

treatment , 

( 2 )  appurtenant b�1ld1ngs and access roads; 

storage, 

(3) necessary property, prcp�rty right.s, water rights ,  
a�d r19ht s - 0 £ - way; 

(.;) el-:.ct::-ical power transmission and distribution 
faciliti�s necessary for sc:-vice to WdLer system fac1 : 1 t 1 e s ;  

( 5 )  upgrading and irnprovemc�t o l  �Xl�t:ng tac!:it!es; 

(6J plar.n1�9 and ces 1gn se::-vice3 :or all fac 1 l l t i e s ; 

P . 3 2 

01 1 98 7  



Jon-22-99 O l : l7P M. Gonza l Q L ,  ALty Gene�a l 9 1 3/486-2354 

( 7 )  the twenty floodwace::- ::-eca::-d:ng darns, necessary 
lands and p::-operty rights , and 16 l l.vestock waste management 
sys:ems , as described in che report entitled "Wat ershed Plan and 
Enviro:-.mental :mpact Statement : Uppe::- Delaware ar.d Tribi.:t<lrl.es 
wate::::-s!-.e d :  A:chisor., Srow;-., JacJ.:sor., and �;e"'a!-.a C"'•:nt:.<>s, Kansas , "  
and dated January , 1994; a�d 

18) otl:e ::- fac i l : : ies a::d se:-v:.ces c:.:s::o:nary 
development of rural wace::- dist::-:bution systems :� 
including wa�te wacer disposal sys:ems. 

to ::l':e 
Kansas, 

(el SERVICE AREA . - - The service area of the �ortheast Kansas 
Rural Wate::: System shal: be che a::-ea cornpr:sing Atchison County, 
Brown Cour.:y, Doniphan County, Jackson County, Jefferson County, 
Marsha l l ,  Ne�aha County, Riley County, R:ley and Shawnee County, 
Kans.is, but shall not 1r:cl1.1de t:he serv::.ce <Hf''l of rht? Kicxapoc 
Rural Wate::: Supp:y System as def:.nec ::.n Sec�ion 3 le> c f  this Ac�. 

{f) :.:�lTA:'IC::-1 O!': AV'A! L.A.B I:.!'.:'"! GF CONSTRt,;C'!":ON Fl.JN8S . 71-ie 
Secretary �hall not cbliga :e funds for the constructio� of 
Northeast Kansas Rural Water System, unt:l - -

( :  l the requiremeni:s o: tl:e National Environmental 
Policy Act of 1969 have beer. �et; and 

( 2 )  final e:!gl�ee::::.ng repcrr:.s have beer. p::-epared ar:d 
submi t:::ed to the Congress fo:: a pe:-icc of not :ess than ninety 
days. 

(g) WAIVER OF WATER CHARGE S .  - - The Secretary is authorized 
to int erconnect the Northeast Kansas Rural Water System, with each 
of the other systems authorized under this Act, and to provide for 
the del ivery of wat er, without charge or cost, through the common 
facil::.ties. 

(h) ?ROHIB!�:c�s ON USE OF :ECE� :�"NOS . - - 7te Secret ary 
rr.ay no: obl::.gate or expenc ar:y Federa:. ::·.mds for the operat l.Or:, 
rr.a1nt�r:ance, or replacemer.t of the Northeast Kansas R�:::a l  Wat:er 
Sys�e!Tl. 

SEC. 5 .  CENTRAL PLAINS RURAL WATER SUPPLY SYSTEM . 

(a) PLANNING All.L: CONSTR�C'!"ION . 

Cl) The Secretary is autho::::-:.zed and d:rected to ente::: 
into cooperdtl.Ve <19::::-eements w.th apprcp:::iate non-Fede::-al entit�es 
co provide Fede:::al funds foi:- ::.he pl<>:-.ning ar.d cons�:::uct:.ion o: :he 
Cer.t ral Plains Rural Wa�er Syste�. For t�e purpose c: tr.is Act. 
che Central Plains Rural wa::.er System shall ccns:st of wate::: 
d::.str::.cts or systems in Barton County, Clay councy, Cloud Coun::.y . 
D:ckinson County ,  Ellsworth Coanty, Geary County , Jewel: Ccun:y, 
Lincoln Coun t y, Marion County, McPherson County, Micchell Councy. 
�orr is County ,  Ottawa Coun::y, R�punl�c County , Rice County, s�l1ne 
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cour.tv, �abaur.see County, and Was�1ngton County, Kansas, as 
generally descr::.bed i� the ::epor::. en!:: itled _______ , and dated 

1 9 9 9 .  

12 l 7h<!! se.--.. � · � - -""/ -�- �¥-:>,.. C'" :no-e ::.han 90 per 
c ... . � � 1...::-. o: :'"le ::.:):;.;i_ cos

-
t

- �-
--

:::
�
'1.e Ce n;��'i ?ia��s -R�ra

·
l Wa�er Sys::.er:1. 

Such Fede:-al funds may be obl1ga::ed and expended only throug!1 
cooperative agreemencs deacr�bed in subnec::io� (b) . 

1 3 i  The non-Federal share of t�e cos::s al:ocated ::o the 
Cent::al Plains Rural Wa::.er System s�al: be 10 per cen:::um. 

(b} COOPERA!I'/E AGREEMEKTS . 

1 1 1  The Secretarv, -..,i.::h ::.:..e ccr.c:.i:rrer.ce o: ::he Cen:::ra:. 
Plains Rural Wate:- Sys::em, 

·
shall execute coope::a::.ive agreements 

w1Lh ::he appropriate non-Federal entities to provide Federal 
ass::.stance for the pla:-!ning, dcs1gr., and cons::ruc::ion of ::he 
Ce:1tral l?la::.:1S Ru:al Wat.er System . Such ccoperac:.ve agreeme:-.tz 
sha:.1 set fc::th, in a manner acceptable ::o the Secretary - -

(A)  the responsibilities of the parties for needs 
assessment, feasibility and enviror.rr.e�tal s::udies; engineering and 
des:..gn; construct ion; water conservacion �easure s :  and 
adm-nistracicn of any contracts w::.:h respect to ::his subsec::ior.; 

(B) the procedures and requirements for approval 
and acceptance of such design and ccnstr�ct1on; and 

(C) the ::ights, responsibilities, and liabilities 
of each party to the agreement. 

(c)  WA�ER SERVICE AGREEMENTS . - - The Sec:etary shall execute 
water service ag::-eements '"'i th ::he Cen::ral Plains !'h:.ral flacer System 
to define t�e terms and conditions in wh:..ch water �il: be delivered 
to the system through the Kickapoo Rural Water Supply System. 

(c) FACILITIES ON WHI� FE:>ERAL FUNDS :'l\AY SE EXPENDED. - - The 
faci:i::ies o� w�!C� Federal :unds �ay =e obliga::ec and expe�ded 
under th::.o sec::ior. shal: inc:ude - -

( 1 )  water intake, pumping, 
interconnection, and pipeline facil :..t1es; 

treatment, 

( 2 )  appurtenant buildings and access roads; 

storage, 

( 3 )  necessary property, property :1ghts, wacer rights ,  
and r::.ghts-o=-way; 

. ( 'l l  electr:..cal power ::.ransmioaion .ind d 1 s t rlbut1on facll::.t.1.es necessary for service to wacer syscem facil�t.1.es; ( 5 )  i.:pgrad1ng and �mpt:"o·1ar.ient; oE exisc:.r.g f.:1.c.1.::.U .. e .!1 ;  

( 6 )  planning and design se::-;1ces �or a _ l  :ac 1 l ! t i e s ;  
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and 

( 7 )  other :ac.il :..:: : e s  ar.d s@rv:ces cus::omary 
development of rural water distr1but :on systems in 
tnc:uding waste wa::er d1sposal systems. 

to ::.::e 
Kansas, 

( e )  S£..�VICE AREA. - - 7�e service area of t�e Central Plains 
:<u::-a: Water System s�a:: be t::e area corr.pr1s::.ng Barton Co1,;nty, Clay 
Councy, c:oud County, Di.ckinson Count:y, E l lsworth County, Geary 
County, �ewell County, L::.ncoln County, Mar::.cn County, McPherso� 
County, Mitchell Coun::y, Mc::-r:s County , Ot tawa County, Republic 
County, �ice C�unty, Sa::ne Cc�nty, Wabaunsee County, anc 
Washington County, Kansas . 

' f l  LIMI7kTION ON AVA!:...A3IL:7Y O F  CONS7RUC":'ION FUNDS . - - The 
Secretary shal: not obl!gat:e :unrl1; fn- t !".e c�:1st::-·..:c::ion oz Cen:r'1: 
Plains Rural Wa::er System, un::::.l - -

( l) che requi=ements c :  ::he :-la:.iona! E:".viror.me:-.:al 
Poli.cy Act o =  !969 have been �et; and 

(2) final engineering reports have been prepared and 
submitted to the Cor-.g=ess fc:::- a pe::ioc c !  not: :.ess than ni.::ety 
cays . 

(g) WAIVER OF WA"ER CHARGES. - - The Secretary is author1zed 
to 1nterconnect the Central Plains Rural water System, with each o f  
the other systems authorized 1.!nder t'.n.s Ac::, a.nd t o  provide for the 
delivery of water, without charge or cost, through common the 
facilities. 

(h) ?ROF.:BITICNS ON US� OF F�DERAL Ft.."NDS. - - The Secretary 
may not obligate or expend any Federal =unda for the operat Lon, 
maintenance ,  or replacemer.t of the Cen::ral Plains Rural Wate:
system. 

SEC. 6 .  SMOKEY HILLS RURAL WATER SUPPLY SYSTEM . 

( � )  The Secretary is authorized and directed to enter 
into cooperative agreements with appropr�ate non-Federal entities 
to provide Federal funds :or the �lannlng and construcc1cn of the 
Smokey Hi ll s Ru:-al wate r  System. -�er the �urpose of this Act , t�e 
Smokey Hills Rural Water System shall consist of water districts o:
systems in Cheyenne County, Decatur County, E l l i s  County, Graham 
Cot.:nty, Grove County, Nor'::;:m Co1.;:-.ty, Osborne County. Philllps 
County, Rawl1-'1S Ccu�ty, Rooks County ,  �usse:.l County, She::-i.c3n 
County, Sherman County, Sm:t!-. Cour.:::,•. '!homas County, Trego County, 
and Wallace County, Kar.sa s ,  as gene::-a�ly described in che reoorc 
en:::tled a:1d catec '. 9 9 9 .  . 

( 2 )  '!he Sec=ecary may not provide more than 9 0  per 
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centum of the total cost of t�e Smo�ey Hills Rural Water System. 
such Federal funds may be cbl igated and expended onl Y through 
cooperative agreements descr�bed �n subsection (bl . 

( 3 )  Tte �on-F�ceral share c: the costs allocated to :he 
Smokey H i l : s  Rural Water Sys:cm shal: be 10 per centum. 

(�) COOPERATIV:: AGREE�EN7S . - -

( l )  The Sec:::-etary, wi th :he concurrence o f  the Smokey 
�il:s Rural Water Sysc .. r:1, shall execi.:::e cooper.:itive agreements with 
the aooro�rl�te non-?eceral ent�:�es to provide :e�eral assistance 
for t�e plar.n1ng, desig:-., a:1d cons;:;ruct icn of t!':e Smokey H.:.lls 
Rural Water system. Sue� cooperative agreements shall set forch, 
in a manner acceptable to the Secre� ary - -

(A) the respor.3ib::i: ies of the par:ies :or needs 
assessment, feasibi!ity and env1ronrre�tal studies; engineering and 
des:gn : conscructio�; wa:er conservation �easure s ·  a�d 
ad�:nis:ration of any contract s with respect to th�s subsection; 

(B) the procedures and reqt:iremen t s  E o r  approval 
and acceptance of such des:gn and construct:on; and 

(C) the rights, respons1bil 1 t 1 e s ,  and liabilities 
of each party t o  the agreement. 

(c) WATER SERV!C£ AGREEMENTS . -- "!"he Sec:::ecary shall execute 
water servi ce agreements with the Smokey Hills Rural Water System 
to define the terms and conditions in which water will be delivered 
to the system through the Kickapoo �ur�l Water Supp:y System. 

d) FACILITIES ON WHICH <EOBRA:, FUNDS :"!A"f BE EXPE�EO. - - The 
fac1l1t1es on which Federal funds �ay be obligated and expended 
�nder this section shall inclu=e 

( ::. )  wate:::- i=>t.:li:.'!, �i..mpir.g, 
interconnection, and pipeline facil::ies; 

t:!'ea.::':':'.er.t , 

(2)  appcrtenant b�::d:r.g3 and access roads; 

storage, 

(3) necessary property, property rights, water rights , 
and right s-of -way; 

( 4 )  elec:r:cal power ::ra�s�iss:on a�d ci:scr:but:cn 
facilities necessary for service tc water system facilities; 

( 5 )  upgradi�g ar.d improvement cf exist1�9 facilities; 

and 
(6) plan�ing 3nd <lestgn services for al: � a c 1 l i t l e s ;  

( 7 )  
developme!'.lt 

other fac!li:.:.�:3 and se:-v:ces :;·..:stomary 
o: rural water dis��:but:on syscems in 

to ::�e 
Kansas, 
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including waste water d1sposal syst0ms. 

(e)  SE:RV:CC: AREA. - The se rvl. ce area of ::he Smokey H1lls 
Rural Water svstem shall be the area ccmprising Cheyenne Cour.ty , 
Decatur Col.!nt v, E l l i s  C;;..:...-.tv. Graha':\ Co·..:.nty, Greve Col.!nty, Nor::cn 
Col.!nty, Osco�ne Co·..:nty, ?h

·
,_::.>.;is C;::unty, Rawl::.r.s Cou::::y, Rocks 

County, Rusoell Coun::y, S�er::.dan County, Sherman Cou::::y, Smith 
County. Thomas County, Treso Ccun::y, and Wallace County, Kansas . 

( f l  LIMI7AT10� O� AVAI:.A3I�:�y OF CONSTRUC�IO� FUNDS . - - �h� 
Secret arv shall not o�ligace funds for the construction of Smokey 
H i l l s  Ru�al Water Syste�. un::::.1 - -

( l l  the :::equ::.rem4"nts o: ::he t-:ational Envi:ronmeni:al 
Policy Ace o !  1969 have beer. m�t ; ar.d 

( 2 )  !::.nal engu:et:ring repo:rt s have bee:-: prepared and 
submitted to the Congress fer a period o f  not less than ninety 
days . 

(g) WAlVER OF WA�ER C:!ARGES. - - The Sec:r�tary lS authorized 
to inter�onnect the Smokey H i l l s  Rural "1a ter System, with each c f  
the ether systems aut�orized :.:r.der this Act. and to provide for the 
delivery o: wace:::. without charse er co3t ,  through the comr.:cn 
faci l 1 c ies . 

!hi ?ROHIB!TIO�S CN �SE OF FEDE�� F�'NDS. -- �he Secretary 
may not obligate or expend ar.y ?edera� !unds for the operation, 
maintenance, or replacement of the Smokey Hills Rural Water System. 

SEC. 7 .  SOUTHWEST lCANSAS RURAL WAT3R SUPPLY SYSTEM. 

(a) PLAN!ll:NG AND CC�STRUCTION. - -

( : )  The Secretary l s  authorized and di:rected to enter 
into cocperdtive agreements w:th a��ropri�te nor.- <ed�ral e�tit:es 
to p:::ovide Federal funds �or the planning and const:ruct�on of the 
Sout::·,,·est Ka=-.sas Rural "1acer System. For the ?"..:I?ose o! this F-.c:., 
the Southwest: Kansas R:.:ra::. :-iater Sys tem shal: c:msist of wateT 
distr.:.cts or systems ir. Barber County, c:ark County, Comanche 
County, Edwards County, Finr.ey County, rord Cour.ty , Grant County, 
Gray County, Greeley County, i-1am1 !::cn CCU:1ty, Haskel l County, 
Hodge�an County, Kearr.ey Councy, Lane Cou�ty, �eade County, Mor::cn 
Councy, Ness Ccuncy, Pawnee C�uncy. ?:ra•c c=�r.ty. R:.:s� C�ur.=y, 
Scott County, Seward Count.y, S::a::ord Cour.cy , Stanton County, 
St evens Co�nty, and Wichita County , Kansas. as generally de$Cri�ed 
in tne report ent.:.t led , and dated : 9 9 9 .  

(21 Th� Secretary rr.ay :-.at: p::-c·,ide r.iore ::han 90 pe:
c enn:m of thP. total cos:: •:)f t�.e Southwest. Kansa3 Rural Water 
s·:1stem. Such F.?cera: !"unC.s m.iy br! ob: :gacec a::d ex;::�nced cr.::..1· 
thro�gh cccpe :rac:ve 3greemencs descr•ted �n su�sec�::.�n •bl . 
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(J) The non -rede=a: sr.are of the costs a :located t o  the 
Scuthwest Kansas Ru=al Water Syotem shal: be 10 per cer.tum. 

(bl COOPERA7IVE AGREEME�7S . 

( 1 )  -�e sec�e • arv with the concurrence of the Southwest 
- .1.. ... - .... .. - ' ... 

Kansas Rural Wat.er System. shall execute cooperative agreemen�s 

with the appropriate non- Federal cnt.it1es to provide Feder�l 

for the Olan..,ing desig"' anc! construction of t . .  e 
assis-ance ·· , . . , . 

sout::-.. :est Kansas Ru::a
·
l Water System. Such cooperative agreements 

s�all set forth, in a mar.=:er acceptable to the Sec=etary · ·  

(A) the respons1bil:t1es of the parties �or needs 

assessment, teas1b1l1ty a::.d environmental studies; eng:neer1ng and 

des:sn; construction; water ccnse::::va:1on measur�s; a�d 

adm:n1strat:cn of any cont racts w:th respect to this subsection; 

(Bl t!i.e procedures and requirements for apprc•1al 
and acceptance o: sucn des ign and ccns::ruct:on; and 

(CJ the rights , respons ibilities, and liabilities 
of each party to the agreement . 

(c) WATER SERVICE AGREEMENTS . - - The Secretary shall execute 
wate!" service agreements w:.th the Southwest Kansas Rural wa::er 
Svste� to def:ne the tertrs and conditions in which water will ce 
d�l ivered to the system through the Kickapoo Ru!"al Water Supply 
System. 

(d) FAC:!.IT!ES ON -..m:cH FEDERAL FUNDS MAY BE EXP�EC . •  - The 
:acilities on wh;.ch Federa: �...::'Ids 'llay be obl igated ar..d expended 
under ::his section shall :.nclude 

( l > water 1r.take . pumping, 
interconnection. and pipeline facilities: 

treatment, storage , 

( 2 )  appurtenant buildings and access roads ; 

( 3 )  necessary prcperty, �roperty rig�ts. �ater rights .  
and rights-c: way; 

(4) el ect=ical power t:=ans!T\lssion ar:d dist:=:bution 

fac:.lities necessary :or serv:ce to �ater system :acilit1es; 
( S l  upg=ading and improve�ent o f  existins :ac1li::1es; 

(6) planning and design services for all fac1l1t:es; 

and 

( 7 )  other faci� :. t.ies and services customary 
development o E  rural wat�r dist�ibuticn systems i� 
includ1n� waste wacer disposal sysc�ms. 

t:o the 
K�nsa!l , 

(e)  SERVICE AREA. - - The sei:-v1ce rtred of the SouchwcGt Kansas 
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Rural Wat: er Syst:em shall be t:he area compn.sir:g Barber Cou::;tY, 
Clark count:y, Comanche County, Edwards Count:y, Finney Count:y, :ord 
county, Grant Cour.cy, Gray County, Greeley Count:y, Ham:l::on County, 
Haske l l  Councy, Hodgeman County, Kearney County , L�r.e County . �eade 
Coun::y . Morton CO'.l!".ty, t-:ess Ccu::::y. P;:i·r.:ee Countf, ?ra:: Cou:::y, 
Rush County , Scott Councy, Seward Ccunty, Sta!�ord Councy, Sta::ton 
county, Stevens County. and W:ch:.ta Cou::cy , Ka�sas. 

( f )  LIM: TATICN ON AV�ILABILITY OF CONS7RUC7IO� FUNDS. · ·  7he 
secretary s�all not ool:sate funcs :or the construction of 
Sou::hwesc Kansa5 R�ral Water System, unt i l  - -

( 1 )  t!-.e requ:rements c :  ::he National Environme:1tal 
Po:icy Act oE 1969 have been �et ;  and 

(2)  final en!;!i::ee::.r.g rP:Jcr:> have been prepared a�d 
submitted co the Congress for a pe::iod o f  not les5 t!':an ninecy 
days . 

(g) WA:VER OF WATER cµ.ARGES . - - The Secretary is a�thor�zed 
co interconnect: the Southwest Kansas Rura l Water System, �it:h each 
o f  che other systems authorized unde::- th!:3 ;>.ct . and co provide !'or 
the de!ive=Y c :  water, wi tho�c charge er cost , through the co��on 
faci lities.  

(h) PROHIBITIONS ON USE O F  FE�ERAL �UNDS. - - The Secretary 
may net obligate or expend any Federal :unds for the operation. 
maintenance , er replacement: of the Southwest Kansas Rural Water 
System. 

SECTION 8. WATER CONSERVATION .  

(a) PLA.'lS REQUIRED. :n order to reduce the costs co 
consumers and to reduce water consu�pticn, the secretary , prior co 
obliga::ing any consc:::-uct:on =��d::i, aha:: issue a publ!.c no-:ice 
findi::s that plans :or cne =�ral wate::-s systems author:.zed by this 
Ace include prudent and responsible water co�servat�on meas�res Eor t�e operac!cn c� s�ch syste�s where such measures are shown to be 
economical ly and financially feasible. Each of :he ncn-Federal 
entities (including the K!.ckapoo Tri�) participating in the rural 
wate:r systems authorized under this Ac:: shall develo-o a wac:@r 
conservac�on plan cor.tai:u.r.g definite goals, appropr:."ate water 
conservation measure 5 ,  and a time schedule !or meec:ing the wacer 
conservation oi::>Jectives . The provi s:on!l of sec:::on 2 1 0  Cc) o f  
Public Law 97-293 (96 Stat. 1268) shall apply with respect to the 
sy5tems. 

SECTION � .  MITIGATION OF FISH, WTLDLIFE >....'It) TERRESTRIAL LOSES AND 

ESTABLISHMENT OF KICKAPOO BIO-DIVERSITY TROS T .  

(a AQ'1A.TI C  A:llD TERRES":'RIAL MI:'IGAT!ON REQU:REO. 
M i t i gation for fish. w1ldl1fe �r.d terrestr�al losse G incurred as a 
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result of the construction and operation of the rural water �ystems 
authorized by this Act sha l l be on ar. acre-for-acre basis, based on 
eco!ogi=al ec;uivale�cy, concurrent wlth project ccnstructlor.. 

(b} AUTHORIZA':"IO� :o� ES7AaLISh""MEN':" OF KrCKAPCO 3[0-:JTVERS!TY 
':"R�S7 . - - The Secretary �hall make federal grants to the Kickapoo 
3:o-d!versity Trust . The funds authorized under this subsection 
stall be expended as provided ir. the F1nal Engineering Report and 
�r.v:ror.menta! Assessment required by subsection J (gl o: this Act .  

( l i  The Kickapoo 3io-d1vers1:y Trust s�al! be elig:ble 
to receive federal grant s under subsecti on (bl if it 

(A; :.s e::;:ab:is:ied and onerated as a nonnrcf;.t 
corporation under the �aws of t�P K- �kiFco rr:be :n Kansaa; · 

(Bl is incor?orated to select and provide Eunding 
to p:::-oJeccs ::hat :-cs::o:::-e, prc::.�c::. a::d e:-.h.ance ·,,::.::::fe ar.d w1ldU.!e 
habitat; 

(C) is operated under a Board of 7:::-uscees chat 

( : J  has the power to �anage all the affairs o! 
che carporai:ion, lnclud!ng admi:u.scrat!Cn, data collection. and 
implementac ion of the purposes of the Trus t ;  and 

( i i )  :s cont0osed o! members ::hat do r:ot serve 
on any Federal, t:-1bal, or stat e legis lat ive body, court, agency , 
commission o:::- board ; ar.d 

persons or tr.ore 
one years and 
eligib!e voters 

(iii) is comprised of r:ot less that three 
than five oersons who are over the age of ::wenty
elected to three-year, sc:aggered terms by the 
of the Kickapoo 7ribe . 

(21 The Klckapoo B:o-d1vers!ty Trust. shall be deemed to 
be operatlr:g in accordance w:::.h this sec::ior. i f  - -

6 
:Al the Trust :s cperaced to select and prov:de 

-��ding to proJects that proi:ect , restore and maintain olant and 
animal communicies and large -scale natural ecosystems in a�cordance 
w�th ics corporate purposes . Projec:s eligible for funding inc:ude 
t:iose that. - -

( i )  reconstitute natural biological diversity 
that has been diminished; 

( : 1 )  ass:.st tne recovery of spec:.es 
?OPUlations, communities ar.d ecosvstems that are unable to su:::-v:ve 
o :: - s i � e  w i t hout intervenc::cn; 

· 

nat1v� Elora and !auna ;  
allow i:-�1:1: r:>cuc::1cn and reoccupation t:y 
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(iv) control or el .:.minate exoc:ic flora and 
fauna which are damaging natural ecosystems; 

(v) resto-::-e natural habitat: for the 
recr�1tment and surv:.va: of fish, wa terfow: and other wi:dl::.fe; 

(vi) provide addit .:.onal co:iversac.ion values to 
tri�ally owned and individual l y  own�d :rust lands ; 

(vii) add to structural 
values of ex:. st ing p::--:se::-ves or enhar.ce 
defe�sib1lity and management of preserve s ;  and 

and compos itional 
tr.e v1ab:. l1ty. 

(v1i ::. l  restore natural hyd:rolcgical effects 
lr.cluding sediment and erosior. control drainage, percolation and 
ot her water quality improvement capac1ry 

(B) the Trus: is mar.aged in a fiscally responsible 
fash:.cn by i::vest::.ns ::.:-. ;>r:..vate ar:d pub:ic f::.nanc:.al ·•ehicles 
approved by the Secretary w::.th the goal of producing income and 
preserv1ns pr�nc1?le; 

(C) the p:�nciple of the TrJst shall be inviolate, 
but interest earned on the principal shall be used tc acccmplis� 
the goal s of the 7rust, and expend1tu:res of al: funds from the 
Trust shall be based on an annual budge: approved by the Sec:etary; 
and 

(Dl not less than ten percent of th.e interest 
ea:ned each year from tte p:i�cipal cf the Trust shall be added to 
t�e ?r1nc::.ple. 

P . 4 1  

( 3 }  ProJ ects eligible for funding under this Sectior: 
must be locat ed within the serv1ce area cf the K:.ckapco Rural Water 
Supp:y System. 

( 4 )  The Secretary shall annually repor� on the operation 
and management o! the Kickapoo Sio-d1vers::.ty Trus: to the Committee 
on Nat�ral Resources and the Committee on Appropriat1ons o: the 
House of Representatives, �d the Ccmm�tt ee on App ropriations and 
the Commi ttee on Indi an Affairs of the Senate . 

SECTION 1 0 .  PROHIBITION OF USE OF FUNDS FOR IRRIGATIO� PURPOSZS. 

(a) EXPENDI�URES FOR !RRIGAT!ON ?ROniaITE�. -- None of the funds made avai lable to the Sec::.-etary for pl anni:'lg or const::uccion 
of the rural water systems authori:ed by this Act �ay be used to 
plan or ccns:ruc� fac::.: �t ies used to s�pply wacer for the purpose 
of �r:igation . 

SEC�ION 11.  USE OF PIC�-SLOi\N POWER. 

(a) �N GE�ERAL. - - The Systems auc�cr1 zed by Sect�ons 3 ,  � ,  
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s. 6, and 7 of this Act shal: ut1�.:.ze power from ?ick-s:oan :or 
their operations. This power ahal: be deemed t o  be a pro) eCt use 
pumpi ng requirement of P"ck-Sloan and Ct ! l i zed by the systems on an 
annual basis . 

(!:>) AA:'S. - - ':!:e :-.'l :: e  -v- prcJeCt ..ise powe::::- made availa!::ile 
pursuar.t t o  subsection (a) shall be the wholesale f ir:n power rate 
for t�e Western Area Power Acministrat:on in e ffect at the t:me 
power .:.s sold. 

( c )  AODI':IONA.:. POWER . Filteen megawat ::s o f  federal 
preference power rese::ved fc::::- :nd:an tr1bes and s�a: l users a:::er 
the Year 2000 by ::ne Wester� A=ea ?ower Ad�1�1strat1cn sna:l be 
made ava1l a�le and allocated a s  :a1:ows - -

IA> T'"'o mec;awa;c!ll to t:ie i<i clrnpoo 7ri!::le ;o r..eet i ;: s  
res.:.dent:al, mun:c:pa: , cc��erc : a :  a�d :�dustr1a: needs; and 

(B) Th1rt:.een megawatts to the towns , mun.:.c1pa:icies ar.d 
corr.mu:".l.t:.es :ocaced wit.!':i:-: the serv::.ce areas of t!"le :-<ortheast 
Kansas Rural Water Syst.em, t.he Cent:.ral Pla.:.ns Rural �acer System, 
the Smokey Hills Rural Water System and the Southwest Kansas Rural 
Water System, tc meet the.:.r resider. t :. a l ,  mu.�ic:.pal, co�merc:.al and 
i:"ldustria: needs . 

I d )  DEF!NIT!ONS. - - For the purposes of this section 

(1) the ter:n "Pick-Sloan'' means the P1clc-Slcan Missouri 
Basin Program authorized by section 9 of the Act of December 22, 
1944 (58 Stat . 891) ; common:y referred cc as the F:cod Control Act 
o: : 9 4 4 .  

(2) the t e rm  "Svstems" means the Kickaooo R'l.:ral Water 
Supply System, Northeast Kansas Rural �ater Sysce�. tr.e Central 
Plains Rural Wacer Sysce:n, the Srrokey Hl.l:s Rural Water System. an� 
che Southwest Kansas R\:ral Water system; and 

(3)  the term •ccir.rnon Facil�ties• means the intake a:"ld 
treac:nanc p:anc on the Missour: River, and all pipeline and related 
fac:l.i.t:.es locaced outside of the service area of the K:ckaooo 
Rural Water Supply System, that are held in t::-ust for t:he Kl.ckapoo 
Tribe. 7he term "Co1mr.on Fac .:.lit ies" al.so i:"lcludes the federal 
extension of the K:ckapco Rural Watc:- System authorized by 3ubsect:on 3 (b) ( l l  anC. (2 l oE t'1.:.s Act .  

SECTION 12 . AUTHORIZATION OF APPROPRIATIONS . 

( a l  PLANN:NG , DESIGN �;o COKST�UCTICN. The:-e is 
author1::ed to be approprl.atec!. S for the plan::un.g, design, 
and construction of ::he :-1:.ral wacer systems authorl.zed by sections 3 and 4 oE t h i s  Act. Such funds are aut:horl.zed to be apprcpr1atec! 
only through t.he end cf ::he ::en::h yea: aft.er constrt:.ct..ion fu:1.c!s are 
nade aval.13ble. ':he funds �uthor1zed to be appropriated by the 
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first sentance of thi s subsection shall be ::.ncreased or decreased 
by such amounts as may be justi!1ed �y reason or ordinary 
fluccua=ions in development costs incurred after January 1 ,  1 9 9 9 .  
a s  indicated by engineering costs indices applicable for the type 
o �  cc�sc��=��cn :��olverl. 

(bl OPERATION AND :-!AINT:'.NA..\ICE OF' K:CKAPOO RURAL WATER SL'?PLY 
SYST2� . - - 7here are authori :ed to be appropr::.ated such sums as 
may be nec1>ssar•1 for the operat ::.on, maint enance and replacement of 
the K1cka�oo Ru�al Water Supply System. 

(c) �ICKA?OO B!O -D!VERS!TY TRUST. - - There is author::. zed to 
be apprepr:ac ec S l , 750, 000 ��r the establ:s::1�ent , ope rat ion and 
ma::.nc:.er.ancc o f  the K:ckapoo Bio-d: versity Trust established l:::y 
Sectio::1 9 of this Act .  Such :!unds sha::. l  be paid i n  f::.ve annual 
installments beginning ::.n the f:scal year rhnt funds for 
eonstr�ction are authorized :er ::.he Kickapoo Rural Wa::er SU??lY 
Syste:n. 

(d) '1ATER RIGH':'S. .\11 outstandi ng ebligatiC:'lS cf the 
Stace o: Kar.sas to the Ur.1ted Sta=.,,s for !'ederal wa ter righ::s 
purchased ::.n Perry Reservoi r  or Tuttle Reser;oir are cance:ed a.�d 
forgive� . subj ect to the ::.ra�sfer o f  ownersh::.p o f  al l necessary 
water rights from Per:-y Rese::::vai:::- or 1\lttle Reservoir ::o the 
Kickapoo Rural Water Supply System, Northeast Kansas Rural Water 
System, Central ?lai�s Rural '1ater system, the Smokey Hills Rural 
Water System, and the Southwest Kansas Rural Water System. without 
costs to the systems , as prov::.ded in the :1�al Engineer Reper=. 
Any waters rights transfe rred to the Kickapoo Tribe under th�s 
subsection shall be held in the name of ::he United States in ::rust 
fer the Kickapoo Tr:�e . 

SECTION 13. RULE OF CONSTRUCTION1 FEDERAL FUNDING, FEDERAL 

PREFERENCE POWER >� PRESZR\11\TION OF EXI��:�G WATER RIGHTS . 

'a) ?.:."":.::: CF CCNS':'�uc::oN. �oth:ng ir: thi s Act · -

lntenaed, nor snall be const rued , ta prec lude the Kickapoo Tribe in 
Kansas E::::om seeking congressio�al auchor1:acion ta plan, de sign, 
cc�scr�c:, eperace. r.ia1�:a:� and replace addit:onal federally 
assisted water resource develcpment proJ ecta. 

(bl PREFERENCE POWER . - - Nothing in chis Act is intended, nor 
shall be cons�rued, to preclude the Kickapoo Tribe from seeking and 
obtaining add�t:onal :ederal pr0 fere,ce pcwer frem the Western Area 
Power Adm:niscrat:on or any other federal agency. 

\ C l  PRESERVAT:ON CF EX:ST :NG WA7ER RIGHTS . 

this Act is ::.ntended, nor shall be construed to - -
Nothing in 

( 1 )  impai r  the validity of or preempt any provis ion of 
State water law, er o f  any ::.�:erstate ccmpact gov�rning wat e r ,  

( � I ,_ , .:cer the r:ghts o! �ny St ate co any appropr1dced 
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share of the waters of any body or surface or ground water, whether 
determined by past or future interstate compacts, or by past or 
future le91sla::ive or final judicial alterations; 

( 3 l preemp:: o::- :r:odi !y a:-.y Sc:at:e or Fede::: al law or 
interstate compact cea:ing with water quality or d�sposal; 

(4) confer upon any non-Federal ent ity the ability to 
exercise ar.y Federal right t:o the waters cf any river or stream. or 
to any ground wa::er resources, except as provided in subsection 12 
(d) ; or 

( S a!!ec: any wate::: ri.s�t s or cl aims t:�ereto of the 
Kickapoo Tribe, whether located within or without: the exterr.al 
boundaries of its reservation. based on treaty, Executive order, 
agreemer.t, Act of Congress, aboriginal ti;le. the Winter ' s  Doctrine 
(lh:'.ter' s v. United States . 207 tJ .  s .  564 ( 1908 ) )  , or ot:herwis e .  

Nothing contained in this Act. however, is intended t o  validate or 
invalidate any assertion of the existence. nonexistence or 
ext::i.guishme!"!t o! any ·..,ater rights, or claims thereto, held by the 
Kickapoo Tribe or any other Indian tribe er individual Indian under 
Federal or State law. 

(December 4, :998) 
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FROM: 

UATE : 

RE: 

KICKAPOO ATTORNEY GENERAL'S OFFICE 
MARIO GONZALll 

ATTOJ!NH Cl!N�AA!. 
P.O. 80X 191 

HOlTOS, KS 664)9 

(01)) 4111>-llll 

MEMORANDUM 

.'like Watson 

:-lat·to C-.onzalez 

January 14, 1999 

Pikitanoi Feas1b1l1ty Study 

Jim Cobler informed me this a fternoon that M:ke Bar� u( the 
Anoy CorpG o f  Engineers believes thAt we need $ 7 0 0 , 0 0 0 . 00 �o 
complete the: feasibility study for the Pikitanoi Rur�l Water 
Project . I am, therefore, n�q:1esting that yot: complet.e the 
follow:..ng: 

l .  Proposed language for Lhe FY 2000 Department of 
Defense (Army Corps of Engineers) Appropriation bill 
requesting $700 , 00 0 . 0 0 for the Pikitanoi Rural Water 
Project Feasibility Study. 

2 .  Proposed test imony for Fred Thomas , Chairman of the 
Kick<:ipoo Tribe. 

J .  Proposed joint testimony for .Tim Cobl.e·c and St.eve 
Cadue, co-chairmen o! the Pikitanoi Executive Committee 

4 .  Proposed test imony for Bill Graves ,  Governor of t�e 
State of Kansas. 

7he test imony for Governor Graves will be used as a fir�t working draft by attorney S teven A. Hurst (785-368-6201) of the 
�ansas Water O f f  lce to develop test imony for Governor Graves in 
support of the appropriation bill. 
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The costs for the project are something that 
would be addressed with the engineering study 
and in the legislation. Based on prior projects, it 
is possible chat up to 80% of the costs for the 
non-Indian portion could be paid by federal 
funds. It is estimated a project of this scope 
could costs in excess of$120 million. 

Where would the water come from? The 
source of the water is something tbat the 
Committee would be asking from the feasibility 
study. Potential sources include: Delaware River 
basin (Lake Perry), the Big Blue River basin 
(Tunle Creek), the Missouri River and ground 
wells. It could be a combination of sources. 

Would a RWD or city be purchasing all of 
their water from the Pikitanoi Project? Not 
necessarily. Each RWD and city would 
determine how much of their water they want to 
buy from the project and how much they would 
generate from their existing water sources. 
Participating water entities may be only buying a 
portion of their to ta I water needs through the 
Project. At a point later in the project, after the 
feasibility study, it is anticipated each 
participating entity will have to commit to 
purchasing a fixed percentage of their water in 
order to make the Project economically feasible 
and to determine overall capacity requirements 
and facilities. 

What Happens Next? The first thing that is to 
ensure our local officials, state agencies, area 
legislators, and other interested parties 
understand the why the project is needed and 
understand the scope of the project. Next, is the 
carrying out of a feasibility study to provide the 
necessary information to all communities and 
officials for them to make informed decision as 
to the viability of the project. Efforts are 
currently under way to get the funding necessary 
for the feasibility study. If it is agreed the project 

is feasible, a formal organization would be 
formed and a detailed engineering study would 
then be commissioned. Third, legislation 
granting authorization for the project will be 
introduced at the US Congress. This would be 
followed by an appropriations request to fund the 
bill. After tbe feasibility study, participants will 
have the necessary infonnation to make a 
detennination as to the viability of a project 

Why Should my City or Water District do at 
this Time? You are welcomed to attend the 
Executive Committee which meets at lhe Golden 
Eagle Casino at 10:00 on the first Wednesday of 
the month. 

How can we get more? Contact the following 
people for more information: 

Steve Cadue, Tribal Representative 
Kickapoo Nation 

P O Boxl91 
Horton Kansas 66439 
Phone (785) 486-21 3  l 
Fax: (7&5) 486-2354 

Jim Cobbler, Executive Committee 
4401 NW Green Hills Place 

Topeka, KS 66618 
Phone (785) 286. I 730 

Fax: (785) 
E-Mail: Jcoblcr@bigfoot.com 

Elmer Ronnebaum, Manager 
Kansas Rural Water Association 

P 0 Box 226 
Seneca, KS 66538 

Pb one (785) 336-3760 
Fax: (785) 336-2751 

E-Mail: krwa@nvcs.com 

The 
Pikitanoi 

Water 
Project 

A joint effort of the 

Kickapoo Nation and 

the Rural Water Districts 

and Cities of Northeast 

Kansas 

Quality Water for Northeast Kansas 



.. • 

The Pikitanoi Water Project are two projects that 
have joined together to provide an alternate 
source of water for the long tenn, future needs of 
the Kickapoo Nation and the residents of nonh
east Kansas. The Kickapoo Nation and the water 
providers of nonheast Kansas have embarked on 
the Pikitanoi Water Project to bring quality and 
inexpensive water to all residents who are 
serviced by either the Kickapoo Nation or one of 
the over 45 water companies (cities and rural 
water districts} serving the area. The project is 
looking to solve the water needs of northeast 
Kansas over the next 30 years. 

The project would provide an alternative source 
of water for the long term, future needs of an 8-
county area including all or parts of Doniphan, 
Atchison, Jefferson, Jackson, Shawnee, Brown, 
Nemaha, and Pottawatomie counties. In the last 
few years, government requirements on water 
treatment, water allocation limits, and well water 
pollution have caused concern for water districts 
in tenns of c-0ntinuing to provide quality water. 
Many communities in this region face serious 
water supply or water quality problems. As 
federal and state regulations are tougnened, 
existing systems realize the need to work 
together on larger, wholesale water supply 
districts for long tenn solutions. 

History: The idea for this project has been 
around for numerous years. In 1998, the project 
took a positive step forward with local meetings 
and the eventual publication of a needs 
assessment study. Counties in the area near the 
Kickapoo Nation were invited to join in the 
project. Rural water districts and cities from 
throughout northeast Kansas have expressed an 
interest in the Project. 

Pikitanoi is a Kickapoo word meaning "muddy 
water river" and it is what the Kickapoo called 
the Missouri River. The Missouri River is cited 

as an attractive water source for the project but 
other sites, including the Big Blue and Delaware 
River basins are also potential sources. 

Members of the executive committee have been 
to Washington DC to met with congressional 
staff, met with project staff in Nonh Dakota 
(where a much larger project is well under way}, 
contacted our local elected officials and are 
working with state and federal government 
representatives to solicit support and expenise in 
getting the project off the ground. 

To coordinate the project, an executive 
committee was created in 1998 that includes 
representatives from the Kickapoo Nation, rural 
water districts and cities. Members include 
representatives from the cities of Seneca, Holton, 
and Valley Falls. Rural Water Districts which sit 
on the committee include Jackson County RWD 
#I and #3, Jeffers-On County RWD #l and #13; 
Nemaha County RWD #3 and Pottawatomie 
RWD #2. The Committee is co- chaired by Steve 
Cadau, Kickapoo Tribal representative and Jim 
Cobbler, Shawnee County RWD #4. Elmer 
Ronnebaum, General Manager of the Kansas 
Rural Water Association attends the meeting and 
provides assistance throughout the project. 

Future: Northeast Kansas is projected to have a 
significant rise in population over the next 
decade as people from Kansas City, Lawrence, 
Leavenworth, and Topeka move into the 
surrounding areas. The economic ventures of the 
Kickapoo Nation will also add more population 
in the area and place greater demands on a clean 
and inexpensive water supply. For the Kickapoo 
Nation and many water entities, there will be 
problems in meeting the increased consumption 
demands with existing water sources. Even 
without an increase in the number of customers, 
some districts may find they have a need for an 
alternate source of water due to contaminants in 

the water, greater usage by existing customers or 
a reduction in the amount of water that can be. 
pumped form existing wells. 

How Would this Project Work? A main' 
distribution pipeline would be laid from theO 
source of the water to the Kickapoo Nation. 
Treatment of the water would occur at the 
source. Along the route of the main distribution 
line would be drop-offs that would correspond 1to 
locations where a city or rural water distri·ct 
would connect to the project. The RWD's and 
cities would connect at these points and any pipe 
and other equipment from these drop-off points 
to the local system would be the responsibility of 
the local water entity. 

What About Costs? The Pikitanoi project is 
requesting funds through federal legislation that 
would authorize and fund the majority of the 
costs of providing water to the Kickapoo Natio11. 
The costs associated with providing water to the 
Kickapoo Nation would be paid for by the 
federal government. This would include the main 
distribution pipeline, treatment plants and dro1>
off points. For the cities and rural water districts 
portion of the project, it is expected there may be 
some cost sharing for work done beyond th1e 
drop-off points if it is determined that the proje.;t 
would provide ancillary lines to the cites and 
districts. Actual water usage would be metered 
and a charge would be accessed by the 
management company to the RWD's and cities to 
help pay the ongoing maintenance costs that are 
associated with providing water to the non-Indian 
entries. 
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KICl(APod TRIBE 
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P.O. 8o1t 271 • Horion, KS 66439-0271 
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Mr Michar:l l<ube 
Bureau of R:clatnat1on 
P.O. Box 1607 
Grai1d Island, Neb. 68802 

MM�li I , 1999 

Re: f.ll<ittmoi Coordmatjop Mestio� 
Dear Mr. Kube· 

P . 0 .1.  

As per you relephone con\er!iation w1tl1 attorney Mnrio Gonzalez this rooming, the Kicbpoo 
Tribe requests th:it the Bureau of Reclamation be re$J>onsible for organizing a Pikitanoi Rural WHter 
ProJ�t Coordin3hor. meeting at Topeka durinR the fit�t we�k in April. 1999. nus includes (but is 
not limited to) 5ecuring a meeting room and refreshnients, and the preparation of an agenda 
Costs of the meetin2 sh(Wld "" p�1d out oC FV 199&· I 999 DuR" funds allocated w 1hc Kickapoo 
Tribe for the Pikit&noi Rvn1.l Wattir Project. 

We request that the following entities be invited to participate in the mcct•nR. viz. 

1. The Central Kansas Rural Water System (Public W11ta District# 15, Hilys. Rtss.elL ere.). 
C�nt&ct person: .Lavern Squier (785-628-3102) or Hannes Zacharias (telephone: 785-628-7320). 

2. The NoMeastKansa,, Rural Water System. Conta.ct person: Jim C-:>bler (telephone. 785· 
286- 1731) or Eileen Jaclcst>n (t<!!lcplione: 78S 468 3478) 

:l Th11 Kiok4poo R.i.ral WaterS11.t>yly S)stem. C'onract person: Stevc Cadue(tclcphone: 785-
486-2131} ot John Thomns (teltphone: 785-48!1-Z J � 1). 

4. Mike Watson, the con.suiting eoiiziccr for Ille 'K1eb.poo Rural WAfcr Syctem (406 -11!>· 
3 78S); Mike DuMoway, the consulting: m!,rinur for the Northeast KansM Rural WatC"rSystcin: and 
Jeff Han.son, tht" consulting ea�ineer for the Ccnt:al Kanns Rural Water Syslcm (tclepho111:: 913· 
458-1410). 

6 Governor Bill Graves office Contact pmon: Brad Hamilton (telephone: 78S-368·66 ll). 
? The Kansas Water Office. Conllu.:t pc:non: Clarlc Duffy (telephone: 785-296-4094). 

8. The Kansas Rural Water Association: Conractpel'5on: ElmcrRoMcbaurn (telr.rhone· 785-
336-3760). 

0 1 2 6 5 6  
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Mt. Mfch.i.el Kube: 
March l, 1999 
Page two 

9. The Army C".nrps o!Enainen•. Contact penon: Mi,h110l Bc.rt(tclephonc: 81G·241 -3S20). 

to. The B\lr•:.u or.Rec:ltuoation: Conuc;t per3011. M>vhacl Kube. (tc:lepll.one: 308·389-4622). 
1 1 . l:!uviruruncmal Protection Agency. Conlact person: Roben Morby (telephone: 913-

SSl-7682). 

12. Rcprcsc:ntativc of Senator Sjlffi Brownback, Scm1tnr 'P�I Robcrt9, Congreumln Bill 
Ryan, and Congressman Jerry Moran. 

Thank :you for your cooperation and assistance in rhi:;; m:itter. I look forward to your prompt 
roc;pon3e. 

c:c. Mr. Marto O<.'nzalez, �sq. 

Sincerely youia, �._Q�or�� 
Frett Thom•s 
Tribal Chainuan 

P . o z  
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KANSAS WATER OFf.ICE 
Al LcDoux 
Director 

J 

STATE OF KANSAS 

� '@ 
8111 Gravo,, Oovc.rnor 

Suite 300 
109 SW Ninth 

Topeka, Kansas 66612 12411 

785-296-31 !!5 
FAX 785·296-0/!78 
Tl"Y 785-296-6604 

C O V E R  P A G E  
Date: 3/a.. J ? 4 FAX#: 1fS-loJd-· 'JJJ.J 
Please deliver -1..i_ pages, (including the cover page) to. 

Name: thri� ?a� Phone: 

firm: 

Address: 

Sent by: �\oil<\ yµJ_ Fl\X #: 785-296·0878 

If you have any questions concerning this transmission, please contact our office at the telephone 
number listed above. 

Comments: 
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SCHEDULE FOR MEETINGS WITH KANSAS 

CONGRESSIONAL STAFFERS 

l :OOp.m. 
Hart Senate: 0.B. 
Room 302 

3:00 p.m. 
Hart Senate O.B. 
Roum 303 

9:30 u.m. 

JN WASHINGTON D. C. 

FOR BRIEFING ON CORPS 

OF ENGINEERS PROGRAMS 

Pal Roberu 
w/K.C. Corps 

Sam Brownback 
w/K.C. Corps 

Longworth ! louse O.B. 
Room 1519 

Jerry Moran 
w/K.C. Corps 

Brinn Swc:atland 
Keith Yehle 
Jim IJcauchamp 

BriaB I lcnndx:rry 

John Hickson 

1 1 :00 a.m. 
Cannon House 0.13. 
Room 330 

Jim Ryun 
w/K.C. Corps 

Mike Kachntchadurian 
i\d:un MnGury 

l:OO p.m. 
Cannon House O.B. 
Room 506 

Dennis Moore 
wfK.C. Corps 

Jason Cole 

I :30-3:30 p.m. Assembled Kansas Dclegu1ion Staffers 
Meeting with Tulsa Corps of Engin.,.,rs 

Todd riahrL (Staff Mcmbe�) will be at Tulsa Corps of Engineers M.:clmg on 
the S'' Bl l :30 p.m. 

Note: Corps Stafffrorn K.C. 
Deputy District Engineer William Kyan 
David Jackson, Con-Ops Division 
Mike Bart, Planning and Hydrology Br. 

Corps St.nfffor Tulsa 
C..:ol. Leo Flor, District Commander 
Billy Banks, Civil Works Br. 
David Steele, Planning 

012 662 



KC Cnrps of Eniineers 

I .  Usual Operations Stuff 
2. Construclion al Fort Riley, Fort Leavenwo1th & McConnell Air Force Uasc 

3. Turke)' Cr.:ek P1oject at Kans� City 

4. Milford Luke Environmental Restoration (Wetland project ot Wakefield) 

5. l31ologicaJ T & E Study (Least Terns & Plouvers) (lnfonnal ConsullJltion with tJSFWS) 

6. Missoud Rh er Flow Frequency Study (Includes Kaw River) 
7. Flood Pluin Studies (Dennis Lawlor, State representative from DWR) 

8. Possible Phmning Assistant to Stutes (l"AS) (Ft. Scott flood review) 
9. Local Flood Protection Reviews (Kansas City, Topeka, Elwood, etc.) 
10. Kanopolis Water Supply Space Buy 

I I .  Clinton Lake Reallocation Study (From Qlllli to Water Supply) 

12. Pikitanoi Project (Kickapoo) Spec. Study 

13. Missouri River Ecosyslem Restoration (Missouri RlutTs Park) (Muyht: include Kuw) 
14. Issue of Dumping Water from Kaw for Navigation 

J IWbo1lcllOKIKl(\l.i11 of KC Corp! ol [np•pd 
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Tulsn Corns o( En gin em 

I . Usual Operations Stuff 

2. Local Flood Protection Reviews (Walnut River, Winfield) (Confluence of' Arkansas & 
Walnut Rivers, Arkansas City) (Whitewater River, Augusta) 

3. Arkansas River Ecosystem Restoration (Upper Arkansas Channel Capacity) (Garden City 
River Park) 

4. r.im111mn River F-:.o�ystcm Rcitoration (resource losses due to prior Federal programs 
include wetlands, prime fam1lands, bottomland hardwoods and Least Tern nesung 
habitat) 

5. John Redmond Lake (Conservation Pool Raise Study) 

6. Walnut/Whitewater River Basin Reconn. Study for Flood Control and Ecosystem 
Restoration (Letter of Request from Butler County Commissioners) 

lntersl1tc Cou·ncil on Waler Policy OCWP> 
l. Total Maximum Daily Loads issues (Stiles will be there) 

2. USGS PUJ1ding issues (Gages, Special Studies, etc.) Will be Discussed at ICWP 
Round table 

J \WblUlct1\0KJIUC.lluluCorpt of En� wpd 

0 1 :;664  



_ .... 

THE PIKITANOI REPORT: 
An unalysis of whether the projt:ct should be s1udie<l � as a potential solution for non tribal water users in 
Nor1heast Kansas. 

By the 
Kansas Water Office 

February 25, 1999 



THE J>IKITANOI RErORT 

The proposed Pikiwnoi Project calls for building a regional wJle1 suppl) \ystem, firs! to "crve the 
Kickapoo Trib<: on their reservation in northeast Kansas, and c:econd, to serve rural \\<1ter di,,tracts 
and communities in northt:ast Kunsas. 

The project, as described in a "Needs Assessment" d1111\ed in March of 1998, proposes with<lrawmg 
w11ter from the Missouri Ri ver under Tribal reserved water rights to serve the reservullon, with the 
remainder of the water supply needed for non-tribal interests in a seven county urea in northeast 
Kansas. to be withdrawn under water rights to be ob tJincd by the non-tnhal users. ·1 he ru;sessmenl 
further states: 

"Financing of the ri::gional water project requires f undmg of construction, operation 
lltld mwntenan<"e r.osts, in part, through appropriatioos of the Uniu:d State:-; Congie,,s .. 
A federal cost share in construction of the regional project of75 percent would leave 
a debt retirement of$) 1 ,888,000 to local entities. The Kickupoo Tribe will seek 100 
percent financing of their project construction costs." (Page I - 4) 

The entire project calls for the construction of 304 miles of main trunsmission pipelines.' The total 
cost of the project was projected to be S 127,551 ,000. > Tut1le <.:reek and Perry lakes were mentioned 
in the "Needs Assessment," as alternative sources ofwatcr to serve the Pikilanoi Project. Although 
all three sources were very close in projected tot11l costs, the Missouri River source was 
recommended as the best option 

In response to concerns raised by the Kansas Lower Republican BaSin Advisory Committee and 
others in the region about tl1e need for a study of the proposed ?ikitanoi Project, the Kansas Water 
Office has ga.thcred information to assess the public wlller supply needs and issues in northeast 
KMsas. 

PREVIOUS STUDIES 
NORTHEAST KANSAS PWS STRATEGIC ANALYSIS 

NORTHEAST KANSAS WATER SUPPLY STUDY (1980) 

The Nonhcast Kansas Waler Supply Study wa� prepared by Associated Engincer.s, Inc. (Junction 
City, KS), for the U.S. Army Corps of Engineers, Kansas City District. Volumes I anti II, Plans of 
Regional Water Supply Systems. are dated August 1980. The former Kansas Wa1er Resources Board 
was a participant in this study. 

The objective of this study was to provide a preliminary investigation of alternative: means to meet 
the municipal and industrial water supply needs of northeast Kansas. Twenty-five <;Ounties were 

"Needs Assessment" page 7-13 

Ibid. 
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included. The study identified nl!ernativc systems ufsupply, treatment and distribution withi11 the 
study area. In addition. an investigation was provided utilizrng federal lakt:.\ :is a '"ater source for six 
counties in southeast Kansas. Also, two water export plans from Milford and K:i11opolis J .;ik.cs 10 the 
Wichita area in south central Kansas were provided. 

111is study formulated county ur multi-county areu water dismbuuon systems sufficient Ill meet 
need� during severe droughts and to provide reserves for future growth to 20:15. The scope of work 
was limited to the conceptual identification and prelimi11ury evl!lUation of ulternnte systems of 
supply, treatment am.I d1stributton. Further comprehensive studies of identified service areas would 
be needed to verify the 1:mgine1:1ring and economic feasibility of proposed projects. 

PEP-NORTHEAST KANSAS WATER SUPPLY (1993) 
Tht:: Panners for Environmental Progrc)S (PEP) Program is a federal cau1lyst 1v promote private 
sector investment in the environmental infrastructure of communities which do noc have the 
resources to build or upgrade facilities in order to comply with more stringent regulations nr to 
accommodate growth. PEP is targeted to communities that do not have lhe technical and/or financial 
capabilities to develop actions, plans or requests for proposals to privatite water supply, waste water, 
solid waste and waste: to energy facilities. As part of the PEP Program, the Corps of Engineers 
participates in Market Feasibility Studies which allow local sponsors to proceed with privati:z.1tton. 
Local Interests retain the responsibility to pursue any construction using non-federal entities. 

This PEP study resulted frorn a recornmendatioo by the Kansas Water Office to study the potcutiul 
for a wholesale water supply district to m�t the needs in a seven-county area in northeast Kansas_ 
The Glacial Hills Resource conservation and Development district and the Jefferson County 
Economic Development Commission jointly sponsored the study. TI1e Corps of Engineers and the 
local sponsors �ntered into and approved a study agreement ..... �.!.! .. c'1 6, . ·192. 
Six counties (Atchison, Brown, Doniphan, Jackson, Jefferson and Nemaha) formed the initial study 
ar:!l. Leavenwonh County !l!ld a rural water district in Shawnee County wc:r1:1 ::idded later. 

The PEP Study qeveloped and qW111tifiod water supply needs for the seven-county study arcu in 
1990. Except for Leavenworth County, little 'popula'tion growth was for«:ast 1hrough 2020'. Four 
conceptual designs tp distribute V.'llter of improved quantity and quali:y to the study area wc:n: 
developed. Two of these designs would supply water to all of!he study area based on current usag1:. 
while the 'other tWo designs would supply 'about 25 % of the needs only for those water supply 
districts which expressed an mterc:�t in alternative water supply source,;. 
Tiie participants concluded that the PEP Study demonstrated the potential viability for non-federal 
construction and opcratio.n of a wholesale water snt�m to serve the: seven county areu. 

UPPER DELAWARE AND TRIBUTARJES WATERSHED (1994) 
The Watershed Plan and Envimruncnlal Impact Statement for Nemaha-Brown Watershed Jomt 
District No. 7 (Upper Delaware <Ult! Tributaries W,11crshed). was prepared uml.::r the authority oflhc 
Watershed Protection .10d Flood Prevention Act (P.t. 83-566) and in accordance with lhc Nuttom1l 
Environmental Policy Act {P I 9 l -190) 
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The Kickapoo Nation •� ce111torcd on a reserv:111on in the S<>Ulhea�I part ufthe watershed. l hto .illullcd 
portion of the rescrvnl1on covers some 19,200 acres, of which land currcmly 111 trihal or indi' 1dui1l 
Indian ownership comprise� about 37 % The remainder of the allotted porti<)n of the rcserva11011 i� 
held in trust by the United States. The Kickapoo constitutional bounduncs are based upon an I 1154 
Treaty bcn..een the Kickapoo Nation and the United Suto:� which includes about 40 % of the: 
watershed. A princip11l tribal goal is the development of a dcpcndahle water suppl) for mcrto..t,.:d and 
sustainable industrial, domestic and recreationnl uses. 

The Pinn/EIS includes a multi-purpose structure (MP 21- 14) fur flood control, wuh!r supply and 
recreation which would be located on Plum Cn:ek within the Kickapoo Reservation. This stru1;turc 
would include 5,713 acre feet of storage for water suppl.y. A Watershed Agr�cmcnt, signed hy 
project sponsors, including the Kickapoo Tribe of Kansas, was approved by thto State 
Conservationist, Soil Conservation Service on June 13, 1994. Costs for the development of the 
multi-purpose structure MP 21-14 were agreed upon as follows: 

Tvce of Ccst 
Land Rights (flood) 
Land Rights (recreation) 
Construction (flood) 

WS District 

Construction (water supply intake) 
Construction (recreation facilities) 
Engineering Services (flood) 
Engineering Ser-vices (water supply intake) 
Engineering Services (recreational facilities) 

Total 

PIK.IT ANOI PROJECT (1998) 

� 
98.3% 
50.0% 
58.11% 

100.0% 
50.0% 
5R.8% 

100.0o/o 
50.0% 

ID F_,1, Co�I 

1.7% $749,200 
50.0% $1 72,200 
41.2% $1,022.600 

$71,400 
50.0% $660,800 
41 .2% $349,600 

$25,000 
50.0% $99,000 

$3, f 49,800 

wE, Inc of Helena, Montana. conducted· a 'needs assessment for thc.Pikitimoi Proje'ct. a draft' of 
which is dated Murch 31. 1998. fhis �smenl covers needs for 5afe and adequate drinking water 
o� the Kickapoo Indian Rcsci:vauon aDd the develop.men! of lhe Pikit.ano1 project. Pikitano1 would 
be a regional, wholesale water project designed to $Crvc entities in e six-county area ( Nemaha, 
Brown, Doniphan, Ponowatomie, Jackson and Atchison). 

Annual water demand for the Pikitanoi Project would be 5,086 acre-feet The Missouri River would 
be the source of supply. This annual demand.represents .OJ 7% of the aver;ige annuul 11ow of L'i.c 
Missouri River at Rulo, Nebraska. Regional streams such as the Big Blue and Delaware Rivers were 
not considered as dependable sources due to low flow during drought The Kickapoo Tribe possesses 
water rights reserved by the Tribe in treaties with the United States. 

Financing fur the Pikitano1 Project requires funding for project construction. optoration u11d 
maintenance costs This funding would come, in part, from appropnotions by the IJnited Stu1e,. 
Congrcs,. A fcdeml construction cmt-shMc or75 % would leave a debt retirement orSJ I .888,000 
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to local entities. The Kickapoo Tribe will seek I 00 % financini: of their project construction 1:osts. 
Since the scope of this project is beyond the financing capacity of established federal programs. 
special federal legislation will be sought to authorize the Fnvironmcntol Protection Agency, U.S. 
Army Corps of Engineers or the Bureau of Reclamation to take the lead federal responsibility in 
development oftl1e project. 

KANSAS WATER OFFICE ANALYSIS 

The foi:us of this am1lysis is to dct.ermine whether the Pikitanoi Project should be studied as a 
solution to the major public water supply problems and needs of the non-tribal water users in 
northeast Kansa.�. 

The study includes 1 5  counties: Atchison, flrown, Doniphan, Douglas, Jackson, Jefferson, Jolu1son. 
Leavenworth, Marshall. Nemaha, Pottawatomie, Riley, Shawnee, Wabaunsee and Wyandotte. There 
are 190 water purveyors in iliese counties. Of theses, 105 do not rely on Kansas or Mi ssouri River 
(wells arc the major source), 20 of these arc on the Drought Vulner:ihlc list; 1 5  others arc dependant 

in part, or in whole on one of these purveyors; 20 of these state they have infrastructure problems; 
23 state they have quality problems; 5 state they have water quAntity problems. 

The attached table� highlight the status of public water suppliers as follows: 

Table I :  

Table 2: 

Table 3: 
Table 4: 

Table 5: 

Table 6: 

Demands of Public Water Suppliers Expressing Interest in Piki111noi in Wutsin 

Report. 
Demands of Those Eicpressing Interest in Pikit11noi by Lener 

Demands of Those Expressing Interest in Pikitanoi. 

Demands ofThose Depending on Rivers, MPSI.'s and Federal Storage. 

Ava:bble Ground Water By County in NE Kansas. 

NE Kansas Surface Storage Supplies. 

PROPOSAL FOR A SPECIAL �rrunv 

The Kickapoo Nation and the Pikitanoi Executive Committee con�isting of several Northeast Kansas 
municipalities and rural water districts are seeking Congressional Amendment to the President's 
current Appropriation Bill, to fund a "Special Study" to assess water supply 11ecds and conditions 
in Northeast Kansas. 

This study would provide the comprehensive background data needed to detennine the most viable 
vptions to meet current und future water supply needs in Northca.•t Kansas. 'fbi� study would be 
undertaken by the Kansas City District U.S. Anny Corps ofEngiru:crs, who would be authorized and 
encouraged to work with others including the Burcou of Rcclan111tion. This study would be 
undertaken with no preconceived notions in mind as to preferred options to meet water supply needs. 
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CONCLUSION 

Based 011 an analysis ul' the attached tables the Kansas Water Office believes the State ol' K1111,as 
should support the: appropriauon of Federal IUnds for tht: atxivc "Sµ.:c1al Study" 

'I he State nt:cd� the data from such a comprehensive srndy for plannint: purpo:-cs to 
detennine v.11tcr supply cond1t1ons ruid needs for non-trihal <.:omm11n111cs in Northeast 
Kansas. 

2. The State, by JOmmg in w11h the Kickapoo Notion's request, would be the beneficiary of 
I 00% Federal funding for the study. ff the l�ederal Government docs not pay for this �tudy 
the State and local communities will eventually need to finance a similllI study. 

3. 11ir. �tlll'ly -;hould provide some answers as to the need for and fea.�ibility of the sevt:ral water 
supply options and project propo�ls currently being considered, including but not limited 
to; the Pikitanoi Project; current and proposed multipurpose small lakes projects; federal 
reservoir storage: owned by the state; and the Missouri River. 

While the Kansas Water Office does recommend an add-on to the Appn.1priations Bill to fund the 
"Special Study", it does not support Pikitanoi Project Authoii:1.ation Legislation. The Knnsas Water 
Office believes that it is premature to support ony Project Authorization prior lo the completion of 
the "Special Study" which will analyze as to Northeast Kansas wutcr supply conditions and m:eds. 
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TABLE 5 

Available Ground Water by County in NE KS. 

Atchison 1 ,550,000 AF 509,719,050,000 Gall�ms 

Brown 802,000 AF 263,738,502,000 Gallons 

Doniphan 1 , 1 70,000 AF 384,755,670,000 Gallons 

Douglas 193,000 AF 63,468,243,000 Gallons 

Jackson 1,050,000 AF 345,293,550,000 Gallons 

Jefferson 289,000 AF 95,037,939,000 Gallons 

Johnson 41 ,400 AF 13,614,431,400 Gallons 

Leavenworth 269,000 Af 88,460,919,000 Gallons 

Marshall 2,300,000 AF 756,357,300,000 Gallons 

Nemaha 5,640,000 AF 1 ,854,719,640,000 Gallons 

Pottawatomie 285,000 AF 93,722,535,000 Gallons 

;::; Riley 290,000 AF 95,366,790,000 Gallons 

Shawnee 282,000 AF 92,735,982,0DO Gallons 

Wabaunsee 108,000 AF 35,515,908,000 Gal1ons 

Wyandotte 31 72000 AF 1041 24517671000 Gallons 

TOTAL 14,586,400 AF 4,796,7 52,226.400 Gallons 

Legend: 
AF = Acre-feet 



Water Supply 
Storage 

Banner Creek MPSL $,09i AF 

CentraUa MPSL 840 AF 

Pony Creek MPSL · 2,367 AF 

Mill Creek MPSL 291 AF 

Clinton Lake 110,400 AF 

Hillsdale Lake 68,000 AF 

Mitford Lake 300,000 AF 

Perry Lake 150,000 AF 

Tuttle Creefl Lake 50,000 AF 

TOTALS 689,995 AF 

Legend: 
AF = Acre-feet 
MGD = MUlion Gallons per Day 

NE KS SURFACE STORAGE SUPPLIES 

Est. Yield 

547,500,000 GalJYr 

273,750,000 GalJYr 

236,000,000 GalJYr 

94,900,000 GaJJYr 

6,022,500,000 GalJYr 

6,351,000,000 GalJYr 

40,515,000,000 Gat/Yr 

29,017,500,000 GalJYr 

56,664,584,785 GalJYr 

139,722,734,785 GalJYr 

1.5 MGD 

0.75 MGO 

0.65 MGO 

0.26 MGD 

16.5 MGO 

17.4 MGO 

111.00 MGO 

79.5 MGO 

1 55.25 MGD 

382.805 MGO 

St. and/or Local Sponsor 
Capital Costs for storage 

$396,969.00 

$108,672.00 

$815,-425.00 

$203,-405.00 

$11,415,610.24 

$32,290,402.52 

$17 ,966,230.49 

$16,1 2.4,579."4 

$3,645,114.00 

$82,966,407 .69 
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PIKITANOI EXECUTIVE COMMITTEE MEETING 
APRIL 7, 1999 -- ------

10:00 A.M. 
GOLDEN EAGLE CASINO 

'JFf 
March 1 8, 1999 

Dear C.ommittee Members, 

Just a note to remind you of the meeting in April at the 
Casino. 

Enclosed you will find the minutes of the last meeting and 
the committee member list with names, addresses and 
telephone numbers. Several members have ask for this list. 
I hope this will be of interest to you. 

I have not heard of the meeting that was slated for the first 
part of April. When I hear I will try to get hold of each of 
you as to date, time and place. 

Sincerely, 

Eileen Jackson, sec. 

01 :?ALJO 



PIKITANOI EXECUTIVE COMMIITEE 
Jim Cohler 
440 I NW Green Hills Place Arnold Morgison 
Topeka, Ks. 666 1 8  2036 E 1400 Road 
785-286-1 73 I Lawrence, Ks. 66044 

John Thomas 
785-842-3916 

Box 271 Charles Mannell 
J lorton, Ks. 66439 221 1 3  J Road 
785-486-2766 Holton, Ks 66436 

John Vaughn KWO 
13ox 40 Steve Hurst 
Seneca, Ks. l 09 SW 9•h Street Suite 300 
785-336-353 7 Topeka, Ks. 66612-1245 

Paul Bums J.L. Cleland 
1 508 Willow 14656 I 1 81h 
Valley Falls, Ks. 66088 Hoyt. Ks. 66440 
785-945-3790 785-986-6398 

Elmer Ronnebaum Ed Dunn 
Box 226 Box 247 
Seneca, Ks. 66538 Holton, Ks. 66436 
785-336-3760 785-364-2 135 

Gerald Rottinghaus Fred Thomas 
Rt 2 P.O. Box 271 
Seneca, Ks. 66538 Horton, Ks. 66439 
785-336-2645 785-486-2 1 3  l 

Mario Gonzalez Dennis Ashcraft 
P.O. Box 1 9 1  430 Penn 
Horton. Ks. 66439 Holton, Ks. 66436 
785-486-2221 H-785-364-2708 

W-785-364-2954 
Steven Brunkan 
557 I 5 81h Brad Hamilton 
Meriden, Ks. 665 1 2  1 Governors Office 
785-484-2857 Topeka, Ks. 

785-3 86-661 j 
01 2681 



PIKITANOI EXECUTIVE COMMITTEE MEETING 
MARCH 3, 1999 

GOLDEN EAGLE CASINO 
CONFERENCE ROOM 

MINUTES 

____ wff 
The Pikitanoi Executive Committee of NE Kansas met in the Conference 
Room of the Golden Eagle Casino, Wednesday, March 3, 1999 at 10:05 a.m. 
with seventeen members present. 

Jim "Cobler passed out a flyer of the Pikitanoi Water Project that Steve 
Brunkow had written. This was not the final draft, but was for the 
committee to review so Steve can prefect it and we can get it out for people 
to see what we have been doing, and the purpose and progress of the 
committee. 

John Thomas introduced Bi II Allen director of the EPA office at the 
Kickapoo Nation and Arlan Whitebird, his assistant. 

John Thomas said that Mario would like a communication meeting with the 
monies that were left over from the South Dakota trip which was taken last 
October. Jim reported that Mario thought we needed to get the Corps of 
Engineers, Bureau of Reclamation. Kansas Water Office, people of Hayes, 
Kickapoo Tribe members and members of the committee to get together and 
have a coordination meeting. Some of that to be discussed would be the 
needs to select an engineer. Mario suggested that we might have the 
meeting in Topeka. lt was suggested that this meeting be held the first part 
of April. 

Steve Hurst reported that several members of the Kansas Water Office were 
going to Washington D.C. and were going to talk the legislators in favor of a 
feasibility study of the project. Clark Duffy thought it would take about one 
million dollars for the study. 

J.L. was concerned about freezing the project by including more and more 
people. John T. said that the federal government will own the main water 
line and the Kickapoo tribe will own the line for the Tribe. The main line 
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will be paid for I 00% by the government and there will be an 80-20 grant 
for the cities and districts from the main line to our district's line. 

Jim reported that the KWO supports the study. When the study is feasible 
then a bill will be introduced to the Federal Government for the money. 
Steve H. said no bill was drafted as mentioned in the previous minutes. We 
dropped the idea of drafting a separate bill and we are now going to "add 
on" to another bill. 

It was discussed that this water project is for domestic and individual needs, 
not irrigation. John Thomas said the Congress no longer funds any irrigation 
projects. 

The K WO will let us know how this proposal was received by the legislative 
representatives. It will be added onto a appropriation bill and Hayes will 
also share in the report. Mario thinks we need a representative from our 
committee to Washington, however Steve H. said this was only a briefing 
and not to testify and that the KWO would support this and there would be 
no need for a representative of our committee present. 

Brad Hamilton from the Governors office, stated that the Governor wants 
this study done and supports the study. 

Those persons attending the March 3, 1999 meeting were: 

Jim Cobler 
Eileen Jackson 
Elden Hammerschmidt 
Paul Montoia 
Arnold Morgison 
Rita Mathews 
John Vaughn 
Gerold Rottinghaus 

Paul Bums 
John White 
Kay White 
Brad Hamilton 
Bill Allen 
Arlan Whitebird 
J.L. Cleland 
John Thomas 
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The 
Pikitanoi 
Water Project 

0 1 3 1 3 1  



WHAT IS PIKITAJ';Oi? The P1kitanoi project was conceived in 1998 upon 

complehon of a Needs Assessment report prepared for the 

Kickapoo Lndian l\:ation. This report introduced an idea that 

present anJ hiture water supply nee&; of the Kickapoo :\il tion 
and Northeast Ki!nsas cities and rural water districts could be met 

through a joint project. Because of water supply shortages, water 

quality concerns, and aging infrastructure in Northeast Kansas, 

nwnerous entities have expressed mterest m participating. A 

steering committee of representahves from interested en ti ties has 

been formed to help develop the regional water system. The 

steering committee has initiated the formation of a public 

wholesale water suply district. 

Facil.ihes will consist of a treatment plant or mulhple 

plants near high capacity water supply sources, transmission 

pipe lines, pLUnping stations, and metering stations. Willer will be 

pwnped through the regional system to supplement or replace 

community water supplies throughout �ortheast K,msas. 

Expansion of the project to include the Central Kansas 

Cities of Hays and Russell is a potential solution to long

recognized water supply problems for these conununities 

Participation b} other cities and water districts along the route 

will help iustifv the need for the transmission pipeline. Figure 1.0 

shows the' proposed project .uca. The w,1ter supply for the 

rcgion.11 project could come from one or more potenti,11 sources 

mcludmg the :\lissoun River, Perr} or Tuttle CreeJ... reservoirs, or 

from groundw Jter �ources. 
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WHv Is THE WATER 

St:PPLY NEEDED? 

Figu re 1.0 

Withi n  the eight county region plus the Cities of Hays and 

Russell, there arc 97 public water supply systems serYing over 

115,000 people. According to projections made by the Kansas 

Water Office, a 43°'" increase in population will occur by year 20�0 

within the project area. Current water demands in the proiect area 

average 20.5 million gallons per day. By 2040, water demands are 

estimated to be over 32.4 million gallons per day. Therefore, 11.9 

million gallons per day are going to be required from new or 

expanded water supply sources. 

The i7 entities expressing interest to date haYe a total 

average daily demand of 19.-1 million gallons today with 

projected future demands in 2040 at 30.8 million gallons per day, 

leaving a !>hortfall of 11.4 million gallons per day. As the proiect 

develops, participation in the proiect is expected to incrcJsc, 

thereby crNring higher water dern,mds from the regionJl supply. 

Even so, the dcm,rnd from entitie:. expressing interest represents 

almost 95'% of the estimated demand in the project ;ire,1. 

E.1ch of tlw interested participants has indic;1ted ,1 

particular m.•l•d to purch.1sc replaet•ment or supplemcnt,11 watt•r 

'>upply from tlw new regional water supply system. 



HAYS A:'\D RLSSEll 

Of the 97 cities and rural water districts in the project Jrc,1, 

-18 have been identified by the Kansas Department of I Iealth and 

Environment as being "drought vulnerable." Many of these 

svstems arc supplied with water from surface \\ ,1ter 

impoundments that will not be dependable dunn.g even modest 

drought conditions. Others use water ptunped from wells with 

water levels that fluctuate as a result of changing dry and wet 

weather periods. All but a few of the entities rely upon a single 

water supply source. Any failure of the local system could result 

in an entire community betng without water supply e\·en for 

essential domestic water uses. 

Figure 2.0 depicts the distnbution of rural water districts 

interested in participattng in the project. Simil arly, Figure 3.0 

shows the municipalities expressing interest. The level of interest 

II\ the early stages of pro1cct development is in itself 

representative of the need in the area. 

The Central Kansas Communities at Hays and Russell 

have suffered water supply shortages. Available water rights for 

these cities are limited. Existing supplies and the available 

sources are tn.adequate to satisfy even current demands. Hays 

and Russell have a combined estimated water demand in year 

2000 of 2,385 million gallons per year (�IGY). The sustainable 

yield from the available water sources near l lavs ,1nd Russell is 

only 1,687 MGY, signific.rntly less th,rn the current demand. 

I l.ws .1nd Russell h;ivc both ;i short-term .md long-term 

need for ,1ddition;i( w.1tcr supply. Those communities cannot 

s,1hsfy dcm.1 nds through impron?d 111ir.1strncture They need 

source c.\p,1C1ty. 

r. 1 3 1 3 4  



W,urn QU\lln iSSlJES 

CASE HISTORIES 

KICKAPOO NAflON 

PorULATIO'\' SEnvm 

RAI .. w ATER SUl'l'l.Y 

TllE \T:\IE.'-"T f\CILITIES 

SITU \TION A.'IALYSJS 

In general, water quality in the region varies with manv 

communities using hard water and many deahng with high levels 

of iron and manganese. Even though these constituents are not 

contaminants 1denhfied in the Primal) Drinking Water Standards, 

they contribute to a water supply being undesirable. Specifically, 

many public water supply systems in the region have had to 

address more serious problems because of violahons of Prim,uy 

Standards. 

Nitrate concentrations in parhcular, are found to be a 

concern for many communities using ground water supplies. 

Eleven cities and rural water districts in the region have exceeded 

maximum contaminant levels for nitrate since 1994, according to 

the Kansas Department of Health and Environment. 

To truly understand the need for a dependable regional 

water supply system in Northeast Kansas, it is necessary to 

examine in detail the struggle of each individual community to 

supply its customers with potable water. The following case 

histories help relate this ongoing struggle. 

730 

Delaware River 

Conventional water treatment plant constructed t.n 1979 

The Kickapoo Nation h,1s been enhrely dependent upon the 

Delaw,ue Rtver for its w,1ter supply. '11\'ilter qu.:ilitv concerns .1re 

par,1motu1t with this supply because of the heav} influence of 

.1gricultur,1l .1Ctivities w1thm the Delaware b,1sin. M.1ximum 

contamin,mt levels for c.irbon tetrachloride and 2A-D have been 

r 11 3 • 3  .... ' '  : l I 



HOLTON, KANSAS 

POPULATION 

R.w: WATER Sllrl'LY 

TR!AT\IE;>.T FAULi 1 ll:c� 

NEMAHA COIJNTY 
Rt:Rt\L WATER 

DrsTRI<r No. 3 

Port;L\TIO� 

R,w W ATEI\ 51.:rrL"I' 

Tl\b\I MENT FACILITIES 

exceeded in recent history. A concern also exists with respect to the 

high levels observed for trihalomethanes (THMs) . In add!l1on, the 

capacity of the existing treatment plant is msuffient to satisfy future 

water demands. A replacement water supply has not been 

identified. 

3,508 

City lake and 2 wells 

Over 40 years old 

Holton's City Lake represents an undependable source dunng dry 

weather periods. The wells alone will not satisfy peak demands; 

therefore, shortages are experienced during drought conditions. 

Holton plans to construct a new plant to treat water from a newly 

constructed reservoir in a joint effort with a neighbonng rural water 

d1Strict. Once the new treatment plant is constructed to process 

water from the new reservoir, the City will still have to rely he.:ivily 

on its old plant as well. The new plant alone will not satisfy peak 

daily demands m the near future. Because of the age and condition 

of the old plant, replacement of the plant may be required in ten to 

filten years. 

2,056 

5 wells 

Chlorination oni>' 

RWD No. 3 has continuously fought w<iter supply problems since 

its inception. Sites for w.iter supply wclb have been limited. F\'en 

its two newest wells .ire of undesirable qu.ility. Water is corrosive 

and cont.1ms higher th.in desirable levels of iron .:ind m.mg.me-;e. 

,, 1 ') • ") ':) 
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OZ.\WKJE, l<A:\SAS 

POPULATION 

RAW WATER SurrtY 
TREAT:..1£:\'T FACILITIES 

Srru,mo:-; A:-.:Atvsrs 

HORTO-:, KA:-:SAS 

Po1•utATION 

R "" W \fER Surl'LY 

Ti(l.\r:.t[N'T fACIUTllS 

SntJ,\TlON A-...\nsts 

The corrosive nature of the water has made it difficult for the 

District to meet lead and copper rule requirements in the 

distribution system. The capacity of the well water supply is barely 

adequate to meet current demilnds. The Ccntrailia �lultipurpose 

Small Lake is ,wailable for water supply; however, to make use of 

this supply, RWD No. 3 must bear the cost of constructing ,1nd 

operating a surface water treatment plant. 

492 

2 wells 

Chlorination only 

The Town of Ozawkie is supplied with water from two water 

supply wells. Because of the location of the wells, there 1s a concern 

by the Kansas Department of Health and Environment that they 

may be under the influence of surface water. If KDHE determines 

that the wells are, in fact, under the influence of surface water, the 

water will have to be treated in accordance with surface water 

standards. A small community like Ozawkie cannot afford the high 

cost of a treatment plant. A replacement source has not been 

identified. 

1,935 

Mission Lake plus 2 wells 

1930 vintage tre,1tment plant 

The foture ust• ot \l1ss1on L1ke ,1s the pnmarv water supply source 

for Horton is limited. I lc<ivy siltation of the 1.ike m.il..cs 1t 



So, W11v A SPECIAL 

Sn.;ov? 

extremely vulnerable to even mild drought conditions. Water 

pumped from the the two wcl.!s near a fishing lake in Atchison 

County help supplement the questionable lJke supplv; howe.,,er, 

the capacity of the wells isn't great enough to meet I Iorton's 
demands. The plant is capable of complying with tod,1y's quJhty 

standards even at its age, but future, more stnngent water quJlity 

regulations will most likely dictate replacement of the plant. The 

high cost of a new treatment plant will be J burden for this smJll 

community. Even with a new plant, an adequate raw water 

source has not yet been identified. 

The need for J regional solution to the water supply 

problems in Northeast Kansas has been evident for years. In 1980, 

the Corps of Engineers conunissioned a study by Associated 

Engineers, Inc. of Junction City, Kansas. The former Kansas Water 

Resources Board participated in this study of 25 counties. This 

study identified alternative sources of supply and J regional 

.lpproach to Jddressing water supply needs. The 1%0 study was 

conceptu,11 in nature and lacked the detail necessary to identify a 

viable plJn. 

A second study was performed in 1993, again sponsored 

and prepared by the Corps of Engineers. BJrtlett & West 

Engineers, Inc. of Topeka, Kansas prepared the regional water 

plans for this study under a contract with the Corps. The stmh· 

was prep.ued through the "Partners for Env1ronrncnt,1I Progress" 

(PEP) progr;\m. Sc\·en counhes, all included within thl• Pik1tano1 

project .ire.1, were 1.11cluded 1.11 the 1993 study. Two potential 

sources wew .:onsidcrcd, the 11.hssouri River and Perry Resef"·o1r. 

TI1e scope of this stud\' w,1s limited; hO\n•ver, it indic.1ted th.11 .1 

n 1 ') 1 A () t ' ) • 't 
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single system could be developed m Northeast Kansas to address 

the region's water needs. Plans mcludcd central treatment 

facilities, transmission pipelines and storage tanks. As m the case 

of the 1980 sh.Id]� the 1993 study was a concept level effort. 

Additional detail is necessary to determine the scale, cost, benefit 

and viability of the regional system in Northeast Kansas. 

Thus, the special study. Ln order to truly solve the water 

supply problems in :'.\!ortheast Kansas, as well as for Hays and 

Russell, a thorough study needs to be conducted. It should 

Address the long-term, realistic needs for each 

public water supply entity, 

Define the extent of the proposed facilities, 

Provide a detailed cost estimate, 

Propose a structure for allocating costs, 

Determine the impacts on water rates and user 

changes. 

Without the special study, the regional solution will rcmam 

undefined, and the water supply issues in Northeast Kansas will 

not be addressed. With the special srudy, a viable !"roject can be 

identified to pro\•tde potable water to the region through a 

collecti\'e effort. The result: better quality water supply at ,m 

affordable price, for more people. 

,, 1 ') 1 11 1 .J l t 
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OTHER SOURCES OF 

INFORMATION 
l. Needs Assessment Report - Pikitanoi Project 

WE, Inc. 
Helena, Montana 
March 31, 1998 

2. The Pikitanoi Report 
Kansas Water Office 
February 25, 1999 

3. Pikitanoi Rural Water Supply System 
FY2000 Request to the House Energy and Water 
Development Appropriations Committee 
March 26, 1999 



Project Contacts 

Steve Cadue 
Tribal Representative 
Kickapoo Nation 
P.O. Box 191 
Horton, Kansas 66439 
Phone: (785) 486-2131 
Fax: (785) 486-2354 

Jim Cobler 
Executive Committee 4401 NW Green Hills Place 
Topeka, KS 66618 
Phone: (785) 286-1731 
Fax: (785) 286-4467 
email: jcobler@bigfoot.com 

Elmer Ronnebaum 
Manager 
Kansas Rural Water Association 
P.O. Box 226 
Seneca, KS 66538 
Phone: (785) 336-3760 
Fax: (785) 336-2751 
email: krwa@nvcs.com 



.. 

'I 

M A R I O  CON2ALE= LAW OFF l C  6057875906 P . 0 1  

'REC'EIVED APR 0 6 1999 

P.O. Box 271 Hp"on, KS 66"439·0271 

Office: 91 3-486-2 1 3 1  • Fax: 9 I 3/"486-280 I 

March 16, 1999 

The Honorable Pete V. Domcnici, Chainnan 

Subcommittee on Energy and Water Developme.nt 
United States Senate 
Dirksen Senate Office Building, Room 127 
Wn:ihington, D.C. 20,10 

Dear Senator Domcnici: 

Pursuant to your instructions, we are submitting one (l) original copy of our testimony, 
single spaced, letter sized. with l inch margins and a high density disk with the file name 
KlCK2000. WPD. The map is for use by the staff but is supportive material that we understand will 
not become part of the printed record. 

The request for funds is SS00,000 inFY 2000 for thePikitanoi Rural Water Project. We will 
appreciate your consideration of the request. 

�� 
Fred Thomas, Sr. 

Chairman 
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PIKITANOI RURAL WATER SUPPLY SYSTEM 
KJCKAPOO TRIBE 

FY 2000 REQUEST 

HONORABLE CHAIRMAN PETE DOMENICI 
SENATE ENERGY AND WATER DEVELOPMENT APPROPRlA TIONS 

MARCH 26, 1999 

l. FY 2000 Appropriations Rcq uest 

The Kickapoo Tnbc ofK3nsas joins wi1h tho: State of Kansas and rural water districts in 
19 counties in the northeastern comer of the �ate to seek funds for a "special srudy" of drinkin� 
wstcr needs in the region as a continuation and expansion oi planning for the Pikitanoi Rural 
Water Sy3tem, Kansas The amount requested is S500.000. The "special study" has a total 
estimated cost of S 1,000,000 and contemplates two years of effort with funding of SS00,000 in 
FY 2000 and S500,000 in FY 2001 

Planning of the project bv the Kickapoo Tribo:. coordinating wnh the State ofKans.a5, 
began in 1996 and has proceeded to the point that federal funds are needed for continuation. All 

fund., for the project to date have been furnished b)" the Kickapoo Tribe from its private, non· 
federal resources. The Kickapoo Tribe requests that funds appropriated for the project will be 
included in the Co111s of Engineers' budget for Water Development. 

2. Signifiunt Devdopments 

P . 02 

A!. will be related in the discus.,1on ofthc history section of this testimony. there ha\·e been 
significant developments in the project. As originally planned by the Kickapoo Tribe, the project 
involved a seven county area Interest in the project has grown to the point that as many as 1 9  
counties are now s.eelcing participation in the planning process. The primary reason for interest is 
the shortage of high-quality water in this part of Kansas. 

The State of Kansas supports the planning effort based on recent agreements in concept 
for the "special study " The key to the investigation is the study or altema1ives to determine if a 
single system to SCTVe the project area is most appropriate from a financitJ standpoint The 
development of a single system will be compared with the costs of developing several smaller and 
separate systems More than one source of water may be involved. While the Missouri River was 
identified as the best source of water for the seven county area, the "special study" will address 
sour<:Cl of water at existing reservoirs on streams 1n'butary to the Missouri ruver and groundwater 
potential. even though both potentials may be at S(1me distance from the point of demand. In 
summary, a comprehensive investigation of water source and configuration alternatives will be 
undenaken in the "special study " 

Finally, while the Corps of Engineers is neither an advocate nor supporter of the project. 
there has been an effort with the Kansas City District to identify the scope and magnitude of the 
"special study " lf asked. we believe the Corps ofF.nginccrs wil l confirm that the request for 
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appropriations for the "special study " is reasonable given the level of effort required to develop 
sound cost estimates of alternatives to arrive at the best pla.n for the region. 

3. History of Project 
The need for funds for the ··�pecial study" is long standing. Several invest1&ations have 

been undertaken ofnorthca�tern Kvis.as for the purpose of arriving at a solution to a growing 
shortage of quality water. 

P . 03 

The Corps of Engineers studied needs of the area as early as 1993 in Partnr:n for 
cnwmnmtmral Pl'ogre.rs, Typtt I Fttas1hility Study, Norchea.rt Kansas Water Suppl>. Cosis of 
altemative projects in the 1993 report ranged from $38.0 to $128.4 million, depending on demand 
assumptions. 

The Department of Agriculture develop<:d tht: Upper Delawarit and Tributaries 
Watershed Plan in 1<>94. This proiect studied the water needs of the Kickapoo Nation and other 
water needs of the region. The primary supply for the regional project W<b Perry Reservoir The 
project contemplated the development of a small reservoir on the Kickapoo Indian Reservation to 
supply drinking water to the Tribe 

The Kickapoo Tribe completed a needs assessment of its present and furure population 
a.nd associated water requirements within the boundaries of1he Kickapoo Tndian Reservation as 
part of the Pikitanoi Project planning The needs assessment also included submissions from 10 
rural water distncts and 11 communities within the original study area, which included parts of 
Doniphan, Brown, Nemaha, Pottawatomie, Jefferson. Jackson and Atchison Counties 

The Kickapoo Tnbe plaMed a wholesale water supply system to serve the area, including 
the Reservation. The preliminary cost estimate, based on the system shown in Fi�re I for a 
system diverting from the Missouri River near Atchison, was Sl27 million. See Table I for a 
statistic summary of the original project. The project would include 304 mil es of pipeline fTom 4" 
to 24" in diameter and IS pumping station..' of I ,JOO horsepower ur lc)S. .\t the original level of 
interest. the treatment plant and tran�mission lines would be sized for a demand of 11 6 million 
gallons per day or 9,669 gallons per minute The system configuration and the COS1 estimate were 
expected to change as more rural water districts joined in the: feasibility analysis. 

Since compleuon of the Kickapoo investigation in 1997, other systems in the original 
seven county area have expressed in1cres1 in the project and are supplying infonnation on future 
needs and points ofintercoMection to the PikitaMi Rural Water System. Additionally, the cities 
of Hays and Russell have expressed interest in the project. Their needs and needs of their region 
expand the area of interest in the project to an additional twelve counties west of the original 
project on both sides on Interstate 70 New counties in the project include Leavenworth. 
Marshall. Riley, Geary, Shawnee. Dickinson. Ottawa. Saline. Lincoln. Ellsworth. Russell and 
F.llis. bringing the total to 19 countie:. Figure I distinguishes between the original and rhe 
expanded areas. including the cities of Hays and Rus�cll 

2 
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The Kickapoo Tribe and other entitie9 are coordinating with the State of Kansas and the 
Kansas Rural Water Association. The funds requested for FY 2000 will be used to continue 
investigations by the Kickapoo Tribe, rural water districts and communities in the nonheast 
comer ofKan�as. The work will be conducted by noo-federal entities with oversight by the Corps 
of Engineers 

3. Alttrnatives ror Water Supply arc Subject of Special Study 

The n.eed for drinking water in northeast Kansas is a.cute Local surface water and 
groundwatCT sources are highly developed. When a r.:quest of the Kickapoo Tribe for additional 
water from its CUTTent emergency supplier-, the City of Horton. was made, it became clear that the 
City was without options to increase deliveries to the Reservation. The Tribe now relics on the 
flows of the Dela.ware RivCT at a diversion point constructed by the Corps of f.ngincers Thr. 
flows of the Slrcam at the point of diversion arc 001 dependable and will faU to zero (no flow) 
during times of drought The lack of adequate water supply to me� the needs of other water 
srtcms included in the original service area is common throughout northeastern Kan!l.a.�. as 
evidenced by the coruidcrablc interest or rural water districts and communities in this project 

Project pllrticipants are e'tamining a number of alternatives for water source, transmission 
and distnbution The original project examined Perry Lake and Tuttle Creek Lake. projects 
owned by the State of Kansas as water supply sources . The Kickapoo Tribe has received 
authorization for construction ofa reservoir on the Dela.ware River within the Reservation, and 
the applicability of this project to the overall regional system will be evaluated. The Missouri 
River fonns the eastern boundary of the project area and constitutes an unlimited high-quality 
supply ofwatCT. Groundwater is a good source in some areas and is poor in others. All 
alternative water sources will be investigated for the development ofa single regional rural water 
project or multiple projects 

4. Organi1.11tion 

It is contemplated that the Corps of F.nginccrs will provide planning oversight for the 
"special �rudy " The participating non federal entities in the planning process wiU include the 
Kickapoo Tribe, a new entity formed by the water user districts and communities, and the State of 
Kansas. 

Federal procurement procedures will be followed to allocate funds for the project to the 
entitie.� involved in the planning process. For those project tasks to be undertaken by the 
Kickapoo Tribe, a cooperative agreement based on PL 93-638 contract principles between the 
Corps and the Tribe will govern. Tt is anticipated that cooperative agreements between the Corps 
and other non-federal entities will be fonnulated and that those cooperative agreements will 
specify the scope of work to be undertaken by those entities and the procurement practices to be 
applied. 
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Stati.s:ic 

TABLE l 
STAT!STICAL S\IMMlUl.'t PIKITANOI �EGION>.L WATER PROJECT 

�----�-----------------------------------------------------------

CKlckapoo R. Popu lation ount.e� Popul•t1on 
-!���-=!���!-------------�£��-!:�2�=:�� 9o,t�� e§::�g 

139 J . u  S27 2 . 8 3  Kickapoo Kana a a -----$ii ;j��--------------------,��;��� 
L 31 . �� � . 3� 

Av•raq, Annual Water Availa�ility af M1aeo�ri Rive: Stream£ ows, kulo, af/ycar Biy Blue R+vftr Nc�f Ma a t tan, a!/�ear,  Tuttle g�0��a�:e�ver Val ey a l ls , ay/y � r .  Porry 
2, 02o1g=��ird���gs. 

gal�ons per capita pQc avera9e �ater Conservation Lawns and G�rdens Sct-ool Enrollment Laoc::r Force Ccm.�ercial and Industria: System Losaes 
Tota.:. 

2,020 Oes l.gn ��if��i: Maximu.'11 Annual, 

Needs, Kt. ckapoo Day, g a l ons Day, gal on� �?Y' gpm 

and Req�on 

1996 to 1998 

4 

765, c9� 
i ���H 3 . 6 � 

Value 

2 9,701,000 
l , �g3, ��� Good to �oor 

day 

l 7 l  

4 419 755 u ; 6o� : ��§ s;oae 
.tnr� 

P . a:s 
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Statistic 

TABLE l-l 
PIKITAffJf'':/iJfoc:J:i.. �YPROJl!:CT 

5 

l,60 5�877 3 v 4 . l l , 57��!�� 
i , 358 
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FIGURE 1 
GENERAL LOCATION MAP 
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United States Department of the Interior PP 1 9 1999 

IN R£PIY REFER TO 

NK-ENG 

To: 

BUREAl: OF RECLAMATION 
Great Pl:uns Region 

Ncbras�a-Kan�as Area Office 
P. 0. Box 1607 

Grand bland. Nebraska 68&02-1607 

APR 1 6 1999 

MEMORANDUM 

Subject: Coordination Meetin , Pikitanol Rural Water Project, Kansas 

The Kickapoo Tribe in Kansas has requested Reclamation's assistance in organizing a 
coordination meeting for the project The meeting is scheduled for 9:30 a.m., April 30 in 
Topeka, Kansas. Please find attached a preliminary agenda. 

If there are any questions or you wish to place additional items on the agenda, you may 
call either Michael Kube with Reclamation, 308-389-4622, extension 217, or Mario 
Gonzales with the Kickapoo Tribe, 785-486-2221 .  

Enclosures 

cc w/enclosures: 
Mario Gonzales 
Kickapoo Tribe in Kansas 
P. 0. Box 271 
Horton, KS 66439 

Steve Hurst 
Kansas Water Office 
109 SW 9th Street Suite 300 
Topeka, KS 66612-1249 
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Identical letter sent to the following: 

Lavern Squier 
Central Kansas Rural Water System 
1301 Pine 
Hays, KS 67601 

Jim Cobler 
Northeast Kansas Rural Water System 
4401 NW Green Hill Place 
Topeka, KS 66618 

Steve Cadue 
Kickapoo Rural Water Supply System 
P. 0. Box 271 
Horton, KS 66439-0271 

Mike Watson, Consulting Engineer 
Kickapoo Rural Water System 
1402 Cayuse Drive 
Helena, MT 59602 

Mike Dunnaway, Consulting Engineer 
Northeast Kansas Rural Water System 
Bartlett & West Engineering, Inc. 
1200 SW Executive Drive 
Topeka, KS 66615 

Jeff Hanson, Consulting Engineer 
Central Kansas Rural Water System 
Black & Veatch Corporation 
8400 Ward Parkway 
Kansas City, MO 64114 

Brad Hamilton 
% Governor Bill Graves' Office 
State Capitol Building, 2nd Floor 
Topeka, KS 66612-1590 

Clark Duffy 
Kansas Water Office 
109 SW 9th Street, Suite 300 
Topeka, KS 66612 

Congressman Jim Ryun 
330 Cannon House O.B. 
Washington, D.C. 20515 

Elmer Ronnebaum 
Kansas Rural Water Association 
P. 0. Box226 
Seneca, KS 66538 

Michael Bart 
Corps of Engineers 
601 East 12th Street 
Kansas City, MO 64106 

Robert Morby 
Environmental Protection Agency 
726 Minnesoia 
Kansas City, KS 66101 

Denise Coatney 
% Senator Sam Brownback's Office 
612 South Kansas Avenue 
Topeka, KS 66603 

Senator Sam Brownback 
303 Hart Senate O.B. .' 
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Apnl 11,  1999 

AGENDA-Preliminary 

1. Introductions 

Pikltanoi Rural Water Project Coordination Meeting 
Ramada Inn, 420 SE 6th Topeka, Kansas 

(785-234-5400) 
April 30 - 9:30 a.m. 

2. Purpose of Meeting/Agenda Review 

3. Project History arid Status of Current Activities 

4. Presentations by Project Sponsors 

a. Kickapoo Tribe 
b. Northeast Kansas Rural Water System 
c. Public Water District No.15 

5. Agency Perspective 

a. Governor's Office/KS Water Office 
b. COE 
c. BOR 
d. EPA 
e. WAPA 

6. Congressional Delegations 

7. Other Items 
a. Status report on Kickapoo Tribe/SOR PL 93-638 Cooperative Agreement

Training and Technical Assistance. 
b. Testimony submitted to Congress in support of appropriation for "Special 

Study". 
c. Status report on Pikitanoi promotional package coordinated by Bartlett and 

West and trip to DC to pr,esent package to Congressional delegation. 
d. South Dakota Fish, Wildlife, and Terrestrial Mitigation Act of 1998 and its 

effect on downstream states. 

8. Discussion of future activities 

9. Future Meetings 

10. Adjournment 

(' .• ' \  ' 1  



Memo 
To: 

CC: 

From: 
Date: 
Suhjcct: 

Jim Cohl�r lfax # 785-286-4467) 

f.nvem �quier (l·a" ff 785·6Z8· 14i I )  

�l<!V" Hun.t (Fa.'< !. 7RS-29<i-Otl78) 
11i:i.d Hamilton (F:l� # 7&5-296-41;s:i)  

Mano Cion.t.ale/. 
May 10, 1999 
I .t!t1e1· lo Kun:;u� Coni;1·e33io11nl ddcg.ntion r�qu.:.:�tin� �uprx11t fo1· 3pccial �tu<ly 
for .l'ik.irnnoi Wtltcr Project 

I recehed u voice mail from Hrud Hamilton m�r the weekend. lie indicar.:d that 
Govem.>r (rr.1\'l!�: will he out nft.1\•m for a few doy:; so we ahould go nhci<l �.,d '1cnd the 
J:ropost:<l lelttr ( \\ i1?10ut the Governor's si�rnature) request mg !i.:tleral fund� for the Plkitanoi 
!>pedal study 10 the Kansas (cmgressiona! dclcgauon. lh.:: <.im·emor will send his own 
individuai letter of support t� the con�cssionol <li::lel!(alion when he rcrums. Accordin�ly, we 
mailed the nrtachcd !ctrcr5 to t.hc congrcssmnal <lelegution today. 

I am request in¥ that hnth Jim Cobler and Lavern Squire scnJ tht:ir own inclividunl letters 
to the congressional tlelt:gation as snnn as possible. 

l'hank you for yuur rnopc:rati1•n. 

M 

OF 
pHONi; 
Mt"SSAGE 

,- . U ..l  
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P.O. Box 27 1 Horton, KS 66439-0271 
.. ..... .,.. ·<r� f.�-

Office: 9 1  3 486 2 1 3 1  • Fnx: 9 1 31186-280 I 

M<1y 10, 1!:199 

The Honoratl e Jercy Mo:::-ta: 
United SL.aLt::l:; !io·use of Rep?:"esen::ative.s 
l2 l t  Longwo rth !louse offir.P. B u i l ding 
W<:1shin<Jt:on, D . C .  2CS15 

Tte Ho:101-al.; l � Jim RY<tn 
Untced SLdtc� House of Re.presenLativQs 
�1� Ca::r.on House nffir.P. P11 : l cl • n:i 
wai:ininqt::on, n . c .  205:.s 

lJcar Cong:::-es sma:i Moran ar.d Ryi m :  

)). l el Le r: f ro·n yo1..:r o!. ! ices to Congresf.:ma:: �on Packii rd, 
:"'h"' ""·H �  r.>!. th'.? Hou s;;G Subcol'!1.-nitt:1;.;1 on Appropria.t:.ono fur Enc:::-gy 
and Ka�cr Development: , i n  suppor:t ot the t:estimo1:y (enclosed) (c.;r 
::\pprcp:iiltionR in the amcur.t of: $ 5 0 0 , 00C i.n FY 2000 for :I "'?c:ci.ol 
3t:udy of t.he F.ikitanoi Rural wa::er ?roj e:::ct in nortl-.east.�rn and 
C<?n•�r•�l Karu;;i s;; ig r"i;p ... �r.fll} l y t•equ�tJtcd. 

Tn lhe letc�r of cuppo:c we wou:d �pprcciatc n 
ttc.;�11.:ncndut1on ±or conferenc:� ri:!pO:::."l. lauguage , consi :::ten� with 
::he tcotl.mo11y, which in <", f fcrc:-.d r.i::i Lollowe: 

" . A apcciu.: � tudy or the Piki c:anoi 
Rv ral �-,'l tcr !'roj ect in northc.:1s tern Rn<l 
can tral Kan�A:'I shall be administer�d by the 

Corps ot Engilloers for the purpose of 
determining Che feasibili ty, project costs 
"nd L·ec1.1rr.mcnded 1 e\rel ::;f ft:.-Ut.'L al 
!"'� -ticipation. Th� Corps of Er.gi ne�rs shall 
d�velop fi mut.ui.1lly .17reenh7e pl.m of .•:it:udy 
\vi th th� principal pa:t:i f':.; li;ivin!] .:it1 ... ntQr&»t 
in the ::;tudy ar�,; . Tht.• Corps of Engineer."' 
sha.11 enc:er f 11 1..;. '-'-''-fl"'Ldc.1 V� �grcemen t$ {c.:r 
p�r.formnnce of the pl.in <;! study with the 
pri nciple pu.rti P..':I , including the St.;ite nf 
K�r.sas th" K "·loipnn ':'ri h� in K�nRl'IC, .�nd chP 
non-fedentl cnti ty or en ti ti eEI represcn c:ing 
·::onui1un i r: ie:� <tJJU .... d._t'r user rltoi:ricr:s IN'.t t.'u n 

the: Pik · t,rnci Pr-;J t'Ct boun lttries of 

··11 ....... 



nort::he,;istern dml ci::ntrtil K.'1ns,<1.s. The total 
r,-,,c; r. n l  rh"' .<:[JP.r. i fl 1  1�f.11<"1y ..-:h.9 1 1  bP. [>.� i d  wi:-.r. 
federal funds. 

The r.eed fo!'." R11pplernental drinking water Sl!ppl ies !.:! 
nort!H .. '.:lott>.::-r: Kct11�;,,v ltc.11:1 lit-!crnr:� <1c'.1 L 1: .  drnl 1 .. l!t-! >ifl<�<.:Jc<l bl..'.H.ly will 
bt.;ild on ::h:..· cor:siderab:e inc.ereBt clevel oped in a. reg.ional syst-=m 
::hat w:.11 best: eerve present: �mi !.'ut.un.' generati ons ·1n t l1 a sare 
a�id adequate infraRtructure, including regional •,;ater tn�.=i �me1�t. 
-pla:i.t (s) , t ransmlss.!.on sysr.em, wa?t.e war.�r disposal syc:;rerr., and 
managf!nen;: schemi:: . 

Your assi!! tance and prompt <J.ttention to this ma::ter v>i � l  ):;.-,: 
gre�tly appre c t � c �d . 

Sincerely you�s. 

{1 1 0 "' C 2 " J. ._) ·- [) -
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�U. !:SOX 271 Horton, KS 664139-0271 

Orflce: 9 1 3-'406-2 1 3 1  • Fax: 9 t 3/<186-280 I 

Marcil lo, 1999 

TI1e llon.:>r11blc !lon l'uekurd, Chr.imitm 
Subcomm1llec O!l Enc.."gY and Waler Dcvc:lopment 
Umtt:<l Stares llo�� or Rc:prcscntatives 
Ra.yhum House Offi:;e Buildi::i£. Room 236ZB 
Washington, DC 205 1 5  

Dear Chair.nan P:ickard: 

\Jur�u:int to yrJur in,trnrtioM, WI' llrC �nhmitting three (3) copies Of Otlr tCStlmony, single 
spaced, letter sized, limited to five pages. Please include this testimony in tile formal hearing record. 

Tue map 1s for use buy the sraff but is supportive nrnccrial th:lt we u1�derstand will not 
become part of the printed record. 

The request for funds is $500,000 in FY 2000 for the Pikitanoi Rural Water Project. We 
appreciate your consid�ation of the request. 

�=���� Fied Thomas, Sr. 
Chairman 

01 3;:r,3 
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rrKITANOI RURAL WA1'ER SU PPLY SYSTEM 
KICKAPOO TRIB!i: 
t·v 2000 REQUEST 

HOl\ORABLE CHAJRMAN RON PACKARD 

ROUS£ I:NERGY AND WATER DEVELOPMENT APPROPRIATIONS 

MARCH l,, 1999 

I. l<"'Y 2000 Appropria1io111 Request 

The Kickapoo Tribe of Kansas joins with the State of Kan�s �d �ra! wate
.
� distri�t�

.
in 

19 countie!I in the nmtheastem comer of the state to seek funds for .i ·special study of dnnk1ng 

water needs in ttie region as a continuation and expansion of planning for the P1kitanoi Rural 
Water Sy&tem. Kauu. The amount requcstecl ii; $�00.000 The ·'special study'' has a total 
estimated cost ofSl ,(l(',0,000 and contemplates two years of effort with funding of SS00.000 in 
FY 2000 �ml $500,000 in FY 2001 

Ph.nrnng of the project by the Kickapoo Tribe. coordimnlng with the Su1lc vrK1rnSM, 
began in 1996 and has proceeded to the point tha.t federal funds arc needed for continuatior._ All 
funds for the project to date have been furnished by the Kickapoo Tribe from its private, non
fecl1:ral re�ources. The Kickapoo Tribe requests that funds appropriated for the project will be 
included in the Corps of Engineers' budget for Water Development. 

2. Significant DeveJopmenu 

As will be related in the discussion of the history sectiun of this testimony, ther� have been 
�ignificant dcvelopment3' in the project A5 originally planned by the Kickapoo Tnbe, the project 
involved a seven county area lnterest in the project hu grown to the point that as many as 1 9  
counties are now seeking participation in the planning process The primary reason for interest is 
the <ihnrtage nf�8h-quality w::arer in thi� I"'" nfl<MU.\ 

The State of Kansas supports the pl&J\l\ing clfort based on roccnt ae:rccmenl9 in concept 
for the "sptt;iaJ study." The key to the investigation is the study of alternatives to determine ifa 
single system to serve the proJect area is most appropriate from a financial standpoint. The 
development of 11 single system will be wmpared with the costs of developing several smaller and 
separate systems More than one source of water may be involved While the Missouri River was 
identified &$ the ltc!lt source of water for the seven county are� the "special study" "'ill ad dre .... � 
sources of water at existing reservoirs on streams tributary to the Missouri River and groundwater 
potential, even though both potentia.li; may be at some distan� &om the point of demand In 
summary. a comprehensive investigation of water source and configura11on alternatives will be undcrtillcn in 1he "spccii\.I S\uJy " 

Finally, while the Corp! of Engineers 1s neither an advocate nor suppontr of the project. 
there has been an effort with the Kansas City District to ide11tify the scope and ma.11nitude of the "spcciaJ study." Cf asked. we believe the Corps of Engineers will confirm that the request for 

:i ' 3� 6 4  



.J .,J  ... _ . _._. ,. . ... ... J - - · · - • '"°" I  - · I , _ .._ � --·1 · - - - - - . 

appropn11t1ons for the ··special study ·· is rcawnablt: �iv1:11 1l1c: l.:vcl of cf'.Fon required tu develop 
sound cost estimates of alternatives to arrive ut the best plan for the region 

3. History of Project 

The need for funds for rhe "special study .. is iong �ranrling Several ir.vestications have 
been undenaken of northca..�tcm Kansas for the pu�oge of aniving at a solution to a growing 
shonage of quality wuer. 

The Corps of engineers studied needs of the area as early as 1993 in J'm·tm:rsjor 
J::mmmmemal l'r<iw·ess, Type I Fea.1ihility Study, Northeast Kamas Water S11pply. Costs of 
alternative projects in the I Q93 report ranged from $38.0to S128.4 million, depending on demand 
assumptions 

The Depnttmcnt of Agriculture d�veloped the Upp.!r TJ11/uwar11 and /r1hu1am1.1· 
Wat1mhed f'lan in 1994 This project studied the water needs of the Kickapoo Nation and other 
water needs of the region The primary supply for the: rc:1Pu1llll prujc:1.:1 Wli.l> P.:1 ry Rc�crvoir The 
proje::t contemplated the development of a small reservoir on the Kickapoo Indian Reservadon to 
�upply drinking water to the Tribe. 

The Kickapoo Tribe: complc:ted a n�c:d� assessment of its present and furure population 
ar.d assoeia1ed wat�r requirements Wlthin the boundaries of the Kickapoo lndi3n Re�ervahon �� 
pan of the Pikitanoi Project planning. The need5 assessment also included submissions from 10 
1u1al w•ler diwicts and I l conummitie:S within the original study area. which included pans cf 
Doniphan. Brown, Nemaha, Pottawatomie, Jefferson. Jackson and AtchisQn Cuuntil"s 

The Kickapoo Tribe planned a wholesale water supply system w serve the area, including 
lhe Reservation Tne preliminary cost estimate, based on the system sho111n in figure I for a 
system diverting from th� Missouri River near Atchi�n. wa.� S 127 million See Tahle I fnr " 
statistic summary of the origi:ial project. The project would include 304 miles of pipeline from 4" 
to 24" in diamet�r and 15 pumping st:uion, of l,300 horsepower or Jess At the original lc�cl of 
interest, the treatmenr plant and transmission Jines would be: sized for a demand of I I 6 million 
gisllor.� p� <lay or 9.669 gallons per minute The $ystern contlguration and the cost estimate were 
expected to change as more rural water districts joined in the feasibility analysis 

Since completion of the Kickapoo investigation in 1 997. other system� in the original 
seven county area have expressed interest in the project a.nd are supplying information on 11.rture 
ncccl� Rnli points of interconnection to the Pikitanoi Rural Water System. Addttionall}', the e1111!S 
of Hays and Russell have expressed interest in the project. Their needs and needs of their region ex.p�nd the nrc.o. of interest in the project to an iidditional r,i,.elve countic� wc:st uf the urigmal 
pro1ect on both Sides 1Jn Interstate 70. New counties in the project include Leavenworth. Mar.shall, Riley, Geary. Shawnee, Dicki11son. Ottawa, Sa!Jne, Lincoln, Ellsworth. Russell and 
Ellis, bringing the total to 1 Q counties Figure I distinguishes between the original and the 
expandtd areas. including the cities of Hays Md Ru$Scll. 

2 
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The Kickapoo Tribe and other entities are coordinaung wiLh th.: St4tc of Kdns«3 11nd the 
Kansas Rural Water A.nociation The funds requested for FY 2000 wil l be used to continue: 
investigations by the Kickapoo Tribe. rural water districts and conunuruties in the nonhea�t 
comer ofKanus The work v.ill he conducted by non-federal entities with ovi::sight by the C()rpS 
of Engineer� 

3. Alternativu for Water Supply •� Subject of Special Study 

The need for drinkin& water in nonhea$t Kansas is acute. Local surface water and 
groundwater sour�s are highly developed. When a request of the Klckapoo Tribe ror addirionlll 
water ti'om its current emergency supplier. the City of Horton, was made, it became clear that the 
City was without options to increase deliv�ries to the Reservation. The Tribe now relies on the 
flows of the Delawart River at a diver�on point t.t1Mln1cted by the Corps ofJ:::ngineers. The 
flows of the stream at the point of diversion arc not depend ab lo and will fall to zero (no t1ow) 
1!1.11 iu� 11111es of drought. The lack. of adequate water supply to meet the needs of other wa.ter 
systems included in the origiJlal �rvice area is common throughout northeastern Kansas, as 
evidenced by the considerable interest of rural water districts and �mmuniues in this project 

Project plll'ticipants are ellamini ng a number of alternatives for water source, transmission 
�nrl rli�trihution The ori¥ina1 project examined Perry Lake and Tuttle Creek Lake. projects 
owned by the State of Kansas as water supply sources . The Kickapoo Tribe has received 
11uthorization for corutruction ofa re'crvoir on thli Delaware River within the Reservation, ;1nrl 
the applicability of this project to the overall regional system will be evaluated. Thi: Missouri 
River form� Lhe Ulllern buuuU1Uy oflhtt: v1ojc:1.:l aiea and ronsLitutes an 1..1nluuited high-quality 
supply of water Groundwater is a good source m some areas and 1s poor in others. All 
alternative water sources will be investigated for the development of a single regional rural water 
project or multiple projects 

4. Orgllniution 

It is contcrnpl11.tcd that the Corp, of 1:'.n¥inccr.1 will provide planning ovcr3ight for the 
.. special study · Th.e panicipating non federal entities in the planning process will include the 
Kickapoo Tribe. a 11�w entity formed by the w;.tcr user districts and communities, and the State of 
KaJUb 

. . �edetal p�ocurement procedures will be followed to allocare fund� for the project to rhe 
cntnu:s involved 1n the planrung process For tho.w proj�t tasks to be undertaken hv rhe 
Kickapoo Tribe. a cooperative agreement hased on PL 93 638 contract principles bCtwccn the 
Corps and the Tribe will ��vem: It is anticipated that cooperative agreements between the Corps 
and ��her non·fcdcr"'I c:nt1t1c.s will be fonnul<11c:J 11111.J 1h1u those cooperative agreements will 
spectty the scope of work to be undertaken by those entitie.s Vld the procurement practices to be 
applied 

] 
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Statistic: 

TABLE 1 

STATISTICAL S'1MMA!lY 
PIKITANOI P�GTONAL WATER PROJECT 

- - - - - - --- - -- - -- ---- - - - - - · · - · -- - - - - -- -- - ·· - --- · · · 

K�e kapoo P. P9p ul�n l n n 
Co unti � s �o pulation 
Medi a n . A g e Kick apoo 

K.lnsa3 
Klck.ai;><>o :ic:h<>ul f;ru <Jllt1,,,.lll 

Pie-Primary 
E ernentary 01 H l gh 
¥�t�r�· 

�00�1�8using Units Pcc�on� pe: House 

1�98 l!OU;!Chold Income 
1 · 9 F.:i. nu.ly tr.come 
1 9 ��r CaDl�a Incom� 
'> �·11rn.L l i "'s ac low ?overty .:, 
t9'l0 t,.abor f'or.:c 
iln�mplc;f ed 
'!. 1n La or Force 
• unemp oyea 

1990 Census 
�17 

30, 196 

i ·�9 J . 11 

Ave c a g_e Ni:n:a.l Water Avallab ili�-Y ilf M i ssour i Riv�r Str9�M !lo w s , Ru10, �£/year R i a R l u .- Rlvt-r N'P�r- MJ\fiAr r�n , .1111 f]y,,..-.. r ,  'T'nt' r- l 1t  
Delaw are lhver Valley Falls, ay/ yf::a r, Perr·; 
Ctoundw•t•L 

2020 E'ro Jt1Cled .. . . - - - - - --- - --

$ � / , ��l I 1bj� 
7��· �9 � 4 � .  L 

) • 6.1 
Valu� 

z , ozo1������d=��g�. ydllons p�r �•p\C� pHc �vQcag� day 
Rl ����; �oa5��v��*�n ]�:_.1 scnool Rnro1iroent 

r,abor For ce Colllll\e rctal and Tnd1u•�.ri.1l Sys��rn osses 2 
- - - - - - - - - - -

Totdl 171 

? . 020 oesiU Avera e 
�:u1:.m 1 Maxim11m Annual, 

Const.ruction Cost� (1998$1  
lnta.ke 
T i;eap1ent Plant 
s i��t1nes 
M���.r�g St�cion� 
R�sa.rvoir.s 
8�� M Buiid1nq 
o and M tq�ipment 

M�r�Ng11 Uon -�ont r .. yt 
Co3t l:ndexing r<: f"Y 1 9 � 6  1..0 l !l :.18  
Toca! 

4 
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P.O. Box 1 7 1  Horton, KS 66-439-02 7 1  
� . .. . ..-.... . · ..... ._ . .... . . . 
Office: 9 11-486-21 3 t • Fax: 9 1 3/486-2801 

·rhe Hoz:o !'ab_e Pat: J<obarl s 
l1n i rP.d Slates Ser.ate 
JC� hart Senate Office Eu1ld:�g 
w.�·)I' 1 ""lgl.rm . r: .  c .  2051 o 

'1'!1"' H1'1T1or-nblc Sam B1:ownback 
UniL�1 St�tes Senate 
1 � �  H�rt Sen�te Office Building 
Washington, c . c .  20510 

near Senatocs Roberts and Brownback: 

t... lctl:.er f!o:n your Of ficeD to S�na't'.Ol" l'cte Domer.ic.i, 
Ch.:\:..c•n"'n o! ': h<=> !=;11hr.om'lli Lt ee on Appropriations for· F.nergy ;;rnd 
NatC'r Dev!:'ltJpmem: in suppo.rt. of the t. est: imony (en<.:losP.d) for 
approp:z:l�r:ior.!iP i n  r•1t- a.mount. c� 5 � 0 0 , 0 0 ')  i;1 FY 2000 (or ;i spe:c.:.al 
s•.:.11cly o!. Lhi:: Piki'.:ar.o.:. Run1l 'f:<1ter i'ro; ect in no!.·thc�s:ern a�d 
cantr�: �.nR�� ia rP�p�r.tfully �equested. 

!11 ehE> l Q�t�r nf S>11r>po:::-:: we:: would ::tppr<!c.!.atc a 
rccorrmf!ndal.ion fot confcren<:c repo rt :.:1nguagP., con!>.:.�tPnt:. with 
·;h<� t<:ct.il':\o:'ly, which j g  nt f PrP.d as fo1 1- :::>ws: 

11 • .:. s:pcc:l<:t; ,::; r111?y of the Pl kf. canoi 
Rural Wa ter P�oj ect 1� nvrtheastern and 
central Ka:i.:a.s :::hall bC' ndm.i.1 • .i..,. 1..�n�d by 1..h.-: 
Corps of E.1gine.::rs fer the: purpose: of 
determi ning the feas:bil i ty, proj ect cost� 
unci rccomnl&rldQd 1 ev�l cf l'�d.;or� 1 
I·,;i� cicipa tion. T11..:: ':?i.·p::; of l::ngi."K'ers c;h<1ll 
cic:ve 1 op a ::Ill tua Lly a.gre�able p 1 ;in oC st..uc.ly 
w i ::h  che principal parti e.� naving �n intc!:"c:st. 
in che s tudy arec1 . Tile C:orp1J of Er.gineer:'i 
:ihnl.1 enter .i.:ito =oc.>pt!>"At::ivc �9ri:i�m�nt:i: ft,1J" 
perform8nce of 1.:he pl,,n -:i f  Rtudy with the 
pr inc·: ipl e p.,rt i e ;:; ,  1ncl llcJJ rig cJ1e � t.)I rc- of 
K.:mi::cw, the Ki c.;k,woo Tribe in Karr na�, and thc
non-!edC'rtl l entity or �ntities rc-prem�r:ting 

.. :om.>tiunit:ic:.'i ond ,.,_.it:cr 11 .:i � r  di.w t::rict.!ol ..,; chin 
the: Piki tanoi Project boundari es of 
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n<>I'Cheaste1·n and cencral Kanl'la s .  The c:ora.l 
co�t of t�P �pPcial sludy shall be pa1a wiLh 
federal [ur:ds . 

The need :or S'-lppic:nent.al drink 1 ng w.:iter supp�1es in 
nOrtlleuStern .K.<l0S5.!; i:aS bC<..:(.;lllt-! d.L..l\..': ,  bnd the :spCCl-'1 !'It.Udy wil:!. 

build cm -:he cons:.derah:.e .int.erP.s: developed in a reg.-onal systec.. 
thctl. w1_1 be5t serve p�esem: �-tnc1 ::-uLu.1.t::! '::jc::1\oe1·aticne w::.. Lh a �oft'! 
and ddequatc infrastri..1<:t.ure, inch1dj ng regio:1al \<.'ater tre.:itme!!L 
plar.t ( ,, ) , trnr.stnl si=ncn !:lysten, waste W6 •• t::!.1. ...l-b}'Ubal :::iy,.,te:n, n:i.ci 
me1n.,.gemcnl scheme. 

Yuuv assisla�ce and pYonpt a=tent1on to this �ar.ter will be 
greatly apprec:ated. 

S ince:rely yo�u::s, 



· •� _/  ..... ...; - - · --· � · - -_, ·· · · - · · .. · - · · · --

PfKITA.NOl RURAL WATER SUPPLY SYSTEM 
KICKAPOO TRIBE 
FY 2000 REQ�ST 

HONORABLE CHAIRMAN PETE DOMENICt 
SCNATE ENERGY AND WATER DEVELOPMENT APPROPR.lATIONS 

MARCH 16, 1999 

t. f'V 2000 Appropriatiom Requfft 

The Klckapou Tube ofl<anu3 joins with the State of Kansas and �raJ wat� d istri�ts. in 
19 counties in the northeutC'ln comef of the at.ate to seek funds for a ·•1pec1al study of dnnlung 
water needs in the region u a continuation and C11.p1Uis.ion of planning for the Pikil4noi Rural 
Wam System. K&nsu The amount requested i1 SS00,000. The "special study" has a total 
estimated cost of $ 1 ,000,000 and contemplates two years of effort with ftmdl11g of $SOO,OOO in 
FY 2000 and SS00.000 in FY 2001. 

Planning of th• proj� by the Kiclcapoo Tribe. coordinatin& with the State of Kansas. 
began in 1996 and tw proceeded to the point that federal funds are needed for continuation. All 
funda for lh.; project to <We have been tumishocl by the Kickapoo Trib. from its private. non. 
federal resources. The Kickapoo Tribe requests that funds appt'opriated for the project will be 
in.eluded in the Corps ofEngtneera· budget ft>r Water �opmcnt. 

2. Sipificaat Devdopmeots 

As will be related in the discussion of the history section of this testimony, there have bten 
significant dcYelopment. in the project. As originally pl11Med hy the Kiclc:apoo Tribe. the project 
involved a le'VCl'I county area. Interest in the project has grown to the point that u many as I 9 
ooumic::a are now acekina participation in the planning pr�u. The primary reuon for interest is 
the short-ae of h.igh-quality watt:' in this part of Ka.nsu. 

The State of Kansas 11upport1 the plannina effort bued on recent asrccmcnts in concept 
for the "special saudy." The key to the inv"6gation is the study of altcow1vcs to determine 1f a 
single system to serve the project ar� is most appropriate from a fi�ancial sandpoint. The 
developmet1t of a sinsJe syl'tem will be com.pared with the aists of developing several smaller and 
Mp&tat• systems More than one soun:e ofwatwr may be involved. While the Missouri River "'"'5 
:1cnti5ed as c".: best aource of water for the seven county afea, the ··s)el'Jil study'' will addr-s� 
:.uwcca urwaltl' al Wstlf\& fCICfVOirJ -on ltrcams tri�Ull)' to the Missouri River and groundwater 
potential, even though both potentials may be at iome distance &om the point of demand Jn 
�mmlf)'. a comprchct11ive im.estigation of water aource md contlgwation alternatives will be 
undertaken in the "1pocial study." 

FinaJly, while the <;orps ofEnaiaMrs is neither an advocate nor supporter of the project, 
there has been an effort with the Kanaas City District to identify the ICOJ>O and magnitude of the 
«special lltUdy " If Hired. Wt' believe the Corp1 ofEf\Qinffrt will confirm that tho request fot 
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appropri1tion' for the "s�i;J �udy " is r�uonable given thte level of e�ori require'1 to develop 
sound cost estimioes of i.ltemallve& 10 unve at the best pla.n for the region. 
3. Hiltory of Project 

The need fur funds for the "special .nudy'· is long aundina. Several investigations have 
been undertaken of northeaJtcm Kansas for the purpose of arriving at a solution to a growif1i 
1hortage of quahty w11tflf" 

T he  Corps of Engineers atudicd nced11 of the area u early 11:1 1993 in Partmr� for 
Envlrc>ttnwnlal PrOl(r"tsl·. Ty� I Feasibility Sflldy. NOl'IMast Kansas Waler Swpply. Costs of 
alternative projects in me 1993 repon rangl!d from $33.0 to S121!.4 million. depending on demand 
1WUmptions 

The Oepartm¢nt of Agriculture developed the Upper /Je/awart and Trih11tar11ts 
Wat1m.heci Plan in 1994. This project studied the water needs of the .Kickapoo Nation and other 
water n�s oftN: region. Th� primary supply for the tegiOrtal project wu Perry Reservoir The 
project contemplated the development of a small reservoir on the Kidcapoo Indian Reservation to 
sup�y drinkina water to the Trii'>c 

Th• kJchpoo Tribe completccl a needs asscsament of its present and future: population 
and associated water requirements within the boundaries of the Kickapoo Indian llc$ervation as 
pa.rt of the Pikitanoi Project planning. The needs assessment also included subnuuion§ !Tom 10 
rural waier districts and I I communiti� within the oriainal dudy area.. which included part!( nf 
Doniphan. Brown. Nem&M, Pottawatomie, Jefferson, J!ickl<ln and Atchi!On Counties. 

The Kick&poo Tribe planned a wholesale wuer wpply system to serve the IJ'Cll, including 
the Rcacrvation nae preliminary \:Ual Atimate, buc:d on the system lhown in fiijUre I for a 
$Y� divertina from the Missouri River near Atchison, wu $127 million. See Table I for a 
sudalc summary of the ori&.inal project The project would include 304 miles of pipeline from 4" 
to 24" in diameter and 1.5 pumping atatioll$ of 1,300 horSCJ)Ower or leu. At the oria:inaJ l�I of 
interest. 1he treatment plant and tranamiasion lines would be med for a demand of 1 1 .6 million 
gallons per day or 9.669 1a1Jons � mimJte The systtni confisuration and t"- coat estimate were 
eitpected to chaJ18e as more rural water districts joined in the feasibility analysis. 

Since completion of the Kickapoo investigation in 1997. other i)'stems in the original 
&even �nty atea have cxprnlCd intcrctl In the project and are supplying information on n.iwrc needs and poinn of interconnection to tile fikitano1 Rural Water System Addtt1onaUy. the cities of Haya and Russell have expressed interest in the project. Their needs l!1d needs of their region 
exJ>:&nd the *"" �interest in the project to an additional twelve countia west of it. original 
project on �th Sida on lnternate 70. New counties in the project include Lea.,,.enwonh, 
�hall. f!.iJey. <lazy, Shawnee. Oiddnson.. Ottawa., S.line, Lincoln, £11.sworth, Ru.s.sell a.ml 
Bl11, bnniing t� total to 19 counties. figure I distinguishes between the oriainal and the 
expanded arut, 1nclu4ina the citin of H&� and Ru-11. 

2 
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The Kickapoo Tribe and other entities are coordinalinK with the State ofKaruu and the 
Kansas Rural Water A.Aociuion. The funds requeated for FY 2000 will be used to continue 
tnvestl&atiollll by the Kjekapoo Tribe, rural water districts and CC'l":'':"unit.ies in th� northeast 

comer of Kan.as Tiit work will be conducted by non· federal ent1t1cs with oversight by the Corps 

of Engineers. 

J. Altenatlvea for Water Stappty an Subject of Special Si11d7 
The need for drinking water in northe&st Kansas is acute Local surface waler and 

grounclwster soureea arc kishJy developed When a request of the Kickapoo Tribe for additional 
water from its curTent emergency supplier, the City of Horton. wu made, it beca.-nc clear that the 
City wu without uptions to � ddivcriea to th• R1�tion. The Tribe now �lies cm the 
flow' of the Delaware River at a diversion point constructed by the Corps of Engineers. The 
flows of the stre&m at the point ofdive-tsion an:: oot dependable and will fall to uro (no tJow) 
durina tilna of drought The laclc of adcquato water supply 10 mett the needs of other water 
Jystcms included in the original service area is common throulJhout nonheutern Kansas., 15 
fWienud hy the considerable interest of rural watu districts and communities in ttws project. 

Projec:t p1rticipariu are eitamining a number of altenuttives for water S()Utce. tranamission 
and distribution. The original project examined Perry Lake and Tuttle Creek Lake. projects 
owned by the Stale of"K.&nsu u water supply >01Arces • The Kickapoo T,;bo tip received 
authorization for construction of a reservoir on the Delaware River within the Reservation. and 
1he applicability of this project to the overall regional syatem will be evalual.ed. The Missouri 
River fonns the eutem boundary of the project area and constitutes an unlimited high-quality 
supply of water Groundwater is a good source in tOmC areas and is poor in others. All 
.altemarive water .aurces will be investipted for the development of a sinale regional rural water 
project or multiple projects. 

... ors .. matioa 
It is contempmcd that the Corps of Engineer' will provide planning oversight for the ··speca1 11udy .. Thie pan1e1paUng non federal entities in the plannlna process will include the 

Xickapoo Tribe. a new entity formed by the watu user diatricti and communities, and the State of 
Kansas 

. . �edcnl p�ocurement .procedures will be followed to allocate funds for the project to the �tit1es mvol�cd 1n the pl� p�. For thOK project tasks to be undertakcri by the K;.:lcapoo Tn�. :o c.roper:�!�'< 38-<�t b� � PL 93-638 contrlet principles between th.: 
Corps and the Tribe will ��vcrn: It is ulricipated that coopaati¥e &ifC:emcms between the Corps and ?tt'°" non-federal entitles will be fonnulated and that those coopeT1tive agreements will �1fy the scope of work to be undertaken by those e11tities and the procurement practices to b:: applied . 

J 
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TABLE 1 
!'l"ATl STIC>J. St.:MM.IUIY 

PI KITANOl REGION� lllA'l'tlt PROJF.CT 

���������----------------------------------------------------· ---
KiCk4 POO R. Population Couul.l.•lt l'opul&tion 

199� Hou��hotd Income 19� JamLlY ncome �9� �f CAp4t4 Income 'i, fa J. "'' 8.,low Poverty L 
1990 �bo( Foree 
'I. n a or Force ilnblllP oia:Cl 
ft nemp oved 

1990 Con•u" �020 ProJwoted 
----------------�-------· - - - - - - - - · - - - - -417 . 490 

90, l!>t s§: 462 

527 2 .  l!J  

Valu" 

-�� � . 8 
§:8 22 

- - - .... - - - - - - - - - ·  171 

.1.1:�6�:Hi � : oil6 
�it'� 

1996 to l998 
Tor111 
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TABLE J-1 
STATISTICAL SU�RY 

P TKtT>.NO!. REGIONAL WAT&� PROJECT 
:itati&tic 
- - - - - - - - - � � - - - � - - - - - - - - ·  - - - - _ _ _ _ __ _ _ _ _  , _ _ _ _ _ ___ _ .. .., _ _ _ _  - - - - - - - - -Pipeltn!!•· !ee-: 

� 1til!ll4�er " a.met.er '' 1etne.'C.c.r !" t•m•t•r l " atl\9ter l " +al'l\lll't.r.r 1 " lilmeter 8" iamet:er 6" diame ter 
1·· <h<tlll•cer 2" dJ.&m•t•.:: 

1. 605 .. Bii Ju 4 . l l ,  575.141 2Y8 , , 
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United States Department of the Interior. 

IN REPU' REFER TO 

NK-ENG 

BUREAU OF RECLAMATION 

Great Plain� Region 
Nebra\1.a-Kansas Area Office 

P, 0, Box t 607 
Grand Island, Nehmka 68802-1607 RE' CE I VE D JUN ?. 2 1999 

MEMORANDUM 

JUN 2 1 1999 

To: Participants on Attached List 

Fr:)�\\i �l:f red R Ore 
�c Area Manager 

Subject: Coordination Meeting, Pikitanoi Rural Water Project, Kansas 

The Kickapoo Tribe in Kansas has requested Reclamation's assistance in organizing a 
coordination meeting for the project. The meeting is scheduled for June 30 in Topeka, 
Kansas, Please find attached a preliminary agenda, 

If there are any questions or you wish to place additional items on the agenda, you may 
call either Michael D. Kube with Reclamation, 308-389-4622, extension 217, or Mario 
Gonzales with the Kickapoo Tribe, 785-486-2221, 

Enclosures 

cc w/enclosures: 
Mario Gonzalez 
Kickapoo Tribe in Kansas 
P, 0, Box 271 
Horton, KS 66439 
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Identical letter sent to the following: 

Lavern Squier 
Central Kansas Rural Water System 
1301 Pine 
Hays, KS 67601 

Jim Cobler 
Northeast Kansas Rural Water System 
4401 NW Green Hill Place 
Topeka, KS 6661 8 

Steve Cadue 
Kickapoo Rural Tribe in Kansas 
P. 0. Box 271 
Horton, KS 66439-0271 

John Thomas 
Kickapoo Tribe 
P. 0. Box 271 
Horton, KS 66439-0271 

Mike Watson, Consulting Engineer 
Kickapoo Rural Water System 
1402 Cayuse Drive 
Helena, MT 59602 

Mike Dunnaway, Consulting Engineer 
Northeast Kansas Rural Water System 
Bartlett & West Engineering, Inc. 
1200 SW Executive Drive 
Topeka, KS 666 1 5  

Jeff Hanson, Consulting Engineer 
Central Kansas Rural Water System 
Black & Veatch Corporation 
8400 Ward Parkway 
Kansas City, MO 641 1 4  

Brad Hamilton 
% Governor Bill Graves' Office 
State Capitol Building, 2nd Floor 
Topeka, KS 66612-1590 

Clark Duffy 
Kansas Water Office 
1 09 SW 9th Street, Suite 300 
Topeka, KS 66612 

Elmer Ronnebaum 
Kansas Rural Water Association 
P. 0. Box 226 
Seneca, KS 66538 

Michael Bart 
Corps of Engineers 
601 East 12th Street 
Kansas City, MO 64106 

Robert Morby 
Environmental Protection Agency 
726 Minnesota 
Kansas City, KS 66 101 

Fred Thomas 
Chairman, Kickapoo Tribe in Kansas 
P. 0. Box 271 
Horton, KS 66439-0271 

Denise Coatney 
% Senator Sam Brown back's Office 
612 South Kansas Avenue 
Topeka, KS 66603 

Senator Sam Brownback 
303 Hart Senate 0.8. 
Washington, D.C. 20510 

Office of Congressman Pat Roberts 
P. 0. Box 550 
Dodge City, KS 67801 

Congressman Pat Roberts 
302 Hart Senate 0.8. 
Washington, D.C. 20510 

Office of Congressman Jerry Moran 
Room 203, Davis Hall, FHSU 
P. 0. Box 249 
Hays, KS 67601 

Congressman Jerry Moran 
1519 Longworth House O.B. 
Washington, D.C. 20515 
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Congressman Jim Ryun 
330 Cannon House O.B. 
Washington, D.C. 20515 

Charlie Griffin 
Kansas State University 
A22 Edwards Hall 
Manhattan, KS 64106 

Office of Congressman Jim Ryun 
800 S.W. Jackson, Suite 100 
Topeka, KS 66612 
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June 21, 1999 

830 AM Start 

Pikitanoi Rural Water Project 

Coordination Meeting 

Ramada Inn, 420 SE 6th 

Topeka, Kansas 

(785-234-5400) 

June 30, 1999 

AGENDA (Preliminary) 

l .  Introductions-Charlie Griffin, Meeting Facilitator 

2. Purpose of Meeting/Agenda Review (Handout)/Ground Rules-Charles Griffin 

Purpose: 1) To provide information on the current status of activities on the 

proposed Project. 2) To outline and refine a plan of action for the development of 

the proposed Project. 

3. Brief Discussion on Project History, April 30 Meeting Notes (Handout), Questions and 

Answers from Audience. 

4. Discussion of Action Items 

a. Actions Required to Scope and Initiate Special Study and Implement Project 

i. Status of Appropriations 

ii. Which Non-Tribal Entities are Involved-New Members 

iii. Creation of Legal Entity of Non-Tribal Interests for Project 

iv. Scope of Effort 

v. Oversight and Execution 

b. Status of Promotional Activities 

c. Training/Workshop on Federal MR&I Water Projects-COE/SOR 



June 30,1999 Agenda (Cont.) 

5. Project Sponsor/Agency-Conunents 

6. Other Items 

7. Discussion of future activities-List of action items 

8. Meeting Feedback (Evaluation Fonn-Handout) and Date for Future Meeting 

1230 PM Adjournment 
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FR0-1 : MARIO GONZALEZ FAX NO. 7854866652 

TO: 
FAX#: 

CC: 

PAX#: 

CC: 
FAXI: 

CC: 

FAX#: 

CC: 
FAX#: 

FROM: 
FAX#: 

DATB: 

FAX COVER SHEET 

Al LcDoux c/o Clark Duffy 
Kansas Water Office 
785-296-0878 

Fred Thomas, Sr. 
K.tclcapoo Tnbe m Kansas 
785-486-2801 

Jim Cobler c/o Eileen fockson 
Pikhanoi Executive Committee 
78:5-468-3478 

Lavern Squier 
Public Wholewe Water District # lS 
785-628-1471 
Elmer Ronnebaum 
Kansas Rural Water Association 
785-33&2751 

Mouiu GvJJ.L.KlcL 
785-486-6652 
Augu!'.t 17, 1 999 

Aug. 17 1999 10:43PM P1 

RE: Proposed lettel'3 to OMB Zllld Kansas congl'essiorutl <lclcgatiun 

NO. OF PAGES (Including cover sheet): 6 

MESSAGE :  

Attached arc proposed letters to OMB Director Jacob Lew and the Kansas congressional 
delegation from the Kansas Water Office. l rcquesc rhar you make any changes that you deem 
uccessary and send them to the appropriate individuals. 

Thank you for your assistnnce nnd cooperation. 

0 1 ') '°' " " 
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FAX l'Cl. 7854866652 A..9. 17 1999 10:43PM P2 

August 17, 1999 

The Honorable Jacob J .  Lew, Director 
Oftice of Mana9emenc .:ul<l Budget 
17th & Pennsylvania Avenue , N , W ,  
washin9 Lo11 , D .  c .  20500 

TI1ti Kansas Water Ot!ice supporr.s the request ot the Kickapoo 
Tribe in Kansas tor $500,000 in year-end FY 1999 funds of the Corps 
or sng1neers to tund tne special study for the Pikitanoi Rural 
Water Proj ect . The funds are needed go continue proj ect planning . 

Your assi stance in funding the special study will be greatly 
appreciated by the state ot Kansas and the Tribe . 

Sincerely yours, 

Al LeDowc, Director 

CC: The Honorable Pat Roberts 
The Honorable Sam Brownback ",\ The Honorable .rim Ryun 
The Honorable Jerry Moran 
Secretary of the Army 



FRll'1 � l 0 CDIZALEZ FAX NO. 7954866652 

Augu3t l.7, 1999 

The Honor<lble �at Robert� 
United States Senate 
116 DirkGen Cenate Office Building 
Washington, D . C .  20510 
Dear Senator Roberts :  

A-Jg. 17 1999 10:44Pf'1 P3 

The Kansas Water Office received a copy of the letter to OMB 
Direccm.- Jacob Lew !Lu1r1 F1:·ed ni.omas requesting $500, ooo in year-end 
PY 1999 funds of the Corps of Engineers to fund the special study 
for the Pik.it..csnoi Rural Water Proj ect in northeastern Kansa s .  

The Water O!tice has been supporting the Tribe and regional 
water districts for federal monies to fund the special study . we 
l..ht!re!'.ore jo1n the Tribe in reguescing a letter or support from 
your office to Mr. Lew for the $500,000.  

Your prompt attention to this matter will be greatly 
appreciaced. 

cc : Fred T'!lomas, Sr. 
Jim Cobler 
Lavern Squier 

Sincerely yours, 

Al LeDou.x 
Director 



FRCf'I �IAR I 0 Gcu:�EZ FAX l-0. 7854866G52 

August 17, 1999 

':'he Ho.ao.ro.blt: Sdm Btuwnbl:lck 
United States Senate 
410 H<t.Ll. S�mate Ottice Bu1l0ing 
Washington. D . C .  20510 
Dear Senator Brownback: 

Aug. 17 1999 10: 44PM P4 

The Kansas Water Office received a copy of the letter to OMB 
Director Jaco� Lew !rom �red Thomas requesting $500,000 in year-end 
FY 1999 funds of the Corps of Engineers to fund the special study 
!or the �1kitanoi Rural Water Project in northeastern Kansas. 

The water Otti<;e has been supporting the Tribe and regional 
water districts for federal monies co fund the special study We 
theretore join the Tribe in requesting a letter of support from 
your office to Mr. Lew for the $500 , 00 0 .  

Your prompt attention to this matter will be greatly 
appreciated. 

cc : Fred Thomas, Sr. 
Jim Cobler 
Lavern Squier 

Sincerely yours, 

A1 LeDoux 
Director 



FROM MARIO GONZALEZ 

The Honor�lc Jim Ryun 

FAX NO. 7854866652 

Ausuat 17, 19�9 

U . S .  House of Representative s 
511 C�on House Office Duilding 
Washington, D . C .  20515 

D�ar Congressman Ryun : 

Rug. 17 1999 10:4SPM P'S 

The Kansas Water Office received a copy of the letter to OMB 
Director Jacob Lew fJ:om l"re<l TI11.>m<1l:l .tttquttstin9 $500, 000 in year-end 
FY 1999 funds of the Corps of Engineers to fund the special study 
for tne Pikitai1ol Rl.lr<1l Wv.tt:ir Project in northeastern Kansas. 

n1e Water Ot:!ice has been supporting the Tribe and regionai 
water districts for federal monies to !und the special study . We 
Lhtu.ttfure join the Tribe in reQUesting a letter ot support from 
your office to Mr .  Lew for the $500,000. 

Your prompt attention to this matter will be greatly 
a.pyreciated. 

cc: Fred Thomas , Sr. 
Jim Cobler 
Lavern Squier 

Sincerely yours, 

Al LeDoux 
Director 



FR01 t�IO CDIZ�EZ FAX NJ. 7854866652 

huguct 1.7, 1999 

ThG Hono�able Jerry Mor�n 
U . S .  House of Representatives 
121? Longworth House Office Building 
Washington, D . C .  20515 

Dear congressman Moran: 

Aug. 17 1999 10:46Pl'1 P6 

The Kansas Water Office received a copy of the letter to OMB 
Director Jacob Lew from Freel n1omdl:l reques�ing $500, 000 in year-end 
FY 1999 funds of the Corps of Engineers to fund the special study 
for the Pikit<Uioi Rural Wat..e�· Project in northeastern Kansas. 

The water orrlc� lld� been supporting the Tribe and regional 
water distric�s for federal monies to fund the specia.l study . We 
therefore. ju.in the Tribe in requesting a letter ot support from 
your office to Mr. Lew for the $500,000. 

Your prompt attention to this matter will be greatly 
4J,)PLt'dctLed. 

cc: Fred Thomas, Sr. 
Jim Cobler 
Lavern Squier 

Sincerely yours , 

Al LeDou."< 
Director 
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The Honorable Jim Ryl.Ul 
U S. !louse of Representallvcs 
.510 Caiu1on !1011se Office l3uildi11g 
Washington, 0 C 20515 

Dear Congressman Ryun 

PROPOSED NORTHEAST KANSAS PUBLIC 

WHOLESALE WATER SUP PLY DISTRICT 
c/o Pottawatomie Co. RWD No. 2 

309 2"" Street 
Olsburg, KS 66520 

August 24, 1999 

I am Co-Chai.1111;u1 ufU1� Executive Cotntnittee for the 1'1kLtano1 Rural Water Project and represent 
the 11011-lntlian component of the project. 

We fully suppon the request for $500,000 in year-end FY 1999 funds for the Corps of Engineers 
to fw1d a special study for the Pikitanoi project, as set forth in Kickapoo Tnbnl Chainnan F1cd Thomas, 
Sr.'s August 13, 1999 lettcr. 

We join the Kickapoo Tnbe in requesting a letter or support from your office to OMB director 
Jacob 1 Lew for the $:500,000 

Your prompt attention to this matter will be greatly appreciated. 

Cc: Fred TI1omas, Sr. 
Michael Bart 
Al LeDou.x ./ 
Lavcm Squier V 
Elmer RoMebaum 

Sincerely, 

rt:.� 
Co-Chairman 

���·�"'"* 
/::RJ �L �� cl�F 

V1 3G39 
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The Honorable Jacob J. Lew, Director 
Office of Management and Budget 
11•• & Pem1sylvania Avenue, N.\V. 
Washington, D.C. 20.500 

Dear Duector Lew: 

PROPOSED NORTHEAST KANSAS PUBLIC 

WHOLESALE WATER SU PPLY DISTRICT 
clo Pottawatomie Co. RWD No. 2 

309 2nd Street 
Olsburg, KS 66520 

August 24, 1999 

1 um Co-Chairman of Ute Executive Conunittee for the Pikitanoi Rural Water Project I represent 
Ute non-lndiau component ofUte project, which fully supports Ute request for S.500,000 in year-end FY 
1999 fwtd5 for the Corps of £nguteers to fund a special study for Ute PJ.k1tano1 project, as set forth in 
Kickapoo Tribal Cha.immu Fred Thomas, Sr. 's August 13, 1999 letter. 

Our project is a cooperative effort between Indians llfld non-Indians that began in 1997 to bring 
good potabl� water to Ute people of Kansas. Available water supplies with.in the project area are 
inadequate u1 quantity and quality. Project sponsors have been working closely with the Anny Corps of 
Engineers, Ute Kansas Water Office, and the Kansas Rural Weter Association in developing U1e project. 

lnitially, Ute project included U1e Kickapoo Tribe and over 40 non-Indian communities and water 
districts in llfl 8 county area m northeast Kansas. It has since expanded westward to Russell and Hays, 
l�u.1,.;;,_;, u.1nl pr.:s..:itUy i;i;:ludcs Ute Kickapoo Tribe dJ1u u• · 1 iv\l no11-IJ1cL..,1 oommun.ibes and water 
districts in a 2.5 coUJ1ty area WJ.Ut a total populauon of over 1 1.5,000 people bas�d on the 1990 census. The 
1998 prelnni11ary needs assessment produced by U1e Kickapoo Tribe is therefor outdated. 

Federal funds arc urgenUy needed to assist us in completing a sound analysis of costs and benefil� 
of alternatives due to Ute uicreases in participation in U\e project. 

Please call on us to provide BJ1Y additional information that may be necessary to evaluate our 
request. We will appreciate an early response. 

Cc: The l1011orable Pat Roberts 
TI1c Honorable Sam Drownback 
llte Honorable Jim Rywt 
lltc Honorable Jerry Moran 
Michael Bart 
Al LeDolL'< 
nncr Rl'IU!ebaum 
Fred 'l110111as, Sr. 

Sincerely, 1 /(). et ,. ' I ":'-- ,,. { v • • .,__v \:,'/\ 
. Cobler. Cha.inna.n 

PJ.k.itanoi Executive Conuruttee 
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TI1e llonorable Jun Ryun 
U S  House of Representatives 
.51 O Cannon House Office Build mg 
Washington, D.C. 20515 

Dear Congressman Ryun· 

PROPOSED NORTHEAST KANSAS PUBLIC 

WHOLESALE WATER SUPPLY DISTRICT 

clo Pottawatomie Co. RWO No. 2 
309 2'"' Street 

Olsburg, KS 66520 

August 24, 1999 

I am Cu-Chai1111;u1 ufU1e Executive Committee for U1e 1'1k1lruw1 Rural Water Project and represent 
Ute non-Indian component of Ute project. 

We fully suppon the request for $500,000 in year-end FY 1999 funds for Ute Cmps of Engineers 
to fwtd a special study for the Pikitanoi project, as set forth Ul K.ickt1poo Tribal Chninnan Fred Thomas, 
Sr.' s August 13, l 999 Jetter. 

We jou1 Ute Kickapoo Tribe in requesting a letter of support from your office to OMB director 
Jacob J Lew for Ute $500,000 

Your prompt attention to this matter will be greatly appreciated. 

Cc Fred Thomas, Sr. 
Michael Bart 
AlLeDou.x / 
Lavern Squier v 
Elmer Ronnebawn 

Sincerely, 

rt:� 
Co-Chainna.n 

f\ ·p� .. f\ 1 \.,:.t J \ \T� 
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PROPOSED NORTHEAST KANSAS PUBLIC 

WHOLESALE WATER SUPPLY DISTRICT 
c/o Pottawatomie Co. RWD No. 2 

309 2"" Street 
Olsburg, KS 66520 

The llonornble Jacob J. LclV, Director 
Office ofM:urngcment and Dudgct 
171h & Pe1msylvania Avenue, N.W. 
Washington, D.C. 20500 

Dear Duector LelV: 

August 24, 1999 

I am Co-Chairman of Ute Execulive Committee for U1c Pikitanoi Rural Water Project. I represent 
Ute non-Indian comp<lnent of the project, which fully supports Ute request for $500,000 u1 year-end FY 
1999 fw1ds for the Corps of Engineers to fund a special study for the Ptk1ta.i101 project, as set forth in 
Kickapoo Tnbal Chainnan Fred Thomas, Sr 's August 13, 1999 letter. 

Our project is a cooperative effort between Indians a.iid non-Indians that bega.ii in 1997 to bring 
good potablt: water to Uie people of Ka.i1Sas Available water supplies wiiliin the project area are 
u1adequate u1 quanbty and quality. Proiect sponsors have been working closely with the Anny Corps of 
Engineers, U1e Kansas Water Office, and the Kansas Rural Water Association in developuig Ute project. 

I.nilially, Ute project included Ute Kickapoo Tribe and over 40 non-Indian communities and water 
districts 111 a.ii 8 county area m northeast Kansas. I.t has since expanded westward to Russell a.iid Hays, 
Kansas, a.iid prcs.::;1..iy ;.1duJc:s the iG-.1.Jpoo Tilbe anJ over 100 non-lmfun t.um•·'"'""�' An<i "'-''"' 
districts u1 a 2.5 counry area with a total population of over 1 1.5,000 people based on the 1990 cef\St'-'' TI.e 
1998 prchmu1:uy needs assessment produced by U1e Kickapoo Tribe is therefor outdated. 

Federal funds are urgently needed to assist us in completing a sound analysis of costs a.iid benefits 
of alternatives due to U1e increases in partic1µation in the prOJecl 

Please call on us to provide any additional information th.at may be necessary to evaluate our 
request. We will appreciate an early response. 

Cc: The Bllnornble Pat Roberts 
TI1e I lonornble Sam Brownback 
·111e l lonorable Jim Ryun 
111e Honorable Jerry Momn 
M ichacl Bart 
Al LeDOlL'( 
Elmer Rl'1u1ebawn 
Fred ·111omas, Sr. 

C 1 3 702 
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The Honorable Jim Ryun 
u. S. HOll5C or Representatives 
510 Camion I louse Office Bwlding 
Washington, D.C. 20515 

Dear Congressman Ryun: 

PROPOSED NORTHEAST KANSAS PUBLIC 

WHOLESALE WATER SUPPLY DISTRICT 
clo Pottawatomie Co. RWD No. 2 

309 2"" Street 
Olsburg, KS 66520 

August 24, 1999 

I am Cv-Chairn1a11 ufUrn Executive Committee for U1e 1'1k1tano1 RUial Water Project and represent 
the non-Indian component of the project. 

We fully support the request for $500,000 in year-end FY 1 999 funds for the Coips of Engineers 
lo fund a special study for the Pikitanoi project, as set fortli in Kickapoo Tnbal Chairnian Fred Thomas, 
Sr.' s August 13, 1999 letter. 

We join the Kickapoo Tribe in requesting a letter of support from your office to OMB director 
Jacob J Lew for the $500,000 

Your prompt attention to this mailer will be greatly appreciated. 

Cc: Fred TI1omas, Sr. 
Michael Dart 
AILeDou.x / 
Lavern Squier v 
Ebner RoMebaum 

Sincerely, 

t:� 
Co-Chauman 

��dt9A�J 
/CB � �� 
� 

c 1 3 ·  "3 



·n1e l!onornble Jacob J. Lew, Director 
Office of M:magement and Budget 
17"' & Perutsylvania Avenue, N \V 
Washington, D.C. 20500 

Dear Duector Lew: 

PROPOSED NORTHEAST KANSAS PUBLIC 

WHOLESALE WATER SUPPLY DISTRICT 
c/o Pottawatomie Co. RWD No. 2 

309 2"d Street 
Olsburg, KS 66520 

August 24, 1999 

I um Co-Chairman ofU1e Executive Committee for the Pik.itanoi Rural Water Project I represent 
t11e non-Indian component oft11c project, which fully supports Ute request for $500,000 111 year-end FY 
1999 fwuls for the Corps of Eng111eers to fund a special study for t11e Plk1tanoi project, as set forth 111 
Kickapoo Tribal Chairman Fred Thomas, Sr 's August 13, 1999 letter. 

Our project is a cooperative effort between Indians and non-Indians that began in 1997 to bring 
good potable water to Ute people of Kansas. Available water supp lies willli.n the project area are 
ir1adequale 111 quantity and quality. Project sponsors have been working closely witl1 Uic Anny Corps of 
Engineers, U1e Kansas Water Office, and the Kansas Rural Water Association in developmg U1e project. 

lnitrally, t11e project irteluded t11e Kickapoo Tribe and over 40 non-Indian commw1ities and water 
districts 111 an 8 rounty area in northeast Kansas. It has since expanded westward lo Russell and Hays, 
Kni.:;.c,, _,_; ;:;esently includes Uie Klckaix"-' Tribe aud over 100 non-imliau commwi.itii=. and wotle1 
disi1icts in � 25 �aunty area wttlt a total population of over I 15,000 people based on the 1990 census. The 
1998 prcJ;in111ary needs assessment produced by Ute Kickapoo Tribe is t11erefor outdated. 

Federal funds arc urgently needed to assist us in completing a sound analysis of costs and benefits 
of altemaltves due to tl1e increases ir1 participation in tl1e project. 

Please call on us lo provide any additional irtfonnation tltat may be necessary to evaluate our 
request. We will appreciate an early response. 

Cc: The Honorable Pat Roberts 
11te llonorable S:int Brownback 
l11e llonorable J i.111 Ryun 
111e llonorable Jerry Moran 
�lichacl Bart 
Al Le0otLX 
Elmer Rorutebaum 
F1ed 'l11011ms, Sr. 

Sincerely . 2 · rv. f-?v (/ (_,V;\ L,:,'-0 l.QA. 
. n Cobler, Chairman 

Pootanoi Execullve Committee 

0 1 3 7 " . 
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The llonorable Jun Ryun 
U S House of Representative.� 
510 Cannon !louse Office Buildu1g 
Washington, D.C. 20.515 

Dear Congressman Ryun· 

PROPOSED NORTHEAST KANSAS PUBLIC 

WHOLESALE WATER SUPPLY DISTRICT 
clo Pottawatomie Co. RWD No. 2 

309 2"" Street 
Olsburg, KS 66520 

August 24, 1999 

I am Cu-Cl1ai1111a11 uf U1e Executive Committee for U1e 1'1kLtanoi Rural Water Project and represent 
the 11011·lndia.11 component of U1e project. 

We fully support Ute requC5t for $500,000 in year-<!nd FY l 999 funds for the Corps of Engineers 
to fw1d a specml study for the Pikitanoi project, as set forth in Kickapoo Tribal Chairman Fred Thomas, 
Sr.' s August 13, 1 999 letter. 

We jou1 Uie JGckapoo Tribe in requesting a letter of support from your office to OMB director 
Jacob J Lew for Uie $500,000 

Your prompt attention to Uiis mailer will be greatly appreci3ted. 

Cc. Fred Thomas, Sr. 
Michael Bart 
Al LeDou.x / 
Lavern Squier V 
Elmer Ro1U1ebaum 

Sincerely, 

a:�:� 
Co-Chairman 

���"'-* 
;JtJ0 � �r;-� 
� 

0 1 3705 
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The Honorable Jacob J. Lew, Director 
Office ofManagcmc11t and Budget 
17•h & Pennsylvania Avenue, N \V_ 
Waslwigton, D.C. 20500 

Dear Drrector Lew: 

PROPOSED NORTHEAST KANSAS PUBLIC 

WHOLESALE WATER SUPPLY DISTRICT 
c/o Pottawatomie Co. RWD No. 2 

309 2•d Street 
Olsburg, KS 66520 

August 24, 1999 

I am Co-Chairman of the Executive Committee for the Pikitanoi Rural Water Project. I represent 
the non-Indian comp<J11ent of the project, which fully supports the request for $500,000 m year-end FY 
1999 fw1ds for the Corps of Enguieers to fund a special study for the Pikitanoi project, as set forth m 
Kickapoo Tribal Chainnan Fred 1l1omas, Sr 's August 13, 1999 letter. 

Our project is a cooperative effort between Indians and non-Indians that began in 1997 to bring 
good potable water to the people ofi-:.ansas Available water supplies within the project area are 
madequate u1 quantity and quality. Project sponsors have been working closely with the Anny Corps of 
Engineers, U1e Kansas Water Office, and the Kansas Rural Water Association in developing U1e project. 

ln.illally, the project included the Kickapoo Tribe and over 40 non-Indian communities and water 
districts in an 8 comity :irea in northeast K:\l\Sas. It has since expanded westward to Russell and Hays, 
K<u-..:NS, .w1..: pr�•'-'•'::r ;.. .. :�dr.s Ult. ;.;_;�::�1100 Tribe and over I OU non-Indian conunwlitie:. ami w.tler 
districts u1 a 25 cowity area with a !otal JX-?Ubhon of over 1 15,000 people based on the 1990 census. The 
1998 prelunumry needs assessmem µroduccd by U1e Kickopoo Tribe is therefor outdated. 

Federal funds are urgently needed lo assist us in completing a sowid analysis of costs and benefits 
of allemahvcs due to tl1e increases in participation i.n U1e prOJCCl 

Please call on us to pro\ide any additional infonnation Ulat may be necessary to evaluate our 
request We will appreciate an early response. 

Cc The llonorable Pal Rolicrts 
1l1c Honorable Sam Drownback 
TI1c I lo11orable Jim Ryw1 
111e llonorable Jcny Moran 
Michael Bart 
Al LeDoux 
Elmer Rl,JUleliawn 
r1·ed 'l11omas, Sr. 

Sincerely , 

/t{_f,;u \.'\/\ \..,0 (/(QA 
Cobler, Chamnan 

Pik.J1ano1 Exa:utive Committee 

0 1 1) - 0 6 J .J. ...> • 



KANSAS WATER OPFICE 
Al &.e0o-.1A 
Du�tol 

C O V E R  P A G E  

Kamt. ���� 
i�r. ... : 

Address. 

Sent oy. 

M\,0-�, "' f  - ·-=':J V.-• _,.,,., . , I  f"-. 

Sui!O lO( 
109 SWNinu 

':"cJl•Ll, i'•nSM �11612·1249 

7ilS·:l96·�l8$ 
'FAX 785·296-087b 
TTY 78.S-;:96-660C 

fAX #: i8.'"29<l·08i8 
If you hav� any qi..:csdons coni;cmiilg :hU tra.u$:nission, pl�e contaet ou: office a� the tclcpnon� 
number listed above. 

0 1 3723 
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K'lckaµoo ir'lb4il iTI "�' '"'""� 

Honc:-able Jacob J. Lev 
August lJ, 1!199 
Page �o 

developing and operat!.ng a suitable water supply tor the growing population. Thi i:iveoti9atione ot tbe Pikitanoi Pro�ect that. ware 
financed by t:he lickapoo Tribe in 1997 and 1998 are now oudlated 
due to the in<:x-eadng r9C1Ueat tor pat'ticipation by conmunities and 
wa.tar d.iatric:ts in the original project boundaries, as well aa 
QQIN!IWliti•• "''"! var.er distrieta west of the original project 
boundaries to ltuaael � Hays, lCanaaa . A toeal of 25 JC.ann.s 
counties have nov bee:1 included in the project planning . 

Federal fund.a are urgently needed to asaist 
9! costs and benefits o! a1ternae1ves .  Please 
provid• any aediti.ollal. . information :hat may 
evaluate our proj ect. 

We will appr.ciate cu1 -rly reaponae . 

in sound a..�alysis 
call un ue to 
be necessary to 

Sincerely yours, 

<:c: 'rhe Honorable Pat Roberts 
The Mon.or.iable Sam 2rownt>ack 
The Bonora.ble Jim Ryun 
Mr. Michael �t 
Mr. Al LeDoux 
Hr. Jill'I Cobler 



•. ;�·:'\I : 1Hr-.. •!.J U'.oil"l-hL.c: .... 
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P.O. Box 171 Horton. KS 66-.3?·027 t 
Office: "3·-4116-l l l l  • Fax: 9 1 l/�86·1801 

The Honoral:>le Jacob J. L�v. Direc�oz 
Office of Managell\ant and Budge t 
11th • Pen.�sylva..�ia Avenue, N . W .  
washingtoc, O . C. 20500 

Dear Director Lew: 
The Kickapoo '!'ribe in Y.anaas respectfully requests s:ioo. ooo in 

year-end rt l.99!:1 fund# o!' the Corps of 3ngineers to fwid ! special 
et�dy for the Pikitanoi Rural Water Projecr 1n norcheascer11. KO!leaG . 

�lanning for t�ia project began in l997 between th� Kickapoo 
Tri�o and ite non-Indian neighbora, and in 1598 the �ickapoo Tribe 
produced a needs assessment and coses li!"t.i!N!tes fo:: a ?CQ�ional 
wat:er prnjec:t serving an ei¥ht c:ouncy area Ulllt included tbe Xicbpoo Reservation. This in�ti•l eff�=t w;,o financed exclusively 
by the lickapoo Tribe . 

The $500, 000 year-end PY 1999 funds will be used to more 
tho?'O'Jghly a.nalyie costa a...;d benctita ot �lternative s .  The Indiar. 
oo�tio:l of ehese t1.lllds will be subject to P.L. 9j-638 (25 u.s.c. 
�50) co:ltractin9 Gnd pr-:::curotM:lt. p�l"!cedures . Project spo::is::>rB have 
been working closely with th.e Jt;insas water Office and. t:.1e JUtny 
Corps uC Bngineere co diivolo� this :>'I'Oj ec:t , C1d al 1 conce�ed 
parties agree chat tbe requeated !undin� is necessary . 

Alternatives under consideration 1�c1uoe an intak� ano 
ereatl?*n� p1�nt on the Missouri River near Atchiscn, 'Kansas, an6 ir.take ll!ld treatments plants on state owned recervoir� wi�hin the 
interior o! the region. ThiG class of al ternative will be c:cmpared 
w:th the costs of const�cting , ope�at!rtg, m.?.intainins and 
re;>la.cing small community and rural "at.er d:!.strict systems to 
determine if a �egional proj ecL ia more coet·•ff•cti""'!'\ than st:1all 
individual systems . 

� .... ,,-:::·::�:�m i:: ?U:; regior i.!! simple. !.c tl:e orig:.:ial ei.gbt 
<-ount:y a.re�. t.h.e populo.tion i..s ne.'l:-ly lOO, COO. Over the po.o ... 
S·-!veral decaees, the population has been dec!ining . The dee.line P.u'e<1 :.n t!:'.e l.9;10 co::uru• , bnwt'lve.:: , and population !las been growing s:.:i :e :hat time . i\vailable wate� suppliee a.re ina::tequace :rn 1;01.h 'f..1..u!ti::y and CJ'l.l>'llity. Increasir.glv, nit::-ate levels ancj pesticides 
· n Local water supplies are raising t:he rislc o! •dter-rel�ced l : r o=Ae:i 

� interest in this project would not have gaine<1 strength 
absent: the need !or a solut ion to tr.e pronlerr. of !ir�{ng. 
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FAX COVER SHBE"f 

TO: Michael Bart 
Army Corps of Eugi11ecrs 

FAX #: 816-426-2142 

CC: Fred Thomas, Sr. 
Kickapoo Tribe in Kansas 

PAX#: 785-486-2801 
• 

CC: Clark Duffy 
Kansa.!: W;it�r Office 

FAX#: 785-296-0878 

CC: Jim Cobler 
Pikitanoi Executive Committee 

FAX#: 7ll'i-2R6-1741 

CC: IIannes Zachnrius 
Public Wholesale Water District # 15 

FAX#: 785-()2�-·1323 

CC: Elmer Ronnebaum 
Knnsas Rural Water A'l.sociaticm 

FAX#: 785-336-2751 

FROM: Mario Gonzalez 
FAX#: 785-486-6652 

DATE: August 17, 1999 

RE: Letter to OMB from Chairman f re<l Thomas, Sr. 
NO. Of< PAGF-1) (i ncludingcover sheet): 4 -

MESSAGE; 

Attached is a copy of the August 13, 1999 letter that Tribal Chaim1au Fred Thomal, Sr. 
m�iloo to Jacob J. Lew. Director of OMB, requesting $500,000 in year-end FY 1999 monies 
from the Corps of Engineers to fund the special study for the Pikitanoi Rural Water Project. 

Also attached is a copy of a fax from Clark Duffy, counsel for the Kansas Water Office, 
approving the ler:ter. 

n ·t ') '"" ., � I t .. ) I ,,. 0 



KANSAS WATER OFFICE 
A.I L.eOv .... 
Diree:or 

C O V E R  P A G E  
D:ne: 

Plc:o.se dc:ltver __ plll!c:s, (inc:!udins th� �ver pa&e) to: 

l\a!lle: �..{; � � 47' P;,.i>ce: 

Sui•� 30C 
109 SW Nintt 

';cpua, iCU!SU M612·1249 

?8S-296·3 tS$ 
FJ..X. 18S-296-017b 
TTY 78:S·296·660l 

Firm: ·-- ---------------------

Address: 

FAX #: 78H9<i·OS78 
If you hav-: any ques:lons conc;eming '.hU traJJ,S..-nission, pl�e contact {'U: office at the tc:ic:poone 
cumber listed above. 

r.nm:nents: 

.�;, 

0. 7  37.? 7 
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Honora.ble Jacob J. Lev 
Auguat 13, 1999 
Page Tvo 

�evaloping and operating a suitable water supply tor t�e growing 
populaticm . Th• investigations ot the Pilcitanoi l>roject that ware 
tinanced by the l.icltapoo Trib« in 1997 and 1998 are no1t outl!ated d.ue to the increasing r�eat for pa�ticip.ation by communities and 
water c!iatdcta in the original project bounds:ries, as well as C:Oll'ftlUniti.•• ;11ru! vate� districts ve•t o� the original project 
boundariea to Ruaael and Hayti, Kansas. A toe.al of 25 Kansas 
counties have now been incl�ded in the project planning . 

Pede:-al funda ue urgently needed to aaaiat in sowid analysis 
ot' coats and benefits of alternati.ves . Please call un us to 
provide any a<2ditional . infor.nation �at may be naceasa:ey to 
evalua:e our project. 

We w1l� appreciate 4:1 early reaponae. 

cc: The Eonoral:>le Pat Roberts 
nie Honorable Sam Brc�c:k 
The Bonorallle Jim Ryun 
Mr .  Michael Bart 
Mr. ).1 LeDoux 
Nr. Jil'lt Cobl•r 

Si:icerely yours, 



P.O. Box 271 Hortol'I. KS 66.;J?-027 I 
Office; , 1 3 ·-4116-l l l l  • Fu: 9 1 )/486-18CI 

Augus� 13, 1999 

The Honorable Jacob J. Lev, D1rec�or 
Office ot Man.agement and 9ud9et 
17th • Pennsylva::ia Avenue , N . W .  
�ashingtoc, D . C .  20500 
Dear Director Lew: 

The iickapoo Tribe in r.an1as reapectfu�ly request5 $�00,000. in 
vear ·entl FY. l.99� t� o! the Corps of blgl.lleers to furtO a speci.al 
eti;dy for th& Pikitanoi Rural Water :>reject in n.orchea.&t.f!Tl\ K.:i.ncas . 

Flanning for this project began in i997 between the Xickapoo 
Triho �d ite non- Indian neighbora, and in 1598 the Kickapoo Tribe 
prod.uc� a needs assessment and cages 11:!1H .. i111atcs fo:: • rog:i onal 

'll•ter pt"nject serving an eight COWlt:Y area :hat included the 
Xickapoo Reservation. Tbis ir.itiill ef:�=t w;,c financed exclusively 
cy the ltickapoo Tribe. 

Ui• $500, ooo year-end PY 1999 !unds will bl!'! used to more 
tho?'O'Jghly &nalyze cost• &.,d b�cefice of alternative s .  The Indiar. 
oortion of rbese funds will be subject to P.L.  93 -638 (25 c.s.c.  
450) co!ltracting end procuretN:lc p=nc�.ires. Proj ect spo:::lsors have 
been working closely with thQ J:ansa.s watf<r OfUce and t:!le ;umy 
Corps oc !lngincera to d�velop this project, a:id all ccncer:-.ed 
parties agt"ee that the requested !undinv i& necessary. 

Alternatives under consideration inciuoe a.� intak� �no 
craacm4tnc p1�nt o� the Missouri R:�er near Atchiscn, Kansas. and 
ir.take a!1d treatments plants on state owned reoervoir� wi:hin thP 
interior of ehe region. This class or alte:rr..ative will be compared 
w:th the costs of constructing, ope�at!ng, �intainins and 
re:;>lac:ing .small community and rural 'if'at.er d:!.strict syster.is to 
determine if a �egional projecL ie more coet -effacti�¥- th&i sr.ia�l 
individual systems. 

!he _,,.o�le-?:: i:- ::-·- ,.�'on l s  simpl e .  In cte orig:.:ial ".i.gbt 
' ounty a=ea, t.lu :r;opulo.tion i.s nea:-ly lOC, COO. Over tne J,lci.:it 
s�veral decades, the population has been dec!ini�g . Tile dec�ine 
f' .. "'� in tee .19:>0 ce:unu, b,-,w,.ve.::- . and populat:ion has been growing 
s-:.n :e that t�me. Availabl e water suppl ies a.re ina::i.:quace !n l.;01.h 
'f..1.mti:;y am! ciu�lity. Increasinglv, nit:-a::;e levels and pesticides 
• n Local '-'llter suppl iea are raisi!lg the r!slc or •dt.er· rel.::ce<! 
.l :r •11•Aea 

':'l".e interest in this project. would r.ot have gained strength 
3.bs en: the need !or a soiut. 1on to t�c prohl01r. of !ir�\ng, 
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Michael Bart 
Army Corps of Eugineers 
816-426-2142 

Fred Thomas, Sr. 
Kickapoo Tribe in Kansas 
78!)-486-2801 

Clark Duffy 
K� Wl\t�r Office 
785-296-0878 

Jim Cobler 
Pikitanoi Executive Comminee 
7R5-286-1741 

IIannes Zachnrius 
Public Wholesale Water District # 15 
785-62!F/323 

Elmer Ronnebau.m 
Knnsas Rum Water Asll.0Ciatio11 
785-336-2751 

Mario Gonzalez 
785486-6652 

Augu:st 17, 1999 

Letter to OMB from Chairman fred Thomas, Sr. 

NO. OF PAGFS (inclu<iingcover sheet): it 

MESSAGE: 

MU':I· .l. 1  J.j.:':J V'-• ...J 1 r 1 1  r .1.  

Attached is a copy of the August 13, 1999 letter that Tribal Chainrnw Fred Thomas, Sr. 
m�iloo to Jacob J. Lew. Director of OMB, requesting $500,000 in year-end FY 1999 monies 
from the Corps of Engineers to fund the special study for the Pikitanoi Rural Water Project. 

Also attached is a copy of a fax from Clark Duffy, counsel for the Ka11sas Water Office, 
approving the letter. 



KANSAS WATl!R omcE 
Al LeDoiu. 
Dir0<:•ut 

STAI£ or KANS.AS 

C O V E R  P A G E 

Adcress: 

Su1io JOC 
I® SW Nintt 

'cpo.u, ieaZIS�S �li612-124� 
?SS-296-3185 

FAX 785-296.017b 
;TY 78S-l96-660< 

It' you hav� any qi.:es:ions concc:nii;g :his �sion, plea!e cont.act �u:- office at the tclepnone 
cumber listed abo.,e. 

CAm :n.ents: 

.�� 



r.., I .W. • o ... · ... .:;..eoo::.;;. 
K i ckapoo Tribe ifl ..... . ......... � 

Hono:-a.ble JaCOQ J. Lew 
August 13, 1999 
Page �o 

r-•.J·:P· • f -J::":P "'-·-=>r11 i..J 

developing and operating a suitable w�ter supply for tbe growing 
population . The investigations of the Pilcit&noi Project that were 
tinance<l :by the lic>capoo Tribe in 1997 and 1998 are now out!ated 
di.le to the inereaaing r�•Dt for pat'tic:ipation by communities and 
water cUatricts in the original project boundaries, as well a11 
CQe'C!l!.lnit:l..es "'"d vatQ:t' districts veet o! the original projact boundariH to Russel -.nd Haye, l!':anaaa .  A toe.al of 25 Jtansas 
counc.ies n� nov been inol�ded in the project planning. 

Federal funda a.re urgently needed to auist in sound analysis 
or coats and b•nefits o! &lttrnative s .  Please call un ue to 
provid• any acidit ionat . Wor.nacion ehat may be necessary to evaluate our projeet. 

Piii vill appnc:!.ac.e .JL.n e.rly reaponae . 

cc: 'i'he lionorallle Pae. Roberts 
The Honor'l.bll!I $am 9rcwnb&ek 
The Honorable 3i� Ryun 
M.r. Michael �t 
Mr . Al LeDowt 
Nr. Ji'lll Coblar 

Sincerely yours, 

: ' 1 J 7 3 0  



P.O. 80)( 27 1 Horton. KS 661J?-0271 
Office: , 1 3·'4B6-l 1 3 1  • Fax: 9 1 31�86-l80 1 

Augus:: 13, l999 

The Honorable Jacob J. Lev, Direc :..ox 
Office of Managet'l\8nt and Budget 
11th • Pen..�sylvania Aven�e. N . W .  
washinsrto�. D . C .  20500 

oear Director Le�: 
The Kickapoo '!'dbe in l:llteas respectfully requests $:100, ooo in 

year-end F'l U5l!:I f\llldsi o� the corps of ingineers to hmd 8 special 
study for the Pild.tanoi Rural Water Projecr in nortbeascel:'ll iancac . 

�lanning for this proj ect l:legan in �997 between the Xickapoo 
Tribo �d ita n�n�Indian neighbora, and in 1598 the Kickapoo Tribe 
produced a needs assessment and costs •1o1:..i1Uttea for a rQ!:Jiona.l 
vaeer project serving an eight county area Uu!t included the 
Kick&poo Reservation . Tb1s initia.l etfo:t w::so finane�c! exclusively by the ltickapoo Tribe. 

The $500, 000 year-end PY 1999 !unds will be used to more 
thOI'C'Jghly all&lyze cos�• a...�d �ooefi:a ot �lternatives . The India� 
portio� �f these funds wi�l be subject to P.L. 9l-o38 (25 u.s .c. 
450 l contrac tili� Gnd procura1M::it. p::-,.,c::edure;; . !?::-oject .. :P'"'nsors have 
been working closely with thQ ir:ansas water Office a."ld t.!:e Anny 
Corps oC !ngineers to d<l!velop thi9 :;>=oject, a;:.d. a:.1 conoer..e:1 
parties agree that the requested tundins is necessary . 

Alternatives under consideration incJ.uoe a.; inta>t� ano 
cre•tment p1 �nt O.• the Missouri River near Atchiscn, Kansas ,  and 
ir.take a!ld treatt11ents plants on state owned re�ervoir= wi�hin the 
interior of c:ha region. This class of al terr.ative will be ccmpared 
with the costs of constructing, ope=at�ns, nuintaining and 
re:;>lacing small co:mn.mity and ?:Ural irater d:!.strict sy9ter.is to 
dete%lnine i f  a =egional projecL 18 mo�e cost- •f!actiVtG. than sr:ia�l 
iadividual systems . 

• sir;: pr.,:Olcr.: in o-.:= -�i0n. l" .,:ll'l:Cle. In tee orig:.:ial e:.gnt ' oun'ty ;r.::-ea, th� :;opu::ition l.ir neil:-ly lOC, C O O .  Ov�r Lne r,.ast 
s �veral decades , the populatio� has been dec:ining . The ctecline 
eo.n'ed in t�o 1990 ce:uru•, hn'<tilvez, and population bas been growing 
s'..n:e :hat :ime. i\Vailable water supplies a.re ina::iequac:e in l;ut.h 
'f.l...u!ti::y anc (J\1'1l ity. Increasinglv, nit=a.:e level s and pest!cides 
, n Local witter supplies are raising the risk o! •ater-rel<:.cee 
.l :r ,.,.Aa:i 

:'he interest in tb.i!I project would not have gained strength al>sen:; tna need !or a solution to the pro�le� o! !irrl,ng, 

·: 1 ') - I) "  •I ' , ) { 



FAX COVER SHEET 

TO: Michae 1 Bart 

FAX#: 
CC: 

CC.: 

FAX#: 
CC: 

FAX#: 

CC: 

FAX#: 

CC: 

FAX#: 

FROM: 
FAX#: 

DATE: 

RE: 

Army Corps of E.uginecrs 
816-426-2142 
Fred Thomas, Sr. 
Kickapoo Tribe in Kansas 
785-486-2801 

Clark Duffy 
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August 17, 1999 

Letter to OMB from Chairman fred Thomas, Sr. 

NO. OF PAGF.C) (if1cludmgcover siteetJ: q 
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MESSAGE: 

Attached is a copy of the August 13, 1999 leru:r that Tribal Chainmw Fred Thomal, Sr. 
mailr.<l to Jacob J. Lew. Director of OMB, requesting $500,000 in year-end FY 1999 monies 
from the Corps of Engineers to fund tb.e special study for the Pikitanoi Rural Water Project. 

Also attached is a copy of a fax from Clark Duffy, e-0unsel for the Kansas Water Office, 
approving the Jeerer. 



Memorandum 

To: HANNES ZACHARIAS 

RECEIV ED ('rp " .. 1999 

CC: ELDEN HAMMERSCHMIDT, LAVERN SQUIER, JUDY SARGENT 

From: PAUL A. MONTOIA 

WELL FIELD PLANNER 

Date: 09123/99 

Re: Pitkitanoi Discussion held 9/22/99 

A�: KWO (Cathy Tucker-Vogel, Earl Lewis, TelT)' Duvall, Glen Kirk), NRCS (Herbert R. 
Graves, Jr, John Ounada), Corps of Engineers (Michael Ban), Bureau of Reclama1ion (Michael 

D. Kube), NE KS Steering Committee (Jim Cobler), Kickapoo Tribe (Steve Cadue, John 

Thomas, Kay White, John White), City ofHays (Paul A. Montoia) 

On September 22, 1999, a discussion panel met to discuss the Pitkitanoi Water 
Supply Project. This meeting was considered an extension of the April meeting and 
a recent panel meeting. The purpose of the meeting was to discuss the project's 
goals and objectives, i.e. specifically define the Special Study's scope of work. The 
Corps and BOR considered this meeting of great importance since they were unsure 
of the groups' objectives or commitment. 

SPECIAL STUDY: 

The most recent information on FY2000 funding is that the House and Senate have 
passed tine Corps' FY2000 budget and that it is in conference committee. Not 
included by either house is an appropriation for the funding of the Pikitanoi Special 
Study. However, the Congress has not passed the FY2000 budget as of this date. It 
was Mr. Bart's observation that including the Special Study in FY2000 would be 
difficult at best and that the group should work on having the Special Study included 

1 



September 24, 1999 

technicaJ, financial, and managerial (T,F,M)capabilities and may be providing 
funding for small water purveyors to become compliant. 
As was pointed out by K WO that much of the data needed to define the Scope of 
Work has or soon will collected by the KWO. Specifically, consumer confidence 
reports (CCR). The information contained within the CCR could be used identify 
water quality issues. Additionally, Capacity Development Surveys would dove-tail 
into this very well. KWO has actively been developing Capacity Development 
Surveys. 

A discussion of other federaJ agencies that were not present included the EPA. It 
was mentioned the autonomy of each EPA Region. A project for EPA Region 7 to 
use as a model would be the Rocky Boy P1ujcct iu Utah. Abu tuucl11::<l upu11 w1::r1:: 
environmental impact studies (EIS). Other agencies were mentioned 

The group finally agreed that scope of the project would be prepared as one 
document addressing the water needs of identified area, the available water 
resources, and would estimate the cost. A short discussion on interconnectivity 
concerns and costs of the project the occurred. 

The Corp of Engineers urged the discussion panel to consider a plan of action if the 
federal government did not fund the project. There was not allot of conversation 
about this option. 

Important Books That Need To Be Acquired: 

Economic & Environmental Principles & Guidelines for Water & Related Land 
Resources Implementation Studies (3/1983). Discusses the federal government 
methodology of evaluating how to fund projects. This is the principle and 
guidelines in formulating projects. 
Watershed Plan & Environmental Impact Statement: Upper Delaware & Tributaries 
Watershed (Atchinson, Brown, Jackson, and Nemaha Counties) Jan. 1994 
Northeast Kansas Partners in Environmental Progress (1993), done by Bartlett & 
West Engineers for the U.S. Army Corps of Engineers. 

Respectfully Submitted 

Attachment: Congressman Ryan's Testamony 

0 1 3 � 3 7  
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JIM RYUN 
O .S. House of Representatives 

Kansas, 2nd District 
Plionc (202) 225-6601 Fall. (202) 225-7986 

wc:•wu .c.. . - ·" . p .. -.mwa 

FAX COV.E�_S_�§I._. _ ___ . __ ] 
TO: ___ --;@_�_ --�k_,b_ 5 ____ _ __ _ _ _  -·---
FROM: ___ Congressman Jim Ryun 

Dnnicl Schneider 

__ Jny Rinehart 
__ Mark Kelly 
__ Adam Magary 

Erin Donivan 

_J{_ Dill Williams 
V alcde Shank 
Jim Dolbow 

Amie Gl.Rves 

PAGES (INCUJOTNG COVER SHEET): __ 7_ _ _ _ 

SUBJECT:_U_fJ-fl-u�_.__}1�.J...._. --"��1 '-'-c, lL __ kJ)__�/..;_.s u_J.!.c�-- _ 

DATE: 7 /:J.1/7§ -----�; -�---- -- ---- -- -- -------

COMMENTS: __ l. 1: It� �w rf._�����'"'�'----
___ q...._.A..._7+'f-..k.._,,�-�,e_....,{$..._; _ _.7-fM'(h.....,.v,__-6G4_d2_ ---- _ _  --- ·· ----

-----· --·----

TI1is message is inicndecl only for ·the use of the lt111tvtclual or encity ro which it i� acldressed ruid may 
contain inlonn�tion which i� privileged !Ind/or couficlential and e:'tcmpt from disclosure under 
applicable law. If the reader of this message is not the inlended recipiont or the nmployee or agent 
responsible for dc:tivcring the message to the lntf",udcd recipient, you ate hereby notified that any 
dissc:mirmtton, cltstrlhnllon or co Jn of thi�mk'.'..!_ion is strictly prohibited. 
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07!'._0illl8 nnr 13 : 18 FA.'I: 

Thank you, Mr. Chairman, for th� opportu nity to testify 

today. 

Mr. Chnirmn1a, the Upper Delaware an<l Tl'ihutarics 

Watershed prnjcct is long overdue. The Watershed rlau and 

Environmentnl Impact Statement were completed in 1994 
under the guidelines set forth in the PL 566 program. 

The project is also a truly cooperative effort jn l<nusns. 
The USDA Soil Conservation Service mul Forest Service, 

Kansas State smcl Extension Forestry, Kansas State 

Conservation Commission, Kansas Dcpai·tment o( Wildlife and 

Parks, Kans�s Department of Health and Environment, aod 

the Bureau or Indian Affairs assisted Jocal sponsor!'\ in 

developing the plan. 

Mr. Chairman, we in K:msas like to know the bottom 

line. Before 1 go nny further, I would like to share with you 

what the 1•rojcct would do and how much it woulcl cost. The 

project wonlcl builc.l 20 floodwater retarding dam� alld other 

facilities. It would address environmental concerns on J2,000 

acres of la11d, aod create 16 livestock wnste managem ent 

systems. 

f1J 00 J 
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debris across forms. These flooding da mages directly affect 

the economy of these communities by increasing prndoction 

costs anc.J r(!d ucing income. 

In addition to directly measurnble flooding dam�ges, 

11onpoiJ1C �011 1"cc pollutants entering the watershed u� the 
floodwaters recede negatively irupacl water quality iu the 

t"cgion. Not only docs this wntcr pose 11. public htlnlth risk for 
human coasumption; it cnu often be unsuitable for use by 
livestock, or crop irrigaHon. 

Mr. Chnirnum, I would like to take a moment to poirtt out 

that Kansas has made water quality n bjgh priority in recent 

years. In order 10 better protect it'i citi:r.ens, Kansas keeps 

meticulous measurements of their water (1uality. An<I, Knnsas 

bas stepped up its efforts to address the 1noblems they find. 

The Northeast region of Kansas fights an ougoing baUlc 

for a dependable wnter supply. The lack of a dependable 

supply cau�cs econoinic losses on businesses and livestock 

producers during periods of drought, especially on the 

Kickapoo ludinn Reservation. The cufreut Kicka1>00 water 

11.1005 
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Perry Lake. This is just another reason Hiat makes this 

watershed project n �ood one. It would not only impact those 

who live and work in the watershed district, it wo1ll<l in1 pnct 

the water qualily for those who live a11d work downstream. 

Mr. Chairman, we in the hearUancl of this great nation 

love clean air and clean water. Kansa� has more than its fair 

shore of wide-open farmland and rangeland. Kansuus 

understaud their dcpcndcocc upon the lnud for a strnng 

economy, and nrnl<e environmental conservation a high 

priority. This watershed project makes tremcmlon!'l slridc.ci to 

protect vnlunblc fnrmland and to im.1>rove water qtrnlity iu the 

region. 

Mr. Chairman, it is clear that the need for thi� pro,jcct is 

well past due. The project enjoys broad-based loca J and state 

support. The Upper Delaware Watc1·shed project will protect 

valuable farmland, and will improve water quality ror· the 

entire region. 

Qloo; 



United States Department of the Interior 

I"- REPU' IRE.FER ro 
NK-ENG 

BUREAU OF RECLAMATION 
Great Plains Region 

Nebrasl..a-Kan�a� Area Office 
P. 0. Box 1607 

Grand !\land, Nebmka 68802-1607 

MEMORANDUM 

To: Participants on Attached List 

From: Fred R. Ore 
Area Manager 

OCT 1 5 1999 

Subject: Coordination Meeting - Pikitanoi Rural Water Project, Kansas 

The Pikitanoi Executive Committee has requested Reclamation's assistance in organizing 
the next coordination meeting for the project. The meeting is scheduled to begin at 
9:00 AM on November 2, 1999 in Room 106, Landon State Office Building, 900 SW 
Jackson, Topeka, Kansas. Attached is a preliminary agenda and action item list from 
the last meeting. 

If there are any questions or you wish to place additional items on the agenda, you may 
call one of the following: Steve Cadue with the Kickapoo Tribe, 785-486-2 1 3 1 ,  Jim 
Cobler, with Shawnee County Rural Water District No. 4, 485-286-1731 , or Michael 0. 
Kuibe with Reclamation, 308-389-4622, extension 217. 

Enclosures 



November 2, 1999 - Pikitanoi Meeting Invitees: 

Steve Cadue/John Thomas/Ralph Simon/Bill White 
Kickapoo Tribe in Kansas 
P. 0. Box 271 
Horton, KS 66439 

Gary Bahr/Ed Greene 
Sac and Fox Nation of Missouri 
P.O.Box 60 
Reserve, KS 66434-9723 

Marnie Rupnicki/Latane Donelin 
Prairie Ba11d of P0ta1Natomi Nation 
162n Q Road, P.O. Box 97 

Mayetta, KS 66509-9144 

Louis DeRoin 
Iowa Tribe of Kansas and Nebraska 
2340 33om St., P.O. Box SBA 
White Cloud, KS 66094 

Richard Bad Moccasin 
Mni Sose lntertribal Water Rights Coalition, Inc. 
P.O. Box 2890, 514 Mt. Rushmore Road 
Rapid City, SD 57709-2890 

Jim Cobler 
Northeast Kansas Rural Water System 
4401 NW Green Hill Place 
Topeka, KS 66618 

Charlie Griffin 
A22 Edwards Hall 
Kansas State University 
Manhattan, KS 66506 

Senator Sam Brownback 
303 Hart Senate O.B. 
Washington, D.C. 20510 

Office of Senator Sam Brownback 
Attn: Denise Coatney 
612 South Kansas Avenue 

Topeka, KS 66603 

Senator Pat Roberts 
302 Hart Senate 0.8. 
Washington, D.C. 20510 

Office of Senator Pat Roberts 
Attn: Phyllis J. Ross 
P. 0. Box 550 
Dodge City, KS 67801 

Office of Senator Pat Roberts 
Attn: Gilda Lintz 
444 S!:: Quincy, #392 
Topeka, KS 66683 

Congressman Jerry Moran 
1519 Longworth House 0.8. 
Washington, DC 20515 

Office of Congressman Jerry Moran 
Room 203, Davis Hall, FHSU 
PO Box 249 
Hays, KS 67601 

Congressman Jim Ryun 
330 Cannon House O.B. 
Washington, D.C. 20515 

Office of Congressman Jim Ryun 
800 S.W. Jackson, Suite 100 

Topeka, KS 66612 

Brad Hamilton 
% Governor Bill Graves' Office 
State Capitol Building, 2nd Floor 
Topeka, KS 66612-1590 

Lavern Squier 
Public Wholesale Water Supply District No. 15 
1301 Pine 
Hays, KS 67601 

Elmer Ronnebaum 
Kansas Rural Water Association 
PO Box 226 

Seneca, KS 66538 
n 1 3 .... . , .. ' : ) ( l 



Hannes Zacharias/Paul Montoia 
City of Hays 
2500 Timber 
Hays, KS 67601 

Clark DuffyfTerry Duvall/Glen Kirk 
Kansas Water Office 
109 SW 9th Street, Suite 300 
Topeka, KS 66612 

David L. Pope 
Division Of Water Resources 
Kansas Department of Agriculture 
901 SW Kansas Avenue 
Topeka. KS 66612 

Dr. Ron Hammerschmidt 
Building 740, Forbes Field 
Kansas Department of Health and Environment 
Topeka, KS 66620 

Herb Graves 
Natural Resources Conservation Service 
760 South Broadway 
Salina, KS 67401 

Robert Morby 
Environmental Protection Agency 
726 Minnesota 
Kansas City, KS 66101 

Michael Bart 
Corps of Engineers 
601 East 12th Street 
Kansas City, MO 64106 

Superintendent Bureau of Indian Affairs-Horton Agency 
P.O. Box 31 
Horton, KS 66439 

Allan Brend 
Indian Health Service 
PO Box 349 
Holton, KS 66436 

Jeff Hanson, Consulting Engineer 
Central Kansas Rural Water System 
Black & Veatch Corporation 
8400 Ward Parkway 
Kansas City, MO 641 14 

Mike Dunnaway, Consulting Engineer 
Northeast Kansas Rural Water System 
Bartlett & West Engineering, Inc. 
1200 SW Executive Drive 
Topeka, KS 6661 5 

(°' 1 '> "' 4 () " ) 



CXtober 15, 1999 

Pikit.anoi Rural Water Project 

Coordination Meeting 

Room 106, Landon State Office, 900 SW Jackson 

Topeka, Kansas 

November 2, 1999 

AGENDA (Preliminary) 

9:00 AM Start 

l .  Introductions - Charlie Griffin, Kansas State University, Meeting Facilitator. 

2 .  Purpose o f  Meeting, Review Agenda (Handout), Meeting Rules - Charlie Griffin. 

3. Report of Activities from Previous Meetings on April 30 and June 30. Distribute Meeting 

Notes from the Previous Meetings. Questions and Answers from Audience. 

4. Status of Action Items. 

a. Scope of Study!Plan of Study-Michael Bart, Corps of Engineers, Kansas City. 

b. Non-tribal entities (Creation of a Legal Entity and new Members) - Jim Cobler/Ed 

Dunn. 

c. Promotional Activities-Steve Cadue /Jim Cobler, Pikitanoi Executive Steering 

Committee. 



October 15, 1999 

November 2, 1999 Agenda (Cont.) 

5. Comments/Presentations. 

a. Upper Delaware and Tributaries Watershed Project - Herb Graves, NRCS, 

Salina, Kansas. 

b. Smoky Hill Area Component - Laverne Squire/Hannes Zacharias, Hays, 

Ka11.sas. 

2 

c. Mni Wiconi Rural Water Project South Dakota - History/Share 

Experiences/Lessons Learned - Harold Stiles, Reclamation, Pierre, South Dakota 

d. Other Comments/Presentations. 

6. Other Items. 

7. Discussion of future activities - Generate List of Action Items. 

8. Meeting Feedback (Evaluation Form-Handout) and Date for Future Meeting, if needed. 

12:30 PM Adjournment 

fl 1 J 1 '.) ()  



Pikitanoi Rural Water Project 
Coordination Meeting 

June 30, 19'9 
(Minor Revisions 8-30-99) 

Notes from discussion of Action Items 

Scope of the Study 

Corps of Engineers (COE) can not do 638 agreements, but can use Memo of Agreements to 
accomplish essentially the same thing. 

Purpose of the Scope of Study includes: 
- Provide the basis for congressional appropriation 
- Outline possible project alternatives 
- Needs identification 
- Feasibility (recognizing that the term nas specific meanmgs administratively tnat are 

outside this scope of study's parameters) 

Action Plan: 
I .  COE and BOR will develop a multi-agency task force to outline the scope of study 

- COE and BOR will convene, coordinate and inform this group 
- The task force's product....scope of study ... will be completed NL T Sept. 30. 
- Proposed members included Federal agency representatives, governor's office, 
state water office, technical participants including engineers (recognizing that 
private concultants' participation may need to be strictly defined to avoid 
potential conflict of interests), and non-technical participants to include 
Kickapoo, Hays/Russell, eastern water districts, etc. 

Non-tribal Entitv (New Members and Creation ofa Legal Entity) 

Agreement seems to exist on these basic principles: 
I .  Equal representation for all members 
2. Some East-West division rr.ay be needed to allow focus on regional issues 
3. Immunity of local member districts from financial responsibility of the wholesale 

district 
4. Structure most appropriate is that of a Wholesale District with an elected board. 

Action plan: 
I .  Contact potential new members 

- Draft of letter is ready. Steering Committee will finalize the letter at their next 
meeting on July 7. Letter will be sent out ASAP following that meeting. 

- Steering committee has voted on financial aspects of membership{SIOO per 
entity) 

2. Still need to develop guidelines for new members who may wish to join in the future 



NEWSPRINT NOTES FROM PIKITANOI MEETING, April 30, 1999 

Questions raised during open discussion session (in order raised); 

- How much saleable water is in the slate reservoirs? How is that available quantity impacted in 
the foreseeable future by sedimentation? How is the access to that water supply apportioned 
among different uses (e.g. drinking vs. recreation, flood control, etc.) 

- What is the timerable for seeking and receiving Federal monies for studies? 

- EPA involvement... .. would they be asked to do assessment or full impact study? 

- Development oflegal entity .... Will it happen and in what manner? What is the relationship 
between the Indian and non-Indian parties? Should this involve development of a single 
entity? ... Three separate entities (NE KS, Western part of project, Tribal) .... Indian/Nuu-lmliau 
entities? What cooperative agreements woulc! be necessary between the parties? 

- What contracts need to be signed? When? For What? 

- How is the scope of the project to be spelled out? 

- Is Corps of Engineers study an adequate base for construction? (What details are sufficient 
and necessary to provide that base?) 

- What is the timing of the feasibility study in relation to the funding request for construction? 

- Who else should be involved in the Pikitanoi planning group beyond those currently present? 
By when and how will they be invited? 

- In South Dakota, did non-Indian parties do cost-sharing? What % is recommended? How will 
the cost share for the study and later construction be determined? Will that be spelled out in the 
Appropriation language or will OMB determine it? 

- What is the composition of the project steering committee? 

Discussion of Future Activities: 

- Next steering committee agenda will include: 
-- Ed Dunn will discuss options for creation of legal entity. Development of specific 

legal entities needs to have high priority for steering committee agenda now 
- Plan for contacting potential new participants (other water districts, etc.) Need draft 

letter developed to go to potential new participants. 

- Followup on Federal funding: 



Status of Promotional Activities 

Letters of Support and personal visits with key congressional delegates need to occur no later 
than mid-July in relation to expected appropriations process for maximum impact. 

Action Plan: 
I .  Eileen Jackson will coordinate solicitation of letters and personal visits asap. 
2. Tribal council is reviewing the possibility of hiring a Coordinator to assist Eileen. 

A proposed meeting with Congressional delegates has also been discussed. Preference is to 
convene such a meeting in state in the next week or two. Otherwise a Washington DC trip may 
be needed. It is also recognized that regardless of the meeting details with delegates, some focus 
needs to be provided with key Congressional staff persons in DC. 

Action Plan: 
I. If possible, a meeting with key panicipants and delegates will be arranged during the 

4u. of July recess, targeting Topeka as a location. Sen. Pat Roben's Topeka office 
will assist in coordination. 

2. Mike Dunaway has/is preparing a promotional package 
3. Key participants in meeting may include Jim Cobler, Mario Gonzalez, Ed Dunn, 

Lavern Squier and Hannes Zacharias, Bartlett and West. 

NEXT COORDINATION MEETING: OCTOBER 29, November 2, 1999 in Topeka. 

(Kansas Water Office) 

prepared by Charlie Griffin 



- Need encouragement to Kansas Congressional delegation to support the project (initial 
support exists .... need to do followup to build on this) 

- Mario and Mike W. will draft and circulate a letter designed to be used by KS. 
Delegates to other legislators expressing their support 

- Next full Coordinating Meeting scheduled tentatively for JUNE 30, 1999. Steering committee 
will confirm this date 

• 1 ' -, ..,_ 



PWWSD #lS 
Public Wholesale Water Supply District #15 
P.O. Box 220 
Hays, KS 67601 
(i85) 628-3102 
February 14, 2000 

Jim Cobler 
Co-Chairman 
Pikitinoi Executive Committee 
P.O. Box 5 
Olsburg, KS 66520 

Dear Jim, 

Lavern D. Sq111er, President 

Frank Peirano, V. President 

Dr. Robert Albers, Secretary 

Marvin Mader, Treasurer 

I am writing you concerning our conversation regarding the future of the Pikitinoi 
Project. I n  our discussion, we reviewed the participants in the project and 
discussed the positions taken by regulatory agencies including their opinions 
about the involvement of Hays and Russell through PWWSD #15. 

Even though we have made progress in envisioning larger regional solutions to 
water crises, we have obstacles ahead of both our groups. 

Consequently, this letter is to affirm that PWWSD #15 will not be a part of the 
Pikitinoi project at this time. Instead, we will pursue regionalized opportunities 
closer to us in the form of Kanopolis and Wilson reservoirs as a complement to 
our Smoky Hill River Development Strategy. 

Thank you again for your cooperation and willingness to involve us. Good luck 
with your project. 

Sincerely, 

� �// I 
Lavern D. Squier 
President, PWWSD #15 

(1)14511. 71 



cc: Michael Bart - Corps of Engineers 
David Pope - Division of Water Resources 
Al LeDoux - Kansas Water Office 
Congressman Jerry Moran 
Senator Pat Roberts 
Senator Sam Brownback 
Congressman Jim Ryun 
State Representative Eber Phelps 
State Representative Dan Johnson 
State Senator Larry Salmans 

014 518 
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April 9, 1999 

Mario· Gont.ales 
Attorney Gentrai-effice 
K ickapoo 'frfue 

R£: Pikita:noi-Rurai:Wam::Projcct 
CoordroationMecting-

Dear Mr. Gonzales: 

l anrcommunicatmg_ \vith:roulltregard oo the:C-oordinatiou Meeting-tlJat 
will be held on -April-30; -1999. As-we-understand tbt-current-seopt·of the 
IXOJCct, a.clditional cities.aiong the MO corr:itlorpipeline-routc; for mmnce 
Salina-, Manhattan, Abilene, and Junetion-C1fy; maybe considmd fur 
inelusion in the project: My-question-to ymr�tlo these cities-need to ·lbe 
contacted and iO\�ted-to attend-the April 3ut' t:oordination Meeting? If your 
view is.that.they shou1Q.incli1ded'in the April� meeting, then would your 
prcference-be_-to contactttmrand extemlthc imitation or would your 
preference be that PWWSD#l� make the-contact and extend thdnviration? 

We ha \'e. take1rthe-hberty towmtion 1kprojcct to the C1ty of Manhattan 
and the City of Salina w theyue -interested in-knowing·more-details_ 

Below, please find a p:actial Jisting.m city representatives, telephone 
numbers, and addresses. Perhaps-additiOttt!l "COntacts may be rteeded -and 
couJd·easilybe added·to the fat. !Hean-be offmrther assistarn;.e. please 
contact me at 785 628;7312 or Mr. Elden Hammerschmidt at 785 628-7350. 

1n1 

01 3179 



. .  

Sincerely, 

�II. ff/� 
Paul A. Mont()ifl 
Well Field Planner 

Cc: Elden Hammerschmidt 
Lavern-Squier · 
Judy·S-argent· · 
Hannes Zaichanas 

A�Partht.I :Listing-of City -Contacts, Addr.esses, 
And-Phone-Numbers 

Jack Metzer 
Director·of Utilities 
City of Manhattan 
l-101 Poyntz.Ave 
Manhatta:o, KS· 66-502 
785 587-2489'" 

CiffGibbs 
City of Abilene 
419 Broadway PO-Bm:5J.9 
Ab-iiene;·KS- ·-694·10· 
785•263-2550 

Don Hoff 

·Din:ctor-of£ngineering and Utilities 
·€ityuf-Satma 
300-WestAsft. PO Box 073-6 
Sahna, .:KS -614-02·0736 
785- 826-7290 

City-of·Jnnction City 
700-J.-effersorr ·PO Box. 287 
.hmction-City, KS 6644i 
785 238'-3-103 
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THE PIKITANOI REPORT 

The proposed Pikitanoi Project calls for building a regional water supply system, first to :serve the 
Kickapoo Tribe on their reservation in northeast Kansas, and second, to serve rural water districts 
and communities in northeast Kansas. 

The project, as described in a "Needs Assessment" drafted in March of 1998, proposes withdrawing 
water from the Missouri River under Tribal reserved water rights to serve the reservation, with the 
remainder of the water supply needed for non-tribal interests in a seven county area in northeast 
Kansas, to be withdrawn under water rights to be obtained by the non-tribal users. The assessment 
further states: 

"Financing of the regional water project requires funding of construction, operation 
and maintenance costs, in part, through appropriations of the United States Congress. 
A federal cost share in construction of the regional project of 75 percent would leave 
a debt retirement of $3 1,888,000 to local entities. The Kickapoo Tribe will seek 100 
percent financing of their project construction costs." (Page 1 - 4) 

The entire project calls for the construction of 304 miles of main transmission pipelines.1 The total 
cost of the project was projected to be $ 127,551,000. 2 Tuttle Creek and Perry lakes were mentioned 
in the "Needs Assessment," as alternative sources of water to serve the Pikitanoi Project. Although 
all three sources were very close in projected total costs, the Missouri River source was 
recommended as the best option. 

In response to concerns raised by the Kansas Lower Republican Basin Advisory Committee and 
others in the region about the need for a study of the proposed Pikitanoi Project, the Kansas Water 
Office has gathered information to assess the public water supply needs and issues in northeast 
Kansas. 

PREVIOUS STUDIES 

NORTHEAST KANSAS PWS STRATEGIC ANALYSIS 

NORTHEAST KANSAS WATER SUPPLY STUDY (1980) 

The Northeast Kansas Water Supply Study was prepared by Associated Engineers, Inc. (Junction 
City, KS), for the U.S. Army Corps of Engineers, Kansas City District. Volumes I and II, Plans of 
Regional Water Supply Systems, are dated August 1980. The former Kansas Water Resources Board 
was a participant in this study. 

The objective of this study was to provide a preliminary investigation of alternative means to meet 
the municipal and industrial water supply needs of northeast Kansas. Twenty-five counties were 

"Needs Assessment" page 7-13 

2 Ibid. 

1 



included. The study identified alternative systems of supply, treatment and distribution within the 
study area. In addition, an investigation was provided utilizing federal lakes as a water source for 
six counties in southeast Kansas. Also, two water export plans from Milford and Kanopolis Lakes 
to the Wichita area in south central Kansas were provided. 

This study formulated county or multi-county area water distribution systems sufficient to meet 

needs during severe droughts and to provide reserves for future growth to 2035. The scope of work 
was limited to the conceptual identification and preliminary evaluation of alternate systems of 
supply, treatment and distribution. Further comprehensive studies ofidentified service areas would 
be needed to verify the engineering and economic feasibility of proposed projects. 

PEP-NORTHEAST KANSAS WATER SUPPLY (1993) 

The Partners for Environmental Progress (PEP) Program is a federal catalyst to promote private 
sector investment in the environmental infrastructure of communities which do not have the 
resources to build or upgrade facilities in order to comply with more stringent regulations or to 
accommodate growth. PEP is targeted to communities that do not have the technical and/or financial 
capabilities to develop actions, plans or requests for proposals to privatize water supply, waste water, 
solid waste and waste to energy facilities. As part of the PEP Program, the Corps of Engineers 
participates in Market Feasibility Studies which allow local sponsors to proceed with privatization. 
Local Interests retain the responsibility to pursue any construction using non-federal entities. 

This PEP study resulted from a recommendation by the Kansas Water Office to study the potential 
for a wholesale water supply district to meet the needs in a seven-county area in northeast Kansas. 
The Glacial Hills Resource conservation and Development district and the Jefferson County 
Economic Development Commission jointly sponsored the study. The Corps of Engineers and the 
local sponsors entered into and approved a study agreement on March 6, 1992. 
Six counties (Atchison, Brown, Doniphan, Jackson, Jefferson and Nemaha) formed the initial study 
area. Leavenworth County and a rural water district in Shawnee County were added later. 

The PEP Study developed and quantified water supply needs for the seven-county study area in 
1990. Except for Leavenworth County, little population growth was forecast through 2020. Four 
conceptual designs tp distribute water of improved quantity and quality to the study area were 
developed. Two of these designs would supply water to all of the study area based on current usage, 
while the other two designs would supply about 25 % of the needs only for those water supply 
districts which expressed an interest in alternative water supply sources. 

The participants concluded that the PEP Study demonstrated the potential viability for non-federal 
construction and operation of a wholesale water system to serve the seven county area. 

UPPER DELAWARE AND TRIBUTARIES WATERSHED (1994) 

The Watershed Plan and Environmental Impact Statement for Nemaha-Brown Watershed Joint 
District No. 7 (Upper Delaware and Tributaries Watershed), was prepared under the authority of the 
Watershed Protection and Flood Prevention Act (P.L. 83-566) and in accordance with the National 
Environmental Policy Act (P.L. 91-190) . 

. -
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The Kickapoo Nation is centered on a reservation in the southeast part of the watershed. The allotted 
portion of the reservation covers some 19,200 acres, of which land currently in tribal or individual 
Indian ownership comprises about 37 %. The remainder of the allotted portion of the reservation is 
held in trust by the United States. The Kickapoo constitutional boundaries are based upon an 1854 
Treaty between the Kickapoo Nation and the United States which includes about 40 % of the 
watershed. A principal tribal goal is the development of a dependable water supply for increased and 
sustainable industrial, domestic and recreational uses. 

The Plan/EIS includes a multi-purpose structure (MP 21-14) for flood control, water supply and 
recreation which would be located on Plum Creek within the Kickapoo Reservation. This structure 
would include 5,713 acre feet of storage for water supply. A Watershed Agreement, signed by 
project sponsors, including the Kickapoo Tribe of Kansas, was approved by the State 
Conservationist, Soil Conservation Service on June 13, 1994. Costs for the development of the 
multi-purpose structure MP 21-14 were agreed upon as follows: 

Type of Cost 

Land Rights (flood) 
Land Rights (recreation) 
Construction (flood) 

WS District 

Construction (water supply intake) 
Construction (recreation facilities) 
Engineering Services (flood) 
Engineering Services (water supply intake) 
Engineering Services (recreational facilities) 

Total 

PIKIT ANOI PROJECT (1998) 

Tribe 

98.3% 
50.0% 
58.8% 

100.0% 
50.0% 
58.8% 

100.0% 
50.0% 

scs Est. Cost 

1.7% $749,200 
50.0% $172,200 
41.2% $1,022,600 

$71,400 
50.0% $660,800 
41.2% $349,600 

$25,000 
50.0% $99,000 

$3,149,800 

WE, Inc of Helena, Montana, conducted a needs assessment for the Pikitanoi Project, a draft of 
which is dated March 31, 1998. This assessment covers needs for safe and adequate drinking water 
on the Kickapoo Indian Reservation and the development of the Pikitanoi Project. Pikitanoi would 
be a regional, wholesale water project designed to serve entities in a six-county area ( Nemaha, 
Brown, Doniphan, Pottawatomie, Jackson and Atchison). 

Annual water demand for the Pikitanoi Project would be 5,086 acre-feet. The Missouri River would 
be the source of supply. This annual demand represents .017% of the average annual flow of the 
Missouri River at Rulo, Nebraska. Regional streams such as the Big Blue and Delaware Rivers were 
not considered as dependable sources due to low flow during drought. Tue-Kickapoo Tr:ibe claim 
water rights reserved by the Tribe in treaties with the United States. 

Financing for the Pikitanoi Project requires funding for project construction, operation and 
maintenance costs. This funding would come, in part, from appropriations by the United States 
Congress. A federal construction cost-share of 75 % would leave a debt retirement of $31,888,000 

3 
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to local entities. The Kickapoo Tribe will seek 100 % financing of _their project construction costs. 
Since the scope of this project is beyond the financing capacity of established federal programs, 
special federal legislation will be sought to authorize the Environmental Protection Agency, U.S. 
Anny Corps of Engineers or the Bureau of Reclamation to take the lead federal responsibility in 
development of the project. 

CONCLUSIONS 

It can logically be assumed that the earlier studies cited here did not lead to the development of 
regional water supply systems due in large part to a lack of funding, with little or no funding to be 
provided from the federal government. The Pikitanoi Project offers the opportunity for federal 
financial participation. In addition other state and federal funding options are now available. These 
options are discussed in the November 1998 issue of The Kansas Lifeline, a publication of the 
Kansas Rural Water Association. Copies of the articles (with permission) relating to funding are 
attached to this report. 

KANSAS WATER OFFICE ANALYSIS 

The focus of this analysis is to determine whether the Pikitanoi Project should be studied as a 
solution to the major public water supply problems and needs of the non-tribal water users in 
northeast Kansas. 

The study includes 15 counties: Atchison, Brown, Doniphan, Douglas, Jackson, Jefferson, Johnson, 
Leavenworth, Marshall, Nemaha, Pottawatomie, Riley, Shawnee, Wabaunsee and Wyandotte. There 
are 190 water purveyors in these counties. Of theses, 105 do not rely on Kansas or Missouri River 
(wells are the major source), 20 of these are on the Drought Vulnerable list; 15 others are dependant 
in part, or in whole on one of these purveyors; 20 of these state they have infrastructure problems; 
23 state they have quality problems; 5 state they have water quantity problems. 

The attached tables highlight the status of public water suppliers as follows: 

Table 1: 

Table 2: 

Table 3: 

Table 4: 

Table 5: 

Table 6: 

Demands of Public Water Suppliers Expressing Interest in Pikitanoi in Watsin 
Report. 

Demands of Those Expressing Interest in Pikitanoi by Letter. 

Demands of Those Expressing Interest in Pikitanoi. 

Demands of Those Depending on Rivers, MPSL's and Federal Storage. 

Available Ground Water By County in NE Kansas. 

NE Kansas Surface Storage Supplies. 

4 



PROPOSAL FOR A SPECIAL STUDY 

The Kickapoo Nation and the Pikitanoi Executive Committee consisting of several Northeast Kansas 
municipalities and rural water districts are seeking Congressional Amendment to the President's 
current Appropriation Bill, to fund a "Special Study" to assess water supply needs and conditions 
in Northeast Kansas. 

This study would provide the comprehensive background data needed to determine the most viable 
options to meet current and future water supply needs in Northeast Kansas. This study would be 
undertaken by the Kansas City District U.S. Army Corps of Engineers, who would be authorized and 
encouraged to work with others including the Bureau of Reclamation. This study would be 
undertaken with no preconceived notions in mind as to preferred options to meet water supply needs. 

CONCLUSION 

Based on an analysis of the attached tables the Kansas Water Office believes the State of Kansas 
should support the appropriation of Federal funds for the above "Special Study". 

1. The State needs the data from such a comprehensive study for planning purposes to 
determine water supply conditions and needs for non-tribal communities in Northeast 
Kansas. 

2. The State, by joining in with the Kickapoo Nation's request, would be the beneficiary of 
100% Federal funding for the study. If the Federal Government does not pay for this study 
the State and local communities will eventually need to finance a similar study. 

3. The study should provide some answers as to the need for and feasibility of the several water 
supply options and project proposals currently being considered, including but not limited 
to: the Pikitanoi Project; current and proposed multipurpose small lakes projects; federal 
reservoir storage owned by the state; and the Missouri River. 

While the Kansas Water Office does recommend an add-on to the Appropriations Bill to fund the 
"Special Study," it does not support Pikitanoi Project Authorization Legislation. The Kansas Water 
Office believes that it is premature to support any Project Authorization prior to the completion of 
the "Special Study" which will analyze as to Northeast Kansas water supply conditions and needs. 

5 
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Demands of those expressing Interest in Pikitanoi in Watsin RapOrt 

DROUGHT VULNERABLE? 
G 

Served by Valley Falla? 
Drought '89 & '90 
Served by Jackaon RWD 3 ? 

' • ,,,_,._.,,. ••vn•1.r-\.•1uv-�-" ... -•"-'-""''-" m•.v .. ____ Drouaht_-&9_&..:91 

Served by Jackaon RWD 3 ? 
Drought'89 
Drought'89 
Drought'89 
Drought '89 
Sarvas Goff? 

Sarvaa Pott. 2? 
Drought'89 
Undependable Surface Source 
Served by Jeff. 12 ? 

Served by Brown RWD 1 ? 

Conerns of Water Purveyor next 10 to 40 yrs 
H 

Quality - nitrates & gasoline @ Fairview near wells 
Infrastructure - larger line for fire protection 
Quantity and Quality stds. 
Quantity - Topeka limits water to district 

Quality - taste and odor 
Quantity - limited by Jackson 3 

Quality - amonia & manganese 

None .--,.-;• .. •-·· -· 

Quality - Iron and manganese & Infrastructure - maintaining system 

Infrastructure - increase storage 
Infrastructure - larger lines 

Quality - concern about ability to meet WQ stds economically 
Quantity - additional source 
Infrastructure - new tower & bigger distrib. lines 

Infrastructure 
Quantity 



Demands of those expressing interest In Plkitanol by letter 

co. Water Purveyor 
A B c 

1 X Atch Atchison RWD 3 
2 X Atch Atchison RWD 4 

Jack Atchison RWD 4 
Jeff Atchison RWD 4 

3X Brn Brown RWD1 
4X Brn Brown RWD 2 

2020 
Demand in Gals. 

D 

2040 
Demand In Gals. 

E 
SOURCE OF WATER 

F 
4, 108,000 4, 108,000 Missouri River -Atchison 
8,983,000 10,620,000 Delaware River, wells -Valley Falls 

695,000 858,000 Delaware River, wells - Valley Falls 
5,666,000 8,590,000 Delaware River, Wells ·Valley Falls 

55,749,000 88,120,000 Wells & Hiawatha 
44,837,000 53,156,000 Wells -Hiawatha 

DROUGHT VULNERABLE? 
G 

Served by Valley Falls? 
Drought '89 & '90 
Served by Powhattan ? 

None noted 

Conerns of Water Purveyor next 10 to 40 yrs 
H 

Quality - nitrates & gasoline @ Fairview near wells 
Quality • nitrates herbicides & Quantity - new source 

Nem Brown RWD 2 1,918,000 2,318,000 Well• -Hiawatha ��·-
5 X Jack Denison 5,238,000 5,488,000 Wells, Banner Creek MPSL -Jackson RWD 3 Sarved by Jackson RWD 3 ? Infrastructure - larger line for fire protection 
6X Brn Hiawatha 192,898,000 198,217,000 Wells SarvH Brown RWD 1? Quality- nitrate 

"' 282,fH.QOQ 301,.fL.1_.0DO..'Nella. Pralrl• Lake, BanneLCreek Me.SL Drought '89 & '91 !Quantity and Quality stds. 7 X Jack ti!!lll-

8 X Jack Jackson RWD 1 
Jeff Jackson RWD 1 

9 X Jack !lie1<sciilRWD3 
Atch Jackson RWD 3 
Jeff .Jackson RWD 3 
Brn Jackson RWD 3 
Nem Uack1on BWD 3 

1 o X Jeff Jefferson RWD 11 
11 X Jeff 'Jefferson RWO 12 
12 X Jeff Jefferson RWD 13 

86,353,000 119, 102,000 Kansas River, City of Topeka Quantity - Topeka limits water to district 
5,714,000 7,078,000 Kansas River, City of Topeka 

185,502,000 249,505,ooo Kaiisaa Riv.- To'jiaka • Jack� RWD 1, Banner" Cr M Droli'ght •ae'&''91 
4,814,000 6,448,000 KanaH River, Topeka • Jackaon RWD 1 (12%), Banner Creek MPSL 
8,599,000 11,541,000 Wells, Banner Creek MPSL 
4,599,000 6,132,000 Kansas River, Topeka -Jackson RWD 1 (12°4), Banner Creek MPSL 

412,000 536,000.Wells, Banner Creek MPSL Droug, "ht,.,',,_89�--------
119,630,000 185,219,000 Delaware River, wells 

80,303,060'" 102,eio,ooo Well•, MO. Riv. -Leavenworth 
82,005,000 110,703,000 Wells 

Distribution 

DG .. � · - 11,!U,OOO 15,ll!,000 Wells ,Jeff. Ruun •• Slngle.well 
13 X Jeff Jefferson RWD 9 
14 X Jack Mayetta 
15 X Jeff Mcl'outh 
16 x Brn Morrill 
17 x Nem Nemaha RWo 1 
18 x Nem Nemaha RWD 3 

Mar ,Nemaha RWD 3 
Brn Nemaha RWD 3 

19 x Nem Nemaha RWD 4 

6,725,000 6,850,000 Wells 
10,366,000 10,864,000 Wells, Banner Creek MPSL ·Jackson RWD 3 Served by Jackson RWD 3 ?  
44,964,000 57,623,000 Wells, Jeff. RWD 12 Served by Jeff. 12 ? 

7,782,000 7,782,000 City Lake (Sabetha), Wells, Pony Creek MPSL - Sabetha 
36,821,00C)° "43,059,000�Wells, eem- - Drolight '89 

112,588,000 123,963,000 Wells, Marshall RWD 3 Drought '89 
24,134,000 24,811,000 Wells, Marshall RWD 3 Drought '89 

247,000 247,000 Wells, Marshall RWD· 3 _ _ Drought '89 
40,048,000 42,117,000 Wells Serves Goff? 

Quality • taste and odor 
Quantity • limited by Jackson 3 
Quantity • economical source for growth 
None 

Quality • amonia & manganese 

None 
Jack Nemaha RWD 4 8,ill_,000 -!,264,000 Well• ·- m--n}d.).l.1..,;i�•.:" .:t":Afti4lt>.'!il!l't.;. 

20 X Jeff Nortonville 27 ,352,000 31, 738,000 Wells 
21 x 

22 x 

23 x 

24 x 

25 x 
26 x 

Pott Pottawatomie RWD 1 
Pott Pottawatomie RWD 2 
Pott Pottawatomie RWD 3 
Jack Pottawatomie RWD 3 
Nem Pottawatomie RWD 3 

238,721,000 348,852,000 Wells 
38,816,000 52,874,000 Wells, Pot. RWD 1 

101,828,000 144,838,000 Wells, Onaga 
2,602,000 3,565,000 Wells, Wells - Onaga 

Serves Pott. 2? 
Drought '89 
ServH Havensville? ,.,.., .. 

Nem �---
18,858,000 22,581,000 Wells, Onaga _ Quantity - supply to meet growth 

.,_... 130,897,000 133�000 Wells, •Rrlngs Drought '89 
• w. ·-- -

Quality - iron and manganese & Infrastructure. maintaining system 
SN Shawnee RWD 3 
SN Shawnee RWD 4 

119,911,000 150,418,000 Kansas river, wells, Assur. Dist.- Topeka 
309,445,000 391,764,000 Kansas river, wells, Assur. Dist.- Topeka, wells 

27 X Jeff Valley Falls 54,778,000 59,597,000 Delaware River, Wells Undependable Surface Source 
Served by Jeff. 12 ? 28 X Jeff Winchester �.291,000 17,856,000 Wells, Jeff. RWD 12 

2,525,078,000 3, 147, 175,000 
Infrastructure - increase storage 

......... L 



A 
1 x 
2 X  

3 X  

4 X  

s x  

6 X  

1 X  

8 x 

9 X  

10 x 
11 x 
12 x 

13 x 
14 x 
15 x 

16 x 

17 x 
18 x 

19 x 

20 x 

21 x 
22 x 
23 x 

24 x 
25 x 
26 x 
27 x 

28 x 
29? 

30? 

31 ? 

32? 

33? 

34? 

35? 

36? 

Demands of those expressing interest in Pikitanoi 

2020 
co. Water Purveyor Demand in Gals. 

2040 
Demand in Gals. SOURCE Of WATER 

f 
DROUGHT VULNERABLE? Conerns of Water Purveyor next 1 O to 40 yrs 

H B c 

Atch Atchison RWO 3 
Atch Atchison RWO 4 
Jack Atchison RWO 4 
Jeff Atchison RWO 4 ---
Brn Brown RWD 1 
Brn Brown RW02 
Nern Brown RWD 2 
Jack Denison 
Brn [Hiawatha 
Jack J:!.olton 
Jack Jackson RWD 1 
Jeff Jackson RWD 1 
Jack Jackson.RWD 3 ----
Atch �ackson RWD 3 
Jeff 

'
Jackson RWD 3 

Brn Jackson RWD 3 
Nern Jackson RWD 3 
Jeff Jefferson RWD 11 
Jeff JefflttSon RWD12 
Jeff �efferson RWD 13 
DG Jeff. RWD 13 
Jeff Jefferson RWD 9 
Jack Mayetta -
Jeff Mclouth ---
Brn Morrill 

-·--Nern Nemaha RW0'1 
Nern 

'
Nemaha RWD 3 

Mar Nemaha RWD 3 
Brn Nemaha RWD 3 
Nern Nemaha RWD 4 
Jack Nemaha RWD 4 -
Jeff Nortonville 
Pott Pottawatomie RWD 1 -

Pott Pottawatomie RWD 2 
Pott Pottawatomie RWO 3 
Jack Pottawatomie RWO 3 
Nern Pottawatomie RWD 3 
Nern Seneca 
SN Shawnee RWO 3 
SN Shawnee RWO 4 
Jeff Valley falls r--i..r• 
Jeff Winchester -� 
Jeff Atchison RWD 5 
Atch Atchison RWO 5 
Brn Everest 
Don Highland 
Brn Horton 
Jack Jackson RWD 2 
Brn Reserve ............... 
Don Troy 
Don Wathena 

D 
4,108,000 
8,983,000 

695,000 
5,556,000 

55,749,000 
44,837,000 

1,918,000 
5,238,000 

192,698,000 

E 
4, 108,000 Missouri River -Atchison 

10,620,000 Delaware River, wells - Valley falls 
858,000 Delaware River, wells - Valley falls 

6,590,000 Delaware River, Wells - Valley falls 
66,120,000 Wells & Hl.awatha 
53,156,000 Wells - Hiawatha 

2,318,000 Wells - Hiawatha 
5,466,000 Wells, Banner Creek MPSL - Jackson RWD 3 

198,217,000 Wells 

G 

Served by Valley falls? 
Drought '89 & '90 
Served by Powhattan ? 

282 854,or 
86,353,000 

.., 301,11.1.000.Wells. l'rairle L.ake, Bennet.Creek Ml'SC: 
119,102,000 Kansas River, City of Topeka 

Served by Jackson RWD 3 ? 

Serves Brown RWD 1 ? 
DrOJ!llht.'89 & '91 

5,714,000 
185,502,000 

4,814,000 
8,599,000 
4,599,000 

412,000 
119,630,000 

80,303,000 
82,005,000 

7,078,000 Kansas River, City of Topeka 
249�505�0ofl<anaaa Riv.- Topeka - Jaclt:'RWlf1,"Binner CrM orought'8ll�&"91 

6,448,000 Kansas River, Topeka - Jackson RWD 11 (1·2.k}, Banner Creek MPSL 
11,641,000 Wells, Banner Creek MPSL 

8,132,000 Kansas River, Topeka - Jackson RWD 1 (12.k), Banner Creek MPSL 
536,000 Wells. Banner Creek Ml'Sl OroJ!9,,ht_,,,..'""8""9 ________ _ 

185,219,000 Delaware River, wells 
102,900,000 Wiilli;-MD. RIV.:Liavenwortti 
110,703,000 Wells 

•v 15,598,000.Wells Single well 11�oon 
6,725,000 

10,366,000 
44,964,000 

7,782,000 
35,821,000 

112,588,000 
24,134,000 

247,000 
40,048,000 

8,791,000 
27,352,000 

238, 721,000 
38,81!1,000 

101,828,000 
2,602,000 

6,850,000 Wells 
10,884,000 Wells, Banner Creek MPSL -Jackson RWD 3 Served by Jackson RWD 3 ? 
57,623,000 Wells, Jeff. RWD 12 _ • Served by Jeff. 12 ? 

7,782,000 City lake (Sabetha), Wells, Pony Creek MPSL - Sabetha 
43,059,000 Wells, Bern - Drought '89 

123,963,000 Wells, Marshall RWD 3 Drought '89 
24,811,000 Wells, Marshall RWD 3 Drought '89 

247,000 Wells, Marshall RWD 3 Drought '89 
42,117,000 Wells Serves Goff? 

9,264,000 Wells 
31,738,000 Wells 

348,852,000 Wells 
52,674,000 Wells, Pot. RWD 1 _ 

144,838,000 Wells, Onaga � 
3,565,000 Wells, Wells - Onaga 

Serves Pott. 2? 
Drought '89 
Serves Havensville? 

None noted 

Quality - nitrates & gasoline @ Fairview near wells 
Quality - nitrates herbicides & Quantity - new source 

Infrastructure - larger line for fire protection 
Quality - nitrate 
Quantity and Quality stds. 
Quantity - Topeka limits water to district 

Infrastructure - distribution ma 

Quality - taste and odor 
Quantity - limited by Jackson 3 
Quantity - economical source for growth 
None 

Quality - amonia & manganese 

None 

tf'.llr....:, �· :.,·,,. 

--"'��"""'- ".J0.:.!.i� .. i:dl:·�'oL� 

18,856,000 22,581,000 Wells, Onaga ",? u Quantity - su�ply to meet growth 
4'1n AG'7 nnn · --· --· ,--- 133,506,000 Wells�gs Drought '89 ,Quality - iron and manganese & Infrastructure - maintaining system 
11ll,ll11,UUU 
309,445,000 

64,776,000 
18,291,000 
58,750,000 

128,920,000 
12,621,000 
42,848,000 
75,020,000 
10,282,000 

3,252,000 
56,086,000 
58,491,000 

2,971,348,000 

150,418,000 Kansas river, wells, Assur. Dist.- Topeka 
391,764,000 Kansas river, wells, Assur. Dist.- Topeka, wells 

59,597,000 Delaware River, Wells 
17,656,000 Wells, Jeff. RWD 12 

7,939,000 Missouri River is source-Atchison 
155,887,000 Missouri River -Atchison 

10,220,000 Wells 
44,753,000 Wells 
78,707,000 Wells, Mission lake 
15,144,000 Wells - Delia 

�,164,000 Well & Brown RWO 1 (Hiawatha) 
58,791,000 Wells 
62,167,000 Wells, St. Jo 

3,583,937,000 

Undependable Surface Source 
Served by Jeff. 12 ? 

Served by Brown RWD 1 ? 

Infrastructure - increase storage 
Infrastructure - larger lines 

Quality - concern about ability to meet WQ stds economically 
Quantity - additional source 
Infrastructure - new tower & bigger distrib. lines 

Infrastructure 
Quantity 



co. 
A B 

Water Purveyor 
c 

Wab Alt.oV"ista 

2020 

DEMAND w/o those depending o!1 rivers, MPSLs, fed. storage 

2040 
Demand in Gals. Demand in Gals. SOURCE OF WATER 

D E 
15,294,000 16,462,000 Wells, Morris Co RWD 1 

Wells -Jeff. RWD 1 

F 

Jeff Anderson's Trailer Pk 
Nem Axtell Well, -11s of Nemah• 3 & Marshall 3 
Mar Axtell 
Mar Beattie 
Pott Belvue 

14,043,000 13,211,000 Well, Marshall RWD 3, Nemaha RWD 3 
11,151,0oo 11,401,000 Wells, Marshall RWD 3 
11,187,000 ie.�.11§.QOO,.,.,,.....\fiila,. e,,.,. _____ _ 

Nem Barn 11,595,000 12, 150,000 Walls, Nemaha RWD 1 
7 Mar Blue Rapids 6,090,ooO 67,243,000 Wells 
8 X Bm Brown RWO 1 -� 55,749,000 88,120,0oo W.lls ll HlaWlllha 
9 X Bm Brown RWD 2 ___g,__ 44,837,000 53,156,000 Wella -Hlawalha 

Nem Brown RWD 2 1,918,000 2,318,000 Wells-Hiawatha 
10 Nam Centralia -�,,_- 19,500,000 20,854,000 Welta-Nemoho RWD 3 
11 Nam Coming ___ 5,486,000 5,585,000 Wells·N1m1ha RWD 3 
12 Jeff Corps' Part<s Wells - Jeff. RWD 2 
13 Jack Della 7,659,000 7,639,000 Wells 
14 Don Doniphan RWD 1 2,040,000 1,715,000 Well, Brown RWD 2 
15 Don Doniphan RWD 2 5,583,000 5,583,000 Well, Doniphan RWD 5 -Wathena & Troy 
16 Don Doniphan RWD 3 14,835,000 16,570,000 Wells 
11 Don Doniphan RWD 5 Wells ·Troy 
18 LV Easton -- 16,556,000 16,556,oOO Willa 
19 Atch efingham 29,721,000 35.ill,OOO Wells 
20 Poll Emmett 16,202,000 21,702,000 Wells 
27 Bm Everest 12,621,000 10,220,000 Wells 
22 Mar Fr�ort --.�· 39,969,000 39,969,000 Walla 
23 DG Franklin RWD 5 6,027,000 7,599,000 Wells 
24 LV Ft. Leavenworth 210,722,000 210,722,000 Wells 
25 Nern Goff --- 7,110,ooo 7,910,000 weili, Nemaha RWD 4 
26 Pott H1v1nsvllle 7,73',000 1,196,000 Wells, Pot. RWD 3 
21 x Brn Hlawalh• ---"--- 192,698,000 198,217,000 Wells 
28 Don Highland 42,848,000 44,753,000 Wells 
29 Brn Horton 75,020,000 78,707,000 Wells, Mission Lake 
30 Jack Jackson RWD 2 10,282,000 15,144,000 Wells· Delia 
31 Pott Janssen Mobile Home Pk 721,000 721,000 Wells 
32 Jeff Jefferson RWO 1 86,216,000 93,671,000 Wells 
33 Jeff Jefferson RWD 10 11,019,000 15,623,000 Wells 
34 X Jeff Jefferson RWO 13 82,005,000 110,703,000 Wells 

LV Jefferson RWO 13 18,297,000 24,674,000 Wells 
35 Jeff Jefferson RWD 15 �,493,000 6,263,000 Well 
36 Jeff Jefferson RWD 2 39,320,000 53,302,000 Wells 
37 Jeff Jefferson RWD 7 83,939,000 107,050,000 Wells 
38 X Jeff Jefferson RWO 9 6,725,000 6,850,000 Wells 

DG J.nL BW13 ___ �_-__ 11.�2.ooo 1s,s_n,ooo we11s 
39 Jeff Jeff. RWD 8 2,151,000 2,484,000 Wells & Jeff. RWO 1 
40 Riley Konza 10,976,000 12,172,000 ???? 
41 Jeff Lakeside Village 9,711,000 9,711,000 Wells 
42 Jeff Leavenworth RWD 10 Wells -Jeff. RWD 13 

LV Leavenworth RWD 10 26,540,000 35,701,000 Wells· Jefferson RWO 13 
43 LV Linwood 18,999,000 23,749,000 Wells 
44 Wab Maple Hill 18,636,000 21,283,000 Wells 
45 
46 

Mar Marshall RWO 1 6,692,000 7,825,000 Well, Marshall RWD 3 
Mar Marshall RWO 2 18,005,000 22,282,000 Wells 

47 Mar Marshall RWD 3 74,402,000 88,447,000 Wells 
48 Wab McFartand 11,507,000 12,923,000 Wells 
49 X Jeff Mclouth � 44,96',000 67 .623.000 Woli., Joff. RWO 12 
so Atch Muacolah 4.272,000 3,484,000 Wells 
51 X Nem Nomoho RWO 1 35,121,000 43,059,000 Well9, Born 
52 Nem Nemah• RWD 2 25,008,000 31,418,000 Wells -Senec1 
53 Mar Nemaha RWO 3 24,134.000 24,811,000 Wella, Marshall RWO 3 

X Nern Nemah1 RWD 3 112,588,oOo 123,983,000 Wella, Morahall RWD 3 
Brn Nemaha RW03 ___ �_ --�247,0QQ 247,�,Manh•llRWOJ 

54 Jack Nemaha RWD 4 8,791,000 9,264,000 Wells 
X Nem Nemaha RWD 4 :2::::::: 40,046,000 42,117,000 Wells 

55 X Jeff Nortonville 27,352,000 31,738,000 Wells 
56 Mar Oketo 3,783,000 2,586,000 Wells 
57 Pott Olsburg � 8,278,000 9,993,000 Well, Pot. RWD 2 
58 Pott Onaga 34,881,000 36,399,000 Wells, Pot. RWO 3 
59 Nem One ida � 2,354,000 1,898,000'Well, Nemoha RWD 1-Bem , Nemaiia RWD 3 
so Jeff Oskaloosa 

· 
51,509,000 60,094,000 Wells ll Jeff. RWD 7 

61 Jeff Ozawkie 25,281,000 29,552,000 Wells 
62 LV Paridise Trailer Park 4,552,000 4,552,000 Well 
63 Nem ,Pawnee RWD-NE � Wela. -Nemaha 1, Bern 
64 Wab Puleo -t,;zv:,ooo 11.�.� 
65 Jeff Perry 41,167,000 45,603,000 Wells 
66 Riley Ponderosa Mob. Home Pk 608,000 608,000 Wells 
67 x Pott Pottawatomie RWD 1 ·239;121,000 348,852.000-Wella 
68 X Pott Pottawatomie RWD 2 38,81 1 ,000 12,174.000 W.Ha, Pot. RWD 1 
69 X Pott Pottawatomie RWD 3 101,828,000 14',838,000 Wetls, Onagll 

Nam Pottawatomie RWD 3 18,856,000 22,5811000 Wells, Onaga 
Jack Pottawatomie RWO 3 2,602,000 3,565,ooo WellS, Wells - Onaga 

DROUGHT VULNERABLE? 
G 

Served by Nemaho 3? 

Drought '89 & '1IO 
Served by Powha ttan ? 
Served by Nimoha 3? 
Served by Nemoha 37 

Drought'89 
Dr.Q.ught of '18 

None 

Cone ms o1 Water Purveyor next 10 to 40 yrs 
H 

Infrastructure - now lines to new areas & replacement of old lines 

Quality -pollution 

Infrastructure - replacment of lines & QWlllity -new stds 
Quality - nitrates & gasoline@ Fairview near wells 
Quality -nitrates herbicides & Quantity -new source 

Infrastructure - replacement of lines & Quantity -from district 
Quality - lime 

Infrastructure - need new tower 
Quality -Nitrate and carbon let. 

None noted 
Infrastructure - expansion of distrib. sys. & increased pumping capacity 
Infrastructure - tlx leaks & replacement of lines 

Drought '89 J Quantity - backup well & Infrastructure 

Single -11 aourco? 
Single -11 aourco? 
Servea Brown RWD 1 ? 

Infrastructure - keeping up w/growth 

Quality • nitrate 
Quality - concern about ability to meet WQ stets economically 
Quantity - additional source 
Infrastructure - new tower & bigger distrib. lines 
None noted 
Quantity -ample supply & Quality ·"good" wells 

Infrastructure -distribution may not keep up with demand (funding) 

Single well aour<:e 
Quality requirements 

Sl!!gle...,-� u,_ ________ ,. 

Served by Jtrfl.12 7 
Slngle -11 sourco 
Drought·'89 
Droughla '89 & '90 
Drought'H 
Drought '89 
Droug ,...ht ..._'8,,,9,_ _______ _ 

None noted 
Served by Pott. 2? 

Served by Nemaha 1? 

Quality - taste and odor 

Want consolidation of districts for economy 
None noted 
None 

Quality - nitrates 
Quantity -need added source {wells) & Infrastructure - more storage 

Quallity - hard water 
Quantity - economical source for growth 
None 

Infrastructure - aging system 
Quality -amonia & manganese 

None 

Infrastructure -system upgrade 
Quality -corrosion 
Infrastructure -increased stor. capacity & backup system 

m.L.v , , , , ·Infrastructure - replace old lines 
Infrastructure - aging system 
None 

Serveo Pott.2? 
Drought'lt 
Serves HavenavlHe? 

Quantity - supply to meet growth 

10 Brn Powhattan____ -- --� 2.6U.OOO 2,6Da,OOO�...f.�BriiWn RWO 12 Uilawalhal - QroughlJ,_&>.'90 �---� •Quality & Infrastructure - system replacement 



71 Bm Reserve 
72 Riley Riley 
73 Bm Robinson 
,. Riley Rocky Fd. Trailer Pk. 
75 Riley Rocky Fd. Water Co. 

3,252,000 3,154,000 'Nell & Brow.t RWD 1 (Hiawatha) 
55172000 74211000 Wells 

16,003,000 19,509,000 Wella & Brown RWD #2 (Hlawotha) 
6,214,000 6,214,000 Wells 
1,978,000 1,978,000 Wells 

Served by Brown RWD 1 ? 
Infrastructure - storage for pressure 

Served by Brown 2 ? 
None noted 

76 X Nem S.nec;_ • 1301697.oOO 133,SOl,OOO.WliU..�fil! · ---- Dro�ht.'89 iQuality - iron and manganese & Infrastructure -maintaining system 
77 SN Shawnee RWO 2C 43,158,000 56,239,000 Wells -Silver Lake, wells Quality - pro1ecllon of water table from pollution 
78 SN Sliver Lake 55,668,000 61,149,000 Wells Quality -nitrates and minerals & Infrastructure - replacement of fines & new Tx plant 
79 
80 
81 

82 
83 
.. 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

Pott St. George 22,297,000 28,274,000 Wells lnfras1ruc1ure- dlstrib. llnes replacement 
.._ _______ .,11,..2.,719,000 225,809,000.Wefls DrouglJt "89 !Quality - nitrates Pott S� Ma!)'I 

LV Suburban Water Co. 
Wya Suburban Water Co. 
Mar Summerfield 
Riley Tatarrax Hills 
Riley Timber Creek Water 
Don Troy 
Riley Tut. Cr. Mob. Home Pk. 
Riley Tut. Cr. Water Co. 
Riley Tut. Terr. Trailer Ct. 
Riley Univ. Pk. Water DlsL 
Mar Vennilllon 
Wab Wabaunsee RWD 2 
Pott Walnut Grove Mobile Hom 
Pott Wamego 
Mar Waterville 
Pott Westmoreland 
Nem Wetmore 
Don White Cloud 
Bm Willis 

139,994,000 213,898,000 Wells lnfras1ructure - new towers 
207 ,ODO 207 ,ODO Wells 

6,016,000 4,891,000 Wells 
19,521,DDD 29,073,000 Wells 
23,994,000 30,739,000 Well 
56,086,000 58,791,000 Wells 

7,329,000 7,329,000 Wells 
1,807 ,000 1,807 ,000 Wells 
1, 145,000 1, 145,000 Wells 
6,938,000 7,195,000 Wells 
5,307 ,000 5,307 ,000 Wells 
32935000 41391000 Wells 

17 ,584,000 17 ,57 4,000 Wells 
305,943,000 386,982,000 Wells 

42,049,000 46,048,000 Wells 
30,321,000 34,878,000 Wells 
17,635,000 21,569,000 Wells 
77,659,000 77,345,000 Wells 

2,192,000 2,052,000 Wells, Mission Lake - Horton 

Quality -wq stds. 
None 
None 
Infrastructure 
None 
Quality & lnfras1ructure for better pressure 

Infrastructure - upgrade line estenslons 
Quality -dev. of hog fanns in area 

Quantity -for drought 
Infrastructure -shortage of storage 
Quality - Iron and manganese 
Unaccounted for water 

99 X Jeff Winchester 18,291,000 17,656,000 Wells,..Jeff. RWD 12 Served by Jeff.12 7 Infrastructure - Increase storage 
100 X Jeff Jefferson RWD 11 
101 X Jeff Valley Falls 
102 Jeff Jeff. RWD 14 
103 Jeff Je_!!.JtWD�6�-
"'' Jack Atchison RWD 4 

X Atch Atchison RWD 4 
Jeff Atchison RWD 4 

105 Jeff Jefferson RWD 3 
TOTALS 

119,630,000 185,219,000 Delaware River, wells 
54,776,000 69,597,000 Delaware River, Wells 

4,100,000 6,018,000 Delaware River, wells -Jeff. RWD 11 
Undependable Surface Source 

�mooo 5,964:000 Delaware River, Wells - Jeff. RWO 3 - Valley Falls !lli!gle Woll? Undep, Suri. Source 
695,000 858,000 Delaware River, -11s - Valley Falls 

8,983,000 10,620,000 Delaware River, wells - Valley Falls 
5,556,000 6,590,000 Delaware River, Wells -Valley Falls 

100,913JOOO 129,782,000 Dolaware River, Wells -Valley Falls 
3,668,716,000 4,445,458,000 

Served by Valley Falls? 
Served by Valley Falls? 

None noted 

Want to be run by another Dist. they ar 

Quality - adeq. wells for good supply & 
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TABLE 5 

,r 

Available Ground Water by County. in NE KS. . . 

Atchison 
Brown .. 

Doniphan 
Douglas 
Jackson 
Jefferson 
Johnson 
Leavenworth 
Ma..Shall 
Nemaha 
Pottawatomie . 
Riley 
Shawnee 
Wabaunsee 
Wyandotte 
TOTAL 

Legend: 
AF = Acre-feet 

1,550,000 AF 
802,000 AF 

1, 170,000 AF 
193,000 AF 

1,050,000 AF 
289,000 AF 

41,400 AF 
269,000 AF 

2,300,000 AF 
5,640,000 AF 

285,000 AF 
290,000 AF 
282,000 AF 
108,000 AF 
317,000 AF 

14,586,400 AF 

'· 

509,719,050,000 Gall9ns 
263, 738,502,000 Gallons 
384, 755,670,000 Gallons 

63,468,243,000 Gallons 
345,293,550,000 Gallons 

95,037 ,939,000 Gallons 
13,614,431,400 Gallons 
88,460,919,000 Gallons 

756,357 ,300,000 Gallons 
1,854, 719,640,000 Gallons 

93,722,535,000 Gallons 
95,366, 790,000 Gallons 
92, 735,982,000 Gallons 
35,515,908,000 Gallons 

104,245, 767 ,000 Gallons 
4, 796, 752,226,400 Gallons 

Ir; 
:r 
' � � 

! '· 

t 
' 

·l 
JI 
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TABLE 6 

NE KS SURFACE STORAGE SUPPLIES 

Water Supply 
Est Yield i ·c, � l2 :5 ·� 

St. and/or Local Sponsor 
Storage Capital Costs for storage 

\..._/' 

!anner Creek MPSL �,097 AF 547,500,000 Gal.Nr 1.5 MGD $396,969.00 
. 

:entralla MPSL ·:· 840' AF 273,750,000 Gal.Nr 0.75 MGD $108,672.00 

�ony Creek MPSL 2,367 AF 236,000,000 Gal.Nr 0.65 MGD $815,425.00 

�Ill Creek MPSL · 291 AF 94,900,000 Gal.Nr 0.26 MGD $203,405.00 

Clinton Lake 110,400 �F 6,022,500,000 Gal.Nr 16.5 MGD $11,415,610.24 
.. 

Hillsdale Lake ·ss,OOO AF 6,351,000,000 Gal.Nr 17.4 MGD $32,290 ,402.52 

" 

Miiford Lake 300,000-.AF 40,515,000,000 Gal.Nr 111.00 MGD $17,966,230.49 

Perry Lake 150,000 AF 29,017 ,500,000 Gal.Nr 79.5 MGD $16,124,579.44 

Tuttle Creek Lake .50,000·AF 56,664,584,785 Gal.Nr 155.25 MGD $3,645, 114.00 

TOTALS 689,995 'AF 139,722,734,785 Gal.Nr 3s2;sos MGD $82,966,407 .69 
.! 

Legend: 
AF =Acre-feet 
MGD = Miiiion Gallons per. Day 

• 



by Elmer Ronnebaum 

Kansas Self-help: Small 
Towns Environment 

heres a project coming up 
in Formoso, KS that is 
going to get lots of 
attention. Its the first 
"STEP" project in Kansas. 

Other communities need to take 
notice. 

STEP is the acronym for 
Small Towns Environment 
Program -- a program aimed at 
solving water and wastewater 
problems with more initiative and 
less money. That's right: LESS 
MONEY! Simply put, local 
people volunteer labor and 
services to cut costs on their 
projects. The Kansas Department 
of Commerce and Housing 
recently announced the first 
STEP project in Kansas -- a new 
water system for the small town 
of Formoso in Republic County. 
The goal is to install a new water 
system with a reduction of at 

Elmer Ronnebaum least 40% of today's typical 
General Manager 'retail' cost. 

recommended when no one has 
ever looked at the pipeline. 

K-STEP arrives 
Enter the Rensselaerville 

Institute of Albany, New York to 
introduce the STEP program to 
Kansas. Kansas is changing the 
acronym to K-STEP. The first 
candidate city has been awarded 
funding through KOOCH to 
construct a new water system. 
K-STEP will help Formoso solve 
a water system problem based on 

community and engaging cities in 
governance. K-STEP self-help 
approach hopes to reduce the cost 
of water and wastewater 
improvements in three primary 
ways: 

- Reduce overhead and 
markups of intermediaries. 
W hen a local government serves 
as its own general contractor, 
hiring sub-contractors itself, 
substantial cost reductions can be 
achieved. Direct purchase of 
materials is another advantage. 

Making money work as hard as local people do will help 
reduce water and wastewater bills for many small towns 
and rural communities across Kansas. 

- Use existing assets. 

································ There's no doubt 
that the conventional 
approach is for the state 
or federal agency to be 
the provider. This in 
tum discourages local 
initiative and 
responsibility. 
Communities become 
dependent on a 
professional system of 
engineers, attorneys, 
contractors and 

local resources. The concept is to 
not start with what the project 
might cost but with what people 
can afford. This is all backwards 
from the conventional methods. 
Why Formoso? Well, it cannot 
afford any of the alternatives 
previously suggested and the 
community does not qualify for 
grants. They are already paying a 
hefty water bill. In Formoso's 
case, the pipelines are in bad 
condition and do need to be 
replaced. 

Trucks, backhoes or other 
equipment owned by the city or 
resident who will lend it will 
reduce costs. 

• 

8 

complicated paperwork. Small 
towns and rural water boards are 
not encouraged to think 
differently. Example, if our 
engineer fills out the application, 
we'll have a better chance at 
funding. That's the way it works 
... and too often, what's built is 
what is being funded ... whether 
the town needs it or not There's 
no dispute that there's been a lot 
of pipeline replacement projects 

Benefits beyond the ditch 
Recently, I was invited to a 

discussion for the potential STEP 
program to be established in 
Kansas. Some 17 other states 
have successful programs already 
in place. STEP will put into 
practice a whole new set of ways 
people will look at "their" water 
or wastewater project. There are 
many benefits. 

Local perspectives 
Local initiatives produce far 

more than building a sense of 
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- Substitute volunteers for 
paid labor. This includes citizens 
who handle many planning 
functions, direct labor and even 
professional services such as 
engineering or legal advice on it 
contributed or below cost basis. 

The result is that Formoso. 
KS and other future communities 
will get needed improvements at 
a cost they can afford. 

KRWA applauds the Kansas 
Dept of Commerce and Housing 
for working to establish the STEP 
program in Kansas. If the citizens 

_,of Formoso stay on course and 
carry out their plans, it will be a 
success. Spreading this concept 
to other communities will force 
agencies into a major 'rethinking' 
of the way they've been doing 
business. There's likely going to 
be a share of detractors. Likely 
some will have the opinion that 



local people putting in a water 
system with some donated labor 
is just not going to work. But it 
can and it will if there's a 
thorough plan and 
follow-through. 

Business as usual is 
becoming less affordable 

K-STEP is the opposite of 
"business as usual." The problem 
is that small systems cannot 
continue to afford "business as 
usual. " 

Consider the case of a rural 
water district in Kansas whose 
engineer told the board that it 
wouldn't matter how much 
money was saved on their project 
because after the $45 a month 
water bill, the rest of the costs 
will be paid by grants. 

The engineer's fees (on this 
and most similar projects) are 
based on a percentage of the 
costs. The problem is that project 
costs aren't related to how much 
people can afford. Instead, it's 

how much can be spent and still 
obtain the money to do it 

Legal fees were projected at 
5.75% of the project costs. That 
comes to something over $950 
per connection. 

Then the potential borrower 
received information from Rural 
Development that the f� curve 
for legal services is to be 1 .3% on 
a project this size -- in effect 
cutting nearly $90,000 off of the 
proposed legal fees. And an 
outside source with construction 
experience has reviewed the 
project and suggests that at least 
$500,000 can be cut from the 
proposed construction costs 
based on costs of pipe and known 
costs for installation. The board is 
enthused by this information. It's 
beginning to become more 
affordable. There's now a chance 
that the proposed price tag will 
not scare people from signing up. 
With K-STEP, perhaps this 
project could have begun at the 
more realistic price -- and worked 
down from there. These farmers 

too are resourceful and are 
willing to help. Just give them a 
chance at knowing what they can 
do collectively rather than 
spooking them off with 
discussions of Davis-Bacon Act 
or environmental assessments. 

K-STEP will help local 
people to empower themselves to 
take back some control of their 
projects and to some extent, their 
destiny. Local people can do 
things for themselves - and their 
first challenge is to assess needs 
for today and tomorrow. Then 
they should remember that the 
money they spend has to be paid 
back. 

Making money work as hard 
as local people do will help 
reduce water and wastewater bills 
for many small towns and rural 
communities across Kansas. Help 
the agencies and professionals to 
buy in. You may have to rewrite 
your request for qualifications 
(RFQ) to include incentives for 
cost reduction. 

JC/ INDUSTRIES, INC" 

REPRESENTING QUALITY WATER TREATMENT EQUIPMENT 

•INFILCO DEGREMONT 

- Groundwater Treatment Plants 

- Surface Water Treatment Plants 

- Aquasource Membranes 
- Ozone Disinfection 

- Traveling Bridge Filter 
- Superpulsator® Clarifier 

- Softening 
- Iron Removal 
- Manganese Removal 

•I.T.T. - AC PCMPS 

800 N.W. MAIN STREET 
LEE'S SUMMIT, MISSOURI 64086 
TEL: 816-525-3320 • 800-366-7867 
FAX: 816-525-5881 

•RODNEY HUNT 

- AWWA Sluice Gates 

•GOLDEN ANDERSON VALVES 

- Altitude Valves 
- Pressure Reducing Valves 
- Control Valves 

•REPAIR SERVICES 

- 7 Days . .\ Week, 24 Hours a Day 

- Field Service 

- Machining and Balancing 

•VERTICAL TURBINE REPAIR 

1335 S. YOUNG 
WICHITA, KANSAS 67209 
TEL: 316-942-6200 • 800-669-7867 
FAX: 316-942-6423 
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by David Shupe 
Senior Financial Analyst 
Kansas Rural Water Finance Authority 

Options for financing 

ypically the questions come 
in this order: 1) We think 
we need some 
improvements in our water 
system; 2) A grant writer 

stopped here and said we could 
get some free money and 3) Our 
engineer says the project is going 
to cost more money than we can 
afford -- what do we do ?  Its a 
quandary to know where to go for 

financing projects. Unless you 
know the details of every loan 
and grant program, finding the 
right one is a challenge, 
especially for small and 
medium-sized systems. 

Recently, the City of Parker 
contacted the Kansas Rural Water 
�ss�ia�on to assist the city in 
1dentifymg sources of funding. 
Parker is proposing to replace 
their water lines in preparation of 
receiving water from the new 
PWWSD No. 1 3. Parker would 
also like to construct a new city 

David Shupe hall. 
. 

area is classified as having 
Moderate Income when the area 
has average household incomes 
at 80% of the county average. 

What are the sources of 
funding? 

Generally, when cities or 
water districts want to make 
improvements for water or 
wastewater facilities, the 
financing sources may include 
but are not limited to the 
following: 

• Community Development 
Block Grant; 

• Rural Development; 

• Kansas Public Water Supply 
Loan Fund; 

• Tax-exempt bond Financing; 

• Kansas Rural Water Finance 
Authority. 

RD 
Rural Development 

(formerly Farmers Home 
Administration) has loans and 
grants available for cities and 
rural water districts. Rural 
Development has several 
different interest rates available 
depending on the economic 
hardship in the area. In federal 
Fiscal Year 1997 (October to 
September), Rural Development 
provided grant funding of 
$9,080,500 and loan funding of 
$10,685,500 for a total of 
$19,766,000. 

KPWSLF 
The Kansas Public Water 

Supply Loan Fund is 
administered by the Kansas 
Department of Health and 
�':irolll!1ent. This program was 
lilltiated m 1997 and has just 

Financial Analyst The city contacted 

, • • • • • • • • • • • • • • • • • • • • • ����:�
e
st Regi.on�l P!anning 

, onuruss1on ior 

The advantages of tax-exempt financing are that the interest 
rates are very attractive in comparison to conventional 
loans. Just recently, I found one rural water district in 
Kansas paying 10.50 % for a short term bank loan. 
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assistance in 
determining what grant 
funding is available. The 
city has a 56% 
Low/Moderate Income 
level and is therefore 
grant eligible. The 
Planning Commission 
determined that the 
water project is eligible 

but that Community 
Development Grant funding can 
not be used for governmental 
buildings except to make them 
handicap accessible under A.D.A. 

The Low/Moderate Income 
level determination comes from 
data assembled by the Dept. of 
Housing and Urban 
Development. An area is 
classified as Low Income when 
the average household income is 
50% of the county average. The 

CDBG 
The Community 

Development Block Grant is 
administered by the Kansas 
Department of Commerce and 
Housing in Topeka. This program 
has provided an average of 
$4,138, 155 per year for water 
projects in the past two years. 
The Community Development 
Block Grant program is 
competitive. The 1998 CDBG 
Grant application deadline was 
September l, 1998. The FY98 
water projects totaled $9,083,765. 
The 1998 grants will be awarded 
in November 1998. Generally 
speaking, the applicant will need 
to match the grant request. 

T H E K A N S A S L I F E L I N E November 1 998 

completed its first round of loans. 
It's a 'loan only' program that 
provided $44,000,000 to 10 rural 
water districts and 15 cities in the 
first funding cycle. The interest 
rate on the loan is established at 
the time that the loan agreement 
is approved by the governing 
body. The interest rate is 80% of 
the average of the Bond Buyer 20 
Index for the previous three 
IJ!Onths. The Public Water Supply 
Loan Fund interest rate has 
ranged from a low of 4.09% to 
4.29%. 

The advantage of the Public 
Water Supply Loan Fund is that 
the interest rate is very 
competitive. The October '98 
loan rate was 4.07%. Recently I 



had one city challenge me on the 
attractiveness of the interest rate. 
The city believed it could achieve 
the same interest rate in the 
tax-exempt bond market. In 
challenging their response, it was 
apparent that the city was basing 
this on a 10 year bond issue. It is 
not reasonable to compare a 10 
year interest rate to a 20 year 
interest rate. The other benefit of 
the state loan fund is that the 
borrower does not have the 
typical cost of issuance 
associated with the issuance of 
bonds: bond counsel, financial 
advisor, bond printing, etc. I 
bring this up because this was a 
sophisticated city administration 
-- but very unaware of pricing on 
a basic bond issue. 

Tax-exempt bonds 
Tax-exempt financing is 

another financing option. 
According to the State 
Treasurer's office, a summary of 
bond issues registered in 1997 
indicates that cities and rural 
water districts issued 
approximately $ 1 19,593,500 for 
water projects for a total of 24 
issues. The State Treasurer's 
report as of August 1998 showed 
approximately $6 1,3 16,000 for 
water projects. Thirteen bond 
issues were completed in 1998 up 
to August 3 1 .  A small portion of 
the 1997 and 1998 financings 
were for refundings. 

The advantages of 
tax-exempt financing are that the 
interest rates are very attractive in 
comparison to conventional 
loans. Just recently, I found one 
rural water district in Kansas 
paying 10.50% for a short term 
loan to a bank. 

Historically, today's interest 
rates are at very appealing levels. 
Depending upon its financial 
strength, a city or rural water 
district should be able to borrow 
tax-exempt money for an average 
interest rate of less than 5.25% 
for 20 years. 

Another advantage of 
tax-exempt bonds is that- the 

. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 

Summary: Funding Water System Improvements 

m.§ 
a

'
ond Financing · 

Rural Devel0pment 
$1 06,484,000 . 

5,606,800 

.1filrl 
$1 19,593,500 
· 1 9,766,000 

-� 
$57, 701 ,800 

nla 
43,650,401 KSPWSLF 

. 

CDBG 
KRWFA 

0 
4,138, 1 55 
9,21 0,000 

, o· 
4,1 38, 155 

·. 1 ,610;000 
. n/a 
6,045,000 

Total $1 25,438,955.00 . $1 45,1 07,655.00 

* As of August 1 998 
Rural Development and CDBG 1 998 Funding not available 

process of issuing bonds typically 
takes 45 to 60 days from start to 
finish. And you do not have to 
wait in line and compete for 
funding as with the CDBG, Rural 
Development and Kansas Public 
Water Supply Loan Fund. 

KRWFA 

Another vehicle for financing 
is the Kansas Rural Water 
Finance Authority. The KRWFA, 
a non-profit organization created 
in 1988, is endorsed by the 
Kansas Rural Water Association. 
KRWFA's purpose is to assist 
cities and rural water districts in 
evaluating their funding options. 

The KRWFA has issued bonds in 
excess of $50,000,000 since its 
creation. 

Make sure your financing 
is competitive 

In 1992, the KRWFA Board 
of Directors changed the manner 
in which the Authority obtains 
financing. The KRWFA requires 
the bidding of the interest rate 
and the underwriting discount tq 
be disclosed. 

Why? The Authority saw 
borrowers selecting proposals 
based upon fees with no focus on 
the interest rates. The myth is that 
everyone charges the same 

G REATER PROTECTION 
B Y  ANNUAL ATTENTION 

Servicing 
Since 

Munlclpalltles 
1 92 1  

A PROVEN YEARLY 

MAI NTENANCE PLAN 

FOR YOUR 

ELEVATED WATERTOWER 

WBtartowar Paint 8r Repair Co. ,  Inc. 
"The Tank With the Red Roof' 

Providing dependable service to municipalities since 1921 
and offering the experience, skilled workmen, adequate 
insurance coverage and the best of equipment and materials 
to perform the highly specialized trade of painting and 
repairing elevated watertowers. 

Interior inspection by Color Video Camera. 
Area Code 51 5-357-2101 Available 

P.O. Box 67 
Fax 1-51 5-357-8881 Clear·Lake, Iowa 50428 

Mnnbn- of Amn-kan 1Valnworlls Association 
Mmibn- of SSPC. 
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FY 1 998 Project Priority List, Kansas Public Water Supply Loan Fund 

The Kansas Department of Health & Enllfronment has announced the projects which will be offered funding through the FY98 Kansas 
Public WalB< Supply Loan Fund. Approximately $39,600,000 wfl/ be available. KDHE Intends kl provide 111til February 28, 1999 lor the highest proejcts 
kl complete an application. AftB< Iha� system wfll be contacted In order of this lslin(J, dependifl{I on remalnlfl{I funds available. 

Logan 
Bazlne 
Stockton 
Parsons 

System 

Baxter Springs 
Crawford CO RWD I 6 
Washington CO RWD I 2 
Osawatomle 
Butler CO RWO# 6 
Butler CO RWD I 8 
Edgerton 
Harvey CO RWD I 1 
Chetopa 
Eureka 
Marshan co RWO ' 3 
Empol1a 
Ruasen 
Syracuse 
Wlnfleld 
Ctmarrqn 
Franklin CO RWD # 6 

' Leavenworth co flWD ' 9 
Osage CO RWD 1 7  

, Rloe CO RWD 1 1 
Bunker Hlll 
Fort Scott 
Lyons 
Osborne 
Rush Center 
DeSoto 
Wiison 
Chanute 
Hav
Junctlon Ctty 
Lawrence 
Mcansas Ctty 
Cherokee CO RWD I 3 
Franklln CO RWD I 6 
Jefferson CO RWD I 1 
Jefferson CO RWO I 1 1  
Um CO RWD t 1  
t.4ounl HPpe Ne� CQ RWD l 3 
Osage CO RWD I 2 
Roslvtlle 
U,lytMI 

·- Blaon t 
Colfeyvllle 
Council Grove 
Elmdale 
Erie 
Garnett 
Goessel 
Hlawalha 
lqla 
Iola 
Paxico 

ProJect Description 
new well and water lines 
new water wells and transmission Une 
water treatment;plant upgrade and water line replacement 
water treatment plant 
water treatment plant rehab & upgrade, residual handling 
new well, water treatment plant l�rovements and water lines 
new wells (2), chlorlnatlon bldg, water transmission Rne 
new water treatment plant, phase I, water storage distribution 
pump station modification 
new storage tank. telemetry and controls, pu� station & water lne 
booster pump atatlon, elev.storage tank, flow control atatlon 
storage tank, distribution system upgrade, and loop Hne 
water treatment upgrade, water Une replacement, and pu�lng facilities 
new water supply source, treatment plant upgrade and chemical feed system 
new water wells, and water distribution system 1n1>rovements 
phase II water treatment plant upgrade 
waterline replaeement 
clean and paint tower, replace river crossing 
storage tanlci distribution system upgrade, and loop line 
water line replacement and upgrade 
replace wen and chlorlnatlon facility; new well 
cleaiwell, elevated storage tanks, high service J>Ull1lS; 3.6 miles water Rne 
construct 4 m11es of Une 

. 

tranarni.sion Ines 
drill & develop new water well 
elevated storage tank. telemetry controls, and water Roe connection 
rehab well pumps 
water distribution system ln1>rovements 
standpipe and waterline lfr4:>rovements 
rehab water tower, water well & cleaiwell, rehab water Une & loop 
water Une and hydrant replacement, telemetry & lne extension 
water distribution Improvement to consolidate, wtth RWD 
conservation program. storage tank rehab. & filter medi;l rehab 
filter plant rehab, main extensions 
water treatment of solids from plant 
well I 3 rehab meter and hydrant replacement 
elevated storage, 6 miles to provide 24 hrs lt4IPIY 
pfpellne rehab, 2 storage tanks, booster station 
dl81r!butlon system Improvements 
two wells, chlorlantlon bulldi!lQ and 6 miles of pipe 
water mains and storage 
water Roe replacement and upgrade 
engineering study, new wells and controls 
fllplacernent and upgrade of watertlne , 
new storage, 2 new wens, new water Dne and chlolln8tlon butldlng 
hnlmitllol! "" tonJ1 Ml field to atorage tank 
Waler Ina �nl & '""81 lhul�valves 
elevated tank, water 1tnes and plant "'1>fovement 
new raw water line 
water tower & water lne exte(lllon tO ..-ved c:uatomers 
water plant filter rehab, upgrade & automation, lne & meter replacement 
new water atorage tank 
storage tank 
dtstrllutlon Ines and hydrant replacements & extension to unserved 

· filter controls, new raw water pump, telemetry and paint tower 
new filter media, paint water tower and 1 mile of Roe 
replace concrete atorage tank wfth steel 

interest rates and that the fees is 
what is important. Fees and 
interest rates are mutually 
important and the two costs need 
to be combined to determine the 
'net effective interest rate' on the 
financing. 

KRWFA bids the financing 
for the borrower. KRWFA 
develops a proposal and solicits 
bids to be received on a specific 
date and time. The bid requires 
that the financial institution or 
investment banking firm must 

T H E K A N S A S L I F E L I N E November 1 998 

Loan Request 
650,000 
300,000 

2,600,000 
8,600,000 
2,300,000 

700,000 
445,000 

2,000,000 
1 ,600,000 

887,875 
695,000 
443,760 
768,800 
971,000 
4QO,OOO 

6,749,000 
1 ,426,000 

220,000 
2,926,165 
1 ,622,600 

120,000 
1 ,470,900 

135,000 
135,000 
160,000 . 

1 ,943,760 
126,000 
359,400 
400,000 
204,430 
135,100 
650,000 

1 ,635,000 
457,000 

2,400,000 
305,000 
600,000 

3,025,000 
165,000 
650,000 
650,000 
100,000 
220poo 
350,000 
682,000 
220,000 
<&OQ,qoo 
760,000 
100,000 
160,000 
60,000 

600,000 
300,000 
189,000 
125,000 
660,000 
130,000 

AccumulaUve 
Amount 

650,000 
950,000 

3,450,000 
1 1 ,950,000 
14,250,000 
14,950,000 
15,395,000 
17,395,000 
18,895,000 
19,782,875 
20,4n,875 
20,921 ,625 
21 ,690,426 
22,661 ,426 
23,061,425 
28,810,426 
30,235,426 
30,455,426 
33,381 ,680 
34,904,080 
35,024,080 

,36,494,980 
36,629,980 
36,764,980 
36,914,980 
38,858,730 
38,983,730 
39,343,130 
39,743,130 
39,947,660 
40,082,660 

,4'0,632.� 
42,1f!i1,660 
42,624,660 
45,024,660 
45,329,660 
45,829,660 
48,854,660 
49,009,660 
49,659,660 
60,209,660 
60,309,660 

' 60,629,660 
60,879,660 
61,661,660 
61i'181 ,6liQ 
62,181 .660 
62,941,660 
63,041,660 
63,1111,660 
63.261,660 
63,761,660 
54,061,660 
54,240,660 
54,365,660 
54,925,660 
65,055,660 

disclose both the interest rates 
and underwriting discount. 

Bidding your financing saves 
money. This past year, a rural 
water district had received an 
unsolicited refunding proposal 
from an investment banking firm. 



Just as systems bid out the construction or purchase of 
other services, the purchase of money (financing) should 
also be bid. The cost variance alone on the financing has 
been up to 10% of the total amount borrowed. 

applying to several different 
agencies. 

New funding program 
The Kansas Rural Water 

Finance Authority is working on 
the development of another new 
source of funding, particularly for 
projects from $50,000 to 
$900,000. This loan program will 
allow the borrower to lock in an 
attractive tax-exempt interest 
rate, complete loan review and 
documentation within 48 hours. 
KRWFA intends to have this 
application process available via 
the internet. Stay tuned for 
further information as this 
develops. 

The district retained the services 
of the KRWFA to bid the project. 
The investment banking finn that 
previously submitted the 
refunding proposal submitted a 
bid through the KRWFA. When 
the same firm bid the financing 
through the KRWFA, their bid 
was $ 16,000 less than they had 
submitted directly to the 
borrower. Just as systems bid out 
the construction or purchase of 
other services, the purchase of 
mo�ey (financin�) should also be 
bid. The cost vanance alone on 
the financing has been up to 10% 
of the total amount borrowed. 

ONE STOP FINANCING -

an idea whose time has 
come 

As competition for loans and 
grants and other financing grows, 
there is also the potential for the 
funding programs to become 
more competitive. Borrowers, 
you have to take time to learn 
about these funding programs 
and which option is the best for 
you. Smaller systems particularly 
often do not know where to begin 
in accessing the most competitive 
financing. I repeat "the most 
competitive" fmancing. 

The State of Oregon has 
implemented a voluntary "Money 
Club. "  This one-stop fmancing 
allows applicants to present their 
project to the various funding 
agencies who decide which 
program is best suited for the 
borrower. Agencies participating 
in the meetings are: Rural 
Development; United States 
Department of Commerce; 
Economic Development Dept. 
and State Loan Fund. 

The meetings are held on the 
second and fourth Tuesday of 
each month. The length of the 

meeting is approximately 90 
minutes. The applicant is given 
20 minutes to make a formal 
presentation on project 
description; location; needs and 
potential benefits. The funding 
agencies make a presentation on 
the project's eligibility and then 
the group discusses the best mix 
of potential loan/grant funding 
available. 

"Cities, counties, rural water 
districts love it," reports Betty 
Pongracz of the Oregon 
Economic Development 
Department. The participating 
agencies are very pleased with 
the coordination of funding of 
projects and the sharing of costs 
among fmancing agencies. 
Borrowers like this concept 
because it reduces the time and 
effort nonnally associated with 

For additional information 
about the funding sources 
mentioned in this article, contact 
the following: 

Rural Development -
Gary Smith 785/271-2700 

CDBG - Mary Faye Lafaver 
785/296-3485; 

KSPWSLF - Dave Waldo 
785/296-5503; 

KRWFA - David Shupe 
3 16/265-4855. 

Ripcord Smoker with UquiSmoke: 
• Costs less to use than smoke bombs or 

smoke canisters. 

• No more "duds", seasonal limitations, or 
unusable inventory. 

• Occupationally and environmentally safe. 

• Provides dense smoke and up to 
4000 CFM of forced air. 

Using tile Ripcord Smoker for INFLOW ANALYSIS helps 
identify tile problC111s t/Jat tl1reaten our supply of 

clean water by /oc.-1ting tfle source of inflow. 

H ��S .9 
Call today for more infonnation 1-800-888-1436 
P.O. Box 70, Harrisburg, SD 57032 • e-mail: hurco@iw.net 
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DATE: 

TO: 

FROM: 

SUBjECT: 

KANSAS WATER OHICf 

M :E M 0 R A N D U M 

February ! 3, 2003 .z./ 
Kathy ·Greenlee · /J ~ / 
_Chief Of Staff~ Governor~ff~ 

.Clark Duffy J4r 
Director, Kan"sa:S"Water.Office 

Municipal Wa.ter Supp.ly Issues for Hays and R~ssell; 
_-Proposec:FGoverrior:'s·Task Force 9n.Cedar Bluff Reservoir 

Tbe Kansas Water Office supports the proposal to create a Governor's Task Force:on Cedar Sluff Reservoir. 
However, we feel strongly that the use of !N.ater in the reservoir ·for "municipal water supply-' is. not an 
app~opr.iate topic for the task force to consider. The primary reason is. that the reservoir· wiil not. produce a . 
sustainable amount of water for mur)icipal use by Hays and Russell;. and-thus there is really no water available 
tor such a discussio(l. . . . 

We are also concerned that indusion of this topic. would be a distraction in the current negoti.ations between 
the ~tate of Kans.as and the·Gities of Hays and Russell to become part of a regional water supply system using 
water from Kanopolis Lake. This is the preferred alternative of the .State. of Kansas and the cities of Hays and 
Russell for solving area supply needs for the futuf.e. 

If water supply does became part of th~ task force's charge, we are afraid that these issues will dominate the 
task force. discussions and take precedence over other important issues such· as recreational uses of the 
Reservoir. We also feel that further dis~ussion of Cedar Bluff as a water supply source will only r?tise false 
hopes for Cedar Bluff to become part of the area's solution to its water needs: 

Finally, even before any. final decisions have been made by on the Cedar Bluff Task Force, the House 
Appropriations Committee discussed to.day the water supply needs of Hays and Russell, and how storage 
capacity in Cedar Bluff might fit into the possible solutions for these two cities. ·That this issue has moved into 
the legislative arena is another reason for a decision to be made on whether to proceed on the Cedar Bluff 
Task Force and on which topics it would be directed to make recommendations. 

I have attached a background paper of the public water supply issues surrounding the Cedar Bluff Reservoir 
and its relation to the public water supply needs of Hays and Russell. If you !}ave any questions, please feel 
free to. contact. me. 

901 5 .. K.~MSAS AVENUE, TOPEKA, KS 66612-1249 
\1 .. : I<_ 7 t'i r n, n • ... • ..... 
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Background Paper 
Hays and Russell Public. Water Supply 

February 2003 

Public water supply for the cities of Hays and Russell h·as been a topic of discussion foe many years. The. 
Kansas Water Office has worked with these communities since 1981 to find a reasonable long term 
supply. Th.e most reasonabl~ sup.ply to ser:ve Hays and RUssell and allow for growth in their 
commynities is to use storage In Kanopolis Lake recently pL!fchasecf by the State of .Kansas. All 
other options are either too unreliable, too expensive or there is politicat opposition. · 

In 2002 the State of Kansas through the Kansas Water Office and Kansas Water Authority signed a · 
contract to purchase Kanopolis. L!.ake. The Kansas Congressional Delegation was engaged in this 
purchase by inserting language into the Water Resources Development Act of 19~9 that authorized ·the· 
sale and provided for. a discounted safe price. The purchase was autflorized to be made and paid far 
under the state's Water Marketing Act which requires that there be projected users for that storage. Both 
Hays and Russell were projected as users of Kanopolis because of the feasibility to supply water to.them 
and their repeated interest in water supply from this source. The Kansas Water Office is currently in 
negotiations for a long term water marketing contract with Public Wholesale Water Supply District No. 15, 
which is co~ posed of the cities of Hays and Russell. · 

· :· · , · .. · · .. · :·Historic Prooosed Public Water Suoo.ly Projects·· · 

,1~ 
t•" • ••• .. · . 

\ 

The following is a lisfof known pul;llic water supply proJects discus~ed or studied by the cities of Hays and 
Russell and involving some type of state or federal interaction. 

a e - UbiC T bi 1 P r w f H ater Supply Sources Evaluated or ays an dR usse II 
Year Project Concern!Comment 
1991 Glen Elder/Waconda Lake - Joint application by J:iays . and Too expensive 

· Russell for water ri(;!hts to W~conda Lake for up to 15,000 acre-. 
feet per.year. 

1991 Wilson Lake - Joint application by Hays and Russell for. water .Too expensive 
rights to Wilson Lake for up to 8,000 acre-feet per year Water Quality 

1995 Edwards County Ranch - The City of Hays purchased the R-9 ·High Cost and.local 
Ranch in Edwards County in January 1995. Water Rights total opposition 
about 7,000 acre-feet per year. . . 

1996 Kanopoli!:? Lake- June 10, 1996 Public Wholesale Water Supply This is the 
District 'No. 15, filed application with the Kansas Water Office to aft(::rnative preferred 
negotiate for water supply from Kanopolis, requesting 2,000 million by the State of 
gallons per year. June 3, 2002, Wholesale District No. 15 reaffirms Kansas. 
interest and increases request to 2,555 million gallons per year 
(see Attachment A) 

1997 Wilson Lake - The Corp of Engineers studied reallocation of Too expensive : 

storage in Wilson Lake and published a report in September 1997. Water Quality 
1998 South Russell Well Field - Public. Wholesale Water Supply Unreljable sour'ce 

District No. 15 tiled eleven applications for ground water during low 
· appropriations along the Smoky Hill River in southeastern Russell streamflow and 
County. Water Quality 

1999 Pikitanoi Water Supply - Public Wholesale Water Supply District 
No. 15 interest caused the ·expansion of the Pikitanoi Project to the 

Tao expensive 

west of the original areas of Atchison, Brown, Doniphan, Jackson, 
· Nemaha, Shawnee and Pottawatomi.e counties. 

1-999' Cedar Bluff Reservoir. 2000 and sub'sequent legislatures gave Not reliable for 
guidance in budget committee reports that water not be released . water supply. 

r 
from Kansa's Water Office storage. in Cedar Bluff Reservoir. (se'e 
Attachment B} 
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Year 

2002 

2002 

. 2002 

2002 

Project 
Eva:luation of Lake Wilson and. Kanopolis Reservoir • Public 
Wholesale Water Supply District No. 15 received a preliminary 
report in October 2002 from a consultant that identified three 
potential water sources, K?nopolis Reservoir, Wilson Lake, and a 
well field. 
Cedar Bluff Reservoir - Public Wholesale No. 15 hires, 
Maclaughlin Water Engineers of Denver, Colorado to evaluate the 
possibility of using Cedar Bluff for a ·public water supply. 
Post Rock Distribution System - Public Wholesale Water· 
Supply District No. 15 has at various times evaluated the feasibility 
of connecting ~o Post Reick's distribution system. This remains a 
viable option and one that should be explored. The City of Russell. 
is currently discussing a water supply contract with Post· Rock 
RUral Water District 

. ·Fossil .Lake - City of Russell has filed an application under the 
Multipurpose Small Lakes Program to dredge the city's municipal 
lake. 

- Current Suooly 

Concern/Comment 
Kanopolis lowest 
cost reliable source 

· that cou\d serve 
othe~ communities 
as well. 
Not reliable for 
water supply. 

This option is being 
evaluated as part of 
the Corps of 
Engineers study for 
water supply from 
Kanopolis Lake . 
Not reliable or 
signifiCC!r)t source of 
water with high 

. cost. 

-.The City of Hays draws water from three existing well fields: a well field in the Big Creek alluvium, from deep 
Dakota forri1ation. wells near Hays, and from the Smoky Hifl alluvium near Schoenchen .. The total amount of 
water. appropriated for these wells is 4,034 acre-feet per year. The total amoun_t appropriated for the 
Schoenchen wells is 2,800 acre-feet, but the wells will only yield about 1,000 acre-feet per year. Therefore, the 
amount available for diversion during dry times is about 2, 640 acre-feet In 1999, tbe City of Hays used 2,183 

. acre-feet from these three sources. 

. The City .of Russell has water rights from the Smoky Hill alluvium near Pfiefer, ·in the Big Creek alluvium and a 
·surface water right for water stored in Cedar Bluff Reservoir. The total appropriation for these rights is 4,487 
acre-feet per year. Of these total 2,000 acre-feet is appropriated from Cedar Bluff Reservoir. The City has used 

·this right only one time since 1980. The total used in 1999 was 1, i 02 acre-feet. · · 

Tab e 2- Am aunt o Tota Water Currently Available to Havs an dR usse II 
Total Appropriations Total Reasonably 1999 Water Use 

(af) Available (af) (af) 

City o! Russell 4,487 2,487 1,102 
City of Hays 4,034 2.250 2,183 
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c· Figure 2 . 

Cedar Bluff Reservoir. El.evation 

2170r-----------------------------------~----------~ 
Flood Pool: 2166 tt 

2160 ~----~-------------------~---------------------- --------

21.56 

-2140 
<n 
E 
~ 213Q 
.c: 

0 
~ 2120 -

! ~110 t-
.!>!. 
co 
...J2100.-

May 1974 · Aug 1998 

. . / 
reported lake elevations 

2080 ------ -------------.-------------- .:;';_-.,. -- :__-- -.- -·----

1948 1952 1956 1960 1964 1968 1972 1976 198Q 1984 1988 1992 1996 2000 2004 

State of Kansas Purchase. 

The State of Kansas entered into an agreement with the Bureau of Reclamation and the Cedar Bluff Irrigation 
District in 1989. That agreement closed the irrigation districf and gave control of all bu·t 2,700 acr&-feet of 
storage in the conservation pool.to the State of Kansas. The main uses for the state storage are fish, wildlife 
and recreation as well as artificial recharge of the stream and atfuviurri downstream. It was not until the flood 
years of 1 993.and 1 99~ that Cedar Bluff Lake refilled. · 

The purchase of Cedar Bluff Reservoir took action by the United States Congress in 1992, initiated by the 
Kansas Congressional Delegation, to approve the reauthorization· of storage. The final contract was 
signed by the State of Kansas and the Bureau of Reclamation in 1994 and the transfer of the water rights 
was approved in 1996 .. 

Recent Studies 

In 1999, Public Wholesale Water Supply District No. 15 approached the Kansas Water Office about the 
possibility of obtaining water from Cedar Bluff Reservoir. An analysis of the lake revealed that there was 
620,000 gallons· per day, or about 695 acre-feet per year. which could legally be released for artificial recharge 
of the alluvium below the lqke. This small amount of water during a repeat of the 1950's drought would have 
lowered the lake by approximately eight inches. 

.. 
In contrast to the sm~:lll amount of artificial recharge that could be made available, evaporation from the lake 
would drawdown the. lake approximately 31 feet during the 1952 through 1957. period. The bottom line 

·message is that under standard reservoir accounting methods, there is no significant releases. that can be 
·sustained through a drought from Cedar Bluff Reservoir. 



I 
\ 

" . ) 

Attachment B 

Cedar Bluff Reservoir 

' . . 
Cedar Bluff Reservoir was completed in 1951 by the Bureau ·of Reclamation for flood control, water s·upply, 
irrigation, and other purposes. The main use of the lake was to sup~ort the operati.ons of the ,Cedar Bluff 
Irrigation District. In 1963, the Cit)' of Russ~!! entered into a contract with the Bureau of Reclamation for release . 
of up to 2,0~0 acre-feet. per year to recharge the city'!? well field. · 

Development of both soil conservation· practices and irrigation wells upstream of Cedar Bluff severely d~pleted. 
the inflow into Cedar Bluff Lake in the 1960's and 1970's. The irrigation district ceased to be viable with the iast 

_delivery of water iii 1978. The following graph shows the decline in inflows to Cedar Bluff Reservoir over its' 
existence. · 

Figure 1 -Historic Cedar Bluff Inflow 

Cedar Bluff Reservoir Inflow 
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Analysis of the hydrology of the lake shows that Cedar Bluff Reservoir cannot keep up with evaporation 
from the surface of the lake during extended· periods of time. Figure 2 shows what the elevation of the 
surface of Cedar Bluff Reservoir would have been had there been no releases, other than flood control, 
over the entire life of the lake. The data shows that the lake would have been below conservation pool for 

· 24 straight 'years from 1974 through 1998. The inflow to the lake has been depleted to such a point that it 
took two flood years, 1993 and 1995, to bring the lake back to planned levels. 
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{ Cedar Bluff Reservoir End of Month Accounting 
All Pools 

End of End of 
Net Month Month 

Inflow Releases Released Elevation Storage 
Month Year (a f) (a f) for ( rrisl) (af} 

Sep 2001 5,424 65 KDWP 2,144.15 186,121 
Oct 2001 -2,177 -190 KDWP 2,143.81 183,754 
Nov 2001 -673 7.8 KDWP 2,143.70 183,003 
Dec 2001 -526 18 KDWP 2,143.62 182,459 
Jan 2002 66 0 2,143.63 182,525 
Feb . 2002 68 a· 2,143.64 182,593 
Mar 2002 -811 4 KDWP 2,143.52 181,778 
Apr'_ 2002 -1,063 21 KDWP 2,143.36 180,694 

.May 2002 -14,695 0 2,1-43.05 165,999 
Jun 2002 -4,131 3 KDWP 2,142.43 161 .?65 
Jul 2002 --2,656 435 Russell 2,141.96 158,774 
Aug 2002 -4,383 735 Russell 2,141.17 153,656 
Sep 2002 -3,568 60 KDWP 2,140.60 150,028 
Oct 2002 -427 205.KDWP 2,140.50 149,396• 
Nov 2002 -1,144 176 KDWP 2,140.29 148,076 
Dec 2002 -2,134 53 KDWP 2,139.94 145,890 
Jan 2003 -744 0 2,139.82 -145,147 

(1) Tt)e Net Inflow is the combination of inflow intp the lake fr.om streams, 
precipitation on the lake surface and eva[joration from the lake surface. 

(2)' ln May __ 2002, the Bureau ;evised the area/elevation/capacity tables for Cedar 
Bluff Lake resulting in a decreased storage value and a negative net. inflow. 
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John Wildin 

Paul Montoia., Well field Planner 
City of Hays 
P.O. Box490 

'--"\~ <DougC\Vildilb & _Associates 

Hays, KS 67601 

RE: Southside Ditch Association 

Dear Mr. Montoia:-

Ranch Brokers 
100 N. Main. Suite 700 I Hutchinson, Kansas 67501 

316-662-0411 (answered 24 hours a day) 

We SELL Large Farms- Ranches 

I have been retained by the Southside Ditch Association (SDA) to act on their 

behalf in selling or leasing their vested surface water rights represented by shares 

in the Association. These water rights are for 20,000 acre feet of annual 

appropriation in the Arkansas River, with the diversion point (headgate) being 

located just 10 miles west of Lakin (approximately 35 miles west of Garden City). 

The SDA has been advised by the state water office that they can legally sell their 

vested interests therein, and would like to proceed with doing so. I have been 

aware for some time that your city is in the market for additional water, and I 

thought that these rights could be of interest to you. 

It is my Wlderstanding that a sale of surface water rights in Kansas is rare, if not 

completely unheard of. As to how a sale or lease to the city of Hays would 

ultimately work out logistically, I can see many different possible scenarios, from 

a direct delivery, to a upstream/downstream tradeout, or as augmentation water for 

your project in Edwards CoWlty. 

The asking price is $2,000 per acre foot, which makes the total price pretty much 

out of reach of most towns and mid-sized mWlicipalities. As an alternative to 

We SELL • Large Farms • Ranches • EVERYWHERE 

·. 
II 
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page 2 - P. Montoia 
3/24/97 

putting up so much money up front, I would like to suggest a lease proposal along 

the lines similar to a mineral lease. It would entail a bonus payment up front, 

based on the number of acre feet, for a period of years with an annual delay rental 

payment, again based on the number of acre feet, each year for the length of term 

of the lease as agreed to by the parties. Once the leasing party began to "produce" 

water available through this lease, the leasing party would pay a fee based on the 

actual number of acre feet used each year by the leasing party. 

I can see many positives associated with this type of arrangement for both parties, 

which is not to say that there are not other ways to put this deal together. The 

bottom-line is that the SDA is for sale by its owners, and they are willing to work 

with the various potential purchasers, or lessees, to make this come about. Please 

let me know if I can be of further assistance to you. 

s· cereVJ4 
ohn Wildin 

• 
! 
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Disclaimer

The Kansas Geological Survey made a conscientious effort to ensure the accuracy of this report.
However, the Kansas Geological Survey does not guarantee this document to be completely free
from errors or inaccuracies and disclaims any responsibility or liability for interpretations based
on data used in the production of this document or decisions based thereon.  This report is
intended to make results of research available at the earliest possible date, but is not intended to
constitute final or formal publication.
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Introduction

Spatial and temporal variations in ground-water recharge are substantial across the
Ogallala portion of the High Plains aquifer.  Average annual recharge to the High Plains aquifer
ranges from a fraction of an inch in non-irrigated upland to several inches underlying some
flood-irrigated fields and to over one foot as leakage from the overlying alluvial aquifer of the
upper Arkansas River.  The year-to-year annual recharge for each of these different types of
areas varies greatly depending on such factors as the amount and temporal distribution of
rainfall, the temperature and humidity, the amount of irrigation water use and, in the case of the
upper Arkansas River, the precipitation and water use in Colorado that affect the flow into
Kansas.  Long-term changes in climate, land and water use, and agricultural practices have
caused increases or decreases in the average annual recharge rates.  Research conducted during
the Upper Arkansas River Corridor Study, a Kansas Water Plan project, gives some insight into
these recharge variations at the regional scale.  Information on recharge used in the study was
based on previous investigations and publications, calculations using river flow and use data, and
conceptual and numerical models of ground-water flow and river-aquifer interactions
(Whittemore, 2000a; Whittemore et al., 2000a, 2001).  Figure 1 shows the location of the High
Plains aquifer within the boundary of the regional numerical model in the study area.

Recharge to the High Plains aquifer occurs from different sources in the upper Arkansas
River corridor.  Areal recharge from precipitation over non-irrigated land is the smallest of the
recharge rates.  Recharge over irrigated land is substantially greater than from precipitation over
non-irrigated area because the water applied produces conditions of high soil moisture that can
lead to drainage more frequently.  For example, heavy rainfall falling on soils moist from
irrigation can much more rapidly produce conditions that lead to effective recharge.  Flood
irrigation has greater recharge than  center pivot  because water must saturate the shallow soils
underlying the furrows to flow completely across the field.  Arkansas River water is diverted
across portions of both the alluvial valley and the upland in Kearny and Finney counties and used
for flood irrigation.  Seepage from under the unlined canals used to carry the water from the river
and ditches that distribute the water to fields provides substantial localized recharge.  A small,
shallow reservoir (Lake McKinney) used to store diverted river water in east-central Kearny
County also provides localized recharge.  The current condition of lower water levels in nearly
all of the High Plains aquifer underlying and adjacent to the Arkansas River causes river water to
seep into the alluvial aquifer and then recharge the underlying High Plains aquifer.

Surface Recharge from Precipitation in Non-Irrigated Land

Areal recharge to the High Plains aquifer from precipitation on non-irrigated land was
estimated by Dunlap et al. (1985) to be less than 0.5 inch/yr (1.3 cm/yr) in the upper Arkansas
River corridor.  A slightly greater initial value of 0.6 inch (1.5 cm) of surface recharge over non-
irrigated land was used in the numerical models of Whittemore et al. (2001) for ground-water
flow in the upper Arkansas River corridor.  

The values for surface recharge in both non-irrigated and irrigated land were adjusted in
the models to refine the numerical solutions for ground-water flow for “predevelopment” (1940)
conditions based on water-level and water-use data for 1938-1942 and simulations based on 



Figure 1.  The location of the regional model of the upper Arkansas River corridor in southwest Kansas.  The boundary of the model
grid extends from the Colorado-Kansas border through parts of Hamilton, Kearny, Finney, Haskell, Gray, Hodgeman, and Ford
counties to where the Crooked Creek–Fowler Fault zone crosses under the Arkansas River.  The thin black lines on both sides of the
Arkansas River delineate the boundaries of the alluvial valley and terrace deposits.
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1990’s conditions.  The calibration for the 1940 model allowed adjustments in both the hydraulic
conductivity and recharge.  The initial hydraulic conductivity for the 1990’s models was based
on the final values for the 1940 simulation.  The specific storage was estimated from lithologic
logs.  The 1990’s period included substantial changes in ground-water levels that needed to be
matched in the calibration.  There is a possibility that both the hydraulic conductivity and the
specific storage of the smaller saturated thickness of the High Plains aquifer in the 1990’s were
different from the values for the larger thickness in 1940 due to vertical hydrostratigraphic
differences.  Some areas of substantial water-level decline could lead to change in hydraulic
conductivity and specific storage large enough to possibly introduce additional error into the
recharge values during calibration.  Thus, the error in the surface recharge values is much greater
in the 1990’s models than in the 1940 model.  For surface recharge values to be more valid for
the 1990’s simulations, the models would need to be revised with the objective of achieving
more accurate recharge.  

Data for surface recharge was extracted from files used in the numerical models for the
1940 simulation and processed using ArcMap to produce a map (Figure 2) displaying values for
the model cells.  The grid used in the numerical simulations is a regular mesh of square cells that
are 0.5 mile on a side, giving an area of ¼ square mile or a quarter section for each cell.  The grid
is composed of 58 rows, equivalent to a grid width of 29 mi, and 252 columns, equivalent to a
grid length of 126 mi, resulting in a total of 14,616 cells in a grid layer.  There are two layers in
the model, one for the alluvial aquifer and the other for the High Plains aquifer and the older
alluvial aquifer underlying the sand dunes south of the river floodplain in Hamilton and western
Kearny counties.  There are 1,421 active cells in layer one and 9,313 active cells in layer two.
An active cell is one where the aquifer of interest actually exists within the model area.  

Figure 2 displays the distribution of surface recharge to the High Plains and alluvial
aquifers for the 1940 steady-state model.  The map does not include the discharge or recharge
between the river and the alluvial aquifer because this was handled by stream-aquifer simulation
in the model.  A description of the river-aquifer discharge and recharge in 1940 is included in
Whittemore et al. (2001).  The areas of low annual recharge in Figure 2 (less than 1 inch per
year) represent non-irrigated land and cover most of the alluvial aquifer and the High Plains
aquifer where it is not overlain by alluvium in the river valley.  The cells with apparent high
recharge along some of the edges of the High Plains aquifer extent in Hamilton and Kearny
counties do not indicate surface recharge but are for boundary conditions entered into the model
to represent lateral ground-water flow from thinly saturated portions of the aquifer into the main
aquifer.

Surface Recharge in Irrigated Land

Water has been diverted for most of the twentieth century from the Arkansas River in
Kearny and Finney counties into five ditch service areas.  The initial value of water seeping
underneath the main canals was estimated as 1% per mile of the diversion (based on discussion
with the Kansas Department of Agriculture and a ditch area manager) for each ditch service area
for the ground-water models.  Recharge from surface-water diversions over the irrigated fields
was specified in the models as a fraction of the diversions allocated for surface-water irrigation
to each of the five ditch service areas.  Within each ditch service area, the irrigation return flow 



Figure 2.  Distribution of surface recharge to the alluvial and High Plains aquifers in the upper Arkansas River valley.  The boundaries
of the alluvial aquifer and terrace deposits are shown as thin black lines on either side of the Arkansas River.  See Figure 1 for
explanation of other features.  The apparent high recharge in the cells along parts of the High Plains aquifer extent in Hamilton and
Kearny counties does not indicate surface recharge but represents lateral ground-water flow needed for model boundary conditions.
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was distributed over the existing water rights in proportion to the irrigated area associated with
each water right.  The initial values of recharge for the water applied to fields for irrigation were
calculated as 25% of the surface water spread by ditches and the ground water pumped from
irrigation wells within the ditch service’s area.  The value of 25% was based on Meyer et al.
(1970).  The total amount of ditch water applied to fields that was used in the calculation was
computed as the difference between the total water diverted from the Arkansas River and the
water lost by seepage from the main irrigation canals.  The calculations were made for each ditch
service area.  The recharge amounts were summed for each grid cell in the ground-water flow
model.

Figure 2 shows the much higher amounts of surface recharge in the ditch service areas in
eastern Kearny County and western Finney County than outside these areas for 1940.  The
irrigated areas in 1940 were within the current boundaries of the cities because the cities were
substantially smaller in 1940 than today.  Figure 2 indicates that the surface recharge was
generally within the range 1-20 inch/yr, values much greater than those for areal precipitation
recharge.  The largest values generally represent cells in which a canal, ditches, and flood
irrigation were present.  The distribution of recharge in the ditch service areas in the 1990’s is
expected to have been somewhat similar to that in the circa 1940 period except that the amount
within the city boundaries such as Garden City would be much less.  The section in this report on
the impact of recharge on water levels substantiates the high recharge in the ditch irrigation area
north of the Arkansas River.

The overall surface recharge for the 1990’s in the ditch service areas can be estimated
from the amount of water diverted.  The mean annual flow diverted from the Arkansas River for
irrigation during 1989-1998 was approximately 63,000 acre-ft/yr.  Most of the river water
diverted for irrigation was lost to the atmosphere by evaporation and crop evapotranspiration.
The amount consumed is estimated to be about 75% of the diversion flow or 47,000 acre-ft/yr.
An estimated 25% (16,000 acre-ft/yr) of the diversions seeped from below canals, ditches, and
fields irrigated with the river water and recharged the underlying aquifers.  A small amount of
this recharge appears to discharge to the alluvial aquifer and then to the Arkansas River based on
the higher ground-water levels in the High Plains aquifer than the river surface in the area
southeast of Lake McKinney.  

The initial value for recharge from land irrigated by well water outside the ditch service
areas that was used in the 1940 model was also based on 25% of the water use.  The isolated,
scattered cells in Figure 2 that generally have recharge values of 1-5 inch/year represent irrigated
fields.  The irrigation method in the circa 1940 period was flooding of furrows.

Recharge from the Arkansas River to the Alluvial Aquifer

Before wells began to pump substantial amounts of ground water from the alluvial and
High Plains aquifers in the upper Arkansas River corridor, the river usually gained flow along
nearly all of its length in southwest Kansas (based on USGS streamflow data and water-level
data in Latta, 1944, McLaughlin, 1943, and Waite, 1942).  The water levels in the High Plains
aquifer were usually only slightly higher than in the adjacent alluvial aquifer, thus, the average
amount of ground-water discharge per river mile was relatively small.  However, the discharge
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generally increased baseflow downstream.  These increases were shown in the numerical model
of the “predevelopment” period and are also supported by river flow measurements (Whittemore
et al., 2001).  During high-flow periods, the river would have recharged the alluvial aquifer but
this recharge would have returned to the river during low flow.  In general, the river acted as the
main discharge zone for the areal precipitation recharge to the High Plains and alluvial aquifers
in the river corridor.

The installation and pumping of large-capacity wells in the alluvial aquifer of the
Arkansas River after 1900 would have produced local, shallow cones of depression in the
aquifer.  This would have induced seepage of some river water into the alluvial aquifer where the
consumptive loss of water from the aquifer reversed hydraulic gradients from baseflow to
seepage conditions.  As increased numbers of high-capacity wells were installed in the High
Plains aquifer, especially from the 1950’s through the mid-1980’s, the local cones of depression
in the water levels began to coalesce.  During the 1970’s, the amount of Arkansas River water
available for ditch irrigation was low and the amount of pumping from the High Plains aquifer in
the river corridor substantially increased.  Ground-water levels declined in most areas of the
High Plains aquifer across the corridor.  The water-level declines became regional and dropped
across most of the High Plains aquifer.  The vertical head gradients that were generated caused a
substantial increase in the downward movement of water from the alluvial aquifer into the
underlying High Plains aquifer (Whittemore et al., 2001).  The regional declines in water levels
in the High Plains aquifer also changed the direction of ground-water flow in the river corridor.
Ground water began not only to move from the river into the alluvial aquifer and down into the
underlying High Plains aquifer but also to migrate away from the river and alluvial valley.  The
numerical simulation of ground-water flow indicates that flow directions have shifted from the
general regional movement towards the east-southeast based on the 1940 “predevelopment”
conditions to the southeast or south in the area south of the river from eastern Kearny County to
western Gray County, and to the northeast from the river in portions of western Finney County.
(See Whittemore et al., 2001, for additional details of the models.)

After the 1970’s, increasing amounts of river water seeped into the alluvial and High
Plains aquifers.  The corridor changed progressively downstream from a system of average net
increases in baseflow to net flow decreases even after accounting for the diversions for ditch
irrigation.  Today, the location where baseflow typically adds to the river flow is east of Dodge
City.  

Flow losses along the Arkansas River between the Colorado-Kansas line (represented by
Coolidge or Syracuse) and Garden City are shown in Figure 3, and between Garden City and
Dodge City are illustrated in Figure 4.  The values in the Figure 3 have been adjusted for the
river water diverted from the river, so both graphs represent losses that were caused by river
seepage and evapotranspiration losses.  There has been a substantial increase in the flow loss
from the river channel between the state line and Garden City after 1980.  Except for one year,
the Arkansas River gained flow between Garden City and Dodge City up to the early 1970’s
based on the annual discharge difference (Figure 4).  The single year of flow loss before the mid-
1970’s occurred during 1965 when very high river flows caused substantial bank storage in the
alluvial aquifer.  The general trend from the start of the records in the mid-1940’s to the late
1970’s was a steady decrease in the amount of flow gained between Garden City and Dodge 
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Figure 3.  Net gain or loss from the Arkansas River channel computed from the annual river flow at Garden City plus 
total irrigation diversions in Kearny and Finney counties minus flow at Syracuse.  Negative values indicate flow loss.
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Figure 4.  Difference in annual flow of the Arkansas River between Garden City and Dodge City.  Negative 
values indicate flow loss.
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City.  Starting in the early 1980’s, the river began to lose flow after declines in ground-water
levels farther along the river corridor stopped the discharge from the High Plains aquifer to the
alluvium.  The losses are particularly large when the river flows are greater than average, such as
in 1987 and during the last several years.  During periods of lower river discharges at the state
line, there can be little or no water that flows past Garden City when water is being diverted for
irrigation in Kearny and Finney counties.  If the flow is low enough at the state line, the flow
may not reach Dodge County even when there is no water diverted in Kearny and Finney
counties.  Thus, the absolute magnitude of the river flow losses between Garden City and Dodge
City is smaller during periods of low flow at the state line than during moderate to high flows
from Colorado because there is a smaller amount of river water available for recharge.

The average annual decrease in river flow from the Colorado-Kansas border (gaging
station near Coolidge) to Dodge City was 152,000 acre-ft/year (210 acre-ft/day, 1.66 x 108

gal/day, 243 cfs) for the ten-year period of 1989-1998.  The mean annual flow diverted from the
river for irrigation during the same period was 63,000 acre-ft/yr.  In comparison, ground-water
withdrawals for irrigation were about 760,000 acre-ft/yr and the total pumped for municipal,
industrial, and stock use (for wells with water rights) were approximately 42,000 acre-ft/yr
during the last few years of the 1990’s in the 5 counties of the river corridor (Whittemore et al.,
2001).  

The estimated amount of water lost from the surface of the river to evaporation was about
6,000 acre-ft/yr based on lake evaporation rates and an approximation of the average surface area
of flow in the river from Coolidge to Dodge City (Whittemore et al., 2001).  This comprises less
than 4% of the total annual decrease in river flow along that distance.  Up to 20,000 acre-ft/yr of
water from the alluvium could be consumed by phreatophytes in the river valley based on water
consumption data for a study in southwestern U.S. (Culler et al., 1982) and an investigation of
phreatophyte density in the upper Arkansas River corridor (Tomelleri and Hulett, 1983).  Some
of this water would be derived from river flow and the rest of the phreatophyte consumption
would be from infiltration of precipitation into the soil of the floodplain.

By difference, the amount of water that seeped from the river channel and recharged
ground water during 1989-1998 averaged about 73,000 acre-ft/yr if approximately half of the
phreatophyte consumption was from river flow.  The total recharge from the ditch diversion
system (about 16,000 acre-ft/yr) and the river channel is estimated to have averaged nearly
90,000 acre-ft/yr during the period.  If ¾ of the phreatophyte water consumption along the river
valley was derived from river flow, then the river-channel recharge was approximately 68,000
acre-ft/yr and the total recharge from the river and irrigation diversions was about 84,000 acre-
ft/yr for 1989-1998.  The amount of recharge during the high flow years of the late 1990’s is
greater than the 10-year average.  Annual recharge of Arkansas River water into the alluvial
aquifer in southwest Kansas substantially exceeded 100,000 acre-ft during 1995-2000
(Whittemore et al., 2001).  

The interchange of water between the Arkansas River and the alluvial aquifer in the
numerical simulation of the river corridor for 1990’s conditions is shown in Figure 5.  Data for
the graph are based on a steady-state model in which the average 1990’s ground-water levels
were maintained as constant by reducing the water use from the aquifer.  The approach used to 
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simulate the baseflow was independent of streamflow measurements (Whittemore et al., 2001).
The results reflect what the ground-water flow and streambed leakage simulation produced in
terms of river-aquifer interactions.  The line in Figure 5 with the high-frequency oscillations is
the simulated streamflow from grid cell to grid cell along the Arkansas River (successive river
nodes).  The scale for this line is the left-hand y-axis.  The fluctuations in the baseflow from
node to node are less than about �3 cfs of a running average along the river in the corridor
model.  The smooth line in Figure 5 represents the cumulative baseflow gains from ground-water
discharge or seepage losses along the river from the Colorado-Kansas line to the eastern end of
the model past Dodge City.  The right-hand y-axis applies to this line. 

Figure 5 illustrates the cumulative flow losses along the Arkansas River from the state
line to Dodge City for the 1990’s.  The cumulative flow changes are relatively small from the
Colorado-Kansas line to the western portion of the Bear Creek fault zone.  The cumulative flow
losses become substantial near the fault zone where the High Plains aquifer begins and continue
to the eastern end of the modeled area.  The greatest rate of flow loss is through Finney and Gray
counties.  The flow loss rate then decreases in Ford County.

The pattern in measured flow losses along the Arkansas River is similar to the simulated
losses for that period.  The observed flow loss between the gaging stations at Coolidge (near the
state line) and Syracuse averaged 10 cfs during 1990-1999.  In comparison, the simulated
accumulated change is a very small gain between Coolidge and Syracuse (Figure 5).  The
simulated model does not directly include evapotranspiration.  Thus, the actual change in flow
would be expected to be a small loss between Coolidge and Syracuse rather than the very small
gain that was simulated.  The average observed loss from the river between Syracuse and Garden
City, adjusted by adding diversions for irrigation, was 52 cfs for 1991-1998, with a low of 37.4
cfs in 1992 and a high of 64.7 cfs in 1998.  The simulated flow loss for river-aquifer interactions
over the same reach is about 66 cfs (Figure 5).  The average flow loss observed during 1991-
1999 between Garden City and Dodge City was 77 cfs, with a low of about 1 cfs in 1992 and a
high of 169 cfs in 1995.  The simulated loss between the two gaging stations is approximately 47
cfs (Figure 5).  Considering that evapotranspiration consumption of water would increase the
simulated flow losses, the simulation is a relatively good representation of the average river-
aquifer interactions during the 1990’s.  

Most of the flow losses between the state line and Garden City occur from the western
edge of the High Plains aquifer underlying the river valley (near the former town of Hartland) to
Garden City.  The distances along the Arkansas River between Hartland and the stream gaging
station at Garden City and between the stations at Garden City and Dodge City are
approximately 22 miles and 53.3 miles, respectively.  If the width of the active river channel
where seepage occurs averages 0.05 mile, the areas of the channel between Hartland and Garden
City and between Garden City and Dodge City are 1.1 sq miles and 2.7 sq miles, respectively.
Mean flow losses of 52 cfs and 77 cfs for the two river reaches (see above) translate to annual
recharge rates of 642 inch/yr (53.5 ft/yr, 1.8 inch/day) and 392 inch/yr (32.7 ft/yr, 1.1 inch/day),
respectively, for these channel areas.  Not all of this recharge seeps to the underlying High Plains
aquifer due to evapotranspiration and pumping losses.  The following section describes the
leakage of the streambed recharge from the alluvial aquifer to the High Plains aquifer.
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Leakage from the Alluvial Aquifer to the Underlying High Plains Aquifer

Under present and predicted average conditions of hydraulic head, ground water in the
alluvial aquifer of the upper Arkansas River valley flows both laterally from the river and
vertically into the underlying High Plains aquifer (Whittemore et al., 2001).  Leakage from the
alluvial aquifer to the underlying High Plains aquifer begins at the western extent of the High
Plains aquifer in southwest Kansas near the former town of Hartland.  The length of the alluvial
valley from Hartland to the Kearny-Finney county line is about 16 miles; the width of the
alluvial aquifer in this stretch ranges from 1.5 to 4 miles.  The total areal surface of this part of
the alluvial valley is approximately 50 square miles.  The length, width range, and areal surface
of the section of the alluvial valley from the Kearny-Finney county line to Garden City are about
12.5 miles, 2.5-3 miles, and 34 square miles, respectively.  The length, width, and areal surface
of the alluvial valley from the Garden City to Dodge City are approximately 40 miles, 2.5 miles,
and 100 square miles, respectively.  The total surface area of the alluvial valley from Hartland to
Dodge City is about 184 square miles, which is equivalent to 118,000 acres.

An average net recharge of 73,000 acre-ft from the Arkansas River to the alluvium
followed by leakage into the underlying High Plains aquifer during 1989-1998 is equivalent to a
recharge rate of about 7.4 inches per year over the entire area of the alluvial valley.  During
1995-2000 when the river flows and recharge were much greater, the recharge would have been
over 100,000 acre-ft, meaning recharge rates of over one foot per year.  Figures 3 and 4 show
that the flow losses vary substantially and are not the same for the two river stretches represented
by the graphs.  Recharge rates could have averaged as great as 1.5 feet over the alluvial valley in
1995 and 1996 and even more in selected sections of the valley.  These rates assume uniform
recharge along each section of the alluvial valley.  Substantial differences in the hydraulic
connection between the alluvial and High Plains aquifers (Whittemore et al., 2000b) mean that
local leakage rates from the alluvium to the underlying aquifer are expected to be both
appreciably less than and greater than1.5 ft/year.

The recent seepage rate from the Arkansas River to the alluvium is controlled primarily
by the amount of water in the river, the head gradient from the river into the alluvial aquifer, and
the hydraulic conductivity of the riverbed.  Much of the alluvial aquifer consists of coarse sands
and gravels.  A zone of low permeability clays and silty clays underlies much of the alluvium
and slows the downward movement of shallow ground water into the High Plains aquifer.  Thus,
the hydraulic conductivity of the alluvium is generally greater than that of the sediments
underlying the alluvium.  This allows seepage from the river to move outward into the alluvial
aquifer more readily than into the underlying High Plains aquifer.  Consequently, the lower
conductivity stratum typically underlying the alluvium appears to be a limiting control on the
rate of river-water loss to the alluvial aquifer.  Therefore, when the river flow is low, the rate of
seepage from the alluvial aquifer to the High Plains aquifer is less of a limiting factor on the
amount of seepage.  A greater percentage of the low flows are lost to the ground-water system,
resulting in dry riverbed conditions during many periods.  When the river flow is high, the rate of
infiltration from the alluvium to the High Plains aquifer probably limits the amount of river-
water seepage.  The river infiltration saturates the alluvium across the river valley and increases
the seepage relative to low flow conditions but the flow can be great enough that the river flows
through the entire corridor.  
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Impact of Recharge on Ground-Water Levels

The distribution of and changes in water levels in the High Plains and alluvial aquifers
relative to the surface elevation of the Arkansas River illustrate the impact of recharge variations
in the river corridor.  Before diversion of Arkansas River water and development of ground-
water resources in the river corridor, ground-water tables to the north and south of the river were,
in general, slightly higher than in the river.  After the substantial ground-water development,
water levels in the High Plains aquifer dropped substantially in much of southwest Kansas.
However, recharge from the ditch service area and the river valley has kept water levels from
dropping as much as they have farther from these locations.

The effect of the interrelationships between ground-water recharge and withdrawal rates
on aquifer water levels can be illustrated by well hydrographs across the river corridor.  The
hydrographs for wells along a cross section extending north and south of the Arkansas River in
east-central Kearny County (within the column of townships in R. 35 W.) are a good
representation of these relationships.  The cross section includes part of the ditch service area,
the Arkansas River valley, and the upland to the south of the river (Figure 6).  The water-level
records for wells with greater than a decade of water-level measurements were selected for
displaying hydrographs.  

Table 1 lists information for the 5 wells in Figure 6 that lie to the north of the Arkansas
River valley and Table 2 includes data for the 6 wells south of the river.  The wells are listed in
order of decreasing (Table 1) and increasing (Table 2) distance from the Arkansas River, based
on measurements from each well location directly north or south to the river on USGS
topographic quadrangles.  All 5 of the wells in Table 1 are screened in the High Plains aquifer.
The first two wells lie to the northwest and outside of the irrigated area served by Arkansas River
diversions.  The third and fourth wells listed in Table 1 are within the boundaries of the Amazon
ditch service area.  The fifth well is in the southwest corner of an isolated section of the Great
Eastern ditch service area and next to the Amazon service area.  The land-surface elevation
decreases from the west to the east and from the north to the south in the area of the 5 wells.  

The first two of the 6 wells listed in Table 2 south of the river are within the South Side
ditch service area and are screened in the Quaternary alluvial aquifer.  The other 4 wells are
outside the ditch irrigation boundary and are screened in the High Plains aquifer.  The depths of
these 4 wells increase with distance from the river.  Although river surface elevation changes
with river stage, the stage variations usually range within only a couple of feet for near normal
flows.  Information on the source and processing of the data listed in Tables 1 and 2 are in
Whittemore et al. (2001).

Comparison of the ground-water levels to Arkansas River elevations illustrates the
change in the water-level surface of the ground water in different parts of the river corridor
relative to the river.  Tables 1 and 2 list the height of the land surface at the wells above the river
and the height of the water level at the well locations above the river in 1940.  The 1940 water
levels at the well locations directly north of the river ranged from 13 to 36 ft above the river-
water surface.  At the well locations directly south of the river, the water levels in the alluvium
were the same as the river surface and in the High Plains aquifer were 2 to 9 ft above the river 



Figure 6.  Location of wells with long-term water-level measurements along the eastern side
of Kearny County and north and south of the Arkansas River.



Table 1.  Water Levels and Associated Information for Wells in the High Plains Aquifer North of the Arkansas River in East-Central
Kearny County.

Well location, 
well number, and 
period of record

Well
depth,

ft

Land
surface

elevation,
ft Well use

1940
water-
level

depth,
ft

Distance
from
river,
miles

Location relative to
ditch irrigation area and

Arkansas River
floodplain

Land
surface

elevation
above

river, ft*

1940
water-
level

elevation
above

river, ft*
23S 35W 05ACC
   01  1/17/66 – 1/4/99

180 3096 Irrigation 114 8.2 N 2.8 miles west of
Amazon Ditch.  Above
floodplain

144 30

23S 35W 16BBC
   01  8/29/84 – 1/4/99

263 3038 Irrigation 55 6.8 N 1.9 miles west of
Amazon Ditch.  Above
floodplain

91 36

23S 35W 12CCC
   01  5/1/58 – 4/20/93
   02  1/15/92 – 1/4/99

378 3009
3010

Irrigation
Irrigation

67
68

6.1 N In Amazon area
Above floodplain 80

81

13

23S 35W 25BBB
   02  4/1/58 – 1/11/94
   03  11/17/93 – 1/22/99

320 3005
3000

Irrigation
Irrigation

46
41

4.0 N In Amazon area
Above floodplain 76

71

30

24S 35W 09CCC
   01  5/1/58 – 1/5/99

253 2998 Observation 30 1.1 N In Great Eastern area,
near main canal
Above floodplain

50 20

* Elevation of river directly south of well taken from USGS 7.5 minute topographic quadrangle.



Table 2.  Water Levels and Associated Information for Wells in the High Plains Aquifer or Alluvium South of the Arkansas River in
East-Central Kearny County.

Well location, 
well number, and
period of record

Well
depth,

ft

Land
surface

elevation,
ft Well use

1940
water-
level

depth,
ft

Distance
from
river,
miles

Location relative to
ditch irrigation area and

Arkansas River
floodplain

Land
surface

elevation
above

river, ft*

1940
water-
level

elevation
above

river, ft*
24S 35W 13CCC
   02  1/1/62 – 9/6/94

50 2941 Unused 12 0.9 S End of Southside area
In floodplain

12 0

24S 35W 22CCC
   02  5/1/58 – 4/26/99

65 2962 Irrigation 20 0.9 S In Southside area
In floodplain

20 0

25S 35W 04BDD
   01  1/21/85 – 1/4/99

299 2990 Irrigation 40 3.5 S 0.5 mile south of
Southside boundary
Above floodplain

44 4

25S 35W 02BAA
   01  4/1/75 – 1/22/99

300 2990 Observation 52 3.7 S Over 1 mile southeast
of Southside boundary
Above floodplain

58 6

25S 35W 17AAA
   01  3/1/75 – 1/4/99

320 2995 Irrigation 37 4.9 S 2 miles south of
Southside boundary
Above floodplain

46 9

25S 35W 26BAB
   01  6/1/75 – 1/4/99

367 3005 Irrigation 70 7.6 S Over 6 miles south of
Southside boundary
Above floodplain

72 2

* Elevation of river directly north of well taken from USGS 7.5 minute topographic quadrangle.
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surface in 1940.  This indicates that there would have been a component of ground-water flow
from the High Plains aquifer towards the river both north and south of the river in combination
with the predominant easterly direction of regional flow.  The head gradient towards the river
would have been greater on the north side than on the south side of the river in 1940.

Figures 7-9 show the hydrographs for the wells in Tables 1 and 2 relative to the Arkansas
River level.  The hydrographs for the two wells outside the ditch-irrigation area north of the river
are in Figure 7 and for the 3 wells within the ditch boundaries north of the river are in Figure 8.
The depth to water becomes shallower the closer to the river for these three wells (Figure 8).
The hydrographs for the 6 wells south of the river are graphed in Figure 9.  

The earliest water levels for all of the wells with records that begin before 1970 were
above the river surface.  Pumping from the aquifers caused the ground-water levels to drop
below the river surface at all of the wells during the mid-1970’s to the early 1980’s.
Extrapolation of the hydrograph trends for the two wells in High Plains aquifer farthest south of
the river indicates that the water levels probably declined below the river level in the early
1970’s at these locations.  During 1974 through 1979, the flow in the Arkansas River and, thus,
the amount of water available for surface-water irrigation diversion were particularly low.
Substantial amounts of ground water were pumped from the aquifers within the ditch service
areas because the amount of diverted river water was substantially smaller than the long-term
mean.  Except for the well closest to the north side of the river valley, the water levels in all the
wells in the High Plains aquifer have remained below the river surface after 1979.  The water
level at the well in the Great Eastern ditch area north of the river (24S-35W-09CCC) has
remained above the river surface since 1984 (Figure 8).  The well is sited close to the Great
Eastern canal and near Lake McKinney, thus, the High Plains aquifer receives substantial local
recharge.  The January 2000 measurement for a well farther to the north of the river (located at
23S-35W-25) is 10 ft below the river surface as interpreted from the USGS topographic map. 

Arkansas River flows at the state line increased during 1980 through 1982 but were still
below the long-term average.  Ground-water levels continued to drop in all of the wells in
Figures 7-9 with records for this period.  River flows were above average for 1983 through 1988
and exceeded three times the mean in 1987.  The quantity of water diverted from the river for
irrigation also was above the long-term mean for 1983-1988.  The water levels for wells within
the ditch service areas began to increase during this period, reflecting substantial recharge from
the river water diverted in canals and spread over fields and a decline in the amount of ground
water needed for irrigation (Figure 8).  Water levels also rose within the alluvial aquifer
reflecting the higher river levels and greater amounts of flow available for recharge (Figure 9).
However, water levels in the High Plains aquifer south of the river continued to decline.  

From 1990 through 1993, the river flow and diversion volumes dropped to lower than the
long-term mean, resulting in less recharge and a slight drop in water levels for the High Plains
and alluvial aquifer wells in the ditch service areas (Figures 8 and 9).  From 1995-1999, river
flow and diversion volumes were above average.  The recharge for this period is reflected as
appreciable water-level rises in the two hydrographs for the High Plains aquifer wells in the
Amazon ditch area (Figure 8).  Water levels for the High Plains aquifer well north of and near
the river valley and for the alluvial wells stabilized during 1995-1999.  The higher water levels 
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Figure 7.  Hydrographs for wells in Table 1 outside the ditch irrigation area represented as water levels relative to the 
elevation of the Arkansas River.
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Figure 8.  Hydrographs for wells in Table 1 within the ditch irrigation area represented as water levels relative to the
elevation of the Arkansas River.
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Figure 9.  Hydrographs for wells in Table 2 represented as water levels relative to the elevation of the Arkansas River .
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for the wells within the ditch service areas north of the river after the mid-1980’s than during the
early 1980’s are probably responsible for the stable or slight rise in the water levels of the two
wells outside the ditch-irrigated area after the mid-1980’s (Figure 7).  The reason is that the
rising water levels under the ditch area would have decreased the head gradient towards the east
and southeast near the western boundary of the ditch service area.  

Water levels in the High Plains aquifer wells south of the river continued to drop at a
substantial rate during the 1990’s (Figure 9).  In general, the farther is the distance of the well
location from the river, the steeper was the rate of decline.  The farther a well is from the river
and alluvial aquifer, the smaller is the recharge water volume that flows in the subsurface to the
well.  The hydrographs display no large variations with time that are correlated with river flow
and irrigation diversions as do those for the alluvial wells and wells north of the river in the
ditch-irrigation area.  However, there are some changes in the general rate of decline that may
correspond to annual variations in river flows and diversions.  In addition, the decline rate
changes are affected by the amount of pumping that correspond to annual rainfall variations over
the field locations.

Figure 10 displays the distribution of water-level changes in the High Plains aquifer
between 1991 and 2000 across the area of the regional model of the upper Arkansas River
corridor.  The water-level rises to the north of the Arkansas River in east-central Kearny County
and west-central Finney County represent the effect of the surface recharge from much of the
area irrigated by diverted river water.  The lower two hydrographs in Figure 8 are for wells in the
water-level rise area.  The south-central part of the model area in Figure 10 shows that there are
substantial water-level declines across a large region and that the declines increase to the south.
The Arkansas River valley lies between the water-level rise and decline areas.  The water levels
in the High Plains aquifer underlying the valley do not vary much from year to year because
leakage of water from the alluvial aquifer maintains the levels.  

The long-term trend in the hydrographs for the two alluvial wells in Figure 9 is a
declining water level.  However, Arkansas River flow was generally smaller during the late
1950’s and early 1960’s than in the mid-1980’s and late 1990’s.  Therefore, a change in the
average annual flow of the river could not account for this drop.  Two factors are responsible for
the trend.  The main factor is the change in the morphology of the Arkansas River channel.
Since the start of ditch irrigation in the late 1800’s and later regulation of the river flow by
reservoirs in Colorado, the river channel has narrowed and become more entrenched (Spray,
1986).  This is reflected in the changes at the USGS gaging stations where the datum for the
water-stage recorders has been lowered.  For example, since October 1986, the stage datum at
the Garden City station has been 9 ft lower than for the period 1957-1964 (USGS, 1999).  The
date of the contours in the USGS topographic maps used to estimate the river surface elevations
is 1958-1960.  The topographic maps were photo-revised for selected features in 1978 but the
river surface shown in the map represents a 1958 interpretation of aerial photographs with a 1960
field check.  Although the scour of the river channel could be somewhat greater near the stage
recorder at Garden City due to the proximity to the bridge supports, it is clear that the river
channel has deepened substantially since 1960.  The lower river level results in lower ground-
water levels in the alluvium near the river.  The other factor explaining part of the long-term
downward trend in the alluvial water levels is the water-level decline in the High Plains aquifer 



Figure 10.  Change in the water-level surface between 1991 and 2000 represented as color-shaded intervals in the area of the regional
model of the upper Arkansas River corridor.  The intervals range from a maximum water-level decline of 45 ft to a maximum water-
level rise of 25 ft.
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underlying and to the south of the river.  The vertical hydraulic gradient from the alluvium to the
underlying aquifer caused seepage from the alluvium to the underlying High Plains aquifer,
thereby slightly lowering the water table in the alluvial aquifer.  The magnitude of this effect is
expected to be greater the farther the distance from the river.  

Since 1990, the higher water levels at the alluvial wells have been about 5 ft below and
the lower water levels approximately 8 ft below the river level based on the river surface
estimates from the USGS topographic maps (Figure 9).  The lower water levels for the well at
24S-35W-22 during the 1990’s occurred at the end of the irrigation season and reflect pumping
within the alluvial aquifer and in the underlying High Plains aquifer.  The difference in elevation
between the river surface and the ground-water levels in the alluvial wells 0.9 miles to the south
is expected to be less than one ft during the non-irrigation season when the water levels in the
alluvial aquifer are higher.  Thus, the estimated deepening of the Arkansas River channel is
approximately 5 ft in eastern Kearny County since 1960.

Impact of Recharge on Ground-Water Quality

The salinity of ground waters in the High Plains aquifer has increased substantially
during the last half of the 20th Century in the Arkansas River corridor as a result of saline
recharge derived from the river.  The recharge occurs along the river channel and moves into the
alluvial aquifer and then into the underlying High Plains aquifer, and also from irrigation canals,
ditches, and fields irrigated with the river water.  The migration of saline recharge from the river
into the High Plains aquifer could be considered as a depletion of water usable (without
treatment) for such uses as public water supply, drinking water for young stock, and industrial
supplies requiring low dissolved solids.  This would be a different type of depletion from the
actual loss of water but one that is appropriate to consider in evaluating the various management
considerations and the impacts of human activities on the aquifer resources.

Dissolved solids contents in low flows of the Arkansas River water can exceed 4,000
mg/L at the Colorado-Kansas state line.  The major dissolved constituents in Arkansas River
water, in the order of decreasing mass concentrations that usually occur, are sulfate, sodium,
bicarbonate, calcium, magnesium, and chloride.  Sulfate concentration has ranged from 700 to
2,600 mg/L and averaged between 1,900 and 2,000 mg/L during the last couple of decades.  The
range in chloride content has been about 40-200 mg/L during that period (Whittemore, 2000b).  

Dissolved solids contents in ground waters unaffected by the river water are as low as
less than 300 mg/L.  The TDS concentration ranges to over 4,000 mg/L in ground water affected
by saline river water and ditch irrigation recharge.  Sulfate concentration ranges from less than
30 mg/L in the freshest ground waters to over 2,700 mg/L in the most saline ground waters in the
river corridor.  The chloride concentration is less than 10 mg/L in the freshest ground water and
is usually less than 300 mg/L in the most saline water affected only by saline river water and
ditch irrigation (Whittemore, 2000a).  

The recommended maximum concentration for dissolved sulfate and chloride in drinking
is 250 mg/L sulfate.  A few years ago, the US EPA proposed a maximum contaminant level of
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500 mg/L dissolved sulfate for drinking water.  However, investigations conducted for the US
EPA indicated that adults can tolerate over 500 mg/L without noticeable short-term effects.
Studies have not been concluded on what maximum level of sulfate content is recommended for
infants.  In the absence of a more conclusive standard, 500 mg/L can serve as a useful upper limit
for designating whether the water is usable or unusable without treatment for a drinking-water
supply.  Sulfate concentrations of several hundred mg/L have been found to cause problems for
many young livestock.  Thus, the 500 mg/L sulfate level might also be considered appropriate as
a recommended upper limit for young livestock.

The distribution of sulfate concentration in the High Plains aquifer has been mapped
based on analyses of water samples collected primarily from 1990 to 2000 (Whittemore, 2000a).
Figure 11 displays the area with greater than 500 mg/L sulfate content in the High Plains aquifer
in the river corridor.  The figure also shows the area where the saline ground water is predicted
to flow during the next 40 years in the High Plains aquifer based on flow pathlines generated
from the results of a transient flow simulation assuming average 1990’s water use remains
constant.  The 500 mg/L isoline for sulfate concentration for 2040 was drawn along the ends of
pathlines for 40 years of flow with origins in the numerical model cells along the 500 mg/L
sulfate isolines for 2000.  Figure 12 also illustrates the same current area with greater than 500
mg/L sulfate concentration as in Figure 11 but with an area where the saline water is expected to
flow based on a different prediction approach.  The 500 mg/L sulfate isoline for 2040 was drawn
along the ends of pathlines for 40-years flow generated using the results of a steady-state
simulation based on reduced irrigation pumping to maintain average 1990’s water levels in the
High Plains aquifer.  Description of the numerical methods and model assumptions used to
produce the pathlines are included with figures showing the pathlines in Whittemore et al.
(2001). 

The additional area of the High Plains aquifer into which the saline water derived from
Arkansas River water recharge will move by 2040 is located mainly to the south of the river
valley from south-central Kearny County to western Ford County, and to the east of the high
sulfate area north of the river in western Finney County (Figures 11 and 12).  The width of the
additional saline area south of the river is up to a few miles in Figure 11 and up to 1-2 miles in
Figure 12.  If ground-water pumping continues for the next few decades in the corridor at about
the same rate as during the 1990’s, the future salinized area will be closer to that depicted in
Figure 11 than in Figure 12.  The conditions for the numerical simulation used to produce Figure
12 involved reducing the ground-water use by about 80% to maintain average 1990’s water
levels.  Thus, substantial reductions in pumping would be necessary in the near future to
substantially decrease the future salinized area of the High Plains aquifer predicted in Figure 11.  

The pathlines of ground-water flow generated from numerical simulations are for the
travel of water particles.  The travel of generally conservative constituents in water such as
sulfate can be considered the same as for water particles except for dispersion that causes
dilution during flow.  Thus, the actual movement of the 500 mg/L isoline for sulfate
concentration will not be as far as predicted in Figures 11 and 12 due to dilution.  However, the
difference in the distance due to dilution is not expected to be substantial in most areas of the
corridor for two reasons.  First, the High Plains aquifer contains water with over 1,000 mg/L
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sulfate content within much of the area with greater than 500 mg/L.  Second, water in front of the
500 mg/L isoline already has increased sulfate concentration due to the migration of the salinity
front. 



Figure 11.  Distribution of high sulfate concentration (>500 mg/L) in 2000 from observations and predicted in 2040 from a 40-year
transient simulation of ground-water flow based on average 1990’s water use in the High Plains aquifer.  See Figure 1 for explanation
of additional features of the map.



Figure 12.  Distribution of high sulfate concentration (>500 mg/L) in 2000 from observations and predicted in 2040 for a 40-year
travel time for ground-water flow from a steady-state simulation based on reduced irrigation water use to maintain average 1990’s
water levels in the High Plains aquifer.  See Figure 1 for explanation of additional features of the map.
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